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SOLVENT EXTRACTION OF CHINESE BITUMINOUS COALS
By K. Pme
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1. INTRODUCTION.

Since De Marsilly systematically studied the extraction of some of the organic
compounds in coal by means of benzene, alcohol, ether, carbon disulphide and
chloroform, the solvent extraction has attracted sufficient attention of many coal
investigators, who endeavored to find the chemical compesition of coal. However,
in spite of many theories that were deduced from the results of their research, the

chemical constitution of coal still remains obscure and speculative.

Among the organic solvents used for the extraction pyridine, which was
first used by Bedson,® proved to be the best. The strong solvent properties of
pyridine on coal, as stated by Hargar® is however not merely a physical action but
a chemical prozess which depolymerizes the polymeric compounds of coal into
simpler ones easily soluble. Wheeler® and Clark showed moreover, that the
pyridine extract can be further divided by the treatment of chloroform, and termed
the components thus separated by the two solvents as follows: —
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a-Component—The portion of coal which does not dissolve in pyridine.
B-Component —The portion which is soluble in pyridine but not in chloroform.

7-Component— The portion which is soluble in both solvents.

The separation is shown more clearly in the following diagram.

Coal
+
pyridine
-
Insoluble Soluble
portion portiocn
+
a-Component Chloroform
Insoixble S?uble
portion portion
{ \
B-Component 7-Component

The alpha and beta compounds are supposed to be of the same type of substance
which was derived from the plant remains, while the gamma compounds are con-
sidered to be of resinic nature. It is generally believed that, in the carbonisation of
of coal, the gamma compounds impart the agglutinating action and play the most
important part in the coke formation.

In view of the great range of variation in the Chinese bituminous coals as to
their coking proprieties, different methods have to be used in order to determine
these coking proprietes in the laboratory with small samples of coal porior to the
utilization on an industrial scale. It is the purpose of this study to test coals by

means of solvents with the aim to see how they influence on their caking properties.

2. COAL SAMPLES.

Sixteen coal samples from important mines were chosen for the test. Their
sources, geological age and proximate analysis on dry and ash free basis are herein

tabulated below:
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Lab. No. Locality Company Geological Vol. Mat. Fixed Cartbon
Age
321 Tsuhsien, Hopei Yili PC 22.28 77.72
319 . " Yili . 22.72 77.28
310  Poshan, Shantung Potung " 25.67 74.63
309 ” v ” . 24.00 76.00
365 Livhokou, Honan . 28.15 71.85
362 Chinghsing, Hopei Chinghsing v 26.72 73.28
374 Lanhsien, Hopei, K. M. A. . 35.96 64.04
373 ”» " . " 35.76 64.24
369 Ihsien, Shantung, Chunghsing " 34.21 65.79
587 Shunkengshan, Anhui Tatung - 38.75 61.25
591 Hsiangt'an, Hunan Yivli P 23.69 76.31
597  Changhsing, Chekiang,  Changhsieng " 42.39 57.61
448  Hsuancheng, Anhui . 41.66 58.34
655 Pinghsiang, Kiangsi Pinghsiang ] 36.42 63.58
349 Hsuanhua, Chahar, Houfeng ., 42.68 57.32

523  Tatung, Shansi

P-C=Permo-Carboniferous
P =Pemian
] =Jwassic

M 38.01 61.99

3. DESCRIPTION OF THE COKING PROPERTIES

Nos. 321 and 319 (Tsuhsien) are obtained from different seams of a
same mine. They all form coherent semi-cokes, but 319 is slightly shrinking
and 321 more or less swelling.

Nos. 309 and 310 (Poshan) are used for coke production by native
method as well as by modern coke oven process. No. 309 produces a highly
swelling semi-coke, lustrous, hard and porous. No. 310 produces a slightly
swelling hard semi-coke.

No. 365 (Liuhokou) is used to produce coke with a production of more
than 10,000 tons annually. The semi-coke is swollen, hard and lustrous.

No. 362 (Chinghsing) on heating shrinks to a very hard and compact
semi-coke. It is used in by-product coke ovens of Chinghsing Mining Admi-
nistration with a maximum daily capacity of about 110 tons.
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No. 373 and 374 (Kailan) yield slightly swollen semi-coke, hard and

lustrous, and have been used to produce coke in bee-hive ovens.

No. 369 (Chunghsing of Ihsien) gives a highly swelling coke, porous
but friable. This coal is carbonized in native coke ovens with a monthly
production of about 3200 tons.

No 587 (Shunkengshan) The semi-coke from it is hard, compact and
slightly shrinking, considered as not good coking.

No. 591 (Hsiangtan) gives a non-swelling coherent semi-coke, and

cokes produced in native ovens are said to be of good quality.

No. 597 (Changhsing) produces a very highly swelling coke, lustrous
and porous.

No. 448 (Hsuancheng) gives a highly swelling semi-coke, porous
and friable, but it suffers the disadvantage of very high sulphur content.

No. 655 (Pinghsiang) gives a coherent and moderately hard semi-
coke, with a slight shrinkage. It had been used on a large scale for the
manufactare of metallurgical coke.

No. 523 (Tatung) is rich in fusain content which probably renders the
coal unsuitable for the production of coke. However, it cakes slightly, and
yield a loosely bound semi-coke which crumbles easily into powder.

No. 349 (Hsuanhua) is entirely non-coking but rich in volatile matter.
4. EXPERIMENTAL

A procedure for carrying out the extraction of coal by pyridine was described
by Illingworth® He used a five-gram sample in an all-glass joint Soxhlet apparatus.
‘The extraction however requires a long fime of about one week or two. Moreover,
owing to the prolonged heating the compounds in the extract tend to polymerize again
to form a film of gummy substance which adheres firmly on the inner surface of the
flask and is hard to remove even with fresh pyridine. A modified method employed
by U.S. Bureau of Mines is consequently adopted.

The samples were made to pass through a 60-mesh sieve and dried at 105°C
for two hours. A one-gram portion of each was mixed with four to five volumes of
clean sand in an alundum thimble, and was extracted with 125 ce. of pyridine in
an all-glass joint Soxhlet extracter in an atmosphere of nitrogen. The extraction was
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so regulated that the syphon of extract occurred once in about ten minutes, and was
continued for 48 hours. In order to remove the coal particles which might be carried
over by pyridine, the extract was filtesed into a tared 150 cc. pyrex florence flask.
The filtered extract was then concentrated by distilling off the pyridine until the con-
tent tends to splash up. The pyridine remaining in the flask was removed by
repeated evaporation with portions of 15 cc. of xylene. After the removal of pyri-
dine, the flask was heated in a vacuum oven at 105°-110°C to drive out xylene.
Then the flask was cooled in a desicator, and weighed. The increase in weight
represents the amount of beta and gamma compounds in the coal.

The dried pyridine extract which contained the beta and gamma compounds
was broken up with a glass rod, washed with chloroform and poured into the thimble
already in the Soxhlet extractor. The adhering particles on the flask were removed
with a policeman and rinsed out again with chloroform into the thimble. Fresh
chloroform was added to the extractor to a volume of about 125 cc. The extraction
was proceeded in the same way as that with pyridine, until the descending solvent
was colorless. The extract was filtered into a flask previously weighed and distilled
off the major portion of chloroform. Then it was dried in vacuo at 105°C to constant
weight. The amount of gamma compounds is obtained by difference again.

5. RESULTS.

The following results were recorded on ash-free basis:

.
Caoal Iﬁ;‘i‘:: Alpha Compd.  Beta Compd. Gamma Compd.
321 2.74 97.26 0.46 2.28
319 3.95 96.05 1.29 2.66
310 6.82 93.18 2.03 4.79
309 7.24 92.76 0.66 6.58
365 6.07 93.93 2.39 3.68
362 6.37 93.63 1.74 4.63
374 29.41 70.59 18.09 11.32
373 32.72 67.28 16.95 15.77
369 32.75 67.25 16.33 16.42
587 11.12 88.88 4.85 6.27
591 7.73 92.27 297 4.76
597 18.75 81.25 8.63 10.12
448 19.21 80.79 793 11.28
655 23.44 76.56 13.52 9.92
349 14.51 88.49 6.07 8.44

523 19.52 80.48 10.36 9.16
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6. DISCUSSION OF RESULTS.

In order to facilitate the discussion of the results certain factors listed below

must be taken into consideration.

. J'\lIois_tu_re5 Sl
Coal Age  Notation cox:laligmg g;::;?ia_ Ol yield® m;vﬁ?c;en.i
321 PC Bh 3.44 228 5.73 1.06
319 ' Bh 3.37 2.66 497 _
310 a Bm 2.88 4.79 5.70 1.04
309 - Bh 3.16 6.58 5.05 1.40
365 . Bm 2.50 3.68 5.92 1.04
362 " Bm 2.72 4.63 6.65 0.90
374 . Bm 1.73 11.32 10.50 1.14
373 - Bm 1.78 15.77 9.76 1.96
369 ' Bm 1.90 16.42 8.05 2.56
587 . Bl 1.51 6.27 12.10 0.94
591 P Bh 3.12 4.76 4.65 1.00
597 N Bl 1.34 10.12 7.59 2.72
448 . B! 1.39 11.28 8.37 2.64
655 J Bi 1.69 9.92 9.15 1.00
349 " Bi .27 8.44 10.50 1.00
523 " Bl 1.55 9.16 11.05 1.00

7. THE RELATION BETWEEN MOISTURE COMBINED
RATIO AND THE GAMMA CONTENT.

By moisture combined ratio is meant the ratio of fixed carbon to the sum
of moisture and volatile matter. It is the common opinion that this ratio shows
the degree of coalification of coals in that it increases with the increase of the
latter. Two curves obtained by plotting the gamma content and pyridine extract
against the moisture combined ratio are shown herewith.

The curves though appearing in a zigzag manner seem to show that the
degree of coalification has a striking influence on the pyridine and chloroform
extract. Of course, there seems to be no definite relationship existing between each
other but it is evident that as the moisture combined ratio is higher, that is the
coalification is increased, the difference among the gamma contents is very
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much smaller. Among the coals studied, Nos. 523, 587 and 349 have been
known to be of very poor caking quality, Nos. 448, 597 and 591 are of doubtful
caking quality, while the rest of them are all good coking coals and have actually
producing cokes in the market. It is therefore quite probable that among the bitu-~
minous coals of lower coalification, the gamma content is very important to the
caking quality.
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Moreover, it is interesting to note that those coals which locate on the
paramount points of the gamma curve, swells greatly on heating. The coals of that
category are:—Nos. 597, 448, 373, 369 and 309. On the conlrary, the coals that lie
on the lower part of the curve are not greatly swelling, or non-swelling or even
shrinking on heat treatment. Thus, it seems that there is a natural grouping of the
coals. In each group the coal which gives a higher gamma content is comparatively

more swelling on heating.

8. THE RELATION BETWEEN THE GEOLOGICAL
AGE AND THE GAMMA CONTENT.

Without considering the coalification as measured by the moisture combined
ratio, the gamma contents of the coal seem to bear no relation to the caking property
atall. A non-coking coal like No. 349 gives 8.44% of gamma but a good coking
coal like No. 32[ gives only 2.28% of the chloroform extract. However, the result
is also of interest if the coals are assorted into sroups according to their geological
age, and gives evidence that the gamma compounds really impart their cementing

influence in the formation of coke.

Thus, among the Jurassic coals, No. 635 which is good coking and has been
used for coke producing, contains 9.92% of gamma. No. 523 which is poor coking
contains 9.16% and No. 349 which is non-coking contains still less, only 8.44%.
In the Permian coals, the relation holds true too. No. 597 and 448 which yield very
highly swelling semi-cokes have gamma contents of 10.12% and 11.28% respective-
ly. And, No. 591 contains 4.76% of gamma yield a non-swelling semi-coke. Among
the coals of Permo-Carboniferous age, No. 369 which forms a highly swelling coke,
contains 16.42% of gamma compound. Next to it are No. 373 and 374 which con-~
tain 15.77% and 11.32% of gamma respectively. The rest of the coals except No.
587 6.27%. all form coke on heating with little swelling, and contain much less
gamma compounds than Nos. 374 & 369.

Q. THE GEOLOGICAL AGE AND THE COALIFICATION OF COALS AS
INFLUENCES ON THEIR COMPOUNDS.
Now the problem arises: why Jurassic coals like No. 349 and 523 which are

rich in gamma component have poorly coking properties, but Permo-carboniferous
coals such as Nos. 320 and 321 contain much less gamma compounds and are good
coking? It seems that the gamma contents of various coals are different in composi-
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Hon. The gamma compounds are proved to be of resinic nature and are supposed
to be derived from the resin in wood or plant remains, as a result of polymerisation.
As a nile, the polymerisation of a compound, depends on aging, temperature, pres-
sure or catalytic action of foreign materials. It is self-explanatory, that the polymers
are greater in molecular weight than the original compounds, and consequently their
melting point and boiling point are higher. It is the same case with the gamma
compounds. The more they were aged and the higher the degree of coalilication;
the more they polymerize and hence the higher their boiling point.

In the process of carbonisation the gamma compounds are decomposed into
simpler compounds as gases, oils, tars and also compounds of still higher carbon
content which cement the coal particles to form coke. It is obvious that the gamma
compounds of lower molecular weight volatiles more easily and escape from serious
decomposition before a high temperature is reached. On the contrary, those of higher
molecular weight are bard to volatile until at high temperature, at which decomposi-
tion and cracking set in. From the present experiment it is clear that the Jurassic
coals are rich in gamma compounds which do not help coking but give a higher yield
of oil. The coals of Permo-Carboniferous ags, like Nos. 369 and 373 etc., though
containing much gamma compound yield less tar which show that the major portion
of gamma compounds is left as cementing material.

In conclusion, the coking property of coal depends not only on the amount
of gamma compounds but also on the nature and the decomposition products of
these compounds. As this experiment shows, the coals of younger age though rich
in gamma compounds are poorly coking, but that of older age, though less rich in
gamma component, are good coking. Soin the examination of coal the geological
age, and the degree of coalification must be considered. As a matter of fact, they

influence greatly the nature of gamma compounds.

10. SUMMARY.

Sixteen bituminous coals collected from different districts in this country,
were examined by means of solvent extraction. The results are, however, not
very promising, if the amount of gamma component were taken alone as a criterion
of coking properties. Since the coals are of different origin, age and degree of
coalification, due consideration should be paid to these factors in the examination

of coal by solvent extraction.
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THE SULPHUR FORMS IN CHINESE COALS
By C. H. Yowe

1. Introduction.

2. Description of Coals Used.
3. Methods Used.

4. Analytical Results.

5. Conclusion.

6. Bibliography.

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-
sentin 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. ltis 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 important and working mines
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.



Lab. No.
306
319
321
349
362

365
369
373
374
448
485
523
591
597
655

Lab. No. Moisture

306
319
321
349
362
365
369
373
374
448
485
523
591
597
655
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TasLe 1. Source oF CoaLs USED i EXPERIMENTS.
Province District County Co. operating mine
Shantung Poshan Histho Tunghsing Co.
Hopei Tzuhsian Hsitsochun Yili Co.

Hopei Tzuhsian Hsitsochun Yili Co.

Chahar Hsuaphwa  Yautaishan Houfeng Co.

Hopei Chinghsing ~ Kangtouchun Chinghsing Mining
Adm.

Honan An-yang Livhokou Livhekou Co.

Shantung ~ I-hsian Tsaochuang Chunghsing Co.

Hopei Lanhsian Chaokouchuang  Kailan Mining Adm.

Hopei Lanhsi Chaokouck Kailan Mining Adm.

Anhwei Hsuancheng  Tawangchun Suitung Mine

Anhwei Hwaiyvan  Shunkengshan ~ Hywainan Co.

Shansi Tatung Kakata

Hunan Hsiangtan ~ Tanchiashan Youli Co.

Chekiang Changhsi Tameish Changhsing Co.

Kiangsi Pinghsiang  An-yuan Pinghsiang Co.

Tate 2. PROXIMATE ANALYSIS aND CALORIFIC VALUES OF
CoaLs USED IN EXPERIMENTS,

Vol Mat.
0.50%  16.81%
0.249%  21.20%
0.329%  21.10%
1.96%  36.02%
0.14%  23.70%
0.46%  23.79%
0.40%  31.75%
0.31%  31.94%
0.78%  31.27%
0.109%  33.349
2.11%  36.32¢9%
2.009  35.63%
0.62%,  22.03%
0.48%  33.499
0.929,  30.389

F. Carbon
73.97%
72.10%
73.62%
48.36%
65.019%
60.73%
61.05%
57.39%
55.699%
46.689%
48.679%
58.11%
70.98%,
45.519
53.039%

Ash
8.729,
6.46%,
4.96%,

13.649%
H.15%
15.079

6.80%
10.36%
12.26%
19.889%
12.90%

4.269%

6.37%
20.52¢9,
15.67%

Sulphur  Calories
2.86% 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
1.6695 6646
0.57% 7791
0.659 8125
3.35% 6180
0.549, 7219

Symbol

Bm
Bh
Bl
Bm

Bm
Bm
Bm
Bm
Bl
BC
Bl
Bh
BC
Bl

B.T.U.
14288
14675
14902
11902
13919
13239
14416
13745
13505
11426
11963
14029
14625
Hi24
12994
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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 cent., 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.

* Forms in which Sulphur Occurs in Coal. By A. R. Powell and S. W. Pan.
Bull. Am. Inst. Mining Met. Eng. 1919. 2041.9; C. A. XIV, 112.
The Analysis of Sulphur Forms in Coal. By A. W. Powell.  U. S. Bureau of
Mines, Technical Paper 254.
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4. Pynitic 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 cent
of total inorganic sulphur.

b. By calculating from pyritic iren 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. Two forms of Organic Sulphur.

One gram, or the factor weight, 1.3736 grams, of the coal sample is extracted
with 25 cc. of phenol ata 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 organmic 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 Table 2. Now comes the
second which was performed with regard to the analysis of the sulphate and pyritic



forms of the sulphur alone.
following table (Table 3).

Lab.

No.
306
319
321
349
362
365
369
373
374
448
485
523
591

597
655

TaBLE 3. SULPHUR AND IRON IN COAL AND ALSO WITH A COMPARISON

Young : —Sulphur Forms in Chinese Coals

OF THE PYRITIC SULPHUR AS OBTAINED WITH THE PYRITIC

SULPHUR AS CALCULATED FROM THE PYRITIC IRON CONTENT:—

Inorg.
Sulphur

1.40%
0.11%
0.929%
0.49%
0.25%
0.32%
0.25%
0.30%
0.60%
3.88%
1.049%
0.12%
0.00%
1.77%
0.10%

SO,
Sulphur

0.25%
0.02%
0.08%
0.06%
0.02%
0.08%
0.239%
0.129%
0.17%
0.05%
0.07%
0.00%
0.00%
0.229%
0.00%

Pyritic
Sulphur
1.15%
0.09%
0.842%
0.439%
0.23%
0.249%
0.0255
0.18%
0.43%
3.83%
0.97%
0.129
0.00%
1.55%
0.10%%

HNO:
Sol. Fe

1.83%
0.23%
0.88%
0.59%
0.40%
0.46°,
0.55%
0.429,
0.689%
3.64%
1.00%
1.57%
0.19%;,
1.75%
0359

HA
Sol. Fe

0.86%
0.149
0.18%
0.229
0.209%
0.279
0.53%
0.30%
0.329%
0.279%
0.16%;
1.50%
0.189%
0.42%
0.28%

Pyritic
fron
0.97%
0.09%
0.70%
0.37%
0.20%
0.19%
0.029
0.129
0.36%
3.37%
0.84<%
0.07%
0.019%
[.339%
0.07°%,

Puyritic
Sulphur
119
0.10%
0.809%
0.429,
0.239%
0.229,
0.02%
0.14¢9,
0.419%
3.86%
0.96%
0.089%
0.01%
1,529

L0

0.08%

9

The data from these experiments are given in the

Difler.
+0.049,
—0.01%
+0.04%
+0.01%

0.00%;
+0.029%,

0.009,
+0.04%
+0.02%
~0.03%
+0.01%
+0.04%
-0.01%
+0.03%
+0.02%,

It is claimed that a small quantity of organic sulphur may have been taken

into solution by dilute nitric acid. According to the present data it seems correct

since the pér cent of pyritic sulphur obtained by direct extraction method are generally

higher than those calculated from the pyritic iron content.
figures are considered as the correct per cent of the pyritic sulphur.in coal.

2. Total Organic Sulphur.

their average values are also given.

For this reason the latter

The following table {Table 4) gives the per
cent of total organic sulphur obtained in two ways. A comparison of the totals and
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TapLe 4. PER CENT REPRESENTING TOTAL ORGANIC SULPHUR:-—

Lab. Total Pryritic S0, Total  Organic S. _,

No. Sulphur  Sulphw  Sulphw By il Dir. Dt Difference  Average
306 2.86% L11%  0.25%  1.50% 1.48%  +0.02% 1.49%
319 0.65% 0.10%  0.02% 0.53%  0.56% —0.03%  0.55%
321 1.43% 0.80% 0.08% 0.55% 0.529 +0.03% 0.54%
349 0.75% 0.429 0.06% 0.27% 0.28% ~0.01% 0.28%
362 0.76% 0.23% 0.0295 0.53% 0.57% —0.04% 0.55%
365 0.84% 0,229 0.089% 0.54% 0.529 +0.02% 0.53%
369 0.79% 0.02% 0.23%  0.54% 0.56% —0.029% 0.55%
373 0.97% 0.14¢9 0.129, 0.71% 0.69%  +0.02% 0.70%
374 1.39% 0.41°,  0.179% 081%  0.82% -—0.0i%  0.82%
448 5.47% 3.86% 0.05% 1.56% 1.60% ~0.049% 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% 0.469% +0.03% 0.48%
591  0.65% 0.019%  0.005% 0.64%  0.63% +001%  0.64%
597  3.35% 1529,  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.

TapLE 5. PuenoLic asp Humus Onreanic SULPHUR IN COAL:—

Lab. Totat Nonphenolic ~ Phenolic Aver. Total Humus Org.
No. Sulphur Sulphur Sulphur Org. sulphur  Sulphur
306 2.86% 2.72% 0.149, 1.499% 1.35%
319 0.65% 0.64% 0.01% 0.55% 0.54%
321 1.439% 1.429% 0.01% 0.54% 0.53%
349 0.75% 0.70% 0.05% 0.289% 0.23%
362 0.78% 0.729% 0.06% 0.559% 0.49%
365 0.84% 0.76% 0.08% 0.539% 0.45%
369 0.79% 0.59% 0.20% 0.559%, 0.35%
373 0.97% 0.77% 0.20% 0.70% 0.50%
374 1.399% 1.15% 0.247, 0.829% 0.58%
448 5.479% 5.03% 0.44%; 1.58% 1.14%
485 1.66% 1.529% 0.1494, 0.629% 0.48%
523 0.57% 0.56% 0.019% 0.489% 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% 0.469%, 0.40%

According to the above table the majority of organic sulphur would be of
humus type.
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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 IN COAL:—

Lab.

No.
306

319

321
349
362
365
369
373
374
448
485
523
591
597
655

Pryritic
Sulphur
1.11%
0.10%
0.80%
0.429%
0.23%
0.22%
0.029
0.14%
0.419%
3.86%
0.96%
0.089%
0.019%
1.529%
0.089%

SO,
Sulphur

0.25%
0.029%
0.08%
0.06%
0.029%
0.08%
0.23%
0.12%
0.172

0.05%
0.07%
0.00%
0.009,
0.229%
0.00%

Sulphur
1.35%
0.54%
0.53%
0.23%
0.49%
0.45%
0.35%
0.50%
0.584,
1.149%
0.489%
0.47%
0.56%
1.11%
0.40%

Humus Org.  Phenolic

Sulphur
0.149%
0.01%
0.01%
0.05%,
0.06%
0.08%
0.20%
0.209%

0.249,
0.440,
0.14%
0.01%
0.08%
0.49%
0.06%

closely with the total sulphur content of each coal.

pyritic sulphur content.

5. CONCLUSION-

sum

2.85%
0.67%
1.42%
0.76%
0.809%
0.83%
0.809%
0.96%

1.409%
5.49%
1.65%

0.56%
0.65%,
3.349,
0.549%

Total
Sulphur
2.869%
0.65%
1.439
0.75%
0.789%
0.8494
0.79%
0.97%
1.39%
5.47%
1.66%
0.57%
0.65%
3.35%
0.54%4

Total
Diflerence
—0.01%
+0.02%
-0.01%
+0.0t%
+0.029%
-0, Ol oJ

+0.019,
—0.01%

. +0.019,

+0.02%
—0.019%
—0.019%
0.00%
—~0.01%
0.00%

It is evident from this table that the sum of the several analyses checks very

1. The organic sulphur content of coal is generally known to be greater than

values on duplicate determinations mutually agree.

This statement is proved to be correct with Chinese coals.

2. The method of Powell and Parr is well applicable to Chln%e coals and

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 calculated from the pyritic iron content.
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4. Pyrite 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.

I
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IN THE DETERMINATION OF TOTAL SULPHUR IN COAL

By C. H. Youxs
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5. Notes on the procedures

6. Results of experiments

7. Conclusion.
1. INTRODUCTION.

The Eschka method for the determination of total sulphur in coal was first
introduced as early as 1870 (I). More than three scores of years have elapsed, yet
no hetter method has been proposed.  Thousgh both of the bomb washing and sedium
peroxide methads (2) were mentioned by some fuel chemists as to give results in
close agreement with the Fschka method, they are by no means better than the
Eschka's. Consequently the latter has long been universally recognized as the best
method and is adopted by many scientific institutions in the world as the standard
method for total sulphur estimation in coals. If not for its expense, Eschka methad
should be accepted as the best one among all that have heen proposed so far. It is
expensive not only because of the high market price of the light magnesium oxide but
also of the heat energy consumed during the fusion. The latter factor was always
required practically for all the methods mentioned in the literature and it seems that
no better method other than fusion is available in attacking the coal substance.
The other factor, that is, the high cost of the light magnesium oxide, can however be
replaced by using some cheaper reagent: Among the other metheds, the one
proposed by Ivison (3} seems to be most reliable. The author has tried the Ivison
method for the determination of total sulphur in some Chinese coals and found that
the sintered coal and the chemical mixture are liable to form a hard cake which is
difficult to break up. A mixture consisting of calcium hydroxide and sodium nitrate
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is recommended with the prime aim of lowering the cost for sulphur determination in
coals. The results obtained from such a flux as mentioned are pretty close to those
by the Eschka method.

2. THEORETICAL BASIS.

The methods for determination of total sulphur in coal are based upon the
principle of complete oxidation of the sulphur-bearing materials to sulphates and the
latter are estimated as barium sulphate. The process of oxidation is usually carried
out in two stages, The first stage is that the sulphur is oxidized by a suitable oxidiz-
ing agent and then the second stage, the resultant sulphur oxides are absorbed by an
efficient absorbent, which is generally performed by a basic substance against the
acidic property of the sulphur oxides. The metheds given in the literature may be
classified as follows:

1. Air plays as an oxidizing agent and a basic substance is employed as
an absorbent of the sulphur oxides formed. This is examplified by the Eschka
method and lvison method.

2. Oxygen gas performs the oxidation while water or caustic alkali, the
absorption. Example, bomb washing method.

3. A single suitable flux is employed both as an oxidizing agent and absor-
bent. Sodium peroxide method (2) is of this type.

4. Dilferent chemicals are employed as oxidizing agent and absorbent respec-
tively. Potassium permanganate method (4, 5, 6) belongs to this class.

The use of the mixture of calcium hydroxide and sodium nitrate as a flux is
of the last class, that is, sodium nitrate plays in part as an oxidizing agent while the
calcium hydroxide serves as an absorbent.

The use of sodium nitrate in the mixture seems, for the first glance, quite
objectionable to the subseguent precipitation of the sulphates as barium sulphate;
as the latter is partially soluble in dilute nitric acid (7). But the fact is that the
sodium nitrate is unstable at high temperature and is decomposed during the fusion
into sodium nitrite with evolution of free oxygen and the sodium nitrite thus formed
is also unstable at high temperature and splits into oxides of sodium and nitrogen (8).
Since the temperature of the furnace is so high, always exceeding 900° C., that the
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evolved nitrogen oxides are unable to combine with the lime of the flux and set
free as they are, so the resultant fused mass is not expected to contain any nitrate or
nitrite ions.

The author made tests on the fused mass for nitrate and nitrite with saturated
ferrous sulphate solution and cancentrated sulphuric acid and found that there is no
detectable nitrate or nitrite ions. But he suspected that the tests were not conclusive
and made several careful determinations assuming that the nitrate or nitrite is present
as follows:—

The water extracts of the fusion was treated with bromine water and con-
siderable excess of hydrachloric acid and evaporated to dryness on water bath in
order to get rid of the nitric acid. The residue is taken up with dilute hydro-
chloric acid and sulphur is determined by usual method. The results thus obtained
were just the same as those obtained from the mass without treatment of excess hydro-
chloric acid and evaporation. The absence of the nitrate or nitrite ions in the
used mass is thus confirmed.

3. PREPARATION OF THE FLUX.

The author made a number of trials in estimating the correct proportion of the
ingredients of the fluz, that is, calcium hydroxide and sodium nitrate and found that
the flux is best prepared by mixing three parts of finely pulverized slaked lime
of superior quality with one part of pure sodium nitrate, also finely pulverized.
When less amount of sodium nitrate is used it is found that incomplete oxidation
of the sulphur resulted. And conversely, less slaked lime (or more sodium nitrate)
is employed thef usion will cake as in the Ivison method and the results obtained

are by no means better than the proportion quoted above.

Quick lime can, of course, be used as well as the slaked lime but when
pulverized the quick lime is of a dense powdery mass which is not suitable, in the
author’s opinion, for the absorption of gases.

4. DESCRIPTION OF COALS USED IN EXPERIMENTS.

The samples are collected so as to cover all classes of coals, that is, from high
rank anthracite, Ah, to lignite, C. In addition the coals are almost of all geological
ages. The contents of sulphur range from 0.15 to 7.41 per cent. The descriptions
of the samples are tabulated as in Table 1:—
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TABLE 1.—THE SOURCES OF COALS USED,

Sample Province District County Mine, Co. etc. Geol. ages Symbol
No.

335 Liaoning Hsian -
450 Anhwei Tsinghsien  Yenkungtang Permian Bm
479 Hopei Wanping Mentonkou  Chung Ying Co. Jurassic Ah

Tai Lai Mine Cretacecsus Bm

514 Yunnan Chengkiang Haipakeng Permo-Car- Bm
boniferous
517 " A-Mi Wukeh —_— . BC
531 Suiyean  Kooyang Wehhsinhao —_— Jurassic BC
563 Szuchuan Ya-an Kuanyinpu, —_— . Am
Taotzeping
574 » Hanyuan Niushihpo, —_— - AB

Yangtzechiao
607 Aphwei Hsuancheng Tawangchun Sui Tung Mine Permo-Car- Bl
boniferous
641 Hopei Lincheng Lin Cheng Mine ,, BC
668 Hunan  Hsianghsiang Hungshantien Kuang Yu Co. Permian AB

694 Shansi Huenyuan  Taoshahchun Jurassic BC

732 Kuangtung Lochang Lochiatu —_— Bm

740 2 Chinhsien Kuchahling — Tertdary C

743 " Chiungshan  Chiatzeshih, — Permian C
Niushihshan

763 Hunan  Hsianghsiang Ngenkou, Tien Pao Yu . Bm
Hyweilungshan Co.

813 Shantung Ningyang —_— Hwa Feng Co. BC

815 Kiangsu Tungshan  Chiawang Hwa Tung Co. Permo-Car- Bl

boniferous
820 Anhwei  Suhsien " Bh

841 Kiangsi Loping Mingshan Lo Ping Mine Permian C
845 Honan  Yuhsien Sanshanfeng Permo-Car- Bh
boniferous

853 Shensi Hancheng  Chiaocerkou Bh
863 Chekiang Kiangshan  Lihsien Cheng Tang  Permian Bh
886 Hupei Tsingmen Kuanmiaoping —_— Jurassic Al
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5. NOTES ON THE PROCEDURES.

1. The author in performing these analyses followed, with modifications, the
procedure published by the American Society of Testing Materials (A.S.T.M.) for
total sulphur determination in coal by Eschka method.

2. During the fusion a high-form porcelain crucible of 30 cc. in capacity is
employed. v

3. In extraction the fusion is not necessarily brought in to the beaker and
digested with boiling water. The author proceeds as follows: The fused mass is
crushed, if necessary, and transferred directly to a filter paper. The small particles
adhering to the sides of the crucible are moistened with hot water. When they are
readily detached with a glass rod and are transferred to the filter. The crucible is
washed 4 or 5 times with hot water, scrubbed with a policeman, and the washings
are poured on the filter. The paper and the contents are washed to the complete
removal of sulphates.

4. During the digestion and washing of the fusion on the filter the present
method takes slightly Ionger time than the Eschka method.

5. Examine the residue for sulphur after digestion, by dissolving it in hydro-
chloric acid and treating with bromine water and barium chloride solution. When
an appreciable amount of sulphur is found, add it to the main precipitate. I the
procedure is followed promptly there should be no detectable sulphur in the residue,
and this recovery is unnecessary.

6. The filtered extracts from the present methed are always rendered ex-
tremely turkid by calcium salts, which is soluble in acid in subsequent treatment and
it does not interfere with the precipitation of sulphur as barium sulphate.

7. The addition of bromine water may be omitted when the present method
is employed, but a little is always added as a precaution.

8. Always run a blank determination with each analysis, using the same
amount of all reagents that were employed in the regular determination. Deduct the
sulphur found in the blank from the amount found in the sample.

9. Determinations of ash in coal or coke must not be made in the same
muffle at the same time with sulphur determination, since during the ashing process
sulphur compounds are more or less evolved as gases that may be in turn absorbed
by the flux for sulphur determination.
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Lab. No. Sample Number Eschka Method

i 335
2 450
3 479
4 514
5 517
6 531
7 563
8 574
9 607
10 641
fl 668
12 694
13 730
4 740
15 743
16 763
17 813
I8 815
19 820
20 841
21 845
22 853
23 863
24 886

6. RESULTS OF EXPERIMENTS.

0.72%
0.41%
0.15%
6.05%
7.41%
3.39%
0.63%
0.609%
3.949
2.66%
0.62%
0.72%
3.31%
3.739%
1.33%
3.29%
5.28%
0.59%
0.869%
2.18%
0.46%
0.47¢4
1,125

0.53%
7.

Present Method
0.77%
0.41%
0.17%
5.87%
7.30%
3.309%
0.62%
0.60%
3.869%
2.62%
0.64%
0.729%
3.229
3.73%
1.269,
3.23%
5.26%
0.599%
0.85%
2.089
0.489%
0.489%
1.14%
0.56%

CONCLUSION.

Difference
+0.05%
0
+0.02%
—0.18%
=0.11%
—0.09%
—0.01%
0
~0.08%
—0.04%
+0.02%
0
—0.09%
0
—0.07%
—0.06%
—0.02%
0
—0.01%
-0.10%
+0.02¢%,
+0.01%
+0.029%
+0.03%

1. The method proposed by the author is almost as good as the Eschka’s
when the sulphur content of the coal is below 3 per cent.; while for coals of higher

sulphur content the method gives generally a slightly lower result in comparison with
the Eschka method, As the maximum difference in per cent. is only 0.18 in 6.0
per cent. (about 3 per cent. error) which seems allowable in the usual course of

analysis.

2. This method is also preferable fo the Eschka’s for the reason that the
market price of slaked lime is much cheaper than that of light magnesium oxide.
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(MgQ, G.$§3.50 per pound; Ca (OH), G.$1.30 per pound.) Sodium carbonate and

sodium nitrate are of the same price, approximately.

3. During the digestion and washing of the fusion on the filker this method
takes slightly longer time than the Eschka method.

4, The volume of light magnesium oxide is much looser than that of slaked
lime and this property is favarable to the shsorption of evolving gases as it gives
more surfaces and takes better care of them. It is of this reason for the author to
use slaked lime instead of quick lime.

5. Since sodium nitrate in the mixture and the resulted nitrite will complete-
ly decompose during the fusion, no nitrate jons are found in the solution from which
the barium sulphate is to be precipitated.
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1. INTRODUCTION

To the east of Nanchang, the capital of Kiangsi Province, there crops
oul a continuous belt of Permian coal serics’ trending approximately in the
direction from N. E.. to S. W. Broadly speaking, this coal belt forms a synclinal
structure, though in detail it is much mote co nplicated, as folding, faulting and
perhaps overthrusting have all played important éle in its construction. The
syncline pitches towards S. W., so that the outcrops tend to close in a north-
easterly direction as can be scen from the accompanied sketch {Fig. 1). The
extent of the coal field is limited by different formations at different places: in
Chinghsten, for instance, the coal seties lies directly above a Permian limestone,

§ Prof. at the National University of Peking, and Geologist of the Geological Survey.

1 The geological occurrence of the coal seams in Loping, Povang, Yikan & Chinhsien
districts is largely compited from a report on the Palo Mining Co. {1925) by C C.
Liu, several unpublished reports of Dr. W. H. Wong, Messts. L. F. Yih &
C. Y. Hsieh, and a published report of H. C. Tan. (Bull. G. S. C. 14, 1930).
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1. INTRODUCTION

To the east of Nanchang, the capital of Kiangsi Province, there crops
out a continuous belt of Permian coal series' wrending approximately in the
direction from N. E.. to S. W. Broadly speaking, this coal belt forms a synclinal
structure, though in detail it is much more complicated, as folding, faulting and
perhaps overthrusting have all played important réle in its construction. The
syncline pitches towards S. W, so that the outcrops tend o close in a north-
easterly direction as can be seen from the accompanied sketch (Fig. 1). The
extent of the coal field is limited by different formations at different places; in
Chinghsien, for instance, the coal series lies directly above a Permian limestone,

§ Prof. at the National University of Peking, and Geologist of the Gealogical Survey.

1 The geological occurrence of the coal seams in Loping, Poyang, Yiikan & Chinhsien
districts is largely compiled from a report on the Polo Mining Co. (1925) by C, C.
Liu, several unpublished reparts of Dr. W. H. Wong, Messts. L. F. Yib &
C. Y. Hsieh, and a published report of H. C. Tan. (Bull. G. S. C. 14, 1930).
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while at Yikan and Loping, it is usually in fault contact with a phyllite
formation of older Palecozoic age.

The thickness of the coal measure varies from 250-400 m, the maximum
thickness being found chiefly in the Poyang-Loping districts. It is composed
essentially of an alternation of sandstone and shale, together with, as at Mingshan
in Loping, several layers of limestone. Ouly one principal coal seam varying

Fig. 1. Sketch showing the distribution of coal-bearing area in Loping, Poyang,
Yitkan and Chinhsien districts, N. E. Kiangsi. Seale 1:2,100,000,

from 3-10 feet or more in thickness is now worked, though several minor coal
seams mostly unworkable accur also both above and below the principal one.
At Mingshan the most famous coal mine in Loping district, coal seams were
reported to be quite regular and persistent, whereas in other places there shows
usually great varation in thickness. ‘The topography of the region is charac-
terized by rolling hills of low relief, a feature indicating late mature erosion.
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Now the interesting thing which makes the topic of the present paper
lies in the particular nature of the coal which is so remarkable that it should form
a special type by dtself. It is a kind of coal exceptionally rich in volatile matter
which may amount to 609, or more and in some cases it may nearly double the
amount of the fizxed carbon.  For this reason, in the classification of Dr. Wong?
it has been taken to be a lignitic bitumite or lignite, similar to the coals of Fushun,
Patacho, Hsinchiu etc. Its remarkable nature, however, was also noted by
Dr. Wong as can be seen from the following statement: *“The Loping coal
although very low in carbon like the younger coals is remarkable by its low
moisture content, a feature which seems to be special to the Paleozoic coals.™
In another paper® Dr. Wong added:  ““The Permian coal of Loping constitutes
a special type found in several other fields in Yangize valley, for instance, in
Yiikan of the same Kiangsi Province™. For reasons to be given below, this
coal from Loping can never be called a lignite; neither could it be classified
among the ordinary bituminous coals. As a matter of fact it constitutes a special
type that has not yet been previously described, and accordingly a new name,
the Lopinife is herewith proposed.

The following is a discussion of this new type of coal from chemical,
microscopical and genetic points of view.

2. PROXIMATE ANALYSES

The proximate composition of the Lopinite and its allied coals is listed

in the following table (Table I):

There are altogether 14 analyses of the Loping coals made by different
analysts based upon samples of widely different localities. Consequently har-
monious results are not to be expected; yet on the whole the different analyses
all show a constant and remarkable feature i.e. exiremely high in volatile
matter and Iow in moisture. There are 17 out of 14 analyses in which the

2 Wong, W. H, Classification of Chinese coals—Bull. Geol. Surv. China, No.
8, 1926, p. 52.

3 Wong. W. H. Coal Composition in triangular diagram—Bull, Geol. Soc. China
Vol. 6, No. 1, 1927,
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percentage of volatile matter much exceeds to that of the fixed carbon, while
the extreme case is found in No. 1, the volatile matter content being nearly twice
that of the fizxed carbon.  In the coals of Chinhsien and Yiikan the volatile matter
1s also quite high (mostly over 40%) though it is ail iess than that of the fixed
carbon.  On the whole the coal is rather high in sulphur varying from 2-5.59%
and owing to the fact that pyrite grains are rarely found it is inferred that most

100 % Mossture

3

vA z:s’.’l’z::“ /:

o
190 % Fixed Carbon A e

100 94 Volatile Matter

Fig. 2. Position of Lopinite (No. 1-19) in the triangular diagram of proximate
chemical analyses. No. 20-23 are analyses of coals from Changhsing, Chekiang.

of t.he sulphur occurs in organic forms. Ash content is extremely variable and
which can approximately be told from its specific gravities. The Calorific
power is rather low varying from 6000-8000 B.T.U. or more. Under the
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microscope, these coals show similar structures and are therefore to be classified
under the same group.

In order to show more clearly the relationship between Lopinite and
other coals in China, the chemical analyses of the ahove table are ploited in a
triangular diagram (Fig. 2). In this same diagram is plotted together the
variation cutve of coals of normal seguence as has been dene firstly by Dr.
W. H. Wong® and afterward modified by H. S. Wang®. In the paper just
cited Dr. Wong has alteady noticed the isolated position of the Loping coal (dot
17 in his diagram) and came correctly fo the conclusion that the latter should con-~
stitute a special type.  In a modified form of the tiangular diagram Mz. H. S.
Wang argued that by including the dot No. 17 (i.e. the Loping coal) there will
form two parallel curves within which lies the continuous series of coal ranging
from lignite up to anthracite. But the unnatural position of the dot No. 17 and the
broken form of the lower curve is quite evident. The most simple explanation
is that the coal of Lupmg is a distinct type and does not belong to the rest of the
coals.

Now in our Fig. 2 in which a great number of analyses of Loping and
allied coals are ploited, the relationship becomes more and more clear. The
No. 1 analysis which represents perhaps an extreme case of the Loping type lies
in the most distant part in the diagram while the rest of the dots are found mostly
i the regiun of 50-60% of volatile matter. The coals of Yitkan, Chinhsien
though canying smaller amount of volatile matter and lying consequently more
close to the field of normal sequence, yet it is remarkable to see that most of
the dots accupy a position still quite outside of the normal field. There is no
doubt that these coals form the transitional cases between the Lopinite and the
normal type.

In a similar triangular diagram for plotting proximate analyses of some
American coals, Prof. Fisher® has noticed that cannel coal lies far outside of the

4 Wong, W. H. Coal composition in Triangular Diagram—Bull. Geol. Soc. China,

Vol. 6, No. 1, 1927.

5 Wang, H. S. The rectangular graphs as applied to the proxlmate analyses of
Chinese coals — Bull. Geol. Secc. China. Vel. 1, No. 2, 1928.

6 Fisher, D. J. Notes regarding the coalification pmcess——]aumal of Geo]ogy. Vol.
35, No. 7, p. 640.
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field of the normal sequence, which fact poinis to a different origin and derivation
of the latter coal. It is evident that so far as proximate analyses in triangular
diagram is concerned, Lopinite may belong to the same field as the cannel coal,
though the former contains an entirely different vegetal constituents.

3. BeHAVIOR oF Low TEMPERATURE DISTILLATION

Low temperature carbonization assay on Loping coal made recemy
by Mr. C. C. Hsiao® shows again that this coal is a most remarkable one.
“*Aside from its exceedingly high fusibility and swelling, the oil yield exceeds
that of any other coal by more than two times’”. Recent investigation of our
chemist K. Y. King demonstrates that the Lopiite has in addition a special
property in increasing the agglutinating value when it is used as a blending
constituent together with non-coking or moderate coking coals. The coal of
Yiikan and Chinhsien have not yet been tested, but on account of their similar
chemical and microscopical characters as the Loping coal, similar result of low
temperature carhonization may be predicated. The following is given the
result of test for the coals of Loping.

Low temperature carbonization test on Loping coal.

{After C. C. Hsiao).

Semi-Coke 54.28
Oils 33.05
Liquor

NH 312
GCas 8.11
Sp. gr. of oil .893
Vol. of gas 660

Sp. gr. of gas
4, Ortuer CHEMICAL AND PHYsSICAL CHARACTERS.

From its high content in volatile matter the Loping coal might be sus-
pected for lignite, although the low moisture content clearly distinguishes it from

7 Hsiao, C. C. Low temperatute carbonization assay of some bituminous coals. Bull.

Geol, Survey, China, Ne. 21, 1933.
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the latter kind. Perhaps the surest way of differentiating lignite from the low
type of bituminous coal is by following the German method of some simple
chemical tests. This is done by boiling coal powder in efther potassium
hydroxide or dilute nitric acids ; in the case of lignite the solution will be stained
brown or reddish brown. In all the coals investigated there gives invariably
negative results to these simple tests; therefore their non-lignitic nature is cleatly
proved.

To the naked eye the coals from Loping & Chinhsien are usually dull
and compact, showing a well marked cleavable or sheeted structure, so that it
can be easily splitted into thin slabs or sheets along the bedding planes. To
this character is derived the local name at Loping **Pantzemei’® which means
slabby coal. Along the bedding planes there appears frequently shining patches
or layers, though on the whole the coal is characterized by a uniform dull luster.
Banded or laminated structure of altemnately dull and bright layers such as
commonly seen in ordinary bituminous coal is absent, but on close examination
there may reveal occasionally thin streaks of bright coal in alternating with the
dull one thus giving an extremely fine laminated appearance. The specific
gravity of the coal varies from 1.25-1.70 depending much upon its ash content,
while its streak is black to dark brown

The coal from Yitkan shows a slightly different physical characters.
It is more bright and massive with the sheeted structure not so marked. This
is evidently due to crushing, polishing and granulation which the coal has suffered
during tectonic movement and which has rendered the coal a more glossy
appearance.

All these coals just described can be easily ignited by a match fire and
gives in burning a long flame and asphaltic odour.
5. MiICROSCOPIC STRUCTURES

Owing to the compact and tough nature of the coal and its rich content
of transparent tissues, the making of thin section becomes comparatively an easy
matter. This can usnally be accomplished by the ordinary grinding method

8 Liu, C. C. Report on the Polo coal mines in Kiangsi Province (1925).




Hsieh:—On Lopinite, A New Type of Codl in China 477

without resort to any special procedure of preparation and mounting such as has
been marvellously worked out by Dr. Thissen & others. The final stage of
grinding to the required transparency should, however, be made by rubbing on
a Belgium hone which is the best and indispensable tool to every coal petro-
grapher. Two kinds of sections i.e. vertical and horizontal were made and
studied, and the results of investigation may be briefly described as follows:
(1) Coals from Loping, Kiangsi.

The vertical section of the Loping coal shows to be made up essentially
of altemating layers of opague to semi-opaque maiter and transparent tissue, the
latter on morphological ground has been identified to be mostly periderm which
includes hoth the remains of phelloderm and cork tissue*. We know from Botany
that true cork is rare or wanting in Cryptogams, even in the Pteridophytes, and
since this coal under study is of Permian age, so the presence of any great quantity
of real cork tissue in the coal seems to be rather questicnable. On the other
hand the rectangular brick-shaped cells suggesst strongly that some of them at
least are real cork tissues.

The color of this tissue varies from yellow, brown or reddish brown
all depends upon the thickness of the section. Under crossed nicols these tissues
are distinctly anisotropic and showing a marked polarization color. The thick-
ness of the layer may vary from extremely fine { 5 #) to 160 ## or more. Most
of the layers are regularly and parallelly arranged ; not infrequently they may
also irregularly disposed with one layer interpenetrating or interlocking the others.

Although the preservation of the phelloderm and cork tissue is not very
perfect yet there shows usually good structures as to make possible their exact
identification. Practically all the tissues shown in the vertical sections represent
cross view which is characterized by parallel and brick-shaped cells. In

* Thin sections and specimens of Loping Coal have been seat to Dr. Thissen. In
replying, Dr. Thissen writes as follows: **Your interpretation of the coal from
Loping, Kiangsi is quite correct. My opinion is that it consists largely of periderm,
and includes remains of both phelloderm and phellem or cork. the former, the
phelloderm, comprising probably the bulk of the coal.” Microchemlcal test with
Soudan III gives, however, negative result. This does not imply at all the impas-
sibility of our interpretation, as vegetable tissues in coal may have been profoundly
changed as to be insensitive to such test.
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some layers these cellular structures are entirely wanting, and frequently the
structure showing layers are alternately arranged with the homogeneous one the
latter is believed to represent either phelloderm itself (which owing to its com-
paratively less resistant nature is liable to suffer destruction) or the altered woody
fnaterial.

The longitudinal view of the periderm tissue can be seen in the horizontal
section of the coal, i.e. the one cut parallel to the bedding planes of the coal
seams. In these sections phelloderm and cotk tissues are abundantly found and
which occur mostly in forms of irregular pieces attaining sometimes considerable
dimension (up to one cm or more in diameter). In some of these pieces cellular
structure consisting of rectangular to polygonal shaped cells bounded by rather
thin and straight cell walls are distinctly preserved. The sizes of each cell vary
from 48 x 64 pto 64 p x 80 #. Besides the larger pieces, there occur in
the horizontal section also some thin streaks or lenticles representing evidently
cross section of these irregularly or obliquely deposited cork tissues. In these
streaks etc., the characteristic brick-shaped structures are again distinctly shown.
All the tissues, like in vertical section, show a distinct polarization color under
crossed micols. '

Occasionally, there is shown in the horizontal section some roughly
cylindrical Gssues showing rectangular cells {a cell form similar to cork tissue)
arranged in a concentric way. This kind of tissue may represent kransverse
section of some young stem in which the peripheral portion is well preserved.
The central portion is occupied by humified, probably woody material.

The opaque to semi-opaque maiter in the coal represents evidently the
more lignified or coalified substances which may be derived either from the
periderm® itself or from the woody materials. The examination of thinned
polished section® by both fransmitted and reflected light shows however that
these opaque matter exhibit in most cases some cellular structure. Besides its
occurrence as separate Jayers or lenses alternated with the transparent tissues, the
opaque and more frequently the less-opaque to translucent matter may occur also

*  This may rep t the ins of phelloderm cells.

9 Hsieh, C. Y. Thinned polished section of coal, a new technique in coal petro-
graphy—DBull. Geol. Soc. China. Vol. pp. 1932.
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as streaks or patches inside the transparent tissue; this feature can best be seen
in horizontal section in which certain cells may be translucent to opaque while
the rest is distinctly transparent showing the usual brownish to reddish colors.
This difference in color and transparency within same pieces of fissue can
pethaps be explained by different degree of humification er decay due to
bacterial action as will be explained latter.

The amount of the opaque to semi-opague matter varies greatly in
different parts of the section; in certain part it is greatly predominate, (P1. I,
Fig. 2} so that the transparent periderm tissue forms only subordinate constituent
while in other part the reverse is the case. (PL I, Fig. 1.

The study of polished section under reflected light gives more informa-
tion about the microstructure.  To the naked eyes, the polished surface appears
to be finely striated, the striation is due to the presence of a number of gray
colored dull lines or lamine which are higher in relief as compared with other
constituents. Under the microscope, the dull lines or lamine are proved to be
periderm, as can be seen from the faintly but still distinctly marked cellular
structures, while the rest is composed of thin lenticles of vitrain and some
fusain. The transparent nature of the periderm can be well shown by examin-
ing under oil immersion; in this way the phelloderm as well as cork tissue
changes to dark gray, whereas fusain and other opaque constituents becomes
more bright in color. Under crossed nicols, the gray layers show frequently
interior reflection color of red or brown, the true color of the periderm tissue.
The same kind of color can also be observed under oblique illumination.

(Z) Coals from Chinghsien, Kiangsi Province.

Several specimens of coal from two different localities in Chinhsien
have been studied under the microscope. They show essentially the same kind
of structure as the Loping coal except that the tssue scems to be somewhat
crushed, and macerated and that the opaque or semi-opaque matter seems to
be more abundant especially in that specimen from Kungta Company in N. E.
part of Chinhsien. In the latter coal mineral fragments probably quartz are
also frequently observed. The coal from Niuling is less abundant in opaque
matter so it is of higher quality as compared with other one.
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(3) Coals from Yﬁi;an, Kiangsi Province.

A polished section from Kwaninling, Yitkan was studied. It is com-
posed in the main of a number of dull fines, or layers usually folded and some-
what crushed, embedded in a vitrainic groundmass. Here and there are found
fragments and lenticles of fusain and xylon, the former is, however, not so
abundant as in the coal from Chinghsien. Under oil immersion these dull lay-
ers change also to a dark gray color, therefore they are undoubtedly periderm
tissues.

The study of thin section of this coal confirms the presence of a great
number of phelloderm and cork tissue which are usually bended, crushed and
somewhat macerated. The cellular structure though faintly shown is in most
cases clearly recognizable,

6. IMACERATION

In all the coals studied, perfectly preserved tissues of periderm were
obtained by maceration in Schulze’s Reagent (a mixture of concentric nitric
acid and potassium chlorate). Good result can be obtained by allowing the coal
powder in the solution for a week or ten days and then it is washed and treated
again with ammonia. The residue is composed almost entirely of phelloderm
or cork tissue which can be studied under the microscope.

Pl 1, Fig. 3 is a microphoto of the tissue separated from the Loping
coal. It shows perfectly well preserved structures with rectangular formed
cells of the following dimensions:

64 x 961 48x 112p 48 x 80s

The tissue shows a deep brown to yellowish brown color and unlike
in thin section it is isofropic under crossed nicols. The refractive index of the
tissue as determined by immersion method lies approximately hetween 1.490-

1.500.
The maceration product from the coal of Niuling, Chinhsien shows
besides abundant periderm also some microspores, a few megaspores and several

pieces of cuticle, Fig. 4, PL II, shows one of the cuticle separated with
stomatic opening distinctly preserved.
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7. CowmparisoN witH OTHER COALS

Besides the coals from Loping, Yitkan and Chinhsien there is a group
of coal alss exceptionally high in volatile matter, and low in moisture. The
coal from Changhsing in Cheldang Province, constituets perhaps one of the
most interesting types. The coal is compact and tough showing neither laminat-
ed nor sheeted structure, it is composed entirely of dull coal and in this way it
leoks very like cannel coal or boghead coal in macroscopic appearance. The
streak 1s black while its sp. gr. is nearly 1.30. Its position in the iriangular
diagram is shown in fig. 2. from which we can see that the Changhsing coal also
lies outside of the normal sequence but very close to it.

The microstructure of the Changhsing coal is quite different than those
previously described.  The thin section is composed essentially of a reddish
colored transparent and homogeneous layers intercalated with layers or lines of
cpaque material, the latter when examined under reflected light proves to re-
semble fusain. The entire mass of the transparent and opaque layers are often
folded or curved exhibiting a form not unlike the woody structure. From the
coal-petrographical sense these transparent layers may be called vitrain, though
their botanical nature remains still a question. In some sections true fusain oc-
curring in lenticles or fragments are also present. Such constituents like spores,
cuticles, xylon etc. which are so common in ordinary types are conspicuously
absent in the Changhsing coal.

Cork tissue is abundantly present in certain seams of the Shenkungshan
coal field in Anhui Province, but here the Hssues are usually associated with
other constituents such as micro- and macrospores, resinous bodies etc., or when
oceurring alone, they form only certain fractional part of the seam. Nothing
like that observed in the coals of Loping, Yitkan and Chinhsien can be found.
In the triangular diagram, the coal of Shenkungshan occupies a position well
inside the normal field, so it has no relation with the Loping coal.

8. ConpiTIONS OF FORMATION
Cork tissue as well as other vegetal elements in the periderm have been
frequently found in coal anl more recently Wolfram Penseler”® has found a great

[0 Wolfram Penseler: The James Coal of New Zealand, Fuel, Vol. 12, No. 5,
p. 166, 1933.




482 Bulletin of the Geological Society of China

amount of cork tissue in the James coal of New Zealand. But the occurrence of
this tissue in such a great amount as in Lopinite in Kiangsi Province is, so far as
known to the writer, the first that has ever been described. The following is a
short description of James coal quoted from Penseler.

The James coal occurs above a conglomerate bed with an intervening
shaly band of ahout 6 in. thick and is below a sandstone formation; iis age is
Eocene. In thickness it may vary from 2-7 ft. but local thickening up to 20
feet is also found. The coal is dull, black and is peculiarly hard and tough.
showing a conchoidal fracture. Chemically the coal is characterized by an
unusually high content of volatile matter and hydrogen®, figures for which
approach those for a cannel coal. [t is rather high in sulphur. Under the micro-
scope, the thin section shows a great amount of suberized tissue and cuticles
together with fragments of xylon and disintegrated debris to form the ground
mass. Sporic matter is conspicuously absent. In classification the James coal
approaches that class of coal comprising cannels and bogheads. The extension
of this special coal is however, rather limited, since mine working has shown its
changing in character and becoming more like an ordinary bituminous coal with-
in short distances.

From the above description, it is evident that Lopinite and James coal
are closely related and may perhaps be classified under the same group. There
are, however, several differences. The James coal is of Tertiary age and
consequently it contains a great amount of perfectly preserved cork tissue while
in the Lopinite, the periderm consists perhaps more of phelloderm than the true
cork cells. With the exception of the coal from Chinhsien, the Lopinite
contains usually no or very little cuticle. As can be seen from fig. 1 our coal
has moreover a greater surface extension than the James coal.

Concemning the particular nature of the Lcping coal, Dr. Thissen in
his letter to the writer, writes as follows:  ““It is an interesting coal to study,
and never have I seen even thin layers of coal of that purity of one tissue.

* Recent wotk by K. Y. King shows Lopinite containing alsa a high content of
hydrogen amounting to 7%.
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Recently we have been studying a bituminous coal from the Upper Cretaceous of
Utah. In this coal are found certain layers composed largely of remains of the
outer envelope of the stem, namely, of phloem, cortex and periderm, but never
of such purity of one or two tissues as in your coal.”

As to conditions for the formation of the James coal, Penseler has written
the following:

*“The attrital nature of the James coal, and the large amount of cuticle
and cork fragments, combined with the geological and chemical evidence, sug-
gest that the coal has been formed from forest offal, which was drifted into
brakish water in a sheltered region of an estuary. The offal was probably derived
from a forest growth which bordered this area of accumulation and protected
it from the washing in of inorganic sedimentary material, and a gradual transition
would therefore be found from this small patch of special vegetal material into
a more normal type of coal derived from the fringing forest growth.”

It is well known in geology that coal represents product of decay of
vegetal material and consequently the most resistant parts of the plant as spores,
cuticles, batks, etc. are more frequently preserved. Because of their intimate
association and lack of chance to be separated, these tissues are usually found
together in a coal though in widely different proportions. Any coal that is
composed essentially of one kind or one part of the tissue must require therefore
special condition for its formation. The cannel coal, for instance, a coal com-
posed essentially of spore has been considered by many geologists to be formed
under a sapropelic condition i.e. an open water to which the wind-blewn spores
are most easily to be accumulated and deposited. In the case of cortk fissue, and
phelloderm because of their fixed and non-flying nature, they can not be ac-
cumulated in this way. On the other hand, owing to the extraordinary resistant
nature of the cork Hssue, the [atter can usually be preserved under the most
advanced stage of decaying when other things were destroyed and removed. [t
is therefore suggested that for the formation of Lopinite, the following two
conditions are necessary:

(1) The vegetal material must have suffered previously an exces-
sive degree of decay so that most of tissues were destroyed, coalified, or removed
except the Tesistant outer part including cork tissue, phelloderm, cuticles, and
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some others. Such advanced stage of decomposition can perhaps be brought
about by prolonged action of bacteria or under special climatic condition. The
presence of a great amount of opaque matter in the coal may be taken as to
represent the much coalified and macerated debris left over from the work
of the bacterial action.

(2) This mass of vegetal material already decayed “and somewhat
macerated must then be subjected to a process of transportation, thereby to
enable the removal of other resistant tissues like spores etc. and the final con-
centration and deposition of the cork and its allied tissues. The often crushed
and fragmentary forms of the tissues so frequently observed in the coals of Yitkan
and Chinhsien may perhaps be cited as evidence in favor of this drifting theory.

In order to fulfill the above stated conditions, we must assume that
lopinite and its associated strata were formed in brackish water of estuarine con-
dition. The high sulphur content of the coal may be cited as an evidence of
the brackish water origin, as in the later water sulphur bacteria was usually more
active. It still lacks, however detailed stratigraphical evidence, but the oc-
currence of several layers of limestone, the abundance of marine fossils and the
irregular nature of the coal seams in Yitkan and Chinhsien are perhaps strong
arguments indicating esturiane condition. In his excellent memior on the Permian
formations of Southern China™, Mr. T. K. Huang has rightly concluded that
coal in the Liupakou series (Permian) may be of two types; the in sifu type and
the drifted type, the latter **occurs in regions outside the three provinces, (the
coastal provinces where land flora as Giganiopteris etc. have been found) especial-
ly in those places where the marine Choutang series is well developed™. Al-
though Huang has given no definite localities for the océurrence of the alloch-
thonus coal, a glance at his Paleeogeographic maps (Pl. V1) will show at once
the Loping coal basin in N. E. Kiangsi as one of them. From the same map we
can see again that N. E. Kiangsi formed that time in all probability an estuary
which bordered the old coastal land of the lower Yangtze Province. So on the
whole the condition of formation for Lopinite is essentially similar to that of
James coal 1.e. an esturiane deposit formed from drifted forest offal from a
nearby forest growth.

11 Huang T. K. Memoir Geol Serv. China, Series 4, No. 10, p.66 1932.
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Although allochthonus theory for the explanation of coal formation
has been recently rejected by most of the geologists, yet in our special type
of coal like Lopinite and James coal, this theory seems to be still plausible.
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EXPLANATION OF PLATE |

Fig. 1. Microphoto of a thin section of coal from Kwaninling,
Yiikan, Kiangsi province showing the rather distorted and contorted tissue of
the periderm {gray) embedded in an opaque ground mass. Vertical section x 45.

Fig. 2. Microscopic structure of a coal from Niuling, Chinhsien dis-
trict in Kiangsi Province. Here the opaque ground mass is more predominate

while the transparent cork tissue is more thin as compared with the previous
section. Vertical Sectionx 45.

Fig. 3. Horizontal section of the periderm showing the polygonal-
shaped cork cells. Loping, Kiangsi. x 37.

Fig. 4. Same as Fig. 3 more enlarged. x 100.
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EXPLANATION OF PLATE I

Fig. 1. Vertical section of the periderm showing the laminated,
brick-shaped cells. Loping, Kiangsi. x 143.

Fig. 2. More enlarged view of the cells, Loping, Kiangsi. x 190.

Fig. 3. A piece of periderm as separated by maceration—showing
horizontal view of the cells. Loping, Kiangsi, x 135.

Fig. 4. A cuticle separated by maceration from the coal of Niuling,
Chinhsien, Kiangsi Province. The Stomata are distinctly shown. x 140.
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GRAPHICAL CLASSIFICATION QOF CHINESE COALS
K. Y. Kixc
I. INTRODUCTION,

The proximate analysis of coals, that is, the determination of wmoisture,
ash, volatile matter, fixed carbon and calorific value, is a much simpler me-
thod than the ultimate analysis, which involves the determination of elemen-
tary constituents of the coal. Comparing the time necessary for a complete
analysis by the above two methods, one will at once appreciate the short pro-
cedure of proximate analysis for the estimation of the general composition of
coal. From practical and commercial viewpoint, to make a comparative
valnation of coal samples and to control the variitionin quality of a particular
supply, proximate amalysis is undoubtedly the most useful method as it
furnishes fairly accurate data necessary for determining the important pro-
perties of different varieties of coal. It uot only saves time in approximate
fuel valuation, but also need simpie apparatus and comumon chemicals.

To distinguish between ane variety of coal and another such as anthra-
cite, bituminous and lignitic coals, it seems necessary to have some definite
weans of classifying coals according to their chemical and physical proper-
ties. The classification may be based on the characteristics of coals as revealed
by proximate analyses, ultimate anulyses, extraction with solvent, reaction
with reagents, microscopic examination, destructive distillation or physical
properties. The chemical composition given by proximate or ultimate analyses
is more extensively used than the rest.

II. CoaL CLASSIFICATIONS.

Instead of giving a tull description of the muthods of coal classification
so far known, a summary showing the general features of the existing
methods is tabulated {Table z).

It is evident that each system of clussification has its own particular
merit for differentiating varieties of coal but none of them is applicable to all
types of coal of different regions. Generally speaking, more use has been made
of the proximate analysis because of its easv application, where strict aceuracy
is not to be expected. Special corrections!® such as hydrogen and carbon
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derived from water of constitution in ash-forming materials seem to be impor-
tant, This still involves long and complicate analysis together with sufficient
knowledge to apply such correction factors, so whether this can be adopted
for general usage is still vncertain. It seems that the proximate analysis
combined with the weathering property asshown in slacking test will be
suitable for all round purposes. It is hoped that a complete workable pro-
cedure on slacking test as suggested by Fielduer™® will soon be formulated and
properly adapted to practical use,

Chemically, the reactivity index™, a measure of oxidation or ulmin con-
stituents, can be used with reasonable accuracy for gauging the ranks of coal.
The recent substitution by the permanganate number?® as suggested by Heath-
coat and Francis has considerably reduced the experimental procedure; never-
theless, it remains difficult for commercial laboratories to adopt this much
simplified but still complicated procedure for their fuel inspection. With the
aid of the microscope, the coals may be resolved into ulmic, spore and algae
types.l® It is needless to say that much techanique is involved in microscopic
examination as well as its preparation; it may not be useful again for gemeral
work, As the purely spore and algae coals are only found in very limited
quantity, such classification should be considered merely as a scientific one.

W. H. Wong* carefully compared the relative merit of all the classifica-
tions based on proximate analysis and linally concluded that Ashley’s coal
ratio or moisture combined ratio is better adoptable to the classification of
Chinese coals. He suggested a new nomenclature for indicating the different
types of coal of various geological ages. Limits of coal ratio are arbitrarily fixed
according to the general characteristics of coal that are so far known.

TABLE TI.
New No.menclature Coal Ratio Symbol
Class Rank
Lignite below o.90 C
Lignitic Bitumite 0.go- 1.30 BC
Low Rank I.30- 1.70 Bl
Bitumite {Medium Rank 1.70- 3.00 Bm
High Rank 3.00- 4.00 Bh
Anthracitic Bitumitic 4.00- 6.00 AB
Low Rank 6.00- 8.00 Al
Anthracite Medium Rank 8.00-10.00 Am
1High Rank 10.00-12.00 Ah



Classification

Fraser’s!

Dowling’s®

Ashley’s®

Wong’s*

Parr’s®

Campbell’s®

Seyler’s?

Ralston’s®

White’s®

Regnault-
Gruner’s!®

Twelfth In-
ternational
Geological
Congressit

TABLE 1.

Summary on Methods of Coal Classification?’®

Basis of Classification

Fixed Carbon

Fuel Ratlo= < e o ate “Volatile Matter

Split Volatile Matter =
Fixed Carbon — 3 Volatile Matter

Moisture — % Volatile Matter

Ratio =

Fixed Carbon
Boisture + Volatile Matter

Adopts Coal Ratio and advocates a
new nomenclature for different
types of coal.

Percent Volatile Matter and heating

|

F

(

Coal Ratio or Moisture Comhmedg
!

value of unit coal substance. ;

() Proximate analysis on ash-free
basis or CarbonfHydrogen Ratio.
(2) Appearance and weathering pro-

perty of coal.

Percent Carbon and Hydrogen in
pure coal substance.

{
Percent composition {Carbon, Hy-‘{
drogen and Oxygem) on a mois- |
ture, sulphur, nitrogen and ash. !
free basis. |
(z) Percent oxygen on moisture and ’
ash-free basis, ]
2) Oxygen/Hydrogen Ratio. %
|

i

|

{z} Ultimate and proximate analysis.
{2) Coking characteristics.
(3) Chief Uses.

{x) Ultimate and proximate analysis

(2} Coking and burning characteris-
ties.

(3) Physical properties.
!

p. 63, 1926.

2.

An extended discussion of the different classification except Wong’s

Advantages and Disadvantages

(1} Only proximate analysis needed.

(2} Unspitable for coals of lower
coalification.

(1) Requires only proximate analy-
sis on “*as received’’ basis.

{2) Suitable merely for general
classification.

(x} Reqmres only proximate analy-
sis on “‘as received”’ basis.

(2) Suitable only for use classilica-
tion.

Apphcable to classify Chinese Caals
in 2 general way.

(x) Proximate analysis and sulphur
determination required,

(2} Applicable for U. 5. coals.

{1} Ultimate analysis or proximate
analysis and slacking test needed.

{2) Gives an easy method for dif-
ferentiating bituminous, subbitu.
minous and lignitic coal from each
other,

()} Requires nltimate analysis.

{2} Names proposed complicated.

(3) Applies well to British coals,

(1) Complete ultimate analysis re-
quired.

(2) Lines of demarkation not sharp.

(x} Percent oxygen hard to deter-
mine.

(2) Gives some idea as to coking
properties of coal.

(r} Requires ultimate analysis and
a knowledge of the behavior of
coking properties and burning
quality of coal.

(z) Long but complete.

(1) Requires both ultimate and
proximate analysis and a know-
ledge of the chemical and physical
properties of coal,

(2) Classifies coals into the well-
recognized commercial grades.

Modified after Haslem and Russel “Fuel and Their Combustion” McGrow Hill Co.,

is given by

Moore **Coal”, John Wiley and Sons pp. T05-122, Ig22.
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At any rate, the present graphical classification holds very well for dif.
ferentiating the main divisions of coal. It is not intended to be final, and
from time to time, careful application of these determined coal ratios will na-
turally offer a good assistance in testing its suitability. Other means may be
incorporated with this classification. The best means will perhaps be the
slacking test as suggested by Fieldner and others. This is quite likely a guick
and simple test applicable to commercial laboratories where untrained workers
are performing the fuel inspection work.

V. CONCLUSION,

As coals of different ranks are regarded as conglomerates there is no
doubt that strict demarkation of coal ranks is difficult. Little overlapping in
its proper grouping camnot be entirely avoided even in those classifications
based on ultimate analysis.

The setting of coal ratios for gauging the ranks of coal as determined
graphically should be considered as a simple and reasonable means for use
classification and rough identification of coal ranks on account of its logical
way of classifying coals.

Finally the author wishes gratefolly to acknowledge credit to Director
W. H. Wong for his valuable criticisms of the original manuscript, and to Prof,
C. Y. Hsieh, his suggestions in constructing the graph.
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Except for its high volatile matter (409 on ash-free basis), This coal should
not be classed as Bl.

4. In thin sectiom, Lincheng coal comsists of large number of spores
which are perhaps sesponsible for its high volatile constituents. Since only
one sample is analysed, it is quite hard to give a hasty conclusion as to which
class this coal should belong, but following the average results of the latest
analysis reported by Lincheng Mining Company Feb, 1633, the coal ratio cal-
culated is 1.67 and with 37% volatile matter. Accordingly this should be
Iisted in Bl instead of Bm.

5. Kailan Mining Administration produces different grades of bituminous
coals. Based on analysis from “The Ten Great Industries of China" 1916 and
reports of Sonth Manchurian Railway, Linsi produces Bh coal, Tangshan Bm
and Machiakou Bl. The samples we have on hand are from Chaokochang and
all the analyses showed that they are Bl. Considering the wide variation of
coal ranks in Kaiping basin, a strict demarkation of Kailan coals is difficult,
The tar and oil yield of Chaokochang coals is over 109, about 2%, higher than
Chunghsing, a typical Bm and similar to Houfang and Tatung coals of Bl type,
therefore it may be classed in Bl with reasonable ground.

6. Analysis of Chinghsing coal as reported by Chinghsing mine hasa
coal ratio of 2-2.8 therefore it belongs to Bm. The general opinion classifies
it in the low volatile group but a coal containing a volatile matter of no less
than 25%-33% should be considered as a medinm volatile coal or Bm.

7- Liuhokou coal is distinctly Bh considering both its physical and
chemical proporties. The only sample analysed may be of special case and
could not be taken as final.

8. As only a single sample is available for analysis, the definite conclu-
sion could not be drawn as to whether the Chechow coal is Al or Am.

The limits for classifying the different grades of anthracite and bitumite
as already mentioned are arbitrarily chosen and whether the tangent-crossing
points can be taken with advantage for differentiating the subdivisions is still
a question. Yet in considering the physical properties, the limits for sub-
division should remain as they are now and awaiting further revision when
more coal samples are investigated.
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coal ratio as set by Wong or the coal ratio as determined by the present
graphical method. In the table coals are arranged in order of ranks as well
as of geological age.

1t is evident that the {requency of occurrence in the classification by
graphical method seems to be more regular than by Wong's method, especially
along the main divisions such as Changhsing which should be a proper Bl and
Lincheng at least B! but both of them would be classed as BC if Wong’s old
limits are used. However, five coals of Bm, 2 of Bh type according to Wong’s
classification have to be shifted one rank below while one Al to be moved o
Am. It is rather difficult to conclude as to which proper rank these coals
should belong, since most of them are lying very close to the dividing lines set
by the graphical method. A discussion of these coals with reference to their
general properties determined by methods other than proximate analysis and
also the existing analytical data from various reliable sources will surely lead
us to a reasonable and agreeable conclusion and reveal the fitness of the coal
ratio as determined graphically.

1. Tangyuvan coalis distinctly of humic type with well preserved woody
structure. Though the cleavages are well developed, but they are not cubical,
The streaks are brown and with many cracks on the surface of coal. As far as
general appearance is concerned, this coal shonld be called Bl. According to
the analyses given in The Manchurian Geological Mining Review, 1924, Tang-
yuan is classified into Bl rank.

2, Jurassic coals from Pinghsiang is widely accepted as Bm. Of the
samples analysed, they all show quite high volatile matter and coal ratios cal-
culated varying from 1.50-2.00, so that they are teally right on the dividing
limits. As the samples recieved are of crushed nature, it is hard to reveal their
cleavages and laminations for macroscopic examination. This field situates
very close to Leelin coal field which is distinctly a Bl type, therefore Ping-
hsiang may be closely connected to this field and exhibifs similar properties
of Bl coal to certain extent, In one case out of the six analyses given by
Japanese Geological Survey 1912, it is reported with 46.50% volatile matter or
a coal ratio of 0.g7. This indicates there is a great difference in ranks of coal
in the same field,

3. Hsuancheng coal resembles very close to Bm macroscopically with
distinct alternate layers of bright and dull bands and cubical fractures.
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TABLE 1V.
No- No. of 5 .
5 ; Wong’s Graphical
tation samples | Clacsification | Method
} as Coal analysed
Age given oa in
by | Sinyuan ¢! Ng. t Fre- No- Fre-
Wongt Fuel Lab.' tation “quency tation | quencyj
I {
Tertiary | C Zalainor 4 C 4 C 4
Heilungkiang
Jurassic Bl Tatung,Shansi. 2 Bl 2 Bl 2
Bm | Tangyuan, 4 BI 4 Bl 4
Heilungkiang.
Bm | Pinghsiang, 8 Bm 35 Bl 6
Kiangsi.
Am  Mentoukou, T0 Am 6 Am 6
Hopei. !
Permian | BI | Changhsing, BC | 6 Bl1 5
Chekiang. !
Bm | Hsuancheng, 3 BI 3 BI 3
Anhui.
Permo- Bl Shengkeng- 27 Bl 16 Bl 21
Carboni- shan, Anhui,
ferous d
Bl Chiawang, 2 Bl 4 Bl ]
Kiangsu,
Bm |Lincheng, X BC I Bl I
Hopei,
Bm | Kaiping,Chao- 19 Bl 13 Bl 18
kouchuang,
Hopei. ;
Bm | Chunghsing, 5 Bm Bm 5
Shantung.
Bh | Chinghsing, 6 Bm 6 Bm 6
Hopei.
Bh | Liuhokou, I i Bm T Bm I
Honan. i 1
Bh { Yenli, Hopei. 6 Bh 6 Bh [
Bh | Poshan, 13 Bh 6 Bh II
Shantung,
AB | Tzechuan, I AB I AB I
Shantung.
Al | Chechou, I l Am I Am T
Shansi.
Ah | Pingting, | Ah I Ah I
Shansi. i l
I \

1. Based on analyses found in various publications,
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Classs and Rank  Coal Ratio

G

BC

Bl

Bh

AB

Al

Am
Ah

below 0.80

0.80- 1.25

1.25- 1.85

1.85- 3.00

3.Y0- {.I0

4.10~ 4.90

4.90- 7.00

7.00- .70
9.70-12.0

TABLE IIL
Physical characters

Brown to almost black, develops consider.
able cracks easily, non-coking, dull with
brown streak.

Generally black, develops cracks easily re-
sinous fracture and sometimes dull with
brown to dark brown streak.

Mostly laminated structure with Juster vary-
ing from dull to shinny. Coking to non-
coking in Carboniferons coal with well
developed cleavages, Permian coals often
coking and swelling, other younger coals
moderate coking to non-coking. Streak
dark brown.

Very distinct banded structures with well
developed cleavages. Strongly coking and
mostly well swelling. Streak black but
occasionally dark brown.

Structure and cleavages very distinct, fri-
able, wnearly smokeless, coking with
moderate swelling. Streak black.

Banded structure still distinct, shinny and
hard, practically smokeless and feebly
coking.

Little banded structure, less hard and lus-
trous than typical anthracite.

Both strong luster, hard and heavy, no
banded and laminated structures,

IV. DiscUsSION.

In order to test the regularity on the frequency of occurrence of each
rank within the set limits of coal ratio, another table No. 4 showing the
relative frequency of several samples of some given coals according to the
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there are also two points existing, with the Mesozoic one {point 7) below the
Paleozoic. Since the difference is very small and there are more coals for the
Mesozoic group existing in this range (lignitic coals of Paleozoic age are rarely
found in China), the poiat 7 is better suited for differentiating the bitumite
fram lignitic coals.

It remains now to separate the bituminous coal of lignitic character and
the real lignite. Since in these two types of coal, the variation of volatile
matter and moisture is comparatively higher than {ixed carbon, the curves of
the former two constituents are therefore more concerned in their classification.
Drawing lines through the point e {mean of b and b‘) and f {mean of c and ¢},
an intercept 8 is obtained on the ordinate. This is now designated as
the dividing point of lignitic bitumite and real lignite. So the main classifica-
tion of Chinese coals will be; anthracite coal ratio of 4.go-12, anthracitic
bitumite 4.10-4.90, bitumite I.25-4.x0, lignitic bitumite 0.8.1.25 and lignite
below 0.50.

In order to subdivide the anthracite and bitumite which seem to have
quite a wide range, another set of lines are arbitrarily drawn throvgh the
mean point d of a and 2’ to four other points, h, g, (the mean point of two
adjacent points which divide the upper part, above b and b, of volatile
matter curves into three equal divisions) and b, and b’ (the tangent points
of the curve b and b’). The intercepts T and 2 divide the anthracite into
three ranks and similarly 5 and 6 divide bitumite into three ranks. Avoiding
the use of terms such as super-anthracite, semianthracite, semibituminous
and the like the three fold division of low, medium and high ranks is assigned
to each of these classes. Table III gives a complete scale of limits demarkat-
ing these classes and ranks as resulting from the graphic classification out-
lined in the above, together with the general appearance and physical
characters of the coals belonging to the respective class and vank.

It results from the examination of a great mumber of coals that the
macroscopic character of the hand specimens can often be taken for good
indication in classifying at least the main divisions of coals. Such character
should be especially observed on mnewly broken surfaces which give the
actual sight of luster and cleavage. A ready recognition of the types of coal
in such a manner will be very useful in the field where other means of
identification are not available.



4 Bulletin of the Geological Survey of China

Logically, for the purpose of distinguishing anthracite from bituminous
coal, the curves of fixed carbon and volatile matter should be concerned
because in the higher tanks of coal there is little change in the percentage of
moisture and only the volatile matter in relation te fixed carbon is much
varied. That is why fuel ratio can be adopted for this range. When it comes
to the lower ranks, the change between moisture and fixed carbom is propor-
tionally larger than that of volatile matter with respect to fixed carbon.
Therefore the former ratio, volatile matter and moisture, should be used to
divide the bituminous coals and the still lower ranks such as sub-bituminous
and lignite.

For the purpose of obtaining on the curves certain definite points which
may serve at best as some sort of mid-point, tangent lines are drawn from both
ends on each one of these pairs of curves. The pointsa,a’, b, b, c, and ¢’,
are thus determined. Straight lines are drawn from the crossing points
(aT a’y et} bisecting the angles formed by each set of tangents. Each of .
these bisecting lines will cut at one point on the curve on which the tangents
are drawn. This point is chosen as the mid-point of that curve, six such
points a, a’, b, b’, c and ¢’ are fixed in this manner on the six curves. These
form the basis for the graphical classification. Straight lines are now drawn
through the two points of corresponding geological group, that is the mid-
points of fixed carbon aund volatile matter, say of the Palazozoic age, or those
of fixed carbon and moisture of the same age. With these, two intercepts on
the ordinate are obtained for the Palmozoic group; the upper one dividing
anthracite and bituminous and the lower one separates bituminous and ligaitic
coals. Similarly two more intercepts can be obtained by the mid-points on
the curves of Mesozoic coals.

It is interesting to note that the dividing point 3 of anthracite and
bituminous for the Mesozoic group is higher than the corresponding point 4 of
the Paleozoic. Those coals having coal ratios between point 3 and 4 are quite
close to anthracite as far as hardness and luster are concerned, yet they are
often slightly coking and the banded structure is still distinct. They there-
fore constitute an intermediate type of coal rather than either of the
anthracite or bitumite classes. Adopting the same nomenclature as suggested
by Wong, anthracitic bitumite is thus assigned for this type of coal, When it
comes to coal ratio limits for the bitumite and those lower than bitumite,
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This system of classification has been applied to coals for years in China and
is accepted as a useful means to differentiate various types of coal mined
in this country. Wilson? after trying the various classifications to the coals
known in Peiping market concluded that Wong's system is the most suitable.

III. CONSTIRUCTION aND EXPLANATION OF THE GRAPH.

In the previous attempt of classification of Chinese coals, difficulty was
particularly felt for the lack of reliable and comparable analysis, the data so
far available were obtained from ditferent laboratories with different methods
and at times widely apart. Mnch uncertainty also arose from the fact that the
limits of the conl ratio between classes and ranks were arbitrarily found
without teference to any special basis,

During the past one and half years this fuel inspection laboratory has
analysed over 4oo coal samples from various mines by a tentaiive method
based closely on the American procedure, Most of the samples are collected by
our geologists and should therefore be comsidered as true samples. The
analyses are reduced to ash-free basis and the calculation of coal ratio is made
for each sample. A chart is constructed by plotting coal ratio as ordinate
and volatile matter, moisture and fixed carbon on ash-free basis as abcissa.

It was H, §. Wang® who first thought to represent the analyses of
Chinese coals to a rectangular diagram and found out the difference between
the Palxzozoic and Mesozoic coals which form two distinct groups.

Similarly, all the samples are divided up into two main geological groups,
namely, Palzozoic and Mesozoic, in order to avoid unnecessary complica-
tion which would arise when coals of all geological periods are distinctively
considered. The intention is to show the variation of the three main consti-
tuents moisture, volatile matter and fixed carion of Chinese coals with reference
to the coal ratio. Three pairs of curves representing each of the three consti-
tuents of quite remarkable smoothness are drawn. The moisture content of
all the samples seems to be unusually low for all types of coal. From this
graph, it is suspected that a graphical classification might be possible by
passing suitable straight lines through certain definite points on the three sets
of curves and the intercepts on the ordinate may be employed as a means to
differentiate one type of coal from another.
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MICROSCOPIC STRUCTURE CF TZUHSIEN COALS AND ITS
BEARING ON COKING PROPERTY?
By C. C. Wanc ( E115)
(The Gealogical Survey of China)
INTRODUCTION.

The samples for microscopic study are all collected from the Hsitso
coal freld situated about 30 1t northwest of the Tzuhsies city and 40 T cast of
the Matouchen station of Pinghan Railway. In order to understand the
geological occurrence of the different coal seams from which the samples were
taken, the general topographic eatures and an outline of the geology in the
region should be briefly stated first.

Between Matouchen and Hsitsotsun there appears a gentle rolling land
in which the highest ridge, for example on the south of Lintan, is not aver 48
meters.  Near Hsitsoisun the land is much flaiter though active vertical cutting
due to recent upwarp of the lazd surface still exisis so as to form a number ot
east-westward narrow steep valleys, the depth of which is generally from a
tew to twenty or thirty meters. Wesl of Hsitsotsun the topography be-
comes rougher into a hilly land.

The writer 15 much indebted to Mr. C. Y. Hsi:h who gave many
eriticisms during the microscopic work. He also expresses bis thanks to Mr.

C. H. P’an for his field help.
STRATIGRAPHY.

1. Ordovician limestonc. The oldest formation in the region under
study is the Ordovician limestone exposed along the Kushan range. [Tt often
constitutes hills of about 200 or 300 meters in height and thus forms the west-
e boundary of the Hsitso coal field.

2. Carboniferous and Permo-Carboniferous cosl series. On the Ordo-
vician limestone tests the Carboniferous and Permo-Cashonilerous coal series
with numerous workable coal scams.  Its lower porion briny 1 proximity with
the Ordovician limestone, is generally well exposed along the eastern foot of

] Received for publication Aprit 1933, Contsil wtive from the Sumvuan Fuel Labora-
tory No. 2.



MICROSCOPIC STRUCTURE OF TZUHSIEN COALS AND ITS
BEARING ON COKING PROPERTY*
By C. C. Wang { 1)
{The Geological Survey of China)
INTRODUCTION.

The samples for microscopic study are all collected from the Hitso
coal field situated about 50 li northvest of the Tzuhsien city and 40 §i east of
the Matouchen station of Pinghan Railway. In order to understand the
geological accurrence of the different coal seams from which the samples were
taken, the general topographic features and an outline of the geology in the
region should be briefly stated first.

Between Matouchen and Hiitsotsun there appears a gentle rolling land
in which the highest ridge, for example on the south of Lintan, is not over 40
meters. Near Hsitsotsun the land is much flatter though active vertical cutting
due to recent upwarp of the land surface still exists so as to form a number of
cast-westward narrow steep valleys, the depth of which is generally from a
few to twenty or thirty meters. West of Hsitsotsun the topography be-
comes rougher into a hilly land.

The writer is much indebted to Mr. C. Y. Hsich who gave many
criticisms during the microscopic work. He also expresses his thanks to Mr.

C. H. P’an for his field help.
STRATIGRAPHY.

1. Ordovician limestone. The oldest formation in the region under
study is the Ordovician limestone exposed along the Kushan range. It often
constitutes hills of about 200 or 300 meters in height and thus forms the west-
ern bomdary of the Hiitso coal field.

2. Carboniferous and Permo-Carboniferous coal series. On the Ordo-
vician limestone rests the Carboniferous and Permo-Carboniferous coal series
with numerous workable coal seams. Its lower portion being in proximity with
the Ordovician limestone, is generally well exposed along the eastern foot of

1 Received for publication April 1933. Contribution from the Sinyuan Fuel Labora-
tory No, 12.
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Kushan, while its middle and upper ones are nearly all covered by loess and
alluvium. It is thus impossible to find a section of complete succession of the
rock series though considerable effort has been made in the field. On the
northwest of Fengfengtsun ( #2%#%), however, an incomplete section (Fig.
1.) along a stream valley has been surveyed as described below:—

&%m Q50 100 150 200mRa Manﬂug&mgciga‘ﬁ%

SN s s RSOy
W ikm 1 2 3 4357 8 5 10 SEmR

Fig. I. Section of the Carboniferous strata, N. W. of Fengfengtsun. 1, Ordovician
limestone; 2, Grayish white sandstone; 3, Bluish clay shale; 4, Hsiachia coal seam; 5, Bluish
clay; 6, Taching coal seam; 7, Deep gray limestone with flint nodules (Taching limestone});
8, Grayish limestone (Hsiaoching limestone); 9, Grayish sandy shale; 10, Yellowish gray
limestone with flint nodules (Fuching limestone).

In the above mentioned section the contact between the coal series and
the Ordovician limestone 3s not exhibited. The lowest bed observed in the
coal series is a white gray sandstone partly tinted reddish yellow with iron and
it is believed to be a member near the bottom of the coal series. Above the
sandstone is a blue clayey shale about 10 m. thick, and extensively used for por-
celain industry by the natives. This is succeeded by a coal seam about one
foot thick as estimated from its exposure and probably equivalent to the so-called
Hsiachiamei by the natives. From this upwards appear a blue clay at a
thickness of about 1.5 ft., a coal seam about 2 ft. thick and. called Tachmgmei
by the natives, and a deep gray limestone called Tachingshih by the natives
with numerous flint-nodules at a thickness of ahout 5 ft. Above Tachingshih
the steatz ate all buried by sands and gravels, but from here down the valley to
a distance of about 170 meters crops out a gray limestone about 3 m. thick and
probably equivalent to the so-called Hsiaochingshih of the natives. Then the
strata are buried again to a distance of about 120 m. until another gray limestone

- containing a few flint nodules comes out at a thickness of about 2. m. This lime-
stone is probably equivalent to the Fuchingshih of the natives. From here up
to Fengfengtsun no rock exposures are observed. But on the west of the village
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Fengfengtsun thete is a native coal pit and the coal seam being worked is said
to be Shanchinghsiaotan about 1.5 ft. thick. According to the native repoit,
there should be a horizon of limestone called Shanchingshih between Shanching-
hsiaotan and Fuchingshih. Moreover, on the east of Shanchinghsiaotan there
should be some other limestone horizon named Yehchingshih and the important
coal seams such as ltsomei, Tachingmei, etc. are all above the last limestone.

In consequence of the scarcity of the exposures of the coal series its dis-
tribution is hardly to be surveyed in detail. Fortunately, there are numerous
native coal pits which may be utilized for indicating the existence of the coal
series, The strata in the coal series generally dip toward the east. The up-
permost workable coal seam is Tamel and thus east of the coal pits mining Tamei
there should be near the top of the coal series unless special faults or folds oc-
cur. From Hsitsotsun and Fengfengtsun up to Chienethchuang, a great num-
ber of native coal pits are scattered here and there. Between Chienerhchuang
and Tungtzufang there exists a modemn coal shaft by Chungho coal mine with
a few native coal pits. Hence, from the distribution of the coal pits it seems
that the coal series forms a narrow north-south belt from Hisitsotsun through
Fengfengtsun and Chienerhchuang up to Tungtzufang.

3. Permian and Permo-Triassic yellow shales. Overlying Carboni-
ferous and Permo-Carboniferous coal series is the altemative beds of yellow
shale and yellow greenish sandstone here included under the name of Permian
and Permo-Trassic yellow shales, for from the similar formation in Shansi®
numerons Permian and Permo-Trassic plant fossils were collected. Though
the contact between the yellow shale tormation and the Permo-Carboniferous
coal series is all covered by loess and alluvium, the detailed succession of the
former is well exposed along the valley of Tungkou, S. E. of Hsitsotsun. Fur-
ther, a great number of plant fossils has been collected there and determined

by Mr. C. H. Pan as follows:—
Pecopleris acuata Halle
Protoblechnum cf. wongi Halle

1. C. C. Wang: Stratigraphy of Pao Teh Chou, N. W. Shansi. Bull. Geol. Surv.
China. No. 4. 1922.
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Neuropteris flexuosa Brongniart
Cardiopteris sp.

The total thickness of the yellow shale formation is estimated to about
220 m. or more.

4. Trigssic red sandstone. The exposure of this formation is very
poor in the region visited, but it is evident that the change of the lithological
characters and colors of the transitional beds from the Permian yellow shale to
the Triassic red sandstone is very gradual without any sharp boundary.

5. Cenozoic conglomerate, reddish clay and loess. Between Ma-
touchen station and Lintan there is a group of low gentle ridges composed main-
ly of coarse conglomerate with rounded quartzite and limestone pebbles.  Some-
times a layer of sandstone intercalated in the conglomerate exhibits more or less
inclination. Its geological age may belong to the Pliocene in equivalence to
the Sanmen Series. Above the conglomerate reddish clay and loess often ac-
cumulate in great thickness, and probably belong to Pleistocene.

GEOLOGICAL STRUCTURES.

The geological structure of the Hsitso coal field is simple and all the
strata generally dip toward the east. As the coal field is mainly buried under
the Cenozoic deposits of the Hopei great plain, detailed structure is hardly
detected. though local fault and fold are certainly present.

CoaL Seams.

To correlate the different coal seams in the Hsitso coal field is difficult,
for the exposures of the coal series are rare.  Valuable informations have been,
however, often obtained from native coal pits. According to the records given
by the Ili Coal Mine, a columnar section for the different coal seams should be
as in Plate I1.

From the columnar section, there should be seven workable coal seams,
but during the author’s visit only three seams, namely, Yehchingmei, Itsomei,
and Tamei, are in operation. 'The latter two seams are more important, as
they are good in quality. Tamei is the thickest seam in the coal field, though
it is often divided into two sub-seams called Toumei and Exhmei by a layer of
black shale.
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QuaLTy oF THE CoALs.

About 10 i north of Hsttsotsun, the coal all becomes anthracite or semi-
bituminous coal. The true bituminous coal occurs only from Hsitsotsun south-
ward to Linhokou at a distance of about 60 li. Fasther south anthracite appears
again. The so-called Hsitso coal field occupies the north portion of the above
bituminous coal area. According to the native mining experience, Tamei and
Ttsomet are both coking and the latter is much better, while all the other coal
seams are never used for buming coke. Coal samples from five coal seams
have been analysed in the Swivey Laboratory, showing the following results:

Localities Coal Classt Moist. Volat. Fixed Ash Sulphur  Coke Heat value

seams Matter Carbon
llliwﬁzal Toumei Bhl 0.62 20.32 72.78 6.28 0.65 Svji:'i‘nigg& 8141 cal.
" Ethmei Bh} 0.44 17.94 72.26 9.56 0.68 ' 7876 ,,
" Toumei Bhi 0.24 21.20 72.10 6.46 0.65 " 8159 ,,
» Ethmei Bk} 0.28 21.04 73.08 5.60 0.57 . 8222 ,,

» Isomei Bh1l 0.32 21.10 73.62 4.96 0.74 Caking & 8272 ,,

non-swelling
- Ye.hching-

mei Bhz 0.52 19.97 70.81 8.70 1.50 . 7702 ,,

., Shanching-
hsiaotan Bhi .32 21.00 58.80 19.52 3.50 Caking & 6795 ,,

swelling
Chungha Toumei-
Coal Mine hsiactan Bm? 0.55 24.60 53.86 20.9% 1.20 - 6801 ..
" Tamei Bh2 0.58 21.62 64.32 13.48 0.94 " 7500 .,
" Itsomei Bmg 1.26 22.0] 63.43 13.30 3.80 . 7467 .,
M Yehching-
mei Bm3 1.88 22.86 64.56 10.70 2.0 . 7624 .

i. For the meaning of the sympbols, sce W. H. Wong, Classification of Chinese
coals. Bull. Geol. Swry. China, No. 8, 1926.
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From the above aralyses it is evident that the ash and sulphur contents
are generally low in Toumei, Ethmei, and Itsomei whose coke characters are
all caking and swelling. The agreement of the analyses with the native mining
experience is exceedingly interesting. On the other hand the ash and sulphur
contents in Yehchingmei, Shanchinghsiaotan, and Toumethsiaotan, are mostly
too high for making good coke.

CoaL. RESERVES.

The estimation of the coal reserves in the Hsitso field is restricted to
the coal-producing area between Hsitsotsun and Tungtzufang. In this area
the coal series extends at a distance of 8,000 m. and generally dips toward
the east at angles varying from 10° to 30” or averaging at 20°. If the workable
depth of the coal seams is considered to be 600 m. and the average specific
gravity of the coals to be 1.3, the coal reserves should be calculated as shown in
the following table:

Coal seams Average thickness Coal reserves
Tamel 5 m 91,208,000 tons
Itsomet 0.7 m. 12,769,120 ,,
Y ehchingmei 1.5 m. 27,362,400 ,,
Shanchingmei 1.5 m. 27,362,400 ,,
Hsiaochingmei 1.7 m. 31,010,720 ,,
Tachingmei 1 m 18,241,600 .,
Hisiachiamei 2 m. 36,483,200 .,

Total 244,437,440 ,,

The coal seams of which the thickness is below 2 ft., are not included
in the above table. If 4,400,000 tons of coal are assumed to have been ex-
tracted by the native coal pits, the real total reserve should be 240,000,000
tons. In regard to the coking coals of good quality such as Tamei and Itsomei,
a real reserve of 100,000,000 tons seems at least to be present.
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Microscoric STUDY OF THE CoALS.
Toumei seam.

Under the microscope the polished sections show that the coal is com-
posed mainly of durain in which fragments of fusain are usually abundant.
Regular lenses of fusain are also present and generally exhibit distinct cellular
structure. (PL. 111, Fig. 2). Seriated celis probably derived from secondary
xylem are not infrequently met with, while cortex is also commonly found in
well preserved cells (PI. 111, Fig. ). A few narrow bands of vitrain generally
occur in structureless mass. Argillaceous material is occasionally in great
amount. Pretty woody tissue (Pl. III, Fig. 4) is sometimes well preserved by
such material. In the durain cuticles are only rarely found though not entirely
absent.

Erhmei seam.

Durain is the essential constituent of the coal though in certain sections
fusain bands seem also abundant. Generally speaking, lenticles of vitrain are
rare and scarcely over 3 mm. in width. Fig. 1 (Plate V) represents a section
of seriated cells of secondary xylem with their lumens mostly filled by ash
material. Very fine fibers of primary wood of some lepidodendrids are often
well preserved especially when the tissug is partly filled and replaced by in-
organic matter as shown in fig. 2 (Plate IV). Even in the durain some fragments
of wood can occasionally be recognised by numerous dots in definite disposi-
tion, indicating the lumens of the cells. A few grains of pynite are found
in some sections. So far as the writer's ohservation goes, no cutinized materials
such as spore exines, cuticles, etc. appear. This phenomenon may be inter-
preted as (1) they have been desiroyed during the process of coalification or as
(2) they were originally rare in the formation of the coal. In view of the abund-
ance of well preserved wood cells the latter explanation seems more probable.

Iisomei seam.

There are a great many lenticles of xylain exhibiting distinct cellular
structure. (PL IV, Fig. 3).  The lumens of such cells when filled by mineral

matter, have apparently suffered little compression, but those in the ends of
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some lenticles are often reduced to dots or short lines which in some cases, have
lost their definite outline and become granular. Ash bands are abundant and
generally irregularly distributed here and there in some sections. Vitrain is
scarcely visible though xylo-vitrain with a few granules indicating the position
of the lumens, is not infrequently met with.

Fusain occurs both in lenses and fragments, in which the cells are often
intensely compressed and thus usually partially obliterated though their general
outline is still well traceable. Pyrite is abundant in some samples especially
in those taken from the Chungho coal mine. It generally occurs in fine grains
either uniformly disseminated through the section or aggregated in thick masses.

Yehchingmei seam.

The samples of the Yehching coal seam were collected both from the
It and Chungho coal mines.

The polished sections made from those of the former are specially in-
teresting for microscopic structures. Fusain bands mostly occur in lenticular
form. Their cell structures are generally in ill-preservation and usually only
represented by tiny dots for the lumens. FEixceptional cases are, however, pre-
sent. For example, in figwe 5 (Pl. IV) not only the lumens of the
cells are well preserved but the intercellular spaces are also distinct. Durain
constitutes the main part of most sections, in which cuticles are often observed.
Fig. 4 (PL. 1IV) shows a transverse section of a leaf in durain with its both
upper and lower cuticles, when the parenchyma between is chiefly obliterated
due to advanced coalification. Vitrain is generally rare and when present it
occurs only in thin layers. In fig. 2 (Pl. V), there are three bands of xylain
in parallel disposition and alternative with structureless zones. This phenomenon
may be interpreted by two possible explanations. In one possibility, the xylain
bands represent the thick-walled cells of autumn wood while the structureless
zones indicate the spring wood. In another one, each band of xylain shows a
separate lenticle of xylem while the structureless portions are durain. Which
of these two possibilities is more reasonable is hard to say. But it is under-
stood that annual rings of growth in Paleozoic coals are very rare.



Wang : —Microscopic Structure of Tzuhsien Coals 421

The polished sections from the samples of the Chungho coal mine often
exhibit a few pyrite grains and sometimes a great amount of ash in bands. In
a lenticle of fusain as shown in Fig. 3 (Pl. V) the lumens of the cells are
particularly conspicuons in oval forms and partly filled by inorganic matter
giving dark areas under microscove and partly filled by humic material show-
ing more or less bright nature. Further, the infiltration of the lumens by ash is
also frequently observed here and there in the xylain, All the features de-
scribed seem to show that the quality of the coal in the Chungho Coal Mine
is much inferior to that in the Ili mine. This is also confirmed by the chemical
analyses as shown in the coal analytical table.

The following two coal seams are not important in economic signifi-
cance, but they are very interesting from scientific point of view.

Shanchingfsiaotan seam.

The special feature of this coal is rich of argillaceons matter. Some-
times shale bands altemative with thin layers of coal may be visible even with
naked eyes. Phyrite is aboundant in some sections and in one case a band of
pyrite is as wide as from about 2 to 4 mm. It is, therefore, obvious that the
coal is much inferior in quality. 1f a comparison between the microscopic
examination and the chemical analyses is made, there is a notable agreement.

Another special feature of this coal is of the common presence of frag-
mented cells. This phenomenon indicates that the nature of the chemical
changes which occurred in the cell walls of this coal is somewhat different from
those for other coals and so the walls were brittle and eastly fractured under
pressute.  Fig. 4 (PL. V) shows a longitudinal section of fragmented elongated
cells in a band of fusain, while fig. 5 {Pl. V) represents the bogen structure of
the broken cells in a transverse section. Xylain is in great amount and its cell
lumens are generally filled with argillaceous material. By enlargement of the
infiltration of the lumens in seriated disposition, argillaceous bands may thus

be established.
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Tousungtsiaotan seam.

The coal is composed essentially of durain intercalated with a few
bands of fusain, vitrain and inorganic matter. In certain layers of durain the
abundance of spore-exines attracts special attention. Both megaspores and micro-
spores are present. Lhe exines of the former are usually thin-walled while these
of the latter generally appear as minute bright objects. Fig. 1T (Pl. V1) is of
an excellent illustration for spores. Fragments of megaspore exines are some-
times abundant. Besides, there often occur some bright oval bodies (Pl. V1,
fig. 2) in the durain under microscope, which are probably resinised substances
though their exact pature is hardly to be detected in polished sections due to
their advanced coalification.

In some cases ash layers are numerous and even visible with naked eyes.
Broken cells are often found in fusain, giving rise more or less bogen structure
which probably represents fractured secondary tissue either of xylem or of
cortex. Fig. 3 (Pl. VI) represents the fibers of primary wood of a lepido-
dendrid while fig. 4 (Pl. VI) shows a tangential section of primary wood of the
same plant, giving delicate scalariform structure.

CONCLUSION.

To cempare the results of chemical analyses of the samples with their
corresponding microscopic study, it is obvious that the ash content above 10%
or the pyrite percentage above | is usually fairly recognised under microscope
in polished sections, while either the former or the latter below the given
amounts is often insignificant in sections though exceptional cases are not en-
tirely absent. The quality of the coals may, thus, be studied with microscope
instead of chemical anmalyses. The analyses and microscopic studies of Shan-
chingtsiactan and Tozsungtsiactan offer good illustrations.

Nearly in all coal seams except Tousungtsiaotan in which spore-exines
are numerous, there are abundant bands or lenticles of fusain, xylain, xylo-
vitrain and vitrain, in which fragmented or unfragmented cellular tissues are
generally more or less visible. It follows with the exception of Tousungtsiao-
tan, that nealy all the Tzuhsien coals which are generally coking, are composed
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essentially of wood, or materials of woody origin. Particularly in Toumei,
Erhmei. and Itsomei which offer better coking property as proved both by the
native experience and chemical analyses, the above named bands are specially
common under miscroscope. Such conclusion well agrees with Jeferey’s hypo-
thesis'. In 1925 he published a paper of ““coal in relation to coke™ and has
pointed out that wood should be the predominant constituent of the original raw
materials of coking coals and the worth of coal, from the standpoint of the
coking industry, was in direct proportion, other things being equal, to its con-
tents of modified wood. The writer’s microcopic study of Tzuhsien coals thus
gives a good support to Jeferey’s statement.

1 E. C. Jefery: Coal in relation to coke, Trans. Am. Inst. Min, Met. Eng. Vol.
LXXUI, pp. 149-164, 1925.
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Piate 111

Fig. 1. A nest of sclerotic cells in the cortex. The Iumens of the cells are
still well preserved with distinct intercellular spaces. Toumei
{The uppermost coal seam). x 100.

Fig. 2. A transverse section of a stem with its pith in the centre, surrounded
by xylem cells more or less compressed. Toumet. x80.

Fig. 3. A band of cortex showing its clongated cells. Toumei. x 90.
Fig. 4. Some wood tissue preserved by ash bands. Toumei. x 80.
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Fig.
Fig.

Fig.

Fig.

Fig.

PLatE IV

Seriated cells of secondary xylem. FEihmei. x 90.

Microphotograph of the fibers of primary wood of a lepidodendrid.
Erhmei. x 90.

A lenticle of xylain showing beautiful cell structure. The lumens
are generally filled by ash. Itsomei. x 90.

A transverse section of a leaf showing both upper and lower cuticles
though the parenchyma between is not well preserved. Yeh-
chingmei. x 90.

A band of fusain representing a piece of wood with distinct inter-
cellular spaces. The flling of the lumens is mostly ash, and
the structureless portion near the cenire of the wood may re-
present the pith. Yehchingmei. x 90.
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Plate V.
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Fig.

Fig.

Fig.
Fig.

Fig.

PLate V
Fragments of fusain showing decayed parenchyma cells. Yenching-
mei. x 90.

Bands of xylain with well preserved cells are alternative with zones
of advanced decay. This may be interpreted as the spring and
autumn woods, though further confirmation seems necessary.

Yenchingmei. x 90.

A fusain lenticle of sclarenchyma partly filled with ash and partly
with coaly matenial: Yehchingmei. x 90.

A fusain band showing the fragmental elongated cells. Shanching-
tsiaotan. x 90.

Fragmented cells showing bogen structure. Shanchingtsiactan. x 90.
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PLAaTE VI

Fig. 1. Microphotograph of the exines of megaspores and microspores.
Tousungtsiaotan. x 90. -

Fig. 2. Some oval resin bodies in durain. Tousungtsiaotan. % 90.

Fig. 3. Microphotograph of the fibers of primary woad of a lepidodendnd.
Tousungtsiactan. % 90.

Fig. 4. A section of primary wood of a lepidodendrid showing delicate
scalariform structure.  Tousungisiaotan.  x 90.
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THE PLASTIC RANGE OF COKING COALS IN CHINA
By K. Pixg
INTRODUCTION

In spite of constant researches on the constitution of coking cnals, no
definite conclusion has yet been arrived. Se faras we know, coal is a con-
glomerate of chemical substances which on heating in the absence of air, give
off gases and tars and leave behind a solid mass known as coke. Since the
utilization of coke is of fundamental importance in mordern industry, and the
properties of coke vary greatly with different sources of coal, a study of the
physical characteristics of coal when subjected to tl:cr:z:u-trcatxl;ent, has
induced us to device a method adaptabie for the prediction of coking proper-
ties.

This study has been extensively investigated and the various important
schemes suggested for are stated below: —

Audibert studied the mechauism of coking by maulding powdered coal
into cylinders and measuring their swelling lengths when subjected to heat at
different temperatures. His results show that the progress of the chunge in
length depends essentially on the nature of coal and on the rate at which the
temperature rises.

Pieters® suggested a2 method for evaluating coke by the determination of
the velocity of gas evoluticn of cual heated at a constant rate. Ilis conclusion
states that all good coking coals show a characteristic muxitium in the velo-
city of the evolution of gis at afmut 435°C, and pooriv coking cauls ure decom-
posed at a more regular rate.

An important series of investigations on the plastic state of coal has
been done by Foxwell®. lle suggested a method by means of which the resi-
stance to a stream af gas passing through a coal column ar Jdiffercat tempera-
tures can be measured. Conforming to his idea, Layne and his cownrkers*®
by using a similar method, have determined the plasticity of many American
coals. The results obtained have led them to believe that when a coking
coal is heated in an inert atmosphere, it tends to expand gruduily due tu
the presence of moisture which forces the coal to swell.  As the temperature
is brought up tu about 350-400°C, moisture is driven off, then the coal softens
and rapidly shrinks. On further hating the cual beecomes plastic, evolving
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gases and vapors which form blisters in the fused mass. The mass gradually
hardens to coke with a cellular structure when the temperature is still
increased.

The temperature interval beginning from the temperature at which
gases and vapors evolve from the coal to where the coal hardens, is called the
«Plastic Range”.

In the present experiment, the metliod adopted by Layne and Hathorn
is employed with a slight modification. It is in the hope that this methed
may serve a good purpose to predict the coking properities of Chinese coking
coals.

Fig. 1.
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SAMPLES OF COAL TESTED

Seventeen coal samples were collected from the outstanding mines in
different provinces. The localities, classifications as well as other specifica-
tions are listed in table I. The location of the mines is shown on the index
map. (fig. 1).

TABLE 1
Lab. ; Lacality seam Geolog- i
No. Locality Company or ical Notation
Local Name Age *
309 Poshan, Shantung Potung Tatuanshiht’an P-C Bh
310 Poshan, Shantung Potung Siawtuanshiht’an P-C Bh
321 Tsuhsien, Hopel Yili Yitsomei P.C Bh
349 Hsfianhua, Charhar Houfeng  Whole seam J Bl
362 Chinghsing, Hopei Chinghsing Fifth seam P.C Bm
365 Liuhokou, Honan Liuhokou —— P.C Bh
36g Ihsien, Shantung Chunghsing Washed slack P-C Bm
373 Lanhsien, Hopei K.ML A, Washed slack P.C Bm
(5th seam)
374 Lanhsien, Hopei K.ALA. Special washed P-C Bm
slack
448 Hsliancheng, Anhui - Tawangtsun P Bl
523 Tatung, Shansi — Kakata J Bl
587 Shunkengshan, Tatang Average sample P.C Bt
Anhui
59¢ Hsiangtan, Hunan Yiali Tanchiashan P Bh
597 Changhsing, Chekiang Changhsing Tameidien P Bl
622 Changhsing, Chekiang Changhsing Kwanhsing P B
623 Chiawang, Kiangsu Huatung  Upper seam P.C Bl
635 Pinghsiang, Kiangsi Pinghsiang Anyuan I Bl

%  J-Jurassic
P-Permian
P-C-Permo.Carboniferous

APPARATUS

The apparatus used is closély similar to that described by Layne' and
Hathorn. The assembly of the apparatus is shown in figure 2.
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The pyrex tube (1 cm. and 2o cm. long) with a coil of reduced copper
gauze placed at the lower end serves to hold the testing coal sample. 1t is in-
serted in an electric tube-furnace having a uniformly heated portion of 1o
cm., where the rate of heating is controlled by means of two rheostats {not
shown) and one ammeter, while the temperature is measured by a Cr-Al
thermocouple and a high resistance pyrometer.

Aninert gas, nitregen, prepared from NH,Cl and NaNO, is forced through
the coal sample by a constant water head maintained at a height of ¢ feet.
Owing to the wide difference in water pressure, an equilizer has to be used to
regulate the flow. It is composed of two large bottles; in one of them, there is
a rubber tubing with an uniflow slit valve serving as the inlet of water., While
in the other, a small nozzle which depresses the excess water when the pressure
is too high. When the water is incidently out of supply or the pressure is less
than that of the head, the excess water in these two bottles will be forced
up to the head by the confined compressed air in the bottles. A manometer
filled with water slightly colored with carmine is connected between the nitro-
gen holder and the pyrex tube containing the coal. This indicates the re-
sistance to gas flow offered by the plastic state of coal particles in terms of -
gas pressure in mm.

PREPARATION OF SAMPLES

All the samples were crushed and pulverized carefuilly to make all the
coal to pass through Go-mesh sieve (Tyler Standard). The coal powder is then
sieved with a 200-mesh sieve. The portion that remains on the 200-mash sieve
was mixed with pure sand sized 6o-100 mesh, in the ratio of two parts to one
by weight.

PROCEDURE

Small brick pieces of the size Io-40 mesh, were charged on the wire
gauze in the tube to make a two-centimeter column. The coal and sand mix-
ture is then poured into the tube sufficiently to make a column of exactly 5.5
cm. which was reduced to exactly five centimeters by gentle tapping the coal
column. At the outset, the furnace was heated to about 200°C guickly. The
resistance of the rheostat was then increased to maintain the rate of heating to
4°C per minute, The resistance of the rheostat was gradmally reduced so as
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to increase the current to compensate the radiation of the furnace with rise of
temperature.

When the temperature reached about 250°C the pyrex tube was inserted
into the furnace and the lower end of the tube was connected to the
nitrogen system. The stopcocks on the water head and gas passage were
opened and the nitrogen in the container was displaced by water and forced
to pass throngh the tube. The gas pressure was indicated by the manometer.
In the course of the experiment, readings of temperature and pressure were
recorded from time to time, At the end of the experiment, that is, after the
pressure has dropped, the pyrex tube was drawn out, and the length of the
coke column remeasured.

RESULTS

The critical points, the pressure, as well as the swelling coefficient were
recorded and tabulated in table (II). The following graphs of different coals
{Pl. 1.1V) were obtained by plotting pressure against temperature.

EXPLANATION OF TABLE (II) AND GraPHS

The coal particles in the coal column are separated from each other by
very small spaces which, though allowing the passage of gas, give resistance
to the flow. When the tube is inserted into the furnace and connected to the
nitrogen system, the pressure as indicated by the manometer increases gradually
until the pressure of the flow just counterbalances the resistance of the coal
column. When the temperature rises, moisture begins to evolve, consequently
the column is slightly expanded as indicated by a little increase in the gas
pressure.? At the moment when the moisture is all gone a sudden reduction
of the pressure results, owing to the shrinking of the column. This point is
only apparent with a few of the coals and is termed as the initial softening
point. As the temperature is gradually and uniformly increased, the coal
softens, that is the organic matter firstly fuses to a viscous mass which by
gravity flows down and clogs the interspaces of the particles, therefore blocks
the flowing gas.® This is known as the transition point of fusion. Both of
these changes (the change of fused state and that of the gas pressure) take
place in a gradual manner. Further increasing of heat causes the fused mass
to decompose into gases and vapors thus forms blisters and bubbles which force
the fused mass to swell. Such behavior cannot be observed very clearly dur-



Lab. No.

309
321
591
310
362
365
369
374
373
635
448
523
587
349
597
622
623
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Initial

Soften.

Point

407°C
342°C
359°C
418°C
415°C
433°C

Fusion
Point

450°C
435°C
364°C
457°C
425°C
425

438°C
449°C
431°C
430°C
449°C
380°C
385°C

440°C
420°C

TABLE II.
Solidifi- Pressure
cation  of Fusion
Point Point
483°C 76.0 mm.
543°C 60.4 mm.
483°C 38.5 mm.
499°C 99.6 mm.
509°C 72.0 mm.
495°C 65.6 mm.
480°C  133.0 mm.
482°C 86.0 mm.
460°C 65.6 mm:
487°C  102.0 mm,
467°C 67.0 mm,
450°C 78.0 mm,
410°C 8o.0 mm.
6g0°C -
481°C 60.0 mm,
432°C —

Pressure
at Solid.
Point
(Maximun
Pressure}
250 mm.
330 mm,
82 mm.
162 mm.
III mm.
269 mm.
346 mm.
214 mm.
246 mm.
I32 mm.
189 mm.
93 mm,
84 mm.

278 mm,

5I

Swelling
Coeffi-

cient

T.40
1.06
1.00
1.04
0.90
1.04
2.56
.14
1.96
I.1I0
2.64
1.00
6.94
L.00
2.92
2.50
1.1

ing the experiment but it is very noticeable on the graph by a sharp change of

slope of the curve. The viscous mass finally decomposes into compounds of high

carhon content, in other words, thewhole mass gradually graphitizesand cements

the particles to form coke of cellufar structure.

During this stage, the car-

bonized eolumn again opens up its passage to the flowing gas, and thence, the

pressure on manometer suddenly drops. This transitional stage is termed as

the solidification point,

Swelling coefficient is obtained simply by dividing the length of coke

{inally found by that of coal column of 5 cm.
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DISCUSSION OF RESULTS
1: On the prediction of coking quality of coals.

While the general principle involved in this experiment is quite simple,
many difficulties are constantly met with in carrying out this experiment.
Though the results obtained are quite interesting, yvet they vary to a great ex-
tent with different coals. The curves shown herein represent the behavior of
coals under thermal treatment as measured by their resistance to a constant
flow of an inert gas.

Concret conclusion can hardly be drawn regarding the prediction of good
metallurgical coke from these tests, yet a series of facts as shown on those
curves are of interest. These might lead us to a general conclusion as to how
the good coking coals, moderate coking coals, and non-coking coals may be-
have under such an experimental procedure. It seems that those coals which
show great resistance to gas flow when plastic, that is, where the curves in-
dicate highest pressures, give comparatively good cokes.

Moreover, good coking coals have smaller range of plasticity. Because,
the small value of plastic range shows the ease of converting coal into coke.
That is to say, the rate of rise of pressure or dP/dT has a very high value.

Basing upon the above two factors, we consider the ratio of the pressure
difference to the plastic range may serve as a method for predicting the pro-
perties of coking coals. In accardance with this ratio the coals are arranged
in table IIl:—

No. 362 (PI. I, Fig. 1) produces a very compact coke, but it is poor in
the plasticity test, since it shrinks, and leaves room for the passage of gas
between the wall of the tube and the coal. So to coals which shrink on heat
treatment, the plasticity test shows detrimental effect.

The curve of No. 597 (Pl. III, Fig. 6) is quite extraordinary. It may
be due to the inadequacy of the uniformly heated portion of the furnace,
for the high swelling of the coal. Thus, when the coal swells to the upper
or cooler portion of the furnace, a part of the tar hardens to form a film
which prevents the flow of gas, until sufficient pressure is attained to break
up the filament. After the dropping of pressure a new film is formed again.
‘The repetition of the formation of tar film results the odd shape of the curve.
Aside from these two exceptions, most of the coking coals have the value well
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TABLE IIT

Lab. No. Locality or Pressure Plastic Value of

Company Difference Range P.D./PR.
448 Hsiiin Cheng I2z mm, 18°C 6.48
373 Kailan 180.4 ,, 29 ,, 6.23
309 Poshan 174 . 33 5 3.28
369 Chunghsing 213 . 42 5.08
374 Kailan 128, 33 . 3.87
622 Changhsing 218, 61 ,, 3.59
3635 Livhokou 230.4 70 ,, 3-29
321 Tzuhsien 260.6 ., 107 ,, 2.52
3%9 Poshan 62.4 ,, 42, I.49
653 Pinghsiang 30, 57 . 0.53
362 Chinghsin 29 ., &4 ,, 0-33
523 Tatung 15 . 73 4 0.203
587 Shunkengshan 4 25 ,, 0.16
59T Tanchiashan 3 . 119 ,, 0.042
344 Hsilanhua o, —_ 0.00

over pne, and moderate and non-coking coals below o.50. Considering the
case of 655 which has been used for the production of metallurgical coke, the
dividing line for good coking coals and feebly coking coals should be in the
neighborhood of o.50.

All the solidification points of these coals are somewhere around
4800C. This fact harmonizes with the results of Pieters® who observed that at
this temperature the rate of evolution of gas is the greatest.

]

In comparing the coals that have been used for the production of eoke,
such as Chunghsing, Kailan and Poshan etc, we are in the opinion ta say that
those coals of recognized type for good coke agree with this test very well and
ranked in the higher order in the table, those of medium coking coals as
Liuhohou, Tzuhsien come next in order, while Tatung, Hsiianhua, known to
be of very poor coking quality lie in the cellar of the list. Consequently,
allowing for errors and inevitable difficuities in carrying out this experiment
as experienced by many investigators, we believe such test may be of good
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help for the prediction of coking properties of various coking coals mined in
this country.

2. On the size of coal.

To our knowledge, the main trouble seems to lie in the samples prepar-
ed, because a part of the fine coal powder (below 200 mesh) is sieved out and
unaccounted for in the test. They cannot be regarded as represemtative of
the original coals.

It is of the common opinion, that coal has physically {our constituents:
fusain, durain, clarain and vitrain, In coking coal, clarain and vitrain are
supposed to be the important constituents, without which good coke cannot be
formed. They are rich in resinous substances soluble in pyridine and chloro-
form, so-called gamma compounds, which on being heated decompose and
start the cementation of coke. Durain is poorly coking and fusain non-coking.
Fusain is considered as the most friable component of the four and durain the
hardest. Evideatly fusain will crumble into powder on crushing. Clarain and
vitrain are comparatively resitant to crushing and durain the least.

An attempt has been made to illustrate this fact: —

200 grams of coal No. 373 were all made to pass through a sieve of xo-
mesh. The crushing of the coal was done very carefully, that is by repeated
crushing and sieving. The crushed coal is further separated inte {four portions
which are then weighed separately:—

Portions Weight Percentage
a. that passes through 10-mesh and remains on 85 g. 42.5%
20-mesh sieves
b. that passes through zo-mesh and remains on 75 B. 37-5%
6o-mesh sieves
c. that passes through 6o-mesh and remains on 35 8 17.5%
200-mesh sieves )
d. that passes through 200-mesh sieve 5 8. 2.5%
Total 200 g. 100.0%

Foxwell and Layne have chosen the portion of (b) for their experiment.
Though it is their opinion that the coarseness of coal will get rid of the effect
of packing, yet the coal taken may be merely 609, of the original coal. It
seems that the larger pieces are rich in durain because it resists crushing the
most and therefore a large part remains in the portion 10-20 mesh, Clarain
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end vitrain the next in crushing strength, will be found in the portion (b} and
it may show much better coking property than that of the original coal and
other portions. Thus, No. 373 coal, was crushed and separated into a, b, ¢ and
d four portions. a, b, and ¢ portions were tested for plasticity. Portion d is
rejected owing to its extreme fineness. The results of testing on different por-
tions are as followsi~—

Portion  Iaitial Sof. Fusion Solidifica- Maximum Swelling
Point Point tion Point Pressure Coeff.
a. 449°C 470°C 517°C 195.2 mm. 1.04
b. - 435°C 479°C 294.0 mm. 2.40
c. 468°C 444°C 466°C 204.0 MM, 2.20
(0) - 431°C 460°C 246.0 mm. 1.96

(0) is the original coal that made all to pass 6o-mesh 2nd remain on
200-mesh sieves.

Therefore this indicates that portion (b} contains major part of bright
coal, the highly coking and swelling constituents of bituminous coals, while
(a) consists mostly of durian and ia (c), it i5 probably a mixture of bright coal
and fusain.

Regarding the maximum pressure and the swelling coefficient, it seems
that the values of the last one are the average of the above three, though the
sample is about go%, of the original coal. We are inclined therefore to think
that 60-200 mesh is more apt to give the representative values of coals. The
slight packing we experienced does 110t sewem to be of importance and alter
the results greatly.

CONCLUSIONS

1. Seventeen coking coals were tested by the method of plastic range and
their properties were studied.

2. This test is good for the prediction of the properties of coke to swelling
coals. To coals which shrink on heating, this method cannot be applied.

3. The disadvantage of this method is that the samples prepared for the test
are not the exact representatives of the original coals, only go9% of the
sample is used in the test.
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LOW TEMPERATURE CARBONIZATION ASSAY OF
SOME BITUMINOUS COALS

By €. C. Hstao

{Research fellow of the China Feundation for the Premofion of
Education and Culture}

INTRODUCTION

The primitive practice of burning coal in the raw state rot cnly results
in civic nuisance but also in fuel waste due to the loss of valuable products in
the form of smoke. The need of fuel economy leads to the development of the
carbonization process. When coal is subjected to heat treatment without
arcess of air, its constituents undergo thermal decamposition into solid, liquid,
and gaseous phases as shown by Lewesli—

TABLE T
Constituents ~f coal Decompasition products
Selid Liquid Gaseous
Humus bodies ——— Curbun Water Carbon oxides
Thin tar Methune
Resinous bodies — (Carbon Water Carbost oxides
Pitch Rich tar Ethvlene
Unsaturated  hy-
dro-carlnns
Hydrocarbons - Carbon Heavv tar Methane
' Pitch Fihane
Homnloones,
Carbon residuum ——— Unaffected by heat.

The quality and quantity of these products for 1 particular «oal depend
upon the physical conditions, particularly the temperntire, under which the
carbonization is carried out.

High temperature carbonization as is nsed in the coke ovens has as its
main aim the production of good metallurgical coke. Most of the primary tars
are’cracked at 700°C and up into fixed zases and lower aromatic compounds.
Contact with incandescent coke surface catalyzes these sccondary reactions.
Low temperature tar, on the other hand, are characterized by the presence of
chemically neutral parzffin hydrocarbons and acidiz compounds of higher
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phenol homologues. The former forms a mixture resembling paraffin base
crode petroleum and is suitable for motor fuel. Benzol, formed by the second-
ary transformation® of primary tar, is practically absent. The great decrease
in the free carbon content (from about 6.5% to 19%) further indicates that
cracking is reduced to a minimum. The yield of tar at low temperature is
approximately twice that obtained at high temperature with the simultaneons
reduction of gas production.

The increasing demand for liquid fuels and the limited reserve of petro-
lenm in some countries greatly stimulate the interest towards low temperature
carbonization. The World War of 1914 gave an impetus to research in this
field, as the need of a home source of petroleum substitute becomes urgent when
foreign supplies are shut off. The British Board of Fuel Research established
in 1917 and the Kaiser Wilheim Institute fur Kohlenforschung in Germany
all aimed at the investigation of converting coal into gasoline fuel-oil
substitutes.

Complete estimate of our natiorpal oil deposit is still lacking. The figures®
given by the U. S. Geological Survey (1,375,000,000 barrels) are yet short of
practical evidence. Survey of the oil regions of Shensi and Szechuan shows
that these natural resources are not very promising. The future of ajl shale,
though possible, is not yet certain. We are at present depending on foreign
supply of gasoline, the import of which in 1937 amounted to 29,895,000
gallons. To meet the increasing need of antomotive transportation, to insure
our national defense, and to eliminate the tremendous national economic loss
due to the import of foreign 0il, the seeking for an oil substitute is no less
important than the finding of oil deposits.

Of our total coal reserves, bituminous® coals are estimated to be appro-
ximately three fourths, amounting to 183.958,000,000 tons. The utilization of
jow temperature tar from carbonizing these coals may help the partial solu-
tion of the oil problem. While the practical application of low temperature
carbonization necessitates a complete study of its techmology, a preliminary
knowledge of the behavior of the bituminous ceals during such carbonization
is essential prior to large scale experiment. It is the purpose of this work to
determine guantitatively the yields of low temperature products and to ascer-
tain something regarding their nature and prorpeties.
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EXPERIMENTAL

Sonrces of coals used,

Sixteen samples of coal were tested, the sources and classification of
which are given in Table IT:—

Lab. No. Sample

No.
kS 349
2 319
3 32t
4 362
5 373
6 374
7 309
8 310
9 369
io 52,
I 365
12 591
13 448
4 587
I3 597
16 623

TABLE 11
Locality Mine Seam
Chahar, Hsuanhua Houfung Chuantsun
Hopei, Tsuhsien Yili Toumei
" - ” Itsomei
. Chinghsing Chinghsing 5th seam
,» Lanhsien Kailan 5th seam
washed slack
» v » Special
washed slack
Shantung, Poshan, Potung Tatuanshihtan
Heishan
Shantung, Poshan, v Hsjaotuan-
Heishan shihtan.

Shantung, Ihsien
Shansi, Tatung
Honan, Linhokou
Hunan, Hsiangtan,
Tanchiashan
Anhuei, Hsvancheng
Anhuei, Huaiyuan,
Shunkengshan
Chekiang, Chang-
hsing
Kiangsu, Chiawang

Chunghsing Washed slack.
Kakata -
Linhokou

Yuli

Tawangtsun
Tatung

Tameishan

Huatung Upger seam.

Classifi-

cation.®
Bl
Bh
Bh
Pm
Bm
B
Bh

Bh

B1
Bt

Bl

Bl

For the sake of convenience, reference of each coal will be made to its
Table III records the proximate

laboratory number throughout this paper.

analyses of these coals.
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TABLE IIT

Coal  Moisture:  Volatile matier Fixed carbon Ash Btuflb  Total
{as received) {moisture free basis) sulfur

I 1.96 36.72 49.37 12.9I TG00 74

2 24 21.25 72.28 6.47 14675 64
3 32 21,25 53.88 4.97 14902 1.43
4 X4 23.73 64.g8 11.29 13919 78
5 .31 32.03 57.58 10.39 13745 97
6 78 3X.49 56.17 12.34 12602 1.39
7 4K 21.37 67.72 10.91 13945 .85
8 .30 22.82 67.17 10.0L 14087 .6o
9 .40 31.87 61.21 6.82 14416 79
I0 2.00 36.35 59.2 4.34 14029 57
a3 .46 23.37 61.06 I5.07 13239 By
T2 .62 22.22 7L.33 6.45 14025 .65
13 .10 33.37 46.74 19.89 11426 5.457
4 I.49 33.59 52.99 13.42 12045 1.62
15 .48 33.60 45.81 20.59 IrIzy4 3.35

16 I.gI 37.60 52.45 9.95 12600 -~

Description of Apparatns.

In order to derive practical information from Jlaboratorv assay, the
results of the latter must be reproduceable on a working scale. The low
temperature carbonization test of the British Fuel Research Boargd as devised
by Gray and King®, fulfills this requirement. In addition to its rapidity of
operation, the assay results may, within certain limits, be correlated® to
those from a horizontal retort. With the exception of tar.oil which is only
60%, of that obtainable from the assay, the ratios of the yields of coke,
liquor, and gas are all in the neighborhood of unity. The apparatus, with
slight modifications, is shown in figure I.

The distillation tube, made of pyrex glass, is about 30 cm. long and
2 cm. in diameter with a side tube leading to the condensing and scrub-
bing system. The electric furnace has a uniformly heated portion of about
6 in. at the center, the temperature of which is measured by an alumel.
chromel thermocouple. Oil and liquor are collected in the graduated tube,
while ammonia is absorbed by sulfuric acid. The U-tube containing a loose
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plug of cotton helps toretain the tar mist carried off by the gas. The gas
holder conslsts of two bottles filled with water saturated with coal gas from
a previous experiment. When gas enters the first bottle, the displaced liquid
flows into the second through a piece of rubber tubing, the volume of gas
being represented by the rise of liquid level on the scale attached therewith.
The constant pressure in the system is maintained by the deviece” of the che-
mists of the U. S. Steel Corpcration. By levelling the movable train with the
help of pulleys until the colored liquid in the two arms of the manometer are
on the same level, the gas may easily be brought to atmospheric pressure.

METHOD OF OPERATION.

The coal samples were ground to pass through a 6o-mesh sieve and
were dried at 103.-110°C for two hours. 2o grams of the sample were charged
into the distillation tube, occupying 6 in, in length and about 2/3 of the
tube diameter, and were held in position by a small amount of asbestoes.
The charged tube was then connected to the rest of the apparatus and the
furnace previously heated to 300°C was pushed into the position shown.
The temperature of the furnace was gradually raised by adjusting the
rheostat so that the ultimate temperature, 600°C, was reached in one hour.
During this period, observations were made of the temperature at which oil
and gas appeared and the rate of gas evolution. Heating at Goo°C was
continued for one more hour.

The yield of coke was arrived at by weighing the distillation tube before
and after the experiment. The increase in weight of the graduated tube
and the U-tube represented the total yield of oil and water. The volume
of the aqueous portion was measured by dissolving the contents in CCl,, the
difference between this volume and the total volume being the volume of
tas-oil. Asseming the specific gravity of liquor to be one, the weight of
liquor and that of tar can be obtained. Dividing the weight by volume we
got the specific gravity of tar-oil.

To get the yield of ammonia, the lignor was mixed with the 10%
H,SO, solution and was distilled after the mixture was made alkaline by
strong NaOH. The distillate was collected in an excess of 110 N, HCI and

_ titrated back against 1/10 N. NaOH,

Only the gas in each duplicate run was analyzed. The gas in the first
test was contaminated by that fromn the previous coal sample and was used
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to sweep out the apparatus by raising the levelling bottle and forcing the
gas back through the open end of the distillation tube. The gas analysis
was made by an Orsat apparatus together with the accessary explosion pipette,
etc. for the determination of hydrogen and saturated hydrocarbons. From
the composition of the gas, the specific gravity and consequently its weight
were calculated.

RESULTS OF EXPERIMENTS.

The carbonization results, calculated to percentage basis, are shown in
Table IV. Coals 7, 9, 13 and 15 were of such swelling nature that the
charges extended much beyond their original lengths of 6 inches. The
extended portion, being kept at a lower temperature .(limited by the condi-
tion of the furmace), retained part of the tar-cils undistilled. In each case
the yield of oils ought to be greater and that of coke lower if no swelling
occured, Coal g, in particular, swelled to such an extent that the coke
reached the exposed part of the tube covered by a layer of solidified mass
of resinic tar, thus preventing further evolution of tar and gas. The yield
of semi-coke was abnormally high. A ten-gram sample was later used, and
the result was thought to be roughly comparable with other swelling coals.

The distillation of oil and gas in the case of coal I5 was not continuous.
This behavior was traced to no other cause than the highly swelling nature
of the coal which was only next to coal 9. The plastic coal, when pushed
to cooler portion of the distilling tube, soon became semi-solidified, thus
stopping the passage of both gas and oil. Further distillation could only
be possible when, as a result of rise in temperature, the pressure of the
volatile substances inside became high enough to break the solidified layer.
The solidification was not so pronounced as to stop the distillation com-
pletely as in the case of coal g.

It is hardly justifiable to compare the carbonization yields of the dif-
ferent coals due to the lack of a common basis for comparison. Due con-
sideration must be given to the wide variation in ash content which was
weighed with, and expressed as, coke. One should expect a close similarity
in the distillation products of coals I and 1o if not for the fact that the
former contains three times more ash than the latter. On the other haund,
it is rather surprising that coal 15 with high percentage of volatile matter
and low carbon content should yield the same amount of coke as, and only
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TABLE V.
Coal Semj-coke oil Gas Liqguor NH
% {kg./ton) % (gals/ton} 9% (cu. it./ton) o4 %,

T 26.75 6g8 10.36 26.75 —_— 5.23 [
. 77-40 704 10.64 26.g2 6.21 2270 517 019

2 86.70 78¢ 5.02 I3.20 5.8x 2770 2.19 .030
” 87.70 798 4.9T  13.33 _— — 2.25
3 85.30 775 5.73 16.90 —_ —_ .16
s 85.30 775 35.73 17.02 6.76 3140 I.32 .068
4 8350 761 6.70 16.33 _ U 2.3 —_—

o 84.20 766 6.54 16.50 5.92 2740 2,26 I4%
5 82.x5 748 9.60 24.23 —_ —_— 2.34

- 82.15 748 9.8z 24.80 5.I3 2810 2.62 .059
6 79.50 723 10.01 25.22 7.31 3150 3.25 062
s 78.90 717 10.39 25.85 [— 3.25 —
7 86.00 782 5.28 15.22 — —_— 2.13 —_—

' 84.80 77T 4.82 I4.47 8.41 4020 2.24 74
8 8.70 789 5.95 14.53 5.03 2430  1.39  .028

” 87.50 798 5.45 13.35 _— .6y —
9 90.90 B2y 4.29 —_ _ —_— 86 e
. 86.10 784 8.05 21.88 4.92 2280 .86 059

10 77-00 700 10.87 26.07 7.80 28g0 4.18 .037
,, 76.50 696 11.23 26.88 —_— —_— 4.23 —

Ix 85.30 775 5.71 15.12 — JE— 2.24 _—
v 85.30 775 6.12 10.10 6.56 2950 2.18 .088
12 88.30 803 4.48 12,06 4.98 2590 I.39 0064
. 88.30 803 4.8 12.85 —_— 1.07 _
13 84.40 767 8.37 23.10 —_ —_— .87 JES—
» 85.00 773 8.37 23.39 4.7 1830 .87 .0I4

14 77440 704 I2.19 30.08 6.06 2340 4.16 .092

" 78.00 709 12.00 29.63 —_— —_— 3.64 —_—
15 85.60 780 7.68 22.75 4.51 1710 1.89 .037
86.18 784 7.50 22.38 — 1.76 —
16 75-60 687 12.42 30.62 6.65 2580 5.1 .05
. 75.00 687 11.G9 29.73 _— 4.99 —_—
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a little more oil than, coal x2 which is low in volatile matter and markedly
high in tixed carbon. To afford a betfer correlation, the results are reduced
to ash-free basis and are re-tabulated in Table V, in which are included the
yields of coke in kilograms, oils in gallons, and gas in cubic feet per ton of
coal carbonized.

The tar-oils are, in general, brownish black in color, fluid at room
temperature, and become darker and more viscous om standing. In thin
layers, the color ranges from orange to red. The tars from coals 1 and 1o
differ from the rest in that they are thicker and less fluid. This is probably
due to the presence of a large proportion of solid paraffins characteristic of
younger coals.

The coke analysis (Table VI) was made primarily for determining the
content of volatile matter. Of the highly swelling coals an average ground
mixture of the coke sample taken out of the distilling tube is considered to
be not representative on account of the presence of an extended portion
which has undergone only partial distillation. Oaly that portion contained

within six inches from the closed end of the tube was taken for analysis.

TABLE VI
Coke Analysis

Coke No. Moisture Volatile matter Fixed carbon Ash
’ (Moisture-free basis)

x .62 14.74 62.40 22.56
2 .70 11.67 72593 14.60
3 87 6.66 8s.02 8.32
4 .05 8.3z 70.63 15.06
5 -97 8.21 79.82 I1.G7
6 b3 7.32 77.62 15.06
7 1.27 4.5L 82.43 z3.00
8 6y 6.35 8o.g0 12.75
9 .86 754 83.96 8.50
o -93 11.86 82.2r1 5.93
Ir .62z 7.0 74.37 17.93
12 .65 7.00 85.41 7-59
13 .50 5.93 58.93 35.Ty
4 .83 70.01 75.12 14.87
I3 8o g.09 63.69 27.22
16 47 9.47 78.62 11.9L
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The coke samples photographed to two thirds, and for coals g, 13, 13
and 7 to one half, of their natural sizes are shown in Plates 1 and 1I. The
order is in accordance with the relative swelling powers of the coals except
the last two which are practically non-coking.

The cell structures of the semi-cokes are shown in Plates III and IV, Six
typical samples of different degrees of porosity and with different sizes of
pores were chosen. The photographs of cokes 8, 3, 14 and 4 were taken
on the polished cross sections with a magnification of five. Sections of cokes
7 and 5 due to their fragibility were prepared by Rose’s® method. The speci-
mens of coke were first moulded with plaster of Paris and then polished.
Cokes g, 15 and 13 were so friable that they were broken to small pieces when
discharged from the distilling tube. Even casting into gypsum mould will not
reveal their original structure. Structurally 6 and 1z are more or less similar
to 8, 12 to x4, 2 and 16 to 4.

The compositions of the gases appear in Table VII. The rates of evolu-
tion of gas for the different ceals are graphically represented in figure II.

TABLE VII
Constituents of gas
Coal CO, Illuminants O, co CnHau+, H. N, (diff)
(Calculated
as CH,)

I 12.80 3.20 1.0 10.30 36.50 23.060 It.570

2 4.63 2,12 L.I0 2.70 44.70 32.25 I12.45

3 4.90 2.10 2.62 1.68 48.00 29.60 II.TO

4 4.80 2.10 1.28 2.22 53.X0 26.80 9.70

5 5.45 2.80 I1.25 2.85 41.20 41.80 4.65

6 6.40 2.62 1:73 3.35 37.20 2T.48 7.22

7 3:05 I.25 3.10 2.30 50.40 29.00 10.90

8 4.63 1.63 3.47 2.20 43.60 33.50 II.00

q 4.50 2.50 3.05 2.05 45.60 30.40 11.70
Io 13.32 2.70 1.18 742 45.32 20.45 9.03
IT 3.85 2.15 4.65 I.50 47.50 27.40 12.95
12 3.08 2.22 I. 40 2.40 50.26 33.55 7.09
I3 15.20 3.43 1.65 1.80 53.20 21,20 3.20
14 8.10 3.49 1.55 455 52.40 22.93 7-27
15 8.70 5.80 1.95 1.65 56.70 I4.12 II.08
16 7.60 3.18 1.84 7.38 52.40 17.10 10.50
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DISCUSSION OF RESULTS.
Oils.

Comparing the carbonization yields of the coals under investigation with
those of British® and American® coals, one would notice that Chinese coals,
on the average, are in no way inferior in the capacity of oil production, though
some of the foreign coals may be better. The high yield of 0il is associated
with coals of high percentage of volatile matter and belonging to the class of
low rank bitumite. Cases that may be cited are coals ¥, 0, 14 and 16. The
well-known good coking coals, being high rank bitumite or medium rank
bitumite, show rather low figures of tar-oil. Thus the oils from coals 7, §, 4,
2, 3 and 1 are only half as much as those from the four coals just mentioned.
Exceptions to this fact are coals 5 and 6, which are known by experimentation
to produce good metallurgical coke, yield also considerable amount of oil during
low temperature distillation. Coal g, alleged to be the best coking coal, might
be expected to give high oil yield if not for its extremely swelling property.

It is known that the younger the coal'® and the greater its oxygen content,
the. greater is the quantity of low temperature tar per umit of weight. To
test this relationship, the tar yield is arranged in the order of the geological

Table VIII

Coal Geological uge % of tar
I Bl Jurassic 10.50
10 Bl . 11.05
15 Bl Permian 7.59
I4 Bl o 12.10
12 Bh ” 4.65
16 Bl Permo-Carboniferous 12,21
13 Bl ” 8.37
6 Bm s 10.50
Bm ’ 8.05
4 Bm . 6.65
I Bm »” 5.92
7 Bh ” 5.05
3 Bh s 5.73

(* These figures are the averages of two values from Table IV}
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age of the coal. It is interesting to note in Table VIII the general decrease
in yield of tar accompanying the consolidation of the fuel. The irregularities
of coal x5 and 13 can be accounted for by their high swelling property.

The small scale of the experiment has rendered the analysis of the oils
difficult. Mere specific gravity wounld hardly reveal the actual quality of the
liquid products. As distinct from high temrperature tars which resemble one
another to a great extent frcm whatever coal they may have been made, low
temperature!® tars follow varintions in the character of the coal more closely.
It is hard to predict the composition from the known results of other coals.
The available data only help to show that the tar-oils thus distilled off had a
specific gravity range of .8-1.0 and scarcely above 1. The natural inference is
that there must be present an appreciable portion of light and low boiling
fractions consisting of gasoline, kerosene, phenols, etc.

Direct use® of low temperature tars has been proved to be not practical.
By proper separation and refining, good fuel oils and lubricating ofls can be
obtained as well as light and heavy naphtha which, when added to the spirit
obtainable by scrubbing the gas, give a mixture very similar in property to a
good quality petrol. Its application™ to internal combustion engines has been
carried out by the British Fuel Research Station and has been found to give
satisfactory results, Very recently, the British Admiraltyla has placed a con.
tract for twelve months with the Low Temperature Carbonization Ltd. for the
bulk supplies of coal oil, which it is said, has the technical advantage of leav-
ing no sediment and requiring no pre-heating. If we assume a 209, yield of
spirit from low temperature tar and a 60%, yield of laboratory assay resulfs in
large scale plant, one ton of “*good”’ (referring to oil-producing capacity) coal
would give 3-4 gallons of motor fuel, not including that from gas. The residual
tar can further be ntilized to produce tar-acids and paraffin waxes. The former
(amounting to 15-28%, to tar) is particularly useful in the manufacture of dis-
infectants owing to the presence of cresols, xylenols, and other higher phenals,

Semi-coke.

In order to insure commercial success, low temperature carbonization
must find a market for the semi-coke which comstitutes 75.90% of the car-
bonization products. From a chemical standpoint the outstanding feature of
low temperature coke is the large proportion of volatile matter amounting to
5-15% as shown by Table VI. To this may be attributed many desirable pro-
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perties of the material as a solid fuel. It is readily ignitible and maintains
fire without special attention. It has high thermal value and radiation!®
efficiency. The smoke nuisance of raw bituminous coal is absent on account
of the removal of tars and heavy hydrocarbons. Semi-coke Is therefore ideal
for domestic heating, especially for open firepluces. Tests have also shown
that when used in gas producer it has distinct advantage over anthracite® and
gas® coke. Use of semi-coke for boilers is anticipated, though few data have
been published regarding its steam-raising efficiency.

Not al} the semi-cokes, however, are snitable for the purposes above
mentioned. As household or industrial fuel, it is essential that the cokes
should be in such a form as to be easily transported. They should also be
strong enough to stand severe handling. Only cokes 4, 14, 2, 3, 12, 8 fulfill
these requirements. In coals o and I there is not present enough binding
material (which according to Illingworth® is the y compound) to cement the
coal particles into a coherent mass: The product cannot be used without
briguetting, which will involve further cost. On the other hand, the binders
in coals g, 15, I3, 7.5, 6, I are probably in excess, causing excessive foam-
ing and swelling and friability of the resultant product, (as showa by Plate I):

The highlg swelling coals, good as th»v may be for producing metallur-
gical coke, are not fit for low temperature carbonization. In addition to the
lack of strength and coherency of the semi-coke there are other difficulties
one would encounter in the design of retorts. The swelling would produce
considerable pressure on the walls of the retort, liable to injure it or to
shorten its life. The coke cannot be dischirged with facility. Moreover, the
plastic layer would retard the passage of gases and would hence subject tar
vapors to contact with hot surfaces for a greater length of time. The effect is
to offer greater opportunity for cracking our desirable product, the tar-oils.

The best raw material for low temperature carbonization is coal 14 in
that it yields a large amount of tar and at the same time hard and coherent
coke which occupies a smaller volume than the original coal. Coal 16 would
be equally recommendable were its coke not slightly inferior. From the stand-
point of financial returns it is best to apply low temperature carbonization to
low-priced non-coking coals. One can not afford to produce oil from a coal
like 6 at the expense of the good coke it may yield at higher temperature. If
coals 1 and 10 are properly blended with highly fusible coals like 15, 13,
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etc. the difficiency of binder in the former will be balanced against the excess
in the latter without destroying the oil-yielding capacity. The residue from
the blended charge will be sufficiently strong and free from retort annoyances.

Cell structure imparts to the semi-coke partly its ease in combustibility.
As pointed out by Thau®®, the cell walls of semi-coke, after volatile matter is
driven off are quite free from vitreous carbon and are highly reactive. Itis
to be noted in Plates III and IV, the large number of small pores entangled
"in the coke besides those big ones. As combustion proceeds more of those will
be exposed, giving more available surface for oxidation. On account of its
high combustibility, should it be possible to produce low temperature coke of
sufficient crashing strength to make it usable for metallurgical purposes, to
quote Thau, ““it would be vastly superior to the best by-product oven coke
known.”

To predict the nature of high temperature coke frem the structure of low
temperature ones is difficult owing to wide difference in conditions to which
the two processes are subjected. Some correlations, however, seem to be possible.
Beilby?® has shown that coke structure is due to the evolution of gas bubbles
from the fused or partially fused coal substance. When rigidity of cell wall
sets in, bubbles cease to develop, and so is the structore, though gases may
still evolve with rise of temperature. Since there are definite temperature
limits {350°-450°C) of plasticity and since our experimental temperature is
above these limits, it is reasonable to deduce that the high temperature struc.
tore is already stereotyped in this low temperature product. Slater’® has at-
tempted to determine the coking property of a coal by its swelling power. He
observed that the best coking coals all gave highly swollen cokes in the labora-
tory tests, while the moderately or poorly coking coals gave decreasingly
swollen cokes.

The two theories combined throw some light on the coking ability of the
coals under investigation. Thus, coal 7 with high swelling power and giving
a coke of large pores with thick cell wall is undoubtedly a very good coking
coal. g, 15, 13 cannot be differentiated by the extent of swelling, but structur-
ally they are essentially different. The former has much thicker wall and is
less fragile than the other two. 5, 6, 1x and 8, judging by their swelling power
and structure can all give gocd metallurgical cokes, whereas 3, 12, 2, 16, I4
and 4 are markedly inferior in quality. It must be remembered that these
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predictions, though may be of partial validity, should not be too much em-
phasized without reservation.

Gas and Gther By-products.

The gases produced are invariably rich in saturated hydrocarbons, re-
Iatively low in hydrogen content with small percentages of carbon oxides and
unsaturated hydrocarbons. Young coals like 1, 10, 13, 15 and 36 give more
carbon dioxides and carbon monoxides than the older coals. The gas from
coal 135 differs from the rest in that it contains 2-3 times more unsaturated
hydrocarbons, making it particularly fit for illuminating purposes.

The large proportion of paraffins in the gases indicates high calorific
value {uspally more than 8Soo b.t.u. per. cu. ft.) for the thermal value of
methane at constant pressure is 1012 b.t.u. per cu. ft. These rich gases are
good enriching agents for water gas or other low grade gases produced by
certain systems of high temperature carbonization.

The temperatures recorded in Table IV for the appearance of oil and
gas and the curves showing the rate of gas evolution present some points of
theoretical interest. Burgess? and Wheeler noticed five stages in the primary
thermal decomposition of coal. As our furnace has been preheated to 300°C,
the removal of occluded gases and combined water occurs almost instan-
taneously after the charged tube is put in. These gases together with
carbon dioxide and some air expansion are represented by the first portion
of the curve. The rate of gas then reached a minimum and attained a
maximum within 20-30 minutes after heating, The temperature (350°-450°C}
of sustained gas evolution which is almost simultaneous with the copious
distillation of oil indicates the major decomposition of the coal conglomerate.
The first appearance of oil vapor at 230°.350°C is mot considered to be
necessarily the splitting of coal proper. The rapid flatting out of the curve
shows that there is no advantage of *‘stewing” the coal for an indefinite

period since the increased gquantity of gas to be obtained is small.

Little can be said about the composition of the liquor (varying from
-8-4.5%} except that it smells strongly of phenol. The ammonia yield is
small, ranging from a minimum of .011% to a maximum of .x25% equivalent
to 1.7 and 19.4 1bs. respectively of ammonium sulfate per ton of coal. This
is only to be expected as the evolution of ammonia from coal begins below
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300°C and ends above 1200°C. A great part of the nitrogen present is
probably retained in the coke.

TECHNICAL CONSIDERATIONS.

As the experimental condition indicates, the correlation of the labora-
tory assay results to large scale experiment is limited to statiomary, ex-
ternally heated retorts, Many processes, however, resort to agitating de-
vices or internal heating systems for accelerating the rate of carbonization
and consequently reducing the operation cost. The effect of the change in
conditions on the quality of the products is considerable. The semi-coke
from a rotating cyvlinder is usnally small in size, necessitating further treat.
ment before use. The passing of hot gases through the coal charge dilutes
the rich gas produced and reduces its calorific value. The slow transferring
of heat as a result of the low temperature gradient maintained in addition
to the intrinsic poor thermal conductivity of coal is one of the fundamental
difficulties of low temperature carbonization. A satisfactory solution of the
problem is essential to the success of any type of low temperature carbonizing
plant.

SUMMARY.

Sixteen samples of bituminous coal were tested for their behavior and
yield of by-products during low temperature carbonization. It is found that
coals from Shunkengshan and Chiawang are most suitable for the purpese,
as they give a high yield of oil with a strong and coherent coke. Coals from
Houfung, Tatung, and Kailan, though good for oil production, suffer from
the disadvantage of yielding undesirable semi-cokes. Coals like Chunghsing,
Hsuancheng, and Changhsing, due to their highly swelling nature, are not
recommended. The information, essential to the design and plan for the
large-scale application of such carbonization, was also used for predicting
the coking properties of the coals.
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APPENDIX I

After the above paper had been completed, five more coal samples were
received and tested. The results are here tabulated:—

Lab. No. of Coal 17 18 19 20 21
Sample No. 655 644 766 8ogq 841
Locality Kiangsi, Hunan, Hunan, Hopei, Kiangsi,
Pinghsiang, Liling. Hsianghsiang, Wanping, Loping.
Anyuan Fengkwanshan Chaitang.
Mine Pinghsiang  Shihmenkou Yali Chaitang Mingshan
Seam Washed slack Tachaomei, First mine
upper seam

Classification Bl BC BC Bh C
Geological age Jurassic Jurassic Permian Jurassic Permian
Proximate analysis:-
Moisture .92 3.4 .32 1.01 47
V.M. 30.66 40.63 35.05 20.95 63.02
F.C (Moisture.-

te free basis) 53.52 32.30 4I.70 86.12 33.24
Ash 15.82 7.0X 23.25 12.93 3.54
Sulinr 54 I.27 - — -
B. t. u.flb. 13000 13400 - 13550 -
Carbonization resualts (ash—free basis):-
Semi-coke

(%) 79.20 73 o 85.70 85.10 54.28
kg. per ton 720 663 759 77+ 493
Oils

(%) 915 1448 6-39 5-92 33.05
gal. per ton 23.82 35.55 18.50 14.50 88.8¢
Sp. gr. of oils .gz2 .978 .830 981 893
Liquor + NH, (%) 4.16 4.03 T.96 2.18 3.72
Gas

(%) 715 7.85 499 6.50 8.1z
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Cu. ft. per ton 2905 2882 1520 2905 3044
Sp. gr. of gas 635 674 .659 554 .660
Behavior on distillation:-

0il vapor at 329°C 356°C 259°C 386°C 259°C
Qil drops at 383°C 395°C 360°C 410°C 342°C
Sustained gas evolu-

tiom at 453°C 426°C 430°C 461°C 409°C
Compositions of gas:-

CO, 6.78 X0.I5 8.70 3.65 6.00
Illuminants 3.20 3.65 3.90 2.17 8.10
0O, 2.02 1.40 2.20 ‘1.3 2.0
o 4.40 8.80 3.55 2.55 3.20
CH, 66.10 60o.40 59.30 63.40 58.60
H, 10.83 II.1I0 10.25 19.03 II.20
Xe 6.67 4.50 12.10 &.05 10.00

Appearance of Coke:-

17 Black, Coherent, moderately hard, slight shrinkage, little powder
on surface.

18 Black coherent mass, very slight shrinkage, much powder.
19 Lustrous black, highly swelling, porous and friable, poor cell
structure.

20 Black, coherent, hard, non-swelling, no powder.

21 Highly lustrous, highly swelling, very porous and friable, moderately
good cell structure,

1t is to be noted that coal Iy is moderately good for low temperature
distillation, while coals 18 and 1g need to be blended in one way or another
in order to make them {it for the purpose. The remarkable nature of coal
23 merits our particular attention. Aside from its exceedingly high fusibility
and swelling (for which the experiment had to be run with a five-gram
sample), the oil yield exceeds that of any other coal by more than two times.
The oil is rather thin and is free from resinic portions indicating that the
amount of solid paraffins is not Jarge. But in view of the high percentage
of unsaturated hydrocarbons present in the gas (8.10%), we may also expect
high percentage of unsaturation in, and consequently poor quality of, the oil.



36 Bulietin of the Geological Survey of China
APPENDIX II

To remove the irregularities in Table VIII in the above paper. Coals
13 and 13 were subjected to further experiment by using ten gram sample.
The results, together with the result of a ten gram sample experiment of coal

19, are shown below:—

Coal 13 i3 Ig9
Semi-coke 77.50 8z.45 77.80
Qils \ {Ash-free 11,36 ¥0.32 10.69
Liquor J basis) 1.87 1.76 g5
Gas 8.53 5.6 9.96

With these data at hand, Table VIII is re-tabulated, including the
results of the four additional coal samples:—

Coal Geological age % tar-oil .
z8 Liling BC Jurassic 14.48
1 Houfung Bl ” 10.30
10 Tatung Bl " I1.05 .
17 Pinghsiang Bl . 9.157 -
20 Chaitang Bh " 5927
21 Loping C  Permian 33.057
19 Hsianghsiang BC ” 10.69"
15 Changhsing Bl ' 10.32
x4 Shunkengshan Bl s 12.10
12 Tanchiashan Bh ' 4.05
16 Chiawang Bl Permo-Carboniferous 12.21
13 Hsuancheng Bl . 11.36
6 Kailan Bm s 10.50
9 Chunghsing Bm » S.05
4 Chinghsing Bm ' 6.65
11 Liuhokou Bm ' 5.92
7 Poshan Bh . 5.05
3 Tsuhsiea Bh

573
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Plate I.
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'g .
15.

13.

1T.

EXPLANATION OF PLATE L.

Semi-Coke from Chunghsing coal, x 1/2. Lustrous, highly swollen and
porous, with thick cell structure.

Semi-coke from Changhsing coal. x 1/2. Highly swollen, lustrous in
places, porous but very friable.

Semi-coke from Hsuancheng coal. x x/2. Highly swollen, lustrous in
places, porous but friable.

Semi-coke from Poshan Tatvanshihtan. x 1/z. Highly swollen, highly
lustrous, hard and perous structure with thick cell wall.

Semi-coke from Kailar 5th. seam washed slack. x 2/3. Lustrous in
places, swollen and porous with cross fracture.

Semi-coke from Kailan special washed slack. x 2/3. Grayish black, less
swollen than 5 but harder, slight lustre in places.

Semi-coke from Linhokou. % 2/3. Grayish black, little lustre in places,
swollen, hard and porous.

The number of each coke sample corresponds to the laboratory number of the coal from
which it is derived, (see Table II).
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Plate II.
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12.

16.

I4.

X0,

EXPLANATION OF PLATE 1L

Semi-coke from Tsalisien Itsomei. % z/3. Dull. grayish black. faint
lustre in places, surface fracture noticeable, swollen, no powder.
Semi-coke from Poshan Hsiaotuanshihtan. x 2/3. Grayish black
slightly swollen, hard and porous,

Semi-coke from Tanchiashan coal. x 2[3. Dull grayish black, no swell-
ing, coherent and hard, little powder.

Semi.coke from Tsuhsien Toumei. x 2/3. Dull grayish black, hard and
compact, slight shrinkage, little powder on surface.

Semi.coke from Chiawang coal. x 2f3. Black coherent mass, siight
shrinkage, much powder.

Semi-coke from Shunkengshan coal. % -2f3. Grayish black, faint Iustre
in places, hard and compact, shrinking, no powder.

Semi-coke from Chinghsing coal. x 2/3. ~ Dull grayish black, very hard
and compact, shrinking, no powder.

Semi.coke from Tatung coal. x zf3. Black coherent mass which forms
powder by pressing with hand, no swelling.

Semi-coke from Houfung coal. x 2f3. Dull black mass which crumbles
to powder at a touch, no swelling.
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Plate IIl.
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EXPLANATION OF PLATE III,

Longitudinal section of semi-coke from Poshan Tatuanshihtan. x 5. The
pores were filled with gypsum to show the cell structure of coke.
Longitudinal section of semi-coke from Kailan 5th. seam washed slack.
% 5. Pores filled with gypsum,

Cross section of semi-coke from Poshan Hsiaotuanshihtan. % 5.
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Plate IV.
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EXPLANATION OF PLATE IV.

3. Cross section of semi-coke from Tsuhsien Itsomei. x 5.
r4. Cross section of semi-coke from Shunkengshan coal. % 5.
4. Cross section of semi-coke from Chinghsing coal. % 5.

44






R 8

1o



# + B

N
7~

|
1LY )
W
E

o

g
o
g

Bh
Bh

%

(R B EnR RSN o] ~ SRR - AT IR G R » K- R B IRENEIEE o)

2R R

HEERRE
HERRR
RE-Pabiyc
EiQRe
BB e
1R R

100
K- 0
KoK
LR
K04
Kol



E- - K
i 10-KH 11-10 10-1H 18-0H 11-10
% $-48 240 11-10 KO8 10-00
kol
LR SRR OT - DS ) 5% -~ R R - (SRR - IS - RN SR LE - DR o DR
[ 4~ EHEEE - SREY | THERNE - R | BEREE

# RIE Ay #E (BRIm&ED
B 2 Be # B OB 1B EK (okE)
e 2 Bl ® M R 10-K0

K i Bl # B R 1104

% 8 Bm % W # 16

" # Bh - e

i 53 c o R i O

® g Be o R 10-#%

L & Bl now g 10+
"% = Bl 1o 8 \i-10

B R = Bh o = B

= H Bl QR 1M

i # Bl 1geRR 1141



& & 09

# % 111000
RRE ek (R

@ Kok 210

(EEFkE) Y0

iz 2 (nkE 214
(EERER) M-l
BNHH O~
% 8 8 (nkE B iR
® (k&) - B
(GEHRE) K04
BN Dedol
ENER
B oo K3
KB RREE R =10
4 1-01l
R E-50
BREEELR 10

E

119
{11H00

10
34
1053
i il
0-#1
B:Qv]
D1l
11RRH
0398

10+ 14
LR
1-H0
R+K0

¥0-H0

RH-30
"
o0
1K-HO
0-Kilp
IR
B8
1810
0-%98

K30
%0
11+110
Il M
HR-10

110

K10
¥R
-4
1E-H0
01
1%
£-H0
f1R0K
0- K8

LR

1-18

1+ 10

11+ M

f-E0
I

KB 11K
B
10K
RR-R0
0%
et
k11
)3
050

£+00
10
1-%0
W10
BR50



2B 8 F %
Q- ViR EENEEE - LGEE - VERRGS RS
e
W RIEE - M<REES KRR RS - BRECEERES - SEENE - (1 )SPE N
G R<ERMREE ~ (| D EEES - SRFOCE - BRIEENSE~ KN - SHLEHEER 4N ERY
BB TREN ~ SXNERERENSEES ~ 5 EEN SR - RHENME - WEN - SHNE -
R R K S N R - MR SRR ERNE RS - SN | BERRE - SRR RN
o KRN - TR ~ B - BN NE - SIEN R
SRS E - SHNEERELSIEENRE  SRE N - SREhEEEENY - TR LRGP HA LY
- RESK ~ BNEERRY - STRERSEEE  BEKEXS RS - FOEOSRETEN o HbHEN
R | RS —SNEREY -—REERENGE - SIUNTH - SEES - SERE - ENEH - BEKS - SQREX
- B TERE - T KRG - R - S M - REGREY - e -
& |
LIS ~ ERTRERE - BRES ~ NERERRE -

= kS £ 8 B A £ 8 B ¥ S
BERS

% & 0 i-B1 -1 1-01 0-8y

g ® 8 101K 0«1 1 OK {10~/ xn-on

B oW ORGEW LU IR -H1-%0 e il 18

® 8 14l 301 HUBIT JIR 38



HE AR B0 110 i1-%1f 14K K00 11#-%0 11-10
e B-KO 10 IS {&-m K- 10 I#+%0 230
ERBrmEg KW f1+k0 18 1+RH Bi-f0 [ARSY B0
EREREX N0 R4l 130 LR Y- 10 1IB:3 B0
gIKEeR  N-0d IR ii+10 fi-40 K0-EO fi-00 1080
gatger B0 140 - B 11-10 B0 =Ko 1100
& 2-%0 1f+§0 -OH fi-OH EW-¥0 1i0-EO 11+30
KE 1i-Ho 11+%0 118 3-8 B 110~ B LS|
KE# e Ri fle 1 Q4] 1-¥0 Y40 19-50 1+
mikE 1-0% 1+ 1-50 IR:Y KO- 111 - 11-00
e 14110 s B 1+ 1-10 Hil110 1110
Ris= 10 -E0 o4 B-4H Kil- %0 - P
W X+¥0 <0 178 140 k- %0 1811 1108
ot P40 UIBIS 1<R PR il-20 19-10 10-K0

BURES REELERE - KRES - BRRFQCEHN - PERBEHRERELE - PRBRUESEEE - ENlek
R REGREE R | RN > R8N ~ KIE ~ 5 - HEET -~ B - i A ERNR - K1 R | R R ERE
B - NEHEN B RREEEE - HIEERENE -

e - SRR - R ENO - O | ~ BENEIERNO - 1 1HIF (HRE!H 1K)~ DigPakie ~ o

2 W3 K ' H



L=

B oE RO
BEEE - HEHR~ KE - 25~ RO~ KEEE - S8R ER1D - +F -~ WM\ ~ 2IKERR - BB
~ R SENME - SREKE - MNP ESEEE) R - SaRilo il ~ SN R E i e - SRR
ﬁ%wﬁ,ﬁ%ﬁﬁ,wg%m,m&mm,mnﬁﬁ,ﬁﬁwzma,ﬁﬁ4§Jzwm@ﬂkﬁ%,%ﬁm%ﬂ%z&ﬁ;
BESEHERERS ~ FERENSE - FHRESEEL ~ EXWKN——F SR ES ~ SREK ~ SRR R

MBI ~ R TR « RERER N - S SEEEE - GRS - BREN - RS - HHEEEE
BT - HEE ~ B EEY - BHERR - N OBE -
S - I - N TS - KRR - ERICHERE - B RN - @R
o HEEET « i - BHER « KEE#&-HEUE ~ QERENE - B - KEMEME S e nd - EREEN o
o BEERNNEE -~ PREEE - U N - N - BNREZENES -
S B R BN~ SRR N NS B 1 R R S 08 S RN IR N B S R S el e R B s

I R e R N o

MR
SRR R
BOH HENER
% KIF  KERKSSER B KIE  GHamtz @ -
SR M€ W0 40 1040 1KeHO m# Ve

R B f1=31 1-10 -0 830 LRI IR:]



EIEEN #LZﬁmﬁﬁhwm&ﬁv

e
o U
% K

e e ]

4
g |

B B E

BRI NS
EBd R 8%
BEKERK
bR g J P

Nk F
#
M &

b2
H
#
"
£ OE AR L OB o0

&
0-411
0-%0
0-k9
1-04
039
0¥
1ol
0k
0-K¥
0.
0%
0~
0-K0
0-KH
0+x0
0-89

B#E

1698

1143
<
R
K10
P
Heit
-1
PHE

1Rk

X0
§.00
e
10-01
£:08
B9

CEHE

#eE0
-
Ki-0lf
e
PRIl
-8
K1l EW
K0-:0
Rie %
K111
P
KB
R«
-
K48
A

R &
=K%
1830
Q]
0%
1748
TH-0k

0%

pIEY
K40
-4
13-
PR
W~ 18
18-r9
18-
114
i



&% ey M OB ks
et £ ® W OR {O-HO
K E # M R 110
iy & A SRR RS
R =2 I s R pile 1o
B o = 1om 8 B - 4H
ot | E= B IRIERIN
id - BE: A =5 ec RIS
B a3 Bk st e 10« KO
£ & E -2 <« Ol
® B HEE 1€ K
K B % JE i K=
L5 = ﬁaﬁﬁ H+ Ols
] A KR R

Yo e oin RN P I RO ~ RRE LS - EHHEER ~ RERNTEFEEN > PEFEEEELE
BN - RHGSEERERN @HK) -~ SENEhed - 3R T%m,&ﬂﬁﬁf FHRERE ~ RUWTPEN ~
Rty o HEH R EERRENERE -



W% Y08 1n-18 1i0-02 -0k I4E0 B 1% 0-081

® % = ¥-00 OR -00 1IR3 -8
" " RH%0 R0 P il H-H1 1910 1+R4 0-0n
SIS we -0 (RS 149
- " %0 Y 10-Ril 10~ %11 84 11H<0 He 11 0-0H1
P4-00 1Ry 113 iR B
sz

SIS ORE ~ HIHEM T B QR - OB ~ BB - ENPELRRRY - BEKENE - BHDE -
KIDES - W ENECRY - BEQEERERED -
SRR |48 - IRERIEE ~ AN |1 R ~ BERA - RIS - SR (SRBO-<H | -ONE) BN
- B GEEEEEENY - SLERE - BREERDEEN [ - EXBBEN - RO ERMMLTEN - - 2EEY
m&ﬁzﬁ,ﬁﬁmﬁMEEEMﬁsmﬁﬁWﬁMZ@ﬁM,ﬁX%Ao%@mﬁﬁﬁﬁﬁ%&ﬁ%mZﬁmmﬂ%ﬂﬂﬁﬁ
~ RERAN - RN » BEEE - 0B - BRE - 108 - BERE - TR o RirRPaRESimR N HIH 4 - b
EIRKEENE - GRbeE
EHA N - RS - SHYRE - (RUSEERKEN S KE - R N SIS -
UFSdE ~ 2MEHREYN REHR) - WY~ ME SRR ELCEREQN ~ BN HRHRIE ~ oS82 KR%ER - ER
REE ~ BEIREEES ~ JEG kB~ BE - DR - MBI - SRR ~ N QRN o
SEX SNUENEESRECNESE
2| B R .



2" oR R 1O

s YK £40 18- 1) B
BREEERE 98K 21 f18-K0 He il K10 0-0H2
s, TRUHO i 10-) M1 Bl 140 0-0fl
SRERER o 0 1y 10416 (KM
eagsas N0 Kl He (K R~ 11
== ™ xg<o 1 gkl 18-59 <81 5010 08 0198
) RE-30 e 24 18-l HeOR 1810 U 00K
EILHIOR k9.0 K K+ EH 100 149
7090 Ril9 B-1if 0-K%
£ &
#%-10 ® K-OR 11+k& g2 0%k 0-ORR
« e 500 10-KY Ii-09 %0 g 0009
£K+H0 ¥k 11 (iK% B 11
Ri-1I0 oy W H- 11
K B #
Ri-1I0 oy % 1%-10 KoK (1340 0-0R¥
K%+1I0 KOl B 11-0% B H80 0-0Kg
BE R =
RR+1I0 KON gl 114
N « *E-E0 e Relip fil-10
Ri#-00 | Q] g-38 K0 0-018




SR RN IR OB ~ S8t S ST MR - N R BB o

(1SN R R (3 RESEI ] 1 ERNY KORANKE ~ REEEHE 118 ~ 21O H R -
KR - RO ~ BAERNKE QSR BN - SR RE - SRR « RSN - 809
BNEH - B | KERE ) - TR 0K BRRNES - SERERKEXNEESRERH ~ #ERKS ~ BEKERN
o FEEENE - AP KE » BEEE - {PKE - K ENHREWSE - BREREEE - < | ~ BERRIRBRERR]
_.::,E%iﬁL“.EE,E:%%?ES&ﬁﬁﬁ\EEZ&,&M%?%ﬁmzm,ﬁyﬁﬂ,MﬁT%J%E%ﬂ
BRBEROHEE 2990 I PGSR EN R - KT E B se e N R -

BRI esudieNgel (NERKERGRY)

% gen Es L mE ¥ B E
ks eEen odd 0 @FEER ey GEHRKE
. p 1 0 e e
50 %08 048 e ol (50 B9 001
L "2 0l $i+110 Wk W0 18 0-0N0
%9-90 e 831 il -1
RH+110 0 WS 10 11
-
b % o 94 Wm0 %98 HED U 00K
- Kil+¥0 4| felh e i
™

B :
RE-10 Pk ¥-HE %eH0 K11 11780 fi+1i#% -1
mﬁﬁ% k



2 B R =
(g e W B 100 090K KIRH
RBH0 W0 1h OOW  WHP 10010 ORW K O
Lo g D ED M0 000 B RN ORE W 0K
200 EH0 100 0900 W
y o W RN 1 0490 B
00 K0 1HO 0-011 K0 10000 OE0 BRI Okl
L KOHD I0W IO 000 Rl R 091 W0 O
R OT qw 10w e 08 O
N L D RI0 10 OO K R 0K B0 0%
R0 WA 10 OkOH  EIkM
W00 10 B0 00 KR kT O# W0 0-5%0
= oo 0x0 240 0% KOO

B RS SRR

(DEHFRERHE - SEECFRES - RUEHEEHIEY - RREREE - SRORBRTIT2E - BRENITFRS
» BENTHEREE (HledKEE | )« XUNDBRK - SHERNRRER (RWRFE 11D o 28 -~ e -~ 05 -
S K BRI RS - BESE - BERNKYRER ~ SO REN [ - BN - M - SRR M0 -
BN R ~ SR - DN S EE - | BFRURNG - BREEMIES  RERE - HikER - ¥
HNBEE ~ W ASHRINEE ~ MO RIE - B TRBRESR | & - PP HIXE GR1] ) o RERBCEREEY -



RE-§0

E =

KR40
K¥-00

- R

R

Rk-00
KH-HC
Kk-00
RE-00

il

BB R 2

KH-00
K11-00

EREEER

K1-HO
K¥-H0

gakKEReR

RE-HO
R&-00

gISHEN

i+

&R-00

/1 -§0
&%?8
.00

¥H-HO

2 ERE

E

B30
R4y
LR
BB
%00
K+K0
)
K+r0
24110
£:10
€:30
B0
K-l
B-{0
B-00
P40
10-E0
10+ 94

11+
1110
1-10
1+1W
14
1100
1+10
(IR
11oRH
fI-R¥
1-70
f1-00
11
1-¥0
0-k0
0-®0
§-00
-0

00K

0-0f
01114
0-Oxinl

ng

0- 11
00l

00
0-One

LB

-8
R
g0

B

B0
EQE

B
-8R

M

14

IR

K0

100-%1

1008
fR1¥

RRE
fR-40

Q-2
0-RRH
0+K<R
0-K0%
(]
-1
-84
-3
1-010
0-#:§

0+x01
0- K1
0-#0

D-KRN
1-000
1-001

Ko
RKHO
RERH
#R10
RRH
K000
W0
RIIKH
FOfH
RR1H

1198
Ry
K10
11800
#8i0
RO
010

0-HIR

O- K

01

O-Exil

O- K%

0K
O-HIW

O iyt
0-4¥0



2 & 8 ¥ X

pgdad | $ Bh 0+l 111 IR g8 18801 181
M SR i Bm 0-14 1l 3 1108 IEIES 0-%
B Rt Bm Ol lOM WO 10117 1M 0-29
ER R R Bm 0K B e 19 11 W0 1418
BaE K Bh 0-8 111 13-31 1081 L 0K
BotuiaR Bh 0-1(0 flif+xi 3.y 10-0% 1EOLD 0-%0
R Bm 050 iRy Kl £exil 181K 0+<il
KIE o S Bl 1:00 WK gl Bo1g RO O+
KES Bh O Mikp K1-0 Th-09 i 0-kE
B Bh 0+K 9110 KB VEKIH 0+¥8
WK Bl 0-10 Be¥E IR 195K -2
BT R Bl TER MR Hil-#2 IB:(] 1IKEH 141
WE K Bl OB K0 B+ 11043 MR 0+
i i Bl R il B 28 108 e
ORI SRR RSEE (X | R i )

5% BER =2 % ®BE O XE @ ENRE  WNRE  ®NRE
oo VO KO B 0+ 1K

KOHO0 1K BB 00K W ABK 0-f% ¥R O+



i

L

EH)

ik |

LY
&

- L

fle

il

-2

BE-t

R

Hi

$+0
Ea-0

v
o

11

\;
P

il

A\
b

14

ol

f-il

Ho#H 1

H
)

i
#
B
i
[-:-.!

s

pics

T

15

1

Z
4L
2

NSERE

T

B8

HENEESE

NS

1)
&)



WEHAEHLERARLEE

b

A R e e SO Bwin
BB IR Zs i .. ererrreeareareeans searernen RS
B UORAEHREERETIZE e TR
“%%¢émwmﬁ&&iﬁkéﬁ& S BEE:

% %8 FREmZSRS . &by
b m@mmmzﬁm&m eetee e e e sn e iene R
0L B WJﬁ@Eﬁ&&W@%ﬂ%ﬁ&zmﬁ”mmm g
(Z) PPiCFRREE TR ZHFYE s oo A BB 3

(R TS A TR — AR e

A B REEENUBEEAEYER s KR
S8 L B PEURBMEEREEZER e HZIR
54 B PRIES R . "R
5 mﬁﬂﬁﬁﬁﬁTzﬁﬁxiﬂﬁﬁéﬁf Eﬁ“
I8 PREBEIEDN e @%ﬁ@@/

I
BN
=

EEMBERAE—AE



LD, ¢

763

S .

G

T

2 B % kK B 8 #

HAEER S ERRE

(EEPEuEBERI 4+ 8

B OB & =

B |1 1R

$= N %

= oK E N R B

YRR EUERE



WwOE MR E S

CONTRIBUTION FROM THE SIN YURAN FUEL LARORRTORY
QECLOGICAL SURVEY OF CHINA

No. 8 March, 1953

A STUDY ON COKING PROPERTIES OF SHENGKENGSHARN CORL
BLENDED WITH OTHER BETTER COKING COARLS

By
K Y. King

REPRINTED FROM THE
GEOLOGICRL BULLETIN OF THE GEOLOGICAL SURVEY OF CHINA,
‘ Number 20, 1935.



No.
No,

No.

No.

No,

No.

No.
No.

. T.

[*11

R

8.

9.

I0

1% Sulphur Forms in Chinese Coking Coals (in preparation}..

PUBLICATIONS OF THE SIN YUAN FUEL LABORATORY
GEOLOGICAL SURVEY OF CHINA

A Preliminary Petrographical Study of the Peipiao Coals, by

C. Y. Hsieh .oocvcirerrreecsenns (esssnesssnrasnantisenesseanssrenarasien $ T.oo
Some New Methods in Coal Petrography, by C. ¥, Hsieh....... § 1.00
The Coking Property of the Poshan Coal of Shantung, by C.

C. Wang......
On the Vegetable Tissues and Flora in the Chinese Coal and

their Geological Significance, by C. ¥. Hsieh.................. § T.00

Chemical Analysis of some Chinese Crude Oils, by K. Y. King

Microstructure of some Chinese Anthracites, by C. Y. Hsieh
B USRS UUT PR OUOUPPTOTSUUUTPRNIRURP - 5 .
O P OUUUPUSTRTRURUIE B o :
a) On the Occurrence of Spharosiderite in a Subbituminous
Coal from Hsian Coal Mine, Liaoning Province; by C.
Y. Hsieh
b} A Remarkable Occurrence of Fusain in Lungchuanhsien,
Chekiang Province, by C. Y. Hsieh & K. Chang
c) Thinned Polished Section of Coal, a new Technique in
Coal Petrography by C. Y. Hsich
Studies on Coking Properties of Shungkengshan Coals blended
with other better Coking Coals, by K. Y. King............ $ x.00

A Low Temperature Carbonization Assay of some Chinese
Bituminous Coals (in press) ........

. The Plastic Range of Coking Coals in China (in press).....

No. 12 Microscopic Structure of Tzuhsien Coals and its Bearing on

Coking Property, by C. C. Wang (in preparation) ........... $ J.00



"

A STUDY ON COKING PROPERTIES OF SHENGKENGSHAN COAL
BLENDED WITH OTHER BETTER COKING COALS.
K. Y. K1nc.
ABSTRACT.

The purpose of this study is to find the possibility of the Shengkengshan
coal for the production of metallurgical coke for the proposed iron and steel
industry on lower Yangize.

Agglutinating power, low temperature carbonization, and horizontal gas
retort tests have been applied to verity the possibilities of different coal blends.

Conclusions drawn are based upon the results of the tests that it seems
hopeful to blend Shengkengshan coal with 409, better coking coals to produce
blast furnace coke,

It is found also that medium grade bitumites§ (Bm) blend better with

low grade bitumites {Bl) than the high grade bitumites {Bh).
INTRODUCTION.

Most of the coking coals in China are situated in the northern part of

this country. Though there are coal fields in the central and southern part,

their characters are not quite known and therefore the suitability of these
coals for the manufacture of blast fnrnace coke has to be carefully studied.

The success of the proposed iron and steel works on the lower Yangtze
using the iron deposits in that district® asrecently planned by the Government
depends largely on the availability of cheap and good coke preduced from coals
located not too far away.

A good blast furnace coke together with cheap transportation are always
essential to an iron and steel industry. To lower the first cost in transporta-
tion, a coal field close to the iron deposit is undoubtedly desirable. Naturally
the coal fields of Chinhsien and Hsuancheng in Anhui* producing a medium
bituminous coal came first into consideration, but their high content in ash

§ Far the significance of these names, see W.H. Wong: Classification of Chinese coals,
Bull, Geol. Surv, China, No, 8, 1926,
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and sulphur together with insufficient reserve as maintained by geologists
should pisde! this field: 47 best' as 4 'secondsfy’ source :if sapply. s The coking
properties of the Liehshan apd Lujchizkon coal fields of -northern Anbui®
are yet little known and proper investigation is now under way for
their evaluation, N

The ShengLengshan coal field is easy to reach and situated not far
from the proposed plant site somewhere near Phko 71" The coal is of 2 low
grade ‘bitumite (Bm)® and possesses 4 mbdiunt’ varrety ‘6f coking quahty,
ranging from moderate coking to non-coking. Using 160’ of thik £6ai 'for
coke manufacturze seems-to'bé impossible; but coal blends with a-better’ coking
coal will naturally improve its guality. -

The Chunnhsmg coal'of Ihslen, souﬂ: S’hanfnng, has long beén regarded
as ofie of ‘the best coking coilsin ‘Clitha.'" Tt | possesies -not’ odly" (}ugh aggluti-
nating power, but also is low in ash. The coke from this coal produced in
native bee-hive'ldvenshas been kiidwn. for its excellent quality. The:mine is
not far from Shengkdngshan and therefore the two coals can.be easily brought

‘ together. Coal from Kailan mines also proyes to be of high agglutinating
'power the chief dr awbacL in thls coal is 1ts h]gh ash content. If the special
Washed coal 1s used “the ash content may be considerably Iowered. Though
it is far an?.y from fower Yangtze, its location can afford a cheap trans-

. ,It was, thergfore suggestec] that blendlng Shengkengshan coal with a part
of Chonghsing; or Kailan: co‘p,l. in. certain suitable proportxon q'ught result ina
good mixed coal for blast furnace coke. Ifitis Possﬂ)le,. though at present it
still needs further confirmation by large scale test, to produce a desirable
metallurgical . coLe m this manner, the rather imferior cokmg coals from
Shengkengsha.n can be utilized for useful purposes, and on the other hand,
there will be a great saving of excellent coking coal from other mines.
Excellent coking coals in China are rather limited, so economical conserva-
tion should be comsidered.

Studies along this line have been made for sometime and the following
is an account of the work which has been done so far.
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The study of this subject was carried out in three different parts,
namely, (1) Agglutinating test, (2) Low temperature carborization assay and
{3) Horizontal gas retort carbhonization. The procedures and observations of
the experiments are described in the following.

TEST FOR MEASURING THE AGGLUTINATING POWER OF COaL.

Since 1870 Richtets®, 1895 Campredon” proposed to test the agglutina-
ting power of coal, many observers have thoroughly investigated on this
subject. A good summary on this subject is fully given by S. M. Marshall,
and B. M. Bird® so that it js nnnecessary to review them again., In general
the tests involve *‘the carbonization under stamdard conditions of a small
sample of carefully prepared coal, either alone or mixed with inert material,
and some tests of the resulting coke buttons which serve to indicate the
agglutinating value of the coal”; the imert material used being either
quartz, electrode carbon or coke,

After careful consideration of the used methods and availability of
apparatus and materials, the following procedure is choosen for the agglutina-
ting test on the coals and coal blends used for this study.

Inert material employed in the test being a high temperature coke with
2 maximum of 2.2% volatile matter, This type of coke is readily available
on the market., Large guantities are purchased for storage to minimize the
variation of coke obtained at different times. The cokes are grounded to
pass 4o mesh (Tyler Standard) and retain on 6o mesh sieve. Above 4o and
under 60 should be discarded. Samples are carefully taken and analysed.

A part of the coal samples are sampled and supplied by the mines. They
have been securely packed in cans and boxes during transport. Another batch
of samples are collected by AMr. Y. S. Chi of our Survey. They are packed in
sacks of about 200 1bs each. Owing to heavy rain in the summer season, these
samples have been considerably weathered. All the samples are air dried at
room temperature and pulverized to pass 6o mesh sieve in Braun Pulverizer
and stored in glass bottles with a metal clamp lid. Proximate analysis of coal
is then made with their respective percentages shown in the attached tables
(I and II). Some proximate analyses of the same type of coal supplied by
other laboratories are also included.
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The proportion of 1:6.6 that is x part of coal to 6.6 parts of coke is
adopted after a series of experiments. This ratio of coal and coke will
prodnce a loose button which crumbles to touch by fingers when made from a
very feebly coking coal. The total weight of the sample button before car-
bonization weighs 11.5 grams (o grams coke and 1.5 gram coal). zo samples of
coke of 10 grams each are weighed out and then another set of 20 samples of
coal of 1.5 gram each. One sample of coke and anotber of coal are carefnlly
and intimately mixed. The mixture is then transferred into a 30 cc erucible
and a weight of 5 kilograms is applied for 1 minute after leveling of the
surface. The empty space in the crucible is filled with coke of 20-40 mesh sieve.

The furnace is electrically heated and in the form of a muffle, The furnace
is heated to g60°C before the crucibles are put in. The time of carbonization
is set at 10 minutes. The temperature in the furpace should reach g50°C
within 5 minutes after the crucibles are put in. The crucibles are laid aside
for about 20 hours before crushing: The weighing and mixing of the
buttons are usually performed in the morning and the carbonization in
the afternoon. The next morning, the buttons are crushed for estimating
the agglutinating value (Plate II1),

The testing is made on a very simple apparatus shown in the figure
(Plate I1). The value js ascertained by the number of times the carbonized
button can stand the force of a metallic plate weighing 140 grams dropping
from a distance of 6 cm, This test is not at all satisfactory for many reasons
and therefore changes are now being made. It is intended to apply an
increasingly steady force by using lead shots or iron shots for crushing such as
used in testing cement briquets. This should give more readable values than
the number of blows as now indicated.

A comparison of the coking values of Table I and II, there seems that
the samples, except No. 587, collected by Y. S. Chi have in general a lower
value than those supplied by the mines. The values for blends are still lower,
this is mainly due to the difference of Chunghsing coal used. As I have
mentioned, the tremendous amount of rain in the summer 1932 should have
played an important part in the weathering of coal. Since the coal samples
were stored in sacks and considerable time was required during the transport,
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and besides this batch of sample weighed over two tons, it was very hard to
store them indoors at the time of heavy rainfall. Consequently more weathering
has occurred.

With the exception of 2nd seam South, the ash percentage of all the new
samples are much higher, but its difference does not affect the agglntinating
value very much, A striking difference is noted between the samples from
Tatung Mining Co. Of the former samples collected by the mines had no sign
of coking at all while the new sample (average sample) shows a little better
than all the other ones.

Low TEMPERATURE ASSAY.

Gray and King of the British Fuel Research Board™ have devised a
laboratory method for evaluating the approximate by-products of coal.
This method bas been recognized as a good test for indicating the coking char-
acter of coal’™. 1In lack of apparatus for this test, a still smaller coal assay
method is devised and used. The general principle is altogether the same
as the zo gram assay.

This method comsists of a pyrex tube of 20 cm long 2.5 cm diameter
holding a coal sample of 10 grams. The tar collector is a part of U-tube. The
gas-washing tuke is simply made from two cheap type pipettes bending in
such a mann er as to be casily connected to the tar collector on one end and
gas holder on the other. A large bottle ot 3-liter capacity is employed as the
gas holder. The gas entering at the top displaces the water which is saturaied
with coal gas from previous tests. The displaced water flows to a leveling
bottle of 2 liter capacity.

The operation is very simple. A ten gram sample (dried at T05°C) occu-
pies the lower three-fifth of the tube and is connected to the tar collector
which is dry and empty. Eight cc of normal sulphuric acid is charged into
the ammonia absorption tube for the absorption of ammonia and other basic
gaseous compound that are coming through, This is connected next to the tar
collector.

The pyrex tube filled with the prepared sample is inserted partly into an
electric tube furnace which is heated to 300°C beforehand after the current is
raised. The temperatore is gradually increased. The rate of beating is so
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arranged that at the end of 1 hour, the furnace attains a temperature of 600°C,
which is measured by a base metal thermocouple. This temperature 600°C is
maintained for another hour or more until the gas evolution is practically
ceased. Usually one hour at boo°C is suificient for complete gas evolution.
The total time of carbonization is 2 honrs and 10 minutes.

The volume of gas can be easily measured by the calibrated scale on
the bottle. The total volume of gas is collected to 15°C as saturated gas. The
tar, liquor and gas are not carefully estimated since they have no direct con-
nection on the whole experiment.

The general arrangement of the apparatus and also some of the cokes
formed are shown in accompanied photographs (Plate, I 2, IV, V). A description
of the resulting low temperature coke and a comparison of the coke and the
coke button from volatile matter determination are fully given in Table IIL

CARBONIZATION IN HORIZONTAL GAS RETORT,

After initial testings in the methods described, a decision was henceforth
made that a larger sample of blends should be used for testing their suitabil-
ity for coke manufacture. My colleagne, Mr. Y. S. Chi, was so kind to have
collected nine new samples about joo lbs each on a special trip. It was guite
unfortunate that during this year heavy rainfall in North China has resulted
in washing out all the fine particles from the coal in the sacks.

Preliminary tests of these samples showed little difference with the old
ones inspite of the fact that they are considerably weathered. Subsequently
they were all ground to pass 1/4° in Braun laboratory crusher and intimately
mixed by hand with Chunghsing dust in the proportion of 4 to 6, that is, 40%
Chunghsing and 60%, Shengkengshan. The sieve analysis of two samples after
crushing is shown below.

Sample Chunghsing Shengkengshan
on )4 77% 25%
on 10 mesh 6% 40%
under ro mesh 2%, 35%

Two lean blends with 509, Shengkengshan were also mixed for testing
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The test was made at the Horizontal gas retort of Peiping Union Medical
College. The rétort is made of fire brick and four in a bench. By not disturb-
ing the gas generation of P.U.M.C., by-product estimation was abandoned
entirely and only coke was concerned. It took 8 hours for heating a charge of
300 Ibs at a maximum temperature of goo°C. The charging and discharging
were made by band.

Owing to many difficulties the conditions for carbonization are differed
from those of standard carbonization. Therefore the retorts were not fully
charged, temperature was lower than usual and the time was limited only to
eight hours.

Nevertheless, the tests were made, and slightly shiny surfaced cokes (Plate
VIT) were produced. The coke appears quite hard and difficult to break. Shatter
and tumbler tests are unavailable for testing the coke strength here; only the
analysis is performed. The results are shown in Table IV. Examining the
coke by Rose Method?, there are numerous black and very hard infusible
particles cemented in the cokes of fairly porous structure (Plate VIIL}. Ash
determination on these particles shows that they contain as high as
40% ash. Accordingly, they are the ash forming material and probably could
be washed out if coal cleaning plant is provided.

In one sample, that is 4o0-6o mixture of Chunghsing and Tatung, the
infusible particles are only present in small gquantities. The structure of this
sample is different from the rest and possesses a quite uniform cell structure
(Plate VIII x & 2 ). But the surface remains dull as others, except it feels a
little harder and more porous.

According to the observations on coke structure, it seems that the ash
content has an important bearing on the porosity as well as the hardness of
coke. In all cases, the smaller the ash content, the more porous is the
structure.

DISCUSSION,

Both coals from Chunghsing and Kailan of the Bm type are taken as
excellent coking coals in this country. And those of Tzuhsien and Linhokou
of the Bh type, as far as the native bee-hive oven tests have shown, are also
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of good coking quality. The chief difference between these two types of
coal Yes in the fact that the former two are highly swelling coking coal and
the latter are only of moderate swelling. This can be shown very evidently

by carbonizing the coals at 600°C in the carbonization test.

Furthermore, Shungkengshan coal (Bl type and poorly coking) blends
with either Chunghsing or Kailan up to 509 showed still noticeable swelling
in the carbonization test, while these blends of Tzuhsien and Liuhokon do.
not form quite shiny but loose coke at the temperature of 600°C. When the
agglutinating test is applied, Tzuhsien and Liuhokou blends even at the
amount of 609 coking coal showed little evidence of coking, and cracked
very easily at the test. On the other hand, blends made of 30-40% Chung-
hsing or Kailan and 70-60% Shungkengshan medium coking coal shows con-
siderable strength of agglutination and the values can be compared with
those of 1009, Tzuhsien and Liuhokou,

In evidence of these facts, the excessive swelling in coking coal proves
to be not entirely necessary in the coke formation, but would be very useful
in blending the poorly coking coals. The normal swelling coking coals such
as Linhokou and Tzuhsien are merely good for producing coke by itself
and of no advantage for blending other coals. In other words, low volatile
bituminous coking coals of the Bh type are only good for making coke alone
while Bm coals or medium volatile bituminous coking coals are useful for
blending purpose depending on their special property of excessive swelling.
By this manner, that is, blending with a coking but non-swelling coal, the
excessive swelling can be somehow eliminated with a resnlt of having a
normal swelling and good coking coal. Tests made with Kailan coal give
very similar results which proves that either Kailan or Chunghsing coal
might be used for the same purpose.

The general appearance of low temperature coke from 40%, Chunghsing
60%, Hwainan (znd hole, 1st seam) of Shungkengshan is quite similar to that of
Liuhokou (Plate VI) any even the agglutinating values are alike. Blends
richer in Chunghsing {50% up) shows considerable swelling, giving a coke quite
shiny, and can be easily crushed owing to the porosity of the coke. Blends with
lower percentage in Chunghsing (209, down) give 2 mass of jet black color.
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compact, little shiny in places, quite fissury and non-swelling. Chunghsing
in 10%, gives a coke of little difference to 0% Chunghsing or 1009} Shungkeng-
shan coal. Basing upon these evidences from the tests, one might say that the
blends made of 409 Chunghsing, 609, Shungkengshan would produce a
desirable coke for blast furnace. However, only large scale experiment
in coke oven will definitely prove its suitability for metallurgical coke and
assure the practical ratio for constituting the blend., This seems rather
expensive for experimental purposcs. Consequently, arrangement is made
with Peking Union Medical College to use their gas retort for testing.
This Is, of course, not quite as satisfactoriiy as ovens, yet its indication will
probably justify further experiments on full scale coke ovens.

Since Shungkengshan coals include a wide variation of coking quality in
different regions and also in different seams, assurance should be obtained
first as to whether that seam which proves to be promising under test is of
considerable reserve, or other seams may prove to possess similar property and
can be used along with it. Of the six samples (No. 483-488) differing in
seams, supplied by the Hwainan Coal Mining Administration of Shurgkeng-
shan, the third seam of the 4th hole west in the south and 1st seam, probably
also the 3rd seam of the 4th hole west in the north {designations according to
original labels) are of the same general property as that of the 2nd hole 1st
seam. This gives a more wide Jimit in the coal reserve that might possibly be
blended with other coking coals of highly swelling nature in the ratio indicated.
Low temperature assay and agglatinating value test show evident similarities
between these three coals of the 4th hole west and that of the z2nd hole 1st
seam. All these were made in the proportion of 40% Chunghsing 60%

Shungkengshan.

Coals from Tatung Mining Company of Shungkeungshan secem to be of
inferior coking quality. Tests on the individual samples from different seams
showed feebly coking quality, while of the average sample No. 432 has no sign
of coking at all.

Among the samples collected by Mr. ¥.S. Chi, the average sample of
Tatung coal stood out as the best coking quality of the whole lot of Shung-
kengshan coals. Not only the agglutinating value is high, but also the general
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appearance of coke, hardness, porosity as well as the ash content are better
than others. Probably the ash forming material such as shale and slate hinders
the coking quality of the others. This is shown in the analysis, the higher the
ash content, the lower the agglutinating number. It is therefore suggested, if
these coals were washed, they might improve the coking quality of the coal a
good deal. Float and Sink test will be applied to new samples to verify this
point.

All the other samples are moderate coking, but none can be compared
with that of Tatung both in the original coal and coal blends. Perhaps, the
general characters of Shungkengshan coal are alike and the chief differences are
mainly due to the percentage of ash content and the relative presence of
durain and vitrain in the cqa!.

In the mean time, due to the difference of the samples collected at diffe-
rent times and also the wide variation of weathering conditions, due to difficul-
tiesin transporting the samples from one place to another (it took practically two
months to transfer Mr. Chi’s samples from the mine to Peiping); due to handi-
cap in apparatus for crushing and mixing large quantities of coals, large scale
experimental test at regular coke ovens (Chinghsing Coking Plant of Shihchia-
chuang, Hopei} as originally planned does not seem to be worthwhile. But,
according to the tests so far made, there still lies a strong hope that Shung-
kengshan coal can be used for a more noble purpose after being mixed with
better coking coals. This purpose is the production of blast furnace coke for
iron and steel industry on lower Yangtze.

Hsnancheng and Chinghsien coals are quite promising for blast furnace
coke as far as the samples have shown in the test. It seems that Hsuancheng
coal has a higher agglutinating value than Chinghsien, but, one weathered
sample showed no sign of coking at all. At any rate, these two fields are of
little importance as their total reserves are not yet sure and these coals are
generally too high in sulphur and ash. Their utilization must wait for further
investigation.

SUMMARY.

a. Coal from different seams of different Shungkengshan coal mines col-
lected at different times are not alike in their coking properties.
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b. In the first batch of samples, 1st seam S. No. 2 hole and 3rd seam
S, 15t seam N and 3rd seam N of 4th hole of Hwainan Mining Administration
produce a coking coal of non-swelling nature but form compact and hard mass
of coke.

c. 40% Chunghsing or Kailan coal used in blending the above four
coals could produce a good coke comparable in shape and swellness with
the coke produced from Liuhokou or Tzuhsien coals alone.

d. Coals from Linhokou and Tzuhsien are not good for blending but
those of Kailan and Chunghsing are very good for blendiag poor coking coals
because of their special property of excessive swelling.

e. Tatung coal of Shungkengshan was not investigated seam by seam.
The average sample as tested can hardly form any coke even with the ratio
of the blend increased to 609, coking coal, but a new sample showed a much
better coking quality, even better than all the other samples from the same
field. The new sample collected by Chi should be considered as the repre-
sentative sample:

i. Tests in horizontal gas retort indicate that the new Tatung average
sample mixed with 40% Chunghsing coking coal produces a quite desirable
coke according to the general appearance.

g. Aside from inefficient transportation {facilities and shortage of
proper machanical appliance, a trial test on a large scale plant seems worth-
while.

h. Hsuancheng and Chinghsien coals look quite promising for the
production of metallurgical coke except for their high ash and sulphur content.
But this conclusion is based only on a few samples under test.

i. The medium grade bitumite (Bm} such as Chunghsing and Kailan
coals are far better for blending purpose than high grade bitumite {Bh) from
Linhokou and Tzuhsien on account of the excessive swelling character,
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TABLE I
Proximate Analysis and Agglutinating Values of Shungkengshan Ceals and their Blends.

(Coals supplied by mines)

s s Heating | Agglutina.
Sample . Volatile |Fixed 8§ | A8
Lab. No. Coal provenance Moisture Ash {Sulphur! values [ tin
No. o matvtficarboxrl ___{calories) V{SUE
j Hwainan Coals
483 I west 4t hole Xst seam S 2,42 33.75 148.53|15.30 | —— G577 | crumbles
484 2 »2nd,, & 14 | 3347 139,63 2516 —— | 3558 "
485 3 o 3d ,, 8§ =20t 30.32 | 48.67{12.90 | =——m— 6713 2
486 4 o  Ist ,, N 203 39.60 (48.54| .81 | —— 6712 2
487 5 .o std ,, Nl 215 | 40.35 |48.35] 9.x5) —— | 0067 I
488 6 . 4th ,, N 2,55 36.95 |49.30|xI.20 G765 1T
433 7 2nd hole 15t seamt § 1.45 | 36.62 |50.4%11.52| 0.54 6843 2
355 8 st hole 2,40 37,32 |51.61] 8,58 o0.90 7029 e~
336 9 znd hole 1.75 37.03 |51.70]| 8.62] 0,85 7083 -
357 10 4th hole 2.91 36.46 {52.88( 7.795| 0.68 7252 -~
Iz (1) Hwainan 3.30 32.30 |50.91|13.20| 1,26 6615 —
Chunghsing, mixture, '
12 90% 433, 20% 3069 1.29 36.56 {§%.10 11,05 | w=— 7004 2
I3 80% 433, 20% 369 1,14 | 3607 |52.37 10,42 — 7258 5
14 70% 433, 30% 309 100 | 35.83 [53.44| 93| —— 7247 4
15 60% 433, 40% 369 0.84 | 35.46 |54.00% g.09| ~—— 7403 5
16 509% 433, 50% 309 | o8 | 34.82 |55.831 B.57 1 001 7501 5
17 40%, 433, 609, 369 | o.6x | 33.8¢ |57.69( 7.81| —~—— 77%2 7
18 90%, 433, 10 /’ 374 1.25 37.07 | 49.18 [11.60| = 6769 2
19 80 % 433, 20% 374 LI9 | 37.47 |40.70,3%.04| — G771 2
20 70% 433,30% 374 | .13 | 37.20 |49.85|1L82] —— 6765 3
21 60% 33, 409% 374 r.ox | 3646 [50.31|1%.92] —— G745 5
22 50% 433, 50% 374 0.93 36,28 |50.18112.01| —— 6906 5
23 199 431, 6o% 374 073 | 35.20 |54.80 1232 | —0n 7074 7
24 70% 433, 30% 365 .28 | 3152 |54.33(|32.87| — 7227 3
25 60% 431, 40% 365 r.24 30.54 (54.8: I3.3% | —— 7191 2
20 n% 433, 59% 3053 1.20 | 30,50 54701 L3.45} —— 7272 2
27 0% 433, bo%, 365 T34 | 30.26 | 54.95[13.05| —r0 7248 3
28 70% 433, 30% 319 2I5 | 3025 [57.03110.57 | —— 7033 2
29 60% 433, 40% 319 £.,05 30,40 |538.37 | 10,18 |~ 7642 2
30 50% 433, 50% 319 0.08 | 28.92 |Go.10[I000 | — 7703 2
3 40% 433, 50% 319 0.84 | 2y.2t |62.45) 9.50) ~—m 7780 2
Chunghsmg, Mixture,
32 60% 483, 40% 369 x
33 60% 484, 40% 369 2
34 60% 485. 40% 309 5
35 60% 486, 40% 309 4
36 0% 487, 40% 369 3
37 60% 488, 40% 309 3
342 38 Tatung, 15t seam | 2 70 41.85 |42.68|12.77| 0.62 6200 J——
343 39 »oo2nd 4, 3312 | 36.54 |34.14) 620 0.60 7027 | ——
344 40 o and oo | 204 | 37.33 [ 5273 7.10| o044 7108 |
345 4T " ad 243 36.61 [5480( 6.16( 1,10 bgg0 —_—
340 42 o 4th 2.06 35.85 5047|1042} 0,75 6884
347 43 o 8tho,, | 146 | 28.93 |45.80|23.51] 1.50 5857
432 44 ,»  average 1.73 33.49 |42.78|22.00| — 5954 | crumbles
45 (T) o ISt 2.24 | 3142 4834 1780} 0.73 5901
46 (1) » 4th 1.17 36.87 145.40(16.50 | 1.X0 6280
47 (1) " s5th 0.70 37.74 |50.07 (1080 074 5784 —
48 (z) " 3.56 | 32.27 4459 19:58 1.21 6722
447 49 { Hsu;mch eng, Anhm. 0.25 30.20 [ [En 48 25, 07 [ 6.37 6063 13
448 50 " o010 | 33.34 | 4() 08 19.88: 458 6394 12
440 51 Clnm,hswn Anlnu. 0.2% 2683 |57.40 15 50 \ 0.71 7307 9
450 ! 82 0.20 . 28.22 ;38.00 13 NI 3 4 7.469 6
319 53 I"znhsiun, Hopei. 0.35 21.0) 00,40 By 7073 5
365 54 Liuhokou, Honan. 1.07 23.08 | 6VL.05 15.20 gatig 5
366 55 (.hunghsmg, Shang- 0,50 28,20 (58.50 ] 11.80| 0.66 7504 O
tung, (Tats'ao)
367 56 Chunghsing, Shang- 0,38 | 29.68 |58.64|1x.30| 1.16 7627 | T
tung, (Siaots’ao)
368 57 Chunghsing, Shang- 0.24 30.82 |58.46 | 10,18 7734 ——
tung, {not washed) [ R 0.95
369 58 Chunghsing, Shang- 0.40 | 31.75 |6r.05! 6.80| —— 7690 21
tung, (washed slack)
374 59 Kailan, Hopei. 042 | 31.08 |55.20|12.40| —— 7435 20
(special washed)
Go | Go% 369 40% 432 2
b1 60%, 374 40% | 2
6z | 6o% 365 40% ., [ 2
63 60% 319 40% ] |z

T,

2.

Analysed by a Laboratory in Germany

Analysed by Chalotung University, Shanghal
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TABLE II.

Proximate Analysis and Agglutinating Values of Shungkengshan Coals and their Blends

(Samples collected by Y. S. Chi)

Lab. No, Samile—] Coal provenance Moisture Y:;'tl:élre é;’;;e‘gx Ash |Sulphur H\([!;\lt&r;g
582 64 ard seam N. 4th hole r .77 32,52 | 51.32 |%4.40| 0.60 '} 6yoo
west (a} (c), Hwai.
nan
580 65 3rd seam N. 4th hole 1.22 38.43 | 4395 |16 60| —o 5007
west (b), Hwainan .
579 66 1st seam N. 4th hole 1.64 37,006 | 47.70 {I3.51( .30 6326
west (a), Hwainan,
579 67 15t seam N. 4th hole I 40 38.34 | 46.00 |X4.20{ — 6374
west (b), Hwainap
583 68 2nd seam S, 4th hole 1.70 30.88 | 5297 [14.65| 1.83 6865
west, Hwainan .
578 69 | 3rd seam S. 4th hole | 1.60 32,32 | .45.38 [20.70| —~— | 6157
west [a), Hwainan
58r 70 3rd seam S. 4th hole 2.15 36.x3 | 39.97 |2r95| 2.29 5479
west (b), Hwainan
584 123 Mixed coals from znd 1.87 30,46 | s1.91 (15.76{ 0.87 6815
. seam S. & 3rd seam
N, 4th heole W,,
Hwainan
585 72 Mixed coals from 3rd 2,04 32,58 | 4859 |t679] T 6470
seam 5 & 3rd seam
N. 4th hole W.,
Hwainan
586 73 3rd seam S. znd hole 2,20 31.X0 | 52,00 |14.70| 085 Ggzo
E.. Hwainan
587 - 74 Tatung average, I.49 33.03 | 5z2.20 |13.28)| 0.6 7011
506 75 Chunghsing dust. o.80 30.42 | 55.43 |12.35| L.7I 7570
Chunghsing Mixtures ! i
76 40%, 896 60%, 587 1.19 32,91 | 5314 |1276| ~—— | 7740
77 | 40% ., 60% 586 1.10 30.82 | 53.06 |15.32] —— | 7331
78 | 40% 596 60% 585 I.40 31,93 | 5147 |15.20( —=— | 6921
79 40%, ,, 60%, 584 1.87 30.46 | 5191 |15.96] —— 67635
80} 40% ,, 60% 578 1.57 30.01 | 30.07 [I7.45] —— | 6675
81 30% 4 70% 381 2,12 32.44 | 50.04 |%4.50] —— 6821
82 40% ,, 609, 583 1.83 30.05 | 3580 |12.26| — 7365
83 40% ., 60% 577 .37 37.13 | 48.44 |r3.06| —— 6610
84 {30% . 70% 579 1,32 34.15 | 49.46 |15.07] —— | 6700
85 40% ,, 609 580 0.6r 30,50 | 5578 | 13.05) —— | 7394
86 | 40% ,, 60% 582 1.87 30.46 | sT.9x |1596| —— | 6806

Agglut

val

inating
ue

I

2

2

2

2

crumble

crumble

—

X

-

=22

VR M HNHROGA




King:—Coking Properties of Shenghengshan Coal

TABLE I1L

Comparison of General Appearances of Coke Button and Low Temperature Coke,

(Coal supplied by mines)

Lab:
No.

483
484
485

486

487
488
433

432
447
448
449
450
379
363
369

374

B O a W

Coal Provenance

Appearance of coke Button

Appearance of Low Temperature
coke at 600°C

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west 1st
seam S.

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west
2nd seam S.

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole west
3rd seam S.

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west
15t seam N,

Hwainan Coal Mine, Shungkeng-
shan, Anbui, 4th hole, west
3rd seam N,

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west
4th seam N.

Hwainan Coal Mine, Shungkeng-
séhan, Anhui, 2nd hole, zst seam

Tatung Coal Mine, Shungkeng-
shen, Anhui, average sample.
Shuitung Kuankuon, Tawang-
ts’un, Hsnanch'eng, Anhuis
Shuitung Kuankuon, Tawang-
ts'un, Hsvanch’eng, Anhui.
1l;!.'uitxmit‘anp;, Ching Hslen, An-

ui,
Yenkungt’ang, Ching Hslen,
Anhui,

Yili Company, Usitso, T’zu-
hsien, Hopei, Top coal.
Liuhokou, Honan.

Chunghsing Company, Shan-
tung, washed slack,

Kailan Mining Co., Kalping,

Hopei special washed slack.
60% 369, 40% 433
[}
50% 369 50% 433
40% 369 60% 433
39% 369 70% 433
20%, 369 80% 433

.

Dull grey-black, very, slight
surface fusion. No swelling.

Grey, slight surface fusion,
very slightly swollen.

Steel grey, with granular and
partly fused surface, slightly
swollen,

Grey, partly fused
swollen,

surface,

Dull grey, slight surface fusion,
practically no swelling,

Dull grey-black, very slight
sutface {usion practically no
swelling.

Steel grey, with granular and
partly fused surface, slightly
swollen,

Black, loosely coherent, slight
swelling,

Steel grey, lustrous, fused fur-
face, considerably swollen,

Similar to 447.

Similar to 447.
Similar to 447.

Silver grey, strong lustre, fused
surface, swollen,

Steel grey, lustrons, fused sur.
face and swollen

Silver grey, strong lustre, fused
surface, considerably swol-
len.

Same as 369, more swollen.

Grey black, lustrous, fused
surface and swollen,

Grey black, lustrous, {used
surface swollen,

Similar to B but not so
swollen,

Similar to C, but less swollen

Similar to I, littie swollen.

Dall black, coherent very fra-
gile, no swelling, little
powder,

Dull black, ¢coherent, very fra-
gile; no swelling, no powder,

Grey black, lustrous in places,
hand and compact mass, no
swelling,

Grey black, lustrous in places,
very compact, fissurous, no
swelling.

Grey black, compact & fissur-
ous, no swelling.

Duil black, coherent, very fra-
gile, no swelling, little
powder.

Grey black, lustrous in places,
hard but fissurous, no swell

ing.

Blac%{ powder mostly, little
particles loosely coherent.

Grey black, strong lustre, con.
siderably swollen,

Same as 447

Grey  black, lustre
swollen,

Same as 449,

Grey black, lustrous, falrly
hard but porous, swollen,
Grey black, lustrous, hard and

swollen,
Lustrous, much swollen and
with hard porous structure,

strong

Similar to 369 with still porous
structure.

Lustrons in places, much
swollen and with hard por-
ous stracture,

Lustrous, hard, swollen por-
ons,

Similar to 365 but more lus.
trous.

Grey black, lustrous in places
fissurous, little swollen.

Grey black, lustrous in places,
fissurous, no swelling,




TABLE 1V,

Analysis of Cokes produced in Gas Retort

2,

3.

Tatung average sample collected by Chi,

All other samples from Hwainan, Shungkengshan collected by Chi.

Lab, No. Samples Moisture vn::\tt;v: Fixed carbon Ash
b4 40% 596%  609% 587% I.45 2.37 78.01 18.17
2 49% 596 60% 586° 0.95 6.07 76.53 16.45
3 40% 596  60% 585 1.09 4-56 72 94 21.41
4 40% 596 60% 584 1.70 3-72 76.03 18.55
5 40% 596  66% 578 2,15 2,68 26,67 18.50
6 30% 596 709 581 1.94 4438 76,02 17.66
7 40% 596 60% 583 2,05 395 74.25 19.75
8 40% 596  60% 577 0.48 6.74 7351 17.27
9 30% 596  70% 579 1.6y 2,46 73.7% 20.14
10 40% 506  60% 580 1.37 3.20 74,86 ° 20.57
I 40% 506  60% 582 X.14 2,14 47.65 18.07
1. Chunghsing dust.

oy uvysSuayiusys [o saysadosg Susyo)--Suryy



























g8 8 B
NER - dENERRNBEEERD .

Y



BB (RIS IICHRE ~ HOBEHEE Bh CEESICEE ) RES o SUSEE - 1R B SN B HEER o S
HERBEE Y - TR RENDE ~ MBS RR FRERK o Bh NYRENREYE ~ BEEKOHK - REHEAN
N o o Bm N » RBENKRE - Hir 8RR EBHNN QR ~ R Bl o Bh RIZMEBREY - HROEW
Hgd - SESERNEN pag o

HFSRGERRENEE ~ HEHERK | # -~ HERRNEER © GREER ~ REBROEER - Sie i - 28
IR ~ IR MR B IBIR ok AR o SRERERINERITRICHY ~ BRI M ST o HIRE KRR ~ MRS
HENH -~ HEPER o SHEGBBEHNKE ~ F-EKSEY - WRREEE - RENEIZEERY ~ SRR REE - J8%
R~ RRREN U - e RE R B EhRNE T .

W SN ~ R KR | -GN ONE ~ RS | - S - SRBEBENBY SR
|« B~ BN IR B - BRI | KO RIRRER N ~ ZIENEEN o SRS | - (8 -~ EXSHRR R K
WNER ~ KRR R - RRRRY o

RELEE - SHBSRREANE IR - SREIRLAEE - EFHRERRNVIQNS ~ MR ENER - f8R
REE - HEEHRE B - RN EE - CERE R RER R - S mNS -~ SRR - &
G 0 ) RUREIBEE » MBI - ERERIRETEKE - BE<HRE - BREEED - (HK2H - REKEER
NALERE ~ D - SRIHENQEREER BHEEE - RENE - ) SNEE - EXREY - Bk - RERR
BEARE ~ xBERCEEE - FEEE CREGRKUT - HPEENSRBRK TS - DR - K RGEER
LRBER ~ QR .

Hikig i » R LEE « BERHK ~ SELERRE R RO - SERREFKEEEER - At rodieRatE -~ )

2R R R i



B oo OB 10
BN R ~ S-S N IR I - IR T THE R | | BN E N R - M E DEANGRER o HEKERE
B e R - BREE MBS ~ EBEN - KESHSE SR ERRB RS LR TESER o YIEHURE R
~ G HERICHE ~ B RRHE MR EE ~ SRR TR ERE PR ED R RR SR ES - IEXRA2EN -3
SR ~ D IS ES - EHERREN - BEEREEES - B |+ BORS T RIS A RN R
8N HRIEE N I~ SRR IS ~ RIS [ BN T B - R o (G URUNRTERREE(E) WE
SRR RN ERE (WEER ) BRTREERS ~ BN FEENGS ~ EEERER SR - BNFESRERe-
MBI BB N IR ~ DR ~ H i TR I N R ~ R R RS RS R
KL TR ~ MR RN E - REEEOIRmMENK - LR M H M A R - SRR BRI -
IRl ~ SR IS ~ SRR AR « ErORK o DR HEEEMN R - B | RERNE - SR-cRgRn®
IS ~ G R o0 R KA A0 e - IR RS CRINEE ~ HREREKRER( 08 ~ B RERERENR
NS (04 ) AN RERNE ( SXDE ) o HMNERSEERERE - $RHEH o (UMEREYE ) RBRY
R < R - S RREE - RSN RENTRIER K 8 - S -SEE AN - RERER -~ (REEREE
1) REIREN ~ BEEGHELEERIDEN T+ o KIDBKENG » CHEERA ~ (ERB<NE () REEEHE -
R 8 B RSN B - SRR - S8 o
() .
R I R E MR AT B - S B RN ~ SRR RIS ~ EIERER Bm o #1308 Bho Bh Bm N&
REMEEMENGE ~ SRS HEEN o (RISERBEREY ) FHERE B - KRLURE Br ~ HXN Bl -
RUFBIERIED) » SBEN o« SRS EREE<KIET (Bl )% ~ R Bl FRUFPEER o € B (FEEER) L+



o | desEcERK QiTEm R &
¢ | ORKKERE-EEECD - WRER- | 055X - RIGHER - €2 - i
R e T
R P — dlgmEny !
w | RERE | XE QK - BN - BleR - ﬂ
e | HEREESE BENEE ¥
B | R~ B - R - e &
8 | ERQ- R DRHEE RS - | GRO - HRE - BERGE - 2| R
R | demssms e
8| BKO-RRSIR- ERRURE. | BRO-RE- REkE- 288 11
T | sKe-gme - eass e ]
8| KRG ERE - RRERR - ERE | & FSEURBUEN I
e | e B+ S E R .
Q| OREERE - SR EERS | REDIERE ~ S - 2 - i
2 | ®IEKEEESRE B RBEERECR I~

E A

R

RS N - RRGXUBRUNE ~ ERERBYRRBREHEND ~ H 5 - 58N -




2 B8 ¥ <
ﬁﬁ%@ﬁﬂoﬁmﬁmﬁﬁmﬁﬁﬁ$m,@X%%@%,ﬁEEQZEEﬁ,ﬁﬁﬁﬂWE,ﬂﬂﬁﬁﬁxéﬁ,Eﬁz%
o MEUEE NS SHRSRECENE ~ SENSOB PR EHE - SR RERRCHE - ST e B
mﬂﬁ,M&Zﬁ%ﬁﬁﬁ,KH%EK%+%E%,%Eﬂig&mﬁ,éﬁﬂm&ﬁ&mﬁ“:ZW,Mﬁ%AmE%H&
B o o B R Y - RS | B AN o R T B E R SRR KRR ERER AN - R
80 o SERE N o BEUER U HHERR KRR ~ REHERERNY -~ (R R0 [FHEITEE) RRE SRR
AR SRR | RS - PR RSB AN G - B e - RS - R o REREN
RN ~ B RRE R - HERS RS T - $F R HEENRER RS - BEREURERY ©

HE TR A - IR S R I o HEIRGIR R EE - REGEEIKEREQEE - (K1 RI+HE
| #) LRGSR Er < ~ EERNENRREY | BHERENBRE | BEE ~ SRIN N o e RRENE - 8
BRI » REKEEKERE ~ | RS | B -~ SHRBQANKER o KEAN ~ KRIOEE Qo RUE - BRR
B o RRB SN - EHRIEN R | B R | ENEEHH o REYR NEHREHGEREER - RERNER
B ~ BHCRR - KR - ERANHECANEED

QHREN RS TR AN « SN Qs -~ RN R - Gl - RERQUE - TNEEEERN - K
a R R B B AR RN ~ MRS » DRRIRI K -

#® o1 W
B& | & ¥ ES B NBEHSERERNESRY | E2Y

- SRk ~ R - I ERERK IR - RYRETIA - B - #




¢ [e o878 {18 ___
¥ e 5|iE FRE 1
2 e s |8IE DB Im<om|xi-se[ [ ome] # =
¢ e 5|88 W Blww-on|xm-a<| WO 15| 8 1
¥ e g|8s W E[weom[xiRk [ 1vevm| o] _
¢ [« 8[E8 K Elw-<Ro|«li-10]jm-—n|1-u<] & !
¢ [« g|EIS 5\ 8lao-xa|wk. k| W11 .m0 & =
K= I I RTIE 1
g |« 3| 8T8 Ll¥|nv.om|xi-=x[1x.ov|1-x0] & 1
? |« 2 &% LR o | k@ | oo <] 2 E
g |« 818 ot AR L L A z

(B]) AR
RHSQEEESENEREEN - Baid - FRENEER - SR REKE - (mEER K ) UREERHEE

~ REERENRER - (BYEE) HERBHEREHL ~ BRER RS - BRERER - BRE+REQ -~ gRESH

o - EE T IEE ~ IR RN - SEHOTER BN ~ RISEREENGE ~ (RIR | Kiled) 540 %0 46 EIRIEN

FERELSEERRIRECREY o MAVAER - HRURGERE - HRIHBEERE - mRCH R - SRENK

- SR | B - RNERZTEEERG R  FRERRCECEN FRER ~ SEFEERENERYE - RERNRE
- ¥



2 &% B %
% [mER| semumeme |01 <H K< TR ReRE 0§ N
8 [0 2| Eemmenams -0 93| Kemvinc L] & [ W
B L] RN IR R N T
ER R =T TR T BT B
e < [BIE WEB[wm-me|kO-mH| R IR\ 1WA B
8 e - |JT8  {EE[ne-wolkI WO[ <oKE|I-W¥| & | W
® e o |iLS THE < el 11-Rv[ 1m0l & i
7 @ 9| EIE wﬁ%ﬁm:;: BeepR[ 1o 1 onE| H
EREE = s IR R R E R -
v e 2| BIE LEE [mi-mk | Ke-WE|10-10|11-01| & 1
% |e 9| BT TRE - < @ nekE)iovm| & 1
5| m%mw.mw - _
B le 8[BIE i3 !
5 |¢ 8| glg I H
8 e s|BT8 2
s [« alkEE g T




o | = | 4 o En k< w0 1 ona| g
o | may | aie % [awmn [Rewe [ (ko (18] g
& | ERY | e SN | B BR HER ) Ren) o182 8
LRI ZUE |n<-w< |5 ani| ko | -HO| =
s |weo | 4 PUE gy sq [l @ | (k<0 | 1 10| 8
o | E=R | e gEg | < | Wee K| 1Rk o] 8
v |w<m | e BHERT [ R< (KO 1KMo | 1wy | &
8 [ oo ENERF jmo-im|me-=i [ 1van |1 -ml | &
2 | | e R IR S R
5 | =i [ e BhE ms _é;.m__ K- | T -oR | 1 o]
2 | i sessa e @R | RKOR w0 [ (o] 8
2 | W= | o () ot | w1l A
2 [ miR | sweans 4‘_;@.___»?*4_ wr] we<n[ k1] &
8 [ seK | ek o xme ke D 1o 8
s |ive | memmesgg [uw-=c k=.om| N | g
8 | mEy | sk 2O-BE | WR-WK | 1= | | -2e| &

R & H



A g

SRR N B BT i ~ I - R SRR - IR R -~ 3 | Rmi R NAREES ~ 5 e
BSSRIE o i REE S G - KRR AHEERSIERS o KRRERE ~ PR - REEENK | HH - SN
BRI -~ BNEIER o SEREENYK - BREERRBERER - o6 B RERE - HEREQ o fmRERee - QuEdR
~ BERENE - AEEKRLERAE ~ # | SREREERYEEH ~ H-LBIGRCRER ~ i RN E R -
RGN o FEREPERKRBRERNE - ERERLRER ~ IR R BB AR R R ERR AR o 8 - R
0 | iR RN ~ KBS - 1 | SHERRREREH o HRKYRLEK - I IERIVEEERNAR - Kt d
B - DHEEREEN ~ RIEN o GEDERBERER ~ S RKEERE o SR mER HH R BN R - S8
R - REWK ~ BEERE - BREE - REFHERIK -

& | ®
7 W AT EE EE.E5 3 G+ ¢
x| wasses BT (@i -on|me o< 1H-ke |1 nE] A &
o | ERE | A e | e »R HE ) RO ] B #
w | W20 | e E18 [ R [Ki-o= | 1ERO () -] A 1
« | ERE| A e | Eiean ||| e eue | R f
o | 3R | Qi BN oy o |we-mo |11 -10] 1-nm] & &,
o K= 1| 4 BN gyo.qeq | wil-ma | ihi-R0| 1-0m| 8 &
~ Rie|mE- 0| we-09[ 10011+ 18] R i




KRN o ~%ﬁawfﬁ
(1)) HRNEEE - ERERS - BEENENBERIES - WRRR SN - SESREEEHEN - wﬁ,mm% ¥
aﬂ.@ﬂwz

RBER ~ NERENEYE « SRHNEHDE ~ S8 - SHERRE S ( HERR | BE) | ) HESH - SRk
KIE o SR EE RN ENEE » BRUKEML PN RERE | &~ HOBCRE | Bl -~ SEERENESH o FREERe
i~ SR |~ RN o HREEE - @ | @80 - SRR - SREKRES ~ SRR - R
SR BAIE ~ WD o BN - BhEERE | L - HEREREEEE< BEREEE - BREOE - L@TME
B8 o RN ~ WERE ~ B fa5 - HH DR HF RSN QB EREE o SRESEFEN SR - ol BAE - U8
RN

(1) HEVEEF—-CESHIRE EER i - EEKERRGENEEN o YREN KRG - REREEER
JEN -~ g | EENIE ~ R - R AR » S RN - R o HEBEERRR ~ XRURRCH -
- REEY BAREH RREE o SRS REMN - AEERAERKHUER - BRERKERENS - HEENEE o iEaR
i e HRE K » BREFLEREIEE ~ BHESNBETEL R - ENEE R0 o Ryl K i sk ~ 5
Qo Rk ~ PSR R R G R - SRR ~ KEEHGERE N - KR - <SR B B R R o
SRNPRER » PE<H ~ ENSHD KT mE S8 ~ REH S RERHng o BULBQERE ~ YR -]
B~ E K IR - SR ~ SRR - QR4 o SRAENE - SERRE R ~ SWREER - £RER )
LRE - WEREBHHBERN o RLEH - SEEANHEER - TLEEN ~ HEFBUKRENKS - 8- NE§ B »
HOUDESREE | S - ERER IR IR » FEBEHESRRBET ~ (I - FUKRERFRN

(1)) SRR
2 i 8 B I}




2 ERE U
ERYNBRE -

RTINSO MBE Bl ~ R SRS R - MR QAR R o G ONHK - RERERER - KW
OB o FEKEHRACHECH ~ ERSEAIR - AR GRE - SCESEANE o BEHURERE - HHMRY - GORRER
S5 o e £ N SR o R SRS B I S R BN T RS o

(I DEER

HISEEERREREEENE o & | 1 EE ~ BRES ~ HERHER SR OENBRRY ~ NBRGENBORE ~H
RIEEES | ) ERREREY - HRER - REEEEK - SESERIRBERRARE ~ S -

(1) BRE S-S HBRE ~ HEBEH ~ KR REEHE - EREUBHSERERERNBRE kSE N ~ HEN
I - KRR EHE R o RSO RBE ~ THERNSEHERRERN VY - CREEHDFERWEANEER ~ N
%Kﬁﬁﬁo%EﬁEZ%ﬁﬁﬂm,mﬁm_Eﬁ%&,4%&m%ﬁﬁ@%TMﬁ%ﬁ%o%ﬁMﬁmmﬁﬁﬁ&,mﬁﬁ
%E%,%ﬁ##+mzﬁﬁ,ﬁxﬁﬁﬁﬂﬁw,ﬁé&&ﬁmﬂﬁ%ﬁm%,%mﬁ%ﬁ*aﬁ%%ﬁﬁﬁ%Zﬁ%%,%
PEERERS ~ DS TNRNEE ~ $ ¥ EH RN - g BN - ROEERE ~ £ EREHE - RECHTRRN
oRﬁ%%ﬁ@ﬁﬁﬁ,ﬁﬁﬂi&ﬁ#m+%%ﬂ¥&k+%%ujﬁgWﬁﬁﬁﬁhoﬁﬁﬁz%,%+_ﬁ$#@ﬁﬁ&
AE+8%$ﬁ,Emgﬁ*ﬁ&ﬁ%ﬁ,m¢ﬁﬁmﬁz,ﬁME$ﬁEﬁmih,ﬁﬁﬁdﬁﬁ,&&&ﬁﬁ&ﬁﬁo%%
%ﬂﬁﬁ,m:+%ﬂTm+%mhﬁwZEﬁkﬁﬁz,%Lﬁﬁuﬁﬁ,%ﬁﬁxﬁﬁﬁ,ﬁﬁﬁﬁnﬁm+ﬁﬁﬂﬁﬁ+
&zm,mﬁﬁ%ﬁﬁwﬁzo+ﬁﬁ&mm,ﬁ?ﬁﬁhﬁﬂz,:+ﬁﬁ&,m?ﬂﬁﬁuﬁxﬁﬁﬁﬁaxﬁhxﬁﬁﬁ,
WE%,WH*Vﬁ%mﬁﬁﬁﬁﬁ$&ﬁmﬁk,ﬁ%ZiT§_Eﬁm,ﬁﬁ%_mﬁﬁﬁz&ﬁ,éﬁ§%%ETzax
ﬁzﬁﬁ,ﬂﬁﬁﬁ%&zﬁ%ﬁ,ﬂﬁ%ﬁ%ﬂﬂ&%ﬁﬂzohﬂﬁ%,ﬂﬁﬁah,iﬁ%%ﬁﬁﬁgﬁﬁiﬁﬁi,%



WER ISR RN HE K
(1) 3w
B IR et ) B SN o I e RN ol - K I R R SR T o ) SO SR SRR o BIERRT [ iM  » IR

BEAAR - SERNETTE » REONERKY -~ BENKEE - S NBEY - SRERE ~ $HEESE - S EHEN
W - BIENERE - SH NS - BHCRGES - R - KB - EREENERENRE o FRERQ
B B A N N ~ SR PR - BSR4 o GRS o ERE ~ BREGEHER o SEEE
SN -~ RIRRSBENE ~ EHanBY o S I ~ SR HEE - B8 YRR - KECENRE ~ ENERSE - 3
Qi o REREHEGEY ~ & QERICE HBAWQERYE ~ SREEEN LUK ~ B R EE-8 YR - S
RREC LB ~ R | HEENED o

R RS ~ R R ~ RS R R B4R ~ S R S ] T <~ RN ER AT S - R
EREH - NG - RSB - RN BRI ~ REREEN o TEDRIEE - KR SR - Sy
BEGEH - WHERERNE R NEERY - SRSHHHE ~ TREY | DR ~ FEHENE ~ 80 1E o FHENK -
REESEQENH ~ He e HDEY - NREEEFROLEEHEEN BN o

CRABENH -~ SEREDS ~ HERE LSRR ~ ST SERNER o ( m<EEHNG RSB R RN
¥ ) SRR - B EHNKEH ~ RRUNETE ~ SEEREH ~ EERETE - REESSEKRNIE - 5 Bh XK
« B £-SEK ~ X BY EHERG D o Bh SIZHENE - SIRNHEE - SREUDEREE - SRGORRRNRE TR
NBRK o Bt R BEHK® » REKERSES o BUKRETH 1 | Hok ~ WS MK E G2 - WaKiS i Bl NE
~ L RHREE o HBMEERESNGS - 084K B ~ |E40H# | BRSEBD o E Bl FWBEE - N0 - RUE

P8R 1

21987



MEYT. V0

AL,

763

e v
»
Lo

AEERER W
EEEREERLS G E R

(SRS |8

HERRE I FE HE K & NR

WBE! 118 nm ok DR uEER




MAR1E 1833

i B OB OB PR =
CONTRIBUTION FROM THE SIN YURN FUEL LRBORATORY
GECLOGICAL SURVEY OF CHINA

No. 7 : Dec. 1952

al  ON THE OCCURRENCE OF SPHAEROSIDERITE IN A SUBBITUMINOUS
CORL FROM HSIAN CORL MINE, LIRONING PROVINCE
By
C Y. HsiEH
b) . R REMRRKABLE OCCURRENCE OF FUSRAIN AT
LUNGCHURNHSIEN, CHEKIANG PROVINCE
By
C Y. Hsien & K CHANG
<} THINNED POLISHED SECTION OF CORL, A NEW TECHNIQUE
IN COAL PETROGRAPHY
By
C Y. Hsigd

REPRINTED FROM THE
BULLETIN OF THE GEOLOGICAL SOCIETY OF CHINA,
Vol Xll, Na 1, 1932

MATIOMAL L!BH:‘;H‘T’ b
PEPING, Gt

ForIPIRG
;



PUBLICATIONS OF THE SIN YUAN FUEL LABORATORY
GEOLOGICAL SURVEY OF CHINA

No. 1. A Preliminary Petrographical Study of the Peipiao Coals, by
C. Y. Hsieh..o.cooriiirieiiceernen st cecnenmvnananes § 1200

No. 2. Some New Methods in Coal Petrography, by C. Y. Hsieh....... $ 1.00

No. 3. The Coking Property of the Poshan Coal of Shantung, by C.
CoWaDZ. ettt $ T.00
No. 4. On the Vegetable Tissues and Flora in the Chinese Coal and
their Geological Significance, by C. Y. Hsieh.................. § 1.00
No. 5. Chemical Analysis of some Chinese Crude Oils, by K. Y. King
OO TURUURPUUPRRPR - I o1 ..
No. 6. Microstructure of Chinese Anthracites, by C. ¥, Hsieh {in
PTESS)..aiiiiacreeear e eseer s s mnsa s e e e e e s b e e nan e s e rnnnnnens 8 T.oo
NOu 7r  cereeiitateiret e eerct i be e reer e s erae s s ra e aas neearasmesansrrranseseerennnreenn § 00

a2} On the Occurrence of Spharosiderite in a Subbituminous
Coal from Hsian Coal Mine, Liaoning Province, by C.
Y. Hsieh

b) A Remarkable Occurrence of Fusain in Lungchuanhsien,
Chekiang Province, by C. Y. Hsieh & K. Chang

c)” Thinned Polished Section of Coal, a new Technigue in
Coal Petrography, by C. Y. Hsieh

No, 8. Studies on Coking Properties of Shungkengshan Coals blended
with other better Coking Coals, by K. ¥. King (in
DIESS) cvereeanrennrecsrseaisanrrssnsisssases somsressssassocsansannrannsennnnrs & E00

No. 9. A Low Temperature Carbonization Assay of some Chinese
Bituminous Coals (I DPIESS) ..evermieeiueririreemiinices sverevnnren

No. ro. The Plastic Range of Coking Coals in China (in press)............
No. 3. Sulphur Forms in Chinese Coking Coals (in preparation) .......

No. 12: Microscopic Structure of Tzuhsien Coals and its Bearing on
Coking Property, by C. C. Wang (in preparation) ........... § L.oo



ON THE OCCURRENCE OF SPHAROSIDERITE. IN A
SUBBITUMINOUS COAL. FROM HSIAN
COAL MINE, LIAONING PROVINCE?

By i
C. Y. Hsex* (#%s)

{Contribution from the Sinyuan Fuel Laboratory No. 74)
(With two plates)

1. INTRODUCTION.

M. T. F. Hou, geologist of the National Geological Survey of China
brought back in 1931 from Liaoning province, a specimen of subbituminous coal
in which are included patches or aggregates of small oofites. This interesting
specimen was given to the writer for microscopical investigation. Both polished
and thin sections were made and the result of microscopical study shows that
these oolites are composed chiefly of siderite or ferrous carbonate and what is of
more Iterest is that practically every oolite has in its center a piece of wood
fiber which shows more or less well preserved structures.  Such oolitic siderite
containing plant remains is called in German, ‘‘Sphercsidente’.

Sphzrosiderite and its related forms such as coal balls of dolomitic com-
position etc. are of frequent occurrence in coal seams of Germany, England and
other European comntries.  They are comparatively rare in American coal fields,
as description of them is scanty among the literature.  As both spheerosiderite
and coal balls contain frequently well preserved plant tissues, they are therefore
considered by Palwohotanist as the best material for the study of the anatomy
of the ancient plants. In fact most of our knowledge in regard to the internal
structure of the Paleozoic plant life have been derived from such a study.

In view of its value in paleeohatanical investigation, the discovery of the
first accurrence of spheerosiderite with plant tissues among the Chinese coal seam,
is therefore of special interest to deserve a short description as follows:

2. FELD OCCURRENCE. o

The Hsian coal mine is located about 3 km north of Hsian city in

§ Manuscript received—August 1632. .
*  Geologist, Geological Survey of China, Professor of Economic Geology, Na-
tional University of Peking.
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Liaoning Province. ‘The principal coal seam worked is seam No. 3 {counting
from below upwards) which has a thickness of about 5 m. At the North end
of the No. 1 open cut Mr. Hou feund a lenticular layer of spherosiderite about
1.5 ft. in thickness. It lies in the upper part of the coal seam, and is not far
from the earth surface. The layer is limited both above and below by bands of
vitrain of bright luster. The lateral extension of the sphecrosiderite is rather
limited, a length of about 30 m. has been traced by Mr. Hou. According to
Mr. C. C. Wang,! the age of the coal series belongs to Cretaceous, though some
Japanese geologists have claimed it to be Jurassic.

The Spherosiderite is gray in color when it is fresh and yellowish to
brownish when it is weathered. The oolitic structure becomes especially
evident on the weathered surface. The distribution of oolite seems to be quite
irregular, it is found both in vitrain and in the ash-rich bands of durainic com-
position.

Chemical analysis on a carefully prepared sample of the oolite has been
made by K. Y. King who reported the following result:

Total Fe as FeO .ivvvreniiniiniinnnnnns 51.629%
Organic matter .uoveeeeeiieeceercnnranen 2.62
Carbon dioxide v...uvvveveieinnniranennee. 30.95
Insoluble matter ..cecovviveveriirnineeees, 106
Hydroscopic water ....cc...cceceeevennnes. ToDME

The above composition agrees closely with the formula Fe COs, there-
fore its identification as siderite is proved beyond any doubt. The small content
of organic and insoluble matter shows that the siderite is fairly pure. The in-
soluble matter consists essentially of clayey material as is shown on microscopic
examination. -~

Chemical analysis on the Hsian coal made by the Geological Survey of
China gives the following composition :

Moisture  10.25  Volatile matter 33.81 Fixed Carbon 51.50
Ash 4.44  Color of ash, brownish  Calorific Power 6956.
It is therefore a kind of subbituminous coal very near to the coal of

Fushun.

1 C.C. Wang, Geology of some coal fields in Liaoning and Kirin Provinces, Bull.
Geol. Surv. No, 13, 1929.
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3. StupY OF THIN SECTION.

The sphaerosiderite is rather uniform in sizes, being varied from 1-1.5 mm
in diameter. Under the microscope, the siderite occurs in tounded form and
from center outwards, there may usually be distinguished three zones (Plate 1,
Figs. 1 & 2Z): (a) a central portion with brownish colored wood fiber {b) an
intermediate zone of almost pure siderite which is coarse fibrous to prismatic and
is concentrically arranged.  Under the crossed nicols, the siderite granule shows
spherulitic extinction. {c) a thin marginal zone of rotten and badly crushed woad,
showing no distinct structure.

The Spherosiderites are embedded in a ground mass of coaly matter
which is either pure and homogeneous or is thoroughly mfiltrated by quartz grains.
In the well made thin section, the coaly massis usually translucent and shows
in some cases also well preserved woody structures,  This latter structure in the
ground mass and that of the siderite are generally similar and are parallelly
oriented, except that the tracheids in the center of the siderite are more widely
spaced and less compressed as compared with those in the ground mass (See Fig.

2,PL ).

The above relation indicates probably that siderites were formed as a
result of replacement on twigs or pieces of wood during the time when the entire
wood was not yet crushed and coalified.

In certain part of the section the central wood fibers of different spheero-
siderites are not parallel to each other and the woody structure of the groundmass
is also not parallel ; in such cases, it may probably indicate their formation
by gradual growth on irregularly and orderlessly scattered tiny bits of woeds, the
latter acted as precipitation agent.

The degree of preservation of the wood fibers is also extremely varied :
some fiber is practically uncrushed and therefore all structures such as tracheids,
medullary rays and perhaps also bordered pits may be distinctly observed, while
in the other cases, the fibers have been crushed, contorted indicating that stress
before sideritization was already In activity.

In the horizontal sections of the waod fibers, the cells may be polygonal,
rectangular or irregular, depends, as a rule, on the degiee of crushing. Some
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fibers having their cells filled by mineral matter are comparatively less crushed
and show therefore still the original rectangular forms and seriate arrangement

(Fig. 1. Plate II).

The tracheids in the ground mass, when the section is thin enough to be
cbservable, are found usually to be a Little curved when they come to meet the
siderite nuclens (See Fig. 2, Pl. I). This relationship shows clearly that
sideritization preceeds coalification and its accompanied compression, a conclu-
sion harmonized with what reached by previous workers.

4, STUDY OF POLISHED SECTION.

Several polished sections of the specimens were prepared and they were
examined under a Leitz ore microscope by the reflected light.

When examined by ordinary light or with the use of one nicol only, the
polished surface shows no well marked structure.  The reflecting color of both
the siderite and the wood fibers are nearly the same, so a discrimination, of them
under the microscope was impessible.  But when the nicols are crossed or sull
better when a drop of oil is introduced between the polished surface and the oil
immersion objective, the cellular structure of the wood fiber becomes at once
very distinct ; the latter also shows a brownish color contrasted with the gray color
of siderite. The three zones, namely the central wood fiber, the intermediate
siderite and the marginal rotten zone are then as clear as observed in the thin
section

Exactly the same kind of structure may be observed when the polished
section be examined by oblique illumination ; the wood fiber will then be colored
brown while the siderite as well as the ground mass will be black.

At one place, it is observed an aggregate of 20 or more oolitic siderites
containing all in their center a bit of wood fiber which show similar and parallelly
crientated cellular structures. This relation conclusively proves that oolitic
siderites were formed by replacement of a {ezmerly homogeneous piece of wood.
Fig. 2, PL. 11, shows very well the orientated woody fibers in different oolites.

From the form and orientation of the cellular structure in the central
wood fiber of the siderite oolite, we may roughly divide the polished section in-
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to several quarters, each of them shows the same orientation of the vegetale
tissues. These different quarters evidently represent different piece of in-
dividual wood, which may vary greatly in sizes from a few millimeters to one or
more centimeters in length or width, as can be seen from Fig. 3, PL 1.

The ground mass of the oolitic aggregate is composed of cealy matter
which is much dessiminated with quartz infiltrations. In the ash-rich bands,
the guariz is exceptionally abundant; it occurs either as irregular grains or as thin
veinlets of lamellar forms, the lamelle being perpendicular to the direction of
the veinlet. To the naked eyes, the lamellar quartz looks not unlike fibrous
gypsum.

The polished section of the vitrain band shows uader the microscope to
be an almost structureless and homogeneous mass, but some indication of cellular
structure can often be seen, especially ol immersion objeciive is used. This
structure represents extremely crushed tracheids with inclusions of rounded
particles perhaps resin canals. Some faint indication of medullay ray can also
be observed. Under the crossed nicols, the vilrain is, however, isotropic, so
that it shows no structure whatsoever,

Very distinct and rather beautifully preserved woody structure is
obtained when the vitrain is etched with chromic acid. By this treatment, the
surface of the vitrain is soon coated with a thin hilm and which exhibited under
the microscope very distinct structure. It is no doubt that here the wood be-
longs to some kind of Conifer. From the general structure of the wood, it
seems very likely that the vitrain band has been derived from the same kind of
coniferous wood as that formed the central nucleus of the siderite oolites.

5. ORIGIN OF SPHEROSIDERITE.

From the above study of both the thin section and the polished section, it
becomes clear that the spheerosiderite of Hsian coal mine was formed as a result
of replacement of woody stems or twigs at a time when the plant matetial had
not yet quite decayed. Hydrous iron oxide (limonite) is abundant in swamp
water, and under the reducing condition of the plant-rich swamps or bog, the
iron will easily be reduced to form the soluble ferrous carbonate.  According to
R. Potonie this solution when meeting the woody material, will be absotbed by
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it, and after reacted with lignin in the wood, soon became a kind of colloidal
solution. The gradual precipitation and coagulation of the colloidal solution in
the woody cells will produce oolitic forms which was called by Potonie® the
*“*Gerinmmgstruktur’”,

The above explanation is nothing more than a hypothesis, as the so-
called **Gerinuungstruktur™ of Potonie is a very problematical thing. The de-
tailed process of oolitic formation and gradual replacement of the wood is yet
not clear.  But there is one thing quite certain that the oolite was not formed by
concentric, growth on a piece of wood fiber {the usnal explanation of concentric
formation), but as replacement in pieces of woods of greatly varied sizes.

Owing to the minuteness of the woody fibers and the incomplete preser-
vation of cellular structures, the exact nature of the wood can hardly be deter-
mined. However, in view of the narrowness of the medullary ray and the
rounded bordered pits, this wood in question may be compared with the
Kenoxylon found at Hsiachiakou in Hsiianhua Hsien and in many of other coal

fields of northern China.

2 R. Potonie, Einfithrung in die allgemeine Kohlenpetrographie, p. 106, 1924,
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ExpL.ANATION OF PrLaTE 1.

Fig. 1. Three spheerosiderites occur near together in the thin section,
The woody fibers of the three concretions are all parallel to each other while in
the ground mass the tracheid shows a little curved forms when it comes to meet
the sidenite. 'The structure represents a tangential section of the wood.

x 36. Thin section.

Fig. 2. Same as Fig. 1 on higher magnification. The tracheids and
the medullary rays in the wood are very well shown.  x 62. Thin Section.
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ExpPLANATION OF Prate II.

Fig. 1. Horizontal section of the woody fibers in sphesrosiderite. The
cells are of polygonal shape with lumens completely silicified so that they have
suffered very little from compression. % 62. Thin section.

Fig. 2. Photograph of polished section shows the distribution and gen-
eral structure of the spheerosiderite in the Hsian coal. According to the orienta-
tion of the woody fibers, the section may be roughly divided into several
quarters, each represents a single piece of wood stem from which sideritization
gradually took place. x 2.5.

Fig. 3. A portion in Fig. 2 much enlarged, shows more distinctly the
paralle] alignement of the wood fibers. x 6.5.
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A REMARKABLE OCCURRENCE OF FUSAIN AT
LUNGCHUANHSIEN, CHEKIANG PROVINCES
By
C. Y. HsEx® & K. CHanc* @R%:, BE)
( Contribution from the Sinyuan Fuel Laboratory of the Geological Survey, No. 7b) .
(with two plates and one text figure)

1. INTRODUCTION.

During his short visit to the Geological Institute of Academia Sinica in
Shanghai in 1931 the senior author noticed among the coal collection there some
remarkable specimens of fusian collected several months ago by the jumior
author. These specimens in the size of several centimeters square or more, are
made up of homogeneous fusain which shows to the naked eye a silky luster of
black and dull color and a distinctly cellular structure.  According to the junior
author, the fusain occurs as lenticular bodies or packets in a volcanic series,
which fact indicates beyond doubt that it has been formed from the chaning of
woods following the volcanic eruption.  As there has been within recent years
controversy theories and serious discussions about the origin of fusain, a finding
showing its undisputed origin is therefore highly interesting and is worthy of
mentioning.

2. OCCURRENCE.

The fusain lenses are found on the slope of Chenkanshan { BE¥EIN ),
five Ii North of Taotaichén ( SE43E ) or 2 or 3 |i west of Yangtoutsiin +{ 35
#), in eastern Lungchuanhsien { 32545 ) at a distance of about fifty li from the
district city, Chenkanshan is a hill of about 300 m. in elevation with an upper
steeper slope and a lower gentle one.  Fusain, in the forms of pockets, veins or
lenticular layers is exposed at the base of the upper steeper slope. Largest
pockets so far ohserved show a length of about 8-9 m. with a maximum thickness
of about 10 cm. It is intercalated in greenish tuffaceous rhyalite.

Similar coal seams ate reported to occur at about 10 i West of Taotai-
chén at a place called Chikoutsun (Z2034F ). Although this occurrence was

§ Manuscript receive in August 1932 .
*  Geologist, The Geological Survey of China, Peiping.
%% Member of the Geological Institute of Academia Sinica.
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not visited personally, it seems very likely that it belongs to the same type of
deposit as found at Chenkanshan.

Fig. 1 is a skeich of the Chenkanshan section showing the successive
layers of rhyolite and the Intercalated pockets of fusain. The lowest rock exposed
at this hill is a grey rhyolite (a) containing some quartz phenocrysts and above it
is a layer of brown rhyolite (b) with practically no quartz grains visible to naked
eves. The uppermost formation is a greenish tuffaceous thyclite forming here

Fig. 1.

a steeper slope than the other two. Fusain lenses are found nearly in the lowest
part of the tuffaceous rthyolite ; at the contact between the fusain and the rhyolite,
the rock is frequently marked by a black color of glassy appearance which in-
dicates probably the result of rapid chilling with at the same time the introduc-
tion of coaly matter as intermixtures.

Lithologically, the formation just described bears a close resemblance
with the great thyolite formation of Western Cheldang, its geological age has
been determined on paleontological ground to be Upper Cretaceous. Similar
age may therefore be assigned to the rhyolite series of Lungchuanhsien.

3. PaysicaL AND CHeMical. CHARACTERS.

The fusain forms rather compact and coherent mass, but on breaking, it is
easily separable into fibrous or powdered forms. The coloris black with a
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dull but a somewhat silky luster. Fibrous structure is distinctly observable to
naked eyes. Determination of specific gravity and porosity by Miss T. C.
Hung gives the following results:

True sp. gravity = 1.960
Apparent sp. gravity = {.930
Porosity = 1.53%

According to Lange® the specific gravity of fusain varies from 1.272—
1.86. In the report of the U. S. Bureau of mines, Davis? determined the spe-
cific gravity of one sample of fusain to be 1.53. From this record, we can see
that our specimen of fusain has the highest specific gravity, a fact, evidently to
be explained by the presence of abundant infiltration of mineral matter essential-
ly quartz.

Chemical analysis of the fusain shows the following composition:

Anmalysis by Moisture ~ Volatile matter Fixed cathon Ash
Geclogical Institute of 9.399% 11.58% 50.909% 28.64%

Academia Sinica

4. MICROSCOPICAL STUDY.

Both polished section and thin section of the fusain show under the
microscope well preserved woody structure.  Fig. 1 Plate I shows a horizontal
section of the specimen, in which the radial arrangement of the woody cells is
very well shown. One characteristic feature is the extremely small sizes o'f the
woody cells which amount to 15 # in tangential and 12 # in radial directions.
The thickness of the cell wall is sbout 3 #. The lumens are almost enticely
filled by quartz, which shows in polished section 2 gray color and a slightly

1. The. Lange, Die praktische Bedeutung und der techuische Wert der Fasetkohle in
0. Stuizer's “‘Fusit””, pp. 101, 1929. ) .

2. Joseph D. Davis, Fusain, Information Circulor No. 61 15, Bureau of Mines, original-
Iy published in Mining Congress Journal, March 1929, pp. 197-200.
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higher relief as compared with the coaly matter. Medullary ray is not distinct
on the horizontal section. There are abundant radial lines closely resembling
rays, but as they have been all replaced by quariz, exact determination of their
nature is not possible. It is believed that narrow rays are certainly present, but
as a result of mineralization, they have been mostly obliterated.

The thin section of the fusain shows equally well the woody structure.
Here the infiltrations or veinlets of quartz becomes admirably shown. Another
way to identify quartz infiltration is by immersing crushed fragments of fusain in
oil ; then, the rod-like, prismatic form of the quartz, a pseudo-form derived from
the woody cells, is very characteristically shown.

The structure of annual growth can be very well seen from the horizontal
section. It is marked by alternation of more crushed spring wood and the less
crushed antumn wood, the latter, is, as a rule much narrower.

Fig. 3, plate IT is a longitudinal section of the fusain, showing some-
what crushed and distorted tracheids. The pittings have been mostly miner-
alized and are therefore obliterated.  In certain rare cases, pits resembling bor-
dered pits are observed as shown in the accompanied illustration. These pits
are extremely small, not exceeding 3 x4 ¢ in diameter.

It is certain that the wood herewith described belongs to some kind of
Conifer ; owing to advanced mineralization and imperfect preservation of de-

tailed structures, its specific determination is almost impossible.

5. ORIGIN.

In recent years there has been much discussion among coal petrographers
i regard fo the possible origin of fusain.® According to one school fusain is
nothing but charcoal that has been bumed during forest fire. This fire was
brought about incidently by lightening, spontaneous combustion or other natural
causes, a phenomenon occurs not infrequently also in the. present time. The
other school maintains, however, that origin other than forest fire is equally

3. O. Stuizer, Fusit, Vorkommen, Entstehung und praktische Bedeutung der Faserkohle
{fossile Holzkohle), 1929.
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feasible for the formation of fusain. As it has been proposed for instance, that
dehydration or decay under deep burial i. e. under anerobic condition may even-
tually convert woody comporents of the coal into fusain. Recently, Laupper?
has demonstrated that “‘Heukohle™ 1. e. hay charcoal may be produced in hay
stacks by prolonged decay and decomposition. Such hay charcoal often shows
well preserved cellular structure and therefore quite similar to fusain. The action
of sulphuric acid on wood will also produce charcoal-like substance, although
the presence of such acid in appreciable quantity in swamps is yet to be proved.
On the other hand, Bode® has recently summarized all the arguments and
evidences favoring the forest-firs theory which according to him should be the
only possible explanation of the origin of fusain.

By the forest-fire theory, fusain may be considered as primary in origin,
1. e. to say fusain has been already in existence while the coal was in formation,
whereas by the latter theory, fusain formed simultaneously with the coalification
process of the coal bed, in other words, it is of secondary origin.

The occurrence of lenticular layers or pockets of fusain in volcanic series
at Lungchuanhsien in Chekiang province has provided us an undisputed evidence
in favour of the first hypothesis, namely, fusain has been formed not through the
chemical reaction, but by the action of buming. Instead of forest fire brought
about by lightening etc. as the only cause, our case has shown that volcanic erup-
tion may under certain condition produce sufficient heat for the conversion of
wood into charcoal.

We may therefore interprete our occurrence in the following words:
During upper Cretaceous time there occurred repeated volcanic eruptiops and
the stream of lava encountered in the vicinity of Chenkanshan some drifted
woods. As the lava was so hot, that the wood became at once charred to form
natural charcoal or fusain. When later lava or tuff coming down, the fusain will
be buried and finally became included in the volcanic series. Since the woods

4. G. Laupper, Die Schaden der Landwirtschaft infolge Selbstentziindung der Heu-
stocke. Genf, 1926, Geogr. Gesellsch.

5. H. Bode, Die Fusithilding vom Standpunkt der Waldbrandtheorie, Gliickauf, no. 7,
Jabrgang 1930,
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were of dufied origin and were distributed usvally in scattered and irregular
manner, so the fusain formed is necessary in the form of lenticular layers or
packets ; no regular and persistent beds are therefore to be expected from this
kind of deposit. During or after the process of carbonization, solution carry-
mg Si0: from the lava gradually worked into the cellular spaces of the wood and
there be deposited as quartz infilirations. This explains why we have in this
specimen an exceptionally abundant quantity of quartz impregnations.
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Prate 1

Fig. 1. Several lenticular bodies of fusain (marked by hammer) occur-
ring in a volcanic series of Upper Cretaceous age. Chenkanshan, Taotaichén,

Lungchuanhsien, Chekiang Province.  Photographed by K. Chang.

Fig. 2. Fusaln occurring in more or less continuous layers in volcanic

series. Same locality. Photographed by K. Chang.
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Prate

Fig. 1. A piece of fusain showing rather distinctly its fibrous structure.
Reduced about one half.

Fig. 2. Microphotograph of polished section of fusain showing dis-
tinctly the cellular structure which represents clearly a horizontal section of the
wood of the Coniferous variety. x 160.

Fig. 3. Longitudinal section of the wood showing extremely small

bordered pits. x 120.

38






THINNED POLISHED SECTION OF COAL,
A NEW TECHNIQUE IN COAL PETROGRAPHY*

By C. Y. Hsin ( #15%% )
(The Geological Survey of China)
Coniribution from the Sinyuan Fuel Laboratory No. 7c.
{with two plates)
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I. INTRODUCTIONM.

Opinions often differ among coal petrographers as to the relative ad-
vantages of the thin sections and the polished sections. In reality both of them
are useful and they should be used simultaneously in order to get a clear and
exact idea about the microstructures of the coals studied. It is needless to say
that the thin section of coal is always far more superior than the polished one for
the former is apt to give more distinct view of the structures represented. Never-
theless, in the case of coal extremely rich in opaque matter, the use of thin
section alone is often not enough to show all the detailed structure, so that the
polished sections method will be helpful. In his study of the Elkhom coal bed.
Thiessen' has microphotographed a number of splint and semi-splint coals in
which opaque matter forms predominate part and therefore besides the trans-
parent spores, cuticles, etc. there shows very Litle structure in the ground mass.
To study the occurrence, form, and detailed structure of the opaque matter, the
use of polished section s consequently of great help.

*  Received for publication Dec. 1932

1. Thiessen, R., Geo. C. Sprunk, H. J. O'donnell, Microscopic study of Elkhom
coal bed at Jenkins, Letcher county, Ky. Tech. paper 506, Bur. of Mines, 1931.
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On the other hand, the study of polished section alone gives usually con-
siderable uncertainty especially in regard to the nature of the cellular bodies
which may be a charred wood 1. e. fusain or a less humified zylon showing still
well preserved structure. The question can be immediately settled if the cellular
body could be studied by the transmitted light; in that case fusain will appear
perfectly black, while humified wood will be red or dark red in color.

Now, if both thin sections and polished sections of a coal be prepared
and studied, considerable difficulty may still arise as how to make exact cor-
relation and comparison between the structures observed by both processes.
Therefore it is the opinion of the writer that if by certain means the two pro-
cesses could be combined into one, then there should present no difficulty in the
accurate identification of most of the constituents contained in the coal.

The writer is indebted to Mr. K. Y. King, chief chemist of the Geolo-
gical Survey of China for many of his helps and suggestions throughout the work.

2. THe THINNED POLISHED SECTIONS.

The writer was much impressed by the bright idea recently praposed by
Donnay® on the making of thinned polished sections. This new technique in-
valves the polishing of one side of the chip before mounting and to grind the
other side to the standard thickness by the usual way. It is in fact just a reverse
process of what was formerly suggested by Tolman and Rogers® who gave the
polishing of the surface, however, after the slice has been mounted and ground
to the required thickness. No cover glass was used as polishing plays the same
role.  Such sections were called by Donpay, the polished thin section.

It is clear that by the method of Donnay, the polished side after final
grinding will face to the mounted slide, and this will make both observation and
good focussing impractible. In crder io make the polished side facing the cover

2. Donnay, J. D. H., Thinned polished sections, Econ. Geol. Vol. 25, Ne. 3, 1930,
pp. 270.

3. Tolman, C. F., A. F. Rogers: A study of the magmatic sulfide ores, Stanford
University Press, 1916, pp. 75-76.
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glass, a process of transfer of the thin rock piece is necessary, and the covered
section is finally remounted on another mounting glass.

Owing to the internal reflection in cover glass, and the consequent blur-
ting effect of the image, the examination of polished section with glass cover on
it gives usually no sharp focus. In order to overcome this difficulty, Donnay re-
commended the use of oil immersion objectives. By the introduction of a drop
of cedar ofl or glycerine between the slide and the lens, there resulted in the pro-
duction of an approzimately uniform refractive medium (i. e. Canada balsam,
cover glass, cedar oil or glycerine) between the polished section and the lens, and
it is then possible to obtain a perfectly sharp focus. Only low power oil im-
mersion objective can be used, the 8 mm lens being considered as most con-
venient.

3. THE PREPARATION OF THINNED PoLISHED SECTION OF COAL.

It is evident from the above description that the Domnnay’s method of
thinned polished sections could also be well applied to coal, except that the pro-
cess of transfer which owing to the fragile nature of the coal slice is almost im-
possible. With some modification, the writer has finally succeeded in preparing
a number of thinned polished sections of coal which can be studied bath in re-
flected and in transmitted light. Our method may be briefly described as fol-
lows:

The processes involved in the making of thin sections of coal followed
largely those proposed by Thiessen’, except that in case of compact and tough
coal which contains a high content of volatile matter, and consequently its
grinding to the required thinness being of less difficult, such preliminary steps
of water proofing the slice by paraffin can in most cases be avoided. Canada
balsam alone may be used as the mounting medium, though the mixture with
certain parts of matine glue as recommended by Thiessen gives certainly better
results.

4, I am indebted to Dis. Thiessen and Fieldner for their kind advice in regard to the
making thin sections of coals.
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Having been ground on iron and glass plates with carborundum and fine
emery respectively, the plain surface of the coal block must again be rubbed on a
piece of Belgium hone and then polished on a rotating disc covered with billiard
cloth. Alundum (Tonerde) is used as the polishing material. The polishing must
not be too long, as otherwise relief will be produced and final thinning of the
slice will be diffcult. The polish surface is then mounted on a small piece of
mounting glass with Canada balsam or a mixture of balsam and marine glue.
The other side of the slice is then further ground at first on iron plate with coarse
catborundum and then on glass plate with fine emery.  As soon as the edges of
the slice or such constituents in the coal like macrospores, resinous bodies etc.
begin to appear transparent, the slice must then be rubbed on a piece of yellow
Belgium hone (extra fine grade) until the whole slice becomes transparent. The

small mounting glass with coal slice Is finally remounted on another mounting
glass of the standard size.

The thinned polished section of coal thus prepared has evidently its po-
lished side to face the thick mounting glass, the latter is now also used as cover
glass. For comparatively low magnification with the use of the 12 mm Leitz
oil immersion objective such section gives already sufficiently sharp image for
microscopic examination. For higher magnification as for instance, with
the 8 mm objective, because of the great thickness of the cover glass, sharp
focussing is in most cases impossible, and therefore we must have the polished

surface of the coal to face the standard thin cover glass. This is done by the
following way :

Mount the cover glass'to coal block by means of Canada balsam or a
mixture of marine glue and Canada balsam depending upon the nature of coals.
Until this is perfectly dry and hard, mount cover glass side of the block to a
small mounting slide. The whole thing consisting of 2 mounting slide, a cover
glass and a thin coal block is now ground by the usual method until the required
thinness 1s artived.  The whole thing with a thin slice of cozl on the cover glass
is again mounted on another mounting glass of the standard size.  As soon as the
Canada balsam becomes perfecily dry, apply a little heat to the side of the small
mounting slide until this can be slipped around and finally taken away. The

finished slide will now have the polished side facing cover glass and which can
be cleaned and studied.
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The procedure just described is of course rather tedious and troublesome.
It involves considerable skill and is not always successful in all the time. For
practical purpose this is however not quite necessary, because all the detailed
structures can be well seen by the use of low power 12 mm oil immersion objec-
tive. The above pracedure is therefore only recommended where high power
examination with § mm objective or still higher is required.

4. METHOD OF EXAMINATION.

The arrangement used by the writer for examining the thinned polished
section by both transmitted and reflected lights consists of a Leitz ore Microscope®

and a Monla lamp for the reflected light and another lamp for the trans-
mitted light.

In actual examination both sources of lights should be connected and
by the shading of the finger or by a piece of thick paper, any one source of them
can be easily cut off, and the section be examined under pure transmitted or re-
flected light. It has been found, however, that best view can often be obtained
when both lights are used simultaneously and what is better when a green filter
1s used with the reflected [ight ; in this way the spores etc. will appear bright red
while the xylonic elements and fusain green and vitrain a dark red color. With
Panchromatic plate, distinct microphotographs showing detailed structures of the
spores etc. as well as of the opave matter may be obtained. A few of the
microphotos thus taken is illustrated in plate I, and plate .

5. APPLICATION OF THE METHOD.

As has already been discussed, neither thin section nor polished sections
should be dispensed with for an accurate microscopic study of coal, so any
method to produce a combination section, mwst therefore be of utmaost im-
portance. The thinned polished section of coals as just described 15 an attempt
to fulfill this urgent need longly sought for by coal petrographers.

5. Preferably the microscope is also equipped with reflecting mirror, condensor system
and diaphragm. If these are not available, any reflecting mirror and diaphragm
from a polarizing microscope can of course be easily fixed on it.
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The principal application of the combination sections may be summarized

as follows:

n

2
3)

“

(5}

To permit a sure discrimination between fusain® and xylonic elements
showing cellular structures.

To give detatled view of the structures in the opaque matter.

To afford quick and accurate correlation and comparisons between
structures observed in thin section as well as in polished sections.

To permit the determination of the nature, distribution and occurrence
of the mineral matter in the coal. It shows especially well the mu-
tual relationship between the mineral matter and the opaque matter
such as fusain etc.

To get a permanently preserved polished section. The elycerine or
cedar wood oil on the cover glass can be easily swept off, and re-
polishing of the section is therefore avoided.

6. In this connection it may be noted that by the use of oil immersion, the study of
polished section of coal alone can also make such discrimination, though it is nat as
sure as with the present method see writer's paper on **Some new methods in coal

petrography”” Bull.  Geol. Sec. Vel. 9, No. 3, 1930.
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EXPLANATION OF PLATE L

Fig. 1. Microphatograph of thinned polished section of coal by trans-
mitted light only, showing alternation of fusain (f) and vitrain (v) and a few re-
sinous body {white). Hekeng, Heilungkiang. x 90.

Fig. 2. The same as Fig. | but photographed by both transmitted
and reflected lights. The cellular structure in fusain hecomes now very distinctly
shown. x 90.
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EXPLANATION OF PLATE 1.

Fig. 1. Microphotograph of thinned polished section of coal showing
microspores {s), macrospores {s1), thin layers of vitrain {v) and a ground mass of
opaque matter. Shenkengshan, Huiyuanhsien, Anhui. x 80.

Fig. 2. The same as fig. T but photographed by both transmitted and
reflected lights. The opaque ground mass is now resolved into an aggregate of
fragments or particles of fusain (f) showing distinct cellular structure. % 80.

Fig. 3. Miciophotograph of thinned polished section of coal from
Shenkengshan, Anhut showing macrospores (s:), microspores {s), vitrain (v) and a
ground mass chiefly composed of cellufar particles or fragments of fusain. x

170.
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MICROSTRUCTURES OF SOME CHINESE. ANTHRACITE
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1. PREVIOUS WORKS ON MICROSCOPY OF ANTHRACITE.

The existing method of coal petrography seems to be well adaptable
only to bituminous or lignitic coals; in the case of anthracite, because of its
extreme opacity to light and resistency to most chemical solvents, no satisfactory
method has yet been developed so as to enable the determination of all its
detailed structures.

Perhaps the first attempt of devising new method for the microscopical
study of anthracite was the fame etching method of Tummer and Randall.

§ Read at the 9th Annual Meeting; Manuscript received in Nov. 1932.
*  Geologist in charge of the Sinyuan Fuel Laboratory of the Geological Survey of

China, Professor of Economic Geology, Peking National University.

1. Tumer, H. G. and Randall, H. R., A preliminary report on the microscopy of
anthracite coal, Jour. Geol. Vol. 31, 1923, p. 306-313.
Tumer, H. G., Microscopical structure of anthracite. Trans. A. I. M. E. Val,
71, 1925, p. 127-148.
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These two authors used a blowpipe flame as the etching reagent. By passing
such a flame on the usnally polished surface of anthracite, the latter will soon
be covered with a thin coat which, under a reflecting microscope, will show
sometimes well preserved vegetal tissues and structures.

The principle of Turner and Randall’s method is, however, not new.
As early as in 1836, Goeppert® has already noticed the effect of the buming
off of the organic substances and the preservation of the vegetal structures in
the remaining ash. His work was followed by Reade in 1837 and Fhrenberg
and Bailey in 1846. The conclusion of Bailey is especially worth mentioning,
as he has already correctly interpreted his results by saying that anthracite is
nothing but bituminous coal which has lost its volatile matter.

Although the method was derived from the application and modifica-
tion of some older principle, the flame-etching method has still its merit in that
the original banded structure as well as the numerous vegetal tissues in anthracite
was first visible after the works of Tumer and Randall.

By the use of chromic acid as the etching reagent, Seyler® has obtained
woody structures as well as exines of macrospores in some of the Welsh
anthracite.  According to the experience of the writer, however, the etching
by chromic acid seems to be applicable only to the bituminous and lignitic coals,
whereas for anthracite, this reagent is generally too weak to give satisfactory
results.

2. THE APPLICATION OF POLARIZED LICHT
TO THE STUDY OF ANTHRACITE.

In a previous paper on ‘‘Some new methods in coal petrography’™* the
writer has described some of the results in the using of polarized light to coal

=

2. For detailed statement on historical development of coal research, see: Stopes,
M. C. and R. V. Wheeler, Monograph on the constitution of coz!, Dept. of
Scientific and Industrial Research, 1918.

3. Seyler, C. A.: The microscopical examination of Coal, Phys, and Chem, Surv,
of Naticnal Coal Resourses No. 16, 1929.

4. Fuel Bulletin No. 2, published in’ Bull. Geol. Soc, China, Vol. 9, No. 3 pp.
311-328, 1930,
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research. Among many different applications of this new method, it has been
found that the study of anthracite gives in most cases the best result.

As we know coal is an amorphous rock and consists of material chiefly of
colloidal nature. Consequently it must be isotropic, 1.e. dark between crossed
nicols and showing no change of color or color intensity when the stage is rotated.
In actual case, however, this is not always true. On account of intense
dynamic metamorphism and consequently internal molecular rearrangement, most
of the coal and especially anthracite, has been so changed as to show more or
less anisotropism between crossed nicols. This anisotropism is mast distinct and
marked in the case of anthracite, whereas in bituminous coals, this property may
vary from faint and unnoticeable to strong snd well marked as the case may be.
It is chiefly due to this anisotropic character of anthracite, that we are now able,
by the use of polarized light, to detect its original banded structures and structures
showing original cellular forms or grain boundaries.

When examined by the oridinary light, the polished section of anthracite
shows usually an homogeneous and structureless vitrain in which are intercalated
here and there few lenses or fragments of fusain. This is the most typical
structure of anthracite and in fact it is the chief microscopic character by which
the anthracite may be clearly distinguished from the bitumincus coals. Now
with the use of polarized light and crossed nicols, an entirely different view is
obtained. Instead of homogeneous and structureless, the polished surface of
anthracite shows in most cases altemating bands of vitrain, xylon, durain and
fusain, just the same as in bituminous coals. The durain is composed of a fine
aggregate of spore exines, cuticles, woody debris etc, the exact identification
of which is, in most cases, not possible.  The bands of xylon are generally well
tecognizable, except that the cells have been intenselv crushed and displaced
to that a grenulated or cafaclustic structure is vsually shown. This granulated
structure is most characteristic as to give evidence of what an enormous pressure
the coal has suffered in its changing from bituminous coal to anthracite. Besides
these, the polarized light is able to teveal the incipient woody structure in an
apparently structureless vitrain, fo trace the transition from fusain to fused
fusain and then finally to homogeneous vitrain, and in one case also contortion
and folding of the coaly matter which becomes only visible when the upper
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nicol is crossed. All these structures are well illustrated in the accompanied
microphotographs and are to be described in the following paragraphs.

During the present investigation, a few section of anthracite has been
etched according to the method of Tumer and Randall. They show, under the
microscope, striations, dots or lamellee suggesting the presence of varied cellular
structures.  And when the upper nicol is closed, there shows at once the most
distinct structure and what appears to be most remarkable is that every striation,
dot or lamella in the etched section conforms precisely with what seen under the
polarized light and crossed nicol. This illustrates how closely agree the results
of the method of etching and that of polarized light.

While etching by either blowpipe flame or other chemical means (as
chromic acid) may achieve the same result, but the method of polarized light, in
view of its simplicity in procedure and distinctness of the images, should be con-
sidered as superior to any of the other methods so far proposed. More-
over, it is often difficult with the etching method to decide from which portion
has the structure in question been derived ; in other words, it is difficult to com-
pare the etched structure with that of the unetched one, whereas in the polarized
Tight method, the comparison is a very simple matter.

The Leitz Ore Microscope equipped with both polarizer and analyser
has been found to be best suited for microscopic study of anthracite. A strong
source of light must be used, otherwise the anisotropism will be so weak as to
be unnoticeable. Throughout the present work, a Leitz Liliput arc lamp® of
4-5 Amp. was used, and in order to increase the light intensity, no filter of any
kind should be inserted during observation.

At last a few word may be said about the microphotography of anthracite
under crossed nicols. As the reflecting power of coal surface is usually very weak
and as most of the light will be cut off after the insertion of the upper nicol, so
the image obtained will usually be so faint as to make microphotography an
extremely difficult task. Focussing must always be done on a plain glass with
the help of a magnifying lens, as on ground glass back, the faint image will
practically be unvisible. No filter of any kind was used and oil immersion is
sometimes desirable as to give a more uniform illumination. Exposure vaties

*A monla lamp, though of slightly weaker intensity, gives equally good results.
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from 8-30 minutes all depending upon the light condition as well as the manifica-
tion. In some cases the image was so faint that even by the use of longer ex-
posure, say 30 minutes, it was still impossible to get a good picture; this is
especially so in the case of higher magnification.

3. SIMPLE POLISHING METHOD VERSUS ETCHING
OR POLARIZED LIGHT METHODS.

In a recent paper on the microstructure of anthracite, Duparque and
Fanshawe® still insisted on the simple polishing as the most effective method of
investigation. 'The well polished section of anthracite when examined under
ordinary light will show of course cellular structure of fusain or partly trans-
formed xylon. These are evidently the structures represented in the Bustrations
of the work just mentioned. In order to show incipient woody structure of the
vitrain or the distinctly banded structure of the anthracite as a whole, resort must
be made to some other better methods, and among which the polarized light
method seems to be the best that has ever been tried.

The following demonstration shows very well the value of polarized
light method to coal research. A polished section of an anthracite from Lien-
chen district in Fukien Province was made. This when observed under
ordinary light, 1. e. without the insertion of either polarizer or analyser, appears
in the main as an homogeneous vitrain, with here and there short twigs or lenses
of fusain which can be well identified by its cellular structure and high relief
(Fig. 1, PL D).

With the insertion of either one of the nicols, a banded structure be-
comes faintly shown (Fig. 2, Pl. I). The layer of vitrain exhibits a light
gray color and the color becomes brightest, when the elongation direction is
perpendicular to vibration direction of either one of the nicols. In other words,
the vitrain has different capacity of reflection, being greatest along a direction
perpendicular to the bedding planes of the coal.

Under parallel nicols, i- e. with the insertion of two nicols but having
their planes of vibration in parallel position, the result is the same as with one
nicol only, except that the light intensity becomes somewhat reduced.

5. Duparque, A. and Fanshawe, J.. La Structure Microscopique des Anthracites.
Soc. Géol. du Nord, Ann. LV, 1930, pp. 111-138.
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Distinct banded structure and anisotropism of the anthracite are shown
when the polished surface is examined under crossed micols (Fig. 3, Pl. 1).
Most of the layers seem to show a parallel extinction, i. e. the extinction posi-
tion being parallel to either vibration directions of the nicols and giving maxi-
mum intensity of light when the layers are at 45° with the vibration planes
of the nicols.

The above description of the optical character of a polished section of
anthracite shows clearly that great difference exists between investigation under
ordinary light and under polarized light. With the above method, we can
observe at most the fusain lenses, the partly altered xylon, the ash particles or
lenses and perhaps some vaguely defined cellular structures. With the use of
polarized light and with one nicol (or two nicols in parallel position) only, the
visibility of the microstructure has improved already to a marked degree as can
be seen from a comparison of fig. 1 & fig. 2 in the accompanied illustration, but
the real structure of anthracile can only be observed when the #wo aicols are
closed. By this way, the original banding as well as many of the vegetal
tissues in the anthracite could be seen just as distinctly as in the case of bitu-
minous coal.

4. VEGETAL TISSUES AND STRUCTURES
OBSERVED IN THE CHINESE ANTHRACITE.

Since it is possible with the new method of study to observe the real
microstructure in anthracite, so a systematic investigation of some of the well
known Chinese anthracite was taken up by the writer. The object of this study
is firstly to show how much the polarized light method can be of service to the
coal petrographical research, especially in the study of anthracite, and secondly
to identify, as far as possible the vegetal tissues and structures in the anthracite.
Besides, attention is also paid to such broad relationship as it may occur between
microstructure and chemical composition or between microstructure and geolo-
gical age of the anthracite.

Over fifty specimens of Chinese anthracite derived from six different
provinces have been studied. For each specimen at least two polished sections,
one vertical and one horizontal were made. They were studied at first under
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the parallel nicols and then under the crossed nicols; the difference in structure
between the two procedures were observed and noted. The description of
different specimens studied is summarized in table Il at the end of this article.
It is hoped that a fairly good idea can at least be obtained from a study of this
widely distributed material.

Since anthracite represents the end product of coal formation, the
preservation of vegetal structure in it is therefore bound to be fragmentary and
imperfect. Without the application of polarized light, the detect of any real
structure in anthracite is in fact almost impossible. The {ollowing vegetal
structures have been observed in the Chinese anthracite under crossed nicols:

a) Woody siructure:—This appears to be the most important and
{requent structure observed in the Chinese anthracite. In the best preserved
state as seen in the anthracite seam No. 3 of Mentoukou, Hopei province, all
details such as bordered pits, medulary rays etc. (Fig. 3 & 4, Pl. 111} are dis-
tinctly shown. In the usual case, the woody structure is generally shown by
tracheids which may be completely crushed and granulated or practically unde-
formed showing still the forms of cells with middle lamelle lying between.
The middle lamella becomes in most cases exiremely fine and narrow indicating
what a great amount of fusion and compression the two adjacent cells have
received. The lamella shows an exceptionally bright luster which is par-
ticularly well shown under higher magnification with oil immersion. Some
distinctly preserved middle lamella is seen in an anthracite from Hsiaolung-
taikou, Chaitang basin in Hopel province.

In an anthracite from Tsthsien, Shansi province, some incipient woody
structure is beautifully shown under crossed micols. The woody nature of these
bands is already noticeable in ordinary light from the distribution of fine pits and
ash particles but it becomes clearly shown when the upper nicol is inserted in.
As can be seen from the microphotograph (Fig. 4, Pi. 1) the woody lamina
occur in wavy form; it represents therefore some oblique section of the wood.

Seme of ihe woody-like structures in anthracite may belong to peridium
or to some other tissues, but on account of the intense crushing, their exact
identification becomes usually extremely difficult.
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b) Resinous bodies:—Resinous filling in lenticular or rounded
shape is not uncommon in the Chinese anthracite studied. A best example is
seen in the anthracite of Laohuyen, Lienchen district, Fukien province.® This
is found in a series of lenticular to egg-shaped cells which are believed most pro-
bably to be the resinous filling of some parenchymatous cells. From the len-
ticular shape of the body, it is evident that the resin must have suffered con-
siderable compression, a condition likely to be encountered during anthracitiza-
tion. In lignite or bituminous coals because of less compression, the resinous
bodies are usually slightly compressed or not affected at all. As an example,
we may refer to the rectangular-shaped resinous bodies” in the lignite of Wu-
lunghsien in Kirin province.

¢) Exines of microspores and macrospores:—In the present inves-
tigation, special care was taken te look for exines of both microspores and
macrospores. Lhe result is that in certain kind of coal, they are surely present,
but in most cases are either poorly preserved or have been broken up to such
a form as to render their recognition extremely uncertain. In view of the intense
pressure and comparatively high temperature prevailing during anthracitization,
the sporic material is likely to be destroyed, so thelr perfect preservation in
anthracite is, according to principle, not to be expected. On the other hand,
Seyler has found after etched with chromic acid, some comparatively well pre-
served macrospore in a Welsh anthracite. The macrospore exines figured by
both Turner and Duparque are not so distinct and are likely to be of other origin.

In our specimens, somewhat well preserved macrospore exines have been
detected in the anthracite from Liangshwiching, Tating-district and Tashuikou,
Kueiyang distiiet, all of Kueichow province. In the former specimen, there
occurs frequently bands or laminz of gryish yellow in color and which show
usually curved, looped or fusi-formed shape, a feature suggesting strongly to be

6. See Pl. 11,.in “*Some New Methods in Coal petragraphy.”

7. See Fig. 2, Pl. 1 in Contribution from Sinyuan Fuel Laboratory, No. 4, “On
the Vegetable Tissue and Flora in the Chinese Coal & their Geological Signi-
ficence.™
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the exines of macrospore (Fig. 3, PL. IV). These spore exines are distinctly
anisotropic under crossed nicols.

In the coal of Tashuikou, a bright and yellow colored, lenticular body
may represent also some exines of macrospores.

Exines of microspore are still more difficult to be definitely identified.
In the anthracite from Fanchang district in Anhui province, the polished section
shows frequently numerous tiny sireaks or lenses representing probably the much
altered and humified spore exines or other bituminous matter. Similar occur-
rence of tiny streaks is found also in the anthracite of Tienlukou, Tatung dis-
trict, in Shansi province.

d) Cuticles:—Owing to the much fused and humified character
of the anthracite, surest identification of cuticle is not possible. In the anthracite
from Fukien, Anhui and Kueichow, there occurs frequently long and fine lines
or laminee showing brilliant color under crossed nicols. They are supposed to be
cuticles.

The principal components of anthracite, according to their origin and
structure, may be distinguished into the following divisions:

a) Euvilrain: —In microscopical study of anthracite under ordinary light,
the whole mass, except a few lenses of fusain or ashes, may be considered
to be composed of structureless vitrain. But this vitrain when examined under
polarized light and crossed nicols, is again resolved into many different com-
ponents with some showing beautiful structures while others is entirely structure-
less and homogeneous. To this latter component which shows no structure
even under polarized light and crossed micols and which represents evidently
product of complete jelification and humification, the name euvifrain, an old
term originally proposer by Potonte, is herewith applier. The amount of
euvitrain in an' anthracite increases with the degree of anthracitization and
roughly speaking it is direcily proportional with the amount of fixed carbon.
So in an anthracite with highest content of fixed carbon or with least content of
volatile matter will show most development of euvitrain.

b) Clastoxylon:—In bituminous coal there occurs frequently bands
or lenticles of woody material which shows distinct cellular structure in polished
section. This was called by Duparque xylon in distinction from vitrain which
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is entirely structureless and homogeneous. In natural cases transitional forms
between vitrain and xylon are frequently found, and these were cailed by
Duparque xylo-vitrain.

In the anthracite probably the most abundant constituent is a lenticular
layer or band which appears perfectly structureless in ordinary light but showing
beautiful woody structure under crossed nicols. On close study it is observed
that the cells are generally intensely crushed and granulated resulting in a kind
of structare which is much mote intricate and fragmentary than the so called arc
structure {Bogenstruktur) commonly observed in bituminous coals. That these
bands have been derived from some woody material, in other words of xylonic
origin, seems of no doubt, but on account of the advanced coalification, the
material has been so humified or jelified that it shows no structure at all in the
ordinary light. But at the seme Hme the sttong metamorphic effect of the
anthracitization process has converted an otherwise amorphous mass into an
anisotropic one with the result that under the crossed nicols, owing to different
optical behavior of the different cellular particles, a marked structure is
obtained. Such structures are shown in the accompanied microphotos especially

in Fig. 1 & Fig. 2, Pl. H & Fig. 1, PlL. 111, etc.

Owing to the fact that such structures just described differ greatly both
in optical character and in origin from the ordinary xylon and moreover that they
seem to be confined only to anthracite, a special name must be given. For this
reason, 1 propose herewith the name clastoxylon to indicate such strongly com-
pressed and anisotropic but in ordinary light entirely structureless bands or
lenticles of chiefly xylonic origin.

The highest magnification that we can use to observe the clastoxylon in
crossed nicols is about 200-300 X (under ofl immersion) and the highest
magnification for microphotography is only about 200 X. Beyond this limit the
image becomes usually so hazy that no clear structure can be observed. On the
other hand the structure is generally of a very fine type and in order to get a more
detailed and exact view of its make uo, a much higher magnification than just

specified is required. In this respect there is needed more careful study and
further research.
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The clastoxylon is widely distributed in practically all the anthracite
studied. It is more abundant in the so called ligno-cellulosic type of anthracite
as will be discussed below.

¢) Metadurain:—A third constituent in anthracite is herewith called
metadurain. It is in fact a durain as can be seen from its inhomogeneity in
composition under crossed nicols but in ordinary light it appears just as structure-
less and homogeneous as the ordinary vittain. On careful study under crossed
nicols, the metadurain is seen to be made up of a fine mixture of many different
materials including bits of woody cells, resins, ashes, and in some coals also
remairs of macrospores and microspores exines. The isolated bits of woody
cells shows not infrequently a bright line in the tracheid, representing perhaps
the much humified middle lamella. Cuticle is conspicuously rare in all the
metadurain studied.

d) Fusain:—The [usain in anthracite exhibits no special features except
that most of the lenticle seems to show a very vaguely defined border. On
careful observation this border may present all kinds of transitional forms to vary
from a sharply defined to one where the fusain passes imperceptibly into the
structureless vitrain. This seems to be just in contrast with what is usually
observed on the fusain in bituminous coal.

No matter what hypothesis we may advocat for the origin of fusain, the
fact is here clear that fusain has usually a less sharply defined border in anthracite
than in bituminous coal. And this fact may be taken to indicate probably that
fusion or humification during the process of anthracitization has keen responsible
for the formation of this ill-defined border in fusain.

Another noteworthy feature of the fusain is its isotropic character
which is almost pérfect in most cases. When the upper nicol is crossed, it
can be seen that all lenticles or bands of fusain become darker in color if not
entirely extinct, and when the stage is rotuted, this darker color remains un-
changed.

The isotropic character of fusain seems to be a very important feature,
and by it we may safely distinguish between fusain and xylon in polished section,
as both of them show well preserved cellular structure under the microscope, so
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that a sure distinction without the help of other diagnostic character may become
sometime extremely difficult.

e

5. RELATION BETWEEN MICROSTRUCTURE & CHEMICAL COMPOSITION.

Owing to the preliminary nature of study and lack of sufficient rumber
of accurate chemical analysis, definite relationship bhetween microstructure and
chemical composition of anthracite has not yet been wholly worked out. It -
appears quite certain, however, that such relationship must exist and Ffurther
research is needed for its through solution.

Our present study has brought out at least three outstanding features
which may be briefly discussed as follows:

a) Anisotropism and degree of anthracitization:—As has been
stated above both lignite and bituminous coal are isotropic under crossed nicols,
whereas in anthracite, owing to the intense metamorphism and its
consequent internal rearrangement, a marked anisotropism is usually shown under
the microscope: On the other hand it has been observed that the more fusion
or alteration a clastroxylon or a metadurain has received, the more homogeneous
or structureless will it become under the crossed nicols. In other words a claste-
sylon or a metadurain will gradually be transformed into an euvitrain in course
of progressive coalification. This means that anisofropism mcreases from
bituminous coal to anthracite only up to certain limit ard beyond that when a coal
has reached its highest degree of coalification, 1. e. an anthracite containing the
highest content of fixed carbon, owing to the increase of the amount of euvitrain,
its anisotropism appears as to be markedly decreased. Thus in the anthracite of
Tsiokeng in Fukien province, (see table I) which contains 929 of fixed cartbon
and only 6% of volatile matter, shows under the crossed nicols to be markedly
less anisotropic as compared with other anthracite: The same is true In the case
of anthracite from Chaitang which contains only 2.739% volatile matter and
97.279% of fixed catbon. Thus we may roughly figure on the content of fixed
catbon (ash & moisture free basis) from a microscopic study of its degree of
anisotropism.

b} Presence or absence of sporic material in anthracite and its relation
with the conlent of volatile matter.—As will be discussed below anthracite
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may be divided into ligno-celluslosic type and cutinic type, the latter is
characterized by a large amount of spores etc. Theoretically speaking, this
latter type will contain at the same time the highest content of volatile matter.
On the other hand, progressive coalification may devolatilize simultaneously the
sporic constituents in anthracite, so eventually both the ligno-cellulosic and the
cutinic type of anthracite may arrive at almost the same composition with equal
amount of volatile matter.

In table I is listed the chemical analysis together with microscopic
characters of all anthracite studied. A glance at the table will show at once
the relationship between the presence or absence of spore and the amount of
volatile matter. Thus all the coal classed as Cutinic 1 & in which certain
amount of spore exines, resins or cuticles etc. has been detected by the micro-
scopic investigation, shows upon chemical analysis to contain usnally a higher
content of volatile matter. Only in rare instances anthracite with abundant
cutinic substarce is poor in volatile matter and this may perhaps be explained by
the progressive coalification process which has devolatilized the sporic con-
stituents in the anthracite.

c) Nature, amount § occurrence of ashy matter in anthracite : —In regard
to the kind of mineral matier in anthracite, its relative amount and its mode of
occurrence, the microscopic examination gives usually very satisfactory result.
Especially the method of cil immersion will render possible the specific identi-
fication of such minerals like quartz, calcite, gypsum etc. The occurrence of
the mineral matter whether as infiltrations in clastoxylon, fusain or as lenticles,
bands or again as isolated grains or patches in the ground mass, our microscopic
view gives in all cases the best informations. Finally some approximate idea
about the ash content of the anthracite may be gained from microscopic study
alone which may act as guide to later chemical investigation.

6. RELATION BETWEEN MICROSTRUCTURE AND GEOLOCGICAL AGE.

In my paper on the *“Vegetable tissues & flora in Chinese coal & their
geological significance” some criteria has been proposed by which major
gealogical age of a coal may be roughly determined from microscopical slut%v
alone. These rules hold especially well with lignite and bituminous coal: in
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the case of anthracite, owing to its advanced coalification and the obliteration
of most of the structures, such determination is often extremely difficult. Yet
some rough idea about the major geological division may be obtained from the
amount of macrospore or microspores exines; their presence especially in large
amount indicate probably a Paleeozoic age.

The above criterium can be applied very well to our present investiga-
tion. Practically all the anthracite of Permian age from Kueichow province is
characterized by the presence of a large amount of macrospores as well as
microspores, although both of which present in no case such distinct structure as
observed in bituminous coal. Some spore-like substances are also found in the
anthracite of Pingting (No. 22) and Tzehsien (No. 24) both of which are also
of Paleeozoic age. On the other hand all the Mesozoic anthracite of Fukien
province Is characterized by the conspicuous absence of any sporic matter. Of
course the exines of spores etc. may he completely destroyed by the processes of
anthracitizations, so that their absence does not necessarily indicate a Non-
Pal®ozoic age, but the presence of abundant amount of the same especially the
exines of macrospores is in any way an undisputable evidence for age determina-
ton.

7. MECHANICAL DEFORMATION IN ANTHRACITE.

The fact that clastoxylon presents usually a finely granulated
structure under crossed nicols, and that rarely does the lenticle or band of the
same show any sign of bending, crushing or dislocation, a condition of incipient
or plastic deformation must therefore be inferred as one of the most important
mode of deformation during anthracitization. This incipient deformation must
have been accomplished while the coal bands were somewhat in colloidal or
paste-Tike condition, a condition easily attainable under great pressure and com-
paratively high temperature at great depth. Another way of deformation is the
bending, crushing or dislocation of consolidated or compacted coaly bands or
masses, which may be called hard-rack deformation.

The phenomenon of hard-rock deformation is sometimes also
observed in anthracite. Thus the different lenticles or bands of xylon, fusain
and euvitrain may be crushed or dislocated. But the most remarkable de-
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formation of this kind is seen in a kind of powdered anthracite, widely dis-
tributed in Southern China especially in the provinces of Hunan, Fukien and
part of Hupeh. In Westen Hills of Peking and in Tachingshan of Suiyuan,
such powdered anthzacite are also found. These coals occurring in beds of
irregular thickness are composed almost entirely of a fine aggregate of coal
sand, (in the size of one mm or less) the latter has been derived undoubtedly
from the grinding and crushing of an once already consolidated anthracite.

The distribution of powdered anthracite® in China seems to have
immense geological significance and needs to be thoroughly studied. At
present we know that it is more abundant in South than in North China, but in the
Western Hills of Peiping and in the Tachingshan area of Suiyuan, where
tectonic movement played a special role, powdered anthracite is also found.
On the other hand in the much less distutbed regions like the different coal
basins of Shansi and Shensi, this kind of anthracite is conspicuously rare or
absent. Thus from the distribution of the powdered anthracite, we may define
certain kind of tectonic province within which the mountain making force was
specially intense and frequent so that the coal contained therein has been not
only anthracitized but badly crushed and fragmented.

At last a few words may be sald about the method of investigation of
this special coal. Because of the friable nature of the powdered anthracite, the
preparation of polished section needs evidently some preliminary treatment. The
coal must at first be boiled in a dish with evaporated Canada balsam, and when
the entire mass has been thoroughly impregnated with this embedding medium,
it is taken out and after perfectly cold and hardened, it is then ready for cutting
and grinding.

8. A SYSTEM OF CLASSIFICATION.

All classification of coal so far proposed is based chiefly on chemical
composition ; very little attention seems to have been paid on the utilization of
microscopical character as a basis of coal classification.

8. Powdered anthracite {in German Triimmerkohle} is widely distributed in Europe
especially in Switzerland, France, Austria and certain pars of England. All

these occurrences are closely related with intense orogenic movements. See O.

Stutzer, Die wichtigsten Lagerstitten der Nichterze, Zweite Auf. 1923, p. 248.
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Seyler, in his petrographical classification of coal® was perhaps the first
one to have adopted the scheme just stated. In his system however no detailed
classification is given for anthracite.

In the recent work of Duparque,® anthracite or anthracitic coal is divided
into two types; a) Charbons Ligno-cellulosigue gélifié is the most common and
widely distributed type and is characterized by the predominance of vitrain {la
houille amorphe or péte) and lignified body {corps figurés lignifiés).

b) Charbons de cufine, this is extremely rtare and is characterized
by the presence of spore exines, cuticles etc. in which cutine forms an important
constituent.

The above classification of Duparque with some modification may be
well applied to the Chinese anthracite. Instead of considering the type *“charbon
de cutine”’ as an extremely rare one, its distribution among the Chinese example
seems to be not entirely uncommon. Thus all the anthracite of Kueichow pro-

vince may belong to this type. In its complete form, our system of classifica-
tion runs as follows:

9. Seyter, A. C, Petrography and the classification of Coal. Presidential address
given before the South Wales Institute of Engineers, Jan, 21, 1931,

10. Loc. cit,
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Distribution
in China.

Clastoxylon, fusain & with a Tsiokeng, Shao-
Higher carbon  higher content of euvitrain  wuhsien, Fukien

Types Characteristics

type. {Isotropic). Anthracite of high- province.
1. UgﬂD-CEHU'USiCj est coalification.
anthracite. -
Lower cartbon Clastoxylon, fusain, euvitrain Hopeh, Shansi,
type ete. Anisotropic constituent pre- Fukien etc.
dominate.

Lower volatile Spores, cuticles etc. largelsl Ahui & part of

matter type. destroyed & humified.

2. Cutivic anthra- Shanst
cite. Higher Volatile Spores, cuticles etc. mot yet Anthracite in
matter type entirely humified. Kueichow,

Fine aggregates of coal grains Fukien, Hunan,

3. Powdered An. -——————— which may be isotropic or an- Hupeh, Parts of
thracite. isotropic. Products of hard rock Hopeh &
deformation. Suiyuan

9. ON THE ORIGIN OF ANTHRACITE.

Anmong the older views on the origin of anthracite there were two con-
troversing hypothesis: according to one school there is complete gradation in
chemical composition from lignite to anthracite and the latter is formed from the

former thra metamorphic action; this action may be brought about by cither of
the following causes:

(1) folding or thrusting of the coal bearing series produced a stress which
devolatilized the inclosed coal seams.

(2) Pressure exerted as a result of long & deep burial.

(3) Contact with an igneous body may produce local thermal me-
tamorphism and the conversion of bituminous coal into anthracite,
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(4) Fractures, joints etc. produced in the overlying rocks during
arogenic movement may facilitate the devolatilization of the coal seams below
and consequently the formation of anthracite.

All these causes postulate a secondary onigin as the principal factor of
anthracite formation.

According to another school, secondary causes are not the principal
factor required. There are some primary causes such as (1) initial difference in
vegetal constituents or (2} difference in length of exposure of the vegetal
matter to oxidation before burial may both act as the fundamental factors.
Without the introduction of microscopical study of coal, it was often difficult
to make definite decision between either of the two hypothesis.

With the development of the science of coal petrography, we are now
able to observe the microstructures and constituents of coal in a very exact and
definite way. Coal geologists are at present almost unanimously agree on the
first hypothesis by considering that no initial difference in vegetal constituent
seems to have existed between the bituminous coal and the anthracite. Among
the recent workers who hold this view are Tumer, Jeffrey, Stach, Legraye etc.
On the other hand, the view of Duparque is a little different, he maintained
that since most of the anthracite he studied belongs to the ligno-cellulosic type,
it appeared to him as if this composition be particularly fitted for anthracite forma-
tion. In other word initial composition, according to Duparque, may play still
an important 6le. At the same time, Duparque admits that in certain rare cases,
anthracite may also be formed from coal rich in spores etc. a composition similar
to the usnal bituminous coal containing higher content of volatile matter.

The present investigation shows in many of the Chinese anthracite, broken
remains of macrospores as well as much compressed and altered microspores.  So
on the whole the vegetal constituents of anthracite differs no greatly from that
of the bituminous coal, the latter includes both the coal of cutine and the coal of
ligno-cellulose. It requires therefore no special kind of bituminous coal from
which to form the anthracite, and our investigation thus seems to confirm the
usually accepted hypothesis of considering secondary causes as the principal
factor of anthracite formation.
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10. SummMary & CONCLUSION.

1. A buief description is given on the application of polarized light to
anthracite study. It has been definitely demonstrated that real microstructure in
anthracite can be obtained conveniently and efficiently only by this method.

2. A total of over 50 specimens of Chinese anthracite was studied.
The object of this study was not only to test the validity of our new method, but
to observe and Interprete of what structure one may be obtained among the
Chinese anthracite.

3. Four important components in anthracite have been recognized, these
are clastoxylon, metodurain, euvifrain and fusain.

4. Owing to advanced coalification, vegetal structures in anthracite
are only parlly preserved and are mostly observable only under crossed nicols.
Woody structure of varied forms seems to be most important, while spores,
cuticles etc. are also observed.

5. According to microstructure, the Chinese anthracite may be classifi-
ed inta 3 types: (1) Ligno-cellulosic anthracite.

(2) Cutinic anthracite.
{3) Powdered anthracite.

The cutinic anthracite is usually of Palmozoic age and carries, theoritic-
ally speaking, a higher content of volatile matter, but progressive coalification
may produce a type slightly lower in volatile matter. Among the ligno-cellulosic
anthracite, two subdivisions may also be recognized: one is characteristic of higher
catbon, the other is of lower cathon content. The former is the product of
advanced coalification and shows under the microscope the predominance of the
structureless euvitrain, The powdered anthracite was formed by mechanical de-
formation after anthracitization.

6. The zesult of the present study seems to prove that initial composi-
tion of vegetal matter plays no important réle in anthracite formation, as both
the coal of cutine and the coal of ligno-cellulose may equally well produce
anthracite of similar composition.
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Carbon %
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9r.48
g1.60

95.78

04,02
95 69
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CHEMICAL COMPOSITION AND MICROSCOPIC CHARACTERS OF SOME CHINESE ANTHRACITE, =

I IHigh Carbon or

Low Volatile Mat-
ter Type

t IIL.ow Carbon or

Geological age Microscopic characters

Euvitrain, clastoxylon, fusain, a little
metadurain with cuticles & broken
macrospores.

Euvitrain predominats, aiso clastoxy-
lon, Camparatively few structure.

Anisotropic coal fragments.

Alternating euvitrain and clastoxylon,
more or less fragmentary with
numerous veinlets of quartz.

Extremely rich in fusain.

Crushed angular fragments of 1 mm
or less in diameter, anisotropic.

Metadurain predominates with macro-
& microspore exines, resins, fusains
& clastoxylon,

" i " "

Metadurain & envitrain in alternation
with abundant exines of spores.
Fusain is present.

" Essentially euvitrain with ash bands
and a few form suggesting cuticles
& macrospores.

Similar to No. 13 with few grains of
pyrite.

Chicfly euvitrain, some fusain, rich in
aslt.  Spore exines are present.

Euvitrain predominats, some metadu-
rain with cuticles & spore exines,
Xylon consp. rare. Ash is abundant.

Ash rich anthracite shows no well
mirked structure.

Permo-Carbon Isotropic coal fragments and some

fusain,

Lower-Carbon Fragmentary aggregates of cuvitrain

& fusain of dilferent sizes.

Jurassic

Permo-Carbon .
Permian  LRuvitrain & metadurain the latter
contains ‘cuticles, spores, etcs, also
clastoxylon,
" ”

Permo-Carbon Buvitrain & metadurain in alterna-
tion, the latter is rich in cuticles &
spores. Xylon & fusain are rare,

" Fragmentary aggregates of practically
isotropic substances,

Euvitrain, clastoxylon & metadarain
in which a few cuticles & spores is
present,

txl k] " 1

Chiefly clastoxylon & cuvitrain show-
ing distinct woody structure, Some
fusain,

Buvitrain clastoxylon & fusain in
alternation.

Chiefly eavitrain showing no marked
strueture.

Jurassic

Permian  Luvitrain, clastoxylon & fnsain in

alternation,
" " LX) (2]

Subangular fragments embedded in
still continuous layers of anthracite.

Transitional type between fragment.
ed & not fragmented,

Alternating euvitrain & metadurain,
the latter contains large amount of
miacrospores,

" Clastoxylon, euvitrain, fusain.

Clastoxylon euvitrain & fusain in
alternation, Clastic cellulosic struc-
ture is distinctly shown. A few
spore is present.

Essentially euvitrain with some xylon
no marked structure can be seen,

Alternation of euvitrain & clasto-
xylon, the latter shows beautifull
and well preserved structure,

" Fragments, grains, etc. of anisotropic
euvitrain which shows no marked
structure,

Essentially fusain embedded in mass
of euvitrain with some humified
xylon.

“ Essentially euvitrain, certain bands

of which are rich in ash, Pyrite

grains are present.

Jurassic

Permian

High Volatile Mat-
ter Type

Classification
Ligno-celiulosic I*

» 1

Powder anthracite
Ligno-cellulosic I

1
EX ]
Powder anthracite

Cutinic II}

w U
P
w1
T
TR ¢
T

Ligno-cellulosic I?
Powder anthracite

"

“"

Cutinie II

w1
» 1

Powder anthracite

Cutinic I

w I
Ligno-cellulosic II

" e
Ligne-cellulosic I
o 1

" I

Ligno-cellulosic I

Cutinic 1

Ligno callulosic I

Ligno cellulosic I

" 11
” 11
" 11

Powder anthracite

Ligno cellulosic I
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PLATE L.

Fig. 1. Microphotograph of a polished section of anthracite seen under
ordinary light. It shows a lenticle of fusain embedded in a structureless vitrain ;
this is all what can be seen. Loc. Liencheng, Fukien Province, x 90.

Fig. 2. The same spot in the same anthracite but seen under polarized
light and with one nicol only. The structureless vitrain begins already to display
a kind of banded structure in which an altemation of homogeneous and inhomo-
geneous layers are clearly shown. Immediately above the lenticle of fusain on
the right there is a lenticular body shows some kind of cellular structure. The
appearance of fusain remains unchanged in this picture. Using one nicol or two
nicols in parallel positions. x 90. Same locality.

Fig. 3. The same spot as above but seen under polarized light & with
nicols crossed. An entirely different appearance is obtained which is composed
of several thin layers of euvitrain (remains structureless and homogeneous even
under crossed nicols) in altemating with metadurain, the latter is essentially made
up by woody debris and degradation matter. The cellular structure of the len-
ticular body on the right central portion becomes more clearly shown. Fusain
is isotropic under crossed nicols, so its structure becomes disappeared and te-
mains dark in all position when the stage is rotated. Same locality. x 90.

Fig. 4. Cellular structure representing evidently an oblique section of
some kind of wood becomes visible only under crossed nicols of polarized light.
Polished section of Anthracite from Tsihsien, Shansi. x 130.
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Prate 11

Fig. 1. Polished section of anthracite from Liencheng, Fukien, show-
ing the remarkable banded structure of euvitrain (structureless band} and clasto-
xylon. This banded structure becomes visible only by using polarized light and
crossed nicols. x 80.

Fig. 2. The same kind of banded structure seen in an anthracite from
Mentoukou, Hopei province, seam No. 1. It shows however better preserva-
tion of the woody structure in which the tracheids as well as bordered pits can

be distinctly seen. Some bands showing indistinet cellular structure is the much
crushed clastoxylon, x 160.
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Prate 111

Fig. 1. Banded structure in anthracite showing alternation of fusain
(f) and xylon (x). The thin bright line or lamina may be euvitrain or cuticle.
The xylon represents evidently some longitudinal section of woody matenial in
which the cells are only slightly crushed. Liencheng, Fukien province. x
80. Crossed nicols.

Fig. 2. XKylen with distinct cellular structure merges gradually into
vitrain with thin streaks and finally into an entirely structureless vitram.
Anthracite from Wangpingtsin, Hopeil province. x 80. Crossed nicols.

Fig. 3. Longitudinal section of wood in anthracite becomes visible
only in polarized light and crossed nicols. The wood has suffered apparently
Tittle compression, as both the tracheld and the bordered pits are nicely pre-
served. Seam No. 1 of the Mentoukou Colliery, Hopei province. x 120.

Fig. 4. Same as Fig. 3 under higher magnification. x 240.
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PLATE 1V,

Fig. 1. Microphotograph of metadurain in an anthracite from Liang-
shuichin, Tating, Kueichow province. The bright, loop-like lamine in the
right central portion is supposed to be exine of a macrospore. The ground mass
is composed of woody debris, degradation matter and ash grains. x 120. Crossed
nicols.

Fig. 2. Metadurain in an anthracite from Mentoukou colliery, seam
No. 1. It is composed in the main of woody debris, ashy matter embedded
with numerous thin lamine of euvittain. x 160. Crossed nicols.

Fig. 3. The bright lamine forming lenticular loops are supposed to be
exines of macrospores which are exceptionally large sized in this coal. The

groundmass is chiefly degradation matter scattered with numerous grain of ashy
material, Liangshuichin, Tatinghsien, Kueichow province. x 90.

180






469 S
763

B ¥ £ 5 8 W
Ww%ﬁﬁﬁﬁ

FWHo R RRUR)

]
s

m

Aﬁm

- B B E 2 N =

EHEE! [+ &= $ 5K

L Y ra o
QYOLCHE
gt

TR A

2 B

& ®

EEERMdEEL



WwOE R E

CONTRIBUTION FROM THE SIN YUAN FUEL LABORATORY
GEOLOGICAL SURVEY OF CHINA

Mo. 5 June, 1932

CHEMICAL RNALYSIS OF SOME CHINESE CRUDE OILS
By K Y. KING

CHEMIST OF THE GEOLOGICRL SURVEY OF CHINR

REPRINTED FROM THE
BULLETIN OF THE GEOLOGICAL SURVEY OF CHINR,
’ Numbes, 19, 1532,



PUBLICATIONS OF THE SIN YUAN FUEL LABORATORY,

No. 4.

No. s.

No. 6.

No. 4.

No. 10,

GEOLOGICAL SURVEY OF CHINA.

A Preliminary Petrographical Study of the Peipiao Coals, by
C. Y. Hsieh vivorrsancacocarsncorssccrosncarsnacassss

Price

S T.00

Some New Methods in Coal Petrography, by C. Y. Hsieh.... §$ 1.00

The Coking Property of the Poshan Goal of Shantnng, by C.

C. Wang ..coevcrrvsnrearscinnanansineaans seeressnses 8 I.0D

On the Vegetable Tissues and Flora in the Chinese Coal and

their Geological Significance, by C. Y. Hsieh..,....... § 1.50

Chemical Analysis of some Chinese Crude Oils, by K. Y.
King eceveverseseencones teemaaaen vetsaavacasiavyanes
Microscopic Structure of Tzuhsien Coals and its Bearing on
Coking Property, by C. C. Wang (in press}.....ccc...uuae

$ 1.00

a) On the Qccurreace of Spharosiderite in a Sub-bituminous v

Coal from Hsian Coal Mine, Liaoning Province, by C. Y.
Hsieh (N Press) uuveeneasnciacesescarsacarreersssasosarerons
b) A Remarkable Occurrence of Fusain in Lungchuanhsien,
Chekiang Province, by C. Y. Hsieh & K. Chang {in press}
Microstructure of Chinese Anthracites, by C. Y. Hsiekh (ih
preparation] f.e..v et i craticen s e e
Studies on Coking Properties of Shungkengshan Coals blended
with other better Coking Coals, by K. Y. King (in pre-
paration} ., .......

D N N N TR RS I LTI ey

Sulphur Forms in Chinese Coking Coals, by K. Y. King & T.
S. Chang. (in preparation} ..,..... Yesnesascresresssennninan



CHEMICAL ANALYSIS OF SOME CHINESE CRUDE OILS
K. Y. K1xaG.

With the inadequate equipment yet available in our laboratory we have
to rely upon the following simple methods whick, though imperfect in many
respects, may be good to give some general indication on the composition of the
crude oils samples collected by our geological colleagues in the course of their
field work. This procedure is a modification of the method employed by the
Bureau of Mines, U. S. A. for the fractional distillation of ¢il. The modifica-
tions we made are not for the perfection of the method but in order to solve
the practical difficulties as well as to suit the available apparatus.

Most of the crudes studied are collected by Messrs. H. C. Tanand C. Y. Li,
geologists of our Survey during their recent visit to Szechuan. This covers
both the operating and non-operating, the productive and non-productive oil
fields in that province. Some of them were collected from brine wells in the
same province. Practically all the brine producing regions in Szechuan are
also oil producing but in very different degrees of richmess. The geological
conditions of the Szechuan oil fields will be later reported on by Messrs. Tan
and Li.

Only one Shensi oil is fractionated and another one from Kansu. The Shensi
sample came from the Yenchang oil well which is comparatively the largest
producer in China. The oil sample from Kansu was collected several years ago
by Mr. C. Y. Hsieh from Yumen, at the westernmost extension of that
province.

The general procedure for fractional distillation is briefly described in the
following. A pear-shaped copper flask with a column filled of aluminum turn-
ings and a pyrex tube as represented by the figure is employed for distilling
and in all cases little difficulty was experienced for foaming and priming
though the crudes are not dehydrated, The heating was done by a local made
furnace which gave a steady and strong flame and can be manipulated very
easily. Every 25 cc of distillates was collected in graduated cylinder for
specific gravity determination. All the data are condensed in the following
two tables (I & II), one showing the locality and the specific gravity of original
crudes, and the other the distillation data.
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TABLE 1
No. Location Well Name Color I Sp. gr.
1| Tsuliutsing, Szechuan Sze Fu Darlk green (R)‘f 8394
F ” B ” Tuong Shun |Green (R) I 8660
3 »” . » Tung Ch’ang iDark green (R) { 8585
4 >, 7 oo " I 8587
35 ” , ” Tsi Fu ” (R)] 8748
6 o, " nor ” (R} l 8752
7 v " Fu Lung » (R) f 8775
8 .o, o " Wm | 8780
9 had y » Tung Teh ” i 8650

1o | Kungtsing, Szechuan Hung Lung [Reddish (T)% 8310
]I » N kil 2 ”n . (’r) .8372

1z Tsechung, Szechnan Lu Chuan Brownish (R) 83093

13 o ” ” o Light brown(T} 2750
14 Loshan, Szechuan Ho Er Kan |Dark Brown(R | 8340
i
5 Pahsien, Szechuan Yen P’o Black (R} QX34
16 Yumen, Kansu Sheng Tsai (Black (R) 8961
Chin Pao
17 Yench’ang, Shensi. Black {R) 8840

According to U. S. Bureau of Mines R, 1. 2806, the different fractions
such as gasoline and kerosene, etc., can be estimated by noting the specific
gravity of the distillates collected at different temperature range. Following
this method, the next table IIT is calculated for estimating the constituents.

1. Reflected Light
2. Trapsmitted Light
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TABLE II
gir‘:; ]23510“,‘2’: 200-250°C | 250-275°C | 275-300°C |Above 300°C

I 95°C | 17.68% 16.34% 9.66% 9.00% 4¢.00%

2 8o 6.41 23.80 26.02 17.00 25.23

3 95 3.75 Ir.25 II.00 To.50 64.20

4 1) 3.67 T2.25 I1.20 10.33 63.40

5 85 5.00 9.00 8.34 12.00 64.95

[ 8o 3.00 10.80 g.50 I1.00 65.00

7 73 3.23 7.50 6.00 8.50 5.00

8| 46 324 734 G.00 8.34 7770

9 23 4.00 9.72 8.55 13.32 63.50
10 qo 0.54 6.21 13.52 13.50 68.40
pes 90 0.54 6.60 14.00 I4.50 66.50
Iz So 16:02 10.68 8.00 I1.00 55.00
B3 75 70.50 14.50 &« 13.50% >
4 85 20.00 15.33 7.33 18.00 40.00
I5 78 1.68 6.67 5.33 15.68 70.00
16 75 16.55 8.60 T0.47 21.33 44.80
7 So I0.70 6.22 9.33 7.00 66.60

i

1t is noted that No. 13 is guite an extraordinary one giving very unusual
percentage of gasoline fraction. According to the original label, this is a washed
crude, therefore this may be the topped fraction from steam distillation of No.
1 from the same locality. TIn all the 17 samples, except No. 13, they all show
low percentage of gasoline and high in either kerosene or fuel oil in general.
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TABLE III

Fraction above
300°C

% Sp.Gr. % Sp.Gr. % Sp.Gr. % Sp.Gr.

Gasolene Kerosene Fuel Oil

| 17.68 | 7575 1§ 26.00 | .Bo4r g9.00 | .83x7 | 49.00 | .886x

2| 6.4 | 7996 | 49.82 | .8180 | 17.00 | .B006! | 25.23 | .8530
3] 345 | 7830 | 22.25 8144 | 10.50 | .8351 | 64.20 9054
4| 367 | 4845 | 23.00 | .8140 | 30.33 | .8362 [ 63.20 | .8gg7
5| 3.0 ] .5920 | 29.33 | .8148 — —— | 64.95 | 89383
6 s5.00 | .7924 | 31.50 8143 —_— —— | 65.00 | .8976
71 3.23 | .8058 | 13.50 | .8200 8.50 } .8254 | 75.00 | 8872
8| 3.34 {.8064 | 13.34 | .S204 8.34 | 8270 | #7.70 | 8880
g| 4.00 | .7808 | 18.27 | .8x38 | 13.32 | .8334 | 63.50 8803
Io| o.54 —— | 33.23 | -8084 —_— — | 68.40 | .8360
1| 0.354 — 35.10 | 8130 — —— | 66.50 | 8340
12 | 16.02 | .7558 | 29.68 | .8238 —_ —— { 53.00 | .8(8g
13| 70.50 | 7353 | 1450 | 972 | —— | —— [ 13.50 | 8364
14 | 20,00 | .7543 | 40.66 | .osI —_ —~— | 40,00 | .878c
I5] —— —— —_ - 13.68 84201 | 85.60 QI35
16 | 16.55 | .7976 —_— —— § 38.40 | .B440 | 44.80 | .9378
17 | 10570 | 7802 —_— —— | 22.65 | .8360 | 66.60 | .go36

The percentage of fuel oil may be increased fo some extent if the *“fraction
above 300°C”" is vacuum distilled.

1. Indicating cracking.
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Basing upon the facts (R. 1. 2806, U. S. Bureau of Mines pp. 3-4) that
if the specific gravity of 250-275°C fraction is 0.8250 or lower, the oil can be
considered as paraffin base and if it is between 0.8250 and 0.8600, the oil has
a mixed or intermediate base. When this distillate measures above 0.8600, the
crude is of asphalt base, the following Table IV, is given for comparison. It
can immediately tell that of all the crudes studied, 14 samples belong to
paraffin base, 3 to mixed base and none to asphalt base.

TABLE IV

Fraction collected 250-275°C

No. % Sp. Gr. Base
I g.66 0.8205 Paraifin
2 26.02 0.8230 ”
3 11.00 0.8244 ”
4 II.20 0.8238 ”
5 8.34 a:8170 »
6 9.70 0.8120 »
7 6.00 0.8240 "
8 6.00 0.8234 ”
9 8.55 0.8227 »
10 13.52 0.8065 ”
I 4.00 0.8075 ”
12 8.00 0.8764 ”
I4 7.33 0.8106 »
I5 5.33 0.8518 Mixed or Intermediate
16 10.47 0.8334 »on »
17 9-33 0.83g0 oo »

In this study, all the distillation are carried out under 300°C for avoiding
any cracking that might occur above this temperature. Even though, two
cases are noted showing slight cracking at 285°C. Partial vacaum distillation
will be further conducted on the reserved portions of residue, i. e. “*fractions
above 300°C".
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ON THE VEGETABLE TISSUES AND FLORA IN THE
CHINESE COAL AND THEIR GEOLOGICAL SIGNIFICANCE¥*,

By C. Y. Hsren. (#i588)
(Contribution from the Sinmyuan Fuel Laboratory, No. 4.)
I. INTRODUCTION

Although the vegetable origin of coal has been recognized as early as in
the beginning of 8th century, our knowledge in regard to the nature and kind
of tissues which formed such an important part in the constituent of coal, was
not known until very recenfly. With the introduction of the microscopic
study of coal in either thin section or polished section, the coal investigators
are now in a position to identify certain kinds of tissues in a more or .less
definite way.

During his visit to Germany in 1929, the writer had the opportunity to
work with Prof. Gothan on the microscopical study of coal. A total of about
hundred specimens of coal derived from 1q different provinces of China were
studied. The result** of this study thus started in Berlin and continued in
Peiping will be published in several papers, and the present one on the
““Vegetable tissues & flora in the Chinese coal and their geological significance”
constitutes the first of the series.

The writer wishes to acknowledge his best thanks to Prof. W. Gothan,
Prof. R. Potonie, and Dr. H. Bode of the Prussian Geological Survey for
their valuable suggestions and criticisms during his work in Berlin. To Prof.
Gothan, the writer is indebted especially for his kind help rendered in the
identification of several vegetable tissues and the fossil wood Xenoxylon.

2. THE MATERIAL

As has been stated, a total of about hundred specimens of Chinese coals
were used for microscopic study. These coals were largely furnished by the
Geological Survey of China in Peiping; a few of them was also sent by the
Geological Survey of Kwangtung and Kwangsi.

* Received for publication March 1932
#* Part of the result on the etching structure of coal has already been published by the
Prussian  Geological Survey **Atzstrakturen in der Kohle™ Arb, aus dem Inst. f
Paliobotanik u, Petrogr, der Brennstein, Bd 2, Heft 1, 1930,
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The geological age of the coals, under the present study wvaries
from Carboniferous to Tertiary. With respect to geographical distribution,
our specimens are derived from almost the whole China, with the excep-
tion of a few provinces, like Sinkiang, Sikang, Chekiang, etc. Our collection
covers also the complete range in quality from lignite up to anthracite.
Thus a fairly good idea on Chinese coals can be obtained from the study on
these widely distributed specimens.

3. METHODS OF STUDY
Four methods were used in the present investigation, namely:
(xr} The study of thin section by the transmitted light.
(2) The study of polished section by the reflected light.
(3) The maceration.
{4) The efching.

The best thin section of coal can be made either by the Jetirey’s
microtome method?, or by the method of Thiessen. By the first method the
coal must at first be treated with concentric fluoric acid and then washed
thoroughly by dilute alkali or a solution of alkali in alcohol. Owing to its
tedious procedure and somewhat complicate technique, this method was not
employed in the present investigation.

While polished section method has been almost exclusively used, a few
thin sections were also made. The writer has found that by following some-
what the same procedure of Lomax®, fairly good sectlons of coal, which are
thin enough to show all the details, can be made. The principle of Lomax’s
new method is that instead of grinding the coal section on the glass plate, he
used a piece of oil stone as the grinding tool by which the different bands of
the section are carefully ground one after another. In this way, the already
thinned part of the coal can be kept from further grinding.

In making the polished section of coal, I have adopted the method
developed in the Prussian Geological Survey as has been fully described by
Stach®. Fine powder of aluminum oxide {Tonerde) was used as the material for
final polishing.

The maceration method, a familiar method in botanical and paleobotanical
research, has been applied with some success in the present investigation.
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Exines of spores, cuticles, waod fibers, fusain etc. can in this way be isolated
and studied under the microscope. The Schulze’s reagent, i. e. a mixture of
potassium chlorate and concentric nitric acid {sp. gr. I.40}, was used as solvent
for maceration,

The Seyler’s method* of etching by using a mixture of chromic acid and
sulphuric acid has given excellent result. More than twenty specimens
Chinese coals ranging in quality from lignite to anthracite were etched and
from which different structures of woody tissues, bark tissues, cork cells,
parenchymatous cells, epidermis of leaf etc. were obtained. Thus our result
has fully demounstrated the value and necessity of etching as a means to
detect microstructure in coal, especially in the homogeneous and structure-
Iess band of the vitrain. Without etching, many of the structures are not
possible to observe.

Lastly, the application of polarized light to the study of polished section
of coal as recently proposed by the writer®, may be mentioned. This method
is especially adaptable to the investigation of anthracite. Some excellent
structures similar to those obtained by Turner and Randall® after flame etching
have recently been observed among the Chinese coal under crossed nicols*,
A full account of it is reserved for a later paper.

4. DESCRIPTION OF VEGETABLE TISSUES,

In the Chinese coals, the vegetable tissues are composed of many differ-
ent kinds, and in most cases are well preserved. Even the cell contents of the
epidermal cell of a leaf are sometimes clearly recognizable. On account of
lack of sufficient material for comparison, no attempt is made to identify the
different tissues or flora specifically. In some cases, however, broad distinc-
tion as, for example, between the Coniferous wood and the Angiospermous
woods, can be easily made.

The following is a short description of the various tissues identified
among the Chinese coals.

(1) Cell content and cell filling:—Rounded granules, probably coalified
cell contents are abundantly present on the cuticles separated by maceration
from coal seam No. 12 of the Chaokuochuang Colliery in Kaiping coal basin.

* a Leilz ore microscope (Mop} is used for this kind of study.
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These granules (Fig. x, PL. I) are about 5 u or more in diameter. In general
they have a linear arrangement, being parallel to the longer axis of the cells;
but irregularly disposed granules are also frequently seen. The location of
the granules with reference to cell walls are also varied; mostly they Iie inside
the cells, but not infrequently they are located just on the boundary between
two cells.

Similar granules in better preservation have been found by the writer
from the Jurassic coals of Mudsetou on the right bank of Kialingkiang in
Szechuan Province.

The resinous matter is a kind of cell filling, being especially abundant in
the cells of Coniferous wood. Owing to its resistent nature, the resin is
commonly preserved in the coal.

The preservation of resin either in its original position i. e. filling up the
wood parenchyma, or in isolated and displaced state is a common feature of
the Chirese coal.

Original resinous filling in the wood tracheids is found in the lignite of
Hanwansban, Wulunghsien in Kirin Province. In this coal, a great number
of wood is represented, which shows already distinct woody structure in
polished section without etching, In the longitudinal section of the wood, the
cells are sometimes so intensively compressed and decayed that their original
‘form could hardly be recognized. Among the tracheids, one can see numerous
rectangular to lenticular shaped wood parenchyma cells with resinous filling.
These resinous bodies could stand the compression much better than the woody
cells, so that they maintained practically their original form without being
disturbed. (P1. I, Fig. 2). The resinous nature of these bodies are best dis-
played when the polished section is observed under oil immersion or still
better when using the polarized light and with upper nicol crossed. Under
these conditions, a yellow color and vitreous luster is beautifully shown which
proves conclusively their resinous nature. Same result could be obtained
when the section is viewed by oblique ilumination.

In the bituminous coals of Hokang in Heilungkiang and Chimingshan in
Hopei, resinous bodies in the tracheids are abundantly shown after being
etched with chromic acid. These structures are illustrated in Fig. 3, Pl. 1.
Both of these coals belong to upper Jurassic age.
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Isolated resinous body of rounded to irregular shape is commonly ob-
served, especially in the coals from Tawenkou, Shantung; Chiawang, Kiangsu:
Fushun, Fengtien and several other districts. The resin in the coal of Tawen-
kou is remarkable because of its extremely irregular and elongated form, being
about 4 mm in the whole length. The Chiawang coal is characterized by 2
great abundance of irregularly shaped bodies which become especially distinct
when studied in thin section (Fig. 4 Pl 1). The higher content of volatile
matter in this coal is most likely due to these resinous ingredients.

(2) Tracheids and woody tissues; The tracheids and woody tissues of the
coniferous or angiospermous woods are preserved in the Chinese coals in various
ways and which may be distinguished into the following types.

a) The best state of preservation is that when the wood has been
burned by natural forest fire, and occurring in the form of so called fusain, in
which all details such as bordered pits, medullary rays etc. may be observed.
Fusain is widely distributed in the coals of all ages and of all ranks, and most
of them show excellent preservation of cellular structure. In the coal of
Hokang in Heilungkiang, twigs or bands of fusain are very common; in one of
these twigs there shows clearly the structure of annual ring (Fig. 5, Pl. I. & Fig.
1, PI. IL.). As can be seen from the illustration, the cells of the spring weod
have been badly crushed. while that of the autumn wood, because of their
thicker walls of the cells, and consequently more resistant to destruction, bave
suffered practically no compression. In this way, the cells of spring wood and
antumn wood could be easily distinguished, and the structure of anmual
ring is well displayed.

b) Infiltrated stracture— Another mode of preservation of the woody
structure is that when the cells have been infiltrated by ashy matter; the
latter was not coalified, so that their original structures could be retained.
Such infiltrated xylain, as it may be called, is commonly met with in the
Chinese coal, especially in the coal from the Linhsi colliery, seam No. g and
Chaokouchuang colliery, seam No. 12. Many of the coals from Shansi province,
such as Tienwutsun in Wutai (Fig, 2, PL. II}, Linyu in Taiyuan, show also
very beautiful infiltrated structure.

¢} After etching—A great number of the woody components of coal,
because of advanced coalification, have destroyed all structures they may ori-
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ginally have hagd and now changed into a structure-less and homogeneous mass
to which the name Eu-vitrain has been suggested by Dr. R. Potonie. In some
cases, however, an homogeneous vitrain can be made to show structures after
certain process of efching. One of the best methods of etching is by a mixture
of chromic acid and sulphuric acid, devised some years ago by Dr. Seyler.
Thus very beautiful structures showing tracheids and woody cells have been
obtained in the vitrain of the coals from Hokang, Chimingshan, Fushun, Hsian
etc. by etching with the Seyler's reagent. Before etching the vitrain was
practically homogeneous and structure-less.

The subbituminous coal of Pataohao in Chinhsi Hsien, Fengtien Province
is composed of broad bands of vitrain embedded in a durainic mass. The vi-
train shows some kind of wood structure even without etching, but it becomes
more distinct after being etched with the Seyler’s solution. Fig. 3, Pl II
represents a longitudinal section lying somewhat obliquely between the tan-
gential and the radial positions. The tracheids and the medullary rays are
particularly well shown. Even the spiral striation of the tracheids is clearly
brought out by etching as can be seen from the illustration (Fig. 4, PL II).

Another etched structure showing tracheids, medullary rays, etc. is repre-
sented in a coal from Hsian coal mine, Hsian Hsien in Fengtien Province.
Under the microscope, the vitrain shows, in most cases, some faint indications
of structure which is not, however, distinct enough to warrant a correct
interpretation. But the woody structure becomes distinctly shown after etch-
ing. Many different section of tangential, horizontal and oblique positions are
represented, one of which is illustrated in Fig. 5, Pl II, which is a tangential
section and in which the tracheids and the medullary rays are manifestly
shown.

A remarkable structure is found in the coal of Chimingshan. It isan
oblique section of wood showing distinct preservation of annual rings asis
shown in fig. 1, PL. ¥II. This piece of wood measuring in total 6 mm long and
2 mm wide represents altogether 13 annual rings. As usual the spring wood is
more compressed than the antumn wood, as can be roughly seen from the
illustration.

d) By maceration—As has been stated above, wood fibers etc. can be
separated from the coal by maceration, and thus permitting detailed investiga-



Hsieh:—Vegetadle Tissues efe. in Chinese Coals 273

tion of their structures under the microscope. In the best preserved state,
these fibers show distinctly the bordered pits, simple pits, medullary rays and
other details by which the specific nature of the wood can be accurately
determined.

The lignite of Hanwangshan, Wulung Hsien in Kirin province has yielded,
by maceration, a great number of wood fibers which show in most cases good
preservation of structures. Small and rounded bordered pits (of the modern
type) rather densely placed in two or three rows are distinctly shown (Fig. 2
Pl, I1I). The pits of each row are not alternately arranged, but are one
against the otker. Some radial section is also found in which are shown some-
what indistinctly the small and lenticular shaped simple pits. Wood paren-
chyma cells filled by resins are commonly observed.

A piece of angiospermous wood (Fig. 3. Pl. III) has been isolated by ma-
ceration from the coal of Fengtien province. It shows clearly the presence of
vessels with the characteristic pits on the walls and in some cases even the
perforated enrd walls of the vessels are also preserved. Such perforated end
walls may be detached from the main vessels and occur consequently as isolated
plates among the different macerated products. The identification of the true
nature of these perforated plates was at first quite uncertain, they were not
known untif the whale vessel in its complete preservation had been found.

(3} Parenchymaious celis:—The walls of the parenchymatous cells gener-
2lly conmsist of pectin and cellulose. Both of these are weak and easily de-
structible when subjected to process of cozalification, yet it is surprising fo find
that in many of the Chinese coals studied, these cells are often nicely
preserved.

The best preserved cells of this kind are found in the coal from Kaiping
basin, Hopei province (Fig. 4, Pl III), especially from seam No. 1z of the
Chackuochuang colliery. Isolated fragments of the parenchymatous cells are
also commonly observed to form minor constituents in the durain.

Although the cellular structure of the parenchymatous tissue is usually
distinctly observable; in some cases, because of the advanced coalification, it
has been largely obliterated, and will reappear only after etching.

(4) Scalariform tissues:—Tissue showing the scalariform thickening of
the cell wall is commonly met with in the coals of Penchihu, Tawenkou,
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Peitaotze (Shansi) and the Linhsi (Hopei) colliery. In the last named coal,
scalariform tissue occurs as fragments In the sideritic concretions. In the coal
of Peitaotze, the tissue has been almost wholly replaced by ashy matter, yet
its characteristic form is still well preserved. A very well preserved tissue of
this kind is found in the maceration product from the coal of Tawenkou in
Shantung, shown in Fig. 5, PL. III.

As the scalariform tissne is in gemeral more characteristic for Pterido-
phyta, its existence in a coal may be regarded therefore, as a criterion
suggesting Palaeozoic age of the coal.

{5} Stone cells:—Stone cell, on account of its thick wall and resistant
nature, will naturally be saved from destruction, and consequently be
preserved as a tissu: in the coal. K. Yasui® has found many good examples
of stone cells in Japanese coal. In Chinese coal, stone cells are also present,
as for example, in the coal from the Kaiping basin.

(6) Bast fiber:~—In her study on the Japanese coals, Yasni® has found
bast fiber as another common tissue in the coal, althoungh this has not yet
been generally recognized by other coal investigators. In view of the lignified
nature of the cell wall, the preservation of bast fiber in coal is quite to be
expected.

In the present investigation of Chinese coals, bast fiber is rather rarely
observed. It is found in the coals of Hokang in Heilungkiang and Chimingshan
in Hopei; both of these coals are of Upper Jurassic age.

The preservation of bast fibers in the coal of Hokang is of special
interest, as both horizontal and longitudinal sections of the same are well
represented. Fig. 1, P1. IV, is a horizontal section in which bast cells are
interbedded with the more pressed parenchymatous tissues of the bark. The
bast cell is characterized by very thick cell wall and small lumen. Consequent-
ly it is very resistant and in most cases, seems to have suffered little
compression and maintains practically its original shape. The small lumen of
the cell is now represented either by a small dot or by a narrow line, accord-
ing to the amount of compression it has received. The radial wall of the cell
is convex in shape exhibiting consequently a characteristic and easily
recognizable form. Fig. 2. Pl. IV is a microphoto of the same section but
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under higher magnification, in which the narrow lumen, the middle lamellae
and the convex shaped radial wall are distinctly shown. The longitudinal
view of the bast fiber together with the interbedded parenchymatous tissue is
shown in Fig. 3, P1. IV.

Practically the same structure as ju'st described, but less perfect in
preservation, is observed in the coal from Chimingshar in Hopei. This and
many other structures which are similar in both cases, have raised the
question as whether the two coal fields are contemporaneous in geological age.

Some bast fibers have also been found in 2 coal from Tufal in Szechuan?,
though their preservation are not as perfect as in the other two coals,

(7) Cork cells:—Recent investigation has shown the cork ceill as a
frequent tissue in the coal, especially in coal of younger age and lower rank
such as lignite or brown coal. In view of the fact that cork cell is composed of
the suberized cell wall and constitutes one of the most resistant part of the
plant, the preservation of the same as a tissue in coal, is therefore, a matter
of no wonder.

In the Chinese coal, cork cells are also frequently found, either as
isolated pieces and fragments in the attritus or being still attached to some
vitrain to form the bark of a twig. Most of the cork cells are visible only
after etching, and the structure becomes sometimes more distinct, when it is
etched for a slightly longer time, say, five minutes or more in the chromic
acid solution.

Cork cells are abundantly present in the coals of Fushun in Fengtien and
Kinfengshan and Hokang in Heilungkiang (Fig. 4, Pl. IV}; in the former coal,
Iwasaki® has obiained the same result by etching with tetralin. The coal of
Kiufengshan contains a great amount of cork tissues which come out
especially well when the coal is etched for about half a minute.

Some cork cells are also found in the coals of Hokang, Chimingshan
and outer Mongolia.

(8) Cuticles and leaf parenchyma: —Cuticle, i.e. the outer cutinized layer
of the epidermal cell, forms one of the commonest constituents in the Chinese
coal. In vertical section of the coal, the cuticle appears as wavy or indented
line, the indentation being due to the protruding edges of the cutinized
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walls. Because of the resistant character of the cutin, the cuticle is generally
well preserved, and by the use of maceration method, it can be isolated and
studied.

Nearly all the Chinese coals investigated contain some cuticle and in the
coals of Mesozoic or Tertiary ages from Jehol, Mongolia and Heilungkiang, the
cuticle is especially abundant. In the bituminous coal of Peipiao, in Jehol, the
cuticle forms an important constituent, especially in seam No.3. In this
coal the cuticles are usually crowded together to form a band of $ cm or more
in thickness in which nothing but cuticles of various sizes are found (Fig. 1,
P1. V). From its high relief and finely striated aspect in the polished section,
the cuticle-band is clearly noticeable even to naked eye.

Although cuticles are commonly met with in the coal, complete preserva~
tion of leaf parenchyma with cuticles still attached on them is, because of the
easily destructible nature of the latter, only rarely observed. In the coal of
Yuanpaoshan in Jehol, the writer has been fortunate enough to find complete
section of a leaf limited both above and below by cuticles. <This is shown in
fig. 2, Pl, V in which besides the serrated cutinized walls, the epidermal cells
are also distinctly preserved. The mesophyll, however, is not shown.

The best way to study the detailed structure of the epidermal cells ina
cuticle is by maceration. Fig. 3, PL. V, represents a cuticle separated by
maceration from the coal of Nalaha in outer Mongolia. The irregularly shaped
epidermal cells are well shown together with excellent preservation of stomatic
openings which are exceptionally abundant in this particular leaf. A cuticle
with rectangular shaped epidermal cells is commonly found in the Permo-
Carboniferous coal of northern China, such as Linchen, Kaiping etc. in Hopei
province.

With respect to the structure of the epidermal cells, the cuticles from the
Chinese coals can be divided into three groups:

a) The epidermal cells are of rectangular shape, being bordered by
straight cell walls {Fig. 3, Pl. V.).

b) The epidermal cells are of rectangular, polygonal or irregular shapes

and are bordered by cell walls showing remarkable dentation or undulation
{Fig. 4, PL. V).
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c) The epidermal cells are of polygonal shape but are bordered by
straight cell walls.

The coals of Permo-Carboniferous age contain generally the cuticles of
the type (a) i. e. rectangular cells with straight cell walls, while those of Jur-
assic age, as for instance, the coals of Pinghsiang in Kiangsi province and
Hsiianhuna in Hopei province, the irregular cells with undulated walls are most
common, though to some extent the cuticles of the type (a) are also found. The
late Mesozoic and Tertiary coals contain, in most cases, the cuticles of poly-
gonal shape with straight walls. Thus some approximate idea about the age
of the coals may be gained from a study of the cuticle alone.

{9) Spores and pollen grains: The exines of both microspores and
macrospores and pollen grains, because of their resistant nature are also
frequently preserved in the coals. Asa result of stress from the overlying
load, the spores are usually compressed in the direction perpendicular to the
bedding planes. Consequently, in the vertical section of the coal, they
generally appear as flattened lenses or tiny streaks showing mo detailed
structures, while in the section parallel to beds, a horizontal view of the
spores is obtained.

But the best way to study the morphological characters of the spore
exines is by maceration, by which the speres can be isolated and photographed.
All details such as the tri-radiate ridge or marking, the sculpturing or
ornamentation on the surface, the outgrowth and the tubercles of the spores
etc. may be observed.

In Chinese coals, the exines of macrospores are rarely found; only in the
following coals, they are found to be fairly common. These are the coals from
T’angchiachvang in Hungyuan Hsien, Shansi; Shakuotun in Chinhsihsien,
Fengtien; Kaiping, Hopei; Tawenkou in Taianhsien, Shantung; Shungkengshan,
Anhui; Chiawang in Tungshanhsien, Kiansu. All these coals are of Permo-
Carboniferous age. A few exines of macrospores have been also observed in
the Mesozoic coal of Pinghsiang in Kiangsi province; this seems to be the only
exception, so far as we Lknow, where exines of macrospores are found in
younger coal than Palaeozoic.

The macrospores from the coal of Shakutun in Fengtien ary very char-
acteristic; in vertical section they have a length varying from 64 to as much
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as 1.69 mm and with generally a very thin wall reaching only about 12 pin
thickness {Fig. 5, Pl. V). They are frequently wrinkled at many places, so
that in vertical section a double layered or **Zangen” structure is resulted.
In the horizontal section, the macrospore gives an entirely different appear-
ance, an example of which is shown in Fig. 1, PL. VI. Macrospores showing
almost the same structures and forms as here described have also been found
in the coals of Kaiping in Hopei, Shungkangshan in Anbui and Chiawang in
Kiangsa. On this ground we can conclude that such complicately wrinkled
and thin-walled macrospore exines are widely distributed in the Permo-
Carboniferous coal basin of the whole China.

‘The macrospore exines in the coal from T’angchiachuang, Hunyuan Hsien
in Shansi are of special interest. These spores are generally of enormous sizes;
in one case they were 3.36 mm long and 48 g thick for their wall. Another
characteristic feature is the existence of peculiar shaped rounded tubercles
which are found attached on almost the whole surface of the exines, From
figs 3 & 4, Pl. VI, we can further notice that these spores have suffered com.
paratively little compression, so that they are not pressed together, but to form
lenticular loops in the vertical section. :

In the coal near Tawenkou in Shantung, macrospores of enormous sizes
with round tubercles are also found, an example of which is shown in Fig. 5,
Pl. VI. In its entire length, this macrospore is 3.71 mm long, the thickness
of its wall is about 52 p. The tubercles are very complicate in form,
being attached to the wall almost all the way through the whole length.
Besides, the spore shows also the characteristic double layered structure,
Morphologically speaking, the macrospore of Tawenkou is quite similar to the

one just described in previous paragraph.

On the other hand, exines of microspores are commonly observed ameng
the Chinese coals; they are especially abundant in the coals of Permo-Carbon-
iferous age. The most typical is the coal of Kaiping, in Hopei province.
Similar occurreaces of microspores are found in the coals of Shakuotun
in Fengtien, Shungkungshan in Anhui, Chiawang in XKiansu, Tienwutsun,
(Wutaihsien) Huangshantsun (Wukwanhsien) and T’angchiachuang (Hunyuan.
hien) in Shansi, Hsitzeyao (Ninyanghsien) and Tawenkou (Taianhsien)
in Shantung. The exines of microspores separated by maceration from the
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coal of Shakutun is shown in Fig. 1, Pl. VII. Regarding their morphological
characters, the microspore exines from the Shakuotun coal may be divided
into four types as follows:

' a} Perfectly round b) Round spores with a sculptured surface ¢} More or
less triangular in shape and with a ring. (Fig. 1, Pl. VII) d) A very small spore
having a diameter of only 18 micra and occurring generally in aggregated forms.
The latter is probably spore of some fungi.

It is almost impossible to distinguish between the exines of the micro-
spores and the pollen grains either in thin section or in polished section; only
by maceration is such a distinction possible. In the Tertiary coals from
Kirin, Heilungkiang, Kuangsi and Fushun in Fengtien, many pollen grains are
surely in existence. A very characteristic pollen grain with two air sacks
resembling therefore the type of Pinus is found by maceration from the coals
of Kongyao in Kirin and Fushan in Fengtien.

(10} Sclerotium & hyphae of Fungi: —Sclerotinm, i.e. the compact mass
of mycelia of some fungi in passing into a vegetative resting stage was first
discovered by Jeffrey and Crysler ia a lignite from Brandon, Canada. Since
then, similar structures have been repeatedly found in coals of other
countries, as Germany, Japan etc. They are especially characteristic for the
younger caals of lignitic composition.

During the present investigation with the Chinese coals, Sclerotium is
found to be a common constituent in practically all the lignitic coals of the
Tertiary age. It has been found in the coals of Fushun in Fengtien (Fig. 3,
PL. VII) Loatouhotzekou, Kangyaochén, Hanwangshan in Kirin, Nintzeshan
in Kwangtung and a lignitic coal of uaknown locality in Kwangsi (Fig. 4
PL VII). So far as the Chinese materials are concerned, no sclerotium has ever
been observed in coals older than the Tertiary, though some European
authors have claimed their occurrence even in Carboniferous coals.

The sclerotium can be easily identified from its rounded to lenticular
shape, and reticulated or alveolated structures. It consists of a rather thick
outer wall, and a comparatively thinner wall for the internal chambers or
spores. It is usually extremely small in size, being about ¢8 u in diameter. In
the coal of Fushun, the same structure has also been noticed by Iwasaki®, but
he named it as the reticulated bodies.
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Fungi hypbae is found in the maceration product from a lignite in
Kwangsi. It is interesting to note that such structure, though delicate in
form, is extremely resistant, having survived from the intense processes of
coalification and metamorphism, it is now again unaffected by the Schulze’s
reagent.

Both sclerotium and hyphae are principally composed of Chitin, a
material of extremely strong resistence; consequently they are often nicely
preserved in the coals.

5. THE FLORA THAT CAN BE IDENTIFIED.

The science of coal petragraphy has, until now, not vet developed to such
a stage as to permit accurate identification of the flora contained in the coal
beds. The reason is partly due to the lack of completely preserved tissue for a
full identification and partly is also due to the imperfectness of our knowledge
in regard to the microscopical anatomy of the ancient flora. Intensive research
along that line is therefore urgently needed.

It is not intended for the present preliminary investigation to make
accurate identification of the different floral elements that have contributed
to tie formation of Chinese coal beds. On the other hand, some of the tissues
observed or isolated from the coal are so nicely preserved that a complete
identification of their genus or even species is possible.

Most of woody pieces observed either in their charred forms (fusain) or
in the unburned state, belong generally to the coniferous group. In the best
preserved state, the wood shows also bordered pits, medullary rays and other
details.

The detailed structure of the woods can be best seen by maceration. By
that method the wood fibers can be separated and studied under microscope.
According to Gothan®, two kinds of bordered pits of the comiferous woods
may be distinguished:

(1) The Araucarian type, i.e., the pits are closely packed together and
with alternating arrangement. They are, with a few exceptions, the charac-
teristic forms for the Palaeozoic formations.

(2) The younger or modern type in which the pits are perfectly rounded
and more or less separated are found in all formations younger than Palaeozoic.
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The only exception is the wood Xenoxylos, the index fossil of Upper Jurassic,
in which the bordered pits are more near to the older or Araucarian type,
rather than the modern one.

The broad relation between the forms of the hordered pits and the
geological age discussed above holds especially well in the study of the
Chinese coals. In the maceration products of the coal of Yutaishan in Hopei,
Hanwangshan in Kirin and an unknown locality in Kwangsi, wood fibers
showing modern bordered pits are abundantly found. All these coals belong
either to Jurassic or to Tertiary in age. On the other hand, wood fibers
isolated from the coal of Shakuotun, which is of Permo-Carboniferous in age,
bordered pits of the older or the Araucarian type are observed.

The wood fibers isolated by maceration from the coals of Hokang and
Yuanpaoshan show such detailed structure that they may be specifically
determined to belong to the genus Xenoxyion, a genus founded by Gothan??
in 1goS. As can be seen from the accompanied illustration in fig. 6,
Pl VII, this wood is characterized by the big egg-shaped simple pits (Eiporen)
in the medullar ray and vertically flattened and therefore more or less rectan-
gular shaped bordered pits in the tracheids. The Xenoxylon of Yuanpaoshan
shows closely arranged bordered pits and which should therefore be compared
with Xenoxylon [atiporosm of Gothan, while that of Hokang, the bordered pits
are not so densely located; this latter character seems to approach the species
Xesnoxylon phyllocladoidese Gothan. Owing to lack of sufficient sections (only
radial sections are present in the maceration products) for detailed examina-
tion, a definite identification of the species is not possible.

A similar occurrence of the fossil wood Xenoxylon was found by H. S.
Wang of the Geological Survey from Hsiachiakon, Choluhsienin Hopei pro-
vince and which has been recently described by Prof. C. Y. Chang?. Here
the wood occurs as isolated fragments, twigs, or part of a trunk in a tuffacious
sandstone of upper Jurassic age. In the later collection by Mr. S. W. Wang
of the Survey there has been found some large trunks, the largest specimen
attaining about two feet in diameter. According to Prof. Chang this wood
shows all the essential characters of the typical Xenoxylon except a few point
of no great importance such as the presence of wood parenchyma, the Bars of



282 Bulletin of the Geological Sociely of China

Sanio, an occassional biseriate ray ete. Accordingly, Prof. Chang has made a
new species, the Xenoxylon fopeiense for this remarkable occurrence.

According to Prof. Gothan the fossil wood Xenoxylon has a wide
distribution; it has been found in Poland, Germany (Salzgitter), Spitzbergen,
Konig Karlo Land, and Yorkshire in England. The geological age of the wood,
so far as is known, belongs to upper Jurassic or Lowest Cretaceous. This
agrees perfectly well with our occurrences in China, as the geological age of
the formation at Hsiachiakou has been fairly determined, from other
evidences, to belong to the same horizon.

The above discussion shows clearly the coniferous wood as an important
constituents in the Chinese coal. On the other hand, wood of the Pteridophyta
which certainly have confributed a great part to the formation of the Palzozoic
coal, are found only in a few instances. Their presence can be inferred from
the structure of the scalariform tissue which is common in all these coals
studied, and which can be seen either in the polished section, or in the ma-
ceration products,

The activity of fungi in most of the Tertiary coals, is also a noteworthy
phenomenon. Their presence is clearly indicated by the numerous sclerotites,
the hyphae, and the fungi spores.

6. GEOLOGICAL SIGNIFICANCE OF MICROSCOPICAL STUDY OF COAL

It is needless to say that microscopical study of coal has jmportant
bearing on its geological and economical problems. The identification of
tissues and flora in the coal coustitutes only one phase of the study, but
sometimes even this phase alone, is enough to give important geological
conclusions. '

Owing to the preliminary nature of our study, such important problems
as the correlation of coal seams, the constitution of coal, the origin of coal,
etc. will not be considered. Only two points, which are of special importance
geologically, will be discussed as follows:

(1) Coal structure and geological age:— It has been a familiar method to
the geologist, that in order to determine the geological age of a coal seam, one
has to rely upon fossils {either plant or animal) contained in its associated
strata. Before the development of the microscopical study of coal, no
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geologist will believe that a study of the coal alone will throw light on its
geological age. Now with the development of mew technique, the coal
petrographer is “able to see through the unknown darkness, and fo formulate
some broad relations™ between the coal structures and the major geological
divisions as Pal®ozoic, Mesozoic or Tertiary. This relation holds especially
well with the study of Chinese coal.

So far as our present investigation goes, the followif:g criteria has proved
to be of value in the broad determination of the geological age of coals:

A. CRITERIA INDICATING PALAEOZOIC AGE OF COAL:

a) The presence of an Immense quantity of microspore exines together
with some of abundant exines of macrospores. The only exception to this rule
is the coal of Pinghsiang of Lower Jurassic age in which abundant exines of
microspores and a few macrospores have been observed.

b) Presence of wood fibers with bordered pits of the Araucarian type.
The wood Xenoxylon, the index fossil of Upper Jurassic is perhaps the only
exception to this rule.

c) Epidermal cells of the cuticles are generally characterized by straight
cell walls. The cuticles isolated from the coals of Raiping, Linchen, Shakuotun
etc. agree perfectly well with this rule.

d} Presence of the scalariform tracheids of the Pteridophyta.

B. CRITERIA INDICATING MESOZOIC OR TERTIARY AGE OF COAL.

a) Presence of Angiospermous wood. This is indicated by the presence
of the vessels or the end plate of the vessel. Generally Tertiary.

b) Presence of annual ring which can be seen either before or after
etching. Mesozoic or Tertiary. Some Permian woods are said to show also
distinct preservation of annual ring, but this is only exceptional case rather
than usual.

¢) Presence of wood fiber with bordered pits of the modern type.
Mesozoic or Tertiary.

d) Presence of cuticles with undulated epidermal cell walls. Mesozoic
or Tertiary.

e) Presence of the wood fiber belonging to genus Xenoxylen. This is the
surest indication of Upper Jurassic age.
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So far as my own observation with the Chinese coals goes, the preserva-
tion of cork tissues and the presence of Sclerotites seems to point to Tertiary
age of the coal, as these tissues have not yet been seen in coals older than
that period.

(2) Geological condition during coal formation:—The study of tissues and
flora in the Chinese coal has furnished us some evidences by which the general
geological condition for the coal forming period may be traced. First of all we
may consider the activity of fungi in many of Tertiary coals in China, their
presence being clearly indicated by the abundant sclerotites, the hyphae and
the fungi spores, As is well known in Botany, sclerotium develops only under
a dry surrounding, so we may picture a rather dry condition, under which
were deposited most of our Tertiary coals. Same explanation has been
advocated by Gothan and others for the condition of brown coal formation in
Germany as in this coal sclerotites are also of frequent occurrence. Another
fact which may be considered as supplementary argument for the above
interpretation, is the poor preservation of the cuticles in most of the younger
coals studied. As we know, dry condition facilitates oxidation and decomposi-
tion, so this explains itself why younger coals contain frequently poorly
preserved cuticles.

On the other hand, the usually excellently preserved tissues including
cuticles, spores, parenchymatous cells etc. in most of the Palaeozoic coals in
China is a noteworthy phenomenon. This fact together with the absence of
any indication of the action of the microorganisms in the coal indicates
strongly that a pre-existing destruction of the vegetable tissues did not take
place, and the coal-forming condition must be a specially favorable one for
their preservation. A wet surrounding probably under constant covering of
water must have been the prevailing condition during the coal forming periods
of Permo-Carboniferous time in China.

7. SUMMARY

1. Altogether about one hundred specimens of coal from 1g different
provinces of China proper and two specimens from Mongolia were studied. In
quality, these coals vary from lignite to anthracite, and in age they belong to
different formations of Tertiary, Cretaceous, Jurassic and Permo-Carboni-
ferous.
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2. Four methods of investigation, namely, the thin section, the polished
section, the maceration and the etching have been wused in the present
investigation.

3. A great number of vegetable tissues and organs such as
parenchymatos cells, stone cells, wood tracheids, scalariform tracheids, bast
fiber, bark parenchyma, epidermal cells sometimes with cell contents, cork
cells, fungi hyphae, sclerotites, spore exines, pollen grains etc. have been
detected in the coals studied.

4. One of the exceptionally well preserved wood fibers has been
definitely identified to belong to Xenoxylon, an index fossil for upper Jurassic
formation. This coniferous wood is now known to be widely distributed in
the Mesozoic coal basin of Northern China.

5. From the presence of fungi activity in the Tertiary coal a rather
dry condition for the coal forming period may be advocated. On the other
hand, the usually excellently preserved state of the various tissues in the
Palaeozoic coals postulates a contrary condition i.e. a wet surrounding and
probably under constant covering of water.
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

PLATE I.

Granules in epidermal cells, evidently representing some coalified
cell content. Chaokuochuang Colliery, Kaiping coal basin, Hopei
province. x 488, Maceration products.

Extremely crushed tracheid with resinous filling in the wood paren-
chyma. Hanwangshan, Kirin, Polished section of a lignite. x 224.
More or less crushed tracheids with lenses or pockets of resinous
matter. Etched polished section of a subbitumincus coal, Hokang,
Heilungkiang x 210, ’

Irregular and detached resinous bodies in bituminous coal of Chia-
wang, Kiangsu province. x 6o Thin section.

Fusain showing distinct structure of annual growth. Bituminous
coal of Hokang, Heilungkiang x 34, Polished section:
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Fig.
Fig.

Fig.

Fig.

Fig.

I.

5e

PLATE 1L

Same as Fig. 5 under higher magnification x Iro.

Waood structure preserved by ash infiltration, Bituminous coal from
Tienwutsun, Wutai district, Shansi. x 1z0. Polished section.

Etched polished section showing tracheids, bordered pits, and me-
dullary rays of 2 wood. Subbituminous coal of Peitaoho, Chinhsien,
Fengtien. x xoy.

Same section as Fig. 8 showing spiral striation in the tracheids.
Etched polished section. x I07.

Woody structure brought out after etching. Bituminous coal of
Hsian, Fengtien, » 118.
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Fig. 1.

Fig. 2.

PLATE III.

An oblique transverse section of 2 wood showing several annual rings,
Etched polished section. Chimingshan, Hsiianhua district, Hopei
province. x 67.

Wood fiber showing bordered pits (modern type) and resinous filling:
Separated by maceration from a lignite of Hanwangsbhan, Wulung
district, Kirin province. x z20.

An angiospermous wood with vessels separated by maceration from
the sub-bitumirous coal of Fushun, Fengtien. x 3z.

Parenchymatous cells partly replaced by ash. Chackuochuang, Kai
ping coal basin, Hopei province. x 65. Polished section.,

Scalariform tissue, separated by maceration from the bituminous coal
of Tawenkou, Shantung x 166.

—20z —
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PLATE 1IV.
Fig. 1. Etached polished section showing the bast fiber and bark parenchyma
in horizontal view. Hokang. Heilungkiang. x 108.
Fig. 2. Same as Fig. 1 under higher magnification. % 450.

Fig. 3. Longitudinal view of the bast fiter and bark parenchyma. Etched
polished section, Hokang, Heilungkiang. x 2z0.

Fig. 4. Cork tissue in the coal of Hokang, Heilungkiang. % 27o.

Fig. 5. A durain extremely rich in cuticles, Peipiao, Jehol, x 58. Vertical
Section,

- 204 —
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

PLATE V.

Cross section of 2 leaf showing distinct structure of cuticle and
epidermal cells after etching, Yuanpaoshan, Jehol. Polished section.
x 1I8.

A well preserved cuticle with distinct stomatic opening, isolated by
maceration from the coal of Nalaha, Mongolia. % 1o6.

Cuticle showing rectangular cells and straight cell walls, A few
stomatic opening can be indistinctly seen. 'By maceration from the
coal of Lincheng, Hopei. x 180.

Cuticle with rectangular cells and undulated cell walls, Isolated by
maceration, Yuwanpaoshan, Jehol. x 2zo.

General microstructure of coal from Shakuotun, Fengtien, showing
abundant microspore exines and a peculiar macrospore in the center.
% 6o. Polished section.

_—296_..






Explanation of

Plate VI

297



Fig. z.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

PLATE VI

Macrospore in horizontal view, Shakuotun, x 56, Polished section.
General microstructure of the coal from Tangchiachuang, Hunyuan
district, Shansi, showing numerous slightly pressed microspore exines
and a big macrospore with tubercles in the center. x 50, polished
section.

Another view of the macrospore under higher magnification, Tang-
chiachnang, Shansi. % 98. Polished section.

An extraordinary large sized macrospore exine showing numerous
tabercles on the wall. Tawenkouw, Taian district, Shantung, x
60. Thin section.

Horizontal view of microspore exines, Chaockuochuang, Hopei.x 1z8.
Polishod section.
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Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

I.

2.

3-

4.
5.

6.

PLATE VII.
Exines of microspores from the maceration pro'duct of the Shakuotun
coal, Fengtien. Note the tetrasporic marking and the ring. X z05.
Maceration preparation showing several exines of microspores, Ta-
wenkou, Shantung. x go.
Sclerotium in the coal of Fushun. Fengtien, x 400, Polished section.
Sclerotium in the coal of Kwangsi. % 105. Polished section,
A group of rounded, oval or lenticular bodies occurring in the mids
of the woody tissue; they are probably the spores of some fungi.
Etched section, Fushun, Fengtien. x 118.

Xenoxylon isolated by maceration from the coal of Yuanpaoshan,
Jehol. x 106.
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THE COKING PROPERTY OF THE POSHAN COAL
OF SHANTUNG

(Summary)
By C. C, WaxaG.
GEOLOGY

The geology of the coal field of Poshan and its adjacent fields has been
surveyed and described by my colleague Mr, H. C. Tan in 2 repert in the Bulle-
tin of the Geological Survey of China, No. 4, Oct, 1922, This report was accom-
panied by an excellent geclogical map on the scale of 1:10D,000 snrveyed topo-
graphically and geologically by Afr. Tan. I shall, however, propese certain modi-
fications as result of my field observations in 1928 and 1931.

The lower and middle parts of the “Pal=ozoic coal series” of Mr. Tan
are difficult to be differentiated and better to be combined into one and called
Carboniferons and Permo-Carboniferous coal series. This is the coal measure of
the region under study, and its siratigraphy is well comparatle to the egnivalent
formation which I have formerly studied in Shansi province. On the other
hand, the overlying yellow shale of Permian and Permo-Triassic age is a distinct
formation which I can see no reason to include in the coal measure. Practically
it is more important to make it a separate series, as it contains the bauxite
bed which T shall describe in the following paper.

According to Mr, Tan’s survey, the Poshan-Tzuchuan coal field is limited
on the west by a great fault or horizontal displacement by which the eastern
continuation of the cozl field known as the Changchiu field is abruptly shifted
ten kilometers northward. I revisited this part of the coal field in 1928
with Mr. C. C. Lin and fonnd that there exists really no such a fault. The
Changchia field is really continnons with the Poshan-Tzuchuan field and separat-
ed only by the torning of strike due to a fold of the strata, On the other hand,
the vertical fault NE of Heishan bas been essentially confirmed.

For the other points of general geology, especially for the geological map,
the reader is referred to Mr, Tan’s report and my next paper on the bauxiie
shale. The present paper is chiefly concerned with the different coal seams and

= Higisrespective composition.
T
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COAL SEAMS

The coals from the northern fields extending from Tabuangti (Tzuchuan)
westward to near Poshan city and to Changchiu locally known as Siao-shan-tan
are generally not good for coking, The coking coals only occur in the southern
area, sonth of the district city of Poshan, namely Heishan and Hsiho fields.
They are locally called Ta-shan-tan. Of the two latter fields, the Heishan
field is by far larger than the other one. The Plate T shows the whole field
already entirely covered by mining claims. In this field there exist altogether 19
coal seams within a total thickness of strata of 250 meters (see Plate IT), Out of
these ten seams are workable. The following table summarizes the local name
of these seams, their respective thickness, and the area of their distribution and
reserve, the seams being arranged in ascending order, i. e. the highest on top.

Ne, Coal seam Average Area Reserve
thickness

10  Chitzutan 0.7 meter 5.400,000sq. m 4,914,000 tons )
9  Tatuanshihbtan 1.5 id. 10,530,000
8  Siaotuanshihtan 0.8 id. 5,616,000
7  Siaohuangshihtan 0.6 6,930,000 5,405,400
6  Huishihtan 1.2 10,440,000 16,286,460
5  Tahuangshihtan 1.2 11,840,000 18,740,400
4 Yusingtzatan 0.7 13,860,000 12,612,600
3  Siaoshihtan 1.0 16,000,000 20,800,000
2 Tashihtan 2.0 id. 41,600,000
1  Chiakangtan 1.2 id. 24,960,000

The numbering of the coal seams in the above table is added by the
author specially for this summary for practical convenience in the following
discussion. The seams are only known to the local miners by their particular
names which designate definite properties in their mind.

From the above table the total reserve of the Heishan field is 161,464,800
tuns, which essentially confirms the estimate previously made by Mr. Tan in his
report published in 1922,

The Hsiho field contains only the five lower coal seams nos. 1-5 totalling
about 5 meters in thickness over an area of 8,400,000 square meters, The reserve
is thus calculated to be 54,600,000 tons, This is again in the same order of
magnitude asMr. Tan’s estimate, But my figures are in both cases a_ little’f;igﬁqr;
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CHEMICAL ANALYSES OF THE COALS.

The coal sampies collected by me in the summer of 1931 have been fully
analysed under the supervision of Mr. X. Y. King, the chief chemist of the
Geological Survey. The results are tabulated below.

1. COALS FROM THE HEISHAN FIELD.

Coal Class.” Moist. Vol. mat, Fix. C. Ash Sulphur Coke Heat value
seam

No. 2 Ah4 0.70 19.60 63.18 16.52 8.40 caking& 7100Cal

swelling

3 A'B}l 0.40 17.94 76.56 5.50 2,50 caking & 8286
slight
swelling

4, B’ 0.40 23.00 67.38 9.22 1.60 caking & 7871
swelling

5 th 0.39 2042 70.87 832 013 caking & 7975
swelling

8 Bm4 0.30 22.76 66.96 9.98 3.00 caking & 7833
swelling

9 Bk 04l 2129 6743 1087 051 caking& 7741

swelling
II. COALS FROM THE HSIHO FIELD.

1 Bh' 064 19.25 6815 1195 0.22 slightly 7628

a

caking.

2 Bh® 050 16,72 65.66 17.12 6.3 ” 7208
4

1. For the meaning of the symbols, see W. H. Wong, Classification of Chinese coals
Bull. Geol. Surv. China, No. 8, 1926. ’



4 Gealogical Bulletin ( Bull, Geol. Surv. China) No. 18

3 aB’ 0.24 1732 7416 8.28 24  caking& 7986
3 .

swelling

4 aB" 060 1635 76.22 682 25 sl. caking 8097

5. Bh® 040 1854 7013 1093 22  caking& 7770
sl. swelling.

It can be seen that the coals from the Hsiho field are all high in sulphur
except the lowest seam No. 1 which is however not very well caking.

In the Heishan basin, the seam No. § is low in ash as well as in sulphur
contents according to the analysis and therefore would be a good coal for me-
tallurgical coke. But from the experience of the local coke manufacture, this
seam too is known to have a high sulphur content. In view of the result of the
analyses, it is hoped that part of this seam may still be utilizable. The seam No,
9 is a high rank bituminous coal of medium grade very low in sulphur, and there-
fore constitutes an excellent coking coal; this is well confirmed by the local coke
ovens., Besides, this seam is a thick one easily workable. The seam No. 8 which
is much thinner shows much more sulphur in analyses, but in practice, it is often
mixed with the No. 9 for coke manufacture. Its sulphur can probably be
washed off. The mixture of the coals No. 9 and No. 8 after washing gives the
following analysis.

Moist. Vol. mat. Fix. C. Ash Sulphur Coke Class Heat Value
0.26 23.90 66.86 898 054 cak. & Bmi 7919Cal
swelling

Coal of the No. 3 seam from the both fields is also used for coking,
although both the coal and the resulting coke are high in sulphur,

CHEMICAL ANALYSES OF THE COKES

Different kinds of coke produced in the Poshan district have also been
analysed in the Survey laboratory with the following results:

I. Cokes made with coals from the Heishan field,

Coal used Mines Moist, Vol. mat. Fix. C, Ash Sulphur
3 Tungfeng 0.59 2.21 86.94 10.26 240
6 Potung 1.11 251 65.08 31.30 0.67



Wang:—Coking property of Posghan coal. &

9+8  Yuseng 038 117 7943 18,02 0.06
9+8  Tunghoord, 0.36  0.90 81.48 17,28 0.84
9+8 » steved 0.14  1.22 81.8¢4  16.80 0.72
948 »  washed0.04 1.08 86.22 12.66 .69
948 » spec. 006 116 87.78 11.00 0.68

JI. Cokes made with coals from the Hsiho field,

3 Yuseng 008  1.90 8928 840 2.7
4 Tunghsing 0.32  1.90 8470 1308 19

From the above tables it can be seen that only cokes made with coal
seams No. 3 and Nos. 9—8 washed have their ash content near or below 12%,
while all the others are much more ashy. All the cokes from the Hsiho field are
too sulpburouns with their sulphur content all above 1.3%, while the cokes from
the Heishan field are all below this limit and therefore gaod for the blast furnace
use except that from No. 3.

CONCLUSION

Although the Poshan coal fields contain enormous reserve of bituminous
coals mostly coking, yet by far not all the seams can be used for metallurgical
coke, The seam No. 9 locally known as Tatuanshihtan of the Heishan basin is
the best coking coal which can yield excellent blast furnace or foundry coke
even mixed with No. 8 coal which shows to the analyses comparatively more
sulphur, The reserve of these coal seams which can be used for the manufacture
of metallurgical coke only amounts to about 15,000,000 tons.

The Heishan coal field is favorably sitvated near the Tsinan—Tsingtao
railway with which it is already connected by a branch line. Its coal or the
coke from this coal basin can be easily exported through Tsingtao to Japan or
to the Yangtze Valley where it is much needed.

Details of the present mining and coke mannfacturing industries are given
in the Chinese text.
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SOME NEW METHODS IN COAL PETROGRAPHY
By C. Y. HsiEn* BERS

(Contribution from the Sin Yuan Fuel Laboraiory,
Geological Survey of China No. 2)

I. INTRODUCTION.

The microscopical study of coal either by thin section or by polished
section has formed now a special branch of geological science which is called
in Germany ‘‘Kohlenpetrographie.” This name is not at all a satisfactory one
as, so far as I know, it has been followed neither in America nor in European
countries outside Germany. However as there exists now no better term than
this, T can only use it until some better one be created.

The coal petrography is a science which has been developed only within
recent ten years. Thanks to the pioneer works of Jeffrey, Thiessen and Winter
and followed afterwards by Duparque, Seyler, Gothan, Stach, Potonie, Bode
etc., this science has made such remarkable progress that its practical value
as well as theoretical significance have now been fully recognized.

For the technique part of the petrographical study of coal we should
mention first of all the name of Jeffrey (1), whose ingenious method in cut-
ting coal thin slice by a microtome was indeed a marvelous invention. The
improvement of grinding method (the same as in making a thin section of
rock) by Lomax (2) and Thiessen (3) has made possible the making of coal thin
section in a simpler and quicker way than required in the method of Jeffrey.
In spite of all these invention and improvement, the preparation of coal thin
section transparent enough to show every detail and permitting microphoto-
graphy under higher magnification still remains a difficult task for most of
the coal investigators. In the case of anthracite, however, no method is yet
known as to its preparation of thin and even translucent section.

On account of the difficulties involved in the preparation of transparent
thin section of coal, most investigators have now turned their attention to
polished section, a method well known in metallography and mineragraphy but
was first adopted to coal investigation by Winter as late as in 1g13. This was

* Geologist in charge of the Sin Yuan Fuel Laboratory of the Geoldgical Survey of China.
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followed by Gothan & Stach in Germany, Duparque in France, Seyler in
England, and Turner & Randall in America. Seyler’s method of etching the
polished surface of coal by chromic acid {4} and Turner and Randall’s flame
etching method (5) have both made a great progress in the technique part of
the science, as otherwise some of the delicate and iuternal structure of the
vitrain would not be visible. The usefulness of the etching method especially
by the Seyler’s reagent has been well shown by the author in his study of the
etching strocture of some of the Chinese coals (6).

From +what has been said above it is evident that the present state
of the microscopical study of coal has utilized all possible facilities such as
thin section, polished section and etching methods (To this should be added
also the maceration method) the last two methods were largely shared from the
metallographic and mineragraphic sciences. However those whe are familiar
with the newly developed mineragraphic methods (7} in connection with ore
investigation will at once be struck by the fact that coal petrographer has
utilized only a part and not yet the whole of the peinciple and method as now
known to the mineragrapher. The reason is that coal research falls now largely
in the hands of palaeobetanist or chemist who care but little with either the
newly developed petrographic or mineragraphic methods.

In the new model of the Leitz ore microscope, a polariser has been set in
front of the vertical lluminator and an analyser in the microscopic tube above
the specimen, so that ore surface can be studied in polarized light and in
crossed nicols. By this arrangement, anisotropism, internal structure and
other phenomenon could be accurately determined. The internal reflection
color of the ore andgangue can be best seen by oil immersion, by which the
image acquires at the same time a better contrast and more distinct aspect.
All these methods seem to be adaptable to coal petrographical research; yet to
our great surprise, no such attempt has ever been made by coal investigator.
The present paper is intended to describe some of the experience and result
obtained in our attempt to apply mineragraphic methods to coal research.

2. ANISOTROPISM IN CoaL

Coal is an amorphous rock consisting of material of colloidal nature;
consequently it must be isotropic i. e. dark between crossed nicols and showing
no change of color intensity when the stage is rotated. Im reality this is not
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the case. In most of the coals examined there shows always some anisotropism,*
which becomes most distinct and marked in the case of anthracite, whereas in
bituminous coal thefanisotropism seems to vary from faint and unnoticeable to
strong and well marked just as anthracite. In the case of lignite (Lignite {from
Kirin, China, Glanzbraunkohle from Peissenberg, Bavara etc) and some of the
sub-bituminous coal (For example the Fushun coal, the coal of Pa Tao Ho, S.
Fengtien) there shows a distinct isotropic character; the coal however never
becomes perfectly dark when the nicols are crossed as does isotropic mineral,
but its dark gray color remains unchanged when the stage is being rotated.

In studying anisotropism and other characters of the polished coal sur-
face, a sirong source of light must be used, as otherwise the weak reflecting
power of the coaly substances will transmit very little light to enable accurate
investigation. A Leitz Liliput arc lamp of 4-5 amp. is used throughout the
present work, and the matt glass must also be removed in order to increase the
light intensity.

It is well known in Mineralogy that isotropic minerals such as garnet
often show aptical anomalies when it has suffered intense dynamic metamor-
phism. The stress thus created has forced the mineral to rearrange internally
and thus appears as anisotrepic in crossed nicols. The same explanation could
perhaps be applied to the opticai anomalies of coal, though in detailed process
it may not be exactly the same. As the degree of metamorphism is expressed
in the different ranks of coal, that is to say anthracite has suffered the greatest
stress while the lignite the least. Theoretically then anthracite must show
greatest anomalies i. e. anisotropism whereas lignite the least or nomei. e.
isotropic. And this is just what I have found in the Chinese coals.

3. THE ORIGINAL STRUCTURE OF ANTHRACITE.

As aresult of the strong anisotropic character of anthracite, its original
banded structure and structures showing original cellular forms or grain
bounderies can be marvelously shown when the analyser is crossed. Two of
the examples are given in the illustration PLI, Fig. T & 2. When examining in
parallel nicols, the polished surface of the coal aside from a few lenses or
fragments of fusain shows almost a perfect, homogenouns and structureless
vitrain. In fact most of the work dealing with microscopic structure of
anthracite has described it as consist in essentially of an structureless mass of
vitrain intercalating only here and there with some lenses of fusain. Now

* Study of anisotropism in coal by thin section method has already been made by C S. Fox.
See Nature, Dec, 25, 1926, p. 913 and Oct. 15, 1927. P. 547.
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when the upper nicol is crossed, an entirely different aspect is obtained; it
shows a distinct banded structure of vitrain, durain and fusain just as bitu-
minous coal {(Plate I & Plate II). The dnrain is composed of an aggregate of
cellular material together with perhaps some microspore exines and other
substance, their recognition is however not possible even under very strong
magnification. Most of the cellular material seems to show some degree of
granulation and crushing; in other words a cataclastic structure (see Plate I,a).
This struacture is very important as by its existence we are led to realize what
an enormous degree of stress the coal has suffered in its changing from
bituminous coal to anthracite. This seems to give another evidence to support
the dynamic stress as one of the important factor in anthracite formation.

The original banded structure as well as vegetable tissue in anthracite
were not visible until when the ingenious method of flame etching by Turner
and Randall was discovered. Now since the same structure can be observed
more easily and distincty with polarized Jight and crossed nicols, it is needless
to say that the flame etching becomes not necessary. The flame etching
method, simple as it is, takes always some time and in some cases it is rather
difficult to conduct. Moreover it is difficult to compare the unetched structure
with that of the etched one, whereas in using polarized light and crossed
nicols, the comparison is a very simple matter,

The original banding and other structure in anthracite becomes more
distinct and marked when a drop of oil (Cedarwood oil or Glycerine) is
introduced between the objective (oil immersion objective) and the coal
surface.

4. OIL IMMERSION METHOD.

Oil immersion in mineragraphy is unsed for several purposes: (1) to
increase detail and fineness of the image when examining under strong
magnification, (2} to detect in an approximate way the rate of decreasing of
reflecting power which in the case of opaque mineral varies largely with the
index of absorption; (3} to detect internal reflection color, i. e. the true color
of the substance.

In applying oil immersion method to coal petrographical research, very
excellent results some of them are of diagnostic value, have been obtained.
First of all when a drop of glycerine or cedarwood oil is introduced between
the objective and the coal surface, the image becomes more sharp and distinct;
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unevenness of the image due to relief or scratch of the polished surface can to
some extent be improved by oil immersion, thus it permits the taking of
better microphotographs, (Plate 111 & Plate IV} though the exposure time must
be considerablly increased.

The reflecting power of different constituents in the coal will be reduced
when a drop of oil is introduced. The rate of reduction varies inversely with
the index of absorption and diminishes directly with the index of refraction.
Those substances which absorb most will reduce least their reflecting power,
therefore exhibit still a bright luster after oil immersion. On the other hand
swhen a highly refracting substance is examined by oil immersion, its reduction
ir fuster will only be very slight and in conmtrast with the strongly reduced
mass of coaly matter, the substance appears asif its reflecting power were
increased. In this way we are enabled to distinguish mineral matter from
the coal mass as will be described below.

When examining a coal surface under oil immersion, fusain seems to
redizce little or nonme of its reflecting power so that it remains always in a
bright state of yellow color. Vitrain has suffered great reduction and showing
therefore a darker color, while exines of both microspores and macrospores,
cuticles, resinous bodies etc have greatest reduction so that they become dark
gray or nearly black when oil immersion is applied. Xylainic debris or
tissues exhibit a luster intermediate between fusain and vitrain, In this way
we are enabled to obtain a better contrast view on the different constituents
in the coal and what is more Important is the surer distinction between true
fusain (charred wood) and xylain {uncharred wood) since both are callular in
structure and are in some cases almost indistinguishable when examined by
dry system objective alone.

The microphotographs thus obtained are distinct enough as to be com-
parable with those taken by Jeffrey and Thiessen with their thin section
method, while the photographing of polished section by the ordinary
method, such a contrast view has hitherto not yet been reached. If a positive
be made from the negative from which a print is again made, the exines of
both microspores and macrospores will appear white just sameas in the
microphotographs of thin section.

The internal reflection color is beautifully shown in the case of resin
which appears brown, reddish brown or yellow when oil immersicn and
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especially crossed nicols are applied. The color becomes more distinct when
scratches or pores occur in the resin body and thereby light is enabled to
penetrate and then to reflect again. A lignite from Holunghsien (FIFEEE) in
Kirin province was found to contain abundant nicely preserved wood in which
crushed tracheids and rectangular, uncrushed cells are beautifully
shown. This latter cell was supposed to be resinous filling in the wood
parenchyma, but such identification was only morphological and not conclu-
sive. Now by the use of oil immersion method, very distinct reddish brown
color is shown in practically all of the rectangular cells, therefore their
resinous nature is proved.

Another application of tile oil immerston methodis in the identificaton
of mineral matter in the coal. As has been stated above reduction of reflect-
ing power varies inversely with index of absorption and directly with index of
refraction. Mineral matter such as calcite, quartz are all transparent, but
having higher indices of refraction as compared with sporic constituent or
resinous bodies which are alse transparent, so that after 0il immersion they
are found to show a more bright luster and translucent color. Sometimes the
rhombohedral cleavage of caleite is equally well shown, The earthy ferrugi~
nous matter is characterized by a yellow color while quartz is white and
translucent, devoid of any cleavage. From these charcaters we can see that by
oil immersion method it is not only possible to distinguish between coaly and
migeral matter but a discrimination among the common species of

minerals in a polished section of coal is equally feasible.
5. STUDY OF JET.

Jet is a variety of brown ceal; it is compact and tough.resembling cannel
coal, batits luster is more bright and when polishing yields a splendid
polished surface. When seen under the microscope by ordinary method,
(vertical illumination) the polished surface (specimen from Fittlingen, Schwe-
ben, S. Germiny) shows to be an homogenous vitrain exhibiting no structure
whatsoever. Now when the upper nicol is crossed and what is better when
oil immersion is also applied, a somewhat distinct woody structure of
tracheids of brown color appears. Owing to the weak anisotrotic character of
the substance the structure is only faintly shown, though its woody
nature is proved beyond any doubt. A thin section of the Jet shows exact.
ly the same strocture. Study of polished Jet by obligue illumination gives
the same or even better woody structure as will be described below. Thus the
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study of polished section of coal by polarized light can be claimed as well to
replace the thin section method, which is more difficult to conduct.

6. OBLIQUE ILLUMINATION.

The methods thus far described are all made ander vertical illumination.
The study of polished section by oblique illumination has yielded also good
and diagnostic result in mineragraphy and the same method could well be
appiied to coal research. Uniform obligue illumination can best be produced
when two arc Iights are directed to the polished surface from opposite sides, or
what is the same or even better when an instrument known as Silvermann
obligue illuminator is available. (8) The high relief of the fusain with its
cellular structure and black charcoal like internal reflection color from the
cellular open spaces are then remarkably well shown. It is believed that a
surer distinction between true fusain and xylain can thus be easily made in
polished section. (In thin section fusain is black and opaque so it can easily
be distinguished from xylainic substances.) The oblique illumination method
is especially good. for the study of woody structure in lignite or brown coal.
The resineus filling in wood from a lignite of Holunghsien, Kirin Province and
the woody structure of a Jeét from S. Germany could be equally well or
even better detected by oblique illumination. The image so obtained shows
such a weak intensity of light that considerable long exposure must be used
before a good microphatograph can be taken.

7. THE CELLULOSE PRINTING METHOD FOR THE PRESERVATION
OF ETCHING STRUCTURE OF COAL.

In spite of the fact that the study of polished coal section by polarized
light and oil immersion method could to a large extent replace the etching
method, but in some cases especially in coal of younger age, etching test seems
to be indispensable. The structure produced by etching is usually extremely
distinct, yet it does not last very long. The entire structure is often destroy-
ed when the section has been exposed to the air for some time. Therefore it is
necessary to devise some means to preserve the structure, so that it conld be
kept for ever.

In the spring of 1930 the writer, while making some coal research work
in the Laboratory of the Preussisch Geologische Landesanstalt in Berlin has
found a cellulose printing method for the preservation of coal structure,

Detailed description of the method is given in his article on the “*Atzstruk.
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turen der Kohle”. A short summary of the method is given below:

In making such a print, the etched surface of the coal must be thorough-
ly dried, or better to wait a few days after the etching has been made. The
surface must then be moistened with aceton and on it poured the cellulose
liquid until a layer of about 2 or 3 millimeters is formed. The layer must be
kept perfectly level and the whole thing is left in a quiet place without dis-
turbance for about 24 hours. The cellulose will then be evaporated and dried
to form a very thin film which can be easily taken away by a knife. On
the lower side of the cellulose film, a print of the structure is obtained which
can be studied under the microscope either by transmitted light or by reflected
light.

It goes without saying that the same method can be applied to the
printing of coal structure before the etching. In that case the coal surface
must be polished a little longer than wusual in order fo obtain a higher
relief, Distinet prints of fusain, ‘macrospore, as well as other structure have
been obtained by the writer.

The usefulness of the printing method lies not only in the fact that the
structure can be preserved for permanent study, but also that it is possible to
secure an accurate comparison of the structures produced before and after
the etching. As it is sometimes not easy to say from which component of
the coal does the etching structure originate, so the providing of certain means
for accurate comparison is not at all superfluous. Another application of the
method is to make a series of prints from successively polished surface of the
same section, so as to facilitate fhe study of vertical variation of the
component found in the coal.

‘8. CONCLUSION.

The present work isan attempt to apply some of the mineragraphic
methods to coal petrography. From what has been discussed it seems that
the new methaods permit an accurate identification of some of the coal con-
stituents such as true fusain, vesin and mineral matter contained in the
section, a better presentation of original banded and cellular structure in
anthracite, and lastly a means to reveal the woady structure in jet or similar
seemingly structureless vitrain. When properly:applied these new methods
could replace almost entirely the thin section andi foa large extent also the
etching method. A method for the preservation of-etching or relief structure
of coal by cellulose printing is also described.
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Being a mewly developed science the coal petrography especially the
technique part of it has a splendid field for future research. We must not only
confine ourselves to morphological study of the vegetable constituents alone,
but a full utilization of their physical and chemical properties as well. The
application of polarized light, oil immersion and oblique illumination as

" described above is merely one phase of suchan attempt. The quantitative
determination of reflecting power of the ore mineral has been recently made
possible by the invention of SchneiderbShn-Bereck’s photometer ocular (8) and
the Photoelectric method of Orcel (g). The writer wonders if such determina-
‘tion could also be conducted with profit in the study of polished section of
coal. The tefractive indices of the spore exines, cuticles or other vegetable
tissues could perhaps also be determined and utilized for correlation purposes.
These are some of the more important phases of research which the coal
petrographer of to-day should follow.
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PLATE 1.

2) Banded structure in anthracite consisting of alternating vitrain and
crushed fusain becomes visible when observed in crossed nicols. Polished
vertical section of anthracite from Lou Fun Yen, Lien-Chen Hsien, Fukien
Province. (i £t i 45 56 & JE &) X r105.

b) A band of crushed cell or cataclastic structure in anthracite indicat-
ing clearly what an enormous amount of pressure the coal has suffered during
its stage of development. Polished vertical section seen in crossed nicols.
Jfen Tsun, Lu Chen Hsien, Kwangsi Province (5% 78 3% %8 S £). X 300.
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PLATE II
Banded structure in anthracite showing crushed fusain and a vitrain
with distinct preservation of lenticular, compressed cells. Locality same as
Pl Ia. Polished vertical section seen in crossed micols. X 3c0.
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PLATE 111

Vertical crossed section of a bituminous coal as seen under oil immersion.
The microspore exines (small lenticular bodies of black color) and the ground-
mass {gray) have greatly reduced their luster when oil is introduced, whereas
fusain (light gray with cellular structure) and xylainic debris (white] have
reduced but slightly; thus a more contrast view is obtained. If a print of the
positive of the plate be made, the microspore exines will appear white just
same as in a microphotograph of thin section. Seam No. 1z of the Chao Ko
Chuang Colliery, Kaiping basin, Hopei Province. (7 4t 244 b 25 8 % JB)-
X 28o.
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PLATE IV.

Microphotograph of vertical cross section of a bituminous coal when
observed under oil immersion. Both the exines of microspores and macro-
spores appear black, the xylainic and fusainic (with cellular structure)
materials white, the growndmass, dark gray. Tien Wu Tsun, Wu Tai Hsien,
Shansi Province (jli 8 H & 1 % M 4. X 280.
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A PRELIMINARY PETROGRAPHICAL STUDY
OF THE PEIPIAO COALS,
By c. v. HSIEH* MRS
(Contribution from the Sin Yuan Fuel Laboratory, No. 1.)
I. INTRODUCTION,

The Peipiao coal field is sitnated about go li North of the Chaoyang
city, eastern Jehol and is connected with Chin Hsien, a station on the Peking-
Mukden railway by a branch line of about 170 li. The region is characterized
by a moderately dissected mountain range which runs roughly in a N. E.—
S. W. direction.

Since 1921 the Peipiao coal field is being developed by the Peipiao Coal
Mining Company. Under the able management of its first director Dr. V. K.
Ting and its present airector Mr. T. A. Yuan, this mine has been turned into
a profitable enterprise and is now yielding a production of more than 360,000
tons annually.

The geology of the Peipiao coal field has been studied at first by
Dr. V. K. Ting and afterwards detailedly mapped by Mr. H. C. Tan? and
Dr. W. H. Wong®. To Dr. Wong we owed to his discovery of several over-
thrusts of considerable magnitude,—a discovery of prime importance to the
well understanding of the Chinese tectonics. The geological interest of the
region is further enhanced by the existence of two volcanic series between
which the coal formation of Jurassic age is found. A petrographical study
of the volcanic rocks collected by Mr. H. S. Wang® in this region has been
recently made by P. C. Wang’. In regard to the mining condition and
technical development of the mine, we have the report of Mr. P. H. Lay5,
mining engineer of the said company.

* Geologist in charge of the Sin Yuan Fuel Laboratory, National Geological Survey of
China.
I, T’an, H. C., Geology of the Peipiao coal field, Chaoyang district, Jehol, Bull. Geol. Surv,
China No. 8, 1926,
2. Wong, W. H., Etnde tectonigue de la region de Peipiao et se environs, Bull. Geol. Surv.
China No, 11, 1928,
3. Mr. Wang's report on the geology of the Peipiao region is in consse of preparation.
4. Wang, P.C., The volcanic rocks in Peipiao region, Bull. Geol. Soc, China. Vol. 8, No.
4, 1929, P. 343.
5. Lay, P.H., Engineering report on Peipiao Colliery, Mining & Metallurgy (Chinese) Vol.
1, No. 1, P 129, 1927,
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Tt is interesting to note from the above mentioned that the Peipiao coal
field, though its systematic development being dated from comparatively
recent time, has furnished us a good deal of scientific informations and
became now one of the best known coal fields in China. On the other hand,
a petrographical knowledge of its coals produced, which from the genetic
point of view is of fundamental importance, is unfortunately still lacking.
‘With a view fo fill up this gap of knowledge, the present work is intended.

The writer wishes to thank the authorities of the Peipiao Coal Mining Co.
for the sending of specimens aund various other informations.

2. THE COAL SEAMS.

According to Mr. Lay’s report there are more than ten seams of coals
encountered in the bore holes and underground but among which only eight
are considered as workable. Among these seams, the seams No. 7 and No. 8,
because of their high content in ashes are now not worked. Their average
chemical composition? is listed below with notations® indicated:

No. of Seam Moisture Volatile matter Fixed Ash M_f_\T Notation
. Carbon

, % % % %

No. 3 (1st level) 2.31 29.60 53.20 14.84 71.66 Bl ,
No. 3 (znd levelj 2.65 27.35 52.45 I7.54 1.74 Bm,
No. 4 (1st level} 2.08 30.67 53.I10 I14.I5 I.6I Bl ,
No. 4 (znd level) 1.6 31.25 53.0¢ 13.63 1.59 Bl .
No. 4% 4.00 26.84 39.68 20.48 1.28 BC,
No. 5 (1st level) 3.10 29.40 51.50 ¥4.71 1.58 Bl ,
No. 3 {znd level) 2.01 29.20 5r.00 17.60 I1.63 B1,
No. 6 ' 1.50 26.50 51.00 2I.00 I.82 Bm,
No. 7 I.00 33.50 33.00 32.50 0.95 BC,

3. MICROSCOPIC AND MACROSCOPIC CHARACTERS.

In the following description of the microscopic characters of caals', the
writer has adopted the somewhat modified nomenclature of Stopes® proposed
by the Prussian Geological Survey in Berlin. In this nomenclature the term
Clarain is discarded, because it does not show much difference both chemically

1. Taken from Mr. Lay’s unpublished report on the Coal Seams in Peipiao field.

2. Wong, W. H., Classification of Chinese Coals, Bull. Geol. Surv. China, N. 8, 1926, p. 33.

3. Stopes, M., Ou the four visible ingredi in banded bitumi ceals, Proc. Roy. Soc.
Ser. B. Vol. go. No. 633, p. 483, 1919.
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and microscopicaily from durain, the latfer as we understand now is used to
indicate all inhomogenous layers in the coal, o matter whether it is made up
of spore exines or of cuticles or of any other constituents.

To describe the various degrees of humification of the woody materials
in the coal, the writer is preferred to nse the terms xylain aud xylo-vitrain of
Duparque! rather than the eu-vitrain and pro-vitrain of Potonie®, the former
nomenclature seems to give a much clearer understanding.

After having stated the defination of the terms used in this article, I
may now proceed to describe the different coals studied.

Seam No. 3.

Macroscopic character: This is a finely laminated coal composed
essentially of durian with thin intercalations of vitrain and several lenses of
fusain. The coal is light, seems to contain little ash. Ii breaks easily to
roughly parallelopiped fragments of various sizes,

Microscopic character: Under the microscope the vertical section of the
coal is seen to be composed almost entirely of durain which is characterized
by a great abundance of woody materials in the forms of fusain, xylain and
xylo-vitrain. In some section practically no cuticle is observed while in
others it is very abundant. Some resinous matter in rounded to lenticular
fragments showing high relief and grayish color is present,

Fusain forms usually long lenticles of considerable sizes attaining some-
times one centimeter or more in length. It can be clearly recognized by the
naked eyes from its high relief, dull appearance and fibrous form, Under the
microscope fusain shows very well preserved cellular structure, the cells are
usually neatly preserved and have apparently suffered no or little com-
pression. Both transverse and Jongitudinal section of the fusain is encoun-
tered in the vertical section. The cells are generally infiltrated by ashy
matter which gives a dark and dull appearaunce under the microscope. It is
perhaps due to this infiltration that most of the higher ash content of fusain
is to be accounted for. Pyrite replacing the cells is also frequently observed.

Xylain has a lower relief, but brighter luster than fusain. It exhibits
no well marked relief on the polished section when seen by naked eye or by a

1 Duparque, André, Le réle des tissus lignifiés dans Ia formatian de la houille, Extr. Ann.
de 1a Soc. Geol, du Nord T. LI p. 51, 1926.

2 Potonie, R., Zur Kohleup graphie und Kohl hung, Z. d. D. Geo). Ges Bd. 78,
1926,
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lens as this is the case with fusain. Under the microscope, xylain shows also
a well preserved cellular structure; in this respect it resembles fusain and
" can only be distinguished from its relief and luster; the former char-
acter is best to see by theuse of a hand lens. In the sections examined,
xylain forms usualy long or short lemses of various sizes. It is generally
bordered by a structure.less zone of thin xylovitrain. Pleces of woody
matter showing transition from xylain to xylo-vitrain are frequently observed.

The durain is composed essentially of a ground mass (pate fondamental
of Duparque) in which are embedded numerous thin lenses, fragments or small
grains of xylovitrain and fusain. Both groundmass and xylovitrain are
homogenous and structureless, but they can be distinguished by the fact that
xylovitrain is higher in relief, brighter in luster and distinctly yellow in color,
while the groundmass assumes generally a gray to bluish tint.

In the section just described there exists very few cuticle or microspore
exines. According to Duparque, a structure like this should be called clarain,
instead of durain, but as we are not intended to make minor distinction of
this kind the name dorain is used throughout this paper.

In another section from the same specimen, the microscopic structure
gives quite a different picture. The groundmass is characterized by the
presence of numerous microspore exines, and in certain portion it is crowd-
ed with cuticles of immense sizes. This is the typical durain, using the
definition of Duparque. Other woody material like fusain, xylain and xylovi-
train are equally abundant, and the cellular structure in fusain and xylain is
equally well preserved as in the other section.

The occurrence of cuticle is of special interest. It is usually crowded
together to form a band of } cm or more in thickness, in which nothing but
cuticles of various sizes are found. The thickness of the cuticle wvaries
naturally with the orientation of the section; thus it varies from a mere fine
line to as much as 1o microns. By naked eye the presence of cuticle band is
already noticeable from its high relief and long-striated aspect of the
polished section.

In the coals studied, the microspore exines are not so abundant as
commonly seen in the coals of Palacozoic age. They are extremely minute
in size, being only a few microns in length and could hardly noticeable unless
examined carefully and by the use of small aperture,

Microscopic characters of the horizonial section: The microscopic view of
the horizontal section depends of course much upon the position along which
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the section is cut. It shows in one case an homogenous groundinass em-
bedded with numerous small fragments or fine grains of xylainic and fusainic
material, the latter is generally higher in relief. In another case the section
is crowded with abundant pieces of fusain or xylain with well preserved
cellular structure. As a rule the cells seem to have suffered little compression.
Infiltration of ashy matter in the cellular spaces is a common phenomenon,
and it is perhaps due to this reason that the cells have been rendered hard
and resistent so as to show little signs of mechanical strain.

Thin section: The study of thin section confirms the existence of numer-
ous bands, lenses or chips of fusain which together with cuticles and small
lenticular bodies of resin are embedded in a reddish brown vitrainic ground-
mass. The resin shows a brilliant reddish brown color and is very transparent
in the thin section, '

Seam No. %.

This is a hard and compact coal like seam No. 3. It is heavier than
seam No. 6. It breaks into an uneven fracture, this character being also
somewhat similar to seam No. 3.

Under the microscope: The coal is seen to be composed essentially of
durain with a few intercalations, of vitrain which is more developed here than
in any other coals studied presently. The vitrain attains sometimes a thick-
ness of 2 mm or more.

As usual, the durain is made up principally of woody materials with
subordinate representation of microspore exines, cuticles and a few resinous
bodies, the whole series of material being embedded in an homogenous ground-
mass The woody material occurs mostly in the form of xylovitrain, i. e. 2
much transformed xylain with its cellular structure almost entirely obliterated.
Tt can still be recognized as snch from its high relief and not infrequently
the presence of numerous cavities suggesting the original cellular spaces.
Fusain is also present, but rather rare. Besides, there presents a fragmentary
material with thick cell walls occurring either in single isolated cells or in
one or two rows of a series of cells. Some of the cells assume a form very
like bast fiber which has been produced by etching in the coal of Hokong and
Chimenshan® while in others the cell walls of which are so thick that they may
be called stone cells, Such cell generally shows a higher relief and distinct

1. Hsieh, C. Y., K&stmkt;xren in der Kohle, Arb, Institut f. Paliiobotanik u. Petrographic der
Brennsteine, Bd 2, Heft 1, pp. 25, 1930.
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bright lustre than ordinary xylain. When examined by naked eye or by a
lens it shows a sub-metallic lustre of gray color, so it can not be fusain.

Seam No. 43.

Macroscopically, this is a compact and hard coal showing distinct
banding of bright and dull layer, the latter is an ash-rich components weather-
ed generally to yellow or brownish color, evidently due to the presence of
iron. It breaks into regularly formed parallelpiped fragments.

Under the microscope,— Vertical section: This is composed essentially
of durain intercalated here and there with extremely abundant lenticles of
fusain showing distinct cellular structures. In the durain is present a great
amount of xylainic debris or isolated rows of cells showing distinct relief and
bright lustre of yellow color; also some cuticles and microspore exines, and a
few resinous bodies. Most of the woody material here occurs in the forms of
fusain and xylain; xylovitrain is present only in subordinate way. The
cellalar structare in both fusain and xylain has suffered some degree of com-
pression, so that arc structure is common. It seems that well formed,
uncrushed cells have not been observed; a feature similar to seam No. 6, but
unlike seam No. 3. The more abundance in xylain than xylovitrain in this
coal distingaishes it from seam No. 6.

Stone cells, bast fiber and other thick walled cells of indeterminate
nature are very abundant in this coal occurring either in unburnt (xylain) or
in burnt state {fusain); the latter form of preservation seems to be more
common.

Another characteristic feature of this coal is the ash-rich beds which
show under the microscope a great amount of woody debris embedded in a
dark grey groundmass of inerganic origin. The debris is of different sizes
and is composed of a great variety of tissues.

Horizontal Section: The horizontal section reveals a great abundance of
{fusain and xylain forming either large pieces of several mm. long or small
irregular fragments embedded in a bright ground-mass. Cuticles of wrinkled
or folded forms are found but they are only subordinately represented.

The ash-rich layer shows under the microscope to be an aggregete of
xylainic and fusainic material embedded in a groundmass containing greyish
spots or masses of ashy matter.
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Seam No. 5.

The horizoutal section of this coal shows a great abundance of leaves,
often wrinkled and folded giving thus a most complicate appearaunce, being
bounded in all cases by cuticles of irregular outlines. In some part of the
section it seems to be made up essentially of large pieces of xylainic to xylo-
vitrainic materials with cellular structure more or less clearty shown,

The vertical section shows also a great abundance of cuticles and spore
exines embedded in a bright groundmass. The cuticles are often contorted
and curved. The coal scems to have suffered some movement during or after
its formation, as is evidenced by the displacement and discontinuity of the
cuticle bearing layers. Crushing of the beds is also commonly scen. Both
fusain and xylain are present, but they are not so abundant as in other coal.
A richness in small lenticular fragments or grains of resin is very characteristic
for this coal. It is more gray in color and higher in relief as compared with
xylainie constituent. The recognation of resin can be best made by using
polarized light? or still better under oil immersion; in this way the internal
reflection color of brown or yellow is distinctly shown.

‘ From the abave description it seems clear that seam No. 35 is unique in
its abundance in cuticles or sporic matter and in its great reduction in woedy
waterials such as are the case with the other seams previously described.

Seam No. 6.

This is also a finely laminated coal, but less hard and compact as
compared with seam No. 3. It is much crushed showing abundant slicken-
sides and cleavages while bedding planes being only indistinctly shown.

Under the microscope the vertical section is seen to be composed almost
entirely of durain with a few thin intercalations of vitrain, the thickness of
which reaches only z0—40 microns. The durain is compesed in the main of
lenses or fragrents of xylo-vitrain, in which cellular structure has been mostly
obliterated, but can still be inferred from the form and distribution of cavities
which occurs abundantly in it. Moreover, the xylovitrain has a distinctly
higher relief than the ground mass or the common vitrain. Xylain and fusain
showing distinct cellular structure are also present, but they are not so
agbundant as in coal of seam No. 3. In addition, the cells have generaily

i. See the next article in this Bulletin by C. Y. Hsich on “some new methods in coal
petrography.”
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suffered some compression, so that arc structure is commonly observed.
Transition from xylain to xylovitrain is also observed. In some pieces of
fusain, especially those of large sizes, there occurs some well preserved,
uncompressed cells together with intensely crushed ones; this suggests very
likely the structure of annual ring, which the author has repeatedly seen
among the Chinese coals of Jurassic or more younger ages.

In the durain there occurs some exines of microspores, small grains of
detached fusain, xylain or xylovitrain and here and there rounded to irregular-
shaped resinous bodies.

In some part of the section, cuticles are observed, but they are far less
abundant and not so crowdly spaced as in the coal of seam No. 3. Bast fiber
and bright, fragmentary cells are also present but are not very abundant.

In some other polished section made from the same specimen, there
shows great development of an homogenous groundmass in which are embedded
numerouns fragments of xylovitrain {(or vitrainic debris) some exines of micro-
spores and cuticles and several lenticles or fragments of fusain, lenticles the
latter show sometimes a well preserved and uncompressed cellular structure,
The cell walls are 6ften replaced by pyrite. Some beds of one or more mm. in
thickness are exceptionally rich in small ash grains which make the coal to
exhibit a dirty appearance,

The similarity of this coal with soms of the previously described is very
great, but some distinction is still noticeable. Firstly, the woody material is
here found to be mostly in a state of more advanced transformatien; fusain
and xylain with somewhat distinct cellular structure are certainly present, but
they have generally suffered some compression and transformation, so that
arc structure and xyio-vitrain are found to be more common. Moreover,
cuticles are not so abundant in this coal; this character distinguishes it from
the seam No. 3.

4. MACERATION

In order to know more detail about the botanical constituents preserved
in the coal, a study by maceration method is the best means. This method
is now being used in a large extent by coal investigators and has yielded in
some cases surprising results. The coal fo be studied must be pulverized
first; the fine powders are then immersed in a solution of concentric nitric
acid (sp. gr- ¥.40) and potassium chlorate. The time of treatment varies with
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the nature of the coal and in the case of Peipiao coals, I have left them in the
solution for about 4-5 days. The residues are then washed throughly, and
treated again with ammonia for ten to twenty minutes. Practically all the
humic substances are dissolved by ammonia while fusain, mineral grains and
what is most important, the cutinized substances such as exines of spores;
cuticles etc. can be picked out and studied under the microscope.

The maceration products from the seam No. 3 and No. 6 are very
similar; they are composed in the main of isolated wood fibers showing some-
times distinct structures such as bordered pits, medullary rays ete; also some
fusain and cuticles. Exines of microspores are only rarely found, though
they are certainly present. Epidermal cells of the cuticle are generally well
preserved, showing a long streatched, rectangular forms. The best preserved
cuticles showing distinct cell structures and stomata are seen in the coal from
seamis No. 4and 43, of which ‘an example is given in the jllustration.
Wood fibers and fusain are equally abundant in these coals while microspbr:e
exines are rare. The maceration product of seam No. 5 shows only som:e
badly preserved eunticles and unidentifiable tissues.

From the above maceration study, itis concluded that the vegetable
tissues forming the bulk of the Peipiao coals are composed in the main of the
woody elements and cuticles, while sporic constituents are conspicuously rare.
The forms of the epidermal cells in the cuticles as well as the structure of the
wood fiber present some striking resemblance in all the coals studied, so that
they afford no means by which to distinguish or to correlate the different coal
seams from a maceration study alone.

5. CONCLUSION.

The present study is merely a petrographical description of six principal
coal seams found in the Peipiao coal field. As the "exact location ®of the
specimens studied are in most cases unknown, and systematic collection of
coals from one place to another is not yet available, any discussion about
the horizontal variation in microstructure and botanical constituents of the
coals is therefore not the scope of the present work. A detailed study to show
horizontal variation is, however, of fundamental importance, as it furnishes
the only means to interpret the mode of conditions under which the coals in
different parts were formed. It is hoped that such a study shall be taken up

1. The Peipiao authority has consented to send such a collection in the near future
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by the Fuel Laboratory in the near future.

From the previous microscopical and maceration study, it is concluded
that the Peipiao coals are made up principally by woody constituents and
caticles together with some fragmentary cells of bast fiber, some stone cells
characterized by extraordinary thick cell walls especially abundant in Seam
No. 4, whereas sporic matter, resins etc. are conspicuously rare (Only abundant
in Seam No. 5). Among the woody materials, three different forms of preserva-
tion may be distinguished; namely fusain, a charred woed, xylain, 2 humified
wood showing still distinct cellular structure and xylovitrain, a more ad.
vanced transformation of woody material with complete obliteration of most
of the cellular structures. .

Another important conclusion brought out by the previous microscopic
study is the constant association of ashy matter in fusain, the former is almost
always present occurring as infiltration in the cells of the latter. Therefore,
if we can develop some means to separate out more or less completely the
fusain particles from the coals, it will decrease the ash content and consequent-
ly improve the quality of the coal to a considerable extent. Perhaps the
coking quality of the coal can 2iso be improved in this way as is believed by
most of the recent coal investigator.



Synoptic table showing characters of the Peipiao Coals.

Micrnscopic characters.

No. of Macroscopic characters A !
Seam Cuticles ' . ‘%;?E:;‘-ES Fusain Xylain Xylovitrain J R:;;‘t(gfs Gther Tissucs ] Sp. Gr.
i i 1 1 !
Seam No. ! Finely laminateddurain with thin Extremely Not abund- {Abundant, cells) Very abun-| Very abun- 2 Rare ‘ l 1.29
3 vitrain and numerous lenses of | abundant, of- dant. often infiltrated| dant, cellsgen- : dant, often in i
fusain. Fracture uneven, very|ten crowded to with ash or erallv not com- large lenticles. 1 1. l
light. { form a band of pyrite general-ipressed or | '
: { high reliet. iy not crushed,| crushed 1 !
1 occurring in 1 ‘ ! i
| large lenses. i . {
| ! .
Seam No. | Finely laminated durain with i Not abundant | Not abundant.'Not Abun-| Abundant, 'Very abun-| Rare [Bast fiber, ‘ 1.32
4 more developed vitrain; fusain is | to rare. dant, cellsgen- | cells generally { dant, in small | . stone cells are {
rare. Fracture uneven, more erally uncom- | uncompressed; | or larger len- ! rather abun-
heavy than seam No, 3. pressed occu- ticlesor bands. | | dant. ]
!'ring generally | | I
! iin narrow len- i ) [
: ses. ; ' \ '
: ;
Seam No. | Distinctly banded coal of bright 1 Not abundant ! Not abundant.| Extremely Abandant, | Not abund:mt. 1 Rare \ Same as 1 1.37
1 and dulf layers, the latter is an y abundant,cells | cells gencrally | Seam No
42 ash rich component weathered ] generally com- | compressed to ! [ ¢ -
generally to yellow or brown ; pressed tolform arc! . |
{due to iron) Fracture even, form arc|structure. ( ! f 1
breaks into parallelopiped frag- [ structure. | ' ‘ !
ments. | 1 t
| | !
Seam No. | A semi-bright much crushed coal | Veryabundant | Very abun-}{Veryrare, cells Present. |  Present. Common l Some {rag-j 1.28
" showing undistinct banding. | generalily fold- dant. 1generally un- i ; t0 abun- | mentary cells
J Rather soft and friable, breaks jed and con- compressed. f dant. ‘with thick
into small irregular fragments torted. 1 i l walls are
i | ! present.
| | | |
i . ; |
Seam No. | Finely laminated durain with» Abundant Not abundant | Common, cells { Common, cells | Very abun- ( Rare ‘Bast fiber pre-| .30
6 thin vitrain and some fusain; sometimes|generally com- | dant, general-: senf, but not
fracture uneven, less compact compressed | pressed. ly forming , abundant.
and is a little heavier than seam showing arc small grains, ' i
No. 3, with which it closely re- structure and lenses ra- !
sembles otherwise. I sometimes un- rely long len ' ‘
! | compressed. ticles. :
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EXPLANATION OF PLATE 1.

Microphotographs of polished sections of coal.

Fig. 1. A transverse section of fusain showing well preserved cellular
structure perhaps of a coniferous wood. Annual ring is here distinctly marked.
{See the horizontal demarcation in the center). Seam No. 3. % Ioo.

Fig. 2. Pieces of fusain in coal seam No. 3 showing thin walled ceils
filled almost entirely by ash infiltration. The ash content of the coal is
probably largely derived from this infiltration. % go.

Fig. 3. Vertical section of coal from seam No. 4 showing its general
microstructure. This coal is characterized by an abundance of xylovitrain
which occurs generally in fragmentary state. White, xylovitrain; gray, ground-
mass or vitrain. x 1oo.

Fig. 4. Vertical section of coal from seam No. 4 showing a portion
with abundant cuticles. The bands both above and below in the figure are
xyloviirain with woody structure indistinctly shown. % go.
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EXPLANATION OF PLATE II.

Microphotographs of polished sections except Fig. 8 which
is a maceration preparate.

Fig. 5. Vertical section of coal seam No. 4, showing several bands of
xylain exhibiting a more bright lustre and higher relief than the ordinary one.
X I00.

Fig. 6. Several bands of fusain embedded in a groundmass of vitrain.
Seam No. 4%, % 100.

Fig. 7. Vertical section of coal of seam No. 5 showing an entirely
different aspect {rom other seams. It is characterized by a richness in
resinous matter and a durain with fairly abundant microspore exines. The
exceptionally higher content of volatile matter in this coal is perhaps due to
this reason. One of the large resinous fragments is shown in the upper left
corner. x I00.

Fig. 8. A cuticle as isolated by maceration from coal seam No. 3. It
shows a long stretched, rectangular epidermal cells. x 8a.
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