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I n t r o d u c t i o n  

p a r t i c l e s .  
potass ium bromide d i s k s  (1) or  s l u r r y i n g  them i n  a hydrocarbon o i l  such as N u j o l  
(2) .  
and o t h e r  macerals which a r e  d e r i v e d  f rom d i f f e r e n t  p l a n t s  (such as t r e e s ,  bushes, 
and grasses) and from v a r i o u s  p a r t s  o f  each p l a n t  (such as t runks ,  stems, r o o t s ,  
leaves,  e t c ) .  In a d d i t i o n ,  i n o r g a n i c  substances o f  va r ious  t ypes  and degrees o f  
d i s p e r s i o n  a re  g e n e r a l l y  mixed i n .  
v a r i o u s  o rgan ic  p l a n t  remnants a r e  l i k e l y  t o  have d i f f e r e n t  phys icochemical  
c h a r a c t e r i s t i c s ;  however, because o f  t h e  i n t i m a t e  m i x i n g  o f  these subcomponents, 
which u s u a l l y  occurs on a m ic roscop ic  sca le ,  i t  i s  d i f f i c u l t  t o  separa te l y  
c h a r a c t e r i z e  the  d i f f e r e n t  maceral components. I n  p a r t i c u l a r ,  I R  spec t ra  ob ta ined  
on p u l v e r i z e d  coal samples g i v e  averaged i n f o r m a t i o n  r a t h e r  than  be ing  
c h a r a c t e r i s t i c  o f  any i n d i v i d u a l  component i n  t h e  coal. 
u t i l i z e d  i n  t h e  past  t o  overcome t h i s  problem. 
macerals ( 3 , 4 ) ,  s i n k - f l o a t  techniques,  and t h e  r e c e n t l y  developed method o f  
c e n t r i f u g a l  separa t i on  o f  ve ry  f i n e l y  p u l v e r i z e d  coal  (5) .  These p r e p a r a t i o n  
techniques p rov ide  a m i x t u r e  o f  m a t e r i a l  which i s  h i g h l y  en r i ched  i n  a s e l e c t e d  
maceral type. These maceral concen t ra tes  can then  be analyzed by a v a r i e t y  o f  
chemical procedures. The averaged p r o p e r t i e s  o f  a maceral can be c h a r a c t e r i z e d  
u s i n g  these  procedures, b u t  t hey  do no t  enable t h e  I R  a n a l y s i s  o f  i n d i v i d u a l  
microscope maceral s. 

The p a r t i c u l a t e  samples o f  coa l  used f o r  i n f r a r e d  a n a l y s i s  must be f i n e l y  
ground because o f  t h e  h i g h  absorbance o f  t h e  coa l .  The p a r t i c l e s  must be l e s s  than  
rough ly  20 micrometers t h i c k  (depending on t h e  rank )  f o r  s u b s t a n t i a l  t ransmiss ion  o f  
t h e  I R  r a d i a t i o n  i n  t h e  more absorb ing reg ions  of t h e  spectrum. The smal l  p a r t i c l e s  
o f  coal  cause cons ide rab le  s c a t t e r i n g  t o  appear i n  t h e  I R  spectrum. Other  
comp l i ca t i ons  are t h e  d i f f e r e n c e s  i n  t h e  th i cknesses  o f  t h e  v a r i o u s  p a r t i c l e s  o f  t h e  
sample, and t h e  v a r i a t i o n s  i n  th i ckness  a long  each p a r t i c l e .  Fo r  example, t h e  
t h i n n e r  edges ( w i t h  respec t  t o  t h e  i l l u m i n a t i n g  beam) o f  t h e  p a r t i c l e s  w i l l  be more 
t r a n s p a r e n t  t han  t h e  c e n t r a l  reg ions,  so t h e  volume o f  t h e  p a r t i c l e s  may not  be 
sampled un i fo rm ly .  Th is  can be a problem f o r  a heterogeneous m a t e r i a l  such as 
coal .  T h i n  s e c t i o n  samples o f  coa l  hav ing  a r e l a t i v e l y  u n i f o r m  t h i c k n e s s  of 20 
micrometers o r  l e s s  have been used o c c a s s i o n a l l y  i n  t h e  past  (6 ) .  However, t h e  
d i f f i c u l t i e s  i n  p r e p a r i n g  these t h i n  s e c t i o n  samples and problems o f  con tamina t ion  
w i t h  t h e  adhesives used i n  t h e  p r e p a r a t i o n  of t h e  sec t i ons  ( 7 )  has l i m i t e d  t h e i r  
usage. A lso,  becairse t h e  cross s e c t i o n a l  area o f  t h e  samples must be severa l  square 
m i l l i m e t e r s  or more f o r  a n a l y s i s  w i t h  most I R  spect rometers,  m ic roscop ic  components 
o f  t h e  t h i n  sec t i ons  can no t  be i n d i v i d u a l l y  analyzed. 

I n  t h i s  paper a techn ique  f o r  t h e  I R  spec t roscop ic  a n a l y s i s  o f  i n d i v i d u a l  
m ic roscop ic  components i n  coal i s  described. 
f o r  p r e p a r i n g  uncontaminated t h i n  s e c t i o n  specimens o f  coal  w i t h  a s e n s i t i v e  IR 
microspect rophotometer  which has r e c e n t l y  become commerc ia l ly  a v a i l a b l e .  D e t a i l s  of 
t h i s  new technique a r e  d iscussed and some r e p r e s e n t a t i v e  spec t ra  a re  descr ibed.  

Most I R  ( i n f r a r e d )  spect roscopy o f  coal  i n v o l v e s  t h e  use o f  f i n e l y  crushed 
Techniques i n  common use i n c l u d e  i n c o r p o r a t i n g  t h e  p a r t i c l e s  i n  

Such p a r t i c u l a t e  samples g e n e r a l l y  i n c l u d e  a wide range o f  t ypes  o f  v i t r i n i t e  

Because o f  t h e i r  d i f f e r e n t  d e r i v a t i o n s ,  t h e  

A few techniques have been 
These i n c l u d e  t h e  hand separa t i on  o f  

T h i s  method combines new procedures 
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Experiment a 1 

The coa l  used i n  t h i s  s tudy  was I l l i n o i s  No. 6 which i s  a h i g h  v o l a t i l e  C 
b i tuminous coal .  To prepare t h i n  sec t i ons ,  a chunk o f  coal about  1.5 cm across was 
c u t  pe rpend icu la r  t o  t h e  bedding p l a n  t o  produce a rough ly  f l a t  sur face.  
su r face  was ground smooth on a 20 cm d iameter  wheel u s i n g  600 g r i t  and then  8 
micrometer  s i l i c o n  c a r b i d e  on d i sks .  The f l a t  sur face was cemented t o  a g lass  s l i d e  
w i t h  a t h e r m o p l a s t i c  hydrocarbon-based adhesive (Parap las t ,  manufactured by t h e  
Lancer Company) which i s  s o l u b l e  i n  hexane. A temperature o f  about 70°C was used i n  
m e l t i n g  and a p p l y i n g  t h e  adhesive. The coal  was exposed t o  t h i s  temperature f o r  
o n l y  about a m inu te  b e f o r e  c o o l i n g  was s ta r ted .  The coa l  on t h e  s l i d e  was ground t o  
a th i ckness  of 15 micrometers u s i n g  t h e  ab ras i ves  desc r ibed  above. 
t h e n  soaked i n  hexane a t  room temperature u n t i l  t h e  t h i n  specimen f l o a t e d  o f f  of t he  
s l i d e .  
t h a n  a m i l l i m e t e r  across t o  s e v e r a l  m i l l i m e t e r s  long. A l though no r e s i d u a l  adhesive 
c o u l d  be observed on t h e  p ieces  o f  c o a l ,  t o  i n s u r e  complete removal o f  t h e  adhesive 
t h e  samples were immersed i n  a l a r g e  excess o f  f r e s h  s o l v e n t  f o r  seve ra l  days. Then 
t h e  hexane was decanted o f f  and t h e  specimens were s t o r e d  i n  n i t r o g e n  a t  room 
temperature u n t i l  t hey  were used. 

manufactured by Nanometrics Inc. )  operates i n  t r a n s m i s s i o n  and c o n t a i n s  r e f l e c t i n g  
lenses.  Because o f  t h e  r e f l e c t i n g  o p t i c s ,  t h e  v i s u a l  and I R  images o f  t h e  sample 
correspond and t h e  reg ion  o f  t h e  sample be ing  analyzed can r e a d i l y  be i d e n t i f i e d  
v i s u a l l y  w h i l e  i t  i s  i n  p lace  i n  t h e  I R  microscope. T h i s  enables unambiguous 
c o r r e l a t i o n  o f  v i s u a l  m ic roscop ic  c h a r a c t e r i z a t i o n  and I R  a n a l y s i s  f o r  t h e  same area 
o f  t h e  sample. The condenser and t h e  o b j e c t i v e  o f  t h e  microscope a r e  bo th  15 power, 
0.28 numerical ape ra tu re  r e f l e c t i n g  lenses.  The p a r t  o f  t h e  sample t o  be I R  
analyzed i s  o p t i c a l l y  d e l i n e a t e d  by an a d j u s t a b l e  ape ra tu re  a t  t h e  image p lane  o f  
t h e  o b j e c t i v e ,  so no masking i s  needed a t  t h e  sample i t s e l f  t o  d e f i n e  t h e  fna lyzed 
area. The u s e f u l  I R  range o f  t h e  i ns t rumen t  i s  from about 4000 t o  700 cm- (2.5 t o  
14 micrometers). 
r e s o l u t i o n  i s  o n l y  about 1% o f  t h e  wave number va lue  ove r  t h e  IR range; however, 
t h i s  should be adequate f o r  many a p p l i c a t i o n s  w i t h  coa l  because o f  t h e  b read th  o f  
most of t h e  absorbances. The I R  source i s  a N e r s t  Glower and t h e  d e t e c t o r  i s  a 
l i q u i d  n i t r o g e n  cooled mercury cadmium t e l l u r i d e  pho tode tec to r  hav ing h i g h  
s e n s i t i v i t y .  
which i s  s t o r e d  d i g i t a l l y ,  can be a u t o m a t i c a l l y  averaged and d i f f e r e n c e  spec t ra  can 
be obtained. 

R e s u l t s  

e x i n i t e  macerals i n  I l l i n o i s  No. 6 coal  were examined t o  eva lua te  t h e  u t i l i t y  o f  
t h i s  new techn ique  f o r  m ic roscop ic  I R  a n a l y s i s  o f  coals. 
photomicrograph o f  a t h i n  s e c t i o n  specimen c o n s i s t i n g  o f  a megaspore (a form o f  
l i p t i n i t e )  surrounded by r e l a t i v e l y  homogeneous v i t r i n i t e  i s  shown. The t h i n  
s e c t i o n  was p laced  on a bar ium f l u o r i d e  d i s k  on t h e  s tage o f  t h e  IR microscope. 
megaspore and a reg ion  of t h e  v i t r i n i t e  l y i n g  c l o s e  t o  t h e  megaspore on t h e  same 
specimen were analyzed w i t h  t h e  I R  microscope. The analyzed reg ions  a r e  i n d i c a t e d  
by rec tang les  drawn on t h e  photograph o f  t h e  sample; t h e y  a re  each about 55 micro-  
meters wide by 180 micrometers long.  Spect ra o f  t h e  two reg ions  were taken i n  a i r  
a t  room temperature;  t h e y  a re  compared i n  F i g u r e  2. The spec t ra  a r e  d i sp laced  
v e r t i c a l l y  t o  a v o i d  ove r lapp ing .  
scan which was taken  w i t h o u t  t h e  sample present  bu t  w i th  a l l  o t h e r  c o n d i t i o n s  t h e  
same. The subsequent sample s p e c t r a  a r e  a u t o m a t i c a l l y  no rma l i zed  wi th respect  t o  
t h e  reference spectrum. 
scans. 

T h i s  

The sample was 

The sample came o f f  as a number o f  smal l  p ieces  of va r ious  s i z e s  f rom l e s s  

The m ic roscop ic  i n f r a r e d  spectrophometer used i n  t h i s  work (NanoSpeclEOIR 

The I R  monochromator i s  a v a r i a b l e  i n t e r f e r e n c e  f i l t e r .  The 

The o p e r a t i o n  o f  t h e  spect rometer  i s  compu te r -con t ro l l ed  and t h e  data, 

I n  t h i s  p r e l i m i n a r y  s tudy ,  s p e c t r a l  c h a r a c t e r i s t i c s  o f  v i t r i n i t e  and 

I n  F i g u r e  1, a 

The 

The d i sp layed  spec t ra  a c t u a l l y  i n v o l v e  a re fe rence  

Each o f  t h e  two sample spec t ra  i n  F i g u r e  2 a r e  2 m inu te  
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A number o f  d i f f e r e n c e s  between t h e  l i p t i n i t e  and v i t r i n i t e  spec t ra  a r e  
apparent. Note t h a t  s i n c e  t h e  th icknesses o f  t h e  l i p t i n i t e  and v i t r i n i t e  reg ions  
a r e  t h e  Same and s ince  s c a t t e r i n g  i s  min imal ,  these spec t ra  can be d i r e c t l y  compared 
q u a n t i t a t i v e l y  on a p e r  u n i t  volume basis .  Some o f  t h e  more promine t of t h e  
d i f f e rences  a r e  as fo l l ows .  The broad hyd roxy l  peak around 3350 cm-' i s  much deeper 
fo r  t h e  v i t r i n i t e .  
phenols i n  t h e  v i t r i n i t e ,  b u t  i t  may a so i n d i c a t e  more wa te r  absorbed on t h e  
V i t r i n i t e .  
abso rp t i on  than t h e  v i t r i n i t e .  

shows a s u b s t a n t i a l l y  l a r g e r  p ak than  t h e  v i t r i n i t e  on t h e  s i d e  o f  t h e  l a r g e r  

peak probably  i n d i c a t i n g  much mor 
t h e  CH2, CH3 peak around 1440 cm-? i s  much more pronounced f o r  t h e  l i p t i n i t e .  The 
spec t ra  c l e a r l y  c o n t r a s t  t h e  more aromat ic  and h y d r o x y l - c o n t a i n i n g  s t r u c t u r e  o f  t h e  
v i t r i n i t e  t o  t h e  more a l i p h a t i c  s t r u c t u r e  o f  t h e  l i p t i n i t e .  

T h i s  probably  i s  caused c h i e f l y  by a much l a r g e r  number o f  

Between 2800 and 2975 cm- 1 t h e  l i p t i n i t e  shows a much s t r o n g e r  
Th is  i n d i c a t e s  much more a l i p h a t ' c  hydrogen i n  -CH, 

-CH2, AND -CH3 groups i n  t h e  l i p t i n i t e .  A lso,  a t  about  2850 cm- i t h e  l i p t i n i t e  

absorpt ion.  A t  about 1600 cm- ? the  v i t r i n i t e  peak i s  much l a r g e r  than  t h e  l i p t i n i t e  
a romat i c  c h a r a c t e r  i n  t h e  v i t r i n i t e .  Conversely, 

Ment ion should be ade o f  some a r t i f a c t s  which appear i n  t h e  spec t ra  o f  
F i g u r e  2. A t  about 2350 cm- P t h e r e  i s  a peak caused by CO i n  t h e  a i r .  (Th i s  peak 
cou ld  be e l im ina ted ,  i f  des i red,  by s e a l i n g  t h e  r e g i o n  o f  t h e  beam p t h  and 

caused by changes i n  t h e  IR f i l t e r s .  Three f i l t e r s  a r e  used t o  o b t a i n  t h e  f u l l  
spectrum, and small  peaks occur  where t h e  second and t h i r d  f i l t e r s  a re  brought  i n t o  
use. Another a r t i  a c t  i s  broad peaks seen around 2100 cm-l i n  t h e  l i p t i n i t e  
spectrum, 1950 cm- i n  t h e  v i t r i n i t e  spectrum and i n  some o t h e r  areas. These peaks 
a r e  caused by i n t e r f e r e n c e  f r i n g e s  which a r i s e  from t h e  IR r a d i a t i o n  be ing  
i n t e r n a l l y  r e f l e c t e d  from t h e  t o p  and bot tom su r faces  o f  t h e  sample. 
can be m is lead ing  i f  they  a r e  n o t  c o r r e c t l y  i d e n t i f i e d .  

chemical t reatments and t h e  a b i l i t y  t o  pe r fo rm k i n e t i c  measurements was t e s t e d  by 
observ ing t h e  e f f e c t  o f  a p p l y i n g  deu te ra ted  p y r i d i n e  t o  a t h i n  s e c t i o n  o f  v i t r i n i t e  
and then  a l l o w i n g  i t  t o  dry. F i r s t  a 
spectrum was taken o f  t h e  u n t r e a t e d  sample. Then t h e  s o l v e n t  was p laced on t h e  
sample and r e p e t i t i v e  scans were made t o  mon i to r  changes i n  t h e  IR spectrum as t h e  
deu te ra ted  p y r i d i n e  evaporated. 
sample wet w i t h  p y r i d i n e ,  and t h e  sample a f t e r  d r y i n g  f o r  about 20 minutes. 
l a t t e r  spectrum, peaks c h a r a c t e r i s t i c  p f  deu te ra ted  p y r i d i n e  a re  s t i l l  prominent ,  
such as those a t  about 950 and 820 cm- . L a t e r  scans showed no a p p r e c i a b l e  
l essen ing  o f  t h e  peaks. The r e t e n t i o n  o f  some o f  t h e  p y r i d i n e  i s  c o n s i s t e n t  w i t h  
t h e  r e s u l t s  o f  C o l l i n s  et. a l .  (8). 

conven ien t l y  used w i t h  t h i n  sec t i ons  of coal  i n  t h i s  technique.  F i g u r e  4 shows 
spec t ra  o f  reg ions  o f  a t i n y  rough ly  30 X 30 micrometer  p i e c e  o f  v i t r i n i t e .  
spectrum was taken u s i n g  a 21 X 21 micrometer  ana lyz ing  area,  and t h e  o t h e r  spectrum 
was taken  u s i n g  a 20 X 30 micrometer  ana lyz ing  area. 
each scan. Fo r  t h i s  scan t ime ,  t h e  sma l le r  area g i ves  q u i t e  a n o i s y  spectrum, b u t  
t h e  20 X 30 micrometer  spectrum i s  much b e t t e r .  By u s i n g  a l o n g e r  scanning t i m e  o r  
by accumulat ing r e p e t i t i v e  scans t h i s  spectrum c o u l d  p robab ly  be made q u i t e  
respectable.  The s p e c t r a l  r e g i o n  hav ing  t h e  g r e a t e s t  problem i n  t h e  a n a l y s i s  o f  
such very small  areas i s  beyond 1000 cm-' where t h e  s e n s i t i v i t y  o f  t h e  spect rometer  
f a l l s  off .  Subcomponents o r  macerals i n  t h e  coal which a r e  somewhat l e s s  than 25 
micrometers across can p robab ly  be IR analyzed by u s i n g  l o n g  da ta  accumulat ion 
t imes. P re fe rab ly  such smal l  subcomponents should be p h y s i c a l l y  separated from t h e  
surrounding m a t e r i a l .  A l t e r n a t i v e l y ,  t h e  spectrum of a r e g i o n  i n c l u d i n g  t h e  
subcomponent as we l l  as some of t h e  surrounding m a t e r i a l  c o u l d  be subs t rac ted  ( u s i n g  
an a p p r o p r i a t e  n o r m a l i z a t i o n  f a c t o r )  from a spectrum on ly  o f  t h e  surrounding 

m a i n t a i n i n g  a n i t r o g e n  atmosphere). A t  about 2250 cm-l and 1230 cm- P a r e  peaks 

f .  ' 

The f r i n g e s  

The a p p l i c a b i l i t y  o f  t h i s  techn ique  f o r  " i n  s i t u "  IR a n a l y s i s  d u r i n g  

An area 40 X 180 micrometers was analyzed. 

F i g u r e  3 shows spec t ra  o f  t h e  u n t r e a t e d  sample, t h e  
For  t h e  

Tes ts  were made t o  determine t h e  minimum area o f  a n a l y s i s  which cou ld  be 

One 

Four minutes were used f o r  
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m a t e r i a l  i n  o r d e r  t o  i s o l a t e  t h e  c o n t r i b u t i o n  of t h e  subcomponent. Note, however, 
t h a t  f o r  subcomponent s i z e s  near  t h e  wavelength o f  t h e  I R  r a d i a t i o n  t h e  p o s s i b i l i t y  
o f  i n t e r f e r e n c e  e f f e c t s  from t h e  edges o f  t h e  sample must be considered. Such 
e f f e c t s  ought t o  be made apparent  by comparing spec t ra  from subcomponents having 
d i f f e r e n t  s i z e s  o r  shapes. 

D iscuss ion  

I n f r a r e d  spec t ra  o f  good q u a l i t y  have been ob ta ined  on uncontaminated 
i n d i v i d u a l  m ic roscop ic  macera ls  and m ic roscop ic  subregions i n  coal .  Th i s  
development enables t h e  i n f r a r e d  c h a r a c t e r i z a t i o n  o f  m ic rosocp ic  i n d i v i d u a l  
subcomponents of coa ls  and o t h e r  s o l i d  f o s s i l  f u e l s  as opposed t o  o b t a i n i n g  
s t a t i s t i c a l l y  averaged data on complex m ix tu res .  I n  a d d i t i o n ,  v a r i a t i o n s  i n  
f u n c t i o n a l i t i e s  over m ic roscop ic  d i s tances  can be s tud ied .  The techn ique  should 
a l s o  be a p p l i c a b l e  f o r  t h e  a n a l y s i s  o f  v i r t u a l l y  any chemical process o r  chemical 
t rea tmen t  o f  coa l  which causes changes i n  t h e  I R  spectrum and i n  which t h e  area o f  
i n t e r e s t  i s  i d e n t i f i a b l e  a f t e r  t h e  t rea tmen t .  For  example, t h e  i n i t i a l  chemical 
f u n c t i o n a l i t y  o f  an i n d i v i d u a l  m ic roscop ic  maceral o r  subregion can be determined 
w i t h  t h e  microspect rometer ;  t h e  maceral can be reacted;  and t h e  e f f e c t  o f  t h e  
t rea tmen t  on t h a t  same m ic roscop ic  subregion can be determined. 

I n  F i g u r e  2 t h e  I R  spect rum o f  a subregion o f  v i t r i n i t e  about 0.010 mn2 i n  
area i s  compared w i t h  t h e  I R  spect rum from an equal area which i s  w i t h i n  a s i n g l e  
megaspore. The two r e g i o n s  o f  a n a l y s i s  a r e  on t h e  same p i e c e  o f  t h i n  s e c t i o n  and 
they  are separated by o n l y  about  160 micrometers. The two m inu te  scans o f  t h e  15 
micrometer  t h i c k  samples g i v e  e x c e l l e n t  s i g n a l  t o  no ise.  
r e s u l t s  sec t i on ,  these spec t ra  c l e a r l y  c o n t r a s t  t h e  more a romat i c  and hyd roxy l -  
c o n t a i n i n g  s t r u c t u r e  o f  t h e  v i t r i n i t e  t o  t h e  more a l i p h a t i c  s t r u c t u r e  o f  t h e  
megaspore. The a b i l i t y  t o  analyze c l o s e l y  l y i n g  reg ions  hav ing i d e n t i c a l  
p repara t i on ,  equal areas b e i n g  analyzed,  and t h e  same th i ckness ,  f a c i l i t a t e s  
q u a n t i t a t i v e  comparisons of t h e  reg ions .  Thus, w h i l e  these data a r e  g e n e r a l l y  
c o n s i s t e n t  w i t h  t h e  r e s u l t s  o f  Bent and Brown (9)  t aken  on maceral concentrates,  t h e  
p resen t  techn ique  enables a more d i r e c t  q u a n t i t a t i v e  comparison o f  t h e  spect ra.  

uncontaminated t h i n  s e c t i o n  o f  coal .  
o f  movement o f  t h e  sample d u r i n g  t rea tmen t  which would make a n a l y s i s  o f  t h e  same 
m ic roscop ic  r e g i o n  b e f o r e  and a f t e r  t rea tmen t  d i f f i c u l t .  
o f  a drop of s o l u t i o n  t o  t h e  coa l  i s  l i k e l y  t o  cause movement. 
avoided by secu r ing  t h e  sample, bu t  t h i s  may be d i f f i c u l t  f o r  small  samples o r  it 
may a f f e c t  t h e  sample. A l t e r n a t i v e l y ,  i f  t h e  reg ion  under a n a l y s i s  i s  c a r e f u l l y  
recorded, such as on a photograph, t h e n  d u r i n g  o r  a f t e r  t rea tmen t  t h e  sample can be 
a c c u r a t e l y  r e p o s i t i o n e d  on t h e  stage. 

F i g u r e  4 demonstrates t h a t  i s o l a t e d  samples o f  coa l  l e s s  than  30 
micrometers across can be s a t i s f a c t o r i l y  I R  analyzed and t h a t  d e l i n e a t e d  reg ions of 
a sample l e s s  t h a n  25 micrometers ac ross  can be c h a r a c t e r i z e d  by I R .  S igna l  t o  
no i se  l e v e l s  which a re  improved over  those  shown i n  F i g u r e  4 can be ob ta ined  by 
u s i n g  l onger  d a t a  accumulat ion t imes. A l t e r n a t i v e l y ,  i f  b e t t e r  q u a l i t y  da ta  i s  
r e q u i r e d  on ly  f o r  some small  r e g i o n s  o f  t h e  spectrum, then those  reg ions  a lone can 
be scanned t o  sho r ten  t h e  t i m e  needed t o  o b t a i n  an accep tab le  s i g n a l  t o  n o i s e  
l e v e l .  The a b i l i t y  t o  analyze small  reg ions  o f  a coa l  sample i s  impor tan t  even f o r  
a s i n g l e  maceral t ype  such as v i t r i n i t e .  F o r  example, s u b s t a n t i a l  v a r i a t i o n s  occur 
i n  t h e  s t r u c t u r e  (10,ll) and s w e l l a b i l i t y  (12) o f  d i f f e r e n t  m ic roscop ic  areas o f  
v i t r i n i t e  from t h e  same coal .  

by a v a r i a b l e  ape ra tu re  a t  t h e  image p lane o f  t h e  o b j e c t i v e .  

As desc r ibed  i n  t h e  

The spec t ra  i n  F i g u r e  3 demonstrate t h e  " i n  s i t u "  t rea tmen t  o f  an 
One o p e r a t i o n a l  d i f f i c u l t y  i s  t h e  p o s s i b i l i t y  

F o r  example, a p p l i c a t i o n  
Movement can be 

I n  t h e  I R  microscope t h e  r e g i o n  o f  t h e  sample be ing  analyzed i s  de l i nea ted  
Therefore,  no spacia l  



r e s t r i c t i o n s  a re  p laced around or near  t h e  sample i t s e l f .  
sample has been s u b s t a n t i a l l y  m a g n i f i e d  a t  t h i s  image plane, i t  i s  r e l a t i v e l y  easy 
t o  a c c u r a t e l y  de f i ne  even very small  subregions o f  t h e  sample f o r  a n a l y s i s  w i t h  t h e  
aPerature.  However, t h e  geometr ica l  r e g i o n  d e l i n e a t e d  by t h e  v a r i a b l e  a p e r a t u r e  
which i s  observed v i s u a l l y  i s  n o t  n e a r l y  so w e l l  d e f i n e d  f o r  t h e  i n f r a r e d  r a d i a t i o n  
because of d i f f r a c t i o n  e f f e c t s .  
wavelength, so t h e  r e s o l u t i o n  i s  cons ide rab ly  poorer  near t h e  l ong  wavelength end of 
t h e  I R  range. 
Sample, which i s  determined by t h e  numer ica l  aperature,  w i l l  f u r t h e r  d i m i n i s h  t h e  
spac ia l  s p e c i f i c i t y  o f  t h e  d e l i n e a t e d  area. Th is ,  o f  course, becomes more of a 
problem f o r  t h i c k  samples. 
most unambiguous way t o  avo id  c o n t r i b u t i o n s  f rom cont iguous m a t e r i a l  i s  t o  
p h y s i c a l l y  remove t h e  subcomponent f rom t h e  su r round ing  m a t e r i a l .  

The 15 micrometer  t h i c k n e s s  f o r  t h e  I l l i n o i s  No. 6 coal i s  q u i t e  
S a t i s f a c t o r y  s ince  t h e  percent  t ransmiss ions  o f  a number o f  t h e  l a r g e r  peaks a re  
below 40 percent, but  w i t h o u t  s a t u r a t i o n .  Also, a t  t h i s  t h i c k n e s s  t h e  t h i n  s e c t i o n s  
can be conven ien t l y  manipulated w i t h o u t  f r a c t u r i n g .  
t echn ique  f o r  p repara t i on ,  samples c o n t a i n i n g  any maceral t ypes  and even s u b s t a n t i a l  
amounts of minera l  m a t t e r  can be prepared. A wide range o f  coa ls  ( w i t h  t h e  p o s s i b l e  
excep t ion  o f  very low o r  very ,h igh  ranks)  can be handled by these techniques.  

m i s l e a d i n g  when t r y i n g  t o  i n t e r p r e t  t h e  spect ra.  
t h e  I R  r a d i a t i o n  r e f l e c t s  from t h e  t o p  and bot tom su r face  o f  t h e  sample and then  
i n t e r f e r e s  w i t h  t h e  u n r e f l e c t e d  beam. 
t h e  t o p  and bottom su r faces  a re  n e a r l y  p a r a l l e l  and where t h e  th i ckness  o f  t h e  
sample i s  comparable t o  t h e  wavelengths o f  t h e  r a d i a t i o n  such as f o r  t h e  t h i n  
s e c t i o n  specimens used i n  t h e  techn ique  desc r ibed  here. 
t h e  i n t e r f e r i n g  beam i s  no t  l a r g e  s i n c e  i t  i s  r e f l e c t e d  t w i c e  and it passes th rough  
t h e  sample t h r e e  t imes  i n s t e a d  o f  once. Thus, as seen i n  F i g u r e  2, t h e  f r i n g e s  a re  
most prominent i n  t h e  s p e c t r a l  reg ions  hav ing l o w  absorbance. The f r i n g e s  can be 
p a r t i a l l y  compensated f o r  by de te rm in ing  t h e i r  p o s i t i o n  and i n t e n s i t y  i n  a l ow  
absorbance reg ion  and then  c a l c u l a t i n g  and s u b t r a c t i n g  out t h e i r  c o n t r i b u t i o n  t o  
o t h e r  p a r t s  o f  t h e  spectrum where t h e i r  presence i s  l e s s  obvious. A l t e r n a t i v e l y ,  
t i l t i n g  t h e  sample, o r  u s i n g  samples o f  d i f f e r e n t  t h i cknesses  and o f  h i g h e r  
adsorbance can be used t o  i d e n t i f y  t h e  e f f e c t s  o f  t h e  f r i n g e s  on a spectrum so t h a t  
t hey  can be compensated fo r .  

Summary and Conclusions 

Microscopic  macerals and subregions i n  coal  have been c h a r a c t e r i z e d  by 
i n f r a r e d  spectroscopy u s i n g  a new technique.  
t h e  coal as small  as 25 micrometers across can be analyzed. The techn ique  u t i l i z e s  
new procedures f o r  p r e p a r i n g  uncontaminated t h i n  s e c t i o n s  o f  coal  i n  combinat ion 
w i t h  a r e c e n t l y  a v a i l a b l e  m ic roscop ic  IR spectrometer. 

Because t h e  t h i n  s e c t i o n  specimens a r e  not  contaminated w i th  adhesives o r  
embedding ma te r ia l s ,  and because t h e  samples a r e  r e a d i l y  access ib le  on t h e  s tage of 
t h e  I R  microscope, t h i s  techn ique  i s  w e l l  s u i t e d  fo r  " i n  s i t u "  t rea tmen ts  o f  t h e  
coal .  A l t e r n a t i v e l y ,  s i n c e  t h e  15  micrometer  t h i c k  specimens o f  coal  can o r d i n a r i l y  
be handled and t r a n s p o r t e d  w i t h o u t  damage (if proper  ca re  i s  taken) ,  an u n t r e a t e d  
sample can be i n i t i a l l y  analyzed, t hen  i t  can be removed from t h e  i ns t rumen t  f o r  
chemical or thermal t rea tmen t ,  and f i n a l l y ,  t h e  same specimen can be r e t u r n e d  t o  t h e  
microspect rometer  f o r  de te rm ina t ion  o f  t h e  changes i n  t h e  I R  spectrum. The a n a l y s i s  
of t h e  same spectrum b e f o r e  and a f t e r  t rea tmen t  i s  h i g h l y  d e s i r a b l e  f o r  micro-  
heterogeneous substances such as coal. 

Since t h e  image of  t h e  

The s p a c i a l  u n c e r t a i n t y  i s  p r o p o r t i o n a l  t o  t h e  

The d ivergence o r  angu la r  spread o f  t h e  IR beam pass ing th rough  t h e  

For  a n a l y s i s  o f  a very smal l  subregion i n  t h e  coa l ,  t h e  

Using t h e  desc r ibed  g r i n d i n g  

The i n t e r f e r e n c e  peaks which occur i n  t h e  spec t ra  o f  F i g u r e  2 can be 
These f r i n g e s  occu r  when some o f  

The f r i n g e s  a r e  p a r t i c u l a r l y  a problem where 

However, t h e  i n t e n s i t y  o f  

I n d i v i d u a l  macerals o r  subregions o f  
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The m ic roscop ic  I R  spect roscopy techn ique  desc r ibed  here d i f f e r s  from and 
complements p r i o r  I R  work on maceral concentrates i n  be ing  ab le  t o  s p a c i a l l y  
d e l i n e a t e  an i n d i v i d u a l  subcomponent be ing  I R  analyzed and t o  c h a r a c t e r i z e  it 
v i s u a l l y  i n  t h e  c o n t e x t  o f  i t s  surroundings.  

P r e l i m i n a r y  I R  measurements on m ic roscop ic  subregions o f  i n d i v i d u a l  
macerals o f  homogeneous-appearing v i t r i n i t e  and o f  megaspores i n  I l l i n o i s  No. 6 coal 
c l e a r l y  demonstrate q u a n t i t a t i v e  as w e l l  as q u a l i t a t i v e  chemical d i f f e r e n c e s  between 
these  macerals. T h i s  work demonstrates t h a t  good q u a l i t y  I R  spec t ra  o f  microscopic  
subregions o f  coal can be obta ined.  
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F i g .  1. Thin S e c t i o n  Sample of I l l i n o i s  No. 6 
Coal  C o n t a i n i n g  Regions of V i t r i n i t e  and 
L i p t i n i t e  

\ 
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Fig .  2 .  I R  S p e c t r a  of Microscopic  Regions of V i t r i n i t e  
and L i p t i n i t e  i n  t h e  Same Thin S e c t i o n  Sample of 
I l l i n o i s  No. 6 Coal  
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F i g .  3. I R  S p e c t r a  of  a Microscopic  Region  of 
V i t r i n i t e  i n  a Thin  S e c t i o n  of I l l i n o i s  No. 6 C o a l  
Top ----- U n t r e a t e d  Sample 
Middle -- Liquid  D e u t e r a t e d  P y r i d i n e  on t h e  Sample 
Bottom -- A f t e r  P y r i d i n e  h a s  Evapora ted  
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F i g .  4 .  I R  S p e c t r a  of a Thin  S e c t i o n  Sample of 
I l l i n o i s  No. 6 C o a l  having  a n  Area of 30~mX30am 
Top ----- D e l i n e a t e d  Area i s  21umX2114m 
Bottom -- D e l i n e a t e d  Area i s  2OwmX30um 
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