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Abstract: The fabricating process of polymer electrolyte
fuel cell membrane electrode assembly significantly
affects its power generation performance, particularly the
hot-pressing process. However, the internal structure
evolution mechanism of the catalyst layer (CL) during the

hot-pressing period is not fully understood. Therefore, the
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effect of the hot-pressing temperature and the treatment
time on the CL structure variations is investigated in this
study, utilizing orthogonal experiments,
characterization, and performance analysis. Based on the
scanning electron microscope data, the compressed
behavior of the pore structure in the CL can been
observed after the hot-pressing treatment and increasing
the hot-pressing temperature and the treatment time can
deteriorate this compressed effect, which is consistent
In addition, the
These

phenomena illustrate the soften behavior of the ionomer

with the pore diameter analysis.

secondary pores are mainly compressed.
in the CL above the glass transition temperature.

Furthermore, the electrical performance analysis
demonstrates the mass transfer resistance significantly
increments due to the hot-pressing treatment and the
mass transfer resistance increment of the CL hot-pressed
at 160 °C for 9min is the most significant, which is 2.77
folds more than that of the CL prepared by direct spraying
method and it is the result of the compressed pore
structure in the CL. This study provides more sights into
comprehending the effect of the ionomer thermal
response behavior in the CL on the structure evolution
process of the CL, and offers theoretical support for the
critical parameter optimization of the hot-pressing

procedure.

Keywords: polymer electrolyte fuel cell; hot-press
process; catalyst layer (CL); ionomer; glass transition

temperature
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Tab.1 Six kinds of catalyst layers after hot-pressing
treatment and the catalyst layer prepared by
direct spraying
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Fig.1 SEM images of the cathode catalyst layer’s
surface morphology near the gas diffusion layer
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Fig.2 SEM images of the cathode catalyst layer’s cross-sectional morphology

TEA [ R T H5 BE FARR I [) ZK P AR JE
LA R AR SR AR . InlEl 2(h)—(g) B,
FEAHTR A IELEE T, B AR o o] A9 2 I, P2
FLEE G e i A5 0T QLA 5, I A LR TR B [N
Wt 5 SR RSO R A 1 22 fe A e B R AL e A
IR B2 AT 5 22 ) R SR Wy vh B AR AR D v S I L
ESRYIP AR BEAE IR, DL, A [ ) 4
FETERTE , SR AR I [a] 2 AR )= A FL A 1

PIRGAFEREIG I Besh, AEAHTR AR TR I 18] T, B g
PR A s 2 Ak B A= F LA B 4 2800 A A0
it , SO A2 DR Ay B e 4 A il RE 2 e A R SR W A T
A S 8] I AL 22 1, DR ks o B gt ot —
APUESE T A R R B 1 B A A AR IR
Ja , R R AL R N BRI B R Y/ B R
WA B g AR B 1 o, 328 T 0 7 R P R
LA EABOL



248 [l o K 2 2 MCH 9K BE 2% O

%52 %

2.1.3 fEfLEALZES

ST T B AR R S B AL R R 4G
F, HGh 5] 43 3R (298 10~50 nm"™) /N T2
TR R BE B A TSR, DXL I SEMUAX RE R AF AL 2 2
AL AR, T AR IR AL B AR LR
FLESA I SE MR, SR R R A AT A ] s 4k 2
J B AR AL 22 R AR AL A A5 1L

] 3 7 AR B IR S 120°C F 160°C R, AN
(R R s (i) b BT SR A L2 R FLAR o A o BRI A
162 M FLAR 53 A0 2 BUOBUGERRAE , JE X T4 /ML AR
Ak B U, JHLAR: 3 118 S T 7] P R AR PRy S ke 28k Ak =2 i)
PRI AL, T P R KA LA AL iy,

0.040

K I 4120°C —— EENTR
0.035 | —=— H I ] 5min
|—e— FLJE A [ 7min
|—— B4 [ 9min|

0.030 4

-1

g

o
S
8
B

FLIEBYcm?.
5

o
=3
2
o

0.010 4

0.005 4

0.000

FLA&Inm
(a)

(a) AR N 120°C

T
1 10 100

FARTRA AR AT AR IR B A AL Y
FLARAFFE ™. Hh &L 3(a) Fl(b) AT L, 75 WA ] ) 44
FIR KT, B BT I TE] B S, PR AL Y
FLARERAEI NN , I HANRAL SR BAL B L fE3g n,
RS R R AL Z P FL 25 o R AR S
45 , DRI T T2 PN R A 48 g o 4 i A (S BR
THEALZRIZEH o BEAh  FERERI TR 9 min B,
TOI PRI EE N 120°C i J2 160°C, HEALJZ N ERHI 2
FLANR AL B LB SO [7) , 35k 38 I 5K s ] ) 4
e Ak B A M 2 s 2 i A J= AR IR AL 2 4, T
Sy T HEALJZ A AL Y HE 8] S A R Ml 5
TR LD TR S S 1Py ¢ NG 1 3

0.040

[ — ELEEm

[—=— FAJE I [aI5min|
—e— AL R 7min
[—¢— HJEI 7] 9min|

0.035 4

0.030 4

-1

g

o
S
S
&

o
o
N}
S

FLARA em?.
g

0.010 4

0.005 4

0.000 .
1 10 100

fL&Im
(b)

(b) #ti R 160°C

E3 MERRERERARRENELLETHARELCENILES S

Fig.3

and different hot-pressing times
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Fig.5 Polarization curves and power density curves for the same hot-pressing temperature and different

hot-pressing times

& 6 Ft 7~ R A B E] 247 5 min . 7 min £ 9 min By
AN TR I B A BT Btk 1) AR b e A ) 5528 B o
. HE6(a)— (c)n W, FEAH RIS TE] T, 160°C
{1 AR A BRI B AR 3 F 120°C 9 AT Ab B 3 45
R ™ 1Y) P P R s A, T R A K HA U 2 B X
B, PR A v g A B X6 T R L )5 ) S T
B o IE A, B 2 B B ) A9 B, AN ] 8 e 3t B K
ST H A AT R A DX I A i R R 25 AR SR, X
FEIE M THALZE N IRGAL s — P, R,
FELRAIE R BB % ER SR A T4 T, 4 30 B (1]
AT DAkt Ha it PR B, 33X R DAk v 2 R R F Al o 5 T
SRR T HNS R R
2.2.2 Wb HAE

Ry 20 ) A 30 R AR A H B[] F, Yl R
A5 ], R FH R A2 BT 3 A i e 0 i o p 5 7%

BELATC | Dl vl BHL LA K o A% i B BT M9 1 3 A2
) EL TR A3 2K o R FH Z-view 3R 4F4 BB 1A 7 (2) Al
(b)) JT 715 R S5 30 E BEOGT FEL UL 2% B 430 R 120 mA /e’
A1 000 mA/cm? B} i Nyquist A7 1A, 15 )
MR BT LA R 2 fIR 3R . L7
(a) Je 5% 2 AT 11, #4 A B B HA 4o 575 B2 LB R, 3
I X R WP R AL B AR T A2 0 A TE PR Hor
PEAL IR PE R BEAR AT RE 2 B T 2 R b G 2 R 8
BTE T E8 0 Pk 3R b, B IE PO
Bom i N BEAh, Y ER TR R ] A3 e, R,
WHEE N, o 2 BRI ) 160°C HLAAE I R]
9 min Zb3E =6 HL Tt HL A B R far e B BT 1S
i, R, HAEWTR P A i i R AT 1. 4445 35X
— NG R B R B AL S S R s W52
JEAFHEAL 2 52 ma A0 2 N FLAR S # , T EL 52 e i



6] 5% K 2 2 (A 4K BE 2 B

L
e -,

&

FRERRL% Smin

LI EImA-cm?
(@

(a) FUEHTH]H 5 min

0
T T T T u u T T
0 200 400 600 800 1000 1200 1400 1600 1800

900

- 800
700
« Leoo g
S
L =
0 2
L 400 &
00 i
F300 5
- 200

F 100

B 7min HFERFRLA Omin
. 8 N [

E
.- R - 700
600 ‘*g 600 E
S =
500 E 500 £
& 00 2
0 g =

- 300 S

0
T T T T T T T T

0 200 400 600 800 1000 1200 1400 1600 1800
I E EImA-em?

0
T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800
L EImA-cm

[

(b) P E] 2 7 min

(c) 4RI 9 min

El6 FEEER B ARERERRL #h L FTh R % i 2k

Fig.6 Polarization curves and power density curves for the same hot-pressing time and different

hot-pressing temperatures
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Fig.7 Nyquist plots of fuel cells under different

current densities after different hot-pressing

treatments
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Tab.2

HWERITHINEE
Fitting values of equivalent circuit components
for fuel cells with different hot-pressing

treatments at a current density of 120 mA/cm®

. B
s #1 #2 #3 4 £5 £6 Efzf*
R./Q  0.0038 0.0044 0.0049 0.0044 0.0049 0.0052 0.0034
R./Q  0.0627 0.0671 0.0853 0.0704 0.0846 0.0859 0.0598
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Tab.3 Fitting values of equivalent circuit components

for fuel cells with different hot-pressing

treatments at a current density of 1000 mA/cm’

s #1 #2 #3 #4 #5 #6

JEES

R./Q  0.0039 0.0047 0.0051 0.0043 0.0049 0.0060 0.0033
R.,/Q  0.0273 0.0381 0.0467 0.0299 0.0434 0.0486 0.0268
R,./Q 0.0370 0.0683 0.0702 0.0413 0.0594 0.0752 0.0271
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