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THE CONSTITUTION OF COAL
BY CHUNG YU WANG - .

In regard fo the knowledge of the conatitations of coal Wo are gtill in
the Dark: Ages, To the man in the atraet coa.lxsmenely a du-ty mass of
combushbln matter; to the engineer it is generally thought of in terms
of its contents in carbon, velatile matter, mnisturo, ash and sulphur;
and to the geologist, it is marely mga.rded a8 a atra.tlgraphm.l anit:
But what is ‘coal? What distinctive aompounds or coushtuents can
be proved to exist 88 guch in the coal mass? Invesugators of such problem
during the past decades ha.ve no doubt dons muuh of the moneer work,
crude and contradiciory somehmes though it may be; but it is due to
the work of recent investigators that we can Ay We mow get an inkling of the
real constitnents that make up the coal masa. Among many others may be
mentioned the following prominent research workers in this field: in the
United States, White, Thieasen Porter, Parr; in England, Stopes, Wheeler,
Lessing, Illingworth, Lomax; and in Germany, Fischer, Hofmann, Schrader.
Prominent among the organizations which have msds & ﬁgordus research |
into the nature of coal, are the Boreau of Mines in the United States, the
Department of Scientific and Induelrial Research and the Lancashire and
Cheshire Coal Research “Association in England;, and the Kaiser-Wilhelm-
Institut fir Kohlenforschungs in Miilheim and the Friedlander-Fildsches
Kohlenforschungs.Ingtitut in Germany. If I am allowed to generalize, I am
inclinded to think that the tendency of the American research is toward the
elucidation of the structore of coal, the English research work leaves rather
toward its fragmentary significance and the Germans have done much in the
investigation of the chemical decomposition of coal.

On & whole these researches can be grouped into:

1. Megascopic ’

) . (A, Transmitted light
2. Mioroseopio | B. Reflected light
A, Chemical atlack by means of various reagents.
3.. Chemieal %B. Action of solvents

C. Low temperalure distillation.
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4. Pholographic
5, X-—-I‘B.y )
1. MEGASCOPIC,
 The megascopic- examination of coal ghould be, as it is frequently
done, supplemented by its mioroscopie sxamination. Thanks to the inde-
fatigable labor of Dr. Mﬁ.rie C. Btopes who hag done much to classify our
conception of the constituents of coal by a broad generalization of separating
coal into four ingtedieﬁts—fusai.n, durain, vitrain and olarain. Indeed, ‘pra-
vious iﬁmtigators had recognized some of these iogredients but their des-
crii)ﬁons were oftentimes rather loose end vagune.  Before going into the
datails of these four ingredients I shall first try to correlate the 'nomenelatures
_ aa adopted by the few who have stndied this problem. }

Stopes: Fusain Durain  Vitin  Clarain
’—_k_--_-‘ -__-'-'&'_\
Hutton: dall ceal - dull cosl erystalline -~ erystalline
Dawson:  Mineral 1 compact coal” i
: charcoal B O S
: : duller slate coal:  bright conchoidal pitch
Haxley: Mineral - ~
charcoal " coal proper
Wetherel: dull coal _ bright coal .
== microspores & megaspores ==hydrocarbon
e P e —
Potonie: dull or mat coal humus ccal :
(glantz or bright coal)
Thiessen: dull coal anthroxylon
& attritas i,
Lomax: . jetonised wood

. Fusain is a jet-black, opaque, flocculent porous powder, somewhat
" fibrous, disseminating in patches or wedges along the bedding plane of coal,
from a thin layer to bands several inches in thickness. In contredistinction
to it, bitaminous coal, when ground to extreme fineness, is of & dark mohogany
‘color and its particles are more or less rounded. Sometimes fusain ocours *‘as
‘an aggregate of material’’ not easily to be pulverized. It is a produet of the
ratting of ‘‘the bard portions of plants, such as the liguified cell walls to
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moleucules epproximating carbon’’ on the surface of water where the oxygen
of the air had free play.

Durgin is a dull-appearing coal substance, having & hard, close and
firm texture appearing rather granular to the naked eye. It breaks irregularly
aoross the bedding .plane with finely lumpy surface. Durain bands 'are
variable in thickness, oceasionally ocourring in long lenticular shape. -“In
- 8ome cases it may be confused with clarain especially when numerons thin
bands of vitrain are intermixed with the dutl coal substance. However, vitrain
may be recognized as such by having the coal fractured along the bedding
plane. In fact durain representa the uliimate residues of the disintegrated
plants, in which “the potentially vitrain forming portion” mingles freely.

Vitrain: In the words of Btopes: “Just the essential point of
differonce between vitrain and. ordinary brighf conl (which I have called
clarain) lies in ‘the fact that the vitrain bands, unlike olﬁim'.n, are entirely
devoid of preserved structure. Viirsin i8 indeed a solidified jelly. and ig
Practically homogeneons under the highest power' of microscope. That ig,
it i, at any rate, 'so far jellified that, whatever plant material had originally .
composed it, no vestige of that cellular strmoture is etill extant. Vitrain
occurs as definite, rather narrow bands in some instances straighter and
flatter than the otker bands of coal, aud in gome ingtances more obvionsly
lenticular. True brilliant vitmain bands are often marksbly uniform in
thickness for congiderable distances.”” Vitrain is then & colloid-like substance,
that can be broken into morse or less regular cubes, representing the product of
bacterial and chemical disintegration of plants, in the absence of oxygenated
water or free atmospheric oxygen, but with sufficient moisture.

Clarain: The characteristic of clarain is its stroakiness, or contrasted
with the brilliant and structureless character of vitrein. In the words of
Stopes, ‘‘clarain possesses a definite and smooth surface when broken at right
angles to the bedding plane and these surfaces have a pronounced gloss or
shine. This surface luster is seen to be inherently bonded a3 well as to have
bands of fine durain intercalated between its own bands”. It is supposed
that durain was formed in the central portions of wide, still lagoons in which
the planis were more or less completely decayed while materials such as
cuticles, spore-exines and carbon that were more resistant to the decaying
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procees, mingled as such with the more delicate tissues.

If theso four ingredients now recognized so by many observers, are
really distinetive subatances (they are mere substances in the true sense of the
word because each one of themn may be e%ntually resolved into gome definite
ohemical entities) they should posses, besidsy their apparent structural charsic-
teristics, both chemieal and physical properties to distinguish one from an-
other. Indeed, they possess such digtinguishing properties. _Lessing found in
onse of the samples of bitumincus coal examined, the following percentages of
ash, whioh may be token as indicating the relative ash contents of the four

ingredients: _ - :
' Yuzain Durain ~ Clamin - Vitrain
15.50 6.26 1.92 1.11

In & general way, coal dust is made up mostly of fusain, the lighter
coal is composed of a combination of vitrain and clarain and the heavier coal
is reﬁreaeﬁted by durain. Lessing stated, ‘‘the ash constitated by the
dust was at least -equal to and in some cases more than twice as much as that
congtittited by the whole bulk of the clean coal”. Tideswell and Wheslor
determined their volatile maiter in percentages as follows:

Fusain - ‘Dursin . Clarain - Vitrain
22.6 30.4 40.8 . 36.8

Binvatt drew the following conclusion from a study of the numerous
analyses of the four ingredients. - Fusain has the highest ash and lowest.
volatile matter; durain has lower moistare and higher. ash than either vitrain
and cis.ra.in; clarain has higher and sometimes lower volatile maiter and ash
end lower moisture than vitrain; vitrain has the highest moisture and lowest
ash. .

According to Sinvatt the agglutinating values of the Aseley bituminous
coal are: _ ) _
" Coal . Vitrain Clarain Durain Fusain

15 9 17 6. ~ nil
that is to say, fusain is absolutely non.coking, dursin is slightly coking with
particles adhering slightly together, clarain fuses considerably with the
merging together of parlicles giving rise to the peculiar brown shear to cokes,
and vitrain cokes and is responsible for the silver-white appearance of cokes,
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Regarding the relative abundance of the four ingredients in a ssam
of coal, mention should be made of the Wigan Four Feet Seam, which
according to Sinvatt gives the following percentagen: Vitrain 26, Clarain 52,
Darain 20, Fusain 1. However, it should be emphasized, such percentages
are always very variable with different seams or with' different parts of the
Bawne seam. Neverthelesa I summrise that, whalever variabilities there are in
the percentages and arrangements of the four ingredients in a seam of coal,
there might be established, as we advance further in the regional observationg
of these ingredients, an index from their percentages or some kind of criteria

from their arrangement, by means of which one seam can ba correlated with
another, '

Ag to the occurrence of these ingredients in anthracite, ‘we are
indebted to Grounds for his observations which I' now summarize below:
Anthracile. contains some fusain, although not in such great quantity as is
found in bituminous coal, It has besn pointed ont that the volatile matter of
the fusain in bitaminons coel is generally lower than that of its aesosiated
coal. The olarain is very gimilar to that of bituminous. Grounds made out
another new constituent, which he called P vitrain or pseudo-vitrain,
Exemined un.der the microscope, it appears deep brown and much . darker -
than the vitrain of bituminous. It brenks with a concoidal fracture into
sharp splinters and fragments of pyramidal shape, whereas vitrain proper
breaks more or less regularly into cubes; it is much harder than vitmain proper.
If the fusain is found to contain higher percontage of ash than the coal, then
its volatile matter is higher than that of w vitmin; and, pari-passu, if lower,
then latter. ¥ vitrain forms the major portion of anthracite while fusain 1%
or less and clarsin 5—10 % .

1I. A. Microscoric EXAMINATION OF CoaL py Mzans oF
TransmirTED LIGET,

Fusgin : black, opaque, showing liltle cellular structure of wood ;
walls thickened and cell lumina empty. ]

Durain : granular matrix of roupdish or polyhedral fragments,
mixed with spore exines; macrospores conspictous, whose exines are clear and
brilliantly colored, almost red; smsall amount of microspores; sometimes
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clarain presents as clear lenticular bande or flecks of golden color; a littd
slightly colored hodies, suppesed to be resin.
Clarain : clear, as contrasted with opacity of durein; bands of
_disintegrated plant substance and bands of clesr coticle spore exines,
resin bodies and other structores of varions ehades, from pale -yellow to & rich
amber-reddish, Atem tismues and leaf tissmes; durain streaks presents as
‘jmpurity,

Vitrain : transloscent, structureless, uniform texture; color ranging
from pale yellow to ruddy brown, depending upon thickness of slide.

Let us now examine the stractures of the different elements of plants
which make up the coal mass. :

Cuticle : ‘“Morphologically onticles are very different from cock
‘tissue, they retain in ridgesand sclpturing the impress of each individusal
coll it overlays”. - Hénce g sheet of cutiole looks like a sheet of colls. A
perpendicular séetion would thow the caticle to be saw-edged on one side and
smooth:.on the other, It in bright yellow or orange in color, clear and
tra.nsl.tiad-_a'nt,ﬁil;\' Very thin ection it iz pale yellow. - Tt is considerably long
and relatively narrow.’ White and Thmsen considered the caticle to be
resinous in composition, while Stopes and Wheeler congidered it to be waxy.

. Bark may be recognized by ita lumpy porous and irregular structare.
1t is dark brown in color.”

Spore-coats- or gpore-ezines have flattened oval outline, -They grade
from a brilliant yallow to a mdﬂy_omnge in eolor. Although circular or oval
in general appearance, they tend to become triarigdlar in shape with tatrasimﬁc
marke which distinguish them from ‘pollen-exines whosa surfaces are smooth
with o long elit paralle]l to the axin of the oveid. Spores range from 10
miocrons (47 mm) in diameter, i.e., microspores, to 2 and 3 rom., i.e., megas-
pores. fpores are found in immenss quantity in capnel or boghead cosla.

godtqts ere circular or ovel in cross-section, which is relatively larger
than that of spores. They are black, glistening or petrified contents of the
mucilage canals of certain plants.

Regines. Microscopically their recognition is excsedingly difficult
and uncertain. Concerning vesines, White said, *““There are distinetly two
kinds—one dull, opague, non-refractive; the other, (may be of a waxy nature)
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light and very refractive. ~Of these the former is by far the more abundant”.
According to White and Thiessen, resin bodies are generully oval or ronndish
in cross-section; but on cleavage surfaces they may be seen-as rodless,.-being
“reginons fillings of certain true vessels or gum or resin. ducts in certain
woods". There are in record lumps of resing found in Palzozoio coals as well
48 in Jate aged eoals, - .

~ Other stmctuml sabstances such a8 sporangia (receptacles, in which
ﬂporaa aTe pmducad) seed, phloem (soft-walled, pmteme-mntammg cells) sl
of which, from their very nature, are easily dacomposed and are, t.herefo:e,
very mrely obsorved. Other unstable organio sabstances such as protopla.sm,
ﬂhlorop]a.at, gtarch grain, oils, sngar ete. may be or most probably may not be
presenbasauch in the coal mass and are beyond the power of morosmpa
1o rander them obsemble

Beaides the extraneous rocks and minerals such as. ghale, clay salt
ote. formiog ihe impurities found in .coal, there are other inorganie products
guch ag. carbonates of iron, iron sulphide, calcite, magnesia, sulphur and
alumina, which have been extracted from the tissies of the ones living plants
and, deposited in the coal substance, mainly by the action of bacteria and other
mlcrurga.nmms Of these, sulphur is decidedly the most. 1mporla.nt and thuos
warrant a little notice here. Awordmg to Prof. Parr, su]phur occurs in coal
.88 pyritic sulphur, in disseminated or microscopic form, organic sulphur,
sulphates and possibly also a8 uncombined sulphur. The microscopic pyritie
sulphur varies from 20 to §0 rmicrons in_size and appears as cubes. These
cubes are undoubtedly secondary, that is, they did not occur as sach in
-tho original plants but were deposited thers during or after coalification.

The microscopic examination of coal,: scientifically valuable and
ﬂlummatmg though it is, should become one of the methods of geologists for
the correlation of cosl seems. As examp]as of such work, I may mention the
observation of White and Thiessen, which show that the Pittsburg bed con-
tains some characteristic spores which have not been found in any other bed
and thnt the Shelbyville coal is full of megaspores.

II. B. Microscoric EXAMINATION oF CoaL By Means o# Reriicren LieaT,

8o far known to me, E. P. Reim seems to be the -only one who has
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made a successful attempt of such ork. His methiod -consists of etching or
heat-tinting the polished surfacs of coal, and of examining it by reflected light,
jusk as one-does in metallographle work. ‘More should ba done to prove the
value of such method for the examination of conl, -

III. " CEEMICAL,

As the chemical investigation of conl concerns the chemmts more
than the geologists, I ghall briefly dwcnbe the results of such mvashgatmn

AB to the exact natare of the organie compounds composing the coal
mass opmlons are ahll 8o to 83y, ina flux. We know that the organic eom-
pou.nd found in planta are: carhonhydra.tea and thau- denva.tlves,—-tha g]uco-
sides and tannma, fats and waxes, the essential oils and mmna, orga.mc acid-
snd their salts, the protemes, the vegetable bases and a.lka.loldﬂ, and the
pigments. Bot how far such organie compounds hava undargona changes
due 'to” deoxygenation, polymerisation and dehgdroganatmn during or affer
wnhﬁuatmn is the work of chemlsts to ﬁnd out. They have adopted theése
modes of investigation : '

' a.) Chemical attacl-: by means of various reagents.
b.) Aotion of solvents.
. ) Low tampera@:u.re distillation.

" 8) Chemisal attack by means of various veagents :. Cheﬁists have,
in one time' or another, made use of su]f.:hurib acid, nitric acid, coustic
alka.khaa, bromme, ozone and oxygen for such work. The resulls obtained
are meagre and unsahsfactory, beanse the detion of such rea.genta gonerally
masks up the exact nature of the orlglnal constituents.

b.) Action of solvents : Tmportant resulls have been obtained by
means of solvonts. Burgess and Wheeler have been able to isolate
some [undamental constituents from coal, which have been confirmed by

many other investigators. I am now going to deseribe them disgrammati-
cally: ‘ ‘

~ Cellulosic Resinie,
{Polymerisation and degradation products (Polymerisation and de-
of original plant cellulose). gradation  products of

N. B. Opposing the above, Fischer and original  plents -resins,
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Schrader meintain that lignine degradation  gums and wnxes)
products rather.than cellulosic sulislances play o
an important part in coal constitution .

R e R

Alpha ' Beta T Gamma
Conglituent Constituent . Constituent
ingoluble in soluble in pyridine soluble in pyridine an
pyridine, but insoluble in chloroform, I
forms a large chloroform, -readily fusible below G00°
part of the fixed yielde a high C; rogponsible element in
carbon in coke. proportion of B coking, which idea has

volatile matter. been sattacked by Bone,
Pearson ole. '

Ulmins, which bave been found in peat and lignite, have not been

"found as such in bituminous coal. In the worde of Slopes, ‘T seems to vB

probable that during the course of formation of bituminous -coals ulinin com-

pounds found during the early stages may undergo not distinetion but & series

of changes resulting in a progressive incraase in carbon-conlent and 1hat com-

pounds similar in constitution to the ulmine but lacking their characteristic
solubility in alkaline solution, exist in bitumincus eosl.”

¢.) Low temperature distillation: -Sinee the number of the inves-
tigators in this kind of research id legian and their resulis are sometimes
complicating, I cannot do better then to condense the summary given by Bona
aﬁout the present state of our knowledge with regard to the low temperature
distillation of coal. There is little doubt abont the existence of the cellulosie
and resinic compounds in cona.l_, the plfiinary decomposition of coal subslance
begins at 200° C; with elimination of water and oxides of carbon, up to and
beyond 450° C; hydrogen conlinues to evclve -uniil at 700°—800° C it
puddenly inereases in volume. Burgeas and Wheeler ragardeci this tempera-
ture as the critical temperature at which hydrogen-yielding conatituents are
decomposed while other invetigators considered the sudden increase in volume
of hydrogen as indicating the secondary composition of tar vapors or gaseous
bydrocarbons, Aromatic hydrocarbons of the benzene series are not found in
low temperaturs carbonisation. Perhaps the benzene series found at higher
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temperaturs are due lo the dehydrogenation of the hydroaromalic products
found ‘at low tempersture or due to olefine condensation, So far there has
been no gystematie investigation of the modes of decomposition of ammonia-
yielding nitrogenous constituenta.

k W\ 1V. PrOTOCRAPEIC,

W. T. Russell discoversd long ago that coalhas the property of
acting on & sepsitized plate in the dark, This kind of investigation has been
rocently resusciated by @. B. Haﬁlqm snd R. V. Wheeler who observed
thas the contact photograph recorded with remarksble fidelity the slightest
variation in the textare of cosl and showed up clearly the bands of vitrsin,
olarain, fusain‘and durein. I am of the opinion that this method would.
ev‘entua.lly,préve' to be the quickest method for the investigation of the four
ingredients of coal.

V. X—Ray EXAMINATION.

“This methed of research has been used by Chdzo _Iwa.sé.ki_ili his
investigation of Japanese coals. I bhave not been able to find any allosion to
it in Eurobea.n or Amai’i@n literature. Perhaps it would be.a good method
for the ifivestigation of the mineral content of coal.

' V1. CorcLUusIoN.

In the space given to this paper, I have tried to draw your attention
to the lines of attack for the investigation of the constitulion of coal, which
have been adopted by varions researches. This summary is to give you a
general view of the resnlts so far obtained, to show you the relationship such
researches would bear to the work of correlating coal seams, and to inform ydu
how.incomple'ta our present knowledge of the constitution of coal is. How-

' ‘,- ever, I hope that, with the vigorous investigations now carried on by many

arduous workers in different lands, the day would not be far off when we
shall bo nble to write down chemical formul® for the coal mass as do now we-
can do with a mineral. May we not now in this old land of Sinian, which
possesses such an immense wealth of coal, try lo add our mite of work for (he
unravelling of the mysteries of the constitution of coal?

In conelnsion, may I be permitted to suggest to you that the Geolo-
gica] Society shonld take the lead in fhe establishment of & central organiza-
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tion for the scientific study of Chinese coal?
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