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Analysis of AC Impedance in PEMFC under Low Humidity
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Abstract: The membrane electrode assembly (MEA) was constructed with Nafion® 112 membrane. The
E-I polarization curves and the electrochemical impedance spectrum (EIS) of the proton exchange mem-
brane fuel cell (PEMFC) without external humidification were tested. By comparing with the EIS at 20
C and 55 C, the test results indicated that there were obvious difference between R\, which represen-
ted the ionic resistance, and R, , which corresponded to the charge transfer resistance at these two differ-
ent temperatures. The values of Ry under low current densities were consistent with the ohmic loss in
PEMFC. The values of R, and R, increased with the increasing of the operating temperature when PEMFC
was operated at 15 mA « cm 2. The value of R, changed significantly with the increasing of temperature
which was the main factor that caused the breakdown of PEMFC operating over 45 °C.
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Fig. 1 Polarization curves of PEMFC at different

temperatures without external humidification
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Fig. 2 EIS of PEMFC spectra under different galvanostatic

current densities at 20 °C without external humidification

Varcoe 23\ Sk EIS o5 J5in Fl « T A2 S AE
A TR PR, AT LI R B, EIS fEF
A DX BRI SR B LAY B AR R T R




134 iR (BABHEERR)

549 %

SN, EEOMEBSL, R JEMK, MEA FET -

) 5 R BB o HR 00T X BELTEARRAE U AR 2% Pl e e
FELRH, TR A A S FY) = ST B AT FL A
e e S AR B, MY T AR W R A
PEMFCTE 20 CFiaf7i, MEA toR4 R A K If 7
KW, MMAIEIE, T 383 AL T 0 i 1R
A, BB RERIAE, FURBE J 3 RmE
HRTREAS . JIGRG, AL R HL A 2 SR R
B, Uk R BTN, T T K E] 400 mA -
cm *Hf, R EXIFIHYIRIGR, FEREN J
REl—EREE, HPmas KRR, BN
HRK B3 22— T A A T8N TR, Rl
WA BSL ARy, 4 T SN
SHEALJZE RO R A FL T AL R R R AR, 3
KRR Rl T HERR, A% ERZHE, X
S P b AV PR 82 P L T g B R
FARHAE PEMFC ) E-1 Al i 8 b e 2240 A6 IX
DR R R, 97t 585 B BR AR o

0.20

0.16 +

0.12 |

RIQ

0.08 -

0.04 -

0.00

0 100 200 300 400
J/(mA-cm™)

K13 7% 20 CH EIS & & H R, R, bl J H9AS1E

Fig. 3 Ryand R, in EIS as functions of J at 20 C

K4 J& PEMFC 7£ 55 °CF #Ea il 45 BE 5t i
B, el Ry A R MBS B T EEIRE S,
1 A %I7E 55 C I} PEMFC Rkt rEREC W i F
Ko XTEL 20 F0 55 °C /) EIS 3 KA LB H, 55 C
I EIS %K R AEFE J A RKAE M, FERRHE T
BE (15mA - em™®) T, RAEEX0.58 Q, H
20 CHHY Ry A (0. 11 Q) AHLLIEINTRZ . W J 3%
KR (BB o TR HL IR 26 R R0 20 °C i
PR AEAE I B AR, R (A FIREFE J 1
BTG/, 020 °C B B 3 AN ] A9 2 7E 400 mA -
em i R H A H B RIS

1 EIS R 45 W] LUE H, 76 TG AN W8 4k 14
T, 24 PEMFC /B E TR 2] 55 Cif, EIS 3%
FER R BN W 25 T 1 Ry B, TCHMNEE
ST, FE TR H U B T R R B MEA P

JEFACH B AR K, o R T 5 B A R 1
hn, %4 PEMFC 7 55 °C T #ER PERE AR A 2L
JER o TR B FE TG MR A A F i 2
T RAEA RGN, Rk ib b4 L 0 B
WAl X EA T4 i — 20k, AN 55 C b EIS fry3ml
RO IEH, JHK)E, R AARA B I K
%, ULHALLIT MEA P38 &4 KBS, Rt
E-T 2R A H U R A e % B 4

0.4 ]
V/(mA-cm™)
m 15
_03r a® " 100
G n" = + 300
N 02} o m| o 400
E g -
Porf /y "
0.0 &Rt - —
0.0 0.4 0.8 1.2 1.6
Re(Z/Q)

K4 ToHMEREMT PEMFC 7£ 55 °C, AR J B
A FHBT I
Fig. 4  EIS of PEMIC spectra under different galvanostatic
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