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Figure 1 Structure and differences of PEMFCs. (a) Structure of PEMFCs. (b) Classification of fuel cells based on working temperature
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Figure 2 Toxic effect of Pt catalyst. (a) Pt/C fuel cell experimentm]. (b, ¢) Summarized density functional theory (DFT) results of all examined
material surfaces in terms of CO tolerance, HOR activity, and stability in acidic medium™. (d) The mechanism in a CO-tolerant Pt-M electrocatalyst
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Figure 3 PA poisoning of Pt catalyst. (a) Activation of Pt-C catalyst via PA redistribution in the catalyst layer. The PA-inaccessible Pt NPs do not
create the “triple-phase boundary” and are inactive for ORR. (b) The adsorbed state on the Pt surface at different cell Voltagesm]
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Figure 5 Pt-oxide catalysts for anti-CO poisoning. (a) Single-cell performance for Pt/C and Pt/TiO, NCs-C electrodes. (b) Polarization curves of
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Table 1 Application of Pt-based catalysts in LT-PEMFCs

AL TR R (MW cm™) Tiif A PR (%) BN
PtRuNi/C 10 ppm CO/H, 0.5 V@100 h ~100 [33]
PtNiMo/Fe-N-C 1000 ppm CO/H, 80%@10 h 80 [35]
Pt/TiO,-NCs-C 100 ppm CO/H, [36]
Pt/YWO,@NC 100 ppm CO/H, 205 045V@3h [37]
(a) T
oML | A : oo {e) 1.00 @ 0.1 mol L-" HCIO:
: ! ! l'_?’ _ 0.95 B 0.1 mol L~" H3PO4
| @ T TE —
,: ° ): ! il § 0.90
T ' & 2 o085
A ' _o -9 = =
o 4 - i $ =080
qu-: ° : : ) 5 0.75
1 1 ] =
“n Different H, contents in annealing gas @\ : : :
- Phosphate Anion Poisoning Effect mij Pl@ & Pt@ ’ 070 19 1% A 20
MSL7-0  MSL7-5  MSLZ-10  MSL7-20 RO \\5\2‘ “\5\:‘
@ @ @ o«

(d) (e) 1.0 opm 700
% 600 _
0.8+ &
0.7 500 §

,’/- \\ LS | 400 g
/ » :‘%’, 0.5 %
|\ ’Il § 044 |- 300 é
\‘--_—/ %2 200 g
H3P°4 21 :::gMPc.s 100 &
0.14
7Y A o

Pt@MPC

H,0

.0
0 200 400 600 800 100012001400160018002000 22002400
Current density (mA cm~2)

B 6 Pt&4MALFITIPATE L. (a) PEKITURL > T2 RN R K (b) Pt@MSL 7L Bk A2 F1 4 I8 F 2 AR A 56 (o) 763 FIA & H,PO,
HIHCIO 4 W AR E, 7B AE™Y; (d) Pt@MPCHIBERRTE LI/ IR (e) Pt@MPC-SHIPYCHIBL AL RISl # B il 221

Figure 6 Pt alloy catalysts for anti-PA poisoning. (a) Schematic diagram showing the molecular sieve layer effect. (b) Correlation between the particle
size and exposed metal surface area of the Pt@MSL?7 catalysts. (c) E, ), of the catalysts in HCIO, solution with and without H3PO4[42]. (d) Schematic

diagram of PA poisoning by Pt@MPC. (e) Polarization and power density curves of Pt@MPC-5 and Pt/C
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Figure 7 Pt@carbon support catalysts for anti-PA poisoning. (a) CNT@SiO,-Pt in the catalytic layer of HT-PEMFCs. (b) Polarization and power
density curves change with increasing temperature of CNT@SiO,-Pt for HT-PEMFCs. (c) Potential response of a HT-PEMFCs life test™], (d)
Tllustration showing electrocatalytic microenvironments constructed by dispersing C;N, (d2) and D-C;N, (d3) in the catalyst layer of Pt/C (d1). (e)
Linear sweep voltammetry (LSV) of ORR for Pt/C, 10% C;N,@Pt/C, and 10% D-C;N,@Pt/C. (f) Highest peak power density and the corresponding

LSVs during the stability tests'™
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Figure 8 Pt functionalized treatment for anti-PA poisoning. (a) Schematic representation for the synthesis procedure of PtP,/C-800 electrocatalysts.
(b) Long-term durability tests of HT-PEMFCs with PtP,/C-800“%). (c) Illustration of the PtNi/WCB fabrication process. (d) The half-wave potential of

different catalysts with and without H;PO, in HCIO, solution™”

F2 PCEBEMLAEHT-PEMFCsH B FILE
Table 2 Application of Pt-based catalysts in HT-PEMFCs

FEALFH TAEREE(C) WE{E I % B (mW em ™) it A EE PN
PtCe/NC 160 605 30000 cycles@ADT [40]
Pt@MPC 160 674 200 mA em @110 h [43]

CNT@SiO,-Pt 160 765 0.7 V@100 h [44]
D-C;N,@PtC 160 736 500 mA cm @70 h [45]
PtP,/C-800 180 1180 30000 cycles@ADT [47]
PtNi/WCB 160 906 200 mA cm @200 h [48]
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The gradual depletion of fossil energy sources and the excessive emission of greenhouse gases have significantly
contributed to global warming, profoundly impacting the natural environment. Proton exchange membrane fuel cells
(PEMFC:s), specifically hydrogen (H,) fuel cells, offer a promising solution by converting chemical energy directly into
electrical energy through electrochemical reactions. PEMFCs boast numerous advantages, including zero emissions, high
power density, rapid response times, and a simple structure, effectively mitigating the effects of the energy crisis and
environmental degradation. Based on their operating temperatures, PEMFCs are categorized into low-temperature
PEMFCs (LT-PEMFCs) and high-temperature PEMFCs (HT-PEMFCs). In LT-PEMFCs, operating at lower temperatures
in the presence of water, water serves as the proton transport medium. Conversely, in HT-PEMFCs, proton conductivity
relies on a different mechanism. Nafion, which is highly dependent on a hydrated condition, exhibits a dramatic drop in
conductivity when the operating temperature exceeds 100°C. Polybenzimidazole (PBI) membranes, known for their
excellent thermal and chemical stability, have garnered significant attention for high-temperature PEM applications,
providing better proton conductivity under anhydrous conditions.

However, large-scale hydrogen production technologies often fail to meet purity requirements due to high associated
costs, with less than 5% of the globally produced H, coming from electrolytic water. For instance, most available H, is
derived from methane steam reforming, introducing gaseous impurities such as carbon monoxide (CO), sulfuretted
hydrogen (H,S), and ammonia (NH;) when used as fuel. These impurities can significantly degrade the performance of the
electrode catalyst. The presence of trace amounts of CO in H, fuel poisons the catalyst during the reaction process. When
reformate H, is supplied in a PEMFC, these concentrations CO can cause CO-poisoning and activity degradation. For the
commercial Pt anodes, it is noted that the acknowledged maximum CO poisoning limits are 10 and 100 ppm, respectively.
A typical method for overcoming CO poisoning is the further purification of the hydrogen fuel after the reforming process,
which can minimize the CO concentration. However, even for the CO concentration limits to 0.2 ppm, the efficiency of
PEMEFCs is considerably reduced. Furthermore, the purification cycles required to achieve such low CO concentrations
prohibitively increase the costs. Additionally, the release of phosphoric acid (PA) during HT-PEMFC operation can lead to
phosphoric acid poisoning, reducing catalyst activity.

The catalysts used in PEMFCs, primarily based on precious metals like platinum (Pt), exhibit superior electrocatalytic
properties but are susceptible to toxicity and have limited stability. Pt, with its unique d-band structure of 5d electron
orbitals, is the most efficient electrocatalysts for PEMFCs. The hydrogen oxidation reaction (HOR) rate on Pt-based
nanoparticles is very fast, allowing the Pt load of the anode catalyst to be as low as 0.05 mg cm™ ~. However, the oxygen
reduction reaction (ORR) at the cathode is about five orders of magnitude slower than the HOR at the anode, requiring a
higher Pt load (~0.4 mg cm™ ) to maintain performance. While Pt-based catalysts are highly efficient for the HOR at the
anode, their significantly slower kinetics during the ORR at the cathode require increased Pt loadings. This discrepancy
contributes to reduced catalyst stability and higher costs, thereby hindering widespread commercial adoption.

Therefore, it is imperative to design and improve Pt-based catalysts to enhance the utilization rate and anti-poisoning
ability of Pt. This paper reviews the current application status of Pt-based catalysts. It begins by describing the toxicity
challenges faced by PEMFCs, focusing on the design of Pt-based catalysts to improve anti-toxicity. Finally, the
development direction of Pt-based catalysts in PEMFCs is discussed and prospected.

PEMFCs, catalyst layer, Pt-based catalysts, CO-poisoning, PA-poisoning
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