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Abstract : The carbon-neutrality induced by the global warming is important for the modern
society. Hydrogen has been received the attention as a new energy source to replace the fossil
fuels. Polymer electrolyte membrane fuel cells, which convert the chemical reaction energy of
hydrogen into electric power directly, are a type of eco-friendly power for future vehicles. Due
to the sluggish oxygen reduction reaction and costly Pt catalyst in the cathode, the research
related to the replacement of Pt-based catalysts has been vitally carried out. In this case, how-
ever, the performance is significantly different from each other and a variety of factors have
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existed. In this review paper, we rearrange and summarize relevant papers published within 5
years approximately. The selection of precursors, synthesis method, and co-catalyst are repre-
sented as a core factor, while the necessity of research for the further enhancement of activity
may be raised. It can be anticipated to contribute to the replacement of precious metal catalysts
in the various fields of study. The final objective of the future research is depicted in detail.

Keywords : Polymer electrolyte membrane water splitting, Oxygen evolution reaction, Precious metal

catalysts, Activity
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Table 1. Various Hydrogen production methods along with their advantages, disadvantages efficiency and cost®'"

Hydrogen . . Cost
production Method Advantages Disadvantages Efficiency ($/ke)
Steam Reforming Develop eq technology & Existing Produced CO, CO, Unstable supply. ~ 74-85 227
infrastructure.
Fluctuating H, yields because of
Gasification Abundant, cheap feedstock and neutral CO, feedstock impurities, seasonal 3040 1.77-2.05
availability, and formation of tar.
Thermolysis Clean and su?tamgble, O, byproduct, High capital cqsts, Elements toxicity, 2045  7.98-8.40
copious feedstock. corrosion problems.
Low efficiency, non-effective
Photolysis O, as byproduct, a})updant feedstock, No photocatalytic material, Requires 0.06 8-10
emissions. .
sunlight.
Electrolysis Established technology Zero emission Storage and Transportation problem.  60-80 10.30

Existing infrastructure O, as byproduct.




Table 2. Electrocatalytic OER activities of Ir based catalyst

. Overpotential at specific Tafel slope Specific mass activi Electrochemical

Catalyst Electrolyte  Catalyst loading amount rsurrent densi?y (mV dec]'D') a]:t specific poten tia;y surface area Reference
IrO,@MTO-S 0.5 M H,SO, 0.044 mgy, cm 2 240 mV at 10 mA cm™ 65 - 5.56 mF cm? 16)
1rO,/C 0.5 M H,S0, 0.12 mg;, cm™> 380 mV at 10 mA cm? 93 - 2.81 mF cm™ 16)
Ce-Ir-ox/Mn 0.1 MHCIO; 0.2 mg cm > on Ti plate - 52 275A g at1.53 Vvs. RHE 146718 m’g,"  17)
IrO,~Ti0,—245 0.1 M HCIO, 100 pg cm™> - 42 70 A g' at 1.525 V vs. RHE 245 m? g;,”! 18)
IrO,~TiO,—Umicore 0.1 M HCIO, 100 pg cm™ - 44 44 A g, at 1.525 V vs. RHE - 18)
IrO,~150 0.1 M HCIO, 100 pg cm™ - 52 14 A g, " at 1.525 V vs. RHE - 18)
Ir,Co, 1 M HCIO, - 281 at 10 mA cm™ 58.6 - 0.989 mF 19)
Ir,Co, 1 M HCIO, - 312mV at 10 mA cm? 76.2 - 0.754 mF 19)
Ir,Co, 1 M HCIO, - 297 mV at 10 mA cm? 59.2 - 0.846 mF 19)
Ir'Mo00O,-450 0.5 M H,SO, 0.816 mg cm? 267 mV at 10 mA cm™ 46.09 46.63 A glr" at1.53 Vvs. RHE  85.62 mF cm™ 20)
IrO, 0.5 M H,S0, 0.816 mg cm™ 333 mV at 10 mA cm? 59.68 2.5A g, at 1.53 Vvs. RHE 7.18 mF cm™ 20)
IrNi NCs 0.1 M HCIO, 12.5 pgrem™ 280 mV at 10 mA ecm? (iR corr.) - 1500 A g, "'at 1.52 V vs. RHE - 21)
Ir nanospheres 0.5 M H,SO, 0.2 mg cm™ 266 mV at 10 mA cm™ 58.7 - 6.81 mF cm™ 22)
Ir/C 0.5 M H,SO, 0.2 mg cm™ 333 mV at 10 mA cm? 89.1 - 5.16 mF cm™ 22)
Ir@N-G-750 0.5 M H,SO, - 303 mV at 10 mA cm? 50 242 Amg, " at 1.607 V vs. RHE - 23)

Table 3. Electrocatalytic OER activities of Ru based catalyst
Catalyst Electrolyte  Catalyst loading amount Overpotential at §peciﬁc Tafel sloge Speciﬁc.mass actiyity Electrochemical Reference
current density (mV dec™) at specific potential surface area

Rug Pty 10,/C 0.05 M H,SO, 24.6 Ugmetal cm 248 mV at 10 mA cm? (iR corr.) - - - 24)
RugoPto 1/C 0.05 M H,S0, 24.6 Pgmeta M 206 mV at 10 mA cm (iR corr.) - - - 24)
E-Ru/Fe ONAs/C 0.5 M H,SO, - 238 mV at 10 mA cm ™ (iR corr.) 44.8 - 14.3 mF cm™ 25)
P-Ru/Fe ONAs/C 0.5 M H,S0, - 252 mV at 10 mA cm 2 (iR corr.) 46.3 - 10.9 mF cm ™2 25)
E-Ru/Fe ONAs/C  0.05 M H,SO, - 247 mV at 10 mA cm ™ (iR corr.) 56.8 - - 25)
P-Ru/Fe ONAs/C 0.05 M H,SO, - 260 mV at 10 mA cm 2 (iR corr.) 572 - - 25)
RuO,/(Co,Mn);0,/CC 0.5 M H,SO, - 270 mV at 10 mA cm? (iR corr.) 77 366.5 A gp, ' at 1.53 Vvs. RHE  14.54 m F cm™ 26)
Ru0,/C0;0,/CC 0.5 M H,SO, - 384 mV at 10 mA cm? (iR corr.)  242.6 58.6 A g, at1.53 Vvs. RHE ~ 5.05mF cm? 26)
RuO,/CC 0.5 M H,SO, - - 83.4 53 A g, at 1.53 Vvs. RHE 4.73mF cm™ 26)
RuO; nanosheet 0.1 MHCIO; 0.2 mgcm 2on Ti plate 255mV at 10 mA cm? 38 10 A g, 'at 1.425 Vvs. RHE  0.00695 mF cm 28)
Rutile RuO, 0.1 MHCIO; 0.2 mgcm 2on Ti plate - 40 10 A gg,'at 1.543 Vvs. RHE  0.00115 mF cm™> 28)
RuPbO, 0.5 M H,S0, 0.32 mg cm™> 191 mV at 10 mA cm ™ (iR corr.) 39 594 A gg,'at 1.5 V vs. RHE 13.4 m? g, 29)
Ni/RuO,@C 0.5 M H,S0, 350 pg em 2 211 at 10 mA cm™2 46 - 11.8 mF cm™ 30)
Ni/RuO, 0.5 M H,SO, 350 ug em™ - 72 - 2.81 mF cm™> 30)
S-RuFeO, 0.1 M HCIO, 10 pgg, cm™ 187 at 10 mA cm ™2 (iR corr.) 40 1.18 A mgg, ' at 1.42 V vs. RHE 0.907 mF 31)
S-RuO, 0.1 M HCIO, 10 pgg, cm™ 232 at 10 mA ecm 2 (iR corr.) 49 0.13 A mgg,'at 1.42 V vs. RHE 0.550 mF 31)
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Fig. 1. (a) OER LSV curves in aqueous solution of 0.5 M H,SO, and (b) Tafel plots of Ir NSs, commercial Ir/C, and

commercial Pt/C for OER.??
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