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12 Bulletin of the Geological Survey of China

4. Phynite in coal can be quantitatively extracted by the same acid.

5. Semibituminous coals and the low volatile bituminous coals must be
digested for a longer time with concentrated nitric acid in order to render the organic
matter completely soluble in ammonia.

6. The percentages of phenolic sulphur are always lower than those of

humus organic sulphur.
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Young :—Sulphur Forms in Chinese Coals 1
4. Summary of Analytical Results,

The following table gives in condensed form the results of the analyses for
the various forms of sulphur and a comparison of the total of these with the total
sulphur in the coal.

TaBLE 6. SuMMARY OF ALL ANALYSES FOR SULPHUR Forms v CoAL:—
Lab.  Pryitic SO;  Humus Org. Phenolic Total Total
No.  Sulphur Sulphur  Sulphur Sulphur SUm - Syiphwr  Difference
306 LL11%  0.25% 1.35% 0.149%  2.85% 2.86% —0.01%
319 0.10% 0.02%  0.54% 0.01%  0.67% 0.65% +0.02%
321 0.809% 0.08%  053% 0.01% 1.429% 143% -0.01%
349 0429 0.06%  0.23% 0.05%  0.76% 0.75% +0.01%
362 0.23%  0.02%  0.49% 0.06%  0.80% 0.78% +0.02%
365  0.22% 0.08%  0.45% 0.08%  0.83% 0.84% -0.01%
369 0.029% 023%  0.35% 0.209  0.80% 0.79% +0.019%
373 0.14%  0.12%  0.50% 0.209%  0.96% 0.979% —0.0i%
374 041% 0.17%  0.58% 0.24% 1.40% 1.39% <+0.01%
448  3.86% 0.05% 1.14% 0.449%  5.49% 5.47% +0.02%
485  0.96% 0.07%  0.48% 0.14% 1.65% 1.66% —0.01%
523 0.08% 0.00%  0.47% 0.01%  0.56% 0.57% -0.01%
591 0.01% 0.00% - 0.56% 0.08%  0.65% 0.65%  0.00%
597 1529 0.22% 1.11% 0.49%  3.34% 333% -0.01%
655  0.08% 0.00%  0.40% 0.06%  0.54% 0.54%  0.00%

It is evident from this table that the sum of the several analyses checks very
closely with the total sulphur content of each coal.

5. CONCLUSION.

1. The organic sulphur content of coal is generally known to be greater than
pyritic sulphur content.  This statement is proved to be correct with Chinese coals.

2. The method of Powell and Parr is well applicable to Chinese coals and
values on duplicate determinations mutually agree.

3. Dilute nitric acid will extract small amounts of organic sulphur from cer-
tain coals. In order to avoid this error in laboratory determinations, it is recommend-
ed that the pyritic sulphur be caleulated from the pyritic iron content.
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TapLE 4. PER CENT REPRESENTING TOTAL ORGANIC SULPHUR:—

Lab.  Total Pryritic S0, Total  Organic S. __

No.  Sulphur  Sulphur  Sulphur By diff.  Dir. Det. Difference  Average
306 2.86% 1.11% 0.25%  1.509% 1.489% +0.02% 1.49%
319 0.65% 0.10% 0.02% 0.539%, 0.56% —0.03% 0.55%
321 1.43% 0.80% 0.089% 0.55% 0.52% +0.03% 0.54%,
349 0.75% 0.42% 0.06% 0.27% 0.28% —0.01% 0.28%
362 0.78% 0.23% 0.029% 0.53% 0.579% —0.04% 0.55%
365 0.84% 0.22% 0.08% 0.54% 0.52% +0.02% 0.53%
369 0.79% 0.02% 0.23% 0.54% 0.56% —0.02% 0.55%
373 0.97% 0.14% 0.129% 0.71% 0.69% +0.029% 0.70%
374 1.39% 0.41% 0.179% 0.81% 0.829% —0.01% 0.82%
448  5.47% 3.86% 0.05% 1.56% 1.60% —0.04% 1.58%
485 1.66% 0.96% 0.07% 0.63% 0.60% +0.03% 0.62%
523 0.57% 0.08% 0.00% 0.49% 046% +0.03% (0.48%
591 0.65% 0.01% 0.00% 0.64% 0.63% +0.01% 0.64%
597 3.35% 1.52% 0.22% 1.61% 1.58% +0.03% 1.60%
655 0.54% 0.08% 0.00% 0.46% 0.46% 0 0.46%

3. Two Forms of Organic Sulphur.

TasLe 5. Puenoric anp Humus Oreanic SULPHUR IN CoAL:—

Lab. Total Nonphenolic ~ Phenolic Aver. Total Humus Org.
No. Sulphur Sulphur Sulphur Org. sulphur  Sulphur
306 2.86% 2.72% 0.14% 1.49% 1.35%
319 0.65% 0.64% 0.01% 0.55% 0.54%
321 1.439% 1.42% 0.0f% 0.54% 0.53%
349 0.759% 0.70% 0.05% 0.28% 0.23%
362 0.78% 0.729% 0.06% 0.55% 0.49%
365 0.849% 0.76% 0.08% 0.53% 0.45%
369 0.79% 0.59% 0.20% 0.55% 0.35%
373 0.97% 0.77% 0.20% 0.70% 0.50%
374 1.39% 1.15% 0.24% 0.82% 0.58%
448 5.479% 5.03% 0.44% 1.58% 1.14%
485 1.66% 1.52% 0.14% 0.629% 0.48%
523 0.57% 0.56% 0.01% 0.48% 0.47%
591 0.65% 0.57% 0.08% 0.64% 0.56%
597 3.35% 2.86% 0.49% 1.60% 1.11%
655 0.54% 0.48% 0.06% 0.46%5 0.40%

According to the above table the majority of organic sulphur would be of
humus type.
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forms of the sulphur alone. The data from these experiments are given in the
following table (Table 3).

TaBLE 3. SULPHUR AND IRON IN COAL AND ALSO WITH A COMPARISON
OF THE PYRITIC SULPHUR AS OBTAINED WITH THE PYRITIC

SULPHUR AS CALCULATED FROM THE PYRITIC IRON CONTENT:—

Lab. Inorg. SO, - Pymtic HNO;, HCI Pyritic  Pyritic

No. Sulphur Sulphur Sulphur Sel. Fe Sol. Fe  Iron  Sulphur
306 _1.40% 0.25% 1.159% 1.83% 0.86% 0.97% 1.11% +0.04%
319 0.11%  0.02% 0.09% 0.23% 0.14% 0.09% 0.10% -0.019%
321 092% 0.08% 0.84% 0.88% 0.18% 0.70% 0.80% +0.04%
349 0.49% 0.06% 043% 0.59% 0.22% 0.37% 0.429% +0.01%
362 0.259% 0.02% 0.23% 0.40% 0.20% 0.20% 0.23%  0.00%
365 0.32% 0.08% 0.249, 046% 0279% 0.19% 0.22% +0.02%
369 0.25% 0.23% 0.02% 055% 0.53% 0.02% 0.02% 0.00%
373 0.309% 0.129% 0.18% 0.42% 0.30% 0.12% 0.14% +0.04%
374 0.60% 0.17% 0.439% 0.68% 0.32% 036% 0419% +0.02%
448 3.889%, 0.05% 3.83% 3.64% 027% 3.37% 3.86% -0.03%
485 L04% 0.07% 097% 1.00% 0.16% 0.84% 0.96% +0.01%
523 0.2% 0.009% 0.12% 1.57% 1.50% 0.07% 0.08% +0.04%
591 0.009% 0.009% 0.00% ‘0.19% 0.18% 001% 001% -0.01%
597  1.77% 0.22% 1.55% 1.73% 0.42% 1.339% 1.529 +0.03%
655 0.109% 0.00% 0.10% 0.35% 0.28% 0.07% 0.08% -+0.02%

Differ.

It is claimed that a small quantity of organic sulphur may have been taken
into solution by dilute nitvic acid. According to the present data it seems correct
since the per cent of pyritic sulphur obtained by direct extraction method are generally
higher than those calculated from the pyritic iron content.  For this reason the latter
figures are considered as the correct per cent of the pyritic sulphur in coal.

2. Total Organic Sulphur. The following table (Table 4) gives the per
cent of total organic sulphur obtained in two ways. A comparison of the totals and

their average values are also given.
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4. Pyritic Sulphur Content.

The per cent. of the pyritic sulphur in coal may be found in two ways,
namely:

a. By subtracting the per cent of sulphate sulphur from the per cen
of total inorganic sulphur.

b. By calculating from pyritic iron content of the coal. The difference
between nitric acid soluble iron and hydrochloric acid soluble iron is
the pyritic iron content and by means of the latter the pyritic sulphur
is readily computed.

5. Total Organic Sulphur Content.
The total organic sulphur content of the coal may be estimated as follows:

a. By difference. The per cent. representing the sulphate sulphur in
the coal is added to the correct per cent. representing the pyritic sul-
phur, and the sum is subtracted from the per cent., representing the
total sulphur in the coal.

b. By direct determination. The sulphur is determined by Eschka
method from the residue of the dilute nitric acid extraction.

6. Tiwo forms of Organic Sulphur.

One gram, or the factor weight, 1.3736 grams, of the coal sample is extracted
with 25 cc. of phenol at a temperature of about 150°C. for twenty hours. The mass
is filtered hot and washed with alcohol and sulphur is determined from the residue by
Eschka method. This amount of sulphur, in per cent, represents the phenol in-
soluble, non-phenolic, sulphur of the coal, while the per cent of the phenol soluble,
phenolic, sulphur is obtained by subtracting the per cent of non-phenolic sulphur
from the total sulphur content of the coal. The total organic sulphur minus the
phenolic, resinous organic, sulphur both represent in per cent. gives the per cent of
humus organic sulphur. !

4, ANALYTICAL RESULTS OF EXPERIMENTS.

1. The first set of experiments was, of course, the determination of the total
sulphur in coal, the data of which were already given in Tahle 2. Now comes the
second which was performed with regard to the analysis of the sulphate and pyritic
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3. METHODS USED.

‘The method developed by Powell and Parr* has been well known and con-
sidered as a reliable and practical procedure. For that reason, their method was
entirely adopted for this study. The procedure is abstracted below.

1. Total Sulphur Content.

One gram, or, preferably, the factor weight, 1.3736 grams, of the coal sample
is heated with about three grams of Eschka mixture (one part of anhydrous sodium
carbonate, two parts of calcined magnesium oxide and one-fifth part of ammonium
nitrate) in a muffle furnace and the sulphur is determined in the water extracts as
sulphates by barium chloride method. In case the sulphur content is exceedingly
high, say over two per cent., one half the factor weight, 0,6868 gram, is used.

2. Total Inorganic Sulphur Content.

One gram of the sample is digested with 80 cc. of dilute nitric acid (1:3) with
occasional addition of bromine water for a period of 24 hours at room temperature.
The filtrate, after getting rid of the nitric acid by evaporating' with hydrochloric acid,
is taken up in dilute hydrochloric acid and treated with ammonium hydroxide to
precipitate iron and the latter is determined by potassium permanganate titration.
The sulphur is determined by usual method from the filtrate from which the iron is
just removed. This amount of iron, in per ceat., is termed as the nitric acid soluble
ron content of the coal while that of sulphur, also in per cent., is known as the
total inorganic sulphur content, that is, the pyritic sulphur plus sulphate sulphur.

3. Sulphate Sulphur Content.

A five-gram portion of the sample is extracted with 300 cc. of dilute hydro-
chloric acid (3%) for a period of 40 hours at a temperature of about 60°C. The
extract is analyzed for iron and sulphur, the sulphur representing the sulphate sulphur
present in the coal.

* Fomms in which Sulphur Occurs in Coal. By A. R. Powell and 5. W. Pam.
Bull. Am. Inst. Mining Met. Eng. 1919. 2041-9; C. A, XIV, 112.
The Analysis of Sulphur F orms in Coal. By A. W. Powell. U. S. Bureau of
Mines, Technical Paper 254.
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TapLe 1. Sourck oF CoaLs USED IN EXPERIMENTS.

Lab. No. Province  District County Co, operating mine
306 Shantung ~ Poshan Hsiho ‘Tunghsing Co.
319 Hopei Tzuhsian Hiitsachun Yili Co.
321 Hopei Tzuhsian Hisitsachun- Yili Co.
349 Chahar Hsuant Yutaish Houfeng Co.
362 Hopei Chinghsing  Kangtouchun Chinghsing Mining

Adm.

365 Horan An-yang Liuhokou Livhokou Co.
369 Shantung ~ [-hsian Tsaochuang Chunghsing Co.
373 Hopei Lanhsian Chackouchuang  Kailan Mining Adm.
374 Hopei Lanbsian Chaokouchuang  Kailan Mining Adm.
448 Anhwei H: heng T h Suitung Mine
485 Anhwei Hwaiyuan ~ Shunkengshan ~ Hwainan Co.
523 Shanst Tatung Kakata
591 Hunan Hsi Tanchiash Youli Co.
597 Chekiang ~ Changhsi Tameish Changhsing Co.,
655 Kiangsi Pinghsiang ~ An-ywan Pinghsiang Co.

TapLe 2. PROXIMATE ANALYSIS AND CALORIFIC VALUES OF
CoaLs Usep IN EXPERIMENTS,

Lab. No. Moisture
306 0.50%
319 0.24%
321 0.32%
349 1.96%
362 0.14%
365 0.46%
369 0.40%
373 0.31%
374 0.78%
448 0.10%
485 2.11%
523 2.00%
591 0.62%
597 0.489%
655 0.929%

Vol.Mat.
16.81%
21.20%
21.10%
36.02%
23.70%
23.79%
31.75%
31.949
31.27%
33.34%
36.32%
35.63%
22.03%
33.49%
30.38%

F. Carbon
73.97%
72.10%
73.62%
48.38%
65.01%
60.73%
61.05%
57.39%
55.69%
46.68%
48.67%
58.11%
70.98%
45.51%
53.03%

Ash
8.72%
6.46%
4.96%
13.64%
11.15%
15.07%

6.80%
10.36%
12.26%
19.88%
12.90%

4.26%

6.37%
20.52%,
15.67%

Sulphur  Calories
286% 7923
0.65% 8153
1.43% 8279
0.75% 6612
0.78% 7733
0.849% 7355
0.79% 8009
0.97% 7636
1.39% 7503
5.47% 6348
1.66% 6646
0.57% 7791
0.65% 8125
3.35% 6180
054% 7219

Symbol

Bm
Bh
Bl
Bm

Bm
Bm
Bm
Bm
Bl
BC
Bl
Bh
BC
Bl

BTU.
14288
14675
14902
11902
13919
13239
14416
13745
13505
11426
11963
14029
14625
iz
129%
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1. INTRODUCTION.

Methods for the analysis of total sulphur in coal have been in use for many
years. It depends on the general principle of complete oxidation of the sulphur pre-
sent in coal, followed by the gravimetrical estimation of the sulphate as barium
sulphate. From technical stand-point a total sulphur determination is useful as it
fixes the value of a particular coal for particular use. However in determining the
value of coking coals it is usually desirable to know not only the total sulphur
content, but also how the sulphur is distributed in the coal and the exact amount of
each form present. Work of this kind would be useful in indicating how much of
the sulphur-containing material can be removed from the coal by washing, what
effect the sulphur has on the coking value of the coal, how the various sulphur forms
behave during the coking processes.

Though China is well known for her enormous resources of coal, yet no work
along this line has been done, consequently no data are available so far on the exact
forms of the sulphur present in the Chinese coals. It is the intention of this paper
to study these forms which would be useful to those who are interested in the

coking coals in the country.
2. DESCRIPTION OF COALS USED

The coals analyzed were all gathered from impottant and working miines
located at different parts of the country. With a few exceptions, they are limited to
good and well-known coking coals. Their total sulphur contents vary from 0.5 to
over 5 per cent. The following tables (Table 1 and Table 2) give a general descrip-
tion of each coal used in these experiments.
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