"

m

i

-.

OPTHB

UNIVERSITY OF CALIFORNIA.
Class

PAPER TECHNOLOGY
NET BOOK.

This book

Trade on terms which

will

is

supplied to the

not allow of Discount

to the Public.

CHARLES GRIFFIN &

CO., LTD.

STANDARD WORKS ON CHEMISTRY AND TECHNOLOGY.
Handsome

In large 8vo

cloth.

With Plates and

Price 75. 6d.

Illustrations.

THEA MANUFACTURE OF
and Properties of
Writing, and Copying Inks.
BY C. A. MITCHELL, B.A., F.I.C., F.C.S., AND T. C.
Handbook of

the Production

net.

INK.

Printing,

HEPWORTH.

Inks and

their Manufacture.
Writing Inks. Carbon and Carbonaceous Inks. Tannin Materials for Ink. Nature of Inks. Manufacture of Iron Gall Ink. Logwood,
Vanadium, and Aniline Black Inks. Coloured Inks. Examination of Writing Inks. Printing Inks. Early
Methods of Manufacture. Manufacture of Varnish Inks. Preparing and Incorporation of the Pigment.
Coloured Printing Inks. C >pying Inks. Marking Inks. Natural Vegetable Inks. Safety Inks and Papers.
Ink Powders and Tablets. Appendices. Patent Specifications, &c.
Inks.
Sympathetic
"
.
and of a genuinely practical order." British Printer,
Thoroughly well arranged

GENERAL CONTENTS.

Historical.

.

.

INORGANIC CHEMISTRY, a Short Manual
"

of. By A. DUPRE, M.D., F.R.S.,

and WILSON HAKE, Ph.D F.I.C F.C.S. Third Edition, Revised, Enlarged.
By a long way the best of the small manuals for students." Analyst.

Price

,

,

6s.

net.

ANALYSIS, Outlines of. By A. HUMBOLDT SEXTON, F.I.C.
QUANTITATIVE
Fourth Edition. Fully Illustrated.
of the Glasgow and West of Scotland Technical College.
,

F.C.S.,

Price 35.
Crown
"A
compact laboratory guide for beginners was wanted, and the want has been well supplied."
8vo, cloth.

ANALYSIS, Outlines
QUALITATIVE
F.C.S. Fourth Edition, Revised. Fully Illustrated.

of.

Lancet.

By A. HUMBOLDT SEXTON, F.I.C,

Price 35. 6d.
British Medical Journal.

" The work of a
thoroughly practical chemist."

OF MANUFACTURING PROCESSES. A Practical Text
THE CHEMISTRY
Revised.
BLOUNT and A. G. BLOXAM. Second Edition.
By BERTRAM

Book.

Fully Illus-

Thoroughly

Price i6s.

trated.

"A

good and useful book, constituting a practical guide."

Chemical Trade Journal.

PHYSICO-CHEMICAL TABLES, for the use of
Chemical Manufacturers and others.

Analysts, Physicists,

By JOHN CASTELL-EVANS,

F.C.S.

F.I.C.,

Now

Ready. Vol. I. Chem. Eng., Phys. Chem. In half morocco. Price 24*. net.
" Ihere is
A thenceum.
certainly no English work approaching it for completeness."

ELEMENTS OF CHEMICAL ENGINEERING. Price
By J.
F.I.C., with Preface by Sir William Ramsay. Fully Illustrated.
" To
every student of chemistry this information is an absolute necessity."

OILS, FATS,

GROSSMANN, M.A., Ph.D.,

35. 6d. net.

Science

and

Technology.

BUTTERS AND WAXES.

Their Preparation and Properties, and the
Products.
By C. R. ALDER WRIGHT, D.Sc., F.R.S.

manufacture therefrom of Candles, Soaps and other
Second Edition.
Thoroughly Revised and Re-wiitten by C. A. Mitchell, B.A., F.I.C., F.C.S. Price
" Will be found
absolutely indispensable." Analyst.

Allied Products.
GLUE, GELATINE and their Illustrated.
net.
Price
Analytical and Technical Chemist. Profusely
Chemical News.
of real value."

"A book

.

.

By

255. net.

LAMBERT,

Titos.

55.

.

FIBRES OF COMMERCE.
THE TEXTILE
n

By WM.

HANNAN.

I.

In large 8vo,

with numerous P oto. Engravings from Nature. Price gs. net.
" Useful information
admirable illustrations."
Textile Recorder.
.

.

.

MANUAL OF DYEING.
R.

LOEWENTHAL, Ph.D.

"This

authoritative

and exhaustive work."

KNECHT, Ph.D.,

E.

By

Second Edition.

CHR. RA\VSON, F.I.C,

and

Enlarged. In Two Volumes.
Textile Manufacturer.

DICTIONARY OF DYES, MORDANTS AND OTHER COMPOUNDS.
net.
Ph.D. Price
By CHR. RAWSON, F.I.C., W. M. GARDNER, F.C.S., and W. F. LAYCOCK,
and a reference is sure to be found."
"Turn to the book as one may on any substance
.

.

.

i6s.

Textile Mercury.

THE SYNTHETIC DYESTUFFS and the Intermediate Products
Ph.D.
from which they are derived.

By

J.

Price i6s. net.
Cloth, pp. i-xv+4O5.
of the most valuable books that has appeared."

"One

C. CAIN, D.Sc., and

JOCELYN FIELD THORPE,

Chemical Trade Journal.

TEXTILE PRINTING, a Practical Manual.
Printed Patterns.
F.C.S. In large 8vo, with Illustrations and
" WELL,
By far the best aud most practical bo jk on textile printing."

By

C.

F SEYMOUR ROTH-

Price 213.

Textile Mercury.

THE SPINNING AND TWISTING OF LONG VEGETABLE FIBRES (Flax,
Hemp, Jute, Tow, and Ramie.) By HERBERT R. CARTER. Price i6s. net.
We must highly commend the work as representing up-to-date practice." Nature.
TRADES' WASTE, its Treatment and Utilisation. By W. NAYLOR,
"

A.M.Inst.C.E. Very fuHy
" There is
probably no person

FIRE
"

Illustrated.
in

AND EXPLOSION

RISKS.

A

fitted to deal rationally

Handbook

with such a subject."
British Sanitarian.

of the Detection, Investigation and

Prevention of Fires and Explosions. By Dr. VON SCHWARTZ. Price i6<. net.
on the chemistry of fire and kindred topics." -Fire and Water.

A wealth of information

LONDON

:

CHARLES GRIFFIN

F.C.S.,

Price2is.net.

England to-day better

&

CO., LIMITED,

EXETER STREET, STRAND.

ffi

o
w
H
c*

w

PAPER TECHNOLOGY
AN ELEMENTARY MANUAL
ON THE

MANUFACTURE, PHYSICAL QUALITIES AND
CHEMICAL CONSTITUENTS OF PAPER
AND OF PAPER-MAKING FIBRES
BY
R.

W. SINDALL,

F.C.S.

II

CONSULTING CHEMIST TO THE WOOD-PULP AND PAPER TRADES. LECTURER ON PAPERMAKING
FOR THE HERTFORDSHIRE COUNTY COUNCIL ; THE BUCKS COUNTY COUNCIL THE
PRINTING AND STATIONERY TRADES AT EXETER HALL, 1903-1904
TECHNICAL ADVISER TO THE GOVERNMENT OF INDIA, 1905.
;

;

WITH FRONTISPIECE,
158

13

PLATES,

AND

ILLUSTRATIONS

OF THE

UNIVERSITY
OF

LONDON
CHARLES GRIFFIN AND COMPANY, LIMITED
EXETER STREET, STRAND
1906
All Rights Reserved

57

GENERAL

PREFACE
IN

consequence of numerous inquiries from students attending the
"The Manufacture and Uses of Paper" given in

courses of lectures on

1904-5

at the central

Y.M.C.A., Exeter Hall, Strand, London, the author

reproduces his lectures in

book form, and

offers the present treatise to

and others as an elementary
manual on the Technology of Paper.
While the author hopes that this book may be useful to the paper-

stationers, printers, publishers, bookbinders

maker, he has directed his attention, mainly, to a discussion of the subject
for the benefit of those who use the paper.
Numerous text-books have
already been published dealing with the art of papermaking, but up to the
present time no popular work has been issued in which the subject is
treated along the lines suggested by this preface.
Discussion of the many important and highly technical

details in

connection with the manufacture of paper have therefore been omitted, as
outside the scope of this work.

The author wishes

to

express his indebtedness to those

who have

supplied drawings and blocks for the purpose of illustrating this book,
and amongst others Messrs. Bertrams Limited, Baird and Tatlock, James
Bertram and Sons, T. J. Marshall and Co., Green, Son and Waite, W. Notman
(Montreal), Louis Schopper (Leipzig), Waterous Co. (Brantford, Canada),
Laurentide Pulp Co. (Quebec), J. Christie Esq., Professor Herzberg.

The author has attempted to make a glossary of the various qualities
known to the trade, and to give some notes as to the origin of
the names used.
It is very difficult to obtain precise and complete

of paper

information as to
to his readers for

of the papers, and the author would feel grateful
further
information and correction which could be
any

many

inserted in the next edition.

A

complete glossary compiled in this way should be of considerable

interest.

R.
LONDON, October 1906.

192862

W. SINDALL.
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PAPER TECHNOLOGY
CHAPTER

I

INTRODUCTION
Importance of the paper trade Lack of standards of quality Deterioration of paper
Chemical and physical constants Fibres in relation to the ideal paper Principles of
paper-making

The Paper Trade.

The subject

of paper is one which interests a large
with industries which demand the use of paper and
allied products.
On the one hand is the paper-maker producing the finished
article, and on the other hand there are the printers, publishers, bookbinders,

number

of people connected

paper agents and stationers, who supply the general public.
Of recent years there has been a good deal of agitation as to the inferior
qualities of the paper used at the present day, and it is evident that much of
It is quite
the paper brought into the market will not last any length of time.
true of the paper trade as of many other industries that the rage for cheapness
has superseded the desire for an article of high quality, yet the paper-maker of
the present day can produce a paper quite equal to any that has ever been made,
It is quite as unreasonable to expect a
for it is only a question of price.
common writing paper costing 2d. a Ib. to have all the lasting qualities of a
good writing paper costing IQd. or Is. a Ib. as it is to expect a 15s. summer suit
The manufacture of good paper is by no means
to last two or three seasons.
what some critics would be pleased to call a " lost art."
The purchase of paper is too often based on the qualities of appearance and
There are apparently no standards of quality other than those of purely
price.
commercial consideration, so that in many cases the price paid is highest for
papers made from the least valuable material.
In 1887 Professor Martens purchased seventy-eight different samples at
random, but he found that only five of these samples were really up to the quality
which might be expected, having regard to the description of the samples.

In 1894, Professor Herzberg, director of the Charlottenburg Institute, purchased thirty-five samples, asking for a good writing brief paper, but not stating
any price. He found that only 17 per cent, of the samples could be considered
really good, while 53 per cent, he characterised as being very poor.
Now it is a matter of common experience that some papers which appear to
be satisfactory when purchased do not improve with use, and are quite incapable
of withstanding the conditions which bring about deterioration both as to colour

and strength.
Standards

of Quality. But so long as there is an absence of standards
It may be traced
of quality this unsatisfactory state of things must continue.
partly to a want of interest in the subject, and partly to the lack of co-operation

amongst those concerned.

The keen competition amongst manufacturers which
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has resulted in the creation of the false and arbitrary standards connected \vitli
the mere appearance of the paper is also another reason, whilst an indifference
to the scientific aspect of the question has generally been the prime factor.
The discovery of substitutes for cotton and linen resulting in the production
of cheap papers is probably responsible to some extent for this serious state
of things.
In 1887 Professor Martens examined no less than ninety-seven
leading scientific and other journals, and found on classification the following
results

:

A. Rag papers with less than 2 per cent, mineral matter
B. Mixtures of rag and chemical wood with less than 5 per cent.
mineral matter
C. Mixtures of rag and chemical wood, 5 to 15 per cent. ash.
D. Mixtures inferior and containing ground wood
.

.

2

.

2
31

.

62

.........
.

.

97

In the case of many scientific journals the
work had thus been entrusted to paper of inferior

Deterioration of Paper.
results of original research

quality, and when the limited circulation of such journals is taken into account
the matter at once assumes an importance which perhaps at first sight it does

not deserve.

Another

need for some decided step in the direction
be found in the law which compels the publisher of
every book, journal and newspaper to send copies of these works to the British
Museum and other public institutions. The historian of the future will be
relying on the newspapers of the present day as the source of information for
his writings, and it is obvious that these records, being merely ordinary editions
of the common newspaper, are not sufficiently durable for the purpose which
they are intended to serve.
The preservation of important documents thus becomes a matter of national
concern, and it is somewhat surprising that so little has been done in this conIt might also be noted that the durability of such documents not only
nection.
entails a thorough investigation into the nature of the paper, but also an inquiry
into the inks which are used, and their resistance to destructive agents.
The introduction during recent years of many varieties of coloured inks,
particularly those used for typewriting or those advertised not to corrode the
pen, has created a danger which cannot be ignored, namely, the tendency to the
complete disappearance of written or printed characters owing to the use of
fugitive colours which will not stand the action of the light.
No systematic work has been attempted in the direction of obtaining precise
information as to the durability of paper or as to the lasting qualities of ink by
any public body or authority, at least in England. A good deal of valuable
work has been carried out from time to time by scientific men and experts in
the course of their professional career, but the results of such investigations are
only to be found scattered through the pages of scientific journals.
The whole subject, however, merits the attention of the Government, and
there is no doubt that much good would accrue to the paper-maker, as well as the
user of paper, if this question of standards of quality could be thoroughly
illustration of the great

of standards of quality

may

inquired into.

Chemical

and. Physical Constants.
In considering the quality of a
necessary to take into account
1. The Chemical Constants, which term
may be used as referring to the fibrous
constituents, the mineral matter or loading, the colouring-matter, size, and
other chemicals.

paper

it is

:

INTRODUCTION
The Physical Constants, such

2.

wear and

At

3

as strength, elasticity, weight, resistance to

tear, bulk, opacity, &c.

the Charlottenburg
as follows

somewhat

Institute

in

Germany the

classification

is

made

:

Chemical Constants.

Physical Constants.

A. Celluloses from Cotton, Linen.
B. Celluloses from Wood, Hemp, Jute.
C. Celluloses from Esparto, Straw.
D. Mechanical Wood.
A. Strength, breaking length.
B. Elasticity.
C. Tearing strain.
D. Resistance to friction.

The only

classification in England which defines the
qualities of paper to any
that adopted by H.M. Stationery Office, the terms of which are
summarised in the adjoined schedule

extent

is

:

Mean breaking strain and stretch defined.
Size of strip for testing stipulated.
No. 2. Ordinary writings. Machine-made, animal-sized. No particular strength defined.
Paper to be free from fibre

No.

1.

No.
No.

3.
4.

No.

5.

No.

6.

Air-dry writings.

knots and hard particles.
To be made of rag, free from loading.
Lithograph and printing papers.
Papers to be machinemade, engine-sized, with not more than 15 per cent, of
Blottings.

loading.

Air-dry browns. To be machine made and air dried. Strip
taken for testing to be 2 in. wide and 7 in. long.
Same as Class 5. The stretch of
Cylinder-dry browns.

papers also specified.

The relative importance of the chemical and physical constants varies
In some cases tensile strength comes
according to the nature of the paper.
first, as in newspapers and cable papers, the other qualities, such as appearance
and finish, being of minor importance. In the case of strong wrappings, banknote papers and ledger papers there must be high resistance to wear and tear,
and to friction caused by repeated crumpling. Usually such resistance is found
in papers possessing great tensile strength.
With envelope paper, Bible papers and thin printings the chief quality
requisite is that of opacity, so that the writing or printing is not visible from
In the case of such papers as parchments and grease proof the
the reverse side.

most important constant

is that of resistance to air and water, so that these
particular papers may possess the qualities implied in their description.
With art papers the only qualities which are particularly needed refer almost
exclusively to the surface and finish of the paper, because it is desirable to
obtain for the printing of half-tone blocks a paper of absolute surface.
In the
case of papers intended for lithograjih printing it is important to obtain a paper
which shows the least amount of expansion when moistened, because papers
which are liable to expand to any extent cannot be used for colour-printing and

litho

work.

from these few illustrations that paper must be studied first, in
a general sense, as to its nature, quality, and the constants already referred to
and, secondly, in a particular sense, as to the special purpose for which the
paper has been manufactured.
It follows

:

;
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This demands a study of the manufacture, particularly the modifications in
the various stages of manufacture which give the desired qualities in the
finished paper, the difficulties experienced by the printer and other users of the
paper, and, finally, as far as possible, a reference back to the conditions under
which it was made.
systematic study of these questions on the part of the
ii869: in conjunction with the manufacturer would go far to establish the most
favourable conditions for the production of a paper answering all requirements.
For example, in the case of a litho paper the difficulties connected with the
use of it are considerably reduced if the paper-maker is informed as to the
manner in which the printer intends to work. It is well known that ordinary
machine-made paper expands much more in one direction than in the other.
This expansion is least in what is known as the machine direction of the paper,
and greatest in the cross direction. If therefore a sheet is to be 24 in. by 12 in.
the printer must exercise his judgment as to the cutting of the sheet and
determine whether it should measure 24 in. in the machine direction or in the

A

cross direction.

The Ideal Paper.

The

one which possesses chemical and
Such constants make for permanence and
marked in papers manufactured from new

ideal paper is

physical constants of a high order.
utility, these qualities being more

rags/

The marked superiority of rag papers in point of quality is not a matter of
chance, but is a function of the vegetable fibre itself which can be explained
by reference to the chemical and physical composition of the raw material.
The term quality is unfortunately an ambiguous one, and frequently used as
implying suitability, but the words are by no means interchangeable, since a
particular paper may be specially suitable for a given class of work and yet be
of very low quality.
common box-enamel, for example, may be a suitable
" of
paper, and in the ordinary use of the phrase
good quality,'' but in the sense'
of having physical and chemical constants of real value may be of no quality
at all.
The Principles of Paper-making. The manufacture of paper involves
a number of successive operations, each of which plays an important part in
the production of properties required in any particular paper. The general
principles underlying these operations are the same, whatever the original raw
The variamaterial or whatever the nature and quality of the finished paper.
tions of detail in certain specific stages of manufacture are naturally considerable,
but a brief survey of the general outline of the process may be taken with

A

advantage.

The stages of manufacture may be conveniently classified as follows
1. The isolation of the
paper-making fibre (cellulose) from the raw material.
" half-stuff."
2. The conversion of the cellulose into
pulp, or
"
"
3. The
of
the
half-stuff.
beating
4. The manufacture of the paper from the beaten pulp.
5. The processes relating to the finishing of the paper.
Isolation of the paper-making fibre from the raw material.
The nature and
extent of the process by which the fibre ijs obtained from the raw material depends
partly on the physical and chemical characteristics of the vegetable tissue and
For certain products, such as
partly on the nature of the paper desired.
browns, wrappings, millboards, cardboards and the like, the preliminary treatment is so slight that the prepared fibre differs but little from the raw material,
:

while, on the other hand, for better-class papers, such as those required for
magazines, fine printings and machine-finished writings, which are mainly prepared from esparto and wood, the treatment is so severe that the fibre obtained
has little in common with the raw material either as to, physical structure or
.
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With high-class rag papers, such as T.S. writings,
banks and loans, the severity of treatment is not in the preliminary
process of isolation of the cellulose, but in subsequent mechanical operations,
since the rags have already passed through certain stages of purification in the
chemical composition.

ledgers,

textile trade before reaching the paper-mill.

Generally speaking, the methods adopted for the isolation of paper-making
aim at the production of a more or less pure cellulose by digestion of the
raw material with alkali or acid salts at a fairly high temperature.
The
alkali process is in practice applied to practically every commercial fibre, but
the acid process is at present confined to the manufacture of chemical wood pulp.
Conversion of the cellulose into pulp, or " half-stuff'." The cellulose freed
from the valueless organic compounds with which it is closely associated in the
raw plant has then to undergo conversion into what is termed " half-stuff," a
convenient name for the pulp when partially prepared. The boiled material,
which usually retains its shape and general form even after the severe process of
fibre

digestion, is mechanically disintegrated into single isolated fibres and in this condition the pulp obtained can be readily bleached.
Straw, esparto and wood are
easily broken up, whereas rags (cotton and linen), canvas cuttings (hemp), bagging (jute) require very prolonged treatment. The causes of such differences in
behaviour will be understood by a study of the natural characteristics of the

This initial disintegration produces "half-stuff" in which the fibres are
merely teased out and prepared for the next operation.
The li beating" of the " half-stuff." This is probably the most important stage
in the manufacture of paper, and one in which the quality of the finished article
may be varied to almost any extent. It is a common saying amongst paperfibres.

makers that "paper is made in the beating-engine," and a close study of the
"
alterations in physical structure and constitution due to " beating
will at once
show the importance of this operation.
For ordinary machine-finished papers, the sizing, loading and colouring of the
"
"
pulp are effected at the same time and in the same appliances as the
beating
process.

For high-class hand-made and machine-made rag papers, the sizing is a
separate process applied after the paper has been produced.
The manufacture of the paper from the beaten pulp. The pulp is finally converted into paper by hand or by machinery, the proportion of hand-made paper
being very small, only four or five mills in England being engaged in. its manufacture.
The industry is, however, an extremely important one, owing to the
All the preliminary operations in the
special properties of hand- made papers.
manufacture of paper, whether hand-made or machine-made, up to this point are
the same in principle, but the manipulation subsequent to the " half-stuff* stage
varies according to the class of paper required.
The processes relating to the finishing of the papers comprise calendering,
glazing, cutting, sorting, and packing. In addition to these operations of geneial
application there are particular methods for producing such specialities as art,
chromo, duplex and other papers.
'

CHAPTER

II

TECHNICAL DIFFICULTIES RELATING TO PAPER
Specific examples of cases in actual practice

Bulk

Uneven colour

Influence of moisture

Dust

Wavy

edges

Impurities

Specific Difficulties. Many of the technical difficulties relating to the manuand use of paper are due to causes which may be readily explained.
Problems of this kind, however, are usually dealt with by haphazard methods
without any attempt to determine the exact cause of the trouble, with the
result that the recurrence of the difficulty cannot always be guarded against.
Many instances might be quoted to show that a correct appreciation of the
factors relating to a particular defect would enable the printer to understand the
A familiar instance of this is to
reasons for the trouble which he experienced.
be found in the well-known antique paper manufactured from esparto. The
peculiar characteristic bulkiness of this paper is produced by beating the pulp
under special conditions, but when the paper is used it gives a great deal of
trouble owing to the production of dust and fluff on the printing-machine. The
amount of dust can be reduced considerably by modifying the conditions of
beating, but such alterations give a paper of heavier substance, less bulk and
harder feel.
The difficulties experienced by printers and other users of paper are of two
kinds.
On the one hand there are defects general in character which may apply
more or less to all papers of a particular class, and on the other hand there are
which cannot be classified, because they are
troubles much more specific
abnormal.
Thus the defect of discoloration in papers containing mechanical wood pulp is
common to all such papers and its nature is well understood. The existence
of minute transparent spots in a supercalendered printing may be quoted as an
instance of a defect specific in character because the spots are not traceable to
one general cause which accounts for every case. In the former case investigation
as to the reason for discoloration is scarcely necessary, while in the latter it is
facture

essential.

The subject is obviously one of extreme importance as
referred to in the following sections.

shown by examples

The Influence of Moisture on Paper. A study of the relation between
and moisture will explain many of the common difficulties relating to paper.

fibres

A vegetable fibre

is susceptible to atmospheric conditions in precisely the same
as other substances, altering in weight, dimensions, appearance and strength.
discussion of a few specific examples will illustrate this.
1. Variation in weight.
sheet of paper taken direct from a paper-machine

way
The

A

may register 40 Ibs. per ream, and when weighed
after being posted to the stationer, a few days later, 42 Ibs. per ream. Similarly, a
sheet taken from the centre of a ream on arrival at the stationer's warehouse may
register 40 Ibs. and show 42 Ibs, if left about freely exposed to air for several days.
and placed on the Leunig

scales
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The explanation

of this difference is perfectly simple.
Paper in a normal
capable of retaining 8 to 10 per cent, natural moisture, according to

condition is
the time of year.
When made on a fast-running machine at too high a
temperature, it frequently contains only 5 per cent. Exposure of such paper
results in the absorption of moisture from the air and a consequent increase in
weight. As a matter of fact this is a most important point for makers of cheap
news, who suffer considerable loss in this respect, as shown by Table I.

TABLE

It

is

I.

easy to see that a consignment of reeled news containing only 5 per
weighing 94 J tons at the mill could legitimately be invoiced at

cent, moisture

07f under normal conditions. The margin is considerable.
The wrinkles, or "piping creases" as they are
2. Greases in web news.
sometimes termed, frequently found in reeled paper are due to the presence of
moisture.

The paper leaving the hot drying

cylinders

is

damped

superficially

water spray before being finally wound up. The water does
not penetrate the sheet immediately, but only after the paper has been reeled.
The natural expansion of the fibres caused by the moisture must have some outlet, and this usually takes the form of a wrinkle or crease in the body of the
The defect is seldom found in dry-reeled paper.
reel.

by means

3.

of a fine

Wavy

edges.

The

difficulties relating to

the "

wavy edges

"

of paper occur

most frequently found in stacks of reams lying in
the warehouse. The edges of the sheets gradually buckle and assume a wavy
form, and when sheets are taken from the centre of the ream, they will not lie
Plate paper used for steel engravings is a familiar example of this
flat and even.
in a variety of forms, being

defect.

Envelope papers exhibit a tendency to curl so that the envelopes cannot be
handled. The usual remedy applied in such cases is to expose the sheets freely
to the air, if wanted quickly, or to keep the paper in stock for a considerable
The explanation of the difficulty is to be found in the fact that the edges
time.
of the sheets being exposed to the air, while the centres of the sheets are not
the absorption of moisture. The unequal expansion so
exposed, expand by
"
"
produced cockles or twists the paper. Prolonged exposure gradually equalises
the expansion and remedies the defect.
Unequal register in printing colours on lithographic paper is also due to
expansion of fibres by moisture. During the interval elapsing between the
several printings, the size of the sheet alters sufficiently in many cases to cause a
4.

serious error in " register."

of

paper

a.s

The paper-maker pays special attention to this class
experience shows that those papers expand least in use which have

THE
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been made in such a way that the contraction of the wet sheet passing over the
The wet web on a
drying-cylinder of the paper-machine takes place naturally.
paper-machine is subjected to a number of forces which tend to create a condition
of unstable equilibrium amongst the fibres.
Contraction and shrinkage conThe sheet is
tinuously take place as the sheet passes over the drying-cylinders.
under constant tension while travelling from cylinder to cylinder. Any slight
unevenness in substance will set up irregular drying. These factors have to be
studied and allowed for in the manufacture of a good paper.
5. Improvement in quality.
Many papers are greatly improved by being kept
in stock for a considerable period before use.
High-class drawing and plate
papers, strong wood-pulp wrappings, envelope, lithographic, animal-sized writings
are typical examples of papers which are the better for being kept a reasonable
time.

The improvement may be traced in most of these cases to the gradual
adjustment of the cellulose to a normal condition, the fibre taking up from the
air the moisture necessary to restore its " equilibrium," so to speak.
The
harshness and brittleness common to many papers when first made is gradually
mellowed down by the absorption of moisture during storage.
With news, the quality and strength would be greatly improved if the printer
was less particular about having a perfectly even white colour. The evenness of
the colour and appearance of a common news is obtained, to a considerable
extent, by sacrificing the strength through overdrying the paper.
The Causes which influence the "Bulk" of Paper. The bulk of a
influenced by four main factors
The fibrous material. Of all the known paper-making fibres, cotton
produces the bulkiest paper on account of its physical structure, the fibre having
a tendency to curl and twist so that it will not lie flat. Esparto ranks second
because it is a short cylindrical fibre which does not suffer much disintegration in
the beater.
Soda pulp is superior to sulphite in making paper of good bulk.
2. The beating process.
The treatment to which pulp is subjected in the
beating-engine exercises a remarkable influence on bulk.
Prolonged beating,
lasting ten to twelve hours, with dull knives manipulated so as to draw out the
fibres rather than cut them, makes a thin, hard dense paper, while quick
beating
with sharp knives for about an hour or an hour and a half will give a bulky,
light and opaque sheet from the same pulp.
3. The amount of mineral matter.
Mineral matter, such as china clay or
sulphate of barium, adds to the weight of a sheet of paper without materially
If two papers are of equal bulk, the one containing
increasing the thickness.
loading, and the other not containing any, then the former will weigh more than
the latter.
This is due to the filling up of air spaces, the air in which has an
inappreciable weight, by clay or loading which has an appreciable weight.
4. The glazing.
The paper after leaving the drying-cylinders has a rough
surface and is very thick.
The bulk is reduced enormously by calendering
or plate glazing, the thickness being decreased by 30 or 40 per cent.
The
actual reduction depends upon the amount of pressure exerted, and the number

paper

is

:

1.

of times the

The

paper

is rolled.

between papers in respect of bulk are well illustrated in the

differences

following example

:

Thickness of Ream.

Antique
Machine finished
Glazed

Extra

rolled

,

.

.

.

.

.

.

2 '88 inches
2-21
1-825
J-68
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These papers were all made of similar material and contained equal percentages
of loading.
Taking the substance at 45 Ibs. double crown, and ash in papers at
10 per cent., with a small amount of rosin, the composition of the papers maybe
expressed in another form showing the actual amount of air space producing the
amount of " bulk " in each paper. It is possible to express the composition of
these papers in terms of the actual volume occupied by the fibre, ash, and air
space

:

TABLE

II.

The Deterioration of Paper. This important subject cannot be adequately
dealt with in a few brief paragraphs.
It is clue to a combination of two or more
causes, amongst which may be mentioned
1. Use of inferior celluloses or fibres.
2. Admixture of excessive quantities of mineral.
:

3.

Excess of sizing matter.
left in during manufacture.

4.

Impurities

5.

Atmospheric conditions.

(5.

Sunlight.

Papers containing mechanical wood become brittle, lose strength, and
discolour very rapidly.
This is due to slow oxidation of the non-cellulose
constituents in the. wood.
Even traces of ground wood render a paper liable to
decay.
Papers containing straw and esparto cellulose are more resistant than
those containing ground wood.
The admixture of excessive amounts of clay and similar loadings is scarcely a
direct cause of decay, but since a corresponding increase of sizing
ingredients is
necessary to bind the mineral matter to the fibre, the power of resistance to
deterioration is lowered. However, in the case of " imitation art," which is a soft
sized paper, the lack of durability is directly due to the enormous
proportion of
clay, 30 to 35 per cent., which prevents the proper felting of the fibres.
Sizing ingredients, such as gelatine and starch, only produce a marked
deterioration in paper under conditions which favour decomposition of the
sizing
material itself, namely, moisture in the air. The nitrogenous
compounds in
commercial gelatines are excellent mediums for the growth of many forms of
bacteria.
Rag papers sized with gelatine placed in stoppered bottles with a few
Fahr. will rapidly exhibit
drops of water and kept at a temperature of 80
micro-organisms of great variety.
Rosin size in paper acts indirectly as a cause of loss in quality by reason
of changes set up by sunlight.
Herzberg carried out some elaborate experiments
in 1896, showing that light was the principal agent in
bringing about loss of
colour and sizing qualities in paper containing rosin size.
Impurities due to careless manufacture are a frequent source of trouble
Incomplete removal of traces of bleach, of antichlors, or of free acid, frequently
brings into the finished paper small quantities of residual chemicals, some of
which are catalytic in action, that is, they induce chemical changes promoting
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decay without being themselves permanently altered. The result of such action
gradual destruction of the whole body of the paper.
Atmospheric conditions affect paper differently according to circumstances.
Papers exposed to impure air and fumes from burning gas gradually lose
colour.
Papers coloured or toned with aniline dyes are very sensitive to the state
of the surrounding air in respect of moisture and chemical impurities.
The finish or surface of highly calendered papers is somewhat spoilt by
moisture in the air. The fibres pressed down into an even surface by the
calenders take up moisture and expand. This expansion produces a movement of
the fibres from the surface of the paper and causes a loss of finish. Sometimes
highly calendered news containing coarse fibres of ground wood when exposed to
clamp air loses its finish very materially since these fibres gradually rise up from
the surface.
Sunlight has no direct influence on paper made from pure cellulose, but acts
upon the non-cellulose constituents and added chemicals, and causes many of the

is

changes already referred to.
Transparency of Papers. The transparency of a paper is influenced by
the kind of fibre used, the manner in which the pulp has been treated in the
beating-engine, the amount of mineral matter added as loading,, and the bulk of
the finished sheet.
Sulphite wood-pulp beaten for a prolonged period produces the most transparent paper. The order of fibres with regard to transparency may be taken
approximately as follows sulphite wood, straw, rag, esparto, soda wood, jute,
mechanical wood. The transparency is affected by the amount of boiling and
bleaching, so that this order is by no means absolute.
Prolonged beating adds to the transparency of a paper, as may be seen by
comparing a cheap wood-pulp printing paper with a wood-pulp writing paper.
Pulp which has been beaten a long time does not part readily with the water and
works " wet " on the paper-machine, whereas pulp beaten only for a short period
"
allows the water to escape readily through the machine wire, working " free as
the paper-maker says. The latter condition favours opacity.
Loading affects transparency to a large degree. Two papers equal in other
respects and loaded with 10 and 15 per cent of mineral respectively will exhibit
different transparencies, the former being the more transparent.
Treatment during supercalendering makes a paper transparent. If the surface of
the paper is damped before glazing, the sheet is rendered still more transThe remarkable effect of pressure at the calender rolls is most easily
parent.
observed with paper which has not been completely dried before glazing.
In
extreme cases transparent streaks appear in the paper, due to pressure on damp
places in the sheet.
Unevenness of Colour. Coloured papers frequently exhibit a marked
difference in the colours of the two sides.
Papers coloured with ultramarine or similar pigments will sometimes show a
These
lighter shade on the upper surface, and sometimes on the under surface.
defects are largely due to the action of the vacuum boxes on the papermachine, which exert a powerful suction on the under surface of the paper when
Too much suction tends to draw out the
extracting the water from the pulp.
fine particles of pigment and produce a lighter shade of colour on the under side
of the paper.
Some aniline dyes also exhibit this peculiarity, but from different causes. The
colour is not due to suspended particles of insoluble pigments, as the soluble dye
is precipitated in the
The change in colour often seen in
pores of the fibres.
aniline-coloured paper may be attributed in some cases to the action of the heat
of the drying-cylinders on the sensitive aniline compound.
:
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Wood papers when calendered often appear very irregularly coloured, and
the surface looks mottled. Sulphite and mechanical pulps possess very different
affinities for aniline dyes, the latter being coloured readily.
The dyeing of
mixtures of wood-pulps is an art in itself.
Dust from Paper. The dust which gradually accumulates on the type of
the printing press may be due to a variety of causes.
In the manufacture of web news the sheet leaving the calenders of the papermachine sometimes rubs against a stationary guide roll before being finally reeled
up. The friction causes an accumulation of small fibres and mineral matter at the
point of contact, and the accumulated dust comes away periodically with the
sheet
when the reel is used at the printing office the dust gives trouble.
This defect does not often occur.
The fluff from news is sometimes due to the use of mechanical wood which is
coarsely ground. The coarse chips lie on the surface of the sheet and are pressed
in by the calender rolls.
The friction of the rolls on the printing-machine is
sufficient to release many of them and so the type is soon fouled.
Coated papers are a fruitful source of trouble in filling up type and electro
The defect usually arises from an insufficiency of glue in the coating
blocks.
mixture.
;

Bulky featherweight and antique papers produce fluff on type. The fibres
are only loosely felted together in such papers and friction causes the smaller
fibrous particles to come away very easily.
Impurities in Paper. This important subject deserves careful attention,
because many of the difficulties experienced by printers arise from the presence

An

of impurities in paper.
interesting treatise dealing with specific cases arising
during the course of professional practice could be written, and such a book
would prove of considerable value. It is impossible to do more than give a brief

account

of

investigate.
Fibre.

a few actual

instances,

which the

author has had occasion to

1. One of the most
frequent troubles common to newspaper is the
breaking of the sheet when passing through the printing machine. With a
production of 24,000 copies per hour the loss of time occasioned by an unnecessary
break is considerable. In most cases the break may be traced to the presence of
coarse fibres or of thin hairs near the edge of the reel, lying at right angles to the
A microscopic
direction in which the paper is travelling on the machine.
examination of the fibre will reveal its nature and determine whether it is a
coarse fibre from the pulp or some adventitious substance, such as string.
2. An esparto paper made light and bulky contained some coarse particles
which closely resembled mechanical wood when examined with the eye. The
microscopic test proved them to be undigested pieces of esparto fibre which by
some means had found a lodging-place in the paper.
Acid.
1. Some papers were rejected because they gave an acid reaction with
litmus, the extract obtained by treating them with water turning blue litmus
papers red. The investigation showed that the papers did not contain any free
Litmus
acid, but merely sulphate of aluminium, which turns blue litmus red.
paper is not a, reliable test for free acid.
2. The pages of a novel were found to be disintegrated, the paper crumbling
This was due to sulphuric acid
to powder when rubbed between the fingers.
with which the novel had by some means come into contact. Some of the other
pages in the book proved to be normal high-class rag paper.
1. Samples of some common pastings were examined for
Particles of dirt.
particles of dirt, many of which fell out of the sheet when the paper was handled,
the holes produced causing considerable trouble when the sheet was pasted. The
dirt proved to be coarse particles from the china clay used as a loading for the
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The

paper.

clay

had not been carefully mixed with water and strained before

use.
2. In some cardboards made by pasting two sheets of paper together some
greasy yellowish coloured spots of varying size were found, and at first attributed
to faulty paste.
Investigation proved this assumption to be incorrect, the
defects being due to greasy matter dropping into the pulp on the papermachine.
3. Brownish spots in a photographic mount which were only rendered
prominent after pasting were carefully examined, and proved to be minute
particles of iron rust, and riot a growth of some micro-organism as supposed.
4. Some black specks in a sheet of supercalendered paper were examined and
Subsequent inquiries at the mill confirmed this opinion.
reported as coal.
ream of paper when opened at the warehouse gave off a most
1.
Snidl.
unpleasant odour, which gradually disappeared when the sheets were spread out.
The smell closely resembled that of sulphuretted hydrogen, and it was found that
the paper contained sulphur compounds.

A

2. Some art paper having an unpleasant odour was found to have been
prepared with glue of poor quality.
Mineral matter. 1.
blotting paper of poor quality, which became nonabsorbent after being used a few times, was found to contain lime salts deposited
from the hard water with which the rags had come into contact before and after
conversion into pulp.
2.
paper guaranteed to have been manufactured without the addition of
mineral matter was tested for china clay, which w as present to the extent of
2 to 3 per cent.
This was eventually traced to the fact that waste papers used
in furnishing the beater contained china clay in quantity sufficient to account for
the above proportion.

A

A

r

CHAPTER

III

RAG PAPERS
Sorting, cutting-, dusting, boiling, washing Bleaching Halfdescription of process Tub-sizing Preparation
Machine-made papers. The Fourdrinier
Drying Plate-glazing.
1

Preliminary operations.
stuff

Beating.

of animal

Hand-made papers.

size

machine

Preliminary Operations.
The
used
for
Rags.
rags
paper-making consist of a great variety of materials,
from new linen and cotton cuttings produced in the factories devoted to the
making of wearing apparel, to old, worn and dirty rags which have been discarded from domestic service as useless.
The rags collected by the merchants who supply the paper- mill are not mixed
indiscriminately, but are properly sorted out into different qualities, so that the
paper-maker can obtain the particular grade of raw material best suited to his
Even then the rags are submitted to a second sorting process at the
purpose.
mill, since the quality of the finished paper depends very much upon the condition of the rags.
high-class linen paper cannot be made satisfactorily if the
stuff used contains varying proportions of old and worn rags, more or less cotton.
The production of a first-rate blotting can only be ensured by a rigid exclusion
of all rags except those which experience has proved most suitable.
Qualities of Rag. The classification of rags is usually an elaborate process
based on certain broad distinctions as to the nature of the fibre, the colour of the
rag and its condition. The sorting is thus carried out with due regard for

A

1.

2.

3.

The Material.
The Colour.

The

Quality.
Cottons.

Linen.

Hemp.

Whites,

first

Cotton.

Wool.

and second.

Colours, red, blue, grey.
Neutral, blacks and dark colours.
Classification somewhat as follows

New cuttings.
Worn whites.

Linens.

Soiled whites.

Unbleached cottons.
Blue checks.
Muslins.
Cord.

Hemps.

:

Fine whites.
Coarse whites.
Seams and hems.
Soiled whites.
Seconds.
Thirds.
Canvas.

Rope.
Waste.

The extended nature of the various grades into which the rags are divided
both by the merchants for the purpose of sale, and by the paper-maker for
manufacture, can easily be gauged by a glance at the market reports of the papertrade press.

Sorting and Cutting. The rags arrive at the mill packed in huge bales,
and are then put through a preliminary dusting to remove the greater portion of
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The duster consists of a long hollow cylinder covered with very coarse
dirt.
wire, inclined at an angle, so that as it revolves the rags thrown in at the upper
end travel towards the lower end and discharge themselves free from any loose
any

dirt.

Fig.

Nuttall's Patent

1.

Rag

Cutter.

The rags are then distributed to the various sorting-tables, where buttons,
hooks and eyes, leather, rubber and other foreign matter likely to injure the
The rags are cut by women into
quality of the pulp are carefully removed.
long slips, and these again reduced into pieces about four inches square. The cut
rags are then finally sorted up and thrown into boxes or baskets placed round

Fig.

2.

Rag Willow and Duster

the sorting-table, great care being exercised to keep old arid new rags separate, to
differentiate the material as to colour and cleanliness, and to preserve uniformity
in quality.

Hand-cut rags dealt with
machine-cut

in this

manner are much more expensive than

rags, but for high-class paper the latter

do not give the best

results.

A rag

chopper consists of a pair of revolving cylinders carrying one set of
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knives which cut the rags into shreds of convenient length, and another set of
There is a greater loss of fibre
knives for cutting the shreds into short pieces.
with machine-cut rags, and the pieces are always very irregular in shape, which
is a disadvantage in manufacture.
The cut rags are next passed through a
"
dusting-machine known as a Willow." This machine consists of an iron drum
provided with long iron spikes, or teeth, which revolves rapidly inside a closed
The rags
box, the interior of the latter being provided with similar iron spikes.
are thus thoroughly loosened and opened up, the dust and dirt falling through
In addition to the drums, the Willow contains
a wire grating below the box.
a duster similar to that already described, by means of which the rags are
completely and finally freed from all impurities of a mechanical nature.
It is estimated that the loss of weight sustained by rags in dusting varies

from

1 to G

per cent., according to quality.

Fig.

3.

Revolving Spherical Boiler.

Boiling. The clean rags are next boiled with chemicals to remove fatty and
greasy matters, and to dissolve out all substances, such as starch and size, which
may be present. The usual process involves the employment of caustic soda,
caustic lime, or a mixture of lime with carbonate of soda, which substances are
placed in suitable digesters with the rags in definite proportions.
The digesters used are either cylindrical or spherical in shape, 7 to 9 feet
in diameter, mounted on suitable trunnions so that they can be rotated slowly.
charge of from two to three tons of rags is thrown into the digester through a
man-hole, which is then bolted down. The solution of caustic soda is passed into
the boiler through the hollow trunnion and, finally, the steam is admitted
through the other trunnion. The conditions under which the rags are boiled
vary at different mills, since the factors which determine the process may be
These factors are the strength of the liquor, the pressure
altered as required.
The object of the process is the formation
of steam and the period of boiling.
of soluble compounds by the action of caustic soda on the foreign matters in rags,
which themselves are insoluble. The soda combines with these to form a soap,

A

:
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which is subsequently washed out. This action becomes more complete and is
hastened by using a fairly high steam pressure or by the employment of strong
caustic soda.

The proper adjustment of the amount of caustic, the steam pressure, and
period of boiling so as to produce a maximum yield of boiled rag of good colour
at a minimum cost is naturally a question which calls for considerable technical
skill and practical experience.
The time of boiling varies from three to seven hours, the steam pressure being
between 15 and 30 Ibs. to the square inch, and the proportion of caustic soda 5 to 8
per cent, on the weight of rags treated.

Fig.

4.

Rag Breaking and Washing Engine.

After the boiling is finished the steam is turned off, and the pressure reduced
by blowing oft'. The man-hole cover is removed, and the rags discharged into
the tank on the floor by allowing the boiler to rotate as before.
There are one or two interesting modifications of this operation worth
noting.
In certain cases,
of

when there

is

a

demand

for paper prepared without the use
in an open pan with pure water.

any chemicals, rags can be treated by boiling

when

the rags are absolutely new and free from
manufacture of paper is then almost entirely
a mechanical process. The colour of the paper obtained without the use of
caustic soda and bleach is somewhat lower than that of paper produced in the
ordinary way.
A method of boiling rags by an apparatus known as the " Mather Kier " has
been introduced of recent years, though it has not been largely adopted.
The rags are packed into smalli iron trucks, which are pushed along rails
The door of the
into the kier, a long oval-shaped vessel resting on the floor.
kier is closed, and the caustic soda solution pumped in and kept in continuous
circulation while steam is admitted at a pressure of 10-12 Ibs. per square inch

Naturally this

any grease to

is

only possible

start with, for the
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The door is opened after the pressure has b,en released,
and the rags are quickly withdrawn for washing.
It is estimated that the loss which rags sustain when boiled is as follows
for three to four hours.

:

Cottons
Linens

.

.

.

.

.

.

.

.

.

.

.

.

4 to 14 per cent.
7 to ^4 per cent.

an average figure representing the loss due to boiling, as
It
the amount depends on the quality of the rag.
Washing. The rags discharged from the boiler vary in colour from light
is

impossible to fix

brown

to black according to the proportion of impurity present in the material
originally taken, the dark colour being due to the action of the CiUbtic soda.
The impurities being mainly in a soluble form are then washed out, a process
to four hours and consumes a large quantity of water.
The
"
breaker."
It is an
apparatus almost universally employed is that known as a
" midfeather " or
oval-shaped vessel divided into two channels by a
partition
which does not reach from one end of the vessel to the other but merely occupies
In the bottom of one channel is fixed a ''bed-plate" cona central position.
taining fixed steel knives, and mimeJiately above the bed-plate is a heavy castiron roll suitably mounted on bearings, which roll is provided with a number of
The floor of this channel slopes upwards. gradually towards the
steel knives.
space between the stationary bed -plate and the heavy roll, and falls away very
This peculiar construction of the machine is an
sharply at the back of the roll.
essential feature of its action on the stuft', because when the breaker is loaded
up with its proper complement of water and dirty rags, a continual circulation
*'
backof the stuft* round the engine is maintained owing to the formation of the
"
"
behind the roll. In the other channel there is a " drum-washer for the
fall
removal of dirty water. This consists of a hollow drum provided internally with
carved partitions or buckets, and covered externally with fine wire-cloth. The
drum-washer can be raised or lowered at will, and when lowered it is driven
from the main shaft of the heavy roll (see Fig. 4).
The engine or breaker is three-parts filled with clean water, and the rags
As
shovelled in from small trucks previously loaded up in the digester house.
soon as a sjfficient quantity is thrown in the drum-washer is lowered. The rags

which takes two

;

drawn in between the rapidly revolving roll and the stationary bed-plate,
being partially disintegrated and opened out the impurities mix with the
water, which quickly becomes dirty and foul. The dirty water finds its way into
the washer and is raised by the curved buckets of the drum to the centre
and discharged into a special trough connected with suitable outlet pipes which
Meanwhile a continuous supply of clean water is fed
carry the water away.
into the breaker and gradually the dirt is washed out of the rags, which rags at
the same time are broken up from the condition of squire pieces to that of
are

;

which are more or less matted together.
of water necessary for the complete washing of boiled rags is
very large, the importance of the purity of the water-supply cannot be overrated.
It is estimated that to make one ton of finished paper no less than 50,000 to
70,000 gallons of water are required. As this enormous quantity comes into

single threads,

As .the amount

contact with the rags it is obvious that any suspended solid particles of dirt will
adhere to the pulp and eventually "show up" in the paper. Nearly 50 per cent,
of the total amount of water used is required for this process of washing.
Bleaching. The washed rags are brought up to the necessary white colour
by the use of chloride of lime, or bleaching powder, as it is more commonly
naiied.
This powder, on being stirred with water, gives a greenish coloured
solution of calcium hypochlorite having a pungent odour of chlorine, while about
1G per cent, of the powder, which consists of lime and chalk, settles to the bottom
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of the vessel as a sediment.

Only the

clear bright liquor is actually used for

bleaching.

There are many systems in vogue for bleaching

fibres.

In the case

of rags it

Section.

Plan.
Fig.

5.

Kag Breaking Engine.

is a frequent practice to bleach the pulp in the breakers, the drum-washer being
raised out of contact with the rags, and a definite quantity of strong bleach
The rags are kept in motion and
liquor added to the rags from a stock tank.

gradually the bleach acts upon them until the colour

is

attained.

When

the
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sufficiently good, the drum-washer is lowered and the rags thoroughly
free from the residual bleach liquors.
The efficient bleaching of rags, and indeed of all fibres used for papermaking, is a subject of the highest technical importance, but a complete

colour

is

washed

discussion of the many conditions which need to be studied would be somewhat
out of place in the present treatise, so that it is only necessary to indicate sundry
modifications of the process.
The best colour is obtained with rags when, after the requisite amount of
bleach has been added, the whole contents of the breaking engine are discharged
into a brick or cement tank and allowed to remain sixteen to twenty hours until
the whole of the bleach has been exhausted.
The process of bleaching is sometimes hastened by heating the contents of
the breaker with steam, the hot bleach acting more energetically upon the pulp
but, unless great care is exercised in regulating the temperature, the fibre itself
is attacked, and the ultimate colour may be liable to "go back," as it is called.
The bleached pulp after washing is discharged into cement
Half-stuff.
tanks or drainers, which, being provided with perforated false bottoms, allow
all the surplus water to run off.
The moist pulp at this stage is known as
;

" half-stuff."

The loss sustained in the preparation of the half-stuff during the various
operations for certain classes of rags is given in Table III., but the figures can
only be regarded as approximate, since it is impossible to give absolute results
with a classification dependent on sorting, a process which is merely arbitrary
and a matter of convenience.
TABLE

III.,

showing percentage of Loss on Rags during Treatment.

Beating. The half -stuff, thoroughly washed free from all residual chemicals
likely to spoil the quality of the finished paper, is next submitted to the process
of beating.
The long stringy mass of fibres which compose the half-stuff must
be completely disintegrated into single individual fibres, and cut to the requisite

The rationale of this most important operation and the effect of varied
length.
conditions of beating are more fully dealt with in the chapter devoted to the
subject of beating, so that a mere description of the actual treatment of the rag
half-stuff at this stage will suffice.
"
The rags are generally beaten in the old-fashioned " Hollander engine,
a machine which has no rival in any of the modern beaters for the efficient
treatment of cotton and linen half-stuff. The engine is first partially filled with
This backwater
fresh water or with "backwater" from the paper-machine.
drains away from the endless wire of the machine, and, containing a considerable
which would
proportion of fibre, is utilised over again in order to save the loss
The rag stock is added to the water in the beater
otherwise take place.
gradually until the engine is properly filled with a thick mass of pulp of the
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During the filling-in the beater roll is kept well off the bedright consistency.
plate to permit of ready and rapid circulation of the stock.
As the fibres separate out the roll is gradually lowered from time to time to>
In the case of high-class rag paper the process;
suit the class of paper required.
is a long and tedious one, occupying from eight to ten hours, consuming a great
deal of power.
For the best qualities of rag papers the use of the beating engine is practiThe
cally confined to the actual reduction of the half-stuff to suitable pulp.
toning of the pulp with such pigments as ultramarine, prussian blue, smalts, or
some vegetable dye is, however, effected by adding the desired colouring-matter
to the stuff in the beater, but beyond this no further operations are carried out
until the beating

is

finished.

When

the pulp has been sufficiently treated, which the paper-maker can
judge by taking out a small quantity of the stuff and stirring it into a large

Fig.

-6.

Beating Engine, with Cover removed to show Beater'Roll.

volume of water so that the condition of the fibres may be examined, the
contents of the engine are discharged into a stuff-chest, which forms the stocktank for the pulp now ready to be converted into paper.
For the commoner qualities of rag papers, a mixture of rag pulp and wood
certain proportion of
pulp is frequently used, and the two beaten together.
some mineral matter, or loading, as it is termed, is also added to the pulp and
thoroughly incorporated with the stock in the beater. China clay, sulphate of
lime or blanc fixe are the more commonly used fillers, and they are added to the
engine either in the form of a dry powder or as a thin creamy paste previously
prepared by mixing the powder with water.
Such common papers as these are also frequently sized with a small proportion of rosin size which is added to the pulp in the beater.
A complete descrip-

A

tion of this process of " engine-sizing" is given in chap. iv.
The beaten pulp in the stuff-chest forms the stock from

made by hand

or

which the paper

is

by machine.^

Hand-made Papers.
"
by hand from the vat is an operation which
can be described readily enough, but the actual manipulation of the beaten pulp

The manufacture

demands considerable

"

of paper
skill

and

practice.
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work of three men, each with specially
defined duties the " vatman," who dips a mould into a vat
containing the beaten
"
pulp and makes the sheet of paper the coucher," who transfers the wet sheet
from mould to felt and builds up the pile or " post " of alternate wet sheets and
of a sheet requires the

:

;

the " layerman," who detaches the moist sheets, after they have been
pressed, from the felts.
The mould is a wire-cloth stretched on a large wooden frame, the cloth being
supported by stout wire, which is in turn kept rigid by wedge-shaped pieces of
felts

;

Fig.

7.

Mould

for

"

making

Laid

"

Paper.

wood. The size of the frame varies according to the sheet of paper required,
the largest being one used for the manufacture of Antiquarian, which measures
53 inches by 31 inches. The great weight of the mould and sheet required for
this large size compels the attention of six men in place of the three usually
employed to each vat.
The mould is provided with a movable frame known as " a deckle," which fits
closely to the mould and forms a narrow rim, so that the apparatus resembles a
shallow tray, with a wire-cloth bottom.
The " vatman," holding the mould by its short sides, dips it into the vat containing the pulp mixed with the suitable amount of water, and withdraws it,

Fig.

8.

Mould

for

making

'

Wove"

Paper.

make a

sheet of the required substance and thickness.
side to side, in order to produce a felting
or interlacing of the fibres, so that as the water gradually drains away through
The
the wire-cloth, the fibres settle down on the surface into a sheet of paper.
various motions imparted to the mould demand great care in order that the
successive sheets may not vary beyond reasonable limits as to their substance,

taking up sufficient pulp to

The mould

is

shaken to and

fro,

and from

thickness and strength.
When the water has drained off sufficiently, the vatman lays the mould upon
an inclined board, which allows a further quantity of water to get away, and

PAPER TECHNOLOGY

22

removes the deckle to a second mould, with which he proceeds to make the next
sheet of paper.
The coucher then, taking up the first mould, turns it over and presses it
of paper adheres to the felt, after which he
against a felt, so that the wet sheet
returns the empty mould to the vatman, covers the sheet just transferred with
"
another felt of suitable size, and is then ready to
couch," as it is called, the
second sheet prepared by the vatman.
"
"
of wet sheets alternated
post of sheets is thus formed, consisting
pile or
with felts, and when completed it is subjected to heavy pressure in order to
remove all the water possible, and to produce a firmer sheet of paper.
The layerman separates the moist sheets of paper from the felts, and the
paper is again put into the
In some cases the
press.
quality of the paper is improved by mixing the moist
sheets from one pile with the
moist sheets from a second
pile, so that a third is proIf this third pile is
duced.
submitted to a second pressing
operation a more uniform
result is obtained.
Water-mark. The watermark in a sheet of paper is
obtained when a raised design
or pattern made of thin wire
worked into the required shape
is fastened upon the surface
of the wire which forms the

A

mould.
The layer of fibres
over every portion of the deis
thinner than the
sign
surrounding layer which forms

on the surface

of the

mould

in the ordinary way, and the
design appears as a transparent pattern in the dry
Fig.

View

9.

"
of a " Laid

Wire with Design for a
" Water- mark."

paper.

Water-marks were used

in

the

making, and
water-marks,

many well-known
as, for

example

sizes of

paper owe

:

....
....

Name.

Water-mark.

A hand

with star

Jester's cap or figure of jester's head

Postman's horn

Tankard

early
days of papertheir names to the typical

,

.

Royal hand
Foolscap
Post
Pott

Size.

25 inches x 20 inches.
x
17
19
x.l 5-1
15
x

m
m

is hung up in drying-rooms, or lofts, and allowed to dry by
to
the
the evaporation of moisture being hastened in most cases
air,
exposure
by a supply of heated air, or by means of steam pipes fastened to the floor of

The wet paper

the

loft.

The dry paper

at this stage is

known

as waterUqf, being

more or

less like
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blotting paper, with a rough surface, and possessing very little of the strength of
the finished sheet.
It is highly absorbent and instantly soaks up any moisture
with which it comes in contact.

The Sizing of Rag Papers. The
dry paper taken from the drying-shed or
loft is known as tvaterleaf, being very
absorbent, and closely resembling blotting
paper in its capacity for taking up water
or ink. This waterleaf is sized in order to
give it a surface which will resist moisture
and carry ink without penetration. Handmade paper is sized with gelatine, sometimes called animal size, while other
qualities of rag paper are
sized and partly tub-sized.

partly rosin-

The sheets are dipped, a few at a time,
a tub or vat containing a solution of
gelatine, the temperature of which varies
from 90 to 110 Fahr. After a slight
immersion the sheets are taken out, reversed, and dipped a second time in order
that the corners held by the sizeman may
be duly sized. The surplus solution is
pressed out of the sheets, which are then
in

The wet sheets are
to dry.
sometimes stacked up for several hours
before being suspended, as the paper is
better sized by this procedure.

hung up

Several modifications of this early and
method of sizing are now in

primitive

common

use.

For example, the sheets of waterleaf
are thrown upon a travelling felt, which
is drawn through a long vat or trough
containing the hot size solution.
Some Water marks used in
Fir. 10.
The size penetrates each sheet of paper,
the Early Days of Paper-making.
and as the feL reaches the other end of
the trough it carries the sheets of paper between a pair of squeezing-rolls which

remove any surplus size. The sheets
are stacked up and carried to the
drying-room.

Size.
The term " tub"
or " animal-sizing
is applied

Animal
"

sizing
to the treatment of paper by means of
gelatine and glue, the former because
the sheets of paper are dipped into a

tub containing the solution of gelatine,
and the latter term being used because
gelatine is an animal product.
The gelatine is prepared from

Fig. 11.

hide-pieces, horns, bones, sheepskins,
and the feet of animals.
Hides and Skins are thrown into clean water to

and then cut into convenient-shaped

pieces,

Diagram
sizing

to illustrate

Tub-

by Hand.

remove blood and impurities,
which are again washed in a

v
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drum

revolving in a tank of water.

They are

next

heated with watei

4

in a steam-jacketed pan, great care being necessary to employ the temperature
The pieces gradually dissolve,
best suited to the quality of the raw material.

Fig. 12.

Diagram

to illustrate Tub-sizing by Machinery.

lumps falling to the bottom of the pan, and the hot gelatine
drawn off through cloth into stone tanks, a small proportion of alum
The percentage of pure gelatine obtained
being added to arrest putrefaction.

any

or

dirt

solution

is

Fig. 13.

Plate-glazing Calender.

from ordinary wet hide-pieces is about 13 per cent., the exact proportion depending on the amount of moisture in the raw material.
The conversion of bones and horns into gelatine is not quite so simple. The
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material is first treated with hydrochloric acid, to remove the lime phosphates,
"
"
which yields the gelatine. This " cartilage " is boiled with
leaving the
cartilage
water in a steam-jacketed pan and_the solution clarified and run ofi' into stone
tanks with alum in the usual way.
Leather pieces yield gelatine of low colour and poor quality.
Drying. The sized sheets are hung up in the loft on poles or cords and
simply dried by exposure to the air, which is sometimes warmed to hasten the
The slower the process, however, the better the
evaporation of the moisture.
sizing, as the gelatine gradually contracts and shrinks on the surface of the
paper to an even skin. If the drying is hurried the gelatine cracks and does not
form an impervious layer. The importance of the treatment in the drying-loft

be judged from this fact, which sometimes may be more clearly demonstrated
by an analysis of the percentage of gelatine in the paper. A high proportion of
animal size in a sheet should indicate superior sizing qualities and resistance to
ink penetration, but it does not invariably follow that 7 per cent, of gelatine, for
The
example, in one paper sizes it better than 6 per cent, in another.
conditions under which the latter is dried may be more favourable to good sizing

may

qualities.

Plate-glazing. The final process is the smoothing or polishing of the sized
sheets of paper, which is effected by plate-glazing.
The sheets of paper are
placed between plates made of zinc or copper, and the pile of alternate sheets of
paper and metal plates passed several times between steel rolls, which are subjected to very heavy pressure by means of compound levers and weights (Fig. 13).
The glazing imparts a high surface and finish to the paper, and at the same
time reduces the bulk of the sheet by about 30-40 per cent. The tensile

strength of the paper is considerably increased by judicious glazing, but the
maximum strength is generally reached before the required surface is obtained.
The subject of the relation of the plate-glazing process to certain physical
qualities of paper would repay attention, as shown in chap. xiv.

The Manufacture

of

Rag Papers on

the Fourdrinier Machine.

Principle. The manufacture of paper on a machine differs essentially from
the process employed for hand-made papers in that a continuous sheet or web is
"
produced instead of single sheets. The principle of the Fourdrinier" machine
depends upon the use of a wide, endless band of wire-cloth which runs horizontally
over suitable rollers.
The mixture of pulp and water flows on to the wire-cloth
and is carried forward, the water falling through the meshes of the wire, and the
pulp settling down on the surface of the wire into the form of a wet sheet.
The rationale of the process maybe understood from a study of Fig. 14, reproduced

from a quaint drawing which appears in Herring's book on paper-making
published in 1856. Although modern machines are far more complicated than
the one shown, the drawing amply illustrates the essential principles of the
Fourdrinier machine.
The stock of pulp and water in the stuff-chest F, kept in a continual state of
agitation by the stirrer G, flows into a narrow box M, and is distributed evenly
over the surface of the endless wire W, which carries the pulp forward. The
water falls through the wire, and the pulp forms a coherent sheet. The wire
passes between the couch-rolls, R, and returns back to the starting-point,
passing under the frame of the -'wet end of the machine.
guide-roll, I,
serves to keep the wire in position.
Any water-marking design is produced in the paper by the dandy-roll P,
which rotates on the surface of the wet sheet. The paper is transferred to a
travelling felt which carries it forward to the press-rolls T, and is subjected

A
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to considerable pressure which removes further
The paper is then firm
quantities of water.

enough to be dried, a process effected by means
of drying cylinders, a few of which are shown.
The actual details of the conversion of the

if
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beaten pulp into a sheet of paper can only be
described very briefly.
Stuff-chests. The pulp from the beaters
is discharged into a stuff-chest and a considerable quantity of water added in order to produce a mixture having a proper working
consistency.
Usually each machine is provided
with two stuff-chests, so that while one is
being filled from the beaters, the other is
utilised for supplying the machine.
In this
way the danger of producing variations in the
weight and substance of the paper is avoided.
The mixture of pulp is kept in a state of gentle
motion in the stuff-chest by means of slowly
revolving agitators, an operation which is
necessary since the pulp would otherwise
gradually sink down into the bottom of the
chest.

Feed-box. The constant and regular
supply of a thin diluted pulp of uniform consistency is a most important and essential
The
feature of the process of paper-making.
machine is not fed direct from the stuff-chests,
but from a small supply-box erected at a convenient height above the level of the endless
wire, and in a position which the machine
man can readily reach. This box is filled from
the stuff-chest by means of a pump which

Fig. 15.

Diagram

of

Feed-box which regulates

the Supply of Pulp to the Machine.
Inlet pipe, through which the pulp
from the stuff-chest.
D. Supply of pulp and water in box.
B. Supply pipe to paper-machine.
C.

is

pumped

A. Overflow pipe, through which surplus
flows back to stuff-chests.

pulp
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discharges into it an amount of pulp more than the machine will take, and the
surplus stuff flows away back into the stuff-chest by means of an overflow pipe
fixed near the top of the box.
By this means the level of the diluted mixture
is kept constant, so that the rate of flow from the bottom of the
supply-box
through the small pipe which feeds the machine is always the same, when the
tap or valve fixed to the pipe is kept open at one position.
The actual quantity of pulp discharged per minute is regulated by this valve,
and the rate of flow determines the thickness and substance of the finished

The substance is not entirely governed, however, merely by the opening
paper.
or closing of the valve, as there are other devices in use for this
purpose which
have to be employed according to circumstances.
Sand- traps. The pulp flows from the feed-box direct into sand-traps, which
keep back any dirt, impurities, or lumps of pulp. These are simply very long,

Fig. 16.

Flat Strainer for Beaten Palp.

shallow, open boxes about nine to twelve inches wide, six to eight inches deep,
and of varying length. For papers of extra good quality the sand-traps exceed
100 feet in length, consisting of narrow boxes placed side by side, connected at
the, ends by semi-circular channels, so that the pulp flows through the entire
distance.
very slow rate of flow is required to ensure a complete separation
of undesirable impurities.

A

At the point where the pulp enters the sand-traps, it is still further diluted
with backioater, as it is called, which is the surplus water falling through the
endless wire-cloth of the machine.
This water contains a considerable quantity
of fibre and other ingredients, and is thus utilised so as to prevent a serious loss
of material and avoid a reduced output of paper.
The proportion of water to air-dry pulp in the mixture flowing through the
sand-traps varies greatly according to the nature of the pulp, the, quality of the
paper being made, and other conditions of a technical character. In the case
of a cheap printing paper the dilute mixture will contain about 10-12 Ib. of
pulp to every 1 00 gallons of water.
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Strainers.
to

remove any

The pulp from the sand-traps is thoroughly strained in order
lumpy pieces of fibre which have not been retained by the

dirt or

sand- traps.

There are many forms of machines used, but for rag pulp the so- called flat
is most
It consists of a rectangular iron box
frequently adopted.
mounted on strong heavy supports, the bottom being formed out of a number of
These slits are very narrow, but
strong brass plates, in which are cut fine slits.
the width varies according to the nature of the pulp, being governed by the
diameter of the fibres. With fibres of small diameter the slits may be only
seven-thousandths of an inch.
The rectangular box is kept in a state of rapid and violent motion while the
pulp flows on to the surface of the brass plates, in
order to promote the screening process. The metal
of the under surface of the plates at each slit is cut
away to prevent any stoppage, and the upper surstrainer

by the continuous movement of
rubber brushes passing slowly from one end of the
^ox ^ ^ ne other. The clarified mixture flows away
Section of a
Fig. 17.
from the lower surfaces of the strainer-plates into
Strainer-plate.
an outlet pipe.
Machine Wire. The strained pulp runs into a long narrow box placed at
the head of and across the full width of the paper-machine, and gradually overflows the front edge of the box, which is cut down to ensure an even flow of
The transfer of the stream of pulp to the wire is effected by the apron, a
pulp.
strip of thin sheet rubber or similar material, one end of which is nailed to the
box and the other left free to trail on the wire as it comes up over the first
supporting roll and travels forward.
The first portion of the paper-machine, where the pulp is formed into a sheet
of wet paper, is known as the wet end in contradistinction to the end section
devoted to drying and finishing, usually designated the dry end.
The wire is a long endless brass wire-cloth about 40 to 50 feet in length and
70 to 90 inches wide, with a fine mesh of 60 to 70 wires per inch. It is stretched
on two rolls the breast-roll, situated near the narrow box containing the pulp,
and the under couch roll. The wire travels from the breast-roll over a large
number of tube-rolls, or hollow brass cylinders three inches in diameter, placed
very close together on a rectangular frame and then underneath the couch-roll,
after which it is carried back below the frame by means of the under couch-roll,
and sundry other rolls of small diameter which serve to keep the wire tight.
Deckle-straps. The pulp flows from the strainers over the apron on to
the travelling machine-wire, and then immediately underneath the slice, a flat
brass bar placed on edge, which is adjustable both as to its width and height
above the wire-cloth. The distance of the slice from the wire determines the
thickness of the pulp flowing on to the wire and, therefore, the substance and
weight of the paper, to some extent, but the actual thickness of the paper is
controlled by other conditions to a greater extent, as will be seen by reference
face is kept clean

:

to the finishing operations.
In order to prevent the pulp spreading too much and flowing over the wire
at each side deckle-straps are used.
These consist of thick, heavy, endless bands
of rubber, of square section, which are carried on grooved brass pulleys and
which travel along the machine-wire at each side and in close contact with it.
The apron at one end of the wire, the couch -roll at the other end, with the
deckle-straps on each side, all combine to form in effect an endless deckle, while

the machine-wire forms the endless mould. The intermittent hand process
thus converted into a continuous machine process.

is
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Vacuum-boxes. Directly the pulp flows under the slices, the water
begins
to fall through the wire.
The rapid flow of the mixture on. to the wire causes
all the fibres to assume a position
parallel to the sides of the wire, and pointing
in the direction towards which they are
But this tendency has to be
travelling.
counteracted, for a paper made up of fibres pointing almost exclusively in one
direction is generally of inferior strength.
The imitation of the shake given by
the vatman in producing hand-made sheets is
on the
machine
accomplished

paper-

by a shaking motion imparted to the rectangular frame carrying the breastThis shake causes many of the fibres to assume a
roll, tube-rolls, and wire.
position at right angles to the machine direction, so called, and tends to
equalise

Fig. 19.

A

i4

Wove

"

Dandy-roll.

the strength of the sheet of paper in the two directions. The fact, however,
that the water begins to leave the pulp immediately after passing the slices
prevents the fibres on the under surface of the flowing sheet of wet paper from
felting properly, because there is not sufficient time for them to be affected by
the shake. The fibres in the water just above are much more sensitive to the
action of the shake and felt much better.
This curious difference in behaviour
can easily be seen by comparing the two sides of a sheet of mottled paper.
The draining of the water from the pulp is hastened by the tube-rolls which
draw the water away from the wire very rapidly by capillarity, though the main
purpose of the tube-rolls is to support and keep the wire in its proper horizontal
The further removal of water is produced by a number of vacuumposition.
boxes, usually two or three, placed close up underneath the wire just in front of

Fig. 20.

A

"

Laid" Dandy-roll.

the couch-roll. The suction, induced by special powerful pumps, draws a large
quantity of water from the wet sheet of pulp as it travels continuously over the
vacuum-boxes.
Save-all. The very large quantity of water escaping through the meshes of
the w ire is not allowed to run away, but is carefully caught in a large shallow
box or save-all, placed under the wire close up to the tube-rolls. It contains a
large amount of fibre, varying from 5 to 15 Ib. of air-dry fibre per 1000
It is pumped up and used for diluting
gallons, and this cannot be ignored.
the pulp from the stuff-chests before it flows into the sand-traps.
Any
surplus over and above the amount required for this is utilised in the beatingr

engines.

Before the pulp has travelled over all the suction-boxes it is
submitted to the action of the dandy-roll, which carried on suitable

Dandy-roll.
visually
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bearings fixed to the frame supporting the tube-rolls and wire, revolves on the
surface of the wet sheet and presses it.
The dandy-roll is a light skeleton drum, the surface of which is wire gauze.
If the wire gauze is exactly the same pattern as the wire on the machine,
consisting of fine wires interwoven in the usual way, the paper does not show
any distinctive wire-marks when held up to the light and examined, or at most
it may only show minute diamond-shaped
wire and dandy-roll of
markings.

A

this description produces wove paper.
If the dandy-roll is built up of a large

number of fine straight wires running
parallel to the axis of the roll and forming the cylindrical surface, intersected by
cross wires bound round the drum at right angles to the axis and at even
distances apart, then the impressions produced on the paper are those peculiar
to what is known as laid paper, that is, a number
of lines very close together intersected by lines at
EXPECTS
right angles about one inch apart.
If raised wires are sewn or soldered to the wire
cylindrical surface of either the wove or laid type,

forming a pattern, then the impressions caused
by the raised wires produce a thinning of the pulp
just where the raised pattern comes into contact
with the wet sheet, and this results in the formation of the loader-mark.

Couch-rolls.

The wet sheet

leaving the vacuum-boxes

is

of paper on
carried by the wire

between the two couch-rolls, the upper one being a
wooden or iron cylinder covered with a felt jacket.

The pressure

of the top couch-roll causes the
"
adhere together and " felt more comand
at
the
further
same
time
removes
pletely,
The wire passes round the
quantities of water.
lower couch-roll and back under the machine to
the breast- roll, but the wet sheet is picked off by
Photograph of a
Fig. '21.
the machine-tender from the surface of the wire
recent Water-mark Design.
by a peculiar movement, which cannot be easily
described, and transferred to an endless felt, which carries the sheet forward
between heavy iron rolls.
Press-rolls. The function of the heavy iron drums known as press-rolls is
to render the sheet more compact and adherent.
Usually the paper-machine is
provided with two sets of press-rolls, known as the first press and second press
and the use of two sets ensures a smooth paper with both sides practically alike
in texture and finish.
If only one set of press-rolls is employed, then the marks
of the felt are more readily detected on one side of the paper.
Dry ing- cylinders. The wet sheet of paper leaving the press-rolls contains
about 70 per cent, of moisture, and this excess of moisture is removed by means
of the drying^cylinders on the paper-machine.
These are large hollow cast-iron
cylinders, twelve or fifteen in number, each three to four feet in diameter, heated
internally by the exhaust steam from the engine which drives the machine.
The paper is led over the several drying-cylinders, being carried from one to
another by travelling felts, which press the paper against the heated surface ot
each cylinder, the water evaporating gradually as the paper travels towards the
last cylinder. Great care is exercised to prevent hasty drying, since the behaviour
of the paper when finished is largely influenced by the method of drying, and
the defects known as cockling, wavy edges, creases, &c., are frequently traceable
fibres to

to neglect of the proper conditions of drying.
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The nature of the operation through which the paper passes
on the class and quality of paper.

after being dried depends

Fig. 23.
C,

Wet end

Drying-cylinders of a Paper-machine.

of machine.

H. Press-rolls.
K- Drying-cylinders (usually 15 on a machine intended for rag'papers, and 28 or
32 on a news machine).
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highest grades of paper, the dry sheet is wound up into a reel
from the drying-cylinders in order that the paper may be tub-sized before
being calendered. With a medium quality of paper the operation of sizing is
effected on the paper-machine by special additional apparatus, so that the dried
paper can be polished or calendered by one or more stacks of calender-rolls
placed at the end of the machine, following the drying-cylinders. (Fig. GO.)
In cases where the paper has been sufficiently sized, either with rosin size in

With the

direct

-

Fig. 24.

Self-clamping Guillotine.

the beater or with gelatine on the paper-machine, the operation of calendering or polishing can be completed by the machine calenders, but when necessary a further finish can be given to the paper by means of supercalenders.
(Fig. 31.)

Cutting.

The

of the required size

reels of

paper after being calendered are then cut into sheets

by means

of a reel paper- cutter.
(Fig. 33.)
further reducing the size of cut sheets, or for cutting spoilt sheets
of paper into smaller sizes which can be made use of, a guillotine paper-cutter is
pile of sheets is laid upon the table of the machine and a strong
employed.

For

still

A
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lowered downwards, shearing the pile into two portions. The piles
are turned round, and cut again until the operation is completed.
Sorting. The cut sheets are carefully examined by girls,, who throw out any
The latter are sometimes packed up and sold
dirty, spotted, or defective sheets.
under various names such as seconds, thirds, outsides, or retree, terms applied to
paper not good enough to pass muster as first quality. The good paper is
counted up into reams of 480 or 500 sheets.
Packing. The reams of paper are tied up in wrapping paper and put into
When required for export, the reams are carefully stacked into bundles
stock.
of o to 4 cwt., compressed by powerful hydraulic presses, and suitably fastened
up with wooden battens and iron bands.
steel knife

CHAPTER IV
ESPARTO. STRAW. NOTES ON BEATING
ManufacSorting, cleaning and boiling Bleaching, beating, loading, sizing
Straw
rosin size Colouring Making paper on the Fourdrinier machine
Beating
Preparation of straw pulp Washing, bleaching, &c.

Esparto

ture of

The Preparation of Esparto Pulp.
Esparto grass reaches the paper-mill in the form of huge bales
the
containing
grass bundles tightly packed together by hydraulic pressure.
These bales are opened and the bundles of esparto loosened by women. The
material is then carefully sorted and thoroughly cleaned either by hand or
"
willow," or duster,
machinery. Usually the loosened grass is passed through a
similar to that employed for rags, which beats out all dust, dirt, small stones and
sand, and discharges the grass upon a travelling band, so that the coarse rootends, weeds, and extraneous matter can be readily picked out if necessary.

Cleaning.

I

I

I
Fig. 25.

Esparto and Straw Duster.

The cleaned grass is carried from the willowing machine to any
means of travelling bands, and thus furnished to the digesters.

desired height by

Boiling. In a well-arranged paper-mill the boilers are erected inconvenipnt
The type of digester
positions so that they can be quickly filled with the grass.
now almost exclusively used for esparto grass is known as Sinclair's Yomiting
Boiler.
It is a stationary cylindrical digester capable of holding two to three tons
of grass, provided with a man-hole at the top, through which the fibre is furnished

from the floor above, and a second man-hole fitted to one side of the boiler near
the bottom, through which the boiled grass may be emptied out.
Steam is admitted through a pipe at the bottom of the boiler, and this causes
a continuous circulation of the caustic soda liquor upwards through " vomit "
pipes, fitted to the opposite sides of the apparatus, and over a perforated plate

ESPARTO

37

upper part of the boiler, the liquor then falling back upon the grass.
caustic soda liquor, and
digester is also provided with suitable inlet pipes for
for clean water, and outlet pipes for blowing off the steam and for the discharge
fixed in the

The

of the spent liquor.
The boiler is first supplied with the
proper quantity of caustic soda liquor,

Vomit- ^

and the steam turned on in order that
the grass

may

be quickly saturated, for

by this means a much larger quantity
The upper
of grass can be filled in.
man-hole is bolted down, and the full
working pressure of steam admitted.

The period occupied in boiling depends
on the strength of the liquor and the

A

boiling usually
pressure of steam.
occupies four to five hours, the steam
pressure being 40 to 50 Ibs. per square
inch, the proportion of caustic soda 14
to 16 per cent, on the weight of grass.
When the boiling is completed the
caustic liquid, now perfectly black from
the presence of the non-cellulose constituents of the esparto removed by
the operation, is discharged into store-

The

tanks.

boiled pulp

is

carefully

washed under a system which ensures
a thorough cleansing of the fibre with
the least possible quantity of water,
because the washings are not thrown
away as in the case of rags, but are"
run down into the " black liquor
store-tanks to be subsequently dealt
with.

Soda

These black
the caustic soda
originally used, together with organic
matter removed from the esparto grass,
the latter amounting to about 50 per
cent, of the weight of grass treated.
The liquors are boiled down and concentrated to a small bulk by suitable
liquors

Recovery.

contain

appliances,

all

generally

some

form

of

vacuum evaporating machinery, and
this gives a thick

readily burns

syrupy

liquid, which
to a hearth

when run on

and brought into contact with a fire.
By this means the organic matter is
burnt off, and the mass left behind
consists mainly of impure carbonate of

Plan and Section of Sinclair
Fig. 26.
Ar omiting Esparto Boiler.

This residue is known as " recovered ash," and when boiled in suitable
soda.
tanks with lime is reconverted into caustic soda, which can be utilised over
About 75 to 85 per cent, of the soda used in the treatment of esparto
again.
can be recovered.
Washing. The fibre, washed by a more or less elaborate system for the
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removal of the black liquor, is nearly always submitted to a final washing in the
breaking-engine to remove the last traces of dirty water, the operation reducing
the grass at the same time to the condition of pulp.
Bleaching. The bleaching of esparto pulp is accomplished by methods
which have been found suitable for rags, such as the system of steeping in tanks, or
Of recent years, esparto
circulating the pulp and bleach liquor in the breaker.
has been bleached in tall cylindrical vessels, the mixture of pulp and bleach

Fig. 27.

Yaryan Multiple-effect Evaporating Plant

for the

Treatment of

Esparto Liquors.

being kept in constant circulation by a centrifugal pump which discharges the
from the bottom of the vessel through a pipe into the open top, where the
pulp falls on a disc of wood and spreads over the surface of the mixture, coming
freely into contact with the air, a method said to be economical in the use of
(See Fig. 54.)
bleach, but which is probably wasteful in the matter of power.
Presse-p&te. The bleached pulp is then thoroughly washed to remove every
trace of bleach residues, and worked up into moist sheets of pulp on a,presse-pdte.
The presse-pate closely resembles the wet end of a paper-machine, and it is
used for converting bleached pulp into sheets for convenience in handling and
The pulp mixed with a large quantity of water flows through a series of
transport.
shallow
boxes, or sand-traps, provided with wooden baffle-plates which serve

stuff

open
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and coarse root-ends

incompletely digested, and then on
The purer fibre passes
to strainers.
on to a moving endless wire-cloth,

about thirty feet long and sixty or
seventy inches wide. The wire-cloth
is supported in a horizontal position
on brass rolls, and the continuous
rotation of the rolls causes the wire
to travel between the sand-traps and
the couch-roll, carrying on its upper
surface the mixture of wet pulp.
As the pulp flows on the wire and
is carried forward, the water falls
through the meshes of the cloth,
leaving a coherent mass of pulp on
Further quantities of
the wire.
water are drawn from the pulp by
means of vacuum-boxes placed immediately under the surface of the
wire, and finally, the pulp passes
under the heavy couch-roll, which
The sheet
squeezes more water out.
of

wet pulp

is

led carefully

011

to

an

and a continuous roll
produced which consists

iron spindle,
of pulp is

of esparto half-stuff.
In some cases the presse-pate is
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dispensed with, and the bleached
pulp after washing is run down into
draining-tanks, to be afterwards
dug out with shovels into trucks as
required.

The beating of
Beating.
esparto pulp for the production of
pure esparto papers is quite different to the treatment necessary in
the

manufacture

papers.
possess

The

of

strong

rag

fibres
individual
of structure

peculiarities

to
compelling the paper-maker
adopt a method of beating which
will bring out qualities looked for

The differences
in esparto paper.
in the
appearance and feel of
esparto papers cannot be varied to
such an extent as with fibres like
rag and wood, but on the one hand
possible to make a soft bulky
antique, and on the other a fairly
strong supercalendered writing out
The main factor
of esparto pulp.

it is

in producing this difference
method of beating.

is

the

11. Si
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Hollander," a machine which has
Esparto half-stuff can be beaten in the
been described in chap. iii. It is, however, usual to employ the Umpherston
beater, or some of the more modern types of beaters, in which the circulation of the
pulp is not maintained by the beater-roll, but by some independent contrivance.

The Umpherston beater is similar in principle to the old " Hollander," in
that the engine is divided into two channels, but the second channel is underneath the first, so that the pulp is discharged by the beater-roll over the backfall
into the second channel, and circulates underneath the backfall, returning to the
front of the beater roll ready for continued treatment.
In the production of soft bulky esparto papers the stuff is put into the beater

Fig. 29.

Umpherston Beater.

for a short period, varying from an hour to an hour and a half, the
object being to reduce the pulp to a suitable length and condition without allowing
the water to assimilate with the fibres, since prolonged beating causes the pulp
to work " wet," as fully explained in chap, iii., which is undesirable in pulps

and beaten

intended for bulky light papers.
In the production of the stronger) more closely made writing papers, the
esparto is beaten for two to four hours according to requirements, the result
being a harder sheet.
Loading. During the actual process of beating, certain more strictly
chemical operations are carried out.
If a mineral filling is required, it is added
to the pulp soon after the beating has commenced, to ensure thorough incorporation.
China-clay is the mineral most frequently added, and this is used either
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form of the dry powder, or in the form of a thin creamy paste, made by
powder with water in tanks provided with agitators.
Engine-sizing. The sizing of the paper is also carried out in the beater,

in the

stirring the

rosin size being used.
The fact that the pulp is sized in the beater explains the
use of the term E.S. as applied to various papers, the letters standing for the

words "Engine

sized."

* floor level

'Fig. 30.

Section of Umpherston Beating-engine.

a.

Vessel containing pulp.

1>.

Backfall.

/.

Outlet-pipe.

c.

Beater-roll.

y.

Bed-plate of stationary knives.

d.

Regulating wheel for

Sizing.

e.

Beater-roll cover.

roll.

The necessary amount

of rosin soap, prepared as

shown below,

added to the mixture of pulp and loading soon after the latter is incorThe soap dissolves in the water to a thin milky solution and mixes
porated.
with the pulp, but does not size the fibres. The sizing is only complete when
the rosin and rosin compounds are actually precipitated upon the fibres and
thrown out of solution, a change which is brought about by the addition of alum
The alum reacts with the soap, which
to the contents of the beating-engine.
consists of free rosin dissolved in resinate of soda, forming an insoluble re&inate
of alumina and insoluble free rosin, and these substances being in an exceedingly
tine state of divison become evenly distributed through the whole mass of pulp.
It may be noted that the mere addition of rosin soap to the pulp in the beatingis

engine does not in
follows

itself

size

the

paper, the process being carried out

as

:

The proper quantities of pulp and loading, if any, are put into the beater.
The requisite amount of rosin soap drawn off from the store-tanks in pails is
added after a short time and thoroughly incorporated by the circulation of the
stuff in the engine.
solution of alum is

A

then poured into the beater to complete the operation,
the function of the alum being to precipitate the rosin upon the fibres so as to
ensure a maximum sizing effect. The nature of the change brought about by the
alum may be demonstrated by pouring a small quantity of a dilute solution of
alum into some rosin soap, when the milky liquid gradually becomes clear and a
curdy deposit is formed, which is a mixture of free rosin and resinate of alumina
thrown out by the alum. This reaction takes place in the beater, and the
The completion of the
resinous deposit is distributed through the mass of pulp.
process does not actually take place until the paper has passed the dryingcylinders, the heat of which possibly spreads or melts the minute globules of
resinous matter attached to the individual fibres.
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Hosin Size. This size, which is so largely employed for common writing
papers and all printing papers is made from rosin and soda ash.
Rosin, or colophony, is a brownish-coloured residue obtained during the
distillation of crude turps.
The turpentine exudes from certain firs and pines,
and is distilled in order to separate the pure spirits of turpentine from the
heavier resinous substances which are known collectively as colophony. Its
colour ranges from yellow to very dark red, and the commercial product is
frequently dirty, being contaminated with splinters of wood, straw and foreign
impurities, which have to be carefully removed at the paper-mill.
The substances present in rosin are composed mainly of organic acids known
as pinic and sylvic acids, which are insoluble in water.
They are capable of
reacting with alkaline substances, such as caustic soda and carbonate of soda,
form bodies soluble in water just as acids like sulphuric and hydrochloric react
with alkaline substances to form salts. The salts formed in the case of rosin
are called resinates ; they are soluble in water and give a so-called rosin soap.
The soap is made by boiling a stated quantity of well-powdered rosin in a
steam -jacketed pan for four to six hours with carbonate of soda. The alkali is
put into the pan with the requisite quantity of water and boiled. The rosin is
added gradually and cautiously, so as to avoid any risk of the stuff boiling over,
since the mixture froths up vigorously owing to the liberation of carbonic acid.
The proportions of soda and rosin vary in different paper-mills according to
If 100 Ibs. of rosin are boiled with 17 Ibs. of soda, the soap
requirements.
formed is a viscous brown transparent solution which, mixed with water and
The rosin combines with the alkali to produce a neutral
diluted, is quite clear.
resinate of soda usually designated brown size.
Now the resinate of soda has the property of dissolving rosin. Hence the
proportion of rosin may be considerably increased, but the acid size formed does
not give a clear solution with water, but a milky liquid which is known as white
If 100 Ibs. of rosin are boiled with 13 Ibs. of soda, an acid size, so called
size.
to

from the presence

of an excess of rosin in the shape of rosin acids, is produced.
diluted with water, the free rosin is reprecipitated in the form of exceedingly fine globules distributed as an emulsion in the water.
rosin soap containing a very large percentage of free rosin varying from
30 to 40 per cent, may be obtained by boiling the necessary materials underThe use of such a rosin size has been resorted to
pressure in a closed vessel.
because it is supposed to give the best results, but on this point there is a considerable difference of opinion.

When

A

TABLE IV.
Analysis of an Acid Size, containing a small proportion of Free Rosin.
40 -0 per cent.
Combined Rosin

Free Rosin
Total Soda

15'0

Water

37'0

,,

8'0

100-0

Analysis of an Acid Size containing a larje proportion of Free Rosin.
35 -5 per cent.
Combined Rosin
24-0
Free Rosin
3'5
Total Soda
Water
37'0
.

.

.

.

.

.

ESPARTO
Colouring. The colouring of esparto paper is usually limited to a mere toning
of the natural colour of the pulp by means of a
very small proportion of some
aniline dye in order to produce the required shade of white.
The dye is prepared

Fig. 31.

Supercalender.

by dissolving a known weight of the solid colouring-matter in a given volume of
water, an aliquot portion of the mixture being added to the beaten pulp.

Making the Paper on the Fourdrinier Machine.

properly beaten

is

The pulp when
discharged into the stuff-chests of the machine, and converted
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into paper by the methods described in chap, iii., which it is unnecessary to
repeat here.
There are many essential and important details in the actual manipulation of
the machine which cannot be dealt with except in a larger treatise devoted to the
subject of manufacture, and, moreover, an adequate appreciation of these
details is only possible by a paper-maker familiar with the working of a

machine.

The paper is pressed on the press-rolls, dried on the cylinders, and partially
calendered before it is reeled up.
Finishing. Esparto paper intended for writings is usually finished on the
in reels from
su.percalenders. The partially machine-calendered paper is removed
the end of the Fourdrinier
the
machine, taken to
finishing-room, and supercalendered.
The supercalender consists of a number of rolls,
alternately chilled iron or
steel rolls,

and paper -bowls.

The bottom
stack

is

a

roll

heavy

the

of
roll

of

large diameter, capable of
bearing the entire weight
of all the rolls in the stack.
Every alternate roll is

made

of paper tightly

com-

pressed by hydraulic pressure on an iron spindle,
the surface being turned up
in a lathe perfectly true and

Fig. 32.

Friction-calender with Four Rollers.

then polished. (Fig. 31.)
As the japer passes
through the stack of rolls,
being in contact with the
polished sui faces of metal
and paper, it becomes very
smooth and highly glazed.

The surface of a supercalendered paper may be improved by damping the surface of the sheet just
before it enters the calender rolls.
The damping is effected by means of a steam
pipe provided with a number of fine jets, which throw a thin spray of wet steam
on the sheet of paper.
The same effect cannot be produced by allowing the paper to come away
from the drying-cylinders slightly damp. In this case, the paper is apt to
get crushed in passing through the rolls, to become transparent, and conA little water on the surface of a dried sheet
siderably reduced in bulk.
affects only the surface and nob the whole bulk of the paper, so that the result
of the moisture is confined to an improvement of surface.
Friction glazing.
A still higher finish can bo given to all kinds of paper by
the friction- glazing rolls, which are similar in general construction to the supercalender, but differ in having large paper bowls, or rolls, and small metal ones.
The latter revolve at a higher speed than the former, and the paper is submitted
to considerable friction,
small quantity of beeswax on the iron rolls imparts
a final polish to the sheet.

A
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Cutting. The reels of supercalendered paper are finally cut up into sheets on
a cutter. Six or eight reels are mounted on suitable shafts (a, Fig. 33) at one
end of the cutter, and the paper from all the reels led together over an inclined

Fig. 83.

Paper-cutter.

slit first into required widths by revolving circular knives (c), and into
(b),
the required lengths by a knife which cuts the sheet at right angles (d). The
slit paper passes over the edge of the inclined table, this edge being a fixed
stationary steel knife (e),

table

and at regular intervals
a heavy

steel blade (d)
fastened to a revolving
drum comes into contact
with the stationary knife
and shears off the paper

into proper lengths. The
knives are all adjustable,
so that the paper can be
cut to any given size
The cut sheets drop on.
to a travelling felt (/).

Straw Cellulose.

A

fibre

resembling

esparto in chemical composition, but possessing
physical qualities of a
different order, is straw.

The treatment by which
the raw material is converted into straw cellulose is identical with that
used for esparto, and the process

Fig. 34.

be

Straw-chopper,

described at this point.
process in use for the manufacture
of a bleached straw pulp suitable for blending with other fibres to give a fairly

may

The Preparation of Straw Pulp.

fitly

The
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hard paper is very similar to that employed with esparto, but the conditions of
boiling are more severe on account of the presence of compound celluloses in
straw, which require to be treated differently to those found in esparto.
Barley, oat, wheat and rye straws
and working properties.

all yield

good pulps, which

differ slightly

in quality

Fig. 35.

Stationary Straw-boiler.

The initial operations of dusting, removing dirt, weeds and other foreign
matter are practically identical with those used in the treatment of esparto. The
boiling, however, is seldom carried out in an ordinary upright stationary boiler,
but in rotary digesters, spherical or cylindrical in shape, because, with straw cut
up into short pieces by means of a chaff-cutter, the mass of heavy wet stuff does
not permit of the free circulation of caustic soda by the vomit of the Sinclair
boiler.
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If, however, the straw is boiled without being cut up, it is possible to use the
upright stationary digester.
The straw is boiled for about six to eight hours at pressures varying from 70 to
90 Ibs. with a solution containing caustic soda equal to 18 or 20 per cent, of the
weight of straw treated.
Washing. The washing of boiled straw demands some care, because the
pulp contains a large proportion of very short small fibres which escape with
the washing water when an ordinary drum-washer is used.
The greatest yield
of paper-making fibre, both in the case of esparto and of straw, is obtained when
the washing system is so arranged that the pulp remains stationary in a suitable
tank, and is cleansed by a continuous flow of clean water.

Fig. 36.

Revolving Cylindrical Boiler.

Bleaching, &c. The final operations of bleaching, washing the bleached
pulp, and producing the sheets of wet pulp for further use, resemble those
The quantity of bleach required entirely depends on the,
applied to esparto.
extent to which the straw has been boiled, since a well-boiled

pulp may only
require a small percentage, whereas an insufficiently digested straw will consume
a larger proportion. Eight to twelve per cent, of
bleaching powder is considered
sufficient.

The table on pages 48 and 49 shows the conditions under which the various
raw materials commonly used for paper-making are converted into pulp or
"half-stuff."

Beating.
"
"
half-stuffs are submitted as
process to which all bleached pulps or
u
being the next stage towards conversion into paper is known as beating," an
"
effected
in
the
beaters."
operation
beating-engines or
This term arises from the fact that, prior to the invention of a
special
machine based on the idea of rotating cylinders provided with steel knives to disintegrate rags, the bleached rag pulp was treat?d in a kind of mortar by means of

The
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a tight-fitting stamp. The complete disintegration of the half-stuff into fine pulp
was thus accomplished by actual beating, there being an entire absence of any
but the process was very long and costly^ though the paper
cutting action
obtained possessed remarkable strength and durability.
An interesting account
of this process will be found in a lecture read by Dr. Arnot before the Society of
Arts in 1877.
Since the invention of the first beating-engine, constructed with a revolving
cylinder fitted with steel knives about the year 1800, by the Dutch, many types
and modifications of beaters have been introduced. In spite of the many years
which have elapsed since the introduction of the " Hollander," as it is called, the
original form of this early beating engine is found most suitable for the
;

Fig. 37.

Diagram

illustrating Effect of altering relative Position of

Beater-knives on the Koll and Bed-plate.

(Klemm.)

A. Knives in close contact, producing a cutting action.
B. Knives farther apart, producing a rubbing or tearing action.

proper treatment of rag half -stuff, the later machines having certain advantages
for other pulps only.
The "Hollander" Beating- engine. This machine is an oval-shaped
"
breaker," having semicircular ends, and
trough, similar in appearance to the
divided into two channels or compartments by a " miclfeather," which extends
down the centre of the trough, but does not reach the full length from end to
The beater-roll is constructed of such a size that it operates in one of the
end.
channels, revolving at a given speed in more or less close contact with a bedThe
plate fitted with stationary knives fixed to the bottom of the channel.
floor of this particular channel slopes gradually upwards towards the beater" backfall "
being
roll, and then falls suddenly behind the roll, the curve of this
The beater is thus in
similar to or concentric with the curve of the roll.
many respects closely allied to the breaker, but it differs in certain important
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The knives are more numerous, and their arrangement in the beatersomewhat altered in order to produce the required beating of the pulp. The
distance of the roll from the bedplate is capable of finer adjustment, and this

details.
roll

is essential.

(See Fig. 6.)

TABLE VI. showing Time occupied in Beating.
Hours

in Beater.

Rags.

Wood

pulp.

1

Blot tings
2
3

High-class Printings

4

Heavy

writings
Cartridges

5

Cheap blottings
Antiques

Antiques

Tea, tobacco papers
Enamelling papers
Long elephants
Drawings, envelopes
Cartridges

Manilas

Ledgers

Printings
Fine Manilas

Thin writings

Writings
Imitation grease -proofs
Fine cartridges

7

8

Thin opaques

9

Banks
Loans

Opaques
Banks, loans

Thin grease-proofs

10

Thin banks
and loans

11

The Object of Beating. The half -stuff obtained from the breakers cannot
be converted into paper until the fibres have been more completely disintegrated.
The treatment in the beating-engine not only reduces the fibres to any desired
length, but in the case of rag pulp splits up the fibres at the ends into a number
of small fibrillse which are of great service in the formation of a strong sheet.
Another effect of prolonged contact between the pulp and water in the beater is
to produce some peculiar assimilation of water by the individual fibres which
at present is not thoroughly understood, although its practical advantages are
well

known.

(Fig. 37.)
of beating

The conditions

be varied to almost any extent to suit the
manufactured from old and tender cotton rags
is put into a beating-engine provided with sharp knives and cut up very quickly,
the pulp produced consists of short pieces, the ends of which are clean cut.
When such pulp is run off on to the wire-cloth of a paper-machine, it parts
" free."
Beating
readily with the water, and the stuff is then said to work very
under these conditions is necessary for the manufacture of blotting papers.
If, on the other hand, half-stuff from strong rag is taken for the manufacture of
banks and loans, the process is quite different. The beater-roll has to be lowered
down into contact with the stationary bed-plate gradually, so that the fibres are
drawn out and split lengthwise by the friction of the fibres upon one another.
The strong rag gradually disintegrated by slow beating in an engine provided
"
with blunt knives becomes " greasy to the touch, and will not part readily with
"
the water.
Such pulp is said to work " wet because of the curious assimilation
paper.

For example,

if

may

half-stuff
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water by the individual fibres. The cellulose is said to be hydrated, but the
actual nature of the change has not been thoroughly investigated.
The main factors which determine the variations possible in beating are
the condition of the knives, the rate at which the beater-roll is lowered upon the
blotting paper requires short,
bed-plate, and the time occupied in treatment.
sharp beating for about one and a half hours, while a bank or loan requires
prolonged gradual beating for nine to ten hours.
Table VI. illustrates very roughly and approximately the influence of time in
The times stated are only approximate, since methods of treatment vary
beating.
in different mills, and the half-stuff has to be selected carefully, with a view of
producing the particular class of paper required.
It must be noted that while blottings take about one and a half hours, it
cannot be assumed from this table that the rags suitable for blottings, if beaten
nine hours, will produce strong banks.
Hags which are essential for blottings
would be useless for banks. Similarly a wood pulp suitable for an imitation
grease-proof will not be of much use for the manufacture of an antique.
The paper obtained from pulp which has been submitted to prolonged beating
is always more or less transparent, the fibrous structure being considerably
Wood pulp particularly is susceptible to this change, due, as already
modified.
to
the assimilation of water. This so-called hydration of the fibre is
suggested,
not brought about by the mere absorption of water by the pulp, as water is taken
up by a sponge. In the latter case the action is purely a mechanical one, and
the moisture can be removed by mechanical means, that is, by pressure, whereas
with the beaten pulp the change is by no means so simple. If it were, then the
mere immersion of the half-stuff in a tank of water four hours, followed by
four hours beating, might be expected to give results similar to those obtained by
taking the half-stuff direct from breaker to beater and beating at once for eight
hours.
If the beating operation is carried to an extreme, and the rag or wood pulp
beaten for twenty-four to thirty-six hours, the fibres become so greasy that it
The physical
is almost impossible to make a sheet of paper from the pulp.
structure of the fibre is practically destroyed, and the wet pulp, on exposure to
air, gradually shrinks clown into a small compact mass, which, when dry, is hard
enough to be put in a lathe and turned.
The Effect of Beating on various Fibres. Since the physical characteristics of paper-making fibr&fc differ very widely, it is not surprising that the
Cotton and
process of beating requires Ib be carefully modified to suit them.
linen, having fibres of ma ximur\ length, are naturally capable of yielding a greater
number of varied qualities of pap^r, according to the conditions of treatment in
of

:

A

the beating-engine.

Chemical wood pulp

may

also be

manipulated for the production of a variety

of papers, differences in effect being controlled, not only by methods of beating,
but also by the nature of the wood and the conditions of boiling.
Esparto and straw being extremely short fibres cannot be altered to any

great extent by beating, the action of the beater-roll being confined mainly to a
more complete isolation of the single fibres, and when this disintegration has
been effected the pulp is ready for conversion into paper.
Mechanical wood pulp, a structureless mass of torn fibres, sometimes very
coarse and woody, sometimes very short and floury, with but little felting power,
suffers little alteration by beating, and no good purpose is attained by any prolonged treatment.

CHAPTER V

WOOD PULP
Mechanical WOOd pulp
Chemical wood pulp

Logs
Logs,

barking, grinding, boiling, screening, pressing
chipping, screening, pressing, making dry pulp

sulphite liquor.

Mechanical

THE paper-making
pared by

Wood

Pulp.

known

as mechanical wood pulp is so called because prea purely mechanical method, in contradistinction to pulp manufactured
fibre

Fig, 38.

Men

cutting

down a

Tree.
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It is often described as ground wood, a term which
by chemical processes.
has been applied to it from the fact that the raw wood is ground into pulp.
The pulp is of inferior quality, not only in regard to its chemical constitution,
since it contains all the resinous and gummy matters of the original wood, but
also as to its physical structure, the disintegrated fibres being inflexible, short,

and

"
of irregular shape, possessing very little " felting
property.

The composition of the prepared pulp is such that the papers containing it
cannot be relied upon to keep their colour, strength or texture for any long
The presence of mechanical wood pulp in a paper favours the conditions
period.
for gradual decay and ultimate disintegration, and the period for complete
destruction is roughly proportional to the percentage of ground wood in the
The progress of such disintegration is hastened by the presence of
paper.
'

Fig. 39.

ordinary rosin

and

size, especially

Logs on Bank of Kiver.

when the papers

are freely exposed to sunlight,

normal atmospheric conditions.
Logs. Trees are cut down in the winter time by gangs
to

of men, and piled up
on the frozen rivers until the spring. Then they gradually find their way to
the mill.
The logs of wood brought into the pulp-mill are usually 12,
14 or 16 feet long. These are cut up into short lengths of two feet by
means of powerful circular saws, all rough and awkward pieces being thrown
aside and subsequently utilised as fuel.
"
Barking. The two-foot pieces are then barked," a process by means of
which the outer bark is removed from the wood. Two methods are in common
" barker "
In the former,
use, namely, the "tumbler" system, and the
system.
the short pieces are thrown into a large revolving cylindrical drum, together with
a suitable quantity of hot or cold water. The friction of the pieces against each
other, due to the tumbling caused by the rotation of the drum, completely
removes the bark, and the logs are withdrawn in a clean condition. In the
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" barker "
system, the

removal of the bark is effected by a different method
consists of a heavy iron disc provided with three
strong steel knives fixed to its surface, and projecting about half an inch from
it.
The disc rotates very rapidly in a vertical position, and when the piece of
wood is pressed against the surface, the bark is removed by the knives, which
shave it off completely. (Fig. 40.)
altogether.

The machine used

The loss of wood entailed by this second barking process is considerable,
particularly when the logs are small or crooked, as it is then impossible to avoid
At the
cutting away a proportion of the actual wood in addition to the bark.

Fig. 40.

Machine

for

removing Bark from Logs.

same time the logs are more thoroughly cleaned and defective places in the wood
more completely removed. The loss vnries from 25 per cent, for small or
crooked logs to about 15 per cent, for large well-favoured pieces. The barked
wood is then ready for grinding.
Grinding. Although the process is a comparatively simple one in principle,
yet there are many practical details which demand attention if the pulp is to
be satisfactory.
There are several types of grinding machinery used, but they are all based
upon the plan of forcing the wood by means of hydraulic pressure against the
face of a rapidly revolving grindstone continually flooded with water, which
carries away the disintegrated pulp as fast as it is produced.
The grindstone is a massive heavy stone about 54 inches in diameter and 27
inches thick.
It is mounted on a steel shaft and covered with a specially-built
iron casing.
This casing is provided with several projecting chambers or pockets,
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into which the wood is thrown, in such a manner that the side of the log comes
into contact with the face of the stone, against which the wood is forced by the
In some machines the stone
hydraulic cylinders attached to the pockets.
revolves in a horizontal position, while in others the stone rotates in a vertical
position, the former appliances being used chiefly in Scandinavia, the latter both
in Scandinavia and in America.
(Fig. 42.)
The fibres of the wood are torn away from the logs by the friction of the
stone, and the constant stream of flowing water carries the pulp into a pit below
the grinder. When a considerable quantity of water is used in this way, the

Fig. 41.

Grinder Room.

pulp is kept at a normal temperature, but by limiting the proportion of water
the pulp acquires a thick consistency and its temperature is raised to such an
extent that it is impossible to keep the hand immersed in it any length of time.
This class of pulp is made on the vertical stone grinders and is known as " hot"

ground

pulp.
pieces of wood used vary in diameter from 4 inches to 24 inches. In the
latter case the pieces are split into sections by means of a log-splitter. (Fig. 43.)
Screening. The pulp flows from the grinders over a coarse sieve which
retains any large splinters or chips, and it is then carefully screened.
The
screens used for this purpose are shallow iron boxes, the bottoms of which are
brass plates grooved all over with very narrow slits.
These plates are kept in a
state of violent agitation by suitable mechanism so that the fine pulp passes

The

through the

slits .and

the coarser pulp remains on the surface of the plates.

This
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sometimes converted into finer pulp by means of a Jordan engine
and screened over again in order to prevent waste. Another method of screen"
ing is the use of what is known as a
shaking sieve." The pulp flows on to a
brass
in
which
the
usual
holes or slits have been cut.
The box is
long
plate
coarse pulp

is

placed in a sloping position with the lower end open, so that the
pulp and water falls through the slits, leaving the coarse pulp on
the plate, and this gradually works down towards the open end of
it falls into suitable
There are other varieties of
receptacles.
numerous differences in the practical methods employed which it
to give in detail.

(Fig, 44.)

stream of fine
the surface of
the box, where
apparatus and
is
unnecessary
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The proportion

of water to
pulp at this stage in the manufacture
is so
large that it is necessary to pass the mixture through a machine which
removes the water and produces the mechanical wood
pulp in a more solid form
for marketable purposes.
This is effected by means of a wet
press machine,
shown in Fig. 45.

Pressing.

Fig. 45.

Wet

Press Machine.

<

Fig. 46.

Sectional Elevation of a

78''**

Wet

4-.'

Press Machine.

7-

-H
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The mixture of pulp and water flows into a large wooden tank in which
The
slowly rotates a hollow cylindrical drum, covered with line wire-cloth.
water passes through the wire, but the pulp adheres to the surface of the drum
The water is regularly discharged from the central
in the form of a thin skin.
axis of the drum as fast as it gets through the wire, and the skin of the pulp is
carried up by the revolving drum above the surface of the mixture in the tank,
where it comes into contact with an endless travelling felt or blanket to which it
The drum continually revolves and produces an endless skin of pulp,
adheres.
which is constantly transferred to the felt. The pulp carried by the felt is
passed between two rollers, which squeeze out more water, and at the same time

Fig. 47.

Hydraulic Press.

the pulp adheres to the upper roller, leaving the clean felt to travel back over
the lower roller to the hollow drum. The pulp is wound round the upper roll
until a sufficiently thick sheet is produced, and then it is cut off'.
The amount of
water in the pulp at this stage is about 70 per cent.
The thick sheets are folded up into a convenient size, usually 24 inches long
18
inches wide, and piled up into a small stack, which is at once submitted to
by
great pressure in order that the quantity of water may be still further reduced.
By this means a pulp is obtained consisting of 50 per cent, air-dry fibre and 50
per cent, water. (Fig. 47.) After packing, the pulp is ready for export in the form
of a bale of moist sheets.
Mechanical wood pulp intended for the manufacture
of paper is seldom prepared in the dry state, as there are many practical disadvantages in the subsequent manipulation of the pulp.

WOOD PULP
On this account the testing of wood pulp for the
important part of the work of the paper-mill chemist.
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amount

of moisture is

an

The Manufacture of Chemical Wood Pulp.
Pulp prepared by treating wood with various chemical reagents under proper
is termed chemical wood
pulp in order to distinguish it from pulp
manufactured by the mechanical
There
process already described.
are several methods employed for
conditions

the production of paper-making
fibre from wood, but the sulphite
process is the best known and most
universally adopted.
Logs. The logs of
the manufacture
for

wood used

both
of
chemical and mechanical pulps are
subjected to precisely the same
preliminary treatment. They are

sawn up and barked, as shown
above, and used indifferently in
either process.
As a rule, the
short two-foot pieces are roughly
sorted, so that the clean logs, free
from decaying knots, may be preferably used for chemical pulp. In
some cases the knots are bored out,
but this is an expensive operation
and only applied under special circumstances.

Chipping the

Logs.

The

short logs are next chipped up into
small pieces or flakes about one
inch square and a quarter of an
inch thick by means of a powerful

machine called a chipper. This is
a massive iron disc rotating rapidly
in a vertical position, being partially encased by an iron cover.
From the surface of the disc pro/
ject three steel knives, similar to
Fi
4 8.-Schopper's Oven for testing Moisture
those used in the barker, except
in Wood Pulp,
that the knives are placed much
closer to the centre of the disc to minimise the strain
produced on the machine
during use. The log is thrown into a short iron tube, which forms part of the
casing and which is inclined at an angle of forty-five degrees to the surface of
the disc, so that the wood is chipped into flakes at that angle. The wood is
continuously discharged from the chipper and transferred by travelling belts or
any convenient form of conveyer to the digester- house, where it is usually stored
in huge wooden bins erected over the mouth of each digester.
Chemical Process. The next operation involves the digestion of the wood
with a chemical solution at a high temperature. The details of carrying out this
digestion process vary considerably, the differences relating chiefly to the time of
As a
boiling, the temperature, and the strength of the chemical solution.
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general rule, with the stronger liquors and higher temperatures the operation is
more quickly carried out, but the product is not invariably of the highest quality.
Two systems of digestion are in vogue, viz., the Mitscherlich or " slow-cooking "
"
"
quick-cook or high pressure method.
process, the second being known as the
The
which
Pressure
is a tall cylindrical steel
High
System.
digester,
vessel, averaging 14 to 15 feet internal diameter, with a height of 50 feet, lined
with special acid-resisting brick, is almost completely filled with the chips of

Fig. 49.

Sulphite Digesters.

wood, and the liquor run in as quickly as possible. After the man-hole has been
down, high pressure steam is blown direct into the digester and the
contents boiled for a period of eight to ten hours. By this means the wood is
reduced from its original hard condition to a soft pulpy mass.
The progress of the " cook " is carefully watched, especially towards the end
of the operation, small quantities of the solution being withdrawn and tested at
When the pulp is digested to the required extent, the contents of
intervals.
the digester are blown out under pressure into huge washing-tanks. The spent
liquor drains away from the pulp and the latter is thoroughly washed with clean

closed

water.
is

It is interesting to note that about 50 per cent, of the actual weight of wood
dissolved by the chemical liquor.
At present there is no systematic method
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for the treatment of the waste
liquors with a view of recovering any by-products.
Attempts have been made from time to time in this direction and certain substances have been obtained which find a limited use, but so far no
general and
practical method has been found, and the importance of the question may be
judged from the fact that the loss entailed includes not only one-half the weight
of wood put into the digester, but also the loss of about 300 Ibs. of
sulphur for

every ton of pulp produced.
Screening. The pulp having been thoroughly washed is carefully screened
in order to remove knots and other
portions of incompletely boiled wood.
Many
systems are in use for efficient screening, and one of the simplest methods employed

Fig

50.

Openings to Digesters.

to pass the whole of the pulp over a series of screens, some of which are very
and only allow the best quality of fibre to pass through, while others are
coarser and give a pulp of somewhat inferior character, but suitable for common
The " Success " screen consists of brass plates, in which are cut a
papers.
number of fine slits, and these plates are fitted into ari iron frame so constructed
as to form a shallow box.
The bottom of the box, fitted with the brass plates,
is kept in a state of violent
agitation, so that the fine pulp finds its way through
the slits while the coarse pulp is prevented from passing away.
Pressing. As the proportion of water to pulp at this stage is very large,
the whole of the diluted pulp is next run through a wet press machine in order
to separate out the pulp.
is

fine

The pulp

as

it

is

taken from the wet press machine contains about 70 per
removed by means of the hydraulic

cent, of water, arid part of this is further
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and the moist sheets containing 50 per cent, of "water are then packed up
into bales ready for export.
Most of the sulphite pulp, however, is shipped from the pulp-mill in a dry
In this case the process described is modified as follows
state.
Making Dry Pulp. The washed pulp taken from the digesters is carefully
screened and then run off into large tanks, or chests, and converted into sheets
on a machine which closely resembles an ordinary paper-machine, the diluted
mixture of pulp flowing on to an endless wire-cloth to which is imparted a shaking
press,

:

The water drains away, leaving the pulp on the upper surface of the
motion.
wire in the form of a sheet. Further quantities of water are abstracted by
means of a vacuum box, placed under the wire, and the moist sheet so formed

Fig. 51.

Sulphite Pulp-drying Machine.

pressed between rollers and led over a number of large steam-heated cylinders.
of pulp is thus completely dried, and as it reaches the end of the
machine it is automatically cut into sheets of the required size.
Sulphite Liquor. The liquor used for digesting the pulp is known as
It is prepared by bringing the vapour of burning sulphur
bisulphite of lime.
"
into contact with lime and water.
In the "Tower system, ordinary flowers of
sulphur are burned in a specially constructed oven, and the sulphurous acid gas
obtained is led away into tall towers filled with huge lumps of limestone, which
are kept in a moist condition by a stream of water flowing from tanks at the top
of each tower.
As the gas passes upwards through the limestone it enters into
combination with the water and lime, the whole of the gas being absorbed so
that the liquid flowing out at the bottom of the tower is a strong solution of
This is pumped into store-tanks and
bisulphite of lime of constant strength.

is

The sheet

run into the digesters as required.
In the " Tank " system the gas

is

simply pumped into large circular vats in
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which ordinary powdered lime mixed with water is kept in a state of violent
The gas enters into combination with the milk of lime, giving a
agitation.
solution of bisulphite of lime.
The amount of sulphur required to produce a ton of air-dry pulp varies

between 350 and 300 Ibs.
" Mitscherlich " Process.

A

wood pulp particularly suitable for certain
The conditions
special papers is prepared by this method due to Mitscherlich.
of digesting are. radically different from those
employed in the manufacture of
the ordinary sulphite pulp, the pressure being seldom above 45

Fig. 52.

Ibs.,

and the time

Sulphur Ovens.

" cook
Moreaveraging about thirty-six to forty-eight hours.
occupied by the
steam
does not come into direct contact with the contents of the
over, the
water produced flows
digester, but passes through a lead coil, while the condensed
"

away.

The pulp is not blown out of the boiler under pressure, but is removed by
shovels and rakes through a large man-hole near the bottom of the boiler after
the pressure has been reduced. The pulp is partly washed before it is taken out
of the digester, and more thoroughly washed afterwards in very long shallow
" Knot "
allow the
catchers, which retain hard unboiled chips and knots, and
properly digested pulp to flow out.
Soda Pulp. The ordinary commercial soda pulp is a soft brown-coloured
fibre of excellent quality which is useful for the production of bulky papers.
The word " soda " is a somewhat comprehensive term applied in a general way
E

G6
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to the process, although the substance used in reducing the wood to pulp is not
always caustic soda. The chipped wood is put into the digester, which is usually
a horizontal cylindrical rotary about 22 feet long and 7 feet in diameter, the
requisite quantity of chemical solution being added and then treated by steam to
a pressure of 90 to 100 Ibs. for thirty hours.
The solution is made by mixing sulphate of soda with caustic soda, but in
subsequent operations the spent lyes from the digesters are evaporated down,
the residues incinerated by methods used in the recovery of esparto liquors and
the resultant ash dissolved, rendered caustic by boiling with lime, and used over
Mechanical losses in treatment are made up by additions of fresh
again.

sulphate of soda.

Wood

is also converted into pulp by treatment with caustic soda in the same
as esparto and straw, the amount of caustic soda being greater, and higher
This method is the true soda process, and is now
pressures being employed.
of woods other than spruce.
used
for
the
reduction
In fact the
largely
"
"
sulphate pulp is not produced in any great quantity.

way

CHAPTER VI

WOOD PULP
Selection of

PAPERS.

wood pulps

Varieties of wood pulps Nature of papers produced Process of
Writings and high-class printings News and common printings.

manufacture

Wood

Pulps. The fibre obtained by the chemical treatment of
capable of yielding a great variety of different papers according to the
methods adopted for isolating the cellulose from the raw material, and the processes used for converting the fibre into paper.
The paper-maker exercises the same care in the selection of wood pulp for the
manufacture of certain qualities of wood-pulp papers as he applies to the sorting
and selection of rags for various rag papers, since in this way he can secure the
Selection of

wood

is

d. sired results.

The table given on page 51 clearly shows that the wood can be treated so as
The variations are possible because
to give as great a range of papers as rag.
the conditions can be changed, such as the nature of the wood, the chemicals
used, the duration and extent of the chemical treatment, the process of bleaching,
and

last,

The

but not

least,

the operation of beating.

most suitable pulp requires considerable care
and experience. It must not be assumed from the table referred to that beating
is the main factor.
A wood pulp which will give a good blotting or antique will
not produce a grease-jwoof or loan by the mere prolonging of the beating process,
for the pulp would simply be " knocked all to pieces," to use a beaterman's
phrase and simila.rly, a hard strong sulphite pulp will not make an antique by
beating during the period stated in the table. The proper pulp must be selected
selection, therefore, of the
.

;

for the purpose.

Varieties of Wood Pulp. The several varieties of pulp from wood, together
with the classes of paper for which they are generally considered suitable may
be classified somewhat as follows
Soda ivood pulp from poplar. A soft, spongy pulp, which can be used for
the manufacture of blottings, antiques and magazine papers, in which bulk, open
A pulp which is the
texture, and soft handle are the qualities most desired.
:

best

known

imitation of esparto.

The pulp prepared by the soda process is favoured
generally.
because it imparts bulk to the sheet of paper, and renders the sheet more opaque
than the ordinary sulphite pulp.
material which is prepared by cooking the
Easy bleaching sidphite pulp.
wood to a soft condition, continuing the operation of boiling beyond the time
Suitable for writing and high-class
required for an average strong wood pulp.
printings in which good colour and surface are essential.
Strong sulphite pulp.
pulp which is strong and hard, produced by undercooking rather than over-cooking the wood. The cellulose obtained is not so
pure as that derived from a well-boiled material, nor is the colour absolutely
Soda wood pulp

A

A
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white, but the 6bre

is very suitable for
news, cartridges, and manilas, in which
the main quality needed.
wood cellulose prepared by the " slow- cook " process,
Mitscherlich pulp.
and used chiefly for hard papers, as banks, loans and imitation parchments.
Papers. Wood pulp is used by itself, or mixed with rags, esparto and hemp
in varying proportions, according to circumstances.
The greater portion of tho
wood pulp imported into this country is converted into news and cheap printings
which consist of mechanical and unbleached sulphite pulps in the ratio of abo.it
three to one, the average newspaper consisting of 70 per cent, mechanical, and

strength

is

A

30 per cent, sulphite.
Used in combination with esparto, chemical wood pulp gives an excellent
material for book papers, and for writings.
The unbleached chemical woods are
largely employed in the manufacture of wrappings, and packing papers of every
description.

Some approximate idea of the result of combining the various wood pulps
commonly used for paper-making may be gathered from Table VII.
TABLE VII.

How

Pulp.

Unbleached
soda

Bleached soda

General Character of Piiper
produced.

used or blended.

By itself, or mixed with unbleached hemp and jute

Wrappers, browns, cable and

mixed with

Soft bulky papers such as
blcttings, antiques, magazines and soft printings.
Writings and printings, en-

By

or

itself,

insulating papers.

esparto

Mixed with

sulphite or rag
I

velopes,

Unbleached
sulphite

with
itself, or mixed
Mitscherlich sulphite
wood pulp
With
mechanical
wood

By

Caps, packing papers, parchments.

News, cheap printings.

pulp

With rag

hemp and
Bleached

By

itself,

or

unbleached

Cover papers

generally.

jute

or with rag pulp

sulphite

With mechanical wood
With esparto and rag

Printings, writings, tissue^,
banks, book-papers, &c.
Ordinary printings.
Printings, writings, lithographic, &c.

Mitscherlich

By

itself

sulphite

Mechanical

Parchments

and

grease

proofs.
itself, or mixed with unbleached hemp and jute

By

Boards, cards, middles,
tickets, browns and wrap
ping papers.

PAPER TECHNOLOGY

70

Writings and High-class Printings. The treatment of chemical pulps
for the manufacture of wood-pulp paper is practically the same, in general
principle, as that described in chap. iv. dealing with esparto papers.
The pulp arrives at the paper-mill in the form of dry or moist sheets, which
are first broken up in the ordinary breaking-engine, and if necessary bleached
with chloride of lime. The best results in bleaching are obtained by adding the
requisite amount of bleach liquor to the pulp in a washing-engine or potcher,
discharging the mass into a large
brick or cement tank at once, and
allowing the action to
proceed
quietly with
motionless.

the

pulp

remaining

The process may be hastened by
means of the "Tower" system of
In this case the pulp is
from
the potcher or breakpumped
bleaching.

ing-engine

into

a

tall

cylindrical

lank of seven or eight feet diameter,
and kept in a continual state of
motion by a centrifugal pump fixed at
The pump
the bottom of the tank.
causes the mixture to circulate from
the bottom through a pipe back into
the open top of the tank, and to fall
upon a round plate which spreads
the pulp over the surface of the mass
in the tank.

(Fig. 54.)

The bleached pulp is
thoroughly washed, run off into
drainers, and afterwards transferred
Beating.

to the beaters.
Of recent years many types of
beaters have been introduced for the
treatment of wood pulp, the improvements being generally devised for the

purpose of lessening the cost either
by hastening the operation or by
reducing the amount of power necessary to beat the pulp to a properIn the Hollander and
consistency.
Umpherston beaters, which have
already been mentioned, the beaterFig. 54.

Bleaching Tower.

roll

fulfils

two

distinct

functions,

namely, the beating of the pulp and
the circulation of the mass in the
In modern beaters the cirengine.
culation of the mass is effected by
some mechanism, such as an Archimedean screw or a centrifugal pump, and the beating is effected by the beaterThe construction of the
roll, so that the latter is confined to its proper duty.
" underflow "
can
be seen by a study of
is
as
it
sometimes
of
called,
beater,
type
the diagram in Fig. 55.
A modified form cf this type of machine is the " Tower" leater. (Fig. :>('>.)
The stock of pulp in the cylindrical reservoir is kept in circulation bv a
Centrifugal pump.
&. Circulating pipe.
c. Spreader.
d. Reservoir of pulp and bleach.

ft.
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and is discharged from it .continuously to
erected above the level of the reservoir.

fixed at the bottom,

the beater-roll, which

is

A refining-enyine is also used for the beating of wood pulps. It is a
conical vessel lined with fixed projecting knives, and fitted with a beater-roll
which is also conical. The roll is fitted with knives, and is so constructed that
the distance between the rotating knives on the roll and those on the outer
This machine is very effective in brushing out
casing can be altered at will.
the pulp, which is first partially treated in a beater.
(Fig. 57,)

These operations are similar to those
tiizing, Loading and Colouring.
employed with esparto papers. The loading is incorporate with the pulp in

Fig. 55.

Taylor's Underflow Beater.

A. Vat containing pulp.
B. Circulating pump.
E. Discharge outlet.

C.

Return pipe.

D. Beater

roll.

the engine, the rosin soap is then added and precipitated on the fibre by means
of alum.
Pulps intended for white papers are toned by the addition of traces
of aniline blues and reds.
News and. Common Printings. The cheap papers of the present day are
made almost exclusively from sulphite wood pulp and mechanical wood pulp
blended in varying proportions.
The extensive use of mechanically prepared pulp for paper-making is entirely
a matter of commercial consideration, since the material is cheap and abundant,
but from a technical standpoint it cannot be too strongly condemned on account
of the deterioration which always takes place in paper containing ground wood.
Among other causes which have contributed to the cheap newspaper of modern
times, improvements in machinery and mill organisation required for the
production of a cheap paper take a foremost place. There is no special trade
secret to be carefully hidden from the observant spectator, for the manufacture
of a common new s is now almost entirely a mechanical and engineering problem
These improvements are
in which chemistry appears to play a secondary part.
machines
used
for
with
the
concerned
preliminary operations and enlargemainly
ments and alterations in the Fourdrinier machine. The use of beaters giving
T
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is one of the most important features of recent development
ah adoption of rotating circular self -cleansing strainers for the beaten pulp
passing on to the paper-machine is
another improvement. (Fig. 58.)
The paper-machines have been
increased in width until it is now
150
possible to make a reel of paper
The speed 'of
to 160 inches wide.
the machine is 420 to 480 feet per
minute instead of the modest 250 to
300 feet per minute of ten or fifteen

etreater output

;

years ago.
The drying-cylinders have been
^ increased both in size and number,
and improved in design to meet the
'

,

work of evaporation rendered
necessary by the greater speed.
Careful attention to the details of
extra

transport of raw material, economy
in the use of coal, the utilisation of
every conceivable waste product, such
as the machine backwater, the exhaust steam used for driving the
machine engine, the waste heat of the
gases in the boiler flues, and many
other details of a highly interesting

and technical character, has resulted
in the production of the cheap newspapers.

Manufacture of news. The pulp
broken up as usual in some form
of disintegrator, such as a breakingis

The engine is
engine or potcher.
partially filled with water, and the
sheets of mechanical pulp thrown in,
together with the proper proportion
Fig. 56.

"Tower"

Beater.

Fig. 57.

Refining-engine
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The quantities vary according to the quality of the paper, 65 to 75
mechanical pulp being an average amount.
In many cases the mechanical pulp is broken
up by special machinery instead

of sulphite.
per cent, of

Fig. 58.

Rotating Strainer.

The pulp

Fig. 59.

View

after beating

"
Specially suitable for
is

News

"

paper.

passed through this strainer.

of Drying-cylinder,

showing Internal Arrangements.

of potchers, such as Wurster's kneading-engine (Fig. 61) or
Cornett'sjbreaker,
both of which are useful for disintegrating pulp or waste papers.

The pulp

is

sized, coloured,

then discharged into the beating-engine, where

and mixed with

china-clay.

it

is

beaten,
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Fig. 60.

Calenders at the

Fig. 61.

End

of a " News'' Machine.

Wurster's Kneading-machine,
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The conversion of the beaten stuff into paper is a simple matter as far as the
general principles of treatment are concerned, but in questions of detail relating

!

running of the paper-machine considerable skill is requisite to avoid
faulty paper and undue waste of material.
The manufacture of 100 tons of news requires the following raw material,
to the

approximately

:

76
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111

15

The paper so obtained is a soft-sized news suitable for dry printing. There
appears to be a loss of 12 tons in manufacture, but the greater part of this
is due to the fact that the
newspaper when first turned out only contains about
5 per cent, of atmospheric or natural moisture, whereas air-dry pulp is usually
reckoned as containing 10 per cent, of natural moisture.
The following facts relating to the production of a cheap daily newspaper
are of interest

:

TABLE IX.

Circulation assumed at 200,000 copies daily.

Weight

of a single copy

assumed at

one-fifth of a pound.

Total weight of 200,000 copies about

Material required

.

Mechanical pulp
Sulphite pulp

China clay

.

....
.

.

18

tons.

required for pulp
For mechanical pulp
For sulphite pulp

13 J tons.

4^ tons.
J tons.

1

.

.

Coal for motive power, &c.
Water evaporated for steam
Water used for manufacture

J ton.

.

.

.18

.

.

.

.

tons.

32,000
100,000

gals.

gals.

:

Total

.

.

.

.

A

.

.

Chemicals, &c., for sizing

Wood

.

:

.

.

.

.

.10

.9

.25

cords.
cords.

cords

cord of logs for pulp is a pile of logs 4 feet wide, 4 feet high,
and 8 feet long (128 cubic feet). For 25 cords the number of
trees to be cut down is 200 (having an average height of 50
feet and an average diameter measured 5 feet from the ground,
of 8 to 9 inches.)

CHAPTER

VII

PACKING PAPERS
Browns

Shop papers

Millboards

Vulcanised board

Pulp boards.

THE manufacture of this class of paper forms an important section of the paper
trade, since a great variety of material is necessary to meet the special needs of
many industries. The extremes are well represented by the very thin tissue browns
used for dressmakers' patterns on the one hand, and the thick strong brown
papers used for wrapping heavy hardware goods on the other.

Fig. 64.

The gradual

Rope-chopper.

substitution of boxes for brown paper in the packing of goods is also responsible
for the development of a special branch of the trade.
Strong Browns. These papers are manufactured from such raw materials
as soda wood pulp, hemp, old rope, gunny, hemp and jute scutchings, waste
paper, and all kinds of waste fibrous material.
The strongest papers which exhibit remarkable resistance to wear and tear
are produced from old hemp ropes or from high-class soda wood pulp, while the
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poor qualities contain a good deal of mechanical pulp and

common waste

papers.

The treatment to which the old rope, after first being chopped up, is subjected
consists of a short boiling with caustic soda in revolving boilers for four to six
hours at a pressure of about 20 to 25 Ibs. The boiling is only carried out to the
extent necessary to produce a fairly complete isolation of the filaments and fibres
without reducing them to the condition of pure cellulose. The boiled pulp is
then submitted to the usual washing and beating operations, the process of
bleaching being omitted. The sizing, colouring, and finishing are conducted in
the ordinary way, no special process being necessary.
With brown papers prepared from soda wood pulp the process of manufacture
is practically identical with that used for
ordinary printings, so that little need
be said as to the manufacture of
these papers.

Medium Browns.
papers are

made from

These

jute refuse,

gunny, and waste papers used by
themselves or mixed in varying
Old jute bags and
proportions.
similar goods are first cut up by

means of an ordinary rag-cutter
and then boiled in a spherical or
cylindrical digester for four to
six hours at a pressure of 25 to

30

Ibs.

with a small proportion of

caustic soda, the fibre being subjected to a comparatively mild

treatment.

Waste papers are handled in
several ways, being softened and
pulped in large tanks, in edgerunners, or in special pulpingmachines, such as Wurster's
kneader or Cornett's breaker.

Fig. 65.

Edge-runner or Kollergang.

Common Browns. The cheapest qualities of wrapping paper are made by
blending old waste papers, mechanical wood pulp, and any other fibrous material
which by a stretch of the imagination can be called paper.

Fig. 66.

Cornett Breaker for disintegrating Waste Papers and

Wood

Pulp.
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A

M.G-. Caps.
large number of thin papers used by the bakery and confectionery trades, the drapery and dry-goods trades are generally known as
M.G. papers. These two letters signify that the papers are machine-glazed, and
The majority of the papers are manufactured from
usually on one side only.
hard sulphite wood pulp, possessing great strength, the colour being of secondary
importance. The preliminary operations in the manufacture of the paper are of
the usual order, but the paper-machine is of peculiar construction, being known
as the single-cylinder, or Yankee machine.
The wet end of the machine resembles the ordinary Fourdrimer in having
the usual strainers, endless wire, and couch-rolls.
The wet web of paper is
transferred from the couch-roll on to an endless felt, which carries the paper
over one large drying-cylinder, 10 to 12 feet in diameter, which is placed on a tall
framework over the wet end of the machine. The outside of the cylinder is well

Fig. 68.

Millboard-making Machine.

A. Vat containing pulp and water.
D. Squeezing rolls.
B. Hollow cylindrical drum.
E. Drum upon which millboard
C. Felt covered roll.
F. Felt-carrying roll.
G. Felt-washing roll.

polished, so that the surface of the paper

is rolled.

which comes into immediate contact

is specially adapted for such thin
papers as M.G. Caps, biscuit papers, tissues, and the like.
Single Cylinder Paper-machine. The pulp flows from a stuff- chest
through the strainer a into the distributing box b, and on to the endless wire c.
The excess water is removed by the usual suction-boxes dd, and the wet sheet of
paper then passes through the couch-rolls ee, over the guide-rolls Jf, round
the drying cylinder g, and is finally reeled up at h. The felt carrying the wet
paper from the couch-rolls to the drying-cylinder passes through a washingtrough k, which removes dirt and small fibre. (Fig. 67.)
Millboard. The manufacture of boards for boxes is a simple operation
carried out by means of the board machine, which is practically identical with
the wet-press machine used in making sheets of mechanical pulp.
The raw material used consists of old waste papers mixed occasionally with
boiled gunny.
The papers are soaked in hot water, broken up, mixed with
any other material selected, and beaten for a short time to ensure thorough

with

it

becomes highly glazed.

This machine

F
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mixture diluted with the required quantity of
incorporation, after which the
water is discharged into stuff-chests.
The pulp flows from the stuff-chest into the reservoir A of the board machine,
The water
in which revolves a large hollow wire-covered cylindrical drum B.
with which the pulp is mixed passes through the wire into the interior of the
drum, and flows away by means of an overflow pipe fixed at the centre of the
drum (not shown in the drawing) on the outside of the reservoir. The pulp
adheres to the outer surface of the drum and comes into contact, as the drum
The wet sheet adheres
revolves, with an endless felt passing round the roll C.
to the felt, and is carried by it over the guide-roll D, and between the couch-rolls
E F. The sheet of pulp winds itself continuously round|the upper roll E, while
the

felt passes

G, back to the

round the lower
roll C.

roll

F under

the machine, between the guide-rolls

(Fig. 68.)

The thin sheet being wound continuously on the couch-roll E, is gradually
The thickness of the board is determined by the
number of revolutions made by the roll E. A bell is attached to the frame of
formed into one thick sheet.

the machine near the shaft of the

roll

E, and as soon as the sheet

the required

is

72'

<-

30

---42."

method of slitting thick pulp boards on the
Board Machine.

Fig. 69.- -Diagram to illustrate

thickness the bell rings, and the men in attendance at once remove the sheet
without stopping the machine, an operation which is easily effected.
The machine shown in Fig. 68 is constructed to make a sheet of given width,
determined by the width of the couch-roll E, and of given length, determined
by the diameter of the roll E. Thus a couch-roll 72 inches long and 14 inches
diameter will give a sheet 72 inches by 44 inches.
If the distance between the couch-rolls and the reservoir is increased, an
additional appliance may be used by means of which the full width of 72 inches
can be automatically cut up into two or more smaller sizes. This consists,
as shown in Fig. 69, of a small circular disc
fixed on a shaft
stretching
across the machine from one side to the other.
The edge of the disc is
about half an inch wide. The felt carries the thin sheet of pulp from the guideroll C past the disc, which revolves in contact with the felt, and a thin strip of
pulp adheres to the edge of the disc, so that the sheet is divided into two smallersheets.
The pulp attached to the disc is washed off by a continuous stream of
The position of the disc
water.
on the shaft
can be varied so as to cut the
sheet as required.
The diagram illustrates the position necessary for cutting
the sheet of 72 inches into 42 inches and 30 inches respectively.
The wet boards removed from the machine are piled up, with pieces of
coarse sacking between them, and subjected to great pressure, in order to remove
"
the excess of water and at the same time to " close up the sheet and produce a
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solid board.
The pressed boards are then dried either by simple exposure
to air for the production of what are known as air-dried boards, or
by exposure
to a current of heated air passing through a closed chamber.
After
the

hard

drying,

boards are glazed by heavy calender-rolls.
Vulcanised Boards. The heavy dense material known as vulcanised board
is prepared by soaking damp boards or sheets of
paper in strong solutions of
zinc chloride.
Two or three thicknesses of board or paper are treated in this

way, placed together and passed through heavy rollers, which squeeze out the
excess of solution and press the thin boards into a compact mass which, when
dried and glazed, is exceedingly hard.

Fig. 70.

Double-cylinder Board Machine for thick boards.

Panel Boards and Roofing. A cheap waterproof board is made by soaking
boards in a hot mixture of rosin and tallow. Paper barrels are rendered hard
and waterproof by this means.
Middles and Thin Boards. Thin cards and cheap middles are now produced in very large quantities on the continuous board machine, which resembles
an ordinary Fourdrinier paper-machine in every respect, except as to the endless
wire. Instead of the wire, two or three cylinder moulds are used, and the sheets
wet pulp are brought into close contact, carried through heavy press-rolls
which cause the two or three sheets to combine into one compact mass, and then
dried over heated cylinders in the usual manner.
Wood-pulp Boards. These are manufactured on the board machines of
the intermittent type, or on continuous machines, according to the bulk and
of

weight required.
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PAPERS

Process of manufacture Materials used Qualities of Art paper Defect*, in Art paper
Influence of mineral constituents Surface Printing process.

Process of Manufacture. These special papers are now made in large
a smooth surface suitable for
quantities to supply the demand fora paper having
the printing of half-tone blocks. The clearness of detail, and the sharpness of
outline required in an illustration produced by process printing cannot be
obtained on ordinary paper, however highly glazed and finished, since the surface
is not sufficiently smooth, but by the application of a mineral coating an
enamelled surface is obtained which is perfectly even and level, and capable of
taking an extremely high

The
machinery
employed in the production
of these papers is not complicated, and the operation

polish.

appears to be quite simple,
though, as a matter of fact,
the difficulties connected
with the manufacture and
"
use of " Art
papers are

numerous.

The coating applied to
the surface of the paper
in composition according to the quality of
the work, the mixture consisting of some inert mineral
or enamel, mixed with the proper

varies

Section of Art Paper coated one side only,
Fig. 71.
showing coating matter on surface, (J. Christie.)

substance, such as china-clay, blanc fixe,
quantity of an adhesive such as glue or casein. For high-class papers in which
good colour and extra finish are the desired qualities, blanc fixe and satin white
are used in conjunction with glue, commoner qualities being coated with chinaclay.

The machine for the manufacture of coated paper consists of three parts.
The first is the coating section proper, the second is the drying apparatus, and
the third the appliance for reeling up the paper. (Fig. 7 2.)
The reel of paper to be coated is placed in any convenient manner upon a
shaft at the back of the coating apparatus, which is a large drum about 4 feet
The paper is led round under the drum and then
diameter, and d feet wide.
over the top, and as it passes over it is brought into close contact with a short
The mixture is
endless felt, which transfers the enamel mixture to the paper.
continuously fed into a narrow copper trough fixed to the front of the machine,
and this is maintained at a suitable temperature.
copper roll rotating in the

A
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trough brings up a steady stream of the liquid on to the felt, and the amount of
The thorough
coating transferred to the paper is regulated by squeezing-rolls.
adhesion of the enamel and its even distribution over the surface of the paper
is brought about by a series of brushes, usually seven in number, which operate
on the top of the drum and brush the
enamel well into the paper. Some
X
of these brushes are fixed, while the
others, actuated by small cranks,

move regularly from side to side.
The last two or three brushes are
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with

soft

bristles

to ensure

an even surface free from " brush
marks." The wet coated paper is
then drawn over to the drying apparatus, which consists of two long
parallel rails fixed 8 or 9 feet above
the floor, upon which slowly travel
,-,

-I

.

.

endless chains carrying a series 01
sticks at regular intervals.
By an
ingenious device the wet paper is
caught on the sticks, taken up a
sloping incline until it reaches the
rails, and then it falls into a series
of festoons or loops, the whole of
which are moved bodily forward
The drying is
upon the rails.
hastened by the use of a current of
If the
air heated to about 85Fahr.
room is not long enough, a turn- table
is provided which causes the festoons
to describe a semi-circle at the end
of the room, bringing the paper
along a second set of rails back to
any required distance. This device
has the additional advantage o^
bringing the finished paper directly
under the observation of the man
in charge of the coating machine.
The dried paper is reeled up by a

special reeling appliance.
The opposite side of

the paper
coated in a similar manner, the
reel from the first operation being
passed through the machine a second
time.
is

bb

Machines have recently been
introduced for coating both sides of
the paper at one operation, but the
results are not altogether satisfactory for high-class work.
When coated the paper has a dull surface, and a high finish is then given to
it
means of the supercalender, after which process the paper is cut to any
by

required shape and dimensions.
Materials Used. For ordinary art papers the proportions of enamel and
These substances are mixed
glue are 1 00 Ibs. of mineral to 18 to 25 Ibs. of glue.
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with water to give a solution of 10 gallons. The glue is soaked in cold water for
24 hours, and then gently heated in a copper steam-jacketed pan while the
mineral is worke'd up into a creamy paste with water and thoroughly mixed
with the glue. Aniline dyes are added to the mixture for the production of
coloured or tinted papers.
Of recent years casein has been largely employed as a substitute for glue.
About 18 to 20 Ibs. of casein are required for 100 Ibs. of mineral, and, since it is
The casein is
insoluble in water, borax or ammonia is necessary as a solvent.
stirred into cold waterand gently heated to about 1 00 Fahr., and after the addition

Fig. 74.

H

View

of Coating Machine.

further heated to 140 Fahr.
Casein sometimes imparts
if it has been dissolved any
length of time,
but the addition of a little formalin is usually sufficient to remove defects of
this kind.
The decomposition of casein in solution, even to a slight extent, diminishes
its adhesive properties, and as a matter of common experience, a
coating
mixture prepared from casein which stands over from a Saturday to the Monday
Inattention to details of this
following is frequently rendered foul and useless.
kind is a fruitful source of trouble, which only appears at the printing office
when it is then impossible to trace the primary offender. The manufacturers of art papers are frequently puzzled to explain defects for which there
does not appear to be any adequate cause, and this question of the alteration of
adhesive properties in the prepared coating mixture is one of them.
The
alteration may be traced in some instances to comparatively simple causes.
of

Ibs. of

borax,

still

an unpleasant smell to the paper,
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Thus when ordinary glue and moist satin white are the ingredients for a
mixing, it is evident that the ratio of dry glue to dry mineral can only remain
constant when the raw materials are of uniform and constant composition.
If
the moist enamel contains a lower percentage of water than some accepted
But the manustandard, then the amount of glue must be varied to meet it.
facturer does not always test the mixture, and variations may frequently arise
without any apparent cause.
The explanation of the differences, which may occur with the printing on
successive deliveries of art paper to the printer from the paper-maker, may
appear almost too simple,
but it is a matter of

common

experience to
the consulting chemist,
that simple causes are
those which come to be
frequently overlooked by
is
manufacturers.
It
only specific instances of
this kind that indicate
the possibility of arriving
at a satisfactory solution
of the
difficulties
encountered in every commercial industry.

Qualities

The

Paper.

of

Art

finished

art paper presents many
physical qualities different from those found in

the

The
body paper.
and bulk are

weight

greatly increased by the
additional mineral matter added, the increase

being determined by the

amount

of

finish

neces-

For

heavy art
papers the extra weight
is generally 10 to 12 Ibs.
Machine for reeling up the Coated Paper
Fig. 75.
after drying.
per ream of 480 sheets,
and the thickness is
increased 12 to 15 per cent., so that books made from such papers are very
heavy to handle, and are also extremely bulky.
The unpleasantness and fatigue caused by the reflection of light from the
surface of high-glazed art papers is a matter of common experience, and the use
of art paper for ordinary letterpress work cannot be too strongly condemned.
sary.

The use of poor paper, closely printed letterpress, unsuitable surface, outrageous
colours, and ether defects in relation to paper generally, are fruitful sources of
injury to the eyes and brains of readers, perhaps more so than most people are

A close investigation

into this subject would amply repay attention.
from these descriptions of the methods
used for coatirg paper, and the reasons given for the necessity of such a coating
in the production of a purely artificial surface, that the composition and quality
''
of the " body
paper is not a matter of very great importance. To a large

aware.

-

The "Body" Paper.

It is clear
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extent this is quite true, but in the better qualities of art papers the nature of
the " body" must be studied. Flexibility and resistance to the frequent turning
over of the leaves of a book can only be ensured by the use of suitable material
as the constituent of the body paper.
Esparto is found to be pre-eminently
suitable for the purpose, and when mixed with chemical wood pulp in varying
proportions gives results which are satisfactory.
With' cheap art papers, the materials used for the " body " are of greatly
inferior quality, and mechanical wood pulp often forms a large proportion of the
In the entire absence of any standards of quality, it is not surprising to
paper.
find that many high-class illustrations of considerable beauty, even if only of a
temporary character, are printed on very poor paper.
It is necessary that the body paper should be carefully made, its surface
being fairly even, yet not too smooth. The marks of the machine wire should
not be too pronounced, since irregularities on the surface of the paper due to
these marks cannot be completely obliterated if the coating subsequently put on
the paper is thin.
Another important feature in the body paper is the extent of the sizing.
The papers are treated with rosin size, and the conditions for proper coating
require a uniformly sized body paper in order that the ratio of glue to enamel on
the surface may remain constant.
Defects in " Art " Paper. The irregularity in printing results may sometimes be traced to uneven sizing of the body paper, so that during the coating
operation, the glue of the coating mixture tends to soak more readily into the
body paper at one time than another, thereby disturbing the composition of the
artificial surface.

In cases where the ratio of glue to enamel is already barely sufficient to resist
the pulling or lifting powder of the printer's ink, any slight alteration of this kind
give rise to serious trouble.
must not be forgotten that there are many conditions which affect the
final results.
The influences may be cumulative, or, on the other hand, they
may neutralise one another, so that the figures which analysis may give as representing the percentages of certain ingredients cannot always afford conclusive
The following is an illustration of a simple case of ''-cumulative
evidence.
influences."
coating mixture of definite composition, which experience has
proved to be suitable for a given paper, may be applied to a soft-sized body paper.
The paper, after coating, may be insufficiently calendered. The ink used for
All these condiprinting may be a trifle more tacky or tenacious than usual.

may

It

A

power of the coating, and the printing results
what may be termed for want of a better phrase " cumu-

tions tend to lower the resistant
will be poor owing to
lative influences."

The chief quality in a coated paper is a good surface, which must be hard
"
enough to resist any tendency to "lift and yet soft enough to allow the ink to
be absorbed sufficiently without spreading in order that the defect of "setting
off" may be avoided.
The hardness of surface depends on the proportion of glue in the mineral
If the amount is too small then the enamel comes away from the paper
coating.
and adheres to the process block so that the picture is spoilt. This is technically
known as lifting." If, however, the amount of glue is too great, the ink is not
absorbed quickly and it comes off on to the back of the next sheet of paper
This " setting off" is a serious drawback to rapid
leaving the printing machine.
an
in
which
the
production of 1500 copies per hour is by no means
printing,
'

uncommon

occurrence.

In colour work the presence of too much glue is also a defect since the colour
A gocd surface gives a
will not lie flat [and the effect produced is very poor.
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deep

flat colour,

but a surface which

is

too hard gives a mottled, washy and
unsatisfactory result.
It may be noted that
the su pel-calendering of a
paper has something to do
with the hardness of the
surface.

The main

object

policing is to finally
smooth down any slight
irregularities on the paper,
of the

and to give a surface that
will

reproduce every detail
with accuracy.

in the block

A

little extra rolling to
sheets which show a ten" lift " will somedency to
times improve the surface

for the work
because the glazing slightly
increases the power of the
Photo showing effect of printing with Art
Fig. 76.
coating to resist the ink.
Papers containing varying percentages of Glue.
The resistance so obtained
is only momentary, but before the
coating has time to become detached, the
pressure of the block against
the paper is removed, and the
sufficiently

desired result

is

obtained.
of these

The importance
two

factors,

one of which

is

chemical, represented by the
glue, and the other a purely

mechanical one, namely, the
glazing or super-calendering,
may be judged by a careful

comparison of pictures printed
on "art" papers containing
varying proportions of glue

and varying degrees

of sur-

face.

The conditions shown in
Fig. 76 are those of extreme
created in order to
cases,
bring out clearly the influence
of
the
adhesive
matter.
Naturally the paper-maker
endeavours to obtain a good
coating with a minimum
quantity of glue, but slight
variations in the direction of
using less glue from a standard which expeiience has
proved suitable for a certain
class of work are found to be

In consequence of this,
the surface of a paper coated
risky.

.

77.

Effect ot printing with a Half-tone
Block on a Hand-made Paper.
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for use with light half-tone blocks may pick off when employed with blocks
giving heavy dark shades. The production of a dense black print is always a
severe test on an art paper.
Influence of Mineral Matter on Printing Results. In a hand-made paper
containing little or no mineral matter, the picture is blurred and indistinct, the
depression of the water-mark being brought into prominence by the absence of
ink along the lines of the mark itself.
(See Fig. 77.)
In a cheap printing paper with a small proportion of 5 to 10 per cent, of
loading, there is a slight improvement in the result.

Fig. 73.

"
Effect of printing with a Half-tone Block on " Art Paper.

With a machine-finished paper containing about 16 to 18 per cent, of loading
or mineral matter a marked improvement is obtained.
With an imitation art paper containing about 30 percent, of mineral matter,

much

of which lies on the surface of the sheet, the picture shows more detail.
Finally, in the art paper having surfaces composed entirely of mineral matter,
the clearness of the picture leaves nothing to be desired. (Fig. 78.) But it must
is artificial and the paper itself plays quite a
secondary part, being sandwiched in, as it were, between two layers of mineral
In consequence of this the quality of the body " paper is often concoating.
sidered a matter of no importance, and many art papers are merely composed of
ingredients in which the conditions essential for durability are chiefly remarkable

not be overlooked that the surface

' ;

for their absence.

The

In a normal highis therefore perfectly clear.
absence of any mineral matter absolutely precludes an

rationale of the process

class writing paper, the
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even surface, and the glazing or polishing of these surfaces as produced
by processes perfectly familiar to the papermaker, viz., the use of the
supercalender,
the plate-glazing rolls, and so on, is not sufficient to give the desired effect.
Consequently, the print is blurred, indistinct, and lacking in detail, arid the
curious outlining of the water- mark is a clear indication of unevennessof surface.
The examination of the surface of a high-class linen paper reveals the existence

Fig. 79.

numerous

Surface of O.W. Linen Paper,

x 90.

(Photo by

J. Christie.)

and recrossing one another in every conceivable
obvious that since even minute fibres occupy a ceitain volume,
the surface of the paper at all such points of intersection must be slightly above
the spaces between them, and that no amount of pressure will bring them into
of

direction.

one

common

Now

fibres crossing

It

is

plane.

(Fig. 79.)

the addition of a small amount of mineral matter tends to fill up the
interstices of the paper.
The particles of mineral matter, such as china-clay,
which is the usual loading for cheap paper?, distribute themselves around the
fibres and fill up, more or less, the air spaces, and thus reduce the irregularity of
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the action of the rolls in the supercalender
surface.
reduces the minute undulations on the surface of the sheet just as in the case of
As the pera high-class rag paper, bub the interstices are not so pronounced.
centage of mineral matter is increased the improvement in the paper judged
from the printing standpoint is noticeable, and apparently the particular
" art "
characteristic necessary in an
paper is only to be obtained by a complete

Fig. 80.

to

O.W. Linen Paper (Transverse)

Section,

x 325.

(Photo by

J. Christie.)

degradation of the actual paper by a mineral substance which has nothing in
the fibrous constituents.
The " imitation art " paper, which is a compromise between an ordinary cheap
art paper," contains a very high perprinting paper and the so-called high-class
centage of mineral matter which is brought up to the surface by a peculiar process
of treatment, so that the sheet of paper is rendered more suitable for half-tone
To use the word " paper" in connection with a sheet which consists
printing.
of 35' per cent, china-clay held together by a few low-class vegetable fibres is an
abuse of terms, but it is one which has some commercial significance.

common with

t
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Suggestions as to Surface. With such a purely artificial surface upon a
sheet of paper, which can easily be removed by friction with the moistened
finger, it is evident that durability of the pictures is scarcely to be expected.
The resistance of the art paper to the ravages of time is a matter which
should not be difficult to determine, since all the elements for rapid depreciation
are present in the shape of a large percentage of a cheap glue mixed with a
common clay lying on the surface of a more or less inferior body paper, so that
the moisture and damp of an ordinary atmosphere find books of this class an
easy prey in course of time. The preservation of books containing the fine art
illustrations obtained by process printing can be prolonged by careful storage
in a properly dried room, and having regard to the large number of expensively
prepared books which are being continually published, this question is of the

utmost importance.
In this case, as in many similar instances, the rule that " prevention is better
"
than cure holds good, but so far, the introduction of a fine art paper in which
the smoothness of surface shall be an inherent quality of the actual paper, and
not a mere artificial characteristic, has not been successfully accomplished.
There is a big field open for a systematic research into this question, which
would afford considerable scope for chemical and mechanical ingenuity. No
doubt the discovery of some method for obtaining a smooth surface without the
employment of such adventitious substances as those which obtain at present
would be extremely profitable to the inventor.
Attempts have been made
to obtain a coating by means of some form of dissolved cellulose, but so far
without success. Investigation should probably proceed along the lines of the
" Willesden
In the manufacture of waterproof Willesden paper and
process."
similar goods, the body paper is passed through a bath containing cellulose dissolved in Schweitzer's reagent, an ammoniacal solution of cupric oxide.
When
this solution evaporates, a greenish mass of cellulose and copper oxide coats the
whole surface, and the coating becomes intimately associated with the body paper
by reason of the partial dissolution of the surface of the paper which takes place
as the ammonia evaporates.
The colour of the final product is greenish, but the substitution of the copper
by zinc brought about by treating the Schweitzer's reagent with metallic zinc,
produces a colourless solution of the corresponding zinc salt, which has somewhat
similar properties.
Other soluble forms of cellulose offer considerable attractions for research in
this new field.
The work of Messrs. Cross and Bevan, with the thiocarbonates and
acetates of cellulose, is well known in this connection, but the application of
these soluble derivatives as a coating pure and simple has not yet met with any

wide measure of success.

The attempt to produce a glossy surface on paper by the reprecipitation of a
soluble cellulose seems to be a correct and scientific procedure, eliminating to a
large extent the conditions which favour disintegration and the disunion of three
irreconcilable elements, the body paper, the mineral coating and the printers'
ink.

the difficulties experienced by printers using art papers may be overcareful attention to the conditions of working.
The most important
It is a matter
condition for successful work is that of an. equable temperature.
of common experience that printing with art papers on Monday gives far more
trouble than the work later on in the week, and that in the winter this difficulty
is more pronounced.
The general principle to be observed is the desirability of
having the art paper, the ink and printing presses all at the same temperature,
The
not only during the process of printing, but also for some time before use.

Many of

come by

regulation of the heat of the

room

to

some

fixed standard

would do away with
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many troubles which are at present ascribed to the paper iri some vague
manner. Thus, for example, a given sample of ink may give satisfactory results
one week because the supply has been kept in the printing-room, while the next
week, being brought direct from a cold store room, it may give rise to endless
trouble.

With

is used for printing on art paper, no systematic
evident that a proper investigation into this
definite information.
As the enamel on the art
paper in its natural condition has a dull surface the ink must be of good quality.
In general terms, the ink should have sufficient consistency to be tacky, the

regard to the ink which

work has been done, and it
question would result in some

Fig. 81.

is

Damping-rolls used for putting a "Water-finish" on Papers.

hard and well seasoned, with a proper distribution of the ink by
the inkers.
In addition to the property of consistency, the ink should be manufactured in such a way as to dry quickly when placed on the surface of the paper.
The consistency is determined by grinding down the colouring-matter with as
much strong varnish as possible, the ink bein thinned down if necessary
afterwards, though the addition of too much medium varnish for this purpose
tends to make the ink when dry flake away from the surface of the paper.
The
addition of driers is not always essential as the constituents of the ink pigment
Considerable
possess in themselves the necessary qualities for this purpose.
technical knowledge is necessary in the task of making up ink varnish to the
required consistency and with the required tackiness and drying properties,
because so many factors enter into consideration, many of which are of a
mechanical nature, as already intimated.
Probably, just as important a factor is the nature of the paper itself. Successful printing can only be accomplished by practical experiment, and this
rollers should be
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lie in the hands of the printers as much as in that of the ink manufacturer or paper-maker.
Imitation art paper is largely used for catalogues and cheaper printings where
clearness of detail is not so essential as in the best art papers.
It is a very
efficient substitute in many respects, but it lacks strength and durability.
It is
usually made by adding large quantities of china-clay to a mixture of wood pulp
and esparto, and producing a heavy loaded paper in which only a small proThe paper is made on the machine in the ordinary
portion of rosin size is used.
way, and treated as it passes on to the calenders of the machine by means of the
water doctor. This is a device which causes the surface of the paper to come
into contact with water just before it is drawn through the rolls of the calender.
The somewhat bulky sheet wetted superficially in this manner is suddenly compressed by the pressure of the rolls and flattened down so that the surface has
The proportion of clay in an imitation art paper is
the appearance of a coating.
often as great as 35 per cent., and this, coupled with the "soft sizing,'' is the
cause of the somewhat limp feel and handle of this class of paper.
It is, how-

seems to

produced cheaply and answers its purpose. (Fig. 81.)
Duplex coated papers may be produced by colouring a suitable coating-mixture
with an aniline dye for one side, and colouring a second coating-mixture for the
ever,

other side of the paper.

The Printing Process. The production of a half-tone block from any
photograph or picture is an interesting process, which may be described very
The picture is mounted on a board in front of a camera and
briefly here.
brilliantly illuminated by means of two powerful arc lights placed on either side,
and a photograph of the picture taken in the ordinary way except that a screen
put in front of the sensitive plate.
is an important feature of the
process, and is prepared in
A sheet of plate glass of good quality is coated with an
asphalt varnish. Lines are ruled diagonally at forty-five degrees across the varnished
surface by an automatic ruling-machine, which is capable of ruling parallel lines
up to any degree of fineness. The number of lines per inch depends on the work
For coarse, rapid work such as newspaperfor which the screen is to be used.
printing the lines are 50 to an inch for book illustrations, the lines are 170-200
to an inch.
The lines are etched on the glass by means of hydrofluoric acid,
which eats away the glass along the lines ruled by the machine. A white
enamel is rubbed into the etched lines, baked in by heat, and the glass carefully
Two such glasses placed together with the lines crossing at right
polished.
angles are cemented with Canada Balsam to form a screen grating.
The effect produced by the interposition of such screen grating is to give a
picture formed entirely of a very large number of small dots, shadows being
grating

is

The screen grating
the following manner
:

;

represented by the closeness of the dots, and the lighter tones by dots of various
sizes.
The gradation of the light and shade depends greatly on the experience
and skill of the operator in adjusting the screen at a correct distance.
The screen negative is developed in the usual way and used for the production
of a print on a copper plate.
The plate is carefully washed and coated with a
sensitive solution, made by mixing fish glue, albumen, bichromate of ammonia,
and dilute chromic acid in certain proportions. The plate, brought into contact
with the screen negative, is exposed to an arc light, for a period of six to eight

minutes, and then thoroughly washed in order to remove all the portions of the
coating not rendered insoluble by the light.
The washed plate is then immersed in a bath of some aniline dye, usually
methyl violet, which stains the picture and renders all the detail clear and
distinct.
When dry the plate is enamelled by the heat of a Bunsen flame, the
colour of the picture changing from blue to grey, and finally to a deep brown
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When this point
resembles a hard enamel.
tone.

is

reached the plate

is
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cooled down, and the coating

"

The " etching process requires a good deal of skill and technical experience,
The process is a simple one, consisting
as well as a knowledge of artistic effect.
in the immersion of the plate, the back of which has been previously coated with
black varnish, in a bath of weak nitric acid the dots being protected by the
;

between are eaten out by the acid.
From this plate a rough proof is taken, which affords the operator the opportunity of determining how much further the etching process must be taken, and
the extent to which it may be necessary to etch some portion of the plate deeper
than others in order to give good results in the final picture. The finished block
is mounted on a slip of wood, and in that condition is ready for the printer.

enamel remain

intact, while the spaces

CHAPTEE IX

THE PHYSICAL QUALITIES OF PAPER
Weight and substance Thickness Bulk Strength Elasticity Resistance to crumpling
and folding Sizing qualities Absorptive capacity Imperviousness Transparency
Colour and finish Surface and other qualities.

Weight and Substance.

These qualities of paper are usually expressed in
terms of the weight of a ream of 480, 500, or 510 sheets, as the case may be.
For high-class papers the ream usually contains 480 sheets, while with common
The methods for determining the
printings 500 or 51G sheets go to the ream.
weight of the ream are very simple.
(1) The sheet of paper is cut to a given

size,

and weighed on some form

of

special paper-scales which indicate without
further calculation the weight of a ream,
such as Leunig's scales. (Fig. 82.)

Example.

A

sheet measuring 20" by
in the pan of

30" placed

the Leunig's scales indicates
the weight of a ream as
follows

480 sheets
500 sheets
516 sheets

:

=
=
=

35'0
36'4
37 -5

Ibs.

Ibs.
Ibs.

(2) The sheet cut to the full size can be
weighed on an ordinary letter balance, and
the weight of the ream calculated therefrom.
If the scales are not very sensitive it is
advisable to weigh five or ten sheets in order
This is
to minimise any error in weighing.
Fig. 82.

especially necessary in the case of thin
papers.
the weight of two sheets of tissue paper, which measured
x 30" to be i bz.
ream of 480 sheets weighs -| by 240,

Leunig's Paper-scales.

Example.

Found
20"

or 120

A

that is 7^ Ibs.
to
(3) If the piece of paper is not full size, then it is necessary to cut a piece
some convenient size, and calculate the weight of a full -sized sheet and subsehas
quently the weight of the ream.
specially sensitive form of paper-scales
been constructed by Leunig, which indicates the weight of a ream of demy
(17^" by 22^") by means of a piece of the paper cut to a standard size of 4 inches
ozs.,

A

square.

A

sheet measuring 4" by 4" when placed on Leunig's demy scales
may indicate a weight per ream of 56 Ibs.
on a fairly
(4)
slip of paper cut to any convenient size can be weighed
sensitive balance, and the weight of the ream calculated.

Example.

A
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by 10, weighs 70
measuring 20 inches
by 30 would weigh 840 grains, and a ream 480 times the weight

Example.

From

grains.

size

5 inches

this it follows that a sheet

of a single full-sized sheet, that is 57|- Ibs.

In some cases the piece of paper available is exceedingly small, but the
method of determining the substance is exactly the same, the only precaution
necessary being the employment of a very senIf the weighing of a small
sitive balance.
piece is not carried out carefully a serious error
(5)

will be introduced.

A

Example.

piece of

measuring

paper cut to a size
1 inch square weighs
Hence, weight of a
480 sheets double

\ grain.
ream of
crown (20 inches by

30), is

:

1 x 20 x 30 x 480
grains
or 144,000 grains, that

Since 7000 grains equal
the ream is 20'6 Ibs., that

is

20- 6 Ibs.

the weight of
is to
say, just over
20i Ibs. The necessity for using a sensitive
balance is obvious from the fact that the weight
of the small piece is multiplied by 288,000.
1 Ib.

A

special form of Leunig's scale sensitive to
pieces 2 inches by 1 may also be used for this

purpose.

Fig. 83. Sensitive Paper-scales
for small Samples.

(Fig. 83.)

The equivalent weights of paper are readily
determined by the simple rules of proportion, although it is more customary
to ascertain the weight of paper in any standard size for some other standard
size by reference to published tables.
For unusual dimensions the equivalent
weight must be calculated.
Example. A sheet 17" by 25" weighs 20 Ibs. per ream (480 sheets). What
is the equivalent
weight for a sheet 51" by 20" ?
Equivalent "Weights.

=

Since 17 x 25 x 480 square inches
m,

K,

.

20

Ibs.

51 x 20 x 480

-,

Then 51 x 20 x 480 square inches

17 x 25 x 480

= 48

or equivalent weight

The " Rule

of

Three

"

can be applied to

all

Ibs.

questions relating to the weight

of paper.

and

Equivalent weights are in direct proportion to the areas of the single sheets,
this fact can be expressed in the shape of a formula capable of general

application.

Let

W represent the weight
A

,,

,,

w

,,

,,

a

,,

,,

Then the

relation

is

of a ream of paper.
area of a sheet in the ream.

weight of another ream of paper.
area of a sheet in the second ream.

w

= a

A

extended form
x B) and a = (I x b) where L, B, and
are the lengths and breadths of the respective sheets.

In

its

= (L

L
I

x

B

x b

I,

b,
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Various problems can be solved
several examples are appended.

by means

of this simple formula, of

which

What is the equivalent weight of a ream 34" by 45" weighing
a paper 68" by 54".
= 34" by 45". a = 68" by 54"
== 40.
In this case

Example.

40

Ibs. for

W

A

W=A
w

40

From

84 x 45

=

w

a

r

68 x 54

w =

this,

96

Ibs.

A ream of paper 36" by 29" weighing 14 \ Ibs., being damaged,
36" by 27." What is the weight afterwards ?
ream of sheets 36" by 29" weighs 141 ibs.

Example.
is

cut

down

A
A

to

ream

of sheets

36" by 27" weighs

144x86x27
36 x 29

A

paper is 80 inches wide, the paper having a substance
56 Ibs.
The paper is re-reeled and slit into two smaller
reels 50 inches and 30 inches respectively.
What are the relative weights of
the reams in the reels ?
On the full-sized reel, before slitting, a complete sheet measures 80" x 30".
Hence w == 4 x 56 = 224 Ibs. (for a ream of 80" x 30").

Example.

of

20" by 30"

reel of

=

On one

reel the sheet

W^ A
w

Hence

On

w=

measures 50" x 30."
56

w

a'

140

Ibs. (for

=

20 x 30
50 x 30*

a ream of 50" x 30").

the second reel, the sheet measures 30" x 30."

W ~= A

56

a'

~w

~w

Hence

w

84

Ibs. (for

= 20
~

x 30

30 x^30a ream of 30" x 30").

the reels the paper has the substance 20" x 30" = 56 Ibs.
Example. A ream of paper 19|- inches by 26|- weighs 44 Ibs. If the
equivalent weight of another ream is 35 Ibs., the sheet being 25^ long, what is
the width of the sheet ?

In

all

W=Lx
w

I

Hence

B =

x b
6

=

44
35

_" 19i
25

x 26|
x b

'

16 inches nearly.

Thickness and Bulk. (1) The bulk of a paper maybe expressed in terms
If the ream of
of the thickness of a single sheet or the thickness of a ream.
paper is available its thickness may be determined at once by direct measurement
with a rule, or by means of ordinary
(2)

callipers.

of a single sheet of paper may be measured by means of a
the construction of which may be seen from Fig. 84.

The thickness

micrometer gauge,
With the cheaper forms of this instrument it is difficult to obtain very accurate
or uniform readings on account of the absence of any method for regulating the
This error can be avoided by the use of
pressure exerted on the sheet of paper.
a gauge fitted with a small friction coupling which slides round on the micrometer screw directly the pressure reaches a fixed maximum, so that any further
movement of the screw is prevented.
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Still more elaborate appliances are available in which the sheet of paper is
brought between two horizontal surfaces, the upper one being connected to a
dial which registers the distance between the two plates and thus measures the

thickness of the paper.
(3) Schopper's gauge is a convenient apparatus which registers upon a dial the exact
thickness of a single sheet in thousandths of an
inch or in millimetres.
(Fig. 85.)
(4)

which

One convenient form

of

micrometer

be appreciated is Ciceri Smith's
patent micrometer, which has several commendwill

able features. (Fig. 85A.)
The measurements
are automatically recorded by an index which
operates like a cyclometer, so that the thickness can be read off easily. The pressure on
Fig. 84.
Gauge for measuring
the Thickness of Paper.
the paper is always uniform, as the instrument
is constructed so that
directly the pressure
reaches a certain fixed a.mount the spindle ceases to advance when the head is
These are obvious advantages in any
turned.
instrument for measuring the thickness of paper.
(5) In the absence of any special apparatus the
paper must be folded over several times and the thickness determined with a pair of small callipers and a
fine scale showing an inch divided into fiftieths, or
one-hundredths.
The thickness of the paper is an important
element when the question of the bulk is considered

reference
the binding of books.

in

to

The errors of
measurement
Dial Gauge for
measuring the Thickness
of Paper.
Fig. 85.

not
should
exceed 5 or 6

percent. The
bulkof a numFLG. 85A.
Ciceri Smith's Micrometer.
ber of sheets
required for a book ought to be over-estimated rather than under-estimated, as
it is easier to
compress the papers slightly to fit the cover than to correct the
mistake of using a cover which has been made too large
through underestimation.

TABLE
Examples.

X.
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Strength. The strength of a paper may be recorded in several ways. It
be measured in terms of the weight required to break a strip of given width
and length, or in terms of the pressure required to fracture a sheet fixed

may
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horizontally between two suitable clamps the former being regarded as the
breaking strain and the latter as the bursting strain.
Of the machines which register the breaking strain by means of tension
applied to the strip of paper held vertically, or horizontally, between two clamps

there are several well-known types.

Fig. 8 7 A.

Improved form of Schopper's Paper-testing Machine in which the
is stretched by hydraulic power instead of a hand wheel.

paper

The Schopper machine. This is the recognised standard machine which has
been devised to meet the requirements of the Government paper- testing institutes
in Germany.
The strip of paper cut to a definite width of 15 millimetres (fiveeighths of an inch) and a length of 180 millimetres (seven inches) is fixed
vertically between two clamps and submitted to tension, which is produced by
the movement of a heavy weight actuated at a uniform rate. The instrument
also records the amount of elongation which the paper undergoes before it breaks.
When the paper breaks the pointers remain stationary so that the readings of
breaking strain and elongation can be noted.
The operation of the machine (see Fig. 87) is as follows The strip of paper
When
cut to the proper length and width is inserted between two clamps]^ E^
:
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the handle is turned the clamp E^ is drawn slowly downwards, and this movement
causes the lever A to move gradually outwards along the segment B by means

Fig. 88.

Leuner's Paper- testing Machine,

e'

8

Fig. 89.

6

Diagram

t 2

of

Curve registered automatically on

Leuner's Paper-tester.

Fig. 90.

Wendler's Paper-testing Apparatus.

C attached to the upper
the paper breaks the lever A remains stationary, being
held in position by lugs which drop into small notches cut on the segment B.
The stretch of^the paper while under tension is registered by means of a
of a rack

work

end of the

6-,

lever.

which operates on the small segment

When
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which measures the stretch on a small segment attached

The Leuner machine. The paper cut to a standard size of 15 millimetres
wide and 180 millimetres long, is inserted horizontally between two clamps.
The tension is applied through a spiral spring actuated by a hand wheel or by
means of a small water motor.
The breaking weight and elongation are
automatically registered on a piece of squared paper.
(Fig. 88.)
The Wendler machine. This is a convenient apparatus in which the tension
is produced by means of
a spiral spring, and the
elongation measured by
a slide and pointer.
This
machine
is

simple in construction,
the paper being stretched
horizontally between two
clamps.
By the move-

ment

of the handle

clamp

is

one

the tension applied to
the strip by means of the
spiral spring attached to
the second clamp.
The Marshall machine.
This finds considerable
favour in England because it is a cheap, portable and convenient apparatus.

Fig. 91.

Marshall's Paper-tester.

drawn back and

Fig. 92.

Section of Marshall's Paper-tester.

The width and

length of the strip can be varied, and this is a special feature of the machine,
which proves very useful for certain investigations. The elongation of the paper
under tension can be measured.
The paper which is to be tested is fastened between the two clips AA. As
soon as the screw B is turned to the right, a pressure is put on the spring C
(through the straining of the paper), which is connected with the spindle D, the
joint E and the segment which gears into the pinion, working the hand, and
registers the breaking strain in pounds on the dial.

The spiral spring G serves as a stop for the spindle D, so that it stops exactly
on the spot to which the pressure on the spring C has brought it.
By turning the screw B to the left, the hand moves back to zero (the startingpoint).

The

plate

A

indicates the stretch of the paper.

The Carrington machine. One of the early forms of paper-testing machines.
The width of the strip can be varied from \ inch to 2 inches.
It is used by

H.M.

Stationery Office for testing brown papers.
(Fig. 93.)
The Jackson machine.
This has been introduced for testing strips up to
4 inches in width.
It is simple in construction, consisting of an ordinary spring
balance mounted on a stand, and provided with clamps for the paper.
(Fig. 94.)

In testing paper for the breaking strain, several interesting questions arise.
It is
(1) The necessity of selecting some standard length for the test strip.
clear that the selection of a short strip tends to give a high reading, while a long

may be expected to give a low reading. For example, a strip 12 inches
long will give a lower result than the average of four tests on strips each 3 inches
If the 12-inch piece breaks at 16 Ibs., the strength of the paper is taken
long.
strip
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but if the piece had been cut up into four strips, only one
would break at 16 Ibs., the others breaking at higher figures, say 17,
This would give an average of 17J Ibs.
18 for example

as 16 Ibs.

;

Fig. 93.

of

18,

them
and

The Carrington Paper-tester.

Fig. 94.

Jackson's Paper-tester.

The following experimental result serves to illustrate this point
A brown paper of good quality, substance 29 Ibs. double crown, was examined,
Table XI. gives the
various lengths of constant width (J inch) being tested.
figures for each length, five tests being made in each case.
:

TABLE XI.
Length of

strip.

2 inches

10
12

Breaking strain (mean
of five tests).
6 -90 Ibs.

6-85
6-67
0-60
6-30
5-80

.,

,
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(2) The necessity of having a definite ividth for the test piece.
Theoretically
width should have no influence on the breaking strain, since a 2-inch strip might
be expected to stand double the breaking strain of a 1-inch strip. As a matter
of common experience, it frequently happens that the wider strips favour a
higher result. The following tests show the variations of an actual case
Examined a common printing, 28 Ib. double crown, testing strips of varying
width on a constant length of 3 inches (between the clamps).
Each figure
:

recorded

is

the

mean

of five tests.

TABLE XII.
Width

of strip.

Breaking strain
(calculated to a standard

width of

0-25 inch
0-50
0-75
I'OO
1-25 inches
1-50
1*75
2-00
.

9-40
13-60
14-56
16-10
16-36
16-57
16-50
16-57

1 inch).

Ibs.

The influence of the conditions under which the tension is applied to the
Usually the tension is applied at a constant rate, the speed of the
machine being carefully regulated as far as possible. This method, however,
takes no account of the variation in stretch exhibited by papers or by the same
paper in the two directions of the sheet. Very little investigation has been
(3)

paper.

made as to the proper conditions for the rate of application of the tension in
the case of paper. If one paper has twice the percentage stretch of another,
and both are tested in a machine in which the rate of speed is constant, then
the former would take a longer time to break.
The exact effect of varying
times ought to be thoroughly investigated.
The moisture of the air has considerable
(4) Influence of moisture in the air.
effect upon the strength and elasticity of a paper.
As the proportion of moisture
in the air increases, so the strength decreases, and the stretch
of the paper under tension increases.
This question has been
very fully studied by Herzberg, who gives the results of an
interesting investigation with a good writing paper made of
rags, sized with rosin, and 'tested under varying conditions of
moisture.
(See Table XIII.)
Machine direction ofpaper. The strength of paper is never
absolutely the same in both directions of the sheet, even in
the best hand-made papers.
With machine-made papers the
difference is usually very marked, the strength being greatest
in what is known as the machine direction
that is, the direction in which the wet pulp is travelling on the wire during its
DeterFig. 95.
formation into paper. When the sheet of paper under examinmination of the
ation is a normal sample, so that it may be assumed the edges
Machine Direcare cut strictly parallel to the machine direction, as is usually
tion of Papers,
the case, the two directions are readily identified by the differences in the tests for strength.
If the sample is irregular in shape, without any
folds, and the directions cannot be determined by a close examination of the
appearance of the sheet when held up to the light, the machine direction may
be detected by floating a circular disc on water for a few seconds. The paper
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carefully removed so that the upper
surface is not wetted, and placed on
the back of the hand. The paper curls
up into a cylinder, the axis of which
is parallel to the machine direction of

is

the sheet.
tjj

O

5

g

If two strips, each 3 or 4 inches
long and about 1 inch wide, cut from
the machine and cross directions rebetween
spectively, are held together
the thumb and finger at the ends, and
allowed to move freely, they behave in
a peculiar manner, as shown in Fig. 96.
is that
(1) When the lower strip
cut in the machine direction, the two

gocooooocococc

pieces

$s

hang

close together.

*,

X CO GO

i

I

O3 O? CO OO

i

I

Fig. 96.

^(f^-^ii^-i^oooooo

Determination of the Machine
Direction of Papers.

(2) When the lower strip is that
cut in the cross direction, it falls away
from the upper strip.

The explanation of
obvious enough.
o

^

^
^

c

'

T;t

t

^ oo<

'--

this

test

is

Breaking Length. The strength
also be recorded by calmay
"

of a paper

breaking length," or the
paper which, if suspended,
would break of its own weight. The

culating the

length of
e

g
?

.

r
05

^

8"

data necessary for this calculation are
of the strip tested,
(1) the exact weight
the breaking-strain
(2) its length, (3)
In the absence of
as found by trial.
a delicate balance for weighing the
be calculated
strip, the figure may
approximately from the weight of the

The following example will
ream.
serve to show the method of arriving
at the breaking length from these data:
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Example.

A

paper

of

substance 20" by

30", 72

Ibs.
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(480

sheets), is

tested for breaking strain on a strip I inch wide and 5 inches long, and breaks
at 60 Ibs.
can be found.
Since the ream weighs 72 Ibs., the weight of a strip 5" by

V

480 x 20 x 30 square inches weigh 72 Ibs.
Hence 5 square inches weigh ^J^ Ib.
If for the 60 Ibs. weight necessary to break the paper a length of paper
weighing 60 Ibs. be substituted, fracture of the suspended length would take
place.
Ib. is the weight of a strip 5 inches long, 60 Ibs. is that of a strip
As
240,000 inches long, which is the breaking length, viz., 6666'6 yards.

~^

Fig. 97.

Mullen's Paper-tester.

The rule for finding the breaking length is therefore multiply the breakingstrain recorded on the testing-machine by the length of the strip tested, that is
by the length of the piece between the clamps on the apparatus, and divide the
product by the weight of the strip.
:

Machines which register the strength of paper in terms
break a sheet fastened between two horizontal
because
no
are
useful
special
precautions are required in adjusting the
clamps
paper, whereas in the tension machines great care must be exercised not only in
cutting the strip to an exact width with edges clear and free of notches, but also
in the adjustment of the paper so as to secure correct alignment in the machine
between the clamps.
This is one of the most useful appliances of this type. It
Mullen's machine.
Bursting-strain.

of the pressure necessary to

consists of a small hydraulic cylinder with a pressure-gauge attached, The paper
is clamped over one end of a cylinder filled with glycerine, having a flexible
rubber diaphragm between the liquid and the paper. The liquid is supposed to

conform perfectly to any irregularity in the paper, and thus the pressure acts
uniformly.
(Fig. 97.)
This works on the same principle as Mullen's, but the
Southworttis machine.
pressure is transmitted through a metal piston, which is forced upwards through
the sheet of paper. (Fig. 98.)
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Woollens machine. This is a diaphragm apparatus in which the piston is
The strength of the paper is registered
forced downwards through the paper.
on a scale of arbitrary degrees, whereas in the other machines the pressure is
recorded in pounds per square inch.

Southwortb Paper-tester.

Fig. 98.

Elasticity

and Stretch.

(Fig. 9 HA.)

These terms are usually applied to the behaviour

of paper as it elongates when under the influence of tension on a paper-testing
The term stretch is also frequently applied by printers to the
machine.
when it expands on becoming moist. The use of the word
behaviour of

paper

in

this double sense

and

it

is

rather misleading,

would be better to confine the word

" stretch " as
meaning the elongation of paper
when submitted to tension, and to describe
the behaviour of paper when moistened, by
the term " expansion."
The stretch of a paper is automatically
registered

by most paper-testing machines
is examined for strength.

when the paper

Since it varies with the length of paper
tested the amount of elasticity or stretch is
recorded in terms of the percentage elongation which results from the tension applied,
Thus if the elongation on a four-inch strip at
the moment of fracture is three thirty-seconds
of an inch, then the percentage elongation is
2-3.

There are many interesting points to be
observed in connection with the behaviour of
a paper when it is stretched.
and the
(1) The paper always stretches least in the stronger direction,
a
machinestretch
is found in the weaker direction.
In
percentage
greatest
made paper the maximum stretch is found in the cross direction, and the
minimum stretch in the machine direction. This is also true to a limited extent
It is usually assumed that the strength of a hand-made
of hand-made papers.
paper is the same in both directions of the sheet, but as a matter of fact there is
always a uniform difference, though not so marked as in the case of machineFig. 98A.

made

"VVoolley's Paper-tester.

papers.
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The

elasticity of paper is partly permanent and partly temporary, the
('2)
paper behaving to some extent like a piece cf metal, since the total

elongation

produced does not remain permanent when the paper is released from tension.
The total elongation, therefore, can be divided into temporary and permanent
stretch, and these qualities can be easily measured in the following manner
Two pencil lines are drawn on the strip of paper which is to be tested, at
any convenient distance apart, the line being drawn at right angles to the length
After the paper has been fractured, the two pieces are removed
of the strip.
from the machine and joined together again at the point of fracture, being laid
flat upon a table for this purpose.
The distance between the two pencil marks
is accurately measured.
The increase of distance between the two marks is a
measure of the permanent stretch, while the total elongation indicated by the
machine shows the total stretch. The difference between the total stretch and
the permanent stretch is a measure of the temporary stretch. Some interesting
details in connection with this matter will be found in chap. xiv.
Resistance to Wear and Tear. The methods for measuring the resistance
of a paper to friction and folding are for the most part of a purely
empirical
nature, though in Germany machines are used in the Imperial testing
:

institutes.

The crumpling test. The paper cut to some convenient dimension of about
four or five inches square is crumpled up between the fingers, opened out and then
turned over, crumpled a second time, and this operation repeated as often as
After each five or six operations, the number of holes appearing in the
desired.
paper are counted, in order to see the rate at which the paper wears out. For
very strong paper at least 120 operations are necessary to produce even a minute
hole, but the average run of ledger papers, for example, will show holes much
sooner.

Example.

A

bank note paper gave the following

results

:

TABLE XIV.

A

record of this character is more satisfactory than a general statement that
the paper is weak or strong.
The holes produced in the above case were exceedingly small and could only
be observed when the paper was held up in front of a strong light. Although
this method appears to be rather rough and ready, yet it is a valuable indication
of the wearing qualities of the paper.
This test, in conjunction with the test
which measures the loss of strength due to folding, enables the observer to form
quickly and readily a reliable judgment on the merits of two or more papers.
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By plotting out the results of the above test in the form of a curve, it may
be noted that the number of holes produced is almost in direct proportion to the
number of operations, that is to say, up to the limit tried, the increase up to 110
operations being fairly uniform.
By continuing the crumpling test it would be
easy to find out whether the paper might be expected to wear out gradually or

20

30

40

Number of
Fig. 99.

to give
case of

Curve to show the

way suddenly when the

holes.

effect of testing

Paper by crumpling.

had reached a certain point. In the
up to about 120 operations, it
in order to determine finally and definitely the
friction

two papers which give similar

results

would be necessary to do this
differences between the two.
In the Government testing institutes in Germany the papers are classified
for resistance to crumpling according to the descriptions given in Table XV.

TABLE XV.
small.

0.

Extremely

1.

Very

2.

Small.

3.

Medium.

4.

Fairly large.
Large.

5.

small.

6.

Very

7.

Extraordinarily large.

large.

The only machine for measuring the resistance to folding and crumpling is
Schopper's machine, the general appearance of which can be seen from Fig. 100.
Resistance to Folding. The simplest method of measuring the effect of
folding is to ascertain the loss of strength due to repeated folding of strips of the
Strips of paper of the same width and length as those taken for the
paper,
determination of strength, are folded over and over in the middle a certain
number of times according to the quality of the paper, and then tested for
The loss of strength measures the effect of the folding.
strength.
It is advisable to take several strips in each direction, and to note the mean
results.

Example.
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A paper having a mean strength of 30 Ibs. before folding,

after 150 foldings a strength of 18 Ibs.
loss of 40 per cent.

A

The

loss is

12

lb?.,
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shows

giving a percentage

simple apparatus has been devised by Kirchner for producing the fold

Fig. 100.

Apparatus for testing the Resistance of Paper to Crumpling.

under definite conditions. It consists of a heavy roller working in a grooved
block of wood which ensures that the amount of pressure acting on the strip is
always the same.
One modification of the test is useful for
some papers, especially those which have to be
repeatedly folded in actual practice.
For this special folding test, a square piece of
paper, six inches by six inches, is cut, the weaker
and stronger directions being suitably indicated
on the sheet. This paper is then folded in four,
the finger of one hand being rubbed with even
pressure along the folds away from the centre,
101.
Kirchner's Apparatus
one finger of the other hand being kept at the Fig.
for testing Resistance to Foldcentre in order to prevent the paper tearing
ing,
away at that point.
The paper having been folded once, is opened up, smoothed out, then turned
over and folded again along the same creases. This operation is repeated a
certain number of times, the appearance of the centre qf the sheet being carefully recorded after each ten foldings,

H
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Table XVI. shows the record for one paper tested in the manner described.
Naturally, the remarks are only of comparative value, as they cannot be expressed in numerical terms. The appearance of a small hole at an earlier or
later stage of the test is a fairly good indication of what may finally be expected.

TABLE XVI.
Number

of

Appearance of centre of Sheet.

folds.

10
20
30
40
50
60
70
80
90
100
110
120

After 1 20

Minute

hole.

Slightly larger.
Slight crack near hole in one direction.

No

change.

Slight crack near hole in another direction.

No

change.

Hole cracked

folds,

in

both directions, T\th inch each way.

more or less, the paper was opened out, and two strips each five
way of the sheet, as shown in Fig. 102 c. The strips were

inches long, cut each

(a)

Fig. 102.
Diagram to illustrate Test for Loss of Strength due to Folding,
six inches by six.
Dotted lines indicate position of folds.
() Paper
folded in four. Arrows indicate direction of
rubbing. (<?) Paper
after folding.
Diagram showing method of
test

Paper

cutting

slips.

then put into the machine, and tested for strength. The
paper naturally broke
across the fold or crease, giving the results set out below
The original strength of the paper in its normal condition was
:

:

Direction
Direction

A

37-2 Ibs.
24-0 Ibs.

B
Mean

30-6 Ibs
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After the test made as described
Direction
Direction
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:

A

22 -6

B

15'0 Ibs.

Mean

.

.

.

Ibs.

18-8 Ibs.

Thus, the paper having an original breaking weight of 3O6 Ibs.
being folded 120 times to require 18 '8

sufficient strength after
fracture.

still

retained

Ibs.

to cause

Lo-s due to test = 30(5 less 18'8 = 11 '8 Ibs., which amounts to 38'5 per cent.
Nature of Tear. Just as paper behaves differently when it is tested for
strength in the two directions of the sheet, so it gives varying results when the
" tear" is examined in two directions.

The common method for making a rough comparison between two sheets of
is to make a slight tear in the sheet of paper in both directions, a judgment being formed as to the general condition of the paper from the appearance
of the torn edges and the amount of force required to tear the sheet.
Such a
paper

comparison is apt to be misleading, as it does not always follow that a paper
which tears better than another is necessarily stronger. In the case of handmade papers, for example, the tear is by no means uniform all over the sheet.
A paper may sh jw a strong tear at the deckle edge and a weaker tear if the
deckle edge is first removed.
Considerable practice is required in coming to a
decision that one paper tears better on the average than another, for a very
little consideration will serve to show that it is difficult to establish precisely the
"
"
The whole of the
relation of the " tear of a paper to its " absolute
strength.
and
the
results would certainly be
a
deal
of
subject requires
good
investigation,
interesting and instructive.
Generally speaking a paper will tear most easily in the direction which shows
the greatest breaking- strain.
greater proportion of the fibres which compose
the sheet point in that direction and consequently the tear takes place in between
the fibres, so to speak.
On the other hand, when the paper is torn across the
direction of greatest strength the torn edge will show a far larger number of
fibres protruding from the sheet, the tear being across the greater number of
fibres rather than parallel with them.
Sizing Qualities. The extent to which a paper is sized is determined in a
rough and ready manner by the application of the tongue to its surface. If the
moisture sinks in rapidly the paper is regarded as being only slightly sized.
Of course an empirical standard of suitability is thus set up, which probably
in many cases is sufficient for the purpose, but such a method is quite inadequate
when the degrees of sizing have to be compared more closely.

A

The methods generally employed for testing the water resistant properties,
or sizing qualities of paper, may be described under three heads. Attempts have
thus been made to express the extent to which a paper has been sized in
numerical terms, and although such terms are arbitrary, they afford some
degree of comparison.
The test for the strength of sizing may be made: (1) by the writing of
characters or lines 011 the paper with different strong inks.
Three kinds of ink are usually applied to the surface of the paper. The
strongest and most penetrating is the ink prepared from logwood, a medium ink
being the ordinary fluid obtained from iron and gallnuts, while for weak inks

and aniline colours are used.
The inks can be applied to the surface

alizarine

of the paper by means of a soft quill
pen, or better still, with a drawing-pen, the points of which are well rounded,
so that the surface of the paper is not scratched in any way on the application.
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of the pen.
also acts as

A
an

glass tube

drawn out to a fine point, well rounded in a gas flame,
The principal precaution necessary is to take care

efficient pen.

that the pen does not disturb the surface of the paper.
Evidence of the strength of sizing is obtained by watching the spread of the
With a badly sized sheet the ink tends to spread. Then the disappearance
ink.
of the little ridge of ink produced by the pen, as the ink penetrates the paper,
With a badly sized sheet, the ridge quickly disappears.
is a useful indication.

The following

test can be used
Allow one drop of ink to fall upon each of the sheets of paper to be comat first the drop is spherical, but after a while it becomes slightly
pared
With well -sized papers the drop will retain
flattened and covers a larger area.
its spherical form for a considerable period.
In the ordinary application of the test with these inks, it is usual to draw a
cross, consisting of four strokes, two parallel with one another in the horizontal
direction, and two parallel with one another in the vertical direction across the
:

;

former.
(2) Leonhardi's process for estimating the
sizing quality of paper is an advance upon the

ink method.

A

chloride of iron

solution of

definite

strength containing 1-53 per cent, of iron,
and a 1 per cent, solution of freshly prepared
9|t
7
tannic acid, are required. (Fig. 103.)
Fit up a burette or pipette in a suitable
stand, so that the lower end is about four
inches from the table.
Place the paper to be
tested under the burette, and allow one drop
of the chloride of iron solution to fall on the
surface of the paper.
Keep the drop on the
paper for as many seconds as may be equal
to the weight of the paper in grammes per
Fig. 103. Leonhardi's Test for Sizsquare metre. Then remove any excess of
of
with
ing Qualities
Paper,
Paper
solution quickly with blotting paper. Reverse
shown in Position.
the paper, and moisten with the 1 per cent,
() Pipette containing chloride of tannic acid
by means of a pad of cotton wool,
iron solution.
taking up any excess with blotting paper.
of chloride of iron re(7y) Stock
The extent of the coloration is a measure
agent.
of the strength of the sizing.
Even this test is merely an empirical one, and the results obtained are of a
somewhat negative character. That is to say, one can readily sort up a number
of papers into two or three classes, but in the case of samples which may all
happen to be well sized no effects will be produced, and in this way the test is of

no service in discriminating between well-sized papers.

For many purposes
be unnecessary, but it is obvious that, under
"
surface test would be useful.
special circumstances, a delicate
and
Neumann's
method
for the determination of the strength
(3) Schluttig
of sizing in papers is an ingenious attempt to record this somewhat uncertain
property by a numerical expression.
The paper is arranged upon a sloping stand, the sides of which are placed at an
angle of sixty degrees. The chloride of iron is not brought upon the paper by means
of a drawing-pen, but is allowed to flow from a measuring tube down a grooved
The solution contains 100 parts by
plate which is placed above the paper.
weight of chloride of iron, one part of gum arabic and two parts of phenol. A
definite quantity of the solution is employed and three lines are thus producecl on
such a degree of refinement

may
"
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the paper, parallel with one another. The paper is left for fifteen minutes and
then reversed, in such a manner that the iron chloride strokes are horizontal. On
the reverse side of the paper a solution of tannic acid
containing 0'2 per cent.
phenol is allowed to flow in precisely the same way. (Fig. 104.)
By this means three horizontal 'lines of iron chloride solution on one side of
the paper are crossed by three
vertical lines of tannic acid on
the other, forming nine points
of intersection.

With papers

lightly sized, the nine points of
intersection appear very black,

owing to the contact

of the
tannic acid with chloride of
iron.
An intense black colour
With
appears in the paper.
better-sized papers the coloration
is
less
marked, the
chemical action taking place
inside the
sheet below the

Fig. 104.

Schluttig and Neumann's Apparatus for
testing Sizing Qualities of Paper.

surface.

The cross points do not colour up equally, and the gradual development of
the black colour can easily be watched.
With very heavily sized papers no
effect is

produced at

all.

The authors

of the process
that they are able to
detect small differences in sizing
quality, and that the results of
their method are in strict accordance with the effects pro-

claim

duced by writing inks.
Fig. 105.

They

also claim that the penetration
effect of a drop of chloride of

Sizing Tests.

iron allowed to fall upon the
surface of the paper, as in the
method of Leonhardi, is not the same as that produced by allowing the solution
to flow on at an angle of sixty degrees, as in their process.
In the case of highly
glazed papers penetration of the ink takes place more readily with the vertical
fall of a
drop of solution than with the

oblique direction.
modification

A

of

Schluttig's

method

can be tried by drawing three lines of
different widths on one side of the paper

by means

of an ivory- pointed drawing-pen,
using the chloride of iron solution, allowing the solution to remain on the paper a
given time. The excess of solution is then
removed by blotting paper which should
not be pressed down, but merely brought
into contact with the liquid.
The paper is
reversed and similar lines drawn at right
This is
angles, using tannic acid solution.
also allowed to remain for a definite period,
excess removed as before, and the development of

intersection watched for.

Fig. 106.

Sizing Test.

bkck marks

at the points of
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The method

is

represented by the conventional diagrams shown in Figs. 105,

106.

Winkler has constructed the following table (XVII.), comparing the various
"
methods, giving a scale of degrees for the strength of sizing."

TABLE XVII., showing

Classification of

Paper for "Strength of Sizing."

Absorptive Capacity. The capacity of a paper for absorbing moisture may
be determined by one or two methods. This quality is of the greatest importance
in blotting papers, filter papers and copying-papers.
rough comparison of blotting papers is generally made by observing the
effect of applying the various papers to characters written on a sheet of highly
when some ink is
glazed paper. The general behaviour of the blotting paper
thrown upon it from a pen is also observed.
The capacity for absorption is expressed in numerical
Strip tests with ivater.
values by means of a simple appliance. Strips of blotting paper about half an inch
wide and six inches long are suspended in any convenient manner.
These strips are then suspended with the lower end dipping into water, to the
and then more
depth of about a quarter of an inch. The water rises rapidly at firat,
rises in ten
water
which
the
to
saturated.
The
becomes
as
the
height
paper
slowly
minutes is then noted.

A
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In making this test it is advisable to note the time taken for every half-inch
from the surface of the water. Some papers will give a rapid absorption for the
first five minutes and then show a great falling off in the rate. Other papers will
absorb more evenly all the time. These points should be carefully noted because
they afford additional evidence as to the value of the paper.

OF THE

UNIVERSITY
OF

Fig. 107.

Apparatus for
"

Dr.

shown

Klemm
in Table

Absorbency of Paper by the
Method.

testing: the
"

Strip

has constructed a scale of degrees for use in his laboratory, as

XVIII.
TABLE XVIII.

Height of absorption after 10 minutes.

Less than 20

mm.

20 to 40
41
60

mm.

.

.

Relative absorbency.

Very poor.
Poor
Fair.

Good.

t

More than

Very good.

A

similar test for absorbency, using Stephen's blue-black
Strip tests with ink.
ink in place of water, affords valuable information.
This test can be still further extended by allowing the strips of blotting
paper to become perfectly dry and then submitting the same strips to the ink
test a second time.
Poor blotting papers will show a marked reduction in the
ahsorbency when put to this seveie test.
Blot tests with ink.
Another test much used by stationers and users of
blotting papers is to make a large blot on the paper and allow the blot to
If the paper is a good one the blot will
dry.
appear even and uniform, but if
t e paper is defective the blot is surrounded by an outer ring of different
appearance to the inner zone.
If this test is made under strictly comparative conditions some useful indications of quality can be obtained.

PAPER TECHNOLOGY

120

The test may be applied
The paper in the form

as follows

:

is placed under the
end of a small burette containing Stephen's blue-black writing ink.
The
paper is so arranged on a tumbler that the blot will form freely without

Fig. 10&/.

of a sheet four inches square

Blot of Ink produced on Paper of Good Quality.
Outer zone small.

touching the edges of the tumbler, with its surface about half an inch below the
A definite quantity of ink, half a cubic centimetre, is dropped on to
burette.

Fig. 108J.

Blot of Ink produced in Paper of

Bad

Quality.

Outer zone large.

the paper, drop by drop, each drop being absorbed before the next is allowed
to fall.
The time occupied in absorbing this quantity is also noted. When
the blot dries out the diameter of the rings is calculated.
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Now

the points to be noted in connection with the blots are
The time required to produce a blot under the conditions set out.
(2) The total area or size of the blot.
(3) The proportion of the area occupied by the outer zone.
Some experimental results are embodied in the following tables
:

(1)

:

TABLE XIX., showing Time required

to

produce a Blot from 0'5

cc.

TABLE XX., showing Total Area of Blots and Areas of Zones (square

TABLE XXI.

Ink.

inches).

Absorption Height in 10 minutes, in millimetres.

It is well known that the formation of a large outer zone indicates a poor
If lines are carefully ruled across the blots in ink the nature
quality of paper.
of the outer zone is at once revealed, by the non-absorbing character of the
surface of the paper which is covered by the outer zone.
Some curious results are obtained by producing a blot of ink in situ on the
blot is first formed on the
paper by means of tannic acid and ferric chloride.
paper by means of a 10 per cent, solution of ferric chloride, half a cubic centimetre being used as before. The yellow stain produced is allowed to dry, and
half a cubic centimetre of tannic acid is allowed to drop on to the centre of the

A
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yellow stain, the paper being turned over before the application of the tannic
black ink mark is obtained owing to the combination of the two
acid.
The results obtained are very striking, and should be capable of
chemicals.

A

Fig. lQ9d.

Effect of producing a Blot by means of Iron Chloride and Tannic
Acid in a Paper of Good Quality.

Fig. 109&.

Effect of producing a Blot by

means

of Iron Chloride

and Tannic

Acid in a Paper of Poor Quality.

of
interpretation as a means of affording further knowledge as to the capacity
the paper for absorbing moisture.
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Filter Papers.

Professor

Herzberg has devised a simple apparatus for

testing filter papers.
It consists of a long glass tube, the bottom of which is connected to a metal
is
U-shaped tube provided with a tap. The sheet of the paper to be tested

inserted between the open end of the
U-shaped piece, and a small cap which
can be fastened above the sheet of

paper. The working of the apparatus
from the diagram.
is
self-evident
Water is maintained in the tube at a

constant level, and the water which
flows through the paper is caught in
For filter papers
a measuring flask.
For watera rapid flow is desirable.
proof papers the cap can be modified
in shape so as to form a simple clamp
for holding the paper in position.
Impervious ness to Water and
Air. The capacity of a paper for
resisting moisture, as distinct from
the extent to which it is sized is a

quality peculiar to special papers, such
as waterproof and grease-proof papers.
An approximate method for test-

ing the water resistant properties of

Herzberg's Filter Paper
Testing Apparatus.

Fig. 110.

is to immerse a sample of the
paper in the water for a few moments,
and then to weigh the paper after removing very carefully all excess moisture
from the surface by means of blotting

a paper

paper.
Apparatus for Testing Airproof
and Waterproof Condition of Paper.

Fig. 111.

A more

accurate method

is

to fasten

a piece of the paper securely to the end
of a long glass tube.
The tube is then
filled with water to any desired height, and the effect of the pressure of the
water on the sheet of paper which forms the bottom of the tube carefully noted.
A poor paper will allow the moisture to pas3 through, so that the under surface
of the paper becomes moist.
An apparatus suitable for testing how far a paper is impervious to air is
shown in Fig. 111. It consists of a hollow glass tube A fitted at the upper end
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with a suitable clamping arrangement, by means of which a sheet of the waterproof or grease-proof paper can be firmly fastened down at the upper end of the
glass tube. The tube is then lowered into another vessel B containing water. The
compression of the air inside the tube A, caused by immersing the lower end into
the water contained in B, exerts a pressure on the sheet of
At the compaper.
mencement of the test, the height at which the water stands in the tube A is
If the paper is not impervious to air, the water will
carefully noted.
gradually
rise to a higher level in the tube A,
owing to the escape of air through the pores
of the paper.
The "blister" test is sometimes used for grease-proof papers.
The blister
caused by a lighted match brought into contact with the under surface of the
paper is due to the formation of steam in the paper from the natural moisture
The
always present in it.
outer surface of the paper
being presumably waterproof
does not allow the steam to
escape rapidly.
Turpentine
oil can also be used with advantage.

Grease-proof paper
quality will not
allow turpentine to pass
through, and the additional
advantage of the use of
turpentine is that small
holes which sometimes occur
in
parchment paper are
readily detected, whilst the
blister test does not show
them.
of

good

"

The Transparency of
Paper.
Fig. 112.

The

transparency

of a paper may be expressed
in terms of the number of

Apparatus for the Measurement of the
Transparency of Paper.

thicknesses of paper which
must be placed between the
power in order to completely

eye of the observer and a standard light of known
intercept the light.
Dr. Klemm has devised a simple apparatus for the accurate measurement of
transparency, which consists of an illuminating tube and an observation tube.
Between the two tubes is mounted the arrangement for holding the sheets to be
tested, the number of which is increased until they completely intercept the
This number, multiplied by the weight per square metre, gives the
light.
relative transparency.
The luminous field is furnished by a Hefner-Alteneck
amyl-acetate lamp of one-candle power mounted at a distance of 10 centimetres
from the end of the ground glass disc which forms the inner cover plate. The
distance of the observation tube (the normal length of which is 25 centimetres)
is regulated to suit the observer's vision
by means of a rack and pinion. The
cover plate of the inner end of this tube consists of a square frame provided
with hooks to hold the sheets as they are placed in the frame. As each fresh
sheet is inserted, the observation tube is screwed back till it touches the glass
plate of the illuminating tube so as to hold the sheets in a vertical position.
Stray light is avoided by a cap covering the illuminating tube.
The number of sheets required to render the light invisible is a measure of its
transparency.

If,

for example,

twenty sheets

of

paper are required to obliterate
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the light, the paper will be one-twentieth of the thickness necessary to render
This fraction is a measure of the absolute transparency of the
it opaque.
paper.

By taking the weight of the paper into consideration, then the relative value
of the transparency of the paper can be expressed in simple numerical terms.
Example.

Let number of sheets used to obliterate the light be N.
Let
equal the weight of a given area of paper.
Then relative value of transparency is WN.

W

Colour and General Appearance.
usually expressed in numerical terms, as
of

rec9rding

means

them.

These properties of a paper are not
exceedingly difficult to find methods

it is

The only

for registering the colour

by the use of an instrument known as the Tintois
This
instrument
meter.
of paper is

employed in many industries,
such as the manufacture of sugar,
soaps,

oils,

paint,

iron,

steel,

flour, &c.

The
apparatus

the
optical
part of
consists of a double

B

tube of square
parallel-sided
section, fitted with plain holes
for binocular vision C, and with
grooved partitions at the lower

end

J.

The instrument can be
any required angle.

to

tilted

Fig. 113.-Tintometer.

(Fig. 113.)

The opaque substance to be measured is placed on the foot of the base F,
opposite one of the tubes, and a standard white surface is placed by its side
Standard coloured glasses are then inserted in the
opposite the other tube.
grooves of the tube opposite the standard white surface until the colour of the
latter, viewed through the apparatus, matches the unknown or unmeasured
colour.

The standard white surface is prepared in the following way "
represents two pieces of glass, one larger than the other, cemented together, the
smaller piece just fitting into B, which is a rectangular frame
of an inch
deep this fits to a tray C, also y^ of an inch deep. B and C are fitted together,,
filled with the standard white substance, and the latter is then levelled off; the
powder is pressed lightly down with the small side of the glass presser. in order
to remove the frame B more easily from the tray C.
The broad side of the
The
presser is used to compress the powder even with the sides of the tray.
whole arrangement is shown in section at D." (Fig. 114.)
The tray is placed at F, opposite one tube, and the paper to be matched
previously pinned on to a small block of wood equal in size and height to the
tray, opposite the second tube.
The insertion of coloured glasses is an operation which is readily mastered
after a little practice and assistance from some one accustomed to the
:

A

^

;

instrument.
The standard glasses.
complete series of glasses consists of 155 slips for red,
yellow, blue making 465 in all, but a full set is only required when very marked
The gradation in each colour is the
differences in colour are being measured.
same, commencing with '01 (as the lowest practical unit, although others lower

A

;
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of three glasses in
still can be used), and
one colour, each of the value of one unit, will give the same effect as the one glass
marked 3 units. A combination of red, yellow and blue in equal units of each
will produce a neutral tint light or dark, according to the units employed.
In the analysis of an orange coloured paper three glasses were used, red
having a value of 4-4 units, yellow, a value 2*8 units, and blue 1-2 units.
The colour of the paper is not permanently recorded in terms of the
standard glasses used, although these are of course registered for reference.

Fig. 11

1.

Apparatus for obtaining a Standard

White Surface.

The visual sensation produced by a colour may differ from that recorded
by the standard glasses used. Three equal units of the standard colours absorb
Hence when all three
light and produce a greater or less degree of black.
are used, the smallest value is recorded as black.
Thus, as the standard glasses
used were
:

The

Red.

Yellow.

4-4

2-8

visual composition, as
Black.

1-2

it is

termed,
Orange.
1-6

Blue.

1-2
is

:

Red.
1-6

a record which, to a colour analyst, is an exact measurement of the colour in
figures, and which in words may be termed a dark orange-red.
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Table

XXII.

gives a

number

of

colour
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readings for some well-known

papers.

TABLE XXII.

Colour Analysis.

Surface and Finish. These qualities of a paper cannot be recorded by any
numerical expression. The amount of finish in a sheet of paper is largely a
matter of taste, and the paper-maker can modify it to suit the requirements
of his customer.
Under these circumstances it is only possible to describe the
paper in general terms.
Feel and " Handle " of the Sheet. These are definite qualities by which
the merits of a sheet of paper are largely judged.
Stationers and printers
"
"
handle when the
frequently decide between two papers by the difference of
are
rattled
and
shaken
As
hand.
a
matter
of
papers
by
daily experience it is
found that good papers rattle considerably when shaken between the fingers,

and

this is usually regarded as a sign of

good quality.

CHAPTER X

THE CHEMICAL CONSTITUENTS OP PAPER
Normal

China-clay

Nature

of loading

Abnormal

size

lime Barytes Agalite Determination of
Sulphate of
Moisture Starch Sizing" materials Gelatine Casein
Acid Chlorine Sulphur Metallic impurities.

ashRosin

The Normal Chemical Constituents.
THE term "normal chemical constituents" may be used as referring to all
the ordinary substances found in paper which are not actually vegetable fibres,
and as distinct from adventitious matter in the shape of impurities.
Under such a classification would be considered
J
Mineral substances added as loading.
2. Mineral matter used for improving surface.
3. Materials necessary for sizing the paper.
:

.

4.

Pigments and colouring-matters.

However

from added mineral substances, all paper contains a proportion
which are not actually cellulose. The most highly purified form
of paper is the specially prepared "filter paper" of Messrs. Schleicher and
Schiill, from which the natural mineral constituents have been removed by
means of hydrochloric and hydrofluoric acids. This paper contains only O02 per
free

of constituents

cent, of ash.

In strong contrast may be noted many of the highly glazed, surface-coated
papers used for half-tone printing, containing 33 to 38 per cent, of their weight
of mineral matter, and 8 to 10 per cent, of common glue, leaving only about
50 per cent, of actual fibre.
Mineral Substances. Although many substances have been employed
from time to time as loading for papers, the list of those in common use is not
large.

China-clay. This mineral is used in large quantity as a filler for news,
cheap printings, and common writings. It is a natural product found principally in Cornwall, England, formed by the gradual disintegration of felspar,
through exposure to air and moisture. It is a hydrated silicate of alumina,
having the approximate composition represented by the formula
:

A1 2 O 3 Si0 2 + 2

and

its

average percentage composition

is

H

2

approximately

Silica, Si0 2
Alumina, Al 2 g
Chemically combined water, H.,O
Natural moisture
,

....

Impurities,

etc.

.

.

.

:

43 '00 per cent.
35 '00
lO'OO
10 00
,,
!

2-00

100-00

,,
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2-5.
Its specific gravity
The better qualities are free from iron, the
absence of which is desirable in clays used for the finer papers.
When the percentage of ash in a common paper exceeds 3 '00, it may be
assumed that the ash is due to china-clay, or kaolin, used as a loading.
The examination of a residue for china-clay depends on certain reactions of
clay when treated with suitable test chemicals.
Concentrated
China-clay is insoluble in water, dilute acids, and alkalies.
hydrochloric acid in the cold decomposes it partially.
Prolonged boiling with
strong sulphuric acid decomposes it, giving an insoluble silica and a soluble
sulphate of alumina.
Under the microscope the particles of clay appear irregular in shape
is

and

size.

Fig. 115.

China-clay.

Fig. 116.

Asbestine.

Silicates of Magnesia, under the more familiar names of agalite, talc,
French chalk, asbestine, are occasionally found in paper, and may be recognised
under the microscope by reason of their crystalline structure.
The exact analysis of the mineral matter or ash which is left behind in a
crucible as the result of burning a known quantity of paper demands considerable chemical knowledge and skill.
If it is known that the ash, for
example, is either china-clay or pearl hardening, a simple test with hydrochloric
acid, as already described, would be sufficient, but the examination of complex

mixtures can only be made by a competent chemist.
Sulphate of Lime. A white crystalline substance, somewhat heavier than
It
china-clay, used chiefly for the better qualities of writings and printings.
occurs under many trade names, such as gypsum, powdered plaster, annaliue,
which are prepared by grinding the natural mineral or as pearl hardening,
satinite, terra alba, mineral white, prepared artificially by adding sulphuric acid
to calcium chloride.
;

Sulphate, of lime is partially soluble in water, and dissolves more readily in
dilute hydrochloric acid.
If the ash of a paper dissolves when warmed with dilute
hydrochloric acid, the presence of this substance may be suspected and sub-

sequently confirmed by chemical analysis.
microscopic examination of the sulphate of lime will usually determine
whether the natural ground product or the precipitated form of mineral has
been used.
Barium Sulphate. A heavy white substance having a specific gravity of
4-4.
The natural mineral when powdered is used under the name of Heavy

A
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The precipitated form prepared by adding sulphuric acid to a soluble
barium salt, such as barium chloride, goes under the trade names, Blanc Fixe,
Permanent White.
Spar.

It is used in considerable quantities as a suitable mineral for coated papers
on account of its purity of colour and brilliancy. When mixed with precipitated
aluminium hydrate it is used as a paste for art papers under the name Satin
White.
Barium sulphate is insoluble in water and acids. It can only be rendered
soluble by fusion with a mixture of carbonates of sodium and potassium in a
The fused mass is boiled with w ater, filtered, and the
platinum crucible.
The examination of a mineral residue in
residue dissolved in hydrochloric acid.
the ash of paper for barium sulphate is based upon this procedure.
Examination of the Ash of Paper. A proper knowledge of chemistry
It is impossible
is indispensable for an adequate analysis of the ash of paper.
to deal with the subject fully in an
elementary treatise, and the following
7

only indicate approximately the
nature of the mineral residue.
(A) The ash is quite white.
If the ash is entirely soluble in dilute
hydrochloric acid when heated in a test-

tests

tube,
cates

china-clay, barium sulphate, siliIf no
of magnesia are absent.

when the acid
added, carbonate of lime is absent.
The ash is probably Sulphate of lime.
The presence of this compound may
be confirmed by dividing the solution

effervescence takes place
is

into two parts, adding
chloride solution to one,

some

barium

when a heavy

a.

Ground Product.

white precipitate will be produced and
adding sufficient ammonia to the second
to completely neutralise the acid, followed

It.

Precipitated Product.

by a

;

Fig. 117.

Sulphate of Lime.

solution

of

ammonium

oxalate,

when a white

precipitate will form.
If the ash is treated with dilute acid as described, any sulphate of lime
If the
is dissolved out, and may be detected by the special test given.

present

as mere traces, then the ash merely
precipitates mentioned are only produced
contains traces of sulphate of lime derived most probably from the hard water
used in the manufacture of the paper.
Any residue insoluble in hydrochloric acid may contain china-clay, barium

sulphate, or silicates of magnesia.
It is dried in a platinum crucible and then fused with a mixture of sodium
and potassium carbonates. When cold, the mass is treated with hot water,
is then
filtered, and the residue dissolved in hydrochloric acid, which solution

added to the hot water extract.

The

silicates in this

way

yield free silica

and soluble

salts,

and the barium

sulphate gives soluble barium chloride.
If the solution is quite clear, china-clay and silicates of magnesia are
absent.
The ash in this case is probably sulphate of barium. It is confirmed by
adding some dilute sulphuric acid to the solution when a heavy white precipitate
is obtained.
If the solution is not clear, but contains a fiocculent gelatinous bulky
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precipitate, then silicates of alumina (indicating china-clay) and of magnesium
(indicating agalite, asbestine, &c.) may be present.
The silica is carefully filtered off, and the clear filtered liquor examined for

alumina and magnesia.

A portion of the solution is heated in a beaker, and ammonia cautiously
added until the liquid retains a permanent smell of ammonia. If no precipitate
is produced, showing the absence of alumina, then the original ash contained no
china-clay.
If a copious gelatinous precipitate
that the ash contained china-clay.

is

obtained alumina

is

present,

and indicates

The solution, if no precipitate is produced, is cooled and a weak solution of
A crystalline precipitate obtained indicates
sodium phosphate added to it.
magnesium, and this may be taken as a proof of the presence of one of the
silicates of

The

magnesia.

a precipitate is produced, is boiled for ten minutes in order
may be completely separated out. It is then filtered and
examined for magnesium as described. Absence of the characteristic crystalline
precipitate when sodium phosphate is added indicates the absence of any silicates
of magnesia in the ash of the paper.
(B) The ash is coloured.
If the ash derived from the burning of a paper is coloured, some indication of
the pigment used as the colouring medium may be obtained. Aniline or vegetable
colours are destroyed by the combustion of the paper, and these must be examined

that

all

solution,

if

the alumina

by another

process.

the ash is blue, ultramarine, prussian blue, or smalts may be present.
seldom used on account of its high price.
The colour of ultramarine is discharged by dilute acids, but is unacted on by
The colour of prussian blue is discharged by alkalies, but is not altered
alkalies.
by weak acids. The colour of smalts is not affected by acids or alkalies.
A mixture of prussian blue and ultramarine may be tested by boiling with
some caustic soda and filtering. The ultramarine remains on the filter paper
unchanged in colour, while the prussian blue passes into solution. A few drops
of ferric chloride added to the filtrate, which is first made acid with hydrochloric
acid, will re-form the prussian blue as a dark blue precipitate.
If the ash is pure yellow, it suggests chrome yellow (canary
Yellow.
The pigment is readily soluble in weak caustic soda
yellow) as the pigment.
solution, which becomes yellow in colour.
If the ash is reddish yellow, of varying shades, the pigment may be oranye
mineral, or one of the many light-coloured ochres.
If the ash is red, some pigment which owes its colour to oxides of iron
Red.
is present.
Such pigments are Venetian red, which dissolves when boiled in
strong hydrochloric acid indian red, burnt sienna, red ochre, which are more
or less soluble in a mixture of hydrochloric and nitric acids.
A greenish coloured ash may be due to the use of a mixture of blue
Green.
ultramarine with canary yellow. The ash, if treated with weak acid, loses all its
colour if treated with caustic soda, the yellow pigment is dissolved and the blue
ultramarine remains unaltered and can be separated by filtration.
This colour is usually due to the addition of nitrate of iron or to some
Buff.
Blue.

Smalts

If

is

;

;

pale coloured ochre.

Brown.

A

brown ash may indicate manganese-brown.

dilute hydrochloric acid, a rose-coloured solution

is

On

treatment with

obtained.

Estimation of Ash. The mineral residue which remains when a known
"
weight of paper is burnt is usually called ash."
It may vary from 0'02 per cent., as in the case of pure filter papers, to 35 per
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cent., which occurs in coated papers, the normal conditions being approximately
those shown in Table XXIII.

TABLE XXIIT.
I'O to

High-class writings
Ordinary printings
Cheap printings
" Art "
papers

5-0

8-0

20-0

.

4-0 per cent.
12-0
15-0
35-0

The ash found in papers must not be attributed invariably to what is termed
In many cases there
"loading," that is, mineral matter directly added to pulp.
may be 2 to 3 per cent, of ash present arising from causes of an entirely different
character.

In the first place, the fibre always contains a small percentage of natural ash,
the amount varying according to the particular class of fibre.
The mineral
residue in ordinary paper-making materials as given by Herzberg is
:

TABLE
Bleached linen
Bleached cotton

XXIV.
0-76 per cent.
0-76
0-50
1-40
1-22
0-80
1'32
1-00

.

Sulphite wood pulp

Soda wood pulp
Bleached straw
Mechanical wood pulp
Jute
.

.

.

....
.

Hemp

In the second place the chemicals used for sizing and colouring paper give
mineral residues also, since the alum, ultramarine, and pigments of various kinds
produce ash.
The amount of ash in paperis readily ascertained by burning
a carefully weighed quantity of
paper and weighing the residue.
For this purpose about one
gramme of the paper is accurately
weighed on a delicate balance,

placed in a porcelain crucible and
burnt by means of a gas burner

or a spirit lamp until all the carbonaceous matter has been driven
The crucible is allowed to
off.
cool

and then weighed with its
the weight of the
when empty having

contents,
crucible
Fig. 118.

been previously determined.

Chemical Balance.

Example.

Weight

of paper taken

Crucible plus ash

Empty

1-5300 grammes
16-4300
16-2100

.

.

crucible

Ash
Percentage of ash

=

2200 x 100
1-53

=

2200

,,

14 3 per cent,
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better to take

two or three grammes, unless the balance is sufficiently sensitive
the traces of ash left from the ignition of one gramme of paper.

for weighing

Several appliances have been constructed for determining the ash in paper by
of which it is possible to dispense with the ordinary chemical balance and
weights, but these are not very largely employed.
The ash balance of Post. This consists of a delicately suspended lever, to one
end of which is fixed a long pointer, and at the other end is fastened a small
to 150,
wire frame or scalepan. The pointer indicates on a scale, divided from

means

Fig. 119.

Post's

Ash Balance.

Fig. 120.

Crucible containing Paper,

with Bunsen Burner ready for use.

any increase in weight equal to one-hundredth part of a gramme for each
division.
The balance is used in the following manner The special platinum
wire net provided with the apparatus is placed on the scalepan fixed at one end
of the lever, and the instrument adjusted to zero, by means of levelling screws.
The paper to be tested is twisted and placed in the wire net, and its weight
noted as recorded in divisions on the scale. The wire net with its contents is
then submitted to the flame of a Bunsen burner, or a spirit lamp, until the
When the net is cold, it is placed on the
paper has been completely burnt.
balance and the number of divisions on the scale again read off. The reading
indicates the relative weight of ash, and from this the percentage of ash can be
:

calculated.

Example.

Number
Number

combustion
combustion

115-5
30-2

of divisions before
of divisions after

Percentage of ash

=

30-2 x 100

26-1

115-5

It is sometimes convenient to take
exactly one gramme of paper, giving 100
divisions on the scale, so that the second
reading indicates at once the percentage
of ash without calculation.

When

frequent determinations of ash in paper are necessary,

it is

important

and often essential to minimise as far as possible all labour involved.
In the paper-mill, for example, the percentage of ash must be determined by
the chemist within a few minutes, and every means is devised for this purpose.
Usually the rapid and continual testing of papers for ash is a question of proper
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manipulation of simple appliances, and not the employment of elaborate and
expensive apparatus. A fairly sensitive chemical balance, two or three porcelain
crucibles, a spirit lamp or Bunsen burner, an iron tripod, pipe-clay triangles and
While a specially contrived ash balance
crucible tongs form a complete outfit.
and combustion apparatus have certain advantages, the ordinary stock appliances
are really more useful, because they can be employed for many other purposes.

Fig. 121.

Apparatus for burning Paper for Ash Determination
by means of an Electric Current.

Moisture in Paper.

As the amount

according to atmospheric conditions,

it is

of natural moisture in paper varies
sometimes necessary to determine the

exact percentage.
One or two grammes of paper are weighed out exactly and dried at 212
Fahr. in a suitable air bath. The paper, while still hot, is placed in a small
weighing bottle which is then placed in a desiccator till cool. The bottle is
weighed with its contents, and again weighed when empty, the difference in
From these
the two weighings giving the exact weight of the bone-dry paper.
be
calculated.
the
moisture
can
figures

Example.

Paper taken, 1-50 grammes.
Bottle plus bone-dry paper

Empty

bottle

Bone-dry

paper-

.

15-0500 grammes.
14-8000
1-3500

- i'OO
1-50 Moisture = I'OU

= 0-15 grammes = 1OO per

cent.

Except under special circumstances a knowledge of
the exact variation of the percentage of moisture in
paper, due to altered atmospheric conditions, is seldom
The alterations of the weight of the paper
required.
and of the humidity of the air can be observed simultaneously by weighing the paper at intervals during
free exposure to the air, and noting the hygrometric
condition of the atmosphere by means of a dry and wet bulb hygrometer.
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This instrument consists of two thermometers suitably mounted on a stand, one
having its bulb exposed to air in the ordinary way, the other having the bulb
kept continually moist by means of a cotton wick dipping into a small reservoir
of water.
When the air is very dry water evaporates quickly from the surface
of the wet bulb, which consequently is much cooler than the dry bulb.
When
the air is damp, evaporation takes place slowly, and the wet bulb thermometer does
not indicate a much lower reading than the dry bulb thermometer. (Fig. 123.)
The difference in the readings of the two thermometers is a measure of air
moisture, and by reference to special tables the relative humidity of the air, expressed in terms of the percentage of moisture actually present compared with
that required to completely saturate it, may be found.

TABLE

XXV.

DEGREES OF HUMIDITY, SATURATION =

100.

The paper can be suspended in any convenient position in a room free from
and weighed as required. If a large sheet is hung by some special
contrivance to the arm of a Leunig paper-scales permanently for the whole
period of investigation, observations can be made conveniently without any

artificial heat,

trouble.

Starch. The presence of starch in paper is readily detected by means of a
few drops of the iodine test
dilute solution of iodine in potassium iodide.
reagent used for microscopic analysis are added to distilled water in quantity
blue coloration is almost immediately imsufficient to give a yellow liquid.
parted to papers containing starch, when these are dipped into the liquid. With

A

A

4 per cent, of starch, the colour

is

intensely blue, almost black.

CarejFul observa-
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tion of the surface of the paper will usually determine
boiled before being used.

whether the starch was

The quantitative estimation of starch in paper is a difficult matter. In fact
reliable method has been found, and it is usually determined by loss of

no easy

weight which the paper sustains when extracted with suitable solvents.
(a) The starch in the paper is converted into glucose
with dilute acid, and the glucose sugar estimated by the
usual methods with Fehling's solution.
Ten grammes of
paper, cut into small pieces, is placed in 500 cubic centimetres of water, 2 per cent, of sulphuric acid, calculated on
the volume of solution, is added, and the mixture gently
heated for three hours at 200 Fahr. until a drop of solution tested for starch fails to give the blue reaction.
The
glucose is estimated and calculated to starch.
(5) The starch is extracted by suitable solvents, and

determined by

loss of weight.
of the paper

Two grammes

cut into small strips are
boiled for two minutes in absolute alcohol, containing two
or three drops of hydrochloric

The strips are washed
with alcohol, and dried at
100 C.
The loss due to this treatacid.

ment is that of natural moisture and rosin. The former
being readily determined on
a -separate portion of paper,
the rosin can also be ascerFig. 123.
tained by difference.
Hygrometer, consisting
The strips are next boiled
of Dry and Wet
with a mixture of equal parts
Bulb Thermomeof water and absolute alcohol,
ters.
containing a few drops of
hydrochloric acid, until the mixture or paper fails
to show the presence of starch
by the blue colour
due to the iodine test liquid.

The paper is then washed with
and weighed. The additional loss

alcohol, dried
due to the

is

Fi

extraction of starch.

Neither of these methods is really satisfactory,
both tending to give rather high results.

124.

Hair Hygrometer.

pansion of a

hair.

Materials used for Sizing Papers.
Gelatine
or smell.

is

a transparent, almost colourless, substance possessing

Its composition

Carbon
Hydrogen
Nitrogen

:

50-2
6-7
.

Oxygen
Sulphur,

is

etc.

17-9
25-0
0-2

100-0

little taste
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It is insoluble in cold water, but swells up and absorbs nearly ten times its
weight of water. It readily dissolves in warm water and sets on cooling to a
of 1 to 2 per cent.
jelly, even with a strength
Glue. The terms gelatine and glue are very loosely applied to the
substances obtained by boiling down animal tissues, such as skin and hide, the
This is
first being regarded as the proper name for the purer forms of gelatine.
not strictly correct, as there are certain chemical and physical differences in the
Pure gelatines are obtained by the action of hot water on carefully
substances.
Glues are
selected tissues which will give a colourless, odourless material.
prepared from ordinary tissues which contain bodies with adhesive properties,
and the glues obtained vary greatly in colour, smell and adhesiveness.
The term gelatine is generally used in the paper trade to denote the more
lightly coloured glues.

When paper is coated with a solution of gelatine, or passed through a bath
containing the gelatine, it is said to be tub-sized or animal-sized.
The presence of glue or gelatine in a paper may be determined by the reaction
with tannic acid.

Potato Starch.
Fig. 125.

Rice Starch.
Starch under the Microscope.

A piece of the paper is cut into small strips one inch long and a quarter-inch
The tube is then
wide, placed in a test-tube and covered with distilled water.
heated for ten to fifteen minutes so that the gelatine may be dissolved out. It is
better to heat the tube by standing it in a saucepan of
boiling water, as prolonged
boiling of the actual solution is apt to spoil the test when small percentages only
of gelatine are present.
The contents of the tube are cooled, and a few drops
of a 2 per cent, solution of tannic acid added.
flocculent precipitate forms
which, on shaking and gently warming, coagulates and shrinks down into a dark
almost opaque horny mass adhering to the sides of the tube.
The reaction is very delicate, but when the amount of gelatine is small the

A

may not form immediately.
Estimation of the amount of gelatine. The analysis of a
paper for the actual
percentage of glue or gelatine is based upon a determination of nitrogen by the
Kjeldahl process.
About a half or one gramme of paper (the latter for papers containing a
small amount of gelatine), is cut into small pieces and
placed in a long-necked
"
" Jena
glass flask a (Fig. 1 26). This flask is suitably supported on a tripod over
a Bunsen burner 6, in a good draught cupboard 20 c.c. of
strong sulphuric acid
precipitate

;
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free from nitrogen compounds, and two grammes of potassium sulphate are added,
and the flask gently heated. When the paper has become charred and partly
dii-solved, the heat is increased and maintained till the liquid is colourless or
merely straw-coloured. It is cooled, diluted with about 400 c.c. distilled water,
washed into a large flask c, neutralised with a strong 50 per cent, solution of
pure caustic soda, enough to turn a litmus paper, previously added to the
contents of the flask, blue and a few pieces of pumice-stone or zinc added.
;

of the flask are cautiously distilled through a special condenser
d, into a flask e, containing 20 c.c. (more or less) of decinormal standard sulphuric
acid until 150 to 200 c.c. of distillate have been obtained.

The contents

Fig. 126.

Apparatus for determining Gelatine

in Paper.

The distillate is cooled and titrated with decinormal alkali solution and the
Each cubic centimetre of acid
amount of acid still left thus determined.
consumed by the liquid distilled over corresponds to '0014 gramme of nitrogen.
The amount of nitrogen multiplied by 5'56 gives the gelatine in bone-dry
condition.
The results are

more accurate if a small globule of mercury is added to the
In this case a few cubic
glass" flask in which the paper is boiled.
centimetres of pure strong sodium sulphide solution must also be added to the
neutralised liquid in the distilling flask.

"Jena

Example.

Paper taken, 0*75 gramme.
c.c.

of decinormal acid taken
of decinormal alkali used in

c.c.

of acid neutralised or

c.c.

.

.

tit ration

consumed

20'0
11 "2

c.c.

8-8

c.c.

c.c.
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standard acid

=
=

Bone-dry gelatine in paper

=

1 c.e.

8-8

c.c.
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'0014 gramme nitrogen.
-0014 x 8-8 = -01232 gramme.
= '01232 x 5'5(>
grammes gelatine.
= '0685 gramme gelatine.
"'

x 100

= 9 '0

per cent.

of animal size a delicate
obtained by Millon's test.
The reagent is prepared by adding to a known weight of quicksilver an equal
weight of fuming nitric acid. The mixture is allowed to stand twelve hours, and
then diluted with an equal volume of distilled water. After standing twentyThe solution remains good
four hours, the clear supernatant liquor is bottled.
for about six to eight weeks.
drop of the reagent is placed on a strip of the paper, and the paper heated
very gently. If gelatine is present, the paper is coloured rose-pink or deep red,
according to the quantity.
The reagent gives this coloration with mechanical wood pulp to some extent,
and also with casein.
If very old documents, in which traces of parchment are sometimes found,
give this reaction, special attention must be directed to a microscopical examination of the paper, since the colour may be due to the parchment, which, of course,
contains gelatine.
Casein has been introduced of recent years for sizing, and also as an adhesive
for the manufacture of coated papers.
It is prepared from skim-milk by treatment with dilute acid, the resultant whey being collected, washed, dried and
powdered, and sold as casein in the form of a yellowish granular powder.
In chemical composition it closely resembles gelatine, and the detection of
Casein
casein as such is not always an easy matter in the hands of a novice.
contains a small proportion of sulphur, and this fact is taken advantage of in

Millons reagent.

colour reaction

For detecting small quantities

may be

A

testing papers for casein.
It is insoluble in water, so that carbonate of soda, ammonia or borax are
employed in practice for making working solutions. Thus many coated papers
containing casein have a strongly alkaline reaction, the existence of which is

determined with litmus paper.
According to Adamkiewicz, casein heated with a mixture of one volume of
concentrated sulphuric acid and two volumes of acetic acid is coloured reddish
violet, whereas gelatine does not give this colour.
This test can be applied to papers in which casein is present. The paper is
boiled with a small quantity of borax, which removes the casein and the insoluble
mineral matter. The residues so obtained are boiled down to a small bulk, and
The reddish violet colour appears on warming.
treated with the acid mixture.
The use of an alkaline solution of lead acetate is recommended by some
authorities as a test for casein, but the indications are not always satisfactory.
The test is based upon a brownish coloration produced by the contact of the
reagent with casein.
Rosin Size. The substance which produces the sizing effect in paper when
rosin soap added to the pulp in the beater is precipitated by alum is not known
It is supposed by some chemists to
to possess a definite chemical composition.
consist of free rosin and by others to be a mixture of free rosin with precipitated
resinate of alumina.
The examination of a paper for rosin sizing depends upon the solubility of
rosin in alcohol. The paper previously cut up into strips one inch long is placed
in a test-tube, with some absolute alcohol and a few drops of acetic acid,
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and gently heated on a water bath at a temperature of 75 C. for half an hour.
The solution poured into water will give a milky appearance to the water, more
or less pronounced according to the amount of rosin.
The following plan may be adopted for extracting comparatively large
quantities of paper with a small quantity of alcohol in order to obtain a fairly
strong solution
The paper is cut up into strips one inch by a quarter as before and packed
into the bottom of six or eight test-tubes (five inches long being a convenient
The contents of the first tube are treated with alcohol,
size for the tubes).
warmed for 15 minutes on a water bath at a temperature of about 60 to 70 C.,
and the solution poured off into the second tube. The contents of the first
tube are again extracted with fresh alcohol, and the liquid poured off into the
second, from which the solution previously added and warmed has first been
The extracts are continuously passed through the
transferred to the third tube.
whole of the tubes, becoming more or less fully charged with soluble resinous
compounds. This final extract poured into water gives a decided turbidity.
It should be noted that traces of turbidity will always occur with paper
containing mechanical wood pulp on account of the natural royin in the wood.
It is essential to use only absolute alcohol, or rectified spirits of wine for
the purpose of extracting, as methylated spirit will itself produce turbidity
when added to water on account of the wood spirit or naphtha oil it contains.
:

A few

drops of acetic acid should also be added.
If the concentrated solution obtained by the successive extractions of paper
is carefully boiled, in order to evaporate off the alcohol, the resinous matter will
be seen as a transparent dark brown mass in the bottom of the test-tube. If

heated with acetic anhydride, cooled, and then treated with two drops of strong
sulphuric acid, it will develop a violet-red colour.
An interesting test for rosin in paper is the Raispail reaction.
strip of
the paper is partially immersed in a few drops of concentrated sulphuric acid
A violet-red colour develops after a few moments if
placed in a watch glass.
Tub-sized
rosin is present, but no colour is produced when rosin is absent.
papers can be examined for rosin size by this test. Mechanical wood in paper
renders the test unreliable.
A few drops of ether poured on to a sheet of rosin-sized paper give useful
The rosin dissolves and is carried by the movement of the ether
indications.
towards the edge of the damp ring which forms on the surface. As the ether
evaporates, the rosin is concentrated at the circumference and forms a brownish

A

coloured ring.

A

delicate test similar to the Raispail reaction can be used for rosin-sized
papers. Small strips of the paper are boiled in a test-tube with acetic anhydride
for two or three minutes, the liquor poured off into a watch glass and cooled.
few drops of strong sulphuric acid added to the liquor develops a reddish violet

A

which is very fugitive.
This reaction detects small traces of rosin in tub-sized papers and
for confirming the presence of rosin in news and cheap printings.

colour,

is

useful

Several methods are availQuantitative estimation of rosin size in paper.
but it is somewhat doubtful how far the results obtained accurately
The
represent the extent to which the paper was sized when manufactured.
subject requires considerable investigation.
(a) Schumann recommends heating a known weight of paper with a 5 per
cent, solution of caustic soda at 75 (J. for half an hour to dissolve the rosin.
The filtrate is then acidified with sulphuric acid, and the resultant precipitate
The method is not very reliable,
filtered off, dried at 100 C. and weighed.
able,

giving high results.
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A

weighed quantity of paper can be extracted with alcohol in a Soxhlet
(6)
to extraction.
apparatus and the rosin determined by the loss of weight due
known weight of paper extracted with alcohol by successive extractions
(c)
as described above yields a solution containing a weighable quantity of resinous

A

matter.

This can be dried and weighed.

A simple colour measurement, based

on the turbidity produced by pouring
the alcoholic extract into water, affords an approximate result. The test is
made under the following conditions
standard solution of rosin in absolute alcohol
(d)

:

A

is

100

c.c.

The extract from a known weight

of

prepared by dissolving

of alcohol.

1

gramme

of rosin in

paper is added to 50 c.c. distilled water in a colourless
glass tube (a flat-bottomed Nessler tube is most suitTo 50 c.c. of water in another Nessler tube
able).
sufficient standard rosin solution is added from a
graduated pipette to give a turbidity equal to that
produced from the paper. The amount of rosin is
thus determined.

Example.

Paper taken, 2'0 grammes.

Volume

of standard rosin used 3'0
= 50 x 3'0 x -01
per cent, rosin in paper
= 1 '5 per cent.

c.c.

Soluble Matters in Paper. The Soxhlet apmay be used for removing all soluble matters
from paper, those soluble in water by means of water,
and those soluble in alcohol by means of alcohol.
paratus

It is particularly convenient for treating large
quantities of paper with small quantities of solvent
in order to obtain a solution containing a maximum
As shown in the
proportion of extracted matter.
diagram, the apparatus is fitted up for the extraction
of paper with alcohol, to remove bodies soluble in
alcohol, such as rosin and aniline dyes.

The paper, previously weighed and rolled up
tightly into cylindrical form, is placed in the extracThe extractor is fitted injto the neck of a
tor a.
boiling flask h, which rests upon a water bath k,

Fig.

127.

ratus

Soxhlet Appafor

extracting
heated by means of a Bunsen burner ra.
Soluble Matters
from
In the top of the extractor is fitted a condenser
Paper.
When the burner is lighted the water boils and
d.
The alcohol boils, passes upwards into the exheats the contents of the flask h.
tractor a through the side tube b and into the internal globe of the condenser. It
is then condensed by contact with the sides of the condenser,
kept cool by a
current of water passing into the tube /and from the tube g.
The condensed
alcohol falls back upon the paper in the extractor
and when the vessel a is filled
the alcohol syphons back automatically through the syphon tube c into the flask h,
carrying with it more or less of the matter in the paper soluble in alcohol.
The process is continuous.
After an hour or more, according to circumstances, the paper may be taken out and a fresh piece put in, without disturbing
the solution in the flask.
In this way a very small quantity of alcohol is
sufficient for a large amount of paper.
The paper can be dried, and the loss of
,

weight ascertained.
The solution can be kept for subsequent examination.
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The Abnormal Chemical Constituents of Paper.
The substances

occasionally found in paper which are detrimental to its
colour,
durability and appearance may be most conveniently
qualities
described as " abnormal constituents."
They cannot be rigidly classified in the
same manner as the normal constituents, nor can they be fully discussed, since
they partake of the nature of impurities, some present by reason of careless
manufacture, others on account of the use to which the paper has been put.
The only adequate discussion of the subject, which is an interesting and important
of

one,

must

arise

from a consideration

Free Acid in Paper.

The use

of specific cases, as suggested in chap. ii.
of a solution of litmus is scarcely permissible

In ordinary cases a solution of neutral purple
litmus is coloured red by the merest trace of free acid, but with paper litmus
may be reddened even in the absence of free acid. This peculiarity is due to the
presence of sulphate of alumina in small quantity. Alum is a salt which has
what is known as an " acid reaction," and turns blue litmus red, so that this
colour does not always indicate free acid.
The proper indicator for the detection of free acid is congo-red, a reddish
colouring-matter which turns blue with traces of free acid.
The suspected paper is cut into strips, and extracted with very small
quantities of distilled water in te.^t-tubes by the method described for extracting
rosin size from papers so as to produce a fairly concentrated extract.
The
solution is poured out into two or three watch glasses, and test-papers immersed
in each, a blue litmus paper in one, a congo-red test-paper in the second.
If the litmus goes red, and the congo-red paper turns blue, the suspected
If the litmus goes red, but the congo-red remains
paper contains free acid.
unchanged, then the acidity is only apparent, being due to the presence of the
alum.
The test may also be made by putting one drop each of litmus and congo-red
solutions on strips of the paper, allowing them to remain in contact for an hour
or more with the strips while covered over with inverted watch glasses.
It is very desirable that papers intended for water-colour paintings, drawings,
needle wrappers, steel and ironware wrappers, cover papers upon which gilt
letters are to be blocked, and photographic papers, should be quite free from any
for detecting acidity in papers.

suspicion of free acid.

Sulphur and Sulphur Compounds.
compounds

in paper

is

The presence of sulphur and sulphur
The exceptions may be noted of the
barium sulphate, calcium sulphate, and alum, which

very detrimental.

normal sulphates, such as
are innocuous, and occur in most cases as normal constituents of paper.
Sulphur compounds of the undesirable type, which yield sulphuretted hydrogen
when heated with dilute acids, are detected by boiling pieces of the paper with
dilute hydrochloric acid, the steam being allowed to impinge on acetate of lead
test-paper which turns brown when sulphuretted hydrogen comes into contact

with it.
These compounds arise from a variety of causes. The use of hyposulphite of
soda as an antichlor for killing bleach is apt to produce a precipitate of sulphur.
Badly boiled and incompletely washed chemical wood pulp contains traces of
sulphides from substances used in manufacture.
The objections to the presence of such impurities are to be found in the
unpleasant smell of the paper, the odour being particularly noticeable when the
reams of paper are first opened also in the serious drawback of a bro\vnish halo
round the letters produced with ordinary printer's ink, caused by the action of
the sulphur compounds on the oily constituents of the ink.
;
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Free Chlorine and Chlorine Compounds. Free chlorine, as such, is
The paper-maker guards against the
seldom, if ever, found in finished paper.
presence of any free chlorine in the bleached pulp by testing it with a solution
of starch paste to which a little potassium iodide has been added.
Any free chlorine which may remain in the pulp is gradually changed into
chlorides, and these may be found in paper as chlorides of sodium, calcium, magnesium, and sometimes iron.
The paper is extracted with distilled water acidified with a few drops of
To the extract is added a small
nitric acid known to be free from chlorides.
a
will
more or less copious precipitate
which
silver
of
nitrate,
produce
quantity
The
or merely a slight cloudiness, the latter being more frequently observed.
presence of much calcium chloride indicates, as a rule, an incomplete washing of
the pulp after bleaching.
Mineral Adulterations. The addition of mineral matter to paper cannot
be regarded as a process of adulteration, unless the presence of loading has been
The nature of the ash must then be determined
strictly forbidden by contract.

by methods already described.
Particles of Metal, Dirt, &c.

The nature

of the particles of metal

and

may largely be determined by careful microscopic analysis.
Iron and copper particles may be identified by dipping the paper into weak

foreign matter in paper

hydrochloric acid, removing the excess of acid by blotting paper, and then
immersing the sheet of paper in a dilute solution of potassium ferrocyanide.
Each particle of iron is surrounded by a blue-coloured circle, and the copper by
a chocolate-coloured circle.
Particles of suspected coal or coke, when carefully picked out,
heated on a piece of platinum foil, burn to a white ash,

will, if

strongly

CHAPTER XI

THE MICROSCOPE
Description of the instrument and accessories

General hints on the use of the microscope
Mounting, examination and identification of fibres Exercises for students
Measuring the dimensions of fibres -Eeagents for microscopical work

microscope is an indispensable instrument for those who have anything to
do with the technical examination of papers. By means of it one is able to
determine, not only the nature of the fibrous constituents in the paper, but
also approximately the proportions in which those constituents are present.
The identification of the fibres is a matter which requires considerable experience and constant practice, particularly with papers containing mixtures of fibres
which closely resemble one another in physical structure.
The microscope can also be used for the examination of the mineral residues
in paper, and for many investigations of an important character quite outside

THE

the routine work of ordinary identifications.
The Instrument. For routine work an elaborate microscope is by no means
The most convenient instrument for general practice is one which
necessary.
permits of a magnification ranging from about 60 diameters up to 300 diameters,
the latter magnification being seldom required. The instrument should be provided with a coarse and a fine adjustment, two ordinary eye- pieces, one J-inch
also a mechanical stage, which is most
objective and one J-inch. objective
useful when examining papers for the determination of the proportions of
;

different fibres present.

The writer recommends an instrument made by Messrs. Watson, of Hoiknown as "The Edinburgh Students' Microscope" (Stand H), provided
with eye-pieces B and C, together with J-inch and |-inch objectives. With
born,

this combination the following

TABLE

From

the above table

range of enlargements

XXVa.

is

possible

:

Magnifications.

it will be seen that with the eye-piece and
objectives
possible to obtain a magnification of 72 diameters by using eyepiece B, J-inch objective, with the tube of the instrument maintain od at its

mentioned

it is
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and the magnification of 336 diameters by using eye- piece C,
and the tube of the microscope racked out to the full

-J-inch objective,
length of 10 inches.

Whatever type

of instrument is selected, it is important that the stand
be perfectly rigid, particularly when the microscope is tilted into a
horizontal position, the latter condition being necessary when it is desired to
make drawings of the appearance of the fibres under the microscope.

should

General Hints on the Use of the Microscope.
It is a common fault on the part of many students who take
up work with
the microscope for the first time to imagine that it is best to employ high powers
to carry out ordinary investigations. As a matter of fact, it is better to use low
powers as far as possible, and to confine the use of higher powers to special
investigations on the structure of

individual fibres.

Mr. Lewis Wright, a well-known
authority on the microscope, further
points out that the eye needs educating as well as the hands; that is to
say, the expert manipulation of the
microscope demands considerable practice not merely as to the use of the
various parts of the microscope, but
also as to the training of the eye to
observe fundamental details, which
might at first sight appear of small

moment.

As this chapter has been written
mainly for the benefit of students
who are not familiar with the microscope and its uses, the general hints
as to its manipulation have been
written in the form of instructions,
to be carefully followed out.
The Instrument. The base of
the instrument called the foot, K,
is usually tripod in form, which is the
best shape for steady work.
The body
of the instrument can be tilted at any
angle between a vertical position and
a horizontal position by means of the
A Typical Microscope.
Fig. 128.
pivot M, the exact horizontal position
a
insured
bar
small
H.
being
stopby
The tube or body G carries at the upper end the eye-piece A, and at the lower
end the objective D. It contains also a sliding draw-tube B, so that the length
of the body can be varied from about six to ten inches.
The body is lengthened
merely by drawing out the slide-tube to any required distance. The regulation
of the tube is obtained by means of the coarse adjustment, consisting of the rack
work actuated by means of milled-head screws C. The fine adjustment F is only
required when the higher objectives are used. As the name implies, it is used
for bringing the object into exact focus by means of very small movements of
the body.
The stage E, which is used for carrying the slide, in its simplest form is

K
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merely a square plate with a large hole in the centre, through which the light
can be reflected from a mirror
into the microscope.
The mechanical stage, as shown in the illustration, is provided with two
adjustments, by means of which the body of the stage can be moved horizontally
from side to side or from back to front. This movement is most useful in
the examination of fibres, though not essential, as it enables the operator to
bring systematically into the field of observation all the fibres which may be
mounted on the slide.
Underneath the slide is the reflecting mirror N,
which is flat on one side and concave on the other. This mirror is used for
reflecting the light from the window through the object on the stage into the
tube of the instrument. The mirror is fitted on a swivel P, so that when the
instrument is in the horizontal position it can be turned aside to permit of the
direct light from a lamp being passed through the slide.
The sub-stage S is
used for carrying the various additional appliances, such as the sub-stage condenser, which is necessary in some cases for the examination of objects under
high powers. For special work in the examination of fibres the sub-stage is
used, for example, when the fibres are being examined under polarised light.
Accessories. There are a number of additional appliances which should be
obtained by those intending to carry out any prolonged study of fibres.
This is a simple contrivance that can be attached to the lower
Nose-piece.
end of the body-tube, by means of which various objectives can be quickly
exchanged. It is constructed to carry two or three
objectives, each of which can be brought into action
by a simple rotation of the nose-piece. A double

N

is quite sufficient for most purposes.
This consists of a glass slide
Millimetre scale.
of the usual dimensions, three inches by one, on
which is etched a line divided off by cross lines
into equal divisions of one-tenth of a millimetre.
One of the spaces is further sub- divided into

nose-piece

Fig. 129.

A

Double Nose-

piece for carrying two
Objectives.

tenths.
This in its simplest form is a small circle of glass,
Eye-piece micrometer.
which fits into any one of the eye-pieces.
number of
to 10 are etched upon the
arbitrary divisions marked

A

glass.

The micrometer is used in conjunction with the millimetre scale for the measurement of the length and diameter
of fibres.

Beales tint

means

of

This is a useful contrivance, by
reflector.
which a drawing can be made of the object
examined. It consists of a

Fig. 130.

An

Eye-

Micrometer
piece
small piece of transparent
Glass, to drop into
neutral-coloured glass supthe Eye-piece.
ported on a spring, which can
be attached to the eye-piece.
The microscope is
tilted into a horizontal position, and a strong light
allowed to pass through the stage so that the image
of the object is reflected downwards on to a sheet of
This image can be clearly seen on the paper
paper.
and is readily traced over with a pencil.
Beale's Tint
Fig. 131.
Reflector, simple form.

Lamp. This is only required for work done
when good daylight is not available. For ordinary
purposes a common Is. oil lamp will do, though there

are plenty of special lamps sold for microscope work.
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Three or four dozen glass slides of the usual type, measuring three
Slides.
inches long by one inch wide.
These are supplied in boxes and are either square or circular
Cover -glasses.
in shape, the most suitable size being five-eighths or three-quarter inch.
few microscope needles, straight or bent, the latter
Microscope needles.
being more convenient.
A small piece of fine brass wire gauze for drainDrainer.
ing off water from the fibres. An old piece of paper machine
wire about three inches square, with the edges doubled over
and flattened down answers the purpose admirably. If the
DrainFig. 132.
piece of wire is placed over the mouth of a small bottle and
ing Sieve.
a
with
the
down
cirthumb,
slight
pressed
cular depression can be made in the wire cloth,
which thus forms a convenient receptacle for the disintegrated

A

pulp.

Reagent bottles.
Special bottles with groove stoppers so constructed that the liquid is discharged from the bottle in single
drops.
Cabinet.
slides,

A small box capable of holding twenty or thirty
which can be kept for reference.

Two or three flat -bottomed shallow
Porcelain basins.
dishes about three to four inches diameter will be sufficient.
This will be useful for boiling papers and
Spirit lamp.
fibres in caustic soda solution.

Place the
Elementary Manipulation.
instrument near a window where diffused light
is available, avoiding the direct
glare of the
sun.
the mirror so that the light is
Adjust
133.
Fig.
Dropping Bottle reflected through the tube of the instrument,
with
Grooved noting that the amount of illumination can be
Stopper.
varied according to the angle at which the
mirror is tilted.
Place a ready prepared slide, preferably one containing some
permanently mounted fibres, which can be purchased at any

Fig. 134.
Spirit Lamp.

Fit the half-inch objective into
optician's or microscope dealer's, on the stage.
the lower end of the body-tube, and one of the eye-pieces into the upper end of
the tube.
Proceed to focus the objective by means of the coarse adjustment,
an operation which will require some care. Turn the milled heads of the coarse
adjustment so as to bring the objective upwards away from the object until the
distance of the objective from the slide is about one inch.
Then placing the
eye to the instrument slowly rack down the tube until the blurred image comes
into view, and continue the movements very cautiously until the image is
When the slide contains only a few fibres distributed all
clearly focused.
over the field of view, as it is called, there is sometimes a danger that if none
of the fibres happen to be in the direct line of vision the observer may rack
down the tube hard on to the microscope slide and injure the objective, or the
object.

This danger must be guarded against by careful manipulation. The followPlace the slide in position
ing course might be adopted by a beginner.
and rack down the tube until the objective is close to the slide, watching
the distance between them very carefully to avoid actual contact.
Then,
placing the eye to the instrument, turn the milled heads of the coarse adjustment so that the focusing is produced by the upward motion of the body
instead of the downward motion as previously described.
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Effect of Varying the Powers. Select some particular fibre of definite
Fix the slide in position on the stage
structure amongst those upon the slide.
by means of the stage springs and proceed to note the differences in appearance
produced by the various eye-pieces and objectives available. For example, observe the appearance of a fibre with the lowest magnifications, and note the
increase of size due to elongation of the tube to its full length.
Examine the
same fibre with higher objectives, observing not only the magnification but also
the clearer definition of physical structure.

Mounting Fibres. It is quite impossible in an elementary treatise of this
Indescription to enter fully into the whole subject of the mounting of fibres.
structions must therefore be limited to those which will enable the student to
examine fibres and papers for technical purposes. Taking the case of an
ordinary high-class rag paper the student should proceed as follows
From the sheet of paper cut three or four pieces about a half -inch square, so as
to obtain a representative sample.
Place the paper in a small porcelain dish with
sufficient caustic soda solution (1 per cent, solution will be strong
enough) completely to cover the paper. Gently warm the dish
with its contents in any convenient manner for about half an
hour, in order to dissolve out the gelatine and other sizing ingreRemove the pieces of paper from the dish and thoroughly
dients.
wash them free from caustic soda. Then put the paper in a small
bottle together with some glass beads, and nearly fill the bottle
with water. Shake the bottle vigorously until the whole of the
paper is completely disintegrated into isolated fibres and then
strain off the contents of the bottle through a piece of very fine
wire gauze or muslin. The water drains away leaving the fibres
on the gauze in a condition fit for examination.
With two suitable microscope needles, pick out a few fibres
here and there and transfer them to an ordinary glass slip, removing the excess of moisture by pressing the little heap of fibres
:

Moisten the sample with one
lightly with a piece of filter paper.
or two drops of some microscope reagent, preferably the zinc
chloride and iodine solution.
Distribute the fibres evenly on the
glass by tapping them gently with a glass rod, the end of which
has been carefully rounded off.
The distribution of the fibres is a very important matter.
Fig. 135.
The beginner invariably places too large a quantity of pulp on the
Microscope
slide, and renders it almost impossible to make a thorough and
Needles.
small quantity of pulp
adequate examination of the fibres.
evenly distributed on the glass, avoiding the aggregation of small masses, gives
far better results, as experience will soon prove.
Cover the stained fibres with a circular cover-glass, five-eighths or threequarters of an inch in diameter, taking care that no air bubbles are imprisoned
under the glass. This is most easily effected by holding the cover-glass with
a needle in a slanted position on the slide close to the fibres, and lowering the
glass gradually down upon the mass of fibres, as in this way the liquid comes
into contact with the glass and drives out all the air as the glass is lowered.
Remove any excess of reagent or liquid by what is known as the process of
that is to say, by holding the edge of a piece of filter paper on the
irrigation
slide close up to the cover-glass.
The excess liquid is soaked up by the filter
paper.
Finally, press down the cover-glass gently with the filter paper, so as to
bring all the fibres flat down upon the glass.
The fibres thus mounted may be transferred to the microscope and

A

examined.
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Examination of
pulp for microscopic
examination can readily be obtained from any raw material by the following
simple process
Break up a piece of the material, if necessary, into small pieces. The best
method of doing this is to hammer the fibre gently on a block of wood, or a
piece of stout iron plate, until it is frayed out into a more or less fibrous con:

dition.

Place the disintegrated fibre in a flask or a small saucepan, and cover

it

with a solution of caustic soda (10 parts of caustic soda in 100 parts water), and
boil for about an hour, taking care to make up the loss due to evaporation of
the water by adding small quantities of fresh water from time to time, When the
fibre is soft, pour oft' the water through a wire cloth and thoroughly wash the
small quantity of fibre. The pulp so obtained can be used for microscopic
If bleached pulp is desired, put the boiled fibre in a solution of
investigations.
Drain off the water
chloride of lime, and leave the mixture to stand all night.
as before, and thoroughly wash with clean water.
Estimating Percentages of Fibre. The examination of a paper containing
two or more fibrous constituents is a matter which demands considerable experiIt is scarcely possible to determine the proportions present with a degree
ence.
A sample of paper is
of accuracy greater than 5 per cent, in normal cases.
broken up and mounted in the usual way, and the proportions of fibres arrived
at by one of two methods
:

(1)
(2)

The method
The method

"counting the fibres."
" mental
of
impressions."

of

In the first case various portions of the slide are brought into the field of
view and the fibres counted, due allowance being made for irregularity in
length.

In the second case the fibres are not absolutely counted, but a record is
for each field of view examined as to the impression made on the mind of

made

the observer.
is recommended to make estimates as to the percentages of two
by using mixtures of known composition, for there is no royal
road to success in this work except that of patience and perseverance with
mixtures in which the proportions are already known.
Some Simple Exercises. (A) Select an antique paper known to consist of
esparto and chemical wood pulp, and disintegrate the paper for examination.
As a staining reagent, use zinc chloride and iodine solution.
Notice effect produced on the depth of colour due to the reagent when using

The beginner

fibres present,

the latter in various stages of dilution as follows
Mount some of the moist pulp with one drop of reagent.
Mount some of the pulp, removing the excess of water from the fibres
before staining by the process of irrigation, that is, by bringing a piece of filter
as far
paper into contact with the pulp aud allowing the moisture to be absorbed
as possible stain with one drop of zinc chloride and iodine solution.
Mount the third slide, using an equal quantity of pulp, removing all the
moisture as far as
by pressing down a piece of filter paper on the fibres.
:

;

possible

Then add one drop of zinc chloride and iodine reagent and mount as before.
B) Changing the reagent and using iodine solution proceed as follows

:

(

Place equal quantities of fibre on four slides and allow the pulp to dry out in
Add one drop of iodine solution to the first slide and cover as usual.
the air.
To the second add one drop of iodine solution diluted with one drop of water.
To the third add one drop of iodine solution diluted with two dreps of water.
Mount the remaining slides, diluting the iodine solution with water in larger
proportions, and finally compare the difference in the intensity of colour.
and wood pulp
(C) Make notes as to the physical structure of the esparto
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fibres,

comparing the notes so made with the description given in chap.

xii.

the characteristics of the fibres, and as far as possible make
drawings of those examined.
(D) Estimate the proportions of fibres present, going over the whole slide
carefully, taking about twenty or thirty readings, in each case adopting the
method of "counting the fibres," and the method of "mental impressions."
The Measurement of the Length of Fibres. The length of fibres is
determined by means of the stage micrometer and the eye-piece micrometer,
which instruments have already been described.
The millimetre scale is placed on the stage of the microscope in the usual
way. and the eye-piece scale placed in the eye-piece. The microscope is then
focused clearly, and the divisions of the millimetre scale and eye-piece scale can
then be observed together as if in one field. The eye-piece is rotated until its
divisions run parallel with the divisions on the millimetre scale, and when this
has been done a careful note is made as to the number of millimetres corresponding to the ten divisions of the eye-piece scale. For example

Search for

all

:

Divisions on the eye-piece scale, 10*0.
Divisions on the millimetre scale, 0*69.

From this it follows that each whole division on the eye-piece scale is equivalent to '069 millimetre.
This value is, of course, only true for the conditions under which the readings
have been taken, and for the particular combination of eye-piece, objective and
tube length concerned. Any alteration in one or more of these affects the
values of the eye-piece divisions.
stage micrometer divided into thousandths of an inch can be used

A

if

preferred.

Thus, for example, with one ^-inch objective
for a particular eye- piece, the value may be
7 divisions, on eye-piece scale
If the tube length

is

=

and a tube length

10 inches

*483 millimetre.

reduced to G inches by being pushed

7 divisions

of

in,

then

on scale may equal '770 millimetre.

It is therefore necessary to compile a table, stating clearly the conditions under
which the microscope is used, and the value of the scale for all the conditions
possible.

TABLE
Showing

XXVI.

the

Of Values for Microscope (Messrs. Watson. Stand H.)
Value of One Whole Division of Eye-piece. Scale in Millimetres.
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A line of unknown dimensions, equal
when examined with the J-inch objective,

to 5 -6 divisions of the eye-piece scale,
eye-piece C, and the tube racked out
inches, would be (-022 by 5-6) millimetres, that is,

to its full length of ]0

O1232 millimetre long.
The apparatus described

is obviously very simple in character, and easy to
manipulate. A little practice on fibres of known length will soon give the
student confidence in his ability to measure other fibres or to determine the
extent to which the fibres have been shortened by the process of beating.
This latter determination is a matter of considerable difficulty, however, which
requires the measurement of a large number of fairly typical fibres in order to
With short fibres, such as
arrive at an approximately accurate average figure.
straw and grass, the measurement is comparatively easy, but in the case of long
fibres, like cotton, linen and hemp, a good deal of judgment is necessary, on
account of the great differences in the length of the individual beaten fibres.
Comparative readings under suitable conditions will give useful information when
Cotton pulp is easier to deal with than hemp, for example,
carefully taken.
since the beaten fibres are more definite in shape and less liable to produce masses
of fibrillse, which tend to render measurement difficult.
With unbeaten pulp in which the fibres, as a whole, are present in the
maximum length, the differences may not be great in the sample under examination, though for certain vegetable species the age of the plant will, to some
extent, determine the average length of the ultimate fibre.

Reagents for Microscope Work.
The work of identification of fibres would certainly be much simplified if it
were possible to find definite colour reagents, capable of giving colours on the
surface of the sheet of paper as in the case of the presence of mechanical wood
pulp in a paper, where the use of some special reagent like aniline sulphate,
or phloroglucine, is resorted to.
When reagents have been discovered for paper-testing which are as definite
in their colour reactions for other fibres, then the work of differentiation will be
much simpler. At present the microscope is the only safe means of identification and even then it is frequently impossible completely to analyse the
mixture of fibres in a well-beaten paper.
For ordinary purposes the identification of fibres is assisted by means of a
solution of iodine.
This reagent usually gives the following results
:

(

1

)

Fibres coloured yellow.
1.

2.

Mechanical wood.
Jute.

(2) Fibres not coloured.
1. Wood cellulose.
2.

Straw

3.

Esparto

cellulose.

cellulose.

(3) Fibres coloured brown.
1.

2.
3.

Now

Cotton.
Linen.

Hemp.

the effect of any special solution by which the fibres are coloured, is not
merely one of coloration. The reagent serves to intensify the differences of
structure, and brings out the structural details more clearly.
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It is important in microscope work to employ a solution of known strength.
Unless this is done variations in the intensity of colour will be observed and these
variations are apt to lead to confusion in results.
In using reagents for the examination of fibres under the microscope variations in the colour effects are liable to occur under the following conditions
It is advisable always to
(1) The use of reagents of unknown strength.
work with a solution of standard composition, so that results may be readily
:

compared.
(2) The condition of the pulp will, of course, modify the intensity of colour
the small quantity of fibre put on the glass slip is very moist it will not take
so dense a colour as a similar portion squeezed out fairly dry by means of blotting
paper.
(3) The physical condition of the fibres under investigation is an important
factor in the colour reaction.
The appearance, for example, of cotton fibre will
vary according to the treatment it has sustained.
This can be seen by examination of a piece of cotton, first raw, then in a
piece of old cotton rag, and again in the same rags after boiling, and, finally,
after being thoroughly beaten and ready for making into paper.
(4) The purity of the cellulose itself has also a marked influence upon the
colour reactions.
The truth of this statement can easily be verified by examina;

if

tion of specimens of imperfectly boiled wood pulp,
over-boiled wood.
The structural details are much

and samples prepared from
more marked in the former

case.

(5) The length of time during which the fibres are exposed to the influence of
the reagent also causes variation in colour. Iodine, especially, is a fugitive
reagent, and fibres showing a dense colour at first will gradually lose the colour
and eventually appear almost colourless.
The list of solutions in use is as follows
Taking the case of iodine we find the following formulae in use by various
:

well-known experts
Winlder.

:

......
........
........
........
......
........
.......

Potassium iodide

5

Iodine

1

Water

Glycerine
Behrens.

Water
Iodine

.

Potassium iodide
Jlerzbery.

.

.

.

.

.

.

.

.

.

.

Water

Glycerine

The second reagent and one which
and iodine solution.

is

1

,,

c.c.
,,

40 grammes
2

.10

Potassium iodide
Iodine

20

grammes.

,,

2 gramme?.
1'15 ,,

20
1 c.c.

exceedingly useful

is

the zinc chloride

This reagent gives a clear distinct result in many cases, but
to state that this solution is always to be preferred to iodine.
upon the condition of the beaten pulp.

The following

solutions are those usually employed

:

it is

impossible

Much depends
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....
....
......

40 grammes.

Chloride of zinc

Potassium iodide
Iodine

Water

5
1

14

c.c.

Behrens.

Zinc chloride solution

90 grammes.
10

(sp. gr. 2*00)

....
....
....

Water
Potassium iodide

6

Iodine to saturate thiy solution.
Hohnel.

Zinc chloride
Potassium iodide
Iodine

Water

30 grammes.

......

5
1

14

.

c.c.

These reagents are well known to those accustomed to employ the microscope
for the identification of fibres, but there are certain reagents perhaps less well

known, which are exceedingly valuable under special circumstances.
Dr. Winkler suggests the employment of magnesium chloride in the place

of
zinc chloride, using the substance in combination with iodine, according to the

following formula

:

50

chloride (saturated solution)
Iodine solution (Winkler's formula)

Magnesium

Another useful reaction

2-5

c.c.
,

for identifying fibres, or for intensifying the appear-

ance of the structural details is that in which sulphuric acid acts upon the
fibres after they have been stained with the usual iodine solution.
The formulae for the solutions are as follows

......
:

(A) Potassium iodide

Water

1

100

gramme.
c.c.

Iodine, to saturate (add 2 crystals of iodine to solution).

(B) Concentrated glycerine

.

.

.

.

.20

Water

Add
The fibre

sulphuric acid (1'78 sp. gr.) slowly

.

10
30

c.c.

,,

mounted

in iodine solution as usual, and covered.
the slide in close contact with the cover-glass and

is

A

drop of acid

drawn in by the
placed on
capillary attraction of a piece of blotting paper held on the slide near the coverThis is explained by Fig. 136.
glass on the side opposite the acid.
is

Fig. 136.
a.

Diagram to

illustrate

Method

Piece of blotting paper.

b. The glass
slip.
The blotting paper soaks up the

in the

of staining fibres

"

by
Irrigation."
The cover-glass.
d. Drop of sulphuric acid.
under the cover-glass and thereby draw 3
c.

liquid

drop of sulphuric acid under the cover-glass,

;;nd the fibies are stained.
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A useful reaction, particularly for Hgnified fibres and for pulp which has
been partially prepared, is that produced by the use of chlorine water and a
solution of sodium sulphite.
The

solutions for this test are prepared as follows

:

Chlorine water.

Pass chlorine gas into water until the latter

Sodium

is

saturated.

.....40
sulphite solution.

2 grammes.

Crystallised salt
Distilled water

.

.

.

The chlorine water acts upon the fibres, producing a slight yellow coloraand the addition of sodium sulphite to the chlorinated fibre produces a more
or less deep magenta colour, which serves to bring out the structural detail
more clearly.
Another distinctive test for lignified tissue, particularly wood pulps, is the
ferric-ferricyanide reaction, which produces a marked blue coloration in the

tion,

fibre,

due

to the formation of prussian blue in the cells of the fibres.
as suggested for the reaction by Cross and Bevan are

The formulae

......
.....

(A) Ferric chloride
Distilled water
(B) Potassium ferricyanide
Distilled water

Mix

The well-known phloroglucine reagent

Hydrochloric acid

62 grammes.
100

1

3'3

grammes.

100

equal volumes of these two solutions

Phloroglucine
Alcohol

:

when

required.

prepared as follows

......
is

:

4 grammes.
lOOc.c.

.

.

.

.

.

50

,,

The differentiation of various fibres by the use of aniline dyes has been fully
studied by Professor Behrens.
The more frequently used dyes are magenta, methylene blue, eosin, diphenylamirie blue, these solutions being most conveniently prepared with a strength of
1 in 2000.
These dyes act differently with various fibres, and Behrens claims that it is
possible to make use of them as a means of identification, when applied underHe states that it is possible to obtain very
precise and definite conditions.
"
marked differences with similar fibres
means of " combination results. That
by

to say, fibres treated with one aniline colour, will subsequently yield marked
differences in colour when further treated with a second dye.
In the identification of hernp and flax, which usually proves to be a difficult operation, Behrens
"
obtains what he terms a " combination colour by treating the mixture of fibres
is

with malachite green and then subsequently with benzopurpurin.
The effect of this double combination is that the hemp appears green and the
flax appears a brick-red colour.
There is plenty of scope for further investigation into this question of the
identification of fibres.
Thus, for instance, the close resemblance of cotton and
linen fibres in a well-beaten paper makes the task of determining the proportions
of cotton and linen an exceedingly difficult one, and it is very much to be
questioned whether an analysis made with the microscope can give in precise
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terms and figures the correct proportions of cotton and linen in a paper said to
be made from rags.
In a case of this kind much experience is necessary in order to arrive at
a satisfactory conclusion, although at the same time it is veil to bear in mind
that an estimate which comes within 10 per cent, is often sufficient for practical
purposes.
The only instances in which the identification is of absolute importance is
that in which the presence or absence of cotton in a linen paper, or of linen in a
cotton paper, for example, might be considered a sufficient excuse for rejecting
a delivery of paper, but this is in itself an extremely unlikely case.

TABLE XXYIT.

Micro-chemical Reactions of Fibres.

CHAPTER

XIT

FIBROUS MATERIALS USED IN PAPER-MAKING
General class! ficatior.:

Linen, cotton, esparto, straw, hemp, jute, wood pulp, other fibres
Microscopic features Dimensions Colour reactions.

Vegetable Fibres.

THE number

of vegetable fibrous substances suitable for the manufacture of
It is true that in the laboratory paper can be
comparatively small.
made from plants of every description, but the practical application of such
fibres for commercial purposes is determined by the cost of manufacture, the
supply of raw material, and the quality of the final product. These latter
considerations limit the choice of material in a marked degree.
In the library of the
British Museum may be seen
a Dutch book, printed as far
back as 1772, containing oversixty specimens of paper prepared from different matebut it is merely a
rials
curiosity, a facsimile of which
could readily be prepared by
any one possessing a few
simple chemical appliances.
Hence, while such widely
differing vegetable substances

paper

is

;

as straw, cotton, linen,

hemp,

hay, nettle, sugar-cane, wood,
cabbage-stalks, cocoanut-matting, grass, peat and many
others may be converted into

in

some

of

paper
yet the

list

common

The Fibres

of a

Magazine Paper,

A broad general

chiefly esparto.

tion

products, and the
follows

raw materials employed

in

use as raw mateis a

for paper-making
short one.

rial

Fig. 136tf.

description,
of fibres actually

of

classifica-

and

paper
manufacture may be made as
paper

:

Writings and printings
Wrappers and boards

However

Rags', esparto,

and wood pulp.

Wood, hemp,

jute, straw,

waste paper

varied in form and appearance the
ordinary plants suitable for
the manufacture of paper may be, yet when subjected to chemical treatment
they appear to lose their distinctive form and physical structure, yielding a white
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fibrous substance which is called cellulose, and it is not easy by mere superficial
examination to determine the source of this white cellulose when thus isolated

from the plant.
But though similar

in appearance and chemical composition, yet the various
be distinguised by microscopic examination of the ultimate fibre.
The microscope at once reveals very important and characteristic differences in
structure, and largely explains the great differences to be found in the paperproduced. The effect of the processes used for isolating the pure paper-making
fibre is confined therefore to the removal of non-fibrous constituents, a term
which may be conveniently used as comprising all the elements in the plant
which have no value as fibre.
A fibrous plant may be regarded as a structure consisting of fibres associated
with cells which are built up together to form a tissue more or less complex,
The
according to the nature of the plant and the family to which it belongs.
fibres are associated with the cells somewhat after the fashion of a building in
which bricks and mortar are found but the analogy must not be pushed too far,
since the association in the plant is by no means so simple as the mere mechanical
contact between bricks and mortar.
The commercial application of the plant itself for the purpose of the papermaker requires a breaking down of the plant structure into fibres and cells.
The valuable portion of the plant is the fibre, but in some cases the cells are

celluloses

may

,

;

also useful.

The

classification of

available plants can be
point of view.

the paper-making

or celluloses, from the various
structure is looked at from this

fibres,

made when the plant

In cotton no separation of fibres from cellular matter is necessary, since the
of the plant results in the formation of a mass of fibres free from any

growth
cells

or cellular matter.

/tax, hemp and jute the plant is a typical fibrous mass, in which the individual fibres are more closely associated with one another than with the
surrounding cellular matter.
In the case of straw, esparto and wood the fibres are more regularly distributed through the substance, and are more intimately associated with the cellular
mass than in the case of flax and hemp.
In the case of plant seeds, such as those of the cereals and many vegetables,
the cellulose compounds are not fibrous in character, but consist almost entirely
of cellular matter, and these substances are therefore of little interest to the

In

paper-maker.

The plants which are of interest to the paper-maker can therefore be arranged
under some scheme of classification which commences with the typical cotton fibre
characterised by the presence of a very high percentage of fibre, with a complete absence of cellular matter and which ends up with plant structures
containing a large proportion of cellular matter with the absence of useful
,

fibrous constituents.

Considered from the point of view of resistance to chemical treatment the
paper-making fibres may be roughly classified under two headings.
cotton, ftax, hemp,
(1) Those of greatest resistance to the action of chemicals
ramie, sunn hemp, &c., in which the average yield is over 75 per cent, of cellulose.
(2) Those of less resistance to chemical treatment esparto, straw, jute, wood,
bamboo, &c., in which the average yield is from 40 to 60 per cent, of cellulose.
These striking differences in the nature of the several plants available for
the manufacture of paper are sufficient to explain why rag papers come nearest
to the ideal paper.
Some rough-and-ready idea of the permanence and durability of papers may
typical

:

:
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in an
be obtained by submitting samples of papers for eighteen to twenty hours
oven at a temperature of about 110 0. The colour of a high-class rag-paper will
or straw will turn a light
not appreciably alter.
paper made from esparto

A

1,

Linen Fibres, according to Herzberg.
Fig. 137.
Natural fibres exhibiting strongly marked features
4, A fibre
flattened out at one end, and resembling cotton
5, A typical linen
fibre after boiling and bleaching
6, A fibre which appears to be
cotton, but can be identified as linen on account of numerous pores.

2,

3,

;

;

;

An ordinary printing paper containing mechanical wood pulp
on a decided yellowish brown colour, the changes being due to the

yellowish brown.
will take

condition of the cellulose in the paper.
Hags. All rags have their peculiarities of quality and suitability, their value
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being in proportion to cleanliness, whiteness and strength. The different grades
are usually supplied to the paper-mill roughly sorted out according to their condition and colour, as the term "rags" is used in the trade to include all kinds of

1,

Cotton Fibres, according to Herzberg.
Fig. 138.
General appearance of a raw fibre 2, Fibre as occasionally seen after
amount of beating, still readily
3, Fibre after moderate
boiling
Usual appearance of fibres in ordinary rag
5,
4,
recognised
seen in well-beaten pulp.
papers 6, Structureless cotton fibre as
;

;

;

;

which have already been utilised for other purposes. The list of
materials which should be mentioned under this heading is a fairly long one
New linen cuttings, new cotton pieces, fine white linens or cottons, inferior
white rags, coloured rags, blue rags, gunny, rope, sailcloth, canvas, hemp and flax

textile fabrics

:

waste, manila, bagging.
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Cotton and linen rags, sailcloth and canvas are used in the manufacture
hand-made and machine-made writing papers. Rope, gunny,
bagging and textile wastes are utilised chiefly for wrappers and boards.
Linen. For the manufacture of high-class papers the bast cells of flax are
The linen fibre in its raw state is
regarded as being the most suitable material.
readily distinguished from cotton, under the microscope, by a narrow central
canal of small diameter, and by the repeated thickening of the cell wall which
forms knots in the fibre at regular and frequent intervals. The fibre is also
more cylindrical in shape and of smaller diameter, the ends tapering gradually

of

high-class

to a fine point.
Many of these distinguishing characteristics are greatly modified in the
process of manufacture, so that it often becomes a matter of some difficulty to

determine the proportion of cotton and linen in a given paper, while the identification of linen and hemp in a mixture of the two v/ith a view of finding out
the relative amounts present is in many cases impossible owing to the strong
resemblance of the ultimate beaten fibres.
The application of suitable reagents to the raw fibre when examined under
the microscope serves to bring out the details of structure very clearly, but with

paper containing the well-boiled and beaten material these details are by no means
The curious brownish colour found with the knots in the raw fibre
is almost entirely absent in the beaten stuff and can only be identified with a
higher magnification than is usually employed. The fibre ends are generally
blunt and frayed out, the pieces cut off being torn into more or less structureless
Some fibres are flattened out and resemble cotton.
particles.
The identification of linen involves a careful search for the central canal, the
traces of knots, and the presence of numerous pores in the cell walls appearing
as dark lines across the fibre.
Cotton. Under the microscope raw cotton presents a characteristic form

so distinct.

The

fibre is a transparent tube, usually flattened and
and tapering off to a blunt point. The
twisted
collapsed,
twisted or cork:-crew form of the fibre serves to distinguish it from other vegetable
The fibre is quite devoid of
fibres and is an easy means of identifying cotton.

which

is

easily recognised.

always more or

less

pores and knots.

The treatment necessary for the conversion of cotton rags into paper alters
the general nature and appearance of the fibre considerably. The curious twist
in the raw cotton is largely removed by the action of the caustic soda used for
boiling the rags, while the mechanical reduction of the fibres by the process of
"
"
The natural ends of the fibre are
beating also affects the physical structure.
seldom found in paper the fibres are often flattened to such an extent as to be
mistaken for wood cellulose, though in the latter case the coloration produced
by the use of zinc chloride and iodine solution serves to identify the wood-cells
with certainty the fibres are sometimes split lengthwise by prolonged beating
which gives them a partially striated appearance, somewhat resembling wellbeaten hemp the fibres frequently exhibit, after the process of beating, a complete absence of structure, owing to the removal of those characteristic features
which distinguish the raw fibre.
Amongst papers containing cotton fibre, ordinary blottings preserve the
original structure best, except that the fibres are cut very short, while high-class
T.S. writings exhibit the greatest deviations from the original structure, on
account of the severe treatment to which the fibre has been subjected.
Esparto. This fibre was introduced into England in 1852 by Thomas
Routledge. It is a grass, Stipa tenacissima, growing freely in Spain, Algeria,
and other parts of Northern Africa, w hich has proved to be eminently suitable
for magazine papers and soft printings. The leaf grows to a height of three or four
;

;

;

7
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which as it ripens
a thick piece of wire.
feet,

and becomes dry

up into a

curls
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circular form, resembling

Although raw esparto differs greatly in appearance and in structure from
straw, yet it closely resembles straw when reduced to ultimate fibres by treatment
with caustic soda. The fibres of straw and esparto have one peculiarity in

common which

distinguishes them from other paper-making fibres, viz;., the
For this reason the structure is not altered or
shortness of the isolated cells.
modified through the process of beating to any serious extent, so that the fibres
in a well-beaten esparto paper still resemble closely the raw isolated fibres from
The bast cells are short, smooth
boiled esparto pulp which has not been beaten.

Fig. 139.
1, 2,

Bast

cells

;

3, 4,

Esparto Fibres, according to Herzberg.
cells
5, Seed hairs
6, 7, Epidermal

Sclerenchyma

cells (serrated edges)

;

;

;

8,

Titted vessel.

form, tapering off to fine rounded points, having a minute
central canal.
In addition to the bast cells, the esparto contains epidermic cells of varying
length and of curious shape having serrated edges. The presence also of small
pear-shaped vessels, some short and others long, the source of which is to be found
in the hairs attached to the surface of the leaf, is a certain indication of esparto.
Straw. This has been used as a paper-making fibre since 1800. Between
the years 1870 to 1890 enormous quantities were utilised for news and cheap
certain
printings, but the fibre has now been superseded by wood pulp,
quantity is, however, still employed, since it imparts a hardness to common
fibres, cylindrical in

A

The main portion of the straw
printings which cannot be obtained with wood.
now used in paper-making is submitted to a very slight chemical treatment, and
converted into straw boards.
The bast cells are long, thin fibres of cylindrical form with a small central
The cells when bent, which they
canal, not clearly discernible with low powers.
often are, as examined under the microscope, do not assume a graceful curved
form like esparto, but usually kink at the bends as a rubber tube will when folded
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10

ii

12

Straw Fibre, according to Herzberg.

Fig. 140.
1

2

Bast

cells
8,

10,

;

3,

11,

4,

5,

Spiral vessels

Epidermal

12. Pitted vessel.

cells

;

;

6

;

9,

Parenchyma

cells

Sclerenchyma

cells

7,
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The cells are slightly thickened at intervals, nob externally, but
sharply.
Judicious colouring
internally, giving the central canal a varying diameter.
with the microscopic reagents gives a clearly defined structure.
In addition to the bast cells, the straw is recognised by the presence of
These vary in size,
cells, which are specially characteristic of straw.
being cylindrical yet somewhat flattened and of different lengths, and usually
covered with small pores.
The epidermic cells are of all sizes, having deeply or slightly serrated edges
similar to those of esparto, from which it is not easy to distinguish them.
Usually the esparto serrated cells are more uniform in shape and size, while the
straw cells are very irregular, particularly if the straw is a mixture of various
The straw may be still further
sorts, such as wheat, rye, barley, and oats.
identified by the short, broad, oval-shaped cells found in the pith
adhering to
the interior portion of the plant stem. The cells of the different straws vary in
shape and size, but possess certain general characteristics of the nature

parenchyma

described.

Fig. 141.
1, 2,

Chinese Rice Straw.

Fibres closely resemble ordinary wheat straw.
3. End of bast cell, very

Bast cells, of varying diameters
4, 5, Parenchyma
pointed
;

7,

;

cells

;

6.

Epidermal

cell

;

Pitted vessel.

A fibre characterised by its great strength. The paper- maker uses
form of canvas, sail-cloth, rope, and spinning refuse, all of which
can be worked up.
The material cannot be bleached to a high degree of
whiteness, but its strength renders it suitable for the production of banknote
and ledger papers, and it is used very largely in conjunction with rags for this
purpose. When partially boiled, it is converted into browns and wrappers, being
Hemp.

hemp

in the

also used for cable insulation purposes.

The term " hemp

Hemp.

"

Cannabis

covers a variety of plants.
sativa.
Species obtained from Russia, Mauritius, and

various parts of India.

Manila hemp. Musa textilis. Found principally in the Philippine Islands.
Sunn hemp. Crotolaria juncea. Found in India and known sometimes as
Bombay or Madras hemp.
The hemp fibre resembles linen very closely. In the raw state certain
differences in structure serve for the purpose of identification, such as the
striations parallel to the length of the fibre, fine transverse markings across the
surface, broad flattened ends, sometimes fork-shaped, and small projecting hairs

at some of the joints.

PAPER TECHNOLOGY

164

These differences cannot be relied upon with certainty when the fibre has
been converted into paper, for they become so modified and altered that
A well-beaten hemp paper will exhibit a
identification is extremely difficult.
fibrillae or small fibres produced from the hemp by continued
of
number
large
and iodine solution,
beating, which, when treated with the ordinary zinc chloride
A similarly beaten linen paper will not show this
will remain almost colourless.
peculiarity to the same extent.
To distinguish an all-linen paper from an all- hemp paper is not such a
difficult matter, but the determination of the quantity of linen in a ledger or
deed paper made from a mixture of linen cuttings and canvas is in many cases
almost impossible.

Fig, 142.

1-5,

Hemp

fibres (Herzberg)

;

6,

Ends of

Hemp

fibres highly magnified.

Manila Hemp. Closely resembles jute, not only as it appears after the
beating necessary for the production of paper, but also in the raw state. The
fibres are somewhat larger in diameter, and the cell walls are marked with pores,
which, however, do not show very distinctly.
paper containing manila hemp
is distinguished by occasional groups of small narrow cells with semicircular
ends which are not found in jute. The central canal is not quite so varying in
diameter as in the case of jute.
The ultimate fibre is much shorter than in the true hemp the canal being

A

;

more

distinct.

Jute.

up by the
their way

A

hemp in general appearance, which is worked
manufacturers into cloth and bagging, which eventually find
into the paper-mill.
It is frequently found mixed with hemp in
material resembling

textile

inferior qualities of rope

The

jute fibre

is

and canvas.

seldom used in white papers, being usually employed for

FIBROUS MATERIALS USED IN PAPER-MAKING

1G5

browns and wrappers. The raw fibre is chiefly recognised by the very irregular
shape and varying diameter of the central canal, which will be broad in some
The fibres also frequently occur in bundles or
places ard very thin in others.
The presence
filaments, which, however, are found separated in bleached stuff.
of knots is also characteristic of the jute fibre, and these are easily seen when
the zinc chloride and iodine solution is applied.
Jute is frequently found in
papers supposed to be made entirely of hemp, owing to the fact that the canvas
and rope used is often adulterated with jute. The presence of jute in such cases
cannot be attributed to a deliberate addition of the material by the paper-maker

Jute fibres (Herzberg).

Fig. 143.

for the purpose of adulteration, as he may be quite ignorant of its existence in
the raw fibres.
Wood Pulp. The introduction of paper making fibre manufactured from
wood dates from 1840, when Keller brought out a process for the manufacture
of mechanical wood pulp.
In 1866 Tilghmann patented a method for the production of chemical wood pulp, and since that date the consumption of this
material has reached an enormous figure. The chemical pulp is used in all kinds
of paper, either by itself or in conjunction with other fibres, but mechanical

wood is only suitable for cheap printings and boards.
The trees which furnish the best wood for this purpose are the Coniferce,
such as the common spruce and silver fir found in Europe, and the black spruce,
white spruce, and American pine of the United States and Canada. Generally
speaking, all soft woods, such as spruce, pine, fir, aspen, balsam, poplar, cottonwood, are suitable for wood pulp the hard woods, such as mahogany, hemlock,
;
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beech, birch and maple, being difficult to treat, and yielding a pulp of inferior
quality and colour.
The cells or elements which form the woody tissue of plants are varied in
shape and size. The complex structure of the plant stem is due to the association of true woody fibres with tracheids, or pitted cells, and medullary tissue.
In the Coniferce, or cone-bearing trees the wood is made up entirely of tracheids,
>

Fig. 144.

which

cells

Spruce

Wood

Fibre, according to Herzberg.

are easily recognised in spruce.

With

poplar, the elements are true

woody fibres, or libriform cells, which present an entirely different appearance.
Chemical Wood Pulp. The treatment to which wood is submitted for the
preparation of chemical pulp isolates the eel Is from one another in such a manner
as to give them their maximum length and true form.
The markings on the
vary in character according to the particular wood, so that it is possible, by
careful observation of the cells under the microscope, to identify the wood from
cells

which the pulp has been made.
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The

fibres of spruce are
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most easily recognised by their characteristic

ribbon-like shape and the existence of circular pitted
The circular markings are usually prominent in
but they are often less distinct in well-boiled pulps.
Occasionally cells assume the twisted shape peculiar
be differentiated by the zi^c chloride and iodine solution,
colour, whereas cotton is coloured brown.

the

flat

vessels, or pores, in

fibres.

hard strong sulphites,

Fig. 145.

The shape and

Poplar

Wood

to cotton, but they can

which imparts a bluish

Fibre (Herzberg).

distribution of the pores in the fibres afford

some indication

For example, Pinus picea is characterised by
of the particular tree employed.
minute pores grouped in series of four, and Pinus sylvestris by large egg-shaped
pores distributed along the fibres at fairly regular intervals.

The pulp of poplar and similar non-resinous woods is different from
Poplar.
that of the conifers spruce and pine. These fibres are shorter and more cylindrical
in shape and frequently characterised by knots in the cell wall which give them
In addition to the true fibres the pulp contains a large
the appearance of linen.
proportion of curiously shaped cells, the markings of which are most distinctive.
Birch contains a greater number of such cells than poplar.
Birch fibres somewhat resemble straw, more particularly those straw
Birch.
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having thick walls. The pores are small and oval-shaped.
the fibres are too variable in shape to be considered distinctive.

fibres

Fig. 146.

The

cells

Birch

Wood

of

Fibre (Herzbtrg).

are very characteristic, being large, broad, and pointed,
cells in great number,

narrow pores lying across the

The ends

marked with
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process

formation of a mass of fibres
by which the pulp is manufactured results in the
and fibrous elements possessing little " felting " power. The pulp consists of a
mixture of structureless particles and fibres still preserving the characteristic

Fig. 147.
1, 2,

Mechanical

Well-formed

fibres,

Wood

Pulp, according to Herzberg.

showing pitted vessels

;

3,

Bundles

of fibres, united by medullary tissue
4, 5, Structureless
particles ; 6, Typical wood cell (a.) surface view, (b) side
;

view
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The structure of the latter can be
features which serve for identification.
observed, and the exact form of the cells, pitted vessels, and medullary rays
determined, so that the particular class of wood from which the pulp has been
prepared can generally be distinguished.
The mechanical wood is not only easily recognised by the structure, but is
more readily detected by the deep yellow colour imparted to it by iodine, or by
zinc chloride and iodine solution. Other lignified fibres such as jute are coloured
in a similar manner, but cannot be confused with ground wood on account of the
great difference in structure.

Other Fibres. Many other fibres are suitable for the manufacture of
up to the present time the utilization of plants other than those

paper, but

Bamboo.

Fig. 148.
I,

'2,

Bast

cells

;

},

Point of a bast cell

;

4, 5,

Cuticular cells

;

6,

Pithy matter.

already described has never been carried much beyond the experimental stage.
Amongst them may be mentioned
Adansonia. This is the inner bark of the Baobab tree (Adansonia digitata).
It is capable of giving a strong paper and was tried some few years ago in
:

England.
Agave.

The Aloe plant, used mainly for cordage. Fibres long and stiff.
The crushed stalk of the sugar-cane. Easily converted into pulp,
Bagasse.
but giving a low yield of pulp. Can only be handled profitably where grown.
Bamboo (Bambusa vulgaris}. This plant gives excellent pulp, as shown by
Mr. Thomas Routledge in 1875. The pulp resembles straw in some respects,
consisting of thick walled bast fibres and numerous serrated and ovcid cells.
shrub which yields bast fibres
China grass (Rhea, Boehmeria nivea).
from the bark. The ultimate fibre is long, in some cases reaching to eight

A

inches.

Cocoanut fibre (Cocos nudfera).
of experimental interest.

Obtained from the cocoanut husk.

Merely

Munj. A grass largely used in Indian paper-mills.
New Zealand flax (Phormium tenax). A strong fibre, but little used.
Paper mulberry (Broussonetia papyrifera). A fibre largely used in Burma,
Japan and China, specially suited for the papers characteristic of Japan, Arc.
Peat.
Used in limited quantities for cheap common brown papers.
Sunn hemp (Crotolaria juncea).- A strong fibre used in India for the
manufacture of rope and matting.
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Animal Fibres.
Animal

such as wool and silk, do not constitute raw material for
is used for certain mottled
papers in limited quantity, and
silk is occasionally introduced in the form of thin threads into safety cheque
These fibres are easily detected by their peculiar form.
papers.
fibres,

Wool

paper-making.

Fig. 149. -Silk Fibres.
a,

Ordinary raw

silk

;

ft,

Tussah

Fig. 150.
silk.

<t,
It,

TABLE XXVIII.

NOTK,

Wool

Fibres.

Scales undeveloped
Scales well-defined.

-Relative Sizes of Fibres.

All fibres exhibit variations from the aceraye dimensions given.

;
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Colour Keactions of Fibres.
applied to the surface of the

The

identification of fibres

paper

agents
of mechanical wood, esparto, or straw.

is

The

by means of

re-

practically limited to the detection
reagents are aniline sulphate and

phloroglucine.
Aniline sulphate is prepared by dissolving 4 parts of the crystallised salt in
100 parts of distilled water. Paper containing mechanical wood is stained yellow,
more or less intense according to the amount of mechanical wood present.

Paper containing esparto when gently warmed with a mixture

of 10 parts
part of aniline test solution turns a rose-red pink, the depth of
colour being a rough measure of the amount of esparto.
Straw cellulose gives a similar colour reaction with aniline sulphate.
Phloroglacine is prepared by dissolving 4 parts of the crystalline salt in
100 parts of absolute alcohol and adding 50 parts of pure hydrochloric acid.
This solution produces a reddish stain on papers containing mechanical
wood, the depth of colour being a measure of the amount of wood present.
In papers dyed with certain aniline colours, metanil yellow for example, this
red coloration will be developed even in the complete absence of mechanical
wood. It is, due, however, to the free hydrochloric acid in the reagent. If a
paper gives a red colour with a few drops of hydrochloric acid, then some such
dye is present. If the paper does not give a red colour with phloroglucine,
mechanical wood is absent.
The colour
If the paper turns red, mechanical wood may be present.
Coarser particles of wood become
gradually develops and darkens slowly.
deeply stained and give the effect of an uneven coloured surface.
If the paper turns red, and the colour develops suddenly, producing a
uniform shade with an absence of deeply stained particles, mechanical wood may
not be present. In this case a few drops of hydrochloric acid, per se, will stain
the paper red.
The identification of fibres is more completely determined by reference to
In such cases the structure of the fibres may be rendered more
the microscope.
definite by the use of certain staining reagents, as shown in Table XXVII.,

of

water and

page 155.
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CHAPTER

XIII

ANALYSIS OP A SHEET OP PAPER
TYPICAL EXAMPLE OF A REPORT ON THE INVESTIGATION OF TWO
HIGH-CLASS RAG PAPERS.

THE

extent to which a paper is examined for quality and value depends very
upon the nature of the information required. In the majority of cases
the information sought refers to jome comparatively simple constituent
which is readily determined, or to some single defect which may be of
great importance. Thus it may be necessary to report that the sample has a
certain breaking strain, a factor easily expressed in simple numerical terms
or to determine accurately the nature of some defect, such as, for example,
whether certain coarse fibres appearing in a sheet of news are derived from the
pulp used in manufacture, or from odd pieces of string.
Questions of the latter type are exceedingly varied in character, and are
furthermore of the greatest importance, since the critical examination of the
difficulty fixes the responsibility for any claim for damages.
Of Isss frequent occurrence are investigations of a complete character,
involving a careful measurement of all the normal qualities, physical and
chemical, of the paper.
As a typical example of such an investigation the following report will
afford some insight into the work required.
It is obvious that a complete
report must take into account (1) General characteristics, and (2) Special
qualities in reference to the purpose for which the paper is to be used,
largely

;

TABLE

XXIX.

Report.

This report deals with an investigation into the qualities of two high-class

rag papers.

The results are summarised in the table on page 174,
separately recorded.

General
paper

A

is

Conclusion

of better quality

The

results

of

this

investigation

A.
B.

two sheets

of sheets

marked

respectively

:

17i inches by 22| (480 sheets) 25
22 (480 sheets) 26

17|

of each

show

that

than paper B, having regard to the purpose for

which the papers are intended.

Samples submitted.
The samples consisted

the details being

mark being

supplied.

Ibs.

174
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Weight and Substance.
TABLE

Bursting Strain.

XXX.

Determined on a diaphragm machine.
Mean.

Lbs. per square inch.

A.
B.

78-0
69-0

80-0
67-0

79-0
71-0

Strength and Stretch.

79-0 Ibs.
69'0

Strength determined on strips 1 inch by 5 inches.
Stretch expressed in terms of the percentage of length.

TABLE

XXXI.
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The strength expressed in terms of the length of paper
suspended, would break of its own weight, is

Breaking Length.
which,

if

:

TABLE XXXII.

Elasticity of the Papers.
record was made of the behaviour of the paper when submitted to tension,
as to the nature of the stretch.

A

TABLE XXXIII.

Crumpling

Test.

TABLE

XXXIV.

Folding Test.
Loss of strength due to repeated folding (150 times)

TABLE

XXXY.

:

ANALYSIS OF A SHEET OF PAPER
Composition by Volume.
The composition of the paper
several ingredients as a

measure

177

in terms of the total volume occupied
and density is as follows

of bulk

TABLE

by the

:

XXXVI.

Opacity.

The

relative opacities, taking paper

A

A.
B.

A

is

slightly

as 100, are

:

100
80

more opaque than B.

Chemical Constituents.
TABLE

XXX VIE.

Sizing Qualities.

Both papers well sized. Penetration by ink, nil.
Spread of ink on surface of paper after scratching with a penknife very
slight in both cases.

Starch.

Paper

A

contains more starch than

paper B, the amount in both cases

being small.

Fibrous Composition.
A. About 85 per cent, cotton, the remainder being a mixture of fibres too
much beaten to be identified with certainty as to cotton or linen.
B. About 70 to 80 per cent, cotton, the remainder a confused mixture of
linen and hemp.

CHAPTER XIV

THE
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"

" volume
The expression
composition
study of the qualities of paper in terms of the
"
of the strength of paper in terms of the
breaking weight per unit of sectional area
The alterations in physical qualities occurring at various stages of manufacture.
'

Volume Composition. Many interesting and important points relating to
some physical qualities of paper arise out of a consideration of the volume composition of a paper as distinct from its composition by weight.*
In the general analysis of a paper dealing with its composition by weight, and
with a simple determination of the more important constituents, it is usual to
show the proportions by weight, of the fibre, mineral matter, gelatine, rosin, and
pigments.

In an imaginary case the analysis might show

:

TABLE XXXVIII.

Moisture
Fibre

Ash
Gelatine

.

Rosin
Colouring-matter

100

8ome one or more of these ingredients may be absent. In special cases
examination for sundry imparities may be necessary, but in ordinary paper the
above analysis answers the purpose.
Now each of the ingredients occupies a certain volume in the paper. A sheet
definite size, however thin it may be, possesses volume, and this depends on the
three usual dimensions, length, breadth, and thicknass.

Volume

(v)

=

I

x

b x

t.

In the case of a tub-sized paper, the conditions may be shown clearly by
means of Fig. 151, which is a conventional diagram of the paper on an enlarged
The gelatine occupies a proportion of the total space as indicated by the
scale.
Of course the gelatine is diffused through the paper much more than
letters g y.
the diagram would appear to indicate.
*
See " The C.B.S. Units, or Standards in Paper-testing,'' by Messrs. Cross and Bevan,
Beadle and Sindall,
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may be represented 'conventionally by the lines crossing and recrossing one another as shown at//, &c.
The ash may be indicated by circular particles as at
m.
The remainder of the total volume, when all the volumes occupied
by the
several ingredients have been
calculated, must be air spaces, and the volume of
air space is determined
by difference.
The " volume composition " of a paper
fibres

m

might

be, for

example

:

Percentage
by volume.
Gelatine

4
87

Fibre, air-dry

Ash

6

..

Air space

53

.

100

The determination

of the volume compopaper is based upon a few simple
experimental observations of the following
order
sition of a

:

of a circular disc of the
paper, in grammes, having an area
of exactly 1000 square millimetres.
(2) Thickness (t) of the paper in millimetres.
(3) Percentage of ash in the paper (m).
(4) Percentage of gelatine (g) or of
rosin (r).
(1)

The

Weight (w)

case

Paper.

may

Conventional Diagram of a
Sheet of Tub-sized Paper.

Fig. 151.

//,

Gelatine
in,

;

/,

Fibres

;

Mineral matter.

be clearly stated by means of an actual example.

A tub

sized writing, substance 20"

by 30" (480 sheets) 63

Ibs.

Experimental Observations.

having a total area of 10,000 square millimetres.
This was determined by folding the paper several times, and cutting out
10 discs with a circular steel punch of the diameter necessary to give
the required area, the object in taking 10 discs being to get an average

(1)

Weight

of 10 discs

reading.

10 discs weighed 1'5G55 grammes.
(2) Thickness of the 10 discs in millimetres.

Determined by means
Thickness of 10 discs
of gelatine,
(3) Percentage

of the

=

micrometer gauge.

1'60 millimetres.

found by analysis

in the usual

way.

Gelatine 5*0 per cent.
(4)

Percentage of ash, China clay, found by ordinary methods,

Ash

15*0 per cent.
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Now

the percentage composition of this paper by weight was

:

...
....
........

80'0
15-0

Air-dry fibre

Ash
Gelatine

5'0

100-0

The volume of a disc of paper measuring 1000 square millimetres in area is
expressed at once in cubic centimetres by the thickness of the paper in millimetres.
Volume (v) = area x thickness (t),
1000 t cubic millimetres,
= t cubic centimetres.

Hence the thicknessWeight and volume.
(v) of the 10 discs.

of 10 discs also expresses the

(t)

volume

Volume
1*60

Of

c.c.

of the

of 10 discs

= = VGO
t

cubic centimetres,

paper weighs 1'5655 grammes.

this weight, Fibre

is

Ash
Gelatine

80 per cent., namely 1*2524 grammes.
15
0-2348
5
0-0783
1-5055 grammes.

From

this

it

follows that 1 cc. of the paper contains

....
....

Fibre

Ash
Gelatine

.

.

.

Total

.

:

0'783 grammes.
0-147
0'049
0-979 grammes.

The exact volume occupied by these amounts of ash, gelatine or fibre is
making use of the known specific gravities.
The specific gravity (s) of any substance is weight (w) divided by volume (v)

calculated by

and the required volumes are thus readily determined by dividing the weights
of the several ingredients by their respective specific gravities.
The specific gravities of the various ingredients are
:

Cellulose

1-5

Ash

2-5

Gelatine

.

.

.

.

.

.

.

1-35

Since weight divided by volume is specific gravity, the volumes occuuied
by
the respective amounts of fibre, gelatine, and ash are
:

783 gramme Fibre = ('783-r-l 5) c.c.
147 gramme Ash = (-147 -r 2-5) c.c.
049 gramme Gelatine = ('049 -f 1-35)
Balance = Air-space
<

.

.

.

.

c.c.

.

,

.

='522

c.c.

='059
=

-03fi

'388

,,

I'O c.c,
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:

52-2

.

Ash

'

.

.....

Gelatine

.

.

Air-spa.ce

.

.

.

5-9

3 '6
38'o

100-0

Apparent Specific Gravity. The calculation of the volume composition of
a paper under the system discussed in the "C.B.S. Units" throws considerable
light upon the exact relation between the weight of a paper and its volume. This
relation is, of course, the apparent specific gravity of the
paper since
Sp. Gr.

= Weight

-f-

Volume.

In the case already quoted,
I'OO

c.c.

I'OO

of the

c.c.

of the paper

In other words, the weight of
gravity," a definite function

paper weighs 1-5055 grammes,

1 c.c.

which

is

weighs 0-979 gramme.

of a paper expresses its " apparent specific

of the greatest importance.

Breaking Weight per Unit of Sectional Area. Another property of
paper which demands attention in the consideration of volume composition
relates to the strength of paper.
Usually the strength of a paper

is recorded in terms of the number of
pounds
required to fracture a strip of given width, though in Germany the convenient
"
expression of
breaking length," i.e., the length of paper which, if suspended,
would break of its own weight, is almost exclusively employed.
The authors of the pamphlet " The C.B.S. Units " have shown that the following
intimate relation exists between the terms breaking length (I) and apparent

specific gravity ().
I

x

s

=

Breaking weight per unit

of sectional area.

This third expression is a property of the paper which has not been
studied to any great extent.
The breaking weight per unit of sectional area
is a familiar
expre.-sion for recording the strength of structural materials, such
as brass, iron and wood
but it is usually determined by direct experiments in
which a bar of definite sectional area is fnicturtd. The same method can be
applied to paper, and the breaking weight per unit of sectional area as found by
direct experiment agrees with the figure obtained by finding the product of
;

breaking Length multiplied by apparent specific gravity.
These various relations have an important bearing upon the quality of paper.

The

C.B.S. Units applied to a Special Case.

Samples taken. The author, during a course of lectures given at the
Dickinson Institute, Croxley, under the auspices of the Hertfordshire County
Council, endeavoured to explain the nature of the volume composition of paper,
and the possibilities which might arise from a further study of the physical
qualities of paper, by using as an illustration samples of some given paper
taken from a machine at certain stages during manufacture, so that tha allorations in physical qualities could be properly measured and the influence of
successive operations determined.
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The samples taken were
No.
No.
No.
No.
No.
No.
No.
No.

1

.

2.
3.

4.

as follows

:

Paper from between the couch-rolls and press-rolls.
Paper between press-rolls and drying cylinders.

Rough machine-finished paper after leaving cylinders.
Rough M.F. paper lightly glazed, not tub-sized.

5.

,,

6.

,,

,,
,,

7.

.,

,,

,,

8.

,,

,,

,,

heavily glazed, not tub-sized.
tub-sized, not glazed.
lightly glazed after sizing.
heavily glazed after sizing.

These samples fairly represented the various stages in the manufacture of
the paper.
The paper taken from the couch-rolls was allowed to dry out
The paper taken from the press-rolls was
naturally between blotting paper.
The remaining samples were all taken as rough machinesimilarly treated.
finished paper and submitted to the processes referred to.
The special investigations made with this paper are interesting in view of
the changes in physical condition brought about during manufacture, particularly
those relating to bulk and weight.
These changes are set out in Table XXXIX., which shows the weight per
ream and thickness per ream at the various stage*. The figures are instructive
because they show the comparative weights for equal bulk, and the extra number
of sheets required to make up the maximum bulk, so that the influence of each
operation is clearly shown and measured.
Observations made. The actual observations were those of
(1)

metres.
(2)

Weight. Weighed pieces, each having an area of 10,000 square milliRecorded mean weight.
Took an average of independent readings on 1, 5 and 10
Thickness.

pieces respectively.
(3)

Ash.

By

(4) Gelatine.

usual methods.
By usual methods.

The figures given in Table
tions made.

XXXIX.
TABLE

have been calculated from the observa-

XXXIX.

Variations in Bulk. The differences in the substance and thickness are
The fact of their existence is well known, though the
certainly interesting.
actual publication of a specific example now appears probably for the first time
but care is necessary in deducing any hard and fast conclusions from these
;
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experiments. They are the results of an investigation made on one paper, and
any suggestions arising can properly be applied only to this case. If, however,
the results and conclusions obtained are repeated in similar investigations, and
the relations found with the various physical qualities are consistent, then it will
be possible to draw some useful facts from the experimental evidence which
might arid should eventually guide the paper-maker. It is necessary to emphasise the necessity of only establishing a law on the evidence of repeated experiment, and not on single cases, in which the danger of a mere coincidence is
obvious enough.
The effect of the natural shrinkage of the wet paper obtained from the couchand press-rolls is very marked. Under the contraction due to natural evaporation of the moisture, the weight per ream of the first two samples reaches a high
In the rough machine-finished paper the forces of evaporation, tension,
figure.
and the pressure of felts against the hot cylinders tend to give practically the

minimum

figure.

The changes

in the thickness of the

paper are also interesting.
one to samplers the reduction is uniform, the thickness of
the first being 5 inches and of the fifth 2 '7 7 inches per ream. The percentage
loss of bulk at each stage may be seen in Table XL.

From sample

TABLE XL.

Showing Reduction

in Thickness of

Paper

at Various Stages.

The effect of the plate-glazing process is almost entirely confined to the
reduction of bulk, and consequent relative increase in weight. The paper after
glazing shows but little increase in area, so that the result of pressure as far as
the weight is concerned is of a simple character.
The increase in area determined by a few isolated measurements did not exceed 1 J per cent.
The greatest reduction in bulk occurs with the first pressure of the plateThe subsequent rolling merely improves the surface. Other
glazing rolls.
important points in reference to plate glazing will arise later.
Volume Composition. The results expressed in the familiar term of
actual weight and thickness become still more interesting when studied in
relation to the volume composition.
The exact influence of each stage in the
manufacture of the finished sheet is thus recorded in a form which shows the
effect upon each constituent of the paper, and this is well illustrated by the special
case under consideration.
The volume composition of the paper at each stage
in manufacture is set out in Table XLI.

Apparent Specific Gravity and Breaking Length.

The

investigation

was continued with the view of determining the changes in
phy^cal qualities other than that of volume composition merely.
Observations were recorded as to the strength of the paper and the alteraof the special paper

by the several operations "in manufacture.
"
is
seldom used in
breaking length
England, paper-makers contenting themselves with expressing the strength in
terms of the weight required to break a strip of given width. In this case it is
tions in strength brought about

Breaking Length.

The term

184

PAPER TECHNOLOGY

THE

UNITS

C.B.S.

185

necessary to record the width as well as the breaking strain, but by calculating
the length of paper which, if suspended, would break of its own weight, a figure
is obtained which is independent of the width, more or less.
For example
paper 20" by 30" weighs 72 Ibs. per ream, and has an average
The weight of the strip
strength of 60 Ibs., tested on a strip 1 inch wide.
tested, if 5 inches long and 1 inch wide, should be Jjjth oz., as follows:
:

A

20 x 30 x 480

sq. in.

288,000

sq. in.
sq. in.

5

- 72 x
- 1152
= ^th

16 oz.
oz.
oz.

If the breaking strain of the paper is 60 Ibs. for a one-inch strip, then a
weight of 60 Ibs. suspended to the strip 5 inches long, when hung vertically

would break the paper. If instead of an actual weight, a length of paper
1 inch wide equal to 60 Ibs. is substituted, then "breaking length" is
determined.
Since

^th

ounce is weight of strip 5 inches long
60 Ibs.
(250x16x60) inches, or 6666
yards.

The breaking length

is

therefore 6666 yards, irrespective more or less of

the width.
Tests for strength.
The strength of the special papers taken for investigation
in the usual way by taking six strips in the machine and cross
directions, the dimensions of each strip being 1 inch wide, and about 5 inches

was determined

long, giving a piece exactly 4 inches between the clamps of the apparatus.
The observations made, and the calculations worked out, were as follows

:

Strength in the machine direction. Mean of six tests.
Strength in the cross direction. Mean of six tests.
(3) Average strength of the paper.
(4) Weight of a strip one metre in length, and 25 mm. wide.
"
"
breaking length of paper.
(5) Calculation of the
(1)

(2)

"
(6) Calculation of

breaking weight per unit of sectional area."

TABLE XL1I.
No.

1.

Details of Tests for Strength.

Between couch-rolls and press-rolls
Machine direction, 16'0, 16'0, 17'5,

Mean

:

Cross direction,

r

16'5, 16'0, 17'. >

.

16-0, 16-0, 14-0, 13-0, 13-0

Final

No.

2.

Between press-rolls and cylinders
Machine direction, 20-0, 16'0, 18'0, 18
l.rO, 16 0, 13-5, 14'0,

0, 16'0,

.

145

.

.

.

.

0, 11

>

17-0
14-0

.

15'.j

.

28'4

.

mean

Rough machine-finished
Machine

direction, 28-0, 28 5, 27'5, 26'5. 30'0, 30'0
19-0, 180, 17-5, 18-0, 17-5

.

.

180

Cross direction,

Final me:.n

No.

4.

Ifro

.

'

140, 14

Final
3.

mean

16'6
14-4

:

Cross direction,

No.

.

.

.

23'2

.

32'6

.

196

Lightly glazed, not tub-sized

Machine

direction. 30'0, 35-0, 33'0, 31 -0, 32'0,
.
18-0, 19-0, 21

3J'f>

Oross direction, 20-0, 20-0,

.

.

.

Final

mean

26-1
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No.

Heavy glazed, not tub-sized
Machine direction, 30'0, 33

5.

:

Cross direction,

0, 30'5, 31'0, 31'5, 28-0
.
18'0, 19-5, 18-0, 18-0, 19-0, 18'5

Final

No.

Tub-sized, but not glazed

6.

Machine

:

direction. 35'0, 36-0, 35-0, 34*5, 35'0
0, 21-5, 21-5, 19-0, 23'0

Cross direction, 19'0, 20

Lightly glazed after tub-sizing

7.

Machine

30'5
18 5

mean

.

24'5

mean

27'9

r>

f>

.

.

Final

.

35'1

.

.

.

.

38-5
19-3

.

28'9

mean

:

35'5, 34-5, 36-0, 35'5

Cross direction, 18'5, 20-0, 20-5, 20-5, 20'0, 18-5

.

Final

The observations and

The

.

.

207

direction, 38-5, 39-5, 38-5, 38-0, 38-0, 38'.

Heavy glazed after tub-sizing
Machine direction, 36-5, 34-0,

8.

.

:

Cross direction, 19-0, 18'0, 18-0, 19-5, 20-5, 20

No.

.

....
....
Final

No.

.

.

first

items

of.

calculations mentioned are

interest in Table

XLIV.

35-3

.

.

.

.

.

.

197

.

27'5

mean

summarised in Table XLIV.
are those

referring to the

strength.
The mean strength of the finished paper as usually
Variations in strength.
put on the market, viz., that of the heavily glazed tub-sized paper, appears to be
27 Ibs. The maximum strength is apparently, however, obtained in the tubsized paper which has not been so severely rolled in glazing, viz., 29 Ibs.
Since the mean strength of the paper, after it leaves the couch-rolls, is only
15 Ibs., it is instructive to trace the several influences at work which add to the
strength.

Apparently the press-rolls contribute nothing, and the first increase is due to
the action of the felts and heat on the drying cylinders. This amounts to about
7 Ibs.

The sample lightly glazed shows an additional
lightly glazed after tub-sizing another 3 Ibs.
Hence

3

Ibs.,

and the sample

:

Original strength
First addition on the drying cylinders
Second addition due to sizing
Third addition due to glazing

....
....
.

.

Total

.

151

Ibs.

7-J-

3

3

29

Ibs.

It is further noticeable that nearly the whole of this increase is in the
machine direction, as clearly shown in Table XLIII.
For an increase of 22 Ibs. in the machine direction there is an increase

It is curious that in the papers taken off
the machine before reaching the drying cylinders, the strength of the machine
This was certainly
direction is almost equalled by that of the cross direction.
an unexpected result and, should it be confirmed by independent observations on
the part of other paper-makers, worthy of some investigation.
Evidently the
commonly accepted notions of the influence of shake on the relative strengths of
In these tests the figures tend to
the two directions may require modification.
later stages of manufacture are
work
the
at
that
influences
the
during
suggest
The great increase during the process of drying on the
of greater importance.
of only 5 Ibs. in the cross direction.

machine

is

most suggestive.
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The breaking length is a simple function of the paper, and varies at each
stage of manufacture as shown in the table.
TABLE

XLIIL

Sectional Area Breaking Weight. The " breaking weight per unit of
is determined by an equally simple calculation.
The strip taken
for testing was one inch (25*4 mm.), but the strength for a strip exactly 25 mm.
does not alter materially. Its thickness is dependent on the particular stage of
manufacture. For example, in paper No. 7, which is the finished sheet after
tub-sizing and glazing
sectional area"

:

Thickness of a single sheet

Weight

of sheet

1000

sq.

Breaking weight of strip

The area

wx

.

0*177 mm.
0-15357 gm.

13,140 gms.

width x thickness.

t

= 25

=

.

....
.

of a section of this strip will be

Area =

sq.

.

.

mm.

x '177
4*425 sq.

sq. mm.
mm.

The breaking weight sustained by a strip having a sectional area of 4*425
mm. is 13,140 grammes. Hence for one sq. mm. the breaking weight is

13140 divided by 4*425 or 2969 grammes.

The figures giving this function of the several papers have been calculated on
this simple basis.
A careful study of these qualities of paper reveals
Effect of Glazing.
several points of interest, which cannot fail to have a practical bearing on the
manufacture of paper as soon as the subject has been more fully investigated by
those who are in a position to make more complete experiments in the papermill.

Thus the relation of strength to the amount of glazing and to the bulk of
the paper is evidently important. The calendering and plate glazing adds to
the strength of a paper considerably. As the pressure increases so the strength
If the pressure is too
increases, up to a certain point, after which it diminishes.
high the strength suffers accordingly. This is indicated in Table XLIII.
The amount of pressure applied to a paper is, however, regulated by the
amount of surface and finish desired, and is not determined by considerations of
In the majority of cases the surface
strength and bulk to any great extent.
demanded by the buyer of a certain paper requires an amount of plate glazing
which reduces the strength to a point beloAv the maximum.
The comparison of breaking length with breaking weight per unit of sectional
area becomes interesting in this connection because the latter increases instead
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The gradual decrease in breaking length is accompanied by a
corresponding increase in the sectional area breaking weight.
In papers Nos. 7 and 8 there is a loss of 7 per cent, of
strength in the
breaking length due to excess of glazing over that which gives the maximum
strength, but a gain of 7 per cent, in the sectional area breaking weight.
jSote.
The term " heavy glazed denotes the amount of nor
normal glazing
for
the paper before it can be considered finished.
The term " light
necessary
"
glazed denotes that the paper had not been rolled to the desired extent.
"
coincides
According to Table XL1. the decrease in the
breaking length
with a volume composition in which the percentage of air space is below 40
per
of diminishing.

*'

''

cent.

The author finds this to be the case with many papers, and it is possible that
the volume composition of papers carefully recorded as a matter ot
laboratory
routine in the mill will throw a great deal of light upon this important
question
of maximum strength in relation to bulk.
The figures relating to volume composition as set out in Table XL[. should be studied in their relation to the figures
representing the strength.
Apparent Specific Gravity. The next point of. interest is the last
column of Table
IV. which shows that the breaking length of a paper
multiplied by its apparent specific gravity gives exactly the breaking weight
It may seem curious that such apparently different
per unit of sectional area.
The mathematical reasons for this
qualities should be so closely connected.
relation of the strength qualities are
set out and explained by the
adequately
authors of the " C B.S. Units " in their pamphlet.
Stretch. The behaviour of the paper when submitted to tension was also
recorded.
A note was made of- the amount of stretch which each paper indicated

XL

when

tested for strength.
The temporary and permanent stretch was taken in
most cases as follows
Two lines were drawn exactly four inches apart on the strip of paper before
it was
put into the testing-machine. The total stretch was registered in the
usual manner by the machine.
The permanent stretch was observed by bringing
the fractured pieces together again very carefully and measuring the exact
distance between the two lines.
The temporary stretch was taken as being the difference between the total
and permanent.
The elasticity of the paper is given in Table XLV. Of course, a piece of
paper when pulled takes on a permanent set at once, and this can be shown by
putting a strip in the paper-testing machine and stretching it to within a small
percentage of its total breaking weight, and releasing it before fracture.
The total stretch is highest with the papers of greatest bulk. The proportion of the total stretch which appears to be permanent in its nature, as far as
the normal finished paper is concerned, averages 4045 per cent.
The practical interpretation of the figures which represent the stretch of a
paper, and their precise value in determining the wearing quality of a high-class
:

paper has yet to be accurately determined. In the case of a bank-note or ledgerpaper, for example, we may ascertain fairly well the wearing quality by a folding
test made under suitable conditions, noting the number of small pinholes worn
into the paper by each successive five, ten or twenty foldings, as the case may
be.
The results obtained should be properly tabulated, and the behaviour of
the paper subsequently in commercial use followed up.
Unfortunately this is
too often impossible or exceedingly difficult, but it is certainly a matter which
the paper-maker and stationer might work out mutually to their common
advantage.
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XLV.

TABLE

ADDENDUM.
Although the measurements of the physical qualities of paper necessary for
the determination of volume composition are comparatively simple, yet the
calculations may seem somewhat complicated.
The fact that the measurements are recorded in terms of millimetres,
grammes, and cubic centimetres may prove embarrassing to some readers, but the
metrical system offers a ready means for convenient observation, and reduces
the amount of calculation to a minimum far more readily than the system of
English weights and measures, which is cumbersome because there is no simple
relation between the units of length, weight and volume.
In the metrical system the units are much simpler.
Unit
Unit
Unit

of

weight

.

.

of length
of solid capacity

One gramme

.

.

.1

....

of water

=

gramme.

centimetre.
1 cubic centimetre.
1

one cubic centimetre.

The equivalent values of the English and metrical units are as follows
1
1
1

1

An
are

gramme

( gm.)
centimetre
(cm.)
millimetre
(mm.)
cubic centimetre (c.c.)

= '0353 ounce.
= '3937 inch.
= ^th of a cm. =
=

:

'039 inch.

'061 cubic inch.

can be given to those who
explanation of the idea of volume composition
familiar with the English units of pounds and inches, by the statement

more

and calculation of composition by volume by ordinary processes,
decimals and other unusual fractions.
avoiding
Example. A paper having the substance 72 Ibs. double crown contains 15 per
Its thickness measured
cent, ash, with a negligible percentage of rosin size.
in thousandths of an inch is 10|.

of a case,

all
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A sheet of this paper cut to a size of 40 inches by 25, having a thickness in
thousandths of an inch of 10|-, and a weight of exactly
lb., has a volume of
10 \ cubic inches.
Volume = length x width x

=

thickness

10*
1000

40

= 10-i-

In other words the actual calculation of volume is avoided by taking a sheet
40 inches by 25, because with this size the reading on the thickness gauge gives
the volume at once.
It is not always possible to take a sheet this size, but an
area of 1000 square inches is needed.
For this ten pieces each 10 inches by 10
would do, or twenty-five sheets 8 inches by 5, or as an alternative the weight of
a single sheet cut 10" by 10", multiplied by 10.
At this stage of the calculations the observations are

:

TABLE XLVI.

In order to work out the volume composition without employing unusual
fractions the weight per cubic foot is required.
1728 cubic inches = 1 cubic foot.
1

From which

follows

Since 1 0* cubic inches weigh
lb.
cubic foot =
1728 = 41 Ibs.
-5- 10* x

:

TABLE XLVII.

The weight of ash in one cubic foot is 15 per cent, of 41 Ibs. = 6 Ibs.
approximately.
Again to avoid fractions, the weight of 16 cubic feet must be calculated, an
arbitrary figure selected because 16 cubic feet solid measure occupies the same
volume as 100 gallons liquid m.-asure and the observations will be needed in the
later stages of calculation.
It will be convenient in this case to write out the result as expressing the
weight of paper, &c., in 100 gallons of paper, a somewhat peculiar and eccentric

expression, the reason for which will be apparent later on.
Multiplying the above figures by 16 the result is
:

TABLE XLV1II.

Lbs. per 16 cubic feet of paper (or per 100 gallons).
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The next problem is to determine what proportion of the total volume, i.e.,
100 gallons, is occupied by the fibre and how much by the ash.
To do this, reference must be made to the subject of specific gravity. The
specific gravity of ordinary loadings used in paper, such as china-clay, is 2.
That is, one gallon of china-clay (solid) will weigh 2 times the weight of an
of

equal volume of water.

10
25

Ibs. is

M

the weight of one gallon of water.
,,
equivalent volume of ash.
4 gallons of ash
(approx.).

Similarly the specific gravity of fibre substance, or cellulose, is
one gallon of solid fibre has 1| times the weight of a gallon of water.

Now

10
15

Ibs. is

560

Ibs. is

Ibs. is

],

so that

the weight of one gallon of water.
the weight of one gallon of fibre.
the weight of 37 gallons of fibre.

the total volume of the paper is 100.
Of this, 37
50, must obviously be air space.
volume composition of this paper is therefore

is fibre

and

4 ash,

and the balance,

The

.......

Fibre

:

37 per cent, by volume.
4
,,

.

Ash

Air space

51)

,,

100

The

figure representing the total weight of 100 gallons paper
"
the " apparent specific gravity
of the paper.
This follows from the simple fact

is

in reality

:

100 volumes (i.e gallons) of water weigh 1000 Ibs.
100 volumes of paper weigh 656 Ibs.
If the specific gravity of water is 1000, then the sp. gr. of the paper is 656.
It is usual to take the sp. gr. of water as 1, and in that case the sp. gr. of the
paper would be a decimal fraction 0'656.
This is the chief reason for finally calculating the weight per 100 gallons of
paper, but the process involves an unusual and roundabout method of calcula,

tion.

Metrical System.

With

the metrical system the process of calculation is a simple matter, and
the measurements can be accurately made on small pieces of paper.
The observations in the case of the paper already mentioned are as follows
:

TABLE XLIX.

The determination

of the weight of fibre

this case a centimetre, is very simple.
2'66 c.c. of paper weighs 1-75 grammes of

grammes)

is

ash and 1*4875
?

grammes

and ash

in

some unit

of volume, in

which la per cent, (equal to 0'2G2f)

is fibre.

THE
The

1 c.c.

respective weights per

TABLE

UNITS

C.B.S.

L.

are as follows

Grammes per

:

1 c.c.

Pursuing the same reasoning as above, the next step is to calculate the exact
volume of space occupied by '560 gramme of fibre and -097 gramme of ash
respectively.

The question

of specific gravity comes in again with the metrical system.
account of the simple units the specific gravity of any substance is quickly
found.
In the ordinary way the sp. gr. is (weight of a certain volume of substance)
divided by (weight of an equal volume of water).
Since the figure which represents the weight of a certain volume of water
represents the volume itself (i.e., 15 grammes is the weight of 15 c.c.), it follows

On

that
Specific gravity equals weight divided by volume.
Therefore volume equals weight divided by specific gravity.

From
(560

-i-

in the actual 1

Thu

the volume occupied by '560 gramme of fibre
and the volume occupied by '097 gramme of ash = (-097 -7- 2-5) c.c.

this it is clear that

1/5) c.c.

c.

of paper.

will give in

100

c.c.

of

paper

Fibre

00 (-560 -=-!,)) = 37 c.c.
100 (-097*2-5)= 4
Air space
Balance - 59
]

Ash

.

.

.

100

TABLE

LI.

Summary and

c.c.

Observations under the Metric System.

CHAPTER XV
CELLULOSE AND ITS DERIVATIVES*
and compound Cellulose and water Solvents Action of dilute alkalies
Action of strong alkalies and acids Industrial uses of cellulose derivatives
Investigation and analysis of raw fibres Percentage composition of certain well-

Celluloses, simple

and acids

known

plants.

Celluloses. The white fibrous substance obtained by the suitable chemical
treatment of cotton, linen, hemp, esparto, wood and many other plants is known
as cellulose.

The fibre obtained from cotton is practically a pure homogeneous substance
having the composition C 6 10 3 as follows

H

:

,

0.

Carbon

44-2

H. Hydrogen 6' 3
49-5
O. Oxygen
The classification of the many fibre-yielding plants known to paper-makers,
based upon the chemical constitution of the plant, may be briefly summarised by
The simple cellulose is
reference to certain broad distinguishing characteristics.
a pure cellulose mixed with a small
represented by the cotton fibre, which is
proportion of fatty and colouring matters readily removed by simple solvents.
All other well-known paper-making fibres belong to the class of compound
cellulose is intimately associated with other organic
celluloses, in which the pure
compounds

of

complex constitution.
Cellulose.

The only fibre used by paper-makers which
composition is

is

a simple cellulose

is cotton.

Its

:

(Church.)

Cellulose

.

.

.

.

.

.

.

.

.

.

Fat

1)1-15

0-51

Aqueous extract

.

.

Ash
Water

.

O67
0-11
7'56

100-00

Compound
The many
(A)
"

fibres

known

Pecto-celluloses,

Celluloses.

compound celluloses can be classified as follows
containing a high percentage of fibre, such as
as

:

:

*
For a complete account of cellulose the following books should be consulted
Papermaking," Cross and Bevan "Cellulose," Cross and Bevan.
;

:
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Per cent, of Cellulose.

Flax

Hemp
Ramie
Sunn hemp

.

....

"

Manila

.

.

(B) Pecto-celluloses, containing a low percentage of

fibre,

82-0
77-0
76'0
80'0
G4-0

such as

:

Per cent, of Cellulose.

Bamboo

50'0

5OO

Sugar-cane

Straw
Esparto
Adansonia

.

.

.

.

.

.

.

.

.

.

...
.

.

.

46-0
48'0

.49*0

.

such as
(C) Ligno-celluloses, containing lignified fibre,
Per cent, of Cellulose.
:

New

Zealand Flax

Jute

Wood
Wood

(pine)

(poplar)

.

.

.

.

.

.

86'0
64-0
57'0
53'0

(D) Adipo-celluloses, containing a very low percentage of cellulose.

Of no

value for paper-making.

Cork.
Cuticular tissues of plant stems, &c.
This classification

is

only approximately correct.

Thus, wood

is

a mixture

and

pecto-cellulose, but the proportion of the latter is small,
and it is therefore convenient to classify the plant as a ligno-cellulose. In the
same way esparto is a mixture of pecto-cellulose, ligno-cellulose, and adipoof ligno-cellulose

cellulose,

but since the

first

named

is

the predominant constituent,

it

is

best

classed as a pecto-cellulose.

The Derivatives of Cellulose. Although cellulose is a substance remarkably inert towards chemical reagents applied under ordinary conditions, a
character which renders it extremely useful for many commercial purposes, yet
it can be converted into a large number of compounds of the
greatest industrial
value.

Cellulose and Water. Air-dry cellulose. The cellulose represented by
the empirical formula C 6 ]0 O 5 has the power of absorbing a certain proportion
of -moisture from the air, the amount being greatest in damp weather.
Air-dry
cellulose as distinct from bone-dry cellulose will contain 8 to 12 per cent, of
atmospheric moisture.
Imitation parchment.
The natural cellulose isolated from vegetable plants
is an opaque body.
When beaten for a prolonged period in the ordinary
" Hollander "
beating-engine, it undergoes a remarkable change, losing its
fibrous structure and giving a curious transparent cellulose, owing to the
assimilation of water.
In this form it is used as imitation parchment.
If the beating of the pulp be continued for thirty to forty-eight
Cellulith.
hours the cellulose becomes very slimy and transparent, capable of hardening
under pressure to a mass of horn-like appearance, which can actually be turned
in a lathe.
The substance so obtained has received the commercial name of

H

cellulith.
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Cellulose and Solvents.

Cellulose

is

soluble in certain solutions con-

taining zinc, copper, or similar metallic salts.
Ten parts
Zinc chloride.
Vulcanised fibre.

of cellulose stirred into a
solution of fifty parts zinc chloride in eighty parts of water, carefully heated at
80 ""0., and subsequently evaporated on a water bath give a clear syrupy solution
Several important commercial applications of this reaction are
of cellulose.
known. When the syrup is forced under high pressure through small tubes
into alcohol, it yields a thread which hardens on expose to air.
This thread
when carbonised gives the carbon filament used for incandescent electric lamps.
The manufacture of vulcanised sheets also depends upon this property of
cellulose.

A

Willisden goods.
mixture prepared by
Copper oxide and ammonia.
forcing air through a solution of copper oxide in ammonia dissolves cellulose
The strong solution is somewhat gelatinous, and when treated with
readily.
acid the cellulose is repreoipitated as a white jelly-like mass, which hardens on
drying.
Advantage is taken of this behaviour of cellulose in the manufacture of
Willesden goods, such as roofing, and other fabrics which are thus rendered

waterproof.

Weak

Cellulose and
Alkaline Solutions. Textile treatment. Weak
solutions of caustic soda, containing 2-3 per cent, of caustic have very little
action upon cellulose even at 212 Fahrenheit.
The inertness of cellulose in this respect is of the greatest value in the textile
trades, since a slight alkaline treatment removes fatty matter from the fibres or

from

textiles without affecting the goods.
Solutions containing 4 to 10 per cent, of caustic soda when used for
Paper.
digesting vegetable fibres at high temperatures, brought about by heating in
closed vessels under pressure, dissolve out non-cellulose constituents from the
complex plant substance and set free the cellulose in a fibrous condition ready

for paper-making.

Cellulose

and Strong Alkaline Solutions.

Mercerised cotton.

Strong

caustic soda acts upon cellulose to produce an effect known as " Mercerisation,"
a term applied to a process for treating cotton, after the name of the inventor,

Mercer.

When

cotton

and becomes silky

in

is

immersed in strong caustic soda in the

appearance.

cold,

ife

shrinks

The chemical changes are very remarkable,

the soda entering into combination with the cellulose in the early stages of
Textile cotton goods are
mercerisation, and being liberated in the later stages.
now treated on a large scale for the production of the well-known silky, lustrous
mercerised fabrics.
Oxalic acid.
Cellulose heated with concentrated solutions of soda or potash
and evaporated to dryness is converted into oxalic acid. On a practical scale
sawdust is largely utilised for the manufacture of oxalic acid.
Cellulose and
Acids. Dyeing. Acetic acid has very slight action
upon cellulose either in the cold or at a high temperature. This fact is utilised
commercially when textile goods are dyed and made up into coloured fabrics.
Mineral acids, such as hydrochloric and sulphuric, when used
Bleaching.
cold and in dilute solution, do not act rapidly upon cellulose.
On account of
this the operations of bleaching and dyeing can be effected readily.
Additions
of dilute acids to vats containing textile goods or paper pulp in a solution of
chloride of lime aids the process of bleaching.
Mineral acids in dilute solution act upon
Separating cotton from wool.

Weak

when heated, destroying the fibre and rendering it soft. The cellulose
can then be broken and rubbed into a powder.
Acids do not act upon wool in
this way.
Advantage is taken of this difference in behaviour to remove burrs
cellulose
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from wool and cotton from woollen goods when the latter are mixtures of cotton
and wool, and so bring about a separation of vegetable from animal fibres.
Mineral acids in dilute solution allowed to
Disintegration of Cellulose.
remain in contact with cellulose tissues under ordinary atmospheric conditions
bring about a gradual disintegration of the fibre into a powdery non-fibrous
Hence paper
condition, the substance produced being termed hydro-cellulose.
in which any traces of free acid are present slowly breaks up entirely.
Cellulose and Strong Sulphuric Acid. Glucose and alcohol. Concentrated sulphuric acid of specific gravity 1*60 to 1*70 dissolves dry cellulose,
forming a pale yellow solution which, on addition of water and prolonged boiling,
On fermentation the glucose can be converted into alcohol.
yields glucose.
On a commercial scale it is possible to convert certain forms of cellulose, and
allied substances, such as starch, into glucose and alcohol.
Parchment paper. Cellulose in the form of rag or wood paper passed
through a bath of sulphuric acid of suitable strength is converted into parch-

ment paper.
Cellulose and Nitric Acid. A large number of commercial products are
obtained by the action of nitric acid upon cellulose.
Gun-cotton.
Cotton immersed for twenty-four hours at a low temperature of
8 to 10 C. in a solution of three parts of nitric acid (sp. gr. 1-5) and one
part of sulphuric acid

known

(sp.

gr. 1*84)

is

converted into cellulose hexa-nitrate,

most highly explosive gun-cotton.
The hexa-nitrate, when heated with nitric acid to 80 C.,

commercially

as the

be reprecipitated as a cellulose nitrate containing
penta-nitrate. which is a less explosive gun-cotton.

dissolves,

and can

less nitric acid, viz., cellulose

Collodion.
Cellulose nitrates of less complexity are formed when cellulose is
heated for short periods of twenty to thirty minutes at higher temperatures
with more dilute acid. These nitrates are soluble in ether-alcohol, and are of
commercial value for photography as collodion pyroxyline, for surgical purposes

in dressing wounds, and for making tips of matches
waterproof.
The nitrates of cellulose, treated with alcohol- ether, acetone and
Xylonite.
other suitable solvents, and then mixed with camphor and suitable vegetable

yield such commercial produc s as xylonite, celluloid, &c.
Nitrated cellulose, when dissolved in alcohol-ether to a syrupy
solution, and forced under great pressure through small glass tubes into water,
oils,

Artificial silk.

yields a solid smooth thread which can be wound up like silk on a bobbin.
By
subsequent treatment with ammonium sulphide, the combined nitric acid is
removed, and the thread obtained possesses a fine lustre, being capable of taking
any suitable dye. This is known as lustra-cellulose, or artificial silk.
Cellulose and Acetic Acid. Cellulose is unacted upon by acetic acid even
in a boiling solution, but it is converted into cellulose acetate
by the use of acetic
anhydride, and forms a thick viscous solution.
The acetates of cellulose can be used to replace the nitrates for many

purposes, being non-explosive.

Cellulose and Carbon Bisulphide.
Vitcoid.
Cellulose itself is not acted
upon by carbon bisulphide, but when converted into alkali-celhdose, it may be
worked up into some remarkable products.
Cellulose is treated with a solution containing 15 per cent, of caustic soda,
It is then shaken
squeezed until it holds about three times its weight of liquid.
up in a closed vessel with about 50 per cent, of its weight of carbon bisulphide,
and after three hours covered with water.
golden yellow solution is obtained.
If this solution is allowed to stand it sets to a
jelly, forming a hard mass of
hydrated cellulose which gradually shrinks, the chemical by-products going into
solution.
The horny mass can be produced more quickly by heat.

A
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The substance

so obtained can be turned in a lathe for the

manufacture of

goods resembling ebony and xylonite. It is called viscoid.
If the viscous solution is diluted with water, it can be used for
Viscose.
sizing certain grades of paper, by the simple method of mixing it with the
pulp in the beating engine and decomposing with sulphate of magnesia.
The structureless, regenerated cellulose obtained by
Smokeless gunpowder.
suitable treatment of viscose, when nitrated yields smokeless powder.
Cellulose nitrates produced in this way, as well as cellulose nitrates prepared
direct, are the principal ingredients of such explosives as cordite,
ballistite, maximite, &c.

from cellulose

Cellulose and Ferments. Sugars. The complex celluloses which are found
as constituents of many seeds, and in cereals, possessing qualities quite distinct
from the fibrous celluloses of ordinary plant life, yield to the action of ferments,
producing, for the most part, crystallisable sugars, and allied substances.
Ordinary fibrous cellulose is not susceptible to the action of ferments.
Collulose and. Heat. Charcoal, acetic acid. When certain complex
celluloses, such as peat and wood, are submitted to dry distillation, valuable
The
products are obtained, such as charcoal, wood spirit, and crude acetic acid.
utilisation of waste sawdust, wood shavings, etc., for the manufacture of these
substances is now an important industry.
It is evident from this resume of the derivatives of cellulose that many plants
which may not be suitable for textile purposes or for paper-making would have
some value for other industries. The chemical examination of raw fibres therefore becomes an essential and integral part of an investigation as to the utility

of

any plant.
The examination of raw fibres h usually carried
out with one of two objects in view
(1) The determination of suitability for papermaking, the yield of cellulose, and approximate
:

cost of treatment.
(2) The more complete investigation into the
chemical and physical properties of the fibre, as a
measure of its probable value for industrial purposes, and not necessarily for paper-making alone.
Simple Analysis for Papermaking Fibre.
The examination of the raw fibre in its simplest
form involves digestion of a known weight of the
air-dry substance in a closed vessel under pressure
for a known period, the fibre being carefully
washed, dried and weighed after treatment. The
experimental autoclave usually consists of an
upright copper cylindrical vessel, fitted with a
removable lid, a safety-valve, steam-gauge, and
convenient weight
oil cup for a thermometer.
of fibre, cut into small lengths, is placed in the
autoclave, covered with a measured volume of the
chemical reagent made up to an exact strength,
as experience may suggest, and heated gradually
to a given pressure, which is then maintained for

A

152.
Digester used in
Experimental Investigations

Fig.

of Fibres.

several hours.
treated in a copper or iron vessel with caustic soda (soda
treatment) or by means of a solution containing bisulphite of lime and free
sulphurous acid in a lead-lined copper or iron vessel (bisulphite treatment).

The

fibre

may be
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down

a rigid scheme of treatment, as the condition of
fibre determines very largely the methods necessary for isolation of the

impossible to lay

the raw

ITS

cellulose.

In digesting a fibre with caustic soda, a preliminary trial will serve to show
the conditions likely to give the maximum yield of cellulose with a minimum
expenditure of time and chemicals. Thus 200 grammes of fibre boiled with
25 per cent, of its weight of caustic soda made up to a solution of 1*050 specific
The
gravity, for four hours at 60 Ib. pressure may be taken as a trial boil.
amount of soda not consumed by the fibre is then determined, and a second trial
conducted with caustic soda just in excess of that consumed previously. Any
necessary alteration in pressure and time of boiling can be determined by the
general appearance of the boiled fibre.
The amount of caustic soda required for experimental as well as practical
purposes is not altogether determined by measuring the active soda remaining
in solution.
There must be sufficient liquor to cover the fibre this liquor must
be of sufficient strength (i.e., specific gravity) so that light bulky fibres may
;

;

require comparatively larger volumes of liquor.

Example.

Soda process.

TABLE LII.

The air-dried fibre is then bleached under suitable conditions, the amount
of bleach being carefully measured, and the actual consumption determined.
The conditions of treatment are by no means so rigid as the above table would
appear to indicate, since the material can be boiled to give a hard strong fibre
or a soft tender fibre as required, but the figures serve to illustrate the nature
of the investigation.

Example.

Sulphite process.

TABLE LIII.
Trial

1.

Trial

2.

Trial

3.
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The sulphite process requires digestion of the raw material with a solution of
Small portions
bisulphite of lime and free sulphurous acid in a lead-lined vessel.
of liquor can be drawn oft' from the autoclave during the boiling operation and
In other respects
tested, so that the changes going on can be readily watched.
the analysis closely resembles that made use of in the soda treatment.

Complete Analysis of a Fibre.
recommended by Cross and Bevan the

Under the scheme of investigation
analysis of a fibre should include the

following details
Determined by drying a weighed quantity of the fibre at 110 C.,
Moisture.
the loss in weight being calculated as moisture.
Mineral constituents. Determined by burning a weighed quantity of fibre
to a white ash.
The weight of ash obtained is a measure of the mineral con:

stituents.

The action of caustic soda on fibre, resolving it into insoluble
Hydrolysis.
and soluble constituents, which is known as hydrolysis.
(a) Loss due to boiling fibre for five minutes in a solution of caustic soda
containing 1 per. cent. Na.,0.
(6) Loss due to boiling fibre under the same conditions for one hour instead
of five minutes.
Cellulose.
weighed quantity of fibre is boiled for thirty minutes with
dilute alkali containing 1 per cent. Na^O ; thoroughly washed, squeezed out and
It is then washed, thrown
exposed to the action of chlorine .gas for one hour.
into a 2-per-cent. solution of sodium sulphite, which is gradually raised to the
small quantity of caustic soda is added (0*2 per cent, on the
boiling-point.
amount of solution) and the mixture boiled ten minutes.
The fibre is filtered off, washed with hot water, and bleached by immersion
in a dilute solution of hypochlorite of soda (O'l per cent, hypochlorite of soda).
It is finally washed with water containing a little sulphurous acid, then with

A

A

water; squeezed, dried, and weighed.
This method gives a maximum yield of cellulose.
Mercer isation. The fibre is soaked in a concentrated solution of caustic soda
It is then washed, dried and weighed. The
(30 per cent, of Na 2 0) for one hour.
loss of weight is carefully determined, and the action of the alkali on the fibre
examined under the microscope.
A weighed quantity of fibre dried at 100 C. is placed in a mixNitration.
ture of equal volumes of nitric acid (1-5 sp. gr.) and sulphuric acid (T83 sp gr.)
for one hour at the ordinary temperature.
The increase in weight is noted, and
the colour of the resulting product.
distilled

Carbon percentage.
the fibre

A weighed

quantity of

treated with chromic anhydride
and sulphuric acid in a flask, and the products
of the combustion which takes place carried
over into a special gas apparatus for the
measurement of the carbon monoxide and
carbon dioxide produced.
This analysis determines the exact percentage of carbon in the
is

fibre.

Arid purification.

A

weighed quantity of
in boiling acetic acid solution
digested
Fig,
^
(containing 20 per cent,, acetic acid), washed
Experimental Investigations of
Fibres.
with alcohol, then with distilled water, dried
and weighed. The loss in weight is taken as
a measure of impurities, and the fibre thus purified is used for determination
153.-Hand Moulds used

of carbon percentage.

in

bre
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Furfural.

A weighed

quantity of fibre

I'l specific gravity under special conditions,
the substance called furfural, derived from

is

boiled with hydrochloric acid of

and
the

The distillate contains
The weight of furfural-

distilled.
fibre.

yielding constituents in the fibre can be determined by analytical methods.
This important constituent of ligno-celluloses is determined by
Methoxyl.
analytical processes which involve
boiling a weighed quantity of fibre with
hydriodic acid, passing the methyl iodide formed into an alcoholic solution of
silver nitrate, and calculating the amount of methoxyl from the silver iodide
obtained.
Elementary analysis. The percentages of carbon, hydrogen and oxygen are
:

determined by well-known analytical methods.

CHAPTER XVI
HISTORY, CHRONOLOGY,

AND

STATISTICS

A

Brief Historical Account of Paper. The gradual evolution of paper
medium for recording knowledge is interestingly set out in a book published by Matthias Koopsin 1801, entitled " Historical Account of the Substances
which have been used to describe Events, and to convey Ideas, from the Earliest
Date to the Invention of Paper." Additional interest attaches to this work,
since it was printed on paper manufactured from straw even at that early date.
The commemoration of important events was in ancient times effected by
as the

the planting of trees, the erection of heaps of stones, the recital of old traditions,
and the memorising by succeeding generations of the stories of past heroes.
The art of writing having been discovered, more rapid advances were made
in keeping accurate records on stones, metal and wood, frequent references to
such being found in the Scriptures. Lead, soft clay, stone, wood were all pressed
into service and gradually superseded in the times of the Romans by waxcovered boards, or Pugillares cerei.
The employment of thinner, more pliable material in the shape of palm
leaves was early resorted to by the Egyptians, and Koops gives a detailed
account of a number of interesting documents printed on leaves of this description.

From

the leaves of trees, the attention of men was directed to the possibility
and the interior bark (liber) was found suitable for the
This Latin word liber came to signify a book, and to the collection of
purpose.
a number of such pieces of bark was given the name volumen.
The next stage in the evolution appears to have been the use of sheep- and
goat-skins, the skins of fish and serpents, bones, intestines, and every conceivable material of a similar kind.
The first great step towards the present stage of perfection was the discovery
of the possibilities of the Egyptian Papyrus, a tall, smooth- stemmed reed of
triangular form, growing to a height of ten to fifteen feet, and terminating in a
tuft of leaves.
The soft pithy matter inside the stem was used for food, and
the fibrous portion largely for cords, mats and wearing apparel, but the fame of
the papyrus rests upon its application to the service of man as implied in the
name of the plant which we have modified to the word paper.
The exact date of the use of the papyrus is unknown. It was in extensive
use about B.C. 350, and probably much earlier.
The fact that in the book of
"
is
Isaiah (Isa, xix. 7) mention is made of " the paper-reeds by the brooks
regarded by some writers as proof of the use of papyrus in the time of Isaiah,
but the revised version of the Bible conveys no such impression.
The manufacture of papyrus leaves was brought to great perfection by the
Romans, who removed the several fibrous layers from the stem of the plant by
means of a pin, and spread them on a table, washing them with water. Two
layers were placed across one another at right angles, gently beaten and
pressed together, dried and polished. The dried sheets were sized with a cream
of using the bark,
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made from flour, and when finished measured about fifteen to sixteen inches in
width, the length varying according to the number of sheets fastened together.
The extensive use to which papyrus was put may be judged from the fact
that at the unearthing of the ruins of Herculaneum in 17f>3 no less than 1800
rolls were discovered, while recent
explorations have resulted in enormous finds
of documents written on papyri.
Parchment (from Latin, pergamena) was invented by the King of Pergamus,
the necessity for a writing material arising from the
exportation of papyrus
having been prohibited by the King of Egypt.
The discovery of the art of making paper is usually conceded to the Chinese.
The earliest date which can be fixed in connection with the subject is 704 A.D.,
the yeir when the Arabians acquired the knowledge at the capture of the
City of Samarkand from the Chinese, and utilised raw cotton and cotton wool
as the staple material.
Rapid advances were made in the art after its introduction into Europe by
the Moors about the year 1000 A.D., the towns of Toledo and Valencia taking a
prominent part in the manufacture.
The exact date when paper made of cotton was brought to England has
not been determined.
The earliest MSS. appears to date about 1049, printed
on paper made probably in France. The industry seems to have flourished in
France, Italy and Germany long before it was taken up in England.
The earliest trace of paper-making in England is to be found in a book,
"
" De
Proprietatibus Rerum (About the properties of things), printed by Caxton,
in which appears the following
:

" And John
Tate, the younger, joyemote he brok
Which late hathe in England, doo make this paper thynne,
That now in our Englysh, this book is printed inne. "
Tate's mill

was near Stevenage

Henry VI I. 's household

in

book, dated

geven to the paper mylne,

Hertfordshire, and an entry made in
25, 1498, reads: "For a rewarde

May

16s. Sd."

Spielman, of Dartford, erected a mill in 1588, employing about 600 workpeople.

For a long period after this the manufacture of paper in England remained
an undeveloped art, the paper being imported mainly from France as required,
but in 1760 the celebrated " Whatman mill was erected at Maidstone.
The improvements in the manufacture of paper between the years 1750 A.D.
to 1800 A.D. were almost entirely the outcome of
activity amongst paper-makers
in France and Holland.
The methois used for converting the rags into paper
were slow and costly, as it was customary to stack up the rags, after being duly
moistened, in heaps, so that they became partially fermented, by which means
the gummy and resinous matters were rendered soluble in water. The rags
were then treated in wooden mortars and beaten for at least twenty-four hours
by heavy stampers actuated from a waterwheel.
The stamping process was superseded at some period prior to 1770 A.D., the
exact date being unknown, by the introduction of a machine provided with a
? '

This
cylinder fitted with sharp steel blades for tearing the rags into pieces.
machine was invented and first used in Holland, and even at the present day
the " Hollander," as it is called, finds much employment in the beating of

The use of this machine marked an important epoch in the development
paper trade.
The possibility of making paper by machinery early engaged the attention of
manufacturers, and the names of Robert, Didot, Gamble, Fourdrinier, and
Donkin can never be forgotten in connection with this fascinating subject.

rags.
of the
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Louis Robert was manager of a paper-mill at Essones. in France. In 1799
he devised a machine consisting of an endless wire- cloth passing between two
This wire was stretched horizontally between two rolls B, G (Fig. 154),
rolls.
one of which, B, was fixed, the other, C, being .adjustable in order that the wire
could be stretched when necessary. The beaten pulp stored in a vat 1) was
thrown up by a revolving fan E against a curved plate F, which distributed the
As the wirepulp and water in an even stream upon the surface of the cloth A
cloth travelled slowly forward the water fell through the wire, and the rolls G
removed a further amount from the wet sheet. The wet sheet was reeled up
.

B

1LJL

Yi&. 154.

First

Paper-machine

(1802).

H

on a receiving roll // until a sufficient length had been obtained. The roll
was then removed, the paper unwound, passed through some press-rolls, and
hung up to dry.
In 1800, Gamble, having secured from his brother-in-law, Didot, the patent
rights of Robert, who was employed by Didot, came to England and interested
These gentlemen at first placed the conMessrs. Fourdrinier in the machine.
struction of the machine in the hands of Messrs. Hall at Dartford, but subsequently engaged Mr. Bryan Donkin, one of the apprentices, to undertake the
work at a factory in Bermondsey. In 1807 the first Fourdrinier machine was
patented and erected at Two Waters Mill, Hertfordshire. The arrangements
were very crude and primitive, but some encouraging results were obtained.
The mixture of pulp and water kept in a state of agitation flowed from a
small vat A (Fig. 155) through a pipe on to the endless wire-cloth B, which was
The wet sheet of paper, from which a considerfitted with a suitable deckle G.
able quantity of water had been removed, was passed through squeezing-rolls Z>,
so that more water might be taken out, this latter operation being still further
assisted by the travelling-felt E, which also improved the firmness of the wet
After passing through couch-rolls F, the paper was pressed by rolls G
paper.
and wound up on a separate reel H.
The energy of Donkin is displayed in the fact that during the years 1804 to
1851 his firm constructed no less than 190 machines.
Improvements followed rapidly, one after the other, directly the Fourdrinier
machine became a commercial success. An exhaustive account of these
may be found in the Report of the Jurors of the Great Exhibition of 1851,
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but the chronology which forms part of
makes a brief reference to
them.
The early years of the nineteenth
mecentury were further rendered
morable to the paper trade through
this chapter

the discovery of bleaching-powder by
Tennant, and the manufacture of soda by
Leblanc, which enabled paper-makers to
utilise vegetable fibres other than rage.
Towards the middle of the nineteenth
century, esparto, straw and wood were
treated successfully for the manufacture
of paper pulp by Routledge in I860, who
studied esparto, by Keller in 1840, who
invented the process for manufacturing
mechanical wood pulp, and Tilghmann
in 1866, who patented a method for producing sulphite wood pulp.
The repeal of the duty on paper in
1860 gave a further impetus to the
trade, and developments since that date

have been
bounds.

by

proceeding

leaps

and

The developments since the year
1860, which date may be regarded as
the commencement of almost a new era
in the paper trade, have proceeded
along very definite lines, and it would
not be a difficult matter to classify them
under two or three headings, as, for

example
(1

)

:

The introduction

rials for

of fibrous matepaper-making, other than rags,

and the starting up

of

new

for the supply of pulp, chiefly

industries

manufac-

tured from wood.
(2)

The improvements

chanical

construction

of

in the

me-

the

papermachine, which have been little short
of marvellous.
(3) The invention of auxiliary plant
and machinery for the treatment of raw
fibre.

(4)

of

The discovery of new applications

paper pulp in the direction of box-

boards, roofing, &c.
(5)

The invention

of

methods

for

utilising waste products, thereby lessening the cost of production.

These developments are more specimentioned in the Chronology.

fically
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Chronology.

Some leading Dates in

the History

of Paper.

PERIOD PRIOR TO THE. ERECTION OF THE FIRST PAPER-MILL IN ENGLAND.
Origin

1000
200

of

B.C.

A.D.

Chinese probably familiar with some form of
paper unknown.
paper centuries before the utilisation of Papyrus.
Papyrus, palm leaves, parchment in use for preserving records.
Rice and bamboo used by Chinese for paper, in considerable
quantity.

704.

1000.
1049.
1189.
1309.

Arabs obtained a knowledge of cotton paper at capture of Samarkand.
Manufacture of paper introduced by the Moors into Europe.
Date of oldest MSS. in England printed on cotton paper.
Paper-making appears to have been established at Herault in France.
Register of the hustings Court at Lyme Regis printed on cotton paper
(an early English document).

1320.
1340.
1390.

of earliest known English MSS. printed on
Paper-making industry well established in Italy.
Paper-mill erected at Nuremburg by Stromer.

Date

linen.

PERIOD PRIOR TO THE INTRODUCTION OF THE PAPER-MACHINE.
1498.

Paper-mill in existence in England (Hertfordshire). An entry in the
Privy Purse expenses of Henry VII. "for a reward geven at the
paper mylne, 16s. 8d."
book of this date mentions a paper-mill at Fen Ditton, near

1562.

A

1588.

A

1640.
1658.

Manufacture of wall-paper hangings.
France the principal centre of paper-making, exporting large quantities

1711.
1719.

taxed during reign of Queen Anne for war expenses.
suggested possibility of making paper from wood, by observations on the wasp's nest.
Wove moulds first used by Baskerville for making paper on which to

Cambridge.

German named Spielman built a mill at Dartford, being afterwards
knighted by Queen Elizabeth.
of paper.

1757.

1760.
1765.
1770.

Paper

first

Reaumur

"
print his
Virgil."
established his paper-mill at Maidstone.
Schaffers of Ratisbon published a book giving specimens of paper made
from many varieties of substitutes for rags.
(Approx.) Invention of the "Hollander" beating engine, for the

James Whatman

disintegration of rags.

1774.
1791.
1792.
1799.
1799.

1801.

Discovery of chlorine gas by Scheele.
Manufacture of soda ash, process invented by Leblanc.
Patent for bleaching rags taken out by Campbell.
Manufacture of bleaching-powder, process invented by Tennant.
First attempt to make paper on a continuous machine by M. Louis
Robert, in France.
M. Koops published an "Historical Account of Substances used for
Paper-making," the book being printed on paper made from straw.
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PERIOD OF EARLY MACHINE IMPROVEMENTS.
1807.

Erection of the

first

Fourdrinier paper-making machine, at Boxmoor,

Herts., by Donkin.

1807.
1809.
1821.
1823.

Rosin size introduced by HHg.
Dickinson devised a cylinder machine for boards, &c.
Steam cylinders first used by Crompton for drying paper on the machine.

Use

1834.

of sulphate of lime in papers to give weight, complained of
(Hansard, 282).
Introduction of the dandy roll, by J. Marshall.
Circular knives used by Crompton for slitting paper on the machine.
Improvements in cylinder machine for the manufacture of boards.
Barrett devised a plan for water-marking paper on the machine.
Barrett invented the method of making rolls true by grinding them
together, using water and emery for the purpose.
Normand published his " Manual du fabricant de papiers," a treatise on

1836.

Vacuum

1837.

Reduction of duty on paper.

1840.
1851.
1854.
1856.
1857.
1857.
1859.
1860.

Manufacture of mechanical wood-pulp by Keller.
Straw used for paper-making.
Manufacture of soda wood pulp by Watt and Burgess.
The first aniline dye, mauve, introduced by Perkin.
Gaine invented parchment paper.
Use of skeleton drums for drying sized papers introduced by Stuart.
Refining engine (Jordan's patent) used for treatment of pulp.
Introduction of esparto grass, by Routledge, for printing and writing

1860.
1866.
1877.

Duty on paper

Tilghmann's process for the manufacture of sulphite wood.
" Porion "
evaporator devised for the recovery of soda liquors used for

1877.
1886.

boiling esparto and straw.
Recovery of soda used in boiling straw and esparto.
Invention of "multiple-effect" apparatus for soda recovery by evapora-

1826.
1828.
1830.
1830.
1830.

paper-making.
boxes used on the Fourdrinier machine, introduced by James

Brown,

of

Esk

Mills.

PERIOD OF INTRODUCTION OF

NEW

PAPER-MAKING FIBRES.

papers.

tion in

1889.
1890.
1890.
1890.
1890.
1894.
1896.
1896.
1898.
1899.
1902.

totally abolished.

vacuum machines.

IMPROVEMENTS DURING THE PERIOD SUBSEQUENT TO 1886.
Introduction of the " cone " drive for paper-machines, by which the
speed is more easily regulated.
" Circular "
strainers used for pulp- and paper-machines.
Machines for the production of art papers.
"
and triplex " papers.
Machinery for duplex
" news "
machines.
High-speed
Improvements in reeling machines.
"
"
Edge runners generally superseded by kneading machines.
Beaters introduced having separate mechanism for circulation of pulp.
Apparatus for the continuous bleaching and washing of wood pulp.
The use of electricity for motive power.
The adoption of producer gas for motive power.
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Statistics.

and accurate statistics in relation to the paper
probably a task beyond the power of the most ardent statistician.

Tli3 compilation of complete

trade

is

The

figures given in this chapter are those issued recently in connection
with meetings of the Paper-makers' Association.

STATISTICS AS TO THE PRODUCTION OF

PAPER

IN

THE UNITED KINGDOM.

(Presented by J. Y. Nuttall, Esq., at a meeting of paper-makers,
October 28, 1003.)

TABLE LV.
NOTE.

The production of Paper in the United Kingdom, for 1861 was
estimated by Mr. Chater at 100,000 tons.
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EXPORTS.
Total Weight and Value of Paper exportedfrom the United Kingdom
Foreign Countries and British Possessions for Three Periods at Intervals of

TABLE LVIII.
to

Ten Years.
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CHAPTER XVII
A DICTIONARY
Abies.

OF CHEMICAL TERMS

A

genus of trees belonging to order Pinacect, comprising spruce, larch,
&c., otherwise known as conifers, or cone-bearing trees, which are
used in the manufacture of wood pulp.
Acetate of lead (Suyar of lead}.
A substance prepared by dissolving ordinary
When added to pulp in a beating-engine, followed
litharge in acetic acid.
by a solution of bichromate of potash, a bright yellow precipitate is produced
which colours the fibres. The precipitate is known as chrome yellow, or
silver

fir,

canary yellow.
A filter paper impregnated with acetate of lead turns black or brown
when brought into contact with sulphuretted hydrogen. This fact is taken
advantage of in testing pulp and paper for traces of sulphur and sulphur
compounds.
Acetic acid. A liquid of 1-0558 specific gravity, having a strong pungent
odour.
Prepared by fermentation of alcohol, and also by the dry distillation
of certain hard woods, such as oak, beech, and elm.
Recommended by Lunge
for use in bleaching paper pulp.
Acetone. -A substance prepared from calcium acetate, which latter is obtained
by passing the products of the dry distillation of suitable woods into milk
of lime.
The acetone is used in large quantities for the manufacture of
celluloid.

Adansonia. The inner bark of the baobab, or monkey-bread tree, found on the
west coast of Africa. The bast fibre contains a high proportion of cellulose.
Tried many years ago for paper-making, but abandoned.
A term applied to the complex cellulose substance which forms
Adipo-cellulose.
the cuticular ti>sue of cotton, straw, esparto and other fibrous plants.
Finely ground talc, possessing a good colour. Used as a loading

Agalite.

for papers.

Agave (Agave americana)
making.

A

or Aloe.

Sisal cord or string,

is

plant yielding fibres suitable for paper-

manufactured from a Mexican variety

of ygave.
Alfa.
(See Esparto.)
term applied in commerce to the carbonates of soda and potash and
Alkali.
to the hydrates, the latter being designated caustic alkalies.
(See Soda and

A

;

Potash.)

The compound obtained by treating cotton or wood cellulose
Alkali- cellulose.
with concentrated solution of soda used for the manufacture of viscose.
A residue of impure calcium sulphide produced in the
Alkali waste.
;

manufacture of soda.
Alkaline solution. Term applied to any solution which exhibits properties
peculiar to alkalies, e.g., turning litmus test paper blue.
Aloe.

(See Agave.)
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A common trade term for sulphate of aluminium. The more complex
sulphates of aluminium, potash, and iron, Arc., are also known as alums.
Alum cake. (See Aluminium sulphate.)
Alumina. The oxide of aluminium prepared by strongly igniting hydrate of
Alum.

alumina in a crucible. A white amorphous powder.
Aluminate of soda. Obtained by dissolving freshly precipitated hydrate
alumina in caustic soda. Can be used in the process of rosin sizing.
Alumine. A trade name for a loading used in America consisting chiefly
sulphate of lime with a small proportion of sulphate of alumina.
be well retained by paper.

of
of

Said to

A bulky gelatinous precipitate produced when ammonia
added to a soluble aluminium salt. If ammonia is added to the solution
obtained by extracting paper with hot water, the formation of a gelatinous

Aluminium hydrate.
is

precipitate indicates the presence of

alum

salts.

Aluminium sulphate. An important material used in the
Added to animal size it acts as a preservative. Added to

sizing of paper.
rosin size it pre-

upon the fibres in the beating- engine. Prepared comIf the whole
mercially by the action of sulphuric acid on clays or bauxite.
mass is dried down the product is sold as alum cake. If the solution is
filtered free from the insoluble residue, silica, and evaporated, the product is
cipitates the rosin

aluminium

sold as

sulphate.

Cammercially known as Liquor Ammoniae, or spirits of hartshorn,
Used in paper-making for dissolving
a liquid of strong piercing odour.
casein, an adhesive applied in the manufacture of art and coated papers

Ammonia.

;

used as a laboratory reagent for detecting alum salts in paper.
substance obtained by acting upon cotton or cellulose with thirty
Amyloid.
times its weight of sulphuric acid (density 1 -60). The syrup produced is
poured into water, and the precipitate which results dried. The horny mass

A

found

is

amyloid.

The change produced when paper

manufacture

for the

of

parchment

is

is passed through acid
the formation of this amyloid on the

surface of the paper.
coal-tar product, used as a basis for aniline dyes.
Aniline.
Originally
=
from
indigo, from which the name has been derived (Portuguese
prepared

A

anil).

Aniline sulphate.

Used

acid.

Animal

Annaline.

aniline with sulphuric

A

size.

papers.

The compound obtained by treat'ng

for detecting mechanical wood and esparto in papers.
term applied to glue or gelatine used in sizing high-class

(See Gelatine.)
trade name for sulphate of lime, used as a loading.

A

(See Sulphate

of lime.)
Antichlor.

A term applied to substances used for removing traces of bleach
from pulp, such as hyposulphite of soda, sodium sulphite, and hydrogen
peroxide (which see).

Aqua

fortis.

(See Nitric acid.)
soluble compound

Arsenious acid.

A

of

arsenic

used for determining the

strength of bleachiiig-powder.
A soft fibrous mineral found in Italy and Spain. Can be worked
Asbestos.
up into paper with varying proportions of pulp for the manufacture of
Ground into powder forms a loading or filling for
in combustible goods.
name
asbestine.
the
under
paper
Ash. A term applied to the mineral residue left on igniting a piece of paper.
wood of which yields a very
Aspen.
species of poplar, the light coloured
white mechanical pulp, and a light porous chemical pulp.
Auramine.
yellow coal-tar colour much used for giving yellow shades to paper.

A

A
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The chlorine in bleaching-powder which effects the bleaching of pulp, present in a normal powder to the extent of 36 per cent.
The stalk of the sugar-cane, available as a paper-making fibre.
Bagasse.
Balsam fir.
coniferous tree very plentiful in North America, and used in
limited quantities for manufacture of mechanical pulp.
Bamboo. Any species of the genus Bambusa.
giant grass often reaching a
height of forty feet, found in the tropical regions of the Eastern Hemisphere.
Suggested in 1875 by Routledge as an excellent material for

Available chlorine.

A

A

paper-making.
Baobab. (See Adansonia.)
Barium sulphate. A heavy mineral known as blanc fixe, heavy spar, having a
specific gravity of 4 -4.
When ground to powder, used as a filler for paper, and as an ingredient
in satin white used for. coated papers.
Can be prepared artificially by
adding sulphuric acid to a soluble barium salt, such as barium chloride.
Barytes.
Ordinary name of barium sulphate.
Bass wood. Yields a good soda pulp, but not much used at present.
A term applied to the inner bark of plants which forms the material
Bast.
available for paper-making.
Flax, hemp, jute and ramie are typical bastfibre plants.

A natural ore containing o2 per cent, of alumina and 28 per cent, of
Bauxite.
oxide of iron, used for the manufacture of alum cake and sulphate of alumina.
tree with hard tough wood, not used in any quantity for paperBeech.

A

making.
Berlin blue.

Another name for Prussian

blue.

An

aniline dye similar to Congo red, yielding a bright colour,
A useful stain for microscope work.
unaffected by dilute mineral acids.
The chemical used for the manufacture of sulphite wood
Bisulphite of lime.
Prepared by passing sulphurous acid gas into a solution of milk of
pulp.

Benzo-purpurine.

JJime.

The spent caustic lyes run off from the digesters used for the
liquor.
preparation of soda wood pulp, esparto and straw pulps.

Black

Blanc fixe. (See Barium sulphate.)
Bleaching-powder. Used for bleaching pulp and fibres of every description. A
dry pulverulent powder of pungent odour prepared by exposing dry
powdered quicklime to chlorine gas. It yields a clear solution of chloride of
lime, when extracted with water.
Borax. A substance found in nature as tinkal, known chemically as sodium
Used as a solvent for casein in the manufacture of art papers.
biborate.
Calcium carbonate. Commonly known as carbonate of lime, or chalk. Occurs
Produced in
in nature in the form of marble, Iceland spar and limestone.
a waste product when soda and recovered ash (which see)
large quantities as
are converted into caustic soda.

Commercially known as slaked lime. Used for the manufacture of clear lime-water required for the softening of hard boiler feedwaters used for the conversion of soda and recovered ash into caustic

Calcium hydrate.
;

soda.

Calcium hypochlorite. The active principle of bleaching-powder, which yields
up the available chlorine for bleaching.
Calcium sulphate. Used as a filler for papers. Known under several trade

names according to the method of preparation, as follows
Gypsum,
powdered gypsum, sulphate of lime, powdered plaster, terra alba, satinite,
:

mineral white.
Chemical composition of

all

these preparations,

some natural, others
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is that of ordinary calcium
Hard waters contain
sulphate.
appreciable quantities in solution.
Calcium sulphite.
substance insoluble in water, produced by passing
sulphurous acid gas into milk of lime, or lime-water. It is formed as
an intermediate product in the preparation of bisulphite liquor, the gas
Used also as an antichlor.
converting it into a soluble bisulphite of lime.

artificial,

A

(See Antichlor.)

Canada balsam. A pale-coloured oleo-rosin obtained from the American silverfir.
Used for mounting microscopic objects, in preparing permanent
slides.

Canary yellow.

(See Acetate of lead).

Known

as

chrome yellow, or chromate

of lead.

Cannabis sativa.

Hemp.

A class of important organic substances containing the
Carbo-hydrates.
chemical elements, carbon, hydrogen, and oxygen, the two latter
being
always present in the proportions which are found in water. Such are
sugars from cane, milk and fruit starch, dextrin, cellulose.
Carbonate of lime. (See Calcium carbonate.)
Carbonate of soda. (See Soda.)
Casein.
An albuminous substance obtained from milk by the action of
Insoluble in water, but soluble in weak solutions of
sulphuric acid.
ammonia, soda and borax. Used for sizing of papers, and as an adhesive in
the manufacture of coated papers.
A dye-stuff obtained from certain species of Acacia, Areca and Uncaria,
Catechu.
growing in India. Gives brown, olive, grey and black shades.
Caustic soda.
A powerful alkali prepared by boiling carbonate of soda with
;

quicklime.

Used under

Used for isolating cellulose or paper-making fibre from plants.
suitable conditions has little or no action upon cellulose.
Dis-

solves animal fibres, such as silk and wool, readily.
Converts cotton fabrics
into the well-known mercerised cotton.
Sometimes described briefly as
caustic, or chemically as sodium hydrate.
Cellulose.
The chemical substance, more familiar as fibre, obtained when
vegetable substances are treated with caustic soda or other suitable reagents
in such a manner as to dissolve out all the resinous and non-fibrous constituents.
(See special chapter on
Celluloid.

Cellulose.)

A

cellulose derivative obtained

by mixing camphor with certain
(See chapter on Cellulose.)
China-clay.
substance, known also as Kaolin, formed naturally by the weathering of felspathic rocks, and consisting of silicate of alumina. Specific
gravity 2'o. Used as a loading for paper, particularly for common printings,
also as the basis of the coating on art papers.
China grass. A shrub similar to ramie, yielding exceedingly long fibres.
nitrates of cellulose.

A

Sometimes

called

Rhea (Boehmeria

nivea).

Chloride of lime.

(See Bleaching -powder.)
Chlorine.
greenish gas of pungent odour prepared by heating hydrochloric
acid (spirits of salts) with manganese dioxide.
Absorbed by dry lime it
Fibres previously boiled in caustic soda are
yields bleaching-powder.
readily bleached when exposed to chlorine gas.
The name given to the green colouring-matter of plants.
Chlorophyll.
Chromate of lead. (See Canary yellow.)

A

Chrome yellow.

(See Canary yellow.)
So called because the colours are derived from organic subCoal-tar colours.
stances found in coal-tar.
Cochineal.
dye giving a rose or scarlet colour prepared by drying cochineal

A
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which are found in Central America. Generally used in conjunction
with ultramarine for correcting the tone of white
papers.
Cocoanut fibre (Cocos nucifera). Sometimes called Coir. Only used for
matting, not being suitable for paper.
Collodion.
(See chapter on Cellulose.)
Colophony. (See Rosin.)
Conifer. -A tree or shrub
belonging to the order Conifers, so called because
insects,

the fruit of the tree is a cone, as in the
pines and firs.
Crotolaria juncea.
Botanical name for sunn hemp.
bluish coloured solution of copper oxide in ammonia, which
Cuprammonium.
has the property of dissolving cellulose. This property is taken advantage
of in the preparation of " Willesden "
waterproof paper and other

A

products.

A

Cudbear.

colouring-matter obtained by the action of air and ammonia on
certain lichens.
Very little used in paper-making.
Obtained by the action of boiling dilute sulphuric acid
Dextrin, or British gum.
on starch ; also obtained as one of the decomposition products of cellulose

when the

latter is oxidised

by permanganate

of potash.

Used

as a

gum, or

adhesive.
Diastase.

A

peculiar nitrogenous substance which is capable of acting upon
Can be used for
starch, converting it into sugar and rendering it soluble.

removing starch from rags.

A botanical term applied to plants in which the seed on sprouting
Dicotyledon.
produces two seed leaves, such as beech, ash, pine, and conifers.
Dolomite.
A natural carbonate of lime and magnesia, used for the manufacture
of bisulphite liquor
required in the chemical wood-pulp industry.
Endogens. A botanical term applied to plants in which the new wood is
developed in the inner part of the stem.
Palms, grasses, and sedges belong
to this class.

A

term sometimes applied to rosin size.
dye- stuff obtained by the action of bromine on nuorescin dissolved in
acetic acid.
Gives a reddish shade, but is very fugitive when exposed to

Engine

size.

A

Eosin.

light.

Esparto (Stipa tenacissima). A grass peculiar to Spain and Algeria preeminently suitable for magazine papers. On treatment with caustic soda
it yields 45 per cent, of
paper-making fibre.
A plant, the stem of which increases in thickness by the addition of
Exogen.
layers externally.
Exemplified by an ordinary tree, the section of which
reveals this growth by the concentric rings.
An iron salt used for testing the sizing qualities of a paper
Ferric chloride
by methods due to Leonhardi and to Schluttig and Neumann. With tannic
With ferrocyanide of
acid it produces a black ink spot on a sheet of paper.

potassium it gives Prussian blue.
Ferricyanide of potassium, or Red prussiate. A substance used in the preparation of the pigment known as Turnbull's blue.
A substance which, mixed with
Ferrocyanide of potassium, or Yellow jyrussiate.
ferric chloride, gives the well-known pigment Prussian blue.
Flax (Linum usitatissimumJ.A plant which gives linen. Contains 75 to 80
per cent, of cellulose.
commercial name applied to a red aniline dye known by such
Fuchsine.
other names as magenta, rosaniline, <frc.
The product of the treatment of oxycelluloses with hydrochloric acid.
Furfural.
The yield of furfural obtained by treating fibres analytically with acid is a
valuable measure of certain constituents in the fibre.

A
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colouring-matter obtained from the wood of the sumach tree
With tin salt mordants it yields bright orange-yellow

cotinus).

colours.

A

colourless transparent substance insoluble in cold water, used for
tub-sizing the best qualities of rag paper.
May be detected in even very
dilute solutions by the addition of a few drops of tannic acid solution, when

Gelatine.

a flocculent precipitate forms more or less quickly. (See also Glue.)
Glucose.
Grape sugar, a carbohydrate, which can be obtained by prolonged
boiling of cellulose with strong sulphuric acid. Commercially prepared from
starch.

A

crude form of gelatine obtained by boiling down scraps of hide and
Glue.
bones.
Used in sizing papers, in preparing enamel for coated papers.
term applied to wood ground into pulp by mechanical means.
Ground wood.

A

(See Mechanical wood pulp.)
natural sulphate of lime. When ground into a fine powder used
Gypsum.
as a filler for paper under various fancy names.
(See Calcium sulphate.)
Hard water. So called on account of the presence of carbonates of lime which
cause temporary hardness, and sulphates of lirne, which cause permanent
The former can be removed by boiling, the latter is unaffected
hardness.
hence the terms used.

A

;

Heavy

spar.

A

Barium

(See

sulphate?)

hard red wood not very suitable for white papers, but yielding
a pulp when treated chemically which can be used in limited quantities.
Mainly applied to the manufacture of wrappers.
Hemp (Cannabis sativa). A plant yielding fibre of great strength. It comes
to the paper-mill in the form of canvas, sailcloth, ropes, &c., and passes
through the usual operations. Mixed with cotton and linen rags makes an
Used also for cable and insulation papers. Cannot be
excellent paper.

Hemlock.

bleached readily to a good colour.
Hydro-carbons. A class of organic compounds containing carbon and hydrogen
united in varying proportions, of which the gases, naphthas, solid and liquid
oils found in petroleum are well-known examples.
A friable powdery substance obtained by exposing cellulose
Hydro-cellulose.
Paper dipped in weak
previously dipped in a dilute mineral acid to air.
sulphuric acid, or in moderately strong bleach liquor, and then warmed, is
quickly destroyed on account of this change in constitution.
Hydrochloric acid. Spirits of salt, prepared from ordinary salt. Occasionally
used to hasten the process of bleaching paper pulp.

Hypochlorite of calcium.
(See Bleaching powder.)
Hyposulphite of soda. A white deliquescent substance used as an antichlor
(See Antichlor).
A red pigment obtained by grinding one of the many varieties of
red ochre. Used chiefly in colouring wrappers and boards.
solid crystalline substance of bluish steel colour.
A solution of
Iodine.
iodine in potassium iodide is of great value in the laboratory for testing
sulphite liquors, presence of starch in paper, erasures and alterations on
documents, for staining fibres for microscopic examination, &c.
The purest form of gelatine obtained from the swimming bladders
Isinglass.

Indian red.

A

of certain fish.
Javelle water.

A

bleaching liquid prepared by adding a solution of carbonate
The clear liquid obtained
of potash to ordinary chloride of lime liquor.
after the sediment has settled down is convenient for bleaching small
quantities of fibre experimentally, as there is no deposit of lime on the fibres,
which sometimes occurs in the case of ordinary chloride of lime.
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Jute (Corchorus capsularis). An Indian plant, the fibre of which is used for
manufacture of coarse sacking and bags, and gunny. Raw material used by
paper-makers is the old gunny and sacking.
Kaolin.
(See China-clay.)
Larch or Tamarack. A hard resinous wood, very plentiful in North America,
but difficult to work up into pulp.
A term applied to jute, wood, and other fibres in which a
Lignified fibre.
peculiar substance called liynin, present as the result of natural growth, is
always found when the treatment has not been carried far enough to give
a pure cellulose. Mechanical wood pulp is lignified fibre.
A non-fibrous substance, the composition of which has not been
Lignin.
definitely settled, the product of natural growth in jute and wood principally.
It is entirely removed from wood by adequate chemical treatment.
The
intimate association of lignin and cellulose in mechanically ground wood-pulp
is the cause of decay and
Its
discoloration in many printing papers.
presence is detected by the test with aniline sulphate.
form of fossil wood, almost converted into coal, but not hard or
Lignite.
black like the true coal.
term applied to the compound-celluloses which are present
Ligno- cellulose.
in jute and wood, the latter not being cellulose of the simple or normal
type

A

A

like cotton.

Lime.

Calcium oxide, or quicklime.

Has many

limestone or marble.

A

caustic powder obtained by roasting
industrial uses in its application for the

manufacture of cements, mortar, bleaching-powder, lime-water, sulphite
liquor, &c.

Term usually confined to the cuttings and rags received by the paperLinen.
maker. The linen fibres are the bast fibres of t\\Qflax plant.
Litmus. A vegetable colouring-matter derived from Roccella tinctoria, used in
chemistry to determine the acidity or alkalinity of a solution by its change
to red or blue respectively.
Logwood. The wood of Hcematoxylon campeachianum, yielding a brownish red
extract, used in colouring paper, for producing blacks and greys, as in needle
papers, &c.

Lunar caustic. Fused silver nitrate.
Magenta. A red aniline dye much used

in colouring paper to various shades of
as Rosaniline hydrochloride.
Madder. Root of Rubia tinctorum, yielding a variety of colours, such as red,
The well-known Turkey
pink, purple and chocolate, according to treatment.
red is produced from madder.
Magnesia. An oxide of magnesium similar to lime, which is an oxide of calcium.

crimson, chemically

known

Occurs in nature combined with carbonic acid as carbonate, frequently
associated with carbonate of lime. (See Dolomite.}
Magnesium silicate.
compound occurring more or less pure in various forms,
such as agalite, asbestos, French chalk, talc, most of which are used as fillers

A

for paper.

Malachite green. An aniline dye giving brilliant green shades.
Manila hemp (Musa textilis). A plant found in the Philippine Islands. The
fibre is strong and very suitable for ropes, which, when old, yield excellent
paper pulp.

The earliest coal-tar colour, first manufactured by Perkin in 185G.
Gives a beautiful purple shade.
Mechanical wood pulp. Pulp prepared by grinding wood against stones in the
So called because the process is purely mechanical.
presence of water.
Megass. Refuse sugar-cane.

Mauve.
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Mercerised cellulose.

Cellulose treated cold with strong solutions of caustic
for the manufacture of viscose.
(See Viscose.}
Methyl orange.
dye very sensitive to acids, which turn it pink, and to
alkalies which turn it yellow.
Used in the laboratory for testing acids and

Used

soda.

A

alkalies.

A special test solution prepared from mercury and nitric
which gives a rose-red coloration when brought into contact with

Millon's reagent.
acid,

Casein gives a similar reaction.
gelatine, or papers sized with gelatine.
Mitscherlich pulp.
Chemical pulp prepared by cooking wood for forty-eight to
Called after the name of the inventor.
sixty hours at a low pressure.
botanical term applied to plants, in which the seed when
Monocotyledon.
sprouting produces one seed leaf, such as the palm, bamboo, esparto.
Mordant.
substance, usually some metallic salt such as tin chloride, employed
to precipitate the colour upon fibre, the colouring-matter being soluble when
added to the pulp. Sulphate of alumina used for sizing paper acts as a
mordant at the same time.
Muriatic acid. Spirits of salt or hydrochloric acid.
New Zealand flax (Phormium tenax).
plant yielding a high percentage of
cellulose, but not used for paper-making.
A reddish coloured iron salt which, added to the pulp in
Nitrate of iron.
the beating-engine, produces many shades of cream printing papers when
used in small quantities, and buff coloured papers when used in greater

A

A

A

quantities.

Nitric acid.
Aqua fortis.
Natural coloured clays varying in colour from burnt sienna to cream,
Ochres.
the depth of shade being determined by the proportion of sesquioxide of iron
Used for wrappers, sugar papers, boards, &c.
present.
Oil of vitriol.
Sulphuric acid.
manufactured pigment prepared by roasting carbonate of
Orange mineral.

A

lead.

Oxalic acid.
An organic acid prepared commercially by fusing sawdust or wood
chips with soda at a high temperature, and treating the product first with
lime and then with sulphuric acid.
white powdery substance produced by the oxidation of cellulose,
Oxycellulose.
brought about, for example, by exposure of paper or linen dipped in strong
bleach liquor.
Ozone. A curious modification of oxygen prepared by passing sparks from an

A

machine through oxygen. An energetic bleaching agent which is
being gradually used commercially.
Parchment. The skin of calf, sheep, or goat, specially prepared for writing
purposes.
Parchment paper. Prepared by dipping unsized paper into sulphuric acid of
about 1'50 specific gravity and subsequently washing out all the acid.
Pearl ash.
Carbonate of potash.
Pearl hardening. (See Calcium sulphate.)
Pecto-cellulose.
compound cellulose found in certain fibrous plants, the
electric

A

composition and characteristics being little known.
An organic substance prepared by the action of mineral acids
Phloroglucine.
on phlorizin, which occurs in the root-bark of certain trees.
Used in
testing papers for the presence of mechanical wood or lignified fibres.
Potassium bichromate.
reddish substance used for precipitating the pigment

A

canary yellow upon pulp, by its action on sugar of lead.
Prussian blue. A blue pigment obtained by adding ferric chloride to a solution
of yellow prussiate of potash.
Colour discharged by alkalies.
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(See chapter on Cellulose.)
Gives
plant found in India and China, somewhat difficult to treat.
long silky fibres having a fine lustre. Used for textiles, but too expensive

Pyroxylin.

Ramie.

A

for paper-making.

Recovered ash. Crude carbonate of soda obtained by burning the black residues
from the boiling of esparto and other fibres, the liquors
having been first
concentrated by evaporation.
Resin.
A term usually employed to designate the natural oxidised essential oils
found in trees. Synonymous with rosin, though the latter term is often
to colophony, the particular resin of the southern
pine,
which is the residue from the distillation of
turps.
Resinate of aluminium. The precipitate formed by adding alum solution to
rosin size.
This precipitation takes place when paper is sized in the beatingspecially applied

engine.
(See China grass.)
Rosin.
(See Resin.)

Rhea.

Rosin

A

compound formed by boiling powdered rosin with carbonate of
Soluble in water, and used for sizing paper in the beating-engine.
red aniline dye sensitive to light, used for pink papers.
Safranine.
Sapwood. The outer rings of the tree, of comparatively recent growth, called
the alburnum, containing the sap, in contradistinction to the heart- wood.
An ammoniacal solution of cupric oxide, capable of disSchweitzer's reagent.
Used in the manufacture of " Willesden " paper.
useful
solving cellulose.
size.

soda.

A

A

microscope reagent. (See Cu^r ammonium.)
Sisal hemp.
(See Agave.)
Size.
(See Rosin size.)
Smalts. A pigment obtained by grinding to powder a blue glass, the colour of
which is due to the presence of cobalt silicate.
Soapstone.
(See Magnesium silicate.)
Name commonly applied to carbonate of soda. One of the most imporSoda.
tant chemicals for industrial purposes, manufactured from common salt.
When causticised with quicklime it is converted into caustic soda, which
latter substance is required for the digestion of fibres.
Soda is used in the
paper-mill for the preparation of rosin size, for softening water, and for

manufacture of caustic soda.
Soda pulp. Pulp prepared by digesting wood with caustic soda.
frequently misapplied to pulp prepared by the sulphate

The name
process.

is

(See

/Sulphate process.)

A term applied to the process by means of which the caustic
soda black liquors run off from the boiled pulp are evaporated, incinerated
and treated so as to recover the caustic soda in a form capable of being used
over again.

Soda recovery.

Sodium chloride. Common salt.
Sodium hydrate. Caustic soda.
Sodium hypochlorite. Also known as Labarraque's disinfectant, or chlorinated
seda.
Prepared by adding carbonate of soda to bleach liquor and allowing
the precipitate to settle. Useful for laboratory purposes as a bleach liquor
because no insoluble deposits are found on the fibre after bleaching.
Sodium hyposulphite. Used as an antichlor to kill traces of bleach, but now
being superseded by other substances which do not tend to deposit sulphur
in the fabrics or fibres treated.
"
Sodium sulphite. An efficient " antichlor or bleach killer, which removes any
traces of chloride of lime without the formation of new residues likely to
injure the pulp.
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from digesters after the fibre has been
Spent liquor.
lyes
boiled.
Soda lyes can be recovered.
Sulphite lyes are usually thrown
off

away.

The tree, par excellence, for the manufacture of chemical and mechanical
pulp.
Easily yields a strong fibrous pulp when treated by the sulphite
process.
Starch.
Used as a sizing material in blottings, and to improve the surface and
finish of high-class papers.
May be detected in paper by its blue reaction
Spruce.

wood

with iodine. Quantitative estimation in paper very difficult.
Stipa tenacissima.
(See Esparto.)
Straw. The stem of cereals, such as oat, wheat, barley, maize, &c.
pulp of short fibre, which adds to the hardness of the paper.

Gives a

Sugar of lead. (See Acetate of lead.)
Sulphate of alumina.
(See Aluminium sulphate.)
Sulphate wood pulp. Often miscalled soda pulp.
Prepared by digesting
wood with a mixture of sulphate of soda, caustic soda, and sulphide of
soda.

The solution of calcium bisulphite and free sulphurous acid
Sulphite liquor.
used for the preparation of sulphite wood pulp.
Sulphite wood pulp.
Pulp prepared by the sulphite process.
The familiar substance which is required for the manufacture of
Sulphur.
Each ton of pulp requires the burning of about 280 to
sulphite liquor.
350 Ibs. of sulphur into sulphurous acid gas.
Sulphuric acid. The most important acid of commerce.
heavy colourless
Used in the
liquid with specific gravity 1'84, and boiling-point of 338 C.
paper-mill merely for cleaning the machine wire, and occasionally for hastening the bleaching of pulp. Its action upon cellulose varies with the degree
of strength of acid and the temperature at which the action takes place.

A

(See chapter on Cellulose.)
Sulphurous acid, or Sulphur dioxide. A gas prepared commercially by burning
In the manufacture of
sulphur in a carefully regulated supply of air.
sulphite liquor, the gas is brought into contact with moistened limestone,
and the gas unites with the lime and water. The gas itself is very soluble
in water,

and exercises a powerful bleaching

Sunn hemp (Crotalariajuncea).
Not used as a paper-making

An

action.

Indian plant used for bagging and cordage,

fibre in

any quantity.

Also called Abie tic acid, the principal constituent of rosin or

Sylvic acid.

colophony.
Talc.

A

soft transparent mineral,

which can be

split into

thin laminae.

When

ground used as a filler for paper. (See Magnesium silicate.)
Tamarack. (See Larch.)
Tannic acid. An organic acid obtained from the bark and wood of many trees,
such as oak, sumach, mimosa, quebracho. Used as a test for animal size
finely

in paper.

A

A

fancy name for a precipitated form of sulphate of lime.
substance used as a loading for paper.
The wood fibres of coniferous trees, such as spruce and fir, characTracheids.
terised by curious pitted cells readily detected in sulphite pulp when examined
under the microscope.
double silicate of sodium and aluminium prepared by fusing
Ultramarine.
kaolin, sulphate of soda, carbonate of soda, and charcoal in a crucible, and
roasting the green substance obtained with sulphur. The blue mass formed
is powdered, washed and dried, and sold as ultramarine.

Terra alba.

A

Vegetable parchment.

(See Parchment paper.)
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A

native ochre of varying shades of red. Artificial varieties
are also prepared from sulphate of iron. Used for colouring paper, principally
wrappers and boards.
soluble form of cellulose.
Viscose.
(See chapter on Cellulose.)

Venetian red.

A

(See Oil of vitriol)
Vitriol blue.
Sulphate of copper.
Waste liquors. (See Spent liquors)
Wood vinegar. Crude acetic acid prepared by the distillation of wood.
Zinc chloride. Used for the preparation of vulcanised paper and board, acting
upon cellulose in a manner similar to sulphuric acid. It is also a useful
reagent for the microscopic examination of fibres.

Vitriol.

CHAPTER XVIII
A GLOSSARY OF VARIOUS PAPERS
WITH

BRIEF. NOTES AS TO ORIGIN OF SAME, AND USE OF THE PAPERS

The author will

of any additions or corrections
supplied by readers.

be glad

Air-dried browns.
Brown papers carefully made, and slowly dried by exposure
to air, which ensures great strength and
elasticity.
Albumenised. Paper used in photography
coated with albumen from the
white of egg mixed with ammonium chloride, and then treated with silver
;

salts sensitive to light.

Hard strong papers made of wood, hemp, or gunny, used for
and other purposes relating to ammunition.
Animal-sized. A term applied to any paper which has been sized with
Ammunition.

cartridges
gelatine.

A

used

largely for
or mixed with
chemical wood pulp, uncalendered, and containing no loading as a rule.
Anti-acid manila.
hard strong paper made of hemp, or sometimes wood

Antique.

light

bulky paper having a

novels and standard works of fiction.

soft velvety feel,
of esparto per

Made

se,

A

pulp, used for insulating purposes, telephone wires, &c., and guaranteed free
from any acid reaction.

The largest hand-made sheet known, measuring 53 inches by 31.
It is said that this name is due to the fact that the Society of Antiquaries
of London required a sheet of extra
size for a special purpose.

Antiquarian.

large

A paper, usually made of esparto and wood pulp, coated on both sides
Art.
with a mixture of glue and some mineral, such as china-clay, and highly
glazed^. Used for the printing of half-tone blocks.
Origin of name doubtful,
but probably derived from its connection with the new "art" of process
printing.

A

Asbestos.
paper containing a large proportion of fibrous asbestos, used for
the manufacture of theatre curtains, screens, insulation papers, <fec.
Azure laid. A term by long custom applied to certain high-class writings of a
" laid mould or wire.
particular shade of blue, made on a
(See Laid.)
Azure wove. A similar term applied to blue paper made on a "wove" mould.
(See Wove.)
Atlas.
drawing paper measuring 34 inches by 20. Name supposed to be
due to the use of a water-mark in the early days of paper-making, showing the
figure of Atlas bearing the world on his shoulders.
Bag. A term applied to any papers used for making bags.
term applied to high-class machine writings, which are very strong
Bank.
and thin. Made from rags, or wood pulp, beaten for eight to nine hours.
Paper is similar to loan, but not quite so heavy or transparent. Name probably due to the paper first finding favour amongst bankers and commercial
''

A

A
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A

Bible.
strong thin paper, used for Bibles originally, in which opacity is a
Wood
chief characteristic, obtained by careful boiling and beating of rag.
pulp now used in cheaper qualities.

A term originally applied to papers used for packing biscuits, parThe paper now used
ticularly thin sulphite pulp papers glazed on one side.
for wrapping all kinds of dry goods.
Best
unsized highly absorbent paper, used as the name implies.
Blotting.

Biscuit.

An

made from

soft old muslin rags, sometimes tendered by chemical
Cheaper qualities from soft wood pulps.
Blue print. A paper sensitive to light, used by engineers for copying tracings
of machinery, &c.
Prepared by floating white paper on a solution of yellow
prussiate of potash (potassium ferrocyanide) and peroxide of iron.
Book end. A term applied to the papers used for finishing off the insides of the
covers of books.
Of all qualities and colours.
Boot boards. Specially hard boards prepared from waste papers and tough
fibre, used for the insoles and heels of boots.
Frequently toughened by

qualities

treatment.

addition of pulped leather clippings.
Used for box-making of
boards.

Box

all

kinds, and

manufactured from

mechanical wood pulp, old waste papers, hemp, &c., on cylinder machines or
wet press machines.
Box enamels. White or coloured coated papers of the cheapest description used
for covering boxes.
Coated on one side only, and very highly glazed.
Bowl. Special soft paper used for making paper-rolls, or bowls, required in the
supercalender machine. Made solely of or from mixtures of soft rag, wool,
asbestos, beaten quickly and not sized.
Bristol boards.
High-class cardboards first made at Bristol, from which the

name

is

Browns.

derived.

Brown wrapping paper

of every description.
Buff printings.
Ordinary printing paper buff-coloured, the tone being produced
generally by iron salts added to the pulp in the beating-engine.
Butter.
Papers used for wrapping butter, lard and similar greasy goods.

Usually some cheap form of vegetable parchment, or its substitute, imitation
parchment (which see).
A more or less embossed stout paper, coloured to fancy, made to imitate
Calf.

Used for bookbinding.
Thin wrapping papers used in

leather.

Caps.

retail

shops; a general term for such

Origin of name uncertain.
papers.
Used for the production of duplicate copies of bills, invoices, and
Carbon.
similar documents.
Prepared by surfacing thin tissues with a mixture of

lampblack and fatty substances such as lard.
Paper impregnated or surfaced with a mixture of stearin and carbolic
Used as a wrapping paper for food.
acid.
A general term applied to thick stiff paper, or to the stiff board
Cardboards.
obtained by pasting layers of paper over one another.
Carpet felt. A brown soft thick spongy kind of paper used for inserting between
floor- boards and carpet.
Prepared from common waste paper and similar
residues on an ordinary machine.
Hard stiff boards made from waste paper, &c., very heavily
Carriage panels.
Frequently hardened and stiffened by being vulcanised
pressed and rolled.

Carbolic.

(which see).
Carton pierre. A French term meaning stone card. An imitation stone prepared by moulding pulped waste paper into various shapes under great
Used for theatrical properties and similar objects.
pressure.
Cartridge.

A

terra

now used

to denote ordinary qualities of

drawing papers
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made from rag or wood pulp, being strong, tough and opaque.
Word
originally confined to paper used for cartridge-making, but now somewhat
loosely applied.
term applied to a certain -size of packing paper. Exact origin of
Casings.
word uncertain, probably due to the paper having been used for lining

A

purposes originally.
A term once used to describe the few outside sheets of a ream of good
paper from the French casser, to break or waste.
A strong tub-sized rag paper of medium surface, used for charts and
Chart.
Cassie.

;

Inferior qualities made
to stretch as little as possible.

maps.

from esparto and wood,

specially treated so as

A

Chromo.

heavily coated paper used in chromo-lithography. The body usually
a stout esparto paper the surface somewhat dull and more absorbent than
an art paper. The term is derived from the Greek word meaning colour.
;

A

made
name

tissue, unsized, containing little or no loading
implies for cigarettes.
Coated.
general term applied to art, chromo, enamel and other papers which
consist of paper surfaced on one or both sides with an adhesive mixture of a

Cigarette.
material

;

specially

used as 'its

A

mineral substance and glue.
Paper used for manufacture of coated papers. For high-class art,
paper is a mixture of esparto and wood pulp for common box papers, a
mixture of chemical and mechanical wood pulps.
Collar.
Paper prepared from cheap wood pulps, surfaced with linen muslin,
Used for paperheavily coated with mineral matter and highly glazed.
Coating.

;

collars.

Thick papers or boards made of rag or a mixture of rag
Collotype printings.
and esparto. Surface generally a little rough. Must be fairly hard sized
to resist the damp surface of the jelly used in printing.
A special size for drawing paper, 34J inches by 24. The term is a
Colombier.
French word, meaning pigeon-hole. Frequently termed Columbia. Derivation
uncertain.

A

Used for the manufacture of letter-books, for copying.
special
tissue paper, thin, strong, unsized, but usually glazed.
Buff Japanese paper
is specially suited for this
purpose.

Copying.

Used for packing glass and fragile good?, consisting of heavy coarse
Cork.
straw paper surfaced with a mixture of glue and powdered cork.
Cotton sampling. White or coloured wrappers used for displaying or packing
cottons and cotton goods.
Made from strong fibres, such as jute, soda, wood

and

rag.

Thick heavy rag or wood paper, rough machine finished and soft sized,
used, as the name implies, for covers to pamphlets, catalogues and cheap
books.
Usually sent out in deep strong artistic colours.

Cover.

High-class heavy rag papers,, tinted or plain coloured, glazed on one
Used for crayon drawings, water-coloured, and sepia drawings.
An ordinary writing paper of creamy colour, made on a " laid "
)}
wire mould, or on a machine provided with a " laid
wire dandy-roll.
(See Laid.)
Crepe. Very thin, tough, strong paper, made of common rags usually, coloured
to fancy, and passed through heavy embossed rollers, which crinkle the paper
into a form resembling crape. (French crepe.) Used for fancy and decorative

Crayon.

side only.
Cream laid.

purposes.

Crinkled tissue. Common
specially embossed.

Crown.

A snee-ial size of

tissues,

plain

or

coloured, crinkled

by

rollers

paper or mill-board measuring usually 20 inches by 15.
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Term

originally applied to a sheet of this size having a

crown as a water-

mark.

Common wood or jute papers, prepared so as to ensure freedom from
Cutlery.
acid compounds, or substances likely to produce sulphuretted
hydrogen.
Badly prepared paper causes rust or tarnish.
term appliedj to cutlery papers made from hemp or old rope.
Cutlery ropes.
Waxed tissue paper used for cyclostyle work. (See titencil.)
Cyclostyle.

A

Paper from which the deckle edges have not been removed. The
curious rough edge is due to the pulp being in contact with the deckle or
frame of the mould, and on drying this edge is always rough. The deckleedge of genuine hand-made paper can be imitated in machine-made paper.
Demy. A special size of paper, so called from the French word demi, meaning
one-half.
Appears to have been one-half imperial, probably being first
known as demi-imperial, and then contracted to demi, and corrupted to
Deckle-edged.

demy.

Drab

Drab-coloured sealing papers.
Paper of various qualities used by artists and draughtsmen. Best
qualities made of linen
kept in stock for a long while before use. Surface
and finish varied to suit requirements.
sealing.

Drawing.

;

Strong tough rag or wood-pulp papers, of medium thickness, used for
Unsized and absorbent.
letterpress copying-books and similar purposes.
term applied to common papers used for news, printed dry
Dry printings.
from the reels. Most reels were formerly damped on the surface before

Drying.

A

being put into the Hoe printing presses.
Duplex.
Paper having differently coloured surfaces prepared in various ways.
(a) on a coating-machine, each side being coated with a coloured mixture
(b) by passing simultaneously two wet sheets of paper differently coloured,
through heavy couch-rolls at the wet end of a paper-machine. Used for
programmes, book covers, advertisements, fec.
Name probElephant.
High-class drawing paper measuring 28 inches by 33.
ably due to the use of an elephant as the water-mark, but origin of same
This size, with slight variations, now used for printings and
uncertain.
;

paper-hangings.

Paper upon which a raised or depressed design has been formed by
which has been cut to a particular

Embossed.

means

of special steel rollers, the surface of

pattern.

Used for cleaning and brightening iron goods. Prepared by coating a
strong paper previously moistened by glue, with fine emery powder, which
The better qualities are made with a
is sprinkled on by a revolving brush.
fabric of dressed cotton cloth in place of paper.
term applied in various ways to (a) cheap highly polished coated
Enamel.
papers used for box covers (b) to cards coated with a mixture of zinc white

Emery.

A

;

and glue.
End. (See Book End.)
Sometimes
Engine-sized.

called E.S. papers, because the sizing is effected by
adding the rosin size to the pulp in the beating-engine.
Esparto.
Papers made of esparto per se, or mixed with small proportions of
wood pulp, specially adapted for magazine and writing papers.
Featherweight.
(a) Name applied to very light thick printing papers used for

novels (b) Name applied to certain writing papers, thin and opaque, made
from soda wood.
Boards made of pulped leather clippings with or without an
Fibre leather.
Used for boxes and
admixture of wood pulp, strong waste papers, &c.
trunks.
;
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Special papers used in chemical laboratories for filtration purposes.
of pure rag, carefully beaten, unsized, free from mineral constituents
and fat. Best qualities extracted with hydrochloric and hydrofluoric acids
to ensure absolute purity.
Flint.
Papers, usually coated, to which an extra polish has been imparted by
Filter.

Made

moving quickly to and fro across the surface of
the paper as it comes through the calenders.
Fly.
Paper coated with molasses, which render it sticky, or impregnated with
some chemical such as arsenic, quassia bark, &c., to render it poisonous.
friction with a long flat stone

Used

for killing

flies.

tin, copper or zinc in the form of metallic powder.
for decorative or packing purposes.
So
Foolscap.
special size of writing paper, measuring 16 J inches by 13J.

Foil.

Paper coated with

Used

A

from the water-mark

of a fool's cap first used for this size of paper.
Friction glazed.
Paper specially glazed or calendered by a stack of calenders
in which some rolls are of small diameter and revolve at a much higher speed
than the others, thereby creating friction against the paper.
Fumigating. Paper soaked in nitrate of potash, dried and then steeped in an
alcoholic solution of some fragrant balsam, such as tolu, or storax.
Glass.
Paper moistened with glue and then sprinkled over the surface with
called

powdered glass. Used largely by carpenters and joiners for polishing
wood.
Glazed boards. Box-boards glazed by any process.
Mottled papers, in which the appearance of granite is imitated.
Granite.
Grass -bleached tissue. Thin tissues of special white colours, used for wrapping
Name used to signify a good colour as obtained by the old
stationery goods.
custom of exposing linen textiles to air and sun on grass for bleaching.
A paper of thick or thin substance used as a wrapper, for jamGrease-proof.
pot covers, and packing food of a greasy nature. May be a genuine vegetable
finely

parchment or merely an imitation.
A general term for all kinds

Grocery.

of paper used in the grocery

and provision

trades.

Ordinary papers coated with common gum, or with dextrine (British
Special qualities used for stamps, made of thin esparto paper.
Hand-made.
general term applied to papers made on hand-moulds^ as distinct
from machine-made papers.
Hemp. Papers made from hemp, hemp refuse, old hemp ropes, &c. Used for

Gummed.
gum).

A

wrappers, cable and insulating purposes, and sometimes called Hemp browns,
if used specially for wrappers.
Hosiery.
Papers of all qualities and colours used in the hosiery trade, principally
wrappers.
Imitation art.
Prepared by adding large quantities of china-clay to pulp,
finished paper
the
through supercalenders, the surface being
passing
moistened with water just as the paper enters the calender.
Imitation parchment.
wood-pulp paper, strong, transparent, fairly grease-

A

proof and waterproof, these special qualities being imparted by prolonged
beating and not by chemical treatment.
inches by 22.
Imperial.
special size of drawing or writing paper, usually 30
Term probably originated in its application to a special high-class rag paper
suggested by the royal.papyri of the Egyptians.
Ingrain.
fancy name for mottled papers.
Term applied to all the sheets in a packed ream of paper which are
Insides.
which are generally
good, as distinct from the four or five outside sheets
regarded as damaged

A

A
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Insulating.
Strong well-sized a,cid-free papers made from hemp or jute, singly
or mixed. Pulp specially washed free from soluble salts in order to render the
paper less liable to absorb moisture, and thus maintain its insulating capacity.
Iridescent.
Paper exposed to fumes of ammonia, having been first soaked in a

mixture of gum, sulphate of

iron,

sulphate of indigo, and nut-galls, in

solution.

Papers or cards of superior quality highly glazed by rolling or
calendering, bees-wax being rubbed on the rolls to obtain the special gloss
called ivory finish.
Thick papers of ordinary quality made from jute and waste papers,
Jacqtuards.
cut and perforated to suit the Jacquard looms in spinning-factories.
Japanese. Papers of various qualities and substance, the peculiar strength and
appearance being due to the fact that the natives literally beat out the fibres
with mallets until isolated sufficiently, retaining their full length. This
description only applies to papers made in a primitive fashion by the
Ivory-finished.

Japanese.

Brown papers made of soda wood pulp of high-class quality, and
designated by the German word krafl, meaning strength.
Laid.
Papers made on a laid mould, or with a laid dandy-roll. A laid paper
held up to the light appears to be water-marked by a number of lines laid
close together, intersected by lines at right angles placed about one inch apart,
the effect being due to the formation of the mould or dandy-roll.
Lapping.
suggestive term applied to various common cartridges, parchments
and other wrappers used for packing tea, coffee, dry goods, bottles, &c.
Leather boards. Imitation leather made by pulping up leather clippings and
fibres such as waste papers, jute, &c., and converting same into paper and
Kraft browns.

A

board.

Ledger.

Used for bookbinding and covers.
Strong account-book papers, made from high-class rag, coloured more

or less blue, tub-sized

and well

rolled.

Linen. Drawing or writing-papers containing no fibrous ingredient except
linen rag.
chemical test paper made by soaking filter paper in tincture of
Litmus.
into alkaline
litmus.
Dipped into acid solutions the paper turns red
solutions it turns blue.
Contracted form of lithographic.
soft-sized esparto paper, carefully
Litho.
made and dried, so that when moistened during the various printing operaUsed for illustrations and
tions, the expansion or stretch is very slight.
colour printing.
Thin rag papers of great strength, tub-sized, water-marked, and someLoans.
times hand-made.
Similar to banks in being made from pulp beaten for a
Difference very slight, a loan being
long period of eight to ten hours.
usually heavier than a bank, and not too highly glazed,
term applied to any papers dried by being hung up in a dryingLoft-dried.
shed or loft, and finished by a natural process of evaporation of the

A

;

A

A

moisture.

Prepared by mixing glue, bichromate of potash, and phosphorescent
with
pulp, before the paper is made, or by coating finished paper
powder
with the mixture.
Machine-finished.
Any papers glazed and calendered by a calender which is
from
placed at the end of a paper-machine, in which the paper passes direct

Luminous.

drying-cylinders to calender.

M.G. Caps. Machine-glazed caps, or thin wrapping paper made from rag or
wood pulp used for bags. Strong, tough paper, glazed on one side only, being
made on a single-cylinder or Yankee machine.
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A

thin copying paper, or a slightly waxed tissue, used for interleaving order-books, letter copy ing- books, counter invoice forms, &c.
Manila.
strong paper, supposed to be made entirely of inariila hemp. The
term now loosely applied to many papers made entirely of chemical wood
Used for bookbinding, tags, musical instruments, &c.
pulp.
Marble. Used for covers of school exercise-books and note-books. Prepared
by floating common thin papers on a bath of gum tragacanth, the surface of
which has been sprinkled with various colours, and combed out to a desired
pattern.
Cheaper qualities prepared by colours sprinkled by revolving
brushes on the sheet of paper as it travels continuously forward.
Medium. Name applied to a size of paper usually 22 inches by 17J. Origin of
term uncertain, but possibly arising from the use of a paper having a size
intermediate between two other sizes, such as foolscap, 17 inches by 13 J, and
imperial, 30 inches by 22.
Metallic.
Used for note-books, steam-engine indicator diagrams, &c. Prepared
by coating paper with a mixture of whiting, lime arid zinc white, the surface

Manifold.

A

being afterwards glazed.
Middles. Name given to common cardboard prepared from waste papers or
mechanical wood pulp. Used for tram tickets and as a cheap basis for
surfaced cards, produced by pasting paper of good quality on this cheap
Hence the suggestive name.
cardboard.
Millboard.
Boards made of wood pulp, waste papers, and all kinds of fibre

Usually well rolled or milled.
Obtained by immersing glazed paper in a bath of silver or lead
salts, allowing it to dry, exposing to the vapour of sulphuretted hydrogen
gas, the iridescent effects being then fixed with collodion.
Mottled. Paper having a variegated coloured surface, produced by mixing
a small proportion of coloured fibre with pulp which has been dyed to a
different shade, so that the paper appears to contain a number of fibres
floating on the surface, having a colour distinct from that of the main body
of the paper.
(See Silurian.}
Mould-made. Imitation hand-made paper, sometimes made on a cylinder mould,
the surface of which is divided into sections by thin rubber strips fastened
sometimes on large flat mould
on, thereby producing false deckle edges
subdivided in a similar manner by rubber strips or copper wire.
A thick, soft opaque printing paper, made of esparto, sometimes with a
Music.
small proportion of wood pulp.
Not hard-sized and only slightly calendered.
refuse.

Mother-of-pearl.

;

Used

as

name

implies,

Brown wrappers made of boiled mechanical wood pulp,
or unbleached chemical wood pulp, the colour of the paper being
derived from that of the pulp itself, without modification by dyes.

Nature browns.
jute,

Needle.

(See Cutlery.)

News. Common machine-finished, soft-sized printings, made from mechanical
and chemical wood pulps, and containing usually 70 per cent, of mechanical.
Ochre-glazed.
Wrappers of various qualities coloured with sundry ochres,
which produce a warm burnt-sienna shade, and glazed.
Used for letter copy-books. Prepared by soaking ordinary paper in
Oiled.
linseed oil, or a mixture of spirit and linseed oil.
The few extra sheets forming the outside of a ream, and generally
Outsides.
regarded as damaged. Also applied to specky, poorly made sheets of handmade paper, put up and sold apart from good sheets.
Oxford Bible. A special rag paper, strong, opaque, and thin, prepared by
careful beating of selected rag.
medium quality of printing paper used as

Pamphlet.

A

name

implies.
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Panel boards. (See Carriage panels.]
Parchment. The skin cf goats, sheep and other animals, cleaned and dressed
for writing.
Now used for important legal documents only. The term
is iio\v

well-beaten

also applied to

rag

and wood pulp papers

of

good

quality.

Papier-mache*.

Waste papers pulped, mixed with mineral matter, such as
and afterwards moulded into a variety of goods by

china-clay, rosin, &c.,

the manufactured articles being chiefly for domestic use.
Common boards made by covering middles with pastings.
Pastings. Common white or coloured printings, used for lining boxes, boards,
middles, &c., glazing frequently done when the paper has been mounted on
the board. Also applied to good papers pasted on to high-class cards.
Photographic.
Paper prepared specially with pulp from which all chemicals
have been carefully removed. Contact with iron during manufacture avoided
steel dies,

Pasteboard.

as far as possible.
Pin.
Paper used for packing pins qualities according to price.
Pinched post.
smaller size of post paper, the word "pinched" being an
expressive term.
Plate.
Rag paper of good quality, sometimes made of several thicknesses of
unsized paper caused to adhere by great pressure when moist.
Slightly tubsized and sometimes calendered on one side only.
Used for steel-plate
;

A

engravings, from which the name is derived.
Plate-glazed.
Paper glazed by being placed between zinc or copper plates, which
are then passed through steel rollers under great pressure.
Portmanteau boards. Hard strong boards made of waste paper, containing
sometimes leather waste used as name implies.
Post.
Name given to a particular size of writing paper, measuring 19 inches by
Originally applied to this size because the water- mark was a postman's
15J.
horn.
Common printing paper, used for the production of advertisements
Posters.
Best qualities strong and well sized.
for bill-posting and outdoor display.
Name given to a certain size of writing paper 15 inches by 1 2 J,, originally
Pott.
made by hand and recognised by the watermark, a tankard or pot.
Pottery tissue. (a) Thin tissues of good quality, well glazed, used for wrapping
pottery ware
by which designs are transferred to
(b) special tissues
;

;

pottery.
Pressings.

Common

Printings.

A

papers used for pamphlet and copy-book covers.
Qualities innumerable,
general term for paper used by printers.
and composition varied. Chiefly esparto, chemical and mechanical woodpulp, with or without loading.
Programme. Paper made from esparto, sometimes containing a proportion of
wood, made specially soft so that the printed sheets do not rustle when
handled. The softness often produced by a large excess of clay put into the
paper.

Paper made from rags.
Railway buff. Common printings used
Rag.

for railway advice sheets and circulars
yellow or buff-coloured.
Retree.
Imperfect or damaged paper, often put up and sold at reduced price.
Name corrupted from French word retirer, to withdraw.
Repped. Paper passed through steel rollers which produce a raised or ribbed
surface.
Used for fancy purposes. The word is an adaptation of " ribbed."
Roofing.
(See Tar paper.)
Rope browns. Brown papers made from old ropes, a term frequently used to
infer extra good quality, though ropes often contain inferior fibres.
;
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A particular size of paper which varies according to quality. For
Name
drawing paper 19 inches by 24, for printings 25 inches by 20.
originally applied to a certain size distinguished by a water-mark of the

Royal.

royal crest of France, a fleur-de-lys.
Term applied to certain packing papers measuring 25 inches by
20, made from wood pulp and other material.
Originally used for drawing
paper of high quality and applied to packing paper on "account of similarity
in size.
Term first used by reason of the " royal hand water-mark.
Saddleback.
wrapping paper 45 inches by 36, used in cotton mills for packing cotton goods. Name probably due to size being suitable for yarns taken

Royal hands.

A

oft' from
part of the machine called a saddle.
Safety.
Paper used for cheques, coupons, and similar purposes. Generally the
colour is very sensitive to acids and alkalies. The pulp is impregnated with
salts, such as iodides of bismuth, coal-tar dyes, manganese sulphate.
White or coloured paper specially made, fairly heavy and thick, used
Sampling.
for display of textiles and similar samples.
Sand.
Heavy papers covered with fine sand, fixed to the surface with glue.

Used by carpenters and joiners.
Wrappers of various qualities used by

stationers in packing stationery.
probably due to the custom of first using a definite quality and bize,
the fastening of the packets being effected with sealing-wax.
Self blues.
Papers made from pulp coloured by the addition of blue rag pulp.
The colour is specially fast to light, being derived from indigo-dyed rags.
A term employed to indicate that no colouring-matter has been
Self-coloured.
added to the pulp from which the paper was made.
Tissues used for wrapping silver, made of rag or wood pulp.
Silver tissue.
Paper free from acid, and any substances akin to sulphur, which causes silver
to go black.
Papers of this class can be dipped in an alkaline solution of

Sealing.

Name

zinc oxide.

A

mottled paper of a characteristic greyish colour variegated by fibres
Silurian.
of a deeper bluish grey shade which are distributed through the sheet.
Used for fancy stationery name probably due to its resemblance to certain
;

kinds of stone.

Shop papers. A general term for thin wrappers.
Thin brown paper used for lining crates in which cotton goods are
"
packed.
(Skip," a north country word for crate, or packing-case.
Thin paper or cardboard coated with a black composition, used as a
Slate.

Skips.

substitute for slates in schools.

Packing paper of a definite size made of wood pulp chiefly,
formerly of common rags, name probably derived from size being once used
for a writing paper distinguished by the water-mark of a hand.
used for drying and packing starch.
Starch.
(a) W^hite or blue papers
Small hands.

Chemical starch test-papers.
Used for cyclostyles and other manifolding machines. Made by
impregnating strong tissue paper with paraffin wax.
An extra strong pliable tissue made from rag or wood pulp used
Stereo-tissue.
The tissue, backed by
in the production of stereos for newspaper printing.
a common blotting and a common brown, is placed on the type and formed
(b)

Stencil.

into a mould for further use.
Straw boards. Box and packing boards made

of straw pulp which has received
very little chemical treatment.
Brown wrappers made from sulphite wood pulp.
Sulphite browns.
in
Supercalendered.
Paper, printings, and writings, which have been glazed
the supercalender.
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term denoting extra good quality. (Latin Super = above.)
Superfine.
A paper with extra finish.
Superglazed.
A particular size of paper 20 inches by 2S. Larger than royal.
Super-royal.
Surface -coloured. Papers coloured on surface only, by an ordinary coating-

A

machine, or by means of chased brass rollers.
A contracted term meaning tub-sized papers, to denote paper sized with
Hand-made papers are sized by being dipped into a vat or tub of
gelatine.
animal size.
Tape. Paper made from esparto and rag, used for Morse telegraphs and similar
machines. Made specially regular as to thickness and substance.
A coarse paper impregnated, or sometimes merely coated, with thin tar.
Tar.
T.S.

Used
Tartan.

for roofing or packing, being waterproof.

Strong variegated coloured cartridge papers used for book covers,

made from rag and wood

pulp.

Various kinds of paper used for packing tea, generally coated on one side
with tinfoil.
Tinfoil.
Paper coated with tinfoil, the latter being tin in a finely divided state
produced by chemical precipitation, which is pasted on the surface of the
Tea.

paper.
White or coloured
Tips.
cotton.

Tobacco.

common

Wrapping paper

for

papers used for the manufacture of spools for

tobacco, usually

common paper enamelled and

highly glazed.

Common printings coloured with iron or aniline dyes to a
printings.
well-known stone grey or buff colour.
Tracing.
Paper rendered transparent for tracing purposes by being soaked in a
solution containing a mixture of Canada balsam, turpentine, and a trace of
vegetable oil, and then hung up until dry.
Transfer.
Paper used for the transfer of coloured pictures and designs to tin
vessels and boxes used for packing food and condiments.
The paper is first
surfaced with starch and then coated with gum, or dextrine.
Toned

Transparent.
(b)

(See Tracing.)

Paper surfaced with three colours used for tickets and wrappers
term applied to stiff paper composed of a middle surfaced on either side

Triplex.

(a)

;

with coloured papers.
Turmeric. A chemical test-paper prepared by soaking filter-paper in an extract
of turmeric root.
Used for detecting traces of alkali.
Typewriting. Special thin writing papers of rag or wood pulp used for manifold
copying by means of the typewr iter.
Vat. Hand-made papers, so called because the mould is dipped into the vat
containing the pulp.
Vegetable parchment. Paper rendered waterproof and greaseproof and partially transparent by having been dipped into a mixture of sulphuric
acid and water for a few seconds, and immediately washed in fresh water,
Used for jam-pot
traces of acid being finally neutralised with weak alkali.
covers, &c.

A

thick writing paper somewhat resembling vellum or prepared calfskin in appearance, made from high- class rags which have been subjected to
long beating.
Veneer. Thin pulp or fibre boards suitably coloured and highly glazed ; used
as the name implies.
Vulcanised. Paper or boards treated superficially with a strong solution of zinc
Sheets pressed
chloride, and thereby rendered very hard and waterproof.
together when wet form a compact mass.

Vellum.
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Water- finished.

Paper highly glazed by the action of the snpercalender on the
surface of the paper, which has been moistened just before entering the rolls
of the calender.
Waterleaf. The term applied to sheets of hand-made paper or machine-made
paper before being sized, or which are not sized.

Fig. 158.

Embossing Machine.

Water-marked. Any paper containing a water-mark, or distinct design produced
by the raised pattern on a mould or a dandy-roll.
Waterproof. Various sorts (a) Roofing and tar papers (b) imitation parchments and greaseproofs (c) oiled papers (d) special qualities prepared by
:

;

;

;

soaking paper in a solution of shellac, with or without borax.
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Waxed

tissues.

Tissues impregnated with paraffin wax.

Used

for stencils,

cyclostyle work, confectionery.
celebrated high-class
Whatman's.

A
drawing paper named after the original
maker, one of the earlier pioneers of paper-making.
Willesden.
Paper impregnated or surfaced with an ammoniacal solution of
cupric oxide, which acts upon the fibre, renders it partly gelatinous, and
imparts the quality of imperviousness to water. Used for roofing, &c.
Brown papers made from sulphate and soda pulps under various
special names.

Wood browns.

Wood

pulp.

A

general term for

paper made from wood pulp,

Qualities

numerous.

Wood-pulp boards.
boards, as being
covers.

Wove.
cross

A

Thick stiff paper made from wood pulp, and designated
an efficient substitute for box-making purposes and book

term applied to paper made on a woven wire, in which the wires
and recross at even distances apart in a manner quite distinct from

laid wires.

CHAPTER XIX
QUESTIONS ON "PAPER MANUFACTURE" SET BY THE
CITY AND GUILDS OF LONDON INSTITUTE
190?.

ORDINARY GRADE.
In boiling rags with caustic soda, what are the principles which regulate
the conditions of treatment, viz., chiefly proportion of soda and of total liquor
to rags, temperature and time of boiling ?
What information as to progress of
the treatment is furnished by analysis of liquor? (30 marks)
2. What are the characteristics most desirable in papers for (1) photographic mounts, (2) typewriting, (3) ledgers, (4) school books (illustrated in
colour) ? Give the furnish you consider most suitable, and state the precautions
1.

:

you would adopt

to secure the best results.
(25.)
instruments are used in the mill to measure (1) temperature, (2)
proportion of moisture in the air, (3) specific gravity, (4) weight and thickness
of papers ? State briefly what you know of the uses of such measurements. (30.)
4. Give a concise description of (1) Lowden's steam regulator, (2) the
Marshall train and discuss the advantages claimed in each case. (25.)
In boiling Spanish esparto, how much caustic soda would you use per ton
f>.
of grass, and at what dilution ?
State the latter as percentage (NaOH) on
the liquor, and from this the (approximate) number of gallons per ton. At
the conclusion of the boiling, how would you estimate the addition to volume
of liquor due to condensation of steam ?
(20.)
G. What style of damper do you consider most suitable for damping (1) super3.

What

;

calendered printings, (2) imitation parchments, (3) glazed casings, (4) soft-sized
Give practical details to be observed in damping
friction-glazed printings ?
each of the papers named. (20.)
7. State what you know of the composition of bleaching-powder and the
How would you carry out the bleaching
bleaching action of the hypochlorites.
What
of half -stuff so as to provide for an intermediate washing of the pulp ?
are the advantages of so doing ?
(25.)
8. State fully the treatment you would adopt to impart to a strong book
paper the characteristics of a hand-made sheet. Give furnish you would use,
with proportions of boiling and bleaching liquors the duration of treatment in
each department, and reasons for the adoption of any special appliances. (30.)
9. What compounds of cellulose are soluble in water, and how are they
prepared ? Which of these are used in paper-making, and what are the special
;

effects

they produce ? (25.)
10. Describe Cornett's system of

handling and treating esparto, and discuss
merits compared with any other system } ou are acquainted with. (25.)
11. What materials are used (a) for weighting or loading papers in the
engine, (6) for surfacing or coating, (c) for colouring (in the beater) red, blue,
yellow and black ? Mention one pigment and one soluble dye in each case. (25.)
its

r
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What

precautions would you take to prevent froth and air bubbles when
at a fast speed, with a furnish of 30 per cent, broke and
70 per cent, esparto ? (20.)
12.

making thin printings

HONOURS GKADE.
1.

of potassium is used as a bleaching agent in neutral
does it break up, and what further treatment of a pulp would

Permanganate

How

solution.

be required to eliminate the products of decomposition ? Compare approxiton for
with that by bleachingmately the cost of this bleach at 50 per
4
"
powder of 35*5 per cent, "available Cl at 6 10s. a ton. (25 marks.)
2. Which variety of wood fibre do you consider most suited to blend with

KMnO

for typewriting papers, (2) esparto for fine printings, (3) soft
(1) linen rags
cottons for blot tings, (4) manila ropes for cartridge papers ?
State the treatment you would adopt for the preparation of the various wood pulps from the
raw materials, and give data for boiling, washing and bleaching, also composition
of boiling and bleaching liquors, with the yield of pulp you would expect from
10 tons of raw wood. (30.)
3. Discuss fully the question of economy in boiling rags with caustic soda.
By what chemical tests would you control the operation and fix the best conditions in particular cases?
(25.)
4. State your opinion regarding the use of exhaust steam from the machine
engine for heating the drying-cylinders, and compare the method with that of
employing a condensing-engine and drying with high-pressure steam. Show
how you arrive at the steam consumption for each method. (30.)
5. What are the average limits of thickness of writing papers ?
For a given
mean thickness, calculate the weight per square metre of paper of 50 per cent.
"

"

cellulose density
(i.e., equal volumes fibre substance and air-space).
Taking
a breaking length of 7500 metres, what maximum weight will the paper
support per 1 centimetre of breadth ? Take the specific gravity of cellulose

at 1-5.

(25.)

Describe the plant you would put down to recover and causticise the soda
in the liquors from the boiling and the washing of 100 tons of esparto per week.
State the approximate number of gallons per boiler, the percentage of soda you
would expect to recover, and the cost for labour, lime and coal per ton of soda
6.

recovered.

(25.)

Discuss fully the conditions of penetration of papers by size solutions in
How would you vary these conditions, including the composition
tub-sizing.
of the size, to produce the best effects ?
How would you investigate the paper
to ascertain the distribution of the size and the sizing effect ?
(20.)
8. State fully how you would handle the beating tackle when beating the
What special methods would
pulp for the papers mentioned in Question 2.
you adopt to secure that the wood fibres would be so blended as to prevent
the finished sheet from having a " woody" appearance? (20.)
9. State what you know of the hydrated modifications of cellulose, and
their functions in the paper-making process.
What special effects are obtained
by these hydrates chemically prepared ? (25.)
10. Wherein lie the advantages of the multiple-effect evaporator and the
State what you know of the practical working of each,
rotary furnace?
and compare them with the Porion system as to the efficiency and cost of
maintenance. (20.)
11. Give briefly a full scheme for the analysis and testing of writing and
book papers. Give also a selection of these tests for rapidly determining the
7.

.

main features

of composition.

12. Schedule the

(25.)

proportions of chemicals you would use in boiling and
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bleaching (1) manila ropes for strong cartridges, (2) flax waste for caps, (8) unbleached cottons for loan papers, (4) jute for casings, (5) muslins for blottings.
State temperature, pressure and duration of boiling, together with any special
modifications you consider advantageous.
(30.)
1903.

ORDINARY GRADE.
1. Describe the structural features of straw and esparto and of the fibres of
What are the average dimensions and structural
their respective half-stuffs.
features of cotton and linen (flax) when fully beaten?
(25 marks.)
2. What advantages are gained by using bronze instead of steel for beater
bars and plates ? State the materials in the preparation of which you would
expect to secure the best results from the use of bronze.
(20.)
3. Mention the various forms of wood pulps with their, more particular uses.
Give a short account of their preparation from the original woods. What do
"
strong sulphite pulp," and how would you determine
you understand by a
whether a given sample conforms with this description ? (25.)
"
4. Describe the conditions which give rise to
blowing in front of the first
and
the
would
take
to prevent it when making
state
press-rolls,
precautions you
thin paper on a close texture of wet felt.
(20.)
''

" available chlorine" at
4 15s.
5. With bleaching powder of 35-5 per cent.
a ton, calculate the value of the " chlorine " per pound and per kilo.
waste
"
bleach liquor is tested and found to contain O'Ol gramme " chlorine
per 100
cubic centimetres what quantity does this represent on 963 gallons of the liquor ?
Na 2 S0 3 7H 2
Calculate the quantity of sulphite antichlor
required to

A

;

neutralise.

(25.)

What

advantages, if any, are obtained by running esparto over the pressepate previously to bleaching.
(25.)
7. What do you understand by (a) a neutral, and (b) an acid rosin size ? Give
6.

working particulars for preparing and using them. What is an average dilution
of the rosin size in the beater, and how is rosin compound affected by the
dilution.

(-SO.)

of refining-engine would you put down to supplement the
beating power for the preparation of stock for (1) esparto printings, (2) news
Give your reasons for the adoption
3) typewriting papers, (4) glazed casings ?
of any particular type, and state what increase in the production you would
8.

Which type

expect to obtain.
9.

A

water

is

(30.)

found to contain

:

Grains per gallon.

Lime
Magnesia

.

.

.

11-2
8'0

...
.

.

Sulphuric anhydride
Carbonic anhydride (expelled on boiling)

.

8'0
13'2

.

Express these results as "parts per 100,000," and give the chemical formulas for
the constituents. What chemicals would be required to soften this water ? (20.)
10. Give a brief description of Bertram's vacuum ejector, and discuss its
merits compared with the ordinary vacuum pumps for extracting the water from
the paper in its passage over the wire. What saving in power would you expect
to obtain when using the ejector ?
(25.)
11. Give a brief account of the substances represented by the following
formulae,

and describe their ordinary commercial

forms

:

NaOH, Na 2 C0 3
Q

,

PAPER TECHNOLOGY

242

NaHCO

State what you know of the com
CaO, CaSO 4 Ca (OC1) 2 A1 2 (S0 4 ) 3
3
(30.)
position of ultramarine, smalts and china-clay, casein and gelatine.
12. State the practical details you would observe when making a thick
chromo paper, so as to ensure freedom from stretch and dust in printing.
,

,

,

.

(25.)

HONOUES GRADE.
1.

With Spanish

of the cellulose

esparto at 4 15s. a ton f.o.r., trace the increments of cost
through the several stages of preparation up to the stuff-chest.

(25 marks.)
2. Draw up a scheme for the production of the following papers, showing
the proportions of the various materials you would use, and their approximate
cost per ton of -finished paper: (1) Fine writings at bd. per pound, (2) E.S.

printings at 2^d. per pound, (3) news at 1 \d. per pound, (4) M.G. caps at l\d.
per pound. State the average cost of production in each case. (30.)
3. Write a short general account of rosin sizing, dealing particularly with
the following points (a) proportion soda to rosin, (b) effect of dilution before
adding to the beater and in the beater, (c) hard and soft waters and use of back
water in the beater, (d) auxiliary action of colloidal alumina, starch and cellulose,
"
"
thin and thick papers, (f) " wet and " free running on the machine. (25.)
(e)
4. State your ideas as to the future of electricity as a motive power in the
paper-mill, and describe what you know of its application at the present
time.
(25.)
5. What tests can be applied to stuff in the beater to follow the progress of
the beating ? Sketch a plan of systematic records in regard to the preparation
How can the beating be influenced by chemical means ? (25.)
of the stuff.
"
"
6. How would you proceed to produce a
feather-weight
printing at 2J<f.
would
and
the
the
materials
use
?
Schedule
you
practical details you
per pound
would observe in the manufacture in order to impart the desired characteristics
to the finished sheet.
(25.)
7. Give a general account of hard and soft waters in relation to (a) steamwater contains per 100,000 parts
raising, (b) the paper-making processes.
:

A

CaC0 3

(as bicarbonate)

MgS0 4

....

:

18*5
9-4

Calculate the chemicals required to soften per 1000 gallons, and show the
advantages of using the softened water in the case of an esparto mill. (30.)
" imitation art " ? Give
8. What do you know of the requirements of an

an approximate furnish for this grade of paper at 2|cZ. per pound, and state how
you would treat it in the various processes from the wet end to the cutter in
order to get the best results.
(20.)
"
"
9. Criticise the expression
breaking length of papers, and show where it
fails as a comparison of actual breaking strains.
What do you propose in its
place? Propose such tests of "opacity" and "surface" or finish as admit of

numerical records.
10. Describe

(25.)

how you would proceed

to convert ten tons of jute bagging into
a strong cartridge paper, and schedule the duration of each stage, with the percentage of chemicals, steam pressure and temperature of bleaching solution.
State how you would prevent chlorination of the fibres, when obtaining as white
a colour as possible, consistent with retaining the strength and the yield of

you would expect to obtain. (25.)
classification of raw fibrous materials and commercial half-stuffs
(1) according to chemical characteristics, (2) according to the main types of paper
which they are used to produce. (25.)
finished paper
11.

Give a
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12. Whether do you consider it to be more economical to supplement the
steam-raising plant by installing a forced-draft apparatus with mechanical
and firing by hand ? State which type
stoking, or by adding an additional boiler
of forced draft and mechanical stoker you consider most efficient.
(25.)

1904.

ORDINARY GRADE.

What

?
Give an approximate estimate
newspaper weighing 250 kilos. What is the
thickness of a cigarette paper, and the approximate weight per square metre ?

1.

is

the volume of a ton of water

of the dimensions of a reel of

(25 marks.}

What

dyes would you use for the production of the following papers
?
State the precautions you would adopt
to produce the best results, most economically, in each case.
(25.)
3. Specify furnish for (a) best white blottings, (b) biscuit caps, (c) cutlery
wrapping. Contrast the details of preparation of the stuff in relation to the
2.

Geranium

:

red, canary yellow, fast blue

(25.)
particular qualities.
4. State the materials you consider most suitable for the production of a
buff' copying, and give a brief outline as to how you would treat them so as
to give the desired characteristics to the finished sheet.
(25.)
5. Write a short account of the water-soluble compounds of cellulose.
(25.)
would you manipulate the various parts of the paper-making machine
G.
in order to produce a fine printing, the undar side of which would be, as nearly

How

smooth as the top side ? (20.)
Specify composition of normal papers (a) for documents of permanent
value, (b) for book papers.
Explain the defects in chemical composition to be
avoided.
(25.)
"
"
8. State the characteristics most desirable in a
body
paper for surface
of
materials
the
would
the
Give
use, and state
you
proportions
enamelling.
how you would handle the beating-tackle. (30.)
9. Give practical details for making, storing, distributing, and using bleach
State what you know of the chemistry of bleaching-powder,
liquor in the mill.
and the bleaching action of its solution. (25.)
10. Describe briefly Marshall's patent drive for the paper-making machine,
and state the advantages you consider to be gained by its adoption. (20.)
11. What are the special chemical and physical features of (a) chemical filter
as possible, as
7.

papers, (b) blottings, (c) greaseproof, (d) paper for protecting photographic
arid plates, (e) papers for wrapping cutlery and plate, (/) cable papers ?
would you test each in regard to special use ? (25.)

films

How

What advantages

are to be gained by covering steam pipes with nonan estimate of the saving which may be effected in
Give
material
?
conducting
a modern machine mill in which a complete system of covering is adopted. (30.)
12.

HONOURS GRADE.
1.

of

critically the efficiency of a beating-engine, both as to economy
control of the range of effects required in the preparation of an

Examine

power and

esparto furnish.
(30 tfiarks.)
2. Discuss the question of rope

machinery.

(20.)

versus belt driving

for

the

paper-mill

3. How would you investigate the effects of calendering upon the physical
Show in what respects the ordinary methods of paperproperties of papers ?
(25.)
testing fail to exhaust the problems involved.
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4. How would you proceed to insure accurate register if, on starting to make
an E.S. writing, the distance between the water-marks was an eighth of an inch

too small.

(20.)

What

are the limitations of wood pulp (cellulose) in regard to paperHow far is this due to structural and chemical features of the
?
making
cellulose, and how far to deficiencies in treatment in the mill?
(25.)
G. What plan would you adopt to guard against excess of soda when
supplementing causticised soda liquor with 77 per cent, alkali in boiling
5.

effects

esparto.

(25.)

In colouring or dyeing papers in the engine, what causes affect the permanence of the effect ? How would you examine dyed papers in regard to the
7.

Specify for a fast medium blue, red, yellow, and brown
quality of fastness ?
on pure cellulose papers. (25.)
8. State your opinion regarding the adoption of gas for motive power in
the paper-mill, and describe any gas-producing system with which you are
acquainted. (25.)
Give a
9. What are the main causes of the deterioration of book papers ?
chemical account of the effects referred to, and their specific causes.
(25.)
10. What are the special requirements most desirable in a paper for photoDraw up a scheme for the production of such a paper to sell
graphic prints ?
at Qd. per lb., stating the materials you would use and the precautions you
would adopt to ensure the best results. (30.)
11. State what happens when a drop of iron gallo-tannic ink diffuses into a

What use would you make of your observations in comparing
the qualities of blottings and controlling the processes of manufacture.
(25.)
12. How would you manipulate the various parts of the machine when
"
"
making news at a high speed, so as to produce large equal-bulking reels,
free from breaks ?
(25.)
1905.

blotting paper.

ORDINARY GRADE.
Not more than
1

.

eight questions should be attempted.

Give a brief outline

Mention three systems of making straw into half -stuff.

of the processes.

(20 marks.}
2. Describe briefly the action of a Kollergang, and discuss the limits of its
usefulness as a substitute for the beating-engine when worked in conjunction
with a refining-engine. (30.)
3. The following data are obtained in testing a paper
Weight per square
metre, 34*2 grm. thickness, 0'07 millimetre, breaking length, machine direction,
5473 metres cross direction, 3724 metres. Calculate specific gravity and mean
breaking strain per square millimetre section. (30.)
4. Discuss the relative merits of paper, cotton, and woollen paper for covering
calender-bowls.
(20.)
5. What is the influence of iron oxide on the durability of paper? How would
you show its presence, and how would you trace the source Qi sources from which
:

;

;

1

it is de-rived ?
6.

What

press-rolls

?

(20.)

advantages are to be gained by the use of rubber-covered bottom
(20.)

Trace the relations in the quantity of water to (per 100 kilos.) bleached
"
dry ") from the time it enters the beater until it
esparto pulp (calculated as
reaches (as paper) the last of the drying-cylinders of the machine.
(30.)
8. State the precautions you would adopt to prevent frothing when working
How would you
a large proportion of an aniline dye, such as cotton scarlet.
ensure complete exhaustion, and a clean back water ? (25.)
7.
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What

cellulose

would you

"
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select for

making papers \vith regard to the
following particular characters respectively
Strength, bulk, opacity, transparency, purity ? Can any of these qualities be varied by chemical treatment ?
9.

:

If so,

how

?

(25.)

Describe the type of strainer you consider the most suitable for the
production of (1) rag papers, (2) esparto papers, (3) wood-pulp papers. (25.)
11. What is a thermometer, hydrometer,
hygrometer? What are the practical
uses of these instruments in a mill ?
(25.)
10.

What saving in coal would you expect to result from feed water at
Fahr., as compared with 00
Fahr., the increased temperature being
obtained from the use of the waste steam from the machine cylinders ?
]

2.

180

(30.)

HONOURS GRADE.
Not more than

eight questions, or jive questions
to be attempted.

and one

essay,

How would you

proceed to investigate the ratio of sizing effect to quantity
the case of (a) engine-sizing (rosin), (b) tub-sizing
(gelatine) ?
(25 marks.)
2. Describe Masson's
patent bleaching tower, and discuss its merits as fully
1.

of sizing agent used in

as

you can.

(20.)

Give working particulars, with quantitative details, of three methods of
preparing half-stuff from straw. Show how you would estimate the costs of the
half-stuffs in each case.
(25.)
4. Discuss the relative merits of
Spanish and African esparto, and state fully
the percentage of chemicals and the duration of treatment necessary to produce
a well-boiled pulp of a good colour in each case. (30.)
5. How would you make a paper to contain
(a) 1 gramme of calcium carbonate
per square metre (surface measure), (b) per 100 cubic centimetres (volume
measure) ? How much paper in each case would be required to neutralise 17
cubic centimetres normal HC1 ? (25.)
6. Describe any one of the various forms of kneaders
you are acquainted
with, and discuss the limits of its usefulness in the treatment of paper
3

stock.
7.

(25.)

Describe three methods of estimating mechanical wood pulp in papers.

(25.)

Describe Parson's steam turbine, and give an outline of its possibilities
power in the paper-mill. (30.)
9. From what you know of the ultimate structure of
esparto cellulose, calculate the average number of fibres per 1 cubic centimetre of a printing paper,
containing, in addition, 22 per cent, of china-clay (specific gravity 2-83).
(25.)
10. State what, in your opinion, are the most important developments in
paper-making machinery during the past year. (25.)
11. How would ypu investigate coloured papers (a) for resistance to light,
(b)
for the specific or direct causes of fading ?
In matching papers, how would you
make observations by transmitted light, and what value do you attach to these
in matching shades ?
(25.)
12. What are the characteristics most desirable in a paper for cable insulation ?
Draw up a scheme for the production of such a paper, and schedule the
duration of the various processes you would employ, with the proportions of
chemicals necessary. (25.)
As an alternative to questions 3, 7, 11, the student may write an essay on
Subject A below or as an alternative to Questions 8, 10, 12, the candidate may
write an essay on Subject B below.
8.

as a motive

;
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"

The general chemical characteristics of cellulose are those of a
Subject A.
"
Examine this statement critically, both from the standpoint
Colloidal Salt.'
of theory, and of the functions and industrial uses of cellulose.
(75 marks!}
Discuss exhaustively the question of Beating, dealing with the
Subject B.
'

several types of beaters, their mechanical work, in relation to economy of power.
and the incidental chemical effects produced in the beater. (80 marks.}

1906.

ORDINARY GRADE.
1. What effects would you expect to produce on
rag
phosphor bronze bars and plates ? (20 marks.)

2.

describe

Briefly

the

following:

Viscose,

by beating with

fibres

artificial

silk,

parchment, grease proof paper, vulcanised

collodion, vegetable

gun

cotton,

fibre, celluloid,

Willesdeii paper and silvalin.
(30.)
3. Specify the materials most suitable for the production of cutlery wrapping papers, and state the precautions you would adopt to ensure freedom from
rusting.
(25.)
4. Describe the structural features and give sketches of the microscopical
characteristics of the following fibres
Linen, adansonia, straw, esparto, and
:

made from

pine, birch, and poplar.
(25.)
5. Discuss the value of poplar wood pulp as a paper making material, and
state the proportion you consider suitable for blending with esparto for the
cellulose

production of a fine printing paper. (25.)
6. Describe briefly, and in the order in which they are carried out, the
various processes employed in the manufacture of an engine -sized and frictioncalendered paper from cotton rags and chemical wood. (25.)
7. Draw up a scheme for the production of 50 tons "railway" buff per
week, and state the characteristics most desirable in such a paper and the
precautions you would adopt to insure them.

What

(30.)

colours would you recommend for the dyeing of a cheap dark navy
blue, a heavy black, a buff fast to light, and a brilliant crimson on paper pulp ?
8.

(25.)
9.

What

advantages are obtained by driving the paper making machine by

means

of a high-speed enclosed steam engine ?
(20.)
10. The following results were obtained on testing a paper
Mean tearing
strain, machine way, 11'54 kilos.; cross way, 7*35 kilos.; mean elongation,
machine way, 2'8 per cent.; cross way, 5'4 per cent. Weight of strip (0'18
:

metre by 15 millimetre), machine way, 0'2684 gramme; cross way, 0'2639
gramme. Thickness, 0*153 millimetre. Calculate the mean tearing length in
metres and in kilometres the mean elongation in millimetres the weight per
square metre the weight (in kilos.) of a sheet of paper, 1GJ ins., by 18J ins.
= 2*54 cm.) the thickness of a ream (480 sheets) of paper, in centimetres
(1-in.
;

;

;

;

and

in inches.

(30.)
11. Discuss the relative merits of gas
12.

What

tests

and steam engines for paper

mill work.

would you apply so as to ascertain whether a paper contains
Starch, rosin, gelatin, viscose, casein, and free acid?

the following substances

:

(20.)

HONOURS GRADE.
Candidates for Honours must hold a Certificate in the Ordinary Grade.
1. State the materials you would use for the production of a high-class
Bible paper, and how would you insure opacity and good printing properties ?
(25 marks.)

QUESTIONS ON

"

PAPER MANUFACTURE "
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How

would you proceed in examining a new, highly lignified, fibrous raw
material in order to ascertain its value as a paper making raw material ? How
would you determine the paper making qualities of the fibres ? (25.)
3. What horse-power would be necessary to beat one ton of each of the
Linen rags for book papers, jute for caps, esparto for
following materials
printing, sulphite wood for strong casings, and sulphite and mechanical wood
"
for " news ?
(20.)
2.

:

4.

Discuss the effect of the following bleaching agents with

regard to

economy and efficiency (2) effect on the fibres (3) influence on the sizing
and (4) effect on the finished paper: Bleaching- powder, sodium hypochlorite
made from bleaching-powder, and bleaching-liquor prepared by electrolysing a
(1)

;

solution of

common

salt.

;

;

(30.)

conditions are most favourable for the production of " Kraft "
papers.
Compare the Swedish and English methods, and state what you consider the determining factors in the production of the best qualities of " Kraft."
5.

What

(SO.)

Describe the various methods of manufacturing " imitation hand-made "
How would you distinguish such papers from hand-made ? (20.)
papers.
7. Specify the materials most suitable for fine boards for
picture post cards,
and state what instructions you would give to the beater-man to ensure a firm
board with a good printing surface. (20.)
8. Describe the different methods of dyeing paper jet black,
grey, lemonyellow, brilliant yellowish green, heavy reddish brown and pale light blue.
What reactions would you apply in order to detect in the finished paper the dye6.

stuffs

which you recommend

?

(30.)

Discuss the relative merits of steam, gas and electricity for driving a
beating plant to produce 100 tons of wood pulp papers per week.
(25.)
10. What is multiple effect evaporation ?
Describe a complete modern
plant for the recovery of soda from boiling liquors.
(25.)
11. What precautions are necessary to prevent breaking when making E. S.
wove papers from fine cotton and esparto fibres ? (25.)
12. Discuss critically the various methods which have been
suggested for
ascertaining the quantity of mechanical wood pulp in paper.
(25.)
9.
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Headings which do not appear in the Index may be found in the Dictionary of Chemical Terms,
page 216, or in the Glossary qf Papers, page 227.

Acetic acid, 197, 198
Acids, action of, on cellulose, 196
Acidity of paper, 11, 142
Adansonia, 170, 195
Agalite, 129
Alkalies, action of, on cellulose, 196
Alum, 41, 217
Aniline dyes, 10
for art paper, 87

Breaking length of paper, 108.

and sectional

176, 183
area, 103, 181,

187

Brown

paper, 78
Bulk, factors influencing the, 8
in relation to transparency, 10

measurement

of, 8,

100

variations in, 182
Bursting strain of paper, 109, 175

differentiation of fibres by, 154

Animal

size,

23
detection

of,

137

Antique paper, 6, 51
Art paper, 3, 84
"body," 88
colouring, 87
defects in, 89
imitation, 93, 96

materials for, 86

mineral matters

in,

91

qualities of, 88

surface

of,

94

Ash, estimation of, 131
testing, 130

Backwater,
Bacteria,

27

and deterioration,

9

Bakery trade, paper for, 81
Bamboo, 170, 195, 201
Barium sulphate in paper, 129, 130
Barkers for wood-pulp manufacture, 55
Beating, effect of, on bulk, 8
transparency, 10
various fibres, 52
engines, 19, 40, 50, 70
esparto, 39
object of, 51
rags, 19
time occupied, 51
wood pulp, 70
Birch fibre, 168
Biscuit papers, 81
Bisulphite of lime, 64
Black liquor, 37

Blanc

fixe,

Bleaching,

130
17, 19, 38, 70,

196

and transparency, 10
Block, production of half-tone, 96
Blotting paper, 13, 228
testing, 118
Boards, 81, 83
Boiling rags, 15, 16
Breaker, for rags, 17

C.B.S. units, 179, 181
Calenders, 24, 33, 43
Carrington paper-tester, 105
Casein, 87, 139
Caustic soda, 15
Cellulith, 195
Celluloid, 197
Cellulose, 194, 200
action of acids on, 196
alkalies on, 196
ferments on, 198
heat on, 198
compound, 194, 195
derivatives, 195
in fibres, percentage of, 195
Charcoal, 198
Chemical and physical constants, 2
constituents of paper, 128, 142
terms, 216
Chemical wood pulp, 61
beating, 52
chipping logs for, 61
pressing, 63
of
ture, 61

process

manufac-

process, high pressure,

62
process,Mitscherlich,65
screening, 63

China

clay, 11, 40, 77, 128, 129

Chloride of lime, 17
Chlorine in paper, 1 43

Chronology of paper, 208
City and Guilds exam, questions, 239
Coated paper, 84
Collodion, 197

Colophony,

sec

Eosin

Colouring-matter, addition of, 20
Colour of paper, unevenness in, 10
how measured, 125
reactions on paper, 151
of fibres, 155, 172

U

INDEX

250
Confectionery trade, paper for, 81

Fibres,

Congo-red, 142
Constants, chemical and physical, 2
Cornett's breaking engine, 73, 79
Cotton fibre, 157, 160, 194, 201
mercerised, 196
Couch-rolls, 28, 31, 182
Coucher, duties of, 21, 22

jute, 164, 165
linen, 158, 160

measurement of, 150
microscopic examination of, 149
mounting, for microscope, 148
poplar, 167
rags, 158

Creases, 7

Crumpling

test, 111,

176

relative sizes of, 171
resistance to chemical treatment, 157
silk, 171
staining of, 153, 154
straw, 161
uses in papermaking, 156
various commercial, 170
vegetable, 156

Cutting rag papers, 34
45
esparto

Dandy-roll,

25, 30

Deckle, 21

Deckle straps, 28
Deterioration of paper,

2, 9

wood

Difficulties, technical, relating to paper, 6
Digesters, 15, 37, 46, 62, 198

Dirt particles in paper, 11, 143
Discoloration, 6

Donkin, paper machinery, 205

Drapery trade, paper

for,

81

Drying, 25, 26

wavy,

machine,
Friction glazing, 44
Furfural, estimation

to, 112,

Elasticity of paper, 110, 176
in, 7

Equivalent weights, 99
Esparto, nature of, 157, 195, 201
fibres, 160
effect of beating, 52
testing for, 155, 172

paper, colouring, 43
finishing, 44

of,

43

202

testing, 123

Grinding wood for pulp, 55

sizing, 41

Guillotine, 34

pulp, cleaning, 36
beating, 39
boiling, 36
loading, 40
washing, 37

Gun-cotton, 197

Half-Stuff,

5, 19,

51

Half-tone blocks, 96
Hand-made paper, 20

Peed -box,

26
Fibres and bulk of paper, 9
analysis of papermaking, 198

25,

Gas, and deterioration of paper, 10
Gelatine, 23, 24, 136
testing for. 137
Glazing paper, 25. 44
effects of, 8, 187
Glossary of papers, 227
Glucose, 197
Glue, estimation of, 137
Grease spots, 12
Grease-proof paper, 52, 69
blister, test for. 124

7

Engine sizing, 41, 139
Envelope papers, defects

pulp, 165
wool, 171
Filter paper, testing, 123.
Finishing, process of, 25, 44
Flax, 157, 195, 201
Folding, resistance of paper
Foolscap, 22

Fourdriuier, 204

cylinders, 31
ovens, 61, 134
Duplex coated papers, 96
Dust from paper, 11
Duster for rags, 14

Edges,

hemp, 163, 164
investigation of new, 199

Hemp,
ct scq.

animal, 171
bamboo, 170
birch, 168

chemical wood, 166
classification of uses of, 156
colour reagents for, 151, 172
colours of, stained, 155, 172
composition of papermaking, 201

cotton, 159, 160
differentiation of, 151
esparto, 160, 161
estimation of, in paper, 149, 172.
ground wood, 169

163, 164, 195, 201

Herring, on paper making, 25
History of paper, 203
Hollander beater, 19, 40, 50
Humidity in the air, 134
Hydrocellulose, 197
Hygrometer, 136

Imitation

art paper, 92, 96

parchment, 195
11
Ink, for art papers, 99
penetration, and sizing, 115
Iodine, reagent, 152
use of, 135, 149. 151

Impuriti

s, 9,

176

INDEX
Opacity of paper, 10, 177
Oxalic acid, 196

Jackson paper-tester, 105
Journals, scientific, 2
Jute, 78, 164, 195, 201
Laid

Packing rag papers, 35
Panel boards, 83
Paper, abnormal constituents of, 11, 142
analysis of a typical, 173
art, 84
ash in, 130
breaking length of, 108, 176, 183
brown, common, 79

paper, 21, 31

Layerman, duties

of,

21

Leuner's paper-tester, 105
Lime, sulphate of, in paper, 129
Linen fibre, 158, 160

Lithographic paper, 3
Loading, addition of, to pulp, 20

and

251

medium, 79
strong, 78

bulk, 8

of, 8, 100, 182
bursting strain of, 109, 175
chemical constituents of, 2, 128,
chronology, 208

bulk

transparency, 10
Loft drying, 25
Logs, barking, 54
for pulp-making, 54

common

grinding, 55
Loss, in treatment of rags, 19

ct seq.

printing, 71

cutting of, 45
deterioration of,

2,

9

elasticity of, 110, 172

equivalent weights, 99
esparto, 36

M.G. Caps,
Machine
Machine

81
direction of paper, 107
wire, 28

Magnesia, silicates of,
Manila hemp, 164, 195

Manufacture

expansion

H.M.

Marshall's paper-tester, 105
Mather Kier, 16
Mechanical wood pulp, 53
effect of beating on, 52
fibres of, 169
grinding, 55
pressing, 59
screening, 56
testing for, in paper, 172
Mercerisation, 200
Mercerised cotton, 196
Methoxyl, estimation of, 202
Metrical system, 190 et seq.
Micrometer thickness gauge, 101
Micro>cope, accessories for, 146
convenient magnification, 145

machines, early, 205

machine-made, 25
manufacture, questions on, 239
of cheap news, 71

common printing?,
mechanical wood pulp
moisture in, 6, 77, 134

starch

Mullen's paper-tester, 109

6,

77, 134

135

in,

statistics, 211 et seq.

strength
stretch

102
110

of,

of,

tearing qualities, 115
technical difficulties, 6
testing machines, 102
thickness of, 100
trade, 1

transparency

of, 10,

124

varieties of, described. 227

volume composition, 178
wear and tear of, 111, 112

wood

of, 9
in coated paper, 91
Mitscherlich pulp, 65
Moisture in air, 134, 136
estimation of, in paper, 134

on paper,

71

172

specific gravity of, 181, 188
stages of manufacture. 4

excess

of,

in,

packing, 78
physical qualities of, 98
rosin, size in, 139
soluble matter in, 141

transparency, 10

influence

203

impurities in, 9, 11
loss of strength from folding, 112, 176

on bulk, 8

for laid paper, 21
21
wove .,

of,

ideal, 4

description of, 145
exercises in use of, 149
general hints on use of, 145
manipulation of, 147
reagents for analysis by, 151
Microscopic work, reagents for, 151, 155
Middles, 83
Millboards, 81
Millon's reagent for animal size, 138
Mineral adulterations, 143
matter, 12, 128, 132

Mould

Stat. Office classification, 3

hand-made, 20
historical account

of paper, stages of, 4

effect

of, 4

gelatine in, 137

in paper, 129

pulp, 68
principles of, 4
fibres, analysis of. 199

Paper-making,

composition
j

i

Papyrus, 203
Parchment, 3
imitation, 195
Pearl hardening, 129
Pecto-cellulose, 195

of,

201

INDEX

252

Size, analysis of, 42, 139
animal, 23, 139
rosin, 41, 42, 139
Sizing, excess of, 9

Phloroglucine, 154, 172

Photo mounts, 12
Physical constants, 2
qualities of paper, 98
Pine, composition of, 201
Piping creases, 7
Plants, fibrous, 156
Plate-glazing, 25
Poplar, 167, 201
"
Post," 22
"
Pott," 22

how measured, 115
materials used for, 137
rag papers, 3
Smalts, 131
Soda pulp, 65
recovery, 37
Southworth's paper-tester, 109
Sorting rag papers, 35

Presse-pate, 38
Press-rolls, 31
Principles of papermaking, 4
Printing on art paper, 96
paper, 71
Prussian blue, 131

Specific gravity of paper, 181, 188
Spots, defective, in paper, 6
Standards of quality, 1
Starch in paper, 135
Steam pressure, in rag boiling, 16
Strainers, 28
Straw, 45, 195, 201

Pulp, esparto, 36
rag. 15
soda, 65
straw, 46
wood, 68

beating, 47
bleaching, 47
boiling, 47
effect "of beating, 52

chemical, 61, 65
mechanical, 53

Quality, standards

of, 1

H.M. Stat. Office, classification,
improvement with keeping, 9
Questions on paper manufacture, 239

Rag chopper,

14
duster, 14
papers, sizing of, 23

classification of, 13

cutting of, 13
grades of, 13

]

5

sorting, 13, 35
washing, 17
Raispail reaction for size, 140
Ramie, 170, 195. 201
Reagents for microscopic work, 151

Recovered ash, 37
Refining engine for wood pulp, 71
Register, unequal, 7
Roofing, 83
Rosin size, 42

use

of, in sizing, 41
testing paper for, 139
quantitative estimation of, 140
"
Royal hand," 22

Sand traps,

3

aluminium, 11, 41, 217
Sulphite liquor for digesting pulp, 64
in
Sulphur
paper, 142
SUL light and deterioration, 9, 10
Sunn hemp, 195
Supercalender. 44
Surface of paper, 92, 94, 127

Eags, 159
beating of, 19
bleaching of, 17
boiling of, 15

half -stuff, 19
hand-cut, 14
loss in treating, 17, 19
machine-cut, loss of fibre,

161

fibres,

pulp, 45
Strength of paper, testing, 102, 175
and glazing, 25, 187
variations in, 185
Stretch of paper, 110, 175, J88
Stuff chest, 20, 26
Substance of paper, regulation of. 26, 28
Sulphate pulp, 67
Sulphate of lime, 129

Test strip, standard size of, 105, 107
Testing machines, 105
Thickness of paper, controlling. 26
measurement of, 100
variations in, 100, 182
Tintometer, 125
Transparency, 10, 124
Trees, for wood pulp, 165
Tub^izing, 23

Ultramarine,
Umpherston

10, 131

beater, 40

Vacuum boxes,

10, 30, 39

effect

Vatman, duties

of,

Save-all, 30

Schopper's paper-tester, 102
Seeds, use of, in papermaking, 157
Silk, artificial, 197
Sinclair esparto boiler, 36
Single cylinder machine, 81

1

Viscose, 198

Volume composition
27

on colour,

21
of paper, 178

Vulcanised board, 83
fibre, 196

Washing Rags,

17

Water, amount required for washing, 17

Water

finish,

95

Waterleaf paper,

21,

22,23

INDEX
Watermark,

Wavy

22,
edges, 7

Weight

Wood

25

of paper, 98, 175

variations

in, 6

Wendler testing-machine, 105

253
pulp, Mitscherlich, 65, 68
moisture in, 61
papers made of, 68
qualities of, 68

screening
soda, 65

Wet

press machine, 59
Willesden paper, 94, 196

63

sizing, 71

Wire

of paper machine, 28
Wood, cellulose in, 195

Wood

of, 56,

sulphate, 67
sulphite, 61
Woolley's paper-tester, 110
Wove paper 21, 31

papers, colouration of, 11
pulp, 53, 69, 165
beating, 70
boards, 83
chemical, 61,65, 166
colouring, 71
hydraulic press for, 60
loading, 71
mechanical, 53, 169

Wrinkles in paper, 7
Writing paper, 70

Xylonite,

Zinc

197

chloride, 83, 196

and iodinefor microscope work, 149,
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FOURTH EDITION,
Tables^

Revised, with Numerous Diagrams* Examples^ and
and a Chapter on Foundations. In Large 8vo. Cloth. i6s.

THE DESIGN OF STRUCTURES:
A

Practical Treatise on the Building of Bridges,' Roofs, &e.

BY

ANGLIN,

S.

C.E.,

Engineering, Royal University of Ireland, late Whitworth Scholar, &c.
can unhesitatingly recommend this work not only to the Student, as the BEST
TEXT-BOOK on the subject, but also to the professional engineer as an EXCEEDINGLY
VALUABLE book of reference." Mechanical World.

Master

of

"We

Handsome

In Large Crown 8vo.

Cloth.

With 201

6s. net.

Illustrations.

AN INTRODUCTION TO

THE GIRDERS,
I3ESIGN OF BEAMS,
AND COLUMNS
IN

MACHINES AND STRUCTURES.
With Examples

BY

WILLIAM

H.

in Graphic Statics.

ATHERTON,

"A

very useful source of information.
highly." Nature.

THIRD EDITION, Thoroughly
Illustrations

and

M.Sc., M.I.MECH.E.
work which we commend

... A

Revised.
13 Lithographic Plates.

Royal

With numerous

Svo.

Handsome

very

Cloth.

Price 30*.

A PRACTICAL TREATISE ON

BRIDGE-CONSTRUCTION:
Being a Text-Book on the Construction of Bridges in Iron and

Steel.

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS.

BY

T.

CLAXTON FIDLER,
Prof, of Engineering, University College,

M. INST. C.E.,
Dundee-

"The new edition oi Mr. Fidler's work will again occupy the same CONSPICUOUS
POSITION among professional text-books and treatises as has been accorded to its preSOUND, SIMPLE, AND FULL." The Engineer.

deceafcors.

In Medium

Svo.

Pp. i-xv

+

248, fully Illustrated.

CONSTRUCTIONAL

Price los. 6d. net.

STEELWORK

:

Being Notes on the Practical Aspect and the Principles of Design, together
with an Account of the Present Methods and Tools of Manufacture.

BY
Associate

"A

A.
Member

FARNSWORTH,

be found of much assistance.
Practical Engineer.

worthy volume, which

particular value."

W.

of the Institute of Mechanical Engineers.
will

10NDON: CHARLES GRIFFIN &

CO,, LIMITED,
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book of
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ENGINEERING AND MECHANICS.
In Large 8vo.

and

27

Handsome

Cloth, Gilt, Uniform with Stability of Ships
With 34 Folding Plates and 468
30s. net.
Illustrations in the Text.

Steel Skips (p. 38).

The Principles and Practice of

DOCK
ENGINEERING.
BRYSSON CUNNINGHAM,
BY

B.E., Assoc.M.lNST.C.K,

Of the Engineers' Department, Mersey Docks and Harbour Board.

GENERAL CONTENTS.
Dock Design. Constructive Appliances.
Historical and Discursive.
Dock and Quay Walls. Entrance Passages and Locks.
Materials.
Dock Gates and Caissons. Transit Sheds
Jetties, Wharves, and Piers.
and Warehouses.
Dock Bridges.
Graving and Repairing Docks.
Working Equipment of Docks. INDEX.

"We have never seen a more profusely-illustrated treatise. It is a most important
standard work, and should be in the hands of all dock and harbour engineers." Steamship.
"Will be of the greatest service to the expert as a book of reference." Engineer.

FOURTH EDITION.

In

Two

Parts, Published Separately.

A TEXT-BOOK OF

Engineering Drawing and Design,
SIDNEY
VOL.
VOL.

H.

WELLS, Wn.S^,

A.M.I.C.E., A.M.I.MECH.E.

PRACTICAL GEOMETRY, PLANE, AND SOLID. 4s. 6d.
MACHINE AND ENGINE DRAWING AND DESIGN. 4s. 6d.

I.

II.

With many Illustrations, specially prepared for the Work, and numerous
Examples, for the Use of Students in Technical Schools and Colleges.
" A CAPITAL
TEXT-BOOK, arranged on an EXCELLENT SYSTEM, calculated to give an intelligent
.
Mr. Wells shows
.
grasp of the subject, and not the mere faculty of mechanical copying.
now to make COMPLETE WORKING-DRAWINGS, discussing fully each step in the design." Electrical
.

Review

In Large Crown 8vo.

Handsome

Cloth.

4s.

6d. net.

THE THERMO-DYNAMIC PRINCIPLES OF
ENGINE DESIGN.
BY LIONEL M. H O B B S,
Engineer-Lieutenant, R.N.; Instructor in Applied Mechanics and Marine Engine
Design at the Royal Naval College, Greenwich.

Hot-Air
Laws and Principles of Thermo-Dynamics.
CONTENTS.
Gas and Oil Engines. Refrigerating Machines. Transmission
The Steam Engine. Un resisted Expansion
of Power by Compressed Air.
and Flow through Orifices. Flow of Gases along Pipes. Steam Injectors
and Ejectors. Steam Turbines. APPENDICES. INDEX.
Engines.

"The whole subject has been very methodically dealt with throughout.
reference. "Practical Engineer.
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In Handsome Cloth.

CO.'S

With 252

PUBLICATIONS.

Illustrations.

153. net.

THE THEORY OF THE STEAM TURBINE.
A

Treatise on the Principles of Construction of the Steam Turbine,
with Historical Notes on its Development.

ALEXANDER JUDE.

BY
CONTENTS Fundamental.
Types of Steam Turbines.

Historical Notes on Turbines. The Velocity of Steam.
Practical Turbines.
The Efficiency of Turbines, Type I.
of
the
Steam.
Trajectory
Efficiency of Turbines, Types II., III. and IV. Turbine Vanes.
Disc and Vane Friction in Turbines. Specific Heat of Superheated Steam. Strength
of Rotating Discs.
Governing Steam Turbines. Steam Consumption of Turbines. The
of Shafts.
of Turbines.
INDEX.
Whirling
" One of the latestSpeed
text-books .
.
also one of the best
.
there is absolutely
no padding." Sir William White in the Times Engineering Supplement.
.

In Large

Crown

8vo.

.

Handsome

Cloth.

With

.

131 Illustrations.

6s. net.

LECTURES ON THE MARINE STEAM TURBINE,
BY PROF. J. HARVARD BILES, M.lNST.N.A.,
"This

is

Professor of Naval Architecture in the University of Glasgow.
work on the marine steam turbine which has yet appeared."

the best popular

Steamship.

Works by BRYAN DONKIN, M.Inst.C.E., M.InstMeeh.E., &e.
FOURTH EDITION, Revised and Enlarged. With additional Illustrations.
Large 8vo, Handsome Cloth.

253. net.

A TREATISE ON

GAS, OIL,
BY

AND AIR ENGINES.

BRYAN DONKIN,

CONTENTS. PART I. Gas
Heat Cycles and Classification
Atkinson, Griffin, and Stockport
Engines. Modern French Gas

M.INST.C.E., M.INST.MECH.E.
Engines General Description of Action and
:

Parts.

of Gas Engines. History of the Gas Engine. The
Engines. The Otto Gas Engine. Modern British Gas
Engines. German Gas Engines. Gas Production for

Motive Power. Utilisation of Blast-furnace and Coke-oven Gases for Power. The Theory
Gas Engine. Chemical Composition of Gas in an Engine Cylinder. Utilisation of
Heat in a Gas Engine. Explosion and Combustion in a Gas Engine. PART II.
PetPpleum Engines : The Discovery, Utilisation, and Properties of Oil. Method of
Treating Oil. Carburators. Early Oil Engines. Practical Application of Gas and Oil
Engines. PART III. Air Engines. APPENDICES. INDEX.
"The best book now published on Gas, Oil, and Air Engines." Engineer.
of the

In Quarto,

Handsome

With Numerous

Cloth.

Plates.

255.

THE HEAT EFFICIENCY OF STEAM BOILERS
(LAND, MARINE, AND LOCOMOTIVE).
BY

BRYAN DONKIN,

M.INST.C.E.

GENERAL CONTENTS.

Classification of Different Types of Boilers.
425 Experiments on
Fire
their Heat Efficiencies shown in Fifty Tables.
Grates of Various Types. Mechanical Stokers. Combustion of Fuel in Boilers. TransFeed Water Heaters,
mission of Heat through Boiler Plates, and their Temperature.

English and Foreign Boilers with

Instruments used in Testing
Superheaters, Feed Pumps, &c. Smoke and its Prevention.
Marine and Locomotive Boilers. Fuel Testing Stations. Discussion of the Trials
Boilers.
and Conclusions. On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive
Boilers.

Appendices.

Bibliography.

INDEX.

Probably the MOST EXHAUSTIVE resume that has ever been collected.

BOOK by a thoroughly practical man."

IONDON: CHARLES GRIFFIN &

A

PRACTICAL

Iron and Coal Trades Review.
CO..

LIMITED, EXETER STREET, STRAND,

ENGINEERING AND MECHANICS.
FOURTH EDITION, Revised.

29

Pocket-Size, Leather, 12s. 6d.

MARINE AND LAND;
BOILERS,
THEIR CONSTRUCTION AND STRENGTH.
A HANDBOOK

OF RULES, FORMULAE, TABLES, &o., RELATIVE TO MATERIAL*
SCANTLINGS, AND PRESSURES, SAFETY VALVES, SPRINGS,
FITTINGS AND MOUNTINGS, &o.

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS,
AND STEAM USERS.

BY

T.

W. TRAILL, M.

INST. 0. E.,

F. E.

R N.,

Late Engineer Surveyor-in-Chief to the Board of Trade.
Contains an ENORMOUS QUANTITY OF INFORMATION arrranged in a very convenient form.
MOST USEFUL VOLUME
supplying information to be had nowhere else." The Engineer.

"

.

A

.

.

.

-

.

FIFTH EDITION.

Large Crown 8vo.
Illustrations.

With numerous

6s. net.

ENGINE-ROOM PRACTICE:

A Handbook

for Engineers and Officers in the Royal Navy and Mercantile
Marine, including the Management of the Main and Auxiliary
Engines on Board Ship.

BY

JOHN

G.

LIVERSLDGE,

R.N., A.M.I.C.E.

Contents.
General Description of Marine Machinery. The Conditions of Service and
Duties of Engineers of the Hoyal Navy. Entry and Conditions of Service of Engineers of
the Leading S.S. Companies. Kaising Steam
Duties of a Steaming Watch on Engines
and Boilers. Shutting off Steam, Harbour Duties and Watches. Adjustments and
Repairs of Engines. Preservation and Repairs of "Tank" Boilers. The Hull and its
Fittings.
Cleaning and Painting Machinery. Reciprocating Pumps, Feed Heaters, and
Automatic Feed -Water Regulators.
Steam Boats.
Electric Light
Evaporators.

Machinery. Hydraulic Machinery. Air-Compressing Pumps. Refrigerating Machines,
Machinery of Destroyers. The Management of Water-Tube Boilers. Regulations fcr
Entry of Assistant Engineers, R.N. Questions given in Examinations for Promotion of
Engineers, R.N. Regulations respecting Board of Trade Examinations for Engineers, &c
" This VERY USEFUL BOOK.
ILLUSTRATIONS are of GREAT IMPORTANCE in a work
of this kind, and it is satisfactory to find that SPECIAL ATTENTION has been given in this
.

respect."

.

.

Engineers' Oazette.

FOURTH EDITION, Thoroughly Revised and Greatly Enlarged.
With Numerous Illustrations. Price 10s. 6d.

VALVES AND VALVE -GEARING

i

A Practical Text-book for the use of Engineers, Draughtsmen, and Students.

BY CHARLES HURST, PRACTICAL DRAUGHTSMAN.
PART
PART

I.

II.

Steam Engine Valves.
Gas Engine Valves and

PART

III.

Air Compressor Valves and

Gearing.
Gears.
PART IV. Pump Valves.
"Ma. HURST'S VALVES and VALVE-GEARING will prove a very valuable aid, and tend to the
Will be largely
production of Engines of SCIENTIFIC DBSIGN and ECONOMICAL WORKING. .
sought after by Students and Designers." Marine Engineer.
4 '
As a practical treatise on the subject, the book stands without a rival."- Mechanical
World.
.

.

on Steam Engine Design and Construction. By CHARLES
HURST, "Author of Valves and Valve Gearing." SECOND EDITION,
Revised.
In Paper Boards, 8vo., Cloth Back.
Price
Illustrated.

Hints

Is. 6d. net.
CONTENTS. I. Steam Pipes. II. Valves. HI. Cylinders. IV. Air Pumps and Condensers.-V. Motion Work. VI. Crank Shafts and Pedestals. VII. Valve Gear. VIIL
Lubrication. IX. Miscellaneous Details
INDEX.
"A handy volume which every practical young engineer should possess." The Model

Engineer.
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With numerous Plates reduced from
SECOND EDITION, Revised.
Working Drawings and 280 Illustrations in the Text. 21s.

MANUAL OF

A

LOCOMOTIVE ENGINEERING!
A

Practical Text-Book for the Use of Engine Builders,

Designers and Draughtsmen, Railway
Engineers, and Students.

BY WILLIAM

FRANK PETTIGREW,

M.lNST.C.E,

With a Section on American and Continental Engines.
BY ALBERT F. RAVENSHEAR, B.Sc.,
Of His Majesty's Patent Office.
Historical Introduction, 1763-1863.
Contents.
Modern Locomotives: Simple.
Modern Locomotives: Compound.
Primary Consideration in Locomotive Design
Cylinders, Steam Chests, and Stuffing Boxes. Pistons, Piston Rods, Crossheads, and
Slide Bars. Connecting and Coupling Bods. Wheels and Axles, Axle Boxes, Hornblocks,
and Bearing Springs. Balancing. Valve Gear. Slide Valves and Valve Gear Details.
Framing, Bogies and Axle Trucks, Radial Axle Boxes. Boilers. Smokebox, Blast Pipe,
Firebox Fittings. Boiler Mountings. Tenders.- Railway Brakes. Lubrication. Consumption of Fuel, Evaporation and Engine Efficiency. American Locomotives. Continental Locomotives.
Repairs, Running, Inspection, and Renewals. Three Appendices,
Index.

"The work CONTAINS ALL THAT CAN BE LEARNT from a book upon such a subject. It
once rank as THK STANDARD WORK UPON THIS IMPORTANT SUBJECT." Railway Magazine.

will at

In Large 8vo.

Fully Illustrated.

8s. 6d. net.

LOCOMOTIVE COMPOUNDINC AND SUPERHEATING.
BY J. F. GAIRNS.
CONTENTS. Introductory. Compounding and Superheating for Locomotives. A
Classification of Compound Systems for Locomotives. The History and Development of
the Compound Locomotive.
Two-Cylinder
Two-Cylinder Non-Automatic Systems.
Automatic Systems. Other Two-Cylinder Systems. Three-Cylinder Systems. FourCylinder Tandem Systems. Four-Cylinder Two-Crank Systems (other than Tandem).
Four-Cylinder Balanced Systems. Four-Cylinder Divided and Balanced Systems.
Articulated Compound Engines. Triple-Expansion Locomotives. Compound Rack
Locomotives. Concluding Remarks Concerning Compound Locomotives. The Use of
Superheated Steam for Locomotives. INDEX.

"A welcome addition to the library of the railway engineer."
In Large Svo.

Handsome

LIGHT

Cloth.

BY

Engineering Times.

With Plates and Illustrations.

16s.

RAIJLTHTAYS

AT HOME AND ABROAD.
WILLIAM HENRY COLE, M.lNST.O.E.,
Late Deputy-Manager, North-Western Railway, India.

Discussion of the

Contents.

Term "Light Railways."

English Railways,

Rates, and Farmers.
Light Railways in Belgium, France, Italy, other
European Countries, America and the Colonies, India, Ireland. Road Transport as an alternative. The Light Railways Act, 1896. The Question of
Gauge. Construction and Working. Locomotives and Rolling- Stock. Light
Railways in England, Scotland, and Wales. Appendices and Index.
" Will
for some time yet a STANDARD WORK in everything relating to Light
" remain,
Railways.
Engineer.
" The whole
subject is EXHAUSTIVELY and PRACTICALLY considered. The work can be
cordially recommended as INDISPENSABLE to those whose duty it is to become acquainted
with one of the prime necessities of the immediate future." Railie^' Official Gazette

LONDON
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CHARLES GRIFFIN &

CO., LIMITED,

EXETER STREET, STRAND

ENGINEERING AND MECHANICS.
In Crown 8vo.

Handsome

Cloth.
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Fully Illustrated.

PRACTICAL CALCULATIONS FOR ENGINEERS.

CHARLES

BY

A.M.Inst.C.E.

Head

(

LARARD,

E.

M.LMech.R, Wh.Exh.,

of the Mechanical Engineering Department at the

AND

H.

A.

Northampton

GOLD ING,

Institute,

London, E.C.

A.M.Inst.C.E.

CONTENTS. SECTION I. Contracted Methods of Calculation. Technical MensuraPractical Calculation by Logarithms. The Slide Rule and its Applications.
Squared Paper and its Uses. SECTION II. Pulleys and Wheels in Train. Speed .Ratios
and Practical Examples. Principle of Moments Applied to Practical Problems. Work
and Power. Energy and Speed Fluctuations. Transmission of Work through Machines.
Friction and Efficiency. Transmission of Power. Shafting. Motion on a Circle.
Momentum, Acceleration, and Force Action. SECTION III. Temperature Scales. Units
of Heat. Specific Heat. Heat and Work. Heat Value of Fuels. Heat Losses in Engine
and Boiler Plant. Properties of Steam. Moisture and Dryness Fraction. Steam and
Fuel Calculations. Boiler Efficiency. Size of Boiler. Engine Calculations. Power,
Indicated and Brake. Calculations for Dimensions. Steam Consumption and Willans
Law. Efficiencies, Comparative Costs of Power Production. Commercial Efficiency.
SECTION IV. The Commercial side of Engineering. Calculation of Weights. Division
of Costs, Material and Labour, Shop Charges and Establishment Charges.
Estimates.
Use of Squared Paper in the Estimating Department and to the General
Profit.
tion.

Management.

SIXTH EDITION.

TRAVERSE TABLES:
Computed

Folio, strongly half-bound, 2is.

Four Places of Decimals for every Minute of Angle
up to 100 of Distance.
For the Use of Surveyors and Engineers.

to

RICHARD LLOYD GURDEN,
New South Wales and

BY

Authorised Surveyor for the Governments of

%*

Published with, the Concurrence of the Surveyors- General for

Victoria.

New

South

Wales and Victoria.
"

Those who have experience in exact SURVEY-WORK will best know how to appreciate
The computations
the enormous amount of labour represented by this valuable book.
enable the user to ascertain the sines and cosines for a distance of twelve miles to within
half an inch, and this BY REFERENCE TO BUT ONE TABLE, in place of the usual Fifteen
minute computations required. This alone is evidence of the assistance which the Tables
ensure to every user, and as every Surveyor in active practice has felt the want of such
assistance FEW KNOWING OF THEIR PUBLICATION WILL REMAIN WITHOUT THEM."
Engineer.

Strongly

Bound

in

Super Royal 8vo.

Cloth Boards.

7s.

6d. net.

For Calculating Wages on the Bonus OP Ppemium Systems.
For Engineering, Technical and Allied Trades.

BY

HENRY

A.

GOLDING,

A.M.lNST.M.E.,

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer
in Mechanical Engineering at the Northampton Institute, London, E.C.

"Cannot
designed."

fail to prove practically serviceable to those for
Scotsman.
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Large 8vo, Handsome Cloth.
21s. net.
Illustrations, Tables, &c.

SECOND EDITION.

&

Lubrication
A

With

Lubricants:

Treatise on the Theory and Practice of Lubrication, and on the
Nature, Properties, and Testing of Lubricants.
AND
BY

LEONAED AECHBUTT,

E. M. DEELEY, M.I.Mech.E., F.G.S.,
F.I.C., F.C.S.,
Chief Loco. Super., Mid. Ey. Co.
Chemist to the Mid. Ey. Co.
CONTENTS. I. Friction of Solids. II. Liquid Friction or Viscosity, and Plastic
IV. The Theory of Lubrication. V. Lubricants,
Friction. III. Superficial Tension.
their Sources, Preparation, and Properties. VI. Physical Properties and Methods of
Examination of Lubricants. VII. Chemical Properties and Methods of Examination
of Lubricants. VIII. The Systematic Testing of Lubricants by Physical and Chemical
Methods. IX. The Mechanical Testing of Lubricants. X. The Design and Lubrication
XI. The Lubrication of Machinery. INDEX.
of Bearings.
" Contains
Deserves the careful
practically ALL THAT is KNOWN on the subject.
attention of all Engineers." Railway Official Gazette.

FOURTH EDITION.

STEAM

Cloth, 4s. 6d.

Very fully Illustrated.

BOILERSs

THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION,

R

BY

D.

MUNRO,

Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company,
GENERAL CONTENTS. I. EXPLOSIONS caused (i) by Overheating of Plates (2) By
Defective and Overloaded Safety Valves (3) By Corrosion, Internal or External (4) By
Defective Design and Construction (Unsupported Flue Tubes Unstrengthened Manholes
Defective Staying; Strength of Rivetted Joints; Factor of Safety) II. CONSTRUCTION OF
;

;

Crown Plates and Uptake Tubes Man-Holes, Mud-Holes,
Table of Bursting
Fireboxes
Mountings
Management
Cleaning

VERTICAL BOILERS
and Fire-Holes

:

Shells

Pressures of Steel Boilers Table of Rivetted Joints Specifications and Drawings of
Lancashire Boiler for Working Pressures (a) 80 Ibs. ; (b) 200 Ibs. per square inch respectively.
" A valuable
companion for workmen and engineers engaged about Steam Boilers, ought
Coll. Guardian.
to be carefully studied, and ALWAYS AT HAND."

BY THE SAME AUTHOR.

KITCHEN BOILER EXPLOSIONS: Why
Handbook
and How
A
Practical
to Prevent their Occurrence.
they Occur,
With Diagram and Coloured Plate.
based on Actual Experiment.

In Crown Svo, Cloth,

Fully Illustrated.

$s.

35.

net.

EMERY GRINDING MACHINERY,
A Text-Book

of Workshop Practice in General Tool Grinding, and the
Design, Construction, and Application of the Machines Employed.

BY R.

HODGSON,

B.

A.M.INST.MECH.E.

INTRODUCTION. Tool Grinding. Emery Wheels. Mounting Emery Wheels.
Conditions to Ensure Efficient Working.
Emery Rings and Cylinders.
Leading Types of Machines. Concave and Convex Grinding. Cup and Cone
Machines.
"Guest" Universal and Cutter Grinding
Multiple Grinding.
Machines.
Ward Universal Cutter Grinder. Press. Tool Grinding. Lathe
Centre Grinder.
INDEX.
Polishing.
"
cannot fail to attract the notice of the users of
Eminently practical
machinery, and to meet with careful perusal." Chem. Trade Journal.
.

.

.

LONDON: CHARLES GRIFFIN &

CO.,

LIMITED,

this class of

EXETER STREET, STRAND.

ENGINEERING AND MECHANICS.
IN

THREE PARTS. Crown

8vo,

Handsome

Cloth.
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Very Fully

Illustrated.

MOTOR-CAR MECHANISM AND MANAGEMENT.
BY W. POYNTER ADAMS, M.lNST.E.E.
IDST TIEHZR-IEIE: :P.A.:R,TS_
Part

I.

The Petrol Car.
Part

PART
SECOND EDITION.

I.

III.

Part II. The Electrical Car.
The Steam Car.

THE PETROL CAR.

With important new Appendix,

53. net.

illustrating

and defining parts

of actual cars in use.

SECTION I. THE MECHANISM OF THE PETROL CAR.
The Engine Accessories. Electrical Ignition and Accessories.
The Chassis and Driving Gear.
Multiple Cylinder Engines. The Petrol.
SECTION II. THE MANAGEMENT OF THE PETROL CAR. The Engine.
The Engine Accessories. Electrical Ignition. The Chassis and Driving
Gear.
General Management.
APPENDIX. GLOSSARY. INDEX.
Contents.

The Engine.

"Should be
mobile

carefully studied

and Carriage

In Large 8vo.

by those
Builders' Journal.

Handsome

who have anything

Cloth.

Very Fully

MANUAL

A

PETROL MOTORS AND

to

do with motors."

Illustrated.

Auto-

18s. net.

OF
MOTOR-CARS.

Comprising the Designing, Construction, and Working of Petrol Motors,

STRICKLAND.

F.

By
GENERAL CONTENTS.

PART

ENGINES. Historical. Power Required. General
Arrangement of Engines. Ignition. Carburettors. Cylinders, Pistons, Valves, &c.
Crank Shafts, Crank Chambers, Cams, Runners, Guides, &c.
Pumps. Flywheels.
Pipe Arrangements. Silencers. Engine Control, Balancing. Motor Cycle Engines.
Marine Motors. Two-Cycle Motors. Paraffin Carburettors. Gas Producers. PART
I.

:

II.: CARS.
General Arrangements.
Differential Gears.
Clutches.
Transmission.
Universal Joints. Axles.
Frames.
Radius Rods.
Wheels.
Brakes.
Springs.
Ball
Radiator.
Lubrication.
Steering Gear.
Steps, Mudguards, Bonnets, &c.
Bodies.
Factors
of
Bearings.
Safety. Calculations of Stresses. Special Change Speed
Gears. Special Cars. Commercial Vehicles. Racing Cars. INDEX.

READY IMMEDIATELY.

In Large 8vo, Handsome Cloth.
by Plates and Diagrams.

Very Fully

Illustrated

THE PROBLEM OF FLIGHT.
BY

HERBERT CHATLEY,

Lecturei- in Applied Mechanics,

B.Sc.(ENG.),

Portsmouth Technical

LONDON,

Institute.

CONTENTS. The Problem of Flight.
The Helix. The Aeroplane. The Aviplane.
Dirigible Baloons. Form and Fittings of the Airship. APPENDICES (The Possibility of
Flight, Weight, A Flexible Wing, Iheory of Balance, Bibliography). INDBX.
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WORKS BY

ANDREW JAMIESON, M.lNST.C.E.,
M.I.E.E., F.R.S.E.,
The
and
Formerly Professor of Electrical Engineering,

W.

Glas.

of Scot. Tech. Coll.

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS.
In Large Crown

8vo.

Fully Illustrated.

STEAM AND STEAM-ENGINES, INCLUDING TURBINES
AND

BOILERS.

For the Use of Engineers and for Students preparing
With 800 pp. over 400 Illustrations, 1 1 Plates, many
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams,
on Theory of Heat Engines. FIFTEENTH EDITION, Revised. IDS. 6d.
for Examinations.

,

" The BEST BOOK
yet published

for the use of Students."

Engineer.

APPLIED MECHANICS & MECHANICAL ENGINEERING.
Including All the Inst. C.E. Exams, in (l) Applied Mechanics;
(2) Strength and Elasticity of Materials ; (3a) Theory of Structures ;
Also B. of E. ; C. and G. Questions.
(ii) Theory of Machines; Hydraulics.
Vol. 1.
Comprising 568 pages, 300 Illustrations, and Questions
Part I., The Principle of Work and its Applications; Part II.: Friction,
Lubrication of Bearings, &c.
Different kinds of Gearing and their Applications to Workshop Tools, &c.
FIFTH EDITION. 8s. 6d.
" FULLY MAINTAINS
the reputation of the Author." Pract. Engineer.
:

;

Comprising Parts III. to VI., with over 800 pages, 371 IllusMotion and Energy, Theory of Structures or Graphic Statics ;
Strength and Elasticity of Materials
Hydraulics and Hydraulic
125. 6d.
Machinery. FIFTH EDITION.
"WELL AND LUCIDLY WRITTEN." The Engineer.
%* Each of the above volumes is complete in itself, and sold separately.
Vol. II.

trations

;

;

PROFESSOR JAMIESON'S INTRODUCTORY MANUALS
Crown

8vo.

With

Illustrations

and Examination

STEAM AND THE STEAM-ENGINE

Papers.

(Elementary

Manual of). For First-Year Students, forming an Introduction to the
Author's
Work. ELEVENTH EDITION, Revised and Enlarged. 3/6.
" Should be larger
in the hands of EVERY engineering apprentice."
Practical Engineer.

MAGNETISM AND ELECTRICITY

(Practical

Elementary

Manual of). For First-Year Students. With Stud Inst.C. E. and
Exam. Questions. SEVENTH EDITION, Revised and Enlarged.

"

A THOROUGHLY TRUSTWORTHY

Text-book.

APPLIED MECHANICS
P\)r First- Year Students.

With

PRACTICAL and

(Elementary
B. of E., C. and G.

;

clear."

B. of E.
3/6.

Nature.

Manual
and Stud.

Inst.

of).
C.E.

SEVENTH
"Questions.
The work has VERY
'.CLEAR.'

"

EDITION, Revised and Greatly Enlarged. 3/6.
HIGH QUALITIES, which may be condensed into the one word

Science

and Art.

A POCKET-BOOK

of

ELECTRICAL RULES and TABLES.

For the Use of Electricians and Engineers. By JOHN MUNRO, C.E.,
and Prof. JAMIESON.
EIGHTEENTH
Pocket Size.
Leather, 8s. 6d.
EDITION.
[See p. 48 General Catalogue.
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MACQUORN RANKIHE, LL.D., F.R.S.
J. MILLAR, C.E.

Thoroughly Revised by W.

A MANUAL OF APPLIED MECHANICS

:
Comprising the
and Cinematics, and Theory of Structures,
and
Machines. With Numerous Diagrams. Crown 8vo,
Mechanism,

Principles of Statics

SEVENTEENTH EDITION.

Cloth.

12s. 6d.

A MANUAL OF CIVIL ENGINEERING:

Comprising Engin-

eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c.
With Numerous Tables and Illustrations.
Crown 8vo, Cloth.

TWENTY-THIRD EDITION.

16s.

A MANUAL OF MACHINERY AND MILLWORK

:

Com-

prising the Geometry, Motions, Work, Strength, Construction, and
Crown
Objects of Machines, &c. With nearly 300 Illustrations.
SEVENTH EDITION. 12s. 6d.
8vo, Cloth.

A MANUAL

OF THE STEAM-ENGINE AND OTHER

PRIME MOVERS.

With a Section on GAS, OIL, and AIR
With Folding Plates
ENGINES, by BRYAN DONKIN, M.Inst.C.E.
and Numerous Illustrations.
Crown 8vo, Cloth.
SIXTEENTH
EDITION 12s. 6d.

USEFUL RULES AND TABLES

:

For Architects, Builders,

Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With
APPENDIX for the use of ELECTRICAL ENGINEER*. By Professor
JAMIESON, M.Inst,O.E., M.I.E.E. SEVENTH EDITION. 10s. 6d.

A MECHANICAL TEXT -BOOK: A

Practical

and Simple

Introduction to the Study of Mechanics.
By Professor RANKINE
With Numerous Illustrations. Crown
and E. F. BAMBER, C.E.
9s.
8vo, Cloth. FIFTH EDITION.
*,* The

DUCTION

"MECHANICAL TEXT- BOOK" was

to the

detiyned by Professor

EANKINE

at

an INTRO-

above Series of Manuals.

SCIENTIFIC PAPERS.
MISCELLANEpUSand
of

Part

I.

Tempera-

Vapours, Liquids, and Solids.
Part II. Energy and its Transformations. Part III. Wave-Forms,
With Memoir by Professor TAIT, M.A.
Propulsion of Vessels, &o.
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo.

ture,

Cloth.
"

Elasticity,

Expansion

31s. 6d.

No more enduring Memorial of Professor

Rankine could be devised than the publicaan accessible form.
The Collection is most valuable on"
account of the nature of his discoveries, and the beauty and completeness of his analysis.

tion of these papers in

.

.

.

Architect.
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GO.'S

THIRD EDITION, Thoroughly Revised and
Numerates

Illustrations.

PUBLICATIONS.
With 60

Enlarged.

Handsome

Cloth.

Plates

and
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HYDRAULIC POWER
AND

HYDRAULIC MACHINERY.
BY

HENRY ROBINSON,
FELLOW OF KING'S COLLKGB, LONDON

M. INST.

C.E.,

F.G.S.,

PROF. EMERITUS OK CIVIL ENGINEERING,
KING'S COLLEGE, ETC., KTC.
;

CONTENTS

Discharge through Orifices. Flow of Water through Pipes. Accumulators.
Presses and Lifts.
Hoists.
Rams. Hydraulic Engines. Pumping Engines. Capstans.
Traversers.
Riveters and Shop Tools.
Jacks.
Weighing Machines.
Punching,
Drills and
Cranes.
Coal Discharging Machines.
Shearing, and Flanging Machines.
Pile Drivers, Excavators, &c.
Cutters.
Hydraulic Machinery applied to Bridges, Dock
Various Systems and Power Installations
Gates, Wheels and Turbines. Shields.
Meters, &c. INDEX.

"The

standard work on the application of water power."

Gassier

x

Magazine.

Second Edition, Greatly Enlarged.
With Frontispiece, several
21s. net.
Plates, and over 250 Illustrations.

THE PRINCIPLES AND CONSTRUCTION OF

PUMPING
MACHINERY
AND WATER
(STEAM

With

PRESSURE).

ENGINES and PUMPS applied to MINING,
SUPPLY, DRAINAGE of Lands, &c., also Economy

Practical Illustrations of

TOWN WATER

and Efficiency Trials

BY
Member

of

Pumping Machinery.

HENRY DAYEY,
Member

of the Institution of Civil Engineers,
Mechanical Engineers, F.G.S., &c.

CONTENTS

of the Institution of

Early History of Pumping Engines Steam Pumping Engines
General Principles of Non-Rotative Pumping

Pumps and Pump Valves
Engines
Engines

The Cornish Engine, Simple and Compound

Work

Types

of

Mining

Shaft Sinking Hydraulic Transmission of Power in
Mines Electric Transmission of Power Valve Gears of Pumping Engines
Water Pressure Pumping Engines
Water Works Engines Pumping
Engine Economy and Trials of Pumping Machinery Centrifugal and other
Low-Lift Pumps Hydraulic Rams, Pumping Mains, &c. INDEX.
Pit

"By the 'one English Engineer who probably knows more about Pumping Machinery
than ANY OTHER.'
A VOLUME RECORDING THB RESULTS OF LONG EXPERIENCE AND
STUDY." The Engineer.
11
AND
MOST PRACTICAL TREATISE on Pumping Machinery THAT HAS
Undoubtedly THE BEST
"
YET BEEN PUBLISHED.
Mining Journal.

...

UJNDON: CHARLES GRIFFIN &

CO.. LIMITED,

EXETER STREET. STRAND

NAVAL ARCHITECTURE,
AT

In Large 8vo.

PRESS.

Handsome

Cloth.

Two VOLUMES, Each

IN

Complete
SOLD SEPARATELY.
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Profusely Illustrated.
in itself,

and

THE OESIGM
AND

CONSTRUCTION OF
BY

JOHN HARVARD

SHIPS.

BILES, M.INST.N.A.,

Professor of Naval Architecture in Glasgow University.

CONTENTS OF VOLUME I. PART I. General Considerations. Methods of Determination of the Volume and Centre of Gravity of a known Solid.
Graphic Rules for
Integration. Volumes and Centre of Gravity of Volumes. Delineation and Descriptive
Geometry of a Ship's Form. Description and Instances of Ship's Forms. Description
of Types of Ships. PART II. : Calculation of Displacement, Centre of Buoyancy and
Areas. Metacentres. Trim. Coefficients and Standardising. Results of Ship Calculations.
Instruments Used to Determine Areas, Moments, and Moments of Inertia of
Plane Curves. Cargo Capacities. Effects on Draught, Trim, and Initial Stability due
to Flooding Compartments.
Freeboard.
Tonnage.
Application of the
Launching.
Integraph to Ship Calculations. Straining due to Unequal Longitudinal Distribution
of Weight and Buoyancy. Consideration of Stresses in a Girder. Application of Stress
Formulae to the Section of a Ship. Shearing Forces and Bending Moments on a Ship
amongst Waves. Stresses on the Structure when Inclined to the Upright or to the
Line of Advance of the Waves.
Distribution of Pressure on the Keel Blocks of a
Vessel in Dry Dock. Consideration of Compression in Ship Structure.
:

BY PROFESSOR BILES.
LECTURES ON THE MARINE STEAM TURRINE.
With 131 Illustrations.

Price 6s. net.

See page 28.

Royal 8uo, Handsome Cloth.

With numerous Illustrations and Tables.

THE STABILITY OP

25s.

SHIPS,

BY

SIR

EDWARD

J.

REED,

M.P.,

K.C.B., F.R.S.,

XNIGHT OF THE IMPERIAL ORDERS OF ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH OF
AUSTRIA MEDJIDIB OF TURKEY AND RISING SUN OF JAPAN VICBPRESIDHNT OF THE INSTITUTION OF NAVAL ARCHITECTS.
;

"

EDWARD

;

'

;

NAVAL

REED'S STABILITY OF SHIPS is INVALUABLE. The
Sir
ARCHITECT
will find brought together and ready to his hand, a mass of information which he would otherwise have to seek in an almost endless variety of publications, and some of which he would
possibly not be able to obtain at all elsewhere." Steamship.

&0MDON

:

CHARLES GRIFFIN &

'

CO., LIMITED,

EXETER STREET, STRAND,

CHARLES GRIFFIN & GO?8 PUBLICATIONS.
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WORKS BY THOMAS WALTON,
NAVAL ARCHITECT.

THIRD EDITION.

Illustrated with Plates, Numerous Diagrams, and
i8s. net.
Figures in the Text.

STEEL SHI PS;

THEIR CONSTRUCTION AND MAINTENANCE.
A Manual for Shipbuilders, Ship Superintendents, Students,
and Marine Engineers.

BY

NAVAL ARCHITECT,
THOMAS WALTON,
AUTHOR OF " KNOW YOUR OWN SHIP."

CONTENTS. I. Manufacture of Cast Iron, Wrought Iron, and Steel. ComII. Classification of
position of Iron and Steel, Quality, Strength, Tests, &c.
Steel Ships. III. Considerations in making choice of Type of Vessel. Framing
IV. Strains experienced by Ships. Methods of Computing and
of Ships.
Comparing Strengths of Ships. V. Construction of Ships. Alternative Modes
of Construction.
Types 01 Vessels. Turret, Self Trimming, and Trunk
VI. Pumping ArrangeSteamers, &c. Rivets and Eivetting, Workmanship.
VII.
ments.
Maintenance. Prevention of Deterioration in the Hulls of
INDEX.
&c.
Cement, Paint,
Ships.
" So thorough
and weil written is every chapter in the book that it is difficult to select
any of them as being worthy of exceptional praise. Altogether, the work is excellent, and
will prove of great value to those for whom it is intended."
The Engineer.

AT

PRESS.

In Handsome Cloth.

fully Illustrated.

Very

PRESENT-DAY SHIPBUILDING.
For Shipyard Students, Ships'

BY THOS.
Author

GENERAL CONTENTS.
Alternative Modes of

of

Officers,

"Know Your Own

Classification.

Construction.

and Engineers.

WALTON,
Ship."

Materials used in Shipbuilding.
Details of Construction.
Framing,

Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water
Ballast Arrangements, Loading and Discharging Gear, &c.
Types of
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers,
Turret and other Self Trimming Steamers, &c. INDEX.

NINTH EDITION. Illustrated. Handsome Cloth, Crown 8vo. 7s. 6d*
The Chapters on Tonnage and Freeboard have been brought thoroughly
up to date, and embody the latest (1906) Board of Trade Regulations on
these subjects.

KNOW YOUR OWN
BY
NAVAL
THOMAS WALTON,

SHIP,

ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners
Superintendents, Draughtsmen, Engineers, and Others,
Strain.
CONTENTS.
Moments.
Buoyancy.
Displacement and Deadweight.

U oiling. Ballasting. Loading. Shifting Cargoes. Effect of
Stability.
of Water into Ship.
Trim Tonnage. Freeboard (Load-line). Calculations.
Set of Calculations from Actual Drawings. INDEX.
" The work is
of the highest value, and all who go down to the sea in ships should make themselves acquainted with it.
Shipping World (on the new edition).

Structure.

Admission

LONDON: CHARLES GRIFFIN &

CO.,

LIMITED, EXETER STREET, STRAND,
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GRIFFIN'S NAUTICAL SERIES.
EDITED BY EDW.

BLACKMORE,

Master Mariner, First Class Trinity House Certificate, Assoc. Inst. N.A.
AND WRITTEN, MAINLY, by SAILORS for SAILORS.

;

"A VERY USEFUL SERIES." Nature,
SERIES." Fairplay.
should have the WHOLE SERIES as a REFERENCE LIBRARY. HANDLiverpool Journ. of Commerce.

"Tms ADMIRABLE
"EVERY SHIP

SOMELY BOUND, CLEARLY PRINTED and ILLUSTRATED."

An Historical Sketch of its Rise
:
and Development. By the EDITOR, CAPT. BLAOKMORE. 3s. 6d.
"
Blackmore
s
SPLENDID
BOOK
contains paragraphs on every point
Captain
of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALUABLE to the sea captain that have EVER been COMPILED." Merchant Service "
The British Mercantile Marine

.

.

.

By D. WILSON-BARKER, Master Mariner,
With numerous Plates, two in Colours, and Frontispiece.
FOURTH EDITION, Thoroughly Revised. With additional Illustrations. 6s.
"This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the Worcester,' seems

Seamanship.
Elementary
F.R.G.S.
F.R.S.E.,

'

to us

PERFECTLY DESIGNED."

Athenaeum.

Know Your Own

Ship : A Simple Explanation of the Stability, Conand Freeboard of Ships. By THOS. WALTON, Naval Architect.
NINTH EDITION. 7s. 6d.
"MR. WALTON'S book will be found VERY USEFUL." The Engineer.

struction, Tonnage,

Navigation

:

Theoretical and Practical.

By

D. WILSON-BARKER

and WILLIAM ALLINQHAM. SECOND EDITION, Revised. 3s. 6d.
"PRECISELY the kind of work required for the New Certificates of competency.
Candidates will find it INVALUABLE." Dundee Advertiser.

Marine Meteorology: For

Officers of the Merchant Navy.
By
WILLIAM ALLINGHAM, First Class Honours, Navigation, Science and Art Department.
With Illustrations and Maps, and facsimile reproduction of log page. 7s. 6d.
"

Quite the BEST PUBLICATION on this subject."

Latitude and Longitude

:

How

Shipping Gazette.

to find them.

By W.

C.E. SECOND EDITION, Revised. 2s.
" Cannot
but prove an acquisition to those studying Navigation."

J.

MILLAR,

Marine Engineer.

Practical Mechanics

:
Applied to the requirements of the Sailor.
THOS.
Master Mariner, F.R.A.S. SECOND EDITION, Revised. 3s. 6d,
By
" WELL MACKENZIE,
WORTH the money
EXCEEDINGLY HELPFUL. "Shipping World.
.

.

.

: For the
Young Sailor, &c. By RICH. C. BUCK, of the
Thames Nautical Training College, H.M.S. " Worcester." THIRD EDITION. Revised.

Trigonometry
Price

3s. 6d.

"This EMINENTLY PRACTICAL and

reliable volume."

Schoolmaster.

Practical Algebra.

By RICH. C. BUCK. Companion Volume to the
SECOND EDITION, Revised. Price 3s. 6d.
JUST THE BOOK for the young sailor mindful of progress." Nautical Magazine.

for Sailors and others.
above,
" It is

The Legal Duties of Shipmasters.

By BENEDICT WM. GINSBURG,

M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND
EDITION,
Thoroughly Revised and Enlarged. Price 4s. 6d.
"
INVALUABLE to masters.
.
We can fully recommend it." Shipping Gazette.
.

.

A
11

SOUND, JUDICIOUS, REALLY HELPFUL."

LONDON: CHARLES GRIFFIN &

CO.,

The Lancet.

LIMITED, EXETER STREET, STRAND
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PUBLICATIONS.

CO.'S

GRIFFIN'S NAUTICAL SERIES.
Price 8s. 6d.

Introductory Volume.

T IHIIE

Mercantile

British
BY

Marine.

EDWARD
BLACKMORE,
ASSOCIATE OF THE
OF NAVAL

MASTER MARINER;
INSTITUTION
ARCHITECTS;
MEMBER OF THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS
IN

SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES."

GENERAL CONTENTS. HISTORICAL From Early Times to 1486 Progress
under Henry VIII. To Death of Mary During Elizabeth's Reign Up to
The 18th and 19th Centuries Institution ot
the Reign of William III
:

Rise and Progress of Steam Propulsion
Examinations
Development of
Free Trade Shipping Legislation, 1862 to 1875 " Locksley Hall" CaseShipmasters' Societies Loading of Ships Shipping Legislation, 1884 to 1894
THE PERSONNEL Shipowners Officers Mariners
Statistics of Shipping.
Seaman's Education what it
Duties and Present Position. EDUCATION
should be Present Means of Education Hints.
DISCIPLINE AND DUTY
Postscript The Serious Decrease in the Number of British Seamen, a Matter
:

A

:

:

demanding the Attention

of the Nation.
" INTERESTING and INSTRUCTIVE
may be read WITH PROFIT and ENJOYMENT." Glasgow Herald.
"EVERY BRANCH of the subject is dealt with in a way which shows that the writer
'knows the ropes' familiarly." Scotsman.
"This ADMIRABLE book
TEEMS with useful information Should be in the
-hands of every Sailor." Western Morning News.
.

.

.

.

.

.

FOURTH EDITION, Thoroughly

Revised.

Price

Illustrations.

With Additional

6s.

OF

L.

ELEMENTARY SEAMANSHIP,
BY
O.

WILSON-BARKER, MASTER MARINER;

F.R.S.E., F.R.G.S.,&c., &o.
YOUNGER BROTHER OF THE TRINITY HOUSE.

With

Frontispiece,

Numerous

Plates

(Two

in Colours),

and Illustrations

in the Text.

GENERAL CONTENTS.

The Building of a Ship; Parts of Hull, Masts,
Gear, Lead and Log, &c.
Rigging,
Ropes, Knots, Splicing, &c.
The
Handling of Boats under Sail
Sails, &c.
Sailmaking
Signals and Signalling Rule of the Road Keeping and Relieving Watch
Points of Etiquette Glossary of Sea Terms and Phrases Index.
&c.

Anchors

***

The volume contains the NEW ROLES OF THE ROAD.

" This

ADMIRABLE MANUAL, by OAPT. WILSON-BARKER of the Worcester,' seems to UB
PERFECTLY DESIGNED, and holds its place excellently in GRIFFIN'S NAUTICAL SERIES.'
Although intended for those who are to become Officers of the Merchant Navy, it will be
found useful by ALL YACHTSMEN." Athenaeum.
'

'

.

%* For complete

LONDON

:

List of GRIFFIN'S

CHARLES GRIFFIN &

CO,,

NAUTICAL SERIES, see

.

p. 39.

LIMITED, EXETER STREET, STRAND,
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GRIFFIN'S NAUTICAL SERIES.
SECOND EDITION, Revised and

Illustrated.

Price 3s. 6d.

NAVIGATION:
BY

DAVID WILSON-BARKER,

R.N.R., F.R.S.E., &c., &o.,

AND

WILLIAM ALLINGHAM,
FIRST-CLASS HONOURS, NAVIGATION, SCIENCE

TKflitb

AND ART DEPARTMENT.

"Numerous ^lustrations an& ^Examination (Questions*

GENERAL CONTENTS. Definitions Latitude and Longitude Instruments
of Navigation Correction of Courses Plane Sailing Traverse Sailing Day's
Work
Parallel Sailing
Middle Latitude Sailing
Mercator's Chart
Mercator Sailing Current Sailing Position by Bearings Great Circle Sailing
The Tides Questions Appendix: Compass Error Numerous Useful Hints,
Ac.

Index.

" PRECISELY the kind of work
required for the New Certificates of competency in gradea
from Second Mate to extra Master.
Candidates will find it INVALUABLE." Dundee
.

.

.

Advertiser.

"A

CAPITAL LITTLE BOOK
specially adapted to the New Examinations. The
Authors are OAPT. WILSON- BARKER (Captain-Superintendent of the Nautical College, H.M.S.
Worcester,' who has had great experience in the highest problems of Navigation), and
MR. ALLINGHAM, a well-known writer on the Science of Navigation and Nautical Astronomy."
Shipping World.
.

.

.

'

Handsome

Cloth.

Fully Illustrated.

Price

7s.

6d.

MARINE METEOROLOGY,
FOR OFFICERS OF THE MERCHANT NAVY.
BY

WILLIAM ALLINGHAM,

Joint Author of "Navigation, Theoretical and Practical."

With numerous

Plates, Maps, Diagrams, and Illustrations, and a facsimile
Reproduction of a Page from an actual Meteorological Log-Book.

SUMMARY OF CONTENTS.
INTRODUCTORY.

Instruments Used at Sea for Meteorological Purposes. Meteorological Log-Books.
Atmospheric Pressure. Air Temperatures. Sea Temperatures.
Winds. Wind Force Scales. History of the Law of Storms. Hurricanes, Seasons, and
Storm Tracks. Solution of the Cyclone Problem. Ocean Currents. Icebergs. Synchronous Charts. Dew, Mists, Fogs, and Haze. Clouds. Rain, Snow, and Hail.
Mirage, Rainbows, Coronas, Halos, and Meteors. Lightning, Corposants, and Auroras.
QUESTIONS. APPENDIX. INDEX.
"
Quite the BEST publication, AND certainly the MOST INTERESTING, on this subject ever
presented to Nautical men." Shipping Gazette.
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PUBLICATIONS.

GRIFFIN'S NAUTICAL SERIES.
With Numerous

SECOND EDITION, REVISED.

Price 3s. 6d.

Illustrations.

Practical Mechanics:
Applied to the Requirements of the
BY THOS. MACKENZIE,

Sailor.

Master Mariner, F.R.A.S.

Work done
The Lever ;
by Machines and Living Agents The Mechanical Powers
Derricks as Bent Levers The Wheel and Axle Windlass ; Ship's Capstan ;
Crab Winch Tackles the "Old Man" The Inclined Plane; the ScrewThe Centre of Gravity of a Ship and Cargo
Relative 'Strength of Rope
Steel Wire, Manilla, Hemp, Coir Derricks and Shears Calculation of the
of
Fir
Strain
of
Effort
of Sails Hydrostatics
Centre
Cross-breaking
Spar
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c.
" THIS
EXCELLENT BOOK
contains a LARGE AMOUNT of information."
Nature.
" WELL WORTH the
will be found EXCEEDINGLY HELPFUL."
money
Shipping World.
"No SHIPS' OFFICERS' BOOKCASE will henceforth be complete without
GENERAL CONTENTS.

Resolution and Composition of Forces
:

:

:

:

:

.

.

.

.

.

.

'

CAPTAIN MACKENZIE'S PRACTICAL MECHANICS. Notwithstanding my many
years' experience at sea, it has told me how much more there is to acquire."
'

(Letter to the Publishers from a Master Mariner).
" I must
express my thanks to you for the labour and care you have takep
In PRACTICAL MECHANICS.'
IT is A LIFE'S EXPERIENCE.
What an amount we frequently see wasted by rigging purchases without reason
and accidents to spars, &c., &c.
'PRACTICAL MECHANICS' WOULD SAVE ALL
THIS." (Letter to the Author from another Master Mariner).
'

.

.

.

.

.

!

WORKS BY RICHARD
of the

Thames

C.

BUCK,

Nautical Training College, H.M.S.

A Manual

'

Worcester.'

of Trigonometry:

With Diagrams, Examples, and Exercises.

**

Price 8s. 6d.

THIRD EDITION, Kevised and Corrected.
Mr. Buck's Text-Book has been SPECIALLY PREPARED with a view

New Examinations of the Board of Trade, in which Trigonometry
an obligatory subject.

to the
is

"This EMINENTLY PRACTICAL and RELIABLE VOLUME."

A
V

Manual

Schoolmaster.

of Algebra.

Designed +o meet the Requirements of Sailors and others.
SECOND EDITION, Revised. Price 3s. 6d.

These elementary works on ALGEBRA and TRIGONOMETRY are written specially for
those who will have little opportunity of consulting a Teacher. They are books for "SELFHELP." All tout the simplest explanations have, therefore, toeen avoided, and ANSWERS to
the Exercises are given. Any person may readily, by careful study, become master of theicontents, and thus lay the foundation for a further mathematical course, if desired. It is
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly
serviceable. The Examples and Exercises are taken from the Examination Papers set for
the Cadets of the "Worcester."
"
flrst-rate Elementary Algebra.
Clearly arranged, and well got up.
Nautical Magazine.
complete List of GRIFFIN'S NAimeAL SERIES, see p. 39.
.

.
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GRIFFIN'S NAUTICAL SERIES.
SECOND EDITION, Thoroughly Revised and Extended.

Handsome

In Crown 8vo.

Price 4s. 6d.

Cloth.

THE LEGAL DUTIES OF SHIPMASTERS.
BY

BENEDICT WM. GINSBURG,

M.A., LL.D. (CANTAB.),

Of the Inner Temple and Northern Circuit Barrister-at-Law.
General Contents. The Qualification for the Position of Shipmaster The Contract with the Shipowner The Master's Duty in respect of the Crew
Engagement
Apprentices Discipline Provisions, Accommodation, and Medical Comforts Payment
of Wages and Discharge The Master's Duty in respect of the Passengers The Master's
Financial Responsibilities The Master's Duty in respect of the Cargo The Master's
Duty in Case of Casualty The Master's Duty to certain Public Authorities The
Master's Duty in relation to Pilots, Signals, Flags, and Light Dues The Master's Duty
upon Arrival at the Port of Discharge Appendices relative to certain Legal Matters
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regulations, Life-saving Appliances, Carriage of Cattle at Sea, <fec., &c.
Copious Index.
" No
intelligent Master should fail to add this to his list of necessary books. A few lines
of it may SAVE A LAWYER'S FEE, BESIDES ENDLESS WORRY." Liverpool Journal of Commerce.
"
SENSIBLE, plainly written, in CLEAR and NON-TECHNICAL LANGUAGE, and will be found of
MCCH SERVICE by the Shipmaster." British Trade Review.
;

:

;

;

;

:

With Diagrams.

SECOND EDITION, Revised.

Price 2s.

Latitude and Longitude:
Mow to Find
BY W.
Late Secretary

"

_
J.

to the Inst.

MILLAR,

CONCISELY and CLEARLY WRITTEN

to those studying Navigation."
"
Young Seamen will find it

Engineer.

C.E.,

of Engineers and Shipbuilders in Scotland.
.

.

.

cannot but prove an acquisition

Marine Engineer.

HANDY and USEFUL, SIMPLE and CLEAR."

The

FIRST AID AT SEA.
THIRD EDITION, Revised.
tions,

With Coloured Plates and Numerous Illustraand comprising the latest Regulations Respecting the Carriage
of Medical Stores on Board Ship.
Price 6s.

A MEDICAL AND SURGICAL HELP
FOR SHIPMASTERS AND OFFICERS
IN THE MERCHANT NAVY.
BY WM. JOHNSON SMITH, F.R.O.S.,

Principal Medical Officer, Seamen's Hospital, Greenwich.
attention of all interested in our Merchant Navy is requested to this exceedingly
and valuable work. It is needless to say that it is the outcome of many years
PRACTICAL EXPERIENCE amongst Seamen.
"SOUND, JUDICIOUS, REALLY HELPFUL." The Lancet.
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useful
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GRIFFIN'S NAUTICAL SERIES.
NINTH EDITION. Revised, with Chapters on Trim, Buoyancy, and Calculations. Numerous Illustrations. Handsome Cloth, Crown 8vo. Price 7s. 6d.

KNOW
YOUR OWN
BY THOMAS
NAVAL
WALTON,

SHIP.
ARCHITECT.

Specially arranged to suit the requirements of Ships' Officers, Shipowners,
Superintendents, Draughtsmen, Engineers, and Others.
This work explains, in a simple manner, such important subjects as: Displacement.
Moments. Buo\ancy. Strain. Structure. StabDeadweight. Tonnage Freeboard.
Admission of Water. Sail
Rolling. Ball sting.
Loading.
Shifting Cargoes.
ility.
Area &c.
"The little book will be found EXCEEDINGLY HANDY by most officers cind officials connected
i

with shipping.

.

fitness for those for

.

.

Mr. Walton's work will obtain LASTING SUCCESS, because of
it has been writ en."'- Shipping World.

whom

its

unique

BY THE SAME AUTHOR.
Steel

Their

Ships:

and Maintenance.

Construction
(See page 38.)

SIXTEENTH EDITION,

Large 8vo, Cloth.
Thoroughly Revised.
With 280 Illustrations, reduced jrom
Working Drawings, and 8 Plates. 21s. net.

pp. i-xxiv + 708.

MANUAL OF
MARINE ENGINEERING:
THE
A

DESIGNING, CONSTRUCTION, AND
WORKING OF MARINE MACHINERY.
By A.E. SEATON, M.I.C.E., M.I.Meeh.E., M.I.N.A.

COMPRISING

PART I. Principles
GENERAL CONTENTS.
PART II. Principles of Steam Engineering.

of

Marine Propulsion.

PART

III.

Details of

Marine Engines Design and Calculations for Cylinders, Pistons, Valves,
PART IV. Propellers.
PART V. Boilers.
Expansion Valves, &c.
:

PART VI.

Miscellaneous.

"The Student, Draughtsman, and Engineer will find this work the MOST VALUABLE
HANDBOOK ot Reference on the Marine Engine now in existence." Marine Engineer.

NINTH EDITION, Thoroughly

Revised.

Pocket-Size, Leather.

8s. 6d.

A POCKET-BOOK OF

MARINE ENGINEERING RULES AND TABLES,
FOR THE USE OF

Marine Engineers, Naval Architects, Designers, Draughtsmen,
Superintendents and Others.
BY A. E. SEATON, M.I.O.E., M.I.Meeh.E., M.I.N.A.,
AND

H. M.

ROUNTHWAITE,

" The best book of
Engineer.

its

M.LMech.E., M.I.N.A.

kind, and the information

iONDON: CHARLES GRIFFIN &

is

CO,, LIMITED,

both up-to-date and reliable."

EXETER STREET, STRAND.

ENGINEERING AND MECHANICS.

WORKS BY
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PROF. ROBERT H. SMITH, Assoe.M.I.C.E.,

M.I.Mech.E., M.I.E1.E., M.LMin.E.,

WhiL

Sch., M.Ord.MeijL

THE CALCULUS FOR ENGINEERS

AND

PHYSICISTS,

Applied to Technical Problems.
WITH EXTENSIVE

CLASSIFIED REFERENCE LIST OF INTEGRALS.

ROBERT

By PROF.

H. SMITH.

ASSISTED BY

R.

F.

MUIRHEAD,

Formerly Clark Fellow

of

M.A.,

B.Sc.,

Glasgow University, and Lecturer on Mathematics

Mason

at

College.

In Crown 8vo, extra, with Diagrams and Folding -Plate.

8s.

6d.

"

PBOF. R. H. SMITH'S book will be serviceable in rendering a hard road AS BAST AS PEACTICnon-mathematical Student and Engineer "Athenceum.
"
Interesting diagrams, with practical illustrations of actual occurrence, are to be found here
in abundance.
THB VERY COMPLETE CLASSIFIED REFERENCE TABLE will prove very useful in
saving the time of those who want an integral in a hurry." The Engineer.

ABIE

for the

MEASUREMENT CONVERSIONS
and French)

(English
43

:

GRAPHIC TABLES OR DIAGRAMS, ON

Showing

at a glance the
in

MUTUAL CONVERSION

of

28

PLATES.

MEASUREMENTS

DIFFERENT UNITS

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities
of Work, Horse Powers, Temperatures, &c.
For the use of Engineers, Surveyors, Architects, nnct Contractors.

!n

4to,

Boards.

IB.

6d.

Prof. SMITH'S CONVERSION-TABLES form the most unique and comprehensive collection ever placed before the profession. By their use much
time and labour will be saved, and the chances of error in calculation
diminished. It is believed that henceforth no Engineer's Office will be

%*

considered complete without them.
Pocket

Leather Limp, with Gilt Edges and Rounded Corners, printed on Special
Thin Paper, with Illustrations, pp. i-xii -f- 834. Price 18s. net.

Size,

NEW

"

NYSTROM ")
THE MECHANICAL ENGINEER'S REFERENCE BOOK
(THE

A

Handbook

of Tables,

Formula and Methods for Engineers,

Students and Draughtsmen.
"

BY
We feel

HENRY HARRISON
sure

it

will be of great service to

LONDON: CHARLES GRIFFIN &

STJPLEE,

B.Sc.,

mechanical engineers."

CO., LIMITED,

M.E.

Engineering.

EXETER STREET, STRAND,

CHARLES GRIFFIN
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<k

Handsome

In Large 8vo.

SECOND EDITION.

PUBLICATIONS.

CO.'S

Cloth.

16s.

CHEMISTRY FOR ENGINEERS.
BERTRAM

A. G.

AND

BLOTJNT,

BLOXAM,

F.I.C., F.C.8.

F.I.C., F.C.8., A.I.C.E.

GENERAL CONTENTS. Introduction- Chemistry of the Chief Materials
of Construction Sources of Energy Chemistry of Steam-raising Chemistry of Lubrication and Lubricants Metallurgical Processes used in the
Winning and Manufacture of Metals.
"The authors have SUCCEEDED beyond all expectation, and have produced a work which
should give FRESH POWER to the Engineer and Manufacturer." The Times.
By

the same Authors,

"CHEMISTRY FOR MANUFACTURERS,"

see p. 71.

THE ELEMENTS OF CHEMICAL ENGINEERING.

By

With a Preface by Sir
GROSSMANN, M.A., Ph.D., F.I.C.
WILLIAM RAMSAY, K.C.B., F.E.S. In Handsome Cloth. With
J.

nearly 50 Illustrations.

AT PRESS.

In

Demy

3s. 6d. net.

[See page 70.

With Diagrams and Worked Problems.

Quarto.

2s. 6d. net.

PROPORTIONAL SET SQUARES
APPLIED TO GEOMETRICAL PROBLEMS.
BY

LIEUT. -CoL.

WORKS

THOMAS ENGLISH,

WALTER

BY

R.

Late Royal Engineers.

MA,

BROWNE,

M.lNST.C.E.

THE
STUDENT'S
MECHANICS:
An
Force and
Study
Introduction to the
With Diagrams. Crown

"

Gear

In style

recommended from

Motion.

Cloth, 43. 6d.
method, 'THE STUDENT'S MECHANICS'

and
all

of

8vo,

practical in
points of view."

is

cordially to be

Athen&um.

FOUNDATIONS OF MECHANICS.
Crown
Papers reprinted from the Engineer.

Demy

A

8vo, with

Numerous

In

8vo, is.

Illustrations, gs.

FUEL AND WATER:
Manual for Users of Steam and Water.
FRANZ SCHWACKHOFER OF VIENNA, AND
R. BROWNE, M.A., C.E.

BY PROF.

WALTER
GENERAL CONTENTS.

Heat and Combustion Fuel, Varieties of Firing Arrangements:
Feed- water HeatersChimney The Boiler, Choice of Varieties
Water Composition, Purification Prevention of Scale, &c., &c.
"The Section on Heat is one of the best and most lucid ever written." Engineer.

Furnace,

Flues,

Steam Pipes

:

tONOON: CHARLES GRIFFIN &

CO,, LIMITED,

EXETER STREET, STRAND.

HARLES GRIFFIN &
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CO. IS
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GOVERNMENT HANDBOOKS.

GRIFFIN'S LOCAL

WORKS SUITABLE FOR MUNICIPAL AND COUNTY ENGINEERS,
ANALYSTS, AND OTHERS.
See also Davies' Hygiene, p.

99,

and MacLeod's Calculations,

Gas Manufacture (The Chemistry

A

of).

p. 110

General Catalogue.

Handbook on the Pro-

duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Products. By W. J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. FOURTH
EDITION, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation.
[See page 77.

Water Supply A
:

Practical Treatise on the Selection of Sources and the
By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Mech.E.,
Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77.

Distribution of Water.
F.S.I.

With Numerous

Central Electrical Stations Their Design, Organisation, and Manage:

ment. ByC. H. WORDINGHAM, A.K.C., M.I.C.E. SECOND EDITION. 24s.net. [Seep.

By LEONARD ANDREWS,

Electricity Control.

48.

A. M.Inst.C.E., M.I.E.E.

12s. 6d. net.

[See page 48.

By HENRY

Electricity Meters.

G. SOLOMON, A.M.Inst.E.E.

net.

16s.

[See page 49.

Trades' Waste

Its Treatment and Utilisation, with Special Reference
:
to the Prevention of Rivers' Pollution.
By W. NAYLOR, F.C.S., A.M.Inst.C.E.
[See page 76.
Plates, Diagrams, and Illustrations. 21s. net.

With Numerous

Their Nature, Preparation, and Uses. With
:
some Remarks upon Cement Testing. By GILBERT REDGRAVE, Assoc.Inst.C.E.,
and CHAS. SPACKMAN, F.C.S. With Illustrations, Analytical Data, and Appendices

Calcareous Cements
on Costs, &c.

15s. net.

[See page 76.

Road Making and Maintenance A

Practical Treatise for Engineers,
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice.
By THOMAS AITKEN, Assoc.M.Inst.C.E., M. Assoc. Municipal and County Engrs.;
M. San. Inst. SECOND EDITION, Revised. Fully Illustrated.
[See page 79
I

Light Railways at

Home and Abroad. By WILLIAM HENRY COLE,

M.Inst.C.E., late Deputy Manager, North-Western Railway, India.
Large 8vo,
Handsome Cloth, Plates and illustrations. 16s.
[See page 30.

Practical Sanitation

I

A

Handbook

for Sanitary Inspectors

and others

interested in Sanitation. By GEO. REID, M.D., D.P.H., Medical Officer, Staffordshire
County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley,
M.A., M.B., D.P.H., Barrister-at-Law. THIRTEENTH EDITION, Thoroughly Revised.
6s.
[See page 78.

A

Practical Manual of Town Drainage and
Sewage and Refuse Disposal. By FRANCIS WOOD, A.M.Inst.C.E., F.G.S. SECOND
EDITION, Revised. Fully Illustrated. 8s. 6d. net.
[See page 78.

Sanitary Engineering:

A

Practical Handbook for Dairy Managers, Chemists,
and Analysts. By H. DROOP RICHMOND, F.I.C., Chemist to the Aylesbury Dairy
Company. With Tables, Illustrations, &c. Handsome Cloth, 16s.
[See page 73.

Dairy Chemistry:

Dairy Analysis
F.I.C.

Milk

:

:

The Laboratory Book

Fully Illustrated, Cloth.

Its

2s. 6d.

Production and Uses.

of.

By H. DROOP RICHMOND,

net.

[See page 73.

With Chapters on Dairy Farming,

The Diseases of Cattle, and on the Hygiene and Control of Supplies.
WILLOUQHBY, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net.

Flesh Foods: With Methods

By EDWARD

F.
[See page 73.

for their Chemical, Microscopical,

and

Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts,
and others. By C. AINSWORTH MITCHELL, B.A., F.I.C., Mem. Council Soc. of Public
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74.

Foods

Their

:

Composition

and Analysis.

By A. WYNTER BLYTH,

W

M.R.C.S., F.C.S., Public Analyst for the County of Devon, and M.
.BLYTH,
With Tables, Folding Plate, and Frontispiece. FIFTH EDITION,
B.A., B.Sc.
Thoroughly Revised. 21s.
[See page 72.
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GO.'S

PUBLICATIONS.

ELECTRICAL ENGINEERING.
In Large Svo. Handsome Cloth.
Revised.
Projusely
Illustrated with Plates, Diagrams, and Figures.
2$s. net.

SECOND EDITION,

CENTRAL ELECTRICAL STATIONS:
Their Design, Organisation, and Management.
BY CHAS. H.
Late

Memb.

WORDINGHAM,

A.K.C., M.lNST.C.E., M.INST.MECH.E.,

of Council InstE.E., and Electrical Engineer to the City of Manchester
Electrical Engineer-in-Chief to the Admiralty.

;

ABRIDGED CONTENTS.

Central Station Work as a Profession.
Introductory.
lishment of a Central Station
Systems of Supply. Site.

As an Investment.
Architecture.

Plant.

The EstabBoilers

Systems
Draught and Waste Heat Economy. Coal Handling, Weighing, and StoringThe Transmission of Steam.
Generators.
Switching Gear,
Condensing Appliances.
Insulation, Resistance, and Cost.
Instruments, and Connections. Distributing Mains.
Meters and
Service Mains and Feeders.
Testing Mains.
Distributing Networks
Appliances. Standardising and Testing Laboratory
Secondary Batteries. Street LightMains Department
Installation Department.
General Organisation
Cost.
ing.
The Consumer.
Clerical Department.
Drawing Office
Standardising Department.
Routine and Main Laying. INDEX.
" One of
VALUABLE CONTRIBUTIONS to Central Station literature we have had
the^MOST
some
of

time."

for

Electricity.

Handsome

In Large 8vo.

A

Cloth.

Profusely Illustrated.

I2s. 6d.

net.

ELECTRICITY CONTROL,
Treatise on Electric Switehgear and Systems of Electric Transmission.

BY

LEONARD ANDREWS,

of the Institution of Civil Engineers, Member of the Institution of
Electrical Engineers, &c
Circuit Breakers or
General Principles of Switchgear Design. Constructional Details.
Arc Interrupting Devices. Automatically Operated Circuit- Breakers. Alternating Reverse
Current Devices.
Arrangement of 'Bus Bars, and Apparatus for Parallel Running.
General
General Arrangement of Controlling Apparatus for High Tension Systems.
Arrangement of Controlling Apparatus for Low Tension Systems. Examples of Complete
Transmission
Installations.
Distance
Schemes.
Long
Associate

"Not

Member

.
often does the specialist dave presented to him so satisfactory a book as this.
it without hesitation to Central Station Engineers, and, in fact, to anyone
.

.

We recommend

interested in the subject."

Power.

EIGHTEENTH EDITION.

Leather, Pocket Size.

8s. 6d.

A POCKET-BOOK

RULES & TABLES
ELECTRICAL
FOR THE USE OF ELECTRICIANS AND ENGINEERS.
BY

JOHN MUNRO,

C.E.,

&

PROF.

JAMIESON,

M.lNST.C.E., F.R.S.B.

GENERAL CONTENTS.
Units of Measurement.
Dielectrics.
Submarine
Measures.
Conductors.
Testing.
Telegraphy. Electro-Chemistry. Electro-Metallurgy. Batteries. Dynamos and
Transformers. Electric Lighting. Miscellaneous. Logarithms. Appendices.

Cables.

Motors.

" WONDKRFULLY PERFECT.

give it."

.

.

.

Worthy

of the highest commendation

we can

Electrician.

LONDON: CHARLES GRIFFIN &

CO,,

LIMITED, EXETER STREET, STRAND,

ELECTRICAL ENGINEERING.
In Large 8vo.

Profusely Illustrated.

8s.

49=

6d. net.

WIRELESS TELEGRAPHY.
GUSTAVE EICHHORN,

BY

PH.D.

CONTENTS. Oscillations. Closed Oscillation Systems. Open Oscillation
Systems. Coupled Systems. The Coupling Compensating the Aerial Wire.
The Receiver. Comparative Measurement in the Sender. Theoretical Results
and Calculations in respect of Sender and Receiver. Closely -Coupled Sender
and Receiver. Loose-Coupled Sender and Receiver. Principal Formulae.
The Ondameter. Working a Wireless Telegraph Station. Modern Apparatus
and Methods of Working Conclusion. Bibliography. INDEX.
and combines with a good deal of description a careful
"Well written
.

.

.

investigation of the fundamental theoretical phenomena."

Nature.

Large 8vo, Handsome Cloth, with 334 Pages and 307 Illustrations.
16s. net.

ELECTRICITY METERS,
BY

HENRY

SOLOMON,

G.

A.M.Inst.E.E.

General Principles of Continuous - Current
Introductory.
Meters. Continuous-Current Quantity Meters. Continuous- Energy Motor
Meters. Different Types. Special Purposes, i.e., Battery Meters, Switchboard
Meters, Tramcar Meters. General Principles of Single- and Polyphase InducTariff
tion Meters.
Polyphase Meters.
Single -phase Induction Meters.
Some Mechanical
Tariff and Hour Meters.
Systems. Prepayment Meters
Features in Meter Design. Testing Meters. INDEX.
44
An earnest and successful attempt to deal comprehensively with modern methods of
current or power in electrical installations." Engineering.
measuring
^ Trustworthy information.
We can confidently recommend the book to every

CONTENTS.

.

electrical engineer."

.

.

Electricity.

SECOND EDITION,

Cloth, 8s. 6d.

Leather, for the Pocket, 8s. 6d.

GRIFFIN'S ELECTRICAL PRICE-BOOK

:

For

Electrical,

Civil,

Marine, and Borough Engineers, Local Authorities, Architects, Railway
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EXTREMELY USEFUL." Mining Journal.

LONDON: CHARLES GRIFFIN &

CO,, LIMITED,

EXETER STREET, STRAND,
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(70. 'S

PUBLICATIONS.

WORKS OH SINKING, EXPLOSIVES,
In

Medium

8vo,

Handsome

&c-

Cloth.
With 18 Figures in the Text,
Plates.
10s. 6d. net.

and 19 Folding

SHAFT-SINKING

IN DIFFICULT CASES.
BY

J.

RIEMER,

TRANSLATED FROM THE GERMAN
J.

W.

BROUGH,

A.M.INST.C.E.

CONTENTS. Shaft Sinking by Hand. Shaft Sinking by Boring. The
BIBLIOGRAPHY. INDEX.
Freezing Method. The Sinking Drum Process.

SECOND EDITION, Revised. In Large 8vo, with Numerous
and Folding Plates.
10s. 6d.

Illustrations

BLASTING:

AND THE USE OF EXPLOSIVES.
BY OSCAR GTJTTMANN,

M.lNST.G.E., F.I.C., F.C.S.

Historical Sketch.
CONTENTS.
Qualities and
Blasting Materials.
Handling of Explosives. The Choice of Blasting Materials. Preparation
of Blasts.
Chamber Mines. Charging of Boreholes. Determination of
Various
Results of Working.
Charge. Blasting in Boreholes. Firing.
Blasting Operations. INDEX.
Should prove a vade-mecum to Mining Engineers and
Iron and Coal Trades
Tr
Review.

all

engaged

in practical work.

In Medium 8vo, Cloth.
With many Illustrations in the Text.
Four Full Page Plates and Four Folding Tables. 6s. net.

NEW METHODS OF

TESTING EXPLOSIVES.
BY

0.

E.

BICHEL.

TRANSLATED FROM THE GERMAN AND EDITED

BY

AXEL LARSEN,

M.lNST.C.E.

Power
CONTENTS.
Historical.
Testing Stations.
Introductory.
Products of Combustion.
Rate of Detonation.
Gauges.
Length and
Duration of Flame. After-Flame Ratio. Transmission of Explosion.
Conclusions.

Efficiency.

"Its pages bristle with suggestions and actual experimental results to an extent
seldom found in a volume of five times its size." Arms and Explosives.

LONDON: CHARLES GRIFFIN &

CO,. LIMITED.

EXETER STREET. STRANIX
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SECOND EDITION, Revised Throughout. In Medium Svo. With
Numerous Plates, Maps, and Illustrations. 21s. net.

&

CYANIDING GOLD

A

SILVER ORES.

on the Cyanide Process
its Application,
Methods of Working, Design and Construction of
Plant, and Costs.

Practical Treatise

BY

;

FORBES JULIAN,

H.

Mining and Metallurgical Engineer Specialist in Gold Late Technical Adviser of the
Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine.
;

:

AND EDGAR SMART,
and

A.M.I.O.E.,

Civil
Metallurgical Engineer.
of 400 pages which will be a valuable book of reference for all
associated with the process." Mining Journal.
"The authors are to be congratulated upon the production of what should prove to be

"A

handsome volume

a standard work."

Page's Magazine.

In Large Crown Svo.

With 13 Plates and many Illustrations in the Text.

Handsome

Cloth.

7s.

Qd. net.

THE CYANIDE PROCESS OF GOLD EXTRACTION.
A Text-Booh for the Use of Metallurgists and Students at
Schools of Mines, &c.

BY

JAMES PARK,

F.G.S., M.lNST.M.M.,

Professor of Mining and Director of the Otago University School of Mines ; late Director
Thames School of Mines, and Geological Surveyor and Mining Geologist
to the Government of New Zealand.

FOURTH ENGLISH EDITION.
With

Thoroughly Revised and Greatly Enlarged.

additional details concerning the Siemens-Halske and other

recent processes.
1 '

Deserves to be ranked as amongst the BEST OP EXISTING TREATISES.

THIRD EDITION, Revised.

With Plates and

'

'Mining Journal.
Cloth, 3s. 6d.

Illustrations.

GETTI NG GOLD:

A GOLD-MINING HANDBOOK FOR PRACTICAL MEN.
BY J. 0. F. JOHNSON, F.G.S., A.I.M.B.,
Life Member
Australasian Mine-Managers' Association.

GENERAL CONTENTS. Introductory Prospecting (Alluvial and General)
Lode or Reef Prospecting Genesiplogy of Gold Auriferous Lodes DriftsGold Extraction Lixiviation Calcination Motor Power and its Transmission
Company Formation Mining Appliances and Methods Australasian
Mining Regulations.
:

' '

PRACTICAL from beginning to end
and Extraction of gold."
.

.

Sinking, Crushing,

In Crown

Svo.

A Handbook

deals thoroughly with the Prospecting,

Fancy Cloth Boards.

Illustrated.

GOLD SEEKING

.

Brit. Australasian.

IN

4s.

Qd.

SOUTH AFRICA;

of Hints for intending- Explorers, Prospectors.

and

BY

Settlers.

THEO KASSNER,
De Eaap
Map

Mine Manager, Author of the Geological Sketch

of the

Gold

Fields.

With a Chapter on the Agricultural Prospects of South
As

fascinating as anything ever penned by Jules Verne."

LONDON

:

CHARLES GRIFFIN &

CO,,

Africa.
African Commerce.

LIMITED, EXETER STREET,

STRAW

CHARLES GRIFFIN &
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Large 8vo.

Handsome

CO.'S

PUBLICATIONS.
With

Cloth.

Illustrations.

12s. 6d. net.

METALLURGICAL ANALYSIS & ASSAYING

:

A THREE YEARS' COURSE

FOR STUDENTS OF SCHOOLS OF MINES.
BY W. A. MACLEOD,

B.A., B.Sc., A.O.S.M. (N.Z.),

Formerly Assist.-Director, Thames School of Mines (N.Z.), and Lecturer in Chemistry, University
of Tasmania Director of Queensland Government School of Mines, Charters Towers
;

;

AND CHAS. WALKER,

F.C.S.,

1
in Chemistry
oustrator in Chemistry, Sydney University
Lecturer
Formerly Assist.-Demcmstrator
"
Mines
and Metallurgy, Charters Towers School of Mi
;

PART I.
PART II.

Qualitative Analysis and Preparation and Properties of Gases.
PART III. 'Assaying,
Qualitative and Quantitative Analysis.
Technical Analysis (Gas, Water, Fuels, Oils, &c.).
"The publication of this volume tends to prove that the teaching of metallurgical
analysis and assaying in Australia rests in competent hands." Nature.

In Crown 8vo, Beautifully Illustrated with nearly 100
7s. 6d. net.
Microphotographs of Steel, &c.

MICROSCOPIC ANALYSIS OF METALS.
BY FLORIS OSMOND &

J. E.

STEAD,

F.R.S., F.I.C.

MicroCONTENTS. Metallography considered as a method of Assay.
graphic Analysis of Carbon Steels. Preparation of Specimens. Polishing.
Constituents of Steel; Ferrite; Cementite; Pearlite; Sorbite; Martensite;
Hardenite ; Troostite Austenite. Identification of Constituents. Detailed
Examination of Carbon Steels. Conclusions, Theoretical and Practical.
Apparatus employed. APPENDIX.
;

"There has been no work previously published in English calculated to be so useful to
the student in metallographic research." Iron and Steel Trades' Journal.

THIRD EDITION.

A

BY

J.

With Folding

Plates and

Many Illustrations.

OF

36s.

PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS
FROM THEIR ORES.

ARTHUR PHILLIPS,
AND

H.

M.lNST.O.K, F.C.S., F.G.S.,
V.P.G.S.

<fcc.

BAUERMAN,

GENERAL CONTENTS.

Fuels, &c.
Refractory Materials.
Fire-Clays.
Arsenic.
Zinc.
Tin.
Copper.
Antimony.
Mercury.
Bismuth. Lead. Iron. Cobalt. Nickel Silver. Gold. Platinum.
" Of the THIRD
EDITION, we are still able to say that, as a Text-book of
Metallurgy, it is THE BEST with which we are acquainted." Engineer.
"
work which is equally valuable to the Student as a Text-book, and to the
The Illustrations
practical Smelter as a Standard Work of Reference.
are admirable examples of Wood Engraving." Chemical News.

Aluminium.

A

.
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SECOND EDITION,

Revised, Enlarged, and Re-set Throughout on Larger Page.
With Valuable Bibliography, New Maps, Illustrations, <kc. 45s. net.

X NT

YO

O

TTA<r

BY SIR

\J

JLt

M E S.

TISE ON

A TREA

BOVERTON REDWOOD,

D.Sc., F.R.S.E., Assoc-lNST.C.E., F.I.C.
I. Historical Account of the Petroleum Industry.

CONTENTS.

SECTION

SECTION II.
SECTION III.:
Natural Gas. SECTION IV. :
The Production of Petroleum,
Natural Gas, and Ozokerite. SECTION VI.: The Refining of Petroleum. SECTION VII.:
The Shale Oil and Allied Industries. SECTION VIII. The Transport, Storage, and Distribution of Petroleum. SECTION IX. The Testing of Crude Petroleum, Petroleum and
Shale Oil Products, Ozokerite, and Asphalt. SECTION X. The Uses of Petroleum and
its Products.
SECTION XI. Statutory, Municipal, and other Regulations relating to
the Testing, Storage, Transport, and Use of Petroleum and its Products. APPENDICES.
BIBLIOGRAPHY. INDEX.
"It is indisputably the most comprehensive and complete treatise on petroleum, and this
statement is true, no matter on what branch of the industry a test of its merits is made. Jfc4s
the only book in existence which gives the oil man a clear and reliable outline of theerowdfahd
There is a wonderftrn'compTete
present-day condition of the entire petroleum world.
collection of plates and illustrations.
Petroleum World.
:

:

and Natural Gas.

:

:

:

:

.

.

.

fi

SECOND EDITION,

With Illustrations.

Revised.

HANDBOOK ON
FOR

A

Price

Ss. Qd. net.

PETROLEUM.

INSPECTORS UNDER THE PETROLEUM ACTS,

And for those engaged in the Storage, Transport, Distribution, and Industrial
Use of Petroleum and its Products, and of Calcium Carbide. With
suggestions on the Construction and Use of Mineral Oil Lamps.

BY CAPTAIN

J.

H.

THOMSON,

H.M. Chief Inspector of Explosives,

AND SIR BOVERTON REDWOOD,
Author of "A

Treatise on Petroleum."
volume that will enrich the world's petroleum literature, and render a service to the
British branch of the indu&try.
Reliable, indispensable, a brilliant contribution."

"A

.

.

.

Petroleum.

In Crown 8vo.

Fully Illustrated.

2s.

6d. net.

THE LABORATORY BOOK OF MINERAL
BY

A.

J.

i

OIL TESTING.

HICKS,

Sir Boverton Redwood
Should be on the shelves of every analytical chemist in practice. "Chemical Trade Journal.

Chemist to

In Large Crown 8vo, Cloth.

ITS

O X JU FUEL:
SUPPLY, COMPOSITION, AND APPLICATION.
Fully Illustrated

5s. net.

BY SIDNEY H. NORTH,

LATE EDITOR OF THE "PETROLEUM REVIEW."
CONTENTS. The Sources of Supply. Economic Aspect of Liquid Fuel. Chemical
of
Fuel
Oils.
Conditions of Combustion in Oil Fuel Furnaces. Early
Composition
Methods and Experiments. Modern Burners and Methods. Oil Fuel for Marine Purposes. For Naval Purposes. On Locomotives. For Metallurgical and other Purposes.
INDEX.
Appendices.
"
Everyone interested in this important question will welcome Mr. North's excellent
text-book."

Nature.

THE PETROLEUM LAMP:

Its Choice and Use. A Guide
Employment of the Paraffin Lamp. By CAPT. J. H.
THOMSON and Sir BOVERTON REDWOOD. Illustrated, ls.net.

to the Safe

"A work which

will

meet every purpose

LONDON: CHARLES GRIFFIN &

for

CO.,

which

it

has been written."-Pe<roZewwi.
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OO.'S

PUBLICATIONS.

STANDARD WORKS OF REFERENCE
FOR
Metallurgists, Mine-Owners, Assayers, Manufacturers,
and all interested in the development of

the Metallurgical Industries.
EDITED BY

Sir

W. ROBERTS-AUSTEN,
In Large

&ve>,

INTRODUCTION
By

the EDITOR.

Handsome

Cloth.

K.C.B., D.C.L., F.R.S.
With

Illustrations.

to the STUDY of METALLURGY.
FIFTH EDITION. i8s. (Seep. 63.)

GOLD

(The Metallurgy of).
By THOS. KIRKE ROSE,
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal
Mint. FIFTH EDITION. 2is.
(Seep. 63.)

LEAD AND SILVER

(The Metallurgy

COLLINS, Assoc.R.S.M.,
II., Silver, i6s.

IRON

M.Inst.M.M.

of).
By H. F.
Lead, i6s; Part

I.,

(See p. 64.)

(The Metallurgy

By

of)-

THIRD EDITION,

F.I.C., F.C.S.

STEEL

Part

T.

Revised.

TURNER, A.R.S.M.,
(See p. 65.)

F. W. HARBORD,
Assoc.R.S.M., F.I.C., with a Section on Mechanical Treatment by
THIRD EDITION. 255. net. (See
J. W. HALL, A.M.Inst.C.E.

(The

Metallurgy

of).

By

P. 65.)

Will be Published at Short Intervals.

METALLURGICAL MACHINERY

the Application of
:
Engineering to Metallurgical Problems. By HENRY CHARLES JENKINS,
Wh.Sc., Assoc.R.S.M., Assoc. M.Inst.C.E., of the Royal College of
Science.
(See p. 64).

COPPER

(The Metallurgy

of).

By THOS.

C.

CLOUD, Assoc.

R.S.M.

ALLOYS.

By EDWARD T. LAW, Assoc.R.S.M.

%*
LONDON

:

Other Volumes

CHARLES GRIFFIN &

CO.,

in Preparation.

LIMITED, EXETER STREET, STRAND.

METALLURGICAL WORKS.
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GBIFFIN'S METALLURGICAL SERIES.
FIFTH EDITION, thoroughly Revised and

Large

considerably Enlarged.
8vo, with numerous Illustrations and Micro-Photographic
Plates of different varieties of Steel.
i8s.

An

Introduction to the Study of

BY
Sir

W. ROBERTS-AUSTEN,

K.C.B., D.C.L., F.R.S., A.R.S.M.,

Late Chemist and Assayer of the Royal Mint, and Professor
in the Royal College of Science.

of

Metallurgy

GENERAL CONTENTS. The Relation of Metallurgy to Chemistry. Physical Properties
Fuel and Thermal Measurements.
Alloys. The Thermal Treatment of Metals.
Materials and Products of Metallurgical Processes. Furnaces. Means of Supplying Air
to Furnaces.
Thermo- Chemistry. Typical Metallurgical Processes. The Micro-Structure
of Metals and Alloys. Economic Considerations.
of Metals.

" No
English text-book at all approaches this in the COMPLETENESS with
which the most modern views on the subject are dealt with. Professor Austen's
volume will be INVALUABLE, not only to the student, but also to those whose
knowledge of the art is far advanced. "Chemical News.

FIFTH EDITION, Revised, Considerably Enlarged, and in part Re-written.
With Frontispiece and numerous Illustrations. 21s.

THE METALLURGY OF GOLD.
BY
T.

KIRKE ROSE,

D.Sc.Lond., Assoc.R.S.M.

;

Chemist and Assayer of the Royal Mint.

GENERAL CONTENTS. The Properties of Gold and its Alloys. Chemistry of the
Compounds of Gold. Mode of Occurrence and Distribution of Gold. Shallow Placer
Deposits. Deep Placer Deposits. Quartz Crushing in the Stamp Battery. Amalgamation in the Stamp Battery. Other Forms of Crushing and Amalgamating Machinery.
Concentration in Gold Mills. Dry Crushing. Re-grinding. Roasting. Chlorination:
The Plattner Process, The Barrel Process, The Vat-Solution Process. The Cyanide
Chemistry of the Cyanide Process. Refining and Parting of Gold Bullion.

Process.

Assay of Gold Ores.
INDEX.

Assay of Gold Bullion.

Statistics of

Gold Production.

Biblio-

graphy.
"

A OOMPKKHENSIVB PRACTICAL TREATISE on this important subject." The Times.
'The MOST COMPLETE description of the CHLORINATION PROCESS which has yet been pubMining Journal.
"Adapted for all who are interested in the Gold Mining Industry, being free from tech-

lished."

nicalities as far as possible,

industry.'

but

is

more

particularly of value to those

CO.,

LIMITED, EXETER STREET, STRAND,

engaged

in

Cope Times.
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CO.'S

PUBLICATIONS.

GRIFFIN'S METALLURGICAL SERIES.
W. ROBERTS-AUSTEN,

EDITED BY SIR

In Large 8vo.

In

Handsome

Two Volumes, Each Complete

K.C.B., F.R.S., D.C.L.
With Illustrations.

Cloth.

in Itself

and Sold Separately.

THE METALLURGY OF LEAD AND SILVER,
BY H.

F.

COLLINS, AssoaR.S.M., M.lNST.M.M.

LEAD:

I.
A

Complete and Exhaustive Treatise on the Manufacture of Lead,
with Sections on Smelting and Desilverisation, and Chapters on the
Assay and Analysis of the Materials involved. Price i6s.
SUMMARY OP CONTENTS. Sampling and Assaying Lead and Silver. Properties and
Compounds of Lead. Lead Ores. Lead Smelting. Reverberatories. Lead Smelting in
Hearths. The Boasting of Lead Ores. Blast Furnace Smelting; Principles, Practice,

and Examples; Products. Flue Dust, its Composition, Collection and TreatmentCosts and Losses, Purchase of Ores. Treatment of Zinc, Lead Sulphides, Desilverisation,
Softening and Refining. The Pattinson Process. The Parkes Process. Cupellation and
Refining, &c., <fec.
"A THOROUGHLY SOUND and useful digest. May with EVERY CONFIDENCE be

recommended."

Mining Journal.

Pax>t

II.

SI LYE R.

Comprising Details regarding the Sources and Treatment of Silver
Ores, together with Descriptions of Plant, Machinery, and Processes of
Manufacture, Refining of Bullion, Cost of Working, &c. Price 16s.

SUMMARY OF CONTENTS. Properties of Silver and its Principal Compounds. Silver
Ores. The Patio Process. The Kazo, Fondon, Krohnke, and Tina Processes. The Pan
Process. Roast Amalgamation. Treatment of Tailings and Concentration. Retorting,
Chloridising-Roasting. The Augustin, Claudet, and Ziervogel
The Hypo-Sulphite Leaching Process. Refining. Matte Smelting. Pyritic
Matte Smelting in Reverberatories. Silver-Copper Smelting and Refining.

Melting, and Assaying
Processes.

Smelting.

INDEX.
" The author has focussed A LARGE AMOUNT OF VALUABLE INFORMATION into a
The author has evidently considerable practical experience,
convenient form.
and describes the various processes clearly and well.
Mining Journal.
.

.

.

'

METALLURGICAL" MACHINERY

:

The Application of Engineering to Metallurgical Problems.

BY

HENRY CHARLES JENKINS,
Assoc.M.Inst.C.E.
Wh.Sc., Assoc.R.S.M.,

LONDON: CHARLES GRIFFIN &

CO.,

LIMITED, EXETER STREET, STRAND,
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GRIFFIN'S METALLURGICAL SERIES.
THIRD EDITION, Revised. With Numerous
Handsome Cloth. 25s.

Large 8vo.

Illustrations.
net.

With Additional Chapter on The Electric Smelting of

Steel.

THE METALLURGY OF STEEL.
BY

F.

W.

HARBORD,

Assoc.R.S.M.,

F.I.C.,

Consulting Metallurgist and Analytical Chemist to the Indian Government,
Royal Indian Engineering College, Coopers Hill.

With 37

Plates, 280 Illustrations in the Text, and nearly 100 MicroSections of Steel, and a Section on

THE MECHANICAL TREATMENT OF STEEL.
BY J. W. HALL, A.M.lNST.C.E.
ABRIDGED CONTENTS. The Plant, Machinery, Methods and Chemistry of the Bessemer
and of the Open Hearth Processes (Acid and Basic). The Mechanical Treatment of Steel
The Influence of Metalloids, Heat
comprising Mill Practice, Plant and Machinery.
Treatment, Special Steels, Microstructure, Testing, and Specifications.
"A
work which we venture to commend as an invaluable compendium of information upon
the metallurgy of steel." Iron and Coal Trades' Review.
The Engineer says, at the conclusion of a review of this book
"We cannot conclude without
earnestly recommending all who may be interested as makers or users of steel," which practically
means the whole of the engineering profession, to make themselves acquainted with it as speedily
as possible, and this may be the more easily done as the published price, considering the size
of the book, is extremely moderate."
:

THIRD EDITION, Revised.

SHORTLY.

THE METALLURGY OF IRON.
BY THOMAS TURNER..

Assoc.R.S.M.,

F.I.C.,

Professor of Metallurgy in the University of Birmingham.

IN LARGE

8vo,

HANDSOME CLOTH, WITH NUMEROUS ILLUSTRATIONS
(MANY FROM PHOTOGRAPHS).

General Contents. Early History of Iron. Modern History of Iron. The Age of Steel.
Chief Iron Ores. Preparation of Iron Ores. The Blast Furnace. The Air used in the
Blast Furnace. Eeactions of the Blast Furnace. The Fuel used in the Blast Furnace.
Slags and Fuxes of Iron Smelting. Properties of Cast Iron. Foundry Practice. Wrought
Iron.
Indirect Production of Wrought Iron. The Puddling Process. Further Treatment
of Wrought Iron.
Corrosion of Iron and Steel.

"

A MOST VALUABLE SUMMARY

of knowledge relating to every method and
stage
manufacture of cast and wrought iron .
rich in chemical details. .
EXHAUSTIVE, and THOROUGHLY UP-TO-DATE." Bulletin of the American Iron
in the

.

and Steel
" This

.

.

.

Association.

A DELIGHTFUL BOOK,

giving, as

it doe?, reliable information on a
subject
Colliery Guardian.
THOROUGHLY USEFUL BOOK, which brings the subject UP TO DATE. OP
GREAT VALUE to those engaged in the iron industry." Mining Journal.
is

"
becoming every day more elaborate.

"A

*** For Professor Turner's Lectures on Iron- Founding, see page 68.

LONDON: CHARLES GRIFFIN &

CO., LIMITED,
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TENTH EDITION.

CO.'S

With Tables and

PUBLICATIONS.
Crown

Illustrations.

8vo.

Cloth, IDS. 6d.

A TEXT-BOOK OF ASSAYING:
For the use of Students, Mine Managers, Assayers, &c.

BY

J.

Public Analyst

BERINGER,

J.

for,

and Lecturer

AND

to the

F.I.C., F.C.S.,

Mining Association

BERINGER,

C.

of,

Cornwall.

F.C.S.,

Late Chief Assayer to the Rio Tinto Copper Company, London,

GENERAL CONTENTS.

PART

INTRODUCTORY

I.

;

MANIPULATION

:

Sampling

;

Laboratory-books and Reports. METHODS : Dry GraviGravimetric Volumetric Assays: Titrometric, Colorimetric, Gasometric
metric;
Weighing and Measuring Reagents Formulae, Equations, &c. Specific Gravity.
PART II. METALS: Detection and Assay of Silver, Gold, Platinum, Mercury, Copper,
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten,
Titanium, Manganese, Chromium, &c. Earths, Alkalies.
PART III. NON-METALS : Oxygen and Oxides The Halogens Sulphur and SulphatesArsenic, Phosphorus, Nitrogen Silicon, Carbon, Boron Useful Tables.

Drying

Calculation of Results

;

Wet

;

"A REALLY

MERITORIOUS WORK, that may be
Nature.
one of the BEST of

safely

depended upon

either for systematic

instruction or for reference."

"This work

is

FOURTH EDITION,

its

Revised.

kind."

Engineer.

Handsome

Illustrations.

A

With Numerous

Cloth.

6s.

TEXT-BOOK OP

ELEMENTARY METALLURGY.
Including the Author's PRACTICAL LABORATORY COURSE.

BY

A.

HTJMBOLDT SEXTON,
West

Professor of Metallurgy in the Glasgow and

ot

F.I.C.,

F.O.S.,

Scotland Technical College.

GENERAL CONTENTS.

Combustion.
Introduction.
Properties of the Metals.
Furnaces.
Occurrence of the Metals in Nature.
Refractory Materials.
Iron.
of
the
Ore
for
the
Processes.
Steel.
Smelter.
Preparation
Metallurgical
Silver.
Gold.
Lead. Zinc and Tin.
Alloys.
Copper.
Mercury.
Applications
of ELECTRICITY to Metallurgy.
LABORATORY COURSE.
" Just the kind of work for Students COMMENCING the
study of Metal,
"
Practical Engineer.
lurgy, or for ENGINEERING Students.
"
"EXCELLENTLY got-up and WELL- ARRANGED.
Chemical Trade Journal.
Fuels.

In Large 8vo.

Handsome

Cloth.

Price

4s.

TABLES FOR

QUANTITATIVE METALLURGICAL ANALYSIS.
FOR LABORATORY USE.
ON THE PRINCIPLE OF "GROUP" SEPARATIONS.

BY

J.

JAMES MORGAN,

F.O.S.,

M.S.C.I.

"The Author may be CONGRATULATED on the way his work has been carried out."
The Engineer,
" Will COMMEND ITSELF
highly in Laboratory Practice. Its CLEARNESS and PRECISION
mark the book out as a highly useful one." Mining Journal.

LONDON: CHARLES GRIFFIN &

CO,,

LIMITED, EXETER STREET, STRAND,

ELEGTRO-METALLURGY,

ETG.

67

SECOND EDITION, Revised, Enlarged, and in part Re-written,
With Additional Sections on MODERN THEORIES OF ELECTROLYSIS
Price 10s. 6d.

COSTS, &c.

A TREATISE ON

ELECTRO-METALLURGY:
Embracing the Application of Electrolysis to the Plating, Depositing,
Smelting, and Refining of various Metals, and to the Reproduction of Printing Surfaces and Art- Work, &c.

WALTER
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employed in its Manufacture. Peat Charcoal and its Manufacture. Cost of making Peat Fuel and
Charcoal. Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &c.
BIBLIOGRAPHY.

INDEX.

In Crown 8vo.

Handsome

Cloth.

With

30 Illustrations.

6s.

net.

THE CLAYWORKER'S HANDBOOK.
An

Epitome of the Materials and Methods employed in Brickmaking and Pottery.
BY THE AUTHOR OP " THE CHEMISTRY OF CLAY WORKING," &C.
GENERAL CONTENTS. Materials used in Clayworking Clays, Engobes, Glazes. Colours,
Water, Fuel, Oils, and Lubricants. The Preparation of the Clay, Mining and Quarrying,
Weathering, Washing, Grinding. Tempering, and Pugging. Machinery Boilers, Engines, General
Machinery, Sieves, Mixing Machinery, Presses, &c. Dryers and Drying. Engobing and Glazing.
Setting or Charging, Transport. Kilns. Firing. Discharging, Sorting, and Packing. Defects
and Waste. Tests, Analysis and Control. BIBLIOGRAPHY. TABLES.- INDEX.
"We can thoroughly recommend this handy little book to all our readers." Brick and
;

;

Pottery Trades' Journal.

IOMDON

:

CHARLES GRIFFIN &

CO,, LIMITED,

EXETER STREET, STRAMD,

GHARLES GRIFFIN &
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CO.'S

PUBLICATIONS.

SECOND EDITION, REVISED AND ENLARGED.

With

Tables, Illustrations in the Text, and 37 Lithographic Plates.
8vo.
Handsome Cloth. 303.

Medium

SEWAGE DISPOSAL WORKS:
A Guide to the Construction of Works for the Prevention of the
Pollution by Sewage of Rivers and Estuaries.

BY W.

SANTO CRIMP, M.lNST.C.K,
London

F.G.S.,

Late Assistant-Engineer,

County Council.
Probably the MOST COMPLETE AND BEST TREATISE on the subject which has appeared
our language." Edinburgh Medical Journal.
"

in

with Numerous Plates, Diagrams, and
21s. net.
Figures in the Text.

Beautifully Illustrated,

TRADES'ANDWASTE:
TREATMENT

ITS

A Handbook for Borough

BY W.

UTILISATION.

Engineers, Surveyors, Architects, and Analysts.

NAYLOR,

F.O.S.,

A.M.IxsT.C.E.,

Chief Inspector of Rivers, Ribble Joint Committee.

CONTENTS. I. Introduction. II. Chemical Engineering. III. Wool De-greasing
and Grease Recovery. IV. Textile Industries; Calico Bleaching and Dyeing. V. Dyeing
and Calico-Printing. VI. Tanning and Fellmongery. VII. Brewery and Distillery
Waste. VIII. Paper Mill Refuse. IX. General Trades' Waste. INDEX.
"There is probably no person in England to-day better fitted to deal rationally with
such a subject." British Sanitarian.

In Handsome Cloth.

SIVIOME:

With

59 Illustrations.

6s.

net.

ABATEMENT.

A Manual for the Use of Manufacturers, Inspectors, Medical
Health, Engineers, and Others.

BY

Officers

of

WILLIAM NICHOLSON,
Smoke

Inspector to the Sheffield Corporation.
General Legislation against the Smoke Nuisance.
CONTENTS. Introduction.
Local Legislation. Foreign Laws, Smoke Abatement. Smoke from Boilers, Furnaces,
and Kilns.
Private Dwelling-House Smoke.
Chimneys and their Construction.
Smoke Preventers and Fuel Savers. Waste Gases from Metallurgical Furnaces.
Summary and Conclusions. INDEX.
We welcome such an adequate statement on an important subject." British
Medical Journal.
Chief

SECOND EDITION.

In

Medium

8vo.

Thoroughly Revised and Re-Written.

155. net,

CEMENTS:
/CALCAREOUS
NATURE, PREPARATION, AND
"Wit**

USES.

THEIR

some

Rem.tx*lcs upon.

BY GILBERT R.

REDGRAVE,

Assistant Secretary for Technology,
*'

Cement
Assoc.

Testing.

INST.

C.E.,

Board of Education, South Kensington,

AND CHARLES SPACKMAN,

F.C.S.

We can thoroughly recommend it as a first-class investment." P radical Engineer.
LONDON: CHARLES GRIFFIN & CO U LIMITED, EXETER STREET, STRAND.

GHEMISTRY AND TECHNOLOGY.
With Four Folding

Plates and

Numerous

TER
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Illustrations.

Large 8vo.

Ss. 6d. net.

SU:E>!
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A Practical Treatise on the Selection of Sources and the Distribution of Water.
BY
E. MIDDLETON, M.lNST.C.E., M.INST.MEOH.E., F.S.I.
ABRIDGED CONTENTS. Introductory. Requirements as to Quality. Requirements

REGINALD

as
of

to

Storage Reservoirs.

Quantity.

Purification.

Service

Reservoirs.

The Flow

Water through Pipes. - Distributing Systems.
Pumping Machines.
Special
Requirements.
"As a companion for the student, and a constant reference for the technical man, we
anticipate it will take an important position on the bookshelf." Practical Engineer.

_^___==___

In Large Crown 8vo.

VOLUIYIE

I.

II.

,,

_

:

Fully Illustrated.

In

Two Volumes.

FOURTH EDITION. Price 7s. 6d. net.
THIRD EDITION. READY SHORTLY.

THE CHEMISTRY OF

MANUFACTURE

GILS

:

A Hand-Booh on the Production, Purification, and Testing of Illuminating
Gas, and the Assay of the Bye-Products of Gas Manufacture.

BY W.

ATKINSON BUTTERFIELD,

J.
M.A., F.I.C., F.O.S.,
Formerly Head Chemist, Gas Works, Beckton, London, E.
" The BEST
WORK of its kind which we have ever had the pleasure of reviewing." Journal of Gas Lighting.

With Diagrams and

ACETYLENE:
GENERATION AND

THE PRINCIPLES OP
BY
Member

AND W.

Illustrations.

net.

ITS

H. LEEDS,

F.

5s.

of the Society of Public Analysts

USE.

F.I.O., F.C.S.,
and of the Acetylene Association;

ATKINSON BUTTERFIELD,

J.
M.A., F.I.C., F.C.S.,
Consulting Chemist, Author of "The Chemistry of Gas Manufacture."
"Brimful of information." Chein. Trade Journal.
"We can thoroughly recommend the book to the manufacturer as a reliable work
of reference, to the user as supplying valuable hints on apparatus and methods of
procedure, and to the student as a safe and certain guide." Acetylene.

Large 8vo.

Handsome

Cloth.

Price 16s. net.

FIRE AND EXPLOSION RISKS:
A Handbook of the Detection, Investigation, and Prevention of Fires and Explosions.

BY

DR.

VON SCHWAKTZ.

Translated from the Revised

BY

C.

T.

C.

German Edition

SALTER.

ABBRIDQED GENERAL CONTENTS. Fires and Explosions of a General Character
Dangers arising from Sources of Light and Heat. Dangerous Gases. Risks Attending
Materials Employed.
Special Industries.
Agricultural Products.
Fats, Oils, and
Resins. Mineral Oils and Tar. Alcohol, &c. Metals, Oxides, Acids, &c. Lightning
Ignition Appliances, Fireworks.
"The work affords a wealth of information on the chemistry of fire and kindred
topics." Fire and Water.
"A complete and useful survey of a subject of wide interest and vital importance."
Oil and Colourmaris Journal.

LONDON: CHARLES GRIFFIN &

CO.,

LIMITED, EXETER STREET, STRAND,

CHARLES GRIFFIN
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PUBLICATIONS.

THIRTEENTH EDITION, Thoroughly

Revised.
The Appendix on Sanitary
Price 6s.
Entirely Re-Written for this Edition.

Law being

PRACTICAL SANITATION:
HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS

A

INTERESTED IN SANITATION.

GEORGE

By

Mem.

Fellow,

Council,

and Medical

REID,

M.D.,

and Examiner, Sanitary
Officer to the Staffordshire

an BppenMi* on Sanitary law*

Taaitb

HERBERT MANLEY,

By

D.P.H.,

Institute of Great Britain,
County Council.

M.A.,

D.P.H.,

M.B.,

Burrister-ai-Law.

GENERAL CONTENTS.

Water Supply: Drinking Water, Pollution of
Details of Drainage
Principles of Sewage Removal.

Introduction.

Water. Ventilation and Warming.
;
Refuse Removal and Disposal. Sanitary and Insanitary Work and Appliances. Details of
Plumbers' Work. House Construction. Infection and Disinfection. Food, Inspection of ;
Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food. Appendix:

Law; Model Bye-Laws, &c.
A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY
to HOUSEHOLDERS and ALL interested in Sanitary Matters." Sanitary Record.

Sanitary
"

INSPECTORS, but

In

Handsome

With

Cloth.

53 Illustrations.

6d. net.

35.

LESSONS
ON SANITATION.
BY
Mem.

WM. HARRISON,
JOHN
Mun. and

Incor. Assoc.

County Engineers

;

M.R.SAN.L,

Surveyor, Wombwell, Yorks.

CONTENTS. Water Supply. Ventilation. Drainage. Sanitary Building Construction.
Food Inspection. Duties of an Inspector of Nuisances and Common
Lodging-Houses. Infectious Diseases Acts. Factory and Workshop Acts. Housing of
the Working-Classes Act. Shop Hours Acts. Sale of Food and Drugs Acts. The Margarine Acts. Sale of Horseflesh, &c., Rivers Pollution. Canal Boats Act. Diseases of
Animals. Dairies, Cowsheds and Milkshops Order. Model Bye-Laws. Miscellaneous.
INDEX.
"Accurate, reliable, and compiled with conciseness and care." Sanitary Record.
Infectious Diseases.

SECOND EDITION,

Revised.

In

Crown

8vo.

Handsome

Cloth.

Profusely

8s. 6d. net.

Illustrated.

SANITARY ENGINEERING:
A Practical Manual of Town Drainage and Sewage and Refuse Disposal.
For Sanitary Authorities, Engineers, Inspectors, Architects,
Contractors, and Students.

BY

FRANCIS WOOD,

Borough Engineer and Surveyor, Fulham

A.M.lNsi.CE., F.G.S.,
;

late

Borough Engineer, Bacup, Lanes.

GENERAL CONTENTS.
Introduction.
Hydraulics. Velocity of Water in Pipes. Earth Pressures and Retaining
Walls. Powers. House Drainage. Land Drainage.
Sewers. Separate System. Sewage
Pumping. Sewer Ventilation. Drainage Areas. Sewers, Manholes, &c. Trade Refuse.
Bacterial Treatment.
Sewage Disposal Works.
Construction and
Sludge Disposal.
Cleansing of Sewers. Refuse Disposal. Chimneys and Foundations.
" The
volume bristles with information which will be greedily read by those in need of assistance. The
book is one that ought to be ou the bookshelves of EVERY PRACTICAL ENGINEER.' Sanitary Journal.
A VERITABLE POCKET COMPENDIUM of Sanitary Engineering-.
A work which may, in
1

many
.

.

be considered as

respects,
.

SUGGESTIVE."

LONDON

:

COMPLETE

...

.

.

.

COMMENDABLY CAUTIOUS

.

.

.

INTERESTING

Public Health Engineer.

CHARLES GRIFFIN &

CO.,

LIMITED, EXETER STREET, STRAND.
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Now
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READY. IN HALF MOROCCO, 24s. NET.

In Two Volumes, each complete in

itself.

PHYSICO-CHEMICAL TABLES
FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL
MANUFACTURERS AND SCIENTIFIC CHEMISTS.
Volume
Volume

I.

II.

Chemical Engineering, Physical Chemistry.
Chemical Physics, Pure and Analytical Chemistry.
[Shortly.

BY

JOHN CASTELL-EVANS,

F.C.S.,

F.I.C.,

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College.

The Tables may almost claim to be exhaustive; and embody and collate all the most
recent data established by experimentalists at home and abroad.
The volumes will be
all engaged in research and experimental investigation in Chemistry and
Physics.

found invaluable to

The Work comprehends as far as possible ALL RULES AND TABLES required by the
and also the prinAnalyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c., &c.
cipal data in THERMOCHEMISTRY, ELECTRO-CHEMISTRY, and the various branches of
been
to
CHEMICAL PHYSICS. Every possible care has
taken
ensure perfect accuracy, and
to include the results of the most recent investigations.
;

SECOND EDITION.
Illustrated.

In Large

8vo.

Handsome

Cloth.

Beautifully

With Plates and Figures in the Text.

Road Making and Maintenance

:

A PRACTICAL TREATISE FOR ENGINEERS,
SURVEYORS, AND OTHERS.

WITH AN HISTORICAL SKETCH

or ANCIENT AND

BY THOS. AITKEN,
Member

MODERN

PRACTICE.

Assoc.M.lNST.O.E.,

of the Association of Municipal and County Engineers ; Member of the Sanitary
Inst. ; Surveyor to the County Council of Fife, Cupar Division.

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS.

CONTENTS.
Roads.

Resistance of Traction. Laying out
Road
Earthworks, Drainage, and Retaining Walls.
Materials, or Metal.
Quarrying. Stone Breaking and Haulage. Roadand
the Maintenance
Rolling and Scarifying. The Construction of New,
of existing Roads.
Carriage Ways and Foot Ways.
Historical Sketch.

New

...

" The
A COMPREHENSIVE and EXCELLENT Modern Book, an
Literary style is EXCELLENT.
Should be on the reference shelf of every Municipal and County
UP-TO-BATE work.
Engineer or Surveyor in the United Kingdom, and of every Colonial Engineer." The Surveyor.
.

.

.

IONDON: CHARLES GRIFFIN &

CO., LIMITED,
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FOURTH EDITION,

CO.'S

PUBLICATIONS.
With

Revised and Enlarged.

125. 6d.

Illustrations.

Painters'

Colours, Oils, & Varnishes:
A PRACTICAL MANUAL.
BY GEORGE H. HURST, F.C.S.,
Member
of the Society of Chemical Industry ; Lecturer on the Technology of Painters'
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester.

Introductory THE COMPOSITION, MANUFACTURE,
ASSAY, and ANALYSIS of PIGMENTS, White, Red, Yellow and Orange, Green,
LAKES Colour and Paint Machinery Paint Vehicles
Blue, Brown, and Black

GENERAL CONTENTS.

Turpentine, &c., &c.) Driers
THOROUGHLY PRACTICAL book,

(Oils,

"

A

treats of the

manufacture of

%* FOR
In

oils,

Mr. HURST'S

Crown

colours,

VARNISHES.
.

.

the

ONLY English work

GARMENT DYEING
Handsome

8vo.

.

that satisfactorily

Chemical Trades' Journal.
AND CLEANING, see p. 84.

and pigments."

Cloth.

With

Illustrations.

55.

THE PAINTER'S LABORATORY GUIDE.
A

Handbook of

Student's

BY

GEORGE

H.

Paints, Colours,

HURST,

and Varnishes.

F.C.S., M.S. C.I.

ABSTRACT OF CONTENTS.

Chemical Principles
Preparation of Pigment Colours.
and Varnishes. Properties of Oils and Varnishes. Tests and Experiments.
and Machinery of the Paint and Varnish Manufactures.
This Work has been designed by the Authorfor tJie Laboratory of the Technical School, and
of the Paint and Colour Works, and for all interested or engaged in these industries.
"This excellent handbook,
the model of what a handbook should be." Oils,

Involved.

Oils

Plants, Methods,

.

Colours,

.

.

and Drysalteries.

THIRD EDITION, Revised. In Crown
tions

and Plates (some

8vo. extra.

With Numerous

in Colours), including Original Designs.

Illustra-

12s. 6d.

Painting and Decorating:
A

Complete Practical Manual for House
Painters and Decorators.

WALTER JOHN PEARCE,

BY

LECTURER AT THE MANCHESTER TECHNICAL SCHOOL FOR HOUSE-PAINTING AND DECORATING.

GENERAL CONTENTS.
Stores Plant and Appliances Brushes and
ToolsMaterials Pigments, Driers, Painters' Oils Wall Hangings Paper
Hanging Colour Mixing Distempering Plain Painting Staining Varnish
and Varnishing Imitative Painting
Graining Marbling Gilding SignWriting and Lettering Decoration General Principles Decoration in DistemperPainted Decoration Relievo Decoration Colour Measuring and

Introduction

Workshop and
:

:

Estimating Coach-Painting Ship-Painting.
"
THOROUGHLY USEFUL BOOK
GOOD, SOUND, PRACTICAL INFORin a CLEAR and CONCISE FORM." Plumber and Decorator.
So FULL and
THOROUGHLY GOOD AND RELIABLE TEXT-BOOK.
COMPLETE that it would be difficult to imagine how anything further could be
added about the Painter's craft." Builders' Journal.

A
"A

.

.

.

MATION

LONDON: CHARLES GRIFFIN &

.

CO.,

.

.

LIMITED, EXETER STREET, STRAND.

CHEMISTRY AND TECHNOLOGY.
SECOND EDITION.

In Large 8vo. Handsome Cloth.
and Several Illustrations.
i6s. net.
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With 4

Plates

THE CHEMISTRY OF INDIA RUBBER.

A Treatise on the Nature of India Rubber, its Chemical and Physical Examinaand the Determination and Valuation of India Rubber Substitutes.
Including the Outlines of a Theory on Vulcanisation.

tion,

CARL OTTO WEBER,

BY

"

PH.D.

Replete with scientific and also with technical interest.
properties is a complete resume, of every thing known on the subject."
.

In Large Crown 8vo.

G

.

Fully Illustrated.

.

The

section on physical
India-rubber Journal.

net.

U
E, GELATINE,
AND THEIR ALLIED PRODUCTS,

IL,

55.

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology.

THOMAS LAMBERT,

BY

Analytical and Technical Chemist.

CONTENTS.

Historical.
GLUE. GELATINE. Size and Isinglass. Treatment of Effluent* produced in Glue and Gelatine Making.
Liquid and other Glues, Cements, &c. Uses
of Glue and Gelatine. Residual Products. Analysis of
and Finished Products.

Raw

APPENDIX.

A

INDEX.

"A sufficient account of modern
book

AT

.

.

.

methods of working,
Chemical Nezvs.

of real value."

PRESS.

In Large 8vo.

Handsome

chiefly

from a practical standpoint.

Cloth.

Fully Illustrated.

THE ANALYSIS OF MATERIALS USED

THE UE ATTROTMAN,
HER X N O XJ S TINR Y
BY

S.

.

R.

M.A., F.I.C.,
of Nottingham, Member of the International

Public Analyst for the City
Association
of Leather Trades' Chemists.
SYNOPSIS OF CONTENTS. Standard Solutions. Acids, Alkalies, &c. Water. Depilation
and Deliming. Fleshings, &c. Glue. Spent Liquors. Mineral and Vegetable Tanning
Agents. Oils. Soaps. Varnishes. Skin. Leather.
Dyestuffs.
Degreasing Agents.
Effluents.
GLOSSARY. I NDEX.

In

Medium

8vo,

Handsome

Cloth.

I2s. 6d.

Fully Illustrated.

net.

PAPER TECHNOLOGY:

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES,
AND CHEMICAL CONSTITUENTS OF PAPER AND OF
PAPERMAKING FIBRES.
With Selected Tables for Stationers, Publishers, and Others.

BY
CONTENTS.

R.

W. SINDALL,

F.C.S.

Technical Difficulties relating to Paper. Rag Papers.
Esparto, Straw, Notes on Beating. Wood Pulp. Wood Pulp Papers. Packing Papers
"Art" Papers. The Physical Qualities of Paper. The Chemical Constituents of Paper.
The Microscope. Fibrous Materials used in Paper - making. Analysis of a Sheet of
Paper. The C.B S. Units. Cellulose and its Derivatives. History, Chronology, and
Statistics.
Dictionary of Chemical Terms.
Glossary.
City and Guilds Questions.
Introduction.

INDEX.
"
Exceedingly instructive and particularly useful."

In Large 8vo.

Handsome

Cloth.

With

Plates

Paper Makers Monthly Journal,

and

Illustrations,

THE MANUFACTURE OF

ys. 6d. net.

INK,

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks.
BY C. A.
B.A., F.I.C., F.C.S. , & T. C.
'
and of a genuinely practical order." British Printer.
Thoroughly well arranged

HEPWORTH.

MITCHELL,

'

.

LONDON

:

.

.

CHARLES GRIFFIN &

CO,,

LIMITED, EXETER STREET. STRAND,
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TEXTILE INDUSTRIES.
In Two Large

SECOND EDITION, Thoroughly Revised Throughout.

Handsome

Volumes.

Cloth.

A MANUAL OP DYEING:
FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS,
AND ALL INTERESTED IN THE ART OF DYEING.
BY
E.

KNECHT,

CHR. RAWSON,

Ph.D., F.I.C.,

F.I.C., F.C.S.,

Late Head of the Chemistry and Dyeing Department
of the Technical College, Bradford ; Member
Council of the Society of Dyers and Colouristsl;

Head of the Chemistry and Dyeing Department of
the Technical School, Manchester; Editor of " The
"
Journal of the Society of Dyers and Colourists ;

And RICHARD LOEWENTHAL, Ph.D.
GENERAL CONTENTS. Chemical Technology of the Textile Fabrics
Natural
Water Washing and Bleaching
Acids, Alkalies, Mordants
Colouring Matters Artificial Organic Colouring Matters Mineral Colours
Machinery used in Dyeing Tinctorial Properties of Colouring Matters
and Valuation of Materials used in Dyeing, &c., &c.
Analysis
" This authoritative and exhaustive work
the MOST COMPLETE we have yet seen
.

on the subject."

.

.

Textile Manufacturer.

In Large 8vo, Handsome

Cloth.

Pp.

+

i-xv

405.

16s.

net.

THE SYNTHETIC DYESTUFFS,
AND
THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED.
BY JOHN CANNELL CAIN, D.Sc. (MANCHESTER AND TUBINGEN),
Technical Chemist,

AND JOCELYN FIELD THORPE, PH.D.

(HEIDELBERG),

Lecturer on Colouring Matters in the Victoria University of Manchester.
Part I. Theoretical. Part II. Practical. Part III. Analytical.
" We have no hesitation in
describing this treatise as one of the most valuable books
Will give an impetus to the study of Organic Chemistry
that has appeared.
Chemical
Journal.
Trade
generally."
.

.

Companion Volume

.

to

Knecht

Handsome

&

Cloth,

Rawsorts "Dyeing." In Large 8vo.
Library Style. 16s. net.

A DICTIONARY OF

& OTHER COMPOUNDS

DYES, MORDANTS,

USED IN DYEING AND CALICO PRINTING.
With Formulae, Properties, and Applications of the various substances described,
and concise directions for their Commercial Valuation,
and for the Detection of Adulterants.

BY CHRISTOPHER

RAWSON,

F.I.C., F.C.S.,
"

Consulting Chemist to the Behar Indigo Planters' Association
"
of Dyeing

WALTER
Head

M.

;

Co- Author of

A

Manual

;

GARDNER,

F.C.S.,

of the Department of Chemistry and Dyeing, Bradford Municipal Technical College
"
Editor of the " Journ. Soc. Dyers and Colourists

;

;

AND W.

F.

LAYCOCK,

Ph.D., F.C.S.,

Analytical and Consulting Chemist.

"Turn to the book as one may on any subject, or any substance in connection with the
The authors have apparently left nothing out."
trade, and a reference is sure to be found
Textile Mercury.

iONDOM: CHARLES GRIFFIN &

CO.,

LIMITED, EXETER STREET, STRAND.

Profusely Illustrated with Plates and Figures in the Text.

Large 8vo.

16s. net.

THE SPINNING AND TWISTING OF LONG
VEGETABLE FIBRES
(FLAX,

HEMP, JUTE, TOW, & RAMIE).

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding,
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce.

BY

HEKBERT

R,

CARTER,

and

Belfast

Lille.

GENERAL CONTENTS. Long Vegetable Fibres of Commerce. Rise and Growth of
the Spinning Industry. Raw Fibre Markets. Purchasing Raw Material. Storing and
Preliminary Operations. Hackling. Sorting. Preparing. Tow Carding and Mixing.
Tow Combing. Gill Spinning. The Roving Frame. Dry and Demi-sec Spinning. Wet
Spinning. Spinning Waste. Yarn Reeling. Manufacture of Threads, Twines, and
Cords. Rope Making. The Mechanical Department. Modern Mill Construction.
Steam and Water Power. Power Transmission.
" Meets the
requirements of the Mill Manager or Advanced Student in a manner
We must highly commend the work as repre.
perhaps more than satisfactory.
senting up-to-date practice." Nature.
.

.

In Large 8vo, Handsome Cloth, with Numerous

Illustrations.

9s. net.

TEXTILE FIBRES OF COMMERCE.
A HANDBOOK OF

The Occurrence, Distribution, Preparation, and Industrial
Uses of the Animal, Vegetable, and Mineral
Products used in Spinning and Weaving.

BY WILLIAM

I.

HANNAN,

Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Cotton
Spinning at the Chorley Science and Art School, &c.

With Numerous Photo Engravings from Nature.
"

USEFUL INFORMATION.
not easily attainable, and in
.

is

.

.

its

ADMIRABLE ILLUSTRATIONS.
The information
present convenient form will be valuable." Textile
.

.

.

Records.

In Large 8vo, with Illustrations and Printed Patterns.

Price 2 is.

TEXTILE
PRINTING
A PRACTICAL MANUAL.
Including the Processes

Used

in the Printing of

COTTON, WOOLLEN, SILK, and
SILK FABRICS.
Mem.

By

C. F.

SEYMOUR ROTHWELL,
Lecturer

Soc. of Chemical Industries;

at the

late

:

HALF

F.C.S.,

Municipal Technical

School.

Manchester.

GENERAL CONTENTS.

Introduction.

The Machinery Used in Textile
The Printing of Cotton Goods. The

Printing. Thickeners and Mordants.
Steam Style. Colours Produced Directly on the Fibre. Dyed Styles.
Padding Style. Resist and Discharge Styles. The Printing of Compound
Colourings, &c. The Printing of Woollen Goods. The Printing of Silk

Practical Recipes for Printing.
Useful Tables. Patterns.
BY FAR THE BEST and MOST PRACTICAL BOOK on TEXTILE PRINTING which has yet been
brought out, and will long remain the standard work on the subject. It is essentially
practical in character." Textile Mercury.
" THE MOST PRACTICAL MANUAL of TEXTILE PRINTING which has
yet appeared. We have
no hesitation in recommending it." The Textile Manufacturer.

Goods.
'
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Handsome

Cloth.

12s. 6d.

BLEACHING & CALICO-PRINTING.
A

Short Manual for Students and

Men.

Practical

GEORGE DUERR,

BY

Director of the bleaching, Dyeing, and Printing Department at the Accrington and
Technical Schools
Chemist and Colourist at the Irwell Print Works.

Bacup

;

ASSISTED BY
(of

With

Illustrations

WILLIAM TURNBULL

Turnbull

and upwards

of

&

Stockdale, Limited).

One Hundred Dyed and Printed Patterns

designed specially to show various Stages of the Processes described.

GENERAL CONTENTS.

COTTON, Composition of; BLEACHING, New
PRINTING, Hand-Block Flat-Press Work ; Machine Printing
MORDANTS STYLES oj/ CALICO-J?RINTING The Dyed or Madder Style, Resist
Padded Style, Discharge and Extract Style, Chromed or Raised Colours,
Insoluble Colours, &c.
Thickeners
Natural Organic Colouring Matters
Tannin Matters
Oils, Soaps, Solvents
Organic Acids Salts Mineral
Colours Coal Tar Colours Dyeing Water, Softening of Theory of Colours
and
&c.
Measures,
Weights
"
When a BEADY WAT out of a difficulty is wanted, it is IN BOOKS LIKE THIS that it is found."
Processes ;

;

1

:

Textile Recorder.

"
Mr. DUBRB'S WOBK will be found MOST USEFUL.
The Recipes are THOBOUGHLY PBACTICAL,"
VALUE.
.

.

.

SECOND EDITION.

Revised and
Illustrations.

The information given

.

,

Enlarged.
43.

is

of

OBBAf

Textile Manufacturer.

.

With Numerous

6d.

GARMENT

DYEING AND CLEANING,
A
BY

Practical

Book for Practical Men.

GEORGE
Member

H.

HURST,

F.C.S.,

of the Society of Chemical Industry.

GENERAL CONTENTS. Technology of the Textile Fibres Garment Cleaning
Dyeing of Textile Fabrics Bleaching Finishing of Dyed and Cleaned Fabrics
Scouring and Dyeing of Skin Rugs and Mats Cleaning and Dyeing of Feathers
Glove Cleaning and Dyeing Straw Bleaching and Dyeing Glossary of Drugs
and Chemicals Useful Tables.
" An UP-TO-DATE
hand book has long been wanted, and Mr. Hurst has done nothing
more complete than this. An important work, the more so that several of the branches of
the craft here treated upon are almost entirely without English Manuals for the guidance
of workers. The price brings it within the reach of all." Dyer and Calico-Printer.
" Mr. Hurst's woric
DECIDEDLY FILLS A WANT
ought to be in the hands of
SVBRY GARMENT DYER and cleaner in the Kingdom" Textile Mercury.
.

LONDON: CHARLES GRIFFIN &

CO.,

.

.

LIMITED, EXETER STREET, STRAND.

INTRODUCTORY SCIENCE
"

SERIES.

Boys COULD NOT HAVE A MORE ALLURING INTRODUCTION to

85
scientific pursuit*

Letter to the Publishers from the Headfchan these charming-looking volumes."
master of one of our great Public Schools.

Handsome

Gilt, for Presentation, 8s. 6d.

Cloth, 7s. 6d.

STUDIES

BOTAJY:

Ifl

SKETCHES OP BRITISH WILD FLOWERS
IN THEIR HOMES.
BY R. LLOYD PBAEGER, B.A, M.R.LA.
Illustrated

by Drawings from Nature by S. Rosamond Praeger,
and Photographs by R. Welch.

GENERAL CONTENTS. A Daisy-Starred Pasture Under the Hawthorne
By the River Along the Shingle A Fragrant Hedgerow A Connemara
Bog Where the Samphire grows A Flowery Meadow Among the Corn
(a

Study

in

Weeds)

In the

Home

.

.

A City Rubbish-Heap

of the Alpines

Glossary.
"A FRESH AND STIMULATING book
Illustrations are drawn with much skill." The
"BEAUTIFULLY ILLUSTRATED.
INTERESTING books of the kind we have seen."
"Redolent with the scent of woodland and
.

.

.

.

should take a high place
The
Times.
One of the MOST ACCURATE as well a*
.

.

.

Athenceum.

meadow."

The Standard.

With 12 Full-Page Illustrations from Photographs.
Second Edition, Revised.
8s. 6d.

Cloth.

STUDIES

Ifl GEOItOGY:
Introduction to Geology Out-of-doors.
GRENVILLE A. J. COLE, F.G.S., M.R.I.A.,

An
BY

Professor of Geology in the Royal College of Science for Ireland,
and Examiner in the University of London.

A

GENERAL CONTENTS.

The Materials of the Earth
Mountain Hollow
the Valley Along the Shore Across the Plains Dead Volcanoes
A Granite Highland The Annals of the Earth The Surrey Hills The
Folds of the Mountains.
"The FASCINATING OPEN-AIR STUDIES' of PsoF. COLE give the subject a GLOW OF

Down

'

ANIMATION
cannot fail to arouse keen interest in geology."
"A CHARMING BOOK, beautifully illustrated." -Athenaeum.
.

.

.

Geological Magazine.

With a Frontispiece in Colours, and Numerous
Beautifully Illustrated.
7s. 6d.
Specially Drawn Plates by Charles Whymper.

STDDIES
SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS.
BY CHARLES DIXOK
The Spacious Air. The Open Fields and Downs. In the Hedgerows. On
Open Heath and Moor. On the Mountains. Amongst the Evergreens.
Copse and Woodland. By Stream and Pool. The Sandy Wastes and Mudflats.

Sea-laved Rocks.

"Enriched with excellent
minster Review.

Birds of the
illustrations.

Cities.

A

INDEX.

welcome addition

fcONDON: CHARLES GRIFFIN & CO., LIMITED

to all libraries.''

West-

EXETER STREET, STRANB
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CHARLES GRIFFIN &

PUBLICATIONS.

CO.'S

Handsome

Twenty-third Annual Issue.

(To Subscribers,

cloth,

7s. 6d.

6s.).

THE OFFICIAL YEAR-BOOK
OF THK

SCIENTIFIC

AND LEARNED SOCIETIES OF GREAT BRITAIN
AND IRELAND.
COMPILED FROM OFFICIAL SOURCES.

Comprising (together with other Official Information) LISTS of the
PAPERS read during the Session 1905-1906 before all the LEADING
SOCIETIES throughout the Kingdom engaged in the following Departments of Research :
t.

Science Generally : i.e., Societies occupying themselves with several Branches of
Science, or with Science and Literature

3.

4.
5.

6.
7.

Mathematics and Physics.
Chemistry and Photography.
Geology, Geography, and Mineralogy.
Biology, including Microscopy and An-

Economic Science and Statistics.
Mechanical Science, Engineering, and
Architecture.

8.

jointly.
2.

5

9.

10.

Naval and Military Science.
Agriculture and Horticulture.
Law.

11. Literature.
12.

Psychology.

13. Archaeology.

thropology.
14.

MEDICINE.

"FILLS A VERY REAL WANT." Engineering.
11
INDISPENSABLE to any one who may wish to keep himself
abreast of the scientific work of the day."
Edinburgh Medical
Journal.
" The YEAR-BOOK
OF SOCIETIES is a Record which ought to be of the greatest use for
the progress of Science." Lord Playfair, F.R.S., K.C.B., M.P., Past-President oftht
British Association.
"It goes almost without saying that a Handbook of this subject will be in time
one of the most generally useful works for the library or the desk." The Times.
"British Societies are now
sd in the 'Year-Book of the Scientific and

w

Learned Societies of Great Britain and Ireland."'
"
Encyclopaedia Britannica," vol.

(Art. "Societies" in

New

Edition of

xxii.)

Copies of the FIRST ISSUE, giving an Account of the History,
and Conditions of Membership of the various
Societies, and forming the groundwork of the Series, may still be
Also Copies of the Issues following.
had, price 7/6.
Organization,

^ociETiES forms a complete INDEX TO THE SCIENTIFIC WORK of the
It is used as a HANDBOOK in all our great
SCIENTIFIC CENTRES, MUSEUMS, and LIBRARIES throughout the Kingdom, and has become
an INDISPENSABLE BOOK OF REFERENCE to every one engaged in Scientific Work.
sessional year in the various Departments.

READY IN OCTOBER EACH
LONDON: CHARLES GRIFFIN &

CO., LIMITED,

YEAR.

EXETER STREET, STRAND.

RETURN TO the

circulation desk of

any

University of California Library

or to the

NORTHERN REGIONAL LIBRARY FACILITY
Bldg. 400, Richmond Field Station
University of California

Richmond,

CA 94804-4698

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS
2-month loans may be renewed by calling
(510)642-6753
1-year loans may be recharged by bringing
books to NRLF
Renewals and recharges may be made 4
days prior to due date.
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University of California

Berkeley

U.C.BERKELEY LIBRARIES

>^

'.""'-:

1

i

--:

