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RECENT ADVANCES IN TH: CHEMICAL CONSTITUTION OF COAL

B, X, Mazumdar and A. Lahiri,
Central Fuel Hesearch Instilute, Jealgora,
Dhanbad, India

The.-problem of chemical constitution of coal has long remained an intractable one
but intensive work carried within the last dscade in particular has steadily revealel impor-
tant information on the siructural pattern of coal. Since 1952 the concept of the siruc-
tural parameters has emerged amd,broadly speaxing, whatever has been achieved so far
mainly concerns this aspect of coal structure. gy structural parameters is generally
meant the state of combination of carbon, hydrogen and oxygen and their distribution in
the average structural 'unit'. Such knowledge has been obtained from various physical
studies e.g. x-rayl‘ , infra-red9-]l, nuclear magnetic resonance (n.m.r.)+2-L4, proton
spin resonance (p.s.r.)15, electron spin resonance (e.s.r.)16-18 and statistical 24
techniquesl9-23 involving density, refraction, sound velocity, magnetic susceptibility
and other properties.

I . . 25-40 . - .

riscently a nuwaber of chemical technigues have been developed in these labora-
tories vo assess the structural parameters in coal as revealed by physical measurements.
In the main, these constitute oxidation, pyrolysis, and dehydrogenation and have led to
important information on the state of combination of carbon and hydrogen in coal as well
as on the size of the aromatic nuclesus.

AROMAL T CARDON Th COAL:

AN

Caroon is the predominant elsment in coal and the major part of it is oelieved
to be aromatic in character,

Two chemical techniques, namely, ox:i.dat.ionzs’28 and pyrolysisB} have been employad
Dy the authars for the guantitative measurement of the aromatic carvon. It is believed
that oy these mesthods of treatment the non-aromatic structure is preferentially oxidized
or devolatilized leaving the aromatic skeleton of coal unaffected. It may as well be
that the mechanisms of oxidation or pyrolysis of coal are not as simple as that, Hence,
in more recent work#2,43 further support of the validity of the oxidation and pyrolysis
techniques has been obtained by applying the methods on reduced coals. This 1is because
in reduced coals th2 csssential feavures of the original structure are celieved to oe
retcined, but the distribution of carton and hydrogen in two forms, aromatic and' non-
aromatic, are altered.

A geries of vitrzins were reduced with lithium and ethylenediamine following the
technique of I. Wender*+ and his co-workers. This treatment creates fresh hydroaromatic
structure at the expense of the aromatics., The aromaticity of reduced coals can be
theoretically calculated from the amount of hydrogen added during reduction provided that
the aromaticity of the original coalsas determined by chemical technigues are assumed

to be correct. The aromaticity of the reduced coals as determined by oxidation as well

‘as by pyrolysis studies have oeen found to be in excellent agreement with the theoretical

valuss as reproduced42-43 in Tables 1, 2.

Hecent physico-chemic al deductions™ +46,50,66,68 based on infra.red®’ and n-m-r
data especially tioseh5-46 put forward by the authors (Table 3) also give values of
aromzticity which are in good agrsement with those determined by the chemical methods of
oxidation and pyrolysis (fig.l,.. The valuss of aromaticity obtained by chemical tech-
niques can perhaps be taken to be more precise than those deduced sarlier by physical
techniques.

13-14




€6.

Now that a precise estimate of aromaticity is available from chemical methods,
1t is of interest to compare such values with those earlier assessed oy a number of
physical techniques. Such comparison is depicted in Fig.2. It is found that the values
of "ordered" carbon obtained by x-ray diffraction studies3 closely fall in line with

the most.acceptables values of aromaticity, Assessment of non-aromatic structure and hence

of the aromatic by infra-red studies is rendered difficult because of the lack of
precise data on extinction coefficient ratio required for computation. Thus no firm
values of aromaticity could be obtained by such methods. - The meferred values of aro-
maticity obtained by I.G.C. Dryden“? by a study of the self-consistency between several
physical techniques are about 5 to 10 per cent higher than those directly obtained by
chemical studies and cannot be reconciled with the values of alicyclicity obtained by
the autha s37.. The values of aromatlclty deduced by any of the statistical technigues
mads by van Krevelen and co-workers:?-23 are also 10-15 per cent higher than thosge
obvained later by chemical techniques (Fig.l). Their values of aromaticity can also
not be reconciled with the most mreferred values of alicyclicity (determined in these
laboratories), because the sum of the two exceeds the total carbon in coal (fable 4).
If the ampunt of methyl carbon is taken into consideration the discrepancy would increase
gti11 further.

It will be of interest to note that the differences betwéen values of aro-
maticity obtained vy different techniques are grezver in the case of cocals of lower
rank, but they tend %o narrow down for higher rank coals, 7This may perhaps be explained
oy the inherent difficulties .in the accurate measurement of the physical parameters
owing to the possible interference oy the presence of more oxygenatea groups in coals
of lower rank,

NON—AEQMAT IC CAEBON
{a) Alicyclic Combination

Information about the disposition and character of the non-aromatic carbon 32-40

in coal has recently been ootained by the authors by a series of dehydrogenation studies
It nhas been shown that the non-aromatic structure of coal is predominantly alicyclic.

The first estimates of al:Lc,‘,'cl:Lclty3 3 were obtained by employing Vesterberg's

technlque of dehydrogenation. The results so obtained were ccnfirmed by another method
of dehydrogenation with iodine, These estimates indicated chat oroadly 10-25 per cent
of the carbon is in alicyclic combination in the bituminous range (carbon : 8C-50 per
cent)., The alicyclicivy progressively diminisnes with increase in rank and is practi-
cally non-existent in the anthracite stage. .

Subsequently, H.:’..Peoverw introduced the benzoquirnone metvhod of denydrpgera-
tion and ootained much higher results. It has recently been shown by the a.ut.hors3 that
the nigher estimates of Peover may have been due To some systematic srror in the polaro-
graphic determination of hydroguinone produced as a result of the dehydrogenation of
coal. In fact, an investigation of the wenzoquinone method in these laboratories has
shown that the chree methods of dehydrogenation viz. by sulphur, iodine and tenzogquinone
are comparaole in so far as the extent of o.ehydrogenauon poss:.ole in different ranks
of coal (Lable 5).

Further, the applicability of Vesterberg's technique in the dehydrogenation
of coal structure has been corrotorated by determinavion of hydroarcmaticity in reduced
coals. It has been found4? that the freshly created hydroaromatic structure in the
reduced coals undergoes dehydrogenation with sulphur guantitatively,apparently without
any side reactions. These results are reproduced in iable 6.

2~
Thus, t.he values of a.h.cychcir,y olegmally presem;ed3 3 from thess
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laocoratwries in 1553 should be treated as largely correct (Fig.3) . In fact, the
amourtt of hydrogen which could be added to coal at any stage of reduction could oe
quantitatively removed®? during dehyirogenation with sulphur (fasle 6). This indicates
that coal struciure is pernaps unique is its chemical reactivity and that the estimates
of alicyclicity ovtained by treatment with sulphur are possibly the maximum values,

An imrediate consequence of dehydrogenation studies has been the recognition
of the factu that the sum of aromatic and alicyclic carvon appears to be virtually
constant at the level of 92 per cent of 'the total carpbon in coal, irrespective of its
rank, from liznite to the hi;hest ran: bituminous coal. Liue same conclusion repeatedly
emergad from the pyrolysis gt.udies on dehydrogsnated coals and coals pre-treated with
different chemical reagerts 7, The aromaticity progressively increases al the expense
of the alicyclic structure, with increase in ranx and tnis appears to be the principal
mechanismhO involved in .geo-cnemical metamorphism of coel in the ‘situminous range, 1lhe
implications of this concept has been discussed elsewherekO and has possioly led to a
bevter undsrstanding of the pattern of coal structure and its variacion during the
geresis of coal., 'Lhe physico-chemiczl deductions later made oy A.i. Gaines?0 as well as
by the present authorski~406 (Tadle 3) also point to this constant feature of coal
structure.

(b) Alipnatic Combination

As the aromatic and alicjyclic carbon constituve about 92 per cent of the total
carbon in coal, the aliphatic carbon would amount to about & per cent, aliempis made
oy several workers’i-53 to estimate the methyl groups in coal by employing Xuan-foth
reaction have indicated tnat nardly 3-4 per cent of the caroon is possibly preseni in
this form. This leaves another 4 per cent of the caribon. unaccounted. From certain
structural considerations the present authors suggested earlier tnat this unaccounted
caroon could also be present?7,40 in the form of metvhyl groups. It is well-known that
Kuhn-iloth method cannot oe applied for the gquantitative determination of C-meithyl groups
linked %o aromatic structure and nence estimates of J-metayl groups by such procedure
can only be minimum values.

1
from recent p.s.r. measurements made by Oth & Tschamler 5 it appears that
30-35 per cent of hyarogsn may be present as constitusntls of J=meth L groups in coal.

This is consisvent with wne authors' view taat abouv & per cent of carbon in coal is

present as methyl groups. Recent physico-chemical deductj.onshj made by the present
autnors also lead to a similar conclusion (Taole 3).

Nevertheless, direct experimental proof for the above supposition is yet to
care. In tnis context the question of the probable presence of angular mstihyl groups
in coal struciure cannot ve disregarded in view of strong indications for the same from
dehydrogenation studies33,

# van Krevzlen &t a.lo7 had questioned the validivy of Vesterberg's technigue in tne
selective denydrogenation of tle alicyclic structure. Further studies38,39 made
since then indicated that side-reactions, it any, appeared to e minor ami, accor-
dingly, a revised estimate of minimum alicyclicity was presented. Howsver in more
recent studiesh? oy tre authors on reduced coals, it appears that, in so far as coal
dehydrogenation is concerned, the Yesterverg's technigue is possibly specific in
the dehydrogenation of the alic; tiic struciure., s fuliler account of the recent
developments is being presented elsewheres?, B




HZOROGEN IN CQAl
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From chemical studies zitempis nave also been made to dstermine the difZerent
forms of hydrogen in coal, aromatic, alicyclic and aliphatic, Oxidation and pyrolysis
techniques have enabled measuremants of hydrogen broadly in two forms - aromatic and
non-aroiatic, OSuch measurements are not in good agreement with those assessed by infra-
red studies. The discrepancy bestween these two sets of estimates .is possibly dus to
inherent difficulties in the measurements of odviczl demnsity and its interpretation
which requires precise values for the extinction coefficient ratio. The estimates of aro-
matic and non-aromatic hydrogen made oy the authors oy oxidation and pyrolysis are
mitually consistent (Fig.h), Further, it has been rscently shown slsewhere’h that the
same techniques of oxidation amd pyrolysis can also be successiully smployed Lo delermine
the altered distribution of hyirogen in reduced coals., It may, thesrefore, oe conciudad
that the variation of hydrogen in aromatic and non-aromatic form with increase in rank
as determinsd by chemical methods by the zuthors can ve considered the most accentable
av the momsmt, Such deleraminatvions were also recorted by Van Krevelen>> a few montas
later but only Oy the pyrolysis ..echnlque : his results are in agreemsnt with the
autnors' values and are also siown in [fig.h4. Probauvly re-assessment of the sxtinction
coefficizsnt ratio in case of infra-red results may reconcile tne discrepancy odetween the
wWo sets of estimates, made by physical and by chemical mevhods, J.xn.trown et alio,l-
have claimed tw have given support to tneir preferred values of extinction coefficient
ratio on vhe basis of recent stucies on coal distilieates, out sucn vacuum distiilate of

coal may not represent the coal sir u.ct.u*e. It has been earlier shown3lh Dy the autnors
" (and which nas teen recently confirmed6) that such distillates primarily originave fram
the alicyclic structure in coal (Ffig.5).

ARQOMATIC :LB\JL SIa IN COAL

Toal is beiieved to have a polymeric or perhaps poly-condernsate assemblage
of structural units of varying dimensions. 'he measurement of the size of aromatic
clusters in such structural 'units' is as important as the study of the state of coabi-
nation of czroon and hydrogen. By oxidation studies the authors had also attemsted an
assessment of The average size of aromatic nucleii. according to the mecnanisa of
oxidation suggested by the authors, the final oxidised residus of coal is celisved to
retain the aromatic skeleton of coal. fence the atomic d/C ratio of the hypothetical
unsubstituted aromatic skelston corresconding to the oxidised coal would give a measure
of the average size of the aromatic nucleii. It has been found27 that the average size
of aromatic rnucleii does not vary mich in Lhe bituuinous range (carbon : 33-30s¢) and
is possibly constituted of L to 5 poly-condensed osnzene Tings per =ean structural unit
(Taole 7,. Earlier studies on x-ray diffraction3 and on dismagnetic susceptipilit
of coals led to similar assessments, Heceni measurement of electron activation ensrgy?3
also support the acove estimates. In view of the consistency oetween the physical and
chemical measurements (lable 7) it may, therefore, de concluded thal possioly a fair
estinate of the size of the aromatic units is now available.

L’Illd hydrogenolysis of coal extract, residue or coal itself oy B.u.Dl@ESsg,
3.5. Biggs and J.F.seiler®0 as well as by J.ie claire®l nad also ied to the recognition
(1936-37) that the 'units' of coal structure must be small in sizeé, The isolation of
dodeca~ and tetradeca-hydrophenancirene and hexadeca~ and octadeca~-hydrocirysene corres-
ponding to 3-4 ring systems would now apcear o ve significant in the light of msasare-
ments of aromavic ring size oy ohysical and chemical methods,

JISCUSSION

The techniques of selsctive oxidation and pyrolysis in conjunction with
dehjdrogenation studies have possibly yielded the most acceptable information on the
state of combination of caroon and hydrogen as well as on the size of the aromatic
nucleus. The knowledge that has been acquired is summarised in Lable 3.

Perhaps the time has now come for reorientation of the studies on the consti-




T e e T T T TR T e e

T —

\A\V

69.

tution of coal, There are still many gaps in our knowledge which have to be bridged
before the macro-molecular structural pattern of coal can be precisely depicted. Such
proolems that remain to be solved ars : ’ '

(1) “hether coal is a polymer in the typical sense;

(ii) If so, what is the nature of the polymer, especially the nature of
linkage between the ‘units' of coal structure;

(iii) The specific sizes of the individual structural 'units' of coal, in
particular, the distribution of molecular weights among such 'units'
which may not e all identical.

Information on the polymeric character of coal has teen forthcoming from g5
studies on solvent extraction and those on hydrogenolysis, R.A.Glenn and co-workers,
from a study of the liquid products obtained from hydrogenolysis, were led to conclude
that coal structure has possioly repetitive units just as in a iypical polymer.
Confiruavion of tnis polymeric concept has also possicly emerged irom tne recant studies
of the authorst3 on the reaction of permanganate on coal. It has been shown that at ay
stage of degradation the residual coal left over after reacting coal with either acidic
or alkaline permanganate retains virtually the same physical and chemical properties as
thav of the original coal (lable 9). This could perhaps be explained as a case of de-
polymerisation of the coal strucuure, followed oy decomposition of the fragments into
water soluole products like carocon dioxide, oxalic acid and benzene polycarboxylic
acids,

The next stage is obviously to have adequate information about the actual
repetitive 'units'., This can only be possible by isolation of the 'units' of coal oy
depolymerisation and determination of molecular weights of the 'units' thus isolated.

Another equally important knowledge to be sought is about. the naturs of
linkage oetween the ‘units'., Little or no information is available on this aspect at
vhe moment., Studies on the mechanism of solvolysis of coal in organic solvents and
of the dispersibility of coal in alkalj (especially in lower ranks of coal) may revsal
useful information. :

In 1957 the authors"” had indicated that the dissolution of lignite in
alkali, even at room temperature is not merely a physical process but is prowadly
preceded by hydrolytic splitting of bomds between the ‘'units'. It was suggested that
in lignite (and.in coal) the part that gives rise to humic acid and the residual
part are possivly linked oy flavone or similar bype of linkage (e.g. pyrons, lactone,
etc. ) which are susceptiole to cleavage in presence of alkali. However, it is prema-
ture to conclude anything definitely but it is believed thav furcher work on these
lines and others may throw greater light on this impartant aspect of coal strucuure.
A fuller knowledgs of the nature of the 'unaccounted' oxygen in coal vis-a-vis the
dispersioility of coals in alkali, and oi the mechanism of regeneration of humic acids _
from macture coals, may also be of help.

Besides the above basic considerations, we have yet to know more precisely
about the character of nitrogen and sulphur, They are minor elements in coal bul are
believed to be integral parts of the coal structure.- Informatior on the state of
nitrogen has besn scanty, though, of late, it has been suggested65 thav it may be
largely present as functional groups. 4bout sulphur, our knowledge is even less
exact. The states of combination of these minor elements in cosl are just as important
as those of carbon and hydrogen. ’

ACKHNOWLEDGEHENT

The authors are grateful w ir. S.iajumlar, Chief Inforpsation foicer_,.
Central Fuel hesearch Institute, for many valuable suggestions and help in effective



T0.

preseniation of the present review. Thanks are dus to Mr. a.Jl.Bnattacharyya for help in
literature survsy and in compilavion of the manuseript.

SISLIOGRAPHY

1.

2.

3.

b

10.

11.

16.

17,

NEL3CN, J.B. - 4-ray Studies of the Ultrafine Structure of Coal - II. Atomic Distri-
tution Function of Vitrinite fram Bituminous Coals, Fusl, 1954, 33, 153, 381

HIRSCH, P.B. - X~ray Scattering from Coals, Proc. Roy. Soc. 4., 194, 226, 143.

HIRSCH, P.B3. - Conclusions from imray Scatiering Data on Vitrain Coals, Proc. Sheffield
Conf. on "Science in the Use of Coal", The Institute of Fuel, London, 1958,
p.A. 29, .

®RCOAN, J.K. and HIRSCH, P.B. - Recent.Infra-red and i.ray Studies of Coal, Nature,
1955, 175, 229.

CARiZ, L, DIAMOND, R and HIRSCH, ?.3. - New i-ray Data on Coals, Nature, 1956, 177, 500

.DI.‘\FDND B, - i-ray Studies of Some Carbonised Coals (Ph.D. Thesis, Unlversuy of

Camtridge, 1956).

DIUDND, R - h-ray Diffraction Jata for Large Aromatic Molscules, acta, Cryst. 1957,
10, 355.

RULAND, #. and TSCHAMIER , H., Hontgenographische Sestimmung der Aromatgrotenvertierlung
in eirem Vitrit und Seinen Extraktionsproducten, Zrennstoff-Chemie, 1958,
39, 363.

&ON, J.K. - Infra-red Spectra of Coals, J. Chem. Soc.(Lond.), 1955, 7ike

8o, J.K. and LANDE:, W.K. - A Study of the Hydrogen Distribution in Coal-like
Materials by High-resolution kuclear Magnetic Hesonance Speciroscopy II -
Comparison with Infra.red Measwrement and the Conversion toCarton
Structure, Fuel, 1960, 39,87.

BOWN, J,K,, LAND&R, #.i. and SHEPP&D, N, - A Study of the rfydrogen bistribution in
Coal-like Materials by kugh-resolution Ndclear Magnetic resonance Spectro-
scopy - I - fhe Measuremsnt and Interpretation of the ..neCura, Fuel, 1960,

23, 9.

BELL, C.L.M., RICHARDS, R.E. and YiRKS, E.W. - Nuclsar iMagnetic Studies on Coal
Structure, Brennstoff-Chemie, 1958, 39, 30.

.LaND:R, W.R, and STAECY, A.Z. - A Proton Magnetic Hesonance Study of Coals and Some

Soluble Fractions of Coal, Fuel, 1961, 40, 295.

LANDER , #4,K, and STAZCY, A.Z., - Some Discussion onm Possible Coal Structures - Fuel,
1961, 40, L>2

OfH, J.7,1, and [SCHaifitn, H. - Comparison and Interprevation of Proton Spin Reso-
nance Msasuremsnt on a Coal Extract in the Solid State and in Solutien,
Fuel,; 1961, 40, 119.

INGHAM, D,J.E., LAPLET, G.G., JACKSON, R., BOND, <£.L. and MURNAGHAN, A.R. - Para-
magnetic Resonance in Carbonaceous Solids, Nataure, 1954, 174, 797.

UEXRSFELD, J,, ETTENeN, 4., and COMBRISSON, J. - Paramagnetic Reschance, a New
Property of (oal-like Materials, Nature, 1954, 174, 614.

. e



23-

25,

26,

T1.

SMIT, J, and VAN KHEVZLEN, D.W, - Chemical Structure and Properties of Coal ~
ZLIIT - Electron Spin Fesonance 'of Vitrains, Fuel, 1959, 38, 355.

VAN KRaVeIEN, D.W,. and CH=RHMIN, H.A.G. - Chemical Structure and Properties of Coal
- I : Elementary Camposition and Density, Fuel, 1954, 33, 79.

VAN KREVZLEN, D.W, and CHERMIN, H.A.G, - Chemical Structure and Properties of Coal
{V) iromaticity and Volatile Hatter, Fuel, 194, 33, 338.

SUHUIER J. and VAN KREVELEN, D,W, - Chemical Structure and Properties of Coal : III
- Molar Hefractlon, Fuel, 1954, 33, 176

VAN KAEV-LEN, D.w/, and SCHUYEX, J,, Chemical Struct.uxje and- Properties of Coal -
. XL : Kevaluation of the Structural Parameters of Vitrinites,
Fuel, 1957, 36, 313.

VAN KREVELLN, D.ii,, CHERMIN, H.A.G, and SCHUIER, J, Chemical Structure and Proper-
ties of Coal : AiIV - Sound Veloc:.ty and Fractlon of Aromatic
Carvon - Fuel, 1959, 38, b83.

HONDA, H and OUCHI, K, Magnetochemistry of Coal (I), Magnetic Susceptibility of '
Coal, Fuel, 1957, 36, 159.

MAZRMD.R  B.K., ANAND, K.S.ROY, S.N. and LAHINI, A,, Mechanisms der Oxydation der
Kohle - Brennstoff-Chemie, 1957, 38, 305.

MAZUMDAR, B. K., CHAKRABARTTY, S.K. and LAHIRI, A, Aromticity and Oxidation of
Coal - J. sci. industr. Res., 1957, 163, 275.

27(a). CHAKGABAKITY, S.K., mzmlm.xa, 3.X., KOY, S.N. and LARIHI, A, Strukturparameter

Von Kohle and Grund Von Cxydation Versuchen - Brennstoff-Chemie,
1960, 41, 138;

27(b). CHAKRABAKTTY, S.X., MAZUMDAR, B.K. and LAHIRI, A., Disposition of Hydrcgen in

28.

29.

32.

33.

3k

Csal Structure, Fuel, 1958, 1’1, 498.

MAZUMDAR , B.X., CHAKRABARITY, S.K,, SAHA, M., ANaND, K.S. and LaHIkI, 4., Further
Studies on the LIecham.sm of Oxidat.lon of Coal, Fuel, 1959, 38,
469.

MAZUIDAR, B.X., CHAKRABARITY, S.K. and LAHII, A., Aromaticity of Coal : An
Appraisal, Fuel, 1959, 38, 1i2.

MAZUVMDAR , B.K., CHAKRABARITY, S.K. and LAHIRI, A, Determination of Aromaticity of
Coal by Oxidation, J. sci. industr., Kes., 1962, 214, 8L

MAZUMDAR , B.K., CHAKRABAATTY, S.K. and LAHIRI, A., Pyrolysis and Its kelation to
The Structural Parameters of Uoal: Proc. Symp. on the "Nature.
of Coal", Central Fuel Research Institute, Jealgora, India, 1959
Feb., p. 253.

MAZUIMDAR, B.K., CHOUDHURY, S.3., CHaKiABARTTY, S.K, and LAHIRI, 4., Dehydrogena-
tion Btudies on Codl : J. sci. indusir. Hes., 1958, 173, 509. .

MAZUMDA¢, B.K., CHAKRABAQTY, S.K., CHOUDHURY, S.S. and LAHIZI, 4., Dehydrogena-
tion Studies on Coal, Proc, Symp. on “Nature of Coal", C.F.r.I,
Jealgora, India, Feb. 1959, p.219. ’

MEZOMDAR, B.K., CHAKRABARTTY, S.K. and LAHIRI,A., Dehydrogenation and Tar For-
mat ion, Fuel, 1959, 38, 112,




T2.

35.
36.

37,

45.
L6,
7.
43,
49.

50.
51.

52.

53.

Sh.

MiZUMDAR , B.K., CHOUDHURI Z, 5.5. and LaHIRI, 4,, Alicyclicity and Smoke Emiss:.on
of Coal -~ Hature, 1959, l__j_, 1613,

lAZ.U‘JDA:f. B.K., CHOWDHURY, S.S. and LAHIRI, A., Dehydrogenation of Coal oy Iocu.ne,
Fuel, 1960, 39, 179. . ,

MAZUMDAS, B.K. BHATACHARYYA, A.C., GANGULY, S and LAHIEI, A., Alicyclicity of Coals -

An Appraisal, Fusl, 1962, 41, 105.°

MAZUMDA, B.K., CHAKRABARTT Y, S.K., DE, N.G., GANGULY, S. and LAHIRI, A., Further

Studiss on the Dehydrogenation of Coal by Sulphur, Fuel, 1962, 41,121,

MAZUMDAR ,B. K. BE,N.G. and m:u.:u A, , Dehydrogenation and Allcycllcny in Coals - J.
sci., industr. I es., 1962, 214, 36.

MAZUIDAR, B.K., CHaXHABARITY, S.XK, and LAHIKI, A., Some- Aspecns of Bhe ..onst.ltution
of Coal, Fuel, 1962, A1, 129.

BOME, W.A, and et al - Researches in the Chemistry of Coal - Prog. Hoy. Soc. 4., 1926,

111, 537; 1930, 127, 480; 1938, 18, 492.
BHATACHMRYYA, A.C., MAZUMDAR, B.K. and BAHIRI, A., Fuel, Lond, in mress.
BHATACHAWIYA, 4.9, , HAZUMDAK, 3,K. and LAHIRI, A., Fuel, Lomd., in wess,
RECGEL, 2., RADOND, fi.A,, STEDNER, #.4., FRISDEL, R.4, and w2k, I., Keducvion
of Coal by Lithium-Lthylenediamine Studies on a beries of Vitrains.

Fuel, 1961, 40, 3393 also, Fuel, Lond. 1958, 37, 126.

MAZUMDAR, B.&. and L=HIRI , A., The Probable Distribution of Carbon and Hydrogen
Groupings in Coal, Fuel, 1962, in press.

HAZUMDAR, 3.¥. and LAHIRI, A., The Distribution on Non-aromatic Group 'j.n Coal -~ J.
sci. industr. Hes., 1962, in press.

RIDEN, I,G,C, , Chemical Structure of Coals : A Method for Comparing Data of Diff-
erent Origins and For Testing Sets of bata for Self-consistency,
Fuel, 1958, 37, L4l

PEOV:R , M.Z., Dehydrogenation of Coals by p~-Benzoquiroms, J.%.5., 1960, 5020.,

BHAITACHARYYA, A.C,, Private Communication.

GADES, A.F., The Distriouticn of Aliphatic Groups in Coal, Fusi, 1962, 4L, 112,

KINNEY, C.R., The Source of acetic Acid Obtained by Oxidation of Coal, J.A.G.S.,
l9lb7: éi, 2814» :

BROOKS, J.D., DURIZ, R.A., STERNAELL, S., Chemistry of Brown.Coals - III : Pyrolybic
Reactions, sustr. J. Appl. Sci., 1958, 3, 303.
KAISHR, F,, RAC, H.S. and LAHIRI, A., Laroon Bound ‘Fethyl Groups in Coal, Proc. Symp.
: on the ‘va‘ou.re of Coal, €.F.k.I., Jealgora, India, Feb. 1959,
p.242

BHATACHARYTA, A.C., MAZUIDAR, 3.K. and LAHRI, 4., Fuel, Lond,, in press.

55(a). VaN REVILEN, D.w., WOLFS, P.M.J., .,;rgwm, d.1., Der Chemismus der Verko Kung

Untersucht an Polymeren Steinkohle-Modellstoffen VII, anwendung
der Gewomenen Einsichten anf Steinkohle - Brennsvoff-bhemle, 1959,

40, 37L.

N

-




N~

73.

5>\b/. SULES, PuM.J,, Var RAVLLEN, B, N’. and WATEOLAN, H.I., Chemical Structure and

)D.

57.

58.

Propertiess of Coal A.:.v : The Carconisation of Coal Models, Fuel, 1960,
392, 235; presented at me Third International Conference on loal Science,
volkenberg(L), Netherlards, 27th to 30th april, 1959

GalCULT, ., HAZUHDAG, 3.K. and LAHIKI, A., fuel, Lond,, in press.

HazUMDAL, B.K., GahGJLI, S., Us, N.G. and uhnﬂv.I A., action of Sulphuric ana Phos-
phoric acids on Coal Structure, Fuel, 1962 in press.

DE, RULIR, &, LLUrhEk, r, TSCnadllii, H., Slectrical uonductlvuy and Aromatic
- Cluster S:Lz“ of \.,oals ana Coal Extracts, Fuel, 1962, 41, 113,

3IG¢S, B8.8., Chemical Fature of ixtracts from a Bituminous Coal, J.4.C.3., 1936,
53, L8i. -

3IG.S, 8.5, and Willix, J.r., Chemical vonstitution of a Bituminous Coal as ievealsd
by its nynrogenatlon Products, J.4.C.S., 1937, 59, 369.

- L& CLARE, J.D., Mature of Uils Obtainec from the Hydrogenation of a Few [ypical

Bituminous <oal, ¢.AL.3,, 1941, 63, 343.

GLaivi, R.A,, Coal Hydrogenation Process Studies (I¥) : Effects of Preheat on Restiric-
" ted Hydrogenolysis of Pittsburg Seam Coal : fuel, 1954, 33, 419.

BAN=RJITE, AL, MAsUMDAY, B.K. and LaHInI, A,, Action of Permanganate on Coal, Nature,
1562, 267. ’

MAURDAL, 3.K., CHARABGRIT, S.K. and LAAIXI, A., Action of Aqueous ilkali on
Lignite, J. sci. irdustir, Res., 1957, 168, 519.

SHOUKS ; J.D. and SHITH, J.w., Basic Witrogen in Uoal, Austr. J. Appl., Sci., 1941, 12,
2L1-5., ’ ’

R WEN, I.G.C., Carcon Hydrogen Groupings in Coal siclecule, Fuel, 1962, L1, 35.

Vali KGEVELEN, D.a. GoOUKOOP, W.L., PallEN, P.H.G., Dehydrogenavion and saromabicity of
Coals, Fuel, 1959, 38, 256. :

LADNER , w.i. and 3lAeli, A.s,, [he Jistribution of Aliphatic Groups in uoal, Fuel,
1962, 41, 1li.

Vall (G EVELZY, L,W., 'O0AL' - ELuSVIsn, amsterdam, London, liew fork, Princeton, 196l.

RN




*gTsAToUR ©3JI] ouTweTp-oueTAYYT ++
*2 olqu] ees mn«mh._..o..;m woxy +
‘UuoT1ONpat m:wg:ﬂ peppe SeMm qeyq usdoaply JO STSBQ 8 U0 peqeInoTed L1T0Tq0Wwode [BOT10I00Y], w4

‘SUTeJTA JO O5WO UT °*£Iy Q002 01 00ST sedinbex styn
LTreXeuen .:aﬁaaﬁﬁxo Joyany ou sem eaeyq Trqun potfrad peduoToad v I3 9 05 98 SUOp UCTABPTX() #

o s .tk s 00 e 410 a8 P e RO T o e e

410 67°0 A4 N A 0L 9'BT e'ME 27 W' 2°tee g¢  T'Y €'l 198 ++peonpey ‘nZ
-~ 2870 2°€L STeL AT O°ET €fEE T'2 TUEL Yo+ -~ g'z g% g%6g TEminin ‘2
GG'0. 6$°0 L6 6°6S T*L 0%T 2'2e Tz $°¢9 2T T2 9°9 L°9 T°Y9 ++peonpey ‘YT
- *9L°0 - it - - - kel - - == %°9 2°¢ L°$g TBUTITIO °T

: Je : i : : : :

: (9 t t s :

: ~._oooo ! H :  swoqe : H

¢ J0J peg w : : uoq.aed : 3

peqeTNOTEN t ~09J.10) Hmaoa.” HOOD.  HOON i uoTqep: T Jed @ p H 0o
wt punoy : «..mml..mm..ada.mum“ ) A 0 H 0t ~TXO U0: peppm MY i sIeTNoTaIRd

e : PezTpTXo, CICUTp o teoidues ; uted Jd0; sBwogw : ‘serdues eyy k]

(n/" " 0) LaToTqmUDAY @ ut uoq.ey, #DOSTPIXO Jo sTekTeuy @ ©SOT % Y wx j Jo ST8ATwuyy, : ‘oy s{dueg

i
t
1

—-——— ———

7h.

*goTdureg TeON poonpoy Jo L9TOTIRWOIY SYq JO
uoTqeuTmIeqen syq Lq enbruuoey uotTABPTX() ey Jo 3=0ﬁpmoﬁ:.~v> - 1 oTquy,




75

*1081300 9q 09 pAUMSS® USeq svY sTSAToJAd
£a pesutwaeqop hﬁoauﬂso.ﬁm oyy .nm>oso: ‘TP 00 puTHT40 oyy Jo Xepul-Buta jo

:o.Saa:mSouo:upom. wlvkvwl ia Al idua".mss,noum:;so,avond._dummu.
ueeq E£BY STLOO peonpald oyl m ﬁo.Bqu,E 84 ‘TeurdrJao oYy . UT RB ames oYY UTRULI
n
pINOM TBOD pednpad Jo (T2 ‘xepur uoTqususpuco-Juta oyq qeyy Surymssy

.

—op~ 6%°0 . " 6%°0 87°0 6%2% TLS 20°T €L 1°98 peonpay g
—op- 99°0 ¢9°0 . . £9°0 T'19 0°%% $8°0 €°9 6°/8 padnpal ‘ye
6%°0 - - . L8°0 T°68  6°7T  M9°0  8'hT 868 Teutdran 2
-op- $9°0 v $9°0 ~ £9°0 - €65 L°OY Y80 8¢ "°i8 w AT
~op= %¢°0 50 - W60 S*1¢ 987 A0 L9 1B paonpayy *y1
16°0 - - 9L°0 2L 8'9z €L'o 2t¢ LU¢B TeuTdtan
¢ pomem i ®qED P g (uoaro ” w o m
- . %1BOTA6TABAS ¢ uotaonpod WosJ : peviy Eopwﬂ v, . % : . b4 : 7, ; SIeTNOTAIRg
N ; PoOAELnOED ; wleaueurpxedxs, 4. h . H. 0 | »
ﬂnw_cw : J\,S; TLq1oTqrwolv 0,00 Vmﬂm:o.&% sTSATeUY *apy eTdreg

*Teon Jo AqToTquuoay suq
Jo uojqruTwIelaq Ayl Ut anbruyosy, eT6ATOXLT Ay JO ,?3:3. - 2 °Tqey,

e : ' . a Y /rl. _— ,V’;.l\xly /'ﬁyj‘L..: o

- B e G =P PP S o~ Ny PR UF R P Y - & - - - Nom . e




L \ e - - “‘ - B \\‘ 4 ——

*¢ o3ed ur 240un00] o8Te puB €1y ee8 (L1T0TToAoTte JO SonTeA UMuFXem ,8JI0U4NY +

*goanqonays OTTOADTTR Sy UF peipoqule ode

up Axepuooes pus yn LavTadeq eys TTe 19U4 :oﬂmqanma oyy 01 aoefang s
*soTdures sTy 04 J0J5a o: pue v ‘o Jo senyea oyj,

* uepfag L£q peTpms geTdwes ¢ Jo qAno ¥ Jo ©8BD UT tMOYS BB SUQTYINPSM 4

sdnouad ¢

99
£6°0 28°0 oLz . £'9  L°T E°8 86°T "T0 8e'l 21T 16°0 6°6 TI'0  0°06
€6°0 94°0 otz 2°9 7 801 9¢°T %£°0 08°1 90°T ge"o 61 Lto (A
£€6°0 Ww°0 €6°1 9°¢ §'9 2'e¢1 6T %¥5°0  %0°'2 G6°0 92°0 L8t g2'0. 0°s®
%6 °0 6970 68°1 6°% 6°L L2t 22'T 99°0 zgte 88°0 £2°0 902 STALY) (At
“Teuy v By T v : T : -
K410 s 1 H [
~TToA0TTY xeu : . Y .
+ hmm ! % o A o % % 5 . B :
£a10 ®J HE € 2.t €, 4 ' HD, MO aQ_
-tqemoay  AaTorqwmoay =q .:oo :ow :o..« :UF :oz :.3: s(ratwmeu)  (f20T) no+ ol Tety : cyewtp
) : t uoqJaed ‘UWOJIE-UON & USJoaply ‘uloJe—uoyN ¢ -] ) hm:o = BUJ+ @ n %
i+ SUOTqONpaq i BB AJIRWTLJ i juey

Anq«nﬁiqé pum aepumzal ) ‘g moay qumd ur poonpo.adel)

76.

#SUTRIITA
TeotdL ] uT UOTANATIASTA urFaINfy-uoqar) OTAHUOJIE~UON — § ©TQ® ]




*UOT ARIAPTISTIOD
OqUT u2Xeq BT UOQIMO-TAUAawW TT JoUATY oq TITAS DPLNOM UMS oYy ++

*zef1y woay sentea Teotdfy +

¢ =8ed ut sqotmoog
ans {IMUT xaw 6y o 09 peJaplsuod ale sonTva esayy "¢ 914 wodaj .

2670 8A°0 800 780 06°0 0°06
26°0 00°T 2710 0RO 80 068
30 €01 LT°0 §L°0 99°0 0°.L8
26°0 0T 22°0 ~aLto 680 0°6¢8
26°0 20" Y g0 190 £8°0 18
T Tttt T : B 69 (18 9P L
: H ¢ +(saoyqnm) : USTAADIY URA)
e+ eyJ .
: :  seyoswoaddn soyporvoadde
8,T® 10 (y1s.101N1)

H . : : TROTWAY ¢ Te219STawag ¢ ¢
1sIoqny | UDTHAS.D URp Katorroforty Jo | X : Teurtp ‘n 2
- vy + V] | «SenTep paxreald | ©Y -¥ FAT DT qnioay : Nuey

*KYTOTTOLDTTY JO asoyq 1aTa £qI0Tqunioay
JO $oqnuITYS™ qUAI2JJTID oy Jo LqTTIatvqudmen - 7 oTqR .
& o L —_— - NGRS N N e 9 I VU )



78.

T T e T - . i ’ e s 0™ Y. P
N.m.ﬁ.__ne,umommm. 1Sa01ANY
- ™ 13 £°L 1°98 T
SUTBJIYTA
paonpey
€1 2t €1 g 868 i
oz T2 6T, 2°s L°s8 £
=~ L2 2 9¢ G°€eg (4
92 174 T€ 2°s 064 T
SUTBIAT A
: H Amponho»moi : :
ouTpor ¢  euoutnb-ozuogy : aydng H a
uoTqeued 0OXpAYSP : H '
Butanp peaamed y Jo ¢ ! 8184 TeUY : setdweg

uotqrvueFoaplysn Jo spoyqel eaaya oyy jo L£pnqs eatqeamdwoy ~ ¢ eyqmy,



72

‘A1 09 UOTATPPR=H JO AUAXAa Y PUE UTBINTA
" Teut?TI0 Syz Jo h».noﬂo%oqﬁw ayy uo pasen BT SUTEIRTA PooUpod JO ANTOTTOAVITE TudTAAI0aN,, &1 ‘e

SUOTAIEaI-23L S Aun FUTyO90SNS” NOYATM paI oY Jﬁ.: JO qunonm enq wmoxg +

*STSATRUR DUV PIATA 98] SULUMID~SUaTAinT v

sunparvuadorplus

INATAN0D 04 OJINYONIS OTArmeIR0IpAl oya Jo A TTIABuUAlR Yy 694edTPUT STy °L UITH ¢ wmmyed eavdwon
5270 92°0 7 1 T 0€"T eTor 6°C TR wxpROTPAY T
o ¢Y°0 9°¢ Tech L9z 40T £°L  T°98  PRONDpAY T0Y
UTRIAT A
- £0°0 - 92T - g g6 TouTdLIN °Z
TR 8 LT 9 S T 9 T T
..... : : o - Y B
: : : UTeIqTA: : : :
. . . : fpaaens: ute.Inta : :
praeIndTen nUno,y . satdumg : ud QOT: FuTaasqs : :
T s : + : poonpayr i : aad suota: ‘wd (o1 Jad oo nooe
) Jo o ¥ laag ~tsod 0119 uteantr ;. a.mTnoTAId
?o . : UT DHAOWAI ~18q50p) = A -mmoJe 04: paomnnyy 1 cTrUp )
Uy < gavorTokorTy 1 MO paAomnx 1 Jo o peppe H IO DTeTy < eysiTwuv :

uotaruodoapfyaq ouyy

~— e AN A A -

gy Teon UT 2IMaoNIS ITqTYo. ®OJPAIT 9Yy JO
Ut {6,71eq.04508) .muydmng Jo LqTATq0e1as - Q

i

e N\ /V\P\irly\\..v{rrh?irlrw



) : *SQTpNI8 UOT1ED
~EX0 WoIT preuwtqse JafcT Jad sTura euszueq JO J5qUMU 8Yq 0] PuodsAII0D ATAUSTTHIXA
pinom eseyy "0 76 9T swoar 9¢ qnoge puw o ~O4 9B SWoqT QT ANOAR 01 N QL 1B sWoAne -

%1 qnoqe wo1J soTaea JafeT Jdod cmoqe Jo Jequmu oFraoar 63 BRI ¢PRBOTPUT STe aAey
squemisansnay] ‘978 sFedsAr oY UTY] JSYIT I P JUAISEOSSE JO Fumd Toyq squasaaded sTYY

$°9 PAR GT 2T mm..o Se°0 8°0 ToTe o TtE ML 9t T PART:
A S LS50 /L0 ST Z°TT O°TT S°T 262 gte (078 9°68
0°¢ Y 09°0 T7°0 R*'T 0°3 €171 0'T T'ge 9°2 6°2L £°68
L s 1 9ar4 1 09°0 - 6€°0 0t 0T 06 2z 28 g2 9°9 £°48
Y 29°0 Tr'o 9z 6°ST 6°L 92 0°hZ €'Z 649 kAN (3
'y Y £€9°0 o ¢ 09T G'9 Q0% 0°0¢ €' Y°'99 g8
T - TTTTTTTYTTTOm T §T T T T e e ToTTTTTTTTT (R
t  fRaInq  TROD JOo ’ ,
! -onapg  snaTonu ! .
H nJra oTADWOT® !
£TTIOT :~ope gad peqng  t
™ 48 ueTerpTy H.*oumﬂ._n “ a8ura -Iasqosun oTHMONR .
(69" tma) epoynom oTqeu Pouszusq o o/it tootdxe o an HO :
1e0TA8TIEYe  -Femetn  Aea—v.  JOON  dwwmoyr p o T o 0 0__0 _H_ 2 syumep
oI} Afum [BanAonaas . 1909 PorIptxo (LTI o JO STEATRUY N
uwew Jod sAUTL euazunqg JO .ozm O4£.NQZ,«.2:_93 UOTAUPTXO AqQ 9ZT8 HujJd OLAvuIody LUy

soovoaddy quedeJJT0 Aq porneqq) ST TROD JO 9ZTT JUTI OU4TmOIY aFuaoAv -~ /J, eTaw,




81.

‘uaBoaphy ,TAxoapfy, SSaT I % s

(€ oTa®) ®ABp ‘J°W'u PUR °I°T UDJI Ssaoyane ey £q ¢y PeONpep LTqusopa swaoy Nza pue jin ut u2doaply jJo
UOTANATIAS TP POTTEASD HY1 UY1TM quaqsTeuod LTe3asT 8q 0q punol og pInom sTyq {80uaIeIITP £Qq PAUTEAUO «++

uonqed TAUQEl WOIT PoqeTnOTed ++
* SUOTqRUTULIGY e TeOoTURYD pue TeofsAud Jo uwew +

*£12ATq02d88a
86TpMS uoTqeucToapfyop PUE UOTYBPTIXO WoIF sanTeA A1T0T12£0TTe puB A1 TOTARMOTE UMUIFXEW .yt

*2qBJaNO0R GJIOW 6Q 07 PeJspISUcD 8F suo quegead sy 4
pequassad oc.mm.mmuoﬂ,an useq OSTR PBY SWJIO] AUOJISIITP UT H pun N JO UOTANQTJIASTIP 2UfJ,

et 02°0 T/ 08°0 S €00 Tu L6°0 ST0 G zeh
9 7€*0 020 9%°0 Loy 200  Tr'0 28°0 "9'0.. gy 00
S 20§50 €€°0 2°s §0°0  LT°0 SL°0 €L0  g¢  gg
Y 0£°0  T0  62°0 5 1070 20 0 940 46 0%g
v €€*'0 N0 62°0 6 £0'0  Y2*0 89'0 - LL'0 - ge¢ ¢'Zg
o 2€°0 §T'0 €20 0°¢ 80'0  $2°0 L9°0 080 'S o0°T18
: : i ” _
qgun F o 0 o o uw:u G . 9 .
Teanqonaqs ueom aod' . H _H M G ("Ho-D) [ :
sduyra euszusq JoO .othﬂm: ¢.++u.mm.:i.. Ty« wen ¢ Tel wwt®W  aw®Y ' 0/ - H 0
: uoqaed :

usdoapdy JO uoTanaTIAS (T Jo uoTANqTIYETq °  sutsIqfp TeotdLy

5T800 JO sJoqemeded TRINMONJILG TeTAULBEy oyy Jo AJeumms ¢ ~ 8 eTaey,

e N e e it~ - - PO - — - N i..’",rlbmjr V’b{r”{r - - 1/', it




4 L e e —— - - —— . e T T T T T

aom&: "TTD

*STROD POqESI) OYq JO STSATeuw 8yy JO 106dsea uy eduonbesuod ou jo
ST STyl °pesn alem TvOD Q» qo&@ Jo otqea Furlaea pue proe J0 TTENLR BOE%N JO 1107qB111100U0D QUBISIITD

‘ouUlTENTE ‘4604 oY) PUR umypsin pioe

*quaiqesaq oTuts w JO pEeqsUT ‘yoee uoTqRmINp SeqnUTU QT JO SAUGW
-1B6.1Y SATS8000h8 ¢ JO aStmoeq 840Npoad sTQNTO8 OqUT PIQISAUCD ©Q PINOD TEROO
=9 Jo 909 ueyy osom ‘eswd etyy ut ‘qusuryadxe Furpecsead ouy 04 48EINUOD UL ++  ‘sordums upniqIA Ty +

82.

~op- gt - Ly €68 €T ‘ (9 " w o w . nw '
‘oo snogod

wn

L d
ﬁ .
"
o4

tsrTomMe ATydty 1 L1 168 " . 61 61 668 ‘oY
- . .- . ' : ..O&OO L
b w{oa : , . o . gnoted ueTT ) )
gnotod paet] omypay - -— £ 6*9g L€z 01 ~oms ATudTy - €°¢ L9g €
et T - G°s 0°08 T'e8 +H6°0 st a " " w 7
- - 5 €18 oLz G0 " n " a ‘e
-op~ 190 C A G°g 2°18 T1°9¢ 0°re " " " w ‘P
-op~ 1°0¢ 4 T°28 £°9¢ 0z M 0 n w0
JUBIIYOD Nq HBEM 7°0¢ 191 9°'18 6°62 0°1 " " n v °d
S peoq ysthedd - : .
- - £'¢ 0'me ‘Y6t " 60 pasy umipem - 9°6Z 1°¢ 8'mB =
- = BT 969 2749 $°0 a4 - - S o269 1
L Mog09) Py Doy ; ; L %0009) T o
: deqqem : . . (eanqeaeduey (Teoo Joqqu | . °-
) (Teo® - o eTEqeTop H H 0 .Spamﬁ“ woox q®) °*Eay uf i Teutdtao). eTTATTOp ' H ¢ 9 !
pejeeaq) uoqqnq | _ TP o aTued 10’ *aosa. YaTM quewt ® uoqqng B_oom M4 ] Peoyn
@{00 JO eJdnqey ‘Te0) paqweay, Jo sysfyeuy Jo mmo.mxm ~neeay Jo auty . JO eanqeN, + ‘Tron Jo sysfTeuy “ ‘18

‘ool q0ueg 'y woay peonpoxdey 7

L F TUET"Y pie JEPUDZER Y *f
- ~ ‘uotqepexdeq Jo seFeqS AUSISIITP 9®
sTe0) pejeeay oqeueduemied pue £TR0) JO sTsfTeuUy oATqsxeduon - 4 eTqej,



100 .
, a.‘gs :
»
(¢
B %o
[
O
- 85 [
=
Y sof
E
o 5
gfti 75 —O~ VAN-KREVELEN 8¢ al (1os7-a)
= —%— DRYDIN (1958)
Ql °r - —— MAZUMDAR & o,
2 (PYROLYSIS, 1959-62)
< —9— MAZUMDAR et dl,
Ul gt (OXIDATION, 1957-62)
---- DRYDIN  (1962)
. (PHYSICO- CHEMICAL
60 . : ., DEDUCTIONS)

]
79 a3 : a7 91 95

PEIR_CENT CARBON

=

Fig.1l - aromaticitvy of coal by different approaches.
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Fig.2 - Mean aromaticity of coal and its variation
-with rank as determined by chemical methods
and its comparison with values from same of
the physical and physio-chemical approaches.
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