





















































HISTORICAL INTRODUCTION. H

sheets joined together. Later on papyrus leaves were bound to-
gether as in a book. At a very early period papyrus was imported
into Greece and Italy. It continued to be the chief writing material
in Egypt until the tenth century, and was largely used in Europe
after vellum had been introduced.

CARBON INKS.—We give illustrations (Figs. 1, 2, and 3) of various
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writing implements, dating back to about 1500 B.c., which are ex-
hibited in the Egyptian department of the British Museum. The
titles of these pictures sufficiently explain their nature.

Fig. 2.—Egyptian Slab and Muller.

Fig. 4 represents a typical fragment of a potsherd, for which the
writer is indebted to Mr. A. Lucas.

Chinese, or Indian ink, as it is commonly called in this country,
was made at a very early period, according to Chinese historians




































CARBON AND CARBONACEOUS INKS. 17

purpose, stated in a lecture before the London Camera Club, October
I5, 1003, that it is not an easy matter to cause a cuttle-fish to
exhaust its stock of ink. And the facility with which it would
discharge the liquid upon the least provocation was one of the
great difficulties with which he had to deal in prosecuting his in-
quiries ; for a whole tank full of water would be clouded in a few

F1c. 5.—Common Cuttle-fish (Sepia officinalis).

seconds, and work had to be suspended until the vessel had been
thoroughly cleaned and refilled. He also stated that an exhausted
cuttle had the power of renewing the inky secretion in as short
a period as a quarter of an hour.

Fig. 5 represents the common cuttle-fish (Sepia officinalis) from

which the ink is obtained. By the kindness of the Curator of the
)

-



18 INKS AND THEIR MANUFACTURE.

Geological Museum, London, we have been able to photograph
specimens of fossil Cephalopoda from the Blue Lias in which the
ink-bags remain intact. It is a well-known circumstance that
this fossil sepia has been more than once ground up with water
and found to furnish an excellent ink. This is alluded to in the
Bridgewater Treatise by Dean Buckland. In Figs. 6 and 7 the ink
sacs are indicated by the white pointers.

Mr. Henry Lee, for some time Naturalist to the Brighton Aquarium,
writing of this black fluid, says :(—*

““The cuttle (sepia) discharges it on the slightest provocation ;
and this is sometimes very troublesome and annoying when this
species is exhibited in an aquarium. The quan-
tity of water its ink will obscure is really sur-
prising. The fluid is secreted with amazing
rapidity, and the black injection frequently
occurs several times in succession. I have
often seen a cuttle completely spoil in a few
seconds all the water in a tank containing a
thousand gallons.”

The extreme diffusibility of the pigment is
also referred to by Ure,t who states that one
part of sepia immediately renders 1,000 parts
of water opaque. The cuttle-fish is thus pro-
vided with a most effective weapon of defence,
which enables 1t effectually to cover its retreat
when attacked by its enemies.

The pigment most highly valued is that
obtained from the Mediterranean cuttle-fish,
Sepia officinalis, and from S. oloigo, and 8.
tunicata, though it is also prepared from the
ink-sacs of other species. The ink-sacs are
removed as soon as possible after the capture
of the fish, and rapidly dried to prevent putre-
faction. It is a common practice for the
fishermen on the South Coast of England to
remove the ink-bags of the cuttle-fish, whose
flesh they use for their bait, and to keep them
in a dried condition until they can dispose of
them to the manufacturers. A large amount
of sepia is also obtained from Ceylon, where
F1s. 6.—Fossil Sepia. ~ the cuttle-fish are collected by natives for a

very low daily wage.
* Aquarium Notes—The Octopus. 1 Dict. of Chem.—Sepia.
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MANUFACTURE.—There is good reason for believing that ink
manufactured from the pigment of the cuttle-fish was used as a
writing-ink by the Romans,* but it is now probably used exclusively
in the manufacture of the * sepia ” of the artists.

For this purpose the dried ink-sacs are pulverised, and the powder
ground up with caustic lye and boiled for thirty minutes. The
liquid is then filtered and neutralised with hydrochloric acid, and
the precipitated pigment repeatedly washed with water, and dried
at a low temperature.

Modifications of this process are used by different manufacturers,
the exact details of which are regarded as trade secrets.

The pigment separated from the other constituents by some such
process as described above is ground down to an impalpable powder

Fia. 7.—Fossil Sepia.

on a marble slab, usually by manual labour. It is then made up into
cakes, or is prepared in a moist condition and put up in pans or
tubes, or is incorporated with oil for use as an oil paint.

In purchasing the raw material the manufacturer’s chief con-
sideration is to see that the ink-sacs are full, not withered. There
does not appear to be much variation in the colouring power of
different samples of the crude sepia.

CHEMICAL COMPOSITION. It has frequently been stated,t
. though without justification, that the pigment of the cuttle-fish
consists of finely divided carbon associated with protein substances

* Persius, loc. cit.
t E.g. in Tomlinson’s Cyclopedia of Useful Arts, 1854, p. 598.









22 INKS AND THEIR MANUFACTURE.

deposit, which, on ignition, gave 4-55 per cent. of ash, calculated on
the original substance.

On treating the insoluble residue with boiling 10 per cent. potas-
sium hydroxide, 19-23 per cent. (calculated on the original substance)
remained undissolved.

Fic. 8.—Dried Sepia Sacs.

EXAMINATION OF COMMERCIAL SEPIA. , if not all, of
the English manufacturers prepare sepia exclusively from the
cuttle-fish, but there 1s reason to believe that a large proportion
of the so-called sepia * of foreign origin is sepia in name only.

A chemical means of distinguishing between genuine sepia and
preparations consisting of lamp-black or other forms of carbon
incorporated with glue, consists in treating the powdered sample
with boiling water until thoroughly disintegrated, filtering the
liquid, and thoroughly washing the residue.

In the case of sepia, this residue will contain a large amount of
nitrogen, and on ignition will leave a considerable proportion of
ash, containing the constituents mentioned in the previous section

(p.21).
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organic substances, and then digested with hydrochloric acid and
thoroughly washed with water to remove inorganic salts, the final
product being nearly pure carbon. The purest form of lamp-black
1s obtained by passing a slow current of turpentine vapour through
tubes heated to redness, and igniting the deposit in chlorine to
remove the last traces of hydrogen.,

Manufacture of Lamp-black : Chinese Method.—The oldest method
of which we have any
record is that which
has been used by the
Chinese for centu-
ries.*  Various sub-
stances have been
used as the original
source of their lamp-
black, such as rice-
straw, pine wood,
and haricot beans,
but these have been
for the most part
discarded in favour
of vegetable oils, and
in particular that
obtained from the
seeds of Aleurites
cordata, or from
tung-oil, which yields.
a brilliant black ink,
deepening in tone
with age.

The oil is burned
m small terra-cotta
lamps, which are
placed in terra-cotta
chambers with a hole
to admit air, and

- » having a depression
1¢. 9.—Chinese Manufacture qf Lamp-black. on the top & Shich

water is placed. The

smoke is collected in inverted terra-cotta cones with polished

interiors, which are fixed above the flame. From time to

time the cones are replaced by fresh ones, and the deposited soot
* Jametel, loc. cit., p. 171.
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removed by means of a feather, care being taken to reject all oily
particles.

Figs. 9, 10, 11 and 12 are reproductions of four of the illustrations
copied by Jametel from ancient Chinese manuscripts.

In some factories the terra-cotta condensing chamber is replaced
by a hollow wooden tunnel, having a hole bored in the wall to act as
the ventilating shaft. A range of bricks inside supports the cones,
about twenty of which
are used at a time.

The best season for
the manufacture of
lamp-black is at the
end of autumn or be-
ginning of winter. The
terra-cotta condensers
are placed in a room
carefully protected from
draughts, which would
interfere ~ with  the
regular deposition of
the soot. The cones
are examined hour by
hour, since delay in
changing them causes
the lamp-black to
assume a yellow tint.

Julien* states on the
authority of Chinese
documents that the :
finest quality of ink is )

\
prepared  from  the ) O
lamp - black obtained -“"U g o7
from sesamé oil, or =]

from tung oil, whilst <= %

the soot of pine wood K
or deal is u{?ed for the F1c. 10.—Chinese Manufacture of Ink.  Mixing
commoner kinds. the glue and lamp-black.
Strips of pine wood
about 18 inches in length are burnt in a bamboo cabin, 100 feet in
length, which is covered inside and out with paper, and divided into
several compartments by partitions, in each of which is an opening
for the passage of the smoke. The deposit in the furthest
* Ann. de Chim., 1833, liii., 308.

)
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compartment is the lightest and makes the best ink, whilst that in
the first and second compartments is very coarse, and is sold to
printers, varnishers, and house painters.

The quality of the lamp-black has a very great influence upon the
character of the ink, and the Imperial ink was prepared from the
very lightest and purest that could be obtained.

Old European Methods—Lamp-black is manufactured on a large
scale from the resinous
impurities obtained as
by-products in the
manufacture of tur-
pentine, and is also
& prepared from oil, tar,

”, I etc. The initial sub-

i FHE stance is burned in a
_. \\“ ,‘1 2N furnace with an in-
) .,,...u’\ du s sufficient supply of air
' = : suitably regulated by
apertures which can
be opened or closed.
The dense smoke is
conducted through a
flue into a cylindrical
stone, brick, or cast-
iron chamber, the
sides of which are
covered with sacking
or sheep-skin. An
iron cone is suspended
within the chamber
which it fits so exactly
that when lowered its
edges scrape the sus-
pended sacking and
remove the deposited
lamp-black (see Fig.
Fi¢. r1.—Chinese Manufacture of Ink. © I3)
Pounding the ink. A small hole in the
top of the cone allows
the smoke to escape into the chimney of the cylinder, leaving most
of its carbon behind. From time to time the suspended sacking is.
removed, scraped, and replaced.
A more economical method is to conduct the products of com-
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bustion first through an iron tube, where oily substances are de-
posited, and then through a series of iron condensing chambers,
where the carbon is deposited, the purest product being obtained
from the final condenser. This method of condensing is employed
in the manufacture of the finest grades of lamp-black, the source of
the smoke being fatty oils burned in lamps.

An impure form of black of bad colour is prepared from certain
kinds of coal, and is
chiefly used for pitch-
ing ships.

Other varieties of
black are Spanish black
from cork; wine black
from the twigs of the
vine ; peach black from
peach kernels; and
German black, said to
be obtained from a
mixture of wine-lees,
peach kernels, and bone
shavings.*

More modern methods
of preparing black for
printing inks are de-
seribed in Chap. x.

MANUFACTURE OF
INDIAN INK. — The
fullest source of infor-
mation on the Chinese
methods of preparing
the ink from the lamp-
black is still Chen-ki-
Souen’s book as
translated into French PATN
by Jametel. From that TN
we Iea,-rn that Fhe Ia‘an" F1a. 12.—Chinese Manufacture of Ink.
black is first sifted into Rolling the sticks of ink.
glazed vases, and then
dried in paper bags suspended in a dry chamber. The glue is
prepared either from fish or from ox-hide, and is used in the propor-
tion of four to five catties + to each pound of lamp-black. If too:
little glue is used, the ink is blacker, but not so permanent. The
* Lewis, Philosophico-technicum, 1763, p. 377. T A catty = 8oo grammes.










































































































60 INKS AND THEIR MANUFACTURE.

Of these, the Silician sumach, Rhus coriaria, grows wild in Spain,
Portugal, and other Mediterranean districts, and is also widely
cultivated in these countries. The most esteemed variety of Sicilian
sumach, known as Alcamo, occurs in commerce as a light green

F1c. 29.—Sumach (Coriaria myrtifolia).

powder, with an aromatic odour. A second and inferior variety,
which is chiefly used in dyeing, has a more yellow shade and contains
less tannin.

The best French sumach is very similar to that grown in Sicily.
































































































92 INKS AND THEIR MANUFACTURE.

In the permanganate method an aqueous solution of the tannin
material is first titrated with potassium permanganate solution,
with indigo carmine as indicator, to obtain a valuation of all the
reducing substances present. The tannin is then precipitated by
means of gelatin, and the filtrate again titrated, the difference

F1a. 33.—Trimble’s apparatus for tannin determination.

between the two results giving the amount of tannin in terms of
potassium permanganate. The method will thus give the relative
tanning value of two samples of the same kind of material, but
numerous precautions are essential; for the speed of titration,
strength of the solution, and other factors, have an influence on
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Quantitative Colorimetric Comparisons.—As mentioned above,
either pure pyrogallol or pure gallic acid may be used as the stand-
ard for the comparison, but gallic acid is preferable, since it is
more stable in solution. It is convenient to use a solution of 0-1
grm. of either substance in 100 c.c. of water and make (Fig. 34)
the comparison in Nessler tubes provided with Hehner's side

F1c. 34.—Hehner’s Nesslerising Tubes,

tubulures and taps. In the case of gallotannin or gallic acid, 01
grm. of the substance is also dissolved in 100 c.c. of water, and I
c.c. [of each solution is added to about g3 c.c. of water in the
respective cylinders. Two c.c. of the reagent are then added to
each tube, the solution made up to 100 c.c., and the colours
compared both vertically and horizontally. If the colours are both
dark, the contents of the tubes are run down to 50 c.c., the colours

























































































































































































































































EXAMINATION OF WRITING INKS. 179

eolour stripes from aniline dyes, and to match the colour of the ink
under the microscope against these standards. _

Then, by again comparing the standards with the ink after it has
been exposed to the air and light for several days, it is possible to
ascertain whether any change ia colour has taken place.

F1c. 41.—Colour comparison microscope.

This method has been successfully used by the writer in several
cases, but it involves the use of a large number of standard stripes,
and the colour comparison microscope invented by Osborn * obviates
many of these difficulties.

THE COLOUR MICROSCOPE.—This ingenious adaptation of

* Quéstz’oned Documents, p. 361.



























188 INKS AND THEIR MANUFACTURE.

the first to assert that inks apparently black were really brown,
blue, or red in tint, when dry upon the paper; and that such
differences were clearly shown in an ordinary photographic negative,
and still more so in one taken by the isochromatic method. This
statement has been repeated by Minovici,* and quoted in different
journals.

F1c. 46.—Substitution of new for old perforations.

We have made experiments as to this point, writing a series of
words with different commercial inks. In the case of blue-black
inks, differences of intensity were distinctly visible to the eye, and
the photograph taken on an ordinary plate by daylight revealed
no more.

We have also photographed the same writing with a Cadett
spectrum plate and ‘ Absolutus ” screen, without attaining any
different effect. It is evident that this method even if it yield
good results in particular cases, such as dlstmgulshmg between a
chrome-logwood and a blue-black iron-gall ink, is not generally
applicable.

* Bull. della Soc. Fotograf. Italiana, 1900, Xii., 340.

i |






























198 INKS AND THEIR MANUFACTURE.

degree of consistency is attained, after which the varnish is left to
cool and settle and is decanted into storage tanks.

Fic. 47.—Free-fired pan for boiling oil.

The time required depends upon the temperature of boiling and on
the maturity of the raw linseed oil. A high temperature accelerates
the conversion but has the drawback of producing a darker produect.

Leeds lays considerable stress on the importance of using a well
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rapidly withdrawn from the fire by means of a crane. The lid, B,
fits closely to the upper ring, forming a nearly air-tight joint, so

Fia. 48.—Andrés’ apparatus.

that flames can be immediately
extinguished. Above the furnace
is fixed a hood provided with a
fiue to conduct away the vapours.
It was asserted by Savage, and
accepted for long afterwards,
thatactualignition of the vapours
from the o1l was essential for the
production of a varnish suitable
for printing ink. It is now
known, however, that the same
result can be obtained by boiling
the oil at a higher temperature
than in the preparation of or-
dinary boiled oil for paints.
APPARATUS WITH STEAM
JACKET AND AIR BLAST.—A
pair of steam-heated kettles,
each of which takes a charge of
about 350 kilos., is shown in
Fig. 49. These are constructed
with jackets capable of resisting

a pressure of several atmospheres. The oil is heated by steam

F16. 49.—Steam-heated kettles.

at about 130° C. or higher, under a pressure of four to five atmo-
spheres, while air is blown through until the varnish is of the required
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F1a. 51.—Steam-jacketed Heating Pan for Boiling Cils.
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Fia. 56.—Cuack’s Mixing Machine.

57.—Torrance’s * Little Giant *> Mixing Machine.

Fia.
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Torrance’s *“ Little Giant” Mixer—This machine, which takes
a charge of 5 gallons, is extensively used by ink manufacturers for
mixing small quantities of any particular ink. As shown in Fig. 57
it is worked by hand, and can be moved to any desired place. The
mixing is effected by means of rotating blades, which are brought
into position in the pan by raising the lever.

Fi1c. 58.—Torrance’s *“ Patent *’ Mixer.

The Torrance * Patent” Mirer—Fig. 58 shows one of these
machines, which is worked upon the same principle as the hand
machine, but with two sets of blades in the revolving pan. By
moving a lever the pan is made stationary, while the blades continue
to revolve and effect thorough and uniform admixture of the ink.
From 4 to 5 horse-power is required for driving the machine. The
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mixing is very rapidly done, but the output will obviously depend
upon the consistence of the mixture of pigment and varnish.

GRINDING.

After thorough admixture in a mixing machine, as described in
the preceding pages, the pulp of printing ink requires grinding

Fia. 59.—The ““ Torrance ~’ Mill.

between rollers, so as to reduce it to an absolutely homogeneous
mixture free from all lumps. For this purpose it is transferred
from the mixer to a mill, in which 1t is passed between rollers of
fine-grained hard stone such as porphyry, one grinding in a mill with
six or nine rollers being usually sufficient if the material has been
properly mixed.

For grinding granular pigment such as gas-black, machines with

rollers of chilled steel are used in America and more recently in
England.
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The *“ Torrance” Mq:ll.—This is made in various sizes up to a
diameter of 8 feet, the size (12-inch) shown in Fig. 50 being the one

most in demand for the mixing and partial grinding of moderate
quantities of ink. The steel roller is highly finished, and special
scrapers are in constant contact with the interior of the pan and

F1a. 6o.—Torrance’s * Silent Quadrant ”” Mill, with micro-adjustment gear to the rolls.
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Fic. 63.—SOLAR SPECTRUM IN TRIPLICATE.


































































MARKING INKS. 269

Kluttel, who examined the constituents of the plant in 1858, found

that it contained an ““ iron-greening ** tannin.
In 1865 Maisch and Stillé * isolated a volatile substance which

reduced silver nitrate solution and gave a white precipitate with

F1c. 69.— Rhus toxicodendron.

lead acetate, and a white precipitate, turning black on heating,
with mercurous salts. To this substance they gave the name of
toxicodendric acid.
Their results were confirmed in 1883 by Pettigrew, who also found
that the acid gave a red colour with ferric salts.
* National Dispensary, p. 1382.















































































































































































































