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Abstract: Hydrogen energy, as a core clean energy for achieving the “dual carbon” goals, often involves multiple extreme
operating conditions in its application scenarios, including high pressure, strong acidity, low temperature and long-term cy-
clic service. This imposes exiremely stringent technical requirements on the key structural and functional materials in the
core equipment of the hydrogen energy industry chain. Titanium and its alloys are critical materials for the full industrial
chain of hydrogen energy production-storage-transportation-utilization due to excellent corrosion resistance, high specific
strength and good low-temperature toughness. This paper systematically reviews the application progress of titanium materials
in key areas of the hydrogen energy industry. These key areas include proton exchange membrane water electrolysis, high-
pressure/solid-state hydrogen storage, hydrogen pipelines transportation and fuel cell. The review focuses on hydrogen em-
brittlement issues in hydrogen-rich environments, oxidation problems in oxygen-containing acidic environments, and forming
challenges in complex components. It emphasizes the recent progress in titanium alloy composition design, anti-hydrogen
embrittlement regulation, surface modification and forming technologies. The aim is to provide theoretical support and techni-
cal references for promoting the large-scale application of titanium-based materials in the hydrogen energy industry.

Key words: titanium materials; hydrogen energy; proton exchange membrane electrolyzer stack ; fuel cell; anti-hydrogen
embrittlement ; corrosion resistance; precision forming
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Fig. 1 E-pH phase diagram of the titanium-water system:4
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Table 1 Comparison of hydrogen energy related properties of graphite, stainless steel (316L) and pure titanium (TA2) (6, 8]

Properties Graphite Stainless steel (316L) Pure titanium (TA2)

Hardness/HV <30 170~ 190 110~ 120
Density/(g-cm™) 2.09~2.23 8 4.51
Tensile strength/MPa 80~120 485~620 335~450
Conductivity/ (S -m™") 1x10* ~ 1x10° ~1.5x%10° ~2.4x10°

Excellent resistance to acids,

Corrosion resistance . [ .
alkalis and oxidative corrosion

Processability Poor

Prone to corrosion in high-
potential acidic environments

Excellent resistance to acids,
alkalis and oxidative corrosion
(close to that of graphite)

Very good Good
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Fig.2  Structure diagram of proton exchange membrane electrolyzer stack %!
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Fig. 3 The corrosion resistance (a) and electrical conductivity (b) properties of the candidate materials for bipolar plates[
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Fig. 4 Scanning electron microscopy images of iridium-coated porous transport layer (Ir-PTL) (a~c) ; nano-computer tomography image of

Ir-PTL (d) ; images of Ir-uncoated (e) and Ir-coated (f) PTL after electrochemical measurements, respectively“l]
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Table 3 Summary and comparison of different coating material systems!™: 77 %]

Transition metal

X Carbon-based coating
compound coating

Propertie Precious metal coating
Application scenarios PEMEC
Potential/V >1.5
C ion ¢ t densit
orrosion curren_2 ensity <0.1
/(pA scm™)
ICR/(mQ +em?) <1.5
Cost High
TRL 8
SWOT Highly conductive and

anti-corrosion, but high cost

PEMEC & PEMFC PEMFC
<1.8 <l.2
0.1~1 0.1~1
2~10 >5
Medium Low
5 8

Highly conductive and
corrosion-resistant, excluding PEMEC

Good corrosion resistance
but poor conductivity

Notes; PEMEC represents proton exchange membrane electrolyzer cell; PEMFC represents proton exchange membrane fuel cell; ICR represents in-
terface contact resistance; SWOT represents superiority, weakness, opportunity threats; TRL represents technology readiness level
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