
INORGANIC MESOPOROUS MEMBRANE FOR 
POTENTIALLY USED IN PROTON EXCHANGE MEMBRANE

Tanita Kuanchaitrakul

A Thesis Submitted in Partial Fulfilment of the Requirements 
for the Degree of Master of Science 

The Petroleum and Petrochemical College, Chulalongkorn University 
in Academic Partnership with 

The University of Michigan, The University of Oklahoma, 
and Case Western Reserve University 

2008

5 1 1 9 8 8



Thesis Title: Inorganic Mesoporous Membrane for 
Potentially Used in Proton Exchange Membrane 

By: Tanita Kuanchaitrakul
Program: Polymer Science
Thesis Advisors: Asst. Prof. Hathaikarn Manuspiya

Assoc. Prof. Suwabun Chirachanchai

Accepted by the Petroleum and Petrochemical College, Chulalongkorn 
University, in partial fulfilment of the requirements for the Degree of Master of 
Science.

........ (Ya ’......  College Director
(Assoc. Prof. Nantaya Yanumet)

Thesis Committee:

(Asst. Prof. Hathaikarn Manuspiya)

(Assoc. Prof. Suwabun Chirachanchai)

(Dr. Thanyalak Chaisuwan)

(Asst. Prof. Apirat Laobuthee)



IV

บ ท ค ัดย ่อ

ธ'นิตา ควรชัยตระกูล : การเตรียมฌมฌรนชนิดสารอนินทรีย์ท่ีมีรูพรุนสำหรับการ 
ประยุกตใช้เป็นเมมเบรนแลกเปลยนโปรตอน (Inorganic Mesoporous Membrane For Potentially 
used ๒ Proton Exchange Memnane) อ. ท่ีปรึกษา : ผศ.ดร.หทัยกานต์ มนัสปิยะ และ รศ.ดร.สุว 
บุญ จิรชาญชัย 58 หน้า

เมมเบรนชนิดสารอนินทรีย์ท่ีมีรูพรุนเป็นทางเลือกใหม่สำหรับการปรับปรุงการใช้งาน 
เมมเบรนแลกเปล่ียนโปรตอนในเชลล์เช้ือเพลิงท่ีอุณหภูมิสูงแทนท่ีนาปิออน เมมเบรนชนิดน้ีมีรู 
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ABSTRACT
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Inorganic Mesoporous Membranes are a new alternative to improve high- 
temperature fuel cell performance in proton exchange membrane fuel cells (PEMF.Cs) 
to substitute for Nafion. They possess high porosity ahd high specific surface areas, 
resulting in high proton conductivity. In this study, niobium-modified titania.and 
antimony/niobium-modified titania ceramics were prepared via the sol-gel technique. 
The various contents of antimony, 0 to 3 wt%, and 3% nio.bium are incorporated into 
titania to improve the porous surface condition of the ceramic particles. The xerogels 
were heated at about 500°c. Inorganic membranes were fabricated by using the spin­
coating technique using epoxy resin as a binder. The physical, chemical, and electrical 
properties of these membranes were investigated. The XRD results showed that pure 
Ti02 and doped Ti02 nanoparticles obtained possess an anatase structure with 
mesoporosity. The specific surface area of the doped Ti02 was higher than that of 
pure Ti02 and it is worth pointing out that the doping of antimony affected the 
surface areas more than the doping of niobium in Ti02. Moreover, these membranes 
were also tested to evaluate their potential use as an electrolyte in PEMFCs by using 
impedance spectroscopy, TGA, universal testing machine and water uptake. The 
results showed that the proton conductivity value of Ti02/epoxy membrane was 
enhanced by doping niobium and antimony into Ti02 matrix and all of the nano­
composite films present good thermal and mechanical properties.
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