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Abstract: To investigate the effect of cathode Pt loading on the gas transport and reaction proces-
ses, this paper establishes a one-dimensional multiphase non-isothermal non-steady-state cold
start model for proton exchange membrane fuel cells. The model is coupled with an electrochemi-
cal reaction kinetic model that accounts for the mass transfer resistance of oxygen in the multi-
components of the catalyst layer. Additionally, the model considers the water transport, phase
change, electrochemical reaction, electro-osmotic drag and heat transfer process. The effects of
Pt loading of cathode catalyst layer on the change of performance, water content, ice volume frac-
tion and temperature are evaluated. The results show that excessively low Pt loading hinders the
cold start, while excessively high Pt loading is not conducive to improved performance. A Pt

loading of 0.1 mg/cm® is found to be optimal. A time effect is observed during the transportation
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of oxygen from the catalyst layer pores to the Pt surface. As the Pt loading increases, the initial

formation of ice in the cathode catalyst layer is delayed, and the ice formation rate decreases.

Higher Pt loading leads to smaller gradients in membrane water content distribution across both

the anode and cathode catalyst layers.

Keywords: proton exchange membrane fuel cell; cold start; one-dimensional multiphase non-iso-

thermal transient model; Pt loading
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Fig. 1 Mass transfer and reaction processes of oxygen in

cathode catalyst layer during cold start
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of fuel cell during cold starts
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Table 1 Design and operating parameters of model
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Table 2 Electrochemical mass and heat transport parameters in models
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Fig. 3 Validation with different temperature
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Table 6 Corresponding cathode catalyst layer thicknesses

with different Pt loadings
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Fig. 4 Effect of cathode catalyst Pt loading on the evolution

of performance

http: // zkxb. xjtu. edu. cn

s/ o LA b FUEE U0 W 3k /0N 9 40 8 A R TR
Jei B ik B R AT AE R i 08 1 3 SO R T L PR
REM 48 T, A B9 K 414040 0. 1 mg/cm” B
IR 5 2l PE R s AL
3.2 SEERENEENZE

K5 i zs N ARR S 3 i #2 b CCL 45 X
CCL LB PN F1HA 2 T A Uk B2 0 52 el .y 181 AT LA
F il CCL FLBR S M B LA R A R R &
— B G BE A RIS S AR R HEAT AL Y A
SWREE SRR AR E SRR T REEE .,
# &N 0.05 mg/cm® B, —10 °CF B #U K iR 3 3had
PR, CCL fLB Hh i S0k BE A2 A6 43 i AN B
B o — B Borb i SO T R T B L 3k I ) AR
JE ARk 2 BEIE b AL Ak 2 SO S R I T RE T B0 5 5
T B RO B G T R, X CCL LB I AR
KER VK, NTT% 22 T CCL B FLER . & AL B 48
ARG T B, I 0. 05 mg/em® B X
7 F) CCL 413 T 9 480 vk B2 AR Akl LUK B 460 S
R BE R B R BE T 4, 2 CCL LRI A B K it
URIEFEWS RTH P ST TR FZ 2 h Tk
L B T AR BT 30 Y K Y vk 2E CCL LB
S AL r Y AR A v R T B L A5 s 2 40 2R
AR ARSI o N 22 H A A S ) T L {8 A5 0 3R T Y
AR S PR, EAFEE MR, Y CCL LB
B KA VK, CCL AL H iy 4800k B 78 A i R 4
T TR 2 T A 400V B 1) T oA ok B DA - R 3
VLIS CCL LR a1 40 3% 11 i 47 4 iz 1) 2k B2 A7 AE
s TRD 00N » 80 A A 7R RO PN 1 B 3 3 8 2 52 T
HHL A PERE I N, X TN 0. 1 mg/em” F
0.3 mg/em’ 1) T2, CCL FL B Hh i) S80S0 B Fifi % 40

75 1 0.60
7.0 40.55
265 050 =
= N poe 2
5 60 N Sve 045 F
= T3l 4 B
g ' S T
= 5.0 S-J 4035
hﬁi W
% 45 —— mp=0.05 mg/em’ 4 0.30 &
B0l — — mp=0.1 mg/cmf 1025 E
[ —-= mp=0.2 mg/cm’ &
35F =eee mp=0.3 mg/em’ 4 0.20

3.0

) 1 1 1 1 1 1 1 1 1 O l 5
0 25 50 75 100 125 150 175 200 225 250
N [H)/s

Bl 5 CCL 4dk &% CCL FL B Py i 40 <0k B2 0 40 5% T
e A WAL
Fig. 5 Effect of cathode catalyst Pt loading on oxygen

concentration of pore and Pt surface




68 W % oz M

PN

857 %

A 1) 1 I B, 24 A A I S B s P B, CCL
FL B A ORI AR I S B S i A
CCL 41 3 T (1% 480 0k B2 78 Ak T LA & B, >4 IR A
Sl ST A 2 T I SRR I A R R B O B
I HL B B2 a0 10, B0 2 1w ROV B G e
R I FLJR sh s T e 0 2% T 1 RO R At
TR AR R B R 2 E R AR O R R
SUERTE LU I
3.3 kMEREEMNEME

6 fTn AN TR A3 T CCL A vk i 4 L4
BRI R ST S8 3 B AR Ak, bl AT R IR R S B
i AR, 2 R IR B A T UK s R B S, CCL g vk
f A B, #A38 AL 5 /N BE Gmp, = 0. 05 mg/em®) 5 VK1Y
Az B R fe M, CCL IR B A 36 3] K A5 I 32 B L it i
Bl LR VKT Ak S L i AR b B R 5 B A A 3
G, CCL vk ) 5 90 26 B st 1] 43R, vk i 2B
B R T B CCL K i W (B AR B BT R, (HJ2
A5 T8 T8 0 2, HR Tt P 3K B UK IR B L 2R Y K
T 46 ml Ak B 3K a6 K Rl Ak 3 R 52 i 42 /) . CCL
i vk o2 4 il Ak Y s R AE 22 85/ X CCL #1148
S H Tt S Y43 B AR Ak R R Bl IR RS 3 it
PR HEAT o ot B B =2 T8 o AP 40 3 A 6 H vl
BT ERR I AR, X EEREH T CCL R
JER /N . EAR AN B B i [ B CCL JE i Bl =2
D[RS G N R s o R A SRR et B A

TaAR.
1.0 80
—— mp=0.05 mg/em’
— = mp=0.1 mg/em” | 70
08F - —-=mp=02mg/em’ 60
= s =---mp=0.3 mg/cm’
§ II | Pt 150 8
=06 . )
g 1/ // i 140 =
g () "
2 !/ #7130 &
Zoar [/ !/ e =
3 7 ~ 420 3
8 4 /
02F i / 110
- il -
1l -~ 40
AN
0 25 50 75 100 125 150 175 200
IS H)/s
Bl 6 CCL gH# Xt CCL vk A Lo B K i it -7 2

T 2 7R Ak i R 1Y B )
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