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Neodymium tungstates and their composites with metal alloys, such as NiCu, have emerged as promising 

materials for hydrogen separation membranes due to their high proton conductivity and stability in CO2-

containing atmospheres. The fabrication of gas-tight ceramics based on these materials constitutes a distinct 

challenge. A promising approach to address this issue is the utilization of advanced sintering techniques, 

such as radiation-thermal sintering using an electron beam. The present study investigates the impact of 

radiation-thermal sintering temperature on the structural, textural properties, hydration ability, and oxygen 

mobility of Nd 5.5WO11.25�ï �G oxides and NiO�²CuO�²Nd5.5WO�����������ï�G composites, the precursors of NiCu alloy �² 
Nd5.5WO11.25�ï �G materials for hydrogen separation membranes. The main phase of the Nd5.5WO11.25�ï �G samples 

is defective double fluorite, while their composites contain various nickel and copper oxides along with the 

neodymium tungstate phase. The attainment of gas-tightness in Nd5.5WO11.25�ï �G samples is achieved even at 

relatively low sintering temperatures (1200�²1300 °C), which is unattainable through sintering in a furnace. 

Conversely, the composite samples exhibit high porosity. Hence, the procedure of preparing 

the NiO �²CuO�²Nd5.5WO11.25�ï �G composites required further optimization. Nd5.5WO11.25�ï �G sintered by e-beam 

at 1100�²1300 °C exhibit optimal hydration properties. The highest oxygen mobility is demonstrated for the 

samples sintered at 1100 and 1200 °C (D* up to ~ 10�ï8 cm2/s), which is promising in the context of the 

incorporation and transport of protons in hydrogen separation membranes. Consequently, e-beam sintering 

emerges as a promising method for producing proton conductive ceramics based on Nd tungstate. 
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1. Introduction 

The development of ceramic and cermet materials 

with high mixed proton-electronic and triple proton-

oxide ion-electronic conductivity is a significant challenge 

in the design of the components for hydrogen separation 

membranes [1�²4], solid oxide fuel cells and electrolyzers 

[5�²7]. Materials based on rare-earth-doped alkaline-earth 

metal zirconates, cerates and titanates with a perovskite 

structure are extensively utilized in these applications due 

to their high proton conductivity [8�²10]. However, these 

materials exhibit low stability in CO2-, H2O-, and sulfur-

containing atmospheres [9, 11�²13]. The stability of these 

materials can be enhanced through proper doping 

[5, 8, 13�²15]. Lanthanide tungstates and molybdates of the 

Ln���ï x(W,Mo)O12�²�G composition (or, more precisely, 

Ln28�²xM4+xO54+1.5xV2�²1.5x�²�G, where M = W, Mo; V is the 

oxygen vacancy) with a fluorite and bixbyite structure are 

identified as alternative, promising material candidates 

[16�²20]. These materials have been demonstrated to 

exhibit elevated levels of proton and oxide ion 

conductivity, in addition to high chemical stability 

[16, 17, 20�²24]. Depending on the composition and 

conditions, including temperature, humidity, and oxygen 

partial pressure, they may also demonstrate a 
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