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RESULTS AND DISCUSSION

4.1 Effect of ozone treatment on activated carbon surface

D e p e n d in g  o n  th e  n a tu r e  o f  a c t iv a t e d  c a r b o n  w h e n  im m e r s e  w it h  w a te r , t w o  

t y p e  o f  a c t iv a t e d  c a r b o n  c a n  b e  r e s u lt e d , H - ty p e  a n d  L - ty p e  ( M a t t s o n  a n d  M a rk ,  
1 9 7 1 ,  H a s s le r ,  1 9 7 4 ,  C o r a p c io g lu  a n d  H u a n g , 1 9 8 7 ,  a n d  B a n s a l  et ai, 1 9 9 0 ) .

T h e  L - ty p e  a c t iv a t e d  c a r b o n  r e s u lt s  fr o m  a c t iv a t io n  th e  c a r b o n s  at l o w  

te m p e r a tu r e s  in  a ir . T h e  L - ty p e  b e h a v io r  is  e x p e c t e d  to  i n t e n s i f y  a fte r  lo n g  e x p o s u r e  

to  th e  a t m o s p h e r e  e v e n  at a m b ie n t  te m p e r a tu r e s . T h e s e  c a r b o n s  a re  h y d r o p h il i c  a n d  

ta k e  u p  a n e g a t iv e  c h a r g e  (O H " io n )  w h e n  im m e r s e  w it h  w a te r  th u s  m a k in g  w a te r  

a c id . O n  th e  o th e r  h a n d s  H - ty p e  c a r b o n s  a re  h y d r o p h o b ic  a n d  ta k e  p o s i t i v e  c h a r g e  

w h e n  im m e r s e  w ith  w a te r .

ozone  tre a tm e n t t im e  (m in )

Figure 4.1 R e la t io n  b e t w e e n  p H  o f  a c t iv a t e d  c a r b o n  in  w a te r  a n d  o z o n e  tr e a tm e n t  

t im e  (m in ) .

F ig u r e  4 .1  I llu s tr a te s  s u m m a r ie s  r e la t io n  b e t w e e n  p H  o f  a c t iv a t e d  c a r b o n  in  

w a te r  a n d  o z o n e  tr e a tm e n t  t im e  ( m in ) .  It r e p r e s e n te d  th a t a ll tr e a te d  a c t iv a t e d  c a r b o n s
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c a u s e  lo w e r  w a te r  p H  w h e n  im m e r s e d .  O H ' n e g a t iv e  c h a r g e  is  a b s o r b e d  b y  t h o s e  

tr e a te d  c a r b o n s  a n d  t h e s e  lo w e r  th e  p H  o f  w a te r . T h is  s u g g e s t s  th a t o x id iz e d  

a c t iv a t e d  c a r b o n s  in  th is  s tu d y  a re  L - ty p e  a c t iv a t e d  c a r b o n . T h is  t y p e  o f  a c t iv a t e d  

c a r b o n  c a n  r e s u lt  h a v e  s u r f a c e  f u n c t io n  g r o u p s  w h ic h  a re  c a r b o x y l ,  c a r b o n y l,  
c a r b o x y l ic  a c id ,  a n h y d r id e , la c t o n e ,  c y c l i c  p e r o x id e  g r o u p s  ( C o r a p c io g lu  a n d  H u a n g ,  
1 9 8 7 ) .

F u r th e r m o r e , F ig u r e  4 .1  a ls o  s h o w s  v a r ia t io n  in  p H  w it h  a n  in c r e a s e  in  

o z o n e  tr e a tm e n t  t im e . In th e  f ir s t  2 0  m in , th e  p H  w ith  an  in it ia l  v a lu e  o f  8 .4  r a p id ly  

d e c r e a s e s  to  6 , a n d  s l o w l y  d e c r e a s e s  to  2 .5  at 2 4 0  m in  o f  o z o n a t io n .  T h e s e  r e s u lt s  

in d ic a t e  th a t fu n c t io n a l  g r o u p s  o n  a c t iv a t e d  c a r b o n  a b s o r b  O H ' n e g a t iv e  c h a r g e  o n  its  

s u r f a c e  a n d  la te r  l e a v e  p o s i t i v e  c h a r g e  in  w a te r . M o r e  a c id i t y  p r o m in e n t ly  a p p e a r s  o n  

a c t iv a t e d  c a r b o n  w it h  h ig h e r  o z o n e  tr e a tm e n t  t im e s  w h ic h  a ls o  m e a n  th a t m o r e  

f u n c t io n a l  g r o u p s  w e r e  c r e a te d  at th e  s u r f a c e  o f  c a r b o n  a s  th e  t im e  o f  o z o n a t io n  

l e n g t h e n s .  T h e  n e g a t iv e  s p e c i e s  is  c o n f ir m e d  th r o u g h  F T IR  r e s u lt  in  th e  n e x t  s e c t io n .

4.2 Characterization of adsorbents

4 .2 .1  F T IR  s p e c t r o s c o p y
F T IR  s p e c t r o s c o p y  is  u t i l i z e d  to  in v e s t ig a t e  th e  f u n c t io n a l  g r o u p  o n  

th e  s u r f a c e  o f  a c t iv a t e d  c a r b o n .
F ig u r e  4 .2  s h o w s  th e  r e s u lt  fr o m  F T IR  o f  n o n - tr e a te d  a n d  tr e a te d

a c t iv a t e d  c a r b o n s
F T -I R  r e s u lt s  s u g g e s t  th e  fu n c t io n a l  g r o u p s  o n  a c t iv a t e d  c a r b o n s .  T h e  s ig n a l  

a re  a s  f o l lo w i n g ,  fo r  c a r b o x y l ic  O H  s t r e tc h in g  3 4 0 0 - 2 4 0 0  c m 1, c = 0  s t r e tc h in g  

1 7 1 0 - 1 6 8 0  c m ’ 1, c = c  a r o m a t ic  1 7 0 0 - 1 5 0 0  c m ' 1, a n h y d r id e  c = 0  s t r e t c h in g  a r o u n d  

1 8 2 0  a n d  1 7 6 0  c m ’ 1, c  = c  s t r e tc h in g  at 2 2 6 0  c m 1. T h e  s p e c tr a  o f  o z o n i z e d  s a m p le s  

c a n  b e  a n a ly z e d  in  te r m s  o f  fu n c t io n a l  g r o u p s  a s  in d ic a te d  a b o v e .  T h e  s p e c tr a  

s u g g e s t  th a t th e  o z o n a t io n  in tr o d u c e s  fu n c t io n a l  g r o u p s  o n  th e  s u r f a c e  a rea  o f  c a r b o n  

s u c h  a s  c a r b o x y l ic  a n d  a n h y d r id e  g r o u p . T h is  F T -I R  r e s u lt s  a ls o  c o n f ir m  th a t  

a c t iv a t e d  c a r b o n s  a re  th e  L - ty p e  a c t iv a t e d  c a r b o n  w it h  th e  c a r b o x y l ic  a c id ,  a n h y d r id e  

f u n c t io n a l  g r o u p s  ( C o r a p c io g lu  a n d  H u a n g , 1 9 8 7 ) .  T h e s e  f u n c t io n a l  g r o u p s  a re
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c le a r ly  a p p e a r e d  a s  th e  t im e  o f  o z o n a t io n  le n g t h e n s  c o r r e s p o n d in g  to  r e s u lt  in  

p r e v io u s  s e c t io n .

Figure 4.2 F T I R  r e s u lt s  o f  n o n - tr e a te d  a n d  tr e a te d  a c t iv a t e d  c a r b o n s .

B E T  s u r f a c e  a rea  a n a ly s is

T h e  B E T  s u r f a c e  a rea  ( S b e t ), m ic r o p o r e  v o lu m e  ( V d r , u s in g  

D U B I N I N - R A D U S H K .E V I C H  o r  D R  m e t h o d ) ,  to ta l  p o r e  v o lu m e ,  a n d  a v e r a g e  p o r e  

d ia m e te r  w e r e  o b ta in e d  b y  B E T  s u r f a c e  a n a ly z e r . T h e  r e s u lt s  a re  s h o w n  in  T a b le  4 .1 .
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Table 4.1 P h y s ic a l  B E T  s u r f a c e  p r o p e r t ie s  o f  s tu d ie d  a c t iv a t e d  c a r b o n s

T im e  o f  
o z o n e  

tr e a tm e n t  
(m in )

B E T
s u r f a c e  a rea  

( m 2/ g )
V dr

( c c /g )
T o ta l  p o r e  v o lu m e  

( c c / g )
A v e r a g e  p o r e  

d ia m e te r
( A )

0 8 3 8 0 .4 8 2 0 .5 7 1 4 .4
5 1 0 4 2 0 .5 9 7 0 .7 2 1 4 .6

10 1 0 7 6 0 .6 1 7 0 .7 5 1 4 .8
15 1 0 8 0 0 .6 2 0 0 .7 5 1 4 .8
2 0 1102 0 .6 3  1 0 .7 7 1 4 .8
2 5 1 1 3 0 0 .6 4 0 0 .7 7 1 4 .8
3 0 1 1 1 4 0 .6 4 0 0 .7 7 1 4 .8
3 5 9 8 8 0 .5 6 2 0 .6 8 1 4 .8
4 0 9 6 5 0 .5 5 6 0 .6 4 1 4 .8
4 5 9 5 9 0 .5 5 2 0 .6 3 1 4 .8
6 0 7 3 7 0 .4 2 4 0 .5 1 1 5 .0
120 6 9 0 0 .3 9 9 0 .4 9 1 5 .2
2 4 0 6 6 0 0 .3 5 9 0 .4 8 1 5 .8

F ig u r e s  4 .3  s h o w  th a t o z o n e  tr e a tm e n t  a f f e c t s  th e  p h y s ic a l  p r o p e r t ie s  

o f  a c t iv a t e d  c a r b o n . T h e  B E T  s u r f a c e  a rea  m ic r o p o r e  v o lu m e  to ta l  p o r e  v o lu m e  a n d  

th e  a v e r a g e  p o r e  d ia m e te r  a re  c h a n g e d  w it h  th e  o z o n e  tr e a tm e n t  t im e .
T h e  u n tr e a te d  a c t iv a t e d  c a r b o n  h a s  s u r f a c e  a rea  8 3 8  m 2 p e r  g r a m .  

A f te r  tr e a t in g  w it h  o z o n e  fo r  5 m in  s u r fa c e  a rea  is  in c r e a s e d  to  1 0 4 2  m 2 p e r  g r a m  a n d  

c o n t in u a l ly  in c r e a s e s  w it h  o z o n e  tr e a tm e n t  t im e ,  a n d  r e a c h  th e  h ig h e s t  v a lu e  1 1 3 0  n r  

p e r  g r a m  o f  a c t iv a t e d  c a r b o n  at 2 5  m in  o f  o z o n e  tr e a tm e n t . T h e  in c r e a s in g  o f  s u r f a c e  

a rea  is  a f f e c t e d  b y  th e  r e a c t io n  b e t w e e n  o z o n e  a n d  a c t iv a t e d  c a r b o n  s u r fa c e .
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ozone trea tm en t tim e (m in)

Figure 4 .3  B E T  s u r f a c e  a rea  (ท ใ2/ g )  o f  a c t iv a t e d  c a r b o n  a s  a  f u n c t io n  o f  o z o n e  

tr e a tm e n t  t im e .

O x y g e n  c o m p l e x e s ,  fo r m e d  b y  th e  r e a c t io n , la te r  p r im a r i ly  d e s o r b  a s  

C O 2 a n d  C O  ( K in g s ly  a n d  D a v id s o n ,  2 0 0 6 ) .  T h e  d e s o r b e d  C O 2 p o s s i b l y  c o m e s  fr o m  

th e  d e c o m p o s i t i o n  o f  c a r b o x y l ic  a n d  C O  is  p o s s i b l y  fr o m  th e  d e c o m p o s i t i o n  o f  

c a r b o n y l,  a n h y d r id e  g r o u p s  c o r r e s p o n d in g  to  fu n c t io n a l  g r o u p  th a t fo u n d  in  L - ty p e  

a c t iv a t e d  c a r b o n . T h e s e  g a s e s  la te r  l e a v e  th e  s u r f a c e  a n d  fo r m  n e w  m ic r o p o r e s  w h ic h  

g e n e r a l ly  in c r e a s e d  th e  s p e c i f i c  s u r f a c e  a rea . M o r e o v e r ,  tr e a te d  a c t iv a t e d  c a r b o n  w it h  

o z o n e  g a s  i s  an  e x o t h e r m ic  p r o c e s s ,  th e r e fo r e  th e  r e a c t io n  t e m p e r a tu r e  is  in c r e a s e d  

a n d  th e  o z o n e  r e a c t io n  r a te  is  a c c e le r a te d  s im i la r  to  a c t iv a t io n  b y  C O 2 fo r  a c t iv a t e d  

c a r b o n  a fte r  c a r b o n iz a t io n  p r o c e s s e s .  ( Y o u  et al., 1 9 9 4 ) .  A f t e r  2 5  to  2 4 0  m in  o f  

o z o n e  tr e a tm e n t  t im e  s u r f a c e  a rea  o f  a c t iv a t e d  c a r b o n  d e c r e a s e s  fr o m  1 ,1 3 0  to  6 6 0  

m 2 p e r  g r a m . T h e  f o r m a t io n  o f  o x y g e n  f u n c t io n a l  g r o u p s  in c r e a s e s  a s  th e  t im e  o f  

e x p o s u r e  le n g t h e n s .  T h e s e  m a y  o b s tr u c t  g a s  to  a c c e s s  p o r e s  at th e  e n tr a n c e  o f  th e  

m ic r o p o r e  ( V a l d e ' s  et al., 2 0 0 2 ) .  W ith  t h e s e  p h e n o m e n a ,  s p e c i f i c  s u r f a c e  a rea  

s l i g h t ly  d e c r e a s e s .
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ozone trea tm en t tim e (m in)

Figure 4.4 P o r e  v o lu m e  ( c c / g )  o f  a c t iv a t e d  c a r b o n  a s  a  f u n c t io n  o f  o z o n e  tr e a tm e n t  

t im e .

0.7

cn 0 .6

ozone trea tm en t tim e  (min)

Figure 4.5 M ic r o p o r e  v o lu m e  ( c c / g )  o f  a c t iv a t e d  c a r b o n  a s  a  f u n c t io n  o f  o z o n e  

tr e a tm e n t  t im e .

F r o m  F ig u r e s  4 .4 - 4 .5 ,  th e  p o r e  v o lu m e  a n d  m ic r o p o r e  v o lu m e  h a v e  

s im i la r  b e h a v io r  c o r r e s p o n d in g  to  s p e c i f i c  s u r f a c e  a rea . N o n  tr e a te d  a c t iv a t e d  c a r b o n
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h a s  to ta l  p o r e  v o lu m e  a n d  m ic r o p o r e  v o lu m e  0 .5 7  a n d  0 .4 8  c c / g ,  r e s p e c t iv e ly .  A f t e r  

tr e a t in g  w it h  o z o n e  fo r  5 m in ,  to ta l  p o r e  v o lu m e  a n d  m ic r o p o r e  v o lu m e  in c r e a s e  to  

0 .7 2  a n d  0 .6  c c / g  a n d  c o n t in u a l ly  in c r e a s e ,  w it h  th e  in c r e a s e  o f  o z o n e  tr e a tm e n t  

t im e  a n d  r e a c h  th e  h ig h e s t  v a lu e  0 .7 7  a n d  0 .6 4  c c / g  o f  a c t iv a t e d  c a r b o n  at 2 5  m in  o f  

o z o n e  tr e a tm e n t  t im e . T h e  in c r e a s in g  o f  to ta l  p o r e  v o lu m e  a n d  m ic r o p o r e  v o lu m e  a re  

a f f e c t e d  b y  th e  r e a c t io n  b e t w e e n  o z o n e  a n d  a c t iv a t e d  c a r b o n  s u r f a c e .  T h is  r e s u lt  

in s i s t s  th a t th e  c h e m is o r p t io n  o f  o z o n e  o n  a c t iv a t e d  c a r b o n  c a n  d e v e lo p  p o r o s i t y  b y  

s l i g h t ly  c r e a t in g  n e w  m ic r o p o r e  w h i l e  c a r b o n  g a s  c o m p o u n d s  a re  l e a v i n g  th e  s u r fa c e .  
T h u s , th is  r e a c t io n  g e n e r a l ly  in c r e a s e s  s p e c i f i c  s u r f a c e  a rea . A f t e r  2 5  m in ,  to ta l  p o r e  

v o lu m e  a n d  m ic r o  p o r e  v o lu m e  s l ig h t ly  d e c r e a s e  w ith  in c r e a s in g  o f  o z o n e  tr e a tm e n t  

t im e . A c c o r d in g  to  th e  F T IR  r e s u lt ,  a s  th e  t im e  o f  e x p o s u r e  le n g t h e n s ,  th e r e  a ls o  

g e n e r a te  o x y g e n  c o n t a in in g  f u n c t io n a l  g r o u p s  o n t o  c a r b o n  s u r fa c e .  T h is  f u n c t io n a l  

g r o u p  m a y  b lo c k  s o m e  p o r e s .  It c a n  b e  s e e n  th at o z o n e  tr e a tm e n t  c a u s e  p o r e  b l o c k in g  

o r  p o r e  e t c h in g  p h e n o m e n a  b e c a u s e  o f  in c r e a s in g  fu n c t io n a l  g r o u p s  o n  a c t iv a t e d  

c a r b o n  s u r f a c e s  (P a r k  a n d  J in , 2 0 0 5 ) .  R e s u l t in g  in  a  s l ig h t ly  r e d u c t io n  o f  m ic r o p o r e  

a n d  p o r e  v o lu m e  in c lu d in g  s p e c i f i c  s u r f a c e  area .

<  1 6 0

0 5 10 15 20 25 30 35 40 45 60 120 240

ozone trea tm en t tim e  (m in)

Figure 4.6 A v e r a g e  p o r e  s i z e  d ia m e te r  (Â ) o f  a c t iv a t e d  c a r b o n  a s  a  f u n c t io n  o f

o z o n e  tr e a tm e n t  t im e .
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F ig u r e  4 .6  s h o w s  a v e r a g e  p o r e  s i z e  d ia m e t e r  a s  a  f u n c t io n  o f  o z o n e  

tr e a tm e n t  t im e . T h e r e  is  n o  s ig n i f ic a n t ly  d if f e r e n t  in  a v e r a g e  p o r e  d ia m e te r .  T h is  is  

p o s s i b l y  e x p la in e d  b y  th e  c o u n te r  b a la n c e  o f  t w o  e f f e c t s ,  th e  n e w  fo r m a t io n  o f  

m ic r o p o r e  a n d  th e  w i d e n in g  o f  th e  e x i s t in g  p o r e .

4.3 Methane Adsorption by Ozone Treated Activated Carbons

F ig u r e s  4 . 7 - 4 .1 0  a re  th e  r e la t io n  b e t w e e n  th e  a m o u n t  o f  m e t h a n e  a d s o r p t io n  

at 9 0 0  p s ia  at 35°c a s  a  f u n c t io n  o f  B E T  s u r f a c e  a rea , m ic r o p o r e  v o lu m e ,  to ta l  p o r e  

v o lu m e ,  a n d  p o r e  s i z e  d ia m e te r ,  r e s p e c t iv e ly .

methane พ / BET surface area (m7g)
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♦ 30 minX 35 min
1 40 minA 45 minB 60 minc 120 minD 240 min

600 700 800 900 1000 1100 1200 1300 1400
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Figure 4.7 M e th a n e  a d s o r p t io n  ( m m o l /g )  at 900 p s ia  a n d  35 °c a s  a  f u n c t io n  o f  

B E T  s u r f a c e  a r e a  ( i r f / g ) .

F ig u r e  4 .7  s u g g e s t s  th a t B E T  s u r f a c e  a rea  d ir e c t ly  a f f e c t s  th e  a m o u n t  o f  

m e t h a n e  a d s o r p t io n . It c a n  b e  o b s e r v e d  th a t th e  a c t iv a t e d  c a r b o n s  w i t h  h ig h  s u r f a c e
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a rea  a ls o  h a v e  h ig h  m e t h a n e  a d s o r p t io n , a c t iv a t e d  c a r b o n  w i t h  2 5  m in  o z o n e  

tr e a tm e n t  t im e  w i t h  th e  h ig h e s t  s u r f a c e  a rea  ( 1 1 3 0  m 2/ g )  h a s  th e  h ig h e s t  m e th a n e  

a d s o r p t io n . F o l l o w in g  b y  o th e r s  w h ic h  h a v e  l e s s  B E T  s u r f a c e  a rea  r e s p e c t iv e ly .  T h e  

s u r f a c e  o f  a c t iv a t e d  c a r b o n  h a s  an  a c t iv e  s i t e  th a t c a n  a b s o r b  m o le c u l e  o f  m e t h a n e  o n  

its  s u r f a c e .  T h e  m o r e  s u r f a c e  a rea  le a d s  to  m o r e  a c t iv e  s i t e  a n d  m o r e  a m o u n t  o f  

m e t h a n e  a d s o r p t io n . O n  th e  o th e r  h a n d  a c t iv a t e d  c a r b o n  w i t h  2 4 0  m in  o z o n e  

tr e a tm e n t  t im e  h a s  o n l y  6 6 0  m 2, r e s u lt in g  in  th e  lo w e s t  m e t h a n e  a d s o r p t io n  c o m p a r e  

to  o th e r  tr e a te d  a c t iv a t e d  c a r b o n . T h is  r e s u lt  w a s  c o r r e s p o n d in g  to  th e  p h y s ic a l  

p r o p e r t ie s  o f  a c t iv a t e d  c a r b o n s  in  T a b le  4 .1 .  N o t  o n l y  B E T  s u r f a c e  a r e a  a f f e c t s  to  th e  

m e t h a n e  a d s o r p t io n , b u t o th e r  p r o p e r t ie s  s u c h  a s  p o r e  v o lu m e ,  m ic r o p o r e  v o lu m e ,  
a n d  a v e r a g e  p o r e  s i z e  d ia m e te r  a ls o  a f f e c t  to  a m o u n t  o f  m e th a n e  a d s o r p t io n .
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Figure 4.8 M e th a n e  a d s o r p t io n  ( m m o l /g )  at 9 0 0  p s ia  a n d  3 5  °c a s  a  f u n c t io n  o f  

m ic r o p o r e  v o lu m e  ( c c /g ) .
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F ig u r e s  4 .8 - 4 .9  s h o w  th e  r e la t io n  b e t w e e n  th e  a m o u n t s  o f  m e t h a n e  

a d s o r p t io n  at 9 0 0  p s ia  at 3 5 ° c  a s  a  f u n c t io n  o f  m ic r o p o r e  v o lu m e  a n d  to ta l  p o r e  

v o lu m e .  F r o m  th e  r e s u lt ,  th e  r e la t io n  b e t w e e n  th e  a m o u n ts  o f  m e t h a n e  a d s o r p t io n  

w it h  m ic r o p o r e  v o lu m e  a n d  to ta l p o r e  v o lu m e  s h o w  s im i la r  b e h a v io r .  A c t iv a t e d  

c a r b o n  w it h  h ig h  m ic r o p o r e  v o lu m e  a n d  p o r e  v o lu m e  a ls o  h a s  h ig h  m e th a n e  

a d s o r p t io n  c a p a c i t y  w h i c h  r e a c h e s  th e  h ig h e s t  v a lu e  0 .7 7  a n d  0 .6 4  c c / g  o f  a c t iv a t e d  

c a r b o n  at 2 5  m in  o f  o z o n e  tr e a tm e n t  t im e . A f t e r  2 5  m in ,  to ta l p o r e  v o lu m e  a n d  m ic r o  

p o r e  v o lu m e  s l ig h t ly  d e c r e a s e  w ith  in c r e a s in g  o f  o z o n e  tr e a tm e n t  t im e .  A c c o r d in g  to  

th e  F T IR  r e s u lt ,  a s  th e  t im e  o f  e x p o s u r e  le n g t h e n s ,  th e r e  a ls o  g e n e r a te  o x y g e n  

c o n t a in in g  fu n c t io n a l  g r o u p s  o n to  c a r b o n  s u r fa c e .  T h is  fu n c t io n a l  g r o u p  m a y  b lo c k  

s o m e  p o r e s  a n d  a ls o  r e d u c e  th e  s u r f a c e  a rea  le a d s  to  th e  r e d u c t io n  o f  a m o n t  o f  

m e t h a n e  a d s o r p t io n . A n o t h e r  r e a s o n  is  th e  s i z e  o f  C H 4 m o le c u l e  is  s m a l le r  th a n  

m ic r o  p o r e  ( <  2 n m ) ,  h ig h e r  p o r e  v o lu m e  le a d  to  h ig h e r  a m o u n t  o f  m e t h a n e  

a d s o r p t io n . O r  it c a n  b e  e x p la in e d  in  te r m  o f  D U B I N I N - R A D U S H K E V I C H  e q u a t io n  

( f r o m  e q . 3 .2 )  th a t v o lu m e  o f  g a s  a d s o r p t io n  is  d ir e c t ly  v a r ie d  fr o m  p o r e  v o lu m e .
T h e r e f o r e  B E T  s u r f a c e  a rea , m ic r o p o r e  v o lu m e ,  a n d  to ta l  p o r e  v o lu m e  p la y  

a n  im p o r ta n t  r o le  in  d e t e r m in in g  th e  a m o u n t  o f  m e th a n e  a d s o r p t io n  ( S a le h i  et al.,
2 0 0 7 ) .  H o w e v e r ,  th e  p o r e  s i z e  o f  a c t iv a t e d  c a r b o n  is  a ls o  a n  im p o r ta n t  p a r a m e te r .

F ig u r e  4 .1 0  s h o w  th e  r e la t io n  b e t w e e n  m e t h a n e  a d s o r p t io n  ( m m o l /g )  at 9 0 0  

p s ia  a n d  3 5  ° c  a s  th e  fu n c t io n  o f  a v e r a g e  p o r e  s i z e  d ia m e te r  ( Â ) .  A c c o r d in g  to  

p r e v io u s  s tu d y  th e  o p t im u m  p o r e  s i z e  d ia m e te r  fo r  m e t h a n e  s to r a g e  is  a p p r o x im a t e ly
1 1 .4  Â  (M a tr a n g a  et al., 1 9 9 2 ) .  O z o n a t io n  e n la r g e s  th e  p o r e  s i t e  d ia m e te r  o f  n o n -  

tr e a te d  a c t iv a t e d  c a r b o n  fr o m  1 4 .4  Â  to  1 5 .8  Â  in  2 4 0  m in  o f  o z o n e  tr e a tm e n t .  
A c t iv a t e d  c a r b o n s  w it h  2 4 0 ,  1 2 0 , a n d  6 0  o z o n e  tr e a tm e n t  t im e  h a v e  th e  h ig h e s t  

a v e r a g e  p o r e  s i z e  d ia m e te r  m u c h  la r g e r  th a n  o p t im u m  v a lu e  1 1 .4  Â  (M a tr a n g a  et al., 
1 9 9 2 )  A s  a  r e s u lt ,  in c r e a s in g  a d s o r p t io n  c a p a c i t y  in  m e t h a n e  p r o b a b ly  m a in ly  

b e c a u s e  o f  th e  in c r e a s e s  in  th e  s u r f a c e  a rea , m ic r o p o r e  v o lu m e  a n d  to ta l  p o r e  

v o lu m e .  A n o t h e r  r e a s o n  is  th e r e  is  n o t  m u c h  d i f f e r e n c e  b e t w e e n  it s  p o r e  s iz e  

d ia m e t e r  v a lu e s  fo r  th e  s a m p le s  ( S a le h i  et al., 2 0 0 7 ) .
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Methane ad พ. Micropore vol
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F ig u r e  4 .9  M e t h a n e  a d s o r p t io n  ( m m o l /g )  at 9 0 0  p s ia  a n d  3 5  ๐c  a s  a f u n c t io n  o f  to ta l  
p o r e  v o lu m e  ( c c /g ) .

A s  a r e s u lt ,  it is  h a rd  to  d e f in e  th e  r e la t io n  b e t w e e n  a v e r a g e  p o r e  s iz e  

d ia m e te r  a n d  a m o u n t  o f  m e th a n e  a d s o r p t io n  a c t iv a t e d  c a r b o n  w i t h  o z o n a t io n  in  th is  

e x p e r im e n t .  A c c o r d in g  to  ta b le  4 .1  T h e r e  is  n o  s ig n i f ic a n t ly  d i f f e r e n t  in  th e  v a lu e  o f  

a v e r a g e  p o r e  s i z e  d ia m e te r  fo r  o z o n a t io n .  T h is  is  p o s s i b l y  e x p la in e d  b y  th e  c o u n te r  

b a la n c e  o f  t w o  e f f e c t s ,  th e  n e w  f o r m a t io n  o f  m ic r o p o r e  a n d  th e  w i d e n in g  o f  th e  

e x i s t in g  p o r e . I n c r e a s in g  a d s o r p t io n  c a r p a c ity  in  m e t h a n e  p r o b a b ly  m a in ly  b e c a u s e  o f  

th e  in c r e a s e s  in  th e  s u r f a c e  a rea , m ic r o p o r e  v o lu m e  a n d  to ta l p o r e  v o lu m e .  A n o th e r  

r e a s o n  is  th e r e  is  n o t  m u c h  d i f f e r e n c e  b e t w e e n  its  p o r e  s i z e  d ia m e te r  v a lu e s  fo r  th e  

s a m p le s  ( S a le h i  et ai, 2 0 0 7 ) .
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Methane ad พ. pore size diameter
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F ig u r e  4 .1 0  M e th a n e  a d s o r p t io n  ( m m o l /g )  at 9 0 0  p s ia  a n d  3 5  °c a s  a  f u n c t io n  o f  

a v e r a g e  p o r e  s i z e  d ia m e te r  (n m ) .

F ig u r e  4 .1 1  s h o w s  m e th a n e  a d s o r p t io n  at 3 5  °c o n  a c t iv a t e d  c a r b o n  w it h  

d if f e r e n t  e x p o s u r e  o f  o z o n e ;  n o n - tr e a te d , 5 , 1 0 , 1 5 , 2 0 ,  2 5 ,  3 0 ,  3 5 ,  4 0 ,  4 5 ,  6 0 ,  1 2 0 ,  
a n d  2 4 0  m in  w i t h  th e  p r e s s u r e  in  th e  r a n g e  o f  0  to  9 0 0  p s ia  o b ta in  b y  v o lu m e t r ic  

m e t h o d e .  T h e  m e t h a n e  a d s o r p t io n  i s o t h e r m  w a s  p lo t t e d  b e t w e e n  th e  a m o u n t  o f  

m e t h a n e  a d s o r b e d  ( m m o l )  p e r  g r a m  o f  a d s o r b e n t  ( a c t iv a t e d  c a r b o n )  a n d  e q u i l ib r iu m  

p r e s s u r e  o f  m e th a n e  (p s ia ) .
T h e  r e s u lt  s h o w s  th a t th e  a m o u n t  o f  m e t h a n e  a d s o r p t io n  in c r e a s e s  w i t h  an  

in c r e a s e  in  th e  p r e s s u r e . B u t  th e  in c r e a s in g  tren d  is  n o t  s ig n i f ic a n t ly  c h a n g e  at h ig h e r  

p r e s s u r e s .  T h is  is  p o s s i b l y  a ttr ib u te d  to  th e  s a tu r a t io n  o f  th e  a d s o r b e n t  b e d  ( S a le h i  et 
al., 2 0 0 7 ) .
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Figure 4.11 M e th a n e  a d s o r p t io n  ( m m o l /g )  o n  a c t iv a t e d  c a r b o n s  at 3 5  °c.

The methane adsorption capacity (mmol) per gram o f activated carbon o f 25
min o f ozone treatment time show the highest methane adsorption, following by 30,
20, 15, 10, 5, 35, 40, 45, non-treated, 60, 120, and 240 min.



4 0

F ig u r e  4 .1 2  M e th a n e  a d s o r p t io n  ( m m o l /g )  at 3 5 ° c  o n  n o n - tr e a te d , 5 , 1 0 , 1 5 , 2 0 , a n d  

2 5  m in  o z o n a t io n  t im e .

T h e r e f o r e ,  a c t iv a t e d  c a r b o n  a d s o r b e d  h ig h  a m o u n t  o f  m e t h a n e  w h e n  it h a d  a 

h ig h  B E T  s u r f a c e  a r ea , m ic r o p o r e  v o lu m e  a n d  to ta l p o r e  v o lu m e ,  w h ic h  c h a n g e d  b y  

th e  r e a c t io n  o f  o z o n e .  F ir st  2 5  m in  o z o n a t io n  e x p o s e  t im e ,  s u r f a c e  o x y g e n  c o m p l e x e s  

d e s o r b  p r im a r i ly  c a r b o n  g a s  c o m p o u n d  w h ic h  c o m e  fr o m  d e c o m p o s i t i o n  o f  s u r f a c e  

f u n c t io n a l  g r o u p  a n d  c r e a te  n e w  m ic r o p o r e  o n  th e  s u r f a c e  o f  c a r b o n  s tr u c tu r e  le a d  to  

a n  in c r e a s e  s p e c i f i c  s u r f a c e  a rea . C o r r e s p o n d in g  to  th e  p h y s ic a l  p r o p e r t ie s  in  T a b le
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4 .1 . ,  s p e c i f i c  s u r f a c e  a rea , to ta l  p o r e  v o lu m e ,  a n d  m ic r o p o r e  v o lu m e  in c r e a s e  w ith  

in c r e a s in g  o z o n e  tr e a tm e n t  t im e  u n til  2 5  m in . C o n s e q u e n t ly ,  t h e s e  p r o p e r t ie s  p la y  an  

im p o r ta n t  r o le  in  m e t h a n e  a d s o r p t io n  ( S a le h i  et al. , 2 0 0 7 )  a n d  le a d  to  a  h ig h  

a d s o r p t io n  c a p a c i t y  o f  m e th a n e . It c a n  s u m m a r iz e  th a t m e th a n e  a d s o r p t io n  in c r e a s e  

w it h  in c r e a s in g  o z o n e  tr e a tm e n t  t im e  fo r  f ir s t  2 5  m in  a s  s h o w  in  F ig u r e  4 .1 2 .

F i g u r e  4 .1 3  M e t h a n e  a d s o r p t io n  ( m m o l /g )  at 3 5 ° C .o n  2 5 ,  3 0 ,  3 5 ,  4 0 ,  4 5 ,  6 0 ,  1 2 0 ,  
a n d  2 4 0  m in  o f  o z o n a t io n  t im e .
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F ig u r e  4 .1 3  s h o w s  th e  a m o u n t  o f  m e th a n e  a d s o r p t io n  o f  2 5 ,  3 0 ,  3 5 ,  4 0 ,  4 5 ,  
6 0 ,  1 2 0 , a n d  2 4 0  m in  tr e a te d  a c t iv a t e d  c a r b o n  w it h  p r e s s u r e  in c r e a s e  u p  to  9 0 0  p s ia .  
In c o n tr a s t ,  t im e  o f  o z o n e  tr e a tm e n t  a f f e c t  a d v e r s e  to  m e t h a n e  a d s o r p t io n . A s  th e  

t im e  o f  e x p o s u r e  le n g t h e n s ,  a fte r  2 5  m in  th e  p o r e  w e r e  e n la r g e d  b y  th e  g a s i f i c a t io n  

o f  th e  c a r b o n , w i t h  a  r e s u lt in g  r e d u c t io n  in  th e  s u r f a c e  a rea  m ic r o p o r e  v o lu m e  a n d  

to ta l p o r e  v o lu m e .  T h e s e  le a d  to  a  d e c r e a s e  in  a d s o r p t io n  c a p a c i t y  o f  m e th a n e .

ozone trea tm en t tim e  (min)

F i g u r e  4 .1 4  T h e  a m o u n t  o f  m e t h a n e  a d s o r p t io n  at 9 0 0  p s ia  3 5 ° c  p e r  B E T  s u r f a c e  

a rea  ( m m o l /m 2) a s  a  fu n c t io n  o f  o z o n e  tr e a tm e n t  t im e .
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