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Transport of water in an anion exchange membrane fuel cell

LI Meng . SUI PangChieh
(School of Automotive Engineering, Wuhan University of Technology,
Hubei Key Laboratory of Fuel Cell, Wuhan 430070, P. R. China)

Abstract: This paper aimed to study the water management of alkaline anion exchange membrane fuel cells
(AEMFC) via experiments and numerical simulations. Tokuyama A20]1 membrane was used to prepare and
assemble a laboratory-scale AEMFC single cell. A two-dimensional steady-state isothermal model of the
AEMFC was established to study the battery performance and internal water transport mechanisms. The
model was based on mass conservation, composition conservation, and charge conservation, and considered
the electrochemical reactions inside the battery. The battery performance and internal water transport and
water distribution were analyzed through model calculations. The results show that the calculated
polarization curve trend under certain parameters was in good agreement with the data obtained from the
single cell tests. An increase in current density increased the net flux of water from the anode to the
cathode, which was conducive to the reaction of the cathode. The anode and cathode both required
humidification. Increasing the anode inlet gas humidity could speed up the net migration of water from the
anode to the cathode. Too low inlet gas humidity of the cathode had a great impact on cell performance at
high current densities.
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Table 1 Equipment used for catalyst layer fabrication and single fuel cell tests

WA AT S
ik 5 Greenlight G110
32 R B SR A R A Hiware 11 v. 4.8.6.1
T Binder 5 kPa
i KA RADWAG XA210/X, ¥ 0.01 mg
R AL Elmasonic S10H, 10 min
[T Finishing Brands Devilbis"? GX, P=0.3 MPa
EE S Heidolph MR Hei-Tec
ML P/O/Weber P=2.06 MPa, T=80 °C,10 min
%2 #% MEAFTEMHSH
Table 2 Materials for MEA fabrication
4k AR LUES) A%
1AL ) Johnson atthey Hispec 4000 w(PY=40%
FEL 7 J5 V5 T Tokuyama AS4 w=5%
A 32 48 g Tokuyama A201 B 28 pm
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it B HAR SO 3.

Prescribed Prescribed gas
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N —— 1
Cathode GDL, | Seevies. b,
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AEM A, B
ACL H,+ 20H —— H,0 + 2¢~
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Zero flux —p{ Anode GDL Species, ¢§ «—— Zero flux
SN —
Prescribed Prescribed gas
potential concentration
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Fig. 1 Computational domain and boundary conditions
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Table 3  Cell properties

it 18 8/ pm 500
SARY R L Z s AR R 5 B SO AR T/ pem 50035003500325520
ST R ALZ L Z LR R 0.4;0.3;0.3
SEYHZ A2 R TR/ (s em 1) 100031 0003100

AR ZTEY AR/ (m” s D) 1.000 3% 10 *
AAHK Y AL/ (m* « s D) 3.065 5X107°
AR ZIEY WA/ (m” « s ) 2.792 3X 10 °
AAMAR Y AL/ (m” « s ) 2.608 2107
AAMER LY AR/ (m” «s7) 1.000 3X 10"
AAMARX Y BHARE/ (m* « s ) 1.000 3X 107

7S T % /s 1.3

B/ (kg + m ) 1980
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Fig. 2 Model validation
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Fig. 3 The flux of water with various current densities
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Fig. 4 Polarization curves at different anode inlet relative humidity
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Fig. 5 Polarization curves at different cathode inlet relative humidity
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Fig. 6 Water transport with anode inlet relative Fig. 7 Water transport with cathode inlet relative
humidity from 50% to 90% humidity from 50% to 90%

P 8 7R AN [ it 1138 5 O IS K B BT 8 Ca) 7 BB i S8 141 (o = 90 00 o A [a] FH A8 2 “0AH X
R B0 T B S K B A . NI 8 Ca) T U HY 5 25 BH AR AR X R B2 A 90 96 T B 21 50 D0 Ik, BHAR Nl
MEAC)Z S K BB W R A 20 76 T R 14 Ze A JBE R A 25 7K B RV R AR 300 P 68 1 B A0t =3 2 A S f
£ B AR A0 35 7K ARG S 0 7 BV AP A — 5 B2 o G AT P 35 K T R R g 15 S RE ) R PR RER IR



%4 F R F AT E T B B 5 R R A 27

Pl 8 (b) 27 PR 2 T FE MBI (@, =90 20 o AN [s) B kAR X 98 B2 B9 15 B0 v 5 /K B i 20 A 1 . AT 8(b)
AT LUA Y B AR X EE K 90 20 T RER] 50 20, W] [ 8 Ca) R4 [R] 35 7K Bk 459451 e A ] B9 2 e e i
JEARWT UL WIAE 0.6 VR 0T IO A4 PR I 26 B 1 IR ARE AR A i 2 2 S AN I L BTIE 17 3.3 &1 5 AR 4h

6.22
12.20 1020
. 13.20
16.10
20.10
os 7.97
47 10.80 =
15.60
—— g0~ 16:30=
6.15 —
— = ————750 —
1020
= 1150
. e A W T
(a)e,=90% A [Al FRARBE O R MBS K B (bl EBIT , ¢,=90%,70%,50%)
6.22
10.20
12.20 ——
16.10
20.10
5.10
.00 9.05
15.00 T
429
:6.26
10.20
12.20
14.10
17.1

(b ), =90%, A A1 BB IE 11 30 B P S B 7K B (B L 3UF , ¢=90%,70%,50%)

B8 FAREBARENESKE

Fig. 8 Membrane water content with different inlet humidity
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