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1. Introduction	
In order to have reliable large-scale solutions for energy storage, hydrogen carriers are receiving special scientific attention. In recent years, there has been an interest in the development of new hydrogen vectors capable of releasing it at near ambient conditions. An interesting solution is represented by the salts of formic acid HCOOM (M = Li +, Na +, K +, Cs +, NH4 +), prepared through the catalytic hydrogenation of bicarbonate ions. This can represent an alternative approach to safely and economically store and transport large quantities of H2, to be released when needed in the presence of a catalyst, at temperatures lower than 80°C. 
[image: ]
Figure 1 - Schematic representation of (sodium) formate-bicarbonate cycle  [1]
Information on the stability of the proposed catalysts to release hydrogen from formiates is still scarce. Furthermore, most of the heterogeneous catalysts studied to date need to be reactivated often with the best ones showing a longevity of up to fifteen reversible cycles. [2] Based on the literature, [1]-[3-5] the most studied catalytic system is supported Pd on carbonaceous materials, oxides, etc. Some of these catalysts were found to be stable and capable of guaranteeing satisfying hydrogenation /dehydrogenation rates for industrial applications. In this work, particular attention will be devoted to identifying the supports among semiconductor oxides, that would permit to use a simple preparation technique such as the photodeposition of the palladium from solutions of its salts, as an alternative to impregnation. 
2. Methods 	
All reagents were purchased from sigma-Aldrich and used as received. Dehydrogenation of formates tests were carried out using TiO2 and WO3 as the substrate of the catalyst. The photodeposition of palladium onto illuminated surfaces of TiO2 [6] and WO3 [7], was carried out in an annular photocatalytic reactor under UV irradiation and inert atmosphere. For the production of the catalyst an aqueous solution at 12wt. % of Pd in ​​180 mg of TiO2 or WO3, starting from PdCl2, and at 10% v/v of EtOH was prepared. The photodeposition is done with a UV lamp with a wavelength λ=254 nm. The collected samples are centrifuged and dried at 75 ° C under inert atmosphere. Catalytic tests were run in a closed jacketed reactor, under N2 inert atmosphere, adding 0.5 M sodium formate and the required amount of catalyst. Liquid samples were collected at different reaction time and analyzed by HPLC. Accumulated gas in the reactor was sampled at the end of each run and analyzed by GC. 
3. Results	 
Various operating parameters that can influence the reaction (concentration of the reagent, preparation technique of the catalyst and its concentration, temperature, pH) have been investigated for dehydrogenation of sodium formate. In Fig. 2, the most promising results are summarized with respect to catalysts obtained by photo-deposition of Pd on different semiconductors, with a particular focus on pH, temperature, and support influence on dehydrogenation kinetics. At present, photodeposited Pd on TiO2 resulted in the best performances compared to WO3 and ZnO (data not shown). pH affects reaction kinetics, the best range being 7-9. As expected, temperature increase significantly affects formates conversion and hydrogen release rates. 
b)
a)

Figure 2 - a) effect of pH for the dehydrogenation reaction of HCOONa 0.5 M at T=75°C using 12 wt% Pd/TiO2 as catalyst; b) production of NaHCO3 starting from the dehydrogenation reaction at pH=8; orange: Pd/TiO2, T=85°C; blue: Pd/TiO2, T=75°C; grey: Pd/WO3, T=75°C;
4. Conclusions	
Preliminary results show the activity of photo-deposited noble metals on semiconductors to catalyze formates dehydrogenation. pH of the solution, as well as the choice of the support and the operating conditions are crucial to determine hydrogen release kinetics. Based on this, in an approach based on the principles of the circular economy, the possibility of using solutions containing the noble metal coming from leaching processes (solid-liquid extraction) of waste materials such as exhausted catalytic converters or cards from electronic waste will be evaluated. The activity will also be extended to the activity of other noble metals, such as Ru, Pt, Cu, and Ni, and alloys deposited on suitable supports.
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