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PREFACE TO SECOND EDITION

The first edition of Coke was issued by The Colliery Engineer
Company, of Scranton, Pennsylvania, in the vear 1895 and was the
first treatise on this growing and important industry published in
the United States of North America. This edition was exhausted
over one year ago.

In the great progress of industrial manufacturers so manifest in
the United States, this interval of nine years since the appearance
of the first edition has retired some of the former methods in the
manufacture of coke, and introduced manyv new omnes. This
advance in the progress of the industry has been induced by the
large increase in the demand for coke, arising from the expansion
in the use of steel and iron in architectural construction, as well as
in railroad supplies. In the manufacture of these materials, a pure
quality of coke fuel is an imperative necessity, and with the con-
sequent large demand on the best coking coal fields, it has become
necessary to extend coking operations outside these fields to regions
possessing coking coals of a lower grade, requiring, in most cases,
cleansing from the two principal impurities, slate and sulphur, by
the modern processes of crushing, classifying, and washing.

This necessary preparation or cleansing of coals for coking has
been an inviting field for mechanical experts in which to devise
machinery for this special purpose. It has also impressed the
necessity for studying the several conditions in which these foreign
matters are found in coals, so that proper machinery could be
devised to meet the several conditions necessary for eliminating
slate and sulphur.

This department of the coke industry has, during the past
decade, made commendable progress, especially in the preparation
of the coal for introduction into the washer, in disintegrating the
lumé)s of coal to certain sizes, and in the classification of the crushed
_ product as it is being conveyed into the washers. This important

auxiliary in the manufacture of coke enables the lower qualities
of coals to be utilized in the production of an acceptable
metallurgical fuel.

In addition to this coal-cleansing auxiliary in the coke industry,
an additional element has been introduced, meeting the conditions
of some coals low in bituminous matter—dry coals—in a fairly
satisfactory manner. These dry coals, low in fusing matter, could
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not be made to produce the best possible product in the usual open
beehive coke oven. To meet these exceptional conditions, the
retort coke oven has been introduced; it is made in several types,
but the different types have one element in common—the retort or
closed-chamber principle, which affords a quick heat and permits the
utilization of the small content of volatile matter in these dry coals.

The large cost of these retort coke ovens, with the additional
expense of the apparatus for saving the by-products of tar and
ammoniacal liquor, has prevented their general introduction. In
addition to the large cost of installation, a retort-oven plant requires
a supply of coal for a long period to cover the investment in the
plant of ovens. Only certain localities can assure this supply of
coal, and unless the conditions of the manufacture will bear the
railroad freight charges necessary to continue the coal supply, when
it has to be obtained outside the immediate limits of the coke plant,
a retort-oven plant is impracticable. In situations where water
transportation can be secured, with its moderate freight rates, the
coal supply can usually be secured for long periods.

The use of the by-product tar in roofing and other applications,
with its anticipated use as a bonding element in the manufacture of
briquets, will enhance the valuc of this by-product.

In the first edition, the conditions were submitted that com-
pelled the writer, in 1875, then General Mining Engineer of the
Cambria Iron Company, to the study of the physical properties of
blast-furnace coke. At that time the blast furnaces of this com-
pany were supplied mainly by coke made from native coals in
Belgian ovens located at the works in Johnstown. This home-made
coke failed when the expansion of the steel industry required the
smelting of the Lake Superior iron ores in the production of Besse-
mer pig iron. The furnaces became hot above and cool below, and
the general manager, the late Hon. Daniel J. Morrell, requested an
investigation of the cause or causes of the inefficiency of this coke
fuel in the blast-furnace work.

Chemical analyses failed to disclose the trouble, as the native
coke was found to be much purer than the celebrated Connellsville.
This result came as a disagreeable surprise, causing a general search
of authorities on fuels for light on this matter, but without helpful
results. After a careful examination and study of the principal
blast-furnace fuels, anthracite coal, charcoal, Connellsville and
Johnstown cokes, it became evident that as chemical investigation
had failed to disclose the value of these fuels, it must be determined
by physical research.

In this investigation it became evident that two principal
requirements were demanded in blast-furnace fuel: hardness of body
and fully developed cellular structure; the first property to resist
the dissolution of the fuel, in its passage down the furnace, from the
attack of hot carbonic-acid gas, and the second to assure its rapid
combustion and calorific energy in the melting zone of the furnace.
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. The hardness of the body of the coke was determined in the
usual way. The cellular space was determined by accurately cut-
ting inch cubes, weighing them dry and in water, and equating
conditions to determine the cell space in the body of the cokes.
The home-made coke was condemned from its lack of hardness of
body, while the Connellsville became the standard of blast-furnace
fuels from its hardness of body and full cell development.

The author believes that he was the first to originate this course
of investigation of blast-furnace fuels. Some criticism followed
the early results of these investigations, but the fact of priority in it
has not been questioned. During the meeting of the American
Institute of Mining Engineers, at Roanoke, Virginia, in June, 1883,
Mr. Fred G. Dewey, Washington, District of Columbia, a representa-
tive of the National Museum, in submitting a paper on the
“Porosity and Specific Gravity of Coke,” said: ‘So far as I am
aware, the credit of the first systematic investigation of the physical
properties of coke belongs to Mr. John Fulton, Mining Engineer
of the Cambria Iron Company.”

In a recent publication on the chemistry of coke, being the
“Grundlagen Der Koks-chemie’” by Herr Oscar Simmersback,
translated and enlarged by W. Carrick Anderson, M. A., B. Sc., of
Glasgow, Scotland, it is submitted in the introduction: *“Upon the
physical properties of coke, experiments were carried out first of all
by Americans. In 1875, John Fulton, then manager* of the
Cambria Iron Works Company, at Johnstown, Pennsylvania, dis-
cussed the variable action in the blast-furnace fuels containing the
same quantity of carbon. This variability he ascribed to the differ-
ence in their physical condition, anthracite, coke, and wood charcoal
being, as he showed, characteristically unlike in structure.” (Iron,
1884, No. 602; Berg-and Hiittenmannische Zeitung, 1844, p. 526.)

The author appreciates that in this wide field of research there
remains very much to be disclosed, but he trusts that this contribu-
tion may be helpful, especially in a practical way, to those interested
o;' engaged in this large and expanding industry—the manufacture
of coke.

In the preparation of this second edition, the author has neces-
sarily drawn from various sources, and due acknowledgment of
such help has been given in the text whenever it has been possible
to do so. He is laid under many obligations to the several publi-
cations of the United States Geological Survey, especially in the
valuable ‘ Twenty-Second Annual Report, 1900-1901, Part 3, Coal,
Oil, Cement;” and to the very comprehensive annual volume, ‘‘ The
Mineral Statistics of the United States.” Correspondence and
requests with this important department of the government have
always received prompt, accurate, and courteous responses.

*At the time noted above by Mr. Anderson, Mr. Fulton was the General
Mining Engineer of the Cambria Iron Company; subsequently he became
General Manager.
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To Mr. James M. Swank, General Manager of the American Iron
and Steel Association at Philadelphia, he is indebted for valuable
statistics and helpfulness in the chapter on Briqueting.

Mr. J. V. Schaefer, formerly engineer of the Link-Belt Machinery
Company, of Chicago, but now of the firm of Roberts, Schaefer &
Co., Engineers, Chicago, Illinois, has contributed largely to chapter
I1I, on the preparation of coals for coking, especially on the treat-
ment in the Lahrig washer.

Messrs. Stein and Boericke, Metallurgical Engineers, Primos,
Delaware County, Pennsylvania, have contributed much matter on
the treatment of coals by crushing and washing, in preparation for
coking.

The Semet-Solvay Company, of Syracuse, New York, has con-
tributed drawings and statistics showing the size, product, and cost
of the Semet-Solvay retort coke oven.

Dr. F. Schniewind, of New York, has furnished many drawings
of the Otto-Hoffman and other retort coke ovens and statistics of
its work. ’

Mines and Minerals, a monthly journal, published by the Inter-
national Texthook Company, Scranton, Pennsylvania, has been
largely drawn upon for matter that has been used in several chapters
of this edition.

Extracts have also been made from several volumes of the trans-
actions of the American Institute of Mining Engineers.

Valuable help has been cheerfully afforded by the several invent-
ors of coke ovens, disintegrating machinery and washeries, as well
as from managers of coking establishments.

In the full chapter on “Briqueting in Europe and America,”
the reports of the United States consular service have been largely
utilized in presenting and illustrating this young industry.

Sincere thanks are returned to the many others who have so
kindly contributed to the matter in the pages of this second edition.

Joun FurToN.

Johnstown, Pennsylvania, January 1, 1905.
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The manufacture of coke in the United States of North America
began in a feeble way with four small establishments in the year
1850. During the 30 vears following, the progress of the industry
was rather slow, but from 1880 to 1892 it made rapid advances,
showing in the latter year 261 establishments, using 42,002 coke
ovens and producing 12,010,829 tons of coke, valued at $23,536,141
at the ovens.

In the year 1869, coke outranked charcoal for use in blast fur-
naces; and in 1875, it surpassed anthracite coal. Since the latter
date, it may be said that we fully entered into the era of coke. Itis
also evident that this coke fuel is destined to retain this leading
place of usefulness in metallurgical operations, and its increase is
destined to accompany the expansion of the iron and steel
industries.

In considering the present condition and future requirements of
the coke-making industry, with its paramount value in the manu-
facture of iron and steel, it appeared that a volume embracing the
principles and practice of the manufacture of coke would prove of
permanent value to those engaged in these correlated industries.
Its publication is regarded as the more needful at this time on
account of the efforts being made to introduce the modern types of
retort coke ovens, with their auxiliary apparatus for saving the chief
by-products—tar and sulphate of ammonia—from the gases
expelled in coking, and thus supplementing the profits in the coke
industry.

In the United States, the manufacture of coke has hitherto been
confined mainly to localities affording the best qualities of coking
coals. It required little skill to make excellent coke from such
good coals, but with the large expansion of the production of coke,
and the gradual exhaustion of the areas of the prime coking coals,
compelling the use of the secondary qualities of coking coals, a
thorough study of the merits of the several kinds of coke ovens
now being offered is regarded of the most important interest.

In this volume, the papers on the manufacture of coke that have
been published in The Colliery Engineer and Metal Miner, have
been recast and carefully revised. They give the several methods
of coking, with the results obtained, for the consideration of those
interested in this industry.

vii
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The author feels that very much remains to be learned in this
department of industrial art, but trusts that this initial volume will
suggest matter that will lead to an accelerated advance in useful
knowledge along the several sections embraced in its pages.

The work has been undertaken with a feeling of the difficulty of
doing it the justice its importance deserves. But, in this respect,
the author trusts that some truth has been gleaned under the con-
ditions of the old adage that ‘“ necessity is the parent of invention.”

In the 20 years’ experience of the author, in his official position
of General Mining Engineer and General Manager of the Cambria
Iron Company, he has been required to study the manufacture of
coke in its elements of quality and cost. The extensive operations
.of this company in the different sections of the Appalachian coal
region, by several methods of coking, afforded desirable oppor-
tunities for investigation and for the comparison of results.

In the vear 1875, the coke made at the works at Johnstown, in
Belgian coke ovens, failed to meet the furnace requirements. The
management requested an investigation of the cause or causes of the
inefficiency of this fuel in blast-furnace work. It appeared at first
to be an easy task to ascertain the nature of the defect or defects in
this coke. It was assumed that a chemical analysis would disclose
the whole matter, but, contrary to expectation, it did not; it showed
the coke to be very pure, with much less ash than the Connellsville
coke, and with marked exemptness from other injurious elements.
The result compelled an expansion of the method of investigation,
as the chemical method alone would not reveal the cause.

A study to devise a method for the physical examination of the
coke was then entered upon, which, after many trials, resulted in
developing a plan that disclosed the main cause of the failure of this
coke for blast-furnace use—its want of the principal requirement,
hardness of body. From the softness of the body of this coke,
much of it was wasted in the upper section of the blast furnace by
dissolution in the bath of the ascending carbon-dioxide gas, thus
lowering the temperature at the zone of fusion, and disarranging the
regular operations of the workings of the furnace.

These early methods of testing the physical properties of coke
were very crude and open to criticism, but the urgency of neces-
sity, it is believed, has ultimately disclosed accurate methods of
determining the true value of coke for metallurgical uses, the
practical results in furnace work sustaining the reliability of these
determinations.

It has become evident in the manufacture of coke from the
secondary qualities of coking coals, that from the nature of the
requirements of quick and high-oven heat to secure the hardest-
bodied coke possible from such coal, the retort type of coke ovens
will have to be used.

It is confidently hoped that the plans and statements of the
actual work of these retort ovens, with and without apparatus for
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the saving of by-products, will prove helpful in enabling the coke
manufacturer to make intelligent selection and application of the
special type of oven best adapted to assure the best coke from the
coal used in its manufacture.

Very much care has been given to the consideration of the best
modern methods in the preparation of coals for coking, especially
to the process of crushing and washing, for the elimination of slate
and pyrites.

In the preparation of this work, the author has necessarily drawn
from many sources, and due acknowledgment for such help will be
given when possible to do so. He is laid under many obligations to
Mr. Joseph D. Weeks, of Pittsburg, for extracts from his admirable
reports for statistics of the manufacture of coke, and for the results
of his recent visit to Europe. Mr. Walter M. Stein, metallurgist,
Philadelphia, agent for the Siebel retort coke oven, has kindly con-
tributed many papers on plans and work of coke ovens. Dr. F.
Schniewind, of Cleveland, Ohio, agent of Dr. C. Otto & Co., has
generously contributed very full information of the plan, cost, and
work of the Otto-Hoffman oven. Mr. W. B. Cogswell, general mana-
ger of the Solvay Process Company, of Syracuse, New York, has
kindly contributed plans and results of the working of the plant of
Semet-Solvay coke ovens at his place.

The author is also placed under renewed obhgatlons to Sir Isaac
Lowthian Bell, of England, for plans of his Browney coke ovens,
and for his admirable method of testing the resistance of coke to the
action of carbon dioxide.

Mr. Henry Aitken, Falkirk, Scotland, has kindly contributed his
plans and studies in his methods of saving by-products from bee-
hive ovens.

The * Mineral Statistics of the United States,” by Dr. David T.
Day, of Washington, District of Columbia, has afforded much help
in many ways; as have also the works of the Second Geological
Survey of Pennsylvania, by Prof. J. P. Lesley, State Geologist, and
his able assistants. Many valuable extracts have been made from
the several volumes of the transactions of the American Institute of
Mining Engineers.

Sincere thanks are returned to the many others who have so
kindly contributed to the matter in the pages of this volume.
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TREATISE ON COKE

CHAPTER I

THE COAL FIELDS OF NORTH AMERICA

Importance of Coal.—Geology, like history, has its special and
important epochs. The coal-making periods are the most remark-
able in the geology of our planet, for, during these periods, the
great deposits of mineral fuel were stored up, anticipating and pro-
viding for the wants of the coming man, in the order of his com-
fort, civilization, and power.

Among all the valuable gifts the Creator has bestowed upon
- man, coal is the most essential to his well being and progress. It
is true that man could exist, under the beneficence of the sun'’s
warmth and the fuel from the vegetation of the field and forest;
but it is clearly evident that to attain the best conditions of civili-
zation and power, he must have the fuel supply, the stored up and
crystallized sunlight, of the old-time coal-making periods.

The value of this coal endowment has now become a standard
by which the nations of the world are classified as to their present
power and future progress. Recent experience has emphasized
the vital importance of this coal supply.

From our present knowledge of the extent of the coal fields,
the following graphic comparison will exhibit the relative ranks
of the nations of the world in their possessions of coal.

This graphic comparison of coal areas shows that the United
States of America inherits a wealth of coal, so far as developed,
equal to that possessed by all the other countries of the world.

Future explorations will doubtless increase the area of coal in
the United States, British America, and in the less-developed
countries of foreign lands. The production represented by the
square for “Other Countries” will in all probability be greatly
increased in the near future as the deposits of China and Japan
are opened up. The United States need be in no fear of losing
first place, however, at least for a long time. In 1899 we wrested
first place from Great Britain and our production is steadily
increasing and widening the gap.

1
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COAL FIELDS OF THE WORLD—1902

United States of America | I 344,440 square miles
British America -—-- ~--- 60,000 square miles
Great Britain cee—_— ._ ______ 12,000 square miles
Spain coea__ .. ....... 4,000 square miles
France R S—— 2,000 square miles
Germany .______ ------- 1,800 square miles
Belgium . ______ g _____ 600 square miles

‘ Other Countries ... --- 110,000 square miles
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The following statistical diagram shows the relative product of

coal by the several nations of the world:
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The Coal Periods.—The columnar section shows the places of
the coal among the rocks. While there were three periods of
greatest deposit, the evidence in the remains of plants from the
Laurentian to the Tertiary shows that plant life, in greater or

Peat—Turf

Coal Lignites

Laramie Series
Coal

Dakota Group
Comanche Group

Coal
Permian

Coal Measures

| Upper Silurian

| Lower Silurian
Primordial
Huronian

| Laurentian

SECTION SHOWING THE PLACES OF CoAL IN
THE Rocks—LEe ConTE

less degree of development, ac-
companied all the sedimentary
deposits.

The remains of this vegetable
growth are found in the Lauren-
tian in the mineral graphite,
which is usually associated with
folded and flexed strata.

In the eastern part of the
United States and in the lower
coal measures, which are also
greatly compressed and flexed,
anthracite coal is the product of
this old-age flora. Westward, in
the Carboniferous period, under
modified conditions of rock flex-
ure, the rich bituminous coals are
the crystallized remains of the
luxuriant flora of this epoch.
Farther westward, in the Jurassic,
Cretaceous, and Tertiary periods,
bituminous and lignite coals are
found, as the results of the recur-
rences of the periods of the coal-
making flora.

The more recent vegetable
deposits found in the peat or turf
bogs afford interesting and sug-
gestive examples of the genesis of
coal, although the flora exhibits
newer forms and conditions from
the old-time periods of the coal-
making plants.

An example of the mode of
bog or turf deposit, as it is being
accumulated at present, is seen
on the line of the N. N. & W. Rail-
way, in Newfoundland. These
deposits occur at intervals along
the line of this railway and con-
sist of a series of bogs in which
a growth of moss and other
swamp plants is accumulating.
Under the cold and foggy climate
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~ and with frequent drizzling rains, the vegetable mass is being

altered into black bog in the bottom and brown bog above this
lowest strata, with the moss and heather on the surface. These
deposits are 4 to 6 feet deep, and exhibit all the processes of
growth, with the graduations from brown bog down to the dense
black bog from which turf is made. It only requires a further
series of conditions to compress and crystallize all this vegetable
matter into true coal.

COAL FIELDS OF THE UNITED STATES

The accompanying geological map of the United States shows
the approximate areas and localities, as far as determined, of the
Carboniferous, Triassic, Cretaceous, and Tertiary coals, each period
being distinguished by appropriate cross-sectioning.

As this map is designed for practical use, it is not considered
expedient to adopt, at this time, the rather intricate classification
of the great coal fields used by the United States Geological Sur-
vey in some of its latest publications.

The Appalachian field is uniform in the quality of its coal, from
New York state to Alabama. It does not .appear necessary to
give it a double name, Northern and Southern—the same is
true of the Western fields. These are distinctions without any
economic differences.

The table of outputs of coal in states and territories has also
been grouped under the clear classification of the old system.

These coal fields of the United States are usually classified
under eight main divisions in the following order:

I. The Anthracite Coal Fields.—These embrace in the aggre-
gate about 1,010 square miles. The extreme eastern anthracite
field, lying mainly in Rhode Island, with its north end resting in
Massachusetts, contains about 500 square miles of coal measures.
It affords peculiar varieties of anthracite and graphitic coals, but
contributes only a small output to local markets.

In Northeastern Pennsylvania, the triple anthracite coal fields
cover an aggregate area of 485 square miles. These three regions—
the Schuylkill, the Lehigh, and the Wyoming—with their small
annexes, contain beds of pure, glassy, anthracite coal, with thick-
ness of seams from 3 feet to 60 feet. The total output of these
fields during the year 1901 was 67,471,667 net tons, valued at
$112,504,020. The small anthracite field in Sullivan County,
Pennsvlvania, with detached patches of anthracite in Maryland,
West Virginia, Colorado, and New Mexico, cover an aggregate area
of 25 square miles.

All the above coals-are found in the regular Carboniferous
measures. Anthracite coal is heavily compressed natural coke.
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The elementary composition of the coals in the anthracite fields
will be readily seen from the average proximate analysis of each
section given below:

_ ANALYSES OF ARTHRACITE

Moisture Volntile Pixed Ash Sulphur

Per Cent. | pe ooy | b oo | Per Cent. | Per Cent.
Rhode Island............. 8.36 i 6.09 73.23 | 11.68 .64
Massachusetts.............| 2.05 | 4.99 76.96 15.44 .56
Pennsylvania............. 2.98 , 3.38 87.13 |. 5.86 .65
8.76 78.87 8.30 .65

Colorado................. 0 3.42 |

II. The Atlantic Coast Triassic Coal Fields.—These detached
coal fields are found midway between the Blue Ridge Mountains
and the Atlantic Ocean. They consist of the Richmond and
Farmville basins in Virginia, and the Dan River and Deep River -
basins in North Carolina. The aggregate area of these coal fields
is 660 square miles.

The coal in the Richmond basin is bituminous, and, when prop-
erly treated, makes a medium quality of coke. The natural coke or
carhonite of this basin is a peculiar product, as some sections of the
coal beds have been coked by the intrusion of diabase dikes, which
follow the floor or roof of the coal beds, producing a light cellular coke.

The coal beds in the Farmville field are of moderate thickness
and much disturbed by flexures and faults.

The Deep River and Dan River fields are found under similar
conditions to the Farmville. The Dan River region is regarded
more hopefully than the others.

ANALYSES OF TRIASSIC COALS AND COKES

. Moisture | Volatile | Fixed Ash Sulphur

Locality Per Cent. Pz_‘::::t. Ps:‘gnmt Per Cent. | Per Cent. Remarks
Richmond basin 24.57 | 62.39 | 13.04 Averages
Rig“j‘:g“;}dt;?s_‘ﬂ' 34.25 | 62.97 | 3.24 Averages
Natural Coke.....| 1.66 | 18.35 | 67.13 | 12.86 | 4.70
Natural Coke..... 9.98 | 80.30 9.72
Farmville..... ... 1.43 | 28128 | 53.60 | 11.81 | 4.67 |Averages
Dan River....... .36 17.99 | 55.47 | 26.16 5.56
Dan River....... 13.50 | 76.56 | 12.00 )
Qeep Rivero "} 1.216 | 32.914 57.36 | 6.58 | 1.03 {‘fe‘:;gh

II. The Appa.lachmn Coal Field.—The Appalachzan coal field is
the largest and most liberally endowed coal field in the world. It
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lies along the western side of the Appalachian mountains, and has
a general trend southwestwards. The northern end, with its ter-
minal fingers and outlying coal fields, rests in Northwestern Penn-
sylvania, nearly touching the New York state line. The southern
end rests in the state of Alabama. It has a length somewhat over
800 miles, with a width of 30 to 180 miles, and covers, in its broad
southwestward course, portions of the states of Pennsylvania, Ohio,
Maryland, Virginia, West Virginia, Kentucky, Tennessee, and
Alabama. The general trend of its eastern border approximates
to a conformity with the shore line of the Atlantic Ocean. The
coal measures belong to the Carboniferous proper and vary in
aggregate thickness from a few hundred feet to 3,000 or 4,000 feet.

There are two groups of coal beds in this field—the lower and
upper—which are associated with the lower and upper barren
measures. The Pottsville, or Seral, conglomerate is the base of
these coal measures. The lower coal beds embrace a thickness of
280 feet, more or less. The lower barren measures have a thick-
ness of 600 feet. The upper productive coal measures have a
thickness of 360 feet, while the upper barren, or capping, measures
are, at some localities, 1,100 feet thick. This great coal field,
which includes an area of 59,370 square miles, affords the largest
areas producing coal for the manufacture of coke.

The general structure of the anthracite and Appalachian coal
fields consists in a series of rock waves and flexures, beginning
in billows near the seaboard, moderating to waves in the middle
Appalachians, and calming to mild ripples on the western flank of
this longitudinal belt of some 300 miles in width.

West Virginia is credited with having the maximum depth
of coal measures. The coal beds vary from a few inches to 10 feet or
. more in thickness and the percentage of coal to the associated rocks
and shales is usually estimated as 1 foot of coal to 50 feet of slate
and rock measures.

It is impossible, in a brief table, to give all the qualities of coals
embraced in this large territory, but it is believed that the following
tabulated analyses will give the general averages:

ANALYSES OF APPALACHIAN BITUMINOUS COALS

Moisture | Volatile Pixed Ash Sulphur

Per Cent. P}e‘r‘(t):el:lt. | PS:%’::L Per Cent. | Per Cent.
Pennsylvania—East....... 1.73 23.89 | 67.03 | 6.69 .66
Pennsylvania—West.......| 1.70 39.15 ' 46.66  10.52 1.97
Ohio.....................| 1.58 41.86 ' 51.44 5.12 2.64
West Virginia—East....... 1.52 19.81 ¢ 72.71 5.20 .76
West Virginia—West...... 1.52 37.86 53.37 6.03 1.22
Kentucky................ 1.80 33.00 60.10 . 5.10 .65
Tennessee................ 1.50 32.51 | 59.33 5.82 .84
Alabama................. 1.65 | 82.48 | 60.15 ] 4.82 .90
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IV. The Northern Coal Field.—The Michigan coal field, in the
middle of the state, covers an area of 7,500 square miles. This coal
basin lies in a rather flat country, surrounded by higher land.
These coal measures belong to the true Carboniferous period. The
coal seams are somewhat irregular in character and continuity.
During recent years, considerable mining has been entered upon.
The upper coal beds afford coking coal, the lower beds of coal
are non-coking.

ANALYSES OF MICHIGAN COALS
(From Alfred C. Lane)

. Volatile | Fixed
Moisture Matter | Carbon Ash Sulphur

Per Cent.|p.. Cent.|Per Cent. Per Cent.|Per Cent.

Pere Marquette, No. 1 Saginaw....| 10.15{ 33.14 | 53.95| 2.76 | 1.10
ackson, New Hope mine......... 5.58 | 46.73 | 45.28 | 2.41 | 2.83
aginaw Co., Verne............... 5.82|39.79 | 45.15| 9.24 | 3.83

V. The Central Coal Field.—This coal field of 46,000 square
miles lies in the states of Illinois, Indiana, and Western Kentucky.
It contains the three general varieties of bituminous, block, and
cannel coals. The main portions of the coals of this field are rich in
bituminous matter. The block coal of Indiana is a peculiar fuel;
in coking, its volatile matters are expelled, leaving the normal
structure of the coal intact, and in this condition it is simply a
charred coal.

ANALYSES OF CENTRAL FIELD COALS

Moisture | Volatile Pixed Ash Sulphur

Per Cent. Pt‘ra(t)::t. Pg:rg:; Per Cent. | Per Cent.
. Block............ 2.10 | 39.05 | 55.20 | 2.90 .75
Indiana{p2ttuooioe o 2,98 | 40.98 | 50.70 | 3.46 | 1.88
Illinois, Jackson County ...| 2.08 | 37.10 | 52.17 | 7.02 1.63
Kentuck {Bituminous ....] 4.48 | 32.22 | 54.03 | 7.90 1.37
Y\Cannel.........| 1.46 | 45.35 | 45.80 | 6.63 .76

During recent years, the Illinois coals have been mined largely,
and under careful treatment have appreciated in market value.
Efforts are now being made to coke some of the coals in this field,
which, with the improved machinery for crushing, classifying, and
washing, afford indications of moderate success. So far, however,
the efforts at coking the large bed of coal in Southern Illinois have
not met the expectation of the parties in Chicago that have made
a series of experiments testing the coking properties of these coals.

VL. Rocky Mountain Coal Fields.—The Rocky Mountain coal
regions cover portions of the Dakotas, Montana, Idaho, Wyoming,
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Utah, Colorado, and New Mexico. The coal fields in this territory
embrace the deposits on the flanks of the Rocky Mountains, the
main areas of coal, developed at this time, being found on the east-
ern side of these mountains.

The qualities of these coals are quite varied, including the Permo-
Carboniferous, the Jura-Trias, with the Laramie, the Cretaceous, and
the Tertiary. Some of these coals make good coke, but many of
them will not fuse in a coke oven. Several of the beds are quite
thick, and afford valuable fuel for generating steam, and for metal-
lurgical, manufacturing, and domestic uses.

Within the past decade, the United States government officials
have investigated and thrown much favorable light on these fields,
and these investigations, together with private enterprise, have
disclosed the increasing value of these great coal deposits.

The following statement, from the Twenty-second Annual
Report of the United States Geological Survey, will exhibit the
progress in coal mining and coke making in this extensive coal
region during the vear 1901:

Coal Produced Coke Made

State Net Tons Net Tons
Dakota.. .........................
Montana............. e 1.396,081 57,001
Idaho.................... .. ....... -
Wyoming.......................... 4,485,374
Utah..............ooiiiii.. 1,322,614
Colorado...... ................... . 5,700,015 671,303
NewMexico........................| 1,546,652 41,643

The coal measures in these fields cover an area of 100,110 square
miles as known at the present time, but future explorations and
government surveys will probably increase the area.

VII. The Western Coal Field.—The western coal field occupies
the southern portion of the state of Iowa, the southeastern corner
of Nebraska, the northwestern section of Missouri, the eastern side
of Kansas, passing through the eastern portion of the Indian Terri-
tory and resting in a great prong in the middle of the state of
Arkansas. It occupies the interior plain of the continent, and
has an area of 99,800 square miles of coal measures.

Extensive mining operations are carried on in the states of Iowa,
Missouri, and Kansas, and in the Indian Territory where recent
explorations have developed large beds of coal fairly well adapted
to the manufacture of coke In the states of Missouri and Kansas
a few coking plants are in operation, but the output is small. In
the Indian Territory, several coke plants are in successful operation,
the coke being marketed mainly in Mexico.
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ANALYSES OF WESTERN COALS

Moisture Volatile Fixed Ash Sulphur

Per Cent. P:‘r.é::t. P(e::r(‘.‘::t. Per Cent. | Per Cent

Towa......ooonn.o.....| 3.00 | 38.25 | 48.50 | 7.50 | 2.75

Missourl.\\"\. 0101 Bi50 | B7TL | 4217 | 1056 | 3.06
epraska.................

Kansas....[ [/ 0| 325 | 40.90 | 43.98 | 1071 | 1.10

: . ast..... 1.05 | 19.04 | 71.73 | 7.53 ‘85

Indian Te’;m"y{wm | LTe | 4030 | 170 | 488 | 1034

ast............| 1.02 | 10.49 | 76.12 | 9.96 | 2.41

Arkansas{yol 1.05 | 14.65 | 76.11 | 6.63 | 1.56

The Texas coal field belongs, by geographical position, to the
Western field. Prof. E. T. Dumble, formerly State Geologist, in
regard to these lignites, states: ‘Tt should, however, be plainly
understood in the beginning, that the brown coals of Texas will
be found to differ very widely in quality, and it will require
analysis of each deposit to tell with certainty for what purpose it
is best adapted.”

ANALYSES OF BROWN COALS OF TEXAS

Moisture ‘{ﬂ:&l: Cl:‘:tfgln Ash Sulphur

Per Cent. | p.. Cent. | Per Cent. Per Cent. | Per Cent.

Stevens.................. 10.00 5.81 48.46 4.20 1.53
Eagle Pass............... 5.27 | 37.48 | 44.46 10.22 2.57
Laredo...................| 2.00 | 50.05 | 39.10 7.35 1.50
Bowie County............. 10.32 | 76.35 11.53 1.45 .35

VII. The Pacific Coast Coal Fields.—The Pacific Coast coal
fields embrace a number of detached fields in the states of Washing-
ton, Oregon, California, and Alaska. These coals are nearly all of
the Tertiary age, and of the general character of lignites. The
fields are of limited extent and widely separated. Their products
of coal and coke during the year 1901 were as follows:

Coal Coke
State Net Tons Net Tons
Washington. ....e.nnnnneeeeeeennn, 2,578,217 49,197
[0 47 69,011
California and Alaska............... 151,709

The geological survey of these fields is not yet complete. It is
estimated, from what is known, that the aggregate area of these
coal fields is about 30,000 square miles. The coal is mainly of the
Eocene age, ranging from lignite to coking coal.
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16 TREATISE ON COKE

In Western Washington, some seams of bituminous coal have
recently been found which are reported as well adapted for the
manufacture of coke; and, also, in Eastern Washington coking coals
have been developed

In addition to these fusing or coking coals found in this field,
the chief varieties of coals are valuable for industrial and domestic

purposes.
ANALYSES OF PACIFIC COAST COALS

. Volatile Pixed
Moisture Matter Carbon Ash Sulphur

Per Cent. | per Cent. Per Cent. Per Cent. | Per Cent.

. 2.36 | 41.01 | 48.65 | 7.08
Washmgton....‘ ......... { 2(1)33 30.70 5832 2.26
. 32.50 41.9 .34
Oregon................. { ég:; 38.33 | 44.904 10.71 4.49
. 15.50 40.00 29.50 15.00
California............... { 18.08 3930 35.61 7,01
Alaska................... 2.57 55.44 29.75 12.24 .88

Evidently there is a large area of the Washmgton coals that,
with careful preparation in crushing and washing, will make excel-
lent coke.

COAL FIELDS OF CANADA

In the Dominion of Canada, the coal deposits have been classed
in three sections:

I. The Nova Scotia and New Brunswick Fields.—These lie in
the Bay of Fundy, and have a desirable location for marketing their
coal on the Atlantic seaboard. The coal is similar in quality to the
coal of the eastern Appalachian field. The coal measures are 13,000
feet thick, and the aggregate area of the two fields is reported to be
18,000 square miles.

The coal belongs to the Carboniferous period, and is used for
coking, for iron manufacture, and for all industrial and domestic

purposes.
AVERAGE ANALYSES OF NOVA SCOTIA AND NEW BRUNSWICK COALS

T

Volatile Fixed
Moisture Matter Carbon P Ash l)S\xlphur
Per Cent. | par Cent. | Per Cent. er Cent. er Cent.

Pictou................... 1.20 28.43 | 56.98 | 13.39
éog gins. .. .. ..| 1.30 37.50 | 56.00 5.20
nngh:ll 1.10 29.10 56.60 13.20
va Scotia. 1.15 25.61 60.73 | 12.51

CapeBreton" 1.10 | 25.83 | 67.57 | 5.50
Albertite................. 50 | 57.10 | 42.40 .27
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H. British Columbia and Vancouver’s Island Field.—The coal
measures in this section belong to the Cretaceous and Tertiary for-
mations. The coal beds are large and the quality is mainly of the
better class of such coals. The amount of pressure appears to be
the important factor in determining the physical properties of these
coals, and consequently of their value.

ANALYSES OF BRITISH COLUMBIA AND VANCOUVER COALS

§ Volatile Pixed
Moisture Matter Carbon Ash Sulphur

Per Cent. Per Cent. | Per Cent. Per Cent. | Per Cent.
a Non-coking............. 15.75 | 35.40 41.45 7.40
b Non-coking............. 8.60 | 35.51 46.84 9.05
¢ Good coking............ 36.065 | 36.065 | 61.29 2.645
McKay, No. 14............ 4.01 | 40.07 51.82 4.10
Nanaimo.................| 1.70 38.10 48.48 | 11.72

III. Eastern Rocky Mountain and Great Plains Field.—In the
great plains east of the Rocky Mountains, and in the eastern flank-
ing ridges, the coal occurs in the Cretaceous formation, including
the Laramie. This field is simply the extension, northwards, of the
lignite and brown coal measures of the Rocky Mountain series of the
United States. Some of these coals can be used for the manufac-
ture of coke, but the larger proportion goes to other uses.

ANALYSES OF ROCKY MOUNTAIN AND GREAT PLAINS COALS

Moisture | Volatile Pixed Ash Sulphur
Per Cent. Pﬁ_‘é:: . Pg:rg:: t. Per Cent. | Per Cent.
a Non-coking............. 20.54 | 33.26 | 41 15 5.05
b Non-coking............. 10.35 | 34.40 | 39.61 15 64
¢ Non-coking.. .......... 6.50 | 38.04 | 47.91 7.55
d Good coking... ........ 4.41 40.32 48.27 7.00
e Western anthracite...... .71 10.79 | 80.93 7.57

MEXICAN COAL FIELDS

The Mexican coals are evidently found in the Cretaceous or Ter-
tiary formations, probably in the former. They appear to be
related in part to the Texas coals.

The Coahuila Coal Company, near Sabinas, on the Mexican
International Railroad, mine coal and make a fair quality of coke
from washed Alamo coal. The analyses are as follows:
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Moisture | Volatile Fixed Ash Sulphur

Per Cent. P:‘:é:: " Pce:r(':,eo:t. Per Cent. | Per Cent.
Coal............coovuun.. 20.35 20.35 67.64 12.01 86
Coke.....oovviiiiiii, 1 35 1.35 83.80 14.85 1.08

The coke-is used mainly in smelting establishments, and com-
mands a ready sale. It is a fairly good coke, approximating in its
physical properties the Tioga coke of Pennsylvania. The coal from
which it is made requires careful and intelligent work in preparing
it for the coke oven.



CHAPTER 11

THE FORMATION AND CHEMICAL PROPERTIES OF COAL

Formation of Coal.—The genesis of coal has now been clearly
shown to have been in the swamp flora of the old-time periods of
coal making, and the vegetable origin of coal is therefore no longer
questioned. This conclusion has been reached from the evidences
of the remains of plants of these Carboniferous periods in imme-
diate connection with the coal beds; by the physical structure of
the coal, disclosing the anatomy of the several.families of plants
from which it was made; and from chemical analyses tracing its
derivation from vegetable matter.

Coal, therefore, was made from vegetable and woody matter,
which grew luxuriantly in broad and extended marshes in the old-
age times, when the Appalachian sea covered most of the continent
of North America. This vegetable matter, in its decay and fall,
was entombed in the waters of these swamps, which kept it from
the atmosphere, and thus preserved it from oxidation or waste.

It is also evident that ‘the more thoroughly this vegetable
matter was submerged, the more perfectly the resulting coal was
bituminized. This immersion in water contributed a very impor-
tant element in the formation of the more highly bituminous and
coking coals.

The deposit of cartonaceous matter was followed by a covering
of slates, shales, sandstones, or limestone deposits, which afforded
different degrees of pressure on the entombed vegetable matter,
and assisted in the subsequent crystallization of the coal.

The flora of the coal-making periods consisted mainly of the
large families of tree ferns, Sigillaria, Calamites, and their allies—
soft, rapid-growing plants, with jointed stems and broad spear-
shaped leaves, which fell in frequent showers into the waters of
these marshes. These, with the mosses, ground ferns, and other
plants, composed the vegetable mass that made the coal.

The atmosphere of the coal-flora periods was in large part com-
posed of carbon dioxide, which contributed largely to the heat,
and furnished plant food for the luxuriant growth of the flora.

But complementary to all these conditions of climate, rapid
vegetable growth, and swamp lagoons to preserve it for coal making,
great movements in the earth crust were of prime necessity in

2 19
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affording definite time for the accumulation of vegetable matter to
make coal beds of useful thickness and to entomb them for the
use of the coming age of man.

The broad geological law has been fully established, that all
continents have been formed beneath the sea and then emerged
from it. Not only this, but also from the way the several sedimen-
tary formations rest upon each other, it is evident that the land
has been alternately emerged and submerged many times in the
process of its formation. These movements of the submergence
and emergence, during the formation of the coal measures, are in
entire harmony with the laws governing the formation of all the
sedimentary deposits.

It will also be readily understood that in the coal-making
periods, under varied conditions and extended time, a variety of
coals have been made, with different degrees of purity, and with
varied ratios of fixed to volatile matters. These changes have
also been influenced by the subsequent movements in flexing the
strata, producing the debituminization of the coal in greater or
less degrees. In the greatly flexed and folded regions of the coal
fields, local causes have contributed to carry the change still
further, producing anthracite coal from the evolved heat in these
movements. Where this metamorphosis has been carried still
further, the ultimate is produced in graphite or black lead.

It is well known that all vegetable tissue contains some incom-
bustible matter, which is designated as “‘ash’ in coal. It ranges
from 1 or 2 per cent. to 5, 10, or more per cent. in the usual varieties
of coals.+ When coal contains more than 5 per cent. of ash, it is
evidence of the deposit of mud from other sources than the vege-
table matter making the coal. This additional impurity has come |
into coal from sediment in the waters of the marshes and from the
fine muds composing the roof of the coal bed. The ratio of this
fine mud or slate impurity in coal can increase until the former
predominates, causing the product to lose its rank among the use-
ful family of coals.

The usual law, with some exceptions, is that this slate impurity
in coal carries with it iron pyrites, FeS, (a compound of sulphur
and iron), so that the volumes of these undesirable impurities are
usually found in a varying proportion to the amount of ash in the
coal, increasing generally as the ash increases. But there are
exceptions to this law. .

Varieties of Coal.—-It is assumed that what is now ranked as
bituminous coal represents the normal condition of all true coal
prior to the subsequent changes by the agencies of heat.

Fig. 1 illustrates, in a genetal way, the chemical and physical
changes in the formation of the several varieties of coal, from its
organic constituents in plant tissue to the last result in graphitic
carbon.
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Prof. Joseph Le Conte has given the approximate composition
of these typical varieties of bituminous coal and graphite, and has

0 10 20 30 40 50 60 70 80 90 100
Cellulose. ........ I

Peat............. B

Lignites or brown
coal...........

Bituminous...... 1

Semibituminous. .
Semianthracite. . .

Anthracite ...... |

Graphite ........ I

F16.1. DIAGRAM SHOWING GENETIC RELATIONS OF THE
CARBON MINERALS, APTER PROP. J. S. NEWBERRY

constructed the following chemical formulas showing the changes
under which they were formed:

Vegetable matter, cellulose............ CrH o Ox*

Subtract 9 CO,, 3CH,, 11 HO. ....... C.Hy 05

And thereremains................... CyH40 = cannel
Vegetablematter.................... CsHeOx

Subtract 7 CO,, 3CH,, 14 H,0........ Ci1H O

And there remains................... C 0, = bituminous coal
Vegetablematter.................... C1sH O

Subtract 10 CO,, 10 CH,, 10 H,0. ... .. CuH o0y

And there remains................... Cie = graphite

The table on the following page exhibits the principal elements
of the genesis and varieties of coals.

From this table will be noted the gradual changes effected
during the lapse of time, in which plant tissue has been subjected to
natural distillation. In the western coal fields we have impressive

*The composition of wood timber is usually given as about C,,H 0.
I have taken the formula of cellulose instead, viz., C4H ,0O,; or, taking six
equivalents for convenience of calculation, CyHgeO,. I believe this to be
much nearer the composition of the vegetatﬁe matter of the coal period
than is the formula of hardwood like oak or beech. All the results may be
worked out, however, with equal ease by the use of either formula for vege-
table matter.
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examples of such changes, in the localities of trap outbursts, altering
the Cretaceous or Tertiary coals to good bituminous and anthracite
varieties. To what extent this metamorphism has affected many
localities of far western coals that are now profitably used in the
manufacture of coke, is not clearly made out. It is submitted by
some observers, that the chief element that has altered these western
coals into the many varying grades in which they are found to exist,
is the pressure from upheaval and flexure.

PRINCIPAL ELEMENTS OF THE GENESIS AND VARIETIES OF COALS

Moisture | Volatile Fixed Ash Sulphur Phos-
Names Matter Carbon phorus

Per Cent. Per Cent. | Per Cent. Per Cent. | Per Cent. Per Cent.
Cellulose.. ...... 55.36 41.44 3.00 .20
Peat............ 24.20 27.00 45.30 3.30 .20
Lignite.......... 27.90 66.09 4.00 1.00
Brown coal....... 29.06 66.31 2.27 2.36
Cannel ......... 2.10 14.99 68.13 | 12.30 2.48
Albertite......... 13.68 86.04 .10 trace
Bituminous...... 1.78 35.36 58.29 3.89 .68 trace
Semibituminous. .| 1.20 23.89 67.56 6.69 .66 .005
Semianthracite...| 2.27 8.83 78.83 9.39 .68
Anthracite....... 2.98 8.38 87.13 5.86 .65°
Graphite......... 99.00 1.00

It will be noted, however, that the evident cause of these
changes in the varieties of coals, in the neighborhood of trap
dikes or outbursts, with the resultant heat, is easily understood,
but in large areas of coal deposits, without any evidence of erup-
tive heat, the cause must be sought in other conditions.

The rich bituminous coals of Western Pennsylvania, the semi-
bituminous coals on the eastern flank of the Alleghany field, the
pure, glassy anthracite of the eastern fields, and the graphitic anthra-
cite of the state of Rhode Island all belong to the same age—the
true Carboniferous period. From the analyses of these coals, it will
readily appear that the largest evolved products of natural distilla-
tion occurred in Rhode Island, moderating in its action, westwardly,
until the normal condition of bituminous coal is found in Western
Pennsylvania and Ohio. While there may exist some conflict of
opinion as to the cause of this debituminization of coal eastward,
the fact that such has been consummated is not in dispute.

In considering the cause or causes that have produced the
various conditions of coals, the fact is quite evident that all the
anthracites in Rhode Island and in Eastern Pennsylvania are found
in sections that have been violently flexed and tilted. This work
of folding and flexing the eastern flank of the continent must have
been accompanied with a large amount of evolved heat, as the
pushing forces exerted must have been enormous. As all the
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measures in these sections have been baked with heat in about the
proportion to the violence of the disturbance in each locality, it is
evident that the cause or causes have been as extensive as the
results. Hence, it has been inferred that the heat evolved in the
flexing of the measures, combined with moisture and pressure,
have been the chief agents in producing the conditions that have
made the several varieties of coals—anthracite, semianthracite,
and bituminous. '

The origin of this dynamic or folding force evidently had its
source mainly from a cooling globe. The rigidity of the rock belt
along the Atlantic Ocean seaboard confined the main body of this
force to the softer inland crust, the latter being crushed and flexed
in proportion to its proximity to the rigid seaboard belt, beginning
at the seaboard with the largest crust waves, moderating into
ripples, and as Ohio is reached, the measures are nearly horizontal.
The heat evolved in these great crust movements altered the
eastern coals into graphites, anthracites, and semianthracites, the
coals regaining their normal condition westward beyond this region
of intense disturbance. 4

This general law of the bituminization of coal westward has
some slight exceptions. At the summit of the Alleghany Moun-
tains, at Bennington, the coal contains 23 per cent. of volatile matter,
while an exceptional belt at Johnstown, 26 miles westward, con-
tains less than 20 per cent. of hydrogenous matter. From Johns-
town westward, the increase of volatile matter is quite regular
until the maximum belt of the normal bituminous coal is reached
in Western Pennsylvania and Ohio.

The coals of the eastern anthracite fields have been thoroughly
coked under immense pressure, making this natural coke too dense
for the best results in blast-furnace operations. This undesirable
physical condition of extreme density will be fully considered later.

The manufacturer of coke can, therefore, intelligently consider
the qualities of the coals in the Appalachian and western fields for
use in making coke. As the dynamic force that flexed and folded
the eastern side of the North American continent exerted its greatest
force at the east, diminishing gradually westward, the evidence of
the action of the diffused heat from these movements is seen in its
effect in the hard, dry anthracite coals of Pennsylvania and Rhode
Island, the dry semibituminous coals of Broad Top and Cumber-
land, with the increase of bituminization of the coals westward,
until the normal undisturbed condition is reached in the great cen-
tral plain of the continent.

The table on the following page gives the composition of the
typical varieties of coals, from Rhode Island to Iowa.

It is also of interest to consider the irregular curved lines of the
eastern escarpment of the great Appalachian coal field, with the
deeply curved indents in Pennsylvania and Tennessee, displaying
the immense forces that have flexed and pushed back bodily these
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portions of the field, with measures 8 to 9 miles thick. In the sub-
sequent erosion, Tennessee and Alabama suffered most, having had
the dryer sections of their coals carried away and leaving the more
western sections, with their increased volumes of volatile matter,
for the manufacture of coke.

TABLE EXHIBITING THE DEBITUMINIZATION OF COALS—EASTWARD

Moisture ‘{ﬂ:ﬁ;‘f cl:xrxbeéln Ash Sulphur
Per Cent. | per Cent. | Per Cent. | Per Cent. | Per Cent.
Iowa............ccouu.t 1.40 41.40 | 48.50 7.50 1.20
Illinois. ................. 1.25 41.85 | 48.90 7.00 1.00
Indiana.................. 1.10 37.06 | 57.59 3.50 .75
Ohio..........c.evvunnn 2.70 33.49 | 56.90 5.99 .92
Pennsylvania
Pittsburg............ 1.28 38.10 | 54.39 5.44 .79
Connellsville.......... 1.25 31.79 | 59.80 7.16 .60
ohnstown........... 1.03 16.49 | 73.84 7.97 1.97
ennixgton .......... 1.20 23.33 | 69.02 5.69 .76
Maryland, Cumberland.. .. .89 15.52 74.29 8.59 .71
Pennsylvania
Semianthracite. ... ... 1.25 9.60 | 81.30 6.90 .85
Anthracite........... 1.35 3.45 | 89.06 5.81 .30
Rhode Island, Graphite
. Anthracite........... 1.18 3.80 | 85.70 8.52 .80

It has been noted that in the meridional sections of this coal
field, if not in all fields, the qualities of the coal in the several beds
approximate very closely in their chemical composition; so that if
a good coking coal in found in any of the beds in a special section,
all of its associated beds, above or beneath, will probably afford
similar good results in coking.

COMPOSITION OF COKING COALS

While it is not yet clearly determined why one coal will fuse in
the coke oven and make good coke, and another of very similar
chemical composition will not fuse in coking, yet, in the Appa-
lachian field, it has been found reasonably sure that coals, approxi-
mately equal in chemical composition, will afford similar results in
the process of coking.

The following analyses will show the composition of the standard
typical coking coals in the Appalachian field.

It is quite remarkable that the standard coking coal of the Con-
nellsville region is found in a long, narrow synclinal strip, west of
the Chestnut Ridge. It affords a coal with an average chemical
composition between the rather dry coals to the eastward of it
and the too bituminous coals westward.
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ANALYSES OF STANDARD APPALACHIAN COKING COALS

Moisture | yooatlle | Fixed | psh . | Sulphur
Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent.
Pennsylvania ’
Bennington.......... 1.73 23.89 67.03 6.69 .66
Connellsville..........| 1.26 31.79 59.79 7.16 .60
West Virginia
Monongah........... 1.52 37.96 53.27 6.03 1.22
Pocahontas.......... .69 19.96 73.02 5.67 .66
Kentucky................ 1.80 32.34 | 60.10 5.10 .66
Tennessee................ 1.50 32.51 59.33 5.82 .84
Alabama................. 1.65 32.48 60.15 4.82 .90
ANALYSES OF APPALACHIAN COALS
Coal Pields ulilgils;:"?' ‘n’ﬂ?&'ﬁ Cl;?t;ﬂ- Ash | Sulphur sﬂ,?:;"g?‘ cal
Per Cent.[Per Cent.|Per Cent.|Per Cent. Per Cent.|  Pennsylvania
Cumberland......| .893 | 15.522| 74.289| 9.296 .714 | HHH, p. 101
Broad Top....... .770 | 18.180| 73.340| 6.690 | 1.020 Kelly (D)!
Bennington...... 1.200 | 23.680| 68.170{ 5.730 .620 |. Miller (B)
ohnstown....... 720 | 16.490 | 73.840( 7.970 | 1.970 | C. I. Co. Dr. F.
lairsville........ .920 | 24.360| 62.220| 7.590 | 4.920 [HHHH, Unwshd
Connellsville.. .. .. 1.260 | 31.800| 59.790| 7.160 .530 | C. I. Co. Dr. E.
Greensburg....... 1.020 | 33.500 | 61.340( 3.280 ( .860 | MM, pp. 23, 24
Irwin............ 1.410 | 37.660 | 54.440 | 5.860 .640 MI&) p. 22
Armstrong Co. ..| .960 | 38.200( 52.030| 5.140 | 3.660 MMM, p. 56

Whether this quality of coal will be found in the extensions of
this strip northeastward and southwestward, paralleling the trend
of the Appalachian mountain ranges, is yet to be learned. In
other words, it is not yet known what were the ultimate effects
of the heat diffused during the period of the flexing of the coal
measures in fixing the condition of the quality of the coal as regards
leanness or richness in bituminous matters.

The following shows the average composition of the celebrated
Durham coking coal, England:

PER CENT.
MoiSture. .. ..ot i i i e e s .90
Volatilematter............... ..ottt innnnnnnns 13.00
Fixedcarbon.............. ... . ciiiiiiiiiiiin, 80.80
 + 4.39
Sulphur. ... ... e .01

It is very remarkable that this Durham coal, with its very low
volume of volatile matter, fuses so thoroughly in the coke oven
(beehive) and produces first-class coke. Such a well-determined
result adds to the perplexity of the investigation to determine the
reason why one coal will coke and another will not.
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It may be interesting to compare the composition of some coking
and non-coking coals from the Carboniferous measures and from the
Jura-Cretaceous deposits.

It is submitted as an established experience that the approximate
chemical analyses of coals will not disclose their coking properties.
It is therefore evident that in determining the type of coke oven,
with the proportions of its chamber, walls, flues, etc., the only safe
plan is to have a sufficient quantity of coal coked in the several
plans of ovens, or tested in some reliable experimental plant.* In
this respect it may be added that in coking the coals low in volatile
combustible matters in any type of oven, it will be found of great
benefit to break the coal to such sizes as will conduce to the most
economic results in fixing the fusing matters in the initial opera-
tion of coking. With coal charged into the oven in large lumps, it
is evident that, as the coking begins on the outside and moves
slowly into the interior of the lumps, the gases in the central portion
must be dissipated in more or less volume, depending on the dryness
of the coal and the size of the lumps.

The oven will also be required to be kept at a maximum heat
when charging the coal into it. With the disintegration of the coal
and the sustained heat of the oven, the small volume of fusing
matters in the coal can be promptly fixed in the coke and their
dissipation with the gases prevented.

As the Appalachian coal field affords the greatest supply of
coking coals, the careful study of the approximate analyses of these
becomes of the first importance, so that the coke oven best adapted
for the several varieties of coals can be intelligently selected.

In the Appalachian region, the analysis of the coal will, in most
instances, indicate its coking properties, but westward the coals
having compositions similar to good coking Appalachian coals fail
to fuse in the coke oven. Pennsylvania, Virginia, West Virginia,
Kentucky, Tennessee, and Alabama have been especially favored
by large areas of good coking coals in this great field of 59,370 square
miles. The eastern side of the field affords the coking coals best
adapted for making metallurgical coke. The western side inherits
too much hituminous matter to assure verv good coke. This law
is shown in the pitchy coals of Ohio, Indiana, and Illinois and by
the small amount of coke made in these states.

The coals of Colorado, Wyoming, Montana, and the other north-
western states, belong to the Jura-Trias and Laramie-Cretaceous
measures, and are independent of the Appalachian law of ratio of
volatile hydrocarbons to fixed carbon, as some of these coals can
be coked readily in the common beehive coke oven, as at the

*There are reliable establishments in the United States for testing the
washing and coking properties of coals, such as the Link-Belt Machinery
Company, Chicago, Illinois; Messrs. Stein & Boericke, Primos, Delaware
County, Pennsylvania; Roberts, Schaefer & Company, 1275 Old Colony
Building, Chicago, Illinois; and the Jeffrey Mfg. Co., Columbus, Ohio.
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Trinidad or E1 Moro, the Crested Butte, and other coke works of
Colorado, the Cambria Mining Company, of Wyoming, and the
Bozeman and Gardner coke works, of Montana. On the other
hand, a large portion of these northwestern coals, very high in
hydrogenous mdtters, cannot be coked.

It is slowly becoming evident that the solution of the coking
or non-coking properties of coals is entirely confined to the relations
and volumes of the elements composing the volatile combustible
matters of the coal. The moisture, fixed carbon, ash, and sulphur
may differ widely in good coking coals, without seriously affecting
their coking properties. An example of this is seen in the very
large difference existing in the volumes of carbon and ash in two
of the best-known coking coals, Connellsville and Pocahontas;
the former containing 59.79 per cent. of fixed carbon and the latter
72.70 per cent. The ash is neutral, exerting no influence in the
fusing of coal in coking. The sulphur and phosphorus come under
the same condition—they are simply undesirable elements in the
metallurgical coke.

It is evident that large differences exist in the volumes of the
volatile combustible matters in the coking coals of the Carbon-
iferous age in the Appalachian field. From the percentages of
volatile combustible matters in these coals, their relative coking
properties can be confidently predicted. These percentages of vola-
tile combustible matter for a coking coal range, in ordinary coke
ovens, from 17 to 33 per cent.; with retort ovens and their recu-
perative and regenerative auxiliaries, coals inheriting much lower
percentages of volatile combustible matters can be coked. The
only further remark in this connection is, that in coking coals
with small volumes of volatile combustible matter affording insuffi-
cient heat for coking, the balance of the heat required must come
from the fixed carbon of the coal.

As a unit of carbon affords about 8,000 calories of heat, while
a unit of hydrogen affords 34,000 calories, it will readily appear that
coals low in hydrogenous matters must surrender, in the ordinary
open ovens, an increased volume of fixed carbon to compensate for
the deficiency in the reduction of the greater heat-giving hydrogen.

The loss of carbon in the open coke ovens, especially in coking
the dry coals, was evidently the impelling element in the evolution
of coke ovens, and in developing the retort or closed ovens with their
auxiliary recuperative and regenerative appliances, and in the
utilization of the gases from the coking coal in heating the oven
chamber and saving the fixed carbon in coking. To assure sus-
tained heat, as well as from the peculiar construction and length
of these retort coke ovens, the charges of coke require to be drawn
by mechanical appliances.

Returning to the evidence submitted, locating the fusing element
or elements in coals of the Appalachian age, in their volatile com-
bustible matters, it was shown that wide differences in the volumes
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of fixed carbon could exist in these coals, producing, as far as is now
known, only slight modifications in their coking qualities.

It has been made evident by practical experience that in the
Appalachian region coals containing 18 to 35 per cent. of volatile
combustible matters can be made, with proper oven treatment, into
good coke. - Northwestward, among the more recent deposits of
coals, the ratio of volatile hydrocarbons to the fixed carbon does
not indicate, with some exceptions, their coking properties, as
some of these coals inheriting 35 to 45 per cent. of these matters
fail to fuse in any type of coke oven.

It has been noted in the reports of the United States Geological
Survey that a coal found in Alaska, and containing the following
elements, could not be coked:

ALASKA COAL PEeRr CENT.

Moisture, 212° F. ... ... ... .. . e,
Volatile combustible matters

100.00

- But in the Jura-Trias and Laramie-Cretaceous coals, this Appa-
lachian law will not, as a general rule, be found reliable. This
will be seen in the efforts to coke the large samples of the Sand-
coulee and Belt Mountain coals of Montana. In comparing their
volumes of volatile combustible matters with the Connellsville,
their close relations will appear as follows:

Connellsville, Pennsylvania. . .31. 80 per cent. of volatile combustible matters
Sandcoulee, Montana......... 33.60 per cent. of volatile combustible matters
Belt Mountain, Montana...... 28.71 per cent. of volatile combustible matters

Connellsville coal is the standard coking coal of the United
States, as far as present knowledge has disclosed; the coals of Sand-
coulee and Belt Mountain are mainly non-coking.

Tests of Sandcoulee and Belt Mountain Coals.—A shipment of
coal from Sandcoulee, Cascade County, Montana, was tested at the
coke works of the Cambria Iron Company, in the Connellsville region,
in 1889. A general average of this coal from a bed 6 feet 6 inches
to 8 feet 6 inches thick, showed the following composition:

PER CENT
Moisture at 212°F. ............ ... ... .. i, 2.260
Fixedcarbon.......... ... .. ... .. i 54.470
Volatile combustible matters....................... 33.600
ASh. . e e 7.820
Sulphur......... ... i 1.850
Phosphorus...........ooiiiiiiiiiiiiiiiin i, .009
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The two benches of this coal bed differed in quality; the upper
bench affords a dull, dry coal, the lower bench is brighter and more
fusible in the coke oven. The coke was made from an average of
both benches—it was analyzed as follows:

PER CENT.
Fixed carbon........ .. ... .. .. .. .. .. .. 88.350
Ash. ... e e 10.850
Sulphur........... e e e 1.790
Phosphorus. ...... e .009

100.009

The coke exhibited a composite structure; the coal from the
upper bench did not fuse. The coking operation expelled the vola-
tile matters, leaving the normal structure of the pieces of coal
unchanged—it was simply charred coal. This coal received pre-
paratory treatment in various ways before it was charged into the
ovens—it was broken into small pieces, wetted, etc. The operations
of coking were also varied, from slow, mild heat to quick, intense
heat. The latter method gave the better results. The coke was
made in the beehive ovens with great care and by expert cokers.
The ultimate decision was that, while the Cretaceous coal is well
adapted for generating steam and for domestic and other uses, it
does not fuse in coking so as to produce a merchantable coke.

Another sample of coal, from the Belt Mountain, 14 miles south
of Sandcoulee, Montana, was forwarded to Connellsville for test in
coking. The coal bed has three benches, the average analysis of
these is as follows:

BELT MOUNTAIN COAL PER CENT.

Moisture, 212° F. ... e 2.980
Volatile combustible matters....................... 28.720
Fixed Carbon........... ..., 53.310
Ash. . e 13.340
Sulphur ...... ... ... 1.650
Phosphorus ........... ... ..o, .012

100.000

This coa., under repeated efforts in coking, came out of the
oven charred; it could not be coked.

On the other side, the Trinidad and El Moro coal of Colorado,
located in the Cretaceous measures, and holding 29.82 per cent. of
volatile combustible matters, affords a very good coke in beehive
coke ovens.

This important inquiry, as to the composition of coals that will
fuse in the coke oven, has elicited and continues to invite much
earnest investigation from chemists, and while some approaches
have been made in ascertaining the element or elements that pro-
duce fusion of the coal in coking, yet these are not fully assured as
general principles that can be relied on for universal application.

It is reported that some German chemists have made tests to
ascertain the cause of the coking or fusing of bituminous coal in the
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coke oven under distilling heat, the conclusion being that the fusing
property of the coal is produced by its richness in what is known
as disposable hydrogen, or that portion which is in excess of .the
quantity required to form water with the oxygen present. It has
been shown that such a standard for the fusing quality of coal does
not correspond with observed results. So that we have in this no
sure ground for such determination.

The richness of the coal in carbon does not appear to govern its
fusing capabilities, the fact being that two samples of coal of prac-
tically equal carbon composition will be found to behave very
differently in coking in the ovens. It is evident that if the genesis
of fusing does not reside in the surplus hydrogen or fixed carbon, it
certainly does not lie in the oxygen, as the latter affords no indica-
tion of the physical behavior of coal in the retort of the coke oven.

Fusibility and Coking Properties.—The following extract on the
fusibility and coking property of coals is taken from the American
Manufacturer—the author’s name not being given:

“It has been long known that the property of coking which
belongs to many coals—a property which may be observed in
every degree, i. e., from a weak slagging to a complete fusion—is
not a simple or partial fusion, and the fusion of mineral coal is
accompanied rather by a fundamental decomposition of the same,
just as is the case when sugar is subjected to a high heat, whereby
are generated gases and vapors burning with a more or less lumi-
nous flame and leaving behind them a fused residue consisting
chiefly of carbon. .

“The very natural supposition that the fusibility or infusibility
of a coal must always stand in fixed ratio to its proportional com-
position is not at all borne out by practice, although a number of
isolated cases may seem to give it support.

“Percy (Metallurgy) found the following percentages of hydro-
gen, oxygen, and nitrogen in several coking and non-coking coals:

Non-CokiING CokING Non-CokING
t———_ r o N ’ e N
1 2 3 4 5 6 7 8 9
H......... 4.75 4.95 5.49 5.8 5.91 6.34 6.12 6.04 5.99

Oand N...5.28 7.36 10.86 14.52 18.07 21.15 21.13 22.15 23.42

‘“The following excesses of hydrogen, over what was considered
necessary to combine with the oxygen to form water, were found,
that is, the remaining quantities of disposable hydrogen:

NON-CAOKING CokING Non-CokING
1 2 3 4 5 6 7 8 9
H......... 4.09 3.53 4.13 4.04 3.65 3.70 3.47 3.22 3.06

“The property of coking evidently cannot depend on this dis-
posable hydrogen, since, for instance, in Nos. 1 and 4, non-coking
and coking coals respectively, it is very nearly the same.
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“The sum of hydrogen and oxygen in these nine coals is:

Non-CokinG CokING Non-CokING

A e A

1003 11.81 1635 20.37 23.98 27.49 27.35 28.59 29.41

“From this it might be inferred that a content of 7-18 per
cent. of oxygen entails the property of coking. The results in
the table on the opposite page, obtained from the experiments
of W. Stein and of the author, however, are totally against such
an inference.

“Of the Saxon coals, for instance, Nos. 7 and 8, as well as
Nos. 9 and 10, while having a very similar composition, show
entirely different results by the coking test. The same is true of
each pair of the Westphalian coals analyzed.

“For single coal fields, it is, of course, possible to establish some
limits. Richtér, for instance, has done this for the coals of lower
Silesia, though only in an mtroductory way:

‘(@) So-called coking coals contain, with few exceptlons
40 parts of disposable hydrogen per 1 OOO of carbon.

“() In case of equal content of disposable hydrogen, the
coking power increases the more the combined hydrogen falls
below 20 per 1,000 of carbon. Coals of 20 per 1,000 content
of combined hydrogen, and even those of 17 to 18 per 1,000 do
not, in lower Silesia, belong to the number of coking coals,
properly speaking. .

“(¢) Although the above may be accepted as the rule, it must
still be noted that sometimes coals of almost the same composition
show very different coking properties.

“A sort of rule may be deduced as follows, from the analyses
of several hundred Westphalian coals:

“(a) Coking coals (swelling in the process of fusion) contain,
per 1,000 parts of carbon, over 40 of disposable hydrogen and 10
of combined hydrogen, or under 40 of disposable hydrogen and
over 9 of combined hydrogen.

*(b) Open-burning or slagging coals (that is, fusing, but not
swelling) contain, per 1,000 of carbon, over 34 of disposable hydro-
gen and over 9 of combined.

“(¢c) Close-burning coals contain, per 1,000 of carbon, under
40 of disposable hydrogen and under 9 of combined. :

“The property of fusing or not fusing finally depends on the
presence or absence of certain carbon compounds, of which inti-
mate knowledge is probably not attainable.”

Mr. Richard Thomas, in ‘““A Paper on Coke,” read before the
Alabama Industrial and Scientific Society, submits a tabulated
statement showing the ultimate composition of some Welsh coals,
and from the coking or non-coking properties of these, infers that
the fusing element in coals consists of the relatxons of the hydro-
gen to the carbon.
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TABLE SHOWING COMPOSITION OF WELSH COAL

No Cc H N o S Ash
’ Per Cent. Per Cent. Per Cent. Per Cent. Per Cent. Per Cent.
1 91.44 : 3.46 .21 2.58 .79 1.52
2 84.87 | 3.84 .41 7.19 .45 3.24
3 89.01 4.49 1.16 1.65 | 1.03 2.66
4 89.78 5.15 2.16 1.02 .39 1.50
5 81.72 5.76 .56 8.76 1.16 2.04
6 87.48 5.06 .86 2.53 1.03 3.04
7 82.75 5 31 1.04 4.64 .95 5.31

TABLE SHOWING AMOUNT OF COKE AND WHAT WAS VOLATILE

No. Pefo(‘;:nt. Per I-(,)ent. Per zem. Per (éent. Per gent. Hydrogen to Carbon

1 9290|346 | .21 258 | .85|{H) Yanthracite

2 |85.50 3.84 | .41 |7.19| 3.06|{HL }Semianthracite
3 |84.55 4.49 | 1.16 | 1.65 | 8.14|{H L VBituminous

4 | 7750 5.5 | 2.16 | 1.02 | 14.18 |{# L Bituminous

5 |68.40( 5.70 | .56 | 8.76 | 16.58 {4 L }Bituminous

6 |72.94| 506 | .86 | 253 |18.61 (4L IBituminous

7 |67.10] 5.31 | 1.04 | 4.64 | 21.01 {glls"ﬁ}Bitnminous

Mr. Thomas gives the following descriptions of the above coals:

“Coal No. 1, or Welsh Anthracite.—This coal will not fuse,
neither will the lump coke like the other coal. The analysis shows
92.9 per cent. of coke from the coal. In appearance, it is more like
a drying up coal than coke. In place of cells, it looks more like
cracks. By disintegrating the coal, and using about 6 per cent. of
pitch, the latter being about 12 per cent. of hydrogen to 88 per
cent. of carbon, the two combined make a very strong coke. The
fracture did not show the cells the same as the coking coal, but was
granulated in appearance. They claim that it works well for
foundry purposes and commands a price from 3 to 4 shillings per
ton more than the coke made in the same locality from the bitu-
minous coal. The loss in volatile matter in this coal is very small.
The difference in carbon from coal to coke is less than 1 per cent.;
the analysis shows 3.46 per cent. of hydrogen, and 2.58 per cent. of
oxygen. It seems, by the proportion of volatile carbon to the
amount of oxygen, that the two had combined into carbonic oxide.
Had the carbon and the hydrogen combined, it would have formed
the light carbide of hydrogen, which is composed by weight of
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75 per cent. of carbon to 25 per cent. of hydrogen. In that case,
there would have been a loss of over 10 per cent. of carbon. On
the other hand, if the amount of oxygen had combined with the
hydrogen and formed water, the amount of hydrogen would not
have exceeded .32 of 1 per cent. It is very clear that the hydrogen,
in the anthracite, must have escaped almost in a pure state from
the coal, and mixed with the oxygen of the air and formed water.

“Coal No. 2 has a little more hydrogen, and like No. 1 it will
not fuse, neither will it coke, only when mixed with pitch, or some
of the other solid volatile carbons. * This coal would have to be
treated the same as No. 1 to make coke. The coking of No. 1
was discontinued for a time, owing to the advance in the price of
pitch, there being such a demand for the article to mix with the
dry non-fusible coal, to make patent fuel.

“Coal No. 3.—This coal is known, the world over, as the Aber-.
dare and Merthyr smokeless stéam coal. This is 2.33 less in carbon
than No. 1, but higher in hydrogen, by a little over 1 per cent.
It has only 1.65 per cent, of oxygen, and it shows a loss of carbon
in coking of 8.14 per cent., the oxygen being so low.

‘““The carbon, in this instance, must have formed gas, most likely
the light carbide of hydrogen. This coal has not sufficient hydrogen
and carbon to fuse, but the lump makes a good furnace coke and
is used very extensively. The slack of No. 3 will coke when dis-
integrated with richer coal, in proportion about half and half, or
when the hydrogen would be about 5 per cent. in the coal—or, say,
1 per cent. of hydrogen to 17.5 carbon. The two combined will
yield about 75 per cent. of coke from the coal.

“Coal No. 4 will fuse and make a strong coke, and is a coking
bituminous coal. I have noticed that, whenever it gives, say,
75 per cent. of coke from the coal, the color of the coke is dark
gray and shows the cells very clearly; but it will not have a smooth,
silvery gloss on it. None of the dry coals have.

“Coal No. 6.—This coal shows 8.06 per cent. less carbon than
No. 4, but it has 7.74 per cent. more oxygen in it, and has also
.61 per cent. more hydrogen. The hydrogen is 1 to 16 of carbon.
This will make a bright coke of silvery appearance.

“Coal No. 6 makes a good furnace coke, and shows the cells a
little darker gray in color, the yield being rather high to be glossy.

“Coal No. 7.—This coal cokes more like the Connellsville, of
Pennsylvania, than any I have ever seen. This coke, in appear-
ance, has a very smooth, silvery gloss when cooled in the ovens.
The best coke in this series is made from a vein called the Crepwr
vein. It makes a good, strong furnace coke, and is largely used
for foundry purposes. Owing to a slate roof, some of which falls
in mining, the slack in some of the mines is washed, but the vein
is free from all impurities, and ayerages about 8 feet thick."”

He concludes that No. 1 coal, with a proportion of hydrogen to
carbon of 1 to 26.4, will not fuse in the coke oven. No. 2 coal, with
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a proportion of 1 to 22.1, will not coke. No. 3, a smokeless steam
coal, inheriting a proportion of hydrogen to carbon of 1 to 19.8,
will not fuse readily. Nos. 4 to 7 embrace the fusing or coking
coals. The best relation of hydrogen to carbon among these is
found in No. 7, which is reported as producing a coke ‘“‘more like
the Connellsville.” This coal has a proportion of 1 to 15.6; hence,
it is inferred that coals inheriting ratios of hydrogen to carbon, as
the series from 4 to 7 show, are good coking coals.

It may be of interest to note that the Connellsville coking coal
inherits relations of hydrogen to carbon, in its composition, of 1 to
14 nearly. The Monongah coal of West Virginia contains the
" relations of hydrogen to carbon of 1 to 10.7. The celebrated
Durham coking coal of England has a proportion of 1 to 17.2. All
these coals fuse in a very thorough manner, making excellent
metallurgical coke.

On the other side, a readily fusing coal from Ohio has its
hydrogen to carbon as 1 to 9.8, which indicates a close relationship
to the West Virginia variety.

In the Saxony and Westphalia coals, two samples of coal afford
proportions of 1 to 17.4 and 1 to 17.6 respectively; the former made
a crumbling coke, while the latter was ‘‘caked and much swollen.”

These investigations indicate progress, but do not go far enough
in embracing the different varieties of coals with their varying con-
ditions to enable the coke manufacturer to determine accurately,
from the ultimate analysis of his coal, whether it will fuse in the
oven and make good metallurgical coke, or if it is a non-coking
coal. So far as the more recent investigations indicate, the coking
property of coal depends on the presence of certain relations of
hydrogen and carbon, with the interaction of these from certain
conditions not yet definitely established.

Prof. W. Carrick Anderson, of the University of Glasgow, Scot-
land, submits, in a paper read before the Glasgow Philosophical
Society, that, in every case, the quantity of hydrogen and oxygen
contained in the coal plays a more important part than the carbon.
Coals very rich in hydrogen and in oxygen no longer melt, neither
do those very poor in hydrogen and oxygen. He gives the table
on the following page exhibiting the series of solid fuels, arranged
with reference to their chemical composition and yield of coke.

He adds that it is evident from this series that the coking
property is in some measure bounded by the following limits:
hydrogen, 5 to 6 per cent.; oxygen, 10 per cent.; free hydrogen,
4 per cent.; and specific gravity, 1.35. Such a statement cannot,
however, by any means be regarded as a'rule of general applica-
tion, especially seeing that cases of isomerism occur among coals
in which, in two coals identical in composition, the one cokes and
the other does not.

Until the exact relations of the coking elements of coal are
assuredly determined, it will be the safest course, in ascertaining
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the coking properties of the coal, to have a sufficient quantity of
it tested in a coke oven. This will settle the whole matter beyond
any doubt.

SERIES OF FUELS

c | H| o |Free| Coke | sreific
Kind Per | Per | Per pIi Y!:eld Gravity ‘Time of Formation
Cent.| Cent.| Cent.{ o7, | Cont. | Per Cent
Wood............ 44 | 6 | 50 15 .35
Peat............. 60| 6|32 | 20| 8 |}Presentday
Brown coal....... 65| 7 |28 |3 40 | 1.00 |Tertiary and chalk
Coal (a) flaming...[ 756 6 | 19 | 4 50 1.25
Coal (b) gas....... 80| 6 |14|4 | 60 | 1.30
Coal (¢) coking 8| 510| 4 [70-80| 1.35 || Carboniferous
Coal (d) lean coal .| 90 | 4 613 90 1.40 period
Coal (¢) anthracite | 95 | 2 3113 95 | 1.50
(and coke)...... (1.90)
Graphite.......... 100 1100 | 2.00 |Silurian

The Connellsville coal, found in the upper coal measures and at
a certain distance from the eastern seaboard, is especially adapted
for the manufacture of coke. It holds practically 32 per cent. of
volatile matter. The bed is 8 to 10 feet thick, and the coal has a
decided columnar structure. In mining, the coal crumbles into a
finely divided condition, well adapted, without further preparation,
for charging into the coke ovens.

The central West Virginia coals are much more bituminous than
the Connellsville, the Monongah coal inheriting 38 per cent. of vola-
tile matter, while the Pocahontas coal, in the southeastern side of

.the state, holds only 20 per cent. of volatile matter. These are the
typical coking coals of these sections of the Appalachian field.

The Kentucky, Tennessee, and Alabama coals approach in
percentage of volatile matters the Connellsville coal, and make
very good coke.

In the central and western fields the coals are quite rich in bitu-
minous matters, and as yet they have not been distinguished in the
manufacture of coke. With our present inexperience in the best
methods of treating these coals, in preparing them for coking, and
in the use of the oven best adapted for securing good coke, few
attempts have been made in these respects. It is evident that
experimental work along these lines will, in the near future, become
a necessity, especially in eliminating sulphur from these coals. -

In the Rocky Mountain and Pacific coast regions no sure infer-
ences can be drawn from the chemical composition of the coal as
to its coking properties. In one locality the coal cokes readily,
making a good marketable coke; in another, a coal with a very
similar composition will not coke, but if placed in an oven it will
part with its volatile matter without fusing—the result will be
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charred coal. The only sure method of determining the value of
such coals for the manufacture of coke is, as before indicated, to
have a quantity of it tested in a coke oven. This will show its cok-
ing or non-coking properties without any doubt. A few dollars
expended in this preliminary work will save a great many in the end.

The kind of coke oven for these special qualities of coal can be
ascertained by consulting some reliable expert in coke-oven plants.

IMPURITIES IN COAL

The impurities in coal consist of ash, sulphur, and phosphorus.
The ash is usually a negative element, having little chemical influ-
ence in the use of coal and coke, unless it is mainly composed of
silicious matter, in which case it will produce ‘‘clinkers,”’ which
are always undesirable. It has been pointed out that an excess of
ash in the coal is injurious to the perfect physical development of
the coke, especially in its hardness of body. Economically con-
sidered in coke for blast-furnace use, it not only displaces carbon,
but requires increased charges of limestone and coke to dispose of
it in the slag. Some qualification to this has been indicated in
the smelting of the dry Lake Superior ores, that the ash in coke
contributes somewhat to the formation of slag in the furnace—but
ordinarily it is an expensive application.

The sulphur in coal is usually found in four principal chemical
conditions; viz., sulphide of iron, FeS, (iron pyrites); sulphate of
lime, CaSO,; organic sulphur, i. e., combined with carbon, hydro-
gen, and oxygen; and free sulphur, i. e., sulphur not in combina-
tion with iron or other elements.

If sulphur is present in the coal united with lime, as sulphide
of iron, a large proportion of it will be volatilized in coking; but
if it takes the form of sulphate of lime, gypsum, it will not be
volatilized in a coke oven. The organic sulphur remains, for the
most part, in the coke.

The table on the opposite page shows the percentage of sulphur
volatilized in coking.

This table is from volume MM of the Second Geological Sur-
vey of Pennsylvania, by Prof. Andrew S. McCreath. Professor
McCreath adds: ‘‘Seven coals with an average of 63.51 per cent.
of their sulphur existing as free sulphur lost 34.57 per cent. of the
sulphur by coking; on the other hand, eleven coals, with an average
of only 11.36 per cent. of sulphur not combined with iron, lost 37.88
per cent. Again, two coals, with an average of 74.58 per cent. of
the sulphur free, lost 20.97 per cent. by coking; while two other
coals, with only 2.20 per cent. of the sulphur free, lost 44.81 per
cent. In the presence of such results, therefore, it would seem to
be impossible to accept the statement that all the free sulphur
passes off with the volatile matter in the process of coking.
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“In the 25 coals examined, the percentage of sulphur expelled
by coking varies very much, the maximum amount being 57.92
per cent., and the minimum 14.75 per cent. The average percent-
age is 38.50; and the average percentage of free sulphur is 33.79.

‘“Where, therefore, a careful handling and subsequent washing
of the coal will not remove the excess of sulphur, it is scarcely to
be hoped that this can be accomplished by the usual methods in
the coke ovens. And this important consideration should be borne
in mind when selecting coals for the manufacture of coke for use
in blast furnace or foundry.”

Effect of Acetic Acid in Removing Sulphur.—An inquiry from
a party in Kentucky, as to the value of acetic acid in reducing the
volume of sulphur in coke, was submxtted to Professor McCreath,
who replied as follows:

‘“A sample of coal containing 34 per cent. of sulphur was coked, -
and a spray of hot, diluted acetic acid was thrown on the incan-
descent coke. There was no evidence of the disengagement of
either sulphureted hydrogen, sulphurous acid, or sulphuric acid.
The latter would seem impossible.

‘““The test was duplicated, using a stronger solution of acetic
acid. The result was equally negative.

‘“Two separate portions of the same coal were then coked. To
the one nothing was added. This I will designate as ‘regular.’
To the other, a spray of diluted acetic acid was added to the incan-
descent coke. The coking process was continued a little, when a
second application was made, completely saturating the coke.
Both the resultant cokes were then weighed, and the ‘treated’ one
yielded 1 per cent. less coke, due of course to increased oxidation
of the carbon. Finally, both were fused and a determination of
the sulphur made, the results obtained being as follows:

TreaTED WITH
ReGuLAR AcEeTIC ACID
Sulphur, per cent. in coke........... 2.987 2.755

“The difference is so slight that the results for all practical
purposes may be considered the same, and théy demonstrate that
no desulphurization of the coke takes place under the treatment
submitted.”

Phosphorus in the coal usually goes over to the coke; it is not
eliminated in the coke oven.

The investigation of the volume of phosphorus contained in coals
suitable for the manufacture of coke for steel-making purposes,
discloses the fact that this volume of phosphorus varies from a
mere trace to a maximum of .1248 per cent. In the examination
of 24 coals from the large Pittsburg bed, the average was found
to be .0217 per cent., which would give to the coke an average of
.0344 per cent. The great necessity of the utmost care in selecting
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coals for the manufacture of coke for metallurgical uses as free
from the impurities of ash, sulphur, and phosphorus as possible,
will readily appear. The following table of Pennsylvania coals
affords some typical examples:

PERCENTAGE OF PHOSPHORUS IN PENNSYLVANIA COAL AND COKE

Phos-_ Phos-

Name of Coal County Coal Bed | Phgruain | phorusin

Per Cent. | Per Cent.
Henderson’s............... Washington | Washington | .1667 .2818
Redds'................... Washington | Pittsburg .0943 .1551
Penn Gas Coal Co. ......... Westm’land | Pittsburg trace trace
Millwood................. Westm’land | Pittsburg .0801 1177
Connellsville. . ............ Fayette Pittsburg .0111 .0161
Cambria Iron Co........... Cambria B trace trace

LOCALITIES OF PHOSPHORUS IN THE CONNELLSVILLE SEAM

PER CENT. OF PHOSPHORUS

Above 5-Foot Binder
B’ | Bottome | Middet Topt
ottom iddle ‘op
Bottom 12 Fvhes | Middle | 13PN
.009 .010 .023 .064 - .031 .038
.019 .001 .010 .027 .033 .029 .017
.022 .001 .007 .034 .043 .035 .053
.012 .001 .004 .009
.017 .008 .007 .018 .015 .015 .087
.019 .007 .016 .005
.025 .002 .030 .174 .109 .060 .068
.015 .047 .016 .028 .018 ¢ .015
.017 .002 .008 .019 .017 ¢ .026
.021 .003 .044 .082 .090 .011 .010
.021 . 006 .009 .029 .062 .038 .013
.020 .011 .034 .032
.025 .004 .043 .035
.021 .005 .006 .069 . .062 .025 .003
.018 .035 .035 . -006 .079 .013 .003
.114 .022 .014
.105 .019 .013
Average
.0143 .0094 .0186 .0393 .062 .0362 .0277

* Bottom means 3-foot binder down.
1 Middle means between 3- and 5-foot binder.
‘Top means above 5-foot binder. i
The upper and lower nm£le left only about 2 inches of coal between the two; conse-
quen

, no sample from the middle was taken.
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Phosphorus in Connellsville Coal.—During the year 1896, Mr.
O. W. Kennedy, late General Superintendent of the H. C. Frick
Coke Company, had a series of tests made to determine the local-
ities of the phosphorus in the Connellsville coal seam. The pre-
ceding table, in detail, will afford the results of these tests. It was
submitted, in explanation, that ‘‘this sampling was made at mines
showing phosphorus higher than the average of the region.”

It is manifest from this table that the upper section of this
large coal bed contains the greatest amount of phosphorus. It
is also evident that the percentage of this undesirable element
increases gradually from bottom to top of the coal bed.

Effect of Impurities in Coke on Pig Iron.—The sulphur, when
present in coke in large volume, confers on pig metal the undesir-
able property of ‘‘red-shortness.” Coke for use in blast-furnace
work producing Bessemer pig should not contain over 1 per cent.
of sulphur as a maximum volume. Coke containing .50 per cent.
to .75 per cent. of this element would be much. more desirable in
the manufacture of pig iron for making steel. An undue volume
of phosphorus produces an opposite quality in the metal made by
it—the condition of ‘‘cold-shortness’’—that is, metals made by
coke containing an excess of these dangerous elements are found
to be brittle in their hot and cold conditions. As little or none of
the phosphorus in the coal is eliminated in the process of coking,
it is of the utmost importance to select coals for the manufacture
of coke for Bessemer uses as low as possible in this dangerous
impurity. The table on page 41 shows .0111 per cent. of phos-
phorus in the Connellsville coal.

Portions of the ash 4nd sulphur can be removed from the coal
for coke making by the processes of crushing and washing (see
Chapter III), but the phosphorus usually goes over in full to the
coke and finally to the pig metal in blast-furnace work.



CHAPTER III

PREPARATION OF COALS FOR THE MANUFACTURE
: OF COKE

Necessity for Preliminary Preparation of Coke.—It is now quite
manifest that we have reached a period, in the United States of
America, in which steel is rapidly displacing iron in the arts and
manufactures, especially for structural uses. This expansion of
the use and manufacture of steel carries with it the necessity for
a pure coke fuel, and it becomes, therefore, the duty as well as
the interest of the coke manufacturer to adopt such methods in
the preparation of coal for making coke as will insure the purest
and best possible product.

Although there is a very great source of supply of coal for the
manufacture of coke, covering an area in the United States of
North America of about 344,440 square miles, it is evident that
only a small portion of these coal fields affords the best coal for
coke making—such as the Connellsville, Punxsutawney, Alleghany,
and Broad Top in Pennsylvania; Pocahontas in Virginia; and the
new regions of coking coals in West Virginia. Alabama also affords
a very good coal for coke making. In Kentucky, at Pineville,
and Big Stone Gap, excellent coking coals are found in abundance.
At El Moro, in Colorado, very good coke is made from a large
bed of coking coal. But with all these and many others yet to
be developed, the aggregate ratio of the best coking coals to the
whole coal area is very small.

As long as the supply of coke can be maintained ftom these good
coking coals, the methods of coking do not urge or compel extended
consideration; but when the less valuable coals for coking purposes
come into use, the studies of the preparation of the coal for coking
with the kind of coke oven best adapted for each quality of coal
will become of vital importance. When the time approaches for
these investigations to be taken up by coke makers, it will be found
that three principal conditions will require careful study: (1) the
preparation of coal for coking; (2) the kind of coke oven best
adapted for securing the best quality of coke from each variety of
coal; (3) the saving of the by-products in coking, consisting of
sulphate of ammonia and tar. This will also require arrangements
in coke ovens, as well as the outside conduits, condensers, etc.

43
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The rather poor quality of coking coals on the continent of
. Europe has long ago compelled thorough attention to the prepara-
tion of these coals for coking, as well as to the development of the
oven best suited to their wants in making from them the best
possible coke, and, during the past decade, to the saving of the
by-products in coking. The American coke manufacturer has
before him a much easier task than the Belgium, German, or French
coke makers, the larger supply of coking coal requiring no special
treatment in producing the best qualities of coke. Even when the
exhaustion of these good coals approaches, the second quality will be
found to be superior to the continental coals. From the large and
increasing use of coke, it is evident that its manufacture will demand
the earnest and diligent efforts of those in charge of the several proc-
esses in its preparation and coking. Nor is this industry any excep-
tion to the general law governing all industries: small beginnings,
protracted and anxious struggles for success, with the reward crown-
ing all persistent and well-directed efforts. There is, therefore, a
deep interest attached to the study of the several steps in the upward
progress in the manufacture of coke, especially in its early stages
and up to its present advanced progress in the industrial arts.

Large areas of the best coking coals require no special treat-
ment, but the coals are charged into the coke ovens as they come
out of the mines. In the Connellsville region, with a few excep-
tions, no preparatory work on the coal is attempted, and it is
charged into the ovens as it comes from the mines. On account of
the softness of the coal and its attenuated columnar structure, this
coal is usually broken into small pieces, in mining, and this break-
age, with that due to the handling into tipple bins and larries,
gives pieces sufficiently small to assure good results in coking.
A second type of this coal is found in the Flat Top region of Vir-
ginia. The coal is mined in more solid lumps than the Connells-
ville, but it is broken up, and the screenings are used in making
coke. The bituminous coals of the Central and New River sections
of West Virginia are usually broken and the screenings washed
preparatory to coking. ' :

The manufacture of coke from coal screenings, in the Kanawha
Valley, produces a very good quality of coke, but by using the
whole body of the coal bed, excluding a thin top bench of splint
coal, a coke is made nearly, if not quite, equal to the best standard
Connellsville. The Alleghany Mountain coals are frequently charged
into the ovens as they come out of the mine, but the best results are
assured by breaking the coal or by breaking and washing. From the
experience gained in the use of these typical coking coals, the meth-
ods of treatment of representatives of these types will be apparent.

The annual product of coke required in blast-furnace and other
metallurgical operations during the year 1902 was 25,401,730 net
tons. As it requires an average of 1.6 net tons of coal to make 1 net
ton of coke, the draft on the coking coal mines for the above year
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was 39,604,007 net tons of coal. The area of coking coals to the
total coal area of the United States has not been accurately deter-
mined, but it is evidently small. As only a very limited proportion
of this coking coal area can be used for coking, without preparation
by crushing, classifying, and washing, it is evident that, with the
present great demand for coke, this small section of pure coking
coal will be exhausted within a not very extended time. At this
time, coke manufacturers have invaded the areas of the second-
class coking coals which require preparatory cleansing, and it is
evident that the preparation of these coals for the manufacture of
good metallurgical coke is now most important.

In the presence of so many varieties of coal-crushing and wash-
ing machines, evidently designed to meet the several wants in the
treatment of the different qualities of coals, there can be no reason-
able excuse for using slaty coals in the manufacture of coke. This
essential requirement of clean coke in metallurgical operations is
still more imperative when it is considered that the slates of the
coal go over into the coke and carry with them the associated
sulphur. In furnace operations, especially when slate in the coke
is silicious, an increased charge of limestone will be required to
eliminate these impurities, and this will make it further necessary
to add to the fuel charge also. Besides all this, there is the danger
of the presence of sulphur in the pig metal produced, if it is designed
for the manufacture of steel. It is therefore evident that the only
safe plan in the manufacture of coke for metallurgical uses is to use
only a pure quality of coal; but in case this cannot be secured and
a second quality must be used, its cleansing, by crushing and
washing, becomes an absolute necessity.

In America, with its ample areas of the best qualities of coals,
it is only necessary at this time to require clean mining to produce
coal of great purity for manufactures and in the production of
coke. At many of the coal mines in Europe, coal washing of
fuel for manufacturing purposes is coming into very general favor;
but in America, with its superior qualities of coals, it is only neces-
sary to cleanse the secondary or slaty coals in preparation for the
manufacture of coke.

The impurities in these coals consist of shales, iron pyrites,
ferrous sulphide (FeS,), sulphate of lime, argillaceous matter, and
phosphorus. The principal element is sulphur with its organic
condition and combinations.

Sulphur is found in five principal physical conditions:

1. Pyrites is usually found in lenticular pieces as well as in-
balls; occasionally it forms the filling of the stems of the larger
plants of the coal flora. In all these conditions it can be separated
from the coal by a process of crushing or by crushing and washing.

2. Where the sulphur is found in .the strata thinly inter-
leaved in the coal, the process of separation becomes more difficult,
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’

requiring the coal to be broken into very small sizes, with careful
classification of the different sizes, in preparation for the ultimate
operation in the washer.

3. Occasionally, the sulphur is found in the coal in little disks,
like fish scales; these present a still more difficult condition in the
process of removing the sulphur, as the sulphur disks are light and
in the fine pulverized condition of the coal many of them are carried
over the edge of the washer pan with the coal. The water used in
washing should not be reused, as it would carry back some of these
sulphur disks, increasing the undesirable element.

4. In the combination of sulphur with lime, as sulphate,
gypsum, usually found in thin plates in the coal, some of it can be
removed in the process of breaking and washing, but all that goes
over to the coke is in a fixed or negative condition as to its action
when used in blast-furnace operations. ‘

5. When sulphur is found in organic combination with the
coal, supposed to be combined with carbon and hydrogen, very
little of it can be removed; it goes over mainly to the coke.

CRUSHING COAL

Advisability of Crushing Coal Before Coking.—In practice, it has
been discovered that breaking the coal that comes from the mine in
large lumps, especially when the percentage of its volatile matter is
small, adds to the value of its coke. The importance of this dis-
integration of the coal before it is charged into the oven will readily
appear when it is understood that in this condition, other things
being equal, the fusing elements assumed to be in the volatile
matter are utilized to the utmost. It has been found that a mixture
of lumps and fine or small coal fuses unevenly in the process of
coking in the oven; the fine coal fusing rapidly, while the lumps
require more time for the coking process to reach the middle of the
lumps. It follows, therefore, that all coals will be benefited for
making a uniform quality of coke and securing the full time in the
oven, by being disintegrated before being charged into the coke
oven, even if they do not require the further process of washing.

In the selection of machinery for disintegrating or washing coal,
or both, it will be wise to consult those experts in these processes
who have made these practical operations special studies. A gen-
eral principle should govern in these matters, to insist on the appli-
cation of the simplest machinery with the largest practicable
automatic service.

Every variety of coal will require special apparatus for its treat-
ment, and the proper apparatus can be determined only by a careful
study of the physical and chemical properties of the coal. All coal
requiring washing should be carefully classified. This will insure
the most efficient removal of slate or other impurities, as it will
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afford the best condition for their separation in the washer by the
difference in their specific gravities; the coal of equal size being the
lighter will rise, while the heavier matter, slates or pyrites, will sink
in the pulsing water of the washers. Some coals have their slaty
impurities so mixed with fireclay that they melt in the water in
the washer. Efforts have been made to treat these difficult coals
in the dry way, by passing the classified products through a current
of air, the separation being effected, just as in water, by the differ-
ence in the specific gravities of the coal and its impurities. Other
methods have been tried with indifferent success. If an examina-
tion of the character of a ’

coal shows that it requires

special and expensive

appliances, with doubtful

results, it will be well for

the coke manufacturer to

avoid attempting to use it.

Bradford Coal Breaker.
For the disintegration of
coals requiring this pre-
paratory process, with the
removal of slate and py-
rites, the Bradford coal
breaker, shown in section (a) Side Elevation
and plan in Fig. 1 (a) and
(), will be found well
adapted and economical.
Itis simply adrum or cylin-
der of iron parts, having its
lagging perforated to gauge
the size to which it is
desired to reduce the coal.
This is accomplished by
the percussion. of the coal
falling in the interior of the
revolving drum from the
upper to the lower sections.
The length of this fall, or (b) Plan With Bin Removed
the diameter of the drum, F16. 1. BRADFORD PATENT CoAL BREAKER
is made to meet the
requirements of the coal. If the coal is soft and friable, the diam-
eter is minimum; if the coal is hard and tenacious, the diameter
of the drum is increased accordingly.

The drum is fed with coal at one end and the slate and other
refuse is discharged at the other end; the pure coal passes through
the meshes in the lagging of the drum and is received into a pit
from which it can be elevated to any desired level.
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It is worthy of note that this method of disintegration, with
separation of slates and pyrites, also removes bony coal, as the
force of the fall in the drum is regulated to afford just sufficient
concussion to break the purer portions of the coal, leaving the
bony coal unbroken and discharging it with the other impurities.

The Bradford patent coal breaker as put on the market at
present by Messrs. Heyl & Patterson, of Pittsburg, Pennsylvania,
who control and build it, differs very materially from its original
form, which consisted of a cylinder supported on stationary rollers.
In this shape, it was not found very satisfactory, but was operated
long ‘enough to demonstrate the value of the principles involved.
The breaker, as now constructed, has trunnions cast on both heads,
which carry the entire weight. The bearings are protected from
the dust and are provided with thorough lubricating devices, thus
reducing the amount of power consumed to a minimum.

The elevation of the breaker shows the method of supporting
it; also, the driving mechanism. The diameter of the breaker a
varies from 7 feet to 12 feet, depending on the hardness of the
coal—9 feet diameter being the general size used; the length
varies with the results to be obtained. The heads, with trunnions
and spreaders, are made of cast iron of proper proportions. The
lagging, or mesh, which consists of steel plates perforated with
holes varying from % inch to 24 inches square, is securely fastened
to the separators. To the plates are bolted cast-iron fingers that
aid in breaking the coal as it falls on them. To one of the heads
is fastened a segment gear that engages in a pinion on the counter-
shaft placed on top of the bents supporting the breaker.

The coal passing into one end of the breaker under the trunnion,
is picked up by longitudinal shelves and discharged, falling on per-
forated plates; that which is of proper size then passes through the
mesh and the larger pieces are picked up by the next shelf and again
thrown down. The coal, in falling from the shelf, has not only the
force derived from its own gravity, but receives.a very considerable
additional force from the momentum of the breaker. The fingers
not only aid in the breaking of the coal when it falls on them, but,
being so designed as to form portions of spirals, can be regulated
either to rapidly advance the body of the coal and impurities to
the opposite end of the breaker, or to retard its progress. Fastened
in the opposite head of the breaker from that at which the coal
enters are wings, which discharge the substance that reaches them.

The principle involved in the separation in this machine is that
the slate and sulphur are usually harder than the coal and a fall
sufficient to break the coal will not break them. The bony coal
is usually harder and always very much tougher, and will not
break with the same fall or force as the coal. By varying the
speed of the breaker, the force of the fall can be increased or
decreased; and with the adjustment of the fingers, the impurities
can be retained in the breaker until all the coal is freed from them.
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Pieces of iron, such as miners’ wedges, couplings, etc., which
frequently get among the coal and cause breakage in most machines
for this work, will pass through the breaker and be discharged by
the wings at the end without any damage to the machinery. The
speed of the breakers never exceeds 20 revolutions per minute
and they require but 7 horsepower when operated to full capacity.
The capacity of the breaker varies from 300 to 700 tons per day,
according to the mesh, hardness of coal, and amount of impurities
to be removed.

As it is necessary to have a regular supply of coal for the
breakers to secure the best results, a cylinder feeder is used in con-
nection with the breaker. This feeder b is placed under the bin ¢
and at the end of the breaker a. It has two pockets, which, as it
rotates, are filled and discharged into the chute that leads to the
breaker. It will handle successfully the largest lump or run-of-
mine coal, allowing the bin above it to be completely filled. The
feeder is not only valuable for regulating the supply of coal to the
breaker, but in plants where the coal is handled after leaving
the breaker, it prevents the overloading of the elevators or con-
veyers. The coal is dumped from the tipple d into the bin c;
from there it is fed into the breaker a by the feeder b; from the
breaker, it passes into the bin e, and is then loaded into the larry f.
The breaker is run by the engine g.

The cost of a plant of one 9-foot breaker, such as is illustrated
in Fig. 1, and installing the same ready for operation, exclusive of
boiler, does not exceed $3,000. A plant of this size requires very
little attention and it is unusual for additional help to be employed
other than that required for handling the coal on the tipple.

There are now eight plants comprising twelve breakers in
Western Pennsylvania and three plants in other states. The largest
plant is that of the Rochester and Pittsburg Coal and Iron Company
at Walston, Pennsylvania, which has three breakers with a daily
capacity of 1,200 tons through a 5-inch mesh, and elevators for
lifting coal to a vertical height of 80 feet and discharging it into
a storage bin, as well as a conveyer for removing refuse; the expense
for labor operating this plant does not exceed $2.50 per day.

The Vesta Coal Company, at Lucyville, Pennsylvania, is opera-
ting one 12-foot breaker, with 1}-inch mesh, that has a daily
capacity of 750 tons. This plant, being situated in the fourth
pool, Monongahela river, handles probably as hard a coal as is
coked any place in the country. It does not employ any help
except that necessary for the dumping of coal on tipple.

At the large works of the Cambria Steel Company, Johnstown,
Pennsylvania, this breaker, as shown in Fig. 1, is capable of break-
ing 60 tons per hour. During a continuous run of 17 days at this
plant, with the use of 3,556.7 net tons of coal as it came out of the
Rolling Mill Mine, 35.5 net tons of slates and pyrites were removed
in passing through the breaker, which shows a reduction of these
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impurities of nearly 1 per cent. Estimating the cost of engineer,
oil, steam, etc., at $40 for these 17 days of trial, the expense of
this work of breaking the coal is about 1} cents per net ton.

The following is an estimate of the cost of this plant complete
and ready for operating:

Chute and screens in place.... ................. $ 228.00
Bradford breaker, with feeder, hopper, elevator,
conveyers, belts, shafting. and puHeys, in place. 4,722.00
Engine pipes and fittings....................... 1,126.60
Siphon and strainer............ ... .. ... ... ... 17.25
Foundations, bolts, etc......................... 1,729.51
Lumber...........co i 1,095.89
Labor, masons, carpenters, etc.................... 2,882.91
Total......... i $11,802.16

This machine is well adapted for treating coals in which the
sulphur occurs in lenticular pieces or balls of pyrites. It removes
pyrites, slate, and other large impurities, but its value terminates
with this quality of coal. It has its main value in removing these
impurities from steam coals when they are designed for use for
firing boilers, especially in the preparation of coal to be used in
mechanical stokers, as it can be made to reduce the coal to sizes
suitable for these purposes.

F16. 2. STEDMAN's CoAL BREARER

Stedman’s Coal Breaker and Disintegrator.—The Stedman
Foundry and Machine Works, of Aurora, Illinois, presents two
machines for the treatment of coal in preparing it for coking: a
coal-breaking and a coal-disintegrating appliance.

The Stedman coal breaker, Fig. 2, is designed to break the
coal to the size of walnuts or marbles, to be followed by the usual
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processes of classification and washing to remove the slate and
sulphur before charging the coal into the coke oven. It is appli-
cable to all coals requiring cleansing by crushing and washing.

The Stedman disintegrator, Fig. 3, is a strongly made machine
to pulverize coal to a uniform fineness of cracked wheat or corn
meal. It is designed for use in treating the purer coals that do
not require to be washed. This crushing of coal for coking is
helpful in utilizing the volatile matters, especially in coals inherit-

F16.3. STBDMAN'S DISINTEGRATOR

ing small volumes of fusing matters, as it enables the heat of
the oven to be diffused simultaneously through the charge of
coal, quickly fixing and securing the utmost possible fusion of
the coal in the process of coking. The matter of determining
the size to which the coal should be broken by either of these
machines can be determined by the quality and the chemical
composition of the coal. The same consideration will apply to
the preparation of similar coals requiring the additional treatment
of washing. These matters are mainly local and practical, and
the manufacturer of coke will be called on to exercise judgment
in this preparatory treatment of coal from his previous experi-
ence. The evidence of this work will be determined by the work
of the coke oven.

The following statements exhibit the estimated cost and work
of these machines: .

3
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ELEVATOR, CAPACITY 200 TONS, 10 HOURS, SINGLE STRAND
HEAD

Head-shaft 2¢y inches by 48 incheslong.................
Pillow-blocks 2y incheslong...........................
Collars 2dginches........... ... ... . iiiiiiiiinnnn., $15.20
%{«Hn. No. 108 sprocket wheel..........................

ELEVATOR BOOT

127 X 7" cast-iron boot complete with shafts, adjustable
boxes, sprocket wheels, andcollars................... $4
Price per toot for No. 108 chain and elevator buckets. . ...

@i
88

CRUSHING PLANT, CAPACITY 250 TONS DAILY

44-inch Class A disintegrator complete.................. $700.00
Capacity 200 to 250 tons daily. Power required, 1 horse-
power for every 4 or 5 tons of coal crushed daily. Space
occupied by disintegrator, 9 feet by 6 feet.

117 X 18" engines connected at right angles with two 60-
inch bandwheels on the main shaft to drive to the two
pulleys on the disintegrator. Engines’ speed, 150 revolu-
tions per minute, déveloping from 75 to 80 horsepower.

" Engines are complete with two 60”7 X 12” pulleys on the
main shaft, automatic stor— overnor, throttle valve,
spanner wrenches, cylinder, lubricator, oil cups, cylinder
cocks, anchor bolts, and plates, and blueprint drawin,
for foundation. Price complete as described, f. o.
CATS, AUTOTA. . .ot tiittteine et ieneennnneenaennennns 738.00

4-inch tubular boiler, 62 inches diameter, 16 feet long, 90
horsepower, complete with chimney and breeching, gui
rods, fire-front, grate bars, bearing bars, back stand, bac
plate, soot doors and frame, anchor bars, tie-rods, safet
valve and weight, check-valve, stop-valve, and blow-o
valve, whistle, water and steam gauge, feedpipe and
connections. In fact, boiler with a?l settings and trim-

mings. Price delivered on cars, Aurora............... 895.00
Duplex pump to supply boiler with water and all fittings
and connections to connect to boiler................... 175.00

COST OF MACHINERY AS DESCRIBED

44-inch disintegrator as described....... e $700.00
11”7 X 18" double engines, 75 to 80 horsepower........... 738.00
4-inch tubular boiler, 62 inches diameter, 16 feet long, 90
horsepower. . ... .....oiiiiiii it 895.00
Duplex pump as described...............coovvivii, 175.00
Total cost.......oovvviveiiiininiennnn, e $2,508.00

ELEVATOR, 250 TO 275 TONS CAPACITY IN 10 HOURS,
DOUBLE STRAND
HEAD
Head-shaft 2¢y inches by 6 feet long....................
27-inch pillow-blocks.............cooiiiiiniiiiiiiie,
2¢s-inch setcollars. ............oooviiiiiinn ... $21.50
24-inch No. 83 sprocket wheels.........................
Keys.....oooovvviiiinn, e P
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ELEVATOR BOOT

14" X 7" cast-iron boot complete with shaft, 2 sprocket
wheels, adjustable bearings and collars................ $47.00
Price per foot for No. 83 double chain and buckets...... 3.65

CRUSHING PLANT, CAPACITY 350 TO 400 TONS DAILY

50-inch coal disintegrator complete. .................... $ 900 00

Capacrit({ 350 to 400 tons of crushed coal daily. Power

required, 1 horsepower for every 4 or 5 tons crushed coal

in 10 hours. Space occupied by disintegrator, 10 feet by

8 feet; weight complete, 17,000 pounds.
13” X 20” engines complete, connected at right angles with

two bandwheels 78 inches diameter, 16-inch face on the

main shaft to drive the two pulleys on the disint tor.

Engines speed at 140 revolutions per minute, developing

from 110 to 120 horsepower; engines complete with band-

wheels, automatic stop-]g(gvemor, throttle valve, spanner

wrenches, cylinder cocks, lubricator, oil cugs. anchor

bolts, and plates. Blueprint drawings for foundation

furnished. rice complete, f. 0. b. cars, Aurora........ 1,000.00
4-inch tubular boilers, 1:?0 horsepower, 54 inches diameter,

14 feet long, complete with all necessary fittings and

trimmings, consisting of fire-front, grate bars, bearin

bars, back plate, soot door and frame, check, blow-o

and stop-valve whistle, steam gauge(,xfauge-cocks. water

gauge, chimney and breeching, guy rods, safety valve and

weight. All pipe connections between engines and boilers

are extra. rice complete, {. 0. b. cars, Aurora........ 1,275.00
D\aplex pump to supply boilers with water and pipes and

ttings forsame........... ... .. i i 150.00

SUMMARY
50-inch disintegrator complete as described.............. $ 900.00
13” X 20" engines as described......................... 1,000.00
Boilers, 130 horsepower, 54 inches by 14 feet ............ 1,275.00
Duplex pump to supply boiler with water................ 150.00

ELEVATOR, 350 TO 400 TONS CAPACITY, 10 HOURS
DOUBLE STRAND

HEAD

Head-shaft 24§ inches diameter, 5 feet 6 inches long ... ...
Pillow-blocks 24§ inches didmeter.......................
Set collars 24§ inches diameter......................... $30.00
25-inch diameter No. 108 sprocket wheels................
Keysforwheels.............. . coiiiiiiiiiiinnnnaan..

ELEVATOR BOOT

18" X 18” cast-iron boot complete with shaft. two No. 108
sprocket wheels, adjustable bearings and collars....... $60.
Cost of elevator chain and buckets per running foot...... 5

ESTIMATE

60-inch class A coal disintegrator, complete with fly-
wheels, pulleys, etc. Capacity, 500 tons in 10 hours
and upwards. Weight, 18,000 pounds................ $1,000.00
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2 14" X 20" engines of the Houston, Stanwood & Gamble
g:ttem, coupled at right angles with two bandwheels
inches diameter, 16-inch face to drive the belts
running direct to disintegrator, engines run at 130
revolutions per minute, develoring about 125 to 135
horsepower. Engines are complete with governor, two
bandwheels, throttle valve, spanner wrenches, automatic
sight-feed lubricator, oil cups, and cylinder cocks. All
pipe fittings and connections are extra. Price of engine .
asdescribed.......... ... ... .. i i e $1,064.00
2 Tubular boilers 60 inches diameter, 10 feet long; rated at
160 horsepower, complete with all necessary trimmings,
consisting of fire-front, grate bars, bearing bars, back
plate, soot door and frame, check, blow-off and stop-
valve, whistle, steam gauge, gauge-cocks, water gauge,
chimney and breeching, guy rods, safety valve and
weight  All pipes and connections between engines and

boilers are extra. Price complete, f. 0. b. cars, Aurora 1,650.00
1 Duplex pump to supply boiler with water and pipe and
ttings for same. .............i ittt iii e 175.00
SUMMARY
1 60-inch disintegrator complete as described.............. $1,000.00
2 14" X 20" engines as described.................. ... ..., 1,064 00
2 Boilers 160 horsepower as described..................... 1,650.00
1 Pumptofeedboiler . . ...........cciiiiiiiiiiiiiin. 175.00
7Y $3,889.00
ELEVATOR, 550 TONS CAPACITY
HEAD
1 Head-shaft 3y4 inches diameter, 6 feet long.............. '
3 Pillow-blocks 3yy inches diameter.......................
2 Collars 3y4 inches diameter............................ $41.00
2 30-inch No. 108 sprocket wheels........................
b <
ELEVATOR BOOT
1 Cast-iron boot for 24” X 10" buckets complete with shaft, °
two sprocket wheels, adjustable bearings and collars. .. $75.00
Price per -foot for No. 108 double elevator chain and
buckets............. ... Nerseaatustanansonnanee 6.60

Link-Belt Coal Breaker.—The coal breaker, Fig. 4, is made by
the Link-Belt Machinery Company, Chicago, Illinois.

The size and spacing of the teeth are made to suit the size to
which the coal is to be broken, by which is meant the size of the
largest pieces. In breaking to this size a large part will be broken
finer. In general, it may be expected that the smaller the diameter
of the roll the greater will be the percentage of fine, so that, if it is
desired to break to a certain size without reducing much to smaller
size, large diameters of rolls should be selected or a series of rolls
put in, breaking first coarse, then finer, with screens between.

These rolls are made in the following sizes:
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Size of Rolls Approxi- Speed : .
Shipping | mate | Revolu. | Horse | Mppmumbise

Weight Capacity tions Rpow.erd Will Enter

Diameter | Length Pounds pe?i‘!mour Mxx:xe\:te equire Inches

16 20 3,500 10 225 10 10X 15

18 24 5,550 20 200 12 10X 20

24 24 7,000 25 160 15 14X 20

24 30, 7,800 35 160 20 14X 24

28 30 10,000 40 125 25 16 X 24

28 36 12,000 50 125 35 16 X 30

30 36 13,000 75 100 40 18X 30

F10. 4. LiNg-BeLT CoAL BREAKER

Pro. 5. LINk-BeLT CoAL CRUSHER

Fig. 5 shows a crusher made by this company and having one

smooth and one corrugated roll.

coal washing.

It is used for special service in
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Fig. 6 shows a disintegrator made by the same company and
used for fine crushing of coal. It is made in two sizes: 36-inch
diameter, 20-inch face; 48-inch diameter, 24-inch face.

COAL WASHING

Coal washing is entirely a mechanical process, and water is the
main element employed in separating the coal from its impurities.
The chief requirement in the coal-washing process is the reduction

P16. 6. LINK-BELT DISINTEGRATOR

of the sulphur in its several conditions and of the ash, so that the
coke made from this washed coal shall contain under 1 per cent.
of sulphur, with ash from 6 to 10 per cent. This operation for the
successful cleansing of the coal depends on the enabling law of
the difference of the spec€ific gravities of the coal and its several
impurities. The average specific gravities of these are:

SpPECIFIC GRAVITY

Water.............. e e 1.00
Coal.............. e e e 1.25 to 1.50
Bonecoal............ ... il 1.45t01.80
Slate......cov i e 2.25t02.50
Coal or slate with pyntes ..................... 3.20 to 3.60
Pyrites ... 5.00 to 5.20

In practice, a great variety of the combinations of these elements
is found in the coal, requiring in its preparation for the washer
and in the washing process special treatment for each variety.

As has been noted, the coal requires a preparation for washing
by crushing or breaking and by classifying or sizing. Whether the
coal'is to be used in the manufacture of coke or for any other
purpose, the sizing of the coal in its preparation for washing is
indispensable. It has been determined that, as a general rule, the
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smaller the ratio of reduction of the pieces of the coal, the more
complete is the process of separation. Very much, therefore, of
the success of this operation depends on the proportioning of the
sizes of the meshes in the classifying screens, especially for the
separating of the lesser impurities in the coal ynder the grosser
iron pyrites, which are the most readily removed.

It may be noted here that the best machinery for accurate
separation or cleansing of the coal is usually the most costly,
involving the greater expense in the first cost of the plant, but
securing in its work the best results. As will be seen hereafter, in
the preparation of the washed coal for charging into the coke
oven, the coa!-storage arrangement to remove some of the water
or moisture from the coal is a secondary necessity.

TROUGH WASHERS

Simple Trough Washer.—During the close of the past century,
especially in continental Europe, very much attention was given
to mechanical appliances for washing coal. The most primitive of
these consisted in a long wooden trough, divided by low cross-
sectional dams at intervals along its course. The inclination of
this sluice was usually made to give sufficient force to the water
passing through it to separate the coal from the slate, the slate
remaining in the upper recesses of the dams, while the coal was

BN F F )3 i

(a)

F16. 7. PLAN AND SEcTION OoF TROUGH WASHER
t..tropgh; s, dams; a, screen; b, hopper for. delivery of coal; p, stand pipe for applying
water;

¢,¢’, cars for washed coal and slates; this wooden trough is usually 30 to 100 feet long,
2 to'4 feet wide, and 12 to 15 inches deep.

carried over, screened, and delivered into a car or other receptacle
at the lower end of the sluice. The slate was removed at stated
intervals by an attendant with a rake. The prepared coal and
the water for its cleansing were received together at the upper end
of the trough. The plan and section, Fig. 7, will make this old-
time washer and its operations easily understood.
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‘Elliott Trough Washer.—An improvement has been made on
this trough washer, which adds very much to its efficiency, econo-
mizing labor and water in the process of washing. The following
plan, section, and description, Fig. 8, are taken from The Colliery
Guardian, London, of November 16, 1894. This machine was
designed on the lines of the old trough washer, which has long been
a favorite with many colliery engineers on account of its sim-
plicity and its efficiency when in the hands of an intelligent, trust-
worthy attendant. In addition to the difficulty of always obtaining
the necessary skill and attention, there was also in the old troughs
the necessity of changing the flow of coal and water into a second
trough while the dirt was being washed off and removed from the
first, when the stops had become charged with it; for if this was
not done at the proper time some of the dirt became mixed with the
coal and the result was not satisfactory. The Elliott washer, as
shown in Fig. 8, is claimed to be automatic in its action, and retains
all the advantages of economy and efficiency of the old trough
without any of its disadvantages; it is, moreover, independent of
the skill or attention of the attendant, the operation of washing
proceeding without interruption as long as is required, the
coal being delivered at one end of the trough, with the water
and the dirt at the opposite end.

The washer is constructed with a wrought-iron or steel trough
about 18 inches wide, having sloping sides, being widest apart at
the top, and narrowest at the bottom. At each end of this trough
is fixed a sprocket wheel, on which rides a chain, attached to which,
at suitable distances and at right angles to it, are scrapers that
correspond to the inside shape of the trough. The scrapers form
movable stops, or dams, that are slowly moved by the chain along
the trough in the opposite direction to the way the water runs.
The trough is fixed at a suitable inclination, and the coal is admitted
at the center of its length and the water at its highest end or there-
abouts, and as it runs to the lowest end it carries with it the coal,
which is lighter than the dirt; the dirt settles in the scrapers and
is conveyed by them against the stream of water and delivered at
the opposite end to that at which the coal escapes. The speed of
the scrapers and quantity of water are regulated to suit the material
washed. The water is circulated and used continuously, so that
the waste is only that which is carried away by the dirt and coal
after drainage. A centrifugal or other pump is used for elevating
the water to the washer. The arrangement for draining the water
from the coal is such that there is no waste of coal or pollution of
streams, etc. A l-inch pipe will keep good the supply of water
for each trough, or 100 tons of coal washed per day. This washer
has been introduced by the Hardy Patent Pick Company, Limited,
of Sheffield, England.

This class of coal washer requires 1arge quantities of water, and
its work is somewhat expensive and imperfect.
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F16. 9. Scaire TROUGH WASHER
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The Scaife trough washer, Fig. 9 (a) and (b), consists of an
inclined trough a of semicircular cross-section, 2 feet in diameter
and 24 feet long, provided at intervals with riffles. Lengthwise
of the trough is the shaft b to which are attached the stirrers c.
The shaft is given a reciprocating motion by means of an arm in
its center, worked by a connecting-rod attached to the flanged
driving pulley d. The empty trough, which is hinged to the frame
on one side, is partly held in position by the adjustable counter-
balance weights ¢ on the arms f attached to the trough. A tongue
on the operating lever g passes through an eye on the trough and
firmly holds it in place.

Coal and water are fed into the upper end of the trough a. The
combined action of the flowing water and stirrers causes the slate
and other impurities to settle at the bottom of the trough, where
they are caught by the riffles, while the clean coal passes over the
top and out at the lower end. When the spaces between the riffles
are filled with impurities, the feeding of coal is stopped, or tempo-
rarily turned into an adjacent washer, and all the remaining coal is
washed over the rifles. The operating lever g is moved a few
inches to the right, which draws the steel tongue out of the eye and
releases the trough, and allows the latter to drop and dump the
refuse. The trough is returned to its original position by moving
the operating lever still farther to the right, which engages a clutch
and causes the chain 4 to be wound up and lift the trough; the
weight ¢ keeps the chain taut. As soon as the trough is raised, the
lever should be drawn quickly to the left until it reaches its original
position. This movement releases the clutch and locks the tongue
in the supporting eye of the trough. The washing is then recom-
menced. Where the washer is properly erected and operated,
the dumping and raising will occupy less than a minute. This
washer has no screen to wear and be replaced. The principal
wearing parts are the stirrers, which are inexpensive and can, if
desired, be made anywhere. The water may be used over and
over again. The slope or fall given to the trough depends on the
size. of the coal and nature of the impurities; the ‘larger the coal,
the. greater should be the slope and the quantity of water.

JiGS

Principle of the Jig.—To economize water and separate the
impurities from the coal in a more complete and economical manner,
an improved class of washing machines, called jigs, has been intro-
duced. These have, in a great measure, displaced the older meth-
ods. The several classes of the broken coal previously sized are
delivered into separate receptacles, or jigs, in a water bath, and
the separation of the coal from the impurities is accomplished by
imparting a pulsing motion to each receptacle, or jig, of such speed
as to secure the best results. This pulsing motion in the modern
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improved machines forces the lightest matter—the coal—to the
surface of the water, carrying it forwards and over the delivering

Fic. 10. HarTz Jic

¢, plunger; j, feeder,
sw:rter supply; s, water cham

f. sludge discharge

Capacity, about 150 tons per day. Cost,

about 5 cents per ton.

repared coal; w,
r; o, coal cham-
; a, slate delivery; b, clean-coal discharge;

edge of the jig into a car or
other means of conveyance to
move it to points where it is to
be used. The heavier, or im-
pure, matters sink under the coal
in this pulsing movement and
are dropped into special receiv-
ers under the washer for ulti-
mate disposition.

The force of the upward
pulsing current is regulated so
as to meet the requirements of
the several varieties of coals,
in the process of removing their
impurities. If this current is
too strong it will disarrange the
classification of the coal; if too
weak, it will fail to separate the
larger pieces of coal. It is also
important that the force of the
upward pulsing current be uni-

form in its action through the mass of coal in the washer chamber
of the apparatus, otherwise imperfect work will ensue.
Mr. H. Rittinger, who has given the mechanical separation of

materials considerable study,
has, from practical tests, de-
duced the following formula:
The velocity of the current
in feet per second is equal to
1.28 V\D(d—1), in which d is
the density of the material,
and D the diameter of the
meshes in the screen, or prac-
tically the diameter of the
pieces to be operated on.

The Hartz Jig.—Fig. 10
illustrates the general princi-
ples of the operations of
this class of coal-washing
machines.

The Liihrig jig, Figs. 11 and
12, illustrates, in a brief way,

Pi1c. 11. Lonric FELDSPAR JIG

the essential elements of coal washing. Fig. 11 shows the Liihrig
feldspar jig, which is used exclusively for the treatment of fine coal.
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Fig. 12 shows the Lithrig nut-coal jig as arranged with its machinery
for automatically removing the refuse.

Berard’s coal-washing machine, Fig. 13, was introduced in
London in 1851, and in Paris in 1855. It was used by the Kemble
Coal and Iron Company in the Broad Top region, Pennsylvania,
for a few years beginning in 1873.

The coal to be cleaned is dumped from the railroad car a into
the hopper b by a side door over an iron chute; thence, it is diffused
on the separator ¢, which is
kept in agitation by the cam d.
The lumps that will not pass
through the 3-inch square
openings in ¢ roll down to the
screen platform e, where they
are broken by a workman
with a maul and, falling
through the grating, pass to
the rolls f. The smaller lumps
pass through the 3-inch
meshes in the agitator screen
¢, when they are further
divided by a screen under-
neath ¢. The portions of
the coal that will not pass
through the 3-inch holes in
the latter screen pass directly
to the rolls f, while the very $
fine portion is carried under
the rolls, down the chute g,
into the receiver Ah. The
rolls f have teeth, or spurs,
set all over their circumfer- Fic.12. Louric Nur-Coar Jic
ence, each being about 4 inch
square by % inch high. Their arrangement is such that the spurs
of one roll mesh into those of the other. One of the crushing
rolls has its pillow-blocks set with a rubber-ball spring, so as to
admit a small horizontal movement, to prevent the breaking of
the teeth of the rolls by the passage of hard slates or pyrites.

After passing the rolls, the crushed coal falls into the receiver k,
whence it is elevated by the chain of buckets ¢ and delivered into
the chutes j, through which it is carried into the separating pans &,
which are made of cast iron, with a copper plate on top of the
grating, forming the bottom of the iron pan; the copper plate is
perforated with 3-inch holes, set close together. The pans are
supplied with water conveyed by troughs, through which the coal
is also carried. The action of the piston /, which moves with quick,
short strokes (120 per minute), forces the water through the coal
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and slate in rapid pulsations, lifting the pure coal upwards and
onwards with the movements of the water until it is carried over
the side of the pan at m, and thence over a grated chute into the
car n, on the track in front of the washer. ‘

The impurities, being heavier than coal, sink to the bottom of
the pan and are carried to its front interior angle, whence they are
discharged by a valve o into the recéiver p, from which they can be
removed by a sliding bottom gq. The movement of the mass of
coal in the pan is about 20 inches per minute, giving a continuous
overflow of washed coal into the receiving cars below. This flow
can be regulated by raising or lowering the front side of the wash
pan at m.

The main portion of the water in the washed coal is drained
from it by a fine copper-wire screen on a chute, immediately under
the discharge from the wash pan at m. This water, charged with
the very fine coal and dust, passes through r, and is conveyed by
a trough s into a large tank alongside the washer, where the fine
coal is permitted to settle, and from which it is shoveled into the °
receiving cars along with the coarser coal and all charged into
the coke ovens.

The Stutz improved coal washer, Fig. 14 (a) and (b), has been
tested in practice during many years. It is simple in its construc-
tion, yet efficient in its operations, requiring a small force in working
it. It was designed by S. Stutz, mining and mechanical engineer,
of Pittsburg, Pennsylvania, who has followed up its workings,
adding from time to time such improvements as appeared neces-
sary to make its processes more complete.

Fig. 14 (a) is a longitudinal vertical section, and Fig. 14 (b) a
vertical cross-section at the lines X X and Z Z of Fig. 14 (a).

In this figure, a, a are cast-iron brackets supporting a rectan-
gular box divided into chambers b, ¢, and d, constituting two
complete machines. Arranged within the chamber b is a screen
or sieve e, while the chamber ¢ contains the piston, or plunger, f
with its mechanism to reciprocate vertically. The slate chamber d
communicates with the separating or washing chamber b through
an opening g, governed by a suitable valve h.

A trough, or chute, 7+ provided with a screen j communicates
with the separating chamber b to receive the washed coal as it
passes over the bridge 2. Beneath the slate chamber d and the
separating chamber b an auxiliary receiver !/ is arranged, which
communicates with both chambers by means of the openings m’

"and m, m, for the purpose of providing means to collect the sedi-
ment that passes through the meshes of the sieve ¢ during the
operation of the machine, and to effect its escape without wasting
the water in the washing chamber b, thus making the operation of
the washer continuous. Before lettmg out the fine sediment, the
openings m, m are closed by the gates n, #, and the communication
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with the washing chamber b is shut off. No water is wasted. The
receiver also collects the coarse impurities from the slate chamber d;
both kinds, coarse and fine, may be let to the outside of the machine
by the levers o, 0'.

The piston, or plunger, f is provided with large openings p, p,
in its bottom; they are governed by floating valves ¢ underneath,
kept in proper position by guides r, 7. With the improved plunger,
the necessary volume of water is let into the machine from above
by means of the pipe s, thus filling up more easily the entire space
when the piston is moving upwards. Movement is imparted to
the latter from the shaft ¢ by means of the cam %, yoke v, and
rod w. Coal to be washed is supplied to the screen e through a
hopper x. The separation of the coal from its impurities is accom-
plished in the usual way. The pulsations of the water by the
movements of the plunger lift the lighter coal upwards, while the
slates, pyrites, etc. sink to the bottom. The stroke of the plunger
can be varied to meet the wants of the different sizes of coal.

The Stutz improved coal-jigging and washing machine, Fig. 15,
has a vertical reciprocating piston or plunger directly underneath
the stationary sieve or screen; (a) is a longitudinal vertical section
through the center of the jigger; (b) is a section taken at line X X
of the top view (c), and a front elevation of two machines combined
together.

In the figure, a, a represent cast-iron brackets supporting the
separating box b, arranged within which is the screen or sieve e,
with the piston, or plunger, f below, and the mechanism whereby
the latter is caused to reciprocate vertically above. The slate
chamber d communicates with the washing chamber b through the
opening g, governed by the valve h. A trough or channel 7 also
communicates with the washing chamber b and is designed to
receive the washed coal as it comes over the delivery bridge .. An
auxiliary receiver [ is arranged beneath the chamber b, and com-
municates with the latter by means of openings m, m governed
by gates n,n. The receiver / also communicates with the slate
chamber d, through the opening m’, for the passage of the coarse
impurities. The outlet gate, or door, y of the auxiliary receiver
is connected to bell-crank levers 0,0 by links. Movement is
imparted to piston f by means of eccentrics %, # keyed upon the
driving shaft ¢, and yokes v, v connected to rods 2,2. Coal is fed
upon the screen ¢ from the hopper x, while the supply pipe s fur-
nishes the necessary volume of water for the operation.

The purpose of the auxiliary receiver ! is to provide means for
collecting the fine sulphur and slate pieces that pass through the
meshes of the sieve e during the working of the machine, and to °
effect the escape of this fine sediment without wasting the water
inside the washing chamber b, thus making the operation of the
jigger absolutely continuous.
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By means of the improved and special-shaped piston f acting
at each up stroke like a wedge behind the material on the screen,
the different layers of the separated substances—coal and impuri-
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ties—are readily and uniformly advanced toward the delivery
openings, while below the screen the filling up, or choking, by the
fine sediment passing through its meshes, is also prevented.

F1c. 15. StuTz IMPROVED COAL-JIGGING AND WASHING MACHINE
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The cost of these coal-washing machines, for cleaning 300, 400,
and 600 tons per day, will depend mainly on location, quality of
coal to be treated, and the character of its impurities. Mr. Stutz
has furnished estimates for the treatment of the above outputs
per day of 10 hours at $11,000, $13,000, and $16,000, respectively.
This estimate includes the necessary power, water, and building.
It does not, however, embrace the machine for disintegrating
the coal in the preparatory process; the cost of this will be found
under the head of coal crushers or disintegrators. The cost of
washing is given at 2 cents per ton for the work of washing alone.

Fi1G. 16. STEIN'S STANDARD CoARSE COrRN-CoaL JiG, StYLE C

The interest on investment of plant and the wear and repair of
machinery must be added to show the total cost of cleaning the
coal in this machine.

WALTER M. STEIN’S WASHERS

Stein Jigs.—Figs. 16, 17, and 18 show jigs, Stein standard,
while Fig. 19 shows the general arrangement of a coal-washing
plant designed by Mr. Walter M. Stein, of Philadelphia, for the
. New Glasgow Iron, Coal, and Railroad Company, of Nova Scotia.
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The coal from the various mines arrives on the railroad tracks
a,, a, and is dumped into the pits b,, b, underneath, a different kind
in each pit. From these pits, the coal is taken, by means of bucket
elevators c,, ¢,, to the shaking screen d. This shaking screen has
a double eccentric motion, imitating hand screening as much as
possible. The mesh of the screen plate is § inch. The material
too large to pass through the perforations drops into the crusher

F16.17. STRIN'S J1G POR COARSE SizES, STYLE G STEIN'S J1G FOR FINE SizES, STYLE H
Woobp or IroN TANKS

rolls e, ¢,, and is again taken, after the crushing, to the shaking
screen d by means of the bucket elevator f. The coal passing
through the shaking screen d is taken by means of the bucket
elevator g to the separating screen drum h, which separates it into
three sizes—0 to § inch, ¢ to % inch, and $ to # inch.

The different sizes are carried by means of chutes to the various
jigs j, to §s. These are all two-compartment feldspar jigs, arranged
with variable stroke. Each screen compartment is 28 inches wide
and 49 inches long, so that the coal must travel a distance of over
8 feet while being washed. The washed coal flows in gutters to
the large elevator boot k,, and is elevated from there to the top of
the storage tower by means of the perforated bucket elevator /,,
which discharges on the distributing conveyer m, which carries it
into the various compartments n of the large storage tower. The
two jigs shown in dotted lines, the elevator boot k,, and the eleva-
tor /,, are arranged to be put in if the plant requires enlargement.
The slate from jigs 7, to j, is discharged into elevator boot ¢,, and
is taken from there by means of a perforated bucket elevator r,,
and dumped into railroad cars ready to be taken to a convenient
dumping place. The centrifugal pump ¢ distributes the water,
which, after being used, always returns to the pump and is used
over again. There is no loss in this respect except that absorbed
by the coal, and enough fresh water must be added to make up
for this. u is the steam engine of 100 horsepower to drive the
entire plant.
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All the elevators are of special construction and have very
large buckets, automatic feed, etc., and are run at a slow speed.

The entire plant works automatically, requiring only three men
to operate it. The coal before washing contains from 17 to 35 per
cent. of ash, besides about 24 to 3 per cent. of sulphur; the washed
coal contains in the average 10 per cent. of ash or 1 per cent. more
than the fixed ash, 9 per cent., of the coal. Thisis a remarkably good
showing, and is seldom equaled at any washing plant in existence.
The fixed ash cannot be reduced by any method. Coming within
2 per cent. of the fixed ash is ordinarily considered excellent work.
The sulphur is reduced, by washing, from 24 to 3 per cent. down
to 1.35 per cent., that still left being the organic sulphur and that
in combination with alumina or lime.

Jigs 7, to j; were in the original plant; j, to j, were added when
the additional retort coke ovens were built. The total capacity
of the plant is now 300 tons of coal in 10 hours.
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Fic. 18. StBIN'S FINE CORN-COAL JIG, STYLE A, TWO COMPARTMENTS, “w»
AUTOMATIC SLATE VALVE

The Diescher coal washer, Fig. 20, may be constructed with one
box or with a number of boxes connecting with each other and
worked by the same shaft. The boxes may either have outlets, as
shown in (d) and on plan (a), with an elevator for carrying away
the slate and other deleterious materials, or, where the boxes are
fixed on elevated ground, they may have pyramidal receptacles
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into which such material falls and is discharged at intervals by its
own gravity through a valve operated by a lever.

The modus operandi of the washer is as follows: The coal is
dumped from the back upon the screen shown in section in views
(c) and (d) the water is conveyed to the washer by a 3-inch pipe
entering into a cast-iron box fixed at the back (a); this box runs
along the back of the washer below the screen and delivers the
water through four 2-inch holes cut out of the washer side () and
(c). The action of the plunger forces the water through the screen,

(@) Plan (b) End Elevation (c) Longitudinal Section (d) Tramsverse Section
i Fic. 20. DiescHER CoaL WASHER

agitating the ‘coal and carrying the cleaned coal over the wooden
ledge, shown to the left and a little above the screen, into a trough
that conveys it into bins; the slate and other heavy and delete-
rious materials, by force of their greater specific gravity, fall to
the screen and escape, through the valve shown, into the discharge
pipe and elevator, or into the box previously referred to.

The washer is constructed as shown in the figure, having two
cast-iron stanchions of H section footed out at the bottom as shown.
The upper part of the stanchion has 9-inch web with 4-inch flanges,
by about §-inch metal. The stanchions are connected together on
top by means of two girders of similar section but arch-backed,
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having the central part of top flange level and dovetailed to receive
the bearing for the main shaft. The stanchions are kept rigid by
means of two 1}-inch wrought-iron tie-bolts and distance pieces
of pipe [see top of stanchion in view (d)], and the girders are bolted
to the ends of the stanchion by four wrought-iron bolts at each end.
The body of the washer is composed of 4-inch, white-pine tim-
bers of the widths shown, planed, tongued, and grooved. The side
timbers project beyond the stanchions, as shown in views (a) and
(c), the ends being let into same and further secured by an angle
plate 4 inches by 4 inches (Fig. 21). It will be noticed, by reference
-to Fig. 20 (¢), that only one end plate is shown. This is on account
of there being a series of connected boxes in a line, the water com-
municating from one box to the other. The partitions of the boxes

Fi6. 21. DouBLE DiBsCHER WASHER

are also of 4-inch timbers reaching down to the angle of box as
shown by Fig. 20 (c). Between the partitions and end, it will be
noticed, there is a space 8 inches wide right under the stanchions
(¢); this is the equilibrium chamber, and is provided to keep the
water level and prevent a vacuum being formed. Within the
partition, there is a lining that can easily be renewed and serves to
confine the water between the plunger and the screen. Above the
plunger, an angle-iron frame 4 inches by 4 inches by % inch is fixed
as shown in views (¢) and (d), upon which the wooden frame to
which the screen is connected rests; this angle iron, together with
the screen, is not fixed perfectly level, but is inclined 1 inch toward
the slate valve to facilitate the discharge of the coal and slate
through their respective openings.
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The plunger is of cast iron, $-inch metal, 5 feet long by 4 feet

3 inches wide, with four buckled surfaces, as shown in views (a), (c),

and (d), in the center of each of which is a small hole to allow the

discharge into the lower chamber of any fine material that may fall

through the screen. The plungers are suspended by two rods of

suitable size, as shown in views (a), (¢), and (d), which are secured

to plunger casting by means of collars and nuts, the casting being

specially thickened for the purpose, view (¢). The suspension rods

connect with a cross-bar, as shown by view (c), and are shielded

from the coal by two castings, view (d), having openings 4§ inches

by b inches by 7 inches deep. These castings are connected to the

washer by lagscrews. The plunger has a stroke according to

material operated upon, ranging from 1} inches to 2 inches, the

smaller stroke being

most suitable for

fine material. The

3-inch cross-shaft is

suspended from ec-

centric or main dri-

ving shaft by means

of two cast-iron ec-

centric yokes, as

shown by views (c)

and (d); the yokes

are steadied by a

rod, as shown in (d).

The eccentric or

main shaft is 3%

inches in diameter

and turns in bronze

bearings, resting on

Fic. 22. SINGLE DiBsCHER WASHER . the girders previ-

ously referred to,and

. is generally driven by a 32-inch pulley, making 70 to 80 revolutions

per minute, according to the stroke of plunger and the material

operated upon. Where there are several boxes, the plungers rise

and fall alternately, thereby balancing each other, and keeping

the water beneath them in equilibrium. The screens of the boxes

are invariably 4 feet square, composed of a rigid wrought-iron frame

carrying wires of spring brass, which are placed parallel in the direc-

tion of the discharge, having a space between of about 3% inch.

These wires are fastened to the frame by means of copper wires and

all the joints are protected by solder. It will readily be seen that

this arrangement secures a strong, rigid, and durable screen that
allows free passage to the water and to the finest pyrites only.

The slate valve is fixed in the position shown in view (d); the

body of the valve has an opening on both sides, 6 inches by 2 inches,

the area of which can be modified at will by means of the movable
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valve within, which is operated by a hand wheel and screw. The
size of the discharge pipe, view (d), varies with the kind of material
operated upon. At the bottom of washer, a casting having a
valve in the center for the discharge of the fine pyrites or of the
water when necessary is secured as shown in views (¢) and (d).
Access is provided to the underside of the plunger by means of a
circular manhole, about 14 inches in diameter, having a cast-iron
arched door and frame.

The correctness of the principles involved in the construction of
the Diescher washer is noticeable in several ways. One of its good
points is that the position of the plunger is directly under the screen,
which produces a uniform and energetic action of the water and an
equal operation all over the screen surface, whereas, when the
plunger is at the back, an unequal action of the water is produced
on the screen, the effect of which is sometimes only partially
obviated in other machines by means of aprons and scrapers.
Another advantage of this machine is that the water enters the
upper chamber between the screen and the plunger; the result of
this is, as has been found in practice, that no valves are necessary
in the plunger, although these are put in when especially desired.

The washing capacity of a single box varies, according to cir-
cumstances, from 75 tons of coal up to 200 tons in 10 hours, accord-
ing to the amount of dirt and pyrites mixed with it. The cost of
washing coal with the Diescher jig varies with the size of the plant
and numerous other conditions. One man can attend to several
boxes as easily as to a single-box washer. Even in the most unfavor-
able circumstances, the cost of washing the coal will be only a
small fraction of 1 cent.per bushel. In some cases, the cost is less
than !5 cent per bushel.

The Diescher machines have been in practical use for 20 years,
and are now to be found in all parts of the United States and even
in Mexico. Their reputation for simplicity, durability, great capa-
city, and for excellence and economy of the washed coal makes
them very popular and in constantly increasing demand. They are
manufactured by the Scaife Foundry and Machine Company,
Limited, of Pittsburg, Pennsylvania.

BROOKWOOD, ALABAMA, WASHERY

The coal-washing plant at Brookwood, Alabama, Figs. 23 and
24, was designed by Mr. Walter M. Stein, of Philadelphia, for the
Standard Coal Company. The following description is by Mr.
Rudolph Boericke, superintendent, and was written in response to
a letter of inquiry addressed to Mr. Fred M. Jackson, secretary
and treasurer of the company:

““The coal is drawn up the mine slope, by wire-rope haulage, to
the top of a wooden trestle 50 feet high, where it is dumped into



‘[800 INU JO} ANYD pue U] ‘¥ (IJ0JBAI[? 3Bpnws-[eod ‘m ‘dwnd reSnjuIud ‘a ‘juey Bui(ilas ‘nm ‘dwnp 03 338[E 3)e3 0} SIVD NE[S ‘7 KU
33e[s 03 3je[s Bunjel JOJ SANYD ‘S 'IOIBAI[A B[S ‘4 1300q NE[S ‘D '1349Au0d ulq ‘d S300q [BOO-pIYSBM ‘%0 ‘l0 !JOJEAI[D [BOD-paysSem ‘IK ‘in L1OJBASI[D [BOD-PIAYSTID ‘ué
t3aysnud ‘7 ‘sBif 'y ‘wnip udMds Burajoaar ‘f fyepsvol dwny ‘s {[e0d Inu pue dwn] jesedes 03 YSAW Youl-g ‘udalds Bupjeys a[Buts 'y ‘pueq Buppid Jamol ‘I ‘pueq

Y SRR

Buppoid Jaddn ' ‘udalds Bub{BYS dIQNOP ‘9 ‘JOJBAI[@ SUNU-JO-UNL ‘p ‘ulq 3BZeIOIS TBOD ‘I
‘aulw g "ON wodj Bularue [eod ‘3|ddiy ‘Q !sunu § pue g "ON wolj Sularus [eod ‘3|ddn ‘D
SEONTHHLTY
*juey Suri1ss pus j300q N 5q [eod-paysex
1eod2-paysem ‘dund [ednjujuld
Jo usid (p) :‘3spwo] dwni pue
S|ppiu jo uepd (9) ‘pueq Sup>
-Jo-uni ‘uiq 338103S BuLmMOys ‘3[Isal} Jo ed doj jo usld (q) '3[
'samoy Qf ut suo3 00g ‘A3rede)
VRAVEVIY ‘a00M

-doodg ‘"0) 1V0) GQUVANVIS FHL 40 INVIJ ONIHSVM-TVO) 40 NVI4 1vdHEINEH €3 Ol

(a)

(¢

76



TREATISE ON COKE : 77

a storage bin ¢. It passes first over a double-table shaking screen e,
which divides it into three sizes. The top screen is of 14-inch mesh
and the other of §-inch mesh. The largest size, comprising nut and
lump, passes over two picking bands f and g, 73 and 68 feet long,
respectively, where it is hand-picked by boys, and then over another
single shaking screen h, of 3-inch mesh, which takes out the nut,
which falls into a bin x and is carried by a chute to the cars.
The remaining lump is delivered to the lump loader ¢, which con-
sists of a chain of buckets, or pans, moving on iron ways and in
operation is exactly the reverse of an elevator—instead of raising
the coal it lowers it into the car. The lower end swings on chains
and can be adjusted to any height of car, or be raised clear of the
train while the cars are being shifted. )

“To return to the coal that passes through the first or 14-inch
mesh shaking screen e. That part of it that is too small for nut,
yet too large for washing purposes, that is, that which passes over
the §-inch mesh, falls directly to the crusher /, where it is crushed
and returned to the shaking screen. The crushed coal and all the
fine coal from the mine, passing through the §-inch mesh screen, is
sized in a large, double, revolving drum 5 into three sizes, each
size being washed through gutters to jigs # adapted and adjusted
for it. . There are eleven double-compartment plunger jigs in all,
each capable of handling from 5 ta 7 tons per hour. In these jigs,
the raw coal enters at one end, and moves across both compartments
and out at the other end as the washed product. In moving
across, the slate, pyrites, barytes, and all heavier particles find
their way through the bed to the bottom of the jig and flow out
through the slate valve in a constant stream. The washed coal is
taken to the boots o,, 0, and the washed slate to the boot g, by
means of gutters. Perforated bucket® elevators #,, #, moving
slowly to drain off the water, raise and dump the washed coal into
the conveyer p, which carries it to the storage tower. The slate
elevator r discharges into small cars, which the picking boys push
to the slate dump. The amount of water used in this plant is very
small, as the same water is used over and over. By allowing it to
flow through a settling tank u, tolerably clear water is not only
obtained, but all the sludge or finer particles of coal that are held .
in suspension and would otherwise be lost are saved and elevated
to the washed-coal elevator #, by the perforated bucket elevator w.
The water from the settling tank flows back to the centrifugal
pump v, which again forces it to the jigs, etc.”

The capacity of the washer is 500 tons per day of 10 hours,
though owing to the limited output of the mines at present, it
has not been handling much over 300 tons.

The table of analyses, page 79, shows the efficiency of the
washer very plainly. The coke is hard and exceptionally low in ash.

To obtain the average for a day’s run in this table, samples of
run-of-mine and of washed coal were taken every half hour:
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RESULTS OF WASHING AT BROOKWOOD, ALABAMA

verage Per- | Average Per. Percent Average Per-
Date cel:t:g: f{uﬁfh cent:getgg Ash | Reduction in centage of Ash
Mine Washed Ash in the Coke
December 21....... 15.32 8.15 46.9 10.10
December 23.. .. .. 14.10 7.50 46.9 9.50
December 31...... 15.07 6.50 56.8
anuary 5........ 20.83 ° 8.10 61.3 10.50
anuary 6........ 17.18 7.60 55.5 10.50
anuary 7..... e 16.38 6.50 60.2 9.27
anuary 26....... 20.90 5.50 73.5
anuary 27....... 17.37 5.40 69.0
anuary 28....... 18.63 7.156 61.7
ebruary 13...... 21.12 4.81 77.5 6.10
February 14...... : 7.40
February 17...... 7.80

The run-of-mine that is washed is a mixture of the No. 4 and
No. 6 seams; that from No. 4 is finely interstratified with slate and
contains an abundance of sulphur. There is a lack in sulphur
determinations, but a casual examination of the washed slate and
of the washed coal shows that it is removed almost entirely. The
washer is the first of its kind in the United States, though not in
America, as there is a 300-ton plant in successful operation at
Ferrona, Pictou County, Nova Scotia; the New Glasgow Iron,
Coal, and Railway Company operate it in connection with their
blast furnace.

Mr. Stein writes that an addition will be made to the plant in
the shape of a large elevator with automatic dumper for feeding
coal from a storage bin; this will hold 250 tons of coal, and will
enable the company to operate the washer to its fullest capacity
during the day. Another perforated bucket elevator will also be
added for removing the dust from the settling tank.

The sulphur has been reduced to .52, .54, and .53 per cent.
from 1.65 per cent. of sulphur in the coal of one of the seams used
in making coke, and 1.15 per cent. of sulphur in the coal of the
gther seam. This shows good work, with a very small loss of

ne coal.

COAL-WASHING PLANT FOR BITUMINOUS COALS AT
COAHUILA, MEXICO

I am indebted to Mr. Edgar G. Tuttle, E. M., for the following
account of the Coahuila plant, which was first published in the
School of Mines Quarterly, No. 4, Vol. XVII.

Fig. 25 (@) and (b) shows a coal-washing plant arranged for
treating about 300 tons a day of 10 hours; the design embodies
almost all of the requirements likely to be met with in coal washing.
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The extent of sizing by screens and the washing are designed to
treat a coal whose impurities separate with more difficulty than
in the case of impurities as heavy as iron pyrites or heavy slates.
For a simpler treatment, the plant can be considerably modified.
The relative positions of the machines may require to be differently
arranged under various circumstances connected with the location,
and depending on the respective distances and directions at which
the coal arrives at the plant and the point at which it is discharged.
The main features of the plant can, however, be carried out to
suit the above by making as many right breaks in the lines of
machinery as may be necessary to bring the plant in the desired
position and connect the points of receiving and delivery with its
entering and terminating points. If, then, the position of any
machine is such as not to permit of being driven by the main-line
shafting, right-angle gears can be introduced to transmit power
thereto.

In this plant, the screening is designed to be done wet; where
the screening is done dry, greater fall throughout the line is neces-
sary. Generally, where screening is done in the dry way, it is
accomplished in one large revolving screen or a drum screen consist-
ing of two or three concentric screens inside one another, each of a
different mesh of perforated metal or wire cloth. Sometimes a
shaking screen with several parallel screening surfaces, one above
the other and each of different mesh, is used to produce as many
sizes as desired. Where the screening is done dry, the jigs should
be located more directly below the screen, or that part of the screen
from which they receive the sized product.

The treatment of the coal in this plant is as follows: The coal
received is that which usually passes through the screens in the
chute at the mine tipple. This may be what falls through flat-bar
screens spaced about 14 inches apart, or through revolving or sha-
king screens of somewhat larger mesh. It is assumed that the coal
sent to the washer will not be much larger than 3 inches at its
greatest dimension, as all above this will be better hand-picked at
the tipple and is not readily handled in the size of elevator buckets
that are of sufficient capacity for the greater proportion of the
sizes requiring treatment. The coal less than 3 inches in size is
then either dumped into the pit a from the chute of the mine tipple,
if it is located near enough to the washer plant, or it is unloaded
into the pit from railroad cars. From here, the coal is lifted by
the elevator b to the shaking screen ¢, which has an upper sheet .
steel screen with 13}-inch circular perforations and an under one of
$-inch perforations. The coal is here separated into the following
sizes and disposed of as indicated: All greater than 14 inches
passes over the screen and is delivered on the picking belt d. Coal
passing through the 14-inch screen and over the $-inch screen (size
4 inch to 14 inches) falls between the coarse rolls e, which reduce
the coal to § inch or less.
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The coal passing through the $-inch perforations of the shaking
screen (size 0 inch to § inch) falls to the foot of the elevator f. This
coal, with that from the rolls reduced to # inch or less, is lifted by
the elevator f to the revolving screen g at the head of a line of three
screens, which are each 4 feet in diameter and about 11 feet long,
and of the same construction except that they are covered with
screens of different mesh. The screen g is divided into four sections
in the direction of its length and each section is the same width;
the first two are covered with sheet iron or steel with 4-inch circular
perforations and the last two with screens of $-inch perforations.

The coal passing through the 4-inch screen openings (size 0 inch
to 4 inch) falls to aprons below, which are on each side of the screen
and slope into an inclined gutter directly below the screen, which
leads this material (0 inch to % inch) into the screen h, with the
water, which falls from a spray pipe over the length at the top of
the screen to wash out particles becoming wedged in the holes and
clear the coal from sticking to the sides of the screen. The water
is sprayed similarly on all the screens, and falling through into -
the gutter, carries the coal passing through the perforations of one
screen into the next screen.

The coal passing through the $-inch perforations (size 4 inch to
4 inch) is spouted to the jigs 4, 7, k£, and /, which are designed for
treating coarse sizes and are provided with crank-arm or slide-yoke
motion, so as to have a quick down stroke of the plunger and a
slow return movement, and speeded to make about 60 strokes a
minute of 3-inch to 4-inch throw, and if a middle product is to be
treated the screens are arranged for drawing this off for retreatment.

If there has been any of the $-inch to 13-inch coal from the
shaking screen that has not been reduced to less than $ inch by
the rolls, after this has been elevated and passed into the screen g,
it will go over it and out at the end, and will be again fed to the
rolls ¢ for reduction, and will be then hoisted by the elevator f
with the coal from the shaking screen, as already described. If the
rolls ¢ do not reduce this amount of coal sufficiently, it can be
passed to the rolls ¥ for smaller crushing and treatment with other
coal passing through these rolls.

If, however, the coal passing out of the screen g is not too large
for washing and the impurities are sufficiently unlocked without
further reduction, it may be cleaned completely by washing on
jigs treating coarse sizes, or it may be sufficiently cleaned to be
used for certain purposes that do not warrant its reduction to
smaller sizes for what further improvement may be thus made
possible. In this case the coal, as it passes out of the screen g, can
be spouted to one or two of the first jigs treating coarse sizes, using
for this purpose, say, jigs j and k (that is, for coal larger than
4 inch), and jigs 7 and [ for the sizes % inch to $ inch, or such pro-
portion of these or other jigs as may be necessary for the quantxty
of these sizes produced.
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Although a preliminary examination and test of the coal will
determine the quantity of each size of the larger sizes of coal, and
the number of jigs required to treat it, it is advisable, in designing
the jigs and arranging them in the plant, to provide for possibilities
of treating larger sizes on some of the jigs intended to treat smaller
sizes, or the reverse. The points to be considered in this connec-
tion are: (1) Designing jigs so that the length of the stroke and
the number per minute can be readily increased or diminished to
suit the sizes treated. (2) Locating the jigs under the screens so
that the material likely to be received from one or more points of
the same can be readily spouted to the jigs with changes in sizes
to be treated thereon. (3) Arranging the jigs so that the washed
product and the refuse discharged therefrom can be readily deliv-
ered to the points desired, which may vary with the sizes produced
on account of possible difference in the quality of different sizes.
(4) In case a middle product results requiring treatment, the jigs
should be arranged and handily located so that these can be drawn
off and discharged to rolls for reduction, or else be handy to an
elevator to lift this product to rolls intended for this purpose or
for smaller crushing.

The 0-inch to 4-inch coal carried into screen 4 is separated into
sizes as follows: Size 0 inch to } inch is screened through the first
two sections with %-inch holes, and is caught by the aprons and
gutter below the screen and spouted into the screen m. The coal
passing over the first two sections of screen & will be £ inch to 4 inch
in size. This passes into the last two sections of screen h with
g-inch perforations, which separate it into two sizes, as follows:
First, coal passing through the #-inch holes (4 inch to 4 inch),
which is spouted to jigs # and o; second, coal passing over and
out of the end of this screen (§ inch to # inch), which is spouted
to jigs, p, ¢, 7, and s.

The coal spouted from the gutter under the screen & into screen
m (0 inch to % inch) is separated as follows: The coal passing
through the first two sections of this screen with y%-inch holes
(size 0 inch to 1% inch), falls into the gutter below it, and if suffi-
ciently pure, need not be treated, but can be spouted directly into
the sluice boxes carrying washed coal from the jigs. If, however,
it contains impurities and there is a considerable quantity of this
size, it will require treatment. Generally, it will suffice to spout
this coal into the jigs ¢ and # arranged for treating this size and in
the jigging thereof most of the overflow will be pure coal with
possibly some light mud, which will subsequently pass off in the
water overflowing from the settling tank where the fine coal will
be treated for its deposition from suspension in the water from
the jigs. If, however, the impurities separate with difficulty, this
material 0 inch to % inch will be carried along in the gutter under
the screen m to the hydraulic classifier v for treatment, as will
be described.
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The coal, 4% inch to % inch, passing into the last two sections
of the screen m with §-inch holes, is separated as follows: That
passing through the screen sections (% inch to } inch) is spouted
to jigs w and x. The coal passing out of the end of this screen is
sized } inch to } inch, and is spouted to jigs y and z.

The coal is spouted from screens to the jigs through troughs
6 inches square or so inside, lined with No. 12 or 14 sheet iron.
Sometimes storage boxes are introduced below the screens to hold
the sized screenings, and from these it is spouted to the jigs. They
are, however, apt to clog up with wet screenings. A more satis-
factory means of insuring a steady supply to the jigs is to arrange
a regular feed to the elevator b, and to keep a sufficient supply of
raw coal always on hand in the pit a.

The jigs ¢, 7, k, and ] are of one compartment about 3 feet square,
and, as mentioned, are arranged to draw off a middle product, that
is, material on the jig bed from a horizon between the top layer
of washed coal and the bottom layers of slate. Impurities in the
form of small particles closely adhering to the coal are most apt to
occur among the larger sizes of coal; or, if consisting of particles
of coal of an inferior quality, or of bony coal, intermediate in specific
gravity between the lighter coal at the top of the bed and the slate
or impurities on the bottom of the jig bed, they will occur in a
layer midway between the two, whence they may be drawn off in
jigs arranged for the purpose. The remaining jigs are of two com-
partments, each compartment being 24 inches by 32 inches. These
jigs are speeded at 100 to 180 revolutions, or double strokes, per
minute, and with throws of 24 inches for the larger sizes to { inch
for the smallest sizes. If the impurities are with difficulty sepa-
rated from the coal in the smaller sizes, it may be necessary to
have three compartments instead of two in the jigs w, ¢, %, and «,
so that the material will travel over a greater length of jig bed in
being treated, thus allowing more time to effect the separation.

The coal after being washed passes out of the jigs at the over-
flow into the trough a, and is carried by the water from the jigs
to the drainage screen ¢/, which is preferably covered with sheet
copper of g-inch perforations, where the water is removed and all
coal larger than 3% inch passes over the screen and out at the end
to the elevator d’, whence it is raised high enough for discharging
either into bins or else to a point for loading.

Jigs may be used from which the water does not flow, and
from which the coal is removed by elevators with perforated
buckets, or if the coal overflows with water from the jigs, the
water may be drained therefrom by passing over screens forming
the overflow chute. In this case, there must be sufficient fall to
cause flow if the coal is to be chuted dry from the jigs to the eleva-
tor d’, or the jigs may have less inclination or be located on the
same level, provided that conveyers are introduced to convey all
the coal from the jigs to the foot of the elevator d’.

4
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Where coal is to be stored in bins of considerable extent a con-
veyer ¢, into which the coal from the elevator is delivered, is
arranged at the top of the bins. The conveyer travels the length
of the bins near their center lines, and is so designed that by means
of openings in the bottom of the conveyer box, that can be opened
or closed as desired, the discharge of the coal into the bin from any
point thereof is effected, permitting of an even distribution of
coal in the bin. The buckets of the elevator d’ are perforated so
as to drain as much of the water from the coal as possible. The
water and coal less than 3% inch in size, passing through the drain-
age screen ¢’, fall upon an apron and into the gutter, from which
they flow by the trough f’ to the settling tank g’. The trough ¢
leads to one side of the settling tank, and, by means of small adjust-
able openings along the side of this trough, the discharge of the
water with the fine particles of coal into the settling tank can be
regulated so as to be evenly distributed, which is important to
secure effective settling. The water and fine coal are discharged
into the settling tank on one side of a partition 4’ that extends
the length of the tank with its bottom 3 or 4 inches below the
surface of the water; this causes the water flowing into the tank
to move first in a downward current, and then across the tank, as
an even, slowly moving body of water, toward the discharge side.
Surface currents are thus prevented, which would otherwise occur
and carry the material over the surfaces and out at the discharge
without settling.

The settling tank is 12 feet wide, 32 feet long, and 4 or 5 feet
deep at center, with sides sufficiently inclined that particles will
not settle thereon.

The suspended coal of sand and slime sizes is thus settled, and,
by means of a slowly moving drag +* with pedals or scrapers 4 feet
apart, the settlings are moved gently along and finally scraped
up an incline and out of the tank and dropped off at the end of the
drag, which delivers the settlings at a point where they will fall and
mix with the coal from the discharge end of the drainage screen ¢’
and both be taken up by the elevator d’. .

The water overflowing from the settling tank with what sus-
pended matter it may still contain, which will be very small, over-
flows into the trough j*. It is important that this overflow be
truly level so that the water from the settling tank will overflow
in an even sheet, thus insuring a slowly moving current through
the settling tank. From the overflow trough 5/ the water flows
into the trough ¥ to the sump /, from which it is lifted by the
centrifugal pump m’ and delivered through pipes or launder boxes
to screens and jigs treating the smaller sizes. Any overflow water
from this sump passes to the sump »n’.

The refuse, impurities, slate, etc. drawn off from the jigs, as
well as the material settling through the sieves of the jig bed and
released at the bottom or mud-discharge, are conveyed with the



TREATISE ON COKE 85

water escaping therefrom by the slate troughs to the pit /. These
troughs are more highly inclined for the large-sized slates to facili-
tate their movement to the pit ¢/. The slate troughs are best
located on the floor near the base of the jigs or else below the floor
line, with the flooring from all the jigs sloping thereto so as to
drain off all water escaping or leaking from jigs, pipes, troughs, etc.,
and keep the floors clean. The slate troughs are usually made
4 inches to 6 inches square, lined with No. 12 or 14 sheet iron,
curved at the bottom. The amount of water escaping with the
refuse is comparatively small in comparsion to that flowing with
the washed coal from the jigs. The pit o’ need, therefore, not be
very large. The one here shown is 8 feet square at top, with sides
sloping about 50 degrees, and 3 to 34 feet deep.

" The refuse is removed from the pit ¢/ by the elevator ¢/ with
perforated buckets to drain off the water taken up by them with
the material. The refuse is discharged at the elevator head into the
storage bin ¢’ for removal by railroad or dump cars or otherwise.

If the location of the plant is on an elevation where there is
considerable low land that can be filled, the refuse, escaping with
water from the jigs treating the smaller sizes, can be carried in
troughs with a grade of % or 1 foot fall per 100 feet to such points
where the refuse can be disposed of to make fills. If there is
sufficient fall, the refuse from the jigs treating coarser material can
be likewise disposed of in troughs of steeper grade, viz., 2 per cent.
to 4 per cent. fall. If there is only sufficient fall for disposing of
the smaller-sized refuse as above, the heavier or larger-sized refuse
may have to be removed by the elevator ¢’ and disposed of as
indicated.

The water, after the refuse has been settled therefrom into the
pit o’, overflows into the trough  and flows to the sump »’, frotn
which it is lifted by the centrifugal pump s’ and is delivered
through pipes or water troughs to the jigs treating the coarse
sizes and the rolls.

The middle product drawn off of jigs %, 1, k, and / is spouted to
the roll ¥ and reduced from % inch or # inch to about § inch
downwards, depending on how small it is found necessary to reduce
the middle product to unlock.the impurities. This material is
then lifted by the elevator # high enough to be discharged into the
revolving screen h and there treated with the sizes of coal dis-
charged into this screen from the screen g; this is the case if the
middle product has been reduced to sizes small enough to be sized
in the screen k. If it is not necessary to reduce all the middle
products to sizes smaller than those treated in screen g, it is lifted
by the elevator ¢ only high enough to be discharged into the ele-
vator f, and from there it is handled the same as the other coal
lifted by this elevator.

The coal that passes over the 14-inch perforations of the shaking
screen ¢, which will be from 14 inches to 3 inches or so in size, is
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delivered on to the traveling picking band or belt d, where it is
hand-picked by as many men or boys located along both sides of
the belt as may be required to thoroughly clean the coal as it is
conveyed toward the storage bin #’, where it is dumped for loading
on railroad cars. This belt is 3 or 4 feet wide and about 40 feet
long, and has a slow travel of about 30 feet a minute. It is com-
posed of sections of wood or iron 3 inches to 6 inches wide by
3 feet or 4 feet long, whose ends are fastened to sprocket, or link,
chains. The sections of wood or iron are either beveled, jointed,
grooved, or hinged, so as to lay close to each other and form a
flexible band readily curving around the sprocket wheels of the
driving gear. If these sections are of iron they generally lap
each other where their sides come in contact and form a sort of
hinge joint.

If the coal treated on the picking band is of large sizes requiring
sledging and slabbing, so that it is broken up in cleaning and con-
siderable small coal results, the sections or slats of the picking
band are sometimes slightly separated from each other so as to
act somewhat like a screen and allow the small coal produced to
fall through and thus separate it from the large lumps in loading.
The impurities picked from the coal traveling on the band, which
may contain more or less coal, are dropped into chutes leading to
the pit ¢/ or else are thrown into this pit, and from there are lifted
by the elevator @’ back to the washer building and high enough to
be discharged on the rolls e for reduction and delivery to the ele-
vator f for the usual treatment in the plant.

If there is much refuse picked from the lump coal at the mine
tipple and it has considerable good coal adhering to it, it can be
broken by sledging, or a special crusher may be erected for redu-
cing it, after which it is discharged into the pit v’ and lifted by its
elevator for treatment in the plant with other coal from the pit.
If this waste removed at the mine tipple is not too large and the
tipple is near the washer plant, it may be chuted directly to the
rolls e. If the tipple is located at some distance and this refuse is
to be treated, it will be necessary to take it there by railroad cars,
dump cars, or a conveyer, if the distance is not too great. If the
amount of coal requiring hand picking is large, it may be necessary
to introduce two picking belts. This is generally preferable to
increasing the length of the belt with increased quantity to be
treated. The maximum length for a picking belt should be 30
to 50 feet. .

If the impurities in the sizes § inch to 13 inches, separated on
the shaking screen, do not adhere to the coal and are readily hand-
picked, they need not be reduced in the rolls, as mentioned, but
can be discharged into a second picking belt that may be intro-
duced for treating these sizes as explained for the 14-inch to 3-inch
sizes. They may be delivered into bins, if they are to be loaded
for shipment, or the picking belt on which they are treated may
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have such a direction of travel as to finally discharge them at the
foot of elevator d’ for removal with the other coal hoisted by this
elevator. Or, if the impurities are in considerable quantity in
the {-inch to 1}-inch sizes, they may be removed by washing, if
they do not adhere to the coal, so as to require crushing to liberate
them. This size may then be dropped from the shaking screen
with the 0-inch to #-inch size and hoisted with it by the elevator f
to the screen g without first passing through the rolls e. In this
case, this sized coal will, as previously explained, pass over the
screen g and out at the end, sized # inch to 14 inches, and fall into
the two jigs j and &, or others that may be required for treating it.

The hydraulic classifier v consists of a box of two or more
compartments, 2 feet or more in width, and of such length
as is determined by the number of classes of sizes it is intended
to produce. The sides are sloping to insure proper discharge of
the materials settled therein from the bottom, which is fitted some-
times with piping, as will be described. A partition extending
2 inches or 4 inches into the water of the classifier extends across
its width so as tb deflect the inflow of water and direct its current
downwards, thus preventing surface currents.

The treatment of 0-inch to %-inch size flowing from the gutter
under screen m to the classifier is as follows: With the diminution
of the velocity of the current of water flowing from the narrow
channel of the gutter into the wider channel of the classifier, there
will be deposited in the first compartment x’ of the apparatus,
such smaller sizes of the heavy impurities and such larger sizes of
the lighter coal as are equally settling. Likewise in the second
compartment y’, there will be a settling of relatively smaller sizes.
It will depend considerably on the nature of the impurities and
coal in these smaller sizes as to what the treatment will be.

The ideal method of treating material classified as above is to
submit it to treatment with water on machines of the type of the
inclined table, or shaking or bumping tables, where the larger,
specifically lighter particles of coal will be moved farther down the
plane by the water than the smaller, specifically heavier particles
of slate or impurities. In coal washing, however, the cost of this
treatment is too great and the small-sized material is usually in
too small a quantity and of insufficient value to warrant the
expense of the treatment, or the coal may be sufficiently rich not to
require treatment.

The trough washer is a machine nearest approaching the types
above mentioned that it is advisable to incur the expense of,
although the treatment of the coal therein is not perfect. This is
used for sizes up to 14 inches or so in rough washing, but is better
adapted for the smaller sands and slime sizes or the products of
the hydraulic classifier in question.

The trough washer consists of a trough inclined 1 foot in 12,
from 40 to 60 feet long and 1 or 2 feet wide at bottom; sides sloping
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from 50° to 60°. In this, a scraper chain works, with a scraper
4 inches to 6 inches deep and 6 feet apart, closely fitting the bottom
of the trough and moving slowly up the incline. The fine coal is
fed into the trough midway between the two ends and 60 to 150
gallons of water a minute are fed into the trough at the upper end.
The action of the water is to wash the coal down the trough and
over the tops of the scrapers, while the heavier impurities settle to
the bottom and are moved up the trough by the scrapers and
discharged over the top. The coal discharged at the lower end of
the trough with the water is drained over a screen and the water
thus separated and reused, but preferably it can be discharged
into the settling tank f and there removed by the drag where
this fine coal can be handled and used better when mixed with
coarser coal. .

Generally, however, a separation of the impurities from the
classified products of the two compartments of the hydraulic classi-
fier that will be sufficiently satisfactory where the quantities are

-small can be effected by allowing the settlings from the compart-
ment 2’ to pass out of the spigot 2z’ to the jig x, and those from y’
flowing from the spigot a” to pass to the jig «#, where, in rapid jig-

- ging, somewhat of a separation is effected if the strokes of the jig
last only during the period of accelerated velocity of fall ¢f the
particles. In this case, the larger lighter-weight particles of coal
require a longer time before arriving at their maximum velocity
of uniform motion than the smaller heavier particles of impurities.
With strokes of the jig applied to last for # or 1% second or so,
particles of coal and slate that are equally settling in the classifier
may be separated to some extent on the jigs, the coal being main-
tained at the top of the bed and the slate settling to the bottom
as usual.

If there is only a slight difference between the specific gravity
of the coal and slate, it may be advisable to make the smallest size
treated on the jigs from the screens 3% inch or 3%y inch; in this case,
the t5-inch screen should be replaced by a g%-inch or $s-inch copper
screen of perforated metal or wire cloth. In this case, the largest
size treated by the classifier will be ¥% inch or 3% inch. The use
of small screens should he avoided, however, if possible, as their
life is short and the value of the material rarely warrants the
expense. .

The classifier is arranged so that the discharge can be made
continuous from the bottom by the spigots 2’ and a” for drawing off
the particles and what water escapes therewith. The velocity of
the water traveling across the classifier from the receiving to the
discharge end can be reduced according to the amount of water
fed into the classifier and the amount drawn off at the bottom flow.

If it is found necessary to prevent a settling of too small sizes
in the first or second compartment of the classifier and at the same

_time effect somewhat of a separation, an inflow of clear water can
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be arranged, which is admitted by the pipes at the bottom and
regulated by the valves b” and ¢”. This inflow is through pipes of
larger area than the outflow through the spigots # and a”, and the
velocity of the inflow is not so great but that it will allow the
particles of the sizes desired to settle down through its current and
escape by the spigots # and a”. This ascending current may have
to be varied from 1% inch to 3 inches a second, so that an inlet
pipe of 14 inches, 2 inches, or 3 inches may be necessary; the larger
the better to provide for increasing or decreasing the sizes of the
classified product desired.

A separation of the limits of sizes desired can be thus effected
by maintaining just sufficient upward current so that the smaller
sizes will not be permitted to settle, but the larger ones will he
allowed to fall through the current and be discharged by the spigots
# and a”, which can be plugged with reducers to % inch or { inch,
as may be required to regulate the outflow, which will depend on
the rapidity with which the larger sizes accumulate. By testing
the products under various flows of inlet and discharge currents,
it will be determined what conditions can be produced and accord-
ing to which the product can be best treated.

It may occur that the discharges from 2/ and a”, under an
upward current, are entirely impurities and the overflow at d” is
entirely pure coal, in which case the coal can be run directly in with
other washed coal to the settling tank. If this should contain much
mud or small thin disks or plates of impurities, it may be possible
to have these pass off as suspended matter in the overflow from
the settling tank. If, however, the tendency of this form of impuri-
ties is to settle in the settling tank, they may be separated in the
classifier by regulating the flow of water so that they will be carried
out over the overflow thereof.

If the light-weight impurities can be thus disposed of, and if it
is possible to regulate the lower inflow so as to have the heavier
impurities only discharged from the spigots 2’ and a”, the coal may
be separated therefrom and maintained in the classifier midway
between the bottom discharges and the overflow.

In this case, there should be two sets of hydraulic classifiers, so
that the current of water from the gutter under the last screen can
be turned to a second classifier when the first has become filled.
The first can then be cleaned by allowing the impurities to discharge
at the spigots until the coal begins to flow. Then the washed coal
can be spouted to the washed-coal trough or to the settling tank.
When the classifier is emptied, it will be ready for use when the
second classifier has become filled.

If the impurities are all light weight, they may be separated
from the coal by adjusting the amount of the bottom discharge,
or, if necessary, of the inlet current to such a point that the coal
will be discharged from the bottom, while the impurities pass to
the overflow d’.
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In all these adjustments to regulate the amount of water
admitted to the classifier, or to form an upward current, or of the
amount allowed to discharge, the resulting current in compartment
¥ should be somewhat diminished from what it is in compart-
ment «/, in order to allow a settling of the particles in compart-
ment 9/, which are smaller than those settling in compartment x’.
If the particles treated are very small and very light weight, it is
advisable to make the compartment y wider than compartment x’
to insure a diminution of the velocity of current necessary.

WATER REQUIRED IN PLANT

: Clear Water Cusic Feer Cusic Feer
4 Revolving screens......... 1 cubic foot a minute = 4.0
2Rolls..................... 1 cubic foot a minute = 2.0
4 Jigs (sand and slime sizes) . 4 cubic feet a minute = 16.0
Classifier................... 2 cubic feet a minute = 2.0
Total raised 45 feet = 180 gallons = 24.0 24.0
Reused Water Cusic FEET
2 Jigs, } to } sizes........... 4 cubic feet a minute = 8.0
2 Jigs. §to §sizes........... 5 cubic feet a minute = 10.0
4 Jigs, § to g sizes........... 5 cubic feet a minute = 20.0
4 Jigs. $to 3 sizes........... 6 cubic feet a minute = 24.0
Total raised 24 feet = 465 gallons = 62.0 62.0
Total fresh and muddy water = 645 gal. = 86.0
HORSEPOWER REQUIRED
For Jigs
NuMBER Size HoORSEPOWER ToTtAL HorsE-
oF JiGs TREATED PER Ji1G HoRSEPOWER POWER
2 0 tofy 1 2.0
2 A to } 1 2.0
2 to 13 2.5
2 to 1} 2.5
4 to . 1 5.0
4 to § 1 6.0
20.0
1 Shaking screen 2.5
1 Coarserolls...................... 8.0
1 Finerolls..:....ooviuienniinnneininnnnenn, 3.0
1 Picking belt 2.0
2 Revolving screens, 4 feet diameter, 11 feetlong ............. 2.5 5.0
2 Revolving screens, 4 feet diameter, 11 feetlong ............. 1.6 3.0
1 Drag for settling tank................... e 1.5
1 Centrifugal pump, 180 gallons, 45 feet, 3-inch suction, 2-inch p
B -2 e .
1 Centrifugal pump, 645 gallons, 24 feet, 5-inch suction, 4-inch
discharge .........c.oitiiiiiiiiiniiiiiiiiiiinennanns 7.5
1 COnVEYeT. .. ittt ittt i 2.0
1 Elevator, 400 tons, 10 hours, 42-foot’lift.................... 2.5
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1 Elevator, 300 tons, 10 hours, 40-foot Lift ................... 2.0
1 Elevator, 300 tons, 10 hours, 60-foot lift.................... 2.4
1 Small elevator, 60 tons, 10 hours, 36-foot lift (middle product) 1.0
1 Small elevator, 60 tons, 10 hours, 26-foot lift (refuse)........ 1.0
1 Small elevator, 60 tons, 10 hours, 30-foot lift (pickings)...... 1.0

Total horsepower.................. e et 68.9
Add 15 per cent. forfriction. .. ......... ... il 10.0

B e 7 78.9

About an 85-horsepower engine and a 100-horsepower boiler
will therefore be required.

Crushing Rolls—The coarse rolls are 18 inches wide and 194
inches in diameter and corrugated horizontally. They make 30
revolutions per minute, or have a tangential speed of about 155 feet,
and break about 30 tons to 3-inch size or 70 tons to l-inch size
in 10 hours. If a greater amount of the larger size is to be reduced
than above, either larger rolls or two of the above size are neces-
sary. If the coal sticks to the rolls, as it will if clayey slate is
present, it is preferable to use tooth rolls; or these should be used
if the coal is very friable and apt to become reduced to too small
sizes. Toothed rolls have a somewhat higher speed at the per-
iphery, generally about 400 to 800 feet a minute. One of the rolls
of a pair is in a movable box connected with rods to steel or rubber
springs, so as to allow the rolls to yield in case of hard pieces of
iron, etc. getting between the rolls that would otherwise break
them. A spray of water is fed into the top of the rolls to keep
them clear of adhering particles. Steel brushes are also arranged
back of the rolls to scrape against them and remove particles
becoming wedged between the corrugations or teeth.

The fine crushing rolls need be only about 14 inches in diameter
and 12 inches wide, but it is preferable to have them as large as the
coarse rolls, in the event of it being desired to change the grading
of the crushing throughout the plant.

Revolving Sizing Screens.—These are 4 feet in diameter and
about 11 feet long. The surface of the screen is divided into four
sections by five spiders, keyed or setscrewed to a 2}§-inch shaft.
Each section is covered with perforated sheet metal, requiring four
sheets 32 inches by 39 inches to cover each section.

The screens have a slope of 8 inches to 12 inches in their entire
length; the shaft being laid inclined. The sections of sheet metal
may be either riveted or fastened by bands to the spiders, the
latter method being preferable for despatch in case of repairs.

Conical screens may be used, in which case the shaft is laid
level, the slope of the sides being sufficient to assist the passing
of the material through it. The shape of the screen sections in
this case may give more trouble in case of repairs than with cylin-
drical screens. The speed of screens is about 22 revolutions per
minute, or the peripheral speed will be about 270 feet a minute.
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The screens are sprinkled by a spray of water from a 1}-inch
pipe located above the screens and having $-inch holes every inch
or so on the under side of the pipe.

) CAPACITY OF REVOLVING SCREERS
SizE oF NUMBER OF SQUARE

SCREEN FEET OF SCREENING
PERFORATION SURFACE REQUIRED
INCHES PEr TON IN 10 HOURS
1 t0 2 i e e e e 32
1 to 3. e e 43
Ftol Lt i e e 72
- At0 3. 3.70
Fto B e, 5.40
L0 T 18.00

The above capacity is variable, depending on the amount of
other sizes mixed with the sizes to be screened. Shaking or flat
screens have. greater capacity than revolving screens and are
preferable where they are not to be erected too high on the struc-
ture, where they cause jarring to the building.

Elevators.—Large elevators are best arranged when buckets
are mounted on double chain formed of 12-inch or 15-inch links
connected with rods into which the links on either side of the
elevator buckets are bolted. The buckets are bolted to two straps
hinged from one rod to the other. The elevator frame is con-
structed of wood with guides on either side, which may be covered
with strap iron on which the elevator rods slide in the upward
movement of the elevator, or the guides may have angle-iron
sliding pieces, in which case the links slide therein and are guided
by them. The sides of elevator buckets should be of No. 14 Otis
steel and the front of No. 12 steel, with ribs at the top, front, and
sides. Their shape should be somewhat rounded at the bottom to
prevent material becoming wedged therein, but not too, rounded,
or where they discharge at the elevator head, the material may fall
on the back of the bucket below it and inside of the elevator frame.

The elevators should be as far from the vertical as possible for
the most perfect discharge at the elevator head, otherwise it may
" be necessary to introduce special devices for perfecting the dis-
charge. The usual travel for an elevator is about 100 to 150 feet
a minute, although where they are vertical or nearly so a speed of
200 or 225 feet a minute may be necessary to insure proper dis-
charge. The slower the speed, the less the wear is on the elevator.

Small elevators may be mounted on small sprocket-chain, or
link, belting with small cast- or malleable-iron buckets; their speed
may be 150 to 200 feet a minute or less. The chains supporting
the elevators may be operated by sprocket wheels or hexagonal
or octagonal drums driven by a pulley with gearing. Either the
upper or lower set of sprocket wheels or drums should be in ar
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adjustable boxing, which will permit of moving the bearing of
the sprockets by screws so as to tighten up the elevator chain as
it becomes worn.

Jigs are preferably built of wood as they require less expensive
foundations, and although requiring more frequent repairs than
iron jigs they are moderate in first cost, and wearing parts in iron
jigs being more expensively replaced than in wooden jigs, the cost
of repairs in the end is not much greater in wooden than in iron
jigs. Jigs treating large sizes have one compartment about 3 feet
square and the stroke is given by a crank-arm movement making
sixty 3-inch or 4-inch strokes per minute. The depth of the jig
frame should be about 10 inches, at least, below the overflow. The
jig frame may consist of an iron-bar grating or of copper cloth or
perforated metal of about 8 mesh. The discharge for the lower
product should be as automatic as possible and should preferably
extend across the width of the bed. The coarse jigs should be
arranged for treating the middle product, and the discharge should
also be constructed as above.

Fine jigs should have two compartments; it is rare that three
are necessary. Each compartment is about 24 inches wide and
32 inches long. These are provided with double adjustable eccen-
trics so that the length of the stroke can be varied as desired.
The plungers make 100 to 180 strokes per minute of 24-inch to
}-inch throw each. The depth of the jig frame at the final over-
flow should be about 7 inches below it.

It is also desirable that the discharge for the lower product or
slate should be automatic and arranged across the width of the
jig beds, especially for the larger sizes, although the refuse in this
size material can be readily withdrawn by a small slate box 3 inches
or 4 inches square, located at either side of the jig, and the slate
tapped at about 2 inches above the level of the jig frame. The
jig frame is of wood, built of 4" X 24” slats with about 24-inch
square openings. The width and length of the frame are about
4 inch less each way than the space they occupy in the jig.

Side-plunger jigs are preferable to facilitate repairs, although
there is more lost motion in these than in jigs with under pistons
or jigs in which the jigging is done on a movable bed. To facili-
tate determinations of speeding jigs it is preferable to have the
plungers and the jig beds of the same area. The bottoms of the
jigs should all be steeply sloping to one or more mud-discharges,
and the slope sufficiently steep and the mud-valve regularly opened
to prevent material clogging up the jig bottoms.

The jigs treating material from § inch downwards have some-
times a bed of feldspar through which the jigging is done. The
feldspar is of such size that the particles of coal and impurities
will not fall through its interstices. The mesh of the jig sieve need
then only be large enough to support the feldspar.
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An average estimate of the capacity of jigs is 1 ton for each
inch in width per 10 hours. This is independent of the length of
the jig. A safe, low estimate to provide against irregularities in
the supply of coal is as follows:

CAPACITY OF JIGS

Sizes Treated Capacity in 10 Hours ‘Width of Capacity in 10
by Jigs er Inch in Width Jig Hours
Inch Tons Inches Tons
0 to 75 30 24 7
s to 41 24 10
3 to 60 24 14
4 to .84 24 20
1 to 1.00 24 24
to } .83t01.20 36 30 to 43

SPEED AND STROKE OF JIGS FOR DIFFERENT SIZES

Mesh of Wire

- i h of P iving P
Size of Coal Re\;tf)luit;ons Lesl:g-ke chéoél:eee m\‘nl}eiz 2:3:5; St‘x]llae&'
Inches per Minute Inches Inches Inches Inches
2 to3d 50 to 60 5% 1}
14to 2 50 to 60 4to5 1
1 tol} 60 to 90 3to4 $tof
to 1} 100 2to3 6 X6 20 16 to 18
to 110 2} 8 X 8 20 18
to 120 10 X 10 20 20
to 130 li 10 X 10 20 22
to 140 tol 16 X 16 20 24
+ to s 150 to} 20 X 20 20 24
0togds 180 F 3 30 X 30 20 28

Picking Bands or Belts.—These are generally 4 feet wide and
travel at a speed of 30 to 60 feet a minute. For sizes from 14 inches
up, and in quantities of 30 tons per hour, belts should be 15 feet long
plus 10 feet more in length for each 3 per cent. of material picked out.

For sizes from 4 inch to 1% inches, the belt should travel at
the rate of 30 feet a minute; and for every 20 tons an hour, 15 feet
length of belt is required for each 14 per cent. of material picked out.

If these sizes contain more than 4 or 6 per cent. of impurities,
it is generally preferable to treat them by washing.

Dratnage Screen.—This is covered with No. 10 sheet metal,
preferably copper, to avoid rapid wear, which will occur with thin
sheet iron or steel if water is acid. This screen is geared the same
as the other revolving screens.

Settling-Tank Drag.—This is arranged with wooden pedals
about 2 inches thick, 4 inches to 6 inches deep and 2 or 3 feet
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long, attached to lugs on 6-inch links every 4 feet, and geared, as
shown, to move slowly in the bottom of the tank and not rile up
the settlings too much. The bottom and sides of these pedals have
pieces of rubber or leather fastened to them, so as to keep closely
in contact with the bottom of the tank along its bottom and when
mounting the incline.

Shafting.—The main shafting is 2}% inches in diameter driven
at 125 revolutions per minute. It is desirable, if possible, to avoid
any shafting at right angles to the main lines of shafting that will
require transmission of power by bevel gears, although this cannot
always be avoided.

Engine—About an 85-horsepower engine will be required for
the size of plant shown, to have a safe allowance of power. This
should be mounted with a 10-inch shaft and a 16” X 52” driving
pulley. The engine should be located as near the machinery as
possible and thus reduce strain on the shafting.

Botlers.—About a 100-horsepower boiler, or two boilers of
50 horsepower each, should be provided for furnishing the power
required, with a safe reserve of power. The boiler should be
located handy to a point where the coal is dumped for receiving
its supply. This may be near either where the raw coal or the
washed coal can be had.

Location of Plant.—The arrangement of the plant can be carried
out if the location is on level ground or on a hillside. Unless the
material arrives at the plant from a higher elevation there is no
preference in one location over the other. A hillside location per-
mits of attaining the proper grades for lines of screens, jigs, and
other machinery nearer the natural ground. It may not be neces-
sary to support as much of the machinery in the building as on
a level location, nor require as many elevators, but the building
will be longer, and the increased number of floors requiring more
labor for proper attention to machinery does not make a hillside
location more preferable, whether its first cost is more or less,
than a level location. It is important that the floor of the build-
ing and bottom of the pits be located above the general level of
the ground so that they can be readily drained when desired.

Construction of Building.—Generally a frame building on stone
foundations will answer all -purposes, especially if there is no
danger in case of fire or if the screening is done wet, and heavy
machinery is not supported high in the building. In case of fire,
or if the expense is warranted, an iron-frame building covered with
corrugated iron is. preferable. If there is much heavy machinery
supported in the structure, the walls up to that height should be
of stone or brick and the balance of wood or iron. It is essential
that the location of the machinery and especially the jigs be such
that the building can be constructed to allow light to fall on them.
For this purpose the jigs and such machinery should be located
near the outer walls of the building, which will have windows in
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the sides, or if the jigs are located inside, no machinery should be
above them that will prevent the access of light thereto from
windows in the roof.

COST OF PLANT

Excavation, 500 cubic yards at 20 cents............ $ 100
Foundations, stonework, building 150 cubic yards at

B1.50. ... e e 225
Stonework of washer machinery and pits, 70 cubic

yards at $2.00............. ... ... il 140
Boiler and engine foundation and walls............. 500
Washer building, lumber, 80,000 feet B. M. at

$10.00. ...t i i i e e 800
Other finishing lumber, doors, and windows......... 300
Carpenter work.............coiiiiiiininninnnenn. 1,200
Ironwork..........ciiiiiiii it i 300
Coal-washing machinery.......................... 10,000
Erecting (machlmst labor). ...ttt 1,388

Freight, teaming............. ...t ..

The cost of the plant will vary considerably according to loca-
tion and distance from source of supplies. The above will be the
cost where material, machinery, and labor can be conveniently
obtained. Present cost of this plant in the United States would
range from $25,000 to $30,000.

COST OF WASHING PER TON, ON BASIS OF DAILY OUTPUT

OF 300 TONS CoST PER
Labor washmg Ton
1foremanat $3.00............. ...l $3.00
3jigmenat $1.50....... ... .t 4.50
2feeders at $1.00.............coiiiiiiiiiinnnn 2.00
loilerat $0.75........... i i, .75
1 engineer and fireman at $2.00.................. 2.00

$12.25+300 =.040
Slate pickin

6 slate pickersat $1.00......................... $ 6.00+300 =.020
Fuel, water, daily.....................coiiiiiiins 4.00+300 =.013
Oil, supphes BLC.. . i i i 2.00+300 =.006
Mamtenance and repairs, etc. to jigs, jig sieves,

F-7 5 LT - P 1,200.00 yearly = .010
Emergencies, renewals, and repairs to other .

machinery........... ... ..o i 900.00 yearly=.015

Total cost of washing perton.................... .o oo, =.104

Improvement of Coal Effected by Washing.—The extent to
which coal can be improved by washing will depend on the nature
of the coal, the shape of its particles, the relative specific gravity of
the coal and its impurities, and whether there are also present
impurities of intermediate specific gravity, as bony and slaty coal.
In treating a Southwestern coal of the Laramie group of the
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Upper Cretaceous formation in a plant similar to the above, the
results obtained were as follows:

The plant referred to contains some important additions for
handling of the large coal, intermediate products and treatment
and settling of the fines, as well as other improvements. The
treatment in sizing and washing, however, is similar. Some of
the very purest coal, which was in small quantity and friable,
analyzed as shown in No. 1, its ash representing combined or fixed
ash which could not be removed by any process.

No. 2 represents an analysis of selected lumps with no visible
impurities adhering to them.

ANALYSES OF COAL

No. 1 No. 2
Per Cent. Per Cent.
Moisture.. ...ttt .39
Volatile combustible matter. ................. 20.35 19.75
Fixedcarbon.. . .............. ..., 79.30 64.36
Ash. . ... e 8.35 14.65
Sulphur...................... P .85
The analysis of ash is as follows:
PER CENT. PEeR CENT.
Silica. ............... 7.30 Lime................. .83
Iron.................. 1.01 Alumina.............. 5.10

The specific gravity of the lightest-weight coal was 1.39; of
bony and slaty coal 1.5 to 1.9; of slate and other impurities 1.8
to 2.3. There were also associated thin flakes of spar, lime, and
slates. The material used for washing was screenings passing
through a 13-inch bar screen, whose analysis, as well as that of
the resulting products, is shown below, when the washer was not
overcrowded.

ANALYSES OF COAL, WASHED COAL, COKE, AND REFUSE

) Volatile Pixed Phos-
Moisture | Combusti- xe Ash Sulphur 08
Per Cent. bl;e:‘é::’ p(j:r&o:t‘ Per Cent. {Per Cent. P'e):‘ocr:r:t.
Raw screenings....... 1.40 | 19.79 | 60.25 | 17.33 .85
Washed coal......... .79 19.10 69.35 10.24 .52
Coke................ .43 1.39 | 83.47 14.24 .82 .019
Refuse from waste box| 2.22 15.76 30.96 50.12 .93

The ash in the screenings was reduced in washing from 17.33 per
cent. to 10.24 per cent. The inherent ash in the purest coal being
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8.35 per cent. and somewhat higher in the average coal; the wash-
ing, therefore, reduced the ash to within 1.89 per cent. or less of
the combined-ash.

The yield of washed coal from raw coal was 85 per cent., or
15 per cent. of the material was removed as impurities from the
raw coal, which con-
sisted of slate and
some of the poorer
quality of coal, as
bony and slaty coal.
The washed coal
was used for coke.
The yield of coke
from washed coal
was 70 per cent., or
the yield of coke
from raw coal was
594 per cent., and
contained 14.24 per
cent. of ash with
close washing. In
other words, 44 gross
tons of raw coal,
when washed,
yielded 3.82 tons of
coal, which was
charged in a beehive
coke oven 64 feet
high and 12 feet
in diameter, and
burned 48 hours,
yielding 2.67 tons
of coke.

Prior to WaShiFg: Fic. 26. RoBiNsSON WASHER
the raw screening
yielded 66 to 70 per cent. of coke, much being lost as coke ashes
and containing 20 to 22 per cent. of ash.

ROBINSON COAL-WASHER PLANT

The Robinson coal-washing machine, Fig. 26, consists of a
wrought-iron receptacle, the shape of an inverted cone a, surrounded
by a jacket at the bottom, communication being made by a number
of perforations by which water at considerable pressure is admitted
into the cone. A vertical shaft having keyed on it four revolv-
ing arms, or agitators, b occupies the higher parts and sides of the
cone; this part of the machine is kept in motion by a small engine
of, say, 10 inches diameter, cylinder fixed at c. The water supply d

)
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from the cistern ¢ to the cone through the water chamber is regu-
lated by a valve. A supply of coal is admitted from the small-
coal apparatus down the slide, or spout, f into the open top of the
cone filled with water, the revolvmg or stirring motion being kept
up by the agitators, and the upward flow of water being con-
tinuous; the result is that the stone and rubbish from the coal
fall into a chamber. At this point, two slides connected to neces-
sary levers are inserted, the bottom one being closed and the top -
one opened during the operation of washing. To discharge the
rubbish, it is only necessary to shut the top slide and open the
bottom and the rubbish falls into a truck below. The clean coal
at the top passes down a sieve into a hopper g and thence into
another truck beloy, beside the rubbish track, at will. Immediately
below the sieve Tnied is fixed a collecting tank into which the
water is dr. om the washed coal and forced by means of a
pulsometer e supply cistern e. An .overflow pipe 7 is
arranged between two_gisterns to prevent waste of water in
case of the pulsometer the top cistern e.

It is estimated 4 5 il machinery complete, for a

washer cleaning 3 will not exceed $2,500
To this must be Pion and the timber work
say $1,500, !
The follow1 : &.are submitte #ho® its work in coal
washing : /;/ -
RESULTS OF WASHING WA ROBINSOR
Ash Sulphur
Plant Per Cent Per Cent
Unwashed......................... 11.20 2.03
Black B°Y{Washed ........................... 3.84 1.46
Unw‘?:cl"ned ..................... 9.35 1.18
ashed........................ 4.60 .86
Auckland park{Unwashed ..................... 5.95 1.08
- Wl?szliled ....................... 368 1.0(1)
nwashed.......................... 10.1 1.6
Westerton Washed ... 000l 570 118
nwashed.........ccoeeeeussnn . .
West A“ck“‘:;d{ Washed. .00 Lol 370 T8
’ nwashed ........... o0t eunnes . .
St. Helen'sy washed...... ... ... 2.82 1.16
New Copley Unwashed........................ 11.28 1.50
Dusty Washed...............coiiii.. 3.83 .84
New Cople {Unwashed ........................ 14.75 1.61
c«m-smu?' Washed. . . oo 2.74 78

In kind]y furnishing the foregoing information in regard to this
coal-washing machine, Mr. H. S. Chamberlain, President of Roane
Iron Company, of Chattanooga, Tennessee, writes: ‘‘I came across
this machine in 1890 while on a trip in the north of England and
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was so struck with its simplicity and effectiveness that, after con-
siderable negotiation, I secured the agency for the machine in
this country and put one up at our colliery at Rockwood, Tennessee.
The calculation is made on 10 hours’ work per day; that is, a 400-
ton machine will wash 400 tons of coal in 10 hours, but really will
do 25 per cent. more if pushed very little.”

In the foregoing description of the work of this coal-washing
machine, it is understood that the coal used is the ‘“‘screenings”
made at the coal mine in preparing the several classes of lump, |
egg, and nut coal for market. If the run-of-mine coal is used for
the manufacture of coke it will reqmre the preparatory processes
of disintegration and washing.

THE LUHRIG WASHER, DOWLAIS, WALES

Figs. 27, 28, 29, and 30 will convey the general arrangements
adopted at the Rybnik Collieries in the location of the Liihrig coal
washer in connection with the coal mine and coke ovens at that
place

The plan shown in Fig. 30 is interesting, as it illustrates the
method of constructing these works to secure the most economy
in the several operations. The processes consist essentially in
receiving from the mine, on the platform or landing of the colliery
shaft, the run-of-mine coal. It is then passed over a 3-inch screen,
the large lumps going to market, the screenings being deposited
for further treatment in the washing section of the plant. This
slack or fine coal is then classified by revolving screens and washed
in the usual way. Large settling tanks are provided for the very
fine sludge coal, which is usually found valuable in the manufac-
ture of coke. Automatic arrangements have been made for storing
the washed coal, so as to permit its becoming somewhat dried
before being charged into the coke ovens. The plan also provides
for the direct and economical handling of the coal from the mine
until it is loaded into railroad cars for market or placed in the
washer for the coke ovens.

This, in common with other washing machines, will require
special arrangements to meet local conditions of coals to be treated.
It is claimed that by this process the washed coal will not contain
over 4 per cent. of ash at most, and that the tailings or refuse will
retain only 3 per cent. of coal. The cost of washing alone is given
at 14 penny; in the United States the cost would be 6 to 7 cents.
The capacity of this washer can be enlarged to meet the largest
demands on its output.

Prof. C. Kreicher, of the Royal School of Mines, Freiberg, is
quoted as having approved of this method of washing coal.

Description of the Plant.—This arrangement has been rendered
more complicated owing to the machinery having to be erected on
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a long, narrow strip of ground, divided by an incline that had to
be arched over and also by provision having to be made for wash-
ing bituminous and steam coal separately.

The arrangement therefore comprises two sets of systems, viz.:
(@) The system for washing bituminous coals; (b) the system for
washing steam coals.

(@) The System for Washing Bituminous Coals.—The bitu-
minous coal is brought to the Shephard machine, which existed
previous to the erection of the new washing machine, where it is
crushed by means of rolls @, Figs. 27 and 28. It is then elevated
by the elevator ¢, into a revolving screen b,, which divides it into
two sizes, viz., from § inch to 0 inch, and from § inch upwards.

The nut coal, from § inch upwards, is raised by means of another
elevator ¢, into a second revolving screen b, placed above the

F16. 20. SectioN oN LINE G H or Fic. 27

Shephard washing machines d, to d;. This screen divides the
coal into five sizes, which are washed each in a separate machine
of Shephard’s. After washing, the nut coal is raised by an ele-
vator ¢, into bunkers y, situated between the building for the
Shephard machines and the building for the crushers. From these
bunkers the bituminous nut coals may be discharged into wagons,
when required.

The fine bituminous coal from § inch downwards is transported
by a current of water along a trough to a revolving screen b,, sit-
uated in the building of the new washing machines erected by
Messrs. Evence Coppée & Company, Engineers, Cardiff, Wales.
This screen divides the coal into two sizes: from % inch to # inch,
and from 0 inch to  inch.

The coal from } inch to # inch is washed in two feldspar machines
£, and g,,, Figs. 27 and 28, placed immediately below the screen;
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and the coal from 0 inch to } inch is conveyed in a trough by a
current of water to the pointed trough f,, shown on the plan and
situated in the adjoining room of the new building. It is here
divided into six sizes, each of which is washed separately in the
feldspar machines g, to g, placed next to the pointed trough.
The $-inch and upwards bituminous coal is sent from the elevator
raising the washed coal into a crusher. After being crushed, it
meets the small steam coal in a bunker situated below the crusher,
from which an elevator raises the coals, already partly mixed, to a
screw placed on the bunkers erected in front of the crushing depart-
ment. The screw o finally mixes the two coals and distributes
them into bunkers J; and l,, from which ultimately the small
mixed coal is taken to the coke ovens.

() The System for Washing Steam Coals.—The steam coal is
also treated in the new washing arrangement. Arriving in wagons,
it is tipped into a bunker % in front of the new building, Figs. 27,
28, and 29, from whence an elevator ¢, raises it into a large revolv-
ing screen b,; this screen divides the coal into six sizes, one of
which is 0 inch to § inch, and five others varying from 1§ inches
to § inch. The last five sizes are each washed separately in five
machines 7, to j;, ranged on the second floor, from whence the
coal is run off on to reciprocating screens k, to k, for the purpose
of draining off the water. The dry coal drops into bunkers /, to /,,
from whence it may be sent away in railway wagons.

When, however, the five sizes are required for coking, the coal
is sent by a trough into a revolving screen b, fixed next to the
crushers, from whence it is taken in a dry state, by means of a
screw, to the disintegrators x. The water draining off, and which
contains small coal in suspension, coming from the drying revolv-
ing screen and the reciprocating tables, returns to the feldspar
machines. . '

The fine coal from 0 inch to § inch from the large revolving
screen b, enters another revolving screen b;, which divides it into
two sizes, § inch to 4 inch and % inch to 0 inch. The first size is
washed in two feldspar machines g,, and g, situated in the large
revolving screen building, while the second and smallest is carried
by water in a trough to a pointed trough f, similar to that used for
dividing the bituminous coal. The pointed trough divides the coal
into six sizes, each of which is washed in separate machines g, to
g:ie All the fine washed coal in a feldspar machine runs together
into a large basin, from whence an elevator 7, with perforated
buckets raises it to the top of the bunker g. The small coal may
be bunkered if desired; if not, it may be sent by a transporter to
the crushing building, where it is remixed with the crushed bitu-
minous and steam coal.

The overflow of small coal from the small-coal basin runs first
into a long trough provided with a screw, and, as the small coal
settles, the screw brings back the coal to the common small-coal
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basin, while the water. runs into settling tanks or clarifiers m m.
These clarifiers are three long-pointed troughs provided with a
screw situated underneath. The dirty water, after having passed
through the clarifiers, returns to the well of the centrifugal pump ¢,
by which it is sent back and redistributed to the washers. The
mud settling in the clarifiers drops by gravity into the trough of
the screw, which transports it to the elevator 7; situated at one
end of the clarifiers, which raises the mud and drops it into bunk-
ers n, and #n,. ’

The arrangement described above is washing 100 tons of coal
per hour.

REPERENCE TO THE DowLAls WASHING ARRANGEMENT

On Figs. 27, 28, and 29 a, are crushing rolls; &,, revolving screen
for bituminous coal, 0 inch and § inch; b,, revolving screen for bitu-
minous coal, § inch and upwards; b,, revolving screen for steam
coal, 0 inch to § inch and upwards; b; and b,, small revolving screens
for fine coal; b,, revolving screen for drying nuts for coking; c,, c,,
¢y, bituminous-coal elevators; d,, d,, d,, d,, d;, Shephard’s washing
machines; f, and f,, spitzkasten, for classifying fine coal; g, to g,,
washers for fine bituminous, from 0 inch to } inch, feldspar cases;
£14 10 g1 Washers for fine bituminous, from } inch to § inch, feldspar
cases; g, to g, feldspar washers, for fine steam coal, 0 inch to
% inch; g,, and g,;, feldspar washers for fine steam coal, } inch
to # inch; h, basin receiving steam coal from wagons; 7,, elevator
raising steam coal to screen b,; %, elevator raising mixed coal
to transporter for crushing; %,, elevator raising shale; 7,, elevator
raising interstratified coal; 7, elevator raising slimes from clari-
ficator; j, to j5, machines for washing coarse coal,  inch upwards;
k, reciprocating screens; /, to /,, bunkers for washed nut coal;
Iy to I, bunkers for fine washed coal, § inch and downwards;
m clarificator, -or settling tanks; n, slimes bunkers; o, worm for
transporting coal to p, to p,, or to x; p, to p,,, bunkers for crushed
washed coal to Coppée ovens; g, bunkers for interstratified coal;
7., T2 Ty, basins; s, driving engine for washing machines; ¢, centrif-
ugal pump; u, water pipes for supply to washers, etc.; v, small
engine for driving elevator and worm of clarifier; w, disintegrator
engine; x, disintegrators; y, bunker for washed crushed coal delivery
in wagons; z, driving engine.

Results Obtained at Dowlais Washery.—The important ques-
tions to consider in coal washing are, generally speaking, three:
(1) to wash the coal clean, so as to remove all impurities, as far as
that is possible; (2) not to allow any coal to pass away with the
impurities; and (3) to wash the coal cheaply. As to the first
point, which is very important, it would be reasonable to know
the limit to which the impurity might be removed from the coal.
It was thought there was only one way of settling that question, and
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that was to ascertain, by analysis, the yield in ash of the pure coal
or the ash that could not be removed by mechanical means, as it
was certain that even the purest picked coal would still contain a
certain amount of impurities so intimately combined with the fuel
that even with the best system of washing it would be impossible
to remove it. In order to estimate the ash thus intimately com-
bined with the coal, the best way was to pick out small lumps, or
nuts, of pure coal and submit them to analysis by incineration.
The method was so simple that it might be carried out by any one
with a little practice, even without any knowledge of chemistry,
and would enable him to estimate the contents of the ash in pure
picked specimens of coal—a result that might be taken as the
absolute limit of the greatest amount of purity to be obtained by
washing. Some coals were so pure that pieces would not show
‘more than 1.5 per cent. of ash; others were so dirty that the ash
amounted to 10 per cent. Fortunately, the last class of coal was
scarce in this country.

The table on page 107 shows the results of 4 months’ coal wash-
ing in the washing machine erected at Dowlais, and described in
the preceding pages.

In regard to the results of the Dowlais washing, as per details
submitted in full in this table, the average figures are typical of the
results of the 5 months’ work. The steam coal, in its unwashed
condition, contained an average of 15.9 per cent. of ash and the
unwashed bituminous coal 25 per cent. of ash. The mixture of
these two coals in the proportion of half and half gave an average
of 20.4 per cent. of ash, and the mixed coal, after washing, con-
tained 5.9 per cent. of ash, while the coke made with that mixture
gave an average of 8.9 per cent. In the month of January the coke
made with that mixture of washed coal gave only 7.5 per cent. of
ash. These might be considered as fair average figures. During
the first 3 months after starting—viz., September, October, and
November, comprised in the table—the washing and sorting were
not as perfect as in the subsequent months; therefore, the figures
for the month of January were taken as being a fair statement of
the result. )

Now, with respect to the second point that required consider-
ation, viz., to conduct the operation so as not to remove any por-
tion of the free coal with impurities or with the shale itself. The
best way to ascertain that the shale is practically free of coal is
by taking a sample of the shale washed out, dividing it into two
parts; one part is then submitted to a careful washing in an ordi-
nary washing basin in order to remove all the particles of coal
from it, and the shale, after being dried, is then incinerated; the
difference between the weight of the ash and 100 will give the yield -
of volatile matters. Now, take the other sample of shale and dry
and incinerate it; the difference between the weight of the ash and
100 will give the yield of volatile matters in the shale plus that in
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the free coal contained in the shale. Deducting the result of the
incineration of the rewashed portion of shale from the last result of
incineration, the difference will show the free coal carried away
with the shale.

In the feldspar washery of the Coppée system, the free coal in
the shale varies from 14 per cent. to 5 per cent. The yield in ash
in the shales varies not only from district to district, but from a
seam of coal to a seam of coal. However, we may state that,
according to many hundreds of analyses of the shales of South
Wales, the ash in them amounts to from 66 per cent. to 75 per cent.
Some Lancashire shales yield only about 47 per cent. of ash. The
cost of washing, including labor and all charges, except interest
on capital, does not exceed 3 pence per ton of washed coal.

The following are a few analyses of the Clifton and Kersley
small coal in an unwashed state—analyses that were made previous

to the erection of the washery:
PER CENT. OF Asn

Cannel coal contained............................. 30.340
Doc mine coal contained........................... 16.450
Pure picked nuts of cannel coal contained ........... 8.200
Pure picked nuts of Doc mine coal contained........ 2.740
Mixing the two above coals in equal quantities, the
average ash in the mixture was................... 23.395
Average of intimately connected ash with nuts in the
mixture of equal partswas....................... 5.470

After 3 months’ washing, a few samples of small coal
taken and analyzed gavein average................

So that-the washed coal differed from the absolutely pure coal
by 1.08 per cent. of ash only, which may be considered an exceed-
ingly satisfactory result.

LUHRIG WASHER, NELSONVILLE, OHIO

The following is a description of a Liihrig coal washery for fine
coal screenings, designed and equipped in 1901 by the Link-Belt
Machinery Company, of Chicago, Illinois, for the Buckeye Coal and
Railroad Company, of Nelsonville, Ohio, that has a capacity of
100 tons per hour. The design was to assemble the screenings
from a number of coal mines in the Hocking Valley field to a con-

. venient point, unload them, wash them, and send the cleaned coal
to market in fine sizes, known in the market as domestic egg,
No. 1 nut, No. 2 nut, No. 3 fine, and No. 4 fine.

The coal screenings were to be delivered either in hopper-bottom
or gondola cars. Hopper cars, it was believed, could be unloaded
on one track at the rate of 100 tons per hour, and track No. 1,
Figs. 31 and 32, was set apart for this purpose. Under this track
there was constructed a concrete hopper about 40 feet long and
holding a carload of coal. From this hopper, the coal was taken
to the elevator a by means of the right-and-left screw, b, as it was
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not found possible to unload 100 tons per hour on one track.
With the application of a screw unloader and an additional track,
No. 2, this difficulty was removed.

Elevator a delivers the coal into a pair of jacketed screens ¢, ¢
that classify the coal into three sizes of coarse coal and one size
of fine coal. The inner jacket, with 14-inch holes makes domestic
egg; the middle jacket, with 1-inch holes, makes No. 1 nut; the
outer jacket, with §-inch holes, makes No. 2 nut. The domestic
egg and No. 1 sizes are distributed into the respective nut-coal jigs
by means of the conveyers d, d while the No. 2 nut falls direct
into the nut-coal jigs. From the nut-coal jigs on the third floor,
the washed nut coals are delivered direct into their respective
bins by means of the bumping screens e, which are placed directly
over the washed-coal bins, draining some of the water from the
coal and allowing the clean nut coal to fall direct into the ship-
ping bin without further handling. A spray of clean, fresh water
thrown on the coal before it leaves the bumping screen brightens
it considerably.

The washed-coal bins are nine in number, and are arranged in
a row over the shipping track. There are two bins for each of
the three coarse coals, one for No. 3, one for No. 4, and one for
Nos. 3 and 4, mixed. An additional bin has.been provided for
the refuse, which is loaded into hopper-bottom cars and used by
the railroad managers for filling. Each bin holds 30 tons and a
car of aut coal can be loaded, one half from each of the two bins.
The nut-coal bins need never be less than half full, reducing the
breakage of the clean nut coal to a minimum.

The refuse from the jigs is gathered by the screw conveyer f,
raised out of the water by the perforated bucket elevator g, and
delivered direct into the refuse bin over the shipping track. The
water from the nut-coal jigs, drained out of the coal by the bumping
screens e, flumes the fine coal from the outer jackets of the screens
¢, ¢ into the fine-coal jigs & by means of the grading box ¢, which
hydraulically grades the coal to the jigs for better washing. From
h, the clean fine coal is flumed to the draining screen j, which has
}-inch holes in it. It not only drains the water from the coal, but
also screens out the No. 3, §-inch to }-inch sizes, from the No. 4 size.

The No. 3, from end of screen 7, is lifted into its shipping bin
by means of the perforated elevator k. The ultimate refuse from
the bottom of the jigs is recovered by the refuse recovery screw m
and lifted into the refuse bin over the shipping tracks by the per.
forated bucket elevator n. The sludge, or No. 4 coal, being all
the coal below % inch, is recovered by the Lihrig sludge recovery o
and lifted into its shipping bin by the sludge elevator p.

The water is circulated by a 10-inch centrifugal pump q. The
power plant is located in a separate brick building from which
the power is transmitted to the washery by means of rope
transmission r. Two 66’ X 18 boilers furnish the steam to a
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150-horsepower double Erie automatic engine and to a small
electric-light engine. The screw conveyer s takes No. 4 washed
coal direct from the shipping bins to the front of the boilers.

The following table summarizes some approximate figures
regarding the operation of this plant:

Size of Screen Proportion Free Water

Name of Coal Inches Per Cent. Per Cent.
Domesticegg................... 1 16 1
No lnut...................... 14 tol 21 1
No.2nut...................... 1to g 17 2
No.3fine...................... to 20 4
No.4fine...................... to 0 14 9
Waste................oovinnn.. 12

Al

The amount of free water was obtained by weighing a car of
wet coal as it came from the shipping bins and then allowing it to
stand on a siding to drain until, by repeated tfests, it no longer
showed any appreciable loss in weight.

LUHRIG WASHERY AT PUNXSUTAWNEY, PENNSYLVANIA

The Luhrig coal washery, erected near Punxsutawney, Jeffer-
son County, Pennsylvania, is one of the large modern washers for
the cleaning of coal for the manufacture of coke. It has a capacity
of 75 tons per hour as designed and equipped in 1897 by the Link-
Belt Machinery Company, of Chicago, Illinois. The objects sought
to be obtained in this plant are: (1) To provide clean coal for the
beehive coke ovens; (2) to be prepared to ship clean nut coal for
fuel purposes if the market conditions make it desirable to do so.
Fig. 33, (a), (b), and (c), shows three views of the general arrange-
ment of the machinery and main timbers in the supporting struc-
ture, with many details omitted to avoid confusion of lines. A
raw-coal bin, not shown on the drawings, holding 2,000 tons, was
provided to receive the accumulation of coal from the mine, so as
to make mine and washery independent of each other to the extent
of 2 days’ full run. In this bin or receiver the run-of-mine coal
‘is stored, after having been broken to nut-coal size by two Bradford
breakers. From this raw-coal bin the coal is taken as required,
by a Dodge chain conveyer, and placed in the raw-coal hopper a;
from this it is taken by the elevator b to the top of the building
and delivered into the triple jacket screen ¢. This screen has
jackets with 14-inch, 1-inch, and }-inch holes, reading from within
out, making Nos. 1, 2, and 3 nut coals and a finer coal, which is
all that passes through the %-inch holes in the outer jacket. The
three sizes of coals are kept separate and are apportioned among
the seven nut-coal jigs d, according to their respective quantities.
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From these nut-coal jigs, the cleaned coal is lumed direct into
the six shipping bins Nos. 1, 1, 2, 2, 3, 3, in (a); the water being
drained from the coal by means of the bumping screens e. If this
nut coal is not to be shipped as fuel, but is to be used for making
coke, it is flumed to the second nut-coal elevator f, which has per-
forated buckets, and drains the water from the coal as it is lifted
to the Link-Belt coal crusher g. The fracture of the coal being
cubical and the slate interleaved in flat condition, this crusher
frees the slate from the coal, the product passing through the
screen h; the rejections from the screen, which has 3-inch round
holes, are nearly all flat slate pieces and are discarded.

It will be noticed that the nut-coal jigs are on the third floor.
On the second floor is a row of twelve fine-coal jigs +—Luhrig
feldspar jigs. Six of these are used to wash the fine coal that is
passed through the holes in the outer jacket of screen ¢, while the
other six are used to wash the washed nut coal that has been
crushed by g and screened through the holes in A. '

The clean coal from the twelve fine-coal jigs is flumed to the
draining screen ¢, which has }-inch holes. The discharges from
the end of this screen are the final clean coal and are lifted by
means of the perforated bucket elevator j to the top of the
2,000-ton washed-coal draining bin %, into which it is distributed
by means of the Dodge chain conveyer .

The slate valves in the nut-coal jigs d are so set as to reject as
primary refuse all pieces of coal that are contaminated with slate
or other foreign matter. This refuse is gathered from the seven
jigs by means of a screw conveyer m, and lifted out of the water
by the perforated elevator n and dropped into crusher o, which is
the same make as crusher g. From o, it is elevated by means of
the intermediate elevator p and screened by q. Here again flat
pieces of slate are separated and all that passes through the 4-inch
holes in g is rewashed in the Lihrig feldspar rewashing jigs r.
These jigs are similar to the fine-coal jigs, but the relative areas of
plungers and screen surface are different. The clean coal recovered
by these jigs is lifted by elevator s into the rewashed-coal bin as
shown on (a). The final refuse that passes through the feldspar
bed in the fine-coal jigs ¢# and the rewashing jigs r goes into the
refuse recovery u.

A great quantity of water is required about this plant for
washing the coal and refuse, but this water must be recovered and
used over and over. If allowed to run away, it would not only
require a large fresh-water supply, but it would carry away with
it a quantity of fine coal, as well as damage adjoining properties
by flooding them with fine coal and refuse. All the water used in
the washery, therefore, except such portion as is carried away with
the wet coal and dirt, is finally gathered into the sludge-recovery
tank. At v is an 8-inch centrifugal pump taking its suction from
the near end of the sludge recovery, and the main stream of water
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is lifted to the nut-coal jigs and used in washing the nut coal. All
the water drained from the nut coal by e or f is used to flume the
fine coal from the outer jacket of ¢ into the fine-coal jig . Some
additional water from the pump v being required, all the water
drained from the final washed coal by 7 and s flows into the pit at
the end of the sludge recovery tank.

This sludge recovery consists of a large tank 80 feet long,
11 feet wide, and 12 feet deep. At one end, in which stands the
sludge elevator w, the pit is 8 feet deep. In the bottom of this tank
there is a scraper conveyer having three chains and scrapers of the
full width of the tank; this moves very slowly and scrapes all the
fine-coal settlings to the elevator pit. All the water entering
the sludge recovery does so at the pit end and is taken out at the
opposite end by the centrifugal pump. The fine coal thus settled
consists of that which escapes through the holes in screen ¢ and
elevator buckets s, and is lifted by w and delivered into the coking-
coal bin by conveyer /, thus mixing it thoroughly with the coal
elevated by j. The water that has been used to flume the refuse
from the bottoms of the jigs flows to the refuse recovery #. This is
a V-shaped tank in which a screw conveyer x gathers the settlings
to a final refuse elevator y, which has perforated buckets and
delivers the final refuse into its bin to be removed from the plant.
The water overflowing from the refuse recovery goes into the
sludge tank and is again used.

The table of analyses, on page 113, of coal before and after
washing, is taken from the experience of the manufacturers of the
Lahrig washers, the Link-Belt Machinery Company.

An excellent example of what can be accomplished through the
washing of coal is furnished by the results obtained at the Montana
Coal and Coke Company’s plant at Aldridge, Montana, as described
by Mr. J. V. Schaefer in Mines and Minerals for December, 1903.
The coal there mined is very friable; and in a test, 74 per cent. of
the coal passed through a }-inch mesh sieve and contained 15.7
per cent. ash; 15.8 per cent. passed over a $-inch mesh ahd through
a }-inch sieve and contained 25.6 per cent. ash; the 10 per cent.
that went over the 3-inch sieve contained 40.8 per cent. ash. A test
of a sample of the coal that had passed through a 3-inch mesh
and over a }-inch mesh shows that 32 per cent. floated in a solu-
tion having a specific gravity of 1.31 and contained 7.2 per cent.
ash, while 68 per cent. sank and contained 41.5 per cent. ash.

This coal was washed in two jigs. As a result of the first
jigging, 61 per cent. of the mine product was obtained that was
suitable for coking and contained from 10 to 11 per cent. ash.
The refuse from this first jigging was rejigged, and from this
material 3 per cent. of the mine product was obtained as middlings,
which was used for fuel under the boilers at the plant and con-
tained 18 to 20 per cent. ash, while 36 per cent. of the mine product
was rejected as refuse and contained 60 to 68 per cent. ash.
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ANALYSES OF COAL BEFORE AND AFTER WASHING

Before Washing After Washing

Washery Ash | Sulphur| Ash | Sulphur

Per Cent. |Per Cent.|Per Cent.|Per Cent.

Alexandria Coal Co., Greensburg, Pa..... 10.60 1.139| 6.21 .617
Coke made from this washed coal......... 9.50 . 850

Rochester and Pittsburg Coal and Iron
Co., Punxsutawney, Pa. ............ 8.60 | 1.30 | 5.451.030
Skagit Coal and Coke Co., Cokedale, Wash.| 37.04 11.00
gentr(a)thoa‘.}V ang I(;'o(x:x Catl).tCenéra.lCityl.le. l2.8§ 3.53 7.65 | 2.870
ew Ohio Washed Co 0., Carterville,
U No. Lmine oo 9.48 | .78 | 4.85] .69
ew Ohio Washed Co. ., Carterville,
TH., NO. 2 MiDe ........ownnrnnnn. 9.19 | 1.43 | 8.341.100

Cambria Mining Co., Cambria, Wyo...... 18.21 5.07 [ 11.72 | 4.540
Dayton Coal and Iron Co., Dayton, Tenn.| 21.75 .77 9.14 | .480
Crows Nest Pass Coal Co., Fernie, B. C. ..| 9.65 5.30
Western American Co., Fairfax, Wash....| 31.08 .34 | 12.25 | .550
Montana Coal and Coke Co., Horr, Mont .| 25.60 8.50

Kanawha and Hocking Coal and Coke
Co., Harewood, W.Va. ............. 7.56 1.53 4.41 | 1.140

Northwestern Improvement Co., Roslyn,
WaSh, v eeoren e Y} 16.30 | .57 | 9.70 | .400
Rocky Fork Coal Co., Red Lodge, Mont...| 25.30 8.50
Lahrig Coal Co., Zaleski, Ohio........... 15.80 | 1.90 | 8.00 | .870
%eelltli ountacir(;,nMont.C. .. V ......... I ...| 18.74 3.34 5.56 | 2.400
ngton iery Co., Vancouver Is-
land, newcoal..................... } 38.00 8.90
DeSoto, IlL...............c.ivvvin.... 18.00 4.20

Buckeye Coal and Railroad Co., Nelson- 13.77 1.05 4.30 890

Roslyn, Wash.......................... 16.30 .57 9.70 | .400
Red Lodge, Mont....................... 25.00 8.00-

Reserve mine, Stein washer.. .. ......... 5.63 1.64 2.25|1.110
Caledonia mine, Stein washer............ 4.69 1.50 3.25 | 1.680
Dominion mine, Stein washer............ 5.41 1.56 4.63 | 1.120
Coke from coal, Stein washer............ 6.24 {1.010
Alleghany coal, Stein washer............ 14.29 | 1.32 | 5.72| .820

Although the ash in this coking coal is still high, as compared
with some eastern coals, the coke made from it has to compete
with coal on which a high freight rate is paid, and it can therefore
be sold at a good profit in spite of the fact that 36 per cent. of the
coal mined must be rejected as refuse.

Mr. J. V. Schaefer says: ‘‘The loss of coal in the process was
not over % per cent., and taking into consideration the great quan-
tity of matter that had to be removed, I think these results are
remarkable, and, so far as I know, have never been surpassed.”

The Stewart Coal Washer.—The Stewart type of coal washery
had its origin in the desire of Mr. E. A. Stewart, the patentee, to
design a plant that should be simple in its arrangement and
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operation, effective in its work, and at the same time have a large
capacity. The jig principle was decided on as the only device that
could be depended on at all times and under all circumstances to
give economical results: Instead of using a large number of small
jigs placed at the top of the building, Mr. Stewart adopted the idea
of using a few large jigs placed on the ground. Instead of sepa-
rating the coal into many sizes before washing, and keeping these
sizes separate throughout the process, a system that necessitated
the use of a multiplicity of elevators and conveyers, he designed
to wash the coal in mixed sizes and separate afterwards, if desired.
By placing the jigs on the ground he not only obtained solid founda-
tions for his jig tanks, but he was enabled to erect above the jigs
storage bins for unwashed coal, from which the coal could be fed
direct into the jigs without any intermediate handling, in this
way again simplifying the process, as it is absolutely essential for
the economical working of any washing process to have a regular
and continuous feed of coal to the machines. When these machines
are placed at the top of a building two systems of elevators are
required—one for elevating the raw coal into the storage bins and
another for elevating out of the storage bins into the washing
machines.

In order that the coal could be washed in mixed sizes effectively,
Mr. Stewart designed the jig that bears his name, Fig. 34. In this
jig, the downward suction that always exists to a certain extent
in all eccentric-driven jigs is overcome by a peculiar arrangement
of valves in the water-supply pipes. Very remarkable results
have been accomplished with the use of this jig. Its first marked
success was achieved in Southern Illinois. From there, Mr.
Stewart moved to Birmingham, Alabama, where the Stewart
washer very soon demonstrated its superiority in washing the
Alabama coals. :

In Fig. 34, a is the unwashed-coal storage bin, of any size that
may be desired, holding the coal of all sizes, as the coal is not
screened or sized prior to washing. b is a sliding cast-iron gate,
operated by rope or lever, that admits the coal from a through ¢
into d. ¢ is a sheet-iron housing fastened to the jig box d and
extending into the box. This is to force all coal going through ¢
under the water-line, so as to prevent any fine dust from floating on
top of the water and passing out over the end of the jig without its
having become subjected to the action of the water. d is a jig box,
about 5 feet X 7 feet, that is fitted into the jig tank e by metal
plates on the four sides of jig tank and on jig. This jig box has a
reciprocating movement and is worked by double eccentrics f and g
keyed to shafting, lying parallel and geared into each other to run
" at the same speed, The jig box is hung from f, g by eight rods .
The coal after passing through ¢ is at once immersed and goes
through a complete disturbance from eight to ten times before it
reaches the point of discharge for the coal j and for the slate k.
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The box has, in the bottom, perforated plates that slope to the front
end where there is a sliding gate . The capacity of the jig is 20 to
40 tons of coal per hour. The jig tank e is built in size to suit the
jig box so as to allow it to swing free. The tank is bushed in on
four sides with iron plates to fit squarely against the same character
of plates on the jig box, giving the result of a practically tight
joint, but at the same time giving the jig sufficient play so that it
can be moved up and down by the eccentrics f and g hung on the
two pieces of shafting just over the jig. As the jig box goes down,
the water is forced through the perforations in the plates with

Lot

Fic. 34. STEWART JI1G

sufficient force to carry the coal of a certain specific gravity up
and over the lower end of the jig, the water being sluiced through
an open trough to the settling tank, or basin, o; the speed of the jig
depends entirely on the specific gravity of the coal that is being
worked.

The slate gate, or refuse discharge, ! is raised and lowered
at will by the lever m. The opening at k is adequate to pass a
4-inch cube, and is the entire width of the jig; the lever m is
fitted to a radius of a half circle with slot to accommodate the open-
ing and shutting of the gate /, and is fitted with handscrew so as
to enable the setting of this gate at any height. The operator of
the (];ig, after becoming familiar with his coal and the amount of
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E i 28 impqrities it carries to the.ton, very
3 2% gl\(\ readily learns about the distance to
< & : leave his gate open, necessarily
% making the jig as near absolutely
g g5t §§§ automatic as any jigging process
S Noo that has ever been developed.

- oo The coal, after having been sepa-
2 gg o~ rated from its impurities, passes over
ko the top of the jig box d and out to j,
PR 4] into what is termed the settling
] a&8 Lo basin #, where it is allowed to set-
2 tle to the bottom, there being
s g3 5E N3 very little disturbance of the water
g2 | mofd | gow in #; thence it is delivered by a per-
2 5 .x | 223 forated bucket elevator to any point

§ | 3iEzg | 8% desired.
% P a * The next important feature is
E g 5% 54 b the water circulation, the water being
< Sty o used over and over again. The only
B fresh water required is the water that
~ E is actually consumed: or absorbed
5 3 by the coal in the process of washing.
Bl % 8 g g8 The water from the basin », which
E 4 a8 S&¥ overflows from the top into a well
B is carried by any means desired—
ml s 835 :§‘ 58 commonly a centrifugal pump on
g1 § M — account of capacity and low duty—
E g ..«' <«Z3 into what is termed the supply tank
2 3 &8 Lot o, thence through the opening p into
N tank e to valve g. As the jig box d
g 7 0 i~ moves up, the valve being a cast-
& & | 883 iron swinging check, admits the
- water through p into e and fills
§ § vE | men the vacancy caused by the upward
E’ 555 |58 | oo motion of d. On the downward
§3age motion of the box d, the valve g
> 898 5 8383 closes and the water is forced
= - through the perforated bottom of
g E| gy | @O the jig box d and the same process is
3 <§ €S | A8 | REF gone over and over as has been cited.
2ESEE - - . The gate in front of the jig box
='gag | 5 | 883 is left open at a certain point, which
= 2| F jaas is governed by the amount of slate
I e and impurities to the tonnage of coal
2SS | A | 52 being washed. The down motion of
EESES the jig loosens the slate bed in the
g 258 g Q%g bottom and works it toward the
me | E ma front, or discharge, side, where it is
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discharged into the jig tank e under the jig box and is carried
by a chute or hopper to a point where it is taken up by the
refuse elevator and carried out. The peculiar arrangement of
this jig box with the perforated bottom fitted into the tank
gives a very sensitive arrangement with which the jig distin-
guishes the difference between materials of a very close specific
gravity; for instance, in one case where the coal varies in specific
gravity from 1.29 to 1.37, the bony coal from 1.38 to 1.56,
the shale from 1.40 to 2.04 and the slate from 1.70 to 3.40, an
average from forty-nine samples of run-of-mine coal shows the
coal 82.6 per cent., bone coal, 11.4 per cent.; shale, 4.5 per cent.;
slate, 1.5 per cent. The following is the result of eleven samples
taken from the washed product: Coal, 929 per cent.; bone,
5.3 per cent.; shale, 1.8 per cent. The refuse or tailings show
coal 3.8 per cent.; bone, 18.2 per cent.; slate and shale,
78.9 per cent. In another case where there is considerable
fireclay to contend with, mixtures of coals from three different
places were washed. The results of these washings are given in
the table on page 116.

Fig. 35 shows a section and plan, and Fig. 36, a photograph of
a Stewart washery of one jig; for convenience the elevators are
shown in a straight line. Although the washer appears very rigid,
on the contrary it is.a very flexible machine, and can be made to
suit almost any surroundings on account of the fact that the dry-
coal elevator can be located on any one of three sides of the washer.
The same conditions apply to the washed-coal elevator; it also
can be located on any one of three sides. The part of the washer
designated as the settling tank can be removed to any point where
it can be located far enough below the level of the jig so that the
water may carry the coal to .it, but for convenience sake it is
located very close to the jig tank.

The illustrations show the washer located on approximately
level ground. The coal if screened, or if using run-of-mine, is
delivered at a point where the unwashed-coal elevator will carry
it up and deliver it into the unwashed-coal bin; thence, through
openings over the jig box, it is allowed to empty into the jig box
as freely as is desired.

The Stewart system of coal washing does not require that the
coal be sized prior to the washing, and there are quite a number
of cases through Illinois where it is being used very advantageously
for washing coal for fuel purposes, the coal being sized after having
been washed to take care of the fine dust and breaking of nut and
pea coal, which necessarily goes on during the process of washing.
Under those circumstances it is possible still to maintain the service
of a general loss of less than 5 per cent. of free coal in the process
of washing. The power required for operating the Stewart washer
is approximately 10 horsepower per jig. Where there is any
screening or extra conveying machinery attached to the washer
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the necessary horsepower required must be added to the power unit.
The amount of labor required to attend to the washer is, in case of
more than a two-jig washer, two men only, requiring the ordinary
skill of an engineer around a mine. One man on the platform of

F1G. 36. STEWART WASHERY AT NEW CASTLE, ALABAMA

the washer can attend to a five-jig washer, washing 1,800 tons per
day of 10 hours, thee ngineer looking after the engine and oiling up
the other machinery; the power required is about 100 horsepower.

The cost of construction is a matter hard to determine, as it
depends entirely on the surroundings and the length and capacity
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of the elevators and the additional machinery required to dispose
of the coal. .

This system has become quite popular throughout the Southern
States, and the cost of this washer is about $20,000.

The following is a report of the results obtained with a Stewart
washer at the Sayreton mines of the Republic Iron and Steel
Company, made by the chemist of the company, Mr. David Hancock:

“Our run-of-mine coal, as shown by the average of forty-nine
samples taken in the mine, is made up as follows:

PER CENT. PEr CENT.
Coal................. 82.6 Shale................. 4.5
Bone coal............. 11.4 Slate from partings.... 1.5

“The average specific gravity of these poi'tions I give below,
showing also the extent of variations in parenthesis: :

Coal...........covivinann.. 1.33 Specific gravity (1.29 to 1.37)
Bone.................a.l 1.45 Specific gravity (1.38 to 1.56)
Shale....................... 1.60 Specific gravity (1.40 to 2.04)
Slate....................... 1.95 Specific gravity (1.70 to 3.40)

““The next table shows the results of 10 day’s washing and is
the average of eleven samples:

WasHED ProbDUCT Per CENT. TAILINGS . PER CENT.
Coal.................. 87.9 Coal.................. 3.8
Bone.................. 10.3 Bone................. 18.2
Shale.................. 1.8 Slate and Shale ....... 78.9
Slate.................. 0

“The work is even better than here shown for the reason that
it is the lighter varieties of bone and shale that remain in washed
coal and the heavier varieties 'that go to the slate dump. This
point is well shown by the following analysis:

PeR CENT. PER CENT.
WasSHED Probuct oF AsH  TAILINGS . OF AsH
Coal................. 7.50 Coal................. 11.90
Bone................. 18.00 Bone................ 27.90
Shale................. 33.40 ~Shale................ 55.00

“I give finally two representative analyses of our coke, one
before the washer was installed and one showing the coke as it
now is:

Unwashed ‘Washed
Volatile............. e 3.65 per cent. 2.75 per cent.
Fixed carbon.............. 76.71 per cent. 82.585 per cent.
Ash............ .. ... ... 18.85 per cent. 14.10 per cent.
Sulphur................... .79 per cent. .65 per cent.
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“I have inspected hundreds of cars of Sayreton washed coal and
have never yet found a piece of slate of higher than 1.70 specific
gravity, although Sayreton run-of-mine carries an average of
40 pounds per ton of heavy slate of this character.”

Very truly yours,
Davip Hancock, Chemist.

STEIN AND BOERICKE WASHERY

Since 1895, the Stein washer has been built by the firm of Stein

& Boericke, Limited, of Primos, Delaware County, Pennsylvania,
and during this time they have made many improvements in its
design. In order to give a clear idea of the extent of these
improvements a description of one of the more modern plants
designed by this firm is here given. We ‘have selected for this’
purpose the 1,500-ton plant of the Jamison Coal and Coke Com-
pany, of Greensburg, Pennsylvania, at their No. 2 works. The
plant, as it stands, is practically fireproof. The tipple is of the
most modern design, is constructed entirely of iron and steel, and
~stands over a raw-coal bin of similar construction and having a
capacity of 500 tons. All the buildings are of massive brick con-
struction and are covered with terra-cotta tile roofing supported
by steel roof trusses, the roof trusses also being made heavy enough
to carry all the main shafting. The storage bins for washed coal
are of steel lined with brick made impervious to water. Fig. 37
gives a general idea of the outward appearance of the plant and
Fig. 38 shows a plan and elevation. The washing plant has a
capacity of 1,500 tons of raw coal in 10 hours and is designed for
handling either slack coal or run-of-mine, but as the tipple has
about double this capacity, the washing plant is supplied mainly
with the coal passing through a 3-inch bar screen, the lump coal
thus prepared being loaded directly into the cars by means of a
chute. The coal for the washer passes directly into the tooth
crushers a, a,, where it receives its preliminary preparation for the
washing plant. From these crushers, the coal drops directly into
the raw-coal bin, from which it is drawn by means of an auto-
matic feeding device through the dampers ¢, from which the coal is
delivered by conveyers d, d, to elevators ¢, ¢,; all elevators handling
the dry coal are mounted on steel frames to eliminate danger from
fire. From elevatorse, ¢,, the coal passes into the sizing screens f, f,,
the particles too large for treatment in the washer falling directly
into the special crushers g, which are of such construction as to
reduce all coal and also flat and irregularly shaped slate to the
desired size without any subsequent handling. The coal thus pre-
pared is delivered by elevators k, & to the washing machines %, to z,q,
on which the clean coal is separated from the slate and pyrites or
other impurities, and from which it is floated to the draining
elevators 7, j;, from which it is distributed by conveyers &, &, into
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the storage tanks /, /,. The slate and other impurities are received
from all the jigs by elevator m, which delivers the same to the
jig n for rewashing, in order to recover any particles of coal that
would otherwise be lost with the slate. The final slate passes into
the settling tank o and thence by means of an elevator p to a slate
bin ¢, from which it is carried away on cars. There is. also pro-
vision made for diverting such washed coal from the washing plant
as is suitable for blacksmith purposes, to the blacksmith-coal bin ¢,
from which it may be loaded into cars. Each of the washed-coal
storage tanks /, I, has a capacity of one day’s run of washed coal
and is provided with drainage canals in the foundations; the coal
thus properly drained is taken as desired through dampers
by conveyers v and elevators w, w, to the bin x from which the lar-
ries carrying the coal to the coke ovens are charged. The water
from the entire plant is gathered in the settling tanks y, y, and
the clarified water is sent to the centrifugal pumps z,, 2,, z, to be
again circulated through the plant. The settlings in y,y, are
removed by the conveyers y,, ¥,.

The machinery used for the preliminary crushing is driven by
a separate engine, not indicated on the sketch, thus permitting
the mine and washer to run independently of each other. The
machinery delivering the washed coal from the storage tanks to
the larries is also run by a separate engine, enabling the larries to
be charged at any time irrespective of the operation of the mine
or washer. All the machinery in the plant is very accessible and
has been kept on the ground floor, as also the storage tanks and
raw-coal bin, which, as will be readily understood, is far more desir-
able than to have these parts of the plant supported on trestle work
or in a high building. Cement floors are used throughout all build-
ings, which greatly facilitates the work of keeping the plant clean.

Mr. John M. Jamison, president and treasurer, kindly gives
the following information as to the cost and work of this washery:
(1) The cost of the washer plant designed to wash 1,500 tons of coal
in 10 hours is, in round figures, $65,000. We might add in expla-
nation that our plant was built at a time when high prices on all
material as well as labor prevailed. (2) The percentage of impuri-
ties removed from our coal in washing is approximately 4 per cent.
(3) Our experience in washing coal leads us to the conclusion that
10 cents per ton of 2,000 pounds is a reasonably safe estimate to put
upon the cost of washing coal; this, of course, includes all the waste.

BAUM WASHER

The Baum Washer, Fig 39, is one that washes from 0 inch to
3} inches without preliminary classification. In its general con-
struction, the washing machine on the Baum system is similar to
that of the well-known pulsating washers, with much larger dimen-
sions, but the essential difference is that the pulsating motion is
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obtained by the action of a compressed-air, 4-foot water gauge,
which acts on the surface of the water in compartment g, in such
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a manner that the movement is morc elastic, but nevertheless
more energetic, than that obtained by a piston. The pulsa-
ting motion in the front compartment of the washing machine is

Fi10. 390. THE Baum WASHER
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quicker in the upward than in the downward movement. This is
effected by a constant inlet of water into the compartment a at b
and ¢. The pulsating motion combined with the movement of
the water running through the washer is such that the coal when
passing into the front compartment of the washing machine on
the top of the sieve d, d’ and going from e toward f is classified
in layers according to specific gravity, the heavier particles sink-
ing to the bottom. The lower layer, composed of dirt and shale, is
mechanically taken out at d and @’ through apertures, the height
of which is regulated by levers g. After having passed through
these apertures, the shale has to pass over a dam, the height of
which is regulated by means of levers h. Having passed through
the apertures d and d’ (see the arrows on the drawing), the dirt
falls to the bottom of the washing machine through the openings 2
and 7. From there it is taken by two Archimedean screws j and
an elevator k with perforated buckets to allow the water to run off.

The admission and exhaust of the compressed air are regulated
by sliding valves / actuated by the eccentrics m. These valves are
situated between the pipe #, conveying the compressed air, and the
compartment a.

The coal is introduced, by means of a current of water, into the
front compartment of the washing machine at e. The water neces-
sary for the washing process is clarified and carried by the pipe o
that introduces it at b and c.

Classifying Drum.—The exit of the washing water and of the
washed coal is effected at f through a trough that leads the whole
to a classifying drum of large diameter, and with superimposed
sieves where the screening is facilitated by a current of water that
forces the coal through the holes of the different sieves of the
drum; this peculiarity explains the good results obtained by this
apparatus. The drum classifies into as many sizes as may be
desired. Each size of coal is then led through troughs to the
bunkers for loading into wagons, after having received a quick
rinsing with fresh water and a passage over metallic gauze, which
allows the water to run off.

Rewashing of Fine Coal.—The fine coal under, say, § inch is
taken with the washing water underneath the classifying drum by
a centrifugal pump that sends it to a washing machine similar to
the one described above, where it is washed again before being sent
to the draining conveyer. )

Separation of Intergroun Coal.—If the quantity of coal contained
in the intergrown coal and dirt is only insignificant, the intergrown
coal is allowed to go away with the dirt. If, however, the quantity
is important, the intergrown coal is separated from the dirt, in
which case the coal, after having passed through the first washing
machine, is sent to a second washing machine similar to the first,
in which the lower layer will be formed by the intergrown coal,
which is recovered as described above.
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Separation of the Dirt Out of the Intergrown Coal—It is some-
times advisable to crush the intergrown coal in order to effectively
separate the dirt from it; in that case the crushed intergrown coal
is mixed with the fine coal before it enters into the last washing
machine. :

Draining Plant.—The draining plant, Fig. 40, is able to reduce
the added moisture in the coal to such reasonable percentage as
may be desired; at the same time, it clarifies the washing water
by extracting a great part of the slurry by filtration through a
constantly renewed layer of fine coal. This draining plant consists
of an extremely strong conveyer, carrying about 2 tons of coal per
yard. The conveyer is made with perforated plates a, hinged
one to the other, and carrying on the middle a double vertical
partition b of perforated sheets, strengthened with angle irons, and
slightly separated from each other to allow the water to run between
them; the two upright sides ¢ and d are also perforated. The con-
veyer thus presents an aspect.of a series of boxes hinged one to the
other in the middle of the bottom.

The washing water comes with the fine coal on especially
arranged swinging sieves of metallic gauze, which, as indicated in
Fig. 40, allow the water, the slurry, and the very fine coal to pass
through, while the coarser coal slides down to the conveyer at e.

The finer coal and the slurry, separated as just mentioned, then-

fall on top of the coarser coal from f to g. The coal is now in the
best condition for draining.

As the conveyer moves, it passes over the supporting rollers h,
the distances and the difference of height between which are calcu-
lated so as to let the conveyer bend under the load of coal between
one roller and the other. The effect of this sagging of the conveyer
is to press the.coal between the vertical partitions b when it arrives
between the rollers, or above the lower rollers, and to open these
partitions one from the other as it arrives above the higher rollers.
The coal is in this way submitted to a process of pressure and
expansion that compels the separation of the water from the coal.
This water, in passing through the layer of coarser coal at the
bottom of the boxes, leaves a great part of the slurry on the drain-
ing conveyer. It is afterwards recovered at ¢, and sent through
especially designed settling tanks insuring its thorough clarification.
After clarification, the water is used over again in the washer.

Regulation of Moisture—The percentage of water left in the
coal may be regulated by the speed of the conveyer, which has a
length of about 22 yards, and generally a speed of about 8 inches
per minute. If it is run more rapidly, the percentage of water is
larger, the coal having thus less time for draining, and vice versa.

Settling Tanks.—The settling tanks, Fig. 41, are established in
such a manner that the slurry still contained in the washing water,
after its passage through the draining conveyer, is antomatically
and continuously recovered. In the latest plants there is only one
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settling tank of large diameter (33 feet diameter and 39 feet deep),

which is constructed in iron and supported by a brick tower out-

side the washer building. In some plants, the settling tanks are

placed inside the washer building on the same floor as the coal

hopper. Their object is always the same, facilitating the deposit

of the slurry by a sudden stop-

i page in the speed of the current

e of water.

e The tank is the shape of a

s | cone, with the point downwards.

The water containing the slurry

is pumped through the pipe a,

Fig. 41, at the point b. It meets

the shield ¢ and is then compelled

P to cross the tank from the cen-

ter to the circumference, and

cqnsequently with a speed de-

creasing in geometrical progres-

sion, before it falls into the

gutter d that surrounds the tank.

The water is thus recovered in

a clarified state in this gutter,

7 and is taken away by the pipe e

to the washer. The slurry fall-

ing to the bottom of the tank is

continuously extracted in the

form of a liquid mud through the pipe g, which takes it again to

the draining plant if it is clean, and where it remains with the fine

eoal; or, if it is too dirty, it is sent into tanks of small area out-

side the washer, where it is collected and used when and where
the colliery finds it advantageous.

HH

Fic. 41. SeETTLING TANK

A Baum Washing Plant.—The coal washer, Fig. 42, erected at
Gladbeck, Westphalia, may be considered as a standard washer on
the Baum system. The coal is brought from the screening plant a
through jigging screens b passing everything under 3 inches into
the hopper c¢. It is then lifted by an elevator d to the top of
the washer building. It receives at e¢ a current of water that
pushes it into the first washing machine f. The shale falls to the
bottom of this washing machine and is caught by an elevator with
perforated buckets g, and dropped along chutes into the hopper h.
The washed coal is then conducted to the classifying drum ¢,
which classifies into five, or as many sizes as may be desired. Each
size is delivered into hoppers j by means of chutes % and spirals,
which take the nuts without breakage up to the loading hoppers,
each having a capacity of 50 tons.

The fine coal from 0 inch to % inch falls with the washing water
into a centrifugal pump /, which lifts it into a second washing
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machine m, where it is again washed and the last traces of fine dirt
extracted. The dirt is lifted by an elevator with perforated
buckets n and sent down to the hopper . The fine coal leaving
the second washing machine is carried by the washing water to
the draining band o, which delivers it with the desired percentage
of moisture into the hopper p, which has a capacity of 200 tons,
where it is spread by means of Archimedean screws. In some
plants this fine coal is crushed at the end of the draining band by
a disintegrator situated above the bunkers p.

The washing water undergoes a second clarification in the
settling tanks g in the washer building. The slurry continuously
extracted through the bottom apertures r is conducted in the
shape of a liquid mud to the centrifugal pump s, which pumps it
again on to the draining band at 2. The clarified water is pumped
through a centrifugal pump and sent back to the washer. The
settling: tanks can be replaced by the one previously described and
placed outside the washer building. Such an arrangement gives
more room for the fine-coal bunkers. The compressed air is pro-
vided by the rotary blower v.

The washed sized coalisloaded directly into the railway wagons by
the chutes w, provided at x with rinsing apparatus, and the washed
fine coal is either loaded directly into the railway wagons or into the
larries y, situated at the level of the top of the coke ovens. All
the motors of this washer are electric, having a total power of 140
horsepower. This washer deals with 100 tons per hour of raw coal.

Washer for Fine Coal.—In cases where it is only required to
wash fine coal without sizing, the arrangement of the plant is as
shown in Fig. 43. The coal is brought to point a either by means
of an elevator or by a creeper coming direct from the screening
plant. It meets at a a current of water that pushes it into the
washing machine b, suitably constructed to-wash fine coal only,
say, under 4 inch or § inch.

The dirt falls, as explained previously, to the bottom of the
washing machine, where it is taken by an elevator with perforated
buckets ¢ and sent from there into the dirt wagons d standing
alongside the building. The washed coal is then carried along
with the water on the draining band e and delivered dry at . At
this point, the coal may either be loaded directly into the railway
wagons or may be delivered by the elevator g shown in dotted lines
on the drawing, which takes it through the disintegrator and, by
means of scrapers k, into the coal bunkers.

The water, having undergone a first clarification through the
draining band, is compelled to cross the settling tanks ¢ through
their full length, where it drops the slurry, which is continuously
pumped back on ‘to the draining band by a centrifugal pump j.
The clarified water is pumped at point k£ by the centrifugal pump /
and sent back to the washer.
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The compressed air is provided by the blower ms.

The power for driving may be either steam or electricity, and
varies from 40 to 60 horsepower according to the size of the plant.
The engine or motor is in the engine room %, together with the

o
N
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Fic. 43

different pumps. The building, partly supported by cast-iron
pillars, is of brickwork for the first story, and above the first story,
of iron filled in with brickwork.

This very efficient washing plant is made in three different
sizes, to treat from 20 to 40 tons of coal per hour, and can be erected
and started to work within six months. Above that capacity
some alterations are made to the plant.



CHAPTER IV

HISTORY AND DEVELOPMENT OF THE COKE INDUSTRY

History.—Authorities are not in harmony as to the time of the
beginning of coke manufacture in England. In 1735, Darby is
reported as using coke successfully at Coalbrookdale, in Shrop-
shire; but little was accomplished, however, until 1750, when its
use became extended as a blast-furnace fuel. Evidently the same
economic conditions that subsequently expanded the use of coke
in the United States of America had their earlier force in England,
for the scarcity of wood for making charcoal and its increasing
cost forced iron manufacturers to search for and use a less expen-
sive fuel. The late Mr. Joseph D. Weeks has called attention
to the fact that from the abundance of wood for making charcoal
in the United States and the encouragement given to the exporta-
tion of charcoal metal to England, it is quite improbable that
much, if any, coke was manufactured prior to the Revolution.

In May, 1813, an advertisement appeared in the Pittsburg
Mercury, indicating -that John Beal, an English emigrant, who
possessed the knowledge ‘‘of converting stone coal into coak,”
would, under certain conditions, communicate the same ‘‘to pro-
prietors of blast furnaces.” It is not on record whether this offer
led to the introduction of the manufacture of coke in America.

Shortly after this, however, in 1816-17, Col. Isaac Meason
built the first rolling mill, west of the Alleghany Mountains, to
puddle iron and roll it into bars, in Fayette County, Pennsylvania;
this mill went into operation in September, 1817. Shortly after
this time, general attention was directed to the rapid disappear-
ance of the forests of Pennsylvania, accompanied by the discovery
of large deposits of coal, all pointing to the necessity of its manu-
facture into coke for use in the growing iron industry.

In 1825, the acting committee of the Pennsylvania Society for
the Promotion of Internal Improvements sent Mr. William Strick-
land to England, as their agent, to study various subjects relating
to internal improvements, and to investigate the methods employed
in the manufacture of iron. His letter of instruction was as follows:

“Attempts of the most costly kind have been made to use the
coal of the western part of our state in the production of iron.
Furnaces have been constructed according to the plan said to be
adopted in Wales and elsewhere; persons claiming experience in
the business have been employed, but all has been unsuccessful.

7 131
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In large sections of our state, ore of the finest quality, coal in the
utmost abundance, limestone of the best kind, lie in immediate
contiguity, and water-power is within the shortest distance of
these mines of future wealth.

“The prices which are obtained for iron on the western waters
are double those of England, the demand is always greater than
the supply, and thus nothing but knowledge of the art of using
these rich possessions is wanted.

“We desire your attention to the following inquiries on the
subject of the manufacture of iron:

“l. What is the most approved and frequent process for coking
coal, and what is the expense per ton or caldron?

“2. In what manner are the arrangements or buildings, if
any, constructed for the coking of coal, obtaining drawings and
profiles thereof?

*3. Are there different modes for coking coal; and if they have
any difference in principle, what are they? .

“4. In what manner are the most approved furnaces for the
smelting of ore constructed? Drawings and sections of the same to
accompany the information that may be obtained upon thisinquiry.”

Mr. Strickland reported intelligently, with full drawings, illus-
trating the methods of coke making and the construction of blast
furnaces for using this new fuel.

As these investigations were completed in 1825, it is inferred
that eoke had been in use before this time. A paragraph in the
history of Fayette County refers to the use of coke in the Alleghany
furnace in Blair County in 1811.

Mr. James M. Swank, general manager of the American Iron and
Steel Association, Philadelphia, suggests that the early efforts in the
use of coke in blast furnaces were made in mixtures with charcoal.

In 1835, the Franklin Institute of Pennsylvania offered a pre-
mium of a gold medal to ‘“‘the person who shall manufacture in
the United States the greatest quantity of iron from the ore during
the year, using no other fuel than bituminous coal or coke, the
quantity to be not less than 20 tons.” In the same year, Mr.
William Firmstone was successful in making good gray forge iron
for about 1 month at the Mary Anne furnace, in Huntingdon
County, Pennsylvania, with coke made from Broad Top coal.

In 1837, F. H. Oliphant made about 100 tons of coke iron at
his Fairchance furnace, near Uniontown, Fayette County, Penn-
sylvania; and in the same year coke was successfully used in the
Lonaconing furnace, Frostburg, Maryland.

These early efforts in the use of coke in blast furnaces were not
very successful. Probably this came from the imperfect methods
of making coke and the insufficient blast to the furnace. The
latter was, perhaps, the most retarding cause in the early efforts
in smelting pig iron with coke. While these experimental tests in
the use of coke were carried forward in Pennsylvania and Maryland,
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other states were also making efforts in the same direction. Coke
did not come into use rapidly. In 1849, Prof. J. P. Lesley failed
to record a single coke furnace in blast in Pennsylvania. In 1856,
however, he reported 21 furnaces in blast in Pennsylvania and 3
in Maryland using coke.

The early history of coke making in the Connellsville region is
involved in some obscurity; but Colonel Meason used coke at his
refinery in 1819. In 1841, two carpenters, Provence McCormick
and James Campbell, united with a stone mason, Mr. John Taylor,
in a coking enterprise. The mason was to build the coke ovens and
the carpenters would constru¢t the arks to convey the coke by
river to market at Cincinnati. Two ovens were built about 10 feet
in diameter. The coal charge was about 80 bushels. In the spring
of 1842 enough coke was made to. load two boats 90 feet long,
about 800 bushels each. These were taken to Cincinnati, but the
demand was trifling and the parties, losing heavily in the enterprise,

- became disgusted with the outlook for marketing coke. This was
the beginning of the manufacture of coke in the great Connellsville
field, which now sends to market annually over 14 millions of tons.

The growth of the coke industry was undoubtedly greatly assisted
by the excellent product of Connellsville, but the manufacture
struggled along up to 1880 without impressing its value as of suffi-
cient importance to give it a place in the statistics of the products of
the industries of the United States. It has now attained a position
and magnitude of prime importance in all metallurgical operations.

The following table will show the number of coke establish-
ments in the United States, indicating the growth of the manu-
facture of coke from 1850 to 1903.

STATISTICS SHOWING DEVELOPMENT OF COKE INDUSTRY

Number of Number of

Year Establish- Year Establish-
ments ments

1850 Census Year 4 1890 December 31 253
1860 Census Year 21 1891 December 31 243
1870 Census Year 25 1892 December 31 261
1880 Census Year 149 1893 December 31 258
1880 December 31 186 1894 December 31 260
1881 December 31 197 1895 December 31 265
1882 December 31 215 1896 December 31 341
1883 December 31 231 1897 December 31 336
1884 December 31 250 1898 December 31 341
1885 December 31 233 1899 December 31 343
1886 December 31 222 1900 December 31 388
1887 December 31 270 1901 December 31 423
1888 December 31 261 1902 December 31 456
1889 December 31 252 :

Note.—The above and several following statistical tables are taken
from the United States Geological Survey, Department of Mineral Resources.
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NUMBER OF COKE OVENS, BEEHIVE AND BY-PRODUCT, IN THE
UNITED STATES ON DECEMBER 31 OF EACH YEAR FROM
1880 TO 1902, WITH THEIR ANNUAL OUTPUTS

Year Negoer of Net Foxs Year Nigaber of N%'{t ons
1880 12,372 3,338,300 1892 42,002 12,010,829
1881 14,119 4,113,760 1893 44 201 9,477,580
1882 16,356 4,793,321 1894 44772 9,203,632
1883 18,304 5,464,721 1895 45,565 13,333,714
1884 19,557 4,873,805 1896 46,944 11,788,773
1885 20,116 5,106,696 1897 47,668 13,288,984
1886 22,597 6,845,369 1898 48,383 16,047,209
1887 26,001 7,611,705 1899 49,603 19,668,569
1888 30,059 8,540,030 . 1900 58,484 20,533,348
1889 34,165 10,258,022 1901 64,001 21,795,883
1890 37,158 11,508,021 1902 69,069 25,401,730
1891 40,057 10,352,688 I :

The year 1880 marks the first great appreciation of the value
of coke for the manufacture of Bessemer pig iron. It marked an
era of rapid uplift in the values of coke and coking-coal lands. It is
well to note that the number of ovens at the close of each year
represents those in existence, but it does not mean that there were

RECORD OF BY-PRODUCT COKE MAKING FROM 1893 TO 1902

Ovens )
Year Production
Net Tons
Built Building
1893 12 12,850
1894 12 60 16,500
1895 72 60 18,521
1896 160 120 83,038
1897 280 240 261,912
1898 520 500 294,445
1899 1,020 65 906,534
1900 1,085 1,096 1,075,727
1901 1,165 1,533 1,179,900
1902 *1,663 11,346 11,403,588

*Includes 525 Semet-Solvay, 1,067 Otto-Hoffman, 15 Schniewind, and
56 Newton Chamber’s ovens; tIncludes 210 Semet-Solvay, 664 Otto-Hoff-
man, 412 Schniewind, and 60 Retort Coke Company ovens; }By-product
coke embraced in general table of coke production in the United States.

that many in active operation. In this connection it is interesting
to note the increase in the productive capacity of the coke ovens
in the United States. It is not possible to compare the number
of ovens in actual operation each year, and the averages must be
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based on the number of ovens in existence at the close of each
year. In 1880, the number of ovens in existence was 12,372 and
the total coke production was 3,338,300 net tons, an average of
278 tons of coke per oven. In 1890, the total number of ovens
reported was 37,158 and the production of coke was 11,508,021 net
tons, an average of 310 tons of coke per oven. In 1900, the total
number of ovens reported was 58,484 and the production was
20,533,348 net tons, an average of 351 tons of coke per oven. The
number of ovens in use in 1900 was 4.7 times those in existence in
1880. The output of coke in 1900 was 6.2 times.that of 1880.
The increase of production in 1901, as compared with the preceding
year, was 1,262,535 net' tons, or 6.15 per cent. Coke production
in 1902 overtopped all previous records; it was 25,401,730 net tons,
exhibiting an increase over 1901 of 3,605,847 net tons or 16.5 per

RECORD OF BY-PRODUCT COKE OVENS BY STATES, AT THE
CLOSE OF 1900, 1901, AND 1902

Ovens, Ovens, Ovens,
December 31, 1900 December 31, 1901 December 31, 1902
States .
Completed | Building |Completed| Building | Completed; Building
Alabama......... 120 120 120 120 240 40
Maryland ....... 200 200
Massachusetts. . .. 400 400 400
Michigan ........ 30 - 30 45 75 60
New é:rsey ...... 100 100 100
New York....... 30 564 + 30 564 30 574
Ohio............ 50 . 50 50 60
Pennsylvania. ... 355 232 355 504 592 412
Virginia. ........ 60 60 56
West Virginia. . .. 120 120 120
Totals. ...... 1,085 1,096 1,165 1,533 1,663 1,346

cent. The inability of railroads to furnish cars and motive power
materially reduced this year’s output, increasing the expense of
production.

The records of the number of by-product coke ovens in the
above table are accumulative; the whole number of these ovens
completed and building in the United States at the close of the
year 1902 is given in the last two columns, 1,663 built and 1,346
building. .

By the term yield is meant the percentage of merchantable coke
that has been ‘obtained from the coal used in its manufacture.
The table shows that the general average for most of the years
given is about 64 per cent., but in most instances this indicates
the value of the coke oven used and the care afforded the coking
operations. Until recent years, these elements in securing full
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APPROXIMATE STATEMENT OF AMOUNT OF COAL REQUIRED TO
PRODUCE 1 TON OF COKE IN EACH YEAR SINCE 1880,
WITH PERCENTAGE OF YIELD (NET TONS)*

Year Tons Pounds Pe,;igfé‘t' Year Tons Pounds Pe\‘;gf({'t'
1880 1.57 3,140 63.0 1892 1.57 3,140 64.0
1881 1.59 3,180 -63.0 1893 1.57 3,140 63.5
1882 1.58 3,160 63.0 1894 1.56 3,120 64.0
1883 1.56 3,120 64.0 1895 1.56 3,120 64 0
1884 1.63 3,260 61.0 1896 1.584 | 3,170 63.0
1885 1.58 3,160 63.0 1897 1.57 3,140 63.5
1886 1 56 3,120 64.0 1898 1.57 3,140 63.6
1887 1.56 | -3,120 64.2 1899 1.54 3,080 65.1
1888 1.51 3,020 66.0 1900 1.57 3,140 63.9
1889 1.55 3,100 64 0 1901 1.57 3,140 63.9
1890 1.56 3,120 64.0 1902 1.56 3,129 64.1
1891 1.58 3,100 63.0

*These figures include both beehive and by-product coke.

PERCENTAGE OF YIELD OF COKE FROM THE SEVERAL QUALITIES
OF COALS USED IN ITS MANUFACTURE IN EACH STATE
AND TERRITORY DURING 1896-1902

State or Territory 1896 1897 1888 1899 1900 1901 1902
Alabama.......... 57.5 | 568.8 | 69.0 | 59.0 | 58.9 | 55.8 | 60.2
Colorado®......... 56.9 55.6 59.1 59.0 62.0 58.4 59.2
Georgia........... 49.0 | 49.3 | 61.0 | 65.2 | 52.4 | 60.7 | 63.3
Illinoss. . ......... 66.7 | 43.0 35.0} 56.2 | 57.1
Indiana........... 49.0 | 41.4 | 44.9 : :

Indian Territory..| 40.0 44 .3 46.5 41.0 48.0 50.0 44.6
Kansas........... 53.5 | 62.5 | 63.0 | 53.6 | 57.7 | 61.4 | 58.3
Kentucky......... 48.6 | 50.0 | 50.0 | 53.5 | 50.2 | 49.0 | 47.8
Massachusetts. . .. .

Missouri.......... 55.9 56.0 49.3 53.8 55.3 52.5 55.4
Montana.......... 53.0 | 48.5 | 56.0 | 51.0 | 50.3 | 55.4 | 53.7
New Mexico ...... 61.7 | 55.6 | 55.6 | 64.3 | 60.3 | 57.5 | 56.9
New York........

0. ..ovvenen.. 62.7 | 62.7 | 63.5 | 58.8 | 62.5 | 66.9 | 66.6

Pennsylvania ®....| 66.1 66.2 65.7 68.1 66.2 66.0 65.9
Tennessee 56.5 | 55.0 | 54.6 | 55.8 | 55.6 | 54.6 | 54.6
Texas............ 56.3
Utah.............
Virginia.......... 58.9 61.6 62.0 62.2 63.2 64.7 65.5
Washington ....... 67.0 67.0 62.2 59.8 61.5 62.7 58.8
West Virginia.. ... 61.4 | 61.0 | 61.2 | 60.0 | 60.9 | 61.1 | 61.7
Wisconsin.........| 62.0 59.0 59.0 60.8 60.0} 71.1¢ | 70.2¢
Wyoming.. ...... 47.6 | 43.7 | 51.9 | 48.7 | 44.7 ' '

Total average...| 63. 63.5 | 63.6 | 65.1 | 63.9 | 63.7 | 64.1

s Average, including Utah.
b Average, including New York, also Massachusetts for 1899.
dg Indiana, Massachusetts,

¢ Inclu

es Illinois,

Wisconsin, and Wyoming.

Michigan, New York,
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yields from the several qualities of the coals have not received the
consideration that their importance demanded.

Two elements must be harmonized to secure the largest per-
centage of merchantable coke in the different types of coke ovens:
(1) properly applied skill; (2) correct knowledge of the quality of
the coking coal. It may be added that in all dry coals inheriting
a large percentage of fixed carbon, with a correspondingly low
volume of hydrogenous matter, some of this fixed carbon must be
consumed in the coking process; while, on the other hand, coking
coal with a large volume of volatile combustible matter will require
very little of its fixed carbon in the process of coking.

The table on page 137 indicates a slight general average increase
of percentage of coke product during 1902 over that of 1901, but
there is evidently room for further increased percemntage of coke.

DIAGRAM ILLUSTRATING THE GROWTH OF THE MANUFACTURE
OF COKE IN THE UNITED STATES FROM 1880 TO
1902, INCLUSIVE

N

9 2 4 &5 6 7 8 9 1 11 19 30 % 15 38 27 18 10 90 81 23 58 54 98

Mitions of Tons (Mer)

W I 5 9 4 5 6 v 6 PRI 5 3 4 &5 6 T & 991 D
Years.
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AMOUNT OF COKE PRODUCED IN THE UNITED STATES FROM

1880 TO 1902

Year Net Tons l Year Net Tons Year | Net Tons
1880 3,338,300 1888 8,540,030 1896 11,788,773
1881 4,113,760 1889 10,258,022 1897 13,288,984
1882 4,793,321 1890 11,508,021 1898 16,047,209
1883 5,464,721 1891 10,352,688 1899 19,668,569
1884 4,873,805 1892 12,010,829 1900 20,533,348
1885 5,106,696 - 1893 9,477,580 1901 21,795,883
1886 6,845,369 1894 9.203,632 1902 25,401,730
1887 7,611,705 1895 13,333.714

COKE IMPORTED AND ENTERED FOR CONSUMPTION IN THE UNITED
STATES FROM 1869 TO 1902 (NET TONS)

Year Year
Endi Quantity Value Ending Quantity Value
June Dec. 31

1869 $ 2,053 1886 28,124 $ 84,801
1870 6.388 1887 35,320 100,312
1871 19,628 1888 |- 35,210 107,914
1872 9,575 9,217 1889 28,608 88.08R
1873 1,091 1,366 1890 20,808 101,767
1874 634 4,588 1891 50,753 223,184
1875 1,046 9,648 1892 27,420 86,350
1876 2,065 8,657 ‘1893 37,183 99,683
1877 4,068 16,686 1894 32,566 70,359
1878 6,616 24,186 1895 29,622 71,366
1879 6,035 24,748 1896 43,372 114,712
1880 5,047 18,406 1897 34,937 98,077
1881 15,210 64,987 1898 46,127 142,334
1882 14,924 53,244 1899 31,197 142,504
1883 20,634 113,114 1900 115,556 371,341
1884 14,483 36,278 1901 72,727 266,075
1885 20,876 64,814 1902 140,488 423,775

From the above it will be seen that this imported coke cost
per ton as follows: 1872, $.962; 1880, $3.645; 1890, $4.8975;
1900, $3.215; 1902, $3.165.

COKE EXPORTED FROM THE UNITED STATES SINCE 1895

(NET TONS)
—;ear | Qu;m;it y_w‘— o ;}a-lue T &;ar— Quantity |> Value
1895 131,368 $425,174 1899 280,196 ' $ 858,856
. 1896 169,189 553,600 1900 422,239 1,358,968
1897 173,034 546,066 1901 430.450 1,561,898

1898 199,562 600,931 1902 439,590 1,785,188

The amount and value of coke exported from the United States
have increased each year since 1895, as seen in the above table.

The prices obtained for this coke per ton, are as follows: 1895,
$3.2375; 1898, $3.01; 1900, $3.2175; 1902, $4.06.
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CONDITION OF COAL CHARGED INTO COKE OVENS, WHETHER RUN-
OF-MINE, SLACK OR SCREENED, WASHED OR UNWASHED,

DURING THE YEAR 1902

Run-of-Mine Slack or Screened
State or Territory Total
Unwashed ‘Washed Unwashed Washed

Alabama........ 1,233,117 | 509,376 290 | 2,494,708 | 4,237,491
Colorado®. ...... 831 641,422 | 1,052,935 | 1,695,188
Georgia......... 28,600 101,042 129,642
Illinoss®. ........
Indiana®........
Indian Territory. 3,947 106,987 110,934

ansas ........ 1,766 14,126 19,935 35,827
Kentucky....... 5,000 28,159 91,496 | 140,466 265,121
Massachusetts® ..
Missouri........ 10,430 10,430
Montana........ 99,628 99.628
New Mexico 208 40,735 40,943
New York......

1o JA 161,783 19,618 38,000 219,401
Pennsylvania....| 21,615,668 | 602,287 | 1,623,624 | 1,175,847 | 25,017,326
’Il}egﬁessee ....... 287,064 | 334,109 47,161 | 357,530 | 1,025,864

tah...........
Virginia........ 1,018,148 697,962 1,716,110
Washington..... 68,546 68,546
West Virginia...| 1,262,393 2,617,223 | 298,963 | 4,078,579
Wisconsin....... 735,194 117,528 255 | 852,977
Wyoming .. ... ’ ' * ’
Totals........ 26,347,698 | 1,647,818 | 5,781,088 | 5,827,403 | 39,604,007

.¢Includes Utah.

b Includes Illinois, Indiana, and Massachusetts.

The above table shows that, as a general average with all
kinds of coal, it required 1.5591 tons of coal to make 1 ton of coke.

CONRDITION OF COAL USED IN THE MANUFACTURE OF COKE IN
THE UNITED STATES, FROM THE YEAR 1890 TO 1902,
INCLUSIVE (NET TONS)

Run-of-Mine Slack or Screened
Year Total
Unwashed Washed Unwashed Washed

1890 14,060,907 338,663 2,674,492 931,247 18,005,209
1891 12,255,415 290,807 2,945,359 852,959 16,344,540
1892 14,453,638 324,050 3,256,493 779,156 18,813,337
1893 10,306,082 350,112 3,049,075 1,211,877 14,917,146
1894 9,648,750 405,266 3,102,652 1,192,082 14,348,750
1895 15,609,875 237,468 | 3,052,246 1,948,734 20,848,323
1896 11,307,905 763,244 4,685,832 1,937,441 18,694,422
1897 13,234,985 1,037,830 4,180,575 2,453,929 20,907,319
1898 16,758,244 1,672,972 4,487,949 2,330,405 25,249,570
1899 20,870,915 1,457,961 4,796,737 2,913,730 30,219,343
1900 21,062,090 1,369,698 5,677,006 4,004,749 32,113,543
1901 23,751,468 1,600,714 4,546,201 4,309,582 34,207,965
1902 26,347,698 1,647,818 5,781,088 5,287,403 39,604,007
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In the preceding table, the columns of washed coal indicate in
a marked manner that coke makers have entered into an era of
washed coal in the manufacture of coke. This gradual increase
in coal washing also indicates the reduction of the areas of coking-
coal lands whose coal required no washing for use in coke ovens.

AVERAGE VALUE PER NET TON OF COKE, AT THE OVENS, MADE
IN THE UNITED STATES, FROM 1897 TO 1902,
BY STATES AND TERRITORIES

State or Territory | 1897 1898 1899 1900 1901 1902
Alabama......... $2.140 | $2.030 | $2.03 |$2.667 | $2.820 | $3.250
Colorado®........ 2.916 2.590 2.51 2.820 2.420 2.740
Georgia.......... 1.280 1.560 2.30 2.849 2.830 3.643
Indian Territory .| 3.450 2.833 2.96 3.990 4.140 4.100
Kansas.......... 1.500 1.544 2.13 2.520 2.110 2.617
Kentucky........ 1.410 1.448 1.99 2.465 2.070 2.505
Missouri ........ | 1.500 1.420 1.93 2 520 2 099 2.500
Montana ........ 6.890 6.906 6.32 6.159 5.918 6.750
New Mexico. ..... 2.250 2.095 2.25 2.909 2.840 3.178
Ohio............ 2.480 2.470 3.04 2.690 2.750 3.370
Pennsylvania ....| 1.530* | 1.500* [ 1.69* | 2.220 | 1.885 | 2.330
'II‘Jengessee ........ 1.810 1.630 1.95 2.670 2.358 2.850

tah®¢.,..........

Virginia......... 1.400 1.317 1.73 2.137 1.635 2.065
Washington ...... 4.420 4.270 4 98 4.797 4.858 4.940
West Virginia....| 1.310 1.260 1.53 2.010 1.800 2.318
Illinois. ......... 1.870 2. 020} 2.35

Indiana.......... 1.995 1.750 :

Massachusetts ... d

Michigan......... 2.870 | 2.849 3.446
New York ....... d L

Wisconsin........ 4.300 3.500 3.75

Wyoming........ 3.000 | 3.500 2.46 .

Average....... $1.663 |$1.594 | $1.76 | $2. 310 $2.039 | $2.490

sIncludes Utah. cIn(:luded with Colorado.

b Average value, including New York, 9¢Included with Pennsylvania.
and also Massachusetts in 1899.

Norte.—The great majority of prices secured for coke at ovens in the
above table shows that, excepting the brief boom times, very little if any
margin of profit has been secured: in fact, during some of these years coal
was receiving prices equal to, if not above that of coke.—Ep.

TOTAL VALUE OF COKE, AT THE OVENS, MADE IN THE UNITED.
STATES FROM 1880 TO 1902

Year ' Value | Y;r Value [ Year Value
1880 $ 6,631.265 1888 $12,445,963 1896 $21,660,729

U
1881 7,725,175 1889 16,630,301 | 1897 .| 22,102,514
1882 8,462,167 1890 23.215.302 1898 25,586,699
1883 8,121,607 1891 20,393,216 | 1899 34,670,417
1884 7,242,878 1892 23,536,141 | 1900 47,443,331
1885 7,629,118 1893 16,523,714 | 1901 44,445,923

1886 11,153,366 1894 12.328.856 1902 63,339,167
1887 15,321,116 1895 19 2'34 ‘319 ‘
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In the preceding tables a steady increase both in the number
of plants and ovens, as well as in total output, will be noticed.
It is of interest also to notice the increased capacity of the individual
ovens. In 1880, 12,372 ovens produced a total output of 3,338,300
short tons of coke, an average of 270 short tons per oven. During
the year 1902, there were in active operation 67,124 ovens, which
produced 25,401,730 short tons of coke, an average of 378.4 tons
per oven. In 1901, the total number of active ovens was 61,396
which produced 21,795,883 tons of coke, an average of 355 tons
per oven, showing that the average productive capacity of each
oven in 1902 exceeded that of the preceding year by 23.4 tons.



CHAPTER V

MANUFACTURE OF COKE

Methods of Coking Coal.—Coking is the art of preparing from
bituminous or other coal a fuel adapted for metallurgical and
other special uses. The operation consists in expelling by heat
the gaseous elements from coking coals, leaving the fixed and
deposited carbon, ash, and the residue of
sulphur and phosphorus. These consti-
tute what is known as coke. There are
three principal methods now in general use
in the manufacture of coke: (1) Coking
the coal in heaps or mounds, in the open
air; (2) coking the coal in the beehive or
round oven partly enclosed, with the air
partially excluded; (3) coking in retort or
closed ovens, with air almost entirely
excluded. In these methods there are
some modifications, but the governing
principles are maintained in whole or part.
The open-pit method is'rapidly disap-
pearing, as it is wasteful of the coal and
tedious in operation. The beehive coke
oven holds its place firmly from its
moderate cost in construction and sim-
plicity in operation, with its product of
the best possible metallurgical fuel. The
retort coke oven, with its supplemental
apparatus for saving of by-products, )
affords many advantages in special localities and under favorable
conditions, but from its large cost in construction and installation,
with the expert agencies required in its operations, it cannot hope
for general application.

()
F1c. 1. BeENNINGTON COKE PITs

Coking Coal in Heaps or Mounds.—The open-air coking in
heaps or mounds has been copied from the mounds of the charcoal
burners. This primitive and wasteful mode of coking requires a
yard made by leveling the ground and surfacing it with coal dust.
The coal to be coked is then arranged in rectangular heaps or

145
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‘mounds, Fig. 1, with longitudinal transverse, and vertical flues;
sufficient wood having been distributed in these to ignite the mass
of coal.

Beginning on the prepared floor, a base of coal a 14 feet broad
is spread to a height of 18 inches. On this base the flues are
arranged and constructed as shown in the plan (a), the flues being
built of refuse coke and lump coal and covered with suitable
billets of wood. The coal is piled up as shown in the cross- .
section (). When the mound is ready for coking, fire is applied
at the base of the vertical flues ¢, ¢, igniting the kindling wood at
each alternate flue. As the process advances, the fire is extended
in every direction, until the whole mass is ignited.

Considerable attention is required in this method of coking in
constructing the mounds, in diffusing the fire evenly through the
mass, in preventing waste by admitting the proper volume of air,
and in banking up the mounds with fine dust as the coking opera-
tion is completed from base to top.

When the gaseous matters have been expelled, which is seen
when flames cease to appear, the whole heap is closed up with fine
dust and partially smothered out. The final operation consists
in the application of small quantities of water delivered by a hose
down the flues, which is quickly converted into steam permeating
the whole mass of coke. This gives coke with freedom to develop
cells and, under careful management, with a small percentage of
moisture. The time required for coking a mound of the dimen-
sions given, without limiting its length, is from 5 to 8 days, depend-
ing on the state of the weather.

The yield of coke, at the Bennington yard, is as follows:

Gross Tons

Coalusedinmound............................o... 56.87
Coke drawn frommound........................... 33.63
Lossincoking............ ... ... oo, 23.24

This primitive method of coking is very wasteful of the coal
and slow in operation.

Some efforts at progress, in methods of coking to secure
greater economy in the coal, have been made in the early period
of evolution, by a plan for coking in open-top, rectangular masonry
enclosures. These were made with side walls, 5 to 8 feet in height,
having air ports along their longer sides.

The method of coking in these rectangular kilns was very
similar to those used in the mound coking, but has little to com-
mend it in the economy of its work. All that can be urged in
its favor is that it was a step in the progress of improvement
toward the modern coke ovens.

The beehive coke oven followed. The following analyses will
exhibit the result of its work with the Connellsville coal:

A\
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ANALYSES OF CONNELLSVILLE COAL AND COKE

Coal : Coke
Per Cent. Per Cent.

1.25 .88
31.80 .67
59.79 87.05
7.16 10.60
.53 .74

To Determine Less of Carbon in Process of Coking.—To deter-
mine the waste in coking by this system, the fixed carbon, ash,
and sulphur go to make the coke. Allowing for the volatilization
of sulphur in coking, then 59.756 + 7.16 + .44 = 67.39. Then
100 + 67.39 = 1.484 tons of coal to make 1 ton of coke.

The fixed-carbon in the coke should therefore be, 1.484 X 59.79
= 88.728 per cent.; but it is only 87.05 per cent., exhibiting a
loss of fixed carbon in coking of 1.882 per cent.

Two additional elements enter into this result; the percentage
of fixed carbon deposited from the volatile hydrocarbon of the
coal, giving the coke the silvery glaze that distinguishes it so
prominently. The other element is the moisture in the coke;
the percentage of this depends on the care exercised in quenching
or cooling the incandescent coke in the beehive oven, ranging -
from 1 to 3 per cent.

The actual loss of fixed carbon in coking would be the calcu-
lated loss plus the deposited carbon minus the moisture remain-
ing in the coke. Some of the volatile matter in the slates and
shales forming the ash will be volatilized in the process of coking,
but this is so small an element that practically it is disregarded.
The conditions of carbon deposit, with the percentage of moisture
in the coke, will hold in all the methods of coking. Itisalso evident
that the higher the percentages of fixed carbon and ash in any
coal, the greater the aggregate percentage of the product in coke.

A recent test of a sample of the Kanawha Valley coke, made
from the rich bituminous coal of that region, will further illustrate
the method of determining the loss of fixed carbon and other
elements in the coal in the coking process.

ANALYSES OF KANAWHA VALLEY COAL AND COKE

Coal | Coke
Per Cent. i Per Cent.
Volatilematter............................. 34.7900 .000
Fixedcarbon................ ... ... ..., 57.8600 89.200
Ash. .. ... e 6.2000 9.500
Sulphur...........cooiiii it 1.1500 1.300
Phosphorus .................cciviiiann.. .0157 .024

7
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From the foregoing analyses it is evident that, taking the
fixed carbon, ash, and 74 per cent. of sulphur, we have 57.96 + 6.20
+ .85 = 64.91. Hence, 100 +~ 64.91 = 1.540 tons of coal to make
1 ton of coke.

The fixed carbon in the coke is therefore 57.86 X 1.540 =
89.10 per cent.; but by analysis it is 89.20 per cent., exhibiting a
slight gain of this element. This is secured from the large deposit
of carbon glaze from this very rich bituminous coal. The other
elements in the coke can be determined on the above general
principles.

.
BEEHIVE COKE OVEN"

The name beehive evidently had its genesis in the close resem-
blance of the internal form of this oven to the ancient dome-shaped
beehive. : .

The initial form of the beehive coke oven is given in Fig. 2,
which shows the effort to introduce a partially enclosed oven early
in the manufacture of coke.
It is not very clear whether
this pldan of oven was sug-
gested by the form of the
dome-shaped mound method
of coking coal or from the
charcoal kilns. It was built
with refractory materials and
in some instances had flues
in its heavy walls.

The product of this oven
could not differ much from
that of the modern beehive
oven of 1880, 1890, and 1902,
only the waste of carbon in
the former was much more
than in the improved oven.
The ancient beehive oven
was originally constructed
on a diminutive scale in the

“day of small things,” but

Section it has continued to grow in

Fi1c. 2. PLaAN oOF Ccl),gN(?’}'\x’::.Nnn NEWCASTLE- size through a century and
a half until it has attained

dimensions of 12 feet to 13 feet in diameter, with a height of dome
above the floor of 7 feet to 8 feet. The height of the door of this
oven has been increased so as to admit the air at a level somewhat
above the charge of coking coal to prevent the waste formerly

*From Mr. A. L. Steavenson, in Vol. VIII., North of England Mining
Engineers, 186¢
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sustained at this place by contact of the air with the coke in low-
door ovens, leaving a deposit of ashes along the line of this air draft.

A number of improvements have been made in the construction
of this oven, especially in the preparation of shaped firebrick for
doors, jambs, dome, and charging port. In addition to these
improvements, recent practice has secured the use of silica brick
for the dome, increasing greatly the wearing properties of the
oven, especially in this portion of it, which is subjected to the
most intense heat in the coking operations. Mr. O. W. Kennedy
introduced the use of silica brick and estimates that they will
wear three to four times as long as the fireclay brick.

In some ovens, an annular passage for the admission of air,
with perforations for its equal distribution above the level of the
charge of coal, has been tried with increased economy in saving
the burning of the carbon of the coal.

BEEHIVE OVEN OF 1894

Beehive Oven, 1894 Type.—Fig. 3 exhibits working plan with
details of the usual method of constructing this oven, dating about
the year 1894. A bank of a double row of this class of ovens was
constructed near Gallitzin on the Alleghany Mountain. The design
was to coke coals from the Upper Kittanning (B) and the Upper
Freeport (E) seams. As these coals are only medium in fusing
matter, the moderate size of this oven answered the purpose very
successfully.

Beehive Oven at Oliver Plant.—A plan and section given in
Fig. 4 illustrate the larger beehive coke ovens more recently con-
structed at the Oliver plant, near Uniontown, in the Connellsville
region. These have been kindly furnished by Messrs. Wilkins and
Davison, engineers, Pittsburg, Pennsylvania, who are experts in
this and kindred constructions.

The interlocking plan shown in the bank of coke ovens, Fig. 4,
is sometimes used to compact more closely the group of ovens; at
other localities, it is adopted to economize space where the ground
for the ovens is limited.

Continental Coke Oven.—Fig. 5 exhibits plans and sections
with detailed drawings of the coke ovens of the Continental Coke
Company’s works, No. 1, near Uniontown, Fayette County, Penn-
sylvania. These ovens are in the Connellsville coke region and are
of the modern enlarged plan of the beehive coke oven.

The section in Fig. 6 shows an arrangement for an extended
works where ample ground can be secured. These two figures
show plans and sections of the coke ovens, wharves, and railroad
sidings, with dimensions given in full details. These several
banks of ovens with their respective coke wharves have been built
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‘ under the usual tile floor
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coke coming out of the oven with a silvery clearness to the floor
of oven. Another peculiarity of the construction of these ovens
is the second sustaining arch over and supplementary to the heavy
jamb brick arch over the door of the oven. This higher arch is
designed to sustain the front of the oven structure while repairs
are being made to the large shaped brick in the arch and jambs
of the ovens, without the labor and expense of tearing down a
large section of the oven. Silica brick were used exclusively in
the domes or crowns of these ovens. This will conduce greatly to
the length of their work and economy in their repairs.

The section shown in Fig. 8 illustrates the arrangements of the
ovens with the ample wharf room, the retaining wall, and railroad

Fic. 8

siding, with related elevations to secure the utmost facilities in the
manufacture and shipment of the coke. .

It may be noted here that the operations of the modern beehive
coke oven secure two desirable properties in metallurgical coke, viz.:
its full cellular developments, assuring the maximum calorific
energy in its combustion, and its dry condition with minimum
percentage of moisture.

It may be conceded, however, that the cost of labor and waste
of carbon in coking in the beehive oven are somewhat in excess of
similar work in some of the modern retort coke ovens.

This plant of beehive coke ovens at the Wharton works is
very complete in all its parts and is a model in its design and
construction.

The general plan of this large plant of coke ovens was matured
by Mr. Harry McCreary, general superintendent, ably assisted by
Mr. R. M. Mullen, civil engineer. The estimated cost of one oven
of the Wharton type, in 1903, is given in table on page 154.

CONSTRUCTION OF THE MODERN BEEHIVE OVEN

Excavation for Foundations.—The excavation for all founda-
tions for masonry work should be cut to such depth beneath the
surface of the ground as will assure stability to the masonry and
-exemption from its disturbance by frost. The depth and general
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foundation conditions must be studied in each locality, and should
be under the direction of a competent engineer, or such agent as
the management may appoint.

Masonry of Retaining Walls.—The masonry of the retaining
walls of the coke ovens should be laid dry with sound sandstones, of
even beds and of such thickness as hereafter described. This dry-

"laid foundation should be carried to the level of the coke wharf in

front of the coke ovens. Above this foundation course the masonry
should be laid in lime mortar or cement, composed of two parts of
clean, sharp sand and one part of good slacked lime or cement,

ESTIMATED COST OF ONE WHARTON COKE OVEN

Price Amount

1,254 lining brick. ............. .. ... ool $18.00 | $22.57
2,487 crown brick, silicabrick........................ 18.00 44.76
113 tile 12in.X12in.X3in.......... ...t 55.00 6.22
1 set archesand jambs. ............................. 8.00 8.00
770 paving brick in bottomof oven................... 8.00 6.16
660 mill brick in front of oven.................. ..., 8.00 5.28
LHng. v e 2.00 2.00
1 ca;.st 1:10:; door frame.(.:l ........................ i 5.00 5.00
30 lineal feet, 70-pound cross-rail to carry larry rail—

700 pounds ..................................... } 80.00 10.50
29 lineal feet, 70-pound larry rail, 655 pounds ......... 30.00 9.80
14 lineal feet, cast-iron water pipe, 434 pounds......... .02 8.68
13.4 cubic yards mortar wall......................... 2.75 36.85
1.5 cubic yards brickwork in front of oven............. 4.90 7.36
Bulldmg oven :l:omplete ...... o e et v d S 29.25 29.25
1256 cubic yards excavation for oven seat, yard, an

railroad. . ... ... e e e, } -40 50.00
Trailroad ties............. .. ot .35 2.45
28 lineal feet, 70-pound rail for railroad track—655} 30.00 9.83

UNAS. ..o i e e : :
20 cubic yards of dry wall peroven................... 2.35 47.00
Totalcostofoven.............. ..., $311.70

the whole carefully mixed to secure a thorough blending of these
materials. The building stones should be sufficiently large and
broad-bedded for this purpose to assure good bond and strong
work to resist the alternating pressures from the heat changes’in
the coking operations. Flagstones with good beds, having an
average thickness of 6 inches to 8 inches, should be used in the
retaining wall above the level of the floor of the oven.

The outer face of the masonry should be neatly trimmed and
the bedding of the stones dressed to lie firmly on each other without
the aid of chips or pinners. The face of this wall should be carried
up with a uniform batter of at least 2 inches to the vertical foot.
Great care should be taken in embedding the stones in the mor-
tar and thoroughly filling all joints and interstices. Seats for the:
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bases of the iron door frames of the oven should be carefully
dressed to an even surface to assure stability at this important
part of the ovens. The arch piece of this iron door frame is to
be omitted, as its expansion under heat has been found to be a
disturbing element to the jambs and supplementary arches.

Building the Coke Oven.—The foundation under the oven
should be cleared of all vegetable or combustible matter and the
foundation of the circular wall should-begin on firm materials—
whether on rammed embanking ground or in excavations under the
surface. The building of the oven should conform accurately to the
plan selected for the locality. It should be built of shaped firebrick
and silica brick composed of materials especially adapted for the
service demanded in their use in the oven—strong heats with water
contact in the quenching or cooling of the coke charge in the oven.

The circular section of the oven, from the foundation to the
springing of the arch of the dome or crown, should be built with
firebrick shaped to conform to the radial lines of this portion of
the oven. The physical composition of these firebrick should con-
sist of coarsely ground fireclay to provide.for the expansion by
heat and the shrinkage by water under these conditions in the
coking operations. The dome or crown of the oven should be
built with silica brick, holding not over 2 per cent. of lime in com-
bination. They should. be shaped to conform to the radial planes
of this portion of the oven to secure compactness and stability,
and the whole should be keyed firmly by the charging port ring
in the crown of the oven.

The lines of the oven should be defined by sweeps from a
central pivoted stake. The oven door jambs, with shaped arch
brick connections, should be neatly and carefully laid. The supple-
mentary brick arch to maintain the front wall of -the oven above
its door should be constructed on firmly set skew backs at the
springings of this arch. The mortar to be used in setting the fire-
brick work of the oven should be composed of loam, or loamed
clay, in such proportions as may be deemed most serviceable. A
mortar of ground fireclay and loam may be used in this work.

The tiles on the bottom of the oven should have a rise from the
door to the back of the oven of 6 inches. They should rest on a
thin stratum of sand on top of the subfloor of the oven. This
subfloor is to be built of red brick, laid on edge, in a sand bed on a
firmly compacted foundation. The use of this red-brick subfloor is
to store heat to prevent the production of “black ends’ in the coke.

The filling under and around the oven should be made with
selected earth, and all vegetable or unsuitable matters removed.
The filling should be made in horizontal layers, not exceeding
1 foot in thickness. It should be thoroughly wet and packed
solidly with rammers or rollers to prevent shrinking and settling.
To assure stability in this filling sufficient time should be allowed
it to settle and to partially dry.
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The larry track should be made with T rails, weighing 70 to
80 pounds per lineal yard, to be laid on iron cross-ties or iron
girders with necessary chair fastenings. When a double row of
coke ovens is constructed, the larry track should be placed midway
between the charging ports of the ovens. In this case, the larry
should have discharging chutes on each side.

Cast-Iron Water Pipe—A cast-iron water pipe 4 inches in
diameter, weighing at least 184 pounds per lineal foot, should be
laid with its top surface 18 inches below wharf level, with taps
for coke-oven valve for each two coke ovens, with Powell’s star
coke-oven valve on top.

Coke Wharf.—The level of the coke wharf should be 2 feet
6 inches below the sill of the iron door of the oven, with a moderate
inclination to the edge of the wharf wall. The width of the coke
wharf should be at least 40 feet. The level of heads of rails, on
the railroad siding, should be made of such grade under the level
of the wharf as to secure ample height for loading the coke into the
railroad cars, from 7 feet to 12 feet. The grade of the cove ovens
should be 1 foot to 100 feet (1 per cent.) where it is practicable,
and the railroad sidings of similar gradients. This will secure
descending gradients with the tonnage and secure easy handling
of railroad cars without the necessity of a locomotive.

Measurements.—All the stone masonry necessary to the com-
pletion of the coke ovens is measured.in the wall with the dimen-
sions as given on the plan. All masonry is measured and paid
for by the cubic yard of 27 cubic feet. These measurements are
the actual cubical contents without any allowances.

The brickwork in the coke ovens is paid for by the oven.
This includes the laying of the jamb brick, facing brick, tiles,
silica brick, and all other work of this description in the complete
construction of the coke ovens. All excavation and filling are
paid for by the cubic yard. ’

The engineer or agent should issue directions from time to time
as the work progresses, and these should be carried out strictly
in accordance with his instructions. In all cases, the decision of
the engineer or agent, in the method of the construction of the
work and in the estimate of quantities, should be final and con-
clusive between the contracting parties.

Fig. 9 will be interesting as showing the process of the con-
struction of these beehive coke ovens.

THE COKING PROCESS

For the purpose of determining its exact percentage of coke
product, an exhaustive series of experiments was made at the
large coking plants of the Cambria Iron Company, in 12’ X 6
beehive ovens, in the Connellsville region under the care of Mr.
Isaac Taylor.
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The cross-sections of 48- and 72-hour charges of coal in these
ovens, Figs. 10 and 11, will show the process of coking from top
of charge to floor of oven, with the enlargement and shrinkage of
the resultant coke carefully and accurately defined from the
actual work of these ovens.

From the sections, Figs. 10 and 11, and the Tables I and II, it
will be readily seen that the average charge of coal for 48-hour
coke is 9,910 pounds, or 5 net tons nearly. It occupies a depth
in the coke oven of 23 inches. The charge of coal for 72-hour coke
is 11,915 pounds, or 6 net tons nearly. It has a depth in the oven
of 264 inches. These sections show. in a graphic way, the heights
of 48- and 72-hour coke in the ovens at “best,’”’ and its reduced
altitude after being cooled by watering in the oven. The process
of fusing and coking begins on the top surface of the charge of coal,
and goes down through the mass of coal at the rates shown in
the margins of the sections, until it reaches the bottoms of the ovens.

It will also be seen that in this process of coking hydrocarbon
gas will be evolved from the coal, which gas, passing up through
the fissures of the incandescent section of coked coal, deposits
some of its carbon. This gives the coke the bright silvery coating
that distinguishes the best cokes and partly protects them from
dissolution in the upper region of blast furnaces -from the action
of the ascending gases.

The tables of careful tests, I and II, show in accurate detail
two series of determinations to learn the exact percentage of coke
produced, under careful management in the beehive coke oven.
They give the average results from an equal number of tests of
. 48- and 72-hour charges of coal in the product of coke.

Table I shows the usual and practical percentage of coke made
in these ovens in the usual way with the moisture from cooling in
the oven included. Table II shows the exact percentage of coke
as it has been drawn in a red-hot condition and exempt, or nearly
so, from moisture. This latter determination is impracticable, but
it was made to ascertain the ratio of carbon waste by the beehive-
oven method of coking.

In all these experimental tests, the coal charged into ovens and
the products in marketable coke, fine coke, or breeze, and ashes,
have been carefully separated and accurately weighed.

In the preparation of these tables, samplings of the coal used
and coke made were analyzed by the late Dr. James J. Fronheiser,
in the Cambria Iron Company’s laboratory at Johnstown, Pennsyl-
vania, with the following results:

. CONNELLSVILLE CONNELLSVILLE

CoaL CokE
Moisture at 212° F................... 1.25 .63
Volatile matter...................... 31.27 1.37
Fixedcarbon........................ 59.79 85.99
Ash... .o 7.16 11.12

Sulphur............... ... .. 0l .63 ) .89
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TABLE III

TEST EXPERIMENTS IN COKING

ALLEGHANY MOUNTAIN
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From the analysis of
Connellsville coal given
on page 158, used in these
coking tests, as shown in
Tables I and II, it will
be seen that the loss in
the coking operation, in
the wet and dry ways, is
30.71 and 36.24 per cent.,
respectively. This loss
arises from the expulsion
of moisture, volatile mat-
ter, and some of the fixed
carbon. The loss of the
fixed carbon is the most
important element in the
consideration of the work
of the beehive and all
other coke ovens. The
fixed carbon, ash, and
sulphur constitute the
coke. The sum of these
in this instance amounts
to 67.48. Dividing 100
by this number gives
1.481, the number of tons
of coal to make 1 ton of
coke. Then the fixed car-
bon in the coal, 59.79,
multiplied by 1.481, gives
88.549, the theoretic vol-
ume of carbon in the coke.
Hence, 88.549 : 100 =
85.99 : 97.11, or 2.89 per
cent. of loss of fixed car-
bon. Practically, it is
more than this, depend-
ing on the care in coking
and cooling the coke in
the oven. .

In Table II, the coke
was drawn from the oven
hot and weighed in this
condition, showing that
the loss of carbon was
substantially the same as
in the former case, but
the loss in moisture and
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volatile matter was 36.24, exhibiting a reduction in moisture of
5.26 per cent.

A similar test on a bank of beehive ovens at Gallitzin, on the
Alleghany Mountains, running on coal from the Upper Freeport
seam, required 1.383 tons of coal to make 1 ton of coke. The
loss in fixed carbon was 4.42 per cent. Another test, under
similar conditions, at a coking plant in Elk County, Pennsylvania,
using coal from the Upper Kittanning seam, required 1.459 tons of
coal to make 1 ton of coke. The loss in fixed carbon was 2.71
per cent. '

Practically, Table I shows that Connellsville coal, coked in the
modern beehive oven, will produce under careful and intelligent
management 66.17 per cent. of marketable coke, 2.30 per cent. of
small coke or breeze, and .82 per cent. of ashes. This enlarged
product of coke, 66.17 per cent., has been obtained by improved
methods in coking, by reducing the waste of fixed carbon at doors
of ovens, and by increasing their height so as to admit air above the
charge of coal in the oven, thus avoiding the old-time wastage at
this place. There is also a deposit of carbon from the expelled
volatile hydrocarbons of the coal in coking in their upward passage
through the incandescent coke, especially noticeable in the upper
section of coke. .

Just how much carbon is deposited under the varying conditions
in coking 48- and 72-hour coke has not yet been accurately deter-
mined. After some experiments, in a crucible, in coking Connells-
ville coal, it was found that, under conditions similar to those of
the beehive oven, and admitting a proportional volume of air, the
resultant dry coke was 67.56 per cent., which is slightly in excess
of the theoretical or calculated yield of coke from this coal, 67.27
per cent. A second experiment consisted in the exclusion of air,
using the true retort method in coking. This gave 79.20 per cent.
of coke. We have, therefore, the two results: (1) by admitting
air, 67.56 per cent.; (2) by excluding air, 79.20 per cent.; exhibit-
ing an increase by the latter method of 11.64 per cent.

As the first coking test gives the full theoretic result of coke,
it is evident that there was no burning or waste of fixed carbon,
or if any was wasted an equal amount of deposited -carbon
must have replaced it. In the second test, there was evidently
a large deposit of carbon from the gases of the coal, at least
14.71 per cent., assuming that no fixed carbon has been burned
in this retort test.

Practically, no construction of coke oven could afford the pre-
cision of admitting air and absolutely excluding it, as in these
laboratory tests. They show, however, that the retort-oven
methods of coking afford a larger vield of coke than can be obtained
by the beehive- or air-oven methods of coking. The relative
calorific values of the coke made in these two principal methods
will be taken up in a subsequent chapter.
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Old Welsh Oven.—In the progress of the manufacture of coke,
the elements of cost appear to have invited attention to the labo-
rious and expensive methods of drawing coke from the old and
cramped beehive ovens. The main effort in reducing cost was
directed to a new plan of coke oven, retaining the principles of the
beehive, but planning the new oven so as to draw the coke by
mechanical appliances.

The Welsh oven consists of an arched chamber 12 feet long,
. 7 feet broad, and about 6 feet high. One end of this oven is walled
up, the other end or front has doors or luted walls. A flue chimney
at the closed end of the oven affords egress to the gases.

The coke is drawn out by a drag composed of a main iron bar
running the length of the oven and having a crosspiece at the
inner end. The whole drag is placed in the bottom of the oven
before the charge of coal is placed in it, and it remains under the
charge of coal until it is coked and ready for drawing out, when a
chain is attached to an eye in the drag at front of oven, and the
coke pulled out in mass, by windlass or engine power. The coke
is usually quenched or cooled outside the oven.

With skill, this method of coke manufacture possesses some
advantages in the economy of the work in drawing the coke out
of oven, without injuriously affecting the physical condition of the
coke. The cooling outside the oven by watering is the chief objec-
tionable feature in this section of the work of coking, as coke
watered in this way, if done in a clumsy manner, will contain from
8 to 15 per cent. of water, which neutralizes the advantage secured
in the rapid drawing of the coke by mechanical means. This effort
at the improvement in the coke oven to save labor has been fol-
lowed by other plans on the same general principles, but mainly
designed at improvement in the details of these methods of the
several operations in coking.

The Thomas oven is simply an improved Welsh oven, preserving
the desirable properties of the beehive oven in coking the coal.
It secures some economy over the latter by its mechanical method
of drawing the coke. It retains, however, the undesirable method
of cooling the coke by watering it outside the oven. .

This oven has been fully described in a paper prepared by
Mr. J. T. Hill, manager of the Coalburg mine, and read at the
meeting of the Alabama Industrial and Scientific Society, in 1891.
Fig. 12 illustrates its main features.

The descriptive text is as follows: ‘‘The essential difference
between the old Welsh oven and the Thomas oven exists in the fact
that-the latter is much longer, affording greater capacity, and that
both ends are movable, thus doing away with the necessity of
placing the drag in the oven prior to charging. In nearly every
other respect the ovens are identical.

‘“At Coalburg there are sixty-four Thomas ovens arranged in
one single continuous battery. In construction, the same principles
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are carried out and materials used as in the beehive ovens, except
that the bottoms are of hard red brick, upon the theory that they
resist wear of the drag better than the firebrick. In detail they
are described as follows: length, 36 feet; width inside, 7 feet
3 inches at back, and 7 feet 9 inches at front; height over all, 8
feet; height of door, 4 feet; height inside, 5 feet to crown of arch.
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‘“Fall in bottom from back door to front, 1 inch in 3 feet, or
1 foot in the whole length of oven. Both back and front are mova-
ble and have swinging doors, which are in two sections, and built
of firebrick of special design, laid in iron frames.

“There are three openings on top, two funnel heads and one
draft stack near the back end of the oven. In front of it and on
a level with the floor of the ovens. is an apron of stone and brick
masonry, 8 feet wide and running the entire length of the battery.
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Four feet below this masonry or apron is another piece of masonry .
7 feet wide, which also runs the entire length of the battery, on
which the truck of the dinky containing the machinery for drawing
the coke is located. Still farther below is the railroad track, on
which are placed the cars for the receipt and shipment of the coke.
At the rear of the battery is another track, on which runs a car used
for conveying the drag from oven to oven, and on this car is per-
manently fixed a crab for pulling the drag back after discharging,
Fig. 13.

“Twelve tons of coal are charged from 6-ton larries, through
the funnel heads, and the leveling is done from both ends.

“When ready to draw, the doors at both ends of the ovens are
swung open and an iron rod passed through the oven over the top
of the hot coke, and attached to the drag at the rear. The hot coke
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is thus drawn in a body out of the front end of the oven, and over
a screen attached to the dinky, at which point the fire is quenched
with water falling from a tank, situated above the screen, no water
whatever being thrown into the oven. From the screen it falls in
broken pieces to the railroad car below and is ready for shipment."
The yield is practically the same as from the beehive ovens
under skilful management, and the quality of the product, so far
as can be determined by analyses and observation, is fiilly up to
the standard. I regret that I cannot present data showing its rela-
tion to the beehive coke in furnace practice, but the conditionsof con-
sumption are such that it has not been practicable to make such a
test. The claim for economy in reducing the labor in making coke in
this oven requires more data to define the exact amount. The rela-
tive original costs of this and the beehive oven, to produce a given out-
put per month, with the cost of repairs of each kind of oven, should
have been submitted in order to have a fair comparison of merits.
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It will readily appear that in all these ovens, with admission of
air through doors, or by special ports, the true principle of coking
is retained—freedom of the coal, by the shallow charges, to develop
the best physical structure in coking, as the pressure of these coal
charges in these broad horizontal ovens is so slight as not to mate-
rially compress the fusing mass in forming the cells in making coke.
On the other side, there is some waste by the admission of air in
burning the expelled gases in the crowns of the ovens above,-and
in contact with the coking coal. :

This is all that can be urged against the use of these types of
coke ovens in the manufacture of coke. With care in cooling the
coke, especially when watered in the oven, a product is obtained
in best condition for affording the utmost calorific energy in metal-
lurgical operations.

Browney Coke Plant.—Desiring to learn the condition of the
beehive coke oven, in the celebrated Durham coke district in
England, and to be advised as to the progress of the introduction of
the narrow or retort coke oven there, with the status of efforts in the
saving of the by-products of tar and sulphate of ammonia, I wrote
Sir Isaac Lowthian Bell, the eminent authority on all matters con-
nected with the iron and steel industries, who kindly sent the draw-
ings, shown in Fig. 14, of the Browney colliery coke plant of Messrs.
Bell Brothers,* with the following note covering my inquiries:

RounTtON GRANGE, Northallerton, May 22, 1893.
My Dear Mr. FuLTON:

Various circumstances, my own engagements not being the least, have
conspired to delay my reply to your letter of 10th ult.

II’ enclose the tracing of our own ovens, by means of the waste heat of
which we supply our collieries with steam power. In these, by-products
are wasted, as you no doubt will see. It is difficult, I may say impossible,
to give a categorical reply to your inquiry in respect to the narrow ovens
in which combustion in the ovenself is avoided and where, in consequence,
ammonia and tar escape decomposition. In certaindistricts, evenin England,
they are successful, the difficulty being their maintenance in good repair.

In South Wales they seem to do very well; with us, in the county of
Durham, and in Yorkshire, the reverse has frequently been the result.
My own oginion is that the richness in combustion gas lies at the root of
the evil, the consequence being an elevation of temperature in the outside
flues which is incompatible with stability.

My own firm has spent large sums in pursuit of a plan of obtaining
ammonia, etc., and the firm of Messrs. Pease and Company is continuing
the process with perfect success as regards the by-products; but they. or
their customers, find, as we found, the coke not so suitable for blast-furnace
work as that burnt in the old-fashioned beehive oven.

I am very sorry that I find it impossible to see your exhibition at
Chicago. I must therefore be content to hear what others have to say on

the subject.
With my kindest regards to all my good and faithful friends in Johns-
town, believe me yours faithfully, I. LowtH1AN BELL.

*The chimney for these ovens, the base of which is shown in the end
elevation, Fig. 14, extends 80 feet above the top of the ovens, and is battered
1in 27,
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I enclose a letter also from our engineer, Mr. Steavenson.
Mr. Steavenson’s letter reads as follows: By the narrow ovens, I
resume Mr. Fulton means those which are discharged by ram and cooled

gy water outside; this, we have always found, causes an excess of moisture
amounting to 4 or 5 per cent., whereas with the round oven it does not
exceed the half of 1 per cent., when cooled before being drawn.

If the narrow ovens are burned close so as to produce by-products, it
gives a solid lumpy material which works badly in the blast furnace.

Messrs. Newton, Chambers and Company, of Sheffield, say they are
successfully drawing off the by-products from the floor of the open burni:F
beehive oven; this may depend on their having an open free-burning coal,
but we have not yet succeeded in doing it with the rich-burning coal of
Durham, and when we get 64 per cent. of good coke and all the steam which
is required for drawing 1,000 tons per day, and pumping a large feeder of
water from 600 feet, we seem to have a.ccomphshe(F a fairly satisfactory
result. A. L. STEAVENSON.

From the arrangements of the beehive coke ovens of the Messrs.
Bell Brothers, England, it will be seen that the hot gases from these
ovens are conveyed through a central conduit and carried under
boilers, affording steam for winding coal, pumping water, and other
uses. Similar applications of the waste heat 6f coke ovens have
been made in Scotland and on the continent of Europe.

Since the above was written, very commendable progress has
been made in England and Scotland in improving the beehive coke
ovens, and in the introduction of several plans of the retort coke
ovens with the saving of the by-products. )

Use of Waste Gases for Steaming at Pratt Mines, Alabama.—In
America, these waste gases have been utilized at a few plants in a
similar service—generating steam. Mr. E. Ramsay, mining engi-
neer of the Tennessee Coal, Iron, and Railroad Company, describes,
in a paper read before the Alabama Industrial and Scientific
Society, the method in use at the Pratt mines: .

“In order that the construction and mode of operation of the
plants now in operation may be readily understood, I have prepared
plans of one of the plants to which reference will be made in this
paper, Fig. 15. As noted heretofore, the ovens from which the
gases and heat are derived were built some years ago and were in
operation at the time work was commenced. The first part of the
work undertaken was the construction of the longitudinal main
flue, which is cylindrical in section and placed immediately to the
rear of the ovens. A few ovens were blown out at a time, and as
the flue was built and connection made to each oven, these ovens
were again put in blast and others blown out, and so on until the
flue had been built and connections made to the entire battery of
twenty-five ovens. This main flue is 3 feet 6 inches internal
diameter, has 4-inch walls on bottom half and 9-inch walls on top
half, and is built of firebrick furnished by the Bessemer Firebrick
Company, of Bessemer, Alabama. At first thought, it may seem
that the walls are too light for a flue of such diameter, but when one
reasons that this flue is cylindrical in shape, which gives the greatest
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possible strength for the amount of material used, the objection
does not have the same force. At all events, it has given no
trouble except on two occasions, when a few bricks fell out of the
walls and into the flue at the juncture of one of the small flues
which connect it with the ovens. When the clay and earth filling
was removed from the rear of the ovens to make room for the
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Pi1c. 15. OVENS AT PRATT MINES, ALABAMA, USING GASES FOR STEAMING PURPOSES
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main flue, it was found, as was expected, to be quite hard burned,
and especially that part resting on the oven walls proper, which
was as hard burned as an ordinary red brick. This hard material
was nicely cut out to a section equal to the half circle of the exter-
nal diameter of the flue, the bottom half of which was laid in it,
using the cut-out section as a form and a loamy clay as mortar.
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The upper half of the flue was then laid, using the ordinary wood
centers, which were moved along as the flue was corhpleted. Over
the upper half of the flue, a layer of about 6 inches thick of well-
puddled clay was put on, which, when the heat was turned on,
was burned into the hardness of a red brick. This plan was adopted
as a cheap means of reenforcing and adding strength to the walls
of the flue and making it so that, if a brick or two did fall out, it
would be quite probable that the flue would continue to do duty
until a convenient time for making repairs could be had. In both
of the instances where the flue gave way, work was continued for
several days before repairs were made. As is shown by the plan,
in transverse and longitudinal sections, the main flue is built in
contact with the rear walls of the ovens and a connection is made
to each oven at the point of contact by a cylindrical firebrick flue
12 inches in diameter and about 20 inches long.

““There are two boiler plants of the design, size, and construction .
shown in plan in operation at Pratt mines, and each receives the
heat and gases from its individual battery of 12-foot bank beehive
ovens of the usual American construction. Each plant consists
of two batteries of 46” X 26’ boilers, with two 16-inch flues each,
and is situated midway and to the rear of the ovens in such a position
that the transverse center line which passes through the center
of the thirteenth oven, counted from either end, is also the center
line of the boiler plant. The boilers were placed in the center of
the bank of ovens for the reason that the closer they were placed
to the ovens the less the distance would be which the gases would
have to travel, and consequently the less would be the loss of
the initial heat of the gases by radiation. To illustrate: the
boilers might be placed so far from the ovens as to cause the gases
to part with all the initial oven heat before arriving at the boilers,
and in such a case the benefit derived would be alone in the com-
bustion of the gases at the boilers, with the proper admixture of
air, in a manner similar to the burning of gases from the blast
furnaces under boilers and in hot-blast stoves. This being the case,
it is apparent that, unless the conditions will not admit of it, the
boilers should be placed as close to the ovens as possible. The
boiler settings, as will be seen from the drawings, are of the ordinary
type, with the boiler fronts and grate bars omitted. To have used
grate bars, in order to allow of hand firing with coal, would have
complicated the plant to an extent which the benefits to be derived
would not have warranted. As noted in a previous portion of this
paper, grate bars were used in the first experimental plant erected
at Pratt mines, and in that case they were rapidly destroyed by the
incandescent gases passing over them. To have obviated this
trouble it would have been necessary to admit the gases back of
the grate bars, and in such a case that part of the boiler immediately
over the bars would have been practically dead space; or a furnace
might have been built, to one or both sides of the boilers, in such
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a manner as to admit the heat and gases at the same point as they
are now admitted in the plant described in this paper.

“In order that each battery might be worked separately, or both
at one time, an independent flue from the main flue and discharging
under the battery is provided, as shown in the plan, and in each
of these branch flues, which are of the same diameter as the main
flue, a damper was placed in the first plant built; but after working
practically for several months it was found to be almost unneces-
sary, as the opening of the breeching and cleaning doors at once
stops the draft and, consequently, the flow of gases, and if the
shut-down was to be for any length of time, it would be an easy
matter to close one of the flues with a temporary brick wall, such
as is used in closing coke-oven doors at each drawing. That it
is only a matter of a few minutes’ work to open these doors
and take off the oven dampers has been demonstrated on several
occasions when it was desired to stop the flow of gas and heat
to the boilers. In fact, this can be done as expeditiously almost
as a damper, large and unwieldy as it would necessarily be, could
be manipulated.

“The amount of steam-actuated machinery at this mine, shaft
No. 1, is very large, and requires a great amount of steam for its
operation. Before the utilization of the waste heat and coke-oven
gases in the making of steam, this plant used monthly about
1,500 tons of coal, or 74 per cent. of the entire output of the mine
for boiler use. This, at §1 per ton, represented a monthly loss of
$1,500 for boiler coal, or about 74 cents per ton of coal on the
entire output. So long as the selling price of coal was reasonably
remunerative, this large outlay for boiler fuel was not felt so much,
but as the selling price constantly became less and less, it was
imperative that something should be done. Then work was com-
menced on the boiler plants at the bank coke ovens, and so suc-
cessful has been their operation that the coal used at the old boilers
has been reduced to 300 tons per month. When the amount of
labor used at the coal-fired boilers for firemen and ash wheelers,
together with the expense of grate bars and general wear and tear
is considered, it is no exaggeration to say that the coke-oven
boilers have effected a monthly saving of $1,500, or $18,000 per
annum. By utilizing the gas from another block of twenty-five
ovens, the entire plant could be supplied with steam without using
any coal whatever, except a little on Monday mornings, when
the ovens are cold from standing over Sunday; and even this
could be obviated by drawing and charging a few of the ovens
on that day.” :

From the evidence of the economy in these methods of utilizing
the waste gases from plants of beehive coke ovens in affording heat
for generating steam, it is evident that it will be well to consider
these examples on the lines of economy, especially in erecting
new plants of coke ovens.
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The Ramsay Patent Beehive Coke Oven.—The design of the Ram-
say oven is to secure a hard-bodied coke, to prevent the production
of black ends in the coke, and, by means of its bottom flues affording
increased heat, to coke the dry coals or coals low in volatile matter.
The high temperature of this oven assures a hard-bodied coke, which
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F16. 16. RaMsAY PaTENT BERHIVE OVEN

is most desirable for use in blast-furnace operations, as it resists dis-
solution, in its downward passage in the furnace, from the ascending
hot carbonic-acid gas. This hard-bodied coke is secured by the use
of all the gas evolved in coking and burned in the oven flues.

Fig. 16 shows the detail of this oven as built at Byrendale
Coke Works, in Elk County, Pennsylvania; (a) is a plan showing
the arrangement of the flues; (b), (¢), and (d) are cross-sections.
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The following is the explanation of the reference letters used
in connection with the drawings, Fig. 16, showing the construction
of the Ramsay patent beehive oven: a, body of oven; b, front wall
of oven; ¢, wall between center flue; d, stack in rear of oven;

- ¢, trunnel ring; f, oven door; g, top tile bottom of oven; &, damper
in stack; #, j, composition air-tight packing; k, bottom tile of
oven; /, two horizontal flues extending from front of oven to stack
at back of oven; m, stack in rear of oven; n, covering of the double
flues /; o, inlet front flues from bottom of outlet flues; p, inlet back
flues from bottom of outlet flues; gq, 7, s, ¢, %, v, w, radiating flues
under oven; x, pillars between flues under oven; y, four inlet flues
from oven to flues; 2, top covering tile on top of flues.

Mode of Operation.—Coal is charged the same as in a common
beehive oven at e and leveled, the opening ¢ and door f are closed,
and the damper 4 is partially closed when ignition takes place.
f and h are regulated as occasion demands. The operation of the
flues is as follows: the gases generated in the oven enter flues ¥,
descend o, radiate through s, g, , 4. and ¢ into parallel flues /, and
escape through the stack »; when the oven is burned off, the coke
is watered in the oven and then drawn by hand in the manner
commonly employed in drawing. the ordinary beehive oven.

COMPARATIVE AVERAGE ANALYSES OF COKE MADE IN RAMSAY
AND COMMON BEEHIVE OVENS

o | .
. Volatil -
Moisture | JPOE® | Fixed » Aé: pSul](;::ur Rt
Per Cent. Per Cent. ! Per Cent. er Cent. er Cent. Per Cent.
i
Ramsay......... .02 .75 89.28 9.95 1.05 .024
Beehive.......... .17 1.58 87.53 10.72 1.12 .025

Norte.—These analyses were made by the Metallurgical Laboratory,
545 Liberty Avenue, Pittsburg, Pennsylvania.

Comparison of Wages.—Ramsay.—Charging, .05; leveling, .12;
drawing, .99; total, $1.16. The average charge per drawing is
6.645 tons, then $1.16 + 6.645 = 17.5 cents per ton.

Beehive.—Charging, .05; leveling, .11; drawing, .77; total, $.93.
Average charge per drawing is 3.55 tons, then .93 + 3.55 = 26.2
cents per ton, a saving of 8.7 cents per ton in favor of the
Ramsay oven.

In considering the relative economy of operating different types
of ovens, the first cost is an important item which must be taken
into account.

The following is an estimate of materials and cost of the beehive
and Ramsay coke ovens:*

*The relative work of the beehive and Ramsay ovens, with all other
matter, has been furnished by Mr. Geo. S. Ramsay.
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STATEMENT OF MATERIAL AND COST FOR THE BEEHIVE OVEN

3,100 crown brick at $32............... ... ... ... $ 99 20
1,800 liners at $32............c.iiiiiiiiniiia. 57 60
1 set of fronts at $11 perset.................... 11.00
900 red brick at $9............. ... ...l 8.10
500 red brick for ring wallat $9.................. 4.50
118 floortile at $95.............. ... ... ...l 11.21
ltrunnel head at $3........................... 3.00

1 trunnel-head ringat $3....................... 3.00
Frame.......... .. .. .. i 6.00
Labor. ... 239.21
Extra labor and supplies not mentioned above....... 59.70
Total. ... e $502. 52

MATERIAL NECESSARY FOR ONE RAMSAY PATENT COKE OVEN

FIREBRICKS

3,000 9-inch quartzite bricks for bottom flues
2,500 9-inch quartzite bricks for side flues

5500 9-inchQ.T.Z. at 821 per M................. .. e, $115.50
1,900 12-inch Juniataliners at 835............................. 66.50
2,900 12-inch Q. T. Z. crown bricks at $45...................... 130.50

190 8" X 3” X 18" Q. T. Z. covering and bridge tiles at 13
cents ............................................. 24.70
20 6”7 X 6" X 18" T. Z. blocks at 20 cents................. 4.00
130 127 X 12" X 2% ‘floor bricks at 10 centS.................. 13.00
56 12-inch Q. T. Z. special arch bricks for flues at 20 cents. .. .. 11.20
uniata ﬁxmb blocks at $2.50............. . .t 20.00
uniata and L.skewsat $2........................... 4.00
5 uniataarch bricksat $2........... ... ... ... ... ... ... 10.00
lLtrunnel fing ...... ... ..ot 3.00
o1 $402.40

RED BRICKS

1,000 bricks for bottom ring

3,600 bricks for chimney
700 bricks for pier ]5,400 at $10...........oiiiin, $ 54.00

200 bricks around door

FIRECLAY—BRICKLAYING AND ASBESTOS

10 tons of fireclay, including frelght at $7.............. $ 70
7 sheets of asbestos 44” X 44" X 1", 360 pounds at
B CENtS ..o e e 18
Bricklayer and helpers............................ 90
178.00
STONEWORK—EXCAVATION AND FILLING
40 perches of stone work at 84....................... $160
10 yards of excavationat $1 ......................... 10
45 yardsof fillingat 81 .............. ... ... . .0 45
1 capstoneforpier..........cooviiiiiiiiiinnneanns

216.00
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IRONWORK
4 6-inch I beams at 6 feet long—24
feet at 16 pounds.............. 360 pounds
1 20" X 9" girder rail with distance
PleCes. . ... ..oiiiiiiiia 900 pounds
1 cast-iron door frame ... 360 pounds
1 cast-iron cover-plate 50 pounds
4 wrought-iron anchors............. 30 pounds
1700 pounds at 3 cents 51.00
Total. ... ..o s $901.40

Mr. Ramsay estimates that under ordinary conditions this oven
can be built for $675. Under normal conditions the beehive oven
costs $250 to $300.

Daube’s Economic Down-Draft Coke Oven.*—The accompany-
ing illustrations, Fig. 17, show the details of a coking oven invented
by Oscar Daube, of New York, having for its object an improvement
in the quality of by-product coke. The oven is built on a beehive
plan. Under each one is located a combustion chamber operated
under forced draft with coke-oven gas or fuel. This results in
coking from the bottom up, while the waste gases from the com-
bustion chamber pass up the rear, entering the oven above the coke
bed under pressure, which causes the coking to take place from the
top down and from rear to center. The gases generated in the
coking process are drawn through flues that pass down the sides
and also under the floor of the ovens, giving off their radiant heat
on their outward passage to the coke in the oven. It will thus be
seen that the coking process takes place from the bottom up, top
down, and from sides to center. The process 1s claimed to be rapid,
completing in 24 hours a charge of 64 long tons. The coke obtained
is said to be of first-class quality, running from 88 to 92 per cent.
carbon and yielding 67 to 724 per cent. of coke.

The manner of withdrawing the gases at the side and bottom
of the oven has for its object the decomposition of the heavy hydro-
carbons. These, coming in contact with the incandescent coke,
decompose on their outward passage, adding a percentage of carbon
to the coke; hence, the large yield of coke per ton of coal. The
yield of tar is correspondingly reduced from 12 to 14 gallons per

_ton to from 4 to 5 gallons. The quantity of gas recovered is approx-
imately 5,000 cubic feet per ton, the balance being used for heating
the ovens. This recovery compares favorably with the amount now
being obtained by other by-product coke ovens. The ammonia
saved amounts to from 25 to 35 pounds per ton of coal, depending,
of course, on the percentage of nitrogen in the coal coked. The
above results are on a basis of a good coking coal, capable of coking
by any process. There are, however, large areas of so-called

*Engineering and Mining Journal, November, 1902.
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non-coking or poor-coking coal that up to date none of the present
coke ovens have successfully coked.

The economic down-draft coking process has been developed
on the opinion held by Sir 1. Lowthian Bell, and others, that the
cause of the poor-coking or non-coking qualities of coals lay in the fact
that they are low in disposable hydrogen, and which in slow ovens
volatilizes before the coking stage is.reached. This theory is
claimed to have been proved correct in this process, which, owing to -
its ability to generate a high uniform heat at the beginning of the
coking operation, brings about the fusing or coking stage before
the disposable hydrogen is volatilized. The inventor states that a
number of western coals heretofore considered non-coking have
been successfully coked by the economic process. The cost of
these ovens, independent of by-product recovery plant, is said to
be only slightly higher than that of the ordinary beehive oven.

IMPROVED HEMINWAY PROCESS*

This improvement relates to the method of coking in a beehive
oven, and has for its object not only the production of a good
sound metallurgical coke from so-called non-coking coals, but also
the improvement of the practice of coking the well-known grades
of coking coal.

It is generally admitted that a good coking coal must contain
from 20 to 30 per cent. of volatile matter; it must be low in ash and
sulphur, and when subjected to a coking heat must fuse or become
pasty, and while in this pasty condition it. must give up its vola-
tile matter in such form that during its evolytion from the pasty
mass of coal it will push a number of carbon particles together so
as to form strong cell walls, separated from one another by pores.

Suppose that the volatile matter in a coal is over 40 per cent.; it
naturally follows that one must change or modify the ordinary
practice followed in beehive ovens, because the greater volume of
volatile matter would increase the size of the pores and thus weaken
the carrying strength of the coke, unless the strength of the cell
walls was correspondingly increased; that is, provided that the
rate of evolution of volatile matter was the same in both cases.
But suppose that the volatile matter in the latter case is evolved
at a much greater rate, might not this rapid evolution have a ten-
dency to cause more pressure in the oven and thus close the pores;
in fact, might it not even change the shape and regularity of the
cells as well, thus producing a coke too dense and one that would
not absorb the hot gases in the blast furnace under usual conditions?
I consider it possible to obtain good results from coke whose cell
structure is not exactly similar to the recognized form. I also

*Dr. R. S. Moss in Mines and Minerals, April, 1901.
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consider it possible to alter the cell structure of a coke at will during
the time of coking by an intelligent manipulation of the pressure
in the oven, which can very easily be accomplished by the use of
my improved method of coking.

It is well known that the fusibility of a coal does not depend
on the volume of volatile matter present in the coal; however, the
greater the fusibility of a coal, the greater is the range to which it

- lends itself for easy change of the size and arrangement of its cells;
but what effect does this have on the carbon regarding its efficiency
for blast-furnace work? Suppose that I produce a very porous
and a very dense coke from the same coal, does it not follow that,
although the percentage of fixed carbon is the same in both cases,
the efficiency under the same conditions in a blast furnace will
vary between wide limits; but is this the fault of the material or
the method of operating the blast furnace? The same heat units
are represented in both the porous and the dense coke, they are
both strong enough to bear the usual burden of ore, and yet the
proportion of coke to ore is very much greater in one case than in
the other; this assumes that carbon in all its various forms, as
found in coke, will develop the same efficiency. But does it? If
oxidized directly to carbonic acid its efficiency must necessarily be
the same, but as a matter of fact two cokes of exactly similar
analyses give different efficiencies; what is the cause? Clearly this
can be readily ascertained by making a simple analysis of the
gases escaping from the blast furnace. It will be found that the
ratio of carbonic acid to carbon monoxide is higher in the gases
from the coke showing the highest efficiency, and vice versa; but
why should one coke give a higher efficiency than another where
the fixed carbon in both is equal? Obviously, oxidation of the fixed
carbon is not equal, and as oxidation depends on the air supply,
all other conditions being the same, the pressure of air, or the vol-
ume, or both, must be changed; but here again is a limit to which
we can either increase or decrease pressure, or volume, or both, to
advantage; but as the limit lies within very wide margins it will
be found, in practice, that equally good results may be obtained
with either a dense or a porous coke, provided that they both hold
the burden, by manipulating the air supply either as regards pres-
sure or volume to suit the coke.

Let us return to our coke ovens. When I took charge of the
Universal Fuel Company’s plant I found a battery of four experi-
mental ovens in operation under the Heminway process; to these
ovens a by-product plant had been attached; the arrangement
was such that the gas was taken off from the trunnel head, thence
to a small hydraulic main placed at some considerable distance
from the ovens, thence through a Root exhauster to a Pelouze &
Audouin’s condenser, from there through a scrubber, and thence
measured through a proportional meter to a purifier and on to the
holder. I found this arrangement both useless and dangerous.

8
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Good hard coke was being made from western coals and everything
appeared favorable as regards the matter of coking.

By the Heminway process, air, hot or cold, was blown into the
oven just above the top of the coal. If the oven was rather cold,
or the charge did not readily ignite, hot air was used; the air
was heated to 600 or 700° F. by being passed through firebrick
checker work in a furnace external to the oven, thus aiding combus-
tion. The amount or volume of air, either hot or cold, was not
regulated in proportion to the amount or volume of the volatile
matter that was given off from the coal; hence, the object aimed
at was not gained at all times. If an oven appeared hot, the air
was put in and the oven was blown continuously, resulting in
nothing more than further heating the air, which, passing off from
the trunnel head, carried considerable heat from the brickwork,
hence cooling down the oven so much that after the expiration of
a few hours the oven was very much cooler than when charged.
The coal did not coke, and the inevitable result of an oven making
breeze and not coke was obtained. This had been the case time
and again; the cause assigned by those in charge was deterioration
of the coal used, due to the weather, or perhaps it might be the
effect of a few days longer on the road from the mine to the works,
or it might have got wet in transit, etc.; be that as it may, while
we all know that coal does deteriorate if exposed to atmospheric
changes, yet I have never heard of any coal undergoing such
remarkable changes in such a short time.

It has been found that, while the Heminway method does
increase rapidity of combustion, the rate of coking is seriously dis-
turbed throughout the mass of coal; for instance, the top layer of
coal is coked long before the bottom, hence, at the high temper-
ature maintained by this method, the coke or carbon in the upper
part of the oven is burned while waiting for the lower layer to
coke. This is as might be expected; coal and coke are bad con-
ductors of heat, hence the rate of heat penetration throughout the
mass of coal is disturbed. The upper layers coke rapidly without
giving a corresponding increase to the lower layers.

Let us assume the normal conditions found in beehive ovens:
5 to 7 tons of coal are charged into the oven, the coal is leveled off
and the door walled up, coking takes place in the usual way and
the oven is drawn, we will say, in 48 hours; black ends are noticed
on the bottom; therefore, the coal has not heen thoroughly coked.
If a sample of this coke is taken from top to bottom, we shall find
that the volatile matter will increase from above downwards. Now
suppose that this same oven is attached to the Heminway process,
again charging the same amount of coal—in fact with all conditions
remaining the same—hot or cold air or both are blown into the
oven as deemed best under the circumstances, so that complete
combustion takes place inside the oven; it naturally follows that
the temperature of the oven, at least the space within the area
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of combustion, will increase at a much quicker rate than in the
first case; hence, all other conditions remaining the same, it follows
as a matter of course that the increased disproportion of heat
distribution in the latter case must tend to set up an unequal rate
of coking throughout the mass. Supposing that the oven is drawn
just as soon as the top is well coked, the yield of coke will be high,
yet it will vary in hardness and amount of volatile matter from
above downwards, showing large black ends, practically nothing
but fused coal on the bottom; then again, if we continue to coke
until the whole of this volatile matter has been eliminated and the
coal is thoroughly coked to the bottom, we shall find our yield
much less than the loss of volatile matter above would indicate,
due, in this case, to the coke having been consumed on top. This
teaches that the ideal coke oven must, if possible, be evenly heated;
it must evenly maintain that heat so that the whole mass may be
completely coked, as nearly as possible at one and the same time.
If our material were a good conductor of heat the problem would
be very much easier, but as we must depend on the heat radiated
from the firebrick walls and bottom of our oven, it takes consider-
able time before that heat and the heat of combustion combined
penetrate through the mass of coal; this in a beehive oven; in a
closed oven the trouble is not exactly the same, as this latter
method is one of distillation by means of a furnace external to the
oven. To overcome the difficulties met with in the Heminway
process I have made a number of improvements, which are herein
_set forth and discussed.

Instead of blowing air direct from an opening having the exact
diameter of the pipe through which it is conveyed, I enlarge the
exit by making it elliptical in shape, raised slightly on the lower
side instead of horizontal, thus blowing the air in a slightly upward
direction in the oven and at a sufficient height above the mass of
coal to protect combustion of the fixed carbon, by a cushion or
layer of volatile matter between the coal and the air supply; at a
point 3 feet at least from the center of the air exit I add a second
air supply also elliptical in shape and placed almost in a horizontal
plane, thus completing combustion of the volatile matter that
escaped the lower supply of air. It is obvious at once that the
form of my exit will insure a better and more even mixture of air
and combustible gas than when the exit is round. It prevents cut-
ting or channeling of the volatile matter and gives a better diffusion;
then again, it is well known that to obtain complete combustion a
considerable excess of air is required; hence, if we depend entirely
on one air supply, a considerable volume of inert nitrogen must
be thrown into the oven, thus absorbing heat and carrying it off
at the trunnel head. If complete combustion is not obtained,
a large amount of combustible volatile matter will pass out of the
trunnel head and be consumed in the open air without giving any
heat to the brickwork in the oven. By adding a secondary air
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supply it does not become necessary to blow as much air into the
oven from the lower pipe. Combustion of part of the volatile
matter takes place; .the heat produced by this combustion is trans-
ferred to the whole of the gases; hence, the unconsumed volatile
matter reaches the secondary air supply at a higher temperature
than would otherwise be the case; hence, such an excess of air is
not required to obtain complete combustion as is the case with only
one air supply, and the whole of the combustible matter is con-
sumed inside the oven, thus preventing loss of heat due to combus-
tion on the outside of the oven. This is all very well so far as it
goes, yet it alone only increases the disproportion of rate of coking
throughout the mass of coal in the oven, and hence aggravates
rather than lessens the trouble met with in the Heminway process
of coking; for, with this increased heat above the coal, the top layer
of coal is coked much more quickly than in the Heminway process,
and even long before the coal on the bottom of the oven has given
off its volatile matter; hence, we must either draw an oven with
coal on the bottom not coked at all, or we must run it until coked,
when the fixed carbon on the top, or rather the coke, is being con-
sumed and the top is ashed over, reducing our yield very seriously,
as well as increasing the percentage of ash; therefore, one can see
that this improvement in itself is useless. To overcome this diffi-
culty I have built a flue from the inside of the oven just below
the trunnel head, carrying it down the outside of the oven and
under the bottom, starting near the front of the oven and continu-
ing along the bottom to the back, and again passing outside to a
main flue built between the ovens, where the gases may be utilized
for raising steam, and thence to a chimney discharging into the
outer atmosphere. I have built twelve flues under the oven, and
thus equalized the heat from front to back; the front being the
coolest part of the oven in a battery built back to back decided
my taking, or rather starting, in from the front, because the pro-
tection of the other ovens on the sides and back maintains a
slightly higher temperature than in front where the oven is not
protected ; hence, the gases at their highest temperature enter the
bottom flues at the coolest part of the oven. By carrying the
waste gases from the top underneath the floor of the oven, 1
equalize, to a great extent, the difference in temperature between
the top and bottom of the oven; not only this, but I also increase
the rapidity of evolution of the volatile matter from the bottom,
and thus in a given time remove a greater volume of combus-
tible matter than is possible in the Heminway or old process.
This increased combustible matter requires a large volume of air
for its combustion; hence, I open the top and bottom valves con-
nected with the air supply and thus add the required increase of
air. This increased amount of air and gas, by their combustion,
increases the amount of heat produced; hence, the waste gases pass-
ing under the bottom of the oven carry a corresponding increase
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of heat; the greater volume of air and gas gives a greater volume of
waste gases, all of which are conveyed under the bottom of the
oven, not only equalizing the heat in the mass of coal, but also
increasing the rapidity of coking the coal, thus materially reducing
the time of coking, in addition to obtaining a more even coke and
one entirely free from black ends, to say nothing of the increased
yield which I obtain. I find it an advantage to build a double

Fi16. 18. HeMiNwAy Process IMprovED BEEHIVE COKE OVENS

floor on the bottom of the oven because of the increased amount
of heat retained than when single. One must also build the floor
of the flues of sufficient thickness to prevent undue loss of heat
below; it must be protected by a sufficient thickness from the
effect of atmospheric changes, as well as climatic conditions, such
as difference in temperature between winter and summer, excessive
rains, etc. The place and location of the ovens will readily deter-
mine what precautions are necessary to retain the heat on the
bottom so as to obtain the most effective work.
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To still further obtain a more intimate mixture of air and gas
in the oven, I have added four openings in the oven on a level
with and in favor of the one lower oval-shaped opening. I thus
throw air into the oven at four separate points equidistant from
each other, thus reducing the danger of unequal and incomplete
combustion; the directions of these four openings are such that
a line drawn from the lower side of each opening will strike a
point just below the trunnel head in the oven. One can easily
see that a very complete mixture of air and gas is obtained. If
necessary, two more openings for the admission of air may- be
added in favor of the one upper opening, these openings to be
directly opposite each other and almost horizontal with the face
of the oven; this will insure a secondary air supply that will
thoroughly and evenly mix with the gases coming from below and
result in complete combustion of all volatile combustible matter
escaping from the lower part or strata of combustion. :

While this is a great advance over the old method, yet the rate
of coking through the mass is not as even as might be desired. We
have, in this case, our oven hotter at all times on top than on the
bottom and less toward the center than on the bottom; to over-
come this I have arranged to pass either air alone, or air and waste
gas, or waste gas alone, under the bottom and up through the
mass of coal in the oven by means of flues or perforated tile, or
any arrangement that will allow the air or gases ‘to pass up through
the whole bottom of the oven; for instance, in my first trial of this
I used the flues built in the bottom of the oven which I designed
for drawing off gas, tar, and liquor; the flues, two in number, are
6 inches wide and 9 feet from back to front; in a 12-foot oven
they are arranged at equal distances apart and are covered with
perforated brick } inch wide on top and 4 inch on the bottom. Air
was blown in the bottom through these flues and, as might naturally
be expected, combustion was very intense over the flues, so much
so that it channeled and rapidly consumed the volatile matter in
the coal directly over the flues. The coal along this line coked very
rapidly, leaving a depression the shape-and length of the flue on
the top of the coke due to the quicker coking over the flues and
consequently quicker contraction. Near the front of the oven or
at the point of least resistance to the passage of air, large holes
appeared, through which the air passed readily to the top of the
oven; however, even with this crude arrangement, the coke came
out good; black ends in this case appearing on top and not on the
bottom of the coke. The time of coking was still further reduced,
and I consider, with the perforated bottom and intelligent manage-
ment of all the improvemerits herein set forth, we shall still further
reduce the number of so-called non-coking coals, besides reducing
time of coking of all coals now coked, coking a 7-ton charge in
36 hours equal to 72-hour coke, improving the quality and increas-
ing the yield so that it runs very close to what is found on analysis.
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The importance of this perforated bottom for the admission of air
or waste gases, or a mixture, cannot be overestimated; but like
all improvements, it can be made worse than useless by ignorant
operation. When air is blown into the bottom of the oven the
volatile matter in the coal is consumed; at the point of combustion
considerable heat is produced which, passing from below upwards,
distills the volatile matter above, and this increased yield of volatile
matter increases the volume of combustible gases; hence, a greater
volume of air is required. This air is supplied either through the air

\ Groce
F16. 19, ARRANGEMENT OF FLUES IN IMPROVED BEERHIVE OVENS

flue on the top, or, if the heat is not fairly even, a part or the
whole of the combustible gases is carried to the bottom of the oven
where they come in contact with air blown into the bottom; hence,
combustion of the volatile matter takes place, protecting the fixed
carbon on the bottom of the oven; and yet by the passage of this
hot burned gas it distills the volatile matter remaining in the mass
of coal above the coke on the bottom, and the heat passing
rapidly and evenly from top to bottom and from bottom to top,
produces an even rate of coking throughout the mass of coal. Iwas
led to this improvement through chemical methods which I have
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devised for the removal of sulphur and which demand a quick
temperature throughout the mass of coal to decompose the chem-
icals used and bring about the necessary chemical reactions, without
injury to the fixed carbon.

The battery of twenty-four ovens has been built after the plans
of the writer, as shown in Figs. 18 and 19. These ovens are now in
operation producing results which excel even my anticipations.
I am able to coke a 5-ton charge of so-called non-coking Illinois
coal in 24 hours, and the coke is superior in quality. I am able to
use duff which costs 25 cents per ton at the mine, but am now
using pea coal on account of the moisture in washed duff at this
time of the year, about 30 per cent., which is frozen and takes too
long to draw off in the oven.

The following are analyses of the coal and the coke:

ANALYSES OF ILLINOIS COAL

Moisture Volatile Matter Fixed Carbon Ash Sulphur
2.30 33.58 56.93 7.19 1.32
5.71 32.61 52.26 9.42 1.93
4.50 31.60 56.90 7.00 1.10
4.35 31.16 56.79 7.70 1.30
4.57 31.53 55.06 8.84 1.13

COKE ANALYSES

Moisture Volatile Matter Fixed Carbon Ash Sulphur
.10 .80 87.37 11.73 .90
.09 .64 88.89 10.38 .76
.08 1.03 88.71 10.18 .35
.10 1.64 87.45 10.81 )

The whole of this work, which I have devised and carried into
practice at this plant, has been especially arranged to treat all
kinds of coal, and is working with the greatest possible success.
All my improvements herein described are the sole property of
Mr. L. Z. Leiter; my by-product gas plant is working with the
greatest success. It is the first time coal gas, tar, and ammonia,
in addition to the metallurgical coke, have been successfully pro-
duced in a beehive form of oven.

Newton-Chambers System.—In 1895, thirty Newton-Chambers
beehive coke ovens were put in operation by the Latrobe Coal
and Coke Company, near Latrobe, Pennsylvania. For a time, they
were operated as by-product saving ovens, but after a brief period
the saving of by-products was abandoned. The ovens are now
being operated in the usual way as beehive ovens. They are of
about the same dimensions as the standard class of these ovens in
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the Connellsville field, only the doors have been greatly widened
to introduce a system of mechanical coke drawing, from the design
of Mr. Thomas Smith, of the Thorncliffe Iron Works, near Shef-
field, England, patented in 1891.

Fig. 20 shows a portion of a bank of thirty beehive coke ovens
with the appliances for saving by-products. As has been stated,
the effort at saving by-products has been discontinued. It is not,
therefore, necessary to enter into a description of these appliances,
as it was found undesirable to continue the effort for saving the
by-products of ammonia salts, oil, or tar products, and gas.

Many efforts have been made to supersede the heavy and hot
manual labor of drawing coke, by automatic machines, in the

F16. 20. LaTroBE Coke OVENS

round or beehive coke ovens. So far, little progress has been
made in a practical way in coke drawing. The machine for draw-
ing coke at the Latrobe coke ovens, shown in Fig. 20, is the most
successful effort thus far made in this direction. It is reported
that a single man operating this extractor can draw four of the
large 12-foot ovens per hour.

The Smith coke drawer, Fig. 21, consists of an extractor or coke
drawer on one truck, coupled with a second truck carrying a small
upright boiler, which runs on a track parallel to the coke ovens.
The extractor consists of an engine, operating a bar a with a wedge-
shaped plate or shovel b.

This shovel is pushed under the coke in the oven, the coke falling
over the back surface of the wedge. The engine is then reversed
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and the bar with its shovel drawn out, bringing the coke with it.
Along the front of the ovens there is an apron or endless con-
veyer into which the coke falls. The coke is then conveyed to
the end of the block of ovens and delivered into railroad cars.

The Hebb coke drawer* is the invention of Mr. John A. Hebb,
of Hopwood, Pennsylvania, and is in successful operation at the
Continental, No. 1 plant, of the H. C. Frick Coke Company. In
building this machine, it has been the inventor’s object to incorpo-
rate in the mechanism the movements made by a man in pulling
coke from an oven.

In Fig. 22 (a), the small house at the right of the machine con-
tains the electric motor, which, together with the coke-drawing

N

F1c. 21. SmitH CoxkE DRAWER

mechanism, is mounted on a truck adapted to run on a track
along the yard in front of the ovens. '

The mechanical details of this coke drawer are best shown in
Fig. 22 (b) and (c), the former being a vertical section on the line
of the scraper or rake beam, transversely of the track on which
the machine runs; and Fig. 22 (¢) is a vertical section at right
angles to that of Fig. 22 (b), and also through the center of parts
mounted on the revolving table. Referring to Fig. 22 (b) and (c¢),
the main truck a supports a revolving table b that runs on rollers c,
the table being provided with a circular track d. Connected with
the electric motor is main shaft ¢, which by means of bevel pinion f
drives vertical shaft ¢ by meshing with bevel wheel f. Extending
at right angles with shaft e, and on about the same level, is shaft g.

*Extracted from Mines and Minerals for February, 1904, p. 304.

-
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From these main shafts all of the various operations of the machine
are transmitted through gearing, clutches, and levers.

The turntable b is rotated in either direction by a hand wheel
connected by gearing meshing into worm-wheel s. Mounted on the
shaft with % is a pinion < which engages a circular rack # mounted
upon truck a.

The description of the scraper or rake mechanism is readily
apparent upon reference to the illustrations. The rake beam j is
supported on rollers mounted on standards, at each side of central
shaft ¢, and which are secured to turntable b. At the upper end
of shaft ¢ is keyed a bevel pinion k that meshes with bevel gears ¥,
one on either side, and running in opposite directions, loosely on

(a)
Fic. 22. HeBB CokKE DRAWER

shaft I. Beyond gears k’ on each side is a friction drum m keyed
to shaft I. Also keyed to the same shaft are driving pinions » that
engage racks secured to each side of the rake beam 5. When either
friction drum m is brought into frictional engagements with its
adjacent gear ¥’ it will transmit motion to shaft /, in one direction
or the other, according to which drum is utilized. The shifting
* operation of the drums is secured through lever o, which, in an inter-
mediate position, holds the friction drums clear of the gears. By
this means, upon holding one of the clutches in contact, the
beam may be extended into the oven to the desired distance,
and upon using the other clutch it may be withdrawn. Beam j
rests on rollers, so that its weight is not carried by pinions #.
Above the beam is a roller that provides an upper bearing
for the beam and holds it in engagement with the driving
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pinions. The forward end of the beam is provided with a
pivotally attached rake head p, adapted to fold backwards on
coming in contact with the coke when it enters the oven, and
to be automatically extended to its upright position [as shown in
Fig. 22 (b)] by the tension of a spring at the back end of beam.
A rod connects rake head p with the spring.

The inner (end nearest oven) end of beam is raised and lowered
as follows, shown in detail at the left of Fig. 22 (¢): Clutch q,
which is keyed to the constantly moving shaft ¢/, is adapted to
engage bevel gears 7 and r’, these latter being loosely mounted on
shaft ¢’. Clutch ¢ is raised or lowered by lever s provided with
a hand lever. Gears 7 and 7’ engage bevel gear ¢ keyed to shaft ¢,
on which is worm #u, Fig. 22 (b). The worm engages toothed
segment v having a lever arm. Upward or downward movement
is imparted to the inner end of the rake beam through lever arm w/
and arms w, the latter carrying under and upper rollers as shown.
Thus, the parts described permit the machine to reach any part
of the oven for the removal of the coke.

Other devices are employed for the purpdse of moving the
entire apparatus along the track either for the purpose of locating
it to the right or left of the central position in front of an oven or
for transporting it from one oven to another. The gear to accom-
plish this result is connected with shaft g, which is constantly
revolved by shaft ¢ by means of bevel gears. On shaft g is keyed
clutch x; gears ¥ and §’ are loosely mounted and revolve when
brought into engagement with clutch x. Meshing with gears y
and ¥ is another bevel, not shown, through which, by suitable
connections with a worm on axle 2, motion is imparted to wheel 2’
and the truck moved one way or the other according to which
bevel clutch x engages. A lever within easy reach of the machine
operator controls this actuating mechanism. ’

The removal of the coke raked out by the scraper is effected
by a conveyer shown in Fig. 22 (a).

The operation of the machine is effected by one man who stands
on the turntable b and faces the oven door. All the levers are
within easy reach, so that he can control any of the movements
of the machine without changing his position.

Silica Brick.—The following letter from O. W. Kennedy,
formerly general manager H. C. Frick Coke Company, in regard
to the introduction of silica brick, is self-explanatory:

Joun Furron, Eso UnioNnTowN, Pa., March 16, 1904.

My Dear Sir:—Absence from home has delayed reply to yours of 5th.
A man named Bradley, who was superintendent of a silica brick works at
Layton, Pennsylvania, claimed recently to have been the first to suggest
their use to me and to others. He did so, but some time prior to that a
man named Drum had insisted that they would answer the purpose, but
no one paid any attention to them until I took the matter up with Bradley
and began their use against the protest of brick manufacturers, oven builders,
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and about ever%l;ody connected with the business. It was two years or
more after this beginning before some brick makers in this region could be
persuaded to abandon tﬁe manufacture of clay brick, and then only after
they saw their trade leaving them.

I do not know how many others besides Drum and Bradley thought
they would answer the purpose, but the fact is that I faught the battle for
silica brick in coke-oven construction against odds and opposition that
would have caused many a one to abandon the project, and persisted until
their use became general.

I would estimate the life of a silica crown at from 12 to 15 years. Some
clay crowns have lasted that long, but the instances are rare and were made
many years ago. In the past 10 or 12 years they have ranged from 2 months
to 3 or 4 years. I think it would be entirely safe to say that an average
life would be less than 3 years. This, of course, applies to the Connellsville
and Klondike fields. In some other coking districts I believe they get

along with the clay crowns fairly well. Yours truly,
O. W. KENNEDY.

Coking Experiments and Results.—The following is a synopsis
of experiments, with practical conclusions, made in the manu-
facture of coke in beehive coke ovens in the Connellsville region,
Pennsylvania. These experiments consisted of tests at two coke
works; one had its coal treated in a Heyl & Patterson breaker,
the other was crushed by a pair of rolls; the former separated
the rough slates, the latter broke coal and slate together. Special
attention was given to the effects on the coke from coal treated
in these ways as well as from coal as it came from the mine. Con-
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