REFERENCES

Alcaiiiz-Monge, J., De La Casa-Lillo, M.A.,, Cazorla-Amoros, D., and Linares-
Solano, A. (1997) Methane storage in activated carbon fibres. Carbon,
35(2), 291-297.

Arami-Niya, A., Daud, WMAW., and Mjalli, F.s. (2011) Comparative study of
the textural characteristics of oil palm shell activated carbon produced by
chemical and physical activation for methane adsorption.  Chemical
Engineering Research and Design. 89(6). 657-664.

Bagheri, N. and Abedi, J. (2011) Adsorption of methane on com cobs based
activated carbon. Chemical Engineering Research and Design. 89(10),
2038-2043.

Bastos, M., Canabrava, D.V., Torres, AE.B., Rodriguez-Castello'n, E., Jimenez-
Lo'pez, A., Azevedo, D.C.S,, and Cavalcante, C.L. Jr. (2007) Effects of
textural and surface characteristics of microporous activated carbons on the
methane adsorption capacity at high pressures. Applied Surface Science.
253, 5721-5725.

Biloe, ., Goetz, V., and Mauran, . (2001) Characterization of adsorbent composite
blocks for methane storage. Carbon, 39, 1653-1662.

Brady, T.A., Rostam-Abadi, M., and Rood, M.J. (1996) Applications for activated
carbons from waste tires: natural gas storage and air pollution control. Gas
Separation and Purification, 10(2), 97-102.

Chen, Jp.and , . (2004). Acid/Base-treated activated carbons: characterization
of functional groups and metal adsorptive properties.  Langmuir. 20(6),
2233,

Cook, T.L., Komodromos, C,, Quinn, D.F., and Ragan, . (1991). In Burchell, T.D.
(ed.) Carbon Materials for Advanced Technologies (pp. 269-302). New
York: Pergamon,

Daud, WM.AW. and Ali, . . . (2004) Comparison on pore development of
activated carbon produced from palm shell and coconut shell. Bioresource
Technology. 93, 63-69.



69

Dai, X, Liu, M., Zhao, G., Qain, L., Qiao, K,, and Yan, z. (2008) Treatment of
activated carbon for methane storage. Asia-Pacific Journal of Chemical
Engineering, 5, 292-297.

Diana, C.S.,, Araijo, C.S., Bastos-Neto, M, Torres, E.B., Jaguaribe, EF., and
Cavalcante, C.L. (2006) Microporous activated carbon prepared from
coconut shells using chemical activation with zinc chloride. Microporous
and Mesoporous Materials, 100, 361-364.

Do. D.D.. (1998). Adsorption Analysis: Equilibria and Kinetics. London: Imperial
College Press.

" Esteves, 1AA.C, Lopes, MS.S., Nunes, PM.C, and Mota, JP.B. (2008)
Adsorption of natural gas and hiogas components on activated carbon.
Separation and Purification Technology, 62(2), 281-29.

Farzad, ., Taghikhani, V., Ghothi, ¢., Aminshahidi, B., and Lay, EN. (2007)
Experimental and theoretical stuay of the effect of moisture on methane
adsorption and desorption by activated carbon at 2735 K. Journal of
Natural Gas Chemistry. 16(1), 22-30.

Ginzburg, Y. (2006) ANG Storage as a technological solution for the “Chicken and
Egg” Problem of NGV refueling infrastructure development. Paper
presented at 23 World Gas Conference at Amsterdam, Amsterdam,
Netherland.

Goetz, V., Pupier, 0., and Guillot, A. (2006) Carbon dioxide-methane mixture
adsorption on activated carbon. Adsorption, 12, 5563,

Flao. ., Wen, J.. Yu, X,, and Chu, . (2013) Effect of surface oxygen groups on
methane adsorption on coals. Applied Surface Science. 264, 433-442.

Harlick, J.E. and Tezel, F.H. (2003) Adsorption of carbon dioxide, methane, and
nitrogen: pure and binary mixture adsorption for ZSM-5 with SICT/ALCE
ratio of 280. Sep. Purif. Technoh. 33, 199-210.

Hermanson, T.G. (2013) Silane Coupling Agents. Bioconiugate Techniques 3rd ed.
(bp. 535-548). Amsterdam: In Elsevier.

Himeno, ., Komatsu, T., and Fujita, . (2005) High-Pressure Adsorption Equilibria
of Methane and Carbon Dioxide on Several Activated Carbons. Chemical
Engineering Journal, 50, 369-376.



10

Jeong, BM., Aim, ES,, Yun, JH. Lee, CH, and Choi, DK. (2007) Ternary
adsorption equilibrium of H./CH./C.H. onto activated carbon. Separation
and Purification Technology, 55(3), 335-342.

Kavalov, B. (2011) Techno-economic analysis of natural gas application as an
energy source for road transport in the EU. Adsorption. 10 May 2014
<http://www.edis.sk/ekes/eurz. 013en.pdf>

Knaebel. B.B. (2011) Adsorbent Selection. Adsorption. 17 May 2014 <http:/fwww.
adsorption.com/publications /AdsorbentSel 1B.pdf>

L, L, Liu, ., and Liu, J. (2011) Surface modification of coconut shell based
activated carbon for the improvement of hydrophobic voc removal.
Journal of Hazardous Materials, 192, 683-690.

Lozano-Castello, D.; Alcaniz-Monge, J.; De La Casa-Lillo, M.A. Cazorla-Amords,
D. and Linares-Solano, A. (2002) Advances in the study of methane storage
in porous carbonaceous materials. Fuel, 81, 1777-1803.

Maglara, E., Pullen. A, Sullivan, D., Conner, w.c. (1994) Characterization of
Microporous Solids by Adsoiption: Measurement of Efigh-Resolution
Adsorption Isotherms. lamgmuir, 10, 4167-4173,

Mahboub, D,, Ahmadpour, A, Rashidi, EL, and Jahanshahi, N. (2012) Investigating
parameters on the preparation of mesoporous activated carbons by the
combination of chemical and physical activations using the Taguchi
method. Adsorption, 18, 297-305.

Matranga, R.K., Myers, LA, and Glandt, D.E. (1992) Storage of natural gas by
adsorption on activated carbon. Chemical Engineering Science, 47, 1569-
1579,

Molina-Sahio, M. and Rodriquez-Reinoso, F. (2004) Role of chemical activation in
the development of carbon porosity. Colloids and Surfaces A
Physicochemical and Engineering Aspects. 241, 15-25.

Namvar-Asl, M., Soltanieh, M., Rashidi, A., and Irandouknt, A (2008) Modeling
and preparation of activated carbon for methane storage . Modeling of
activated carbon characteristics with neural networks and response surface
method. Energy Conversion and Management. 49, 2471-2477.


http://www.edis.sk/ekes/eur21_013en.pdf
http://www.adsorption.com/publications_/AdsorbentSel_1_B.pdf
http://www.adsorption.com/publications_/AdsorbentSel_1_B.pdf

i

Ning, P., Li, F, Yi, H, Tang, X, Peng, J,, Li, Y., He, D, and Deng, H. (2012)
Adsorption equilibrium of methane and carbon dioxide on microwave-
activated carbon. Separation and Purification Technology. 98, 321-326.

Parkyns, N.D. and Quinn, D.F. (1995) Natural gas adsorbed on carbon. In Patrick,
JW., ed., Porosity in Carbons (pp. 291-325). London: Edward Amold.

Pfeiler, p. (2011) Advanced natural gas fuel tank project. EereEnergy. 10 May 2014,
<http:/hwvw.eere.energy. govicleancities/pdfsigvtfl ._pfeifer.pdf>

Prauchner, M.J. and Rodrlguez-Reinoso, F. (2008) Preparation of granular activated
carbons for adsoiption of natural gas. Microporous and Mesoporous
Materials. 109(1-3), 581-584.

Qiao, . and Hu, X. (2000) Effect of micropore size distribution induced
heterogeneity on binary adsorption kinetics of hydrocarbons in activated
carbon. Chemical Engineering Science, 55, 1533-1544,

Rafael, B.R., Silva, W.M., Torres, E.B., Azevedo, D.C., and Cavalcante, C.L. (2009)
Adsorption of methane in activated carbons obtained from coconut shells
using HaPO. chemical activation. Adsorption, 15, 271-277.

Rahman, KA, Loh, . ., Chakraborty, A, Saha. B.B., and Clioon, K. (2010)
Adsoiption thermodynamics of natural gas storage onto pitch-hased
activated carbons. Paper presented at Proceedings of the 2rd Annual Gas
Processing Symposium. 187-195.

Rashidi, AM., Lotfi, R, Nouralishahi, A, Khodagholi, M.A,, Zare, M., and
Eslamipour, F. (2011) Nanoporous carbons as promising novel methane
adsorbents for natural gas technology. Journal of Natural Gas Chemistry.
20(6), 664-668.

Rios, R.B., Stragliotto, F.M., Peixoto, H.R., Torres, AE.B., Bastos-Neto, M,
Azevedo, D.CS., and Cavalcante, C.L. (2012) STUDIES ON THE
ADSORPTION BEHAVIOR OF coz-cHa MIXTURES  USING
ACTIVATED CARBON. Brazilian Journal of Chemical Engineering,
30(4), 939-951.


http://www.eere.energy._gov/cleancities/pdfs/ngvtfl_1__pfeifer.pdf

12

Rodriguez-Reinoso, F., Nakagawa, Y., Silvestre-Albero, J, Juarez-Galan, JM., and
Molina-Sabio, M. (2008) CoiTelation of methane uptake with microporosity and
surface area of chemically activated carbons. Microporous aid Mesoporous
Materials. 115(3), 603-608.

Rubel, A.M. and Stencel, J.M. (2000) CH. storage on compressed carbons. Fuel, 79,
1095-1100.

Salehi, E,, Taghikhani, V.. Ghotbi, c., Nemati Lay, E, and Shojaei, A (2007)
Theoretical and experimental study on the adsorption and desorption of
methane by granular activated carbon at 25 °c. Journal of Natural Gas
Chemistry, 16(4), 415-422.

Shao, X, Wang, ., and Zhang, X. (2007) Experimental measurements and
computer simulation of methane adsorption on activated carbon fibers,
Carbon. 45, 188-195,

Society of International Gas Tanker & Terminal Operators (SIGGTO) (2004) LNG
history. 12 May 2014. <www: siggto.org/media/1874/Supplement LNG _
History.pdf>

Soo-Jin. p. and Min-Kang, . (2011) Solid-Gas Interaction. Interface Science and
Composites, 70-104.

,J., Brady, T A, Rood, M.J., Lehmann, C.M., Rostam-Abadi, M., and Lizzio,
AA. (1997) Adsorbed natural gas storage with activated carbons made
from Illinois coals and scrap tires. Enemy & Fuels, 11, 316-322.

Tagliabue, M., Farrusseng, D., Valencia, ., Aguado, ., Ravon, ., Rizzo, C,
Corma, A, and Mirodatos, ¢. (2009) Natural gas treating by selective
adsorption: Material science and chemical engineering interplay. Chemical
Engineering Journal. 155(3), 553-566.

Vasiliev, L.L., Kanonchik, L.E., Mishkinis, D.A., and Rabetsky, M.I. (2000) Adsorbed
natural gas storage and transportation vessels. International Journal of Thennal
Sciences, 39(9-11), 1047-1055.

Yang, FL, Gong, M., and Chen, Y. (2011) Preparation of activated carbons and their
adsorption properties for greenhouse gases: CH. and CO-, Journal of
Natural Gas Chemistry, 20, 460-464.


http://www.siggto.org/media/1874/Supplement_LNG_History.pdf
http://www.siggto.org/media/1874/Supplement_LNG_History.pdf

73

Yundong, L, Honghong, Y., Xiaolong, T., Feiirong, L, and Qin, Y. (2013)
Adsorption separation of CO2/CH4 gas mixture on the commercial zeolites
at atmospheric pressure. Chemical Engineering Journal. 229. 50-56.

Zhang, H., Chen, J., and Guo, . (2008) Preparation of natural gas adsorbents from

0 high-sulfur petroleum coke. Fuel, 87, 304-311.

The World Energy Demand and Natural Gas Consumption. ExxonMobile. 9 May
2014, <www.corporate.exxonmobil.com/en/energy/energy-outlook/energy-
supply/natural-gas>

Offshore oil production. 9 May 2014. <www.oilandgastransportationusa.com>

Characteristics of Adsorbed Natural Gas. Energy. 9 May 2014 <www.energ2.com/
home/applications/adsorbed-natural-gas.html>

Enery demand and supply. 10 May 2014. <wwuw.iea.org/topics/naturalgas>

Global natural gas consumption in 2012. 10 May 2014, <www.usa.chinadaily.com>

Natural gas composition. 10 May 2014. <www.naturalgas.org>

Adsorbed Natural Gas Technology. 10 May 2014, <www.energtek.com/t/1008-ang-
technology>

Adsorption of Methane Molecules on Activated Carbon Adsorbent. 10 May 2014,
<www.greencar.com/articles/clean-buming-natural-gas-vehicles.php>

Low Pressure Adsorbed Natural Gas for Vehicles. 10 May 2014. <www.gInoble-
denton.com/assets/downloads/ANG_for Vehicle truck DS.pdf>

Activated Carbon. 11 May 2014, <www.en.wikipedia.org/wiki/Adsorption>

Coconut Shell Charcoal Granules Manufacturers. 11 May 2014, <www.chemechel.
com/products.ntm>

Activated Manufacturing processes. 11 May 2014. <www.web.anl.gov/PCS/acsfuel/
preprint%20archive/Files/43 3 BOSTON_08-98 0575.pdf>

Carbon dioxide emission from fossil fuels. 12 May 2014, <www.aga.org/our-
issues/issuesummaries /EnvironmentalBenefitsofNatural Gas.aspx>

Liquefied Natural Gas. 12 May 2014. <www.ge.com/oilandgas>

Offensive smell and taste in raw water of the water supply are adsorbed in the
surface of activated carbon. 14 May 2014. <www.kobelco-eco.co.jp/englisli/
product/jousui/funmatu.html>

Adsoiption Isotherms. 14 May 2014, <www:.separationprocess.com/Adsoiption.htm>


http://www.corporate.exxonmobil.com/en/energy/energy-outlook/energy-supply/natural-gas
http://www.corporate.exxonmobil.com/en/energy/energy-outlook/energy-supply/natural-gas
http://www.oilandgastransportationusa.com
http://www.energ2.com/home/applications/adsorbed-natural-gas.html
http://www.energ2.com/home/applications/adsorbed-natural-gas.html
http://www.iea.org/topics/naturalgas
http://www.usa.chinadaily.com
http://www.naturalgas.org
http://www.energtek.com/t/1008-ang-technology
http://www.energtek.com/t/1008-ang-technology
http://www.greencar.com/articles/clean-buming-natural-gas-vehicles.php
http://www.glnoble-denton.com/assets/downloads/ANG_for_Vehicle_truck_DS.pdf
http://www.glnoble-denton.com/assets/downloads/ANG_for_Vehicle_truck_DS.pdf
http://www.en.wikipedia.org/wiki/Adsorption
http://www.chemechel.com/products.htm
http://www.chemechel.com/products.htm
http://www.web.anl.gov/PCS/acsfuel/preprint%20archive/Files/43_3_BOSTON_08-98_0575.pdf
http://www.web.anl.gov/PCS/acsfuel/preprint%20archive/Files/43_3_BOSTON_08-98_0575.pdf
http://www.aga.org/our-issues/issuesummaries_/EnvironmentalBenefitsofNaturalGas.aspx
http://www.aga.org/our-issues/issuesummaries_/EnvironmentalBenefitsofNaturalGas.aspx
http://www.ge.com/oilandgas
http://www.kobelco-eco.co.jp/englisli/product/jousui/funmatu.html
http://www.kobelco-eco.co.jp/englisli/product/jousui/funmatu.html
http://www.separationprocess.com/Adsoiption.htm

APPENDICES
Appendix A Adsorbent Physical Characterization

The technical specification of the CSAC that was certified by Carbokamn
Co., Ltd. is summarized in Table Al.

Table Al Physical characteristic properties of investigated adsorbent

Physical Characterization Adsorbent Specification
Apparent Density (g/cm)) >(.48
Moisture Content (% / ) < 8.0
Ash Content (% / ) <3.5
pH 0-11
lodine Number (mg/g) > 1,100

Hardness Number (%) >08.0



Appendix B Modeling Adsorption Isotherm

Binary gas adsorption equilibrium was measured using a volumetric-
chromatographic apparatus. The experiment was taken place at room temperature,
which was controlled by air-conditioning and atmospheric pressure. The gas phase
composition at equilibrium was analyzed by a gas chromatograph (GC). The binary
adsoiption equilibrium of methane and carbon dioxide were measured on the
untreated CSAC for different gas phase compositions.

The predicted co-adsorption isotherm was performed by iteration method
for 0.and 1 mole fraction of carbon dioxide with the fits of the Langmuir equation for
the single component data in Eq. (B.I) (Rios et al., 2012). The assumptions of this
prediction are; the surface containing the adsorbing sites is perfectly flat plane with
no corrugations; all sites are equivalent; each site can hold only one molecule of gas;
and there no interactions between adsorbates molecules on adjacent sites.

Qmax'bi'Pj
= 1+bfPt (B'l)

where qi is excess amount adsorbed of the component i (mol/kg), gnexi is monolayer
capacity of component i (mol/kg), bi is Langmuir parameter of the component i
(MPa'd, and pi is partial pressure of the component i (MPa).

To obtain the model and the accuracy of the predictions in relation to the
experimental results of binary adsorption, the average relative error (bqi). as
expressed in Eq. (B.2), was calculated and used as a parameter of analysis.

Oqi = %Z?/:l((m)z)l/z (82)

qi

where sq.i IS an average relative error, N is a number of isotherm points, and qpei is
predicted amount adsorbed of the component i,
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Table B Parameters of Langmuir fit of carbon dioxide and methane isotherms at
room temperature and atmospheric pressure on the untreated CSAC

Isotherm Langmuir Parameter

qvex (mnol/kg) bi (MPa') g
chs 14,184 0.76 12.34
C02 36.656 0.89 DLTT

As expected, higher qmax and bj are obtained for carbon dioxide in
comparison with methane, as shown in Table BI. The parameter by indicates how
strongly an adsorbate molecule is attracted onto an adsorbent surface (Do, 1998).
Experimental and predicted adsorption data of carbon dioxide and methane mixtures
at room temperature and atmospheric pressure for different molar compositions is
shown in Figure B1

[ ] CO, (Exp)
o] CHy (Exp.)
v C02~CH4(E\Q>
CO,, (Fre.)

-
-
-
-
-
-
-
-
-

Amount Adsorbed (molkg)

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

0.0 0.2 0.4 0.6 0.8 1.C

Figure BI' Binary adsorption isotherms for carbon dioxide and methane mixtures at
room temperature and atmospheric pressure on the untreated CSAC.
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From Figure BI, the total adsorbed amount increases along with carbon
dioxide composition, while the amount of methane adsorbed decreases, indicating
competition for adsorption sites and preferential adsorption of carbon dioxide over
methane. This result agrees with the higher value of the parameter b for carbon
dioxide in relation to methane. Moreover, carbon dioxide presents a higher
polarizability, which may enhance attractive forces with the surface and a permanent
quadrupole, leading to stronger interactions with the solid surface (Rios et al.. 2012).
The isotherms from the prediction show lingar relationship between the increase in
the carbon dioxide composition and the increase in the total amount of adsorbed gas.
Carbon dioxide is present higher adsorbed amounts than that of methane after
increasing the carbon dioxide concentration more than 25%. Comparison between
the predicted data with the experiment data shows that the experimental data gives
the higher adsorption capacity than that of the predicted data because the predicted
data was calculated from the pure component, which might not be accurate for the
gas mixture. Moreover, the relative error of carbon dioxide is more than 50%. which
is higher than that of methane about 4 times. Therefore, this fit might not be suitable
for the prediction of carbon dioxide adsorption.

To further investigate this, a new fit of the extend Langmuir; shown in Eq
(B.3) was performed considering mixing point at 50% carbon dioxide concentration.
The basic assumptions of this model consider the case when there are two distinct
adsorbates present in the system and there are no interactions hetween adsorbate
molecules on adjacent sites. The new parameters of gnaej and by are shown in Table
B2

Qmoaxrite i
h = 1+ZIL1bi-Pi

B3)
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Table B2 Parameters of the extend Langmuir fit of carbon dioxide and methane
isotherms at room temperature and atmospheric pressure on the untreated CSAC

Langmuir Parameter

SO malkg bi(MPa) q
CHq 176 103 1054
o, U833 175 0%

Comparison between the relative errors of methane in Table B2 shows that
the error decreases from 12.34 to 10.54% similar to carbon dioxide decreases from
51.77 to 9.36%, which is acceptable in this range (Goetz et al, 2006; Harlick and
Tezel, 2003). For the new value of qnaxi, which was predicted by using the mixture
components of methane and carbon dioxide, is lower than the previous one.
Moreover, it can be observed in Tables BL and B2 that the higher values for gnaxare
obtained for carbon dioxide because of a strong adsorption preference in the mixture.

A comparison between the experimental data and predicted data of the
extend Langmuir isotherms for the binary equilibrium at atmospheric pressure is
shown in Figure B2. It shows the carbon dioxide adsorption increases along with
carbon dioxide composition before constant at 0.7 of carbon dioxide composition.
Carbon dioxide might be saturated onto the untreated CSAC. The main reason for
this behavior is the significantly higher critical temperature of carbon dioxide (304
K) in comparison with methane (190 K) (Tagliabue et al., 2009). Carbon dioxide is
more likely to behave as a condensable steam than as a supercritical gas, becoming
less volatile and being easy saturated. Comparison between the predicted data with
the experiment data shows that the experimental data and the predicted data agree
very well. Therefore, this model may suit for prediction the amount of methane and
carbon dioxide adsorption in the binary system than the previous model.
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® CO, (Exp))
o CHg (Exp.)
4 -y COZ + CHy (Exp.)
CO, (Pre)

........ CHy (Pre) o —————
~—
——— COy+CHgy(Pre) A S S,

Amount Adsorbed (mol’kg)

Yeo,

Figure B2 New binary adsorption isotherms for carbon dioxide and methane
mixtures at room temperature and atmospheric pressure on the untreated CSAC.

The iteration of the Langmuir parameters for ¢ 02, cha, and co2-cH4
mixture in the adsorption system is shown in Tables B3-B6, which were calculated

by using Eg. (B. 1) and (B.2).



Table B3 Iteration of CO.

P
01
01
0.1
01
01
01
0.1
0.1
0.1
01

0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1

o INBX
1
1.000999001
1.002997003
1.005996994
1.01000495
1.01502985
1.021083706
1.028181607
1.036341779
1.04558566

26.98220563
29.09601897
31.4001.236
33.91328897
36.65627558
39.65205935
42.9260826
46.50653495

bi
0.01

0.02

0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

0%
087
089
09
091
0%

Opredict

0.000999001
0.001998002
0.002999991
0.004007936
0.0050249
0.006053856
0.007097901
0.008160171
0.009243861
0.010352333

2.113813344
2.304104633
2.513165367
2.742986608
2.995783771
3.274023249
3.580452352
3.918132981

&
0.999640116
0.999280233
0.998919273

0.99855616
0.998189812
0.997819138
0.997443021
0.997060351
0.996669952
0.996270639

0.238512431

0.169961226 .

0.09464845
0.011856836
0.079211705
0.179445675
0.289834775
0.411482035

*o M

1.000999001
1.002997003
1.005996994
1.01000495
1.01502985
1021083706
1026181607
1.036341779
1.04558566
1.055937993

29.09601897
314001236
33.91328897
36.65627558
39.65203935
42.9260826
46.50693495
50.42466793

80

!

0.02

0.03
0.04
0.05
0.06
0.07
0.08
0.09
0.1

0.11

0.87
0.89
0.9
091
0.92
0.93



Table B4 Iteration of CH.

Pi
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

01
0.1
01
01
01
01
01
01

Quax
1
1.000999001
1,002997003
1,005996994
1.0100049
1.01502985
1.021083706
1,028181607
1.036341779
1.04558566

1240423319
13.25890102
14.18394063
151857803
16.27143604
1744882919
18.72636163
2011349953

bi
0.01

0.02

0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

074
076
077
078
079

0.8

08l

Qpreict
0.000999001
0.001998002
0.002999991
0.004007956

0.0050249
0.006053856
0.007097901
0.008160171
0.009243861
0.010352333

0.85466/336
0.925039606
1.001839673
1.085/05741
1.177343146
1.217532443
1.367137898
1.507116986

00
0.998964766
0.997929532
0.996891201
0.995846678
0.994792849
0.993726574
0.992644663
0.991543864
0.990420849
0.989272194

0.1 14333849
0.041409735
0.038175826
0.125083669
0.220044711
0.323867816
0.437448599
0.56177926

*Orex

1.000999001
1.002997003
1.005996994
1.02000495
1.01502985
1021083706
1028181607
1.036341779
1.04558566
1055937993

1325890102
14.18394063
151857803
16.27148604
1744882919
18.72636163
20.11349953
2162061651

81

0.02

:0.03

0.04
0.05
0.06
0.07
0.08
0.09

0.1

0.11

0.75
0.76
0.7
0.78
0.79
081
0.82



Table B5 Iteration of COz in equivolume mixture

P
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0]

1

1.000249875
1.0007495
1.001498938
1.002498438
1.003748436
1.005249556
1.007002607
1.009008588
1.011268687

33.49267263
3483299577
36.23432319
37.69968185
39.23225964
4083541441
4251268362
44.26779441

bi
0.01

0.02

0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

174
175
176
L
178
179

1.8

18

Nredat
0.00049975
0.000999251
0.001498876

0.001999
0.00249999%
0.003002239
0.003506102
0.004011963
0.004520198
0.005031187

2.680646291
2.802654832
2.930717317
3.065155575
3.206309557
3.354538403
3.510221583
3.673760104

3
0.999625871

0.999651829
0.999477744
0.999303484
0.999128921
0.998953924
0.998778362
0.998602104
0.998425018
0.998246973

0.065976902
0.023465215
0.02115586
0.067998458
0.11718103
0.168828712
0.223073722
0.280055786

*qu
1.00049975
1.001249126
1.002248376
1.003497938
1.004998434
1.006750675
1.008759658
1011014569
1.013528786
1.016299874

36.17331892
37.63565061
39.16504051
40.76483742
4243856919
4418995282
46.0229052
47.94155451
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*h
0.03
0.04
0.05
0.06
0.07
0.08
0.09

0.1

0.11

175
176
L7
178
179
181
182



Table B6 Iteration of CH. in equivolume mixture

Pi
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

9N
1
1.00049975
1.00149925
1.002999249
1.005001244
1.007507481
1.010520963
1.014045451
1.018085473
1.022646333

1107962067
1161224403
12.17573066
1277286935
13.40338837
14.07196593
14.78024152
15.53082806

bi
0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
01

1.0
1.02
1.03
1.04
1.05
1.06
1.07
1.08

Cprecict
0.00049975
0.0009995
0.001499999
0.002001995
0.002506238
0.003013482
0.003524488
0.004040022
0.004560861
0.005087793

0.532623364
0.563486628
0596338687
0.631319017
0.668577567
0.708275588
0.750586541
0.795697073

0.999138362
0.998276724
0.997413795
0.996548285
0.995678901
0.994804341
0.993923297
0.993034445
0.992136447
0.991227944

0.081683855
0.028471332
0.028170149
0.088481064
0.152719943
0.221164807
0.294114721
0.371891506

*q’«ax
1.00049975
1.00149925
1.002999249
1.005001244
1.007507481
1.010520963
1.014045451
1.018085473
1.022646333
1.027734126

1161224403
12.17573066
1277206935
13.40338837
14.07196593
1478024152
15.53082806
16.32652513

83

*bJ
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09
01
0.11

1.02
103
1.04
105
1.06
107
1.08
1.09



CURRICULUM VITAE
Name: Ms. Pantipa Pranudomrat
Date of Birth: September 27, 1989
Nationality: Thai
University Education:

2008-2011  Bachelor of Engineer, Chemical Engineering, Faculty of
Engineer’s Kasetsart University, Bangkok, Thailand

Work Experience:
March-April 2010 Position: Internship Student
Company Name:  Siam Cement Group
Proceedings:

L Pranudomrat, P; Rangsunvigit, P; Kulprathipanja, ; and Kitiyanan, B. (2015,
April 21) Competitive Adsogtion of Methane over Carbon Dioxide on
Modified Activated Carbon. Proceedings of The th Research Symposium on
Petroleum, Petrochemicals and Advanced Materials and The 21t PPC
Symposium on Petroleum. Petrochemicals, and Polymers. Bangkok, Thailand.

Presentations
L Pranudomrat, P; Rangsunvigit, P; Kulprathipanja, ; and Kitiyanan, B. (2015,
May 20-22) Selective Adsorption of Methane over Carbon Dioxide on
Activated Carbon. Paper presented at 2015 International Conference on
Energy. Science and Technology. Karlsruhe, Germany.



	REFERENCES
	APPENDICES
	Appendix A Adsorbent Physical Characterization
	Appendix B Modeling Adsorption Isotherm

	CURRICULUM VITAE

