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ABSTRACT

The polymer electrolyte membrane fuel cell (PEMFC) is
the rapidly developing fifth-generation fuel cell. With the low-
est working temperature, the highest specific energy, the fas-
test startup, the longest service life, and the widest applica-
tions, PEMFC has very important applications and good pros-
pects in the fields of the sea, the land and the air. The proton-
exchange membrane is the core component of PEMFC. It differs
from the membranes used in chemical cells in that it not only
acts as an insulator between the fuel and the oxidant, but also
works as an electrolyte. Most proton-exchange membranes con-
sist of a polymer matrix and ion-exchange groups. At present,
the only available commercial products of proton-exchange
membrane are the Nafion series of perflurosulfonic acid mem-
branes from Dupont. Although Nafion has good chemical and

physical properties for use in fuel cell fields. It has three major
. 5.
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draw backs, including low conductivity at low humidity or high
temperature, as well as high methanol permeability. Unreacted
methanol at the anode can diffuse through the membrane and
react at the cathode, lowering the voltage efficiency of the cell
and reducing the systems fuel efficiency. The drawbacks limit-
ed application in the direct methanol polymer Electrolyte mem-
brane fuel cells. Besides, the perfluorinated membranes are
very expensive, which is also regarded as a limiting factor.
Thus new polymer electrolyte membranes for fuel cell are being
explored. Synthesis and study of properties of novel proton ex-
change membrane for fuel cells.

Sulfonated polyimide is a promising candidate of Nafion for
proton-exchange membranes due to its outstanding thermal and
chemical stability, high mechanical and electrical property as
well as good film-forming capability. Additionally, the organic-
inorganic composite proton exchange membranes have received
a great deal of attention because they possess the excellence of
organic and inorganic membranes. The incorporation of inor-
ganic components in polymer electrolyte materials improves the
water uptake and water retention, which caused the high proton
conductivity of membranes at high temperature. Meanwhile
the introduction of inorganic particles also reduces the methanol
permeability.

In this thesis, a series of sulfonated polyimides were syn-

thesized by condensation of bis ( p-hydroxylphenyl) -1,4,5,8-
o «
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naphthalenetetracarboxylic di-imide with various ratios of 3,3'-
disulfonate-4 ,4'-dichlorodiphenylsulfone to 4 ,4'-dichlorodiphe-
nyl-sulfone and were prepared for proton exchange membranes.
At the same time, ther SPEEK/TiO, hybrid membranes with va-
rious contents of TiO, were prepared through sol-gel reactions.
Both of them were evaluated for proton exchange membrane fuel
cell application. The sodium 5, 5-carbonylbis ( 2-fluoro-
benzene-sulfonate) was synthesized by dissolving 4 ,4-difluoro-
benzophenone in 30% fuming sulfuric acid through electron-
withdrawing substitute reaction. The bisphenol monomer contai-
ning the imide ring was synthesized by NTDA and p-aminophe-
nol. In addition, a series of sulfonated polyimides containing e-
ther ketone structure were synthesized successfully by typical
nucleophilic substitution reactions. The results of characters
proved that sulfonated polyimides can be synthesized by nucleo-
philic substitution reactions.

The resulting polymers showed good film-forming capabili-
ty, which indicated high molecular weight of sulfonated polyim-
ides. Besides, the polymers possessed high thermal decomposi-
tion temperature (T, >400°C) and T, (T, >200°C). The
polymers had good solubility and easily dissolved in m-cresol
and NMP. The data of tensile modulus and tensile strength of
SPEK-PI membranes indicated that they were suitable as mem-
brane materials for proton exchange membranes. SPEEK-PI

membranes showed favorable proton conductivity and the proton
i T
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conductivity of membrane with DS = 1was close to that of Na-
fion. All the membranes showed lower methanol permeabilities
compared with Nafion117. Consequently, the proton exchange
membranes were promising for PEMFC applications.

In this thesis, the SPEEKs containing tetramethyl were se-
lected as matrix owing to their good mechanical properties, low
methanol permeability, high thermo-oxidative stability and pro-
ton conductivity. At the same time, nanosized TiO, was select-
ed as additive due to its classical procedure of synthesize.

A series of SPEEK/ TiO, composite membranes with vari-
ous DS and contents of TiO, were prepared and characterized by
FTIR, SEM and TEM. It could be conclude that TiO, particles
were homogeneously distributed in the membrane. and the di-
ameters of TiO, particles were below 100 nm. The composite
membranes displayed excellent thermal stability and mechanical
properties, which could suit the use of proton exchange mem-
brane.

The water uptake of composite membranes improved with
increasing TiO, at the same DS owing to larée specific surface
area and high surface energy. We noticed that SPEEK/TiO,
composite membranes showed better water retention than
SPEEK membranes. It could be explained that abounding O—
H restrained the movement of water in composite membranes,
and further reduced water diffusion speed. It was also because

that the introducing of nanosized TiO, to proton exchange mem-
.8
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branes can decrease radius of curvature of water diffuse inter-
phase, further resulted in the enhancement of saturated vapor
tension, which restricted the evaporation of water.

We can see that the introduction of nanosized TiO, in-
creased the density of membrane and impeded the moving of
methanol, which resulted in obvious decrease of methanol per-
meability. First the proton conductivity of composite membranes
increased with enhancive content of nanosized TiO,, and then
they decreased depending on same DS and temperature. It was
because that the proton conductivity was influenced by nanos-
ized TiO, in two aspects: one is to improve water uptake and
water retain; another is to block the channels of protons. The
proton conductivity enhanced when the former play a dominant
role, whereas, the proton conductivity decreased.

Recently our groups have explored several sulfonated poly
(aryl ether)s ( SPAEs) for proton exchange membranes usa-
ges. Although they show very good potential usages in PEM,
there still have several drawbacks to solve. (1) SPAEs with
low IEC exhibited good mechanical strength and methanol re-
sistance. However, their low proton conductivity restricts the
performance in fuel cell. (2) SPAEs with high IEC exhibited
superior proton conductivity. However, the brittleness of the
membranes at evaluated temperatures, excessively swelling
properties and the relatively high methanol crossover in mem-

branes has limited their usages.
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In order to solve these problems and improve selected PEM
properties , two methods were proposed in this dissertation: (1)
block copolymers; (2) acid-base blend membranes.

In chapter 5, block SPAEK copolymer ionomers were suc-
cessfully synthesized by a two-stage process. First, the hydro-
phobic block with controlled length on average was prepared.
And then, the monomers with desired stoichiometry were added
in order to prepare and control the length of the hydrophilic
block. Each block copolymer was then composed of an alterna-
ting sequence of several hydrophilic and hydrophobic blocks.
Further we have characterized the structures in detail.

In chapter 6, the morphology of block SPAEK membranes
was detailed investigated by various measurements, including
small angle X-ray scattering (SAXS) and transmission electron
microscope ( TEM ). As observed by TEM, spherical ionic
clusters uniformly dispersed thought the random SPAEK poly-
mer backbone matrix. The ionic cluster size was in the range of
5 ~15nm, which is dependent of the degree of sulfonation. On
the oter hand, a large number of smaller ionic clusters ( <
Snm) and a certain amount of bigger ionic clusters (20 ~
35nm) appeared for block SPAEK membranes. However, the
amount of these silver clusters was less than that of random
membranes. Instead, the dark colored ionic domains spreading
as a cloud-like belt were also observed. These wide ionic do-

mains were well-connected each other by a mass of bigger and
<10 -
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smaller ionic clusters together with medium size clusters. This
observation was also confirmed by the SAXS analysis. The ion-
omer peaks in SAXS profiles indicated the presence of large i-
onic domains for most of polymers. The results showed that the
block copolymers exhibited larger size of ionic domains or more
clearly phase-separated microstructures with the increase of ion-
ic content and hydrophobic sequence length. Futher, we have
studied the properties of the resulted block SPAEK membranes
in detail. Then, the relationship between morphology and pro-
ton conductivity of block SPAEK membranes was then estab-

lished according to experimental data.

<11 -
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