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pinch-cock may be emploved for each burner. The sheet steel
plate F, at the height of the laboratory table. is perforated at
desired points with holes over whichh the Bunsen burners are
placed in position to be readily warmed by small flames from
the alcohol lamps B.

The chief advantage of the apparatus for laboratories remote
from city supplies of gas is: The almost immediate availability
of an unlimited, cheap supply of gas. capable of producing any
desired degree of heat in the combustion furnace or in isolate
Bunsen burners.

Ay students find no difficulty or danger in emploving the ap-
paratus for all work requiring the combustion furnace.

I have NMr. C. \W. Beaver to thank for assistance in the pre-
lminary experimentation.

OREGON AGRICULTURAL COLLEGE,
CorvaLL1S, OREGON,
April 11, 1504,

FORIMS IN WHICH SULPHUR OCCURS IN COAL : THEIR
CALORIFIC VALUES AND THEIR EFFECTS UPON
THE ACCURACY OF THE HEATING POWERS,
CALCULATED BY DULONG’S FORIULA.

(SECOND PAPER.)
By E. E. SOMERMEIER.
Received April 5, 1504,
OXIDATION OF PYRITES: PRODUCTS FORMED, THEIR CALORIFIC VAIL-
UES AND THEIR EFFECTS UPON THE JHEATING VALUE OF COAL,

Uprox exposure to air and moisture the pyrites in coal grad-
ually oxidizes, the main product of oxidation being ferrous sul-
phate, together with smaller and variable amounts of free sul-
phur, free sulphuric acid, ferric sulphate and sulphur dioxide,

To obtain quantitative values for the products resulting from
oxidation, tests were made upon a number of different samples
of coal and pyrites.
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The first tests were made upon an old sample of finely ground
coal pyrites which had been kept around the laboratory for sev-
eral vears in a bottle closed with an ordinary cork. When opened,
this sample gave off a strong odor of sulphur dioxide and even
after the sample had been spread upon paper and exposed to air
for some hours a slight odor of sulphur dioxide could still be
detected.

The tests upon the sample after this preliminary exposure to
air and the results obtained are as follows: (a) Ten to twenty
grams were mixed in a goo cc. flask with 00 cc. of water, re-
cently boiled and cooled. After standing five minutes, the liquid
was thoroughly mixed and aliquot parts filtered off and tested
for ferrous irom, total iron, sulphur dioxide, free acid and total
sulphuric acid. (b) Ten grams were mixed with 500 cc. of water,
recently boiled and cooled, and containing 5 cc. of concentrated
hydrochloric acid. After five minutes, aliquot parts were filtered off
and tested for ferrous iron, total iron,sulphur dioxide and total sul-
phuric acid. (¢) Ten grams were mixed with boiled and cooled
water, containing 0.5 per cent. of sodium carbonate. After five min-
utes an aliquot part was filtered off and tested for total sulphuric
acid. (d) Ten grams were extracted with carben disulphide in a
Soxhlet apparatus and the free sulphur extracted, oxidized with
nitric acid and potassinm chlorate and determined as barium sul-
phate.

One hundred cc. portions of the solutions from (a), (b) and
(¢) were tested for sulphur dioxide by addition of a standard
solution of iodine, I cc. = 0.0005 gram of sulphur as SO,, the por-
tion from (¢) being acidified with hydrochloric acid before titra-
tion. The amounts of iodine required to produce a blue color with
starch varied from o.1 to 0.3 cc. After allowing for a blank of
0.1 cc., these amounts correspond to 0.0 to 0.2 cc. of iodine re-
quired by the sulphur dioxide from the pyrites. These values,
expressed in per cent., give 0.0 to 0.005 per cent. of sulphur as
sulphur dioxide, which indicates that most of that present when
the sample was first opened had escaped during the preliminary
exposure to air before testing.

The results from the other tests in per cent. are as follows:
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The total soluble sulphates obtained by the three methods of
treatment differ but little in amount, as is also true of the results
obtained for ferrous and total iron by the different methods of
treatment. The free sulphuric acid was determined by titration
with standard ammonia, using methyl orange as an indicator.
The average of the results obtained agrees closely with the average
calculated amount of free sulphuric acid present, which amount
is obtained by subtracting the sulphur present as ferrous and
ferric sulphate from the total sulphur present as soluble SO,.
The average of the results for total sulphur as soluble SO, is
2.44 per cent. ‘The average for the results for total iron is 2.57
per cent. 2.57 per cent. of iron, if present as the result of oxi-
dation of FeS,, corresponds to 2.94 per cent. of sulphur in that
form, or o0.50 per cent. more than the average of the results ob-
tained for total sulphur as soluble SO, Deducting ifrom this
amount the free sulphur present, 0.065 per cent. leaves 0.43 per
cent. unaccounted for, or about !/. of the total sulphur from
the FeS. oxidized.

A number of samples of coal high in pyrites were selected
for a second series of tests. These samples, after having been
crushed to finer than I4 mesh, had been kept in sealed Mason
jars for about a year and a half. The tests were made in essen-
tially the same way as those upon pyrites, except that larger
amounts of coal, 135 to 45 grams, were taken. The averages of
the resnlts in per cent. for each sample are as follows:
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Practically the only soluble sulphate present is ferrous sulphate,
the small amounts of ferric iron found being partially accounted
for by slight oxidation during the carrying on of the tests. The
values for free sulphur, as given, are probably too high, as the
residue obtained by the extraction of the coal with carbon disul-
phide consisted of free sulphur plus a considerable amount of
tarry matter. ‘This free sulphur and tarry matter were oxidized by
means of nitric acid and potassium chlorate, and the total sulphur
present determined. Any combined sulphur present in the resi-
due is, accordingly, included in the values given for free sulphur;
however, the total amounts of sulphur obtained are so small that
the error is of little importance. The average of the results for
total sulphur soluble as SO, is 0.28 per cent. The average for total
soluble iron is 0.40 per cent. 0.40 per cent. of iron calculated as
FeS, corresponds to 0.46 per cent. of sulphur, which is 0.18 per
cent. more than the total soluble SO, obtained. Deducting from
this amount the free sulphur present (0.08 per cent.) leaves 0.10
per cent. unaccounted for, or 1/ of the total sulphur in the FeS,
oxidized.

The results given under No. 48a were obtained on a portion of
sample No. 48, which had been kept in an open sack. These re-
sults agree very closely with the results obtained on the sample
which had been kept in a Mason jar., This indicates that the keep-
ing of the sample in a sealed jar has little effect upon the rate of
oxidation. However, no definite conclusions can be drawn from
this one test, as the original sample, 100 to 200 pounds, taken
from the mine, had been kept for about a month before crushing
and sampling, and a considerable portion of the oxidation may
have occurred before the sample was put into the jar.
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A third series of tests was made upon a fresh unoxidized sam-
ple of coal pyrites which, after crushing to hetween 40 and 100
mesh, was partially freed from admixed coal and slate by wash-
ing with a solution of zinc chloride (sp. gr. 1.75). Ii: a solution
of this specific gravity the pyrites sinks while the free coal and
lighter slaty material float and may either be removed by skim-
ming or floated off by decantation. The pyrites, after washing
with the zinc chloride solution, was thoroughly washed with
water, then with alcohol and dried, after which it was very finely
powdered. By analysis it contained 48.5 per cent. sulphur and
43.1 per cent. iron, which indicates the sample to he over go per
cent. pure FeS..

To obtain quantitative values for the oxidation changes, 37
grams of this sample, spread on watch-glasses, were placed nnder
an 8-liter bell jar. To absorb any sulphur dioxide, resulting from
the oxidation, a beaker containing a g5 per cent. solution of sodium
carbonate was placed under the bell jar with the pyrites, the jar
being lifted once a week to renew the supply of air. After two
weeks the sample was examined with the following results:
Increase in the weight of the sample, 2.64 grams, or 7.1 per cent.;
free sulphur, by extraction of § grams with carbon disulphide in
a Soxhlet apparatus and oxidation of the residue with nitric acid
and potassium chlorate, 0.34 per cent.; total sulphur as soluble
sulphates and as free sulphuric acid, 0.87 per cent.; sulphur as
free sulphuric acid, 0.05 per cent.; soluble ferrous iron, 1.35 per
cent.: soluble ferric iron, none. The solution of sodium car-
bonate, after oxidation with bromine water, was tested for sul-
phate, but none was found, showing that no sulphur dioxide had
had been given off during the oxidation.

The 1.335 per cent. iron, calculated as FeS,, corresponds to
I.54 per cent. sulphur, or 0.33 per cent. more than the sum of
the soluble sulphates, the free sulphuric acid and the free sulphur
found.

The portion of the sample not required for the foregoing tests
weighed 20.4 grams, which is equivalent to 19 grams of the orig-
inal sample. This was replaced under the bell jar together with
another solution of sodium carbonate and allowed to remain for
another period of two weeks. When removed from the bell jar
the sample weighed 21.4765 grams, or a gain over the weight
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of the original sample of 13.03 per cent. The sample was then
allowed to remain over night exposed to the rather dry air of a
cool basement room. It then weighed 21.2360 grams or a
loss of 1.28 per cent. of the original weight, the net increase in
weight over the original sample being 11.75 per cent. -Tests for
the products of oxidation gave: Ferrous iron, 2.90 per cent.;
total iron, 2.g5 per cent.; total sulphur as soluble SO,, 1.88 per
cent.; sulphur as free sulphuric acid, 0.00 per cent.; free sulphur,
0.48 per cent. The solution of sodium carbonate, oxidized with
bromine water and tested for sulphur, yielded 0.0035 gram of
barium sulphate. A blank on the sodium carbonate showed no
sulphur. This indicates the formation of a small amount of sul-
phur dioxide, being;, however, only 0.003 per cent. of the original
sample. 2.95 per cent. iron, calculated to FeS,, gives 3.37 per
cent. sulphur, as against 1.88 4 0.48, or 2.36 per cent. found,
I per cent. of sulphur being unaccounted for.! The FeSO,,
7H,O 4+ H,SO,Aq. present in the oxidized sample represents
an increase in weight, due to water and oxygen, of about 10.5 per
cent. The increase actually found is 11.75 per cent., which leaves
about I.25 per cent. to be accounted for by additional moisture
or other causes.

The calorific values of these oxidation products will now be
considered.

Calorific Value of Ferrous Sulphate.-~The products resulting
from the decomposition of 2FeSQ,.7H,0, by burning with coal
in air, are Fe,O, + 250, 4+ O + aqua, heat being absorbed dur-
ing the reaction. 'The heat of formation given by Thomsen? for
FeSO,.7H,0 is 240,100 calories. Ledebur® gives 1,796 calories,
the average of several authorities, as the calorific value of 1 gram
of iron burned to Fe,O,, which, expressed in calories per gram-
molecule, equals 201,200 calories as the heat of formation of Fe,O,,.
The heat of formation of SO, equals 71,000 calories.* From
these walues the heat equation for the transforination of

1 Destruction by fire of samples, apparatus and laboratory in which the writer was
working necessitates a temporary discontinuance of further investigations for the pur-
pose of locating this unaccounted-for sulphur. However, this does not greatly affect the
general conclusions arrived at in this paper, as the foregoing results suffice to show that
the products resulting from oxidation of pyrites are quite variable in their quantitative
relations to each other,

? YThermochemical Untersuchung."

8 " Eisenhiittenkunde,'* 3rd edition.

4 All values for heat of formation, unless otherwise stated, are based upon values
given in Ostwald's *'Grundriss der allgemeinen Chemie,* 3rd edition.
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2FeS0,.7H,O into Fe, O, + 250, -+ O - aqua, is 2(240,100) =:
201,200 + 2(71,000) - ., in which . iz the heat absorbed in the
decomposition. .r == 137,000 calories. Reducing to a basis of
1 gram of sulphur gives 2,140 calories of heat absorbed, whereas
in the form of pyrites burning to Fe, (), + 150, it has « calorific
value of 2913 calories.?

Dulong’s formula for calculating the calorific value of fuel from
the ultimate analysis is 80800 + 34.460(H — 1/80) + 2.2503.

1t follows that in ascribing to sulphur a value of 2,250 calories
the formula gives results too high by 2.250 -+ 2,140 or 4.390
calories, for all sulphur present as ferrons sulphate, as such sul-
phur represents heat absorption, not production. The error thus
introduced is, however, partially corrected by another of opposite
effect  The application of the formula considers ali of the oxvgen
in the coal as united with hydrogen aud determines the available
hydrogen on this assumption, but as part of the oxygen is united
with sulphur, the value obtained for available hydrogen will be
too small in the presence of sulphates, calculating the effect of
1 per cent. of sulphur as ferrous sulphate gives 1.z5 per cent.
oxygen as 280, -+ (0, 1/R of 1.25 per cent. is 0.130 per cent. The
available hydrogen value is therefore too small by this amount.
0.156 per cent. hydrogen represents a heat value of (0.00156 X
34,460) or 34 calories. Comparing the foregoing results it ap-
pears that where the sulphur occurs as ferrous sulphate the appli-
cation of Dulong’s formula gives, for sulphur 414 calories too
high, for hyvdrogen 54 calories too low, or a net result of 10
calories too low for each per cent. of sulphur as ferrous sulphate.

Calortfic Value of Sulphur as Ferrous Sulphate in a Iahier
Calorimeter.—Any ditference between the products of the decom-
position of ferrous sulphate in air and in a calorimeter affects the
calorific result obtained by the difference in the value of the
heats of formation of the resultant products. To determine the
products formed in a calorimeter, a mixture of 0.8 gram of coal
and 0.6 gram of ferrous sulphate was burned in a Nahler calo-
rimeter. The gases from the combustion showed no sulphur Ji-
oxide. and the resultant residue was strongly magnetic. This
indicates the following reaction and the heat equation as occur-
ring

3FeSQ,.7H.O -+ oxyvgen = Fe, 0, + 350,Aq.

! This Journal, 26, i35.
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3(240,100) = 264,800 + 3(142,500) X #. a1 == 28,000 calories,
which, reduced to a value for 1 gram of sulphur, gives 290 calories
as the heat absorption. As has already been stated, the reaction
for decomposition of ferrous sulphate, when it occurs in connec-
tion with the combustion of coal in air, is 2FeSO,7H,O0 =
Fe, O, 4+ 280, + O 4 aqua, which corresponds to a heat ab-
sorption of 2,140 calories per gram of sulphur, from which it ap-
pears that the combustion of ferrous sulphate and coal 1n a Mahler
calorimeter gives results higher than where the combustion occurs
in air, by the difference between 2,140 and 290 or 1,850 calories.
Therefore to obtain the calorific value of ferrous sulphate and coal
burned in air, the calorimeter values obtained should be corrected
by subtracting 18.5 calories for each 0.01 gram of sulphur present
as ferrous sulphate.

In the tabulated determinations of the calorific value of coals
given in the latter portion of this paper, the nature of the occur-
rence of the sulphur is not taken into consideration, but the forma-
tion of sulphur trioxide in the calorimeter instead of sulphur
dioxide is corrected for by corrections equivalent to subtracting
22.3 calories for each per cent. of sulphur present in the coal.
Where any of it occurs as ferrous sulphate, the correction is ac-
cordinglv too large by the difference between 22.3 and 18.5 or 3.8
calories, a negligible error for the small amounts of sulphates
usually found in coal.

1 The correction for formation of sulphuric acid during combustion in a calorimeter
differs with different writers, some of whom do not appear to have a clear conception of
the actual calorific effects. In the calorimeter work for the Ohio Geological Survey, car-
ried on in the Metallurgical- Laboratory of the Ohio State University, the following
method for correction is used. The total acidity of the washings from the calorimeter is
determined by titration with standard ammonia, using methyl orange as an indicator,
The acidity is assumed to be due to nitric acid and a heat correction is made correspond-
ing to the number of cubic centimeters of standard ammonia required in the neutraliza-
tion. By assuming the total acidity to be due to nitric acid and making the heat correc-
tion on this basis, any $O3Aq formed during the combusti~n is only partially corrected
for, and it is necessary to make an additional correction of 13 calories for eacho.o1 gram
of sulphur present. This may be shown as follows: The heat of formation of N,0z;Aq
is 1,058 calories. Hence the necessary correction for 0.01 gram of nitrogen to N,OzAq
is 10.6 calories. The heat of formation of SOz;1q is 142,500 calories. The heat of for-
mation of SO, is 71,000 calories. Reduced to a basis of 1 gram of sulphur the difference
in heat of formation is 2,230 calories. The correction for each o.01 gram of sulphur to
803Aq instead of 80, is accordingly 22.3 calories. In the titration H,SO, equals 2HNOs.
32 parts of sulphur count as 28 parts of nitrogen, or 32/,3 of 0.01 gram of sulphur to SO3Aq
instead of 80O, is corrected for by 10.6 calories, which for o o1 gram of sulphur is 23y of
10.6calories or g.3 calories. Of the necessary correction, 22.3 calories for formation of
S03Aq, the correction considering the total acidity to be due to nitric acid. allows a cor-
rection of only 9.3 calories. Therefore to secure a proper correction an additional correc-
tion of 22 3— 9.3 calories, or 13 calories'is necessary for each o.01 gram of sulphur present,
The calorific values given later in this paper have all been corrected on this basis,
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Calonfic |alics of Sulphuy as Sulphuric dcd and as Ferric
Sulphuate.—The reaction and heat esuation for the decomposition
of sulphuric acid by combustion with coal in air are

H.SO,Aq. = H. O = S0), == ) 4= Aq.

210,900 == (|60 — 71,000 — . . = 71,300 calories,
which, reduced to : gram of sulphnr, gives 2,230 calories of heat
absorbed, as against 2,140 calories absorbed for 1 gram of sulphur
as ferrous sulphate.

Tn a Mahler calorimeter the sulphuric acid is unchanged and o
heat is absorbed. as against 2gc calories absorbeu for 1 gram of
sulphur as ferrous sulphate.

The reaction affecting calculations by Dulong's formula
H.SO,Aq. = H.O +~ S0, + O + Aq. For 1 per cent, of sul-
phur the oxvgen as SO, = O is 1.5 per cent.: 1/8 of 1.5 per cent.
is 0.1873 per cent.. the amount that the available hydrogen is low.
This in calories is 0.001875 X 34.400 or 64.8. By Dulong’s formula
the result for 1 per cent. of sulphur as H,SO, is for sulphur 14.8
calories high, for hydrogen 64.8 calories low or a net result 2o
calories low as against 10 calories low for sulphur as ferrous sul-
phate.

The calorific value of sulphur as ferric sulphate does not differ
greatlv from that as ferrotus sulphate.  The heat absorption when
burned with coal in air is about 2,100 calories per gram of sulphur.
In a Mahler calorimeter the heat absorption is about 130 calories
per gram of sulphur. The effects upon calenlations by Dulong's
formula is to cause results toc low by about 21 calories for each
per cent. of sulphur. The small amount of ferric sulphate usually
found in coal renders a more detailed explanation unnecessary.
The amount of free sulphuric acid usually found in coal is also too
small to have an important effect upon the calorific value, and for
practical purposes all of the SO, present in coal may be consid-
ered as occurring as ferrons sulphate and corrections made ¢n
that Dhasis without materially atfecting the accuracy of calorific
results.?

1 Any sulphur present in coal as gypsum, CaS0,.2H,0. has an effect on the calorific
value, not widely different from that of sulphur present asferroussulphate. CaS0,.2H:0,
o en it gvamm of slphuc. but incomatete redyetion 16 I3 Torm and the heat of Gor
A e e T The hass Absouption by The decom position ot fereous miphats
when burned with coal is likewise modified by the heat of combination of any oxide of

iron with other constituents of the ash. This effect is, however, neglected owing to the
uncertainty as to the nature and extent of tlie reactiou.

3
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Reduction of Calorific Value of Coal by Oxidation of Pyrites.—
The main product of the oxidation of pyrites is ferrous sulphate,
the calorific value of which, when burned in air, is —2,140
calories. It has already been shown that corrections involved in
the application of Dulong’s formula and in the determination of
the calorific value in a Mahler calorimeter give results very close
to this actual value. In each case, however, the close agreement
is a coincidence and not according to any law, but from a practical
point of view the close agreement is the important fact.

The negative value of 2,140 calories for sulphur as ferrous sul-
phate, is not, however, the measure of its total influence on the
calorific value of the coal.

One per cent. of sulphur as FeSO,.7H,O represents a heat ab-
sorption of only 21.4 calories, but 1 per cent. of sulphur so com-
bined represents 8.7 per cent, of FeSO,.7H,O present. The exact
reactions for oxidation of FeS,, as has been shown, are uncertain
and variable but for illustration we may consider the reaction for
the oxidation of pyrites to be

FeS, 4+ water 4 oxygen =

S as free sulphur or
FeSO,.7H,O + {H,SQAq (remaining with coal) or
SO, (escaping as such).

For 2 per cent. of sulphur originally in the coal as FeS, there is
now present:
(a) 1 per cent. of sulphur as FeSO,7H,O -+ 1 per cent. of
free sulphur.
(b) 1 per cent. of sulphur as FeSO,.7H,O + 1 percent. of
S as H,S0,Aq.
(¢) 1 per cent. of sulphur as FeSO,7H,O + o per cent. of
SO, (having escaped).
Two per cent. of sulphur as pyrites has a calorific value of §8.3
calories.
(a) 1 per cent. of sulphur as FeSO,.7H,O + 1 per cent. of
free sulphur has 2 calorific value of —21.6 calories
22.2 calories == 0.6 calorie.
(b) 1 per cent. of sulphur as }eSO,.7H,O + 1 per cent. of
sulphur as H.SO,Aq. has a calorific value of —21.6
calories —22.3 calories = —43.9 calories.
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(c) 1 per cent. of sulphur as FeSO,.7H,0 - 0 per cent. of
sulphur as SO, has a calorific value of —21.0 calories.
From (a) the loss in calorific value is the difference between
58.3 calories and 0.6 calorie or 37.7 calories. From () the loss
is the difterence between 58.3 calories and —43.9 calories or
101.2 calories. From (¢) the loss is the difference between 58.3
calories and —21.0 calories or 70.0 calories. At the same time
the weight of the original sample has increased by the difference
between the weight of FeS, origially present and the weight
of the oxidation products now present. In (a), where the prod-
ucts are FeSO,.7H,O -+ S this difference is 6 per cent. of the
weight of the original sample. In (&), where the products are
FeSO,7H.O — H,SO,Aq., this difference is 11 per cent.' In (¢),
where the product present in the coal is FeSO,.7H,0. this differ-
ence is § per cent,
To illustrate the effect upon the calorific value, let the calorific
value of the original sample be considered to be 8,000 calories.
The calorific value per unit of sample after oxidation is for:

100

(a) Tob of (8,000 — 58) ==7.493calories.
(&) i—?? of (8,000 —101) = 7,117 "
(&) 222 0f (8,000 — 80) =7,543

103

A decrease in calorific value of 457 to 883 calories for each per
cent. of sulphur present in the form of ferrous sulphate as an oxi-
dation product from pyrites. \Whatever be the particular reaction,

! The increase of 11 per cent. for Fe$04.7H,0 + Hy80,Aq is obtained by arbitrarily
assuming HoS04Aq to consist of equal parts ofacid and water. The amount of water that
H,80, takes up is variable and the assumption of a definite amount taken up is merely to
obtain a value for the increase in weight. The assumption of 100 per cent. is under or-
dinary atmospheric conditions, probably not far from the amount taken up. A sample
of concentrated sulphuric acid exposed on a watch-glass to the air of a cool and rather
dry basemnent room at the end of twenty hours had taken up 65 per cent. of its weight of
water, at the end of forty-eight hours 87 per cent. After forty-eight hours the amount of
water retained by the acid varied from day today, being dependent upon the humidity of
the air. At the end of ninety-six hours the amount of water held by the acid wasgo per
cent., at the end of three hundred hours 78 per cent., and at the end of five hundred hours
85 per cent. T'he average amount for the twenty-one days that the experiment was carried
o1 was about 85 per cent. In damp weather the amount of water that is taken up by sul-
phuric acid is much more than 100 per cent., several hundred per cent. being a conserva-
tive estimate, The increase i1 weight for reaction (4, on the assumption of 200 per cent.
water taken up by H.SO, is 14 per cent.; with 300 per cent. watertaken up the increase
is 17 per cent. These values correspond respectively to a decrease in tlhe calorific value
of 1,079 and 1,249 calories.
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these values all show an important loss in the calorific value of the
coal.

This loss in the calorific value and increase in weight of coal
due to oxidation of pyrites is of both technical and commercial im-
portance., For the analyst, it follows that samples of coal, con-
taining considerable amounts of pyrites, should be analyzed as
promptly as possible, if the results obtained are to be representa-
tive of the unweathered coal. For the consumer, it means that by
pu-chasing weathered coal, he is made to assume the burden of a
double loss, namely, the receiving of fewer calories of heat and
the paying for more tons of coal.

The foregoing conclusions as to the effects of the oxidation of
pyrites upon the calorific value of coal have been arrived at by
considering the coal upon an air-dry basis, and without regard to
effects due to other oxidation changes. Other oxidation changes
and especially variations in the amount of moisture present may
also have an important effect upon the calorific value. This is
especially true of coals high in moisture and somewhat lignitic in
character. A coal containing 10 to 20 per cent. of moisture may
lose a considerable portion of this moisture within a few days
or weeks after being mined, especially in dry weather. On the
other hand, in wet or rainy weather, coal containing considerable
slack may take up and mechanically hold 10 to 15 per cent. of its
weight of water. The importance of the moisture variations in
coal is well known to analysts and precautions against moisture
changes and losses do not require elaboration here.

With coals high in both moisture and pyrites the problem as
to when the consumer receives the best value for his money is
complicated and somewhat indeterminate. The loss of moisture
in a freshly mined coal, as already stated, is often very consider-
able, the rate and amount of loss being greatest in dry weather;
however, this moisture change rapidly becomes less and less and
within a few weeks is probably largely dependent upon variations
in the temperature and humidity of the atmosphere. The oxida-
tion of the pyrites, while gradual, is also influenced by atmospheric
conditions. The rate of oxidation of the pyrites is, however,
largely dependent upon several other conditions: First, the way
in which it occurs, whether in relatively large masses which afford
but little surface for oxidation, or in small particles which, hav-
ing a relatively large surface, favor rapid oxidation. Second
whether it is scattered irregularly through the coal or whether it
occurs largely along regular seams or partings; this latter con-



776 E. E. SOMERMEIER.

dition is particularly favorable to rapid oxidation, the effect of
the oxidation of an exposed portion of pyrites being to open up
the coal along the seam and thereby expose fresh pyrites to oxi-
dizing influences. Third. the conditing and natnre of the coal with
which the pyrites occurs. Coal which breaks up badly during
mining and handling, exposes a greater per cent. of pyrites to
oxidizing influences, than coal which mines largely in blocks and
lumps. The texture and porosity of the coal and the extent to
which it protects included pyrites from atmospheric influences is
also an important factor.

Upon an unaltered sample of coal high in moisture and pyrites,
the effects of the moisture changes and the oxidation of pyrites
are, under ordinary conditions, during the first few davs or weeks,
a considerable decrease in weight due to loss in moisture, and a
probably much smaller increase in weight, accompanied by a slight
loss in calorific value due to oxidation of a portion of the pyrites.
The net result is, in this case, an increase in calorific value per
unit of coal. After the first few davs or weeks the moisture
changes are variable and the calorific value per unit of coal is
increased or diminished according to whether moisture is given
off or taken up, while the effect of the’continual oxidation of
the pvrites is to continually increase the weight of the coal and to
lessen its calorific value.

ORGANIC SULPHTUR.

Wormlev! has shown that considerable sulphur occurs in Ohio
coals in some other form than in combination with iron. In order
to determine the amounts of this so-called organic sulphur, and
to determine whether the sulphur in QOhio coals, not combined with
iron, is actually organic or whether it occurs in combination with
some other bases, analvses were made of the ash of six coals hav-
ing the following composition:
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3 s & £ 2 & & =z 7z ¢
270 eenn s 5.05 39.75 47.43 7.77 4.80 68.07 5.37 1.18 1281
38 e 5.32 40.93 47.45 6.30 4.22 69.29 5.50 I.24 13.45
48 -nes 4.44 40.71 50.40 4.45 3.54 72.65 5.53 I1.35 12.48
§Oweonren- 4.72 40.30 49.51 5.47 4.05 71.08 35.53 1.32 12,55
6G-vernnnn 3.18 43.56 46.33 6.93 4.12 7113 550 I.28 IT.04
38@ vovnns . .. 2.85 2.72 ... e e e

1 Report of the Ohio Geological Survey, 187¢, p. 412.
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No. 38z was obtained by taking 100 grams of No. 38 and sepa-
rating it by sifting into two portions: 57 grams between 20 and
40 mesh, and 43 grams finer than 40 mesh. The 57-gram portion
was then washed on a CaCl, solution (sp. gr. 1.35) and yielded
45 grams of coal and 12 grams of slate and pyrites. Sample 38
is the 45 grams of washed coal.

The iron in the coal and the distribution of the sulphur are as
follows:

i 2 El EF
X = Z5E .
E 3 §  gE3f
> u e u g LY
8 . ? 4 z . s - SZ 25
z § £ F £ = o L85
K% K Py 3 52 3 =% Ecfd
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& = = = @ = & &
27 i 2.80 0.44 4.80 0.30 0.08 2.70 1.72
38eviiieniiin 1.90 0.35 4.22 0.26 0.09 1.77 2.10
48 it 1.93 0.44 3.54 0.33 0.08 1.70 1.43
50t e evrevenin 2.27 0.62 4.05 0.42 0.13 1.89 1.61
(S T 1.70 0.12 4.12 0.09 0.03 1.81 2.19
38 i 0.62 2.72 0.71 2.01

In obtaining the values given for sulphur as pyrites, the iron
present as ferrous and {ferric sulphate, was subtracted from the
total iron and the remainder calculated to FeS,. If any of the
iron occurs in other forms, the values for sulphur as pyrites
are accordingly too high. The differences between the total sul-
phur and that present as free sulphur, as sulphate and as pyrites,
are given in the last column. If the values for sulphur as pyvrites
are too high, these values are correspondingly too low. The errors
are, however, probably quite small.

The sulphur in No. 38q, 2.01 per cent. not there in combination
with iron, shows that sulphur present in the sample in other forms
than as pyrites or as soluble sulphate, can not be removed by wash-
ing, indicating either fine dissemination or existence in a com-
pound having a specific gravity corresponding closely to that of
the coal.

That no considerable quantities of sulphides or sulphates of the
heavy metals or alkaline earths can be present in the coal is shown
by inspection of the ashes, which have the following composition:
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2740 7.77 1.85 0.06 4.00 1.36 0.12 0.06 0.32
38... 6.30 1.68 0.07 2.71 1.50 0.12 0.05 0.17
48. .. 4.45 0.62 0.04 2.76 o 69 0.13 0.05 0.16
50- .. 5.47 0.78 0.05 3.24 .77 0.12 0.06 .45
69... 6.93 2.03 0.07 2.43 1.65 0.32 0.06 0.37
38a . 2.85 0.82 0.00 0.89 0.81 0.18 0.03 0.12

The only mineral compounds of sulphur and alumina, insoitble
in water which probably may be present in coal, are those repre-
sente by alunite, K,0.3AL0,.4S0.6H,0. Two per cent. of
sulphur as alunite would, however, require the presence of 1.3
per cent. potassium oxide and 3 per cent. of aluminum trioxide.
If the column of results marke: “'difference” be considered as all
potassium oxide, inspection of the values for alyminum trioxide
and potassium oxide shows that in none of the samples can much
of the sulphur exist as alunite. That it does exist in combination
with carbon or with carbon and hydrogen, seems by process of
excluding its existence in other forms to be conclusively shown.

The best known sulphur carbon compound, carbon disulphide.
is endothermic and it seems probable that the sulphur carbon
compounds present in coal may also have a higher calorific value
than that of the elementary constituents. Carbon disulphide has
a heat of formation of —28,700 calofies. Reducing to a basis of
I gram of sulphur its calorific value when burned is 448 calories
greater than the combustion of equivalent amounts of free carbon
and sulphur or 4.5 calories for each per cent. of sulphur. The
nature of the combination of carbon and sulphur in coal has not
been determined and that it is endothermic is merely assumed as
probable, and not based upon any experimental tests.

The amount of organic sulphur occurring in Ohio coals makes
the question of its probable endothermic combination of some im-
portance and the writer hopes to be able some time to conduct
some experimental investigations along this line.

Conclusions, Swummary of the Effects of the Application of
Dudong’s Formula for Sulphur in Different Formns.—

(1} For sulphur present as ferrous sulphate, it gives results
too low by 10 calories for each per cent. of sulphur so combined.
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(2) For sulphur as pyrites it gives, on uncorrected ultimate
analyses, results too high by about 9.6 calories for each per cent.
of sulphur present as pyrites, On corrected ultimates' the re-
sults are too low by 6.6 calories,

(3) For sulphur as organic sulphur it gives results probably too
low by about 4.5 calories for each per cent. of sulphur existing in
this form.

The results for sulphur by Dulong’s formula on the average of
the five samples of coal are for:

Per cent. Uncorrected nltimate. Corrected ultimate,
Sulphate «...vv 0t 0.32 3 calories low, 3 calories low,
Pyrites «ovvvvvvvnns 1.97 19 “ high, 13 1 A
Organic sulpliur ... 1.79 8 ' low, 8 H H
Free sulphur.... ... 0.08 .
Total sulphur..... 4.16 8 “ high. 24 ' '

For these particular samples the results are, from the uncor-
rected ultimate, 2 calories high for each per cent. of sulphur pres-
ent, and from the correctel ultimate, 6 calories low for
each per cent. of sulphur present, from which it appears that
Dulong’s formula unmodified for sulphur applied to an uncor-
rected ultimate gives, in so far as it relates to sulphur, very satis-
factory results.

SOME CALORIFIC VALUES OBTAINED BY APPLYING DULONG'S FOR-
MULA.

To show the degree of accuracy obtainable by Dulong’s formula,
by permission of the Ohio Genlogical Survey, the average compo-
sition and calorific value of eightyv-nine samples of Ohio coals are
given as follows:?

COMPOSITION.
E
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Limestone coal 17 5.33 39.07 44.95 10.76 4.33 5.30 65.04 1.25 13.32
No. 5coal .... 3 6.21 37.34 48.10 8.35 4.03 5§37 67.07 I.2I 13.97
No.6coal .... 57 5.46 38.30 48.90 7.34 3.38 5.43 68.96 1.26 13.63
No. 7coat .... 4 5.28 39.81 47.13 7.78 3.80 35.47 68.38 1.25 13.32
Waterloo coal. 8 7.97 32.23 49.48 10.31 1.62 5.18 65.32 1.28 16.29

1 Corrected ultimate analysis refers to correction for oxygen in the ash. See this

Journal, 26, 567.
2 For complete analyses and description of the samples see Report of the Ohio Geo™

logical Survey. 1904, 1OW in press,
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CALORIFIC VALUES,

= -

Calewlated by Du
lon's foranla

Calories. Calories. Calories

Limestone coal +.... 17 6610 6609 6648
No.gcoal.......... 3 6S20 6758 6798
No.6coale.oovnnn 57 6970 6931 6971
No. 7 coal.......... 4 6965 6919 69359
Waterloo coal -..... 8 6504 6398 6437
AVerage . oosvviennnonn. 6780 723 6563

Dulong’s formula gives results lower than the value as deter-
mined in the Mahler calorimeter, especially on the samples high-
est in moisture and oxygen, the Waterloo coal. By substituting
Berthollet's value for amorphous carbon 8,140, the application of
the formula gives a very close agreement with the calorimeter
results on all of the samples except the Waterloo coal, the aver-
age of the results on this being still 1 per cent. low. On the No.
6 coal, which represents the average of 57 samples, the agreement
of the calculated and determined value is almost perfect, the value
being 6,970 calories as determined and 6,971 calories as calculated.

For some of the Ohio coals, at least, this modification of Du-
long’s formula gives a calculated calorific value agreeing very
closely with the value actually determined, the average difference
being within the limits of error of the individual determinations.

The writer again wishes to acknowledge his indebtedness to
Professor N. W. T.ord for valuable advice and suggestions.
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THE work herein described was undertaken with the object of
finding a shorter and more satisfactory method for the deter-
mination of thorium in monazite sands.
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