594 %12 Bow® X @B K F F K Vol.59 No. 12
2025 4F 12 f JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Dec. 2025

EIRINE T B F R IR AR it
EH 1k E B SLIR A 5T

RET, w2k, RRZ. Wb, Mg, e, Fyceg
(PHLAC MR RIS s J1 TRE2EBE . 710049, PE4E)

BE. 44558 TRT XBERHE & (PEMFC) B K % 32 B AL 3 50H 4k 7T % % 69 ¥4, JF
BT RS HURE K 23 M AR R B 0 A LA 69 AP 70 . xF 8 A W3R T 20 % 80 h #9 mik & 4Ll X
F2 300 h4epuik A 58, ZHEEH (1 h . 0a&(Q0h A E)fek (72 h vt )3 £zt k., &0
%*%ﬁ/ﬁ%ﬁ%&%ﬁﬁ%&ﬂﬁ@ﬁﬁﬁ ARG IR B R A it A 6 K B LB ALEE 5 R AT R &R
Fof 3K EIHFHER . SN T ARANES S BRI G RKE, FRAIN. LR ik EHFHK
Ao Kb R F R 8. am,%#z%%fifw&z 6% s KB A AT AT AWM E S B mik 5] &
HeNFEGETERZR,FERTHLARRG A, REETE 110%, bR fo 2 AF IR I & 5
H) 65 % Ar 5090 5 M B Ao AUkl F B KR K LEBIF AR BA A A 2 AR R . KIIFMARE
AL B R EHA ;5 BIRET PEMFC M4 R B A TR A £, K42 huad o K8 24k
WA BRYEHNE, TEAEH LI MABRARSS I N L ZERER, ZARLTAHE K PEMFC
RAME ATy f A Rk RS 3,

KER . AT R BERAL B 5 IR IR T R IR A

mESES. TKIl XHEiREME: A

DOI: 10.7652/xjtuxb202512002 X EHKS: 0253-987X(2025)12-0011-10

Experimental Study on the Recovery of Polymer Electrolyte Membrane
Fuel Cells from Shutdown in High Humidity Environment

ZHU Haoning, YUAN Bin, CHEN Junhong, HUANG Jialong,
HE Zehong, HE Pu, TAO Wenquan

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; To address the reversible performance degradation of polymer electrolyte membrane
fuel cells (PEMFC) due to deteriorating water management in a high-humidity environment, the
mechanism of how the duration of shutdown regulates performance recovery was investigated.
Twenty runs of 80-hour accelerated aging tests and a 300 hour experiment on recovery from shutdown
were carried out on eight cell stacks. The duration of shutdown was set to short-term (1 h), overnight
(more than 10 h), and long-term (more than 72 h). Quantitative measurements of the half-power and
full-power voltage attenuation and membrane electrode parameters were made; a log-linear mathematical
model was established based on the relationship between the recovery effect and time, with logarithmic,

linear and constant factors contributing to the recovery taken into account; and the contribution rate of
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each factor type was analyzed. The research found that single-stage accelerated aging led to a full-power
voltage attenuation of 8. 31% and a half-power voltage attenuation of 2. 46%; long-term shutdown
enabled complete recovery of full-power voltage from reversible degradation caused by accelerated aging
in the period, with a recovery rate of 110% , and had an effect on degradation accumulated over time; the
recovery rates in case of overnight and short-term shutdowns were 65% and 50%, respectively; the core
contributor to recovery evolved over time; recovery from short-term shutdowns mainly relied upon the
direct effect of hydrogen infiltration/purging, and recovery from long-term shutdowns mainly depended
on water management optimization and ionomer rearrangement; under high-humidity conditions, the
performance degradation of PEMFC was largely reversible, while in case of long-term shutdowns, full
recovery from degradation in the period and partial recovery from degradation accumulated over time were
achieved through water management optimization and ionomer rearrangement. The insights presented in

this research can provide quantitative support for maintenance strategies of on-board PEMFC

systems subject to frequent start-stop cycles.
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Fig. 1 Schematic diagram of the test bench system
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assembly parameters
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