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Self-developed Ortho-para Hydrogen Conversion Catalyst: Catalytic Testing
and Optimization of Batch Preparation Process

LI Na', WEI Jin', CAO Ruixiao'? LIU Yu', HUANG Guiwen', XIAO Hongmei'

(1. State Key Laboratory of Cryogenic Science and Technology, Technical Institute of Physics and Chemistry, Chinese
Academy of Sciences, Beijing 100190, China; 2. University of Chinese Academy of Sciences, Beijing 101408, China)

Abstract: Ortho-para hydrogen conversion catalyst (OPC) is one of the key materials in large-scale hydrogen
liquefaction projects. In recent years, research primarily focuse on enhancing low-temperature catalytic activity of
existing systems, while accurate measurement of para-hydrogen content has become the foundation of such studies.
However, only a limited number of studies and relevant industry standards have reported the testing accuracy and
reliability of para-hydrogen analysis, and the optimization of batch preparation process, all of which could not meet the

requirement of domestic industrial development to reduce reliance on imported catalysts. This study explores both
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catalytic testing analysis and optimization of mass production processes for OPC, demonstrates the stability and high
measurement accuracy of the experimental self-developed testing platform, and identifies the optimal mass production
process combination to maximize yield through comprehensive comparison on catalytic performance and mechanical
strength. Furthermore, process optimizations such as low-temperature activation, particle size optimization and
secondary washing are implemented to produce catalysts with superior catalytic activity. The results show that the
self-developed catalyst 2# with primary crushing, sieving through a 0.8 mm sieve, washing and low-temperature
activation exhibits approximately 3.4% higher catalytic performance than imported catalysts at a space velocity of
1.2 L/(min-mL), with corresponding conversion rate and reaction rate constant (k value) approximately 7.42% and
25.78% higher, respectively. This study provides a kind of self-developed catalyst with excellent performance for
domestic substitution through optimizing batch preparation.
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Table 1 Preparation parameters of self-developed catalysts

Aperture of crushing

Sample Particle size/mm

Granulation and post-processing

Secondary activation process

sieve/mm technology

Commercial / 0.315-0.600 / /

catalyst (30-50 mesh )

1# 1.0 0.315-0.900 Primary crushing, washing With low-temperature
(20-50 mesh) activation

2# 0.8 0.315-0.900 Primary crushing, washing With low-temperature
(20-50 mesh) activation

3# 1.0 0.315-0.900 Secondary granulation, With low-temperature
(20-50 mesh) washing activation

4# 0.8 0.315-0.900 Secondary granulation, With low-temperature
(20-50 mesh) washing activation

S# 0.8 0.315-0.900 Without washing /
(20-50 mesh)

6# 0.8 0.315-0.600 Primary crushing, washing Without low-temperature
(30-50 mesh) activation

T# 0.8 0.315-0.900 Primary crushing, washing Without low-temperature
(20-50 mesh) activation

8# 1.0 0.315-0.600 Secondary granulation, Without low-temperature
(30-50 mesh) washing activation

O# 1.0 0.315-0.900 Secondary granulation, Without low-temperature

(20-50 mesh)

washing

activation

J. Inorg. Mater., 2026, 41(5): 645-652

www.jim.org.cn



648 T AL M KB iR %41 %
‘Earrier
Carrier gas Gas chromatograph; gas
| Carie gas|———— gaphy | B
Th 1 Thermal mass
ermal mass fl ter FM2 —
flow meter FM1 (] ow meter RSD ( 1 )

Test conversion
=~~~ column

Reference pipeline ‘Ii'
A

flow meter
Purification|— zﬁi’!
device | M |
Test pipeling  Low
flow meter | temperature

device

-, Reference
conversion
column

K1 IR A A S 3 B R i A s
Fig. 1 Schematic diagram of experimental setup and testing
process for the catalytic conversion of ortho-para hydrogen
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Table 2 Experimental operating parameters

Parameter Control sample  Test sample
Inner tube diameter $#12.1 mm #8.9 mm
Working pressure 0.1-0.2 MPa 0.1-0.2 MPa
Hydrogen flow rate 0.3-0.5 L/min  0.4-1.6 L/min
Test section length 65 mm 32 mm
Catalyst packing volume  4-5 mL 1 mL
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Table 3 Reaction rate constant (k) and catalytic conversion rates of various samples by the three-point method
Hydrogen ﬂ‘,’}” rate/ Calculation parameter Commercial 1# 2# 3# 4#
(L'min™") catalyst

0.4 k value/(mol-(L-s)™") 0.6697 0.5881 0.7330 0.8825 0.4920
Catalytic conversion rate/% 98.86 98.03 99.25 99.72 96.26

0.8 k value/(mol-(L-s)™") 0.7313 0.7396 0.8375 0.8767 0.6531
Catalytic conversion rate/% 91.31 91.54 93.90 94.65 88.71

1.2 k value/(mol-(L-s)™") 0.8033 0.8716 1.0104 1.0037 0.7041
Catalytic conversion rate/% 83.28 85.64 89.46 89.30 79.15

1.6 k value/(mol-(L-s)™") 0.8706 0.9468 1.1240 1.0911 0.7587
Catalytic conversion rate/% 76.63 79.43 84.70 83.83 71.83
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Table S1 Calibration data at different temperatures

Peak arca Hydrogen flow rate Average RSD/% Equilibrium para-hydrogen
03 L/min 0.4 L/min 0.5 L/min value content/%
Peak area at 298 K/(uV-s) 378.5 356.6 252.1 328.1 16.97 24.88
371.1 342.9 244.9
375.1 329.7 284.3
Average peak area/(uV-s) 374.9 343.0 266.6
Corrected 374.9 0.99
Peak area at 77 K/(uV-s) 9131.7 9021.9 8919.2 9056.3 0.89 50.30
9161.6 9030.5 9020.0
9131.6 9092.6 8995.6
Average peak area/(uV-s) 9141.6 9048.3 8979.2
Peak area at 21 K/(uV-s) 26481.2 26501.7 26622.3 26531.7 0.37 99.55
26477.7 26486.8 26602.1
26461.9 26444.0 26708.0
Average peak area/(uV-s) 26473.6 26477.5 26644.1
£ S2 77 K HARHmEEL X EE
Table S2 Catalytic test data for various samples at 77 K
Hydrogen flow rate
Sample No. Test data
0.4 L/min 0.8 L/min 1.2 L/min 1.6 L/min
. Average peak area/(uV-s) 9096.6 8425.2 7709.0 7116.4
Commercial catalyst
RSD/% 0.21 0.63 0.31 0.31
1# Average peak area/(uV-s) 9025.0 8444.0 7920.3 7365.0
RSD/% 0.38 0.27 0.18 0.24
2# Average peak area/(uV-s) 9134.1 8656.6 8261.8 7833.5
RSD/% 0.25 0.17 0.38 0.33
3# Average peak area/(uV-s) 9174.6 8721.3 8244.6 7756.4
RSD/% 0.27 0.10 0.33 0.12
4# Average peak area/(uV-s) 8868.2 8192.3 7339.9 6687.0
RSD/% 0.12 0.13 0.42 0.19
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Table S3 Para-hydrogen content of various samples at 77 K calculated by three-point and two-point methods

Hydrogen -ﬂgw Para-hydrogen content/% Calibration method
rate/(L-min ) Commercial catalyst 1# 2# 3# 44
0.4 50.01 49.80 50.11 50.23 49.35 Three-point method
0.8 48.09 48.15 48.75 48.94 47.43
1.2 46.05 46.65 47.62 47.58 45.00
1.6 44.36 45.07 46.41 46.19 43.14
0.4 49.78 49.57 49.88 50.00 49.13 Two-point method
0.8 47.86 4791 48.52 48.71 47.20
1.2 45.82 46.42 47.39 47.35 44.76
1.6 44.12 44.83 46.17 45.95 42.90
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