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Abstract

Abstract

Bipolar membrane fuel cell (BMFC) combines the advantages of traditional proton
exchange membrane fuel cell (PEMFC) and alkaline anion exchange membrane fuel
cell (AAEMFC). Firstly, compared with PEFMC, BMFC uses an alkaline electrode as
cathode, therefore, non-noble metal catalysts can be used at cathode due to the more
facile electrokinetics for the oxygen reduction reaction under alkaline condition.
Secondly, water generation at the bipolar junction of the bipolar membrane produces a
self-hydrating effect on the membrane, which simplifies the water management of the
fuel cell, avoids the performance degradation at high temperature due to dehydration of
the membrane. Thirdly, compared with anion exchange membrane used in an AAEMFC,
bipolar membrane used as the electrolyte of BMFC has a higher ionic conductivity due
a thinner anion exchange layer, therefore, the performance of BMFC is assured.

As a key component in BMFC, bipolar membrane plays a crucial role in separating
the anode and cathode, and achieves cation and anion transfer simultaneously.
Accordingly, the development of the bipolar membrane with high performance and
stability is a major challenge in the development of BMFC. In this work, we prepared
a novel mono-sheet bipolar membrane which is applicable for fuel cells based on the
pre-irradiation grafting technology, and the research work concerns the following
aspects:

(1) The poly(ethylene-co-tetrafluoroethylene) (ETFE) membrane samples were
pre-irradiated with a ®Co vy-ray source under oxygen-free environment. Then the
styrene monomer was grafted onto one side of the pre-irradiation ETFE base film and
1-vinylimidazole was grafted onto the opposite side simultaneously. After grafting
reaction, the styrene grafted side of the grafted membrane was sulfonated to introduce
the sulfonic acid groups (thereby forming cation exchange layer, CEL) and the 1-
vinylimidazole grafted side was alkylated to introduce imidazolium cation groups

(thereby forming anion exchange layer, AEL), respectively. Finally, bipolar membranes



Abstract

in different form can be obtained by ion exchange to the bipolar membranes.

(2) Two different concentration of styrene were used in the process of grafting
reaction, and after functionalization, we finally obtained two series of bipolar
membranes, namely BM1 and BM2. The chemical structure, the distributions of ion
exchange groups and the performances of these membranes, such as ion exchange
capacity, ionic conductivity, water uptake and thermal stability were tested in this work.
TGA measurements showed excellent thermal stability of these mono-sheet bipolar
membranes with a200°C onset decomposition temperature. SEM-EDS results revealed
that these membranes have no clear boundary between CEL and AEL, indicating the
existence of an intermediate layer with a certain thickness inside the membrane.
Another interesting finding was that the thickness of the CEL was much thicker than
that of AEL for both bipolar membrane BM1 and BM2. Consistently, the cation
exchange capacity of the membrane is much higher than anion exchange capacity.
Bipolar membranes BM1-c and BM2-c have the best ionic conductivity among the
bipolar membranes BM1 and BM2 respectively. The ionic conductivity of bipolar
membrane BM1-c and BM2-¢ range from 1.87x1072 to 4.49x10 S cm™ and 2.12x10%
t0 5.32x102 S cm™, respectively, when temperature was elevated from 30 to 80°C. The
above test results show that this kind of membrane has the application prospect in fuel
cells.

(3) Bipolar membrane BM1-c and BM2-c were utilized as the polymer electrolyte
membrane for the Hz/O; fuel cell tests owing to their higher ionic conductivity among
the samples. Open circuit voltage (OCV) of 0.95 V for both single cells was recorded.
A maximum power density of 107 mW cm when current density was 260 mA cm for
BM2-c single cell and 79 mW cm when current density was 175 mA cm for BM1-c
were observed with dry feed gases at 35°C. The above results further suggest the great

prospect of these membranes for the application of bipolar membrane fuel cells.

Key Words: Bipolar membrane fuel cells; Bipolar membrane; Radiation grafting
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