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Kinetics studies of novel 
O2 evolution catalysts

TiO2 nanostructured 
water oxidation
photoanodes

Water splitting devices: 
design, modelling and 
scale-up.

BiVO4-based water 
oxidation photocatalyst 
and photoanodes

CO2 photo-electrocatalytic 
conversion to fuels & 
commodity chemicals

Photo/electrocatalytic Water Splitting
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Development of Catalysts / 

Photo-electrodes and 

PEM-based Photo(electro)chemical cells
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Water splitting & CO2 

reduction kinetic studies
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Thalluri S-M, Martinez-Suarez C, Hernandez S, BensaidS, SaraccoG, Russo N, Chem. Eng. J. 2014, 245, 124-132.
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Photo(electro)catalytic Water Splitting: BiVO4
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Thalluri S.M., Hernandez S., et. al., Chem. Eng. J. 2014, 245, 124-132

pH of hydrothermal synthesis of BiVO4 photocatalyst

Photocatalysts: Kinetic studies

Catalytic activity & Kinetics studies of:
- Water splitting half-reactions
- CO2 reduction reaction

Hernández  S. et .al., Chem. Eng. J. 2014, 238, 17-26 Tolod K. R.; Hernández S. et. al., Chapter 4: Visible Light-Driven Catalysts for Water Oxidation: 

Towards Solar Fuel Biorefineries. In Horizons in Sustainable Industrial Chemistry and Catalysis, 1st 

ed.; Elsevier: 2019; Vol. 178, pp 65-84.



Optimization of photo-electrodes synthesis & catalytic activity

Int. J. Hydrogen Energy 2020, 45 (1), 605-618.; ACS Applied Materials & Interfaces 2014, 6 (15), 12153-12167; Physical Chemistry Chemical Physics 2015, 17 (12), 7775-7786. 

BiVO4BiOI

The TiO2-ZnO NWs exhibited:
- 24 times higher photocurrents than a TiO2 NPs film of 

equivalent thickness.
- 2 orders of magnitude higher photocurrents than 
previous results in literature for similar nanostructure.

Electrodeposition of BiVO4 TiO2ςZnO Nanostructures



Development & testing of photo(electro)chemical cells

Indoor tests: AM1.5G

Liquid Flow rate(+) (-)

C. Torras, E. Lorente, S. Hernández, N. Russo and J. Salvadó, Fluids, 2017, 2, 25.

S. Hernandez et. al., Journal of  Physical Chemistry C 2015, 119, 9916-9925.
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Fully artificial photo-electrochemical device for low 
temp. H2 production



Novel low-cost catalysts under development to 

achieve high selectivity (FE > 90%) and 

productivity (j > 200 mA/cm2).

A Multidisclipinaryapproach 

for engineering of catalysts, 

electrocatalytic reactor and process 

conditions.
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SOLVING THE CHALLENGES OF 
PHOTO/ELECTROCATALYTIC CO2 Reduction TO 

FUELS/CHEMICALS

H. Guzman, S. Hernandez, N. Russo, submittedreview paper



EU projects Electrocatalytic CO2 conversion
(2016 ð2019)

www.celbicon.org

See the demo plant at: https://www.youtube.com/watch?v=kotXejzcj0w&t=9s

https://www.youtube.com/watch?v=kotXejzcj0w&t=9s


CO2 Electroreduction to Syngas
Role of Metal Oxides

Themed collections:2017 Green Chemistry Hot Articles and Harvesting Renewable Energy 

with Chemistry

Hernández S., et. al. Green Chem., 2017, 19, 2326ð2346.

TiO2 substratecan:

VReducenoble metal (Ag) amount

VEnhancethe stability of key CO2
- intermediatedecreasingthe

CO2 electroreductionoverpotential.

M. Amin Farkhondehfal, S. Hernandez, et. Al. Int. J. HydrogenEnergy, 2019, in press, DOI: 

10.1016/j.ijhydene.2019.04.180



EU projects in Electrocatalytic CO2 conversion

(2017 ς2021)

Oxalic acid from CO2 using 

Electrochemistry At demonstratioNscale

Recycling carbon dioxide in the 

cement industry to produce added-

value additives: a step towards a 

CO2 circular economy



CO2 conversion to commodity chemicals

www.suncochem.eu@SunCoChem_EU info@suncochem.eu 



CO2 conversion coupled to wastewater treatment
(2016 ð2019)



Phenolelectroxidationover MnOx

Massa A., HernándezS., et. al. ElectrochimicaActa, 2018, 273, 53.

Massa A., Hernández S., et. al. Appl. Cat. B: Env. 2017, 203, 270.

High P,T electrochemical tests

Ambient conditions
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