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Hydrogen can be produced from a variety of methods such as 

natural gas reforming, coal gasification, and biomass 

gasification. However, hydrogen (H2) independent from the 

production method, could always be produced in gas mixtures 

containing CO, CO2, H2S, NOx, etc [1]. Thus, there is a need for 

further separation steps. Among H2 purification techniques, 

dense separation membranes are especially attractive because 

they could provide high purity (>99.99%) H2. Pd-based metallic 

membranes have been already commercialized, however, their 

high cost, surface poisoning issues, and hydrogen embrittlement 

problems limit the comprehensive utilization [2]. On the other 

hand, ceramic membranes typically offer reasonable costs 

together with high hydrogen purity. However, they exhibit very 

limited hydrogen fluxes as compared to Pd-based membranes. 

Among the ceramic membranes, perovskite-type oxides with 

ABO3 chemical formula are extensively being studied due to 

their mixed ionic and electronic conductivity. However, the 

proton and electron conductivity of undoped perovskites are 

limited due to fewer amount of oxygen defects in their structure. 

 

Wagner equation is used to describe H2 flux across the dense 

ceramic membrane. Based on the equation, the permeability is 

affected by temperature, thickness, proton-electron conductivities 

(ambipolar), and the pressure difference between opposite sides 

of the membrane. Thus, to optimize the H2 permeability, 

ambipolar conductivity plays a crucial role. 

The selection of appropriate doping elements is one criterion to 

ameliorate the ambipolar conductivity. Doping with aliovalent 

cations deteriorates the charge balance in the perovskite structure 

and subsequently, oxygen vacancies are formed to ensure 

electronegativity. Also, it is well accepted that dopants with 

lower ionization potential, higher electronegativity, and larger 

cation size than B-site cation tend to increase conductivity. 

Another approach can be novel heterointerface structured 

materials. The formation of heterointerface can increase the 

oxygen vacancy concentration similar to the doping effect and 

can provide higher conductivity along with the interfaces [3]. 

In this study, the effect of BaZr0.80Y0.20O3-δ (BZY) -

SrCe0.95Yb0.05O3-δ (SCY) heterointerfaces on the electrical 

conductivity of BZY-SCY composite thin films was investigated. 

BZY and SCY powders, synthesized by the Pechini method, 

were initially pressed under 100MPa into pellets and sintered to 

obtain pellets with high density. BZY and SCY pellets were then 

used as target materials for RF magnetron sputtering. Perovskite 

oxide composite thin-films consist of different BZY and SCY 

fractions were deposited via a combinatorial material approach. 

BZY-SCY composite thin films with 27 different compositions 

were produced simultaneously on glass substrates in a single 

experiment. By doing so, different quantities of BZY-SCY 

heterointerfaces were intentionally created. Four Pt strips were 

deposited on the film surface to attain electrical contacts for the 

electrochemical measurements. Electrical conductivities of thin 

films were elaborately analyzed via 4-probe resistivity 

measurement and AC impedance spectroscopy (EIS) under H2 

atmosphere and at a temperature range of 300-500°C. 

 

Figure 1. EIS responses of BZY (37wt.%) - SCY (63wt.%) 

composite thin film at 400 °C, 450 °C, and 500 °C under H2. 

In summary, the conductivity of thin-film composites was 

evaluated and the effect of BZY-SCY heterointerfaces was 

elucidated. These conductivity results will further shed light on 

subsequent H2 permeability tests. 
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