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ABSTRACT: The group 5B metals used for hydrogen separation and purification have high hydrogen selectivity and
permeability, but these metals lack the ability of dissociating hydrogen into hydrogen atoms. Therefore, metal Pd that can
catalyze hydrogen dissociation needs to be plated on the surface of these membranes to achieve the purpose of Pd-assisted
dissociation of hydrogen into hydrogen atoms. However, Pd and 5B base alloy membranes are prone to intermetallic
interdiffusion at high temperature, which deteriorates the hydrogen dissociation efficiency on the membrane surface and affects
the continuity and stability during hydrogen separation. Adding an intermediate layer between hydrogen separation alloy
membrane and Pd layer or directly using a non-Pd catalytic material on the surface of the alloy membrane is the main method to
prevent the failure of the hydrogen separation alloy membrane due to intermetallic interdiffusion. Catalytic hydrogen
dissociation mechanism of Pd and other metals were briefly introduced together with hydrogen transport mechanism of
hydrogen separation alloy membrane. The research progress on surface treatment of hydrogen separation alloy membranes
reported in recent years was reviewed from the following three aspects: 1) intermediate layer materials and its function as a
barrier against thermal diffusion between metals; 2) non-Pd catalytic materials and their catalytic effects on hydrogen
dissociation; and 3) the effects of internal and external factors on the effectiveness of materials. The types of intermediate layer
materials to prevent high-temperature intermetallic diffusion were mainly intermetallic compounds, and also included some
oxides (the oxides were obtained from group 5B metal substrates) and rare earth metal Y. The effect of these intermediate layer
materials to prevent thermal diffusion between metals was evaluated and analyzed in terms of hydrogen permeation stability
time and hydrogen permeability at high temperature. The non-Pd catalyzed hydrogen dissociation materials were mainly divided
into metal carbides and vanadium oxides. The hydrogen dissociation efficiency and compatibility of these materials were
emphatically analyzed. The dissociation efficiency of non-Pd catalytic materials for hydrogen was related to the crystal structure
and experimental temperature. Non-palladium-catalyzed materials did not appear metal thermal diffusion, so they could work at
temperature higher than 400 C. High temperature also helped increase hydrogen permeability. In terms of compatibility,
vanadium oxides showed better adaptability because they could be stably combined with different alloy membranes and
obtained higher hydrogen permeability. The factors that affected the effect of the interlayer and the non-Pd catalytic materials to
prevent metal thermal diffusion or catalyze hydrogen dissociation mainly included the internal factors like material and the
external factors like process. The effects of the internal factors of these materials, such as coating structure and thickness were
analyzed. The effects of external factors such as the preparation process and the selection of preparation parameters on the anti
diffusion or catalytic hydrogen dissociation effect were illustrated with examples. Finally, the shortcomings and corresponding
improvement measures of adding interlayer materials or using non-Pd catalytic materials in the existing research were pointed
out, and the future surface treatment development was prospected for hydrogen separation 5B group alloy membranes.
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Tab.2 Hydrogen permeability of hydrogen separation
membrane with metal carbide as catalytic material

Plating AP/ D/
Content Thickness/ T/K (10 mol'm™- Ref.
MPa 1505
nm s -Pa™?)

Mo,C/V 20 1023  0.69 59 [43]
Mo,C/V 20 973  0.79 6.1 [13]
Pd/Mo,C/V  100/20 773  0.21 2.0
TiC/V 6 923 1 9.0 [45]
VC/V 90 873 0.7 10.3 [47]
NbC/V 923 0.7 59 [48]
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Tab.3 Comparison of hydrogen flux in V-M (M=W, Cr,
Mo) alloy membrane with vanadium oxide (V-O) and Pd
V-M (M indicatesW, Cr and M o) as catalytic materials

P (inlet/outlet)/ H, flux J-d/

Content  T/K MPa (10" mol-m s ™") Ref.
V-O/V-8Cr 0.9/0.2 ~120
V-O/V-10Mo 0.95/0.2 ~120
V-O/V-5W 0.6/0.2 ~100

823 [49]
V-O/V-4Cr 0.6/0.2 ~100
V-0O/V-5Mo 0.6/0.2 ~100
V-0/V 0.4/0.2 =70
Pd/V-5W 773 0.3/0.01 70~75 [50]
Pd/V- 5Cr 0.6/0.1 ~120

673 [51]
Pd/V-10 Cr 1.0/0.1 120
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Z AT AR B 1 24 5 R o Yan 252 VO L
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Fig.6 Factors affecting the effectiveness of intermediate
layer materials or non-Pd catalysts
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Fig.7 Temperature dependence of hydrogen permeability

(@) in the form of an Arrhenius plot for pure V, pure Pd,
TiC/V, Mo,C/V and S1-S5 alloy membranes'*®!
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k4 BEEHNEHERFR
Tab.4 Preparation methods and characteristics of coating

Materials Coating method

Characteristics Ref.

An arc plasma gun with Hf cathode under A dense interlayer, no cracks and open pores visible

HIN N, gas atmosphere [14,16]
A direct-current glow-discharge nitrogen A highly adhesive nitride layer can be formed on a complex-
NbN [29]
plasma shaped substrate
Oxide Heated a.nd annealed for 2 h in air using [33]
an electric furnace
Reduce costs and simulate acidic environments in real-world
Oxide  Electrochemical corrosion application scenarios; [34-35]
The increase in hydrogen permeability.
It is easier to form nanoparticle films;
Mo,C  Ton beam sputter (IBS) Less prone to the formation of large atomic clusters in the [55]

film;

Higher vacuum and fewer impurities.
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