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Photocatalytic activity of nano-Cu0/TiO,
composites prepared by a simple impregnated method

WANG Bao-wei, SUN Qi-mei, LI Yan-ping, LIU Si-han
( Key Laboratory for Green Chemical Technology of the Ministry of Education
School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China)

Abstract; CuO/TiO, composites were prepared by a simple impregnated method with Cu(NO, ), -3H,0 and
P25 as precursors. The characteristic of photocatalysts were analyzed by N,-physisorption, XRD, TEM, UV-vis
DRS spectra. In this paper, the effects of Cu content, the scattered catalyst amount, calcination temperature of
the photocatalyst and methanol concentration for the photocatalytic activity of CuO/TiO, composites were
studied. We also investigated the stability of the catalyst and proposed a mechanism of the photocatalytic
process. The results suggested that the appropriate content of Cu component in CuO/TiO, is 2.0% ~7.5% and
hydrogen production rate can reach 1 022 pmol/(h-g) at2.0% of Cu content, 10% of methanol concentration,
350 C of calcination temperature and 1.0 g/L of scattered catalyst amount. It was also demonstrated that CuOQ/

TiO, photocatalyst had a stable activity for H, evolution.
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Figure 1 XRD patterns of CuO/TiO, with variation
of Cu content
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Figure 2 TEM image of 7.5% -CuO/TiO,
(a): TEM; (b): HRTEM; (c¢) . digital diffraction patterns (DDP) of the particles in squares
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Figure 3  Nitrogen adsorption-desorption isotherms

and the corresponding pore-size distribution
curves (inset) of 7.5% CuO/TiO, composite
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Table 1  Specific surface area, pore diameter and pore

volume of the TiO, with various content of Cu components

w/%  Agg/(megh) d,/nm v,/(em’-g™)
0 54.3 14.3 0.194
1.0 51.7 26.7 0.375
2.0 51.4 22.2 0.331
5.0 47.9 23.7 0.309
7.5 45.7 21.1 0.251
9.0 45.0 25.2 0.284
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Figure 4 UV-vis DRS spectra of TiO, photocatalyst
with various Cu contents
a; pure P25; b: 1.0-CuO/TiO,; c: 2.0-CuO/ TiO,;
d: 5.0-CuO/TiO,; e: 7.5-CuO/TiO, ; f: 9.0-CuO/TiO,
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Figure 5 Effect of Cu content in CuO/TiO,
photocatalysts on H, generation rate
calcination temperature: 350 C; scattered catalyst
amount; 1 g/L; methanol concentration; 10%
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Table 2 Specific surface area, pore diameter

and pore volunm of the 7. 5% CuO/TiO, with various
calcination temperature and H, generation rate

t/C Aom! d,/nm v M/
(m*-g™) (em*-g™") (umol-h™-g™)*

120 40.0 26.1 0.303 117

350 45.7 21.1 0.251 887

450 40.8 24.7 0.269 823

550 19.9 35.6 0. 149 540

650 3.69 62.3 0.031 39.2

a. reaction condition; Cu content; 7. 5% , scattered catalyst

amount: 1 g/L; methanol concentration: 10%
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Figure 6 Effect of methanol concentration on
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Figure 7 Effect of scattered catalyst amount on H,

generation rate
Cu content; 7.5% ; calcination temperature: 350 °C;
methanol concentration: 10%
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Figure 8 Time course of H, evolution rate for 17 h irradiation
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Cu content: 7.5% ; scattered catalyst amount: 1 g/L;
methanol concentration; 10% ;
calcination temperature; 350 C
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Figure 9 Proposed mechanism for the enhanced
photocatalytic activity of CuO/TiO,

CH,0H(1) + hv — HCHO(g) + H,(g) (1)
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