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Review on Catalytic Conversion Mechanism of Ortho-Para Hydrogen
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Abstract Ortho-para hydrogen conversion in the hydrogen liquefaction process is significant for the long-term storage and long-distance
transportation of liquid hydrogen. This paper outlines the differences in the properties of orthohydrogen and parahydrogen, reviews the
research progress on the physical mechanisms and reaction kinetic models of the ortho-para hydrogen catalytic conversion process, and
summarizes the performance of common catalysts. Finally, three mainstream schemes for ortho-para hydrogen conversion are compared.
Research on the internal physical mechanisms and reaction kinetic models explores the conversion process from microscopic and
macroscopic perspectives, respectively. Owing to the lack of experimental data, scholars have not yet formed a unified explanation for the
surface characteristics of catalysts, which must be quantitatively validated. Furthermore, although nickel-based catalysts have higher
catalytic efficiency, iron hydroxides and oxide catalysts are the main catalyst choices for ortho-para hydrogen conversion, considering the
preparation, activation, and deactivation of catalysts and the characteristics of the liquefier. Among the three mainstream ortho-para
hydrogen conversion schemes, the hydrogen liquefaction process with continuous conversion has the lowest energy consumption and is the
future direction. Relevant research in China is still in its early stages and has great potential for development. This study provides
theoretical guidance for the design and construction of ortho-para hydrogen catalytic conversion test benches.

Keywords ortho-para hydrogen; catalytic conversion; mechanism study; reaction kinetics; catalyst
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Fig.1 Two states of hydrogen molecules

TE AU S T 20 43 L 491 2 R R 1 R AR, AE =
T AT AR A A A CBDIEH &) 75% ¥ R 1E
SR 25% W FE 0 PP AL AR, BE AL MR BE 38 IE A/ AL
LRSI B IR 43 B (J5 SO B W 0 v B 3
BEEIRAME) o Bl I B2 R B AR, P A S A & 1 v
FEBW - TE 7RI R 20 K B S S T R S
99. 8%, fEAWALITFET WA SAEE A RERINIE
BN DRk U EOR S SR oy iy 62 N I e R 16713
JE R AL SR I B A AR AL T 2 B, AR AR
JERA R AR HAER LM R, ERE N
21~23 K B}, iR R 3K 1063 J/mol , TR A 115 AL
W 954 J/mol , B BB TR A MZE R B
AT RSB TE TR A, IE A PR 5 b3y 25
SEAETE N A KR ZE R MR, X0 TR ANz
IR ANF] PRI I P S A A 7 U AT 7
i aB 1A% NI R 19 B 7 N

S — 71, PR AR IE AR A s B, L
T A - 7 1 B TR 1) T 32 T O S A S
Ml S B A R IE EO R A RIS 2R



446 H 5 . Vol. 46,No. 5
%2025%35?2 Hﬁ)ﬁ il v 55 i October, 2025
1.0x S BIRERAA
1700 m\ 12 e m\ 72 D

0.8 1600 _ ko (ﬁ) pv’T o< (ﬂ) pT (2)
% 06/ I s £ ; A ] Lennard-Jones %2505 1 09450,
% .l ls0 2 TR 2 4 TR AERIE T m® ;s m A

- 100 & Tl ks v R RS TRORHIERE  m/s,
R I %7 £ [ J. Turkevich %1°) S o X§ TE i 06 A6 09 5%
%0 60 100 140 180 220 260 31)8 S A R REAELR A FRAE, K. Fukutani 42
B LR T A TIE MR AL RO TS RS R DA , S

B 2 S FEREMELAMEEENTH
Fig.2 Changes of parahydrogen equilibrium concentration

and conversion heat with temperature
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