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Study on hydrogen production performance of metal-doped ceria catalysts

in photo-thermochemical water splitting systems
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Abstract: Focusing on the photo-thermochemical water splitting hydrogen production technology, where
photoreaction and thermal reaction are carried out sequentially, the CeO, synthesized by sol-gel method and its
metal-doped catalysts were taken as the research objects to carry out experimental tests, through which the effects
of photoreaction in generating oxygen vacancies and thermal reaction in hydrogen production were investigated.
During the photoreaction, CeO; catalysts doped with three elements (Fe, Cu, Zn) at three different ratios (5%,
10%, 15%) were used. The metal-doped catalysts were characterized by several methods, such as X-ray
diffraction (XRD), transmission electron microscopy (TEM), electron paramagnetic resonance (EPR),
photoluminescence (PL), ultraviolet visible diffuse reflectance spectroscopy (UV-Vis DRS), inductively coupled
plasma (ICP), and BET specific surface area testing method. The results indicate that, the 10% Cu-doped CeO;
catalyst exhibits the best photothermal hydrogen production performance. This is attributed to the smallest size of
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Cu nanoparticles, which results in the smallest bandgap width for the Cu-doped CeO; catalyst. Consequently, it
can absorb higher energy photons, enhancing the light absorption capacity, and improving the separation and
recombination rates of photogenerated charge carriers. This facilitates the formation of photogenerated oxygen
vacancies, thereby enhances the hydrogen production capability during the thermal reaction process.

Key words: oxygen vacancy; dope; photo-thermochemical cycle; water electrolysis; hydrogen production
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synergy experimental system
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10Zn-CeO, P A Z N 18.76 pmol/(g h), R A 551
10Fe-CeO, " A F ML 2| | 17.43 pmol/(g-h). XF
B, SRS R 45 R B AT LU mT LB ) CeOs
BT 268 T

2) Cu TEZ P52 Ll T 33 I R LR (1 Ak
BSRALH, 10 Fe Al Zn W45 2 LBINA 10%.
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EE R TR KRk, RINHIG 35 2% L L FRUAS 2
DMERE T RIS o &, SRS S Rt &=
A B FREBHE AR TR AE SR T I8, Rimes b
A B AL 75 1 o

3) BIRIIENEET TE AT CeOr MR
PEREA BT, FIRBRK T -2 O R A 2%
Hodr, 10Cu-CeOq HIZEHT T8 BN 2.48 eV, H K2
10Zn-CeO; 1 10Fe-CeO2, R4y %5 FE 43 il A& 2.77 eV
1296 eV, KT ARBIRM4 CeO, (3.12 eV).
XA LAUHK T34 5 71F CeO, 2 SAREUR A HE
AT 2 A5 N T A Reg, e EHh [
SR PR AR T 2 AR H - O
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