g E%2 4B g R

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?‘l\.i/t\.l

BT 5 A AT 1 R T 35 e
B 7K B .28 5th S 35035
AR, £ R, A #C, 2RE

(1. KGEH T RAAL T 4B, K% 116024
2. [E WA H A B B Rk= g B, Bial 310014)

3

FE 0TSO HL % (PEMWE) - HEIZ AT DT H e fi 22 5 0 e, RAUNTEL IS W 5 & et 4
P HRS E 1B 1 T DG . AR SO A LA A BB (ETIS) AL TSI 28 FL(THD) 3 AR, R 1 1] P2 IS B =K
X431 PEMWE St £ AR 2t 4 S 1o (1 BRI AL R SEIOB ST . 45512, MK S R G R R S5
P A BRLTHL )0 1 AL L 4 A0 TS AR 5 {HL G 55 (7% THLD 330 S22 B33 B vl 3 g A e 25 55, i3 7% 0.1~100
Hz RUEBE THD THies , J5 & 7E 0.05~1 Hz AR XA THD FEAR . THD 1E7ERFAEABE 52 BUAR SO A 3, (AR
DT A R LS, SE T 22 15 H ) 5 R Ak X 4

KEEIR  AALERBUS BIRIR I BTSSR g RS

FESES 0646 XHERERL A doi: 10.7503/¢jcu20260102

Single-cell Failure Diagnosis of Proton Exchange Membrane
Water Electrolysis Based on Linear and Nonlinear
Frequency Response Characteristics
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2. State Grid Zhejiang Electric Power Co. , Lid. Research Institute, Hangzhou 310014, China)

Abstract During the operation of proton exchange membrane water electrolysis (PEMWE) stacks, common issues
such as metering deviations and pressure abnormalities make the online diagnosis of failures and adaptive control
crucial for ensuring stable performance. This study integrates electrochemical impedance spectroscopy (EIS) and total
harmonic distortion (THD) analysis to conduct both theoretical simulations and experimental investigations of linear
and nonlinear frequency responses in PEMWE single cells, aimed at distinguishing between two types of failure
modes. The results indicate that both high feedwater flow and system pressure loss lead to a reduction in the activity of
the electrolyzer single cell and an increase in the EIS magnitude across the full frequency range. However, the THD
spectra exhibit distinct and discernible frequency-dependent responses: high feedwater flow elevates THD in the
0.1—100 Hz range, whereas pressure loss reduces THD in the low-frequency range of 0.05—1 Hz. The THD
spectrum exhibits opposite trends in the characteristic frequency bands, enabling it to differentiate flow-rate
deviations from pressure-related failures, in contrast to voltage monitoring and EIS.
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Scheme 1 Platform equipment diagram
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Fig.1 Steady state and transient electrochemical responses of MEA in proton exchange membrane water
electrolysis at 80 °C under different liquid intake volumes

(A) Steady state polarization curves; (B) EIS spectra; (C) THD spectra. Inset of (B): equivalent circuit diagram.
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Fig.2 Visualization of two-phase flow in electrolyzer flow fields at different liquid intake volumes
(A) 0.25 mLemin"*em™; (B) 1. 25 mL*min™' *cm™.
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Fig.3 Visually-oriented experimental data analysis by liquid intake volumes

(A) Ratio of bubbles to droplets; (B) ratio of two-phase flow patterns.

Table 1 Electrolyzer voltage and average bubble size variation with liquid intake volumes

Liquid intake volume/(mL+-min™"+cm™) Electrolyzer voltage/V Average bubble size/mm
0.25 2.32 24.5
0.5 2.38 19.7
0.75 2.41 14.6
1 2.42 11.2
1.25 2.44 7.67
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K s R, H10.0524 Q342 0.0527 Q. B UL, JE 7 BRAR S S500 A Ak 38 0 =2 2 by R 2 11 R P
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Fig.4 Steady state and transient electrochemical responses of MEA in proton exchange membrane water
electrolysis at 80 °C under different pressures
(A) Steady state polarization curves; (B) EIS spectra; (C) THD spectra. Inset of (B): equivalent circuit diagram.
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Fig.5 SEM comparison images of MEA cross-section(A, C) and anodic iridium black catalyst(B, D) before
(A, B) and after(C, D) the experiment
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Fig.6 Numerical simulation of steady-state and transient states
At different liquid intake volumes: (A) steady state polarization curves; (B) EIS spectra; (C) THD spectra; (D) interface H*
concentration variation; (E) interface characteristic EIS spectrum; (F) interface characteristic THD spectrum. At different

pressures: (G) steady state polarization curves; (H) EIS spectra; (1) THD spectra.
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Table 2 Parameter optimization during pressure reduction

System pressure/MPa 10°Contact resistance/(+cm?) ke
0.6 4.15 1.47
0.4 4.55 2.85
0.2 5.37 4.06
0.1 8.23 5.17
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Fig.7 Fixed-frequency verification for different failure conditions
EIS(A, B) and THD(C, D): (A, C) inlet flow deviation condition; (B, D) loss of pressure condition.
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i FRAR T, BHAURBELE N, {5 THD 7S R ARRAE AT BE S BAH S AR 1) (it BT R R RE). AT,
£ PEMWE P18 255 Fe ) 525 RAUX 43 I 1T, AR 25 R AE AR L2 W vp i L S AN .
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EEXF PEMWE 327 7 H DL LR 255 16 0 S, TR T Settk S5 B L i A3 i 1o iy BB ASE4DL 5 51
IOARTY . S5 FRE, it i R S N SRR AR A A B R SR T, R I i 45 A ik S
T PR ORI R s 8 ) 2 S BURTMERE T 0, IG5 1 26 A R in , (R e EZe At
B AT XA B ERE 22 57 . A5 R A 4 em® MEA A1 A/em® 2500 F , & T.00H THD 7E 0. 1~
100 Hz S5 BN THE , T2 T8 THD 7 0. 05~1 Hz AR X FRA% . Bl 5 Se a4 w4, 2R
B R B G RS AAAT 56, S5 W SZ BRI A 5. U SE g i — 2P B T2
BARPARAER PSR . 28 FRTd, JETRAES BE THD FH% A2 W7 1k RS 78 2R 45 i AF T 0 M
FiGs B R W2 S I R XY, S PEMWE 22402 WAk T (&7 i vl 1 710 JEL %
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