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Abstract
There is a problem that the sweep speeds do not match among the electrochemical parameters of hydrogen

crossover current (icross), €lectrochemical area (ECA), electric double layer charging current (iqi charging), €Xchange

current density (io), and oxygen reaction reduction specific activity (ORR activity), which causes measurement errors

with the conventional method. In this paper, we first investigate the correlation between icross and ECA over a wide

range of sweep speed, and examine the influencing factors. Then, while quantitatively evaluating the measurement

error of the conventional method, an appropriate sweep rate for the measuring electrochemical parameters is shown.

As aresult, the sweep speed dependence of icross, ECA, idi charging, 10, and ORR activity is confirmed. The measurement

accuracy of these parameters could be improved significantly by reducing the sweep speed.

Keywords: Potential sweep rate, Hydrogen crossover current, ECA, Exchange current density, Oxygen reaction

reduction activity, Polymer electrolyte fuel cell
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Table 1 Effect of various potential sweep rate on
electrochemical measurement.

. Measurement item
Electrochemical . )
and potential sweep rate used in the
parameter .
electrochemical measurement (mV/s)
. iCTOSS
Leross (0.5~4) 6,10,17,20,21,23)
ECA
ECA (IONIOO) 10,17,19,20,22)
ip and IV curves Leross ECA
ORR activity (0) 10.29) (0.5~4) (10~100)
i ) icross i<:ell(p) _
o choreine (0.5~4) | (10~100)'

ZIZT, deenpld CV IEF MRS 0.4V TOEVEG
ThD.
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NG, EREORNERAELZ EEFRML2R L, BRIl
F/NT A =5 — (icross, BECA, idi chargings 10, ORR &)
OHEIZBTHHEIERFESIHEEEZ R L.
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4y BX VA IR Nafion DE521 (equivalent weight (EW) = 1100 g/eq,
Du Pont #1:8), FHEITEMEA] (99.9% IPA), B X O K
THEL, BEEBEER L~ I/ XTF v I 27 —F —H#
WMo TCHBLE. 744/ ~—0O&F&E

(Nafion/(Nafion+Pt+KB)) 1L 20wt.% & L7z, 7/ — K &
Y — ROBAEITZNZEI 0.5£0.0lmgPt/em?,e, & 0.4

TARACFMIEI AT 5 B 5 IO

+0.0lmgPt/cm?ee TH 5. FEMFEMIL NRE 212 (50um
thickness, Dupont #L8) ZfH L7=. & v b7 L 25X
1.0MPa, 140°C, 10min T& 5.
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ININT T —OEEBEMBEEZHE L. V=T A —7
A% A U — (Linear sweep voltammetry, LT LSV),
CVEBLIVPCAICRT I a 2% v ks HAL3001 & PE%C3
4% HB-305 (Jb=b&E Lrh#d) 2w, IREDA DT —
X NIRRT —Z 1 H—GL7000 (Graphtec #EHY), JEBEIX
GL220 (Graphtec ) TULER L7=. WEHKEL (HFR) 1%
1kHz DAZFiA v B — & o ZFF 3660 (Ml EMHH) <
AL 7=,

Electronic loading,
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Fig. 1 The diagram of homemade PEFC test system.
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WA D LSV TIHHmBIEENE < 72D &, Fig. 2(A)ITR
L 72 £ 91T idicharging DFEEENBAE T2 5 192D, 2D 7=
fcross D FHAFE R DO HIZ iar charging 23T 4L, W/NFEAR &
5. KEFFETIE, £ Fig. 2B R L=k 91, CAT3
RULEOEEBMNOISEBREZFTHIL, iwe 2525, O
W, LR ORRSIHEEICE T Fig. 2(OIZR u‘: CV e
BRI L 5T ial charging 215 5. Fig. 2(C) IZBWT,
7'a bk OWE /LR & E%@%t/iﬁ m@m\
AT, B2 04V FHEICB VW2 IER SR O B E

(icelip)) 1ZIX icross » 1di charging 33 & T dshore LYE FE 721
DT, RONUTE 2 Tlcross DRES.

F, FEIHEER LI D i WEIL CA ZFIH L.

Z DA, idicharging DB EZIT IR D T, cross & £ D K
EICEHII T 5.

1d1 charging = 1d1 discharging = (lcell(p) - leetim)) / 2 (2)

Tcross = 1ce:ll(p) il charging = Ishort (3)
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Fig. 2 Calculation method of hydrogen crossover current at
various potential sweep rates.
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9, CANE (FBHEED 0mV/s) 21TV, T OFER
% Fig. 3 |28, FUINEANT 0.40,0.45 8 L TR 0.50V IZB W
T, WAL 10 0B EREF L, idcharging DB Z TR
e Lic b, EiEHAIRY, TOMER%E Fig. 41271
v L, BURER (y=0.067x+1.539) 1T & > T icoss &
ishorn@0.40V ZEH L7-. WIZ, CVIE GR51HEEN 2,
20, 50, 100mV/s) %17\, TOFER%E Fig. 51287, X
Q)@ EFIA L T ieoss@0.40V ZH I L2, EFICE
DELINTETNTD igess & Fig. 61271 v L, icross &
RS E OB % KD 7z (y=-0.0041x+1.510) . Fig. 6 IZ7R
T E DI, deress ETMOIEEORBBRIIMIETHDH. it
0.40V~0.50V TOKFZIGSHE N +53 700 T, G E
DFEPNIELL TE, deoss 1FAKRBILHGRE 2T IR S
L%, BB LHW LM, 72720, #B51EE 0omV/s
D eross WEMITELPMN S RELIFTRTEY, ZTHiT
Fig.3 TH o2 £ 5 ICFHUZEE O 3 figee DRRAITE L
TWb7e®), /A XOEENRRKRENENERTHD.
Fig. 6 7> S35 EEE DY 100 mV/s 725 0mV/s £ TR F & &
DEE, dcross 1EEXK 9.27%HEN L 7= (Table3 &2MR). 7z,
BEDT=HIT, LR CA & CV ORIEM % Table2 (2777,
728, CA & CV ORIEIFEHIEERIC L > THEMEZ
ERLTEY, CVIIEIZBWT, X TORFFHEEICD

S IR A

WC3H A7 VADT —Z 2 fEH L.
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Fig. 3 Chronoamperograms with various applied potentials
(80°C, RH100%; 10min at every potential).
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Fig. 4 Current plots based on Fig. 3.
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Fig. 5 Cyclic voltammograms with various potential sweep
rates  (H2:N>=200cc/min:200cc/min; 0.05V~0.9V; 80°C,
RH100%).
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Table 2 Calculation results of current density at 0.40V based ZHNTWVWD., RIFFROFERSGEMETIE, ECA BNEK

on Fig. 4 and Fig. 5.

32.87%2Av 45 (LR 19 & A —F —mIc—E L TW5).

i@o.40v B3 23, ZHE ORRIEME L io DRI Z H72 5
N (MA/em?geo) +.
(mV/s) - ; . .
1cell(p) 1cell(n) 1dl charing cross
0 - - - 1.539 50
2 1.575 1.480 | 0.048 | 1.500 "8 40
20 2.421 0.586 0.918 1.476 Ng 30
50 3.738 -0.790 | 2.264 1.446 % 20
100 5918 -3.119 4.519 1.372 = 10
>
= 0
g2 .10
L - + 2mV/s
1.6 E 20 « 10mV/s
= N i
o 30 | + 20mV/s
E 40 [ + 50mV/s
—3 o Tt + 100mV/s
Ng)b 1 5 . N _50 L | L I I L
g y=-0.0014x+1.510 0 02 04 06 08 I
% T Potential [V]
= 4l Tl Fig. 7 Cyclic voltammograms with various potential sweep
§ ' o S rates  (H2:N»=200cc/min:0cc/min;  0.05V~0.9V;  80°C,
RH100%).
1'3 1 | | ! 1 1 ]
0 20 40 60 80 100 60
v [mV/s]
Fig. 6 Relationship between hydrogen crossover currents and 55 L
potential sweep rates based on based on Fig. 5 and Table 1. =
)
> 50 f
Table 3 Calculation results of icross@o.40v based on Fig.6. £
v icmsg@o_mv Decrease 5 45
(mV/s) (mA/ cmge,?) | rate (%) -
0 1510 - 40 1
2 1.507 0.19 15 L L L
4 1.504 0.40 0 20 40 60 80 100
20 1.482 1.85 v [mV/s]
50 1.440 4.64 Fig. 8 ECA at various potential sweep rates based on Fig. 7.
100 1.370 9.27

3.2. ECA D3I REREHE
ECA O F1EIE NEDO OB VFMFEHT 72 k=L
202 Kocha & MiczE L, R@WCk-THEH LK.

ECA =

Qn
210uC/cm3, XLpe

C))

ZZT, Qu (mClem?yee) 1 IV A 27V w7 RAVEET S
LDIETEWAEW (H+e—Hu) 128 - CTHEA SN AEE
RET, 210uClem?p [XFIB LA Pt L0 B — @B A4
mC 2, Ly (grdem?) 1B Y — R PtOBMHETHD.

Fig.7 & Fig.8 [ZRBIHEMMETREO Y A 7 U w7 KL
AT T LB LOECA OBEMEZRT. Qu OFE/#HiH
X NEDO @ & VEFAifE#t 7 2 havicsE L C,

3.3. fEELSV DAIEREDE=LEEME

ek LSV o eI HERMEREICL - TR R
0.5~4mV/s Z b T35 61017202123 Rig 6 35 L N
Table3 7°5H LSV % CA [ZAE X CHAEUBEEITIR KT
040%TH5D. bbb, ZORIIEEREL ST ia
charging 2> TN IT/INE K, FEToKBIEBHE OB L 1TIE
HHTE D LREBTD.

3.4, BEFE id chareing DBITEREDE =L FTE

id1 charging P HEILIEE CV HIE DA CTRE TE 503 (K
(1)), BFFEEICE > T CA £721F LSV THHAI L 72 deross &
CV THtA -7 faipZFIH L TCHEATI2HALH D

(KBS EEK(6) 9. ZDHFA, CAEITLSV & CV
OFFSIEEOTRBENFHHFREE B ER 7.

0.05~0.4V éf L/ f: . %‘%’3' ETE ﬁl'ﬂi ‘Fﬁ— 5 ‘J: 5 ECA 75§ f%ﬁﬂ idl charging = ice:ll(p) - icmss (5)
L 7%_ . Z héj: 70 =4 ]\ y%@%&?@ﬁﬁ L: c]: 5 r('ﬁ':!:% fi Jf "j%. idl charging = ice:ll(p) - icmss - ishort (6)



2

=

FREDORE ZIL CV (@Bl #E=2mV/s) & CV (5]
FE=50mV/s) DFAEEFNCL TRAE L CHh-. TOMEE
Table 4 |Z/RF. ARWFSEO KBRS TIE 2.83% DR EMNE
L7z, 372205, iacharging PHEIEIZH W SN2 D ER
fLFENRTA—=F —DRFIHREER—THZLHMETH
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Table 4 Comparison of idi charging calculation results based on
Equation 2 and Equation 6 (The data are read from Table 2 and
Table 3).

1d1 charging calculated based

1dl charging calculated based
on Equation 2 on Equation 6

(MA/ cm?ye,) (MA/ cm?ye)

Leell(p) Ishort
3.738 0.028
(50mV/s) (0mV/s)
iz:ell(n) i(:rc;ss
-0.790 1.507
(50mV/s) (2mV/s)
1d1 charging 2.264 1d1 charging 2.200
Error - - 2.83%
3.5, o & ORRFHICH T HIFEIREDFE

io & ORR /%té@%ﬂj W2 IV JGE,  icross JIE 3 L OV ECA
HEBNKETH D 1720, IVIZBWT, FHIESOERE
713 EE ORI 2m1n~15m1n T, Thbb, f#5l
WEIL 0mV/is ICHS T 5. Bl DO X 91T, icess I
0.5~4mV/s T, CV % 10~100mV/s 2D T, #FHB1HEE DT
BEC X pRAENET D, — 7T, ip & ORR JEMEIZRGHE
ﬁ%}iﬂﬁ%bf_%aﬁfzb;é@?l‘*Nl?) EOFBREIATOLD
I ERBEEORBEHERTINERH D EBLEL
72 FHT, deross HIER L OVECA HIEICHW SN D 5]
WL OmV/s H D WIEFNITELS S TEOE D Z L 0NE
DD . RWFFEIINMERD FiE (ieross 1L 2 mV/s, ECA IX 50
mV/s) ZHINC LT, & OR51HE O TR Z IZITME L7
TF1E (ieross 12 0OmV/s, ECA 1 2mV/s) OfER & b7z,
& ORR iEMEDE I J71#1E NEDO D & /L3R RAT 7
1 kL d Kocha HIZE% L7- 1729, £4°, Fig. %A
FLTWA IV THEEENLEE Eear (mV) & &M RS

(}ﬁ%g icell (mA/Cngeo) %*&ﬁ%*ﬁ (nohmiCy IIlV) ) }T‘ﬁ
%*ﬁ (rldify mV) jaJ:U icross T*ﬁﬂz%{ffl/\y %0)%%%

Flg 9(B)L:i—\‘ﬁ— Yka:’ *ﬁE?(ﬁ@ icell+icross ®$‘{i%%{j
ﬁ*ﬁ%{ﬁg};{f (mA/szgeo) 75)% ECA ﬁ*ﬁ’fﬁ{}lb&lr—‘

(mA/cm?eca) WZEHT 2 (R(7)). I, Bl % 55K
AL, ZORE%E Fig. 9(OIZR LT,
[ma/embc,] = LA ©)

['m.gPt/Cm-geob< mECA/mch]

io (mA/em2pca) 1ZX —7 =78y NABOIEER L
M E S Brew OKFELBEFEORAR, WE 80°C, £
latm, rev:1167mV) 0)55/\5( ORR {Eﬁ‘ﬁ (].LA/CI’HZECA)
i§7 Ty O O0IVICBITHERMBTH D, B

FAE R % TableS (R 7. MBI EEORBEZL D B LU

g -

H

=)

fiii « B 257

ORR {HMEDFAFEITR 29% TH S, ZORBETIFLEA LR
B DO THEIZ L > TE U ECA @ziuh ZHFRT DL
DT (ECA DEALIE 29.11%), icross DFRZEIZ K B HE N
LT NTHD. ZHILECARNEICRBHEL TE 57207
OmV/s T TELEINENH L Z L E2FEWRT 5.

Ecell [mV]

600 L Il L Il L ] L 1 1 1
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(A). Hydrogen/oxygen performance curve of a PEFC single

cell at 80°C and100%RH(U:8.7%,Uox:4.4%@200mA/cm?ye,)
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. . )
Leell + Leross [mA/ cm geo]

(B). Correction of Eceii and icenn based on Mohmic, Ndif @nd icross

1200 g
';' TR s Epev
£ 1100 Tty y=-28.07In(x) + 807.81
- 1 33,y =-28.08In(x) + 797.99
= 1000 TR
+, Ry
£ 900 |
=
+
@ 800 —a—1 cross(@2mV/s), ECA(@50mV/s)
M | —-—i cross(fa OmV s) ECA((a?m\ s) N
700 S
1.E-06 1.E-04 1.E-02 1.E+00
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(C). Area unit conversion and logarithmic conversion for the
X-axis
Fig. 9 Calculation results of ip and ORR activity at various
potential sweep rates.
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Table 5 Calculation results of ip and ORR activity based on
Fig. 9.

AR AR 5 1 0 B

@ FE XL

. ORR activity
A\ 10
0.90V
(mV/s) (mA/cm?gca) e N
(].LA/CI’H ECA)
ORR
. ECA . Decrease ccifi Decrease
Lcross 1 111
0 rate (%) | PO | rate (%)
activity
50 2.806x10° - 37.467 -
0 2 1.987x107¢ 29.19 26.441 29.43
4. HEEm
(1). icross & ECA DFf 5| EEARAFIE DS WERR S L7z AWFSE

@%%ﬁ HIZB W, FBIEHE %2 100mV/s 2> 5 2mV/s
WK T S 720, dwess & ECA [XFNZE4 9.08% &
32.87%HM L7, ZASIIWEREOHEIZLD L
DTH5.

BEFR LSV IZ K D icross BTV D 4 53
I 1di charging & 157 /J‘é <MzZBHZ ENTE, FHiHEE

).

%micﬁﬁﬁf% 5.

(3). CA F721Z LSV THMEI L7z feross & CV THiAER - 72
fcenp Z M LT ial charging & AT B EAE OV Ok
SIERE 50mV/s & T 5 &, 2.83%DiRENAELS.

ip & ORRIEMEZE T D720 D IV HITE, icross HIE
BLOECA MEICB W TRIIHEDIREIC LS iok‘
L OVORR {EHEDOFRZEITHKI 29% TH D, Z OfET
LAEECA DEALIZHKTHHLDOTHD.

lcross;, ECA, ldlchargméy ip, ORR {El\i@@l j@?&@
NIA—F =D EEEHR—T DML ERDHD. K
WO RIS VT, REEE % 2mV/s zfﬂf&
T EEIIXERENERORFIHE X BEEIC
EBTEDHZ ERNDbMhoT2. FIIEEN 2mV/s 73>%
0mV/s £ COMFHILHOMBEL T 5.

HEE

COF
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