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A p p e n d ix  A  c c >2 A d s o rp t io n  Iso th e rm s o f  A d s o rb e n ts  a t 30, 50, a n d  75 ๐c

T a b le  A l  C O 2 a d s o rp tio n  is o th e rm s  o f  a d s o rb e n ts  a t 30  ๐c

A d s o rb e n t p eq (atm ) ^ a c c u m u la t i o n  (n irno l/g )

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

0 . 4 4 6 3 2 . 5 5 8 0

0 . 6 2 5 2 2 . 6 2 3 3
P S A C

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

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

- 1 . 0 8 8 4 2 . 8 7 6 3

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

0 . 4 3 4 0 2 . 7 4 6 9

0 . 6 3 8 1 2 . 8 7 8 3
C S A C

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

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

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

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

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

0 . 6 2 1 1 2 . 8 8 8 1
0.27 w t%  P B Z / C S A C  m e th a n o l

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

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

1.1054 3.1210
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Table Al CO2 adsorption isotherms of adsorbents at 30 ๐c  (cont.)

A d s o rb e n t p eq (a tm ) N a c c u m u la t io n  (n im o l/g )

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

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

_ 0 . 6 1 2 2 2 . 7 7 4 7
0.92 w t%  P B Z / C S A C  m e th a n o l

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

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

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

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

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

0 . 6 2 1 1 2 . 5 1 7 9
2.60 w t%  P B Z / C S A C  m e th an o l -

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

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

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

0 . 1 7 4 1 . 6 0 9 6

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

0 . 6 3 8 1 1 . 8 3 5 8
0.58 w t%  P B Z / C S A C  c h lo ro fo rm

0 . 8 3 3 3 1 . 9 0 0 8

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

'  1 . 1 1 8 4 1 . 9 9 7 0

0 . 1 9 5 9 1 . 4 9 8 3

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

0 . 6 2 9 3 1 . 7 0 5 0
1.97 >vt% P B Z / C S A C  c h lo ro fo rm

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

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

1 . 0 8 8 4 1 . 8 5 0 5
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Table A2 CO2 adsorption isotherms of adsorbents at 50 °c

A d so rb e n t p eq (a tm ) ^ a c c u m u l a t i o n  (m m ol/g)

0.2510 1.7331

0.4422 1.8243

0.6470 1.8782
P S A C

0.8163 1.9176

1.0286 1.9746

1.1014 2.0022

0.2299 1.8235

0.4293 1.9414

0.6163 1.9907
C S A C

0.8034 2.0669

1.0204 2.1260

1.0884 2.1647

0.2041 1.8839

0.4082 1.9923

0.6122 2.1110
0.27 >vt% P B Z / C S A C  m e th an o l

0.8163 2.1878

1.0204 2.2747

1.0884 2 .3069 '
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Table A2 CO2 adsorption isotherms of adsorbents at 50 °c  (cont.)

A d s o rb e n t p eq (a tm ) ^ a c c u m u la t i o n  (m m o l/g )

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

- 0 . 4 3 4 0 1 . 9 3 9 6

0 . 6 1 6 3 1 . 9 9 4 7
0.92 w t%  P B Z / C S A C  m e th an o l

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

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

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

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

0 . 4 1 7 0 1 . 7 8 8

0 . 6 0 4 1 1 . 8 8 6 2
2.60 w t%  P B Z / C S A C  m e th a n o l

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

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

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

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

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

0 . 6 1 2 2 1 . 4 1 8 8
0.58 vvt%  P B Z / C S A C  c h lo ro fo rm

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

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

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

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

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

0 . 6 1 2 2 1 . 3 1 8 2
1.97 w t%  P B Z / C S A C  c h lo ro fo rm

0 . 8 2 5 1 . 3 4 7 9

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

1.1054 1.4098
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Table A3 CO2 adsorption isotherms of adsorbents at 75 ๐c

A d so rb e n t P e q  (a tm ) ^ a c c u m u la t i o n  (m ino l/g )

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

0 . 4 4 6 3 1 . 0 7 6 5

0 . 6 1 6 3 1 . 1 3 7 3
P S A C -

0 . 8 2 5 1 . 1 7 0 9

- 1 . 0 3 3 3 1 . 2 0 9 8

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

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

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

0 . 6 1 2 2 1 . 2 2 2 1
C S A C

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

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

' 1 . 1 1 4 3 1 . 3 2 5 1

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

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

0 . 6 1 6 3 1 . 3 3 2 5
0.27 w t%  P B Z / C S A C  m e th an o l

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

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

1 . 0 8 8 4 1 . 4 7 7 9
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Table A3 CO2 adsorption isotherms of adsorbents at 75 ๐c  (cont.)

A d so rb e n t p eq (a tm ) N a c c u m u la t io n  ( ir im o l/g )

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

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

0 . 6 1 2 2 1 . 3 0 9 5
0.92 w t%  P B Z / C S A C  m e thano l

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

- 1 . 0 2 0 4 , 1 . 3 5 6 8

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

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

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

0 . 5 9 9 1 . 2 1 5 6
2.60 w t%  P B Z / C S A C  m e th an o l

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

1 . 0 2 4 1 . 2 8 0 6

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

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

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

0 . 6 2 1 1 0 . 7 6 6 0
0.58 w t%  P B Z / C S A C  c h lo ro fo rm

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

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

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

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

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

0 . 6 1 2 2 0 . 7 2 1 7
1.97 w t%  P B Z / C S A C  c h lo ro fo rm

0 . 8 0 8 2 0 . 7 4 9 5

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

1.1014 0.7772
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T a b le  B1 CO2  a d s o rp tio n  iso th e rm s  a t  30 °c  o f  th e  CSAC and  th e  re g e n e ra te d  
CSAC

Appendix B CO2 Adsorption Isotherms in Three Times of the Adsorption-
desorption Cycles Over Adsorbents at 30, 50, and 75 °c

A d s o rb e n t p eq (a tm ) N a c c u m u la t io n  (m m o l/g )

_ 0 . 2 0 8 2 2 . 5 4 3 8

0 . 4 3 4 0 2 . 7 4 6 9

0 . 6 3 8 1 2 . 8 7 8 3
C S A C

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

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

- 1 . 1 3 5 4 3 . 1 6 5 2

0 . 2 2 5 3 2 . 4 6 7 7

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

0 . 6 4 2 2 2 . 6 9 8 1
I s' regene ra ted  C S A C

0 . 8 2 5 2 . 7 9 6 1

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

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

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

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

2 nd regene ra ted  C S A C
0 . 6 1 6 3 2 . 8 1 7 3

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

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

1 . 0 9 7 3 3 . 0 0 4 2
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Table B2 CO2 adsorption isotherms at 30 ๐c  of the 0.27 wt% PBZ/CSAC and the
regenerated sample

A d s o rb e n t p eq (a tm ) ^ a c c u m u l a t i o n  ( lïlin o l/g )

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

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

0 . 6 2 1 1 2 . 8 8 8 1
0.27 w t%  P B Z / C S A C

0 . 8 0 3 4 ไ2 . 9 9 9 3

1 . 0 2 4 3 . 1 0 3 4

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

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

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

1st regenera ted Ô . 6 2 1 1 2 . 8 1 9 8

0.27 w t%  P B Z / C S A C 0 . 8 2 0 4 2 . 9 6 9 9

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

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

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

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

2 nd regenera ted 0 . 5 9 9 0 2 . 8 2 8 2

0.27 w t%  P B Z / C S A C 0 . 8 1 6 3 2 . 9 2 7 1

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

1.0803 3.065
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Table B3 CO2 adsorption isotherms at 30 ๐c  of the 0.92 wt% PBZ/CSAC and the
regenerated sample

A d so rb e n t p eq (a tm ) ^ a c c u m u l a t i o n  (m m ol/g)

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

0 . 4 2 5 2 . 6 5 5 1

0 . 6 1 2 2 2 . 7 7 4 7
0.92 w t%  P B Z / C S A C

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

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

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

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

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

1st regenera ted 0 . 6 1 2 2 2 2 . 7 1 5 9

0.92 w t%  P B Z / C S A C 0 . 8 2 0 4 2 . 7 9 3 2

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

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

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

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

2 nd regenera ted 0 . 6 1 2 2 2 . 7 3 9 5

0.92 w t%  P B Z / C S A C 0 . 8 2 0 4 2 . 7 8 2 7  -

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

1 . 0 9 2 5 2 . 8 7 2 3
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T a b le  B 4  C O 2 adsorption isotherm s at 30 

regenerated sam ple

°C  o f  the 2.60 w t%  P B Z / C S A C  and the

A d s o rb e n t p eq (a tm ) ^ a c c u m u l a t i o n  (m m ol/g)

- 0.2340 2.3487

0.425 2.4800 -

0.6211 2.5179
2.60 w t%  P B Z / C S A C

0.8204 2.5530

1.0204 2.6196

1.0803 2.6941

0.2082 2.2903

0.4082 2.4223

1st regenera ted 0.6122 2.4798

2.60 w t%  P B Z / C S A C 0.8204 2.5499

1.0293 2.5636

1.0973 2.6517

0.1871 2.2693

0.4122 2.4025

2 nd regenera ted 0.6211 2.4552

2.60 vvt%  P B Z / C S A C 0.8163 2.5193

1 .0204 2.5495

- 1.0844 2.5905
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T a b le  B5  C O 2 a d s o rp tio n  iso th e rm s  a t 5 0  ° c  o f  th e  C S A C  an d  th e  re g e n e ra te d  
C S A C

A d s o rb e n t p c(1 (a tm ) ^ a c c u m u la t i o n  (m m o l/g )

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

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

0 . 6 1 6 3 1 . 9 9 0 7
C S A C

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

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

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

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

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

0 . 6 1 6 3 2 . 0 1 9 5
1st regenera ted  C S A C

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

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

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

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

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

0 . 6 1 6 3 1 . 9 0 0 1
2 nd regenera ted  C S A C

0 . 8 2 5 1 . 9 4 9 4

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

1.1143 2.0179
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Table B6 CO2  adsorption isotherms at 50 °c of the 0.27 wt% PBZ/CSAC and the
regenerated sample

A d so rb e n t p eq (atm ) ^ a c c u m u la t i o n  (m m ol/g)

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

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

0 . 6 1 2 2 2 . 1 1 1 0
0.27 w t%  P B Z / C S A C

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

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

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

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

0 . 4 1 7 0 1 . 9 7 0 3

1st regenera ted 0 . 6 1 2 2 2 . 0 7 1 7

0.27 w t%  P B Z / C S A C 0 . 8 1 6 3 2 . 1 3 3 4

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

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

0 . 1 9 1 2 1 . 8 2 0 1

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

2 nd regenera ted 0 . 6 1 - 2 2 2 . 0 6 9

0.27 w t%  P B Z / C S A C 0 . 8 2 5 2 2 . 1 2 3 4

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

1.0884 2.2343
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Table B7 CO2 adsorption isotherms at 50 °c  of the 0.92 wt% PBZ/CSAC and the
regenerated sample

A d s o rb e n t P e q  (atm ) ^ a c c u m u la t i o n  (m m o l/g )

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

0 . 4 3 4 0 1 . 9 3 9 6

0.92 w t%  P B Z / C S A C
0 . 6 1 6 3 1 . 9 9 4 7

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

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

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

o’. 1 8 7 0 1 . 8 0 6 4

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

1st regenera ted 0 . 6 1 2 2 1 . 9 5 5 9

0.92 w t%  P B Z / C S A C 0 . 8 0 8 2 2 . 0 1 7 9

1 . 0 2 0 4 2 . 1 1 1 - 0

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

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

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

2 nd regenera ted 0 . 6 1 2 2 1 . 9 6 2 3

- 0.92 w t%  P B Z / C S A C 0 . 8 1 6 3 2 . 0 2 5 4

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

1.0925 2.1143
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T a b le  B 8  C O 2 a d s o rp tio n  is o th e rm s  a t 50 °c o f  th e  2 .6 0  w t%  P B Z /C S A C  an d  th e
re g e n e ra te d  s a m p le

A d s o rb e n t p e q  (atm ) ^ a c c u m u la t i o n  (m m ol/g)

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

- 0 .4 1 7 0 1 .788

0 .6041 1 .8 8 6 2
2.60 w t%  P B Z / C S A C

0 .8 1 2 2 1.9551

1 .0204 2 .001

1 .0884 2 .0 3 3 2

0 .2211 1 .6 4 3 4

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

1st regenera ted 0 .6 0 8 2 1.8601
2.60 w t%  P B Z / C S A C 0 .8 2 0 4 1 .9 1 8 2

1.0245 1 .9 7 4 6

1 .0925 2 .0 0 6 3

0 .2041 1 .6631

0 .4 0 8 2 1 .752 3

2 nd regenera ted 0 .6 1 2 2 1 .824 3
2.60 w t%  P B Z / C S A C 0 .8 1 6 3 1 .8 8 3 8

- 1 .0204 1 .9 4 6 9

1.0884 1 .9 7 5 9
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CSAC
Table B9 CO2 adsorption isotherms at 75 °c  of the CSAC and the regenerated

A d s o r b e n t P e q  ( a tm ) ^ a c c u m u la t i o n  (m m o l/g )

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

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

0 .6 1 2 2 1.2221
C S A C

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

1 .0204 1.3061

1 .1143 1.3251

0 .2381 1 .0 4 4 8

0 .4 2 9 2 1.1181

0 .6211 1 .1 5 9 4
1st r e g e n e r a t e d  C S A C

0 .8 2 9 2 1 .2 0 2 9

1.0245 1 .2 6 0 2

1.0973 1 .2 7 3 9

0 .2 5 1 0 1.1021

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

2 nd r e g e n e r a t e d  C S A C
0 .5 9 9 3 1 .2 8 1 0

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

1.0333 -  1 .3 5 4 9

1.1143 1 .369 2
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Table BIO CO2 adsorption isotherms at 75 °c  of the 0.27 wt% PBZ/CSAC and the
regenerated sample

A d s o r b e n t p eq ( a tm ) ^ a c c u m u l a t i o n  (m m o l/g )
- 0 . 1 9 1 2 1 . 2 6 0

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

0 . 6 1 6 3 1 . 3 3 2 5
0 .2 7  w t %  P B Z /C S A C

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

1 . 0 2 4 1 . 4 5 9 6

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

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

0 . 4 2 5 2 1 . 2 5 9

1st r e g e n e r a t e d 0 . 6 1 6 3 1 . 3 0 9 2

0 .2 7  w t %  P B Z /C S A C 0 . 8 2 9 3 1 . 3 5 6 8

1 . 0 3 3 3 1 . 4 1 0 6

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

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

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

2 nd r e g e n e r a t e d 0 . 6 1 2 2 1 . 3 1 0 6

0 .2 7  w t %  P B Z /C S A C 0 . 8 0 8 2 1 . 3 7 5 8

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

- 1 . 1 0 1 4 1 . 4 5 3 4
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T a b le  B l l  C O 2 a d s o rp tio n  iso th e rm s  a t 75 
re g e n e ra te d  sa m p le

°c o f  th e  0 .9 2  w t%  P B Z /C S A C  a n d  th e

A d s o rb e n t p eq (a tm ) ^ a c c u m u l a t i o n  (m m o l/g )

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

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

0.92 w t%  P B Z / C S A C
0 .6 1 2 2 1 .3095

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

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

1 .0925 1 .3 7 9 9

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

0 .4 2 5 2 1 .2285

1st regene ra ted 0 .6 0 8 2 1 .2 7 5 9
0.92 พ t%  P B Z / C S A C 0 .8 1 6 3 1 .303 2

- 1 .0333 1 .3 2 6 9

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

0 .2 1 2 9 1 .1221

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

'  2nd regene ra ted 0 .6 1 2 2 1 .2 5 5 4
0.92 w t%  P B Z / C S A C 0 .8 1 6 3 1.2921

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

1.1054 K3321
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Table B12 CO2 adsorption isotherms at 75 °c of the 2.60 wt% PBZ/CSAC and the
regenerated sample

A d s o rb e n t P eq (a tm ) ^ a c c u m u l a t i o n  (m m ol/g )

0 . 2 2 1 1 1 . 1 1 0 4  -

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

0 . 5 9 9 1 . 2 1 5 6
2.60 w t%  P B Z / C S A C

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

1 . 0 2 4 1 . 2 8 0 6

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

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

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

1st regene ra ted 0 . 6 1 2 2 1 . 1 9 3 7

2.60 w t%  P B Z / C S A C 0 . 8 2 0 4 1 . 2 0 7 2

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

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

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

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

2 nd regene ra ted ' 0 . 6 2 1 1 1 . 1 8 7 3

2.60 w t%  P B Z / C S A C 0 . 8 2 0 4 1 . 2 2 7 5

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

1 . 0 8 0 3 1 . 2 5 4 3
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Appendix c  Comparison of CO2 Adsorption Capacity of Adsorbents at 1 atm 

Table Cl C om parison  o f  C O 2 adsorption capacity  o f  adsorbents at 1 atm

Adsorbent Amine %wt Temperature
(°C)

c o 2
adsorption

capacity
(mmol/g)

reference

A C P B Z 0.27 30 3.01 T h is  w o rk  

R itm ongko lpun ,
A C PE I 0.73 30 3.08

2013

P ipatsantipong,
A C PE I 0 . 2 2 30 2.75

2 0 1 2
A C P B Z 0.27 50 2.23 T h is  w ork  

R itm ongko lpun ,
A C PEI 0.16 50 2.13

2013

H eyd a r i-G o r j i
P M E PEI 30 50 2.61

and Sayari, 2011

A C P B Z 0.27 75 1.42 T h is  w ork  

R itm ongko lpun ,
A C PEI 1.16 75 1.35

2013

P ipatsan tipong,
A C PEI 0.28 75 2.84

2 0 1 2
S ilic a  gel PE I 50 75 3.07 X u  e t  a l., 2003

M C M -4 1 PE I 50 75 2.55 X u  e t  a l ., 2003

M C M -4 1 PE I 75 75 3.02 X u  e t  a l ., 2003

M C M -4 8 PE I 50 75 2.70 Son e t a l., 2008

K IT - 6 PE I 50 75 3.07 Son  e t a l., 2008

S B A -1 6 PE I 50 75 2.93 Son e t  a l., 2008

S B A -1 5 PE I 50 75 2.89 M a  e t  a l .,2009
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Appendix D Calculation for CO2 Adsorption Capacity in Unit of mmol/g of 
Adsorbent

From ;
Pl(Vl+V2) p2(v l+v2)

ZRT ZRT

where,

ท j= m ole o f  adsorbed C O 2, m o l

P i = pressure o f  the system before eq u ilib r iu m , atm

p 2= pressure o f  the system after e q u ilib r iu m , atm

V ]=  vo lum e o f  a m an ifo ld , cm 3
V 2= vo lum e o f  a cy lin d e r w ith  adsorbent, cm 3
z = co m p re ss ib ility  factor

R  = 82.05 cm 3atm /m ol K

T  = tem perature o f  the sam ple, K

Properties o f  C O 2 (Daubert e t  a l ,  1982)

C r it ic a l Tem perature (T r) = 31 .04  ๐c  (304.2 K )  

C r it ic a l P ressure (P r) = 72.8 atm (7382 kPa) 

A ce n tr ic  F a c to r (co) = 0 .2276

Step 1: T o  f in d  pressure reduced (Pr)

Data:

In itia l P ressure (P i)  = 11.81 psf (0.8034 atm) 

E q u ilib r iu m  Pressure (P 2) = 2 .19  psi (0.1490 atm) 

So lu tion;

Pr .
P i 0.8034 a t m

' -----=0.0110
72.8 atm

p r2=0 . 0 0 2 0
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Step 2: To  find  tem perature reduced (T r)

Data: Tem perature adsorption = 30 ๐c  (303 K )  

So lu tion ;

T

^ _  T  _  303 K  

Tr= T^ = 304.2 K ~ '

Step 3: To  fin d  co m p re ss ib ility  facto r (Z)

Data: p r, = 0 .0110, p r2 = 0.0020 

T r = 1

From  F igure  D l ,  C o m p re s s ib ility  facto r (Z |) = 0.98 

C o m p re s s ib ility  facto r (Z 2) = 0.99

Figure Dl R e la t io n sh ip  between the reduced pressure and reduced tem perature 

re lated on co m p re ss ib ility  facto r (Lee  and K e s le r, 1975).
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S tep  4: T o  find  C O 2 adsorption capac ity  (m m ol/g)

Data:

Tem perature adsorption  = 30 °c (303 K )

V o lu m e  o f  reactor and m an ifo ld  ( V 1+ V 2) = 94.82845 cm 3 
R  = 82.05 cm 3.*atm /m ol/K

So lu t io n ;-

P i( Y i+  y2) PzCV i+ Vz) 
ZRT Y k Ÿ

n  _  0.8034(94.82845) 0.8034(94.8284$) _  5 Q 4 | » 1 Q - 3

n ‘ (0.98)(82.05)(303)" (0 .98X82 .05X303) ' x
m ol/g

ท(= 2.5041 m m pl/g
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Appendix E CO2 Adsorption Measurement

From  the C O 2 adsorp tion  experim ent

The p lo t o f  the data between C O 2 pressure and tim e is shown as be low .

Figure El C O 2 pressure o f  C O 2 adsorption  measurem ent as a fun ction  o f  time.



Appendix F Calculation the BZ-impregnated on the CSAC

T' _   / / -I  \ ^ B Z  so lutionFrom ; q =(C0-Ce)
" 'a d so rb en t

Step 1: M easure  concentra tion  v ia  U V -v is ib le  spectrom eter 

The absorbance at 279 nm

Concentra tion  o f  B Z  so lu tion  before im pregnation  -> 3.831 g /L

Concentra tion  o f  B Z  so lu tion  after im pregnation  -> 2.536 g /L

Step 2: C a lcu la te  B Z -  im pregnated sam p le -

qe=0.026 g B Z / g C S A C  

qe=2.60 w t%  B Z / C S A C

So; BZ -im pregnated  on C S A C  = 2.60 w t%  B Z / A C
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