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METAMORPHISM OI' COAL MACERALS
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ABSTRACT

The 'Ch‘if}m(fﬂl, StruCtu.ral and f)ptical changes undergone by the coal macerals with increasing rank or
metamorphism have .bccn discussed in this paper. When properties of macerals are plotted against rank, it
is found that the different macerals follow separate path. Abrupt and significant change in the properties of

the macerals takes place at about 82-83, 89-90 and 92 percent carbon levels. At about 89-90 percent carbon
content the track of exinite merges with the track of vitrinite and with further progress in rank at about 92
percent carbon content the latter meets the track of inertinite. At about 92 precent carbon level the chemical
and structural differences between the macerals become almost negligible. Though fusinite attains a more or
less stable chemical composition and structure in the early stage of coalification (diagenetic phase), other
macerals of inertinite group show changes in the later stage (geochemical phase) of coalification. The difference
in the chemical composition of the macerals decreases with increasing reflectance and becomes nil or negligible
when reflectance (in oil) of vitrinite of coal reaches a value of about 1.80 or more. Present study also reveals
that an estimation ol chemical composition of pure macerals can be made from their reflectance values.

INTRODUCTION

Itis well known that the coal macerals differ in their physical, chemical and optical
properties. The differences are significant in low rank coals and the individual maceral fol-
low different metamorphic paths which ultimately merge at higher rank. In an earlier
paper the present author (GrosH, 1971) discussed certain changes in the properties of the
macerals with rank. Some more significant [acts regarding metamorphism of coal macerals,
encountered in course of further studies, have been discussed in this paper.

The present study is based on the data obtained on the chemical composition, struc-
tural and optical properties ol macerals isolated [rom Indian coals and the data published
by several other workers (referred to with the explanation of figures) ol the different countries
on coal macerals. Properties of the macerals 1solated from Indian coals are given in tables

l and 2.

RESULTS

Elementary composition: The primary difference in chemical composition of macerals
1s in their carbon, hydrogen and oxygen contents. With increasing rank carbon content
of the macerals increases and oxygen and hydrogen content decreases. In a coal inertinite
contains maximum carbon followed successively by exinite and vitrinite. Hydrogen con-
tent is maximum in exinite and minimum in inertinite.

. Sulphur and nitrogen contents of the macerals do not show any appreciable changc
with rank. Usually nitrogen is maximum in vitrinite and followed by exinite and incrlini;c,
Sulphur content of Tertiary coals of Assam and Jammu .is higher than that recorded in
Lower Gondwana (Permian) coals of India. I'rom the studies of Roy (1963) as well as from
Geaphytology, 2 (2): 155-163, 1973
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Table 9##% —{Jltimate composition and reflectance of macerals from Tindharia coal,
Darjeeling District, Eastern Himalaya.

——

Ultimate composition (D.A.T.) e
Sample No. Maceral * (Reflect-
C H N S O ance)
D12 v 78.3 5.1 1.4 0.4 14.8 0.65
I 87.8 3.8 1.3 0.5 6.6 1.81
D--13 v 86.9 4.9 1-0 0.5 6.7 1.10
I 89.8 3.7 1.0 0.5 5.0 2.12
D—14 \% 88.0 4.9 1.4 0.5 5.2 1.44
I 90.3 3.5 1.2 0.4 4.6 2.60
D—I15 \% 89.0 5.0 1.1 0.5 4.4 1.57
I 90.9 3.5 0.9 0.6 4.1 3.12

*V—Vitrinite; I—Inertinite.
*% Data not plotted in the figures of this paper.

the present investigation it is seen that the sulphur content is maximum in exinite and is
minimum in inertinite. Organic sulphur constitutes the major part of the total sulphur
of the Tertiary coals of India (Table 3).

Table 3—Total and organic sulphur content in coal macerals.

Coal Maceral # Total sulphur Organic sulphur
| \Y 3.16 2.63
Daranggiri E 4.51 424
I 1.26 0.64
8 \Y 2.04 1.03
Chakkar I 1.67 0.37

*\V_—Vitrinite; E—Exinite; I—Inertinite.

Reaclive oxygen groups: Reactive oxygen constitutes a significant part of the total
oxygen content of the macerals. The total reactive oxygen content (as percent of total 0)
of the macerals increases with rank. Amongst the macerals, it is highest in exinite and lowest
in inertinite. OF the reactive oxygen groups, the (OH) groups decreasc and the (CO)
groups increase with rank. In a coal both the (OIl) groups and (CO) groups are maximum
in vitrinite and are minimum in inertinite.

Structural parameters: Aromaticity of macerals increases from exinite to incrtinite
and also with rank. The hydroaromaticity increases in the reverse order to that of aroma-
ticity, In the same rank coal hydroaromaticity as wellasdistribution of hydrogen decrease in

Geophytolog y, 2 (2) 157




and inertinite. From the IR and PSR studies g

< ite. vitrinite - - : Chay
the order of exinite, Vitrl “‘exinite POSSESSES the biggest aliphatic POsi "

. Ly,
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' -« oroved that the . 4 : L On
el al. (1966)' have p [ CH, groups and micrinite pOsSESSes the smallest ahphatic Uth
highest relative amount 0O 2 R

5‘
: CH, groups.
tion with lowest relative amount of 5 group

DISCUSSION

: by the coal mac
Tt nees undergone DY erals hg;
The nature of the metamorphic chang S 3 been

The difference in the properties of Eihel?'mcen?ls 'S Significany
high in Jow rank coals and decreases with increase llﬂ ffgl;t?\f‘e pL;O;Ilol:ttiZI)l ;nt'etr}%e togethey
at higher rank. This shows that in low rank coals .t 13‘ ition of 2 coal ; dlﬁ"erent
macerals can considerably influence the bulk chemical comp et ther@f()re

' ining its rank )
the average analyses of coal sample can not be used m‘ascertam g L.anq propertles_
: gc ow rank Indian coals which are rich in inertingg,

shown in figures 1 to 5.

This is particularly true in case of many 1

:N, 1968 S 69). .
<SL>\"Jl‘l‘])i:é}(?()illli(:‘::;l[l?naz(il'als of the exinite group differ from each other in C‘hemical
composition particularly below the bituminous rank level. -In' tbe same ‘level of ca‘rb.()n
content, sporinite contains more H and less O <':o.mpared to 1esm1.te, Cl.ltlnlte agd alginite.
The macerals semifusinite and fusinite of inertinite group also differ in chemical compo.
sition. The inertinite starts its track at considerably higher C level compared to the othe,

two groups of macerals. This reflects that inertinite undergoes the major metamorphj,
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lext-fig. 1. Relationship between G, H and O (D. A. F.—basis, C+H+0O=100 percent by weight)
Based on the data of Macrar (1943), Crick (1951), KunLwemn (1951), KROGER ef al. (1956), Arpery (1936),
Doryans et af. (1957), Murciuson (1957), Ercun et al. (1959, 1960), FripeL & Queisr (1959), Given €l al.

(1960), Fraxers (1961), Lapner & Stacyy (1963), MurcHmnsoN & Jones (1964), Tscuamiex et al. (1966);
AusTEN ¢f al. (1906) and present author.
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Text-Ng. 2. Ghange of carbon. hydrogen and oxygen content (on atomic percentage basis) o1 coal
macerals with rank (C4-H-+O =100 atoms). Bascd on the data used in Text-fig. 1.

change in the diagenetic phase. However, from the chemical and reflectance data of the
macerals isolated from the Tindharia coal (Darjeeling District, Eastern Himalaya) it
appears that the macerals of inertinite group suffer changes in the geochemical phase due
to tectonism (Table 2). Ttis also evident from the text-figures 1 to 4 that the rate of chemi-
cal change with rank of the different macerals is distinctly different.

It is mentioned earlier that nitrogen and sulphur contents of macerals do not show
any systematic change with rank. Therefore change in the quantitative distribution of
the three major chemical elements, carbon, hydrogen and oxygen, of the macerals with
rank has been examined by plotting the data on a triangular diagram (Text-fig. 1) (basis
C+H+0O=100 percent by weight). The net change in the macerals with rank is removal
of H and O and enrichment in C. Though oxygen is removed throughout the entire range
of rank increase, however, major part of it is removed at the first stage (Text-figs. 1 and 2).
Hydrogen content of macerals remains almost constant over certain rank ranges and dehy-
drogenetation takes place abruptly and in steps. The rank level for the initiation of dehydro-
genation is not same for all the macerals. Dehydrogenation of exinite starts first at 82-83
percent carbon level and is followed by vitrinite (91 percent carbon level) and inertinite (94
percent carbon level). Hydrogen content of exinite remains steady (H-10.2 percent) bet-
ween 76 and 82-83 percent carbon content and below 76 percent carbon content the exinite
track shows increase in H and decrease in O with increase in carbon content (Text-fig. 1.).
Furthermore, at 82-83 percent carbon content exinite track also shows an increase in O
and decrease in H. After having a drastic increase of oxygen and decrcase ol hydrogen at
82-83 percent carbon content, hydrogen content of exinite once again remains constant
(H=7.2 percent) up to 89 percent carbon content and thereafter falls again till it meets the
track of vitrinite. Hydrogen content of vitrinite (H=5.3 percent) and inertinite (H=3.8
percent) also remains almost constant up to 91 and 94 percent carbon contents respectively.
DeOXygenation of macerals takes place through the removal of reactive oxygen groups and

Geoﬁhy!olagv, 2 (2) 1:)9
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Text--fig. 3. Relationship between G (D.A.F.) and H/_C (atomic) ol ccal macerals. Based on the datz
used in Fig. 1. (Basis C+H+O+N+8=100 percent by weight).

during dehydrogenation the hydroaromatic and/or aliphatic side chains or side groups are
removed. Dehydrogenation of inertinite takes place through demethanation.

The changes in the atomic hydrogen-carbon (Text-fig. 3) and oxlygen-carbon (Text-
fig. 3 & 4) with C or rank (calculated on the basis of C+H4+O+N+S =100 percent by
wright) have also heen studied to get an idea about the nature of the structural changes
undergone by the macerals with rank. The line of best fit of exinite shows an increase in H‘V/C
with increasing C up to 82-83 percent carbon level. Upto (his carbon level O/C f

(alls signi-

ficantly till it reaches a value of about 0.06. Thercalter exinite track takes

and T1/C begins to fall rapidly with rank till it reaches the metamor

at about 89-90 percent carbon content. At this carbon content the

a sharp bend and [ollows that path till the end. Prior (o this vitrinite (r

fall in H/C though O/C falls stcadily. The inertingic track meete (v !
AOK meets )

ack ol vitrinite at about
160
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Text-fig. 4. Relationship between C

(D.AF.) and O/C (atomic) of coal macerals. Based on the dati
used in Fig. 1. (B

asis G4-H+4O+4N+S=100 percent by weight).

92 percent carbon content which corresponds with H/C=0.30 and O/C'=0.015. It is evident
from the above findings that abrupt change in the chemical structure of the macerals takes
place at 82-83, 89-90 and 92 percent carbon contents.

Reflectance of macerals also increases with rank. Text-figure 5 shows that the diffe-
rence in the optical property of macerals decreases with rank and the track of exinite merges
with the track of vitrinite at about 1.80 Ro. From the nature of the tracks of the macerals
it is evident that the difference in the chemical composition of the macerals becomes nil
or negligible when reflectance (in oil) of vitrinite of a coal becomes 1.80 or more. In other
words Ro value alone is sufficient in ascertaining the chemical composition of overall
sample when Ro of vitrinite of the coal sample is 1.80 or more. An estimation of chemical
composition (G, H and O on D.AF. basis) of pure macerals can be made from their
reflectance with the help of the text-figures 1 and 5.

Geophytolog y, 2 (2) 161
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Text-fig. 5. Relationship between reflectance and carbon content (D.A.F.,—basis, C+H+0=100
percent by weight) of coal macerals. Based on the data of Doruvans et al. (1957), ERGUN et «l. (1959, 1960), and
present author.
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