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ABSTRACT: Electrochemical impedance spectroscopy (EIS)
is one of powerful tools for analyzing electrochemical reaction
and mechanism inside proton exchange membrane fuel cell
(PEMFC). A designed interference-free integration EIS system
was set up for testing on the first cell at the anode of one
40-cell 1 000 W PEMFC stack with different load currents
(2.5~25 A). The reported 45° line branch distortions in high-
frequency range and semi-circle curves in low-frequency range
which can describe cathode-flooded level were observed. A
equivalent circuit model formed with R(RQ)(RQ)(RQ) and its
relevant initial values were proposed to obtain the ideal fitting
curves with smaller total error. The fitting result matched
measured data with high degree of association in high, medium
and low frequency ranges respectively. Through the analysis of
tested curves and statistical data, the response discipline and its
reason of operational performance of PEMFC at different
current densities were discussed and explained in the aspect of

electrochemical reaction and mechanism inside the PEMFC.
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Fig. 1 Schematic diagram of operation of PEMFC
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Fig. 2 Structured flowchart of the EIS system devices
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Tab. 1 Initial value setting of the parameters of ECM

Her/Q Ri-He/Q Ri-Mg/Q Ri-Le/Q Yo-He/Q!
1x107 3x107° 2x107° 2x107° 20
Yo-Me/Q! Yo-Le a-Hr a-Mg a-Le
50 5 0.5 13 0.9

FRYE A Frde R(RQ)(RQ)(RQ)HI ECM 45ty
1% H] Levenburg-Marquardt J5 206t EIS Sl #c s 1F
TG, IFETEE R mE 4 hth& s, 16
(SRS ED 1WA DVAT B =W € | B N i i = A b N £
A1 DL B S T2 B AR S AR ZE S8
2 Proan(E 5 WEAR VAR 22) . HER 2 AT,
HA G &5 BHA, BARZEPEIME N 1.35%107°, &5
FE SR EARE TS (3.16x 1073 )4 Eb A W Sk
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Fig. 4 Measured value and fit curve of EIS with different load current
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Tab. 2 Fit value and error of the ECM’s parameters with different load current
ZH 25A 5A 75A 10A 125A
Her/Q 6.37x1074(1.21x107% 8.30x107%(7.09x107%) 8.55x107%(1.05x107% 8.24x1074(8.29x107%) 7.85x1074(1.19x107%
Ri-He/Q 5.66x107(4.79x107%) 2.08x107(6.83x107™ 2.07x107(9.69x107™% 2.63x107° (1.49x107%) 2.33x107(2.19x107%)
Yo-He /! 46.8(27.3) 7.591(5.414) 9.743(9.244) 11.79(10.14) 14.6(18.22)
a-He 3.40x107'(6.79x107%) 5.45x107'(8.31x107%) 5.27x107'(1.14x107") 5.09%x107'(9.88x107%) 4.88x107'(1.44x107")
R-Me/Q 1.91x107(6.75x107) 1.26x107(2.62x107) 4.54x1074(5.40x107%) 1.13x107(8.20x107% 7.19x107(6.44x107%)
Yo-Me/Q2! 33.6(1.00x10%) 66.4(134) 146.3(132.9) 83.39(45.13) 97.23(73.24)
a-Me 1.26(6.58x107") 1.126(5.25x107") 1.386(4.73x107") 1.155(2.99x107") 1.255(3.49x107")
Ri-Le/Q 1.29x107%(8.11x107) 9.11x107(3.01x107) 7.11x107(1.24x107%) 4.69x107(1.70x107) 4.92x107(2.22x107)
Yo-Le/Q! 3.460(5.11x107") 3.104(6.09x107") 3.558(6.58x107") 3.036(8.03x107") 4.55(1.3)
a-Le 9.85x107" (8.21x107%) 9.50x107" (7.47x107%) 9.21x107'(7.05x107%) 9.86x107'(1.12x107") 8.85x107'(1.36x107")
SR ZE 3.81x107 8.30x10™* 4.95x10™ 7.68x107* 2.14x107*
24 15A 17.5A 20 A 22.5A 25A
Her/Q 7.72x1074(1.14x107% 8.16x107%(1.01x107%) 9.04x1074(4.89x107) 8.64x107%(6.03x107) 8.53x107%(3.24x107)
Ri-He/Q 2.41x107(2.27x107) 2.32x107(2.30x107) 1.92x1074(2.21x107™ 1.89x1074(3.28x107™% 1.63x107(1.05E-4)
Yo-He/QY! 15.58(18.76) 12.42(14.16) 8.06x107'(1.154) 1.794(3.68) 2.26x107(5.94x107")
a-He 4.80x107'(1.37x107") 5.12x107'(1.33x107") 8.32x107'(1.76x107") 7.78x107'(2.62x107") 1.054(3.15x107")
R-Me/Q 9.14x1074(5.46x107™% 1.37x107(9.11x107%) 6.45x1076.71x107%) 1.02x107(1.09x107%) 1.04x107°9.96x107%)
Yo-Me/Q2! 83.32(41.79) 61.4(39.61) 105(59.21) 86.7(47.82) 92.69(43.79)
a-Me 1.213(2.54x107") 1.126(2.39x107") 1.325(3.84x107") 1.27(3.79x107") 1.306(3.30x107")
Ri-Le/Q 4.43x107(2.07x107) 4.13x107(2.59x10™) 7.27x107(9.59x107%) 7.97x107(1.57x107%) 1.06x10721.48x10™)
Yo-Le/Q! 4.533(1.159) 4.809(1.736) 7.593(1.818) 9.228(2.695) 11.78(2.056)
a-Le 8.90x107'(1.29x107") 8.83x107'(1.76x107") 6.76x107'(5.29x107%) 6.45x107'(6.78x107%) 5.89x107'(3.34x107%)
MR 1.93x107 8.68x107* 1.34x107 4.89x10™* 4.48x107

4 IWHERDHSTTE
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X B 4 SIS A AT R SR AR RTE
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& T AMALIETERL ) T R H 61 38(17.5 A LA
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AR, IX— S IARGH h o RS R 2%, AR
WIESY R DI

4.2 3HER(100 Hz~5 Hz)

X B 4 SIS B A R s B IR A
FRALP R IR M e, BEAE S By i in, A9
S BRI, KT 10A J5, BSR4 05 8 4k RE 4
HFE 5 58 FBL A (29 2 mQY)o (AT J2 2 THI TR0
A E R ATBE A T s Wkt A AT

X 2 WEBUER BRI A Yo-Me S 4E
T M AE SR IR 2.5 A TFE 10 A IR A 21
K, MAE 10 A JEREN AR E I X 38(80~10 Q7"
Bl a-Me gERpAEAEE, JLMEN 1.242, MR
K(5), ¥ a-Me BRI F n=0.8, RIS
B U 2% 5 I B AR L AR S (AL L RS I
n=1), IX WAk 2 2 T 1 X0 L Ay 2 78 FEL I, 4
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TAESER IR /N, B AR RN, Ak
JE 3 TR 5 M A 70 B0 H R 8 22 1 r Ay DL 2 A
BN B, A SR RIS S A
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X 4 S R EOWL A BT el N s BEE SR
K, BB RO AEAR T, 55 2 - & T 2 2
BN E 15 A LLER, RSB R T2
SR, ORI SRR KN G e
B b} N T8 ST B (mass transfer)id F2%. B
B S 2 1A B BT BHAT O (AT X A5 31 o 2 A2 B
WA KT URTE JIR R AL, A B [ 9k 2
B, BRI T AR 2 AR o A

X 2 WAEEE I BRI &0 Yo-Le 72

2.5~10 A VBRI REERE 3.29 Q7" EF, 10 A J5iEHT
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17.5 A JG, Yo-Le IHGR I a-Le (9 F AR I0 N
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VPR A 2 S T Re-Le B0 3 0k SE 98/ I 184
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DM 65 BE RSV 42 6k 45 PEMFC HI (1)
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