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Abstract : The anion exchange membrane used in alkaline membrane fuel cells transports
hydroxide ions, and ion conductivity affects fuel cell performance. Thus, the measurement of
absolute hydroxide ion conductivity is essential. However, it is challenging to accurately mea-
sure hydroxide ion conductivity since hydroxide ions are easily poisoned in the form of bicar-
bonate by carbon dioxide in the atmosphere. In this study, we applied electrochemical ion
exchange treatment to measure the absolute hydroxide ion conductivity of the anion exchange
membrane. In addition, we investigated the effect of carbon dioxide poisoning of hydroxide
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ions on electrochemical performance by measuring bicarbonate conductivity. Commercial anion
exchange membranes (FAA-3-50 and Orion TM1) and polyphenylene-based block copolymer

(QPP-6F) were used.

Keywords : Alkaline Membrane Fuel Cell, lon Exchange Membrane, Hydroxide Ion Conductivity,

CO, Poisoning
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Table 1. Ionic radius and mobility of different anions

Ionic radius Ion mobility
(pm) (108 m? s v
OH 133 20.64
HCOy 156 4.61
COs* 178 7.46
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Fig. 1. Time-dependent conductivity of FAA-3-50
according to decarbonization and CO, poisoning.
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Table 2. Conductivity of OH and HCO5;7/CO;> according
to repeated cycles

1 st 2nd 3rd
Max. lon
conductivity 67 66 64
(mS/cm)*
Min. Ion
conductivity 18 17 17
(mS/cm)°

2 OH: ion form P HCO;/CO5* ion form
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Fig. 3. Structures of (a) Orion TM1 and (b) QPP-6F.
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Table 3. Absolute conductivity of AEM and conductivity after the exposure to 100 ppm CO,

FAA-3-50 Orion TM1 QPP-6F
1* cycle 2" cycle 1% cycle 2" cycle 1* cycle 2" cycle
Max.
Ion conductivity 66 65 125 125 99 99
(mS/cm)?
Min.
Ion conductivity 19 19 35 35 24 24
(mS/cm)°
Slope
(|mS/cl:n-h|) 1.04 0.93 0.96 0.90 1.01 0.98

2 OH: ion form ®* HCO;/CO5* ion form
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Fig. 4. Time-dependent conductivity of AEM
decarbonization and exposure to 100 ppm CO,.
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Fig. 5. Time-dependent conductivity of AEM after
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Table 4. Absolute conductivity of AEM and conductivity after the exposure to 400 ppm CO,

FAA-3-50 Orion TM1 QPP-6F
1* cycle 2M cycle 1% cycle 2" cycle 1* cycle 2" cycle
Max.
Ion conductivity 67 69 126 125 91 91
(mS/cm)?
Min.
Ion conductivity 19 19 34 35 21 22
(mS/cm)?
Slope
(imS P ) 1.60 138 1.49 130 153 141

2 OH: ion form ®* HCO;/CO5* ion form

(a)

P/

CE/ RE SE/ WE,
AEM @ @
Impedance

analyzer

(7
anal e:
B

AEM

Impedance
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=
0000

Scheme 1. (a) Electrochemical treatment method for measuring OH™ conductivity of AEM and (b) AEM’s CO, poisoning

process.
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