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Design and Performance Modulation of Photocatalytic Materials

WANG Yuhua, ZHAO Fei
(National and Local Joint Engineering Laboratory of Optical Conversion Materials and Technology, School of Materials and Energy,
Lanzhou University, Lanzhou 730000, China)

Abstract: In this paper, the modification of photocatalytic materials or the development of novel photocatalytic materials
from four aspects of light absorption, carrier separation, surface reaction and all-weather photocatalysis in this laboratory was
summarized, and the applications of photocatalytic materials in organic pollutant degradation, photocatalytic hydrogen and
oxygen production and tail gas treatment were discussed. The mechanism of photocatalytic activity enhancement was
analyzed based on the energy band theory. In addition, the future development direction of photocatalytic materials was also

prospected.
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Fig. 1 Schematic diagram of the three main processes of
photocatalytic reaction
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Fig. 2 (a) UV—Vis absorption spectra of doped CaSn(OH)¢/SnO, (FCSH) samples with different Fe** ion concentrations, inset with
energy band gap (E,); (b) Plots of transient photocurrent density of FCSH samples under visible light irradiation conditions;
(c) Degradation concentration of methylene blue (MB) solution by different FCSH samples under visible light irradiation
with irradiation time under visible light irradiation!'”; (d) UV-Vis absorption spectra and (e) Energy band gap (Ep) of doped
TiO,; (f) Photocatalytic degradation rates of pure, mono- and co-doped nano-TiO, against methylene orange solution (MO)
under simulated solar irradiation!""; (g) UV—Vis absorption spectra of the samples, inset is the energy band gap map of the
samples. (h) Variation of photocatalytic degradation of MO solution by different doped samples with irradiation time; (i)
Effect of B and N elemental doping on the photocatalytic degradation efficiency of MO (Irradiation time: 120 min)!'?!
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Fig. 3 (a) UV—Vis absorption spectrum and (b) energy band gap of oxygen vacancy SnO,; (c) photocatalytic degradation of MO in
visible light™™); (d) UV-Vis-NIR absorption spectrum of oxygen vacancy SnO,; (¢) photocatalytic degradation of MO in

visible and (f) infrared light!'*
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Fig. 4 (a) Chloroplast structure and structure of PdAS@CdS@MoS, (PCM) (inset shows SEM images of the samples); (b) TEM
image of broken PCM particles and their high-resolution TEM (HRTEM) images; (c) Schematic representation of charge
migration in PCM samples'”’; (d) TEM image of Ag,S@CdS/ZnS (ACZ); (e) Transmittance of each sample suspension at
different wavelengths (0.05 g/L); (f) Schematic diagram of charge transport in ACZ!"3; (g) TEM, (h) SEM, (i) HRTEM

images of MnO,/CdS/CuS (MCC) samples; (j) Schematic representation of charge transport in MCC samples

[19]
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Fig. 5 (a) SEM images of Ag,S/CdS/Cd,SO4(OH), (7TACC); (b) Comparison of photocatalytic hydrogen production from 7ACC
under different wavelengths of light; (c) Energy band potential before and after contact between Cd,SO4(OH), and CdS™";
(d) SEM image of ZnO selectively deposited CdS (ZnO/CdS-S); (¢) Comparison of photocatalytic hydrogen production from
ZnO/CdS-S and ZnO randomly deposited CdS (ZnO/CdS-R); (f) Schematic diagram of S-type charge transport pathway in
Zn0/CdS-SY; (g) SEM image of BiOCI/Ag;PO, composite photocatalyst and (h) Photocatalytic degradation of MB under
visible light; (i) Charge transport mechanism diagram of BiOCl/Ag;PO, under visible light'*”
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Fig. 6 (a) TEM image of the RGO/Ag,S/TiO, (3RAT) ternary composite photocatalyst; (b) Photocatalytic degradation of MO by

3RAT under IR light; (c) Degradation mechanism of 3RAT heterojunction under UV and NIR light irradiation!**; (d)

TEM images of Ag;P04/2.1% RGOs composite photocatalyst; photocatalytic degradation of (¢) MO and (f) MB by

composite samples?¥; (g) TEM images of PCN/Sb,M0O4/Bi,0; (SMBC-3) composite photocatalyst; (h) Comparison of

photocatalytic oxygen production of SMBC composite samples; (i) S-type charge transport pathway in SMBC-3

composite photocatalyst®*)
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Fig. 7 (a) TEM image of Ti;7Sny30,/g-C5Ny; (b) Energy band structure of Tij;Sng;0,/g-C3Ny; (c) photocatalytic degradation
efficiency of each sample for RhB under visible light irradiation™; (d) SEM image of 50% In,Ss/g-CsNy; (e) Different
composite ratios samples for photocatalytic hydrogen production rate; (f) Schematic diagram of the photocatalytic reaction
mechanism of In,Sy/g-CsNy?"; (g) SEM image of Ag,O/BiVO, (040) photocatalyst; (h) Schematic diagram of the carrier

transport process of Ag,0O/BiVO, (040) composite under NIR and UV/visible light irradiation
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Fig. 8 (a—d) SEM images of branched, tetrapod, nanorod and triangular prismatic Ag;PO, crystals; (e) Variation of MB solution

concentration with light time in the presence and absence of photocatalyst f for a branched, b tetrapod, ¢ nanorod, d triangular
prismatic, e irregular spherical AgsPO,”; (f) TEM image of 5% Au/CNNS/rGO; (g) Photocatalytic mechanism of 5%
Au/CNNS/rGO under light (1<480 nm) illumination; (h) Photocatalytic activity of each sample in visible light for hydrogen

precipitation rate®”’
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Fig. 9 (a) Schematic diagram of catalytic degradation in the absence of light; (b) emission spectra of long afterglow phosphors used
to prepare all-weather photocatalysts in combination with TiOHNy[3 !1: (¢) TEM image of the edge region of CaALO,:(Eu,
Nd)/brookite TiO,_,Ny composite; (d) comparison of DeNO, performance of the composite composed with 40% TiO,_,N, and
P25 at 69.7 W/m? of solar irradiation and no light, inset shows the results from 40 to 100 min in the dark?®¥; (e) Comparison
of the photocatalytic activity of TiO,/Fe,05 co-doped with different Fe content (Ta, N) for the oxidative decomposition of
NO; (f) CO, concentration from the catalytic decomposition of acetaldehyde in the dark?®®; (g) Comparison of DeNOy
performance of CaAl,O4:(Eu, Nd)/Cr doped SrTiO; and CaAl,O4:(Eu, Nd)/Cr doped nonstoichiometric ratio SrTiO;
composites, both irradiated with UV light at wavelengths greater than 290 nm for 30 min before turning off the light™¥
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