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Abstract: Ortho to para hydrogen conversion catalyst (O-P catalyst) is integral for large-scale hydrogen liquefaction
projects. However, factors that influence catalyst performance remain preliminary and unclear. In the mean time, the
mechanical strength of the O-P catalyst is crucial for its efficacy and longevity, yet most related research has paid
sufficient attention to the catalytic activity. In this work, an iron-based O-P catalyst was synthesized using a
straightforward precipitation method. And effects of catalyst activation method, drying temperature, particle size,
concentration ratio, and doping element on catalytic activity and mechanical strength were studied. Furthermore, the
catalytic performance and structural characterization of the prepared catalyst and commercial catalyst were compared.
The prepared catalyst achieved a para hydrogen (p-H,) content of 46.49% post-conversion at 77 K with a hydrogen

flow rate of 1200 mL/min, surpassing the commercial catalyst by 2.9%. The maximum single particle crushing force
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of the prepared catalyst reached 4.75 N. Therefore, a preliminary mechanism for enhancing catalytic activity

optimization was elucidated, offering valuable insights into ortho to para hydrogen conversion, and this study provides

foundational data supporting the scaled production of domestic catalysts.
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Table 1 Effect of activation method on catalytic efficiency

. . . . . -H. tent lati
Activation ambience Activation method p-H; content (relative

value)/%
Vacuuming 110 'C for8h 100
Purging H, 110 'C for8h 102.26
Vacuuming 160 C for16 h 104.36
Purging H, 160 C for 16 h 104.62
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Table 2 Effect of drying temperature on catalytic
efficiency and mechanical strength

Sample Drying . Average comprc;ssive p—Hz content
temperature/ C  strength of particle/N (relative value)/%
F3-1 110 3.27 100
F3-2 130 3.42 89.93
F3-3 150 3.51 84.17
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Table 3 Effect of particle size on catalytic efficiency

Particle size/ p-H, content

Aperture of

Sample crushing sieve/mm pm (relative value)/%
F4-1 1.2 420~841 100
F4-2 1.0 297~595 103.72
F4-3 0.8 297~595 105.34

SR, KUk, MR EN 0.8 mm Al M
297~595 um M AL B AR R Y T 2 540
2.4 [FERLRE XL EERVIRGE E B 20
B o A [R) JEARk JBE R A JEE ok % (R MR AL A, O 0
297~595 wm FRIFURE ROSE, IR 1 A 3 1 AL A 53R
JF . FEREIRE S IE N 1200 mL/min K /8
o, R 4 Fron. 8 TET R, & Ek
(B - B)IRFELE A 0.189 IRkl £ F A Ak 751 R Ak
AL R S BEMAHEN 100%, [5RHR H 7 2 5
ORI JJE N 3.18 No 245kl « B L
= 0328 B, FFENAKM T HMAESEAS
£ 101.93%, “FHIHRFRIIESIE N 414 N. 4ks:
BEIREEL R 0.646 B, EALIE LT AZENIE
SREEME A FRE. DRUL, MERNERER - )R
0.328 I, HEAL 7 () 48 A 3 P R AT LA 558 P 2 S A o
2.5 BHEITEIELEERVEEER I
ARG RS A A, B TR R IR T
Fd P s, 7R Bk A AR R 38 N I A 40 5 T DA
(R AL TR N SR T T, M e R SR 7 A% 11 E i
JiIA, B AL ae S LR AR i
& J@ RO 1 4 JE B R 2R R E A . NS R B A
A BT 52 = A 000G A 1 A ok, T AL
WA, WM YERIFIA ALOs. S0, FFTHLA
o, Mk, 5 Fe F—&M Co L&k itk
Ce LI AL TCERIERNB R ILER, A HEHE R Fe B LA
AT M RE
AW FCEE AR RSB AT R, EREREES
AHE N 1200 mL/min FRUERPEEE, 458wk 5 By
e N TETEE, 15 A R 71201 & 1 AR 45 Ak
T4 BURIREE L3 4L TE M ANLAN R B B0 250

Table 4 Effect of concentration ratio on catalytic
efficiency and mechanical strength

Sample Concentration  Average compressive p-H, content
P'¢ ratio of Fe*":0H strength of particle/N (relative value)/%
F7 0.189 3.18 100
F5 0.328 4.14 101.93

X14 0.646 3.99 102.00
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Table 5 Effect of doping element on catalytic efficiency and mechanical strength

Sample Surface area/(m*g™')  Pore radius/nm Average compressive strength of particle/N  p-H, content(relative value)/%
FeCoy.0s0,0H 67.315 12.85 3.30 114.79
FeCe,sO,0OH 204.105 4.42 3.07 120.55
FeAl;,O0,0H 238.322 2.84 4.75 12291
FeCog.0sAlp,O.OH 242.901 2.97 3.43 124.44
FeCeg05A1,0,0H 243.463 2.91 3.62 124.94
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Table 6 Comparison of particle size and catalytic

efficiency for commercial catalyst and catalyst in this work
at different flow rates of H,

Particle
Sample size,
deo/um 400 mL-min™ 800 mL-min™" 1200 mL-min™"

p-H; content (relative value)/%

Commercial
catalyst

This work (F5)  712.1 49.46 48.05 46.49

820.5 49.29 47.29 45.19
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Fig. 2 Surface morphologies of (a, b) commercial catalyst and
(c, d) catalyst in this work
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