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The development of a clean energy system not emitting carbon dioxide is an urgent task for realizing a sustainable energy society today. Hydrogen (H2) is a promising energy

storage medium whose market is expected to increase in the near future by 5–10% per year due to its consumption in refineries for treating heavy oil fractions and use as an

energy vector in the transportation sector [1]. Unfortunately, ca. 96% of its production is based on non-renewable sources, and 4% comes from water splitting. In this latter,

under normal conditions, a considerable electrochemical overpotential is needed to trigger the hydrogen evolution reaction (HER) on the electrode surface. Moreover, a highly

efficient working electrode requires the use of an electrocatalyst to minimize the energy barrier associated with HER. For these reasons, this method is costly [2].

Among all the possibilities to obtain green H2, NH3 splitting could be an alternative. However, NH3 remains a bulk chemical of great importance in industrial chemistry, and

furthermore, a low amount of H2 can be obtained following this route. Moreover, the H2 obtained with this route comes from the water molecule present in the ammonia

solution. In the last decades, it has been demonstrated that wastewaters with high organic pollutants represent a good alternative. In fact, organic compounds containing high

levels of chemical energy are excellent electron donors and suitable candidates for producing H2 [3]. This promising approach could also help in solving the issues related to

environmental pollution. Herein, we present our preliminary results obtained by coupling electrolysis and photocatalysis to provide alternative green hydrogen while reducing

environmental pollution.
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With the aim of coupling electrochemical and photocatalytic approaches, a

solution of DCF at 50 ppm was tested using Pt as the anode and B4 as the

cathode, under both oxidative and reductive conditions. In this case, the

results showed partial degradation of DCF: only 40 percent conversion was

achieved (graph) in 120 minutes of monitoring. This evidence predicts that

cascading the two approaches may be a viable solution for our purposes.
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o H2 quantification through GC analysis.

o Tests with Pt-free anode for the

electrochemical oxydation.
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Experimental conditions: [diclofenac] = 10 ppm, dark plus solar irradiation, 35 W·m-2.
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By way of example, the profiles of diclofenac abatement obtained using

bismuth oxybromide and nano-strontium titanate as photocatalysts are

reported. In general, full pollutant degradation was reached after 180

minutes under solar irradiation. When bismuth oxybromide is used (blue

line), a higher absorption phenomenon is observed in the first 30 minutes of

monitoring than that obtained in the presence of nano-strontium titanate

(70% vs. 10%).

As preliminary work, acidic 5 ppm DCF solution (pH = 1) was tested using

Pt as the anode and Pt or CoP/P (B4) as the cathode (blue and red

profiles). The obtained results demonstrated the complete DCF oxidation in

both cases. Interestingly, when B4 is used as the cathode, the potential for

hydrogen evolution is lower than that related to the case when Pt is used,

leading to a lower energy requirement for hydrogen generation. Here, the

advantage of using the B4 cathode is that a noble metal-free electrode is

used instead of the conventional Pt-one: so, there is an economic

advantage.

Diclofenac (DCF) solution were tested for pollutant

degradation and hydrogen generation
Diclofenac (DCF) solution coming from electrooxidation

step was degraded by photocatalytic strategy

The coupling of electrooxidation and

photocatalytic treatment can be an interesting

strategy to break down organic pollutants. In

particular, in the electrooxidation step, the use

of a noble metal-free material (CoP/P) resulted

in lower hydrogen evolution potential than

conventional Pt-one, resulting in lower energy

requirements for hydrogen generation.

However, further investigation is ongoing.

Finally, the use of TiO2-free photocatalysts

ensures complete removal of pollutants.

CONCLUSIONS
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