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Photocatalytic nitrate reduction is a promising approach for remediating nitrate-polluted
water and producing ammonia (NH3). This study investigated the thermal acceleration effect
on the reduction of nitrate (NO3) to ammonium (NH4") over Cu-loaded TiO2 (Cu/TiOz)
photocatalysts in the presence of oxalic acid, a typical biomass. Experimental results confirmed
quantitative conversion of NO3™ to NH4* with high selectivity and a nitrogen balance near unity
at low and elevated temperatures. Kinetic analysis of the selected TiO2 photocatalyst (JRC-
TIO-1) revealed an activation energy (Ea) of 17 kJ mol™! for NOs™ reduction. To elucidate the
rate-determining step, a hydrogen evolution reaction was performed using TIO-1. The Ea
calculated from the Arrhenius plot was 1.9 kJ mol!, significantly smaller than the value
obtained for NOs™ reduction using the same photocatalyst. These results confirmed that NO3
reduction was the rate-determining step and that the Cu/TiO2 photocatalyst effectively utilizes
thermal energy to overcome these barriers, resulting in enhanced activity at elevated
temperatures. Our findings demonstrate the possibility of coupling the nitrogen and carbon
cycles using metal nanoparticle-photocatalyst hybrid materials.
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Fig. 1 Photocatalytic 8-electron reduction Fig. 2 Concept of this research.
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Fig. 4 Arrhenius plots of (a) NH4"
formation over Cu/TIO-1 and (b) H;
production over Pt/TIO-1

Fig. 5 Effect of reaction temperature
on photocatalytic production of NH4*
over Cu(0.5)/TIO-1 for 1 h.
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Fig.6 Arrhenius plots of (a) NH4*
formation over Cu/TIO-1 and (b) H»
production over Pt/TIO-1
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