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1. I n t r o d u c t i o n  
1.1 Iod ine  and ca rbon  

The i n t e r a c t i o n  o f  
c o a l s  has  been s t u d i e d  

i o d i n e  w i t h  such  ca rbonaceous  m a t e r i a l s  a s  c a r b o n s  and 
by a d s o r p t i o n  bo th  from t h e  vapour  phase  (1-3) and from 

aqueous po ta s s ium i o d i d e  s o l u t i o n  (1.3-6). Hechanisms o f  i n t e r a c t i o n s  have been 
s t u d i e d  u s i n g  ESR ( 2 . 7 )  and r e l a t e d  t o  t h e  w e l l - c h a r a c t e r i z e d  f o r m a t i o n  of  c h a r g e -  
t r a n s f e r  complexes of i o d i n e  w i t h  o r g a n i c  compounds ( 2 ) .  Thus,  b o t h  c l a s s i c a l  
p h y s i c a l  a d s o r p t i o n  t h e o r y  and more s p e c i f i c  chemica l  i n t e r a c t i o n s  have been 
proposed t o  model t h e  a d s o r p t i o n  o f  i o d i n e  by ca rbonaceous  m a t e r i a l s .  Assessments  
of s u r f a c e  a r e a  and p o r o s i t y  i n  s o l i d  a d s o r b e n t s  a r e  t r a d i t i o n a l l y  made from 
d a t a  of  vapour  phase a d s o r p t i o n  ( 8 ) .  Although t h e  t e c h n i q u e  is  r e l a t i v e l y  
e l a b o r a t e ,  i n v o l v i n g  u s e  of vacuum equipment ,  i n t e r p r e t a t i o n  o f  a s i n g l e  component 
a d s o r b a t e  i s  s t r a i g h t - f o r w a r d .  The a l t e r n a t i v e  approach  of a d s o r p t i o n  from 
s o l u t i o n ,  a r e l a t i v e l y  s imple  expe r imen ta l  t e c h n i q u e .  is  however much more 
d i f f i c u l t  t o  i n t e r p r e t  because  o f  mult i -component  c o m p e t i t i v e  a d s o r p t i o n  p r o c e s s e s  
( 9 ) .  Adsorpt ion o f  i o d i n e  from aqueous po ta s s ium i o d i d e  s o l u t i o n  by c a r b o n s  
does  however appea r  t o  be b o t h  r e l a t i v e l y  e a s y  e x p e r i m e n t a l l y  and t o  i n t e r p r e t .  
T h i s  s tudy  i s  conce rned  w i t h  t h e  e x t e n s i o n  o f  t h e  u s e  of i o d i n e  a s  a n  a d s o r b a t e  
from ca rbons  t o  c o a l s .  K ip l ing  et. ( 1 )  s t u d i e d  t h e  a d s o r p t i o n  o f  i o d i n e ,  
b o t h  from t h e  vapour phase and o r g a n i c  s o l u t i o n s  a t  2O'C on g r a p h i t i z e d  ca rbon  
b l a c k s .  Adsorp t ion  of i o d i n e  from o rgan ic  s o l u t i o n s  v a s  s o l v e n t  dependen t  and 
c a n  be used t o  d e t e r m i n e  s u r f a c e  a r e a s  o n l y  under  c e r t a i n  c o n d i t i o n s  mainly when 
s o l v e n t  c o m p e t i t i o n  f o r  t h e  s u r f a c e  i s  minimized.  S t u d i e s  o f  t h e  a d s o r p t i o n  o f  
i o d i n e  from aqueous po ta s s ium i o d i d e  s o l u t i o n  on s e v e r a l  po rous  c a r b o n s  were 
c a r r i e d  ou t  by H i l l  2nd Marsh ( 5 ) .  Iod ine  was no t  r e s t r i c t e d  t o  monolayer  
cove rage  and f i l l i n g  or' meso-porosi ty  o c c u r r e d .  The a d s o r p t i o n  i s o t h e r m  r e q u i r e d  
t h e  c a l c u l a t i o n  of t h e  c o n c e n t r a t i o n  of  f r e e  i o d i n e  (12) i n  e q c i l i b r i u m  w i t h  t h e  
c a r b o n  s u r f a c e .  S u r f a c e  a r e a  v a l u e s  were comparab le  t o  t h o s e  from i s o t h e r m s  of 
n i t r o g e n  and ca rbon  d i o x i d e  ( 5 ) .  R a d i o a c t i v e  s t u d i e s  demons t r a t ed  t h a t  mo lecu la r  
i o d i n e  was p h y s i c a l l y  adso rbed .  L a t e r ,  J u h o l a  ( 3 )  u s i n g  a c t i v a t e d  c a r b o n  r e p o r t e d  
s i m i l a r l y  t o  Hill and Marsh ( 5 ) .  Meguro et. ( 6 )  s t u d i e d  i o d i n e  a d s o r p t i o n  or 
c a r b o n s  f r o m  aqueous s o l u t i o n  and concluded t h a t  i o d i n e  m o l e c u l e s  were t h e  o n l y  
s p e c i e s  adso rbed  p h y s i c a l l y ,  i n  agreement  w i t h  H i l l  and Marsh ( 5 ) .  A d s o r p t i o n  
I s o t h e r m s  f i t t e d  t h e  Langmuir e q u a t i o n  ove r  o n l y  p a r t  o f  t h e  c o n c e n t r a t i o n  r a n g e  
o f  f r e e  i o d i n e  whereas  t h e  Dubinin-Radushkevich ( D - R )  f i t t e d  t h e  d a t a  much b e t t e r  
o v e r  t h e  whole r ange  o f  c o n c e n t r a t i o n .  Meguro et. ( 6 )  t h e r e f o r e  conc luded  
t h a t  micropore f i l l i n g  r a t h e r  t h a n  monolayer  c o v e r a g e  o c c u r r e d .  To s u p p o r t  t h i s  
t h e y  showed t h a t  mic ropore  volumes c a l c u l a t e d  from a d s o r p t i o n  o f  c a r b o n  d i o x i d e  
were i n  good agreement  w i t h  v a l u e s  c a l c u l a t e d  from i o d i n e  a d s o r p t i o n  u s i n g  t h e  
D-R e q u a t i o n .  

1 . 2  I o d i n e  and c o a l s  

Although t h e  i n t e r a c t i o n s  o f  i o d i n e  w i t h  c a r b o n s  have been a d e q u a t e l y  
s t u d i e d ,  t h e  l i t e r a t u r e  of i n t e r a c t i o n s  w i t h  c o a l s  Is s c a n t .  Aronson et. ( 2 )  
s t u d i e d  a d s o r p t i o n  o f  i o d i n e  vapour  o n  g r a p h i t e .  a n t h r a c i t e  and b i tuminous  c o a l s  
a t  7 0 ' C .  Values  of e n t h a l p i e s  o f  a d s o r p t i o n  were i n  t h e  r a n g e  -44 t o  -60 kJ 
mol-', a v a l u e  c l o s e  t o  t h e  e n t h a l p i e s  o f  complex ing  between model o r g a n i c  
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compounds and i o d i n e  (LO). i n d i c a t i n g  a r e l a t i v e l y  s t r o n g  i n t e r a c t i o n  when 
compared w i t h ,  9. hydrogen bonding of -28 k J  mol-' (11 ) .  
more t h a n  t h e  g r a p h i t e  from t h e  vapour  phase a t  e q u i l i b r i u m :  t h e  t h r e e  bicuminous 
c o a l s  and l i g n i t e  a l l  showed s i m i l a r  a d s o r p t i o n  b e h a v i o u r .  The i o d i n e / c o a l  weight  
r a t i o s  had v a l u e s  o f  2 .5  (10 mmol 8-11 and 2.0 (8 m m o l  g- ' )  € o r  t h e  t h r e e  b i tuminous  
c o a l s  and l i g n i t e  r e s p e c t i v e l y .  Such l a r g e  e x t e n t s  of i o d i n e  a d s o r p t i o n  by c o a l s  
go f a r  beyond e x t e n t s  of i o d i n e  a d s o r p t i o n  by a c t i v a t e d  c a r b o n s  and s u g g e s t  a 
d i E f e r e n t  form of i o d i n e  i n  e q u i l i b r i u m  on c o a l  s u r f a c e s .  

A n t h r a c i t e  a d s o r b e d  

I t  is e s t a b l i s h e d  t h a t  i o d i n e  r e a c t s  r e v e r s i b l y  w i t h  p o l y n u c l e a r  a r o m a t i c  

Aronson et. ( 2 )  
hydrocarbons t o  form c h a r g e - t r a n s f e r  complexes i n  which s e v e r a l  m o l e c u l e s  oE 
i o d i n e  ace  comptexed w i t h  one hydrocarbon molecule  ( 7 , 1 2 ) .  
fo l lowed  t h e  r e a c t i o n  oE i o d i n e  w i t h  p o l y n u c l e a r  a r o m a t i c  h y d r o c a r b o n s  from 
changes i n  vapour p re s su re  and noted t h a t  t h e  molecu la r  r a t i o  oE i o d i n e  t o  hydro-  
ca rbon  ranged Erom one t o  t h r e e .  
Pe ( I2 )Z .g .  Picene d i d  not form a complex. K i m  and R e i s s  ( 1 3 )  have  s t u d i e d  
a d s o r p t i o n  o f  i o d i n e  vapour by f i l m s  oE po ly th iophene  and shown i t  t o  b e  
r e v e r s i b l e ,  e x h i b i t i n g  Henry 's  law behav iour  ove r  a wide p r e s s u r e  r a n g e .  They 
sugges t  t h a t  t h e  number oE i o d i n e  molecu le s  adsorbed i s  c o m p a r a b l e  w i t h  t h e  
e s t i m a t e d  number of thiophene monomer u n i t s  i n  t h e  polymer f i l m .  

Pe ry lene  formed two complexes Pe (12)1 .5  and 

1 . 3  Water vapour and c o a l s  

The i n t e r p r e t a t i o n  O P  wa te r  vapour  a d s o r p t i o n  i s o t h e r m s  o f  c o a l s  is  complex 
( 1 4 , 1 5 1 .  Watet w i th in  c o a l ,  p r i o r  t o  t h e  i n i t i a l  degassing, c a n  form p a r t  of 
t h e  s t r u c t u r e  of c o a l ,  i n  p a r t i c u l a r  t h e  low rank  c o a l s .  H e r e ,  t h e i r  s i g n i f i c a n t  
oxygen c o n t e n t s  bond water  t o  c o a l  m a t e r i a l .  The i n i t i a l  o u t g a s s i n g  o f  cmLs 
can  c a u s e  s t r u c t u r a l  changes r e s u l t i n g  i n  s h r i n k a g e ,  t h e  coaL s w e l l i n g  o n  r e -  
a d s o r p t i o n  o f  w a t e r .  Isotherms may not  be r e p r o d u c i b l e .  E x t e n t s  of w a t e r  
a d s o r p t i o n  can  be a s  high a s  80 rJt% (45 mmol g-l) Ear i n  e x c e s s  oE e x t e n t s  o f  
a d s o r p t i o n  of ca rbon  d i o x i d e  a t  195 o r  273 K and r e su l t i n : ;   fro^. vo1.ume f i l l i n #  
and c o a l  s w e l l i n g .  Water i s o t h e r m s  a r e  u s u a l l y  of Type [ [ I  BET classification 
b u t  e x t e n t s  o f  a d s o r p t i o n  a r e  critically dependent  upon chn o x y j e n  c o n t e n t  o f  
s u r f a c e s  (8). Adsorpt ion of wa te r  i s  r e l a t i v e l y  h igh  f o r  low r a n k  c o a l s  ( h i g h  
oxygen c o n t e n t ) .  pas s ing  through a minimum f o r  t h e  cok ing  b i t u m i n o u s  c o a l s  beco i i i :  
oE development o f  c losed  p o r o s i t y  and r i s i n g  a g a i n  f o r  t h e  a n t h r a c i t e s  oE snhanced 
microporous c o n t e n t  ( 1 5 ) .  

1.4 Placromolecular s t r u c t u r e  oE c o a l  

Although c o a l  is ex t r eme ly  he te rogeneous  i n  c o m p o s i t i o n  ( 1 6 )  a t t e m p t s  have 
been made t o  t r e a t  t he  v i t r i n i t e  components of c o a l s  i n  t e r m s  oE a macromolecular  
s t r u c t u r e  (17 -19 ) .  A s  c o a l s  i n c r e a s e  i n  r a n k  so carbon-oxygen c r o s s - l i n k s  a r e  
r e p l a c e d  by hydrogen bonding ( c o k i n g  c o a l s )  and ca rbon-ca rbon  c r o s s - l i n k s  i n  
a n t h r a c i t e s ,  a minimum i n  c r o s s - l i n k  d e n s i t y  o c c u r r i n g  a t  a b o u t  87  w t %  o f  ca rbon  
(17 ) .  Aromat i c i ty  i n  c o a l s  i n c r e a s e s  p r o g r e s s i v e l y  w i t h  r a n k .  O x i d a t i o n  oE 
c o a l ,  i n  a i r .  is thought  t o  remove b o t h  hydrogen Erom t h e  s u r E a c e  a n d  t o  chemi-  
s o r b  oxygen ( 2 0 ) .  b o t h  e f f e c t s  c o n t r i b u t i n g  t o  t h e  loss of p l a s t i c i t y  o f  
b i tuminous  c o a l s  on hea t ing .  The t h e r m o l y s i s  of t h e  f u s i n g  b i t u m i n o u s  c o a l s  
b r i n g s  abou t  breakage of c r o s s - l i n k s  i n  t h e  i n i t i a l  coa l .  

The o b j e c t i v e s  of t h i s  s t u d y  in g e n e r a l  terms a r e  t o  a d v a n c e  a n  u n d e r s t a n d i n g  
oE c o a l  subs t ance  and i n  s p e c i f i c  terms to  examine ( a )  t h e  a d s o r p t i o n  oE i o d i n e  
b o t h  from t h e  vapour  phase and from aqueous po ta s s ium i o d i d e  s o l u t i o n  Erom a 
r a n k  r a n g e  of f r e s h  c o a l s ,  ( b )  t h e  behav iour  of o x i d i s e d  coals,  ( c )  t h e  
behav iour  of c o a l s  a f t e r  t h e r m o l y s i s  p y r o l y s i s .  
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2. Exper imen ta l  
2.1 M a t e r i a l s  u sed  

E leven  c o a l s  o f  a r a n k  r a n g e  were used  and from t h e s e  c o a l s  t h r e e  were 
s e l e c t e d  f o r  f u r t h e r  o x i d a t i o n  s t u d i e s ,  e. Gedl ing  (NCB r ank  801).  Cortonwood 
(501)  a n d  Cwn (301) .  A n a l y s e s  of t h e  c o a l s  a r e  i n  Tab le  1 .  An a c t i v a t e d  c a r b o n  
c l o t h ,  No. 005 manufac tu red  by Charcoal  C l o t h  L t d . ,  U.K. was u s e d  a s  a compar i son  
( n i t r o g e n  BET s u r f a c e  a r e a  1300 m2g-1, p o r e  volume -0.45 cm3g-1). 

2.2 Techn iques  used  

C o a l s  were o x i d i s e d  i n  a n  a i r  oven a t  100'. 150'.  200' and  2 5 0 ' C  for 1 and 
2 d a y s .  I o d i n e  and  w a t e r  were adsorbed by d r y  c o a l s  from t h e  vapour  phase  (no  
a i r )  a t  25'C o v e r  a two-week p e r i o d .  The amount o f  i o d i n e  and wa te r  adso rbed  
were d e t e r m i n e d  g r a v i m e t r i c a l l y  us ing  t h e  s i l i c a  s p r i n g s  o f  a FlcBain-type 
equipment  (8). The c o a l s  were degassed a t  1OO'C p r i o r  t o  an a d s o r p t i o n  run .  
I n  d e t e r m i n a t i o n s  of e x t e n t s  o f  a d s o r p t i o n  of  i o d i n e  from aqueous s o l u t i o n ,  
100 mg of  each  f r e s h ,  o x i d i s e d  and pyrolyzed c o a l  was s e a l e d  w i t h  50 m l  of 
aqueous  s o l u t i o n  of i o d i n e  and i o d i d e  ( 0 . 0 7  mol of  12 p l u s  0 . 1 5  n:ol of KI 1 - I )  
a t  25°C i n  a f l a s k .  w i t h  o c c a s i o n a l  shak ing .  A f t e r  f o u r  weeks .In a l i quo t .  of  
t h e  s o l u t i o n  was t a k e n  and  t h e  i o d i n e  c o n c e n t r a t i o n  de te rmined  !;ith a s r a n d a r d  
s o l u t i o n  of s o d i u n  t h i o s u l p h a t e  ( 5 ) .  Samples o f  f r e s h  and o x i d i s c d  c h a r c o a l  
c l o t h  were s i m i l a r l y  t r e a t e d  and ana lysed  a f L e r  seven  d a y s .  E x t e n t s  o f  
a d s o r p t i o n  c o r r e s p o n d e d  t o  an  e q u i l i b r i u m  r e l a t i v e  c o n c e n t r a t i o n  of 0.45. 

F r e s h  and  o x i d i s e d  c o a l s  were kept  i n  i o d i n e  ( aqueous )  so1:ltion (0.056 
mol 1 2  P I U S  0 . 1 5  mol K I  per  l i t r e )  f o r  p e r i o d s  r ang ing  from 1 t o  23  d a y s .  
\'slues of  k i n e t i c  c o n s t a n t s  were determined from t h e  v a r i a t i o n  o f  e x t e n t s  o f  
i o d i n e  a d s o r p t i o n  w i t h  t ime .  To s tudy  t h e  s w e l l i n g  of c o a l s  by warer and  
i o d i n r  s o l u t i o n .  g round  f r e s h  and o x i d i s e d  c o a l s  (..IO0 mesh) t icre  p l aced  i n  a 
3.5 mm ( i n t .  d i am)  P y r e x  g l a s s  t ube  a x !  i'ackcd c a r e f u l l y  a c c o r d i ~ i s  t o  t h e  
p roccdurc  used by L a r s e n  ( 2 1 ) .  The h e l s h t  o f  t h e  c o a l  bed i i a s  measured 
( a v e r a g c  of f o u r  measu remen t s  a f t e r  r o t a t i n g  t h e  t u b e )  b e f o r e  and a f t e r  a d d i t i o n  
o f  1 2 / K I . ' U 2 0  (0.056 no1 1 2 .  0 . 1 5  no1 KI per  l i t r e )  s o l u t i o n .  The sr . -e l l ing r a t i o ,  
Q .  was c a l c u l a t e d  a s  (Q = \ 'f/Vi = Hf/Hi)  where \'f and V i  a r e  t h e  f i n a l  and i n i t i a l  
volumes o f  t h e  c o a l  b e d  and Hf and H i  t h e  c o r r e s p o n d i n g  h e i g h t s .  To s t u d y  t h e  
e f f e c t s  o f  p y r o l y s i s  of c o a l s ,  f r e s h  and o x i d i s e d  c o a l s  liere c a r h o n i r e d  under  
f l o w i n g  n i t r o g e n  i n  a h o r i z o n t a l  fu rnace  t o  ZOO', 300'. 400 ' .  500". 600" and 
700'C w i t h  a h e a t i n g  r a t e  o f  3.C min-1 and a soak t ime  o f  0 . 5  h.  

3. R e s u l t s  
3.1 Adsorp t ion  of  i o d i n e  b y  f r e s h  c o a l s  

F igu re  1 shows t h e  v a r i a t i o n  of i o d i n e  a d s o r p t i o n  from aqueous  s o l u t i o n  
a s  a f u n c t i o n  of c o a l  r a n k  f o r  f r e s h  c o a l s  w i t h  ca rbon  c o n t e n t s  l y i n g  between 
80 w t %  C and 95 u t %  C.  I o d i n e  a d s o r p t i o n  i n c r e a s e d  from -4 mmol g - l  f o r  c o a l  
w i t h  ca rbon  c o n t e n t  of 80 wt% to  a maximum v a l u e  of 6 mmol g-l  f o r  c o a l s  o f  
-04 ut% c a r b o n  c o n t e n t  (dmmf). I o d i n e  a d s o r p t i o n  t h e n  f e l l  w i t h  i n c r e a s i n g  
c a r b o n  c o n t e n t  t o  -2.3 mmol g-' for  a c o a l  w i t h  a ca rbon  c o n t e n t  o f  95  wt%.  

3 .2  Adsorp t ion  of i o d i n e  b y  o x i d i s e d  c o a l s  

F i g u r e s  2-4 i l l u s t r a t e  t h e  i s o t h e r m s  f o r  a d s o r p t i o n  of i o d i n e  by f r e s h  

Changes I n  t h e  s h a p e  
The i s o t h e r m s  

and  o x i d i s e d  c o a l s  a t  25'C. In a l l  t h e  c o a l s  a d e c r e a s e  i n  t h e  amount o f  
i o d i n e  u p t a k e  w i t h  extents o f  o x i d a t i o n  was obse rved .  
o f  t h e  I s o t h e r m s  w e r e  a l so  o b s e r v e d  a s  o x i d a t i o n  p r o g r e s s e s .  
a r e  Type I a n d  11, (BET c l a s s i f i c a t i o n )  ( 8 ) .  E x t e n t s  of i o d i n e  u p t a k e  (mmol 
g-1) c a n  b e  c o n v e r t e d  t o  a n  e q u i v a l e n t  s u r f a c e  a r e a  by assuming a cross- 
s e c t i o n a l  a r e a  o f  a n  i o d i n e  molecu le  of 0.4 nm2 (5 ) .  F i g u r e  5 shows t h e  
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i so the rms  f o r  t h e  a d s o r p t i o n  of i o d i n e  by f r e s h  and o x i d i s e d  c h a r c o a l  c l o t h .  
An i n c r e a s e  i n  t h e  amount o f  i o d i n e  adso rbed  w i t h  e x t e n t s  o f  o x i d a t i o n  was 
observed .  The i s o t h e r m s  a r e  Type I .  The maximum of  i o d i n e  a d s o r p t i o n  was a t  
C/Co 0.4 (C/Co r e l a t i v e  f r e e  i o d i n e  c o n c e n t r a t i o n  ( 5 ) ;  CO is t a k e n  a s  
1 .2  mmol 1 - l ) .  E x t e n t s  o f  i o d i n e  a d s o r p t i o n  o b s e r v e d  f o r  c o a l s  were much 
h ighe r  t han  t h o s e  f o r  c h a r c o a l  c l o t h  a t  s i m i l a r  C / C o  v a l u e s .  
summarises t h e  c h a n g e s  i n  i o d i n e  a d s o r p t i o n  f o l l o w i n g  o x i d a t i o n  a t  d i f f e r e n t  
t empera tu res  and times f o r  t h e  t h r e e  c o a l s  a t  c o n s t a n t  C / C o  va lue  ( C l e o  = 0.6). 

3.3 Adsorp t ion  of i o d i n e  by py ro lysed  c o a l s  

F i g u r e  6 

The a d s o r p t i o n  o f  i o d i n e  a s  a f u n c t i o n  of hea t  t r e a t m e n t  t e m p e r a t u r e  (HTT) 
f o r  Cm (301) .  Cor tonvood ( 5 0 1 )  and Ged l ing  (801)  c o a l s  i s  i l l u s t r a t e d  i n  
F igu re  7 .  An i n i t i a l  i n c r e a s e  i n  amounts of a d s o r b e d  i o d i n e  was observed  a t  
t he  l o c e r  va lues  o f  HTT r e a c h i n g  a maximum a t  -0OO'C and d e c r e a s i n g  s h a r p l y  
t h e r e a f t e r  t o  lot? v a l u e s .  The e f f e c t  of p r e o x i d a t i o n  and hea t  t r e a t m e n t  on 
a d s o r p t i o n  of i o d i n e  f o r  t h e  t h r e e  c o a l s  i s  i l l u s t r a t e d  i n  F i g u r e s  8 -10 .  L i t t l r  
change was obse rved  when c o a l s  were o x i d i s c d  a t  I0O"C compared w i t h  t h e  non- 

ox id i sed  samples ,  bur a marked d e c r e a s e  was observed  !<lien t h e  c o a l s  vert 
o r i d i s e d  a t  t he  hipl ier  t e m p e r a t u r e  of 200'C. 

4 .  Discuss ion  
4 . 1  Adsorpt ion  of  i o d i n e  by f r e s h  c o a l s  

I 

Fis i i re  1 s h o w s  t h a t  for a r ank  r ange  of f r e s h  c o a l s ,  t h e r e  1s a c l e a r  
r a n k  dependence of i o d i n e  a d s o r p t i o n  from aqueous  s o l u t i o n .  A masill:uni 1:) iodinr 
uptake  ('6 mniol 8 - l )  o c c u r s  a t  0a wt f  C dmmf. The m i n i m u m  va lue  ( - 2 . 3  m ~ l  p - ] )  
i d a s  ob ta ined  f o r  coals w i t h  95 t ; t ' dC .  The v a r i a t i o n  of s u r f a c e  p r o p e r t i e s  a s  a 
func t ion  o f  coal  r ank  h a s  been s t u d i e d  previo::sly ( 2 2 - 2 s ) .  Carbon d i o x i d e  
s u r r a c c  ai-pas mcasurcd a t  195 L ( -78 'C)  and Z i 3  C (0°C) v a r i c d  from l lc l  :$> 

abc;it 3 1 0  d g - 1  a n d  f e l l  u i t h i n  a broad band n t h  t h e  minirum a t  about  65 tit?... 

c a r  1mn. 

The r e s u l t s  o b t a i n e d  i n  t h i s  p r e s e n t  s t u d ? ;  of i o d i n e  a d s o r p t i o n  a s  a 
f u n c t i o n  of coa l  r a n k  do  no t  r e l a t e  t o  chose  of c a r b o n  d i o x i d e  s u r f a c e  a r e a s .  
Thc c o a l  rank s e r i e s  shows a maximum i n  a d s o r p t i o n  of i o d i n e  a t  abou t  8 5  wt% 
ca rbon ;  w i th  carbon d i o x i d e  a m i n i m u m  i s  o b s e r v e d .  F u r t h e r ,  t h e  e q u i v a l e n t  
s u r f a c e  a r e a s  o f  c o a l s  w i t h  06 and 9 5  w t %  C .  based  on i o d i n e  a d s o r p t i o n  a r e  
1400 and 530 m2g-l r e s p e c t i v e l y .  
t h e  carbon d iox ide  s u r f a c e  a r e a s .  T h i s  i n d i c a t e s  t h a t  t h e  mechanism of 
a d s o r p t i o n  by i o d i n e  and c a r b o n  d i o x i d e  m u s t  be  d i f f e r e n t .  

These  v a l u e s  a r e  e x t r e m e l y  h igh  compared w i t h  

Although t h e  t e m p e r a t u r e  of a d s o r p t i o n  of i o d i n e  is high  enough (25'C) 
t o  e l i m i n a t e  a c t i v a t e d  d i f f u s i o n  e f f e c t s  r e s t r i c t i n g  a d s o r p t i o n  ( 2 2 - 2 4 )  t h e  
l a r g e r  s i z e  of t h e  i o d i n e  m o l e c u l e  would be  e x p e c t e d  t o  r e s u l t  i n  a d e c r e a s e d  
a d s o r p t i o n  compared w i t h  c a r b o n  d i o x i d e .  T h i s  d o e s  n o t  occur .  However, t h e  
i o d i n e  a d s o r p t i o n  from t h e  vapour  phase  is much less t h a n  from aqueous  i o d i d e  
s o l u t i o n  (Table  2 )  i n d i c a t i n g  a c o - o p e r a t i v e  e f f e c t  between t h e  w a t e r  and t h e  
i o d i n e .  W i t h  a d s o r p t i o n  from t h e  vapour  p h a s e ,  t h r e e  i n t e r a c t i n g  f a c t o r s  may 
c o n t r o l  t h e  u l t i m a t e  e x t e n t s  of i o d i n e  a d s o r p t i o n .  The h i g h e r  i n t e r n a l  p o r o s i t y  
and l a r g e r  pore  sizes of t h e  lower  r a n k  c o a l s  w i l l  promote a d s o r p t i o n ;  t h e  
i n c r e a s e  i n  a r o m a t i c i t y  of c o a l s  w i t h  i n c r e a s i n g  r a n k  w i l l  promote i n c r e a s e d  
a d s o r p t i o n  w i t h  r ank ;  o v e r a l l ,  e x t e n t s  o f  a d s o r p t i o n  w i l l  d e c r e a s e  a s  t h e  
s t r e n g t h  of c r o s s - l i n k s  and c r o s s - l i n k  d e n s i t y  i n c r e a s e .  For a d s o r p t i o n  Of 
i o d i n e  and wa te r  from t h e  v a p o u r  phase ,  t h e  h i g h e r  i n t e r n a l  p o r o s i t y  o f  t h e  
lower r a n k  c o a l  a p p e a r s  to  domina te .  
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E x t e n t s  of i o d i n e  a d s o r p t i o n  a r e  much h i g h e r  from a q u e o u s  s o l u t i o n  ( T a b l e  
2 .  Figure  1) .  I t  is p o s s i b l e  t h a t  t h e  w a t e r  when i n  t h e  c o a l ,  is a b l e  t o  
expand t h e  macromolecular  s t r u c t u r e  of  t h e  c o a l  s u f f i c i e n t l y  t o  a l l o w  a 
c o n s i d e r a b l y  l a r g e r  amount of  i o d i n e  to b e  adsorbed .  bu t  t h e  w a t e r  is n o t  
s i g n i f i c a n t l y  c o m p e t i t i v e  f o r  t h e  s u r f a c e .  The s w e l l i n g  d a t a  of  T a b l e  3 
i n d i c a t e  t h a t  t h e  Ged l ing  c o a l  can  r e s p o n d  most t o  t h e  c o - o p e r a t i v e  e f f e c t s  
of  t h e  w a t e r  and i o d i n e  a g r e e i n g  w i t h  t h e  h i g h e s t  u p t a k e  of i o d i n e  from t h e  
vapour phase .  Thus, a s  t h e  c r o s s - l i n k  d e n s i t y  of  t h e  c o a l s  d e c r e a s e s  w i t h  
i n c r e a s i n g  rank  t o  a b o u t  85  w t X  c a r b o n  and t h e n  i n c r e a s e s ,  so t h e  i o d i n e  
a d s o r p t i o n  w i l l  i n c r e a s e  t o  d e c r e a s e  s u b s e q u e n t l y  beyond t h e  85 w t X  c a r b o n  l e v e l .  
Thus ,  F i g u r e  1 is i n d i c a t i v e  of  t h e  c r o s s - l i n k  d e n s i t y  o f  t h e  c o a l s  of t h e  r a n k  
r a n g e .  

F i g u r e s  2-4 shows t h e  i s o t h e r m s  of t h e  f r e s h  c o a l s  and i n d i c a t e  a change 
i n  i so therm shape,  a lmost  Type I1 f o r  G e d l i n g  c o a l  and Type 111 f o r  Cortonwood 
and Cwm c o a l s  of h i g h e r  r a n k .  This  i s  i n d i c a t i v e  of  a l o w e r  e n t h a l p y  o f  
a d s o r p t i o n  between t h e  i o d i n e  a d s o r b a t e  and t h e  c o o l  a d s o r b e n t  f o r  t h e  l a t t e r  
two c o a l s .  

The charcoc l  c l o t h  behaves d i f f e r e n t l y  from t h e  c o a l s .  The s u r f a c e  a r e a s  
i a l s ~ i l a t c d  from i o d i n e  a d s o r p t i n n  a r e  commensurate  u i t h  n i t r o g e n  a r e a s .  i . e .  
about  L W O  d 9 - l .  
t h e  c o a l s .  P o s s i b l y  o x i d J t i o n  enhances  p o r e  volume and r J i t h  t h e  r i g i d  c a r b o n -  
i n r b o n  c r o s s e d - l i n k e d  s t ~ u c t i i r e  a l r e a d y  e s t a b l i s h e d ,  i t  c a n n o t  be enhanced  
f u r t h e r  end hence i o d i n e  a d s o r p t i o n  i s  not  d i m i n i s h e d .  Ca rbons  and c o a l s  
I-espond d i f f e r e n t l y  t o  i o d i n e  a d s o r p t i o n .  

b . ?  Adsorpt ion of i o d i n e  by o x i d i z e d  c o a l s  

- 
O x i d a t i o n  c a u s e s  an i n c r e a s e  i n  i o d i n e  a d s o r p t i o n  u n l i k e  

The e ir‘ects  of i n c r e a s i n g  d u r a t i o n  and t c e p e r a t u r e  of o s i d J t i u n  i n  . i i r  
cf t h e  Gedi ing ,  Cortonvood and Cwm c o a l s  a r e  t o  d e c r e a s e  e x t e n t s  of  i o d i n e  
n d s o r y t i n n  f r o n  both  t h e  vapour  and aqueous p h a s e s .  For c o a l s  of maxinum 
os ida i . ia i i  t rea tment  (2d  a t  200°C) e x t e n t s  o f  i o d i n e  a d s o r p t i o n  from t h e  vapour  
phase  a r e  e q u i v a l e n t  t o  about  25 m2p- l .  For t h e  same c o a l s  e x t e n t s  of w a t e r  
a d s o r p t i o i i  i n c r e a s e  w i t h  s e v e r i t y  of o x i d a t i o n ,  a s  a n t i c i p a t e d  ( 1 4 . 1 5 ) .  For 
a l l  t h r e e  c o a l s  p r o g r e s s i v e  o x i d a t i o n  p romotes  s w e l l i n g  of . t h e  c o a l s  by w a t e r  
a l o n e  and by the  i o d i n e - w a t e r  sys tem,  p r o b a b l y  t o  e q u a l  e x t e n t s .  The i s o t h e r m s  
of  F i g u r e s  2-4 shows t h a t  t h e  Gedl ing  o x i d i z e d  c o a l s  r e t a i n  t h e  Type I1 i s o t h e r m  
shape  of t h e  parent  c o a l ,  whereas  t h e  i s o t h e r m s  of t h e  Cortonwood and Cwm c o a l s  
change from Type 111 t o  Type I1 u i t h  p r o g r e s s i v e  o x i d a t i o n .  

In  i n t e r p r e t i n g  t h e s e  f i n d i n g s ,  t h e  i n f l u e n c e  of c o a l  o x i d a t i o n  on i o d i n e  
a d s o r p t i o n  from t h e  vapour  phase  o p e r a t e s  i n  p o s s i b l y  t h r e e  ways. Chemisorbed 
oxygen reduces  t h e  e f f e c t i v e  pore d i a m e t e r s  and  r e s t r i c t s  i o d i n e  p e n e t r a t i o n ;  
chemisorbed oxygen c r o s s - l i n k s  t h e  coal,  so p r e v e n t i n g  the i o d i n e  b e i n g  
accommodated by some r e l a x a t i o n  of  t h e  c r o s s - l i n k e d  ne twork;  c h e m i s o r b e d  oxygen 
i s  e l e c t r o n e g a t i v e  and t h i s  could  r e d u c e  e l e c t r o n  a v a i l a b i l i t y  f o r  c h a r g e  
t r a n s f e r  complexing ( 2 ) .  

The a d s o r p t i o n  of i o d i n e  from aqueous  s o l u t i o n  by o x i d i z e d  c o a l s  is much 
l e s s  a f f e c t e d  by t h e  o x i d a t i o n  p r o c e s s  t h a n  a d s o r p t i o n  f rom t h e  vapour  p h a s e .  
What is p o s s i b l y  happening h e r e  is t h a t  t h e  w a t e r .  by a s s o c i a t i o n  w i t h  t h e  
chemisorbed oxygen, c a u s e s  t h e  c o a l  t o  s w e l l  g i v i n g  g r e a t e r  a c c e s s  t o  t h e  i o d i n e ,  
and t h i s  e f f e c t  enhances  w i t h  p r o g r e s s i v e  o x i d a t i o n .  
i o d i n e , a n d  t h e  w a t e r  m o l e c u l e s  becomes s t r o n g e r  a n d  p resumab ly  t h e  hydrogen  
bonding and c l u s t e r i n g  of w a t e r  m o l e c u l e s  (14.15) in t h e  c o a l  materiel p r e v e n t s  
a c c e s s  of i o d i n e  t o  t h e  macromolecular  s t r u c t u r e  o f  c o a l  and  t h e  b a l a n c e  is 
a d i m i n i s h e d  a d s o r p t i o n  of  iodine w i t h  i n c r e a s e d  o x i d a t i o n  a t  h i g h  r e l a t i v e  
c o n c e n t r a t i o n s  of t h e  I s o t h e r m s  ( F i g u r e s  2-4). 

C o m p e t i t i o n  be tween  adsorbed  

For t h e  Cortonwood and  C m  coals ,  230 



t h e  e f f e c t s  of o x i d a t i o n  a r e  t o  enhance  i o d i n e  a d s o r p t i o n  a t  v a l u e s  o f  C/Co C 0.2. 
The Ged l ing  c o a l ,  w i t h  i t s  9 . 4  w t X  of oxygen has  a Type I1 i s o t h e r m  when f r e s h .  
O x i d a t i o n  of t h e  Cortonwood ( 5 . 9  w t X  0) and Cwm ( 3 . 2  w t X  0 )  c o a l s  c h a n g e s  t h e s e  
c o a l  s u r f a c e s  i n  a way comparab le  t o  t h e  Gedl ing  c o a l .  The l a r g e  e x t e n t s  Of 

i o d i n e  adso rbed  by t h e  f r e s h  c o a l s ,  i n  t h e  o r d e r  of 6 mmol g-’ ( e q u i v a l e n t  s u r f a c e  
a r e a  o f  1.500 m2g-l ( 2 5 ) )  may a l s o  i n v o l v e  c l u s t e r i n g  of i o d i n e  m o l e c u l e s  ( 7 ,  
12). The p r e s e n c e  of  oxygen i n  t h e  c o a l  ( e i t h e r  rank  o r  o x i d a t i o n  r e l a t e d )  
c r e a t e s  s i t e s  of  h igh  a d s o r p t i o n  p o t e n t i a l  which a r e  c o v e r e d  a t  t h e  lOr.’eK Values 
O f  r e l a t i v e  c o n c e n t r a t i o n .  Kar sne r  and P e r l m u t t e r  (26). i n  s t u d i e s  Of c o a l  
d r y i n g  and o x i d a t i o n ,  r e p o r t  changes  i n  t h e  macro-molecular  and m i c r o p o r o s i t y  
O f  c o a l s .  Hence f o r  t h e  Cortonwood and Cwm c o a l s  t h e  d r y i n g  p r o c e s s  a s s o c i a t e d  
With o x i d a t i o n  a t  %. 200‘C could  c a u s e  d e c r e a s e s  i n  s i z e  o f  m i c r o - p o r o s i t y  
So enhanc ing  t h e  a d s o r p t i o n  p o t e n t i a l  and s h i f t i n g  i s o t h e r m  s h a p e  t o  a Type 11. 
The s t u d i e s  of Oda et. ( 2 7 )  on methanol  and hexane d e n s i t i e s  of o x i d i s e d  
c o a l s  showed t h a t  c o a l  d e n s i t y  i n c r e a s e d  d u r i n g  t h e  i n i t i a l  s t a g e s  o f  o x i d a t i o n .  
HOW t h i s  a f f e c t s  pore s i z e s  remains  t o  be c l a r i f i e d .  

The v a r i a t i o n  o f  e x t e n t  of i o d i n e  a d s o r p t i o n  w i t h  t ime f o r  f r e s h  and 
o x i d i z e d  Cortonwood and C m  c o a l s  i s  i l l u s t r a t e d  i n  Table  4 .  The r a t e  d a t a  
approx ima te  t o  f i r s t - o r d e r  k i n e t i c s  and what i s  c l e a r  i s  t h a t  r a t e s  o f  i o d i n e  
a d s o r p t i o n  d e c r e a s e  w i t h  s e v e r i t y  of o x i d a t i o n .  more so  f o r  t h e  CortonriOOd c o a l .  
T h i s  s u g g e s t s  a d i f f u s i o n a l  l i m i t a t i o n  t o  a d s o r p t i o n  v i t h  a p o s s i b l e  p o r e  
nar rowing  a s  d r y i n g  and o x i d a t i o n  proceed .  

6.3 Adsorp t ion  of  i o d i n e  by pyro lyzed  c o a l s  

The f i n d i n x s  of t h i s  a s p e c t  ol t h e  s t u d y  ( F i x t i r e s  7 -10)  a r e  t h a t  f o r  t h c  
t h r e e  f r e s h  Gedl ing .  Cortonwood and Cwm c o a l s  t h e  e f f e c t  o f  i n c r e a s i n g  hea t  
t r e a t m e n t  t e m p e r a t u r e  ( H T T )  i s  t o  enhance i o d i n e  a d s o r p t i o n  t o  a minimum of  
HTT of 4 0 0 ° C  fo l lowed by a r a p i d  d e c r e a s e  t o  6 0 0 ’ C  ( F i g u r e  7). The c h a r s  
(HTT 7 0 0 ’ C )  o f  Ged l ing  and Cwm c o a l s  a r e  a b l e  tc ; idsrrb i o d i n e  ( e q u i \ , a l e n t  t o  
a h o u r  300 m2p- l  ) i$liecc.as t h e  Cortoc::oad coke ;Idsorl?s no i o d i n e .  

The e f f e c t s  of o x i d a t i o n  f o r ’ t h e  Gedl ing c o a l  ( F i p u r e  8 )  a r e  t o  reduce  
t h e  o v e r a l l  e x t e n t  o f  i o d i n e  a d s o r p t i o n .  t o  promote a m i n i m u m  in a d s o r p t i o n  
a t  a n  HTT of 300’C but  w i t h  s t i l l  a maximum a t  600°C and  t o  d e c r e a s e  t h e  HTT 
of c l o s u r e  of t h e  p o r o s i t y .  T h i s  l a t t e r  e f f e c t  i s  very  pronounced f o r  t h e  
Cortonwood and Cwm c o a l s  ( F i g u r e s  9 . 1 0 ) .  The r i s e  i n  a d s o r p t i o n  c a p a c i t y  wi th  
i n c r e a s i n g  HTT ( F i g u r e  8 )  i s  a l s o  found u s i n g  n i t r o g e n  and c a r b o n  d i o x i d e  a s  
a d s o r b a t e s  (28-30) but  t h e  magnitude of i o d i n e  a d s o r p t i o n  ( e q u i v a l e n t  t o  
1750 m2g-1) must not be o v e r l o o k e d .  The e f f e c t  of p y r o l y s i s  c o u l d  be t o  r e d u c e ,  
t h e r m a l l y .  t h e  c r o s s - l i n k  d e n s i t y  of c o a l s  and t h i s  a l l o w s  g r e a t e r  a c c e s s  Of 
i o d i n e  i n t o  t h e  macromolecu la r  sys tem.  
w i t h  c o n s i d e r a b l e  enhancement of c r o s s - l i n k  d e n s i t y  so r e d u c i n g  t h e  a b i l i t y  
of  i o d i n e  t o  a d s o r b  from a n  e q u i v a l e n t  of 1750 t o  300 m2g-1. The e f f e c t  of 
o x i d a t i o n  of  c o a l s  on t h e i r  c a r b o n i z a t i o n  behaviour  i s  t o  promote f u r t h e r  t h e  
development  of c r o s s - l i n k s  w i t h  i n c r e a s i n g  HTT ( F i g u r e s  8-10]. 
a v a i l a b l e  from t h e  w a t e r  a d s o r p t i o n  d a t a  i s  t o  s u g g e s t  t h a t  oxygen c r o s s - l i n k s  
a r e  not  formed d u r i n g  t h e  o x i d a t i o n  p r o c e s s .  

I n c r e a s i n g  HTT c a u s e s  l o s s  of v o l a t i l e  

The e v i d e n c e  

5. C o n c l u s i o n s  
5 .1  A d s o r p t i o n  o f  i o d i n e  by f r e s h  c o a l s  

A d s o r p t i o n  o f  i o d i n e  by c o a l s  d i f f e r s  i n  mechanism from a d s o r p t i o n  o f  
n i t r o g e n  and c a r b o n  d i o x i d e .  
o f  c o a l  t o  t h e  e x t e n t  of  an  e q u i v a l e n t  1750 m2g-l p r o b a b l y  i n v o l v e s  m o l e c u l a r  
c l u s t e r i n g  of i o d i n e .  I o d i n e  a d s o r p t i o n  by c o a l s ,  a t  c o n s t a n t  r e l a t i v e  
c o n c e n t r a t i o n s ,  i s  i n d i c a t i v e  of c r o s s - l i n k  d e n s i t y  of c o a l s  and is r a n k  
d e p e n d e n t .  

Complexing of i o d i n e  w i t h  t h e  m o l e c u l a r  components 

E x t e n t s  of  a d s o r p t i o n  of i o d i n e  from t h e  vapour  p h a s e  a r e  
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s i g n i f i c a n t l y  lower t h a n  from aqueous  s o l u t i o n .  The a d s o r p t i o n  o f  i o d i n e  from 
t h e  aqueous phase is dependent  upon a c o - o p e r a t i v e  e f f e c t  w i t h  a d s o r b e d  w a t e r .  

5 . 2  Adsorp t ion  of i o d i n e  by o x i d i z e d  c o a l s  

O x i d a t i o n  and a s s o c i a t e d  d r y i n g  of c o a l  changes c o a l  s t r u c t u r e ,  removes 

O x i d a t i o n  o f  c o a l  r e d u c e s  i t s  c a p a b i l i t y  f o r  i o d i n e  a d s o r p t i o n  
hydrogen,  i n t r o d u c e d  chemisorbed oxygen b u t  p robab ly  d o e s  n o t  c r e a t e  oxygen 
c r o s s - l i n k s .  
f rom vapour  and aqueous  phases  b u t  w a t e r  vapour  a d s o r p t i o n  1 s  enhanced .  I s o t h e r m  
s h a p e  is changed and is i n d i c a t i v e  o f  s t r u c t u r a l  change .  

5.3 Adsorp t ion  a f  i o d i n e  by p y r o l y s e d  c o a l s  

P y r o l y s i s  of f r e s h  c o a l s  t o  4OO'C enhances  e x t e n t s  o f  i o d i n e  a d s o r p t i o n  
p robab ly  b e c a u s e  o f  b reakage  o f  c r o s s - l i n k s .  F u r t h e r  p y r o l y s i s  s e v e r e l y  enhances  
c r o s s - l i n k  d e n s i t y .  For a l l  o s i d i s e d  c o a l s ,  i n  p a r t i c u l a r  Cortonvood and C m  
h e a t  t r e a t m e n t  c a u s e s  marked r e d u c t i o n s  i n  i o d i n e  adso rpLion .  p r o b a b l y  d u e  t o  
f o r m a t i o n  of oxygen c r o s s - l i n k s .  

-\c kttowl edgenen t  s 

T5e a i i t h o r s  r1i;ink Xiss ? . A .  Clot; a n d  :!I-$. ?.!I. I:oosicr fa>l- : , s s i s t a n c c  V I  t l l  

t h e  i t i an i i s i ? ' i p t .  

Rc f c r e  tic es 

1 .  l:jpliil.< J . J . ,  S l ! c r i ~ , , ~ d  J.S. a n d  Sl inoter  l ) . Y . ,  T r a n s .  F.a~-a(!ay S c j c . .  I ' l h L  

? .  I r o n s o n  S., Schvebe) X .  and  S i n e n s k y  C . ,  C.lr'Pnn. 1 9 7 6 .  E. 93. 
3.  .liihnla : \ . . l , ,  Carlioil. I * l i 5 ,  11, L 3 7 .  
a .  Puri  E . R .  and t:clns.il I : . < . .  Carbot i .  1 9 6 5 ,  2 ,  2 1 7 .  
5 .  H i l l  .A. arid ?I.irsh I ! . .  Ca i - lwn .  iOO8. k. 3 ! .  
6 .  >Icjiii-s~ T., T o n i k . t i  S .  .itid I;.iia.inbc N., i::irrmti lL)35 ,  Ll, 1 3 7 .  
7 ,  ! h i l l i k e . i  R . S .  a i d  p c t - s ~ ~ i i  : . < . E , ,  "!iolc.ciilar L'orr~~1esc.s".  .It11111 !;I IC'>' a n d  

8 .  Gregg S.J. and S i n g  1: . . "Adsorp t ion .  S u r f a c c  Arc;) . i i i t l  Porosity". 

9 .  Smisek !I. and Cerny S . .  "Ac t ive  Carbon". E l s e v i e r .  1970, I ) .  1 3 5 .  
10.  Aronson S . .  S inensky  G . .  Langsan Y .  and liinder X . ,  J .  Il lorp.  Nucl .  Chem., 

11. Pimen te l  G . C .  a n d  PIcClellan A . L .  Ed. "The Chemical  Bond", L i n u s  PaUling.  

1 2 .  F o s t e r  R.. "Organ ic  Charge T r a n s f e r  Complexes", Academic P r e s s ,  London, 

1 3 .  K i m  D. a n d  R e i s s  H.. J. Phys.  Chem.. 1 9 8 5 ,  e. 2 7 2 8 .  
I d .  A l l a r d i c e  D.J.. a n d  Evans D.G., " A n a l y t i c a l  Nethods f o r  C o a l  a n d  C o a l  

15. Flahajan O.P. and Walker P.L. J r . .  F u e l ,  1971.  2. 308.  
16 .  "Coal P e t r o l o g y " .  Ed. E. S t a c h  et. Cebruder  B o r n t r a e g e r .  B e r l i n  1 9 8 2 .  
17.  Green T.. Kovac J . ,  Brenner  D. and  L a r s e n  J.W., "Coal S t r u c t u r e "  

18. Davidson R.M.,  Coal S c i e n c e ,  Vol. I ,  Ed. M.L. Gorba ty .  Academic P r e s s ,  

1 9 .  Given P.H.. Marzec A. ,  Ba r ton  W.A.. Lynch L . J . ,  and G e r s t e i n  B.C..  F u e l ,  

2 0 .  C r i n t  A..  Harsh  H. and C l a r k e  K.. F u e l ,  1983.  62, 1 3 5 5 .  
21 .  L e r s e n  J.W., P e r s o n a l  Communication ( 1 9 8 4 ) .  
2 2 .  Marsh H.. Fue l .  1 9 6 5 ,  ". 253 .  
2 3 .  Marsh H. and  S iemlen lewska  T.. 1965 .  ". 355.  
2 4 .  Hahejan O.P., "Coal S t r u c t u r e " ,  Ed. R.A. Meyers, Academic P r e s s ,  

- 60, 4 0 1 .  

SOIIS. K . ' i . ,  1 9 0 ~ 1 .  

?rid E d i t i o n , - A c a d e m i c  P r e s s .  London 1982.  

1976.  2, 4 0 7 .  

1960. 

1969.  

Products" .  Ed. C l a r e n c e  Kar r  J r . ,  Academic P r e s s ,  N.Y.. 1 9 7 8 .  

Ed. R.A.  bleyers, Academic P r e s s ,  N.Y., 1982.  pp. 1 9 9 - 2 8 2 .  

N.Y., 1 9 8 2 .  

1986. 65. 155 .  

N . Y . .  1 9 8 2 ,  pp. 51-86. 232 

1 



I 

2 5 .  S i n g  K.S.W.. E v e r e t t  D . H . .  Pau l  R.A.W.. Moscou L.. P f e r o t t i  R . A . .  
Rouquero l  J. and  Siemieniewska T . ,  Pu re  and App l i ed  Chem.. 1985.  57. 6 0 3 .  

2 6 .  K a r s n e r  C . C .  and P e r l m u t t e r  D . D . .  Ind.  Eng. Chem., P rocess  Des. Dev. 1 9 8 2  

2 7 .  Oda H . .  Takeuch i  P I . ,  and Yokokava C . .  F u e l ,  1981.  60, 3 9 0 .  
2 8 .  Toda Y.. Fue l  1 9 7 3 ,  52. 3 6 .  
2 9 .  J e n k i n s  J.R., Nandi  S.P. and Walker P.L. J r . ,  1973,  52, 2 8 8 .  
3 0 .  Siemien iewska  T.. Tomkow K . ,  Jankowska A .  and J a s i e n k o  S.. Fue l .  1 9 8 5 ,  64. 

2 1 ( 2 ) 3 P 8 - 5 0  (ENG). 

4 8 1 .  

T a b l e  1 

Elemen ta l  A n a l y s e s  of Coa l s  (ut% dmmf) 

Coal 

S i  esai:cmice 

Ged! i I;F 

C r c s s w l l  

?Iar!thaa D . H .  

L'or 1 onwood 

Y a n i f .  L i p  

Horden 

c h'lll 

Oakda le  L.C. 

Taf t Eler thyr  

C y n h e i d r e  

' C  

8 0 . 3  

8 1 . 6  

n ? .  3 

8 2 .  'I 

H b . 2  

8'1.5 

8 6 . 3  

9 0 . 0  

9 1 . 7  

9 2 . 4  

9 5 . 2  

__ 

2H 

__ 

b . 7  

5 . 2  

L.6 

5 . 7  

5 . 6  

5 . 5  

5 , P  

5 . 0  

4 . 8  

4 . 2  

2 . 9  

- 
LO 

- 
1 2 . 1  

9.6 

10.1 

7.9 

5 . 9  

5 . 9  

4 . 1  

3 . 2  

2 .0  

1 . 6  

0 . 9  

9.6 1: i . 3  j 

1 . 5  

I . ?  

1 . 9  

1 . 8  

1 . 6  

1 . 6  

1 . 5  

1 .o  
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Table 2 

Adsorinion of l o d i n e  from Vapovr end Solutlon and of Water Vapour 

Coal 
Trcar nienc 

Oxld. i n  d a y s  ( d )  

:,:fit 

' rcsh  

Ixad. I d  IOO'C 

2d IOO'C 

I d  IOO'C 

Id 200.C 

2d ZOO'C 

- 

c t i v a r c d  Charcoal 
resh 

%id .  

Adsorpt ion of l o d i n e  
from Vopour 
P I Y O  - 1.0 

2 . 7  

? . S  

2 . 3  

1 . 1  

0.13 

0.U" 

I . 4  

1 . 2  

1 . 1  

0 .7  

0.07 

0 .  Ob 

1.5 

1 .2 

1 . 2  

0 . 8  

0 .16  

0.09 

- 

U.l0 

0.10 

0.09 

" . C8L 

t1.065 

11.003 

11.05 

,l.(G 

v .(I:. 

0.03 

n.oo3 

0.003 

0.06 

0 . 0 4  

0 .04  

0 . 0 3  

0 .006 

0.003 

Adsorption of Iodine  
from S o l u t i o n  
c/co I 0 . t  

- I  3 - 1  
m o l  g Cm L 

5 . b  

S . 6  

5.3 

5 . 0  

> . h  

3 . b  

1, . b 

(. . i 

L . i  

O . ?  

j . 4  

3 . 5  

4 . 6  

4 . 4  

3 . 9  

3 . 6  

3 . 3  

2.5 

3 .8  

4.3 

0.22 

0 . 2 1  

0 . 2 0  

0 . I L  

O . I L  

0 .  I 4  

0 . ? L  

0 . 2 3  

0 . 2 :  

0.23 

0.13  

0.  I 3  

0.17 

0 . 1 7  

0.15 

0 . 1 4  

0.11 

0.10 

0.15 

0.19 

Adsorpt lon of 
Vater Vapour 
PIPo - 1.0 

mmol g-'  cm3 

1 5  . 3 

7 . 0  

i , .n  

7.3 

8 . 4  

S.? 

0 . b  

1 . 1  

I .2  

2 .1  

5 . 1  

6 . 4  

0.n 

0 . 9  

1 . O  

I .4 

3.2 

4 . 5  

- 

0 . 1 1  

0 . 1 3  

0.12 

0 .13  

0 .1 ;  

n .  i s  

0 . 0 1 4  

0.CIZD 

0 . 0 2 1  

0.038 

0.09:' 

0.115 

0.014 

0.016 

0.018 

0.025 

0.058 

0.081 

- 
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Table 3 

Svelling Ratio for Coals in Water and Iodine Aqueous Solution 

Oxidation State 

Fresh 
Oxid. ID 1OO'C 

2D 100°C 
ID 150'C 
2D 150°C 
ID 200°C 
2D 20O'C 
ID 2 5 0 ' C  
2D 250'C 

Coal: H 2 0  

Q = V€/Vi 

Gedling Cortonvood Cwm 

1 .oo 
1.02 
1.04 
1.10 
1.11, 

1.17 
1.25 

1.00 1.00 
1.05 1.02 
1.07 1.02 
1.07 1.07 
1.07 1.03 
1.17 1.02 
1.17 1.03 
1 . 1 7  1.19 
1 . 3 1  1 . 1 7  

Coal: I ~ - / I ~ / H ~ o  

q = V € / V i  

Gedling Cortonwood Cwn 

1.06 1.00 1.00 
1 .OS r.01 1.01 
1.09 I .O@ 1 . 0 2  
1.10 1 .03 1.00 
1.12 1.03 1.02 
1.16 1 . o t  1 . oo  
1.17 1 .15  1 . 0 9  
I . ? 3  1 . 1 9  1.16 
1.20 1.23 1.16 

K i n e t i c s  o i  P.dsr.~ptjon of l o d ~ n e  Iron, 

+elution 

Oxidation State 

Fresh 

Oaid. 1D IOO'C 

Oxid. Z D  1OO'C 

Oxid. 1D 150'C 

Oaid. Z D  150'C 

Dxid. 1D 200'C 

Dxid.. Z D  ZOO'C 

Cor t onirood 

9.1 

8.1 

6 . 3  

6.3 

6.5 

3 . 8  

3 . 1  

1 3 . 5  

3 . 8  

1st order kinetics In (I2\ - -kt 



6 

82 86 90 94 

Carbon content I 8 dmmf 

Var ia t ion of iodine adsorpt ion With coal r a n k  from vapour and Figure 1. 

aqueous phases ( 1 3 - / l - l H 2 0 ) .  ( t e q  = 28 days) .  

Iodine adsorbed from the vapour phase. 

1 mmol I ,  = 250 m g of  surface. o = 0.40 nm . 2 - 1  2 

7 Cortonwood Coal 

'D6 

E 
- 
E 

c 4  
. 
.- 
c 

P 

m 2  

Lo 
U 

c 
U 
.- 
- 

0 . 2  0.4 0.6 0 . 2  0.4 0 . 6  

c / c o  ClC0 

Figures 2 and  3 .  

iodine re la t ive concentrat ion fo r  f r e s h  and oxidized Cedl ing a n d  Cortonwood 

coal ( T  = 298 K; t = 28 dhys ) .  

Variat ion o f  iodine adsorption from aqueous phase w i t h  

eq 
0 Fresh; A 1 day, 100OC; A 2 days, 100°C; V 1 day, 150OC; 

'I 2 days,  150OC; 0 1 day, 2OO0C; I 2 days, 2OO0C 
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I Charcoal Cloth 

0.2 0.4 0 .6  0 . 2  0.4 0.6 

C l C 0  C l C 0  

Figures 4 and 5. Var ia t ion o f  iodine adsorpt ion from aqueous phase with 

iodine relat ive concentrat ion for f resh  and  oxidized Cwm coal and activated 

charcoal cloth ( T  = 298 K; t = 28 days and 7 days respect ive ly) .  
eq 

0 Fresh; A 1 day ,  100OC; A 2 days, 100OC; V 1 day, 15OOC; 

V 2 days, 15OOC; 0 1 day, 200OC; I 2 days, 200OC 

- 1 day 

2 days 

100 200 

Oxidation temperature I OC 

Figure 6. 
temperature for  three coals. 

Variat ion o f  iodine adsorpt ion from aqueous phase w i th  oxidation 

A Cortonwood Coal V Gedl ing Coal 0 Cwm coal 
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- 
E 
E . - 

V Cedl ing Coal 

0 Cwm Coal 

- 
I  
0 6  

200 4 0 0  600 200 400 600 

Heat treatment temperature / "C 

Figure 7. Va r ia t i on  o f  iodine F igure 8. Variat ion o f  iodine 

adsorption from aqueous phase wi th  adsorption from aqueous phase wi th  

heat treatment temperature for t h ree  

fresh coals. 

Heat treatnient temperature / OC 

heat treatment temperature for f resh  

and oxidized Cedling coal. 

200 400 600 200 400 600 
Heat t reatment  tempers tu re  / OC Heat treatment temperature / OC 

Figures 9 and  10. 

wi th  heat t reatment  temperature for f resh  and oxidized Cortonwood 

and Cwm coal. 

Var ia t ion o f  iodine adsorpt ion from aqueous phase 

0 Fresh; A 2 days, 100OC; v 2 days, 200OC 
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Cwm Coal 


