Journal of Electrochemistry

Volume 22

Issue 2 Special issue of Electrocatalyst and
Electrocatalysis in Fuel Cells(Editor: Professor
WEI Zi-dong)

2016-04-28

Dynamic Simulation of Oxygen Reduction Reaction in Pt/C
Electrode for Proton Exchange Membrane Fuel Cells

LI Shang
ZHOU Fen
CHEN Lei

PAN Mu
State Key Laboratory of Advanced Technology for Materials Synthesis and Progressing, Hubei Fuel Cell
Key Laboratory, Wuhan University of Technology, Wuhan 430070,China;, panmu@whut.edu.cn

Recommended Citation

LI Shang, ZHOU Fen, CHEN Lei, PAN Mu. Dynamic Simulation of Oxygen Reduction Reaction in Pt/C
Electrode for Proton Exchange Membrane Fuel Cells[J]. Journal of Electrochemistry, 2016 , 22(2):
129-134.

DOI: 10.13208/j.electrochem.151150

Available at: https://jelectrochem.xmu.edu.cn/journal/vol22/iss2/5

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol22
https://jelectrochem.xmu.edu.cn/journal/vol22/iss2
https://jelectrochem.xmu.edu.cn/journal/vol22/iss2
https://jelectrochem.xmu.edu.cn/journal/vol22/iss2
https://jelectrochem.xmu.edu.cn/journal/vol22/iss2/5

H22% 42
2016 4 4 A

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol. 22 No.2
Apr. 2016

DOI: 10.13208/j.electrochem.151150

Artical ID:1006-3471(2016)02-0129-06

Cite this: J. Electrochem. 2016, 22(2): 129-134

JRF I HBERA L i Pt/C
FAR RIE R Bh 143

Http://electrochem.xmu.edu.cn

FORA R &, K
ROV T2 bR 40 BER T 5 TS 0%, AR ML T SE 0%, WL 2R3 430070)

FE . T S B AR FhL Y0 M Ak R P 3 DR R IR L P A B AR SOl 3 PYC S SR R 14 B g A R
BLWFSE T PYC LB T A A A B O DA RO R SR N 1 g/ Pt A S5 BE AR BT OB LT PYC LR, [T
7 e A B AL R TR R 40 um; DR E A F] 1.4 Weem?(2.1 A-em®@0.67 V) [ HL L PE RE T 2 3 um
e B PYC AR AL JZ |, BARE Pt 240 0.122 mg- om, B AJ fdi 5 b 4% 64 B3 #5401 HT R T 0.087 g- kW

SCSEAR] . PYC M ; 0 B AL T P A OB
h B 432 S . 0646; TM911.4

JT A8 4 ARk fL Sl D] i % R L R HER
Iy FH ST A5 O A A T AR IR Y AR A R R .
EET, Rl T 38 4 B R H b rr) i Ak AT 9K DA
B4 JE Pt o, P DL RCA RGPt 9E IR 5L
S NP Y /o N I (Wl | A A I =22 e S 3 o 5
R LR H ) Pt A8 SR JRRE PR LA Y ST ) AT 2

1992 4, Wilson %55k Ff CCM (Catalyst Coated
Membrane ) £ Kt # GDE (Gas Diffusion Electrode)
FOR A A7) B2 U O BT A2 48k FBE 1 795 00 )
3 CCM, I H 59 HUZ R AE — &P U L,
oAb 2 0 TR BOE EE AL+ pm B3] T 10 pm
Ao s T AL E A T R R R R KR
8T PeAEALT ) SRS BUZ B3, el a8 I
Wy B2 52 . k)25 572 M
S5 TR A B He el PR AR, 7E DR IERR R
LT P RE AN AR A AT L, K Pt BT T 1 A5
%, HHT,CCM 4541y PYC ZfLitl i1 T Pt
XA R N AR TR R R, BHAR Pt 25 nT LARE
£ 0.05 mg-cm?>. SR, Pt X 4040 5t 5 1 1) b
T P AH XA, BRI T B M Pt £ d AR AR 5
CCM B Pt #8450 0.4 mg-cm? . BL7E [H 5 Bl
€ i s T LR 1 UK I E R o N
R 0.125 g- kW B D) 3% R 1.4 Weem ™,

SCERARIRED : A

Shy E — 25 A 5 A R R Y AR T A L TR
PE B Pt 2R, DL 3M 28 5T & A 40 K 25 g 316
2 Pt AR TR A AR 2 Y A AR AN K [ 5 A
Bk B A T REHE = Pt A4 T A EL TS M A AR
Pt #8103 Rl e B Pt 4k ok UK DR B AT T
AR A A RSB AR L, B P gk (Y
H 0.15 mg-cm? gL AT 35 2] 5 B Pt 2 & 0.40
mg-cm? [ 58 PY/C LA U PERENE. MIF XA
J7 Ak HL A BE A 7EAIC P 2R 191 0L T 3R A5 PR BE 1Y
B B Pt 28 a1 A BB LA B H A 25 44 o) A% T
FE b 2 P BE Y 52 e A5 ) R, DR TR 2R R R
F Tt A5 A A 17 P 98 S5 L T SR AL i 110 3 SR R A
W S TR T A F PR . K
LU DL R R A Pt A, S5 SRR, X T A R AL
W, HAEREE 100 wm DL A AR 22 i fk. X F
60 nm LR YROKE , B PR FL O % AT AR ) 110.2
Aem™ B A6 ) 9 K B R Y Pt R R R 1
nm, A7 J7 5 AR 1) 5 A R L T PR BE R IR B 1.5 A
em’@0.67 V, BAM A Pt 2% 4 0.029 mg-cm?. 4l
11 U= v T (A e ES R 5 3 A S 7 S PSR 5|
DOE H#5®M,

Mo, B EEGNYK PYC HLRR S 75t a]
PLik E| DOE # A% Pt 2 & 948 417 L G i 94k Py/C
CE e RN = o FH 14 R o S S R Y

Wi B . 2016-02-13, &7 H#A: 2016-03-07 * il iRA/E# , Tel: (86-27)878844481,E-mail : panmu@whut.edu.cn
K H AR 54 U H (No. 21476178 ) Fl i1 47 Bk 4 1 58 & J 4145 H (No. 20130143130001) %% B)



-130- W,

"g‘é 2016 4

B R AR Pt 2 195G R ANfAT We 7 AR SR FH [R) A 1Y
Tk gE T A% 8 PUC FL AR 1 48 43 A R RE Ak 2 1
e, JF I TR Pt 4 1Y A/ ME.
1 BEIPHEZSR
1.1 EXREIE
5t 2 AL PYC HLA ) ST ORI 48U IA T
N2 72 K R AR A AT (R
1) FEE R ARG P %50 4 P R 2 A D 1) 5
)AL E o B TR O B &
JoT A T H BHL A A2 v 1% DB P, R B 2 N T
3) BN AR B K LSAHIE A A, IF B
2P 25 AP
1.2 E8¥#
wmE 1, AAHE PYC HL MR P U A T )
(x) AE da XS PN B9 4 ORI H Ak 27 B R AT LA o
Fick’s J7 #2 fll Butler-Volmer J5 72 %/~ N

)
eff d
Frani e M
, 0 F
%:%X@rﬂ eXp( (};nT n ) (2)

st UL R DL AR R A
Rk, IR Qe B B F B B ()

N HEBSE R o 0 = 0 B S HRIE e Ty
PR A RS TR B, i SN S 2 T AR AT o T
BUG LA, 20 5 % A B b VL3 L S WL 17
R0 K5 5 R 0 TR F R

oa st
X
&)

8

Air

QUBRIQUIDJN

go
LTt

X L dx 0

1 PY/C A 2 T8I 14 L AR 7 S 5l ) 2 5 Y
Fig. 1 Kinetic model of oxygen reduction reaction on Pt/C

electrode
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Fig. 3 Oxygen distribution in Pt/C electrode within the
catalyst layer thickness of 100 pm
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function of electrode thickness
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Dynamic Simulation of Oxygen Reduction Reaction in
Pt/C Electrode for Proton Exchange Membrane Fuel Cells

LI Shang, ZHOU Fen, CHEN Lei, PAN Mu"
(State Key Laboratory of Advanced Technology for Materials Synthesis and Progressing,
Hubei Fuel Cell Key Laboratory, Wuhan University of Technology, Wuhan 430070, China)

Abstract: It is an urgent need to reduce the Pt loading in electrode for practical fuel cell applications worldwide. Herein, we t
heoretically investigate the oxygen distribution, generated current, and minimum Pt loading of Pt/C electrode for practical applica-
tions based on kinetic model of oxygen reduction reaction. The results indicate that with increasing electrode effective thickness to
40 pm, serious concentration polarization is expected for Pt/C electrode. To generate a power density of 1.4 W-cm? (2.1 A-cm?@
0.67 V) for fuel cell, the cathode catalyst layer thickness in PEMFC should be as thin as 3 pm. The minimum Pt loading will reach
0.122 mg-cm?, which can reduce the amount of Pt to 0.087 g-kW in PEMFC cathode.

Key words: Pt/C electrode; oxygen reduction; mass transport; Pt loading; fuel cell
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