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Problems related to the weathering of coals have attracted a 

great deal of at t ention in recent years and already a large amount of 

info r mation has been ga t he r ed c oncerning the low- termperature oxidation 
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of coals of varying ran k . One key point in ou.'!'.' understanding of this 

process involves whe t her or not initial attack of oxygen on coals takes 

place on the aromatic or aliphatic parts of the "coal molecule" . 2 , 5 , 6 

Indeed the existence of a dichotomy has not yet been convicingly demon-

stra t ed . So far, the consensus of opinion seems to favour attack of 

oxygen on the aliphatic portion of coal . The reasons why these opinions 

are held are manifold and may be found in the appropriate references, 

2 7 12 
where t hey are discussed at suitable length . ' ' 

As part of our ongoing studies on t he constitution and be
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haviour of coal we decided to look at fresh and oxidized coal samples 

usirig t he relatively new "cross- polarization magic angle spinning" 

(CP-MAS) n . m.r . technique which gives, for the first time , satisfactorily 

13 14 15 
resolved C n . m. r . spectra on solid samples . ' Such spectra permit 

a straightforward estima t ion of t he aromaticity of a coal sample since 

the aromatic and aliphat i c carbon s yield t wo distinct, resolved peaks . 

This technique seems ideally suited for investigating the nature of the 

low - temperature oxidation of coal, providing that the sensitivity of the 

method is sufficient to monitor the changes involved . 

The coal used fo r this investigation is Harbour 26 Seam, Cape 
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Breton Development Corporation, Carboniferous , high-volatile bituminous 

coal. A sample of this coal (particle size 300 µ N) was subj ec ted to 

oxidation in a stream of air, flow rate 75mL/min . at 105°c . for 192 hours. 

The results of proximate, ultimate and petrographic analysis, and 

dilatometric tests, as well as, Gieseler plasticity of both fre s h and 

oxidized coal are given in Table 1. The microscopie structure o f the 

0 
residue obtained from the di.Jatatü:m tests of fresh coal at 550 C shows 

formation of coarse grain structure (CG) 16 and fusion of the reactive 

vitrinites (FM) in the micrograph shown in Figure 1 . An increase of 

oxygen content of 3% and complete loss of@ilatation and Gieseler plasti

city are observed in the coal which was subjected to oxidation . Neither 

the formation of grain structure nor the fusion of the vitrinite are 

visible in the micrograph (shown in Figure 2) of the residue acquired 

from dilatometer tests under iden t ical conditions to that of fresh 
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coal . It is evident that the reactive vitrinite is converted to inert 

maceral and consequently the coal suffers a complete loss of mesophase 

forma t ion on carbonization due to oxidation . 

The 13 c n . m. r . spectra obtained for these two samples are 

given in Figure 3. A r elative increase i n aliphatic content,or de 

crease in aromatiè content, with oxidation is observed from these 

spectra . This, we feel, is direct eviden ce of the nature of trans 

formations occuring during low- temperatur e oxidation of coal in re -

lation toits coking characteristics. The rela t ionship between 

oxidation level of vitrinite and its reactive nature plays an im-

portant role in coal utilization processes . 

The infra - red spectra of these t wo samples are virtually 

identical, the only change ~ing a slight thickening towards the high 
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frequency side of the 1600cm- 1 band indicative of the fo rmation of 

carbonyl groups on oxidation. Additional work is required to explain 

the change in aromaticity on oxidation at the molecular level . It is 

also important to acertain how other coals of widely varying rank and 

geological age behave on oxidation, i . e . whether the observed behaviour 

is general or atypical . Further experiments are in progress to this end. 
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TABLE 1 

DEVCO 26 , HIGH- VOLATILE BITUMINOUS COAL 

PROXIMATE ANALYSIS 

MOISTURE 
VOLL\.TILE MATTER 
ASH 
FIXED CARBON 

ULTIMATE ANALYSIS (db) 

CARBON 
HYDROGEN 
SULPHUR 
NITROGEN 
ASH 
OXYGEN (BY DIFFERENCE) 

OXYGEN (DETERMINED) 

DILATOMETRIC TEST (RUHR DILATOMETER) 

SOFTENING POINT, 0 (° C) 
CONTRACTION C (%) 5 

TEMPERATURE OF MAX CONTRACTION 0 (°C) 
DILATATION(%) c 
TEMPERATURE OF MAX . DILATATION (°C) 

FRESH COAL 
% 

0 .8 
34 . 3 

2 .4 
62.5 

100 . 0 

84 . 9 
5 .4 
0 . 7 
2 . 2 
2 .4 
4 .4 

100 . 0 
5 . 6 

341 
23 

398 
312 
460 

0 .40 PLASTICITY INDEX = C/ C 0c- 0s ) 
GIESELER PLASTICITY (DD/MIN) 23,850 

PETROGRAPHIC ANALYSIS 

VITRINITE 
EXINITE 
MICRONITE 
SEMI - FUSINITE 
FUSINITE 
MINERAL MATTER 

% 
73 .1 

5 . 5 
4 . 3 
7 . 7 
5 . 5 
3.9 

100 . 0 

MEAN MAX . REFLECTANCE IN OIL - 1 . 07 

OXIDIZED 
% 

0 . 9 
31. 7 

2.2 
65 . 2 

100 . 0 

82 .8 
5 . 0 
0 . 6 
2.2 
2 . 2 
7 . 2 

100.0 
8 .4 

355 
25 

474 
NIL 
NIL 

0 . 21 

COAL 

NON-AGGLOMERATING 
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Figure 1 . Micro graph of dilatation residue 
from fresh coal showing coarse grain (CG) 
formation in th e semi-coke and fusion of 
reactive vitrinite (n!) 
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Figure 2 . Micrograph of d i l atation residué 
from coal oxidized at 105° for 192 heurs 
showing unaltered vitrinite (converted to 
inert maceral) in char ( UV) . 
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Figure 3 . l ?~ n .m .r. spectra of fresh 
and oxidizef co3 l (Bruker CXP-180 spectro 
met er ), [~ 3pparent aromatic i ty 15 . 
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