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Abstract: The core of hydrogen energy application lies in hydrogen storage technology. Among various hydrogen
storage materials, TiFe-based hydrogen storage alloys are considered as one of the most promising candidates due to
their low cost and excellent hydrogen storage performance under room temperature and low hydrogen pressure.
However, these alloys have stringent environmental requirements. They are highly susceptible to reacting with O,,
H,0, and other substances in the air, leading to their poisoning. They can only absorb and release hydrogen after
undergoing multiple activation treatments, which increases the preparation cost and has severely hindered their
development and application. This paper reviews the technical characteristics and research status of methods for
optimizing alloy design and improving performance, including the application of first-principles density functional
theory for alloy design and optimization, as well as methods such as mechanical ball milling, cold rolling,
high-pressure torsion, and partial substitution or replacement of elements to enhance the hydrogen storage performance
of alloys. The future development directions for TiFe-based hydrogen storage alloys are also prospected, with the aim
of promoting the future application of these alloys in the field of green energy storage batteries.
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Fig.1 Phase diagram of Ti-Fe binary alloy system
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Fig.2 Crystal structure diagrams of TiFe. TiFeH, ¢4 and TiFeH, o5
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patterns (b—f) of TiFe alloy by different processes:
(a, b) annealing; (c, d) groove rolling; (e, f) HPT process;
(b), (c¢) and (e) are bright-field images, (d) and (f) are
dark-field images
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Table 1 Influence of different processing techniques on hydrogen absorption and microstructure of TiFe alloy

Plateau pressure

Processing Grain size level Dislocation density Cracking during in cycle/MPa Hydrogenation capacity
technique before hydrogenation hydrogenation in the 2nd cycle/%
Ist 2nd  3rd
Ball milling Nanometer Low No 1 1 1 1.3
Cold rolling Submlcrometer to High Yes No 3 1 1%
micrometer
High-pressure Nanometer to High Yes 3 1 1 171281

torsion submicrometer
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Fig.5 Schematic diagram of Tip95Y.05Feo.sMny alloy first hydrogenation process
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