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INTRODUCTION 

A cons iderable  number of i n f r a r e d  s t u d i e s  have been done on t he  low- 
temperature ox ida t ion  of coa l  with c o n f l i c t i n g  r e s u l t s .  Because the  r eac t ions  
occurr ing  in coa l  a r e  dependent on a number of f a c t o r s  such as c o a l  rank, 
p a r t i c l e  s i z e ,  temperature and humidity,  a consensus on t he  oxida t ion  
mechanism(s) has not been achieved. 
e t h e r s  (1-4), carboxyl groups (2-6). and OH f u n c t i o n a l i t i e s  ( 5 ) .  The 
formation of a peroxide  is gene ra l ly  considered t o  be the  major pathway f o r  
t he  production of new oxygen-containing groups, w h i l e  a t  t he  same time a 
decrease in t he  a l i p h a t i c  CH s t r e t c h i n g  region is observed (1,s) corresponding 
to  dehydrogenation. The present  study is an attempt t o  use FTIR t o  fo l low the  
e f f e c t s  of mild weathering condi t ions  on a series of standard coa l  samples. 
In  one p a r t  of t he  s tudy ,  t he  room temperature desorp t ion  of moisture from 
these coa ls  was followed us ing  d i f f u s e  r e f l ec t ance  spectroscopy (DRIFT), and 
i n  the  o the r  p a r t ,  t h e  coa l s  were weathered a t  room temperature in water- 
s a tu ra t ed  a i r  and sampled a t  i n t e r v a l s  over a t h ree  month period f o r  FTIR and 
Mijssbauer ana lys i s .  

EXPERIMENTAL 

Eight Argonne premium c o a l  samples (-100 mesh) were s tud ied :  Pennsylvania 
Upper Freeport ,  Wyodak, I l l i n o i s  116, P i t t sbu rgh  18, Pocahontas 1 3 ,  Utah Blind 
Canyon, West V i rg in i a  Stockton-Lewiston, and Beulah-Zap. After thorough 
mixing, each ampoule of PCSP coa l  was opened and about 300 mg of the  nea t  
sample was t r ans fe r r ed  t o  a DRIFT sample cup and enclosed in an environmental 
chamber in a stream of dry  a i r  (2 ml/sec).  
i n t e r v a l s  over an e i g h t  hour per iod  and again a f t e r  24 hours with a Nicolet  
60SXB F T I R  us ing  300 scans  a t  4 cm-' reso lu t ion .  
was used f o r  each s e r i e s  of spec t r a  and, because d i f f e rence  s p e c t r a  were 
obtained, the  K B r  d i d  not  con t r ibu te  t o  the  absorp t ion  in the  OH region. 

For t h e  longer-term s tudy ,  a second v i a l  of t h e  c o a l  was opened and the  coa l  
t r ans fe r r ed  to  a l a r g e  p e t r i  d i s h  which was placed in a l a rge  d e s s i c a t o r  
(without des s i can t )  through which water-saturated a i r  a t  22°C  was flowed a t  a 
r a t e  of approximately 1 ml/sec. Por t ions  of the  coa l  were removed a t  
i n t e r v a l s  of 0, 1, 4, 24, and 48 hours,  1 week, and 1 and 3 months. These 
samples were d r i ed  in a vacuum oven a t  4OoC f o r  two hours t o  h a l t  t h e  
weathering process and s to red  under vacuum pr io r  t o  ana lys i s .  
d iv ided  i n t o  d i f f e r e n t  po r t ions  f o r  i n f r a red ,  Mdssbauer and elemental  
ana lys i s .  Another 0.5 g of t h e  o r i g i n a l  coa l  was removed t o  make t h e  low- 
temperature ash  ( I n t e r n a t i o n a l  Plasma Machine IlOIB, 130 Watts f o r  s eve ra l  
days).  DRIFT spec t r a  were obtained on the  nea t  coa l  sample with an  
environmental chamber f o r  t h e  n o n r e a t h e r e d  coa l  and without an environmental 
chamber f o r  a l l  DRIFT samples. Transmission spec t r a  were obtained on KBr 

Oxidation has been found t o  produce 

In f r a red  spec t r a  were co l l ec t ed  a t  

The same dr ied  KBr re fe rence  

Each sample was 
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pellets (about 0.3% coa l  by weight). A l l  s p e c t r a  were c o l l e c t e d  a t  4 0 m - l  
r e so lu t ion  using 500 scans f o r  t he  DRIFT s p e c t r a  and 128 scans on the  KBr 
pellets. 
of t he  c o a l  with 0.8 g of SOMAR blend, an organic  binding agen t ,  and p res s ing  
the  samples i n t o  32 mm diameter p e l l e t s .  
Ranger S c i e n t i f i c  MS-900 spectrometer a t  room temperature f o r  1-3 days. 
Carbon, hydrogen and ni t rogen analyses  were performed with a LECO CHN-600 
analyzer ,  and oxygen analyses  were performed with a Carlo ERBA 1106 elemental  
analyzer.  

RESULTS AND DISCUSSION 

Samples f o r  Mlissbauer ana lys i s  were prepared by gr inding 0.3-0.6 g 

MBssbauer spec t r a  were obtained on a 

Moisture Desorption 

The desorpt ion of water 
t he  r eg ion  3800-2800 cm- . DRIFT is e s p e c i a l l y  use fu l  f o r  t h i s  type of study 
because it e l imina te s  t h e  e r r o r  associated with water which may be trapped in 
a KBr p e l l e t .  This method has been used previously t o  s tudy water desorpt ion 
a t  e levated temperatures (7) .  The decrease in t h e  in t eg ra t ed  a rea  of t h e  OH 
region from t h e  f r e s h  coa l  t o  the  vacuum-dried c o a l  can be d i r e c t l y  r e l a t e d  to 
the moisture content  determined by a sepa ra t e  procedure.  
absorbance u n i t s  were used r a the r  than the  Kubelka-Munk u n i t s  normally used 
f o r  DRIFT spec t r a  with good r e s u l t s .  
the  i n i t i a l  c o a l s  and the  moisture con ten t s  remaining a f t e r  1 /2  hour and 8 
hours of exposure t o  a stream of d ry  a i r  st room temperature.  Eight  hours  was 
found t o  be s u f f i c i e n t  t o  remove over  90% of t h e  moisture  in a l l  bu t  t h e  
Illinois and P i t t sbu rgh  coals .  Between one-third to  one-half of t h e  water  was 
removed within the  f i r s t  half-hour of drying with the  r a t e  of desorpt ion 
proport ional  t o  t h e  i n i t i a l  moisture level .  Spec t r a l  sub t r ac t ion  revealed no 
o the r  changes i n  t h e  spectrum o the r  than a negat ive band near 1640 0n-l a s  
water was removed. 

Weathering 

Weathering under humid condi t ions over a longer period of time showed o t h e r  
changes in t h e  OH region. DRIFT s p e c t r a  of the vacuum-dried c o a l s  show an 
inc rease  in t h e  OH band over per iods of 1 week and 1 month (Figure 1) wi th  t h e  
l a r g e s t  i nc reases  found i n  t he  P i t t sbu rgh ,  I l l i n o i s ,  Beulah-Zap and Blind 
Canyon c o a l s  and the  l e a s t  i nc rease  in t h e  Pocahontas Simultaneously,  a 
s l i g h t  i nc rease  in absorpt ion centered around 1100 cm-'o:i'observed in a l l  of 
t he  KBr p e l l e t  c o a l  spec t r a  a f t e r  1 week and a f t e r  1 month of weathering. An 
i nc rease  in t h i s  region a f t e r  weathering is usua l ly  a t t r i b u t e d  to e t h e r s  bu t  
may a l s o  be due t o  a lcohol  g r  ups. 
carbonyl region 1800-1500 cm-* a f t e r  1 month (Figure 2). A weak band at 1710 
cm-', not  very apparent i n  t h e  compressed spec t r a  of Figure 2 ,  appears in t he  
sub t r ac t ion  s p e c t r a  of t he  POC hontas and Wyodak coals .  A l l  of t h e  c o a l s  show 
an inc rease  near  1660-1630 an-', which may be due t o  highly hydrogen-bonded 
carbonyls o r  t o  water bending modes from water of hydrat ion which is no t  
removed by vacuum. All of t h e  c o a l s  except Pennsylvania and Pocahontas show a 
s l i g h t  i nc rease  i n  the  region 1560-1540 ern-', which may a r i s e  from the  
formation of carboxylate  groups. 

rom t h e  f r e s h  c o a l  samples was followed by DRIFT in i 

I n  t h i s  ca se ,  

Table 1 g ives  the  moisture con ten t s  of 

Other i nc reases  were apparent in t h e  
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In c o n t r a s t  t o  previous s t u d i e s  which found e t h e r  formation the dominant 
r eac t ion  under low temperature ox ida t ion  cond i t ions  (1-2). these r e s u l t s  
i n d i c a t e  t h e  formation of an OH group, from e i t h e r  a hydroxyl f u n c t i o n a l i t y  o r  
water of hydration. This formation is only s l i g h t l y  dependent on coa l  rank, 
a s  t h e  Pennsylvania and Pocahontas c o a l s  form the  l e a s t  amount of OH, bu t  t h e  
o t h e r  c o a l s  form OH in a manner independent of rank. The formation of e t h e r  
groups and/or a lcohol  g oups is i nd ica t ed  by the  inc rease  near 1100 cm-'. The 
new bands near 1650 om-' may be due t o  water o r  t o  a s h i f t  in carboxyl group 
frequency due t o  increaaed hydrogen bonding, a s  might OCCUK with the  formation 
of OH groups, o r  to  ox ida t ion  to  new carbonyl  groups. Carboxylate groups 
appear to  form f o r  a l l  bu t  t h e  h ighes t  rank coals .  In conclusion,  new 
f u n c t i o n a l  groups a r e  formed on coal  a f t e r  weathering under humid cond i t ions  
a t  room temperature f o r  a s  l i t t l e  a s  1 week. These include carboxylate  groups 
on a l l  bu t  t he  Pennsylvania and Pocahontas c o a l s ,  carbonyl  groups on t h e  
Pocahontas and Wyodak c o a l s ,  and chemisorbed water,  a l coho l i c  O K  e t h e r  groups. 
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Table 1 .  Moisture Content of Coals After Room Temperature Air-Drying 

I n i t i a l  Moisture Remaining Moisture Remaining 
Moisture, % After 1 / 2  Hour, % After 8 Hours, % 

Pocahontas 0.84 

Pennsylvania 1.41 

0.42 

1.01 

0 

0 

Pittsburgh 2.54 1.31 0.32 

Lewiston-Stockton 2.70 

Blind Canyon 5.04 

I1 1 i n o i s  8.65 

1.69 

2.38 

5.83 

Wyodak 24.23* 15.00 

Beulah-Zap 32.84* 25.45 

*From PCSP provided data. 
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0 

1.41 
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Figure 1. Increase i n  OB region over one month 
(Wyodak coa l ) .  

' 2 b  

WAVENUMBER 

Figure 2. Change i n  carbonyl region over one month 

d = Blind Canyon, e - Pennsylvania, f - Pocahontas, 
g = Wyodak, h = Beulah-Zap). 

(a = Pittsburgh, b = I l l i n o i s ,  c = Lewiston-Stockton, 
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