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PREFACE

The preparation of this book was undertaken in part because
of the requests for information made to the author by numerous
friends engaged in the manufacture of coal gas, and in part with
the desire of placing before the American student of coal gas
production, data in a concise form covering the various systemns
of coal carbonization.

Baltimore was the first city in America to undertake to supply
illuminating gas as a commercial commodity. The residents of
this city were invited in 1816 to visit Peale’s Museum to sce the
new ‘burning air,” the name given to coal gas by the advertising
agent of the museum. This exhibition took place just six months
after the daily papers had announced that Covent Garden Thea-
tre in London, as well as several streets in the English capitol,
were illuminated by the burning of coal gas.

Unfortunately, coal gas manufacture received a serious set-
back through the advent of carburetted water-gas, and this con-
dition has continued, until now approximately 75 per cent. of
the gas manufactured is produced in the water-gas generator.

This condition is the reverse of that existing in England, which
country can truly be termed the home of coal gas, and conse-
quently the suecessful installation of coal gas plants in America
will necessarily have to follow English practice.

English pioneers and investigators. such az the late Vivian B.
Lewes, and many others. have paved the way for the revival of
coal gas manufacture in this country, and there is evidence that
such a revival is about due. The surees of this development
will depend in large measure upon the use of the great fund of
knowledge covering the eartwnization of coal, which has besn
produced by the indefatigalle labor. of the Englich pionesrs and
investigators.

" Much information having dirert bearing o the rartrnization
of coal is being made availalle by the V7. 5. Burean of Mines,
and itz bulletins are of extreme value 1, rh& students of thia anb-
ject, while the investigatinns andertaxern by the Vniversisy of
Illinocis are opening up rew felds of rewenrcn which »ill uiti-
mately vield a better underananding of sne wiihjent,

i



viii PREFACE

I wish to express my indebtedness to the various journals from
which information has been drawn, and to the authors of articles
whose names are given in these pages, for the fund of knowledge
placed at my disposal. I would appreciate suggestions from the
readers of this book, which may lead to an extension of its use-
fulness in later editions.

’ FrEpERICK H. WAGNER.

BaLTIMORE, MD.,
January, 1916.
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COAL AND COKE

PART 1. COAL

CHAPTER 1
ORIGIN AND CLASSIFICATION

All coals, no matter what their classification, arc of purely
vegetable origin, generally attributed to the remains and débris
of prehistoric forests, these remains having been subjected to
a species of destructive distillation, due to varying, but great,
temperatures and pressures, and the original organic matter
has thus been resolved into its ultimate constituents, such as
carbon, hydrogen, oxygen and other substances, all in varying
quantities, due to the method of formation.

The formation of coal was greatly influenced by time, loca-
tion of the bed beneath the surface, and disturbances due to
geologic upheavals, the latter resulting in the admixture of various
mineral substances with the final production of the various
classifications, such as Peat, Lignite, Cannel, Bituminous, Semi-
bituminous, and Anthracite Coals, the classification of the coals
being generally accepted under the specifications given in Table I.

TaBLE 1

Per cent. of combustible

Classification S %ft":; n‘:cb:l R.?gﬁ:d
Fixed carbon Volatile matter i
Anthracite............ 97.0t092.5 3.0to 7.5 | 14,600 to 14,800
Semi-anthracite........ 92.5t087.5 7.5t012.5 | 14,700 to 15,500
Semi-bituminous..... .. 87.56t075.0 | 12.5t025.0 | 15,500 to 16,000

Bituminous, eastern...| 75.0t060.0 | 25.0 to 40.0 | 14,800 to 15,300
Bituminous, western... .| 65.0t050.0 | 35.0 to 50.0 | 13,500 to 14,800
Lignite............... Under 50 Over 50 11,000 to 13,500

The uncombined carbon in coal is generally termed *fixed
carbon,” and as some of the carbon is found in combination with
hydrogen which, together with other gases, is driven off through

1



2 COAL AND COKE

the application of heat, the volatile matter is formed by this
process of distillation, the fixed carbon together with the volatile
matter forming what is known as the ““combustible” constituent
of the coal. This volatile matter, however, also contains nitrogen
and oxygen, which are not combustible, but as custom has applied
this term to that portion of the coal which is free from ash and
dry, nitrogen and oxygen are generally included under this term.
Coal also contains moisture and refractory earthy materials,
the latter forming the ash. A variation of from 3 to 30 per
cent. of the total weight of the coal is found in the ash, while
the moisture may vary from 0.75 to 45 per cent. of this weight,
depending upon the district where the coal is mined as well as
upon the grade of the coal.

The gradation in the formation of coal from its original state
-is best shown by the tabular statement in Table II, where the
percentage of carbon, hydrogen, and oxygen is given for the
various periods of formation.

TasBLE 11

Substance Carbon Hydrogen : Oxygen
Wood fiber. . .................... 52.65 5.25 42.10
Peat............................ 59.57 5.96 34.47
Lignite.......................... 66.04 5.27 28.69
Earthy brown coal............ .. .. 73.18 5.68 21.14
Bituminouscoal...... ... ... ..... 75.086 1 5.84 19.10
Semi-bituminous coal....... .. .... 89.29 5.05 5.66
Anthracitecoal........... ... .. .. 91.58 3.96 4.46
. —— e ———— S S— e— — — e e e —— — —_— —

Various equations have been written to show the chemical
changes undergone by the original vegetable matter in the forma-
tion of coal, but they are all based upon assumptions which
cannot be proven. These cquations are usually based upon
the hypothesis that the vegetable matter is cellulose, a carbohy-
drate with the formula C¢H,,05, and upon the assumption
that this carbohydrate gradually gives up carbon dioxide,
marsh gas, and water, thus gradually producing the scries of
matter commonly known as coal. The formula CeH,00s
represents the empirical composition of cellulose, but not its
truec molecular weight, the formula given by A. NASTUKOFF
being 40 C¢H,,0s, but this also is an assumption.

Cellulose is a very important constituent of vegetable matter,
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and it is true that during decay it gives up carbon dioxide, march
gas, water, and other matters, but these changes are difficult
to determine. The waters in every swamp or peat bog contain
soluble organic matter, and the usual equations given for the
formation of coal do not take this into account, but its presence
is a factor in the resultant product.

If the composition of wood is used as the basis of coal forma-
tion, the derivatives can be better traced, see Table II, but here
again wood, or the fibers of wood, the ultimate composition of
which has been definitely determined, is not the only substance
which must be considered in arriving at a definite conclusion.
This substance contains cellulose, but -alsp another substance
known as lignone, lignin, or lignocellulose, as well as other
organic matters.

In tracing the actual formation of coal it is safe to assume that
the original vegetation died and was subjected to a partial
decay, this decaying matter being buried under successive layers
of like matter, or of earthy sediments. This process prevented
complete oxidation by contact with the atmosphere, and also
subjected the matter to the heat of fermentation, as well as to a
gradually increasing pressure. This vegetable origin can be
easily traced by a microscopic examination of the final product,
where the remains of trees, ferns, grass, sedge, moss, etc., are
easily discerned, and thus the slow decay of this buried matter
forms the chief interest in chemical investigations of the forma-
tion of coal; it must also be remembered, however, that the re-
mains of animals also formed a portion of these substances, thus
increasing the nitrogen content of the coal, while the ash due
to these remains was increased by the addition of inorganic
sediment.

Peat.—It is a generally accepted fact that the formation of
peat is the first step in the formation of coal, due to the burial
of mosses, grasses, and such plants as grow in marshes, in succes-
sive layers, this phenomena being easily traced by observation
only, as the surface of a peat bog shows growing plants, while
somewhat below the surface the remains of these plants can be
seen; going a little deeper, a black substance, which no longer
shows the vegetable origin to a marked degree, is found, this
substance being known as peat.

Peat, then, is organic matter in the first stages leading to the
formation of coal; its moisture content is very high, averaging as
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much as 75 or 80 per cent., while its ash content varies from 3 to
12 per cent.

Table III gives a series of analyses made by J. WEBsky,!
the peat samples being dried at 100°, and the analyses calculated
on an ash-free basis.

TABLE III.—ANALYSES OF SPHAGNUM AND PEAT

7 T I
A B C ; D I E F i G
. | .
C....... 49.88 | 50.33 | 50.86 | 59.71 59.70 | 59.71 62.54
H....... 6.54 5.99 5.80 5.27 5.70 5.27 6.81
O....... 42.42 | 42.63 | 42.57 | 32.07 | 33.04 | 32.07 | 29.24
N....... 1.16 1.05 0.77 2.95 | 1.56 2.95|. 1.41

l 100.00 l 100.00 l 100.00 ! 100.00 l 100.00‘ 100.00

100.00

A. Sphagnum, the chief plant of peat bogs. B. Light peat, near surface.
C. Light peat. D. Moderately light peat. E, F. Black peat. G. Heavy
- brown peat.

Here the progressive increase in carbon while passing from
sphagnum to heavy peat is clearly shown. The nature of the
changes during the transformation of sphagnum, or vegetable
matter, into peat are only partly understood, but it is a well-
known fact that when ligneous fibers decay they yield an amor-
phous mixture of such substances known as humus acids, humic,
ulmie, crenie, and apocrenic acids; these acids are not very well
defined, and various formule have been given them, but none
are accepted as established. When these acids are placed in an
alkaline solution, they dissolve and are partly washed away, but
the salts which are formed in combination with lime and iron,
being insoluble, remain behind. Thus the ash of peat is rich
in lime and iron, but the lime does not exist as carbonate.

It is presumed that the formation of humus acids is produced
by a process of fermentation, thus setting free and climinating
some carbon, hydrogen, and oxygen in the shape of carbon
dioxide, marsh gas, and water, these changes being probably
assisted by the presence of micro-organisms. H. BORNTRAGER
made a scries of peat analyses in which he found from 25 to 60
per cent. of humic substances, and from 30 to 60 per cent. of

1 Journal fir praktische Chemie, Vol. 92, page 65, and The Data of
Geochemistry, 1908.






6 COAL AND COKE

6. Jet, which is the hardest variety of lignite, its derivation
being probably due to the fossilization of coniferous wood, it
being principally used for the production of jewelry and other
ornaments.

Lignites usually contain a large amount of moisture, as they
are peculiarly hygroscopic; they also contain organic sulphur as
well as inclosures of pyrite or marcasite, and sulphates or gypsum.
Table V gives the analyses of American lignites made at the
fuel testing plant of the United States Geological Survey, all
of the samples analyzed having first been air dried.

TABLE V.—ANALYSES OF AMERICAN LIGNITES

A | B . ¢ ; D  E
S — = -
Moisture................ 16.70 . 22.48 . 18.51 | 17.60 - 9.05
Volatile matter........... i 37.10 ° 31.36; 35.33: 37.96 36.70
Fixed carbon............. | 39.49, 26.73;, 30.67 | 39.56 ' 43.03
Ash.....ooieninni .. ©6.71: 19.43 | 15.49 4.79 | 11.22

' 100.00 | 100.00 | 100.00 | 100.00 | 100.00
0.63 0.56' 3.05] 0.63 1.7

Sulphur.................

=== N T T s —i=

.4 Brown lignite, from Wllllston, North Dakota. B. Lignite from Texas.
C. Lignite from the Tesla mine, Alameda County, Cal. D. Lignite from
Wyoming. E. Black lignite from Red Lodge, Mon'tana, which is a coal of
doubtful character and is not really considered a lignite.

These coals were also analyzed as to their elements, ash,
moisture, and sulphur being thrown out, the result, given in
Table VI, showing less variation than the above.

TaABLE VI.—ELEMENTARY ANALYSES OF AMERICAN Lu.wrm-‘s oF TABLE \

A B c | D I E

| !
- 0 - T ___ﬁ—___—-—_ I |V
Carbon.................. 7262 | 73.63 1 75.19 75.97 | 747
Hydrogen............... 493 5.07 | 6.18 . 5.36 | 5.4
Nitrogen................ 120l 1351 104! 1m1! 175
OXygen . ..o | 21.25 | 19.95| 17.59 | 17.26| 15.34

’10000|10000{10000|10000‘ 100.00

We find that the brown coals contain a great deal of the resin-
oids and fossil hydrocarbons in visible masses, as well as in a
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Table VII gives the analyses of bituminous coal, of the Car-
boniferous age, as made at the fuel-testing plant of thé United
States Geological Survey, the proximate conventional analyses
being:

TaBLE VII.—PROXIMATE ANALYSES OoF BirumMiNnous CoaL

A B c D E F

Moisture. ............. 3.51| 2.61| 9.55| 4.52| 9.90 | 13.72
Volatile matter. . ... ... 16.82 | 34.92 | 36.19 | 40.96 | 33.66 | 36.24
Fixed carbon.......... 73.04 | 56.30 | 43.65 | 38.99 | 44.86 | 39.72
Ash.................. 6.63 | 6.17 | 10.61 | 15.53 | 11.58 | 10.32
100.00 100.00 |100.00 [100.00 |100.00 100.00

Sulphur....... L 094 1.26| 3.72| 6.83| 1.81| 3.96

A. Ehrenfeld, Pennsylvania. B. Bruce, Pennsylvania. C. Vigo County,
Indiana. D. Altoona, Iowa. E. Shawnee, Ohio. F. Staunton, Illinois.

The ultimate analyses of these same coals, on a water-, ash-,
and sulphur-free basis are shown in Table VIII.

TaBLE VIII.—ULTIMATE ANALYSES OF BiruMiNous CoALs

A B c D "E F
Carbon......... 90.78 | 85.73 | 84.19 | 82.92 | 82.20 | 81.87
Hydrogen..... .. 4.69 5.49 5.92 6.06 5.45 5.85
Nitrogen........ 1.40 1.75 1.42 1.27 1.60 1.36
Oxygen......... 3.13 7.03 8.57 9.75 | 10.75 | 10.92
100.00 | 100.00 { 100.00 | 100.00 | 100.00 | 100.00

Here the variation between carbon and oxygen is readily
shown, the oxygen content increasing as the carbon content
decreases.

The same content of constituents cannot be expected even
in coals taken from the same mines, as is shown in Table IX,
the latter being the analyses of samples taken from the Unser
Fritz mine, Westphalia, the data having been prepared by F.
FiscHER,! the last column of the table being the average of the
series, prepared by CLARKE.

! Data of Geochemistry, 1908; Zeitschrift fiir Angew. Chemie, 1894,
page 605, and Technologie der Brennstoffe, Vol. 1, pages 518-520.
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TaBLE IX.—ANALYsEs OF CoAL FRoM UNsSER Fritz MINE

— e =
Carbon......... | 8533 85.06| 84.28 | 82.34| 80.60| 83.81
Hydrogen. ...... | 520, 4.66| 4.85| 4.04| 4.04| 4.98
Nitrogen........ | 1491 135 1.87 | 1.18 1.29 1.47
Oxygen......... 7.98| 8.93| 9.00 11.54] 13.08| 9.74
i ! .
| 100.00{ 100.00 | 100.00 h 100.00 | 100.00 | 100.00

TasLE X

= FaSsmowasases s T e | :

' A B i (o

——— — . — ——— ——— ——— —— - —— | s —— —— — — l

Carbon...............coiiiii | 8245 | sass | s7.89
Hydrogen.......................... ' 4.75 5.77 6.53
Nitrogen........................... ‘ 0.43 2.21 2.08
Oxygen.. ..........c.iiiiiiii.. i 12.37 8.44 3.50

i

' 100.00 100.00 100.00

A. An average of six analyses of fossil plants from the coal beds of
Commentry, France, made by S. MEUNIR; these plants were in perfect
structural preservation but had been entirely transformed into coal. See
FremY’s Encyclopédie Chemique, Vol. 2 (Complément, Part 1), page 152.
B. Analysis of Wigan cannel, given by F. Vaux, Journal Chem. Soc., Vol. 1,
page 320, 1840. C. Analysis of Tyneside cannel, given by H. TAYLOR,
Edinburgh New Phil. Journal, Vol. 50, page 145, 1851. All three analyses
are given on an ash-free hasis.!

The variation in the nitrogen content in the above samples
is very suggestive, as it shows that this content was very low in
the fossil plants, but quite the reverse in the cannels; this seems
to infer that the remains of the plants contributed very little
nitrogen to the coal, and that the probable source of this con-
stituent was due to the remains of animal matter in the cannels.
It has also been pointed out by NEWBERRY that the remains
of fish are abundantly found in cannel coal, seeming to infer
that thesc cannel beds were deposited under water, the vegetable
matter forming a carbonaceous paste in which the remains of
fish became imbedded, this consolidation producing the cannel
coal.

1 See The Data of Geochemistry, 1908, page 654,
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Table XI! gives a comparison of several varieties of coals,

moisture-, sulphur-, and ash-free, except where noted.

TaBLE XI.—AVERAGE ANALYSES OF BlTUMlNOUs CoaL

l 4 | B c D
| _
Carbon.................. 87.52 82.91 | 83.65 84.19
Hydrogen................ 5.20 570 | 5.48 5.58
Nitrogen................. 1.61 1.499 | 1.86 1.41
OXYEON.....oooenn... ' 567 | 9.90 | 9.0l 8.82
| 100.00 ! 100.00 ! 100.00 | 100.00
.

A. A\ erage of 20 analyses of bituminous coals from Pehnsylvnma, Mary-
land, Virginia, and West Virginia. Combined from data given in the report
of the fuel-testing plant of the United States Geological Survey. B. Aver-
age of 40 analyses of bituminous coals from Ohio, Indiana, Illinois, Iowa, '
and Missouri. From the same report. C. Average of 15 analyses of
Scotch coals, by W. D. ANDERsON and J. RoBERTS, Jour. Soc. Chem. Ind,,
Vol. 17, page 1013, 1898. Sulphur is included in the figure for oxygen. D.
Average of 18 analyses of coals from Newcastle, 28 from Lancashire, and
7 from Derbyshire, England. Recalculated from averages cited by FISCHER
in Chem. Tech. der Brennstoffe, Vol. 1, page 512.

Anthracite.—Anthracite, or hard coals, are those dry coals
which contain from 3 to 7 per cent. of volatile matter and which
do not fuse or swell when burned. True anthracite is a hard,
compact, lustrous and sometimes iridescent coal, and it is char-
acterized by but few joints and clefts. Its specific gravity varies
between 1.4 to 1.8; it kindles with difficulty, is hard to keep burn-
ing, its flame being short and colorless, and it emits no, or very
little, smoke. The semi-anthracite variety has less density,
hardness and luster than true anthracite, its distinguishing char-
acteristics, when newly fractured, being its ability to soot the
hands; ordinarily its specific gravity is about 1.4, and it kindles
more readily and burns more freely than true anthracite.

An analysis of anthracite shows a large proportion of fixed
carbon, but a relatively small amount of volatilizable matter, as
shown in Table XII.2

! The Data of Geochemistry, 1908, page 654.
? Data of Geochemistry, 1908, page 656.
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TABLE XII.—PROXIMATE ANALYSES OF ANTHRACITE

A B c D E
Moisture................ 1.28 2.08 2.27 2.98 1.82
Volatile................. 12.82 7.27 8.83 3.38 6.18
Fixed carbon............. 73.69 | 74.32| 78.83 | 87.13| 86.75
Sulphur.......... ... ..ol 0.68 0.66 0.75
Ash..................... 12.21 | 16.33 9.39 5.85 4.50
100.00 | 100.00 | 100.00 | 100.00 | 100.00

A. Semi-anthracite, Coal Hill, Arkansas. Prof. Paper, U. 8. Geol. Survey,
No. 48, 1906, page 202. B. Anthracite culm, Scranton, Pennsylvania.
Idem, page 245. C. Lykens Valley, Pennsylvania. D. Schuylkill coal,
Pennsylvania. E. Cameron coal, Pennsylvania. Analyses C, D, and E
by A. 8. McCrEATH, Second Geol. Survey Pennsylvania, Vol. MM.

Table XIII' shows the ultimate analyses of anthracite coals,
ash, sulphur, and moisture being excluded.

TABLE ‘XIII.—ULTIMATE ANALYSES OF ANTHRACITE

1 :
A l B c D E F 1 G

Carbon........ 91.47 | 92.73 | 93.90 | 94.63 | 94.68 | 97.46 | 93.50

Hydrogen.. . ... 425| 3.37| 3.22| 2.73| 2.29| 0.61| 2.81

Nitrogen. . . ... 1.64! 0.85| 1.00] 1.36| 0.76 | 0.35| 0.97

Oxygen........ 2.64 ‘ 3.05 | 1.88| 1.28| 2.27| 1.58 l 2.72

100.00 lwo.oo 100.00 {100.00 |{100.00 [100.00 Imo.oo

A. Semi-anthracite; the same as A, Table XII. B. Welsh anthracite,
analysis by F. Vaux. C. From Scranton, Pennsylvania, Coal B, Table XII.
D. From Mauch Chunk, Pennsylvania, Analysis by J. PErcy. E. From
Province of Hunan, China. Analysis by F. HAEUsseRMANN and W.
NaschoLp. F. From the Bajewka, Ural. Analysis by ALEXEJEFF. G.
Average of 16 analyses of anthracite compiled from different sources.

Distribution of American Coals.—With some unimportant
exceptions, the anthracite coals are found in five small coal
fields located in eastern Pennsylvania, and in the list here
given, they are placed in the order of their hardness. ’

1Data of Geochemistry, 1908, page 656.
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being touched on their Western borders, thence passing on
through southeastern Ohio, eastern Kentucky, and central
Tennessee, finally ending in western Alabama, thus stretching
across a distance of 900 miles between the northern and southern
extremities of the field.

Bituminous coal is also found in the Northern Field, in north
central Michigan; and in the Eastern Interior Field, which is
somewhat further west, and which is second in importance to
the Appalachian Field, this Eastern Interior Field covering nearly
the entire State of Illinois, with the exception of the upper
northern portion, southwestern Indiana, and the wéstern portion
of Kentucky.

The Western Bituminous Field is found extending through
central and southern Iowa, western Missouri, southwestern
Kansas, eastern Oklahoma, and the western central portion
of Arkansas, while the Southwestern Field is confined almost
entirely to the north central portion of Texas, where two small
fields are also located along the Rio Grande river.

The remaining bituminous fields are found scattered through
the Rocky Mountain Region, passing from Montana to New
Orleans, the principal ones being found in central, southwestern,
and southern Montana; northern, northeastern, southern, and
southwestern Wyoming; southern, northern, northwestern,
western, and north central Colorado; Eastern and southwestern
Utah; northern, northwestern, and southern New Mexico, while
a few small fields arc scattered along the Pacific Coast in western
California, southwestern Oregon, western and northwestern
Washington. :

The greater portion of the coals produced in the latter fields
mentioned above lie on the border between bituminous coal and
lignite, being usually known as a low-grade bituminous, or black
lignite.

The lignites are found in Wyoming, New Mexico, Arizona,
Utah, Montana, North Dakota, Nevada, California, Oregon and
Washington, and many of the fields given above as containing
bituminous coal also contain lignite. Some lignite is also found
in portions of eastern Texas and in Oklahoma.

Coal has also been found in Alaska, and these new ficlds will
undoubtedly prove of great value, high-grade coals being found
at present in the Bering River Field, near Controllers Bay, and
in the Matanuska Field, at the head of Cook’s Inlet, both fields
containing anthracite as well as high-grade bituminous coals.



CHAPTER 1I
OXIDATION AND SPONTANEOUS COMBUSTION

Oxidation accompanied by the production of heat may be
broadly termed combustion, even though the process of oxidation
be a very slow one, thus also producing heat at such a very slow
rate that it is not indicated by a rise in temperature, and the
theory that the rate, or rapidity of oxidation, of a combustible
during the period preceding ignition, is one of the principal factors
which determine the ease of ignition, is generally accepted as.a
fact. There is also no doubt of the fact that the oxidation of coal
is not confined to such temperatures as produce active burning
accompanied by flame, because coal exposed to the air will
undergo oxidation at ordinary temperatures.

This fact has led to the statement that the weathering of coal
with its consequent reduction in value as a fuel is not due to a
loss of the volatile combustible gases in the coal, but principally
to the combination of the coal with oxygen, this combination
being formed in a way which causes a large portion of the oxygen
to be retained by the coal, thus causing a portion of the com-
bustible constituents to become inert.

Experiments have shown that a coal which is known to have
a high coking value loses a great deal of this quality by being sub-
jected to preliminary heating in air for a short period, or by ex-
posing the coal to the weather for a long period, this loss being
due to oxidation.

This slow oxidation of the coal, or of its mineral impurities,
by the oxygen of the air, produces a spontaneous heating of the
coal, this heating not being due to a process of fermentation in the
coal itself, as was formerly supposed, it being a well-known fact
that spontaneous combustion cannot occur when air is not present.

Coal at ordinary temperatures absorbs oxygen from the air
and thus increases its weight, but the nature of this reaction has
never been clearly demonstrated, although it has been suggested
that certain constituents of the coal unite with oxygen in such

15
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absorbent of oxygen, and, therefore, became more rapidly
heated; that air-ways in a heap would have to be very numerous
in order to prevent any rise in temperature; and that the heap
ought to be so constructed as not to allow air to get from the air-
ways into the bulk of the coal. :

HaEpIcKE in 1880 assigned to pyrites the leading part in spon-
taneous ignition, conditioned on allowing the temperature to
rise sufficiently.

ProF. FiscHErR of Goéttingen, in his work on this subject
prior to 1901, concluded that storage depreciation and spon-
- taneous ignition werc phenomena of oxidation; the part which
is played by iron sulphide was disputed, but the variances which
have given rise to the uncertainty was due to the differences
between the different sulphides of iron present in coal. He
claims that marcasite, for example, is much more weatherable
than ordinary pyrite. Actual wetting is much more promotive
of oxidation of the iron sulphide than heating in dry or even
moist air. Besides this, FIscHER finds that many coals contain
sulphur in the form of unsaturated organic compounds. He
finds that those coals which rapidly absorb bromine are those
which arc most liable to rapid oxidation and spontaneous igni-
tion; as a practical test, he recommends shaking a gram of the
finely powdered coal with 20 cc. of a half normal solution of
bromide for 5 minutes. Then, if the smell of bromine has
not disappeared the coal may safely be put in storage; if it has,
the coal should be used as soon as possible. The absorption
of oxygen by the unsaturated organic compounds referred to is
accompanied by a gain in weight and at the same time by a
rise in temperature; and the warmer the mass the more rapidly
does the oxidation go on, so that the temperature is apt to
rise to a dangerous extent. Concurrently with the oxidation
of these products, is the oxidation of another set of organic com-
pounds with evolution of carbon dioxide and water vapor, and
this results, not in a gain, but in a loss of weight. Whether
the mass as a whole gains or loses weight is, therefore, a question
of the composition of the coal, but the loss in weight is in no
case great. Covering wet slack coal with other coal is apt to
produce spontaneous ignition; the danger here appears to arise
from the sulphide of iron rather than from the organic com-
pounds. FIScHER regards ventilation of the coal heap with sus-
picion, not because the idea in itself is a wrong one, but because
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it is not practicable to ventilate the whole heap efficiently. He
claims that the coal should be stored dry and kept dry under
_cover, and in layers not too deep.

In a paper read before the German Gas Association in 1900,
Herr SoHREN, Manager at Bonn, stated that it is no longer pos-
sible for many reasons to work gasworks with a supply of coal
renewed from month to month, and that all questions affecting
storage have, therefore, a continually increasing importance.
Undoubtedly there is a greater or less depreciation in the quality
of coal kept in store, and the causes of this have attracted a
good deal of attention, though, on the whole, it is surprising to
find to how great an extent the study of the chemistry of coal has
been neglected. Questions of this nature assumed impor-
tance in connection with the spontaneous ignition of cargoes
of coal in ships; in 1874, out of a list of 4485 coal laden ships,
no fewer than 60 caught fire.

In 1906, ProF. LEWEs of the Royal Naval College, England,
stated that, in the spontaneous ignition of coal stored in bulk,
the oxidation of the pyrites present plays only a very subsidiary
part, the chief factor being the surface condensation of the oxygen
in the pores of the coal and the action of the condensed gas in
‘effecting the oxidation of the hydrocarbons present in the coal.
While sufficient ventilation to prevent any considerable increase
in temperature within the mass is effective in preventing ignition,
it is practically impossible to maintain this condition in large
coal stores, or in a cargo on board ship, where usually only
enough air enters to lead to dangerous heating.

A. O. DoaNE in 1904 stated that the amount of moisture
present in a bituminous fuel after drying in the airis a measure
of the risk of spontancous ignition when the fuel is stored;
bituminous coals containing over 4.75 per cent. of moisture are
dangerous. Coal bins should be of iron or stcel, protected by
concrete, and should be roofed over. Free air passages should
be provided around the walls and beneath the bins so as tokeep
them cool, and the depth of coal should not be over 12 ft. The
customary method of providing air passages in the body of the
fuel is useless, since it tends merely to accelerate oxidation and
does not produce a sufficient current of air to keep the tem-
perature down. Cracks or joints in the walls of the fuel bin
increase the risk of spontaneous ignition for similar reasons.

Duranp has explained the spontaneous ignition of coal as
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crete, that no steam pipes or flues be near the bins, that a good
circulation of air be about the sides and under the bins, and that
the coal should not be piled to a depth greater than 12 ft. He
also recommends that the bins be roofed, and that they contain

- pipes in which thermostats should be placed, and when the
latter register 140°F. (60°C.), something should be done to
stop the rise in temperature.

Groves and THORP state that gases occluded in the crevices
or cavities of the coal escape during mining and continue to do so
after storage. The inflammable nature of these gases makes
them a source of great danger, for it is believed that-they are the
causes of many of the disastrous explosions on board vessels
carrying coal as a cargo.

PArRrR and BARKER, working on the gases occluded in Illinois

“coal, found that two active processes are set up immediately
upon liberation of the coal from the vein. The first is an exuda-
tion of hydrocarbons, consisting mainly of marsh gas (CH,),
and the second is an absorption of oxygen. They found that
after a period of 2 months practically all of the marsh gas had
been liberated and, although the avidity of the fresh coal for
oxygen was very pronounced, after a period of 2 months, active
absorption of oxygen still took place, the work of R. T. CHAM-
BERLIN on explosive mine gases and dust confirming the work of
these investigators.

Other investigations made by DeunsTEDT and BtiNz in 1908,
by GRAEFE, ERDMANN, STOLZENBERG, Boupouarp and others
might be cited, but a summary of the opinions of all of these
will clearly show the results of their work; the opinions of many
differ as to the real causes of spontaneous combustion, but the
leading factors may be summed up as follows:!

. The kind of coal, in regard to its volatile matter.

. The purity of the coal.

. The presence of pyrite or other sulphur compounds.
The temperature of the coal.

. The size of the coal.

. The presence of occluded gases in the coal.

The presence of moisture.

The accessibility of oxygen.

. Pressure on the coal.

VoSG W -

! Bulletin No. 46, University of Illinois. ‘ The Spontancous Combustion
of Coal,” PARR and KRESSMANN.
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1. Kind of Coal.—From the ignition temperatures given by
FavoL, it may be seen that only those coals (such as lignites,
bituminous and semi-bituminous) containing large amounts of
volatile matter, are liable to ignite spontaneously, and that
anthracite, with its very low percentage of volatile matter, is
practically entirely excluded. The results of the work of O.
BoupouaRrp, on the coking power of coals, also substantiates
this view, for in his work he found that those coals richest in
volatile matter (carbohydrates, cellulose, etc.), were most liable
to spontaneous combustion.

2. Purity of Coal.—The work of our own government seems
to indicate that coals of exceptional purity are more apt to heat
up than coals containing large amounts of extraneous matter.
This is probably due to the fact that very pure coals are able to
condense and absorb the oxygen of the air much faster than other
coals and so cause an increase in temperature, which finally results
in the chemical ecombination of the oxygen and hydrogen occluded
in the coal. This view is confirmed by the later work of DEUN-
sTEDT and BiiNz, who found that those coals which oxidized and
increased in temperature most rapidly were remarkably free
from mineral matter and pyrite.

3. Presence of Pyrite.—As to what part sulphur compounds,
especially pyrite, play in the spontaneous ignition of coal, opin-
ions differ greatly. Some believe pyrite to be the leading factor,
while others believe it plays no part at all, or, if so, ascribe to it
a position of minor importance and believe its action to be
merely a subsidiary one. The oxidizing action of the air upon
pyrites is, however, admitted, and the notion appears to be
fairly general and well established that pyritic oxidation tends
to raise the temperature of the coal. On the other hand, it is
seen from the work of FayoL, DEUNsSTEDT and BNz, THRELFALL
and others that coals containing pyrite in a quantity too insig-
nificant to be noticed are very apt to ignite spontaneously. The
Newecastle coal of New South Wales is also a very good example
of this class of coals. - Others, however, believe that the only
influence of the pyrite is a mechanical one, in which the oxida-
tion of the thin films of pyrite in the coal serves merely to break
up the coal.

4. Temperature of the Coal.—Most of the authors agree that
the temperature of the coal undoubtedly is one of the main
factors in the whole subject of spontaneous combustion, for cases
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that is generated. Air is accessible in sufficient amounts to cause
oxidation, and still is not present in large enough amounts to
conduct away the heat. The fact that friable coals are more
prone to ignite spontaneously than coals not so friable also seems
to substantiate the above opinion. DEeuUNSTEDT and BUnz in
their work on this subject even went so far as to make a friability
test on all the coals they worked with for they conceded the
danger arising from the fine coal with its great avidity for oxygen,
and recommended that they considered safe to transport on board
ship only those coals passing a certain standard in their friability
test.

6. Occluded Gases in the Coal.—While it is now a well-known
fact that gases of an inflammable nature are occluded in coal,
their relation to the spontaneous ignition of coal has not yet
been clearly established. Whether the gases occluded in the
coal are the real cause of spontancous ignition is doubtful, but
if the coal becomes heated up by oxidation or some other cause
to a temperature high enough for the oxygen of the air to unite
with these gases, then it is seen that the presence of these gases
constitutes a source of danger, and then coals with large amounts
of gases occluded in them would be more liable to ignite than
coals containing smaller amounts of these gases.

7. The Presence of Moisture.—Opinions differ greatly as to
what part moisture in the coal plays in the spontaneous com-
bustion of the same. Some, as DoaNE, belicve the moisture
content of the air-dry coal to be a direct index of its power to
ignite spontaneously. Evidence given to the New South Wales
Commission and also to the British Commission shows that coal
piles are more apt to take fire during warm weather following
showers than at other times, although FavoLr, as a result of
experimental work, claims that the influence of the weather on
coal heaps has not been sufficiently marked to be observable.

ErpMANN and SToLzENBERG believe the spontancous com-
bustion of coal to be due to the formation of ozone by the action
of the sun on warm, sunny days following a rain, when the surface
evaporation is especially great. If this is true, moisture employs
a more important part in the phenomena of spontaneous com-
bustion than has heretofore been ascribed to it.

That the presence of moisture materially assists the pyritic
oxidation is generally conceded, although whether it causes an
increase in temperature or merely a disintegration of the coal
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due to the formation of ferrous sulphate is a matter of dispute.
Others believe that the only part that moisture plays is a me-
chanical one, where alternate freezing and thawing break up the
coal into smaller particles and so expose more surface to the oxy-
gen of the air. Again, it is thought that, aside from increasing
the pyritic oxidation, moisture acts as a catalytic agent between
the carbon and the hydrogen or unsaturated bodies of the coal
and the oxygen of the air. Perhaps, as ERDMANN and STOLZEN-
BERG have suggested, this reaction may consist of the formation
of ozone which is immediately absorbed by the coal. This idea
of catalytic action on the part of the moisture is substantiated to
some extent by the fact that some coals containing minimum
amounts of pyrite are nevertheless very liable to spontaneous
ignition; and coals of this class, viz., the Newcastle and Scotch
coals, have been known to cause fires.

8. The Accessibility of Oxygen.—That the combination of
oxygen with the constituents of the coal causes a rise in tem-
perature scems to be firmly established. Which particular con-
stituent is the cause of the rise in temperature has not, however,
been shown with any great degree of certainty. The presence of
humic acid in the oxidized coal leads one to believe that the
oxygen combines with some of the unsaturated humus bodies,
such as polysaccharides. That this humus substance is an
unsaturated body is shown by the fact that it absorbs large
amounts of bromine without the evolution of hydrobromic acid.
In fact, FiscHER goes so far as to devise a practical test to
determine the safety of a coal by means of this reaction with
bromine.

The idea is also held that the oxygen of the air combines
directly with the carbon and hydrogen of the coal and so causes
an increase in temperature. If amorphous carbon "(charcoal
and lampblack) can be oxidized to carbon dioxide on exposure
to the air by means of bacteria, as has been proved by PoTTER,!
the oxidation of the carbon of the coal is very probable. The
presence of oxygen is therefore to be avoided and the old idea
of thoroughly ventilating the coal piles by free access of air is
gradually being dropped and, at the present, authorities deem
it advisable to keep the coal away from the air as much as
possible, either by submerging it under water or storing the
coal in covered concrete bins. If ventilation is used to lower

1 Proc. Royal Soc., London"(B), Vol. 80, page 196.
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the temperature of the coal, it should be through pipes, so that
the cooling air cannot come in contact with the coal at all.

9. Pressure on the Coal.—The belief that pressure on the
coal is one of the leading factors in the spontaneous ignition of
coal seems to be gaining ground, and because of this fact it is
advocated that coal heaps should not be any higher than 15 to
20 ft. The experience of MR. BusH (Australia) in this respect
is certainly very startling, and in a store of that size the question
is very probably more one of pressure than of radiation, although

in smaller storage units it would probably be hard to decide
whether the cause of the spontaneous combustion was due to
pressure or lack of proper insulation of the heat generated
within the pile.

PARR and KREssMANN in their further studies on this subject
made quite a number of experiments at the University of Illinois,!
and their conclusions are quoted below.

PARR AND KRESSMANN’S CONCLUSIONS

1. The oxidation of coal is continuous over a wide range of
time and conditions, and begins with the freshly mined coal at
ordinary temperatures. A number of oxidation processes are
involved, which are more or less distinct in character, some
being relatively slow and moderate in form, while others are
rapid and vigorous in their action.

2. In general it may be said that for a given coal a point
exists, as indicated by the temperature, below which oxidation

is not ultimately destructive. The continuance of this point
is dependent upon certain accessory conditions; if these condi-
tions are withdrawn, the oxidation ceases. On the other hand,
above this critical point, which is best indicated by temperature,
oxidation is ultimately destructive and is characterized by the

fact that it does not depend for its continuance upon external

conditions, but.is self-propelling, or autogenous.

3. The point of autogenous oxidation, while varying for dif-
ferent conditions, may be indicated by temperatures of the
mass ranging from 140° to 160°C. (284° to 320°F.) in an atmos-
phere of oxygen, or approximately between 200° to 275°C. (392°
to 527°F.) in oxygen diluted with nitrogen, as in air, depending

! Bulletin No. 46, University of Illinois. *‘The Spontancous Combustion
of Coal.” ’
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~ver. very largely dependent upon the freshness of the coal
<o upon the fineness of division (see b above), and should be

izl upon as a contributing factor, though in coals of the Illi-

nois iype, at least, with their high per cent. of sulphur, this action
shoull doubtless be considered second in importance to that
oi iron pyrites.

(1) Iron Pyrites.—The presence of sulphur in the form of iron
pyrites is a positive source of heat due to the reaction between

sulphur and oxygen. This may be conveniently referred to as
the second stage in the process of oxidation. Here again rapidity
of oxidation is directly dependent upon fineness of division.
Since coals, as a rule, have a much higher earthy or ash content
inthe fine duff, and since iron pyrites is a large component of this
material, it follows that the presence of dust or duff in all coals of
the Illinois type is a positive source of danger. Since coals of the
Illinois or mid-continental field have in the larger number of cases
iron pyrites averaging over 6 per cent., or, as sulphur above 3
per cent., the heat increment from the oxidation of only one-fifth
of this material is sufficient to raise the temperature of the mass
approximately 70°C., assuming that there is no loss by radiation.
Under usual conditions, and especially considering the greatly
accelerated rate of chemical activity accompanying a rise of
temperature, this oxidation may proceed with such rapidity that
the heating up of the mass will be but little affected by loss of heat
due to radiation, except in relatively shallow piles.

(e) Moisture.—Moisture, while essential to pyritic oxidation,
is glven separate mention because its importance is apt to be
under-estimated. '

Any coal with conditions favorable to oxidation will be facili-
tated in that action by moisture. It is to be noted in this con-
nection that the normal water content or vein moisture of coals
in this region (Illinois) is rarely below 10 per cent., and ranges
usually from 12 per cent. to 15 per cent. The presence of such
water must be borne in mind in considering the likelihood of
chemical activity on the part of the pyrites present. Without
exception, in all the series of tests, the wetling of the coal increased
the activity as shown by the ultimate temperature.

(f) The Ozidation of Carbon and Hydrogen.—A third stage of
oxidation of the carbonaceous material exists by reason of the
tendency of certain of the hydrocarbon compounds of coal to
oxidize with the formation of CO; and H,O at temperatures in
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excess of 120° to 140°C. (248° to 284°F.). Though this type of
oxidation does not take place appreciably at ordinary tempera-
tures, it must be looked upon as an exceedingly dangerous stage
in the process of oxidation, owing to the very much higher quan-
tity of heat which is discharged by the oxidation of carbon and
hydrogen; so that the temperature of autogenous action, although
ordinarily occurring at a higher point by 100°C. (212°F.) or
more, may be quickly attained as a result of this form of oxida-
tion. Any initial heat increments, therefore, which threaten to
bring the chemical activities along to the point where the oxida-
tion processes invade the carbonaceous material in this manner
must be looked upon as dangerous. For example, any of the in-
itial or contributory processes which result in raising the tem-
perature of the mass 350°C. (122°F.) above the ordinary tem-
perature, would. in all probability, have enough material of
the sort involved in such action to continue the activity until
another 50° had been added. which would thereby attain to the
condition wherein this third type of oxidation would begin.

(g) The fourth stage of oxidation may be indicated as oc-
curring at temperatures above 200° to 275°C. (392° to 527°F.)
and differs from the previous stages in that the action is autog-
enous and not dependent upon other sources of heat to keep
up the reacting temperature. Activity in this stage is further
accelerated by the fact that above 300°C. (572°F.) the decom-
position of the coal begins, which is exothermic in character,
thereby contributing somewhat to a further increase in tempera-
ture. The ignition temperature is reached at a point still further
along, usually in excess of 300° to 400°C. (572° to 752°F.).

5. The above formulation of the various stages and types of
oxidation clearly indicates the principles which must be observed
in any attempt at the prevention of spontaneous combustion.
The following enumeration, therefore, of preventive or pre-
cautionary measures is to be considered as suggestive rather
than complete in character.

(¢) The avoidance of an external source of heat which may
in any way contribute toward increasing the temperature of the
mass is a first and prime essential, .

(b) There must be an elimination of coal dust or finely divided
material.  This will reduce to a minimum the initial oxidation
processes of both the earbonaceous matter and the iron pyrites.
These lower forms of oxidation are to be looked upon as forces,
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without which it would be impossible for the more active and
destructive activities to become operative.

(c) Dryness in storage and a continuation of the dry state,
together with an absence of fine material, would practically
eliminate the oxidation of the iron pyrites.

(d) Artificial treatment with specific chemicals or solutions
intended to act as deterrents does not offer great encouragement,
though some results seem to warrant further trial in this direction.

(¢) By means of a preliminary heating, the low or initial stages
of oxidation are effected. These sources of contributory heat
being removed, the forms of destructive oxidation are without
the essential of a high starting temperature and are therefore
inoperative. Whether such preliminary treatment is within the
realm of practical or industrial possibility could not, of course,
be determined within the scope of these experiments. )

(/) The submerging of coal, it is very evident, will eliminate
all of the elements which contribute toward the initial tem-
peratures. As to its industrial practicability, like the condi-
tions under e above, it can best be determined by actual
experience.

(9) Other processes may be suggestéd by the formulation of
the principles involved. Such, for example, would be the
distribution throughout the coal of cooling pipes through which a
liquid would circulate having a lower temperature than the
mass, This would serve to carry away any accumulation of
heat and confine the oxidation to the lower stages only. On
the contrary, the proposition sometimes made to provide cir-
culating passages for the transmission of air currents is of ques-
tionable value, since it may result in the contribution of more heat
by the added accessibility of oxygen than will be carried away
by the movement of the air.

T. F. WinmiLL! states that the rate of oxidation of coal dust
maintained at a temperature of 30°C. (86°F.) was investigated
in the laboratory, different coals from the Barnsley seam being
used. Oxidation of fresh coal took place during the first few
hours, the amount absorbed being stated as proportional to the
amount and character of the carbonaceous matter in the coal.
This rapid reaction ceased in 48 hours, when 0.1 cc. of oxygen
was absorbed by 100 grams of coal per hour, but it was found
that under certain conditions the temperature of the coal might

! Jol. Soc. Chem. Ind., 1913, page 970.
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2 years. PORTER states that this difference hardly justified the
$70,000 expenditure for the construction of the plant plus 7
. cts. per ton for hauling, but that the insurance against all risk
of spontancous ignition in the stock might be considered to have
been sufficient justification in itself. The Bureau of Mines
recently concluded a number of tests which extended over a
period of 2 years to determine the amount of deterioration caused
by weathering four different kinds of coal, the coal used for the
tests being New River coal from the Sun mine, Fayette County,
W. Va., known as a smokeless coal, containing about 20 per cent.
volatile matter; Pocahontas coal, a coal similar to New River;
Pittsburgh gas coal, which was examined in order to study its
deterioration in gas-producing qualities, and Sheridan (Wyo.),
sub-bituminous coal, or black lignite. The loss found in the
New River coal after 2 years of storage varied between 1.8 per
cent. and 0.9 per cent. for weathered coal, while that stored
under water showed practically no loss. Pocahontas coal lost
0.4 per cent. and Pittshurgh gas coal lost practically nothing in
1 year’s weathering. The Wyoming coal showed a loss in one
case of 2.5 per cent. in the first 3 months and over 5 per cent.
in weathering for 2 years and 9 months. This coal slacked badly
on the surface, but this slacking did not penetrate more than 18
in. There was no apparent slacking of lumps or physical de-
terioration in the run of mine with the New River and Pocahontas
coal, but in all cases a 1{-in. crushed coal exposed to the weather
deteriorated in heat value more than did the run of mine, this
deterioration being more marked in warm climates. Reports
of other tests seem to corroborate in some degree the results
mentioned above. At Sitka, Alaska, the U. S. Navy Department
kept Pocahontas coal under cover for 4 years, at which time this
coal showed a loss of 0.7 per cent., while the coal recovered from
the wreck of the battleship Maine in Havana harbor, and which
had been submerged for 14 years, showed a loss of only 1.9 per
cent. The origin of this latter coal has never been established,
but it is presumed that it was coal from the New River district,
West Virginia.

According to PORTER, spontaneous combustion results from
an accumulation in a combustible material of the heat produced
by oxidation, or the heat of other chemical reactions, of fermen-
tation, or of bacterial action. Tests have clearly shown that
coal exposed to air is subjected to oxidation, and that some coals
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are affected more rapidly than others in this particular, but some
coals which during these tests showed little or no heat develop-
ment proved in practice dangerous to store, which condition led
to a consideration of factors other than those of oxidation, these
factors being the effect of the physical conditions of storage on
accumulation or dissipation of heat. A report made by a com-
mittee of the Railway Maintenance of Way Association stated
that in the committee’s opinion the presence of dust in a coal
pile was the prime cause of spontaneous combustion, this state-
ment being corroborated by other authorities. A very in-
structive instance from commercial practice is presented by the
Calumet and Hecla Mining Company, near Haughton, Mich.;
a stock of 100,000 tons of Pittsburgh run-of-mine coal was
stored at the Tamarack coal dock, spontaneous fires giving con-
tinuous trouble in this stock until some time ago, when it was
decided to screen the coal before storing, only the lumps being
stored, the fine coal being used immediately. Practically no
trouble with fires has been encountered since this system was
adopted.

PoORTER states that the cause of an open coal pile becoming
heated spontaneously after a heavy rain or alternate wetting
and drying, is possibly due to the washing down of dust into a
compact layer from 2 to 3 ft. below the surface where its lower
portions start to heat and where they are insulated from cooling
air currents. He also states that some coals are more liable
to heat, or to undergo spontaneous ignition, than others, and that
storage piles having a depth of more than 15 ft. are dangerous;
also that a mixture of fine coal with a small quantity of lump
coal affords a greater opportunity for heating, as this mixture
allows access for a limited quantity of air. In concluding,
PoRTER states that freshly mined or freshly crushed coal heats
easily, but that if it is rehandled after a 2 months’ storage, risk
of spontaneous ignition can probably be avoided.



CHAPTER 1II
COKING AND GAS COALS

When coal is carbonized. no matter whether the process is
carried out in the conventional retort of a gas works, or in a by-
product coke oven, we find that the resultant distillation is a
very complex process, as it is necessary to distill the volatile
products at temperatures varying from 250 to 2200°F. (121°
to 1200°C.). This distillation leads to the production of volatile
products, and the composition of these products is dependent
not only upon the temperature within the substance being dis-
tilled, but even to a greater extent upon the temperature of the
region through which these products are compelled to pass,
because the ultimate composition of the resultant is a product
due to the distllation of many coal substances. each of these
substances probably distilling at a different temperature, as well
as being a product of the time and conditions of temperature to
which the first products were subjected after being driven from
their original state. or condition. in the coal.

The time and temperature conditions. to which the substance
to be distilled iz subjected. are determined by the bulk of the
mass to be heated and by the rate at which heat is supplied from
without. and a study of carbonization must necessarily presup-
pose 3 knowledge of the vanous caals to be carbonized. especially
as this relates to their volatile products resultant at various
temperatures. this knowledge leading to data which readily
infuence working conditions.

When eaxal is distilled. or when it is heated without the access
of air, we find that varbon dioxide is the first gas liberated. and
this s given of when the eval is only genily heated. being
followed Hy satursted paratin hydrocarbons. these latter con-
stituenis being freely produced by the distillation of gas and
coking ovals. The further heating of the bhydrocarbons at
high temperstures @uses their Jevamposition. and due to
this devompesithon we secure the well-known constiteents, coal
EAS AT oodi 1aT

3
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The principal diluents, or anti-calorific substances in coal are
oxygen, nitrogen, ash, and moisture, and besides being a diluent,
the presence of oxygen also renders ineffective a certain amount
of carbon, hydrogen, and sulphur, thus reducing the heating
value by rendering a certain portion of these fuel constituents
inert. When coal is distilled, the volatile constituents are first
driven off, and due to the fact that hydrogen is of a higher
calorific standard than an equivalent weight of carbon, we find
that the distribution of the oxygen between the carbon and
the hydrogen in the volatile products has an important and
direct bearing on the calorific value of the fuel, and available
hydrogen has a greater value than available carbon.

In DuLong’s method of calculating the heat value of a fuel,
the available hydrogen is reduced by an amount equivalent to
all of the oxygen, but many fuels show a different result in
practice, probably due to the fact that these coals distribute a
large proportion of the oxygen content to carbon instead of to
hydrogen.

H. C. PorTER and F. K. Ovrrz! experimented with a number
of low grade, but highly oxygenated coals, and their results
showed that nearly two-thirds of the oxygen appeared in the

TasLE XIV.—OXxYGEN RELATIONS IN VOLATILE MATTER
(Values are percentages of air-dried coal)

1
I Per cen!,. O' Ol){ en com- |
. pounds in volatile matter

Cont e — Q% | O | g
\ Water of| and COs, water chl'I.y
| COs | CO | constitu-

tion !

No. 16 (Pocahontas): l ! ' |
400-gram tests. ....... 0.441.21' 0.1 | 1 0.09 3.1
10-gram tests........ 0.90| 1.74" 1.5 | 1.65 l'1.33 | 3.18

No. 3 (Connellsville): | , | |
400-gram tests........ 0.721...... 3.7 |....... 3.29 5.23
10-gram tests. .. ... .. 11.04/2.33 3.5 | 2.08 | 3.10 ' 5.23

No. 1 (Zeigler, II1.): | |
10-gram tests........ 1.66| 4.90| 6.7 | 4.01 | 595 ' 9.12

No. 11 (Sheridan, Wyo. air- ‘ i

dried): | | | ,
400-gram tests. ....... 8.60{ 6.90 7.5 [10.19 | 6.67 16.63

10-gram tests........ I 8.801 8.100....... 11.03 +....... i 16.63

i o | |

! Bulletin 1, Bureau of Mines. The Volatile Matter of Coal.
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volatile product in union with carbon, thus explaining to a
great extent the difference between the determined heat value of
the coal and that calculated by DtLoNnG’s method; Table XIV
gives the results of some of these experiments.

With rcference to this table, PorTER and Ovrrz state that
there is a possibility of the formation of CO; in slight amount
from the oxygen of air in contact with the coal at the beginning
of a test, and that on the assumption that 500 cc. of air is in
contact with the coal, there could be formed, if all its oxygen
entered into CO;, only 0.28 gram of COs, or 0.07 per cent., on
400 grams of coal.

DuLong’s calculation of heat value from the ultimate analysis
assumes that all of the oxygen of the coal combines with the
hydrogen of the coal during combustion, thercby neutralizing,
80 to speak, the calorific value of an amount of hydrogen equal
to O =+ 8.

PorTER and OviTz state that by

“Combining with carbon instead of with hydrogen in the coal, the
oxygen exercises less anticalorific influence on the efficiency of the coal,
as 1 gram of oxygen in combining with carbon to CO: neutralifes
35 gram of carbon, or 3060 calories; in combining with carbon to CO
it partly neutralizes 3{ gram of carbon, thus neutralizing 3 X 2417 =
1813 calories; whereas 1 gram of oxygen in combining with hydrogen
to H:O neutralizes 3§ gram of hydrogen, or 3§ X 34,460 = 4308
calories. The anticalorific influence of a unit of oxygen in forming
CO; or CO is therefore approximately 70 per cent. or 42 per cent.,
respectively of its influence when forming water.”

The investigations of PorTER and OviTz, given in Bulletin 1,
Burcau of Mines, contribute a great deal of valuable data on the
composition of the volatile products arising from the distillation
of various kindsof coals, and as evolved at different temperatures.
The main features of these results point to the comparatively
large amounts of inert constituents, such as CO; and water in the
products of certain western coals; the large amounts of higher
methane hydrocarbons, such as ethane, in the products produced
by the application of moderate temperatures, this being particu-
larly true of the coals from the Appalachian fields; and finally the
larger quantities of gas and tarry vapors produced quickly at
moderate temperatures during the distillation of the younger
western coals. This bulletin also shows that certain bituminous
coa e western fields are very well adapted to the pro-
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from coals in which the available hydrogen is as low as 3.20 per
cent.

All of this evidence points to the fact that in coals possessing
less than 79 per cent. fixed carbon in the pure coal, the H :O
ratio, on a dry coal basis, offers reliable data for determining
the coking quality of the coal from the ultimate analysis, and
that in the higher coals it is generally possible to produce coke
if the quantity of carbon in the volatile matter is relatively
large; also that most of the coals in which the H : O ratiois high,
but which refuse to coke, are distinguishable by their clearly
defined calorific deficiency with reference to the carbon : oxygen
+ ash ratio.

WHiTE therefore concludes that ‘“the adaptability of a coal
to coking by the ordinary (bee-hive) process appears to be
indicated with a fair degree of certainty by the ratio of the
hydrogen to the oxygen, moisture-free basis. Practically all
couls with H : O ratios of 59 per cent. or over seem to possess the
quality of fusion and swelling necessary to good coking. Most
coals with ratios down to 55 will make coke of some kind, while
a few coals with ratios as low as 50 coke in the bee-hive oven,
though very rarely producing a good article. The coking
property seems to depend, not so much on the amount of available
hydrogen, which is a very imperfect index of the proportion of
the elements in the volatile, as on the relative amount of hydrogen
as compared to that of oxygen. In those coals undergoing
change to anthracite, the hydrogen-oxygen ratio may fail as a
guide; the failures appear, however, to be readily distinguished
by the marked calorific deficiencies shown by the C:(O + ash)
ratio and efficieney curve. The data examined, though in-
sufficient to serve as a basis for a conclusion, seem to point
toward the need of a relatively high carbon element in the re-
maining volatile combustible of coals with 79 per cent. or more
of fixed carbon (pure coal), in order to secure either the best
coking results or the calorific efficiency indicated by the
C: (0 4 ash) ratio eficiency curve.”

As a practical test for the coking quality of coals, M. PisHEL!
recommends that a small quantity of the coal to be tested be
pulverized in an agate mortar until it will pass through a 100-
mesh sieve. With some coals the mortar and pestle will be
covered with a coating of coal dust which will adhere so strongly

tAm Gas Lt Jour., 1908, page 445.
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creasing amount of inorganic sulphur, in order that the action

of the organic sulphur during coking might be observed. He
~ obtained this series by floating the coal in solutions of calcium
chloride of various densities, thus fractionating by weight, the
samples secured being given in Table XV.

TasLe XV
Sample  Sp.gr.  Volatile  Fixed C | Ash  Sulphur ' 8 in coke
1 ' '1.323 . 35.10 - 59.74| 516 2.06 1.80
2 | 1.275 | 35.92 ; 61.57 | 2.51 1.29 | 1.17
3 ' 1.261 36.10 | 62.27 | 1.63 | 1.09 0.85
4 ‘ 1.253 37.47 | 61.50 | 1.04 i 0.95 ' 0.78
5 0.90 | 0.88 0.68

1.243 37.75 61.35

I

The percentage of organic sulphur was determined by finding
the amount of iron, assuming that this was combined as FeS,,
deducting the sulphur so found from the total and terming this
remainder organic sulphur.

To determine the fixed and volatile sulphur, he first determined
the total sulphur in the coal, and then that in the coke, the
results obtained being given in Table X VI, this table also show-
ing the percentage of organic and inorganic sulphur obtained as
described above.

TasLe XVI

e | QR kS el et
1 | 37.86 62.14 ©33.49 . 66.51
2 . 5660 43.41 | 4264 | 57.36
3 ' 71.56 T 28.44 © 50.46 © 49.54
s ' s 0 1688 | 4947 50.46
5 85.23 1477 . 52.27 47.73

While the fixed and volatile sulphurs do not show the same
regularity as do the organic and inorganic, there seems to be an
increase in the amount of volatile sulphur in those samples
having a high percentage of sulphur. Assuming that the only
sulphur volatilized was the one atom in the pyrites, the per-
centage of volatile sulphur may be calculated, because the
sulphur termed inorganic is assumed to be present only in the
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form of pyrites; consequently one-half of the inorganic sulphur
should correspond with the percentage of volatile sulphur,
providing the above assumption is true, and in case there is
no organig sulphur volatilized. The result of this calculation is
given in Table XVII. )

TasLe XVII

Sample | One-half inorganic S : V:)latile S i Difference
1 | 31.07 | 33.49 2.42
2 21.70 42 .64 20.94
3 | 14.22 50.46 . 36.24
4 8.42 49 .47 | 41.05
5

I 7.38 | 52.27 44.89

The data here given would seem to indicate that when the
inorganic sulphur is in excess, the above supposition is ap-
proximately true, but not otherwise, and it seems rather strange
why this should be so unless it is due to mass action. M’CaLLum
therefore concludes from his experiments that a very cansiderable
portion of the organic sulphur is volatilized during the process of
coking. .

HeMPEL and LiErG! state that suitable treatment will cause
any coal to yield a good coke. They experimented on a BuscH-
TEHRADER coal which contained 4.9 per cent. of ash, and which
yielded a coke which could be readily crumbled between the
fingers, but when mixed in the following part by weight: coal,
120; coke from the same coal, 18; clay, 4.8; commercial coal-tar
pitch, 8, the latter being dissolved in 18 parts of tar from the coal
in question, the mixture, when heated in a crucible, yiclded a
coke which had a crushing strength of 5600 Ib. per square inch,
and which contained but 10 per cent. of ash; their experiments
also showed that the best cokes, obtained in the ordinary way,
had a crushing strength of from 2050 to 2600 Ib. per square
inch. The conclusion reached by HEmpEL and Lierc is that
the quality of coke can be greatly improved by adding clay,
tar, and pitch to the coal.

The UNITED STATES STEEL CORPORATION? has had a varied
experience in the use of high or low volatile coals, alone or in a

!London Jnl. of Gas Ltg., 1911, page 822.
2 C. A. MrissNER, Chairman, Coke Committee.
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Coke.....io o 13001b. = 72.9
Coal tar, 13gal......................... 130lb. = 7.1
Ammonia (NHg). ....................... 5lb.= 0.3
Gas, 10,000 cu.ft....................... 3501b. = 19.7

Total.............................. 17851b. 100.0

the 1300 Ib. of coke being 65 per cent. of the 2000 Ib. of coal
charged.

Using average selling prices, these commercial products have
a value of :

Value Per cent.
1300 lb. of ¢oke at $4.00 perton.......... $2.60 19.4
13gal.of tarat3ects.................... 0.39 2.9
51b. of ammonia (NH;) at 8cts.......... 0.40 3.0
10,000 cu. ft. of gas at $1.00.............. 10.00 74.7
Total........ ... ... ... ... ... .. .. ... $13.39 100.0

With this production, and with the values given, the value of
the gas to the coke will be approximately as 4 is to I, and the
value ratio of tar to ammonia is approximately 1, these ratios
of course varying with the local market prices of the products.

It is impossible to tell what the quality of either gas or coke
will be when produced by a coal the proximate analysis of
which only is known, as to arrive at any definite conclusion
requires an actual carbonization test, and this should be car-
ried out under actual operating conditions. The various coals
used also show quite some variations in the production of the
other residuals besides coke, and this qulte independently of the
temperature of carbonization.

The Bureau of Mines! has been engaged for some time in
determining what coals arc available for the manufacture of
illuminating gas, the object being to locate coals which are
cheaper than the Pennsylvania coals usually used, as there are
but a few well-developed coal fields in this country capable of
furnishing a coal which will satisfy all of the requirements of
the manufacture of illuminating gas; the Bureau’s investigations
were carried on at the testing station established by the Michigan
Gas Association at Ann Arbor, and were under the direct super-
vision of PRoF. ALFRED H. WHITE, of the University of Michigan.

! Burcau of Mines, Bulletin 6, Coals Available for the Manufacture of
Illuminating Gas.
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The coals tested were from cleven different localities, as follows:

TaBLE XVIIL—Sources oF CoaL TESTED AT ANN ARBOR

No. Bed Locality ! Railroad
o i .
1 No. 2 or lower...| Hanna, Carbon County, Wyo........ Union Pacific.
2 Saginaw......... S8aginaw, Saginaw Co., Mich......... Michigan Central.
3 Yampa......... Oak Creek, Routt Co., Colo......... | Denver, Northwestern and
Pacific.
4 No.5.......... ' Harrisburg, Saline Co., Ill............ Big Four.
5 Rex............. La Follette, Campbell County, Tenn.., Louisville and Nashville.
6 ; Pittsburgh. ..... Scott Haven, Allegheny County, Pa...| Pittsburgh and Lake Erie.
7 | Upper Elkhorn...| Hellier, Pike County, Ky............ | Chesapeake and Ohio
8 Raton.......... Van Houten, Colfax County, N. Mex. Santa Fe.
9 | Thompeon....... Blockton, Bibb County, Ala.. ... .. | Mobile and Ohio.
10 | Kanawha, No. 2.; Page, Fayette County, W. Va....... ' Virginian.
11 ; Sopris.......... " Sopris, Las Animas Co.. Colo........ . Colorado and Southern.

While comprehensive tests were made on these coals, the result
of this work is to be considered only a progress report, and the
results are to be taken as tentative and suggestive, and not in any
way final; this is due to the fact that any given coal which will
produce good results in one gas works, may prove very unsatis-
factory in another, owing to prevailing conditions at the latter,
therefore it should not be expected that the statements issuing
from a testing station would be final as to the value of a given
coal.

The report states that

““Gas coals should be tested in the retort at both high and low tem-
peratures, and the tests should be repeated until it is fairly certain that
no serious error has been made; but since a long time is required for a
complete study of a number of coals, it has seemed wise to present the
data collected on these eleven coals.”

The authors state that after studying the results they feel
that while these results suggest some interesting deductions,

““The only conclusion which seems to apply to all coals well enough
to warrant presentation is that relating to the percentage yield of coke.”

The percentage of coke yield is not mainly dependent on retort
temperature, as in all cases the retort is sufficiently hot to drive
off the volatile matter contained in the coal and besides this,
the secondary changes of the products of distillation at high
temperatures in the retorts do not affect the yield of coke to
any appreciable degree.
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The expected coke yicld was taken as being roughly propor-
tionate to the ratio of total fixed carbon to the volatile constituent
of the coal, and from calculations based on

_lf‘i;ced carbon + asl}‘_

Moisture + volatile matter

the coal was given rank as shown in Table XIX; an examination
of the table shows that the computed ratio as per the above agrees
closely with the actual percentage of coke produced, an error in
one of two tests with coal from New Mexico being possibly
responsible for the difference shown with this coal.

TaBLE XIX.—CokE YiELD oF CoaLs TESTED

Raak of coal Mointare oot matier” | froms soet n eharaed
1. Wyoming............ 0.82 50.2
2. Michigan............. 1.43 59.5
3. Oak Creek, Colo...... 1.53 60.0
4. QNlinois............... 1.55 62.3
5. Tennessee............ 1.58 66.8
6. Pennsylvania......... 1.82 67.0
7. Kentucky............ 1.88 67.0
8 New Mexico.......... 1.93 68.9
9. Alabama............. 2.04 68.3
10. West Virginia......... 2.21 | 73.3
11. Sopris, Colo.......... i 2.90 . 74.9

were:

Coke, per cent. of coal charged................... 67.07

Gas, per pound of coal charged (cubic feet)........ 5.04
Candle power, approximate average............. 15.50

M Candle feet per pound of coal.................. 79.50
Heating value per cubic foot (B.tu.)............ 641.00
Heating value per pound of coal (B.t.u.)......... 3280.00

Gas analysis (per cent.):

Carbon dioxide.................. ... .. ... 1.30
Hluminants. . ............ .. ... ... ... ... 3.70
OXYZeN . ...ttt 0.80
Carbon monoxide............. ... ... 6.50
Methane............. .. .. ... . 34.40
Hydrogen........... ... . ... ... iiiiaan. 48.20
Nitrogen. ... 5.00
Ammonia (NH;) per ton of coal charged (pound)... 5.43
Tar per ton of coal charged (pounds).............. 155.80
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TaBLE XX.—CoAL A8 CHARGED

Proximate analysis
Coal bed HenBt::lue.
Moisture ‘;ﬂ:gl: e}:‘;‘begn Ash Sulphur o
Alabama........ 2.71 29.13 63.87 4.29 0.50 13,990
Oak Creek. .. ... 7.17 32.36 45.92 | 14.55 1.00 10,953
Sopris.......... 1.70 23.90 56.26 | 18.14 0.57 12,312
Harrisburg, Ill...| 4.66 34.44 53.71 7.19 1.96 12,919
Hellier.......... 2.46 31.18 60.11 6.25| 0.43 13,885
Hellier.......... 3.17 32.40 60.67 3.76 | 0.45 14,200
Saginaw........ 9.28 31.67 53.70 5.35| 0.98 12,456
Van Houten..... 2.23 31.42 51.25 | 15.10 0.67 12,438
Van Houten..... 2.32 32.18 56.56 8.94 0.70 13,385
Scott Haven.....| 1.92 32.82 58.85 6.41 1.12 14,026
Scott Haven.. ... 2.18 32.96 57.33 7.53 1.43 13,815
Scott Haven. .. .. 2.05 33.25,| 58.02 6.68| 1.49 13,955
Scott Haven. .. .. 2.43 32.70 59.99 4.8 | 0.85 14,036
LaFollette....... 3.13 34.99 59.73 2.15| 0.72 14,245
Page........... 1.28 30.65 62.50 5.57 1.53 14,531
Page........... 1.27 29.02 62.88 6.83 1.18 14,344
Wyoming ....... 22.56 32.26 39.37 5.81 0.36 9,592

TasLe XXI.—Dry CoaL

Caleulated proximate Ultimate analyses
. _ | Heat | _
Coul bed Vols- |Fized R s ' Ni l
e Ix "8ul- T Y Care | Y7 | Oxy- Sul-
matter| o | % P8 | bom | gen phur) Ash
. : ; | .
Albama............ 29.94/¢ $5,80.50.1.24| 8.210.62| 4.08
Oak Creek........... 34.86/4 36,70.41,1.59|12.44]1.58| 9.32
Sopris...............| 24.31l¢ 18|72.83:1.07| 6.46/0.66|14.50
Harrisburg. ... ... .. 36.13/¢ 19(76.21(1.43| 7.93|1.77| 7.77
Hellier.... .. ... ..., 31.97(¢ 1|79.73(1.22| 7.56|0.55| 5.93
Helbier...,... .. .... 33.46,¢ N P PPN PR O PO
Seginaw.............| 34.01} 13!75.56'1.35| 8.79/1.41| 7.76
Vao Houten. ... . ... 32.14 ¢ )8(73.68,1.28| 6.01|1.22/12.73
VaoHouten.........[32.85¢ el
Scott Haven......... 33.46¢ 24(79.00(1.38| 6.72(1.14| 6.52
Scott Haven......... 33. 70!5 ........................
8cott Haven......... 3304 e e
8cott Haven. ... . ... 33.51l¢ R N U
La Follette. .. ....... 36.12:( )0,78.14/1.67| 8.30/1.83| 5.06
Page...............] 21.05, 19/82.46(1.42| 4.95(0.83| 5.25
Page................02039¢ .. AU P
Wyoming............| 41.66¢ )363.301.0811153'0.42 7.00
— ’ !

! The ultimate analyses are mostly of the mine samples, and hence differ from analyses
of M samples, especially in the percentages of ash. The composition of the coal free {rom
moisture and ash probably does not differ much.
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TasLe XXII. ——CovrosrrmN OF Co.u.s

Cnlcnlated proximate I Calculated ultimate composition

l composlnon Heat l
Coal bed T EEr— value, | — — - . -
!Volntile Fixed l Sul- B.t.u. , Hydro- Car- ' Nltro— Oxy- | Sul-
matter carbon phur gen bon gen gen | phur
| mederycarhon, phur | | beo | e |
| B
Alabama........... . 31.32 | 68.68 0.53 15043! 5.58 83.92, 1.20 | 8.56 | 0.65
Oak Creek......... 41.34 ' 58.66 1.28 | 13,991, 5.14 | 77.65 1.75 [13.72 | 1.74
Sopris............. | 28.81 ; 70.19] 0.71 ] 15,358 5.24 | 85.18| 1.25 | 7.56 | 0.77
Harrisburg. ........ ., 30.07 ' 60.93 2.23 | 14,656 5.30 | 82.63|'7.55 | 8.60 | 1.92
Hellier............. 34.16 | 65 s4| 0.47 | 15210, 5.32 | 84.75/'1.30 | 8.05 | 0.58
Hellier............ 34.81 | 65 19)0.48 | 15,257)....... LS R .
Saginaw........... 37.10 62.90; 1.15 14,591\ 5.56 | 81.91/ 1.46 | 9.54 | 1.53
Van Houten. .. .. .. 38.01 | 61 osi 0.82 | 15046, 5.§2 l §4.43] 1.47 | 6.88 | 1.40
Van Houten....... 36.27  63.73- 0.79 | 15,082........ ...... leasnoo ansnse cancne
Scott Haven....... 35.80 64.20 1.22 15.302| 5.61 | 84.51' 1.48 | 7.18 | 1.22
Scott Haven....... 1 38.51 03.49] 1.58 | 15300,....... ......]c..... e
Scott Haven....... 36.42 | 63.581 1.63 | 15280 ....... ... ...l
Scott Haven....... 35.27 64.73)0.92 | 15192 ... ... ... e,
La Follette........ 36.94 | 63.06 0.76 | 15,039 5.27 ' 8§32 30 1.76 | 8.74'| 1.903
Pago.............. 32.91 67 09‘ 1.64 | 15601 5.37 | 87 03I 1.50 | 5.22 | 0.88
Page. ............ 31.57 [ 68.43[ 1.29 | 15610 ....... ............ ... ... ...,
Wyoming.......... " 45.04 | 54 os‘ 0.50 | 13 300‘ 5.41 | 78.03| 1.16 lls .93 I 0.45
|

Coal Coke
| ’ ;
Coal bed  Per cent. , ! Dr r Dr Per cent.
pelected Sorcened, Chargod CabWod | vicld. cent. ot |?ﬂi’ o |*;‘h:’;m°
bar by . (b) olstars (b | dcoal drycosl 3.in. bar
screen i | l"‘)| i“ arg! )lt’ arg )I screen
Alabama...... 23,40 400 | 380 | ar2 | 273 | 68.3 l 70.2 | 12.5
Osk Creck....| 39.50 | 400 , 371 l 313 | 210 | 60.0 = 64.6 | 37.3
Sopris........ 13.83 410 | 103 329 307 | 74.9 76.0 10.0
Harrisburg...., 27.90 ' 400 : 381 353 |240 62.3 | 05.4 6.7
Hoellier.... .. .. 30.801, 360 351 320 | 250 | 69.4 71.3 ...
Hellier........ 48.50 | 400 388 372 | 258 | 64.5-| 66.5 9.1
Saginaw...... 9.70 | 400 363 341 | 238 ' 59.5 65.6 17.9
Van Houten...| 11.95 398 389 a2 |270| 67.8 | 69.4 13.1
Van Houten...!| 21.90 400 391 353 280 70.0 71.0 11.7
Scott Haven | Screcned, 404 396 320 271 | 67.1 | 68.5 5.0
Seott Haven}| at | 400 391 370 [ 270 67.5 | 69.0 |........
Scott Haven )| mine 400 392 365 | 259 | 64.8 66.1 [........
Scott Haven..| 17.40 400 390 370 | 274 08.5 | 70.3 7.8
La Follette. .. 8.37 | 400 387 379 | 267 | ¢6.8 | 69.0 7.6
Page.......... 63.27 400 395 372 [ 302 75.5 | 76.5 10.0
Page......... 70.00 | 400 394 368 | 265 | 71.2 72.4 7.6
Wyoming. . ... 10.40 ' 400 309 286 | 201 l 50.2 } 64.9 88.4
i | . |

|
l

1 A }4-in. bar screen was used in this test.



TABLE XXIV —Y mLD, HEATING V.u.m-:, AND CANDLE POWER OF THE GAS

COKING AND GAS COALS

55

|

l Yield of 7" per pound l.gg‘:“"'ﬂ_ Calculated average gas analysis

| (cu. lt) |"age heat- cu-: (per cent.)

| : ing value " 1

Coalbed — — 7 ﬁtu) Vel s Ty T T T T
i Coal, : !

Coal l-- S— cundle | | I |
| Dry ash and ' ower Cn- 0'C H:' N

ch‘rged conlmo'l:ture Grona‘ Net p |C0'. Ham 0O: C I Hcl |I

' B . 1

H | ' '
Alabama. ... . 5.2 | 5.3 5.6 | 508|538 140 27 3.71.0 8.931.249.1,3.4
Oak Creek 48 |52 6.1 [626]|506 14.0 4.4 5.30.811.329.8{43.94.5
Sopris. ....... 49 150 6.1 |61455] 12.0 1.3 4.20.9 6.020.5:55.82.3
Harrisburg 4.3 |4.6) 4.9 [632]|568 152 2.5 3.70.8/ 7.933.545.66.0
Hellier. . ... .. 4.8 |49/ 5.3 [650] 578 14.5 l.ﬁi 4.31.1) 6.433.150.33.2
Hellier. .. ... . 5.0 5.2 5.4 [622]56114.1|1.9 4‘110.7 7.029.451.35.6
Saginaw.. . ... 4.3 (4.7 5.0 |593 526 17:4 | 2.9 5.30.7/9.234.143.14.7
Van Houten...| 4.5 |4.7| 5.5 |674 606 16.5 2.0 5.90.8 8.234.845.92.4
Van Houten...| 4.9 |5.00 5.5 |682| 618 16.8 . 2.1 6.1'0.6[ 8.235.545.71.8
Scott Haven..| 4.8 4.9 6.1 ... e e EETTI RPN !‘
Scott Haven..| 4.9 | 5.00 53 | 640|593 15.2 ] 1.2 4.4 I.Ii 6.637.942.26.6
Scott Haven..| 5.3 | 5.4/ 5.8 ;611|550 16.0 | 1.1 3.00.8 6.531.8/51.65.2
8cott Haven..[ 5.1 | 5.3] 5.6 664 ooal 15.4 | 1.7/ 3.80.5/ 6.533.650.73.2
La Follette...| 5.5 | 5.7, 5.8 ' 641 | 575/ 15.9 | 2.0/ 5.00.9| 8.231.249.13.6
Page......... 5.2 | 5.3 5.6 |617 | 555 15.8 | 1.3| 3.80.9| 4.932.956.62.6
Page......... 5.0 | 5.1 5.4 |622]|557 16.11.2!3.30.6 5.032.655.11.8
Wyoming. . 5.4 7.0i 7.5 | 564 502. 8.8 | 7.6, 4.9‘0.214.429.0I4o.2|3.7

H I |

TABLE ‘(‘(V —YIELD OF TAR. Auuowm, SULPHUR AND NAPHTHALENE

I Tar rton of co | i

. al Ammonia (NHs) per

{ p’ al.) ton of coal ub.)pe %ﬂiupefr: -T(’ttrf,ll':ﬁ';:’

— —— — ol gas a T ton o

Coal bed J C ! Coal, Coal . Coal, | outlet of lM:-oasl as
! ash and | “% ° Dry | ash and scrubber | charged

chuged coll lmnmture| charged, coal mcf):seteure (gr.) : (Ib.)

i i i .
Alabama...... 19.2 | 19.7 | 20.6 4.03 [ 4.15 ‘ 4.33 |.......... ' 0.7
Oak Creek 15.6 | 16.8 | 19.9 7.60 ’ 8.20 9.60 |....................
Sopris. ....... 14.2 | 14.5 | 17.7 4.36 | 4.43 | 5.43 |.......... ... .. .....
Harrisburg 17.2 | 18.1 | 19.5 6.38 | 6.70 | 7.20 1300 | 4.5
Hellier........ 10.8 | 11.1 | 11.8 4.01 | 4.12; 4.39 |....................
Hellier........! 18.8 | 19.5 | 20.2 3.48 | 3.61 4.25 823 5.7
Seginaw...... 16.5,18.2| 19.3 | 6.40|7.05: 7.5 | 3750 | 5.5
Van Houten..., 16.8  17.2, 20.3 4.97 | 5.09 | .02 |....................
Van Houten... 21.8 22.3| 24.5 | 4.32'4.42' 482 |.......... ...
Scott Haven...'....... ... ... PP
Scott Haven.... 10.7:10.9 | 11.8 | 5.80 ;593 6.43 |....................
Scott Haven... ....... ...... ........ 5.18 + 5.28 5.67 ... ...
Scott Haven...; 21.1121.6. 22.8 | 5331546 575 | 80 : 8.0
La Follette....; 22.0 ' 22.7 23.2 7.39 | 7.63 7.81 296 ..........
Page......... 20.1 20.4 | 21.7 5.1915.26 . 5.57 ........... ..........
Page......... 146 14.8' 150 | 4.37 | 443| 475 ... 11.4
Wyoming. ... . 14.4 .6 ’ 20.1 3.77 | 4. 5.28 | 1660 ..........
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period than large or lump coal, consequently with the latt
the gas is quickly liberated and is therefore better, as it is su
jected to decomposition to a lesser extent; besides this, the g
yield from very finely broken coal, even though it be thorough
carbonized, is less than the yield from large coal.

BurGess and WHEELER! made an examination of coals f
volatile constituents, and their preliminary tests showed that
all coals there is a well-defined decomposition point which li
betwecen 700° and 800°C. (1292° and 1472°F.), this conditic
corresponding with a marked increasein the quantity of hydrog:
evolved. In carbonizing bituminous coals, the increase in tl
quantity of hydrogen evolved decreases at temperatures abon
900°C. (1652°F.), but with anthracite therc is no decrease up
1100°C. (2012°F.). The evolution of hydrocarbons of the para
finc secries practically ceases entirely above 700°C. (1292°F
while ethane, propane and butane, and probably other high
members of the paraffine series form a large pcrcentage of tl
gases evolved below 450°C. (842°F.).

These investigators further state that as a rule the analysis
coal gases as evolved at the different stages of carbonization do
not admit of complete differentiation between influence of tin
and temperature, because the gases obtained from coal at any o1
time are secured at different temperatures; therefore, BURGE!
and WHEELER, in their experiments, employed charges of 2 gran
of finely powdered coal, since with such small quantities no gre:
interval of time clapses before the entirec mass attains the tern
perature of the retort. These investigationslead to the furth
statement that coal appears to contain two types of compour
of different degrees of ease of decomposition, the more unstab
compound yielding the paraffines, while that which is decompose
with greater difficulty yields hydrogen only, or possibly hydroge
and the oxides of carbon, this view being confirmed by a fraction
distillation of the samples in a vacuum. Prolonged exhaustic
at a low temperature admits of the complete removal of the para
finc-yielding constituents, while a compound remains whic
on decomposition at a high temperature, yields hydrogen; ther
fore the difference between one coal and another may very probab!
be determined by the proportion of these two types of compounc
in the coal. The variation in the amount of carbon monoxic
evolved during carbonization is probably due to the decompos

! London Journal of Gas Lighting, 1911, page 667,
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should not exceed 3 minutes; usually from 0.2 to 0.4 per cent.

of the sample, in the shape of coarse particles, remains on the

sieve, and as these particles are very apt to consist to a large

extent of ash-forming substances, they are reduced to 60-mesh

on a bucking board and then added to that portion which passed
through the sieve,

This sample is now thoroughly mixed before portions are

weighed for the various analytical determinations, the bottle

containing the sample being

placed on the periphery of the

mixing wheel, Fig. 2, and rotat-

ed for about 20 minutes. The

sampling wheel has a diameter

of 30 in., revolving twenty-five

times per minute, the periphery

being provided with spring clips

which hold the sample bottles

at an angle of 45 degrees with

the axis. These bottles should

not be filled to more than one-

half their capacity, and rotation

of the wheel should be slow

N Y Miveng wheel, cenough to ensure a thorough

mixing of the sample, as too

meh spend maght produce oentrifugal action which would pre-

went this resull,
19 2he ahomion sampie is 2o e preranad without preliminary
sindniang, the aowe, i conanser than 3 in is 9nst passed through

sranhier and then chneggh & nwnl thus seecuning & A-mesh fine-
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60-mesh coal, which has become partly air-dried during sampling,
is calculated to the dry basis by dividing each result by 1 minus
its content of moisture. The analysis of the coal ‘“as received”
is computed from the ‘“dry coal” analysis by multiplying by
1 minus the total moisture found in the 20-mesh sample.

As regards these two methods of sampling, it is claimed that
the first method is preferable for preparing such laboratory
samples as are intended for very accurate analyses, and that the
loss of moisture which is unavoidable during sampling is less
than by the second method, this being especially so in the case
of wet or freshly mined coal samples, because such samples
rapidly lose moisture on exposure to air. It is recommended
that air-drying be not unnecessarily prolonged as if this should
be the case an appreciable loss in heating value will take place
through oxidation.

The second method permits of handling a large number of
samples in & short time, but the moisture thus obtained is usually
somewhat less than that obtained by the first method. In
coals which have lost a portion of their moisture content by ex-
posure to the atmosphere, as is usually the case with commercial
shipments, this difference need not exceed 0.5 per cent. Samples
which are received in a wet condition must be partly air-dried.
It isalso stated that the disk pulverizer is not adapted to the fine
grinding of anthracite, as the coal is heated by the rubbing sur-
faces to a degree that may possibly change the composition of
the sample.

Method of Calculating and Reporting Analyses.—As all the
analytical determinations are made on the air-dried sample,
the analysis of the coal as received at the laboratory is calculated
from the analysis of the air-dried coal in the following manner:

CALCULATIONS FROM ANALYSIS OF ‘“ AIR-bRIED”" CoAL T0 CoAL
‘“As REcEivep”’ ,
(100 — air-drying loss!)
100

Moisture! X plus air-drying loss! =

. moisture! “as received” (1)
. 100 — air-drying I
Volatile matter X 100 — &ir-drying oss) _
100
volatile matter ‘‘as reccived” (2)
100 — ai ing 1
Fixed carbon X (o __‘i:‘;;'."_“}_ofi) =

fixed carbon “‘as received” (3)

1 All figures expressed in per cent.
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p (100 — air-dr;yi_ng losi) _

100 ash “‘as received ” 4)

Ml

100 — air-drying |
Bulphur X amn al:oorylng 085)

= sulphur “as received ” ()

100 — air-drying 1
Hydrogen X { —09—'%!5—0-“—) + 16 air-drying loss =

hydrogen ‘“as received” (8)
(100 — air-drying loss)

Carbon X 100 = carbon ‘‘as reccived” @

(100 — air-drying loss)
100

Nitrogen X = nitrogen ‘‘as received”’ (8)

(100 — air-drying loss)
Oxygen X - 100

+ 8¢ air-drying loss =

oxygen ‘‘as received”’ (9)

100 — air-drying 1 . )
Calories X a m; Oorymg o) _ calories ‘““as received” (10)

A statement of analysis is referred to a moisture-free basis by
ealeulation from the “air dry” or “as received’’ analysis in the
following manner:

(C'ALCULATION FROM “‘ AIR-DRY”’ OR ‘‘ A8 RECEIVED” ANALYSIS TO
“Dry CoaL”
100

Volatile matter X 100 — momtare ~ volatile matter in “dry coal” (1

100 .
Fixed earbon X -"= — - = fixed carbon in “dry coal” (12)
100 — moisture
100 .
Ash X .- = ash in “dry coal” (13)
100 — moisture
100 . .
Hulphur » .-~ = sulphur in “dry coal (14)
100 -- moisture
100

Myl o 'y moisture) X - — - — =
ylrogen f Mot X 100 — moisture

hydrogen in “dry coal” (15)
100

Carhom - . = carbon in “dry coal” (168)
1K) maoisture

, 10 ) . "

Nibogen - - = nitrogen in “dry coal 17)

1N moisture
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100

Oxygen — 8§ moisture) X ———
(Oxygen — 8¢ moisture) 100 — moisture

= oxygen in ‘“‘dry coal” (18)

Calories X —-L = calories in ‘“dry coal” (19)
100 — moisture
For making comparisons, coal analyses are sometimes referred
to “a moisture- and ash-free” basis, by calculation from the
“air-dry,” ‘“as received,” or ‘‘moisture-free’”’ analyses, in the
following manner:

CALCULATION FROM ‘‘ AIR-DRY,” ‘‘ As RECEIVED,” OR ‘‘ MOISTURE-
FREE’' ANALYSIS TO ‘‘ MOISTURE- AND ASH-FREE’’ Basis

100
100 — (moisture + ash)
volatile matter referred to ‘“‘moisture- and ash-free’”” basis (20)
100

100 — (moisture + ash) =
fixed carbon referred to ‘‘moisture- and ash-free’’ basis (21)

Volatile matter X

Fixed carbon X

100
Sulphur X 100 — (moisture + ash) -
sulphur referred to ‘‘moisture- and ash-free’’ basis (22)

100 ~
100 — (moisture + ash) -
hydrogen referred to ‘“moisture- and ash-free” basis (23)
100
100 — (moisture + ash)
carbon referred to ‘‘moisture- and ash-free” basis (24)
100
100 — (moisture + ash)
nitrogen referred to ‘‘moisture- and ash-free’’ basis (25)
100
100 — (moisture + ash)
oxygen referred to “‘moisture- and ash-free’ basis (26)
100

100 — (moisture + ash) =
calories referred to “‘moisture- and ash-free” basis (27)

(Hydrogen — ¢ moisture) X

Carbon X

Nitrogen X

(Oxygen — 8¢ moisture) X

Calories X

Note.—Calorific values expressed in calories are converted to
calorific values expressed in British thermal units by multiplying
the former by 1.8. ’

The industrial demand for a laboratory test which would give
5
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.- vompounds in the coal, or in the
. «hich compounds might affect the
< vsponsible for the so-called *- proxi-
wanate analysis these compounds are
‘noisture; second, mineral impurities
sxanic or combustible matter, approxi-

o volatile matter and fixed carbon.
~~ the composition of a coal is expressed
«.uphur, earbon, hydrogen, nitrogen., and
.« vonstituents being equal to 100 per cent.

NETHOD OF ANALYSIS

. uavisture in coal consists of extraneous mois-
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he praducets of the original vegetable matter
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‘ton
-~ ace
\ig

Fig. 4.—Constant-temperature oven.

¢

L B | ‘capsuie Sneir
1/ 8

Section A-B. Section C-D.

O.00)
0.00

Sliding Shelf
for Capsu!es.

Front Elevation

F1a. 5.—Constant-temperature oven.
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Volatile Matter.—Volatile matter and fixed carbon approxe
mately represent the relative proportions of both the gasvous
and solid combustible matters which are obtained by heating
coal in a closed vessel, the principal constituents of the volatile
matter being such combustible gases as hydrogen, carbon
monoxide, methane, and other hydrocarbons as
well as some non-combustible gases such as carbon CE?
dioxide and water vapor. Water which can be re-
moved from the coal at a temperature of 105°C". U

-(221°F.) is not included under volatile matter.

A l-gram sample of the 60-mesh coal is weighed  Fui. @, -
into a bright, well-burnished, 10-gram (10-cc.) plati- ('.r:.:fi:";“'_‘ um
num crucible, provided with a close-fitting capsule
cover, Fig. 6. This crucible and its contents ix placed upon o
platinum or nichrome triangle and heated to a temperature of
950°C. (1742°F.) for 7 minutes in the full flame of & No. 3
Meker burner, the gas orifice of this burner bheing adjusted
to give a free burning flame from 16 to 18 em. (6)§ to 7 in.)
high. The crucible should be so placed in the triangle that

Fi. 7.—Crycible chimney.

its bottom is 2 em. /35 in.) above the 1op of the burner,
is necessary to protect the crucible from drafts, and a shest, iron
chimney, constructed as shown in Fig. 7, i providesd for this
purpose.

The maximum temperature: should be: 954°C, (1742°F,) anid
this temperature is measured by a therinoeonsgle whime: b
junction is buried in the coml and in contamt with the sseide 2ur-
face of the bottom of the crusitle. Aftr the wal Lixa tasn
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heated for exactly 7 minutes, the crucible is cooled and weighed,
the loss in weight minus the weight of moisture determined at
105°C. (221°F.) times 100 being the percentage of volatile matter.

Lignites and coals which are high in moisture content must be
heated at a low temperature until all of the moisture has been
expelled in order to avoid mechanical losses due to material which
may be thrown out of the crucible by the rapid escape of steam

VoLATLE MAT TER, PER CENT

CruceLe TemPeRATURE, C*
Diagranm II.

and volatile matter.! This preliminary heating occupies from
4 to 6 minutes, after which the 7-minute heating in the full lame
is applied.

It must be remembered that the volatile matter does not
represent any definite compound in the coal; the above-described
method of determination is entirely conventional, and any varia-
tion in the temperature or rate of heating will change the amount
of volatile matter determined, this being graphically shown by
the curves in Diagram II, which represent the amount of volatile

1 Bull. 28, Burcau of Mines, by N. W. Lorb.
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matter obtained by heating a number of portions of a single
sample of coal at various temperatures between 750°C. (1382°F.)
and 1100°C. (2012°F.).. This variation in temperatures with the
consequent difference in volatile matter is quite likely to occur in
such laboratories where different kinds of gas are used or where
different gas pressures prevail, as'shown by the experiments of
FreLDNER and Davis.? Coal gas or water gas may be used to
produce a crucible temperature of 950°C. (1742°F.) when sup-
plied to the burner at a pressure of about 2 in. of water, but a
change in pressure will cause a fluctuation in temperature. The
use of natural gas requires a larger proportion of air for its com-
plete combustion, and it should therefore be supplied at a pres-
sure of not less than 10 in. of water to a good natural gas burner
of the MEKER type, the burner being supplied with an ample
quantity of air, otherwise the crucible temperature will be less
than 950°C. (1742°F.). The use of the MEKER burner is recom-
mended by the Bureau of Mines in place of the BUNSEN burner
owing to its superiority over the latter, especially for natural gas.
The construction of the MEKER burner practically eliminates
the fluctuating inner cone of the ordinary Bunsen flame, and thus
produces a solid flame of fairly uniform temperature, this flame
completely enveloping the bottom and sides of the crucible.
The maintenance of a crucible temperature of 950°C. (1742°F.)
is the essential consideration in the determination of volatile
matter; heating the crucible in a burner flame has the advantage .
of surrounding the crucible with flame, and practically avoiding
the access of oxygen to the sample during determination, thus re-
ducing the oxidation; but conversely, the flame temperature is
difficult to control, as variations in the pressure and volume of the
gas cause fluctuations in the temperature. If the gas pressure
is subject to fluctuation, and a steady electric current is available,
an electric furnace will afford the most uniform means of heating
the sample, the additional oxidation due to the lack of flame pro-
tection being only about 0.1 per cent., provided a 10-cc. platinum
crucible with a close-fitting capsule cover is used.?
" The electric furnace used by the Bureau of Mines is of the

'FieLpNER and Hary, Proc. 8th Intern. Cong. Appl. Chem., Vol. 10,
1912, page 139.

! F1ELDER and Davis, Jour. Ind. Eng. Chem., Vol. 2, July, 1910, page 304.

3 FieLpNER and HaLi, Proc. 8th Intern. Cong. Appl. Chem., Vol. 10,
1912, page 148.
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.

thoroughly mixed with 2 grams of the EscukA mixture, about 1
gram of the EscHkA mixture being spread over the top to form a
cover. The crucible containing this prepared sample is now
placed in a slanting positionon a triangle, the mixture being then
burned out over an alcohol, gasoline, or natural-gas flame.
Artificial gas is not recommended for this purpose, as it usually
contains sulphur in an amount which may introduce an error in
the determination due to the uncertainty as regards the quantity
of sulphur which may be taken up by the mixture. A very low
flame must be used in starting the burning in order to avoid
driving off the volatile matter so rapidly that the sulphur may
escape unburned; this condition can readily be detected, as even
a small loss of sulphur dioxide (SO:) will give off a very pungent
odor. Care should be taken never to heat the crucible to such
a degree as will cause a blackening of the EscukaA mixture cover.

After the crucible has been heated very slowly and cautiously
for about 30 minutes, the heat is increased until the crucible be-
comes red hot, when the contents should be occasionally stirred
until all of the black particles in the mixture are burned out, this
latter condition indicating that the process is complete. After
the crucible and its contents have been allowed to cool, the
contents are transferred to a 200-cc. beaker where they are
digested for at least 30 minutes with 75 cc. of hot water, the
contents of the beaker being then filtered into a 300-cc. beaker,
the insoluble residue being washed twice with hot water by
decantation, and then transferred to a filter paper where it is
washed with small quantities of hot water until the volume
of solution in the 300-cc. beaker amounts to about 200 cec.
About 4 cc. of saturated bromine water (or a slight excess),
together with sufficient concentrated hydrochloric acid (HCI)
to make the solution slightly acid, are now added, after which
the solution is boiled, and the sulphur is precipitated in the
form of barium sulphate (BaSQ,) by adding 20 cc. of a hot 5
per cent. solution of barium chloride (BaCl,), this solution
containing the precipitate being allowed to stand for at least 2
hours at a temperature just below boiling. The following day
this solution is filtered through an ashless filter paper and washed
with pure hot water until a silver nitrate solution fails to show a
precipitate with a drop of the filtrate. If it is desired to test for
an excess of barium chloride, this may be done by adding a few
drops of sulphuric acid solution to the filtrate. The precipitate
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grams of granular zinc to prevent lumping. Sufficient saturated
sodium hydroxide (NaOH) solution (from 80 to 100 cc.) to make
the solution distinctly alkaline is gradually added, and the flask
is immediately connected with a condenser.

As the loss of ammonia is possible, this danger may be reduced
by holding the flask in an inclined position while the sodium hy-
droxide solution is being added, the alkaline solution running
down the side of the flask and forming a layer below the lighter
acid solution. The solution should be mixed by gently shaking
the flask after it is connected to the condenser.

The ammonia (NH,) is distilled over into 10 cc. of standard
sulphuric acid solution, the latter carrying sufficient cochineal
to act as an indicator for titration. The solution is distilled
until about 200 cc. of distillate has passed over, the distillate
being titrated with standard ammonia (NH,OH) solution, 20
cc. of the NH,OH solution being equal to 10 cc. H;SO, solution,
which in turn is equal to 0.05 gram of nitrogen.

The use of the 500-cc. KyeLpAHL flask does not, however, neces-
gitate the transfer of the solution to a distillation flask, as the
KieLpaHL digestion flask can be connected directly with the con-
densing apparatus. _

The Bureau makes routine determinations in sets of twelve,
the digesting and distilling apparatus being designed for twelve
flasks, one flask in each set containing a blank determination in
which 1 gram of pure cane sugar (sucrose) is substituted in place
of the coal sample. The nitrogen found in this blank determina-
tion is deducted from that found in each of the eleven coal de-
terminations that were made in the same set. The sodium
hydroxide and the potassium sulphide are usually dissolved
in a single stock solution, a 25-lb. drum of electrolytic caustic
soda being dissolved in 18 liters of water contained in a 6-gal.
stoneware jar, potassium sulphide being then added until the
quantity of alkali solution required for a nitrogen determination
(from 85 to 100 cc.) contains 1 gram of potassium sulphide.
As caustic soda 99 per cent. pure is used, the above proportions
require 280 grams of potassium sulphide.

Phosphorus.—A 6.52-gram coal sample is burned to ash in a
muffle furnace for a phosphorus determination, this ash being
then mixed with from four to six times its weight of sodium
carbonate plus 0.2 gram of sodium nitrate, after which it is fused
at the highest temperature of the blast lamp. This fused mass

6
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METHOD OF CALCULATING FROM CALORIMETER READINGS

(Sample No. 10743. Weight 1.0000 gram.)

Time, Reading,

P.M. °C.
1.00
1.54 23.874  0.0058 rate of change in preliminary period. 26.463
1.55 23.897 23.897
1.56 23.885 Observed temperature change.......... .. 2.566
1.57 23.892 Thermometer correction................. 0.002
Stem correction......................... 0.000
1.58 23.897 + 0.0058! 2.564
+ 0.0027* Radiation loss................ 0.0066
P W
2.5706
1.583¢ 24.160 + 0.0049! Water equivalent............. 0.3000
+ 0.00142
1.59 25.430 + 0.0008: Total heat developed (calories). 7,711.8
— 0.0006* Correction................... 40.3
1.60 26.280 — 0.0020! Heat developed by combustion.
— 0.0023? of sample (calories).............. 7,671.5
2.01 26.439 — 0.0025!
— 0.0026?
2.02 26.463 — 0.0026!
— 0.0026*
2.03 26.466 — 0.0026!
— 0.0026*
— 0.0066 algebraic sum.
2.04 26.463
2.05 26.460
2.06 26.456 — 0.0026 rate of change in final period.
2.07 26.455
2.08 26.454
2.09 26.450
Calories
Wire burned = 11.2 mg. =17.9
Titer (1 cc. = 5 cal.), 2.5 cc. =12.5
Sulphur (0.01 mg. = 13 cal.), 0.0076 mg. =99
Room temperature = 24°C. 40.3

1 Computed rate per minute of temperature change at each reading.
2 Temperature correction for heat loss during each interval.
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the bomb calorimeter when fuel is burned in an atmosphere of
Oxygen under high pressure, but in the ordinary combustion of
<oal, or in a boiler furnace, the sulphur is burned to sulphur
dioxide (SOs), which has a heat of formation equal to 2250
calories per gram of sulphur; the difference between these two
values, or those due to the formation of aqueous sulphuric acid
in the one case and to sulphur dioxide in the other, amounts
to 4450 — 2250 = 2200 calories per gram of sulphur.

This difference necessitates a correction of 2200 calories per
gram of sulphur in the determination, because of the formation
of aqueous sulphuric acid, and since 1 cc. of the standard am-
monia solution is equivalent to 0.0055 gram of sulphur, we have
0.0055 X 2200 = 12.1 calories as the heat correction which
must be made if all the acidity of the liquor from the bomb is
represented in sulphuric acid.

As a general statement it may therefore be said that the
ammonia solution containing 0.00587 gram (NH,) per cubic
centimeter is equivalent to 5 calories when nitrogen is burned
to aqueous nitric acid, or to 12.1 calories when sulphur is burned
to aqueous sulphuric acid, this difference therefore requiring a
further correction for the sulphur that may be determined
separately. This correction is found to be a function of the
difference between the value of the ammonia solution in terms
of sulphur, or 12.1 calories, and its value in terms of nitrogen,
or 5 calories, the difference being 12.1 — 5 = 7.1 calories; this
difference is divided by 0.0055, the value of 1 cc. of the ammonia

.. 7. .
solution in grams of sulphur, and 00055 = 1291 calories per

gram of sulphur, or practically 13 calories for each 0.01 gram
of sulphur. We therefore find that the total correction for
acidity is equal to the cubic centimeters of ammonia solution
multiplied by 5 plus the centigrams of sulphur multiglied by 13,
the figure 5 being the factor for nitric acid.

The MAHLER bomb calorimeter is shown in Fig. 11, where

A = the water jacket by means of which constant con-
ditions are maintained outside of the calorimeter proper,
thus making it possible to secure a more accurate com-
putation of losses due to radiation.

B = the porcelain-lined steel bomb, which is filled with com-
pressed oxygen, and in which the combustion of the coal
takes place.
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A constant temperature device, Fig. 12, used by the Bureau

% Mines, provides a water supply at the proper temperature for
rting calorimeter determinations; this device consists of a large
“Opper tank (A) containing an agitator or mixer (a), the latter
ing revolved through the medium of a small electric motor,
&ngd an electric thermostat (b), which operates an electromagnetic
Valve (c) located in the ice water tank (B). After a calorimetric
€termination has been completed, the water, which has been
8lightly warmed in the bucket, is returned to the tank (A). The
Addition of this warmer water acts on the thermostat and thus
Causes thelatter to close an electrie circuit through
A dry battery and relay, the latter in turn closing
a 220-volt circuit through the coil of the solenoid
(d), this closing of the circuit causing the valve
(c) to open and thus admit ice water into the
copper tank (A4). The admission of this water
Yowers the temperature of the water in (A4), and -
when the proper temperature has been thus pro- ] T

b

duced, the circuit is automatically broken by the
thermostat, and valve (c) is closed. The water
required for each determination is drawn off
from tank (A) through the cocks (¢) and (f) to  Fic. 12.—Con-
the calorimeter bucket, where it is weighed. A stant tempera-
: . ture device.

tare weight, equal to the total water equivalent

of the calorimeter plus the weight of the empty bucket, is pro-
vided by means of a strong, glass, shot-filled bottle.

Before being placed in use, the calorimeter should be standard-
ized by determining the water-equivalent value of the instru-
ment, this being done by the method of specific heats, the elec-
trical method, the method of mixtures, the differential method,
or by the method which employs the combustion of a substance

_having a known calorific value.

An example of standardization by the first or specific heat
method, made on the MAHLER bomb by the Bureau of Mines,*
is given below; this bomb showed a water equivalent of 500 as
determined from the average of fifteen combustions of pure naph-
thalene, benzoic acid, and sugar cane, a check on these determi-
nations by the method of specific heats giving the following
result:

! Tech. Paper 8, Bureau of Mines, STaANTON and FIELDNER.
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T = the change of temperature, corrected for radiation and
thermometric errors.

H. H. CLArk! has devised the following equation for determin-
ing the calorific value in British thermal units, this equation
being the result of more than 500 analyses of coals the heating
value of which had been determined by means of a standard

calorimeter.

CLARK states that the results given by the equa—

tion are within 2 per cent. of those obtained by the calorimeter.

B.t.u.’s per pound of dry fuel =

in which
C = per cent. of carbon in coal.
constant, as given below.
per cent. of volatile in coal.
constant in Table XXVI.
per cent. of moisture in coal.

For lignite

v
M
A
S

cC =
‘7

Il

]

((‘ . + Vo) — (16M + 304 + 39S5)
100 - M

per cent. of ash in coal.

per cent. of sulphur in coal.

For “¢" Usg

'I‘Am.l-: XX\-’I

For coke

Per cent., “pr l Per cent., | o

vol. I vol. '
1 240.5 14 202.
2 236.4 15 200.
3 232.5 16 199.
4 228.8 17 197.
5 225.3 18 195
6 221.9| 19 194,
7 218.6 [ 20 ! 192.
8 2154 21 | 190.
9 212.3 22 188.
10 210.3 ’ 23 187.
11 208.3 24 185.
12 206 .4 . 25 183.
13 204.6' 26 |182.

o -

vol.

33D
¢ = 141
¢ =140
c= 95
c =130
“w_ |Per cent. i T
v | vol. ' °
. A
180.5| 40 | 162.2
178.8 1 41 161.1
177.2 | 42 160.0
175.2 1 43 158.9
173.9 | 44 157.8
172.3 1 45 156.7
170.7 | 46 155.6
169.2! 47 | 1545
167.8 ! 48 153.4
166.6 ' 49 152.3
165.5 ‘ 50 | 151.2
164.4] 51 150.1
163.3 \ 52 149.0

1 Amer. Gas nght Jnl., bcpt. 30, 1912 page 217.
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“Xhe calorific value of a coal. taken in conjunction with its
Praximate analysis, may give some idea as to the calonitic value
“Raich will be found in the volatile products were it not for that

Xtion of this volatile combustible which is transformed into

» the latter having a high calorific value: therefore the ealoritic
Valye of the coal can be accepted only as an index of what may be
®Xpected in the gas. It is a well-known fact that, as a rule, high
Volatile coals, having a high calorific value, are more apt to pro-
Quce gas with high calorific values than those coals which have a
low heating value. Carbonizing within working limits at low
temperatures will produce more tar than when
the same coal is carbonized at a higher tempera-
ture, and as a rule this low-temperature tar
will be of a better quality and will contain less

free carbon. e

The True Specific Gravity.—In determining

the true specific gravity of the coal, approxi-

mately 3.5 grams of the 60-mesh sample are

weighed and placed in a 50-cc. pycnometer

which contains about 30 cc. of distilled water.

In order that no portion of the sample be lost

during boiling, a one-bulb, 6-in. drying tube (a) is

connected to the pycnometer by mecans of a  Fio. 13, Pye

. . . nometer for truo
small piece of pure rubber tubing (c), Fig. 13, wpocifie gruvity.
the other end of the drying tube being con-

nected to the aspirator. Suction is now applied and the con-

tents of the flask are caused to boil gently under a purtinl

vacuum for 3 hours, thus expelling all air from the conl wun-
ple; a water bath (d) is interposed between the flume of the
burner and the pycnometer. After the air has been expelled,
the pycnometer is detached, almost filled with boiled and cooled
water, and then allowed to cool to the temperature of the room,
being then stoppered and weighed, the temperature of the pye-
nometer contents being taken immediately after weighing,

Each pycnometer must be accurately calibrated and s table

should be constructed giving its individual capucity in gramn

of water at different temperatures. The true gpecific gravity

is now determined by means of equation (34):

T ! ‘i W (
rue specific gravity = W— (W, )

A
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in which ,
W = weight in grams of dry coal = weight in grams
of the sample less its moisture content.
weight in grams of the pycnometer plus the dry
coal plus the filling water.
P = weight in grams of the pycnometer plus the
filling water.

A HocarrH flask is also used to great advantage in determining
the true specific gravity, and it is more convenient and accurate
than the ordinary pycnometer; with the latter flask it is some-
what difficult to insert the stopper without catching some floating

particles of the sample be-
To Fitter Porp )) tween the neck and the stop-
per, but this difficulty is re-
moved by using the HoGARTH
flask.

A 10-gram sample of the 60-
mesh coal is weighed and care-
fully placed in the weighed
Y HogarTH flask, the latter be-
2 || Electric ot o ing half full of distilled water,

=1 the capacity of these flasks be-
ing from 100 to 125 cc. The
flask is placed on a small elec-
tric hot-plate in a 10-in. vac-
uum desiccator, Fig. 14, this desiccator being evacuated by
means of an aspirator or air pump, sufficient electric current
being passed through the hot-plate to keep the water boiling;
about 30 minutes are required to expel all of the air if an efficient
vacuum pump is used. The flask is now removed from the
desiccator, filled to the tubulure with distilled water, which has
been recently boiled and cooled, and the stopper is inserted, a
thin film of vaseline being applied to the stopper to prevent
leakage. A

The flask is now placed in a water thermostat and cooled to
about 25°C., after which distilled water, which has been cooled
in the same thermostat, is drawn through the tubulure until the
water reaches a level slightly above the mark on the capillary
of the stopper. By inserting the end of the tubulure in a small
beaker containing the distilled water, and by applying slight
suction on the stopper, the flask may be filled without removing

WI

F1a. 14.—Vacuum desiccator for true
specific gravity.
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are placed on the upper pan and the hydrometer is allowed to
sink until it reaches a mark on the stem between the copper
pan and the buoy, this total weight being recorded. The
weights are then removed and about 500 grams of the coal in
114- to 2-in. cubes are placed in the copper dish, after which
sufficient brass weights are applied to cause the hydrometer to
sink to the mark on the stem, the difference in the weights used
giving the weight of the sample in air. The sample is now
removed and carefully placed in the brass cage below the buoy,
the weights.on the upper pan heing adjusted until the instrument
again sinks to the designated mark on the stem. Then the
weight of the coal in water will be equal to the weight required
to sink the hydrometer to the mark with no sample on the
upper pan nor in the brass cage, less the weight required to
sink it to the same mark with the sample immersed in the
cage.

If the weight of the coal sample in air = z, and the weight of
the same sample in water = y, the apparent specific gravity will

z apparent specific gravity
be P a Therefore, 100 X _—tfue_sﬁgciﬁc—g?aw_ty_ = per-
centage by volume of coal substance, and 100 — percentage by
volume of coal substance = percentage by volume of cell
space. ’

Before making specific gravity determinations the samples
should be thoroughly dried, and they should also be in lumps of
approximately the same size and shape. When the sample is
immersed, the hydrometer should be moved up and down in
the water a number of times so that air bubbles may be expelled.



CHAPTER V
PREPARATION AND STORAGE OF COAL

Good coking coals are capable of producing a good, sound
coke without any other preparation than crushing, but as many
of the coals used for this purpose contain slate, iron pyrites,
ferrous sulphide, sulphate of lime, argillaceous matter, and
Phosphorus, coal washing must be resorted to in order that the
required quality of coke may result, the quality or cleanliness
of the coal having a direct bearing on the yield of coke. Table
XXVII! shows approximately the quantity of coal, in tons and
pounds, required to produce a ton of coke in 1880, 1890, 1900,
and annually since 1901, from which it is evident that up to 1903
the amount of cdal required to produce a ton of coke exceeded
3100 lb.; from 1904 to 1910, inclusive, this weight was somewhat
reduced, being between 3000 and 3100 Ib., while for the last
3 years it was slightly less than 3000 lb., the minimum hav-
ing been reached in 1912.

TasLe XXVII.—CoaL REQUIRED To PRoODUCE A ToN o Cokk

Year I Tons Pounds Year Tons Pounds
1880 1.57 ) 3140 1906 1.531 3062
1890 | 1.56 3120 1907 1.519 3038
1900 |} 1.57 = 3140 1908 1.515 3030
wor | 157 3140 1909 1510 3020
1902 1.56 3120 1910 1.513 3026
1903 1.56 . 3120 1911 1.499 2998
1904 1.544 305% 1912 1 491 2082
1905 1.537 3074 1913 1.496 2992

The coke yield since 1903 has increased in 4 ratio corresponding
to the reduction in the amount of coal required to produce a ton
of coke, and at present about 160 1b., or 5 per cent., less coul is
required per ton of coke than was necessary 10 or 12 years ago,
or before the retort coke ovens hegan to make their existence a
factor in the coke-making industry.

1 The Mfg. of Coke in 1913, E. W. Parxen, U. 8. Geologics] Survey.
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TABLE XXVIII.—PERCENTAGE YI1ELD OF CoaL IN CoOKE BY STATES!

1913

State I 1909 | 1910 1911 | 1912
Alabama............... 60.7 61.6 62.6 64.9 63.6
Colorado............... 64.9 66.6 66.6 66.0 65.1
Georgia................ 53.8 54.8 51.7 50.0 51.5
Mlinois................. 75.9 76.8 77.1 76.2 74.9
Indiana................ 44 .4 78.3 80.6 81.8 77.1
Kansas. .. 00.0 75.2 70.0 70.0 00.0
Kentucky.............. 52.0 51.7 55.9 62.4 61.9

Maryland.............. 67.9 65.6 66.2 65.8 69.4
Massachusetts. ... .... .. 77.7 77.3 77.4 75.5 76.3
Michigan............... 74.1 75.7 74.2 75.4 76.2
Minnesota .. ........ ... 67.7 68.0 66.7 69.6 66.9
Montana .............. 4.7 44.7 00.0 00.0 00.0
NewJersey............. 77.7 76.1 76.2 78.4 75.4
New Mexico............ 53.9 61.6 61.5 60.9 59.4
New York............. 72.0 71.7 71.8 72.6 71.1
Ohio. ... 65.4 68.3 68.2 69.2 69.3
Oklahoma.............. 00.0 45.0 00.0 00.0 00.0
Pennsylvania........... 67.3 66.7 66.7 66.5 66.6
Tennessee.............. 53.1 54.0 52.6 54.0 52.5
Utah. . 53.7 54.9 59.0 56.8 56.9
Virginia, ............... 65.4 64.6 63.9 62.2 64.7
Washington............. _61.7 63.0 66.6 62.6 64.2
West Virginia........... 62.0 61.1 60.4 60.7 61.3
isconsin.............. 76.1 77.4 74.9 69.6 76.2
Total average.......| 66.2 66.1 66.7 67.1 66.9

TasLe XXIX.—PERCENTAGE YIELD OF CoAL IN COKE IN THE UNITED

STATES!

Year | Per cent. ' Year Per cent. ' Year Per cent. Year I Per cent.

) -

1880 63.0 1902 64.1 1906 65.3 } 1910 66.1
1890 64.0 1903 64.1 1907 65.8 1911 66.7
1900 63.9 1904 64.8 1908 66.0 1912 67.1
1901 63.7 1905 65.1 1909 ’ 66.2 1913 66.9

two-thirds of the total being washed slack, while in Georgia,
New Mexico, and Washington all of the coal is washed, the first

two states using slack exclusively.

In Colorado the greater

portion of the coal coked is run of mine, washed, and in Virginia
'The Mfg. of Coke in 1913, E. W. ParkER, U. S. Geological Survey.
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there is almost an equal division between slack and run of mine,
but none of it is washed in this state.

In 1913 the total quantity of coal charged into ovens for the
production of coke amounted to 69,239,190 short tons, of which
49,566,720 tons unwashed, and 4,793,053 tons washed were run
of mine coal, while 5,958,173 tons unwashed, and 8,921,244 tons
washed were slack coal, making the total amount of unwashed
coal 55,524,893 tons as against 13,714,297 tons of washed coal.
Table XXX shows the character of coal used in the production
of coke from 1890 to 1913.

TaABLE XX X.—CHARACTER OF CoAL Usep IN MAKING CokE. SHORT ToNs®

Run of mine Slack
Year [ D Total
Unwashed Washed Unwashed Washed

1890 | 14,060,907 | 338,563 | 2,674,492 931,247 | 18,005,209
1895 | 15,609,875 | 237,468 | 3,052,246 | 1,948,734 | 20,848,323
1900 | 21,062,090 | 1,369,698 | 5,677,006 | 4,004,749 | 32,113,543
1905 | 31,783,314 | 3,187,994 | 8,196,226 | 6,363,143 | 49,530,677
1910 | 42,554,324 | 5,178,915 | 6,842,078 | 8,513,010 | 63,088,327
1911 | 36,362,875 | 4,918,520 | 5,460,689 | 6,536,164 | 53,278,248
1912 | 47,559,972 | 5,122,342 | 5,668,166 | 7,227,382 | 65,577,862
1913 | 49,566,720 | 4,793,053 | 5,958,173 | 8,921,244 | 69,239,190

Crushing the coal as it comes from the mine is necessary in
order to produce a good and uniform quality of coke, and this
is specially true as regards those coals which are low in volatile
matter, as the fusing elements which are supposed to be inherent
in the volatile matter are thus utilized to more advantage; be-
sides this, if it were possible to charge coal of absolutely uniform
size to the ovens, a better coke would result, as in this case all
particles of coal would be completely carbonized in the same
period of time. In the case of large and small lumps the former
require an added carbonization period over the latter, as it
requires a longer period of time for the heat to reach the center
of the large lump.

There are a large number of efficient coal crushers, or breakers
on the market, but in making selection of a machine of this
character attention should be paid to its simplicity of design, as
a multiplicity of parts usually leads to operating troubles.

1The Mfg. of Coke in 1913, E. W. ParkEr, U. S. Geological Survey.
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(rushing the coal breaks up the slate particles, thus per-
mitting them to be easily and intimately mixed with the coal,
this even mixture leading to a regular distribution of the slate
particles through the cellular structure of the coke, as, if large
pieces of slate are permitted to enter into the coke, they will
break the continuity of the cellular structure, this having the
effect of breaking the coke into small pieces during handling
Fine crushing, say to 85 per cent. of the coal through a l¢-in.
screen, is advisable, as it is possible that the fine crushed ash
constituents will tend toward a slight fusion effect in the cellular
structure, this effect assisting in strengthening the coke.

Washing the coal is often, but not always, a necessity, as is
seen from the foregoing tables, but as a rule such coals as do re-
quire washing also require a careful study of their physical and
chemical qualities in order that the proper apparatus can be
devised to secure the desired result. A proper classification of
the coals ensures the most efficient separation of slate and other
impurities, this being accomplished to a great extent by a
difference in specific gravities of the materials charged to the
washer, where coals of the same size, due to their lesser weight,
will rise, while the heavier impurities (slates, pyrites, etc.)
will sink. Attempts have been made to treat such coals as
have their slaty impurities mixed with clay, in a dry manner, as
in water washing the clay dissolves and adds to the washing
troubles, This method of dry washing calls for passing the
classified coals through a current of air, in which the separation
is again effected by reason of the difference in specific gravity
between the coal and the impurities. In order to secure the
best coking results the coal should be carefully analyzed, and if
upon examination it is found that costly treatment is required
to secure the desired result, that particular coal should be
abandoned if possible.

A great many washing systems have been and are being used,
but in adopting any system care should be taken to see that it
is effective for the particular coal to be treated.

At Johnstown, Pa.,! almost from the beginning of operations,
the coal has been washed i in order to reduce the ash and sulphur.
The Tennessee Coal, Iron and Railroad Company also wash
Practically all their coals for coking purposes, the prime factor
in this cage being ash reduction. The coal at Johnstown is washed

1C.A MEeissNER, Chairman, Coke Com., U. S. Steel Corporation.
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Another BauMm plant, Fig. 17, makes use of a “dehydrating”
belt for delivering the one grade of coal directly to a scraper con-
veyor, while the bucket elevator carries the crushed nut ceal
and coal dust to the same scraper, the latter then distributing
the two grades to several centrifugal mills, from whence the mixed

S Scraper Conveyor

. F1a. 17.—Baum coal mixer.

product passes to the storage bins, the coal being leveled in the
latter by means of another scraper located under each mill.
These two systems are not looked upon so much as real mixers,
but rather as an integral part of the coal-washing system.

Fig. 18 shows a HumBoLDT system in which the two grades of

Distribvting Screw

LMl
— Rotating Floor

\N—Screw Conveyor -

Coal-] I
\ coal If
Screen

Valve

Crusher
F1a. 18.—Humboldt coal mixer.

coal are delivered by cars to crushers and from thence to a bucket
elevator; from the elevator the coal is distributed by means of a
spiral conveyor to the centrifugal mills, the coal from the latter
being delivered by means of a screw to a scries of revolving dis-
tributing tables, the latter placing the coal in storage.
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Fig. 19, which is also a HuMBOLDT system, shows the two grades
of coal joining each other in the elevator boot, the elevator de-
livering this preliminary mixture to a screw which again distrib-
utes the coal to a series of mills from whence a scraper conveyor

deposits the final mixture in the storage bins. The proper

Screen
Scra(aer Conveyor

Mill

Coal’l
a Coalll
=
Screen

Fia. 19.—Humboldt coal mixer.

Mixture is secured in these various systems by regulating the

SPeeq of the conveyors which thus permits of delivering only the

?’m()unt required. The HuMBoOLDT systems are also usually
O in connection with coal washeries,

. Xnthe Mécrin system, shown in Fig. 20, the one class of conls

drawn from storage into a screw conveyor which in turn

-,
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delaosits them in the elevator tawt; the clevaror plasus thuw:
Caals in the mills, through the: surdiug, of 2 wrew conveyor s
from the mills a seeond cevator carrus tiu cruetas aml 1, an
Overhead bin. it being deliverad frozs thre v, v s A 5 v hsd
tlevator carrying the other clam of cmi; tim *we, crain taw s
into a mixing centrifugul will, sud from s inv, 2wnsgy.
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The KLONNE system, as shown in Fig. 21, is not dependent
upon coal washeries, and it is therefore found in coke plants where
no washing is done. The two grades of coal are drawn from the
lower storage bins, being fed to the bucket elevators by re-
ciprocating feeders; these elevators deposit the two grades of coal
in adjacent bins from whence they are drawn in measured quan-

Coal-
Coal- Il

F1a. 21.—Kloénne coal mixer.

tities by means of reciprocating feeders to the mills, the latter
delivering the mixed coal to a screw conveyor which carries it
to final storage.

Figs. 22 and 23 show the mixing systems as built by ScaticH-
TERMANN and KREMER; in the former the two grades of coal are
delivered on separate tracks to the plant, dumped into pits, from

Mixing Bin
onveyor

R .

Mixing Table /{3 AAL

Coal Store

Milr
Forck Coal e

E-Fx_'_. [T T Ty verer
= P 1

—

Track Coal)- I

F1a. 22.—Schiichtermann and Kremer coal mixer.

whence the delivery to the mixing bin is regulated by the speed
of the elevators; from this bin the mixed coals pass into the
centrifugal mills, and are then deposited in the final storage by
means of an clevator and scraper conveyor. In the system shown
in Fig. 23 the two grades of coal are stored in adjacent bins,
those for one grade being provided at the bottom with an
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ordinary gate, while the other is supplied with a reciprocating
feeder, the two coals passing onto a belt and from thence to an
elevator to final storage.

~ The Coxcorpia CoLLIERY, Oberhausen, Germany, secures a
desirable mixture without the use of any particular mixing
system, as it was found that the various methods of delivery
required by the design of the entire plant accomplished the result

Coal1 Coal Il

To Stores
Feeder

Conveyor Coalif

F1a. 23.—Schiichtermann and Kremer coal mixer.

Without any trouble, this delivery method being shown in Fig.
24. The one grade of coal is delivered by cars (a) to the pit of
elevator (c), the other grade reaching the same pit through
_"b"fe (b); the elevator deposits the mixture on belt (d), which
12 turn gives it to belt (e), from whence it passes into the final
.st""&ge bins. These several transfers mix the coals very effect-
Vely | as tests made showed the following maximum differences

To Coal Stores

¥y, 24.—Diagram of the coal mixing plant at the Concordin colliery.

betjween the actual and desired volatile contents at the various
Mints of transfer:

Bucketelevator (¢)........................ 4 K7 per cent,

Scraperbelt (d)........................... 2.54 per cent.
Scraperbelt (¢)............................ 1.21 per cent.
Coalstorage.............................. 0 6K per cent.

Washing the coal at the mines is very objectionable, because
the drying of the coal calls for very large and costly storage
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bins, and even after protracted storage the coal will be found
to contain a considerable amount of moisture which results in
increased freight charges, this' moisture being subjected to
freezing during cold weather, which in turn calls for costly thaw-
ing-out installations. When the coal is washed at the car-
bonizing plant it is also found to contain water, and this moisture
content leads to difficulties in crushing and mixing, besides which
the charging of wet coal in the ovens has a bad effect on the
oven walls, the water also increasing the coking time. At
Joliet, Ill., a process is in the course of development for drying
the coal by mechanical means, and its success will be of benefit
to all coal carbonizers. .

The storage of coal in open piles is familiar to all, and it is
not my intention to describe the various systems for trans-
portation and piling, but rather to confine my remarks to modern
storage buildings.

A great deal of attention has been given to the proper storage
of coal by the United States Government, and at the Navy
coaling station on Narragansctt Bay, where a storage capacity
of 60,000 tons has been established, all of the pockets or coal bins
have been provided with temperature tubes in order that a rise
in temperature may be discovered and remedied before the danger
point has been reached. These temperature tubes are made of
4-in. galvanized pipes about 20 ft. long and they are so located
in the pocket floors that they project upward through the
coal, each tube being provided with a thermostat arranged to
indicate temperatures in excess of 65°C. (149°F.). There are a
total of 232 tubes from which circuits are run to a general an-
nunciator located in the superintendent’s office; the heating of
any particular pile causes an alarm to be sounded, the location
of the heated pile being shown by an indicator. After extensive
experiments the Navy Department accepted 65°C. as the
danger point, as it was learned that increase in temperature was
very rapid after this point had been reached.

The coal storage building which is operated by the Providence
Gas Company at Providence, R. I., in connection with its open
coal pile, consists of an A-frame steel structure, shown in Fig.
25, those portions of the structure in contact with the coal
being covered with conerete, while cach bay between the trusses
is supplied with a steel door at the ground line to permit of access
in case of fire. The coal is delivered to the open pile or to the
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being so arranged that the coal can either be deposited in the
storage or carried direct to the point supplying the carbon-
izing apparatus. The storage buildings are constructed either
as large halls where the coal is handled by means of grab-buckets
and man-trolleys or in the shape of large silos which in turn de-
liver the coal through bottom chutes to the conveyors. If
the coal is stored in large halls, tHe sides should always be so
constructed as to permit of coal removal through side doors in
case of fire, while if the silo construction should be adopted the
delivery devices in the bottom should be so arranged as to re-
move the burning coal in a minimum of time.

The silo construction permits of a greater height of storage
than does the storage in large halls where the coal is recovered
by grab-buckets, and the silo construction as devised by HERR
RANK, Munich, and as built by the BaMac Company, is finding
great favor in Germany, this device being shown in Fig. 26.
This method of storage permits of storing very large quantities
of coal on a minimum of ground space, the one illustrated
allowing of about 114 tons per square foot of area, this content
being due to the inclined bottoms, which construction also
prevents breakage of the coal while being deposited in the
various bins. The structure is built almost entirely of ferro-
concrete, the space below the silos being open and fitted for the
storage of other materials.
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BAEHR states that this tabulation shows only an arbitrary
relation, and that the extent to which recuperation should be
carried in order to secure the greatest commercial economy is as
yet unknown.

MR. A. H. STRECKER gives the following additional figures in
this connection:

: Heating surface of Ratio of recuperator
Type of furnace recuperator in surface to retort
square inches - surface, per cent.
KLONNE..................... 30,720 33.9
PARKER-RUSSEL............. 30,240 33.3
Newark..................... 37,152 41.1
Average..................... 32,704 36.1

The waste gases greatly exceed the excess air in quantity, and
also because of the thermal capacity it would seem almost im-
possible to utilize all of the available heat in the gases as they
leave the setting; added to this, we find certain physical conditions
which make an attempt at heating the primary air to any extent
out of the question. MR. BAEHR states that in his opinion the
ideal setting would include separate but continuous gas producers,
so arranged as to supply a stack of benches with combustible gas,
making as much use as possible of the sensible heat of the waste
gases for preheating the secondary air, and the balance for heating
the primary air.

If the bench is provided with its own producer, the latter should
have a rectangular cross-section, but if separate producers are
supplied, they should be of a circular shape.

MRr. R. W. PoLk, in defining the character of a settmg, states
that a half-depth bench is one in which the distance from the
grate bars to the crown of the furnace is 36 in.; for a three-quarter
depth this dimension is 54 in.; while for a full depth it should be
72 in., it being understood that in all cases the recuperators extend
to the level of the top of the ash pan. As regards the heating of
the primary air, he states that this is uneconomical, as this pro-
cedure merely means the carrying of more heat into the furnace
where it should be the aim to keep the temperature down.
BAEHR does not agree with the above definitions, and offers the
following: A shallow producer recuperative bench is one having
an average effective fire depth just before firing of not less than
3 ft., and a maximum of not over 5 ft.; the ratio of effective re-

4
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. S——

Zear |Yield perld. ; C. P. Sugs. ' Candle ft. | Ao e It erater
R 909 5.16 1544 | 79.71 24,250 13.09
A 910 5.55 15.25 81.64 21,980 13.12
a9l 5.57 15.55 86.70 20,310 10.96
A 912 5.55

15.30 | 87.90 20,540 11.20

Morizontals at Stuttgart, Germany.—This installation con-
sassts of 22 benches each containing nine retorts 15.7 in. X 23.6
Axa - X 19.7 ft. long, DE BROUWER machines being used for charging
amxad discharging. The charges consist of 614 tons, this amount
Toeing burned off in 9 hours. The average make is 11,698 cu. ft.

Pexton (1909), the gas having a net calorific power of 560 B.t.u.’s,
while the average make per bench per day, including scurfing
t1xne, was 155,390 cu. ft., corresponding to 164 cu. ft. per square
foot of retort house ground area per day. The coke produced
is large and firm, the coke used in the furnace being from 13 to
14 per cent. by weight of the coal carbonized.

Horizontals in England.—Dr. J. FERGUsoN BELL! reports
simultaneous tests extending over a week on carbonizing with
fuall horizontal retorts and with light charges, the respective
Carbonizing periods being 12 and 8 hours, the retorts measuring
16 in. X 22 in. X 18 ft. lopg; the coal used was Derbyshire
Black Shale of ordinary quality.

CoMmposiTiION OF CoaL Usep

Carbon...........o i 72.22
Hydrogen............. ... ... ... 4.75
Nitrogen. ...t .. 1.35
Sulphur (vol.)............... ... ...l 2.31
Ash. .. e 7.51
Moisture. ...t 4.49
Oxygen (by diff.)........................ .. ... 7.36
ANnavysis oF Coxe Propucep
Charge Sp. gr. C ! Vol. i Total 8 | Ash i Moisture
12 hours 1.59 84.82 1.838 2.780 10.34 0.664
8 hours 1.63 84.05 1.021 2.415 10.11 0.290

The coke from the 12-hour charge was somewhat harder and
of better color than the other.

1 London Jnl. of Gas Ltg., 1910, page 836.
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12 hours 8 hours
Average weight per charge, 1b. .. " ................ 1,344.0 920.0
Gas made per 2240 lb.,, cu. ft.............. ... ... 12,091.0 [11,820.0
C. P. Metropolitan No. 2 burner.................. 15.56 16.29
Calorific value, gross, B.tau....................... 608.2 586.8
Calorific value, net, B.tu........................ 554.6 530.4
COsincrudegas,percent....................... 2.5 2.4
H,S in crude gas, gr. per.100 cu. ft............... 1,040.0 933.0
CS; in crude gas, gr. per 100 cu. ft............... 65.9 57.3
Coke sold per ton of coal carb. large, Ib............ 1,053.0 997.0
Coke sold per ton of coal carb. small,1b........ ... 277.0 331.0
Coke sold per ton of coal carb. breeze,1b.......... 87.0 83.0
Coke used in furnaces per ton of coal carb., 1b...... 179.0 185.0
Coke used in furnaces per cent. of coal carb........ 8.0 8.25
Tar made per ton of coal carb. gal................ 12.07 10.43
Specific gravity of tar................ . ... .. ... 1.156 1.189
NH, liquor per ton of coal, 50°Tw. gal............. 33.53 33.88
NH; in Ib. of ammonium sulphate, Ib....... e 29.89 28.50

Analyses of Gas:

Carbon dioxide.......................... e 2.20 2.60
IMuminants............... ... ..., 3.80 3.30
OXYgeN. ..ottt 0.30 0.30
Carbon monoxide............................... 5.60 5.20
Methane............ ... i 32.90 34.00
Hydrogen............. ... ... ... 48.60 43.50
Nitrogen (by diff.)......................... .. ... 6.60 11.10
Calorific value, calculated, B.tau............ ... .. 567.6 550.2
Calorific value, by JUNKER'S calorimeter. ... .... .. 566.0 515.2
Temperature in retorts, mean average, °C...... .. .. 995.0 986.0
Temperature in retorts, mean average, °F........ .. 1,823.0 1,807.0
Temperature in combustion chamber, °C...... ... .. 1,332.0 | .........
Temperature in combustion chamber, °F... ... . .. ! 2,430.0 | .........

The Carpenter Vertical Take-off.—This take-off, U. S. patent
No. 1,122,683, has becn in operation for a little over 2 years,
and has proven the climination of a great deal of the labor
found in connection with the usual ascension pipe. As originally
constructed, this take-off was provided with a circulating system,
the ascending gas being cooled by the introduction of water at
the top of the pipe. After operating for some time, however,
it was found desirable to maintain as high a temperature as
would be practicable in the pipe, in order to secure a fixing
action for the large volume of low-temperature gas coming from
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It is also claimed that the gas produced in these verticals
contains but traces of naphthalene, and that naphthalene stop- -
pages are entirely eliminated.

R eports from MaRIENDORF and DEssau, Germany, are to the
effect that the amount of carbon bisulphide in the gas produced
in these verticals is about 50 per cent. less than with gas produced
in Torizontal or inclined retorts; this reduction in carbon bi-
sulphide is, from a hygienic standpoint, very important, because
it is transformed into sulphurous acid at the point of gas com-
bustion, and once formed, it is a difficult matter to remove it
from the gas.

It is also claimed that the DEssAU verticals are responsible for
& higher ammonia yield than is possible with other benches, this
increase amounting to from 30 to 50 per cent. The comparative
yields of ammonia in horizontal, inclined, and vertical retorts,
using the same coal, at the Berlin Gas Works, are given in
Table XXXI. ’

TaBLE XXXI.—AMMONIA YIELDS

Yearly average for 1908 l;}:{"&f on'c?,:{
Horizontal benches with charging and discharging machines.. 4.8
Inclinedbenches...................................... 5.4
Inclined and vertical benches........................... 5.8
Verticalbenchesonly.................................. 6.2

No claim is made for increased tar yield, the yield being from
4 to 5.6 per cent. by weight of the coal carbonized, but the
quality of the tar is said to be superior, the tar being in the
shape of a brown oil which does not thicken in the hydraulic or
tar mains. A distillation test made on the tars produced from

the same coals in vertical and in horizontal retorts, gave the
following analyses:

TaBLE XXXII.—TAR ANALYSES

I

Constituent 1 Ver;icrn‘l’er:tt..ort. ‘ Hori:;l:t:eln:?tort.
|
Ammonia liquor..................... 2.17 : 3.50
lghtoil............................ 5.85 . 3.10
Mediumoil......................... 12.32 7.68
He&Vy ol 11.95 10.15
Anthracene oil....................... 15.96 : 11.54
Pitchy........................... .. 49.75 . 62.00
Residue............................ 2.00 | 2.03







CARBONIZATION IN RETORT BENCHES 135

period, when the production of coal gas is greatly decreased,
the Iheat, which otherwise would be wasted, is effectively applied
in the production of water gas. The fuel consumption for the
production of 1000 cu. ft. of straight coal gas in the DEssavu
vertical is from 27 to 30 lb., this amount being reduced to from
2B to 26 lb. with the production of water gas.

A1l authorities, however, do not agree as to the economy of
producing water gas in verticals, as from the figures prepared by
HeRrR PRENGER,! after taking into consideration all circumstances
and conditions, and making all possible allowances, it would
seem that the cost of water gas thus made is 64 per cent. greater
than when made in special generators.

Dr. R. GEIPERT? arrives at a somewhat different conclusion,
and he gives the following comparative estimate on the cost of
producing 141 million cu. ft. of water gas by means of an inde-
pendent plant, and by admitting steam into the retorts.

INDEPENDENT PLANT
6 per cent. interest.and depreciation on £4250

.................. .. £ 255
REDAITE. ... 350
Wages, 134d. per M ... .. ...t 400
Coke, 40.71b. per Mat £10s. 4d.............ooveeeieinn .. 2608

£3613

Approximately $17,340.00

STEAM IN RETORTS

6 per cent. interest and depreciation on 1.7 settings at £2000 per
setting

.................................................... £ 200
Repairs at £150 persetting ................. ... ... ... ....... 255
Wages for 1.7 settings ....................coooiiiiii.. 85
Coke as furnace fuel per M. ... ....................... 15.6 1b
Cokeinretortsper M................................ 14.71b
Totalcokeper M....................ccvieinio.... 30.31b

Total coke used, 1907 tons at £1 0s. 4d

£2480

: Approximately $11,900.00
8aving per M by admission of steam to retorts 1.9d., about 3.8 cts.

! London Jnl. of Gas Ltg., 1908, page 441.
?London Jnl. of Gas Ltg., 1909, page 296.
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Xm independent generators:

36.71b.of cokeat £108.4d............. ... ... ... 4.0d.
W geB. . e 0.3d
Total. ... 4.3d.
About 8.5¢

I n vertical retorts:
1451b.of cokeat £10s. 4d................ ... ... ... .0iia.. 1.6d
281b.of scurfat £2108. 10d................................ 0.7d.
Total. . ... 2.3d.
About 4.5¢

Assuming that the plant operates 300 days per year, producing
140 million cu. ft. of water gas during this period, thus requiring
15.9 settings instead of 14, the total cost would be:

Tn independent generators:

Interest and depreciation on £4250 at 6 percent............... £ 255
Repairs. ... ... ... e 75
Mfg. charges at 4.3d.asabove .............................. 2508

Total ...... ... ... £2838

Approximately $13,622.00
In vertical retorts:

Interest and depreciation on £2500 X 1.9 at 6 percent........... £ 285
Repairs for 1.9 settings ................ ... ... .. ... ... ..., 285
Wages...........ooovvni... B P . 95
Mfg. charges at 2.3d.asabove........................... . 1341
Fuel consumption for 1.9 settings ........................ .. 1159

Total. ... £3165

Approximately $15,192.00

or a difference of £327 ($1570.00) in favor of the independent
water-gas generator.

DESSAU VERTICALS AT PROVIDENCE, R. I.!

This installation consists of two stacks, each containing six
Nches of ten retorts, in use, and a third stack which had not
en fired. The retorts are each 13 ft. 2 in. long, 2213 in. by
9 In. at the top, and 27 in. by 14 in. at the bottom, the retort walls
Ing 3 in. thick at the top, increasing to 4 in. at the bottom.

' C. D. MiLLeR, Proc. A. G. 1., 1911, page 493.
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st the extreme bottom of the retort; the amount of coke burned

in the producers per square foot of grate area per hour varied
from 14 to 16 lb.

DESSAU VERTICALS AT MARIENDORF, GERMANY

E. KoErTING! reports that the setting at Mariendorf differs
from the ordinary DEssAU type in that it contains eighteen retorts
instead of twelve, the required ground area being the same in both
instances, but the retorts in the new setting being of smaller cross-
section and arranged in thrce rows of six instead of two rows.
The coal carbonized contained 2.91 per cent. of moisture on dry-
ing at 110°C. (230°F.), 4.28 per cent. of ash, and 92.81 per cent. of
combustible, the ultimate analysis being 60.82 per cent. of carbon
and 31.99 per cent. of volatile matter, the resultant coke being of
good quality and containing 6.59 per cent. of ash.

The results given below were obtained during a test run of 105
hours, these results being compared with those secured in May,

1908, with a twelve-retort settmg, the gas being corrected to 60°F.
and 30-in. barometer.

Il 18 retorts I 12 retorts
Coal carbonized per 24 hours, Ib... ... ... : 43,792 30,800
Gas made per 24 hours, cu. ft............ : 262,898 ‘ 190,183
Coke used as fuel, Ib.................... l 5,185 4,341
Yield per 2240 1b....................... 13,430 | 13,815
Groes calorific value, B.tu............... 542.6 ‘ 536.7
Candle power, No. 2 Met. burner........

10.0

The charge during this test run was 1014 hours on the setting
of 18’s, and steam was admitted for 2 hours.

DESSAU VERTICALS AT COLOGNE, GERMANY

This plant consists of twenty-four benches (1908) of ten retorts
each, the retorts being 4 meters (13.12 ft.) long. RUHR coal is car-
bonized, the charges being burned off in 11 hours, steam being
admitted into the retort during the last 2 hours, the entire installa-
tion of 240 retorts requiring eighteen men per 24 hours, with two

! London Jnl. of Gas Ltg., 1910, page 27.
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extra men for cleaning ascension pipes and hydraulic main, as
well as two men on the coke conveyors, or twenty-two men total,
the gas make per man being 154,000 cu. ft. The furnaces are
equipped with water-cooled grates to facilitate clinkering, which
requires about 50 minutes every 32 hours. Scurf is removed
every 30 to 35 days, requiring 11 hours in burning off; thus only
one charge is missed during this period.

The results given by test runs under different conditions, and
with and without steam, are given below:

Length of test in hours.................. ... 50 50 44
Admission of steam........................ None | 8th to 9th to

10th hour!11th hour
Charge worked off in hours................. 10 10 11
Total coal used, tons....................... 25.35| 25.95 20.40
Coke for fuel, per cent. of coal carbonized. .. ... 15.60| 17.28 17.23
Coke for fuel, lb.per M.....................] 29.90[ 29.01 28.08
Per cent. COsin fluegas................... 18.70| 18.48 18.36
Yield per ton, 60° and 30in................ 11,931 | 13,069 13,618
Specific gravity of gas...................... ' 0.44) 0.45 0.45
Candlepower!,........................... | 12.35| 9.47 8.20
Calorific value per foot......... e 575.40| 553.10 | 547.30
Dry coke obtained, per cent. of coal......... 72.74] 71.30 71.87
Tar and liquor, per cent. of coal............ .| 21.62| 17.30 14.04
Composition of Gas by Volume:
Carbonicacid............................. 1.10, 2.3 2.0
Heavy hydrocarbons....................... 3.50, 3.0 2.6
Carbonic oxide.................... ... ... .. 8.90, 12.0 13.0
Methane................ ... ... 28.74| 26.2 22.9
Hydrogen................... . ... .. ..... 53.73] 52.5 56.1
Nitrogen................ ... ... .......... 4.03) 4.0 3.4
Analysis of the Coal Used: '

Test number............................ land 2| 3.00 4.00
Coal proper, per cent. by weight............ .| 85.78 88.32 84.03
Ash... ... 11.32] 9.23 13.24
Moisture................. ... 2.90, 2.45 2.73

GBS e 28.45| 27.34 30.74
Coke....oovvinie 71.55| 72.66 69.26
Average Composition of Coal Proper:
Carbon............ ... ... ... ... . .. 85.32)........ . s -
Hydrogen............... ... ... ...... 545/ ... ... e
OXYZON . .ottt e 8.02......... ...t
Nitrogen.......... ... . i 1.3 .o e
Sulphur....... ... ... . 0.90[........fervnnnens

Btw.perpound.............. .. ...l 13,0250, ... ]oeeenans
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Average Composition of Cold Coke Used for

Heating Retorts: .
land2 3.00 4.00

Testnumber............................
Combustible.............................. 74 .87 73.26 75.58
Ash (onmoist coke)....................... i 13.01] 15.52 11.52
Moisture. ... 12.12) 11.22 ! 12.90

Ele xnentary Analysis of Coke Used: |
Carbon.............c.cooiiii CTAT .
Hy~ drogen. ... ! 0.64.........0.........

s 8 TR TP 046
Nitwogen..........oooeiiiee . CO0.86 ...
Salghur.. .o R U I
Aska . ' 10.49! ..................
Moisture. ... li2sgl L
B. ¢ _udryperpound....................... 12,622 ' ..................

€ _uw.moist perpound..................... :11,084 TR TR

_ L _ — -

b X Illuminating power given in candles per cubic foot, measured in an ELSTER
& xmer at the rate of 5.3 cu. ft.

“XCar yield was an average of 4.16 per cent. by weight of the coal carbonized.

Composition of tar hyﬁrol'r'l‘ain 'coll:lc.ioe':len

S ecific gravity. ... ... 1.143  1.095
w&ur, percent........................... .. ... 3.000 1.500
Ligmt oil (to 170°C. = 338°F.), per cent............ 2.000  5.300
DMidde oil (170°C. to 230°C. = 446°F.), per cent.... 11.000  20.000
€ayvy oil (230°C. to 270°C. = 518°F.), per cent.... 12.500 11.300

T thracene oil (270°C. to 380°C. = 716°F.), per cent.  29.500 30.700
Pitch percent................... e 42.000 31.200

The temperatures during test run averaged something over
1300°C. (2372°F.) in the lower combustion chamber; 80° to 90°C.
(176° to 194°F.) less at the middle of the height of the retorts;
and