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Abstract

Fuel cells, as a sort of environment friendly and high-efficiency new energy technology,
have wide application in communication, military and transportation. Alkaline anion
exchange membranes fuel cells (AAEMFCs), is a branch of fuel cells, which combine the
advantages of traditional alkaline fuel cells and polymer electrolyte membranes fuel cells.
Due to the alkaline working condition in AAEMFCs, non-noble metal catalysts can be
used in electrodes, and the transferring direction of OH opposes to that of the liquid fuel
such as methanol, ethylene glycol and ethanol, which reduce the fuel permeability caused
by electro-osmosis, furthermore in AAEMFCs water produced at the anode can be
consumed as a reactant at the cathode simplify water management systems.

As a key component in AAEMFCs, anion exchange membranes are used to prevent
electrolyte leakage between cathode and anode, and conduct anions. In this study, two
kinds of anion exchange membranes have been prepared through two different ways. The
physicochemical and electrochemical properties of the two kinds of anion exchange
membranes were also characterized and their applications in AAEMFCs were evaluated.

Multi-quaternary ammonium groups’ type anion exchange membranes prepared
through pre-irradiation grafting method based on ETFE. The based membranes ETFE
were pre-irradiated with a ®°Co y-ray source to a total dose of 90KGy in N, subsequently
monomers such as VBC, DABCO, DCX, and TMA were grafted onto the ETFE orderly.
Then the resulting multi-quaternary ammonium groups’ type anion exchange membranes
were alkalified by KOH to get the alkalization anion multi-quaternary ammonium groups’
type anion exchange membranes (AAEMS). According to the different degree of grafting
of VBC, the resulting AAEMs were assigned as Membrane#1l, Membrane#2, and
Membrane #3. The ionic conductivities of the three series resulting AAEMs ranged from

2.6x10S/cm to 3.9x<1072S/cm at 30°C and the ionic conductivities increased with the


app:ds:ethylene
app:ds:glycol

testing temperature increasing from 20°C to 80°C. The series of Membrane#2 were
selected for fuel cell performance study due to the highest ionic conductivities and proper
chemical properties. Firstly, the membranes of Membranes#2 were made into membrane
electrode assembly (MEA), and then the MEA were assembled into H,/O; fuel cell testing
system. The fuel cell system containing the AAEM produced for this study exhibited an
open circuit voltage (OCV) of 1.034V and a maximum power density of 48mWcm™ when
current density was 69mA cm™ at the operating temperature of 40°C.This type of
multi-quaternary ammonium groups’ type anion exchange membranes is promising for
use in alkaline fuel cells.

Anion exchange membranes based on the copolymer of Dimethyl diallyl ammonium
chloride (DMDAAC) and N-butyl methacrylate (BMA) prepared through
polymerization and alkalization. The influence of solvent and initiator, and the effect of
polymerization additive have been investigated in the polymerization; the conditions for
polymerization have been optimized. Finally, the optimum reaction conditions were
chosen as followed: toluene was used as solvent, volume ration of solvent and monomers
was 1:1, 1 % (wt.) of AIBN was used as initiator, 0.01% (wt.) of Na,EDTA was used as
polymerization additive, reaction time was 6h, and reaction temperature was 60°C. The
anion exchange membranes based on the copolymers when the mole ratio of DMDAAC
and BMA was 1.5, have the best properties. The IEC of the anion exchange membrane
was 0.32mmol-g*. The OH™ ionic conductivity of the anion exchange membranes
was1.57x10° S cm™ at 30°C in deionized water, and increased with the increasing of
temperature, which could reached to 4.9x10° S cm™ at 90°C. The membranes also
exhibited good thermal stability under 200 °C. Therefore, the anion exchange membranes
based on the copolymers of DMDAAC and BMA have perspectives for alkaline fuel cell
applications.

Key Words: Alkaline anion exchange membranes fuel cells; Anion exchange

membranes; Radiation grafting; Radical polymerization
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