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The stud:es have been conducted on low rank coal: Flambant 
de Provencel France, PRV.0.44 
FTIR and U V  synchronous fluorescence spectroscopv are 
used to  study structural changes in low rank coal after 
natural oxidation or acid ( HCl/HF 1 demineralization. 
The observed variations deal mainly with a decrease in 
aliphatic structures and an increase in the oxygenated 
species. 
A quantitative oxidation study of the effect of temperature, 
timel mineral matter and oxygen concentrations has been 
conducted by FTIR. 
An attempt to describe the oxygenated species by FTIR and 
to  compare their evolution has been conducted. Various 
oxidation mechanisms are proposed according to  the results. 
The U V  Fluorescence allows to show in these conditions a 
change in the polyaromatic ring absorptions , mainly in the 
2, 3 range. This correspond to  an oxidation or even loss of 
some aliphatic substituents. 
The results are compared to  those obtained by C13 NMR of 
solid coall and also to the colcing and caking values of 
oxidized coals. 

I N  TRODUCTI 0 N 
This  s tudy inves t iga tes  the  ut i l i ty  of Fourier  Transform InfraRed spectroscopv(FT1R) 
and synchronod excitation-emission UV fluorescence a s  a means of measuring 
increases  in the  degree of coal Oxidation with exposure time i n  a n  air atmosphere a t  
var ious tempera tures  and f o r  var ious par t ic le  s i z e s  . This  multitechnique approach 
shows much promise in identifying specif ic  changes during coal oxidation or 
demineralization (i,. 
These chemical s t ruc tura l  changes occurring i n  a laboratory aer ia l  oxidation 
experiment a r e  observed on French Gardanne coal , "flambant de Provence" 
(Subbituminous A ) . 
I t  is well known t h a t  coal weathering at var ious tempera tures  is accompanied by 
changes in the chemical and physical p roper t ies  and therefore  significantly alters t h e  
utilization potent ia l  of coals  (2-7) . 
EXPERIMENTAL 
The coal used was from t h e  "ETOILE N'9" seam of t h e  Gardanne mine located i n  
Provence , near  Marseille FRANCE and was  sampled directly j u s t  before  t h e s e  s t u d i e s  . 
Character is t ics  a r e  presented in  tab le  1 
The coal used was crusched and s ieved in  a IKA-VERK A 10 and a IKA-VIBRAX-VXR 
under controlled atmosphere . 
At var ious tempera tures  ( from 2O'C to  2OO'C ) samples  were taken a t  regular  
in te rva ls  and s tored  in  Nitrogen f lushed v i a l s  to  prevent  fur ther  oxidat ion before 
a n a l y s i s .  
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TABLE 1 .  
Character is t ics  of "Gardanne coal" 

U 1  t imate 
Anal vsi s/DFB 

Carbon 
Hydrogen 
N i  t r ogsn 
S u l p h u r  
oxygen 
Ash ...... 

%wt 

6 0 , 2 0  
4,30 
1 , 6 3  
4.57 

10,55 
18,32 ..... 

Proximate . 
Anal y s  i s 

Moisture  
A s h  
Vo1 a t  i 1 e 

F S I  (ASTM) 
m a t t e r  /DF8 

........... ........... 

X w t  

20,lO 

. . I . .  ..... 

Pe t rograph i c  
A n a l y s i s  

V i  t r  i n  i  t e  
Ex i  n  i  t e  
I n e r t  i n  i  te 
- I n e r t o d e t r i n i t e  
-Semi f u s i  n i  t r  

Ginera1 mat te r  
F u s i n i  t e  

6,73 

6,13 
2 , 3 3  

Coals  demineralized by acid t rea tment  ( HCl/HF 1 (8) were s tudied and we observed t h e  
s t ruc tura l  modifications which induced dis turbances in  macera: separa t ions  <9J&) . 
FTIR spec t ra  were measured on 5DX and 20% NICOLET spectrometers  using t h e  
classical  halide p e l l e t  IR t ransmission method (ii-13) . 
U V  fluorescence s p e c t r a  were measured on a PEREIN 3000 and srnchronous 
excitation-emission technique was used t o  s tudy 50hd coa ls  and coal extractsA~\=23mm 
(14,. 

FTIR STUDIES 
I n  a recent  work in  our laboratory , we noted the high react ivi ty  of "Gardanne coa1"in 

weather i r~g and oxidat ion react ions and the  capacity of FTIR spectroscopr  t o  follow 
quant i ta t ively the  small  changes i n  carbonyl and al iphat ic  ranges (2) . I t  is possible  
t h a t  coal oxidized by exposure fe; long time per igds a t  t h e  edge of a seam di f fe rs  in  
s t ruc ture  from a coal oxidized a t  var ious tempera tures  in  t h e  laboratory (15) . In a 
preliminary work we observed t h e  similar react ion of coal in  natural  oxidation of a 
stockpilled coal and i n  a laboratory aer ia l  oxidation experiment iTp<60'C ) (12) . 
Derninera!ized coals  were s tudied but  t h e  demineralization reaction by prolonged acid 
t rea tment  (HCUHF) induced i t se l f  many paras i te  oxidat ion react ions (14 , 16-18) . We 
observed in  all casep s ignif icant  spectroscopic changes by FTIR difference spec t ra  and 
we used the area in tegra t ion  methoti t o  quantify t h e s e  modifications . 
SAMPLE PREPARATION 

The coal was  oxidized by spreading about  39 uniformly in  a ceramic bea t  which in  turn  
was  placed in a regl;lated oven. The samples  were prepared f o r  infrared ana lys i s  by 
forming s tandard KBr disks  . Spectra  were recorded and one hundred co-added 
interferograms were x e d  to obtain spec t ra  with a resolut ion of 2cm-1 . Only the  400 - 
3300 cm-1 region w a s  examinated , 50 that  t h e  OH s t re tch ing  region of the spectrum 
w a s  not observed ( in te r fe rences  from water  absorbed on t h e  h-r) . 

I 

RESULTS AND DISCUSSION 

The infrared spec t ra  ( plot ted in  absorption) of oxidized and f resh  coal a r e  compared i n  
419.1 . Major changes in t h e  two spec t ra  appear  in  t h e  1676 -1900 cm-i range ( weak 
shoulder near i695cm-1) and 2760 - 3000 cm-1 range ( al iphat ic  C-H stretching ) . 
These  changes were only revealed a f t e r  subtract ion of t h e  f resh  coal sample spectrum 
from the spectra  of t h e  oxidized samples  ( fig.1 ) . A correct  degree of subtract ion is 

since t h i s  clay should be  relat ively unaffected by low temperature  oxidation (is, . 
After  subtract ion , t h e  a l iphat ic  C-H s t re tch ing  mode appears  negative , demonstrating 
a l o s s  in  CH2 - CH3 groups  upon oxidation ( a r e a  2760-30OOcm-1 ) and the  carbonyl and 
carboxylic bands appear  posi t ive ( a r e a  1676-1815 cm-1) . The area integrat ion method 
used t o  quantify t h e  oxidation reaction is presented in f i g 2  . The same technique was 
used for  maceral s e p a r a t i o n  characterization 

obtained by using t h e  Kaolinite bands ( 1035 - 1010 cm-i 1 as a subtract ion s tandard , 1 

\ 
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The r a t i o  of t h e  integrated peaK a r e a s  t o  t h e  t o t a l  a r e a  B+C were calculated ( with C 
a r e a  l i m i t s  : 1885-1839 t o  900-892 cm-1 ) 

The FTIR study corresponds to a study of the  temperature  e f f e c t  ( 20- 110 - 2OO'C ) 
f o r  a def ini te  granulometry ( (0.125mm ) followed by a s tudy  of t h e  par t ic le  s ize  e f f e c t  
( (0.500 I 0.250 I 0.125 0.090 0.063 , 0.005mm ) a t  var ious tempera tures  . Coal 
demineralized with HCUHF is studied at 2O'C f o r  a par t ic le  s ize  (0.125mm . 
The r e s u l t s  from t h i s  ana lys i s  - disappearance of a l iphat ic  groups ( B/B+C ) and 
formation of carbonyl or carboxylic compounds ( A/B+C ) as a fonction of temperature  
and time - a r e  given in  f igures  3a and 3b . 
Upon examination the  curve in  f ig& r e v e a l s  t h a t  t h e  disappearance of a l iphat ic  
groups a t  room temperature  occurs mainly during t h e  f i r s t  few days  of oxidation and 
then seems to level  off or at least s t rongly slow down.  At  1iO'C t h i s  disappearance is 
more important  , very s ignif icant  in  t h e  f i r s t  d a y s  and continuing s teadi ly  unt i l  the end 
of the experiment . At 2OO'C , al iphat ics  disappearance happens very quickly, s ince the  
f i r s t  hours  of oxidation - t h e  same remark can be made with regard t o  t h e  formation of 
carbonyl or carboxylic compounds ( fig.3b ). 

The "Gardanne coal" s tudied here  presents  a re la t ively low aromaticity leve l  . The 
corresponding IR spectrum does  not  clearly show t h e  character is t ic  adsorp t ions  of 
aromatic hydrogens (3100 - 3000 cm-1 and ( 900 - 700cm-1 ) (9-13) . A study using NMR 
13C as  well as FTIR r e v e a l s  t h a t  aromaticity is not hardly a f fec ted  by oxidation 
(16-19) , whereas  a previous s tudy indicated a n  increase in  aromaticity upon oxidation 

Af te r  evidencing t h e  formation of carbonyl and carboxylic compounds , we t r ied  t o  
determine t h e  nature  of t h e  formed oxidation products  , and t h e  b e s t  technique s e e m s  
to be the  spectrum subtract ion method - (oxidized coal - s t a r t i n g  coal). 
W e  must be careful  , particularly when t h e  oxidation products are obtained i n  very 
small  quant i t ies  ( oxidation at 2O'C ) . The difference spec t ra  obtained in t h e s e  c a s e s  
m a y  be controversial  a s  shown by t h e  comparaison of t h e  work of LIOTTA e t  al. (2) and 
t h a t  of RHOADS e t  al. (2) ( signal  t o  noise r a t i o  t o o  low I mineral mat ter  na ture  and 
content  s l ight ly  d i f fe ren t  from one t o  another  sample (22,) . 
A t  110 and 2OO'C difference spec t ra  evidence without  ambiguity the formation of the  
var ious oxidation compounds (f igures  4a and 4b ) . The broad band between 1900 and 
1500Cm-i shows mainly four  d i f fe ren t  absorpt ions located at 1569-1596 , 1725-i7:O , 
1778-1770 and 1850-1840cm-1 . Furthemore , a prominent new band near  1575-1600 
cm-1 is now revealed in  the  difference spectrum. This  band is not  detectable  i n  the  
original spectrum and can be assigned t o  a n  ionized carboxyl group COO- - the  major 
product of oxidation (23 24). PJI the  broad band 1500 - 1900cm-1 , we used t h e  second 
der ivat ive spectrosco*tech:{ique which revealed all t h e  absorpt ions (f igures  5 a  and 
5b 1 . Attr ibut ions a r e  given in  tab le  2 . Some of them a r e  corroborated by NaOH and 
NaHC03 select ive chemical react ivi ty  (a). 

a) Definite aranulometrv (<0.125mm ) . 

tu). 

TABLE 2 

Coal oxidation 
Absorpt ions in  1900 - 1500 cm1 range . 

A t t r i b u t i o n s  I Wavelength cm-1 

1850 
1837 
1818 
1779 

1760 
1739 
1725 
1709 
1675 
1600 -1540 

Anhydr ides  

E s t e r s  type O=C-0-Aryl 
E s t e r s  type O=C-0-Alkyl 
Carboxyl ic  a c i d s  A r r l - I C H 2 ) , - ~ 0 o ~  
Carboxyl i  c ac  i d s  Aryl -COOH 
Qu i  nones 
COO- c a r b o x y l a t e s  
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Upon examination , f igures  Sa and 5b a t  2O'C and 2OO'C reveal  t h a t  the  nature  and 
reparti t ion of oxidized spec ies  is not the  same . This  p o s e s  t h e  problem of comparison 
of natural  ageing ( weathering ) of coa ls  and laboratory oxidation a t  high 
temperatures .  
Weak broad residual absorpt ion between 1200 - 1300cm-1 in the  difference spectrum 
could possibly be due t o  C-0 bands I a s  in phenols o r  e t h e r s  but  t h e s e  bands would be 
difficult  t o  identify . 
This  phenomenon is more significant a t  2O'C and 60'C than  110'C and 200'C . From a 
purely mechanistic point  of view t h i s  observat ion ca l l s  for  confirmationsl , since i t  
a l lows to  s u g g e s t  d i f f e r e n t  mechanirns . 
A number of s t u d i e s  have concluded t h a t  the  formation of e t h e r  cross-links is crit ical  
t o  loss of coRing abil i ty (= 

We can s e e  (figures 6 a  and 6b) the appareance of oxygenated groups (A/B+C) and 
disappearance of a l ipha t ics  (B/B+C) a s  a function of time for  d i f fe ren t  grindings .The 
s tudy presented here corresponds t o  an utmost  oxidation a t  2OO'C .Upon examination , 
the  curves revea l  t h a t  the  appearance of oxygenated groups i s  proportional to  the  
inverse of particle s i z e  a s  well a s  t h e  disappearance of aliphatics since t h e  two 
phenomena a r e  1inRed chemically .This is a logical r e s u l t  , a s  t h e  specific surface likely 
t o  react is larger f o r  a coal of lower granulometry . In order  to  es t imate  t h e  role 
played by t h e  in i t i a l  grinding t h e  a r e a s  a and b were in tegra ted  immediately a f t e r  
grinding and the  "zero points" were t h u s  obtained ( tab le  3 ) . 

b) Particle size e f fec t .  

TABLE3 

"Zero points" a r e a  in tegra t ions  
Grinding ef fec t  , in i t ia l  s t a t e  

Granulometry < A I 0,063 O,G90 0,125 01250 0,500 

In t h i s  manner , we verified t h a t  when ?he particle size decreases  ( longer grinding 
times) , the  oxidation increases  - Even coa ls  ground under demineralized and cooled 
water  give "zero points" characterist ic o f  an oxidation (12116) . I t  is then  problematic 
t o  present  comparison s t u d i e s  when t h e  in i t ia l  products  a r e  not  s t r i c t l y  identical  . I t  
must be noted t h a t  grinding ef fec t  a f f e c t s  minerals and macerals specifically with a 
proper reactivity . Therefore  grinding r e s u l t s  in organic-mineral mixtures with a 
reactivity to  oxidation d i f fe ren t  from t h a t  of t h e  in i t ia l  heterogenous mixture . This 
observat ion l e t  u5 to leave t h e  selective sieving in favor  of t h e  notion of grinding time 

cl Demineralized coal . 
The acid demineralization technique , a s  well a s  t h e  grinding technique , r e s u l t s  in 
chemical d i s turbances  in t h e  coal , mainly by oxidat ion (-1 . If  we observe the  
na tura l  evolut ion of a demineralized coal ( figure 7 1 , we can s e e  t h a t  t h e  appareance 
of oxygenated s p e c i e s  corresponds t o  two curves which a r e  considerably d i f fe ren t  in 
the  early s t a g e  of oxidat ion and become l a t e r  identical  . The sh i f t ing  of the  curves  in 
figure 7 corresponds t o  a shift ing of t h e  "zero point" due t o  t h e  in i t ia l  e f f e c t  of 
demineralization technique by oxidation (12,14,16) and t h e  f a c t  t h a t  f o r  f resh  coal the 
r a t i o  A peak a r e a  / t o t a l  a r e a  B+C is calculated with remaining t r a c e s  of mineral 
mat te r  ( evolution by oxidation and non homogenous sampling ) . Whereas f o r  the 
d e m i n e r a k e d  sample t h e  r a t i o  A / B+C is calculated without  interference . I t  seems 
t h a t  mineral mat ter  a f f e c t s  oxidation particularly in its early s t a g e s  
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UV FLUORESCENCE STUDIES 
uv fluorescence by synchronous exci ta t ion - emission technigue al lows the  approach of 
the Polraromatic s t ruc ture  of coal before  and a f t e r  t rea tment  (m) . This  t rea tment  
may correspond to  a natural  or induced oxidation (Q) or a demineralization t rea tment  
before a maceral separa t ion  s tudy 
Most o f t e n  i n  order  t o  be analyzed by UV fluorescence , coal must be t r e a t e d  - e i ther  
by chemical t rea tment  transforming for exemple a sol id  i n  to liquid ( hydroliquefaction 
and Pyrolysis  ) ; i n  t h i s  case t h e  reaction products  a re  characterized (26, and the  ini t ia l  
coal s t ruc ture  m a y  be es t imate  b y  t h e  Knowledge of the  react ion mechanisms - or a 
t rea tment  with a solvent  , in  which case a coai f ract ion is characterized mcre or less 
important depending on t h e  coal , solvent  and technique used (21) . 
Different  types  of spec t ra  may be obtained by U V  fluorescence - Emission spec t ra  a re  
obtained by exciting t h e  Compound with a fixed wavelength and determining the 
def ini te  fluorescence in tens i ty  proper t o  t h a t  par t icular  wavelength . In  the  case  of 
Complex mixtures , t h i s  method does  not  prove sa t i s fac tory  , as  t h e  def ini te  exci ta t ion 
wavelength chosen cannot Correspond t o  t h e  maximum ext inct ion coefficient of each of 
the mixture components , and t h i s  induce for  cer ta in  CDmpDUndS a decrease in  
fluorescence intensi ty  . 
SynChrDnDUs e%citat ion - emission spec t ra  a r e  the  resu l t  of t h e  technique which 
cons is t s  in  recording the emission spectrum of a mixture and varying t h e  e-ci ta t ion 
wavelength , while maintaining d/z optimum a t  23nm . This  technique clar i f ies  the 
emission of each of t h e  mixture components and r e s u l t s  i n  a b e t t e r  resolved spectrum 

or a react ivi ty  s tudy . 

a) Analytical techniaue. 

(28129). 
b) Solvent coal ex t rac t  s tudy.  

Several  methods of solvent  extract ion may b e  used i n  t h e  case of "Gardanne coal" , 
dissolut ion at refluxing , Kumagawa , soxhlet  , sonication... They all give extract ion 
yields  close t o  15% but  extract ion b r  sonication is more rapid ( 45min.). I t  is carried 
out at a low temperature  ((50°C) , which prevents  from a too  long contact period and 
a l so  s i g n i f i c a n ~  paral le l  oxidation react ions . Fluorescence spec t ra  of e x t r a c t s  
obtained by the var ious extract ion technigues re .'-a1 the  oresence of the  same aromatic 
compounds ( emission peaks a t  371 and 393nm charas te r i s t ic  o i  aromatic  der iva t ives  
with 3 and 4 condensed r ings ( fig.8 ) .Further differenciat icn can be made by examining 
hexane , THF and pyridine f rac t ions  obtained +om t h e  in i t ia l  ex t rac t  . However t h i s  
d i f ferent ia t ion is fas t id ious  as there  is a "levelling" of t h e  e x t r a c t s  directly linked to 
t h e  solvent  select ive extract ion power towards the  polyaromati: spec ies  in  t n e  coal (Q 
) .  
In order  t o  try to  b e t t e r  evidence t h e  spectrum di f fe rences  between f resh  + 
demineralized and oxidized coal , multiple s t e p s  fractioning h a s  been adjusted . Four 
successive extract ions a r e  carr ied out  with hexane , toluene , THF , and t h e n  the l a s t  
residue is dissolved in pyridine . Each fract ion t h u s  obtained is analyzed for  t h e  three  
tvpes  of coal . The obtained spec t ra  show t h a t  it is possible  t o  compare coals (fig 0 , 
table  4) by emphasizing t h e  character is t ic  s igns  . For "Gardanne coal" we notice t h a t  
the  oxidation (2OO'C , 34days) as  wel l  a s  demineralization a f f e c t s  t h e  repar t i t ion  of 
po lyaromat ics  wi th  3 or  4 condensed  r i n g s  by caus ing  a bathochome s h i f t  
,characteristic of a 1055 of subs t i tuents (28  ~ 3 0 )  . 
The ana lys i s  of the  e x t r a c t s  a l lows t h e  character izat ion of only a f rac t ion  of the  coal . 
In order  t o  obtain a more complete characterization we s tudied uv fluorescence on 
sample in  powder( particle size <:0,125mm ) . 
The obtained fluorescence profile a r e  clearly d i f fe ren t  (M) from those o f  the  
e x t r a c t s  . The maxima character is t ics  of aromatic CDmpDUnd5 with 2 , 3 , 4 condensed 
r ings a r e  no longer present  and maxima between 440 and 550nm are observed which 
correspond to more condensed aromatic s t r u c t u r e s  ( 5 or more r ings  ) : the  basic  
s t ruc tura l  un i t s  ( BSU ) or basic squeleton . 
In reference t o  t h e  s t ruc tura l  pa t te rn  of DRYDEN coal (a) , t h e  so lvent  swel l s  the  
miceral mesh and the  small u n i t s  a re  t ransported by diffusion through t h e  matrix pores  . In the  case  of the"Gardanne coal" , we observe t h a t  t h e  small u n i t s  have a s ignif icant  
extract ion faci l i ty  , since t h i s  coal h a s  a very open porosi ty  . Therefore  oxidation and 
demineralisation a f fec t  mainly t h e s e  small u n i t s  and UV fluorescence is particularly 
adapted f o r  evidencing t h i s  phenomenon . In  cont ras t  , i n  the coal matrix i t se l f  , the  
general  s t ruc ture  of t h e  basic s t ruc tura l  u n i t s  (BSU) common to  all t h e  coal samples  is 
found (polyaromatics with 5 t o  8 piled condensed r ings  ) . 
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TABLE 4 
UV Fluorescence charac te r i s t ics  
Comparison between -coal  ex t rac t  

- demineralized coal e x t r a c t  
- oxidized coal e x t r a c t  

E mission wavelength (nm) of the  main bands. 

F r a c t i o n s  . i Fresh  A ~ n m ,  coa l  . Demineral ized coa l  . , Oxidized 318 coal . 
Hexane ..... 315 318 . 310 318 

T o l u e n e . . . . .  322 339 401 . 325 349 401 . 325 349 381 401 

THF......... 354 404 . 327 345 404 , 327 345 383 404 

.I( n m )  A< n m )  

CONCLUSION 

FTIR UV fluorescence and N M R  lead to t h e  same conclusion with regard t o  oxidation 
and demineralization of "Gardanne coal" - l o s s  of aliphatic groups attached t o  
polraromatics with 3 o r  4 r ings  - appearance of oxygenated spec ies  I mainly carbonyls 
and carboxylic ac ids  - n o  change in the  BSU p a t t e r n  . 
The observed particle s i z e  e f f e c t  seems t o  show t h a t  t h e r e  i s  a sur face  reticulation 
e f fec t  (destroyed on re-grinding and determined b y  measuring of the  Gieseler index ). 
This  reticulation might be favored by t h e  increase in the  number of hydrogen bridges 
available result ing from t h e  l o s s  of cumbersome alkyl s u b s t i t u e n t s  and the  appearance 
of many oxygenated s i t e s  . The nature  and evulut ion of the  spec ies  formed a t  low 
temperatures  a s  well a s  higher tempera tures  may allow t o  sugges t  d i f fe ren t  
mechanisms revealing a n  influence of t h e  mineral mat te r  in t h e  f i r s t  s t a g e  o f  oxidation 
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FIGURE 1 

i . Infrared spectrum of fresh coal 
2 . Infrared spectrum of oxidized coal 
3 . 2 - 1 difference spectrum 

3100 2900 2700 
tcn-11 tcn-11 

FIGURE 2 

Areas integration m e  hod used 
1 .2700 - 3iOO cm- 1 
2 .a00 - 2000crn-1 
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FIGURE 3a and 30 

3 a  . AliJhatic groubs decrease : B/B+C ratio versus oxidation time at 25 , 110 and 
290.c 
3b CarboxvXc and carbonyl groups increase  : A/B+C r a t i o  versus  oxidation t i m s  
at 25 , 110 and 2OO.C 
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FIGURE 4a  and 4b 

4 a .  Difference spec t ra  between 2000 and 1400 cm-l of oxidized coals  a t  200'C ,(a 
, 34 days  ; b , 4  days  ; c , 18hrs  ; d . rihrs . ) 
4b , Difference spec t ra  between 2000 and 1400cm-' of oxidized coals  a t  1lO'C , ( 
a , 3 4  days ; b , 4  days  ; c , i S h r s  ; d t 6hrs.) 
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FIGURE Sa and 5b 

Sa . Infrared spectrum o f  oxidized coal a t  20'C a f t e r  78 days  and t h e  
corresponding der ivat ive spectrum 
5b . Infrared spectrum o f  oxidized coal a t  200.C a f t e r  34 d a y s  and t h e  
corresponding der ivat ive spectrum 
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FIGURE 6a and 6b 

6a . Aliphatic groups dec rease  : B/B+C r a t i o  v e r s u s  oxidation time at 2OO'C and 
particle size e f f e c t .  
6b . Carboxylic and carbonyl groups increase : A/B+C r a t i o  ve r sus  oxidation time 
at 200'C and particle s ize  e f f e c t  . 
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FIGURE 7 

Cmpar i son  of aer ia l  oxidized raw coal a t  
Carboxylic and carbonyl groups increase : 

PYRIDINE EXTRACTS (GARDANNE COAL) 

2O'C and demineralized coal 
A/B+C r a t i o  ve r sus  oxidation time . 

MULTIPLE STEP EXTRACTION 

THF FRACTION 

GAHDANNE COAL 
- fresh coal - - - dqnineral ized ...... oxidized coal 
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FIGL'RE 8 and FIGURE 9 
U V  fluorescence spec t ra  of coal e x t r a c t s  (pyridine) obtained by d i f fe ren t  
extract ive methods : sonicat ion , dissolut ion and soxhlet  
UV fluorescence spec t ra  of coal e x t r a c t s  (THF) obtained from a f resh  coal , 
demineralized coal and oxidized coal . 
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