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ABSTRACT 

Proton exchange membrane water electrolyser (PEMWE) splits water into oxygen and pure 

hydrogen by oxygen evolution reaction (OER) at anode and hydrogen evolution reaction 

(HER) at cathode. Water splitting may be more efficient in high temperature PEMWE 

because of the higher kinetics of electrocatalyst and conductivity of membrane. Although the 

work on high temperature PEM fuel cell is reported in literature, the same is not true for high 

temperature PEMWE. To reduce energy consumption in PEMWE, RuO2 and RuO2-Ta2O5 

electrocatalysts are tried as anode electrocatalyst in high temperature PEMWE. The anode 

electrocatalysts are prepared by sol-gel procedure with different compositions and at different 

calcination temperatures for oxygen evolution reaction. The catalysts are characterized by 

physical and electrochemical characterization techniques. Physical characterizations are 

carried out to study the thermal stability, oxygen-metal bond formation, crystalline phase and 

size, particle size, surface morphology, elemental analysis and elemental mapping by 

thermogravimetry analysis (TGA), fourier transform infrared spectroscopy (FTIR), X-ray 

diffraction (XRD) pattern, transmission electron microscope (TEM), scanning electron 

microscope (SEM) and energy dispersive X-ray (EDX), respectively. Electrochemical 

characterization is carried out to study the OER on prepared electrocatalyst by cyclic 

voltammetry (CV), chronoamperometry (CA) in 1.0 M H3PO4 and 0.5 M H2SO4 electrolyte. 

Additionally, the effect of electrolyte temperature (25-90 °C) on oxygen evolution reaction is 

studied and apparent activation energy is estimated from chronoamperogram. The maximum 

current density (17.27 mA cm
-2

) at 1.2 V is achieved for 90%RuO2-10%Ta2O5 anode 

electrocatalyst calcined at 500 °C in CV experiment using 1.0 M H3PO4 electrolyte at 90 °C. 

LSV is carried out to understand the OER electron pathway mechanism using rotating ring 

disk electrode (RRDE) with different rotations (800 to 2000 rpm). LSV of RuO2 and 

90%RuO2-10%Ta2O5 electrocatalyst calcined at 500 
o
C follows 3.8 and 2.68 electron 
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pathway mechanism for OER. Since proton exchange membrane, Nafion 117, dry up at high 

temperature (>100 
o
C) leading to severe loss in ionic conductivity, phosphoric acid doped 

polybenzimidazole (PBI) membrane is used as electrolyte in the present work. The measured 

conductivity of 14 M H3PO4 acid doped PBI membrane is 0.012 S/cm at 150 
o
C. RuO2 and 

RuO2-Ta2O5 electrocatalysts are tested in PEMWE for splitting of water using 14 M H3PO4 

acid doped PBI membrane as proton exchange electrolyte and Pt black as cathode catalyst. 

Gold plated titanium mesh is used as current collector and gold plated titanium monopolar 

plate (TMP) is used as an end plate and water vapour delivery system at the anode. PEMWE 

showed best performance for 90%RuO2-10%Ta2O5 electrocatalyst calcined at 500 °C and 

operating at 150 °C with current density of 1.1 A cm
-2

 at 1.8 V. However, RuO2 used as 

anode electrocatalyst in PEMWE (at 80 °C) gave lower current density of 0.875 A cm
-2

 at 1.8 

V and its performance dipped after 2.8 h.  The stability of PEMWE is improved by the 

addition of tantalum oxide to ruthenium oxide as 90%RuO2-10%Ta2O5 anode electrocatalyst 

showed the stable current density of 1.1 A cm
-2

 at 1.8 V up to 5.3 h. The product analysis are 

carried out in gas chromatography using molecular sieve 5A and Propak Q column, which 

confirms the presence of hydrogen and oxygen with purity of 99.68% and 95.5% respectively 

The energy efficiency of PEMWE is estimated as 35.31%.   Moreover 90%RuO2-10%Ta2O5 

anode catalyst found to be more stable compared to RuO2 in 5 h operation of PEMWE at 150 

°C and, further, PEMWE anolyte, membrane electrode assembly after PEMWE operation are 

investigated by FTIR and X-ray photoelectron spectroscopies (XPS) to evaluate degradation. 
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