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Abstract: To address the issue of limited durability of limited durability of proton exchange
membrane fuel cells (PEMFC) under variable operating conditions, the gas distribution, voltage
recovery, and voltage decay rate patterns during the aging process of hydrogen fuel cell stacks, as
well as the relationship between variations in membrane electrode assembly (MEA) parameters
among individual cells and cell aging was investigated. A durability testing procedure based on
the new European driving cycle standard working conditions was established and an accelerated
aging test for 80 hours was conducted on a self-designed 8-cell PEMFC stack. The results show
that the average baseline voltage decay rate of the stack is 1. 4 mV/h, decreasing to 0. 55 mV/h
considering the voltage increase caused by the recovery of water-thermal state due to restart. The

change in the electrochemical reaction area of various membrane electrode assemblies before and
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after aging ranged between 7% and 12% , but significant differences were observed in other MEA

indicators, indicating large variations in the water-thermal state.

In terms of air distribution

characteristics, the air flow rate distribution and voltage decay rate on the air side of individual

cells exhibited a bimodal pattern.

As the flow rate increases, the difference in peak values

becomes more pronounced. The highest voltage decay rates corresponded to the highest flow

rates, suggesting a positive correlation between aging rate and air flow. The cells near the end

plates showed higher aging levels than the average, but their voltage decay rates were not the

highest, indicating primarily reversible aging, which was further confirmed by higher voltage

recovery rates. The aging rates of the middle cells were around 0.6 mV/h.

Keywords:

electrode assembly degradation

AR —MiEEE K EREER ST
1 A TC AR HE R BT Y BE R L B 2 21 i
FAHGE VR, &R AR C #F 2 B KA H R K
W — T SR A v AL AR T B R XURE L
AE S5 0] AR AR TR IR IR AR A T Ao e IR
A LAAT R0 D AVRE O RE 9 B 23 43 A A8 2 0] 7, 52 3
A FRAE RRIE T 5 53 — 5 1T, ARG I G TS YL B
SUREHE AR Tl L 3238 Ml 55 R o K A% S Ak A1 e TR
AT L AR iR 23 AR A7 2 €0 T Y A 00820 W R
FE RN HE I o Bh 77 52 B 2R W e v ORI LTSS 4
JEJS R (PEMFCO) 2 S0 RE A 9 = 2B 20, B AT
LR AR RE DRH Y I 2l B B 48 B e 8 g
e A AR 5 SCHE S O e A T SRR R L il
HEREUE RS Y6 HA R R AT S,

IATHEFF & 25 %0 PEMEC J5 B T 1 2 )
R HEAR B ARRF N S & IR T K%
o R U 1) PEMEFC HL HE 8 B K HL R 7= )
i A5 AR — B it Bk, v — RBH A5 g 2 7 2 %
T F BT At . PEMFC HLHE (19 % fi 1% 3 6
BEA1%E T R S NN 2 E KR AN
] B F A7 A5 1) E B 25 A 28 AR AR K, AN 21 5000 h
FRZ AR 20 000 h FH[E € A REIR A 40 000 h, B
SRZEF PEMFC 1 H #5747 TAE by [ 2 he U8
1 H A5 A i, 5 BB R 6 0 sh A R E
I Rl G B 45 R R T 00 U % i M S R AT R AT B
ARG PRI Bl A2 AT S R) 4 3 0, P BE R AN
A ShE f , {H 3 o 4 T PR A% PEMEC B9 246 HLEE, A £
X A SR B — 2R Bl A SR K M S A R R R AT
PN RIS ER o = 8 ) L N

PEMFC Hi 3 (1) & b J& — A A% 5T 2 L i AR
F1 2 AL AR A 0 R 2y o R L LA 0 ) A A
W (MEA) 24k, BB HL R H 5T - 3¢ 48 i (PEMD (i

zkxb. xjtu. edu. cn

proton exchang membrane fuel cell; duration; accelerated stress test; membrane

FEF1)2 (CL) TSR Y #02 (GDL) 41 1%, HL Ak 2% S5 0
R A AE CL W 10 70025 3 - B Ry <A = 40 541
Wb, JEE R KRR FYE T RHE PR Gy, 22 A
X MEA EA4LETE R T — 250058 . Wik th &
ALY A HLERAI ST A BT ST S g i o

PEMFC Hi i 1 T 24 J5 3000 38 43 Sk A2 25 000 3 F o
AR CAST) L J7 3 XA JE A AR S5 ] 5k
Ffr o o2 D04t 4 0 b O B, — M4 T
LR PR R WD RN 3 BT R b R B S JE] Y AR
B, Zhao 8 LER T AR VF 2 SCHK RS AS DU
(1 45 3 I 22t ] AL 1 000 h & 26 300 h AN4E,
EAHRERLZAE 10~4 700 pV/h BT, 4% & X
e BRI 25 A O P HE 3 AR A B AT N ) W, 5
Bl i e, R 3R BT B 2 50T /N B AN T W7 52 A7 L
SFORATREIR . BRI, TCH 1 IR ok B SRR
THFE , B[] AR 4 R AR LR, R 7 2 B
TR e S M LR R St . AR 2, e
AN B 35 29 T T AR I AR, 5 DA 2
BRI A T2 R H

J5 4 AST #F9¢ PEMFEC 1E R 8 ik iy 4117,
BB T A A Y B TAE . DA SRR L
) A AR B N N I Bl R kL B A R
OB AR TR R LR A H B T
B, B AST 3 5 5 52 48 v () — B sl 2 Fh T
Ol 4 ) At S B A R BB F it A S B 1
MY Tk, RG0S i & T R A0 22 1R
K Liu VIR T 1000 h fHETEFR AST . &%
HL A N 1,06 A/em® , W W) R 38 43 I 1 &<
M2 5L MR E E M 200 cm® /s #1500 cm? /s, PR
ML 80 °C . 45 & b % Ky 540 pV/h, Wahdame
SEUSIXE 3 R 2 B i L ME SIS T 700 h 1 LR AN
HL 3 A6 2 AST, I 4% & 1k 3R 24 100 pV/h, Lin




5534

BEIRIN A5 3B AT B ROR 5T T 38 45 AR vl i S TS 2012 5 W) 14 S 36 9 5 3

AL0)3of B W R AT T 280 h 4 3 25 1 48 I H U 4T B
AST.ZHHFHEE N 0. 70 A/em®, Z AL F N
104 pV/h, Panha % FFJE T 700 h #9355 407 % 1
JEAE ¥ AST, W 15 & 1k # 8 29 24 250 pV/h,
Fowler 2521 8 Hy L AN [ #FF 78 B A5 AS Tl 09 % 774 3
JE CREOGE I R A PR BT S, F Y R B e AR R R R
R IR B AR S R R R OS2 L LR A T AT
M2 B E AR, e b, BT R L B, A IR
S FL HE A T 20 e A AR TR, R e AR A AR
P — Z 5 AR AR T B AST L AT fig ek 20 A 2 1
A IR Y A

HY T ARk FL Yl A5 3 4 AN [R] 1) 2 Ak L 3R AH RS
A BRI AL AST . ol LLHE B e fl 350 4 e e 1k
(R R, TR AR 5% — ol L FP 8 1 i 2 AL WL, &
TLAGAEIEA, AST (L3598 B L6 B B3, T8 L R Al
SR EEIA WAL FE R R Ty AR IR S AL S
By s,

2R A 5T R e = X6 T R HE S b P R S 1
AN 43 B 1 =2 TR0 B4 43 T o R I AR SR B I 25
BUOE AR HE (NEDC) 19 in 388 & £k b5 1 L 5 X — 4> 8
O HLHECT 80 h i i S Ak [ I TR
b SRR 43 TC R 1 L 43 A BRI 1Y) 2 A i R
DA Ko 3700 1) 2 Ak 2 B0 B B T 1) A2 Ak

1 LT R

FERRI IR IR NEDC g 2 bt A 45 ok
2R FH B9 PR A AR I 3K T A0 o A BT BE R 4 I ARAT)
T, W, ASCRATE 1 BT R 9 NEDC
R 1l R A 45 o D00 PR M AS [] Bt B 90 R Xk 2 R O
R 2 Y S P U U LR R v R O A A ) L
() J2 ZARE . XTI AR SCS MG BT S e AR
PR 9t 3 e 7 i 0 A O 0k T AR UE ) T AR SE

Bl 1 ST NEDC #4085
Fig. 1 NEDC fuel cell test conditions in this paper

() BB i $E PEMFC HLdE/E S T T Y
By LU, I R T RE R R AR L R A s T —
FE ] AR XA T B R AR ERLE . B
Tt R PR I JRRE FL 3l SF- 2 B R HUR 0. 85 VI HL T
U S R HE A R IR A Oy 15 AL

() HUE 48 PEMFC B HE7E %2 T80 T 1
LA T2 L RE AR R AR M R SR B AT L T R b
i 1B DR, R SRR E R AE L FL U R N
JORE B LS 4 B R L TR 0. 65 VAR R G N E O
TR 189 A,

(3) MM Wi 48 PEMFEC Hy, M 78 5E v v 0 T 00
DR TR S A A N UK Tl TR N AR S i AP S R
b T AP P 0 L PR TR R S R T BB R Y A
] G bR R 1 P U0 R FH 00 20 3% Ak U5 % 1 A R
HLI 2 B R LR 0. 7 VOB EL T SIS S e HE
HL A5 150 A,

HUE LT, B HERY B 1T DR IAE Sy 900 W, HE
Wit — 2P AT, 45 ) H - B AT H M Y ) 33 S
9 135.270,315,450,630 F1 750 W, I £5 X )i A [i]
FEXT T2 B 3, B L BE AR T B e 1 o,

%1 NEDC I 3L & AT oUst ooy 8 4F &1

Table 1 Operating conditions corresponding to each condition in the NEDC driving cycle

XS4/ % Wi /A AR H, Wis/ (L« min~ ")

it A B A 25 St e/ (L

min~")  HBI R BIRTE

0 15 10. 00
15 20 10. 00
30 42 10. 00
35 50 10. 00
50 74 10. 00
70 111 10. 20
83 140 12. 86
100 183 17. 36

20. 00 3.0 3.5
20. 00 3.0 3.5
21.47 2.0 3.5
25.56 1.5 3.5
37.84 1.5 3.5
48. 65 1.5 3.0
51.13 1.5 2.5
69.02 1.5 2.0
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Table 2 Complete urban driving phase conditions and complete suburban driving phase conditions
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Fig. 2 Variation of the average reference voltage of the fuel

cell stack over time
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Fig. 5 Rate of reference voltage decay for each individual cell

in each stage
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Table 3 Changes in MEA property parameters

# SR B %
s , EALFR k) i}
IH N — Cdl Rc RQ
TP m A DR
1 7.63 —11.41 —11.40 —3.41 —32.83 —2.52
2 5.66  —9.26 —9.26 —2.46 —33.21 —3.26
3 7.43 —11.54 —11.52 1.34 —9.49 —1.14
4 4.39 —9.35 —9.34 1.24 —10.29 —1.20

5 2.04 —7.48 —7.48 2.15 —21.01 —1.52

6 3.18 —9.60 —9.60 5.57 3.99 0.49
7 4.99 —8.03 —8.03 3.63 —0.89 —3.36
8 5.51  —9.37

FHME 5.09  —9.50

—9.36 5.62 7.60 —2.66

—9.50 1.71 —12.09 —1.87
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Fig. 6 Rate of change of electrochemical parameters for each

individual cell in each stage
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Table 4 Comparison of parameters for MEA No. 1 and MEA No. 3
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1 20 3. 80 28.67 114. 69 31.71 637. 34 199. 26
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1 80 4.09 25.40 101. 61 30.63 428.11 194. 24
3 80 4,05 25.37 101. 49 31.82 558. 14 207.42
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