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INTROOUCTION 

The s u p e r c r i t i c a l  gas e x t r a c t i o n  belongs t o  r e l a t i v e l y  new techno log ies  o f  
coa l  p rocess ing  (1-7). 
y i e l d  o f  ob ta ined  e x t r a c t s  and t h e i r  phys ico-chemical  na tu re .  Less a t t e n t i o n  
was g i v e n  t o  s t u d i e s  o f  t h e  p r o p e r t i e s  o f  t h e  e x t r a c t  res idues ,  which i n  t h i s  
process a r e  ob ta ined  i n  s i g n i f i c a n t  amounts and a r e  u s u a l l y  u t i l i z e d  f o r  
combustion o r  g a s i f i c a t i o n .  

The work presented i n  t h i s  paper i s  focused on t h e  e x t r a c t  res idue ,  w i t h  t h e  
aim t o  o b t a i n  some i n f o r m a t i o n  as t o  what e x t e n t  t h e  s u p e r c r i t i c a l  gas 
e x t r a c t i o n  o f  brown c o a l s  m i g h t  m o d i f y  t h e i r  a b i l i t y  t o  develop a g i v e n  
c a p i l l a r y  s t r u c t u r e  i n  t h e  processes o f  c a r b o n i z a t i o n  and steam g a s i f i c a t i o n .  

EXPERIMENTAL 

From P o l i s h  brown coa l  mines, f i v e  c o a l s  were chosen t o  r e p r e s e n t  samples 
w i t h  d i f f e r e n t  con ten t  o f  humode t r i n i t e .  
analyses o f  these c o a l s  a r e  p resen ted  i n  Tab le  1. 

I n  a separate research  p r o j e c t  (81, s u p e r c r i t i c a l  gas e x t r a c t i o n  o f  t hese  
c o a l s  was c a r r i e d  o u t  ( t o l u e n e  a t  410°C and 13 MP ; e x t r a c t  y i e l d s  a r e  g i v e n  
i n  Tab le  l ) ,  and t h e  e x t r a c t e d  res idues  were de l iGered  t o  t h e  au tho rs  o f  t h e  
p resen t  work f o r  f u r t h e r  i n v e s t i g a t i o n s .  
R, S ,  and T were designed as EL410, EB410, ER410, ES410 and ET410 
r e s p e c t i v e l y .  

In o r d e r  t o  ob ta in ,  f rom t h e  i n i t i a l  brown c o a l s  (BC),  such samples which 
would, as t o  t h e i r  hea t  t rea tmen t  temperature (HTT), correspond t o  t h e  
e x t r a c t  res idues  (ERC410), t h e  R C  samples were ca rbon ized  i n  an aluminum 
r e t o r t  (5"C/min, atmosphere o f  p y r o l y t i c  gases) t o  HTT=410°C. 
m a i n t a i n i n g  t h i s  temperature f o r  30 minutes,  t h e  ob ta ined  BC410 cha rs  were 
cooled t o  room temperature i n  a s t ream o f  argon. The cha rs  BC410 and EBC410 
were f u r t h e r  carbonized t o  HTT=900"C i n  a r o t a r y  fu rnace  (5"C/min, A r ) ,  
m a i n t a i n i n g  t h i s  temperature a l s o  f o r  30 minutes and c o o l i n g  t h e  cha rs  BC900 
and EBC900 i n  argon. 
shows Tab le  2. 

G a s i f i c a t i o n  o f  t h e  BC900 and EBC900 chars w i t h  wa te r  vapor was performed a t  
800°C i n  a the rmograv ime t r i c  apparatus,  t o  50% b u r n - o f f  o f  t h e  o r g a n i c  
substance o f  t h e  chars;  wa te r  vapor was generated i n  an elect5icaJl.v heated 
f l a s k  a t  cons tan t  wa te r  l e v e l ,  t o  ensure a f l o w  r a t e  o f  30 dm h t h e  
d iameter  o f  t h e  r e a c t o r  t ube  be ing  40 mm. 

On a l l  t h e  i n v e s t i g a t e d  carhonacous samples, s o r p t i o n  measurements o f  
benzene, carbon d i o x i d e  and wa te r  vapor  a t  25°C were c a r r i e d  o u t ,  u s i n g  a 
g r a v i m e t r i c  vacuum apparatus (McBain q u a r t z  sp r ings ) .  

I n  most cases t h e  research  was d i r e c t e d  towards t h e  

The p e t r o g r a p h i c  and chemical  

E x t r a c t e d  res idues  f rom c o a l s  L, B, 

A f t e r  

Resu l t s  o f  p rox ima te  and u l t i m a t e  analyses o f  t h e  cha rs  
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RESULTS AND DISCUSSION 

The i n f l u e n c e  o f  s u p e r c r i t i c a l  t o l u e n e  e x t r a c t i o n  o f  brown c o a l s  on t h e  
course o f  t h e i r  c a r b o n i z a t i o n  and g a s i f i c a t i o n  w i t h  wa te r  vapor (determined 
i n  a the rmograv ime t r i c  appara tus )  i s  shown i n  F i g u r e s  1 and 2 r e s p e c t i v e l y .  

As was t o  be expected, t h e  y i e l d s  o f  chars from e x t r a c t  res idues  a r e  
s i g n i f i c a n t l y  g r e a t e r  t han  those ob ta ined  f o r  t h e  non-ex t rac ted  c o a l s  ( F i g u r e  
1). 
s u p e r c r i t i c a l  e x t r a c t i o n  o f  brown c o a l s  on t h e  r e a c t i v i t y  o f  t h e i r  chars 
towards wa te r  vapor  was found. 
o f  Yuh and Wol f  (4) ,  conce rn ing  t h e  c a t a l y t i c  e f f e c t  o f  K CO 
g a s i f i c a t i o n  o f  cha rs  from a low rank  coa l  and i t s  s u p e r c k t j c a l  t o luene  
e x t r a c t  res idues .  

F igu re  3 shows and example o f  s o r p t i o n  isotherms o f  benzene, carbon d i o x i d e  
and wa te r  vapor  (on c h a r s  f rom i n i t i a l  and e x t r a c t e d  brown coa l  L); f o r  
r e s p e c t i v e  cha rs  f r o m  brown c o a l s  B, R ,  S and T, s i m i l a r  shapes o f  
corresponding i so the rms  were found. I n  a l l  cases t h e  same c h a r a c t e r i s t i c  
t rends  c o u l d  be n o t i c e d .  Benzene s o r p t i o n  i so the rms  a r e  c h a r a c t e r i z e d  by a 
pronounced d i f f e r e n t i a t i o n  o f  shapes and amounts absorbed, depending on t h e  
HTT o f  t h e  cha rs ,  t h e i r  g a s i f i c a t i o n  and, i n  case o f  HTT=410"C, on 
e x t r a c t i o n .  Fo r  t h e  i n i t i a l  coa ls  and t h e  n o n - g a s i f i e d  chars,  isotherms o f  
t ype  I a r e  obta ined,  w i t h  l ow  amounts adsorbed (a l t hough  benzene a d s o r p t i o n  
on the EBC410 samples d i s t i n c t l y  exceeds t h e  a d s o r p t i o n  on t h e  chars BC410); 
a low-pressure h y s t e r e s i s  occurs i n  a l l  cases. A f t e r  p a r t i a l  g a s i f i c a t i o n  
( a c t i v a t i o n )  w i t h  w a t e r  vapor, t h e  phenomenon of low-pressure changes i n t o  
t ype  11, and t h e  amounts adsorbed s t r o n g l y  i nc rease .  Con t ra ry  t o  what was 
observed w i th  benzene isotherms,  t h e  a d s o r p t i o n  o f  carbon d i o x i d e  i s  much 
l e s s  i n f l u e n c e d  by t h e  k i n d  o f  cons ide red  cha r .  
pass ing from i n i t i a l  c o a l s  t o  chars w i t h  i n c r e a s i n g  HTT and f u r t h e r  t o  
a c t i v a t e d  chars,  show - i n  t h e  low-pressure r e g i o n  - a sys temat i c  decrease o f  
amounts adsorbed; h e r e  no i n f l u e n c e  o f  e x t r a c t i o n  was noted. 

Basing on benzene s o r p t i o n  data,  t h e  po re  s i z e  d i s t r i b u t i o n  o f  mesopores was 
c a l c u l a t e d  (9,10), assuming a c y l i n d r i c a l  shape o f  t h e  pores ( F i g u r e  4 ) .  
r e s u l t i n g  m ic ropore  volumes ( i n  case o f  isotherms showing low-pressure 
h y s t e r e s i s  t h e  a d s o r p t i o n  brance o f  t h e  h y s t e r e s i s  l o o p  was cons ide red )  were 
i n  good agreement w i t h  t h e  va lues o f  Wo, c a l c u l a t e d  by means o f  t h e  
Dubinin-Radushkevich (DR) equa t ion  (11) - Tab le  3. I n  t h e  benzene micropore 
volumes, super and u l t r a m i c r o p o r e s  were d i s t i n g u i s h e d  ( 1 2 ) ,  e s t i m a t i n g  f rom 
t h e  course o f  t h e  isotherms,  t h e  r e g i o n s  of r e l a t i v e  pressures corresponding 
t o  the p r imary  and secondary process o f  adso rp t i on :  t h e  amounts adsorbed a t  
r e l a t i v e  p ressu re  o f  0.01 were a t t r i b u t e d  t o  p r imary  adso rp t i on .  The volumes 
of s t i l l  na r rower  u l t r a m i c r o p o r e s ,  i n d i c a t e d  i n  t h e  h is tograms shown i n  
F igu re  4, were e s t i m a t e d  bas ing  b o t h  on benzene and carbon d i o x i d e  adso rp t i on  
isotherms,  eva lua ted  a c c o r d i n g  t o  t h e  DR equat ion.  
u l t r a m i c r o p o r e s  a c c e s s i b l e  o n l y  f o r  t h e  CO molecules,  were c a l c u l a t e d  as t h e  
d i f f e rence  between t h e  Wo va lues  f rom c a r b i n  d i o x i d e  and benzene adso rp t i on .  

I n  these c a l c u l a t i o n 3  t h e  d e n s i t y  o f  t h e  adsorbed carbon d i o x i d e  a t  25°C was 
taken  as 1.038 g.cm- Be fo re  t h e  c a l c u l a t i o n  o f  t h e  Wo values from 
t h e  benzene and carbon d i o x i d e  a d s o r p t i o n  isotherms t h e  exper imenta l  
isotherms ( F i g u r e  3 )  were c o r r e c t e d  f o r  a d s o r p t i o n  i n  t h e  mesopores, bas ing 

The p l o t s  i n  F i g u r e  2 i n d i c a t e  t h a t  no d e f i n i t e  i n f l u e n c e  o f  

Th is  seems t o  be i n  accord w i t h  t h e  r e s u l t s  
i n  t h e  steam 

Water vapor isotherms,  when 

The 

The volumes o f  

(11,13). 
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on r e s p e c t i v e  s tandard isotherms on non-porous carbonaceous m a t e r i a l s  
(Spheron 6 and Vulcan 3).  

Table 4 shows s u r f a c e  area va lues co r respond ing  t o  benzene, carbon d i o x i d e  
and wa te r  vapor adso rp t i on .  The c r o s s - f e c t i o n a l  afeas o f  t h e  mojecules of 
these adsorbates were taken  as 0.437511111 , 0.185 nv and 0.106 nm 
co r respond ing ly .  The va lues o f  S ,C H were c a l c u l a t e d  f rom t h e  benzene 
a d s o r p t i o n  isotherms were calcula!b& f p o h  t h e  benzene a d s o r p t i o n  i so the rms  
acco rd ing  t o  t h e  BET equat ion.  
t h e  va lues o f  S ,C H , r e s u l t i n g  f rom t h e  amounts o f  benzene adsorbed a t  
p o i n t  B o f  t h e  !so$h$rms, ?nd were found t o  be u s u a l l y  a l i t t l e  l ower :  t h e  
s lope  o f  t h e  l i n e a r  r e g r e s s i o n  p l o t  p resen ted  i n  F i g u r e  5 i s  0.89 ( r=0.996) .  

Con t ra ry  t o  t h i s ,  a v e r y  good acco rd  i s  observed between t h e  va lues o f  t h e  
sur face areas S 
v i c r o p o r e  volum8; W 8  C H c a l c u l a t e d  f rom c o r r e c t e d  ( f o r  mesoporos i t y )  
benzene isotherms,  wg!; egppissed i n  s u r f a c e  area u n i t s ,  and t o  t h e  o b t a i n e d  
r e s u l t s :  S ,DR,C H t h e  va lues of t h e  s u r f a c e  areas o f  mesopores ( S  ) 
were added!' The !?18'e o f  t h e  co r respond ing  r e g r e s s i o n  p l o t  was now v a g  
c l o s e  t o  u n i t y  (1.04!, w i t h  r a l s o  equal 0.996. 
case o f  benzene adso rp t i on ,  t h e  p o i n t  a , r e s u l t i n g  from a p p l i c a t i o n  o f  t h e  
BET equat ion,  corresponds m a i n l y  t o  themvolume f i l l i n g  o f  micropores 
( s t r o n g l y  enhanced h e a t  o f  a d s o r p t i o n ) ,  and i s  n o t  i d e n t i c a l  w i th  t h e  p o i n t  6 
of t h e  isotherm,  where t h e  amounts adsorbed m i g h t  correspond n o t  o n l y  t o  t h e  
v o l u m e t r i c a l l y  f i l l e d  micropores,  b u t  a l s o  t o  t h e  f o r m a t i o n  o f  a monolayer i n  
t h e  mesopores ( t h i s  sum would correspond t o  a l e s s  enhanced hea t  o f  
adso rp t i on ) .  

The su r face  areas S were c a l c u l a t e d  as S + s  Fo r  i n i t i a l  
brown c o a l s  these s@?ace areas exceed signh?t&n@ them&&pective va lues 
ob ta ined  on t h e  b a s i s  o f  benzene adso rp t i on ,  p o i n t i n g  t o  an i m p o r t a n t  
mo lecu la r  s i e v e  e f f e c t  i n  these  samples ( t h i s  can a l s o  be seen f rom Tab le  3). 
T h i s  e f f e c t  a l s o  s t r o n g l y  pronounced i n  t h e  non-ac t i va ted  chars, seems t o  be 
t o  some e x t e n t  s t i l l  p resen t  even a f t e r  t h e i r  g a s i f i c a t i o n  t o  50% b u r n - o f f .  

The va lues o f  s u r f a c e  areas co r respond ing  t o  a d s o r p t i o n  of water  vapor, were 
obta ined,  exp ress ing  i n  terms o f  s u r f a c e  areas t h e  amounts o f  water  adsorbed 
a t  p/po = 0.6 (14 ) .  
su r face  o f  t h e  i n v e s t i g a t e d  samples, t h e  r a t i o  S /S was c a l c u l a t e d ;  here 

and a d s o r p t i o n  da ta  were t a k e n  (as  a parame!@ ah?*to desc r ibed  t h e  
:@$l s u r f a c e  area a c c e s s i b l e  f o r  t h e  H 0 molecules) ,  because of t h e  
mentioned mo lecu la r  s i e v e  e f f e c t  f o r  t h g  benzene molecules.  

F o r  a c l e a r e r  demonstrat ion o f  t h e  i n f l u e n c e  of s u p e r c r i t i c a l  e x t r a c t i o n  o f  
brown coa ls  on t h e  parameters o f  t h e i r  c a p i l l a r y  s t r u c t u r e  formed d u r i n g  
c a r b o n i z a t i o n  and steam a c t i v a t i o n ,  i n  F igu res  6 and 7 t h e  r a t i o s  o f  va lues 
of chosen parameters f o r  cha rs  f r o m  t h e  e x t r a c t e d  and non-ex t rac ted  c o a l s  a r e  
presented. 

CONCLUSIONS 

The r e s u l t s  ob ta ined  d u r i n g  t h i s  research,  seem t o  f u r n i s h  some i n d i c a t i o n s  
concern ing t h e  k i n d  o f  m o d i f i c a t i o n s ,  caused by s u p e r c r i t i c a l  t o l u e n e  
e x t r a c t i o n  of  brown coa ls ,  i n  t h e  course o f  development o f  t h e i r  p o r o s i t y  

The ob ta ined  s u r f a c e  areas were compared w i t h  

C H6 and those  c a l c u l a t e d  as fo lows :  t h e  va lues o f  

It seems p o s s i b l e  t h a t  i n  

To g a i n  some i n d i c a t i o n  concern ing  t h e  p o l a r i t y  o f  t h e  
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d u r i n g  c a r b o n i z a t i o n  and steam g a s i f i c a t i o n .  

The porous system o f  i n i t i a l  brown c o a l s  i s  composed m a i n l y  o f  v e r y  f i n e ,  
benzene i n a c c e s s i b l e ,  u l  t ram ic ropores  ( V  
oxygen c o n t e n t  i n  these  c o a l s  (Table 1) v t l hEg?es  a s i g n i f i c a n t  c o n c e n t r a t i o n  
o f  oxygen f u n c t i o n a l  groups and e x p l a i n s  a h i g h  r a t i o  o f  SH20/Sco2 (Table 4 ) .  

I n  case o f  cha rs  co r respond ing  t o  HTT=900"C, as w e l l  as i n  these chars a f t e r  
t h e i r  steam g a s i f i c a t i o n  ( t o  b u r n - o f f  o f  50%), t h e  i n f l u e n c e  o f  c o a l  
e x t r a c t i o n  i s  v e r y  sma l l :  t h e  r a t i o s  of a l l  t h e  cons ide red  parameters 
(F igu res  6 b, c and 7 b, c )  a r e  v e r y  c l o s e  t o  u n i t y .  
HTT=900°C a v e r y  s i m i l a r  k i n d  o f  p o r o s i t y  i s  b e i n g  formed as t h e  r e s u l t  o f  
removal o f  t h e  mnre v o l a t i l e  p a r t s  o f  t h e  o r g a n i c  substance o f  coa ls ,  no 
m a t t e r  i f  t h i s  was caused s o l e l y  by t h e  process o f  p y r o l y s i s ,  o r  a l s o  by 
s u p e r c r i t i c a l  gas e x t r a c t i o n  ( F i g u r e  4 c, d ) .  

However a t  a l ower  HTT (410°C) as can be noted,  t h a t  t h e  s u p e r c r i t i c a l  gas 
e x t r a c t i o n  o f  t h e  c o a l s  causes a d i s t i n c t l y  g r e a t e r  development o f  t h e  
p o r o s i t y  than  t h a t  which takes  p l a c e  on c a r b o n i z a t i o n  o n l y  ( F i g u r e  4 b ) .  The 
e x t r a c t i o n  f a v o r i z e s  a l l  t h e  cons ide red  k inds  of benzene a c c e s s i b l e  p o r o s i t y ,  
and t h i s  t r e n d  i s  t h e  more pronounced, t h e  narrnwer  t h e  pores.  
r a t i o s  o f  po re  volumes i n  t h e  HTT 410°C chars  f rom e x t r a c t e d  and 
non-ext racted c o a l s  were ob ta ined  f o r  t h e  benzene a c c e s s i b l e  u l t r a m i c r o p o r e s  
( V  )BC a r e  be low u n i t y .  These ex t reme ly  smal l  u l t r a m i c r o p o r e s ,  which 
d e b ~ h ~ O $ t r o n g l y  o n  h e a t i n g  o f  t h e  non-ex t rac ted  c o a l s  t o  410°C, p a r t l y  
d isappear  (compared w i t h  r e s p e c t i v e  i n i t i a l  c o a l s ) ,  when t h e  process o f  
s u p e r c r i t i c a l  t o l u e n e  e x t r a c t i o n  i s  c a r r i e d  ou t .  It i s  p o s s i b l e  t h a t  these 
u l t ram ic ropores ,  p r e s e n t  i n  t h e  i n i t i a l  coals ,  m i g h t  p l a y  t h e  r o l e  o f  
cent res,  f a c i l i t a t i n g  t h e  e x t r a c t i o n  process, i n  which benzene a c c e s s i b l e  
u l t r a -  and supermicropores a r e  formed, a t  t h e  expense o f  t h e  p r e - e x i s t i n g ,  
o n l y  C02 access ib le ,  u l t r a m i c r o p o r e s .  

Th is  would perhaps also p o i n t  t o  a s p e c i a l  s i g n i f i c a n c e  o f  t h e  CO su r face  
area:  a parameter a b l e  t o  d e t e c t  i n  a carbonaceous m a t e r i a l  t h e  p6esence o f  a 
v e r y  f i n e  porous system ( i n a c c e s s i b l e  f o r  o t h e r  adsorbates) ,  t h e  e x i s t e n c e  o f  

thermochemical processes. 
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Tab le  1. The C h a r a c t e r i s t i c s  o f  P o l i s h  brown c o a l s  

Symbol o f  brown c o a l :  L B  R S T 
Groups o f  macera ls  ( v o l .  %, m i n e r a l  m a t t e r  f r e e ) :  
- h u m o t e l i n i t e  3.0 12.6 12.7 20.6 30.4 
- humodetri  n i  t e  
- humocol 1 i n i  t e  
- l i p t i n i t e  - i n e r t i n i t e  

88.4 74.5 71.8 60.2 47.4 
1.5 1.4 6.5 16.9 10.5 
5.7 10.6 5.8 1.0 10.9 
1.4 0.9 3.2 1.3 0.8 

Group components o f  t h e  o r g a n i c  substance (%, d a f ) :  - bitumens 2.5 3.4 5.9 2.3 3.4 
- humic a c i d s  ( f r e e )  55.9 22.3 65.1 18.8 14.7 
- humic a c i d s  ( t o t a l )  
- res idue  

66.5 33.4 81.1 25.4 16.9 
31.0 63.2 13.0 72.3 79.7 

Y i e l d  o f  t o l u e n e  e x t r a c t  (%, d a f ) :  23.9 27.3 42.9 34.4 36.4 

Proximate a n a l y s i s :  - t o t a l  m o i s t u r e  (%, r a f )  60.3 59.3 55.0 53.5 52.0 - ash (%, d r y )  6.6 5.9 12.4 7.3 7.0 
- v o l a t i l e  m a t t e r  (%,daf)  55.0 56.1 62.1 55.2 58.1 

U l t i m a t e  a n a l y s i s  (%, d a f ) :  - carbon 65.8 65.7 66.9 67.5 69.5 
- hydrogen 5.7 6.1 5.9 5.2 5.8 
- n i t r o g e n  0.7 0.8 0.5 0.7 0.8 
- (0 + S )  b y  d i f f .  27.8 27.4 26.7 26.6 23.9 

T o t a l  s u l f u r  ( X ,  d r y ) :  0.7 0.6 7.2 2.0 2.1 

Table 2. Proximate and u l t i m a t e  analyses o f  cha rs  f rom i n i t a l  and t o l u e n e  

Symbol Chars from: 
o f  
i n i t i a l  brown c o a l s  e x t r a c t  res idues  
brown coa l  ,,,a Ad VMdaf Cda f  Hdaf  Wa Ad ",,,daf Cda f  ,,daf 

e x t r a c t e d  brown c o a l s  (%) 

HTT=41O0C 

L 1.5 7.5 37.1 70.5 4.5 3.2 9.0 30.3 76.7 4.0 
B 2.6 7.0 37.2 71.5 4.6 1.5 8.4 28.4 75.7 4.3 
R 1.8 16.7 31.9 79.0 4.5 2.3 19.8 33.8 79.3 4.3 
S 1.7 8.6 32.1 75.1 4.3 2.0 9.7 30.5 77.4 4.1 
T 2.6 8.1 34.5 74.2 4.7 1.7 10.4 24.5 78.9 4.1 

HTT=900"C 

L 1.6 10.5 5.7 89.7 1.2 1.8 12.7 6.2 90.0 1.4 
B 1.8 10.0 5.7 92.5 1.1 1.3 11.2 6.1 93.8 0.9 
R 3.0 20.6 4.2 97.5 1.0 2.8 25.0 5.5 98.8 1.1 
S 1.9 12.6 4.7 92.6 1.3 1.4 13.9 4.1 94.1 1.2 
T 2.4 11.7 4.9 93.4 0.9 1.9 13.6 5.1 93.2 1.1 
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I 3 1  Table 3. Parameters Wo (cm .g- ) and B o f  t h e  
carbon d i o x i d e  adsorp t ion  a t  25°C I DR equat ion for benzene and 

Adsorbate 
Symbol 

i n i t i a l  
brown Wo Bx106 Wo f3Bx106 Wo Bx106 Wo BBx106 
coal  Brown coa ls  E x t r a c t  residues 

o f  C,H, co, C,H, co, 
V "  v u  1 

L 0.006 4.05 0.086 3.59 
B 0.004 4.22 0.068 3.66 
R 0.006 6.50 0.066 3.01 
S 0.002 4.14 0.077 3.46 
T 0.003 5.57 0.061 3.46 

HTT=41O0 C 
L 0.021 4.39 0.128 3.97 0.081 1.35 0.144 3.38 
B 0.017 3.12 0.115 3.63 9.089 2.53 0.176 3.70 
R 0.017 3.49 0.111 3.80 0.076 1.60 0.149 3.59 
S 0.016 4.22 0.122 3.54 0.100 2.11 0.152 3.50 
T o .o i7  2.95 0.093 3.54 0.104 2.49 0.140 3.59 

L 
B 
R 
S 
T 

HTT=90O0C 
0.085 0.93 0.163 2.15 0.072 1.18 0.156 2.33 
0.081 1.10 0.177 2.53 0.076 1.35 0,167 2.58 
0.035 2.20 0.212 2.70 0.053 2.11 0.192 2.66 
0.042 2.91 0.200 2.62 0.044 2.45 0.187 2.66 
0.040 3.29 0.194 2.49 0.058 2.95 0.194 2.58 

Chars HTT=900"C steam a c t i v a t e d  a t  800°C (80=50%) 
0.096 1.31 0.102 2.70 0.085 1.31 0.095 2.87 
0.064 1.27 0.095 2.79 0.070 1.10 0.095 2.70 
Oi l45  0.50 0.173 3.14 0.143 0.56 0.169 3.19 
0.104 1.98 0.166 3.06 0.097 2.29 0.128 2.95 
0.174 2.07 0.207 3.26 0.166 2.01 0.189 3.17 
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2 1  Table 4 Surface areas (m .a- ) based on benzene, carbon d i o x i d e  and water 
vapor adsorp t ion  a t  25°C 

Symbol 0.6 0.6 
of 0.6 'H20 O e 6  :H20 

brown 
coal  Brown coa ls  E x t r a c t  residues 

i n i t i a l  SBET 'C02 'H20 scoz S~~~ sco2 s ~ 2 ~  coz 

L 24 2.13 
B 21 2.56 
R 26 174 422 2.43 
S 21 202 436 2.15 
T 29 160 333 2.08 

L 63 336 371 1.10 292 378 445 1.17 
B 55 302 362 1.20 274 462 416 0.90 
R 74 292 316 1.08 224 392 430 1.10 
S 47 . 321 34R 1.08 256 400 421 1.05 
T 55 244 273 1.12 266 368 505 1.37 

L 216 428 385 0.90 211 410 357 0.87 
B 211 465 389 0.84 192 439 338 0.77 

HTT= 4 10" C 

HTT=900"C 

R 108 557 479 0.86 161 505 466 0.92 
S 108 526 396 0.75 132 492 380 0.77 
T 84 510 419 0.82 148 510 413 0.81 

L 458 500 158 0.32 424 4 52 139 0.31 
B 390 455 135 0.30 387 453 131 0.29 
R 482 577 405 0.70 501 584 311 0.53 
S 477 669 237 0.35 432 554 198 0.36 
T 5 16 661 351 0.53 469 613 334 0.54 

Chars HTT=90O0C steam a c t i v a t e d  a t  800"C(BO=50%) 
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Figure 3 Isotherms (25'C) o f  C6H6 ad- and desorption, COz adsorption and 

HzO adsorption. --- sample from brown coal L ;  - s a m p l e  f r o m  
extract residue. 
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Figure l, Influence of toluene extraction of brown coals on the pore s ize  

dislri bution in chars obtained on carbonization and steam activation. 
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Figure 6 lnfuence of toluene extraction of brown coals on the development 

of pore volume during carbonization and steam activation. 
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Figure 7 Inf luence of toluene e x t r a c t i o n  of brown coals on the  deve- 

lopment of sur face  a r e a  and sur face  polarity during carboniza -  

tion and steam a c t i v a t i o n .  
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