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Effect of Controllable Pyrolysis of lonomers in Fe—~N-C Cathode Catalytic
Layer on Cell Performance and Stability of Membrane Electrode Assembly*
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Beihang University, Beijing 100191)

Abstract Non-precious metal M-N-C catalysts have a low density of active sites, which requires increasing the catalyst
loading amount per unit area to obtain sufficient active sites to ensure the required apparent output current of the proton ex-
change membrane fuel cells (PEMFCs). This inevitably increases the thickness of the catalytic layer. On the one hand, a thick
catalytic layer increases the resistance to material transfer, and on the other hand, a thick catalytic layer is more prone to
causing “flooding” problems, which further worsens the material transfer problem of the catalytic layer. To address the water
flooding and material transfer efficiency challenges of Fe-N-C cathode catalytic layers, this study employed controlled py-
rolysis of perfluorinated sulfonic acid ionomer side chains with hydrophilic sulfonic acid groups within the catalytic layer.
The in-situ modulation of the hydrophilic-hydrophobic balance at the active sites of the catalyst creates an efficient
three-phase interface, enabling high ion conductivity and efficient water and oxygen transport within the Fe-N-C catalytic
layer. Consequently, the output performance and stability of the membrane electrode are significantly improved. The results
demonstrate that the degree of sulfonic acid group pyrolysis within the catalytic layer ionomer can be effectively controlled
by adjusting the pyrolysis temperature and duration. Using a catalytic layer with an ionomer to Fe-N-C catalyst mass ratio
(Z/C) of 0.5 as a model, the perfluorinated sulfonic acid ionomer's sulfonic acid group decomposition rate was 16.3% after 40
minutes of heat treatment at 250 ‘C under a N2 atmosphere, resulting in an increased hydrophobicity of the catalytic layer
surface, as indicated by a surface water contact angle increasing from 113° to 134° while maintaining high ion conductivity.
The corresponding membrane electrode exhibited optimal output performance, with a peak power density of 359.7 mWe
cm 2, representing a 38% improvement over the pre-treatment electrode. Additionally, under a constant voltage of 0.4 V, the
material transfer resistance of the heat-treated catalytic layer decreased by 29.8% to 242.48 mQecm? compared to the
pre-treatment condition. During the 20-hour constant voltage discharge test at 0.4 V, the heat-treated Fe-N-C catalytic layer
exhibited higher discharge current density than the untreated membrane electrode. This study demonstrates that partially con-
trolled pyrolysis of catalytic layer ionomer is an effective method for improving the performance and stability of M-N-C
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non-precious metal catalyst membrane electrode fuel cells.
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Figure 1 Thermogravimetric curve and thermogravimetric differential curve (a); weight loss curves of Nafion under different temperatures (b)
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Figure 2 Polarization curves (a); impedance spectrum under H,/O, condition (b); CV curves (c); double layer capacitance (d); impedance spectrum under
H,/N, condition (e) and ion transport resistance (f) of membrane electrodes with different //C ratios
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Figure 3 The change of the ion exchange capacity (IEC) of the catalytic layer and the decomposition ratio of sulfonate groups (a); the change of the
water contact angle of the catalytic layer (b) with the increasement of heat-treated time

Acta Chim. Sinica 2023, 81, 1350—1356

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1353

http://sioc-journal.cn



g g R fFzRIL L
600
@ o] —uc-04 —uc=05 ® 3004 = nc=04 8
=:=1IC=05,20min === [/C=0540min| g —A— IIC=05 %
— - lIC=0.5,60min ~@— IC=0520min &,
%8 ~ ~- //C=05,40min T
-400 & § —w— IC=05,60min
- £ < 2004 0!
AR e S Ko (] 110 120 130 140
0.6 N o’ g ;’ G Z'JmQ + om?)
> AR L 300 £
B O fal E B
0.4 SRR x N
N NS 200 100+
A o .§ \.\. So - “‘
0.21 NN -100 A
N 1 o04v
0.0 T T T —-0 0- 1 T T T
0 400 800 1200 1600 200 400 600 800
il(mA«cm?) Z'(mQ+cm?)
(0 10 (d) 130
—— IC=05 - 1IC=0.5, 20 min
—_ - 1IC=0.5, 40 min —-— [/C=0.5, 60 min --=-lIC=04
5 =
. > 1201
g 5
.
> £
20 < 1104
c Qo
[ c
° 8
= S
S -5 € 100
‘5 ©
3 O
-10 T T T T T 90 . . . .
00 02 04 06 08 10 0 20 40 60
Potential applied/V Time/min
e 3000
(e) )
02V 200091 -~ yc=04
<~ 2000 /' < 1500
IS /V [3)
(&) .
& G
2 J E1o000f{ - _____ . ' \,\ _
= / =
R 10001 J —e—lic=05 3 \
4 —8— J/C = 0.5, 20 min o 5001
—&— |/C = 0.5, 40 min
—v— [/C = 0.5, 60 min
0 T T 0 T T
0 1000 2000 3000 20 40 60
Z'I(mQ « cm?) Pyrolysis time/min

Bl 4 [ H b 2 i JEE AR B A T 2R (a); Ho/O, 26 FBH T (b); CV I ZR(c); WUHLZ HIZR(d); Ho/Ny 25 B ZE R BH A HE (e); B8 T1& % T ()
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