
REFERENCES

Agmon, N. (1995) The Grotthus mechanism. Chemical Physics Letter, 244, 456- 
462.

Allcock, H.R. (1992) Polyphosphazene. Journal of Inorganic and Organometallic 
Polymers, 2, 197-210.

Allcock, H.R., Hofmann, M.A., Ambler, C.M., Lvov, S.N., Zhou, X.Y., Chalkova, E. 
and Weston, J. (2001) Phenyl phosphonic acid functionalized poly- 
[aryloxyphosphazenes] as proton-conducting membranes for direct 
methanol fuelcells. Journal of membranes science, 210, 47-54.

Antonucci, P.L., Arico, A.S., Creti, P., Ramunni, E., and Antonucci, V. (1999)
Investigation of a direct methanol fuel cell based on a composite Nafion- 
silica electrolyte for high temperature operation. Solid State Ionics, 125, 
431-437.

Auimviriyavat, J., Changkhamchom, ร., and Sirivat, A. (2011) Development of 
poly(ether ether ketone) (PEEK) with inorganic filler for direct methanol 
fuel cells (DMFCs). Industrial & Engineering Chemistry Research, 50, 
12527-12533.

Beatie, P.D., Orion, F.P., Basura, V.I., Zychowska, K., Ding, J., Chuy, c., Scmeisser, 
J., and Holdcroft, ร. (2001) Ionic conductivity of proton exchange 
membranes, Journal of Electroanalytical Chemistry, 503, 45-56.

Burjanadze, M., Paulsdorf, N., Kaskhedikar, N., Karatas, Y. and Wiemhofer, H.D.
(2006) Proton conducting membranes from sulfonated poly[bis- (phenoxy) 
Phosphazene] with an interpenetrating hydrophilic network. Solid State 
Ionics. 177, 2425-2430.

Carbone, A., Pedicini, R., Portale, G., Longo, A., DTlario, L., and Passalacqua, E. 
(2006) Sulphonated poly(ether ether ketone) membranes for fuel cell 
application: thermal and structure characterization. Journal of Power 
Sources, 163, 18-26.

Carrette, L., Friedrich, K.A., and Stimming, บ. (2001) Fuel cell-fundamentals and 
applications. Fuel Cells, 1, 5-39.



136

Changkhamchom, ร., and Sirivat, A. (2010) Synthesis and properties of sulfonated 
poly(ether ketone ether sulfone) (S-PEKES) via bisphenol ร: effect of 
sulfonation. Polymer Bulletin. 65, 265-281.

Changkhamchom, ร., and Sirivat, A. (2013) Polymer electrolyte membrane based 
on sulfonated poly(ether ketone ether sulfone) (S-PEKES) with low 
methanol permeability for direct methanol fuel cell application. Polymer- 
Plastics Technology and Engineering, 52, 70-79.

Chen, Y., Guo, R., Lee, C.H., Lee, M., and McGrath, J.E. (2012) Partly fluorinated 
poly(arylene ether ketone sulfone) hydrophilic-hydrophobic multiblock 
copolymers for fuel cell membranes. International Journal of Hydrogen 
Energy. 37,6132-6139.

Choi, J.M., Patel, R., and Han, J.Y. (2010) Proton conducting composite
membranes comprising sulfonated poly(l,4-phenylene sulfide) and zeolite 
for fuel cell. Ionics, 16, 403-408.

Coma A. (1997) From microporous to mesoporous molecular sieve materials and 
their use in catalysis. Chemical Reviews, 97, 2373-2419.

Cui, z., Xing, พ ., Liu, c., Liao, I ,  and Zhang, H. (2008) Chitosan/heteropolyacid 
composite membranes for direct methanol fuel cell. Journal of Power 
Sources, 188, 24-29.

Do, K.T.N., and Kim, D. (2008) Comparison of homogeneously and
heterogeneously sulfonated polyetheretherketone membranes in 
preparation,properties and cell performance. Journal of Power Sources, 185, 
63-69.

Drioli, E., Regin, A., Casciola, M., Oliveti, A., Trotta, F., and Massari, T. (2004) 
Sulfonated PEEK-WC Membranes for possible fuel cell applications. 
Journal of Membranes Science, 228, 139-148.

EG&G Services Parsons, Inc. Science Applications International Corporation 
Technology Overview. Fuel Cell Handbook, 5th edition (2000).

l'ontananova, E., Regina, A., Drioli, E., and Trotta, F. (2006) Improving of the 
performances of sulfonated PEEK-WC membranes by introducing 
heteropolyacids in the polymeric matrix. Desalination, 200, 658-659.



137

Fontananova, E., Trotta, F., Jansen, J.C., and Drioli, E. (2010) Preparation and 
characterization of new non-fluorinated polymeric and composite 
membranes for PEMFCs. Journal of Membrane Science, 348, 326-336.23.

Fu, L., Xiao, G., and Yan, D. (2010) Synthesis and characterization of sulfonated 
poly(arylene ether ketone/ketone phosphine oxide)s as proton exchange 
membranes. Journal of Membrane Science, 362, 509-516.

Furtado Filho, A.A.M., and Gomes, A.D.S. (2010) Crosslinked sulfonated
polysulfone-based polymer electrolyte membranes induced by gamma ray 
irradiation. International Journal of Polymeric Materials. 59, 424-437.

Gasa, J.V., Weiss, R.A., and Shaw, M.T. (2008) Structured polymer electrolyte 
blends based on sulfonated polyetherketonerketone (SPEKK) and a 
poly(ether imide) (PEI). Journal of Membrane Science. 320, 215-223.

Gasa, J.V., Boob, ร., Weiss, R.A.,and Shaw, M.T. (2006) Proton-exchange
membranes composed of slightly sulfonated poly(ether ketone ketone) and 
highly sulfonated crosslinked polystyrene particles. Journal of Membrane 
Science. 269, 177-186.

Gil, M., Ji, X., Li, X., Na, H., Hampsey, J.E. and Lu, Y. (2004) Direct synthesis of 
sulfonated aromatic poly(ether ether ketone) proton exchange membranes 
for fuel cell applications. Journal of Membrane Science. 234, 75-81.

Guhan, ร., and Sangeetha, D. (2009) Evaluation of sulfonated polyi'ether ether
ketone) silicotungstic acid composite membranes for fuel cell applications. 
International Journal of Polymeric Materials. 58, 87-98.

Han, พ ., Kwan, S.M., and Yeung, K.L. (2012) Zeolite applications in fuel cells: 
water management and proton conductivity. Chemical Engineering Journal, 
187, 367-371.

Hickner, M.A., Ghassemi, H., Kim, Y.S., Einsla, B.R. and McGrath, J.E. (2004) 
Alternative polymer system for proton exchange membranes (PEMS). 
Chemical Reviews. 104, 4587-4612.

Huang, R.Y.M., Shao, p., Bums, C.M., and Feng X. (2001) Sulfonation of
poly(ether ether ketone) (PEEK): kinetic study and characterization. Journal 
of Applied Polymer Science, 82, 2651-2660.



138

Javaid, Z.S.M. (2005) Preparation and characterization of composite membranes 
using blends of SPEEK/PBI with boron phosphate. Electrochimica Acta,
50, 4771-4777.

Javaid, Z.S.M. (2003) Polymer sulfonation - a versatile route to prepare proton
conducting membrane material for advanced technologies. The Arabian 
Journal for Science and Engineering, 28(2B), 183-194.

Jiang, z., Zheng, X., Hong, พน, H., Wang, J., and Wang, Y. (2008) Proton 
conducting CS/P(AA-AMPS) membrane with reduced methanol 
permeability for DMFCs. Journal of Power Sources, 180:143-153.

Jones, D.J. and Rozie’re, J. (2001) Recent advances in the function of
polybenzimidazole and polyetherketone for fuel cell applications. Journal 
of Membrane Science, 185, 41-58.

Kaliaguine, ร., Mikhailenko, S.D., Wang, K.P., Xing, p., Robertson, G., and Guiver, 
M (2003) Properties of SPEEK based PEMs for fuel cell application. 
Catalysis Today. 82, 213-222.

Kim, D.S., Robertson, G.P., Kim, Y.S., and Guiver, M.D. (2009) Copoly(arylene 
ether)s containing pendant sulfonic acid groups as proton exchange 
membranes. Macromolecules. 42, 957-963.

Krivobokov, I.M., Gribov, E.N., Okunev, A.G., Spoto, G., and Parmon, V.N.
(2010) Transport properties of modified Nafion membrane: effect of zeolite 
and precursors. Solid State Ionics. 180, 1694-1701.

Kunanuruksapong, R., and Sirivat, A. (2007) Poly (p-phenylene) and acrylic 
elastomer blends for electroactive application. Materials Science and 
Engineering A. 454-455, 453-460.

Li, H., Zhang, G., Ma, พ ., Zhao, c., Zhang, Y., Han, M., Zhu, J., Liu, z., พน, J., and 
Na, H. (2010) Composite membranes based on a novel benzimidazole 
grafted PEEK and SPEEK for fuel cells. International Journal of Hydrogen 
Energy. 35. 11172-11179.

Li, L., Zhang, J., and Wang, Y. (2003) Sulfonated poly(ether ether ketone)
membranes for direct methanol fuel cell. Journal of Membrane Science, 
226, 159-167.



139

Li, X., Lui, c., Lu, H., Zhao, c., Wang, Z., Xing, พ ., and Na, H. (2005)
Preparation and characterization of sulfonated poly(ether ether ketone 
ketone) proton exchange membranes for fuel cell application. Journal of 
Membrane Science, 255, 149-155.

Li, X., Na, H., and Lu, H. (2004). Novel sulfonated poly(ether ether ketone ketone) 
derived from bisphenol ร. Journal of Applied Polymer Science, 94, 1569- 
1574.

Li, X., Roberts, E.P.L., Holmes, S.M., and Zholobenko, V. (2007) Functionalized 
zeolite A-nafion composite membrane for direct methanol fuel cell. Solid 
State Ionics, 178, 1248-1255.

Li, X., Wang, Z., Lu, LL, Zhao, c., Na, H., and Zhao, c. (2005) Electrochemical
properties of sulphonated PEEK used ion exchange membranes. Journal of 
Membrane Science, 254, 147-155.

Li, X., Zhao, c., Lu, H., Wang, z., Jiang, พ ., and Na, H. (2005) Preparation of a 
new type of ion-exchange membrane basée on sulfonated poly(eher ether 
ketone ketone)s. Journal of Applied Polymer Science, 98, 2481-2486.

Lin, H., Zhao, c., Cui, Z., Ma, พ ., Fu, T., Na, H., and Xing, พ . (2009) Novel 
sulfonated poly(arylene ether ketone) copolymers bearing carboxylic or 
benzimidazole pendant groups for proton exchange membranes. Journal of 
Power Sources, 193, 507-514.

Liu, B., Robertson, G.P., Kim, D., Guiver, M.D., Hu, พ ., and Jiang, z. (2007) 
Aromatic poly(ether ketone)s with pendant sulfonic acid phenyl groups 
prepared by a mild sulfonation method for proton exchange membranes. 
Macromolecules, 40, 1934-1944.

Mariani, E., Eckstein, J., and Rubinova, E. (1967) Permittivity, dielectric loss and dc 
conductivity of NaNÛ3 crystals grown by epitaxy. Czechoslovak Journal of 
Physics, 17, 552-558.

Mikhailenko, S.D., Robertso, G.P., Guova, M.D., and Kaliaguine, ร. (2006)
Properties of PEMs based on cross-linked sulfonated poly(ether ether 
ketone). Journal of Membrane Science, 285, 306-316.

Mikhailenko, S.D., Wang, K., Kaliaguine, ร., Xing, p., Robertson, G.P., and Guiver,
M.D. (2004) Proton conducting membranes based on cross-linked



140

sulfonated poly(ether ether ketone) (SPEEK). Journal of Membrane 
Science, 223, 93-99.

Mukoma, p., Joosteb, B.R„ and Vosl, H.C.M. (2004) A comparison of methanol 
permeability in Chitosan and Nation 117 membranes at high to medium 
methanol concentrations. Journal of Membrane Science, 243, 293-299.

Muthu Lakshmi, R.T.S., Choudhary, V., and Varma, I.K. (2005) Sulphonated 
poly(ether ether ketone): synthesis and characterization. Journal of 
Materials Science, 40, 629-636.

Muthu Lakshmi, R.T.S., Meier-Haack, J., Schlenstedt, K., Vogel, c., Choudhary, V., 
and Varma, I.K. (2005) Sulphonated poly(ether ether ketone) copolymer: 
synthesis, characterization and membrane properties. Journal of Membrane 
Science, 261, 27-35.

Neburchilov, V . ,  Martin J., Wang H , and Zhang J. ( 2 0 0 0 )  A  review of polymer 
electrolyte Membranes for direct methanol fuel cells. Journal Power 
Sources, 169, 2 2 1 - 2 3 8 .

Osterholm, H., Kumar, N., Lindblad, M., Tiitta, M., Salmi, T., and Murzin, D.
(2012) Characterization of MFI and BEA embedded in mesoporous 
molecular sieve -  Thermal stability. Microporous and Mesoporous 
Materials. 154, 124-132.

Pascual, A.M.D., Martinez, Gand Gomez, M.A. (2009) Synthesis and
characterization of poly(ether ether ketone) derivatives obtained by carbonyl 
reduction. Macromolecules. 42, 6885-6892.

Patel, R., Park, J.T., Lee, พ .ร. Kim, J.H., and Min, B.R. (2009) Composite
polymer electrolyte membranes comprising P(VDF-co-CTFE)-g-PSSA graft 
copolymer and zeolite for fuel cell applications. Polymers Advanced 
Technologies, 20, 1146-1151.

Ramirez-Salgado J. (2007) Study of basic biopolymer as proton membrane for fuel 
cell systems. Electrochimica Acta, 52, 3766-3778.

Rao, V.L., Sabeena, P.U., and Ninan, K.N. (1998) Synthesis properties of
polyetherketone and polyetherketonesulfone copolymers. European Polymer 
Journal, 34, 567-570.



141

Regina, A., Fontananova, E., Drioli, E., Casciola, M., Sganappa, ML, and Trorra, F. 
(2006) Preparation and characterization of sulfonated PEEK-WC 
membranes for fuel cell applications. Journal o f Power Sources, 160, 139- 
147.

Reyna-Valencia, A., Kaliaguine, ร. and Bousmina, M. (2006) Structural and 
mechanical characterization of poly(ether ether ketone) (PEEK) and 
sulfonated PEEK films: effects of thermal history, sulfonation, and 
preparation conditions. Journal of Applied Polymer Science, 99, 756-774.

Robertson, G.P., Mikhailenko, S.D., Wang, K., Xing, P., Guiver, M.D., and 
Kaliaguine, ร. (2003) Casting solvent interactions with sulfonated 
poly(ether ether ketone) during proton exchange membrane fabrication. 
Journal of Membrane Science, 219, 113-121.

Roeder, J., Silva, H., Nunes, S.P., and Pires, A.T.N. (2005) Mixed conductive 
blends of SPEEK/PANI. Solid State Ionics. 176, 1411-1417.

Roeder, J., Zucolotto, V., Shishatsky, ร., Bertolino, J.R., Nunes, S.P., and Pires,
A.T.N. (2006) Mixed Conductive membrane: Aniline polymerization in an 
acid SPEEK matrix. Journal of Membrane Science. 279, 70-75.

Rozi'ere, J., and Jones, D.J. (2003) Non-fluorinated polymer materials for proton 
exchange membrane fuel cells. Annual Review of Materials Research. 33, 
503-555.

Rusanov, A.L., Likhatchev, D., Kostoglodov, P.V., Mullen, K. and Klapper, M. 
(2005) Proton-exchanging electrolyte membranes based on aromatic 
condensation polymers. Advance Polymer Science, 179, 83-134.

Sangeetha, D. (2007) Sulphonated Poly(ether ether ketone) Proton exchange 
membranes for cell applications. International Journal of Polymeric 
Materials. 56, 535-548.

Sengul, E., Erdener, H., Akay, R.G., Yucel, H., Bac, N., and Eroglu, I. (2009) 
Effects of sulfonated polyether-etherketone (SPEEK) and composite 
membranes on the proton exchange membrane fuel cell (PEMFC) 
performance. International Journal of Hydrogen Energy. 34, 4645-4652.

Shang, X.Y., Shu, D., Wang, S.J., Xiao, M., and Meng, Y.z. (2007) Fluorene- 
containing sulfonated poly(arylene ether 1,3,4-oxadiazole) as proton-



142

exchange membrane for PEM fuel cell application. Journal of Membrane 
Science, 291, 140-147.

Smitha, B., Sridhar,ร., and Khan A.A. (2005) Solid polymer electrolyte membranes 
for fuel cell applications—a review. Journal of Membrane Science, 259, 10- 
26.

Son, D.H., Sharma, R.K., Shul, Y.G., and Kim, H. (2007) Preparation of Pt/zeolite- 
Nafion composite membranes for self-humidifying polymer electrolyte fuel 
cells, Journal of Power Sources, 165, 733-738.

Swier, ร., Gasa, J., Shaw, M.T., and Weiss, R.A. (2004) Sulfonation reaction 
kinetics of poly(ether ketone ketone) (PEKK) using a mixture of 
concentrated and fuming sulfuric acid. Industrial & Engineering Chemistry 
Research, 43, 6948-6954.

Tricoli, V., and Nannetti, F. (2003) Zeolite-Nafion composites as ion conducting 
materials. Electrochimica Acta, 48, 2625-2633.

บทnikrishnan, L., Nayak, S.K., Mohanty, ร., and Sarkhel, G. (2010)
Polyethersulfone membranes: the effect of sulfonation on the properties. 
Polymer-Plastics Technology and Engineering, 49, 1419-1427.

บททikrishnan, L., Nayak, S.K., Mohanty, ร., Sarkhel, G. (2010) Polyethersulfone 
membranes: the effect of sulfonation on the properties. Polymer-Plastics 
Technology and Engineering, 49, 1419-1427.

Vetter, ร., Ruffmann, B., Buder, I., and Nunes, s.p. (2005) Proton conductive
membranes of sulfonated poly(ether ketone ketone). Journal of Membrane 
Science, 260, 181-186.

Wan, Y., Creber, K.A.M., Peppley, B., and Bui, V.T. (2006) Chitosan-based solid 
electrolyte composite membranes I. Preparation and characterization. 
Journal of Membrane Science, 280, 666-674.

Wang, c., Shin, D.W., Lee, S.Y., Kang, N.R., Lee, Y.M., and Guiver, M.D. (2012) 
Poly(arylene ether sulfone) proton exchange membranes with flexible acid 
side chains. Journal of Membrane Science, 405-406, 68-78.

Wang, F., Li, J., Chen, T., and Xu, J. (2003) Synthesis of poly(ether ether ketone) 
with high content of sodium sulfoante groups and its membrane 
characteristics. Polymer, 40, 795-799.



143

Wang, J., Zheng, X., พน, H., Zheng, B., Jiang, Z., Xiaopeng, X., and Wang, B.
(2008) Effect of zeolites on chitosan/zeolite hybrid membranes for direct 
methanol fuel cell. Journal of Power Sources, 178, 9-19.

Wang, Z., Ni, H., Zhao, c ., Li, X., Fu, T., and Na, H. (2006) Investigate of 
sulfonated poly(ether ether ketone sulfone/Heteropolyacid composite 
membranes for high temperature fuel cell applications. Journal of Polymer 
Science: Part B: Polymer physics. 44, 1967-1978.

พน, H., Ma, C.M., Li, c ., Lee, T., Chen, c ., Chiang, c ., and พน, c . (2006)
Sulfonated poly(ether ether ketone)/poly(amide imide) polymer blends for 
proton conducting membrane. Journal of Membrane Science, 280, 501-508.

Wycisk, R., Lee, J. K. and Pintauro, P. N. (2005) Sulfonated polyphosphazene-
polybenzimidazole membranes for DMFCs. Journal of the Electrochemical 
Society. 152, 892-898.

Xiao, G., รนท, G., and Yan, D. (2002) Synthesis and characterization of novel
sulfonated poly(arylene ether ketone)s derived from 4,4'-su!fonyldiphenol. 
Polymer Bulletin. 48, 309-315.

Xing, p., Robertson, G.P., Guiver, M.D., Mikhailenko, S.D., Wang, K., and 
Kaliaguine, ร. (2004) Synthesis and characterization of sulfonated 
poly(ether ether ketone) for proton exchange membranes. Journal of 
Membrane Science. 229, 95-106.

Xue, ร., and Yin, G. (2006) Methanol permeability in sulfonated poly(etherether- 
ketone) membranes: A comparison with Nafion membranes. European 
Polymer Journal. 42, 776-785.

Zeng, R., Xiao, ร., Chen, L., and Chen, Y. (2012) Sulfonated poly(ether sulfone 
ether ketone ketone)/sulfonated poly(ether sulfone) blend membranes with 
reduced methanol permeability. High Performance Polymers, 24, 153-160.

Zhang, H., Pang, J.H., Wang, D., Li, A., Li, X., and Jiang, z. (2005) Sulfonated 
poly(arylene ether nitrile ketone) and its composite with phosphotungstic 
acid as materials for proton exchange membranes. Journal of Membrane 
Science, 264, 56-64



144

Zhang, พ ., Gogel, V., Andreas Friedrich, K., And Kerres, J. (2006) Novel
covalently cross-linked poly(etheretherketone) ionomer membranes. . 
Journal of Power Sources. 155, 3-12.

Zhang, Z., Desilets, F., Felice, V., Mecheri, B., Licoccia, ร., and Tavares, A.c.
(2011) On the proton conductivity of Nafion-Faujasite composite 
membranes for low temperature direct methanol fuel cells. Journal of Power 
Sources, 196, 9176-9187.

Zhao, c., Lin, H., Han, M., and Na, H. (2010) Covalently cross-linked proton
exchange membranes based on sulfonated poly(arylene ether ketone) and 
polybenzimidazole oligomer. Journal of Membrane Science, 353, 10-16.

Zhao, c „  Lin, H„ Shao, K„ Li, X., Ni, H., Wang, z., and Na, H. (2006) Block 
sulfonated poly(ether ether ketone)s (SPEEK) ionomers with high ion- 
exchange capacities of proton exchange membranes. Journal of Power 
Sources, 162, 1003-1009.

Zhao, c., Lin, H., Zhang, Q., and Na, H. (2010) Layer-by-layer self-assembly of 
polyaniline on sulfonated poly(arylene ether ketone) membrane with high 
proton conductivity and low methanol crossover. International Journal of 
Hydrogen Energy, 35, 10482-10488.

Zhong, ร., Cui, X., Cai, H., Fu, T., Zhao, c., and Na, FI. (2007) Crosslinked
sulfonated poly(ether ether ketone) proton exchange membranes for direct 
methanol fuel cell applications. Journal of Power Sources, 164, 65-72.

Zhong, ร., Fu, Z., Dou, Z., Zhao, c. and Na, H. (2006) Preparation and evaluation 
of proton exchange membrane based on crosslinkable sulfonated poly(ether 
ether ketone)s. Journal of Power Sources, 162, 51-57.



145

CURRICULUM VITAE

Name: Ms. Sairung Changkhamchom
Date of Birth: September 19, 1981
Nationality: Thai
University Education:

1999-2002 Bachelor Degree of Engineering (B.Eng.
Petrochemicals and Polymeric Materials), Faculty 
of Engineering and Industrial Technology, 
Silpakorn University, Nakhon Pathom, Thailand 
(GPA3.13)

Work Experience:
01/04/2002-21/05/2002

17/04/2003-09/10/2003

13/10/2003-20/05/2005

21/05/2005-18/02/2006

Position: Student trainee
Company name: Thai Spinning Industry Co.,Ltd. 
Position: R&D Officer
Company name: United Textile Mills Co., Ltd. 
Position: Hard Coating production engineer 
Company name: Hoya Lens (Thailand) Co., Ltd. 
Position: Hard Coating production chief 
Company name: Hoya Lens (Thailand) Co., Ltd.

Academic Experience:
September, 2010 Teaching Assistantship (T.A.) Polymer Physics

class of 2 0 1 0

The Petroleum and Petrochemical College, 
Chulalongkorn University

Publications:
1. Changkhamchom, ร., and Sirivat, A. (2010) Synthesis and properties of 

sulfonated poly(ether ketone ether sulfone) (S-PEKES) via bisphenol ร: effect of 
sulfonation. Polymer Bulletin. 65, 265-281.

2. Changkhamchom, ร., and Sirivat, A. (2013) Polymer electrolyte membrane 
based on sulfonated poly(ether ketone ether sulfone) (S-PEKES) with low



146

methanol permeability for direct methanol fuel cell application. Polymer- 
Plastics Technology and Engineering, 52, 70-79.

3. Changkhamchom, ร, and Sirivat, A. (2013) Composite proton exchange 
membranes of sulfonated poly(ether ketone ether sulfone) (S-PEKES)
and molecular sieve with high mechanical strength for direct methanol fuel cell. 
S u b m i t t e d  to  International Journal of Polymeric Materials.

4. Changkhamchom, ร., and Sirivat, A. (2013) High proton conductivity ZSM-5 
/sulfonated poly(ether ketone ether sulfone) (S-PEKES) composite proton 
exchange membrane for using in direct methanol fuel cell. P r e p a r a t io n

Collaborated publications:
1. Yimlamai, I., Niamlang, ร., Chanthaanont, P., Kunanuraksapong, R., 

Changkhamchom, ร., and Sirivat, A. (2011) Electrical Conductivity Response 
and Sensitivity of ZSM-5, Y, and Mordenite Zeolites towards Ethanol Vapor, 
Ionics, 56, 19-26.

2. Auimviriyavat, J., Changkhamchom, ร., and Sirivat, A. (2011) Development of 
poly(ether ether ketone) (PEEK) with inorganic filler for direct methanol fuel cells 
(DMFCs). Industrial & Engineering Chemistry Research, 50, 12527-12533.

3. Macksasitom, ร., Changkhamchom, ร., Sirivat, A., and Siemanond, K. (2012) 
Sulfonated poly(ether ether ketone) membrane and sulfonated poly(l,4- 
phenylene ether ether sulfone) membranes for vanadium redox flow battery.
High Performance Polymer, 24(7), 603-608.

4. Taweekarn, N., Changkhamchom, ร., and Sirivat, A. (2012) Synthesis and 
Characterization of sulfonated poly(aromatic imide-co-aliphatic imide) (S-coPI) 
membrane for direct methanol fuel cells. S u b m i t t e d  to  Polymer Bulletin.

Proceedings:
1. Changkhamchom, ร., and Sirivat, A. (2008, June 8-13) Sulfonated Poly(ether 

ether ketone)(S-PEEK) as derived from Bisphenol-S for a Proton Exchange 
Membrane (PEM) in Direct Methanol Fuel Cells (DMFC). Proceedings of the 3rd 
International Conference “Smart Materials, Structures and Systems” (CIMTEC 
2008), Acireale (Catania District), Sicily, Italy.



147

2. Changkhamchom, ร., and Sirivat, A. (2009, March 9) Development of proton 
exchange membrane from bisphenol ร for using in direct methanol fuel cells. 
Proceedings of the Behavior and Mechanics of Multifunctional Materials and 
Composites 2009 (SPIE), San Diego, CA, USA.

3. Changkhamchom, ร., and Sirivat, A. (2011, May 3-5) Proton conductivity, 
methanol permeability, and thermal property o f a novel sulfonated poly(arylene 
ether ketone sulfone) electrolyte membrane. Proceedings of the 7th Conference of 
Energy Network of Thailand (E-NETT 2011). Phuket Orchid Resort and Spa, 
Karon beach, Phuket, Thailand.

Presentations:
1. Changkhamchom, ร., and Sirivat, A. (2008, December 19-20) Development 

sulfonated poly(ether ether ketone) for proton exchange membrane. Oral 
presented at the ChemBio tech'08, Singapore. O r a l  P r e s e n ta t io n

2. Changkhamchom, ร., and Sirivat, A. (2010, April 1-3) Electrical properties and 
methanol permeability of synthesized sulfonated poly(ether ketone ether sulfone) 
(S-PEKES). Oral presented at the RGJ-Ph.D. Congress XT Pattaya, Chonburi, 
Thailand. O r a l  P r e s e n ta t io n

3. Changkhamchom, ร., and Sirivat, A. (2008, March 10-14) Development of 
poly(ether ether ketone) (PEEK) derived from bisphenol-S as proton exchange 
membrane (PEM) in direct methanol fuel cells (DMFC). Poster presented at the 
2008 APS March Meeting, New Orleans, Louisiana, USA. P o s t e r  P r e s e n ta t io n

4. Changkhamchom, ร., and Sirivat, A. (2008, April 22-25) Development of 
poly(ether ether ketone) (PEEK) derived from 4,4’-sulfonyldiphenol for Proton 
Exchange Membrane (PEM) in Direct Methanol Fuel Cells (DMFC). Poster 
presented at the Smart/Intelligent Materials And Nano Technology 2008 & 2nd 
International workshop on Functional Materials and nanomaterials (SmartMat'08- 
IWOFM-2L Chiang Mai, Thailand. P o s te r  P r e s e n ta t io n

5. Changkhamchom, ร., and Sirivat, A. (2008, June 8-13) Sulfonated poly(ether 
ether ketone) (S-PEEK) as derived from bisphenol-S for a proton exchange 
membrane (PEM) in direct methanol fuel cells (DMFC). Poster presented at the



148

3rd International Conference “Smart Materials, Structures and Systems” 
(CIMTEC 2008), Acireale (Catania District), Sicily, Italy. P o s t e r  P r e s e n ta t io n

6 . Changkhamchom, ร., and Sirivat, A. (2008, August 19-20) Synthesis of 
Sulfonated Poly(ether ether ketone) for Proton Exchange Membrane. Poster 
presented at the Thai-Japan Joint Symposium on Advances in Materials Science 
and Environmental Technology. Bangkok, Thailand. P o s t e r  P r e s e n ta t io n

7. Changkhamchom, ร., and Sirivat, A. (2008, November 6 -8 ) Sulfonated 
poly(ether ether ketone) for prooton exchange membrane (PEM). Poster presented 
at the Nano Thailand Symposium 2008 (NTS 2008) International Conference & 
Exhibition, Bangkok, Thailand. P o s te r  P r e s e n ta t io n

8 . Changkhamchom, ร., and Sirivat, A. (2009, March 9) Development of proton 
exchange mambrane from bisphonol ร for using in direct methanol fuel cell. 
Poster presented at the Behavior and Mechanics of Multifunctional Materials and 
Composites 2009 (SPIE), San Diego, CA, USA. P o s t e r  P r e s e n ta t io n

9. Changkhamchom, ร., and Sirivat, A. (2009, March 16-20) Development of ร- 
PEEK Electrolyte Membrane for Using in Direct Methanol Fuel Cell (DMFC). 
Poster presented at the APS March Meeting 2009, Pittsburgh, Pennsylvania, USA. 
P o s te r  P r e s e n ta t io n

10. Changkhamchom, ร., and Sirivat, A. (2009, June 14-18) Development of 
Polymer Electrolyte Mambrane (PEM) from Bisphonol ร for Using in Direct 
Methanol Fuel Cell (DMFC). Poster presented at the SPIE Europe Optical 
Metrology, Munich, Germany. P o s te r  P r e s e n ta t io n

11. Changkhamchom, ร., and Sirivat, A. (2009, August 7) Synthesis of sulfonated 
poly(ether ketone ether sulfone) (S-PEKES) and the degree of sulfonation effect 
in its properties. Poster presented at the RGJ Seminar Series LXII Advanced 
Materids,.Bangkok, Thailand. P o s te r  P r e s e n ta t io n

12. Changkhamchom, ร., and Sirivat, A. (2011, May 3-5) Proton conductivity, 
methanol permeability, and thermal property of a novel sulfonated poly(arylene 
ether ketone sulfone) electrolyte membrane. Poster presented at the 7th conference 
on Energy Network of Thailand, Bangkok, Thailand. P o s te r  P r e s e n ta t io n

!3. Changkhamchom, ร., and Sirivat, A. (2011, May 29-31) Modification of 
poly(ether ether ketone) (PEEK) derived from bisphenol-S as proton exchange



149

membrane (PEM). Poster presented at the Second International Symposium 
Frontier in Polymer Science 2011, Lyon, France. P o s t e r  P r e s e n ta t io n

14. Changkhamchom, ร., and Sirivat, A. (2012, June 10-14) Novel sulfonated 
poly(ether ketone ether sulfone) proton exchange membrane for using in DMFC. 
Poster presented at the 4th International Conference “Smart Materials. Structure ร 
and Systems”, Montecatini Terme, Tuscany, Italy. P o s t e r  P r e s e n ta t io n

15. Macksasitorn ร., Changkhamchom, ร., Sirivat, A., and Siemanond. K. (2013, 
March 1-14) Proton exchange membrane based on sulfonated poly(ether ether 
keone) and sulfonated poly(l,4-phenylene ether ether sulfone) for vanadium 
redox flow battery. Poster presented at the SPIE Smart Structures/NDE 2013, San 
Diego, California, United States. P o s te r  P r e s e n ta t io n

16. Changkhamchom, ร., and Sirivat, A. (2013, April 22) Sulfonated poly(ether 
ketone ether sulfone) (S-PEKES)/zeolite proton exchange membrane for direct 
methanol fuel cell. Oral presented at the 1st Annual Symposium of Conductive 
and Electroactive Polymers (CEAP 2013), Bangkok, Thailand. O r a l  P r e s e n ta t io n


	REFERENCES
	CURRICULUM VITAE

