REFERENCES

Abass, A.; and Olajire, A. (2010) COzcapture and separation technologies for end-
of-pipe applications - a review. Energy, 35, 2610-2628.

Abe, I, Fukuhara, T., Maruyama, J., Tatsumoto, H., and lwasaki, . (2001)
Preparation of carbonaceous adsorbents for removal of chloroform from
drinking water. Carbon, 39, 1069-1073.

Andronescu, ¢., Gérea, S.A., Deleanu, c., and lovu, H. (2012) Characterization and
curing kinetics of new benzoxazine monomer based on aromatic diafnines.
Thermochimica Acta. 530. 42- 511

Axel, M.; and Xiaoshan, . (1997) Research and development issues in CO2
capture. Energy Conversion and Management, 38, 37-42.

Benamor, A., Baharun, A., Noor, U.Z.M., Aroua, M.K., and Aroussi, A. (2012)
Absorption of carbon dioxide into piperazine activated diethanolamine
Solutions.  Paper presented at Proceedings of the 3rd International Gas
Processing Symposium. Doha, Qatar.

Board on Atmospheric Sciences and Climate. (2011) America's Climate Choices.
Washington D.C.: The National Academies Press.

Chang, F.Y., Chao, K.J.,, Cheng, H.H., and Tan, ¢.s. (2009) Adsorption of CO2
onto amine-grafted mesoporous silicas. ~ Separation and Purification
Technology. 70, 87-95.

Choi, W.J., Seo, J.B., Jang, S.Y., Jung, J.H., and Oh, KJ. (2009) Removal
characteristics of CO2using aqueous MEA/AMP solutions in the absorption
and regeneration process. Journal of Environmental Sciences. 21,907-913.

Coe, C.G. (1995). Structural Effects on the Adsorptive Properties of Molecular
Sieves for Air Separation. New York: Plenum Press.

D’Alessandro, D.M., Smit, B., and Long, J.R. (2010) Carbon dioxide capture:
prospects for new materials. Angewandte Chemie International Edition |
49, 6058-6082.

Daubert, T.E., and Danner, R.p. (ed.) (1982) Technical Data Book: Petroleum
Refining. 4thed., Washington, DC.: American Petroleum Institute.



65

Figueroa, J.D., Fout, T., Plasynski, ., Mcllvried, H., and Srivastava, R.D. (2008)
Advances in COz2 capture technology— The . . department of energy’s
carbon sequestration program. International Journal of Greenhouse Gas
Control, 2, 9-20.

Filipe, V.S., Lopes, C.A., Grande, A.M. Ribeiro, JM. Loureiro, E.,
Oikonomopoulos, V., Nikolakis, A.E., and Rodrigues. (2009) Adsorption
of 2 CO2 CFL, CO, N2 and H20 in activated carbon and zeolite for
hydrogen production. Separation Science and Technology, 44, 1045-1073.

Garea, S.A., lovua, H., Nicolescu, A., and Deleanu, c., (2007) Thermal
polymerization of benzoxazine monomers followed by GPC, FTIR and
DETA. Polymer Testing, 26. 162-171.

Gensterblum, Y., Busch, A., and Krooss, B.M. (2014) Molecular concept and
experimental evidence of competitive adsorption of H20, CO2 and CH4 on
Organic Material.- Fuel, 115, 581-588.

Ghosh, N.N., Kiskan, B., and Yagci, Y. (2007) Polybenzoxazines—-New high
performance thermosetting resins: Synthesis and properties. Progress in
Polymer Science, 32, 1344-1391.

“Global warming potentials” Global warming potentials. Intergovernmental Panel on
Climate Change, 15Jun2012. 18 May 2013. <http:/lwww.ipcc.ch>

“Global warming” Global Temperature Anomaly 1880-2012. NASA Goddard
Institute for Space Studies, 31 Jan 2013. 15 May 2013.
<http://data.giss.nasa.gov/gistemp/graphs/>

Goeppert, A., Czaun, M., May, R.B., Prakash, G.K.P., Olah, G.A., and Narayanan,
S.R. (2011) Carbon dioxide capture from the air using a polyamine based
regenerable solid adsorbent. Journal of the American Chemical Society.
133,20164-20167.

“Greenhouse Effect” Greenhouse Effect. Rohde, R.A., 25 Oct 2007. 15 May 2013.
<http:/lwww.globalwarmingart.com>

“Greenhouse gas” Greenhouse gas. Wikimedia Foundation; Inc., 8 Aug 2012,

17 May 2013. <http:/len.wikipedia.org/wiki/Greenhouse_gas>


http://www.ipcc.ch
http://data.giss.nasa.gov/gistemp/graphs/
http://www.globalwarmingart.com
http://en.wikipedia.org/wiki/Greenhouse_gas

66

Hao, G.P., Li, W.C,, Qian, D., Wang, G.H., Zhang, W.P., Zhang, T., Wang, A.Q.,
Schuth, F., Bongard, H.J., and Lu, AH. (2011) Structurally designed
synthesis of mechanically stable poly(benzoxazine-co-resol)-based porous
carbon monoliths and their application as high-performance CO2 capture
sorbents. Journal of the American Chemical Society, 133, 11378-1 1388.

Harlick, P.J.E.; and Sayari, A. (2007) Applications of pore-expanded mesoporous
silicas. 5. Triamine grafted material with exceptional CO2 dynamic and
equilibrium adsorption performance. Industrial & Engineering Chemistry
Research, 46, 446-458.

Heydari-Gorji, A.; and Sayari, A. (2011) COz2 capture on polyethyleneimine-
impregnated hydrophobic mesoporous silica: Experimental and kinetic
modeling. Chemical Engineering Journal. 173,72-79.

Irons, R., Sekkapan, G., Panesar, R., Gibbins, J.,, and Lucqiuaud, M. (2007) COQ?
capture ready plants. IEA Greenhouse Gas R & D Programme.

Ishida, H. (2011) Handbook of Benzoxazine Resins. Oxford: Elsevier.

Jadhav, P.D., Chatti, R.V., Biniwale, R.B., Labhsetwar, N.K., Devotta, ., and
Rayalu, .. (2007) Monoethanol amine modified zeolite 13X for CO>
adsorption at different temperatures. Energy & Fuels, 21, 3555-3559,

Kim, S.N., Son, W.J., Choi, J.S., and Ahn, .. (2008) CO2 adsorption using
amine-functionalized mesoporous silica prepared via anionic surfactant-
mediated synthesis. Microporous and Mesoporous Materials, 115, 497-503.

Kuppler, RJ., Timmons, D.J., Fang, Q.R., Li, J.R., Makal, T.A., Young, M.D., Yuan,
D., Zhao, D., Zhuang, ., and Zhou, H.c. (2009) Potential applications of
metal-organic frameworks. Coordination Chemistry Reviews, 253, 3042-
3066.

Kwon, ., Fan, M., DaCosta, H.F.M., Russell, A.G., Berchtold, K.A., and Dubey,
M.K., (2011) Coal Gasification and Its Applications. Oxford: Elsevier.

Leal, 0., Bolivar, C., Ovalles, C., Garcia, J.J., and Espidel, Y. (1995) Reversible
adsorption of carbon dioxide on amine surface-bonded silica gel.
Inorganica Chimica Acta, 240, 183-189.



67

Lee, B.I. and Kesler, M.G. (1975) A generalized thermodynamic correlation hased
on three-parameter corresponding states. American Institute of Chemical
Engineers Journal, 21,510-527.

Lee, $.C., Chae, H.J, Lee, .J,, Choi, B.Y., Yi, CK., Lee, J.B., Ryu, C.K., and Kim,
J.c. (2008) Development of regenerable MgO-based sorbent promoted
with K2COs for CO2 capture at low temperatures. Environmental Science
& Technology, 42(8), 2736-2741.

Li, L., Zhao, N., Wei, ., and Y. (2011) A review ofresearch progresson CO2
capture, storage, and utilization in Chinese Academy of Sciences. Fuel.
108, 112-130.

Lindeburgh, M.R. (2006) Mechanical Engineering Reference Manual for the PE
Exam.Belmont, CA: Professional Publications.

Liu, Y.Y.; and Wilcox, J. (2012) Effects of surface heterogeneity on the adsorption
of CO2 in microporous carbons. Environmental Science and Technology.
46, 1940-1947.

Liu, Y.Y.; and Wilcox, J. (2012) Molecular simulation of CO2 adsorption in micro-
and mesoporous carbons with surface heterogeneity. International Journal
of Coal Geology. 104,83-95.

Lozano-Castello, D., Cazorla-Amoros, D., and Linares-Solano, A. (2002) Powdered
activated carbons and activated carbon fibers for methane storage: a
comparative study. Energy Fuels, 16, 1321-1328.

Ma, X, Wang, X., and Song, C. (2009) “Molecular Basket” sorbents for separation
of CO2 and 2 from varous gas streams. Journal of the American
Chemical Society, 131,5777-5783.

MacKenzie, A., Granafstein, D.L., Anthony, E.J., and Abanades, J.c. (2007)
Economics of CO2 capture using the calcium cycle with a pressurized
fluidized bhed combustor. Energy & Fuels. 21(2), 920-926.

Millward, A.R.; and Yaghi, O.M. (2005) Metal-organic frameworks with
exceptionally high capacity for storage of carbon dioxide at room
temperature* Journal of the American Chemical Society, 127, 17998-
17999,



68

Mondai, M K., Balsora, H.K., and Varshney, R. (2012) Progress and trends in CO2
capture/separation technologies: A review. Energy. 46, 431-441,

National Research Council (2010) Advancing the Science of Climate Change.
Washington, D.C.. The National Academies Press.

Olajire, ALA. (2010) CO2 capture and separation technologies for end-of-pipe
applications - A review. Energy, 35, 2610-2628.

Pipatsantipong, ., Rangsuflvigit, p., and Kulprathipanja, . (2012) Towards CO2
adsorption enhancement via polyethyleneimine impregnation. International

- Journal of Chemical and Biological Engineering. 6, 291-295.

Plaza, M.G., Pevida, c., Arenillas, A., Rubiera, F., and Pis, J.J. (2007) CO2capture
by adsorption with nitrogen enriched carbons. Fuel. 86, 2204-2212.

Plaza, M.G., Pevida, c., Arias, B., Fermoso, J., Arenillas, A., Rubiera, F., and Pis,
J.J. (2008) Application of thermogravimetric analysis to the evaluation of
aminated solid sorbents for CO2 capture. Journal of Thermal Analysis and
Calorimetry, 92, 601-606.

Quanmin, X., Di, ., Yaping, Z., and Li, z. (2012) Improvement of amine-
modification with piperazine for the adsorption of CO2 Applied Surface
Science.258,3859-3863.

Rao, A.B.; and Rubin, E.S. (2002) A technical, economic, and environmental
assessment of amine-based CO2 capture technology for power plant
greenhouse gas control. Environmental Science and Technology. 36, 4467-
4475,

Rezvigorova, M., Budinova, T., Petrov, N., and Minkova, V. (1998) Purification of
water by activated carbons from apricot stones: Lignites and anthracite
Water Reseach. 32(7), 2135-2139.

Ritmongkolpun, p. (2013) Enhancement of CO2adsorption on activated carbon via
surface functionalization. MS Thesis, The Petroleum and Petrochemical
College, Chulalongkorn University, Bangkok, Thailand.

Rochelle, G., Chen, E., Freeman, ., Wagener, D.V., Xu, Q., and Voice, A. (2011)
Aqueous piperazine as the new standard for CO2 capture technology.
Chemical Engineering Journal. 171, 725- 733.



69

Rubin, E.S., Mantripragada, H., Marks, A., Versteeg, p., and Kitchin, J. (2012) The
outlook for improved carbon capture technology. Progress in Energy and
Combustion Science, 38, 630-671

Sayari, A., Belmabkhouta, Y., and Sema-Guerrero, R., (2011) Flue gas treatment
via COz2adsorption. Chemical Engineering Journal, 171, 760-774.

Sema-Guerrero, R.; and Sayari, A. (2001) Modeling adsorption of CO2 on amine-
functionalized mesoporous silica. 2: kinetics and breakthrough curves.
Chemical Engineering Journal. 161, 182-190.

shin, H.C., Park, JW., Park, K, and Song, H.c. (2002) Removal characteristics of
trace compounds of landfill gas by activated carbon adsorption.
Environmental Pollution. 119, 227-236.

Son, W.J., Choi, J.K., and Ahn, .. (2008) Adsorptive removal of carbon dioxide
using polyethyleneimine-loaded mesoporous silica materials. Microporous
and Mesoporous Materials. 113, 31710,

Swiatkowski, A., Pakula, M., Biniak, . and Walczyk, M. (2004) Influence of the
surface chemistry of modified activated carbon on its electrochemical
behaviour in the presence of lead (I1) fons. Carbon. 42, 3057-3069.

Thiruvenkatachari, R., ., An, H. and Yu, X.X. (2009) Post combustion CO:
capture by carbon fibre monolithic adsorbents. Progress in Energy and
Combustion Science. 35, 438-455,

Torrisi, A., Mellot-Draznieks,X., and Bell, R.G. (2009) Impact of ligands on CO2
adsorption in metal-organic frameworks: First principles study of the
interaction of CO2 with functionalized benzenes. I. Inductive effects on the
aromatic ring. Journal of Chemical Physics. 130(19), 194703,

Tsai, JH., Chiang H.M., Fluang G.Y. and Chiang H.L. (2008) Adsorption
characteristics of acetone, chloroform and acetonitrile on sludge-derived
adsorbent, commercial granular activated carbon and activated carbon
fibers. Journal of Flazardous Materials. 154, 1183-1191.

Urano, K., Yamamoto, E., Tonegawa, M., and Fujie, K. (1991) Adsorption of
chlorinated organic compounds on activated carbon from water. Water
Research. 25(12), 1459-1464.



10

Wang, Q., Luo, J., Zhong, Z., and Borgna, A. (2011) CO2 capture by solid
adsorbents and their applicationsxurrent status and new trends. Energy &
Environmental Science. 4, 42-55.

Wang, X.; and Song, ¢. (2012) Temperature-programmed desorption of CO2 from
polyethylenimine-loaded SBA-15 as molecular basket sorbents. Catalysis
Today. 194, 44-52.

Xu, X., Song, C., Andresen, J.M., Miller, B.G., and Scaroni, A.w. (2002) Novel
polyethylenimine-modified mesoporous molecular sieve of MCM-41 type
as high-capacity adsorbent for CO2 capture. Energy Fuels. 16,'1463-1469.

Xu, X., Song, ¢., Miller, B.G., and Scaroni, A.w. (2005a| Adsorption separation of
carbon dioxide from flue gas of natural gas a novel nanoporous "“molecular
basket” adsorpbent. Fuel Processing Technology. 86(1). 1457-1472.

Xu, X., Song, ¢., Miller, B.G., and Scaroni, A.w. (2005b) Influence of moisture on
CO2 separation from gas mixture by a nanoporous adsorbent based on
polyethylenimine-modified molecular sieve MCM-41.  Industrial &
Engineering Chemistry Research. 44, 8113-8119.

Yang, H., Fan, ., Lang, X., Wang, Y., and Nie, J. (2011) Economic comparison of
three gas separation technologies for CO2 capture from power plant flue
gas. Chinese Journal of Chemical Engineering. 19(4), 615-620.

Yu, C.H., Huang, C.H., and Tan, c¢.s. (2012) A review of CO2 capture by
absorption and adsorption. Aerosol and Air Quality Research. 12, 745-769.

Zhao, C.W., Chen, X.P., Zhao, C.S., and Liu, Y.K. (2009) Carbonation and
hydration characteristics of dry potassium-based sorbents for CO2 capture.
Energy Fuels. 23, 1766-1769.



APPENDICES

Appendix A CC>2Adsoeron Isotherms of Adsorbents at 30, 50, and 75 C

Table A1 COz2adsorption isotherms of adsorbents at 30 ¢

Adsorbent peg (atm) Maccumulation (nirnol/g)
0.2082 2.4201
0.4463 2.5580
0.6252 2.6233
PSAC
0.8252 2.6853
1.0204 2.7619
1.0884 2.8763
0.2082 2.5438
0.4340 2.7469
0.6381 2.8783
CSAC
0.8163 2.9910
1.0293 3.1018
1.1354 3.1652
0.1701 2.5944
0.4551 2.7920
0.6211 2.8881
0.27 wt% PBZ/CSAC methanol
0.8034 2.9993
1.0245 3.1034

1.1054 3.1210
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Table Al COz adsorption isotherms of adsorbents at 30 ¢ (cont.)

Adsorbent

0.92 wt% PBZ/CSAC methanol

2.60 wt% PBZ/CSAC methanol

0.58 wt% PBZ/CSAC chloroform

1.97 >vi%o PBZ/CSAC chloroform

peg (atm)
0.2129
0.4252
0.6122
0.8163
1.0204
1.1054
0.2340
0.4252
0.6211
0.8504
1.0204
1.0803
0.174
0.4170
0.6381
0.8333
1.0245
1.1184
0.1959
0.4082
0.6293
0.8293
1.0333

1.0884

Naccumulation (nimol/g)
2.5109
2.6551
2.7747
2.8604
2.9341
2.9598
2.3487
2.4801
2.5179
2.5530
2.6197
2.6941
1.6096
1.7552
1.8358
1.9008
1.9658
1.9970
1.4983
1.6259
1.7050
1.7689
1.8173

1.8505
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Table A2 CO. adsorption isotherms of adsorbents at 50 °c

Adsorbent peg (atm) Maccumulation (mmol/g)
0.2510 1.7331
0.4422 1.8243
0.6470 1.8782
PSAC
0.8163 1.9176
1.0286 1.9746
1.1014 2.0022
0.2299 1.8235
0.4293 1.9414
0.6163 1.9907
CSAC
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% PBZ/CSAC methanol
0.8163 2.1878
1.0204 2.2747

1.0884 2.3069'
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Table A2 CO. adsorption isotherms of adsorbents at 50 °c (cont.)

Adsorbent peg (atm) Maccumulation (mmol/g)
0.2041 1.8433
0.4340 1.9396
0.6163 1.9947
0.92 wt% PBZ/CSAC methanol
0.8163 2.0761
1.0204 2.1213
1.0884 2.1466
' 0.2340 1.6990
0.4170 1.788
0.6041 1.8862
2.60 wt% PBZ/CSAC methanol
0.8122 1.9551
1.0204 2.0009
1.0884 2.0332
0.2299 1.2357
0.4000 1.3578
0.6122 1.4188
0.58 vvt% PBZ/CSAC chloroform
0.8293 1.4652
1.0122 1.4945
1.0973 1.5092
0.2211 1.2091
0.4041 1.2711
0.6122 1.3182
1.97 wt% PBZ/CSAC chloroform
0.825 1.3479
1.0204 1.3950

1.1054 1.4098
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Table A3 CO. adsorption isotherms of adsorbents at 75 ¢

Adsorbent Peq (atm) Maccumulation (minol/g)
0.2422 1.0342
0.4463 1.0765
0.6163 1.1373
PSAC )
0.825 1.1709
1.0333 1.2098
1.0884 1.2518
0.3238 1.1190
0.4463 1.1830
0.6122 1.2221
CSAC
0.7952 1.2692
1.0204 1.3061
1.1143 1.3251
0.1912 1.2605
0.4082 1.2916
0.6163 1.3325
0.27 wt% PBZ/CSAC methanol
0.8204 1.3978
1.0245 1.4596

1.0884 1.4779
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Table A3 CO. adsorption isotherms of adsorbents at 75 ¢ (cont.)

Adsorbent peq (atm) Naccumulation (irimol/g)
0.2082 1.1884
0.4122 1.2506
0.6122 1.3095
0.92 wt% PBZ/CSAC methanol
0.8204 1.3400
1.0204 ,1.3568
1.0925 1.3799
0.2211 1.1104
0.4211 1.1559
0.599 1.2156
2.60 wt% PBZ/CSAC methanol
0.8204 1.2487
1.024 1.2806
1.0803 1.2978
0.2422 0.7388
0.421 1 0.7524
0.6211 0.7660
0.58 wt% PBZ/CSAC chloroform
0.8163 0.7956
1.0245 0.8115
1.0884 0.8410
0.3531 0.6939
0.4510 0.7078
0.6122 0.7217
1.97 wt% PBZ/CSAC chloroform
0.8082 0.7495
1.0122 0.7633

11014 0.7772
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Appendix B CO2 Adsorption Isotherms in Three Times of the Adsorption-
desorption Cycles Over Adsorbents at 30, 50, and 75 °c

Table 81 CO: adsorption isotherms at 30 °C of the CSAC and the regenerated
CSAC

Adsorbent peg (atm) Naccumulation (mmol/g)
0.2082 2.5438
0.4340 2.7469
0.6381 2.8783
CSAC
0.8163 2.9910
1.0293 3.1018
1.1354 3.1652
0.2253 2.4677
0.4381 2.6319
0.6422 2.6981
Is regenerated CSAC
0.825 2.7961
1.0293 2.8623
1.1054 2.9126
0.2211 2.6112
0.4510 2.7294
0.6163 2.8173
2nd regenerated CSAC
0.8082 2.9025
1.0163 2.9877

1.0973 3.0042
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Table B2 COz adsorption isotherms at 30 ¢ of the 0.27 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

0.27 wt% PBZ/CSAC

1st regenerated

0.27 wt% PBZ/CSAC

2nd regenerated

0.27 wt% PBZ/CSAC

peq (atm)
0.1701
0.4551
0.6211
0.8034
1.024
1.1054
0.2211
0.4252
0.6211
0.8204
1.0163
1.1013
0.2170
0.4170
0.5990

0.8163

-1.0204

1.0803

Maccumulation (lilinol/g)
2.5944
2.7920
2.8881
2.9993
3.1034
3.1210
2.5803
2.71123
2.8198
2.9699
3.0836
3.1017
2.5765
2.7465
2.8282
2.9271

3.0543

3.065
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Table B3 CO- adsorption isotherms at 30 ¢ of the 0.92 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

0.92 wt% PBZ/CSAC

1st regenerated

0.92 wt% PBZ/CSAC

2nd regenerated

0.92 wt% PBZ/CSAC

peg(atm)

0.2129
0.425
0.6122
0.8163
1.0204
1.1054
0.2082
0.4082

061222
0.8204
1.0293
1.0973
0.2082
0.4122
0.6122
0.8204
1.0204

1.0925

Maccumulation (mmol/g)
2.5109
2.6551
2.7747
2.8604
2.9341
2.9598
2.4448
2.6285
2.7159
2.7932
2.8869
2.8969
2.4639
2.6504
2.7395
2.71827
2.88-12

2.8723
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Table B4 COZadsorption isotherms at 30 °C of the 2.60 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

2.60 wt% PBZ/CSAC

1st regenerated

2.60 wt% PBZ/CSAC

2nd regenerated

2.60 vvt% PBZ/CSAC

peq(atm)
0.2340
0.425
0.6211
0.8204
1.0204
1.0803
0.2082
0.4082
0.6122
0.8204
1.0293
1.0973
0.1871
0.4122
0.6211
0.8163

1.0204

- 10844

Maccumulation (mmol/g)
2.3487
2.4800 -
2.5179
2.5530
2.6196
2.6941
2.2903
2.4223
2.4798
2.5499
2.5636
2.6517
2.2693
2.4025
2.4552
2.5193

2.5495

2.5905
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Table 85 CO2adsorption isotherms at 50 °c ofthe CSAC and the regenerated

CSAC

Adsorbent

CSAC

1st regenerated CSAC

2nd regenerated CSAC

pol(atm)
0.-2299
0.4293
0.6163
0.8034
1.0204
1.0884
0.2129
0.4211
0.6163
0.8293
1.0163
1.1054
0.3061
0.4170
0.6163
0.825

1.0204

11143

Maccumulation (mmol/g)
1.8235
1.9414
1.9907
2.0669
2.1260
2.1647
1.8166
1.9569
2.0195
2.0346
2.1122
2.1273
1.6615
1.8315
1.9001
1.9494

2.0015

2.0179
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Table B6 CO. adsorption isotherms at 50 °c of the 0.27 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

0.27 wt% PBZ/CSAC

1st regenerated

0.27 wt% PBZ/CSAC

2nd regenerated

0.27 wt% PBZ/CSAC

peg (atm)
0.2041
0.4082
0.6122
0.8163
1.0204
1.0884
0.2211
0.4170
0.6122
0.8163
1.0204
1.0925
0.1912
0.4381
0.61-22
0.8252

1.0292

1.0884

Maccumulation (mmol/g)
1.8839
1.9923
2.1110
2.1878
2.2747
2.3068
1.8586
1.9703
2.0717
2.1334
2.2403
2.2875
1.8201
1.9563
2.069
2.1234

2.2097

2.2343



8

Table B7 CO. adsorption isotherms at 50 °c of the 0.92 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

0.92 wt% PBZ/CSAC

1st regenerated

0.92 wt% PBZ/CSAC

2nd regenerated

- 0.92wt% PBZ/CSAC

Peq (atm)
0.2041
0.4340
0.6163
0.8163
1.0204
1.0884
0.1870
0.4293
0.6122
0.8082
1.0204
1.0925
0.2082
0.4122
0.6122
0.8163

1.0245

1.0925

Maccumulation (mmol/g)
1.8433
1.9396
1.9947
2.0761
2.1213
2.1466
1.8064
1.9224
1.9559
2.0179
2.111-0
2.1174
1.8135
1.9389
1.9623
2.0254

2.0976

2.1143
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Table B8 CO2adsorption isotherms at 50 °C ofthe 2.60 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

2.60 wt% PBZ/CSAC

1st regenerated

2.60wt% PBZ/CSAC

2nd regenerated

2.60 wt% PBZ/CSAC

peq (atm)
0.2340
0.4170
0.6041
0.8122
1.0204
1.0884
0.2211
0.4122
0.6082
0.8204
1.0245
1.0925
0.2041
0.4082
0.6122
0.8163
1.0204
1.0884

Maccumulation (mmol/g)
1.6990
1.788
1.8862
1.9551
2.001
2.0332
1.6434
1.7344
1.8601
1.9182
1.9746
2.0063
1.6631
1.7523
1.8243
1.8838
1.9469
1.9759
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Table B9 CO. adsorption isotherms at 75 °c of the CSAC and the regenerated

CSAC

Adsorbent

CSAC

Istregenerated CSAC

2nd regenerated CSAC

Peq (atm)
0.3238
0.4463
0.6122
0.7952
1.0204
1.1143
0.2381
0.4292
0.6211
0.8292
1.0245
1.0973
0.2510
0.4252
0.5993
0.8082
1.0333
1.1143

raccumulation (mmol/g)
1.1190
1.1830
1.2221
1.2692
1.3061
1.3251
1.0448
1.1181
1.1594
1.2029
1.2602
1.2739
1.1021
1.1760
1.2810
1.3406
1.3549
1.3692
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Table BIO CO. adsorption isotherms at 75 °c of the 0.27 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

0.27 wt% PBZ/CSAC

Istregenerated
0.27wt% PBZ/CSAC

2nd regenerated
0.27wt% PBZ/CSAC

peg (atm)
0.1912

0.4082
0.6163
0.8204
1.024
1.0884
0.2592
0.4252
0.6163
0.8293
1.0333
1.1054
0.1660
0.4463
06122
0.8082
1.0204

1.1014

raccumulation (mmol/g)
1.260
1.2916
1.3325
1.3978
1.4596
1.4779
1.2295
1.259
1.3092
1.3568
1.4106
1.4330
1.2353
1.2754
1.3106
1.3758
1.4322

1.4534
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Table B 11 COz2adsorption isotherms at 75 °Cofthe 0.92 wt% PBZICSAC and the

regenerated sample

Adsorbent

0.92wt% PBZ/CSAC

lst regenerated

0.92 t% PBZ/CSAC

' 2nd regenerated

0.92wt% PBZ/CSAC

p eq (atm)

0.2082
0.4122
0.6122
0.8204
1.0204
1.0925
0.2252
0.4252
0.6082
0.8163
1.0333
1.1054
0.2129
0.4252
0.6122
0.8163
1.0204
1.1054

Maccumulation (mmol/g)

1.1884
1.2506
1.3095
1.3400
1.3568
1.3799
1.1448
1.2285
1.2759
1.3032
1.3269
1.3469
11221
1.2044
1.2554
12921
1.3242
K3321
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Table B12 CO. adsorption isotherms at 75 °c of the 2.60 wt% PBZ/CSAC and the

regenerated sample

Adsorbent

2.60wt% PBZ/CSAC

lstregenerated

2.60 wt% PBZ/CSAC

2nd regenerated

2.60 wt% PBZ/CSAC

Peq (atm)
0.2211
0.4211
0.599
0.8204
1.024
1.0803
0.2082
0.4082
0.6122
0.8204
1.0293
1.0973
0.2340
0.4252

0.6211
0.8204
1.0204

1.0803

Maccumulation (mmol/g)
1.1104
1.1559
1.2156
1.2487
1.2806
1.2978
1.0753
1.1263
1.1937
1.2072
1.2510
1.2685
1.0620
1.1189
1.1873
1.2275
1.2450

1.2543



Appendix ¢ Comparison of CO2 Adsorption Capacity of Adsorbents at 1 atm

Table CI Comparison of CO 2 adsorption capacity of adsorbents at 1atm

€02
. Temperature  adsorption
Adsorbent  Aming 90wt Q . reference
(°’C) capacity
(mmollg)
AC PBZ 0.27 30 3.01 This work
Ritmongkolpun,
AC PEI 0.73 30 3.08
2013
Pipatsantipong,
AC PEI 0.22 30 2.75
2012
AC PBZ 0.27 50 2.23 This work
Ritmongkolpun,
AC PEI 0.16 50 2.13
2013
Heydari-Gorji
PME PEI 30 50 2.61
and Sayari, 2011
AC PBZ 0.27 75 1.42 This work
Ritmongkolpun,
AC PEI 116 75 1.35
2013
Pipatsantipong,
AC PEI 0.28 75 2.84
2012
Silica gel PEI 50 75 3.07 xu etal., 2003
MCM-41 PEI 50 75 2.55 xu et al., 2003
MCM-41 PEI 75 75 3.02 xu et al., 2003
MCM-48 PEI 50 75 2.70 son et al., 2008
KIT-6 PEI 50 75 3.07 son et al., 2008
SBA-16 PEI 50 75 2.93 son et al., 2008

SBA-15 PEI 50 75 2.89 Ma etal.,ZOOQ



Appendix D Calculation for CO. Adsorption Capacity in Unit of mmol/g of
Adsorbent

PI(VIAVD) 2y 142
’ /RT /RT

where,
j=mole of adsorbed Co2 mol
Pi = pressure of the system before equilibrium, atm
p2= pressure of the system after equilibrium, atm
V]= volume of a manifold, cm3
V2=volume of a cylinder with adsorbent, cm3
Z =com pressibility factor
R = 82.05 cmdatm/mol K

T =temperature of the sample, K

Properties of CO 2 (Daubert 6t aI, 1982)
Critical Temperature (Tr) =31.04 c¢ (304.2 K)
Critical Pressure (Pr) =72.8 atm (7382 kPa)

Acentric Factor (co) =0.2276

Step 1 To find pressure reduced (Pr)
Data:
Initial Pressure (Pi) = 11.81 psf (0.8034 atm)

Equilibrium Pressure (P2) =2.19 psi (0.1490 atm)

Solution;
P
Pr:_
Pc
P pj 0.8034 atm
= =0.0110
Pr. Pc 72.8 atm

pr2=0.0020
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Step 2 To find temperature reduced (Tr)
Data: Temperature adsorption = 30 c¢ (303 K)
Solution;
T= T

r—Tc

T

N

303 K
Tr=TA=304.2 K~

Step 3: To find compressibility factor (2)
Data: pr, =0.0110, pl2=0.0020
Tr=1

From Figure DI, Compressibility factor (Z]) = 0.98

Compressibility factor (22) =0.99

o Lee- I’esler Slmple Fde Compressnbnhty Factor

f'l . Rireaantneak

Pv Z RT =5 Z :[ 0 Reduced temperature

11 ¢+

(I

Compressibility factor Z

‘| carbon Dioxide
Example

L

plot by izzi

P Y 1

0.3

0.2

5
Reduced pressure Pr

Flgure Dl Relationship between the reduced pressure and reduced temperature

related on compressibility factor (Lee and Kesler, 1975).

10



Step 4: To find COZadsorption capacity (mmol/g)
Data:
) 0
Temperature adsorption = 30 C (303 K)
Volume ofreactor and manifold (V 1+V2) =904.82845 cm3

R = 82.05 cm3*atm/mol/K

Solution;-

Pi(Yi+ Y2) Pzcvi+vz)
ZRT Yk ¥
N _ 08034(94.82845) 0.8034(04.8284%) _  5Q41»1Q-3
n'  (0.98)(82.05)(303)" (0.98X82.05X303) : M g

(=2.5041 mmpl/g
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Appendix E CO. Adsorption Measurement

From the COZadsorption experiment

The plot ofthe data between co? pressure and time is shown as below.

16
14 m
=12
B
@ 10
=
@ 3
e
& 6 %
=)
O 4
2 E
O 1 1 1 1 1 1 1
0 | 2 3 4 5 6 7
Time (hr)

Flgure El co? pressure 0fCO?2 adsorption measurement as a function of time.



Appendix F Calculation the BZ-impregnated on the CSAC

-F[‘rom; q :(/@O_Ce)\/\ BZ solution

"adsorbent

Step 1 Measure concentration via UV-visible spectrometer

The absorbance at 279 nm
Concentration of BZ solution before impregnation ->

Concentration of BZ solution after impregnation ->

Step 2 Calculate BZ- impregnated sample -

ge=0.026 gBz/gCSAC

ge=2.60 wt% BZ/CSAC

So; BZ-impregnated on CSAC = 2.60 wt% BZ/AC

3.831 g/L

2.536 g/L
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