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APPENDICES

Appendix A CO2 adsorption isotherms of adsorbents at 30, 50, and 75 ๐c

Table A l CO2 adsorption isotherms of adsorbents at 30 ๐c

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 1 7 0 1 1 . 9 8 1 3

0 . 3 7 0 1 2 . 1 8 9 2

Activated Carbon (AC)
0 . 5 5 3 1 2 . 4 1 6 5

0 . 7 7 8 2 2 . 5 7 8 0

0 . 9 9 9 3 2 . 7 4 3 7

1 . 0 5 8 5 2 . 8 0 8 4

0 . 2 0 4 1 2 . 4 6 7 0

0 . 3 9 1 2 2 . 5 8 9 8

0 . 5 9 5 2 2 . 7 3 7 6
1.68 wt% Low Mw PEI/AC

0 . 7 9 9 3 2 . 9 2 3 2

1 . 0 0 7 5 3 . 0 2 4 7

1 . 0 6 2 7 3 . 0 4 3 2

0 . 2 2 9 9 2 . 4 4 7 8

0 . 4 0 4 1 2 . 5 6 3 1

0 . 5 9 9 3 2 . 6 8 6 2
2.18 wt% Low Mw PEI/AC

0 . 7 9 5 2 2 . 8 2 5 0

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

1.0755 2.9730
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T a b le  A l  CO2 adsorption isotherms of adsorbents at 30 °c (cont.)

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 2 3 8 1 2 . 3 9 7 5

0 . 4 0 4 1 2 . 4 9 5 3

0 . 5 9 9 3 2 . 6 0 2 32.84 wt% Low Mw PEI/AC
0 . 7 9 5 2 2 . 7 2 4 8

0 . 9 8 6 4 2 . 8 6 4 3

1 . 0 7 1 4 2 . 8 7 9 9

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

0 . 3 8 3 0 2 . 7 4 2 9

0 . 5 9 9 3 2 . 8 4 8 70.73 wt% Med Mw PEI/AC
0 . 7 9 9 3 2 . 9 7 0 1

1 . 0 1 6 3 3 . 0 7 5 8

1 . 0 6 7 3 3 . 1 0 7 2

0 . 1 4 0 1 2 . 5 5 9 4

0 . 3 9 1 2 2 . 6 9 8 1

0 . 6 0 8 2 2 . 8 1 1 91.16 wt% Med Mw PEI/AC
0 . 8 0 8 2 2 . 9 1 4 0

1.0122 3 . 0 1 0 8

1 . 0 7 5 5 3 . 0 2 0 0

0 . 1 6 1 9 2 . 4 9 9 2

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

0 . 5 9 9 3 2 . 7 3 5 81.90 wt% Med Mw PEI/AC
0 . 8 0 3 4 2 . 8 5 0 9

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

1.0673 2.9894
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T a b le  A l  CO2 adsorption isotherms of adsorbents at 30 °c  (cont.)

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 1 4 9 0 2 . 4 0 0 0

0 . 3 9 1 2 2 . 5 4 5 5

0.16 wt% High Mw PEI/AC
0 . 5 9 5 2 2 . 6 6 7 6

0 . 8 0 3 4 2 . 7 7 4 2

1.0122 2 . 8 5 4 7

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

0 . 1 5 3 1 2 . 3 5 2 4

0 . 4 0 4 1 2 . 4 6 5 9

0.45 wt% High Mw PEI/AC
0 . 5 9 9 3 2 . 5 7 1 5

0 . 8 1 2 2 2 . 6 9 4 2

1 . 0 2 4 5 2 . 7 7 5 1

1 . 0 6 3 3 2 . 8 1 5 5

0 . 1 5 3 1 2 . 2 9 2 7

0 . 4 0 8 2 2 . 4 0 7 0

0.86 wt% High Mw PEI/AC
0 . 6 0 8 2 2 . 4 9 5 4

0 . 8 0 8 2 2 . 6 0 0 7

1.0122 2 . 6 9 6 9

1.0755 2.7151
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T a b le  A 2  CO2 adsorption isotherms of adsorbents at 50 ๐c

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 2 0 4 1 1 . 5 8 9 0

0 . 4 0 4 1 1 . 6 9 6 1

Activated Carbon (AC)
0 . 5 9 5 2 1 . 8 4 9 4

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

1 . 0 1 6 3 2 . 0 0 0 3

1 . 0 7 5 5 2 . 0 4 6 6

0 . 1 7 4 1 1 . 7 6 3 8

0 . 3 8 3 0 1 . 8 8 7 1

0 . 6 0 4 1 1 . 9 4 8 7
1.68 wt% Low Mw PEI/AC

0 . 8 1 2 2 2 . 0 4 1 2

1 . 0 0 7 5 2 . 1 2 6 2

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

0 . 1 7 4 1 1 . 7 5 6 0

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

0 . 6 0 8 2 1 . 9 2 5 32.18 wt% Low Mw PEI/AC
0 . 8 2 0 4 1 . 9 7 1 9

1 . 0 2 4 5 2 . 0 3 3 3

1 . 0 6 3 9 2 . 1 0 8 1

0 . 1 8 7 1 1 . 6 7 5 2

0 . 4 0 8 2 1 . 7 7 5 5

0 . 6 1 2 2 1 . 8 5 2 6
2.84 wt% Low Mw PEI/AC

0 . 8 1 6 3 1 . 9 1 3 7

1 . 0 2 0 4 1 . 9 7 4 8

1 . 0 7 1 4 1 . 9 8 9 5
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T a b le  A 2  CO2 adsorption isotherms of adsorbents at 50 ๐c  (cont.)

Adsorbent Peq (atm) âccumulation (mmol/g)
0.1619 1.8061
0.3912 1.9291
0.6082 2.0053

0.73 wt% Med Mw PEI/AC
0.8082 2.0668
1.0204 2.1209
1.0714 2.1356
0.1789 1.7598
0.3871 1.8914
0.6122 1.9763

1.16 wt% Med Mw PEI/AC
0.8204 2.0304
1.0245 2.0845
1.0585 2.1300
0.2000 1.6961
0.4000 1.7955
0.6082 1.8790

1.90 wt% Med Mw PEI/AC
0.8163 1.9563
1.0204 2.0177
1.0673 2.0336
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T a b le  A 2  CO2 adsorption isotherms of adsorbents at 50 °c  (cont.)

Adsorbent pcq (atm) ^accumulation (mmol/g)
0 . 1 7 8 9 1 . 8 0 0 6

0 . 3 9 1 2 1 . 9 0 0 4

0.16 wt% High Mw PEI/AC 0 . 6 0 4 1 1 . 9 8 4 2

0 . 8 0 8 2 2 . 0 6 0 5

1 . 0 1 6 3 2 . 1 2 9 5

1 . 0 7 1 4 2 . 1 6 7 7

0 . 1 7 4 1 1 . 7 5 9 5

0 . 4 0 0 0 1 . 8 5 1 7

0.45 wt% High Mw PEI/AC 0 . 6 0 8 2 1 . 9 3 5 3

0 . 8 1 2 2 2 . 0 1 1 5

1 . 0 2 0 4 2 . 0 8 7 7

1 . 0 6 7 3 2 . 1 2 4 6

0 . 1 7 0 1 1 . 7 5 6 7

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

0.86 wt% High Mw PEI/AC 0 . 6 1 2 2 1 . 9 3 2 1

0 . 8 1 6 3 2 . 0 0 0 8

1 . 0 2 4 5 2 . 0 6 9 4

1.0755 2 . 1 0 0 1
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T a b le  A 3  CO2 adsorption isotherms of adsorbents at 75 °c

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 2 3 8 1 1 . 1 0 8 5

0 . 4 0 4 1 1 . 1 5 6 2

Activated Carbon (AC) 0 . 6 1 2 2 1 . 1 9 9 4

0 . 8 0 8 2 1 . 2 4 1 8

1 . 0 2 0 4 1 . 2 9 4 1

1 . 0 7 5 5 1 . 3 0 8 5

0 . 2 0 8 2 1 . 0 8 2 7

0 . 4 0 8 2 1 . 1 4 6 9

0 . 6 2 1 1 1 . 1 8 9 4
1.68 wt% Low Mw PEI/AC

0 . 8 2 0 4 1 . 2 3 3 0

1 . 0 3 3 3 1 . 2 6 7 5

1 . 0 7 1 4 1 . 3 1 1 2

0.2000 1 . 0 3 6 2

0 . 4 0 0 0 1 . 1 0 7 1

0 . 6 1 2 2 1 . 1 6 4 3
2.18 wt% Low Mw PEI/AC

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

1 . 0 0 7 5 1 . 2 6 6 1

1 . 0 6 7 3 1 . 2 8 6 7

0 . 2 1 7 0 0 . 9 9 4 5

0 . 4 1 2 2 1 . 0 3 0 0

0 . 6 1 6 3 1 . 0 7 2 4
2.84 wt% Low Mw PEI/AC

0 . 8 1 6 3 1 . 1 2 1 6

1 . 0 3 3 3 1 . 1 4 9 1

1 . 0 7 5 5 1 . 1 6 4 0
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T a b le  A 3  CO2 adsorption isotherms of adsorbents at 75 °c (cont.)

Adsorbent peq (atm) ^accumulation (mmol/g)
0.1912 1.1497
0.4122 1.2137
0.6211 1.2491

0.73 wt% Med Mw PEI/AC
0.8204 1.2994
1.0204 1.3428
1.0755 1.3588
0.2041 1.1524
0.4082 1.2096
0.6163 1.2668

1.16 wt% Med Mw PEI/AC
0.8204 1.3103
1.0245 1.3526
1.0714 1.3755
0.1959 1.1562
0.4041 1.2350
0.6122 1.2853

1.90 wt% Med Mw PEI/AC
0.8204 1.3276
1.0374 1.3481
1.0755 1.3561
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T a b le  A 3  CO2 adsorption isotherms of adsorbents at 75 °c  (cont.)

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 2 0 4 1 1 . 1 2 3 1

0 . 4 1 7 0 1 . 1 6 5 4

0.16 wt% High Mw PEI/AC
0 . 6 1 2 2 1 . 2 0 7 7

0 . 8 2 0 4 1 . 2 5 1 2

1 . 0 2 4 5 1 . 2 9 4 6

1 . 0 6 3 3 1 . 3 1 5 2

0 . 2 0 4 1 1 . 1 4 7 2

0 . 4 0 8 2 1 . 1 9 7 7

0.45 wt% High Mw PEI/AC
0 . 6 1 2 2 1 . 2 4 7 0

0 . 8 2 0 4 1 . 2 9 0 5

1 . 0 2 4 5 1 . 3 3 4 1

1 . 0 6 3 3 1 . 3 6 8 5

0 . 2 0 4 1 1 . 0 9 9 1

0 . 4 0 8 2 1 . 1 6 1 6

0.86 wt% High Mw PEI/AC
0 . 6 1 6 3 1 . 2 1 0 8

0 . 8 2 0 4 1 . 2 4 5 0

1 . 0 2 0 4 1 . 2 8 5 8

1 . 0 6 7 3 1 . 3 3 4 2
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Appendix B CO2 adsorption isotherms in three times of the adsorption- 
desorption cycles over adsorbents at 30, 75 ๐c

Table B1 CO2 adsorption isotherms at 30 ๐c  of the AC and the regenerated AC

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 1 7 0 1 1 . 9 8 1 3

0 . 3 7 0 1 2 . 1 8 9 2

Activated Carbon (AC)
0 . 5 5 3 1 2 . 4 1 6 5

0 . 7 7 8 2 2 . 5 7 8 0

0 . 9 9 9 3 2 . 7 4 3 7

1 . 0 5 8 5 2 . 8 0 8 4

0 . 1 5 3 1 1 . 9 2 4 1

0 . 4 0 8 2 2 . 2 0 8 7

0 . 6 0 8 2 2 . 3 6 5 0
1st regenerated AC

0 . 8 0 8 2 2 . 5 2 9 5

1.0122 2 . 7 1 0 2

1 . 0 7 5 5 2 . 7 2 8 4

0 . 2 0 8 2 2 . 0 3 1 6

0 . 3 9 1 2 2 . 2 1 0 9

2nd regenerated AC
0 . 5 6 5 3 2 . 4 3 9 5

0 . 7 9 1 2 2 . 5 8 5 0

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

1 . 0 3 7 4 2 . 8 0 6 3
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Table B2 CO2 adsorption isotherms at 30 ๐c  of the 0.73 พt% Med Mw PEI and the 
regenerated sample

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 1 3 6 1 2 . 5 9 5 4

0 . 3 8 3 0 2 . 7 4 2 9

0 . 5 9 9 3 2 . 8 4 8 7
0.73 wt% Med Mw PEI/AC

0 . 7 9 9 3 2 . 9 7 0 1

1 . 0 1 6 3 3 . 0 7 5 8

1 . 0 6 7 3 3 . 1 0 7 2

0 . 1 4 0 1 2 . 6 0 9 1

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

1 st regenerated 0 . 6 0 8 2 2 . 8 5 4 3

0.73 wt% Med Mw PEI/AC 0 . 8 0 8 2 2 . 9 5 0 9

1.0122 3 . 0 6 5 7

1 . 0 7 5 5 3 . 0 9 7 0

0 . 2 2 9 9 2 . 4 6 7 0

0 . 4 0 4 1 2 . 5 8 9 8

2 nd regenerated 0 . 5 9 9 3 2 . 7 3 7 6

0.73 wt% Med Mw PEI/AC 0 . 7 9 5 2 2 . 9 2 3 2

1 . 0 0 3 4 3 . 0 2 4 7

1 . 0 7 5 5 3 . 0 4 3 2
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T a b le  B 3  CO2 adsorption isotherms at 75 °c  of the AC and the regenerated AC

Adsorbent Peq (atm) ^accumulation (mmol/g)
0 . 2 3 8 1 1 . 1 0 8 5

0 . 4 0 4 1 1 . 1 5 6 2

0 . 6 1 2 2 1 . 1 9 9 4
Activated Carbon (AC)

0 . 8 0 8 2 1 . 2 4 1 8

1 . 0 2 0 4 1 . 2 9 4 1

1 . 0 7 5 5 1 . 3 0 8 5

0 . 1 7 4 1 1 . 1 3 1 1

0 . 3 8 3 0 1 . 1 7 4 6

0 . 6 0 4 1 1.2021
1st regenerated AC

0 . 8 1 2 2 1 . 2 4 5 6

1 . 0 0 7 5 1 . 2 8 9 1

1 . 0 7 5 5 1 . 3 0 2 9

0 . 1 7 0 1 1 . 1 1 5 1

0 . 3 7 0 1 1 . 1 5 6 2

2nd regenerated AC
0 . 5 5 3 1 1 . 2 1 3 3

0 . 7 7 8 2 1 . 2 5 6 7

0 . 9 9 9 3 1 . 3 0 0 1

1 . 0 5 8 5 1 . 3 2 7 6
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Table B4 CO2 adsorption isotherms at 75 °c of the 1.16 wt% Med Mw PEI and the 
regenerated sample

Adsorbent peq (atm) ^accumulation (mmol/g)
0 . 2 0 4 1 1 . 1 5 2 4

0 . 4 0 8 2 1 . 2 0 9 6

0 . 6 1 6 3 1 . 2 6 6 8
1.16 wt% Med Mw PEI/AC

0 . 8 2 0 4 1 . 3 1 0 3

1 . 0 2 4 5 1 . 3 5 2 6

1 . 0 7 1 4 1 . 3 7 5 5

0 . 1 7 4 1 1 . 1 5 9 5

0 . 3 9 1 2 1 . 2 1 6 8

1st regenerated 0 . 6 0 8 2 1 . 2 7 4 1

1.16 wt% Med Mw PEI/AC 0 . 8 2 0 4 1 . 3 1 5 3

1 . 0 2 4 5 1 . 3 4 2 8

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

0 . 1 9 5 9 1 . 1 6 1 0

0 . 4 0 4 1 1 . 2 0 4 5

2nd regenerated 0 . 6 1 2 2 1 . 2 4 5 7

1.16 wt% Med Mw PEI/AC 0 . 8 2 0 4 1 . 2 8 9 2

1 . 0 3 7 4 1 . 3 3 2 7

1 . 0 7 5 5 1 . 3 6 0 2
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„  _ p  1 ( V 1 + V 2 ) P 2 ( V ,+ V 2) f r o m ;  r i j------- — — -—  ------- _—’ 1 Z R T  Z R T

Appendix c  C a lc u la t io n  fo r  C O 2  a d s o r p t io n  c a p a c i t y  in  u n it  o f  m m o l / g  o f  a d s o r b e n t

w h e r e ,

ท1=  m o l e  o f  a d s o r b e d  C O 2 , m o l

P i  =  p r e s s u r e  o f  t h e  s y s t e m  b e f o r e  e q u i l i b r i u m ,  a t m

P 2=  p r e s s u r e  o f  t h e  s y s t e m  a f t e r  e q u i l i b r i u m ,  a t m

V 1=  v o l u m e  o f  a  m a n i f o l d ,  c m 3

พ2 = v o l u m e  o f  a  c y l i n d e r  w i t h  a d s o r b e n t ,  c m 3

z  = c o m p r e s s i b i l i t y  f a c t o r

R =  8 2 .0 5  c m 3a t m / m o l  K

T  =  t e m p e r a t u r e  o f  t h e  s a m p l e ,  K

P r o p e r t i e s  o f  C O 2 ( D a u b e r t  et al, 1 9 8 2 )

C r i t i c a l  T e m p e r a t u r e  ( T r) =  3 1 .0 4  ๐c  ( 3 0 4 .2  K )  

C r i t i c a l  P r e s s u r e  ( P r) =  7 2 .8  a t m  ( 7 3 8 2  k P a )  

A c e n t r i c  F a c t o r  (co) =  0 .2 2 7 6

S t e p  1 : T o  f in d  p r e s s u r e  r e d u c e d  ( P r )

D a ta :

I n i t i a l  P r e s s u r e  ( P i )  =  1 1 .8 1  p s i  ( 0 .8 0 3 4  a tm )  

E q u i l i b r i u m  P r e s s u r e  ( P 2)  =  2 .1 9  p s i  ( 0 .1 4 9 0  a t m )  

S o l u t i o n ;
p

_ p  _ p ,  _  0 .8 0 3 4  a t m  
P r ' “ p T  7 2 .8  a t m
p r2 = 0 . 0 0 2 0

= 0 .0 1 1 0
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Step 2 : T o  f i n d  t e m p e r a t u r e  r e d u c e d  ( T r)

D a ta :  T e m p e r a t u r e  a d s o r p t i o n  =  3 0  ° c  ( 3 0 3  K )  

S o l u t i o n ;
T

,r  _  T  _  3 0 3  K  
โ โ = ร ิ;  =  3 0 4 .2  K

Step 3 ะ T o  find c o m p r e s s i b i l i t y  f a c t o r  (Z)
D a ta :  p r i =  0 .0 1 1 0 ,  p r2 =  0 .0 0 2 0  

T r = l
F r o m  F i g u r e  D l ,  C o m p r e s s i b i l i t y  f a c t o r  ( Z i )  =  0 .9 8  

C o m p r e s s i b i l i t y  f a c t o r  ( Z 2)  =  0 .9 9

Reduced pressure Pr

Figure C l R e l a t i o n s h i p  b e t w e e n  t h e  r e d u c e d  p r e s s u r e  a n d  r e d u c e d  t e m p e r a t u r e  

r e l a t e d  o n  c o m p r e s s i b i l i t y  f a c t o r  ( L e e  a n d  K e s l e r ,  1 9 7 5 ) .
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Step 4: T o  f i n d  C O 2 a d s o r p t i o n  c a p a c i t y  ( m m o l / g )

D a ta :

T e m p e r a t u r e  a d s o r p t i o n  =  3 0  ๐c  ( 3 0 3  K )

V o l u m e  o f  r e a c t o r  a n d  m a n i f o l d  ( V 1+ V 2)  =  9 4 .8 2 8 4 5  c m 3 

R  =  8 2 .0 5  c m 3 * a t m / m o l / K

S o l u t i o n ;

PiiYi + Vj) Pity 1  + V2 )
ZRT ZRT

_  0 .8 0 3 4 (9 4 .8 2 8 4 5 )  
n ' =  (0 .9 8 ) (8 2 .0 5 ) (3 0 3 )

0 .8 0 3 4 (9 4 .8 2 8 4 5 )
( 0 .9 8 ) ( 8 2 .0 5 ) ( 3 0 3 ) =  2 .5 0 4  l x l  0 "3 m o l / g

ท1=  2 .5 0 4 1  m m o l / g
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Appendix D  C O 2  A d s o r p t io n  m e a s u r e m e n t

F r o m  t h e  C O 2 a d s o r p t i o n  e x p e r i m e n t

T h e  p l o t  o f  t h e  d a t a  b e t w e e n  C O 2 p r e s s u r e  a n d  t i m e  is  s h o w n  a s  b e lo w .

F i g u r e  D I  C O 2 p r e s s u r e  o f  C O 2 a d s o r p t i o n  m e a s u r e m e n t  a s  a  f u n c t i o n  o f  t im e .
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Appendix E C a l c u l a t i o n  t h e  P E I - i m p r e g n a t e d  o n  t h e  A C  

F r o m ;  qe=(C0-Ce) ■—^adsorbent

Step 1: M e a s u r e  c o n c e n t r a t i o n  v i a  U V - v i s i b l e  s p e c t r o m e t e r  

T h e  a b s o r b a n c e  a t  2 0 3  n m

C o n c e n t r a t i o n  o f  L o w  M w  P E I  s o l u t i o n  b e f o r e  i m p r e g n a t i o n  - >  1 .0 0 0 0  g /L

C o n c e n t r a t i o n  o f  L o w  M w  P E I  s o l u t i o n  a f t e r  i m p r e g n a t i o n  - >  0 .1 6 2 3  g /L

Step 2  ะ C a l c u l a t e  L o w  M w  P E I -  i m p r e g n a t e d  s a m p l e  

q e K 1 . 0 0 0 0 . 0 d 6 2 3 ) g / L ^ x M L E

q e= 0 .0 1 6 7 5  g P E I / g A C  

q e= l  . 6 8  w t %  P E I / A C

S o ;  L o w  M w  P E I - i m p r e g n a t e d  o n  A C  =  1 . 6 8  w t %  L o w  M w  P E I / A C
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