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Abstract:
spectroscopy (EIS), cyclic voltammetry (CV) and segmented

Polarization curve, electrochemical impedance

cell techniques were adopted to investigate the performance
degradation of proton exchange membrane fuel cell (PEMFC)
during storage and start-up processes under sub-freezing
temperatures(<C0 “C). The experimental results indicate that
freeze/thaw cycles without gas purge during shutdown process
will increase the polarization resistance and deteriorate the
current density output of PEMFC. In addition, the
electrochemical surface area (ECSA) of catalyst layer
decreased and the uniformity of current density distribution of
PEMFC worsened, which deteriorates the overall durability of
PEMFC. Based on the optimized twice-purge strategy, the
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efficiency of residual water removing was enhanced with less
gas consumption. With the aid of circulating coolant heating
solution, the cold start of single cell from — 30 C was
successfully achieved within 340 s.
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Fig.2 Polarization curves of PEMFC during 20 freeze/
thaw cycles under two shutdown strategies
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Fig.4 CV curves of PEMFC during 20 freeze/thaw cycles under two shutdown strategies

Bl 52 2 SRS T, /5 A F/T NG
PEMFC 7 0. 4 V {EHL H 51 20T 4 X i 3% B 40 A
TEL. WA 5 FIZ 1 AT LA B, TR A s
ML, iR & F/T 153 )5, PEMFC 43 [X B i %
BERAHHSECRREEN T4 KB EY
10200 & HO BB T 20, 0. 4 V BB KT
YA F/T ARG R REEZE AN 5. 66 mA -
em 2, B I W 4 A 38 O 48 3

L 93%6 s B MR R F/T G35, B 53 (X
VB e O A 2 50 TR WA /N o3 XL BB AR S
AR TR R BRI T Bt & F/T IR
REZEI A . AT BE RN LM HLR F/T fE3h S 72
H PEMFC AR5 B K o0 i A 35), S 20 4 o
X P YA 5 2 T el S R — B, AT 33 PEMFC 4y
X P B A 3 S B T

BT A - on )

0 AMEER 5 AMEFRE 10 MEFHSG 15 MEFE 20 MEFSG 0250
a LR S AR R

0 M EER 5B E

10 MBE G

B990.0-
20 /I\ﬁﬂ:)ﬁ 1 100.0-3 300.0

15 AEF R

b EYLEEE AR AR
5 2MEENRET PEMFCHZ 20 N 5&E/MBEABRKIXBEREESH
Fig.5 Current density distribution of PEMFC during 20 freeze/thaw cycles under two shutdown strategies
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Fig.12 Polarization curves of segmented fuel cell before and after cold start from —30 C
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