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In troduct ion  

Activated carbon f ibe r (ACF)  is a ~ox'c] and- 
fibrous adsorbent  which is developed by car- 
bonization and activation of organic fibers. Its u- 
nique proper t ies  are at tracting a t tent ion in ft~p.- 
damenta l  research and in the devel0plalent of ap- 
p l i ca t ions~ l ] .  Typica l ly - ,ACFis  a kind o f ln i c ro -  
porous carbonous  adsorbent  and its adsorp t ion  
propert ies  are associated with their porous s t ruc-  

ture and surface s t ruc tura l  character is t ics .  Con- 
taining ni t rogen in the s t ructure  of polyacry'loni- 
t r i l e ( P A N )  based A C F s . t h i s  introduces an in- 
teres t ing function as the adsorbent  and catalyst  
~ 2 ]  In the prescl~t work ,PAN - b a s e d  ACFs  are 
prepared and the results  of porous s t r uc tu r e  pa- 
ra~neters are invest igated.  

Exper i lnenta l  

P A N -  based ACFs were prepared ira our 
l abora to ry  by cont inuous vertical synch ron i sm 
carbonizat ion and activation apparatus  in s t e a m ,  
carbon dioxide and N2 gas a tmosphere .  Different  
specific surface area samples were prepared  by 

control l ing the rate of activation. 
A Micromeri t ics  ASAP 2000 accelerated 

surface area a n d  poros imetery  (Mic romer i t i c s  
Ins. Corp.  U . S . A )  was used to measure  ni t ro-  
gen adsorp t ion  isotherms at 77.4K in the range  
of relative pressure  from 10 .6 t o  1, 

R e s u l t s  and Di scus s ion  

"As i l lus t ra ted  by' Fig. 1 , the  N2 adsorpt ion  
i so therms are of type I except for sample A.,. 
This  indicated that  ACFs arc essential ly microp- 
orous adsorben t .  The  exception of sample  A~ 
sugges ts  that  there  arc soJ.nc mcso --and macrop-  
ores in its s t ruc tu re .  The  volume filling of 
macropores  by the mechanism of capillary con- 
densat ion of vapor t a k e s  place at relative pres- 
sure close to unity.  
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Fig. I. N2 adsorption isotherms for the PA~N- based ACFs 

T h e  porous s t ruc tu re  parameters  derived 
from N2 adsorp t ion  i so therms  analysis are listed 
in table 1. 

T h e  micropore  volume and average p o r e -  
width  of P A N -  based ACF both increase with 
the rate  of ac t i va t ion , a s  expected.  

T a b l e  1 

Sam ple 

a l  

A 2  • 

A 3  

A4 

P o r o u s  s t u c t u r e  p a r a m e t e r s  of  P A N -  b a s e d  A C F s  

SSA (m 2/g ) V 0.9s 

BET Langmuir  (ml )  ( n m )  

576 731 0. 27 1 .90  561 

673 847 O. 32 1.89 629 

738 891 0. 36 1.9,1 651 

12'-11 --  1. 10 3. 57 998 

Dubinin  - A s t a k  hey Horvath  - Kawazoc  

Smi(m2/g)  V m i ( m l / g )  n V m i ( m l / g )  M P D ( n m )  

9 . 9 9 8  

9. 9998 

6. 115,1 

2. 7819 

0 .22  

0 .25  

0 .26  

0 .45  

O. 250 

O. 297 

O. 294 

O. 480 

0.51 

0 .53  

0.61 

0 .73  

SSA:spcc i f i c  surface area;V0.,js:The total pore volume est imated at relat ive pressure 0. 95;  

D:  according to cylindrical pore model , D :  4V0. 9s/SalT ; Smi :micropore surface area ; 
V,,~ : volume of micropore ; n : exponenl of Dubinin - A s t a k h o v  (0"---,9. 9999)  ; M P D  : median pore diameter 
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T h e  u l t r amic ropore  less than  1 nm are pre-  
sent which lead to se lect iv i ty  of adsorpt ion  
(molecule  sieve e f fec t ) .  

The  pore size d is t r ibut ions  obtained by 
means of the regular iza t ion  method  according to 
Densi ty  Func t iona l  T h e o r y  ( D F T )  [-3, '17 suppor t  
these findings ,as can be seen in Fig. 2. The  sam-  
ple A,  possesses  a quite amount  of micropore ,  
with smal l  f ract ions of mesopores  almost not 
macropores .  T h e  micropore  size dis tr ibut ions are 
of bimodcl.  The  sample  A4 is m e s o p o r o u s , w i t h  
the same bimodel  micropore  as the sample A2 and 
small  fraction of macropores .  The  average micro- 
pore d iamete r  is observed to increase with in- 
creasing surface  area , p o r e  size distr ibution be- 
comes broader  with increasing surface area sug-  
gest ing the pore widening and pore generated oc- 
cur coopera~,ively or that pores are generated over 
a broad act ivat ion range and the pore widening 
for some pores at the expense  of smaller  pores 
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P o r e  s i ze  d i s t r i b u t i o n s  of P A N -  based ACFs 

The  physical  adsorp t ion  of vapor in microp-  
ore is descr ibed by the theory  of micropore vol- 
ume filling. T h e  D u b i n i n -  Radushkevich  equa- 
tion is the principle formula  of the theory :  

A A 
W = W 0 e x p [ - - ( ~ 0 0  )~-] W0exp[- - (~- )  2] 

• Where  W is c u r r e n t  and W0 the l imited ad- 
sorpt ion a m o u n t  ( m l / g ) .  A is adsorpt ion poten-  
tial A = R T L n ( P 0 / P ) .  E0 and E are the charac te r -  
istic adsorp t ion  energies  for a s tandard  vapor 
(usua l ly  Benzene)  and adsorp t ion  vapor ,  respec-  
tively. ~ is the aff ini ty  coefficient.  

The  charac te r i s t i c  adsorp t ion  energy E for 
N_, at 7 7 . 4 K  w a s  de temained  according to D - R 
t r ans fo rmed  i so the rm plots in which two linear 
section are appa ren t  ,as shown in Fig. 3 , t hus  two 
charac ter i s t ic  adsorp t ion  energies  are obta ined.  

T a k i n g  the aff ini ty coefficient of N2 as 0. 3 3 , t h e  
pore h a l f -  width  x of s l i t -  like micropore  is cal- 
cula ted by using Dubinin  method  : x = K / E 0 - - [ ~ K /  
E. K cons tan t  equals 12. 0 KJ  • n m / m o l [ 6 ] .  Re- 
sui ts  of D -  R corre la t ion  are listed in table 2. 
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D u b i n i n -  Radushkevieh plots  for the adsorption N2 
a t  77. 4K by P A N -  based ACFs 

T a b l e  2. C h a r a c t e r i s t i c s  of p o r o u s  s t r u c t u r e  of 

P A N  - b a s e d  A C F s  b y  D u b i n i n  - R a d u s h k e v i c h  p l o t s  

E1 X1 E2 X2 
Sample (KJ /mol )"  ( n m )  rl ( K J / m o l )  (nm) re 

A1 7. 40 0. 535 0. 996 2 .37 1. 687 0. 991 

A2 5. 20 0. 762 0. 991 2. 63 1. 505 0. 988 

r is the  l inear  c o r r e l a t i o n  c o e f f i c i e n t .  

T h e  average  pore h a l f -  width derived from 

the charac te r i s t i c  adsorp t ion  energies of N2 
i so the rms  are in a g r e e m e n t  with the values from 

H o r v a t h -  Kawazoe  equat ion and DFT method.  

C o n c l u s i o n s  

P A N -  based ACFs  are of bimodel  microp- 

ores which are divided into ~ l n m  and %0 .  8nm 

( u l t r a m i c r o p o r e )  two sec t ions ,  later occurs 

molecule  sieve effect to lead to select ivi ty of ad- 

sorp t ion .  T h e  pore size increases and pore size 

d is t r ibu t ions  become  broader  with increasing of 

specific sur face  area.  T h e  analysis  resul ts  by 

means  of different  me thods  have a good consis-  

tence with each o ther .  
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