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Performance and Mechanism of Cu, C Co-loaded ZnO Photocatalyst for Nitrogen Fixation

MA Ying-Ying LIU Yi-Fan GUO Shan-Shan YAO Lu-Lu HUANGFU Chen-Yang ZHAO Wei-Rong™
(College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract: Herein, Cu, C co-loaded ZnO photocatalyst was synthesized to promote its photocatalytic nitrogen fixation
properties and overcome its disadvantages of high photoelectron-hole recombination rate, poor response to visible
light and photocorrosion. The results indicated that CuCZ-3% (the weight of Cu loaded was 3% of the weight of
Zn0) photocatalyst achieved the highest nitrogen fixation rate (4.96 mmol-g,'+h™"), which was 8.10 times higher
than that of ZnO (0.612 mmol-g,, "' +h™) and 1.65 times higher than that of CZnO (C-loaded ZnO, 3.00 mmol-g_ ™"
h™). To explore possible mechanism for the promoted nitrogen fixation efficiency of CuCZ photocatalyst, X-ray dif-
fraction (XRD), scanning electron microscope (SEM), transmission electron microscope (TEM), high-resolution trans-
mission electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS), ultraviolet-visible diffuse reflec-
tance spectroscopy (UV-Vis DRS), photoluminescence spectroscopy (PL), and electrochemical impedance spectros-
copy (EIS) were applied. The results indicated that the interfacial charge transfer mechanism induced by the transi-
tion metal Cu and the electronic bridging function of C enhanced nitrogen fixation efficiency and inhibited photo-
electron - hole recombination of ZnO photocatalyst. CuCZ-3% photocatalyst exhibited excellent stability with the
nitrogen fixation rate ranged between 4.61 and 4.96 mmol-g_ " +h™ in four cycles. The main reason is that the coat-

ing effect of C weakens the photocorrosion of CuCZ photocatalyst.
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Fig.2 SEM images of ZnO (a), CZnO (b), CuCZ-3% (c) photocatalysts and TEM image (d), HRTEM image (e), and element

mappings (f-j) of CuCZ-3% photocatalyst
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Fig.4 N, adsorption-desorption istherms (a) and pore-size distribution (b) of ZnO, CZn0, and CuCZ series photocatalysts
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Table 1 Specific surface area (S;;), average pore size (d,,,.), and pore volume (V) of ZnO,

CZnO, and CuCZ series photocatalysts

Sample Syep / (m2eg™) dppope / 0 V! (cm® g™
Zn0 5 10.2 0.0126
CZn0 12 17.3 0.0532
CuCZ-0.5% 9 243 0.054 0
CuCZ-1% 10 20.7 0.053 1
CuCZ-3% 12 22.1 0.066 4
CuCZ-5% 10 262 0.067 4
CuCZ-7% 10 24.0 0.058 4
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Fig.5 UV-Vis DRS and PL spectra for ZnO, CZn0O, and CuCZ-3% photocatalysts
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Fig.6 It curves and EIS spectra for ZnO, CZnO, and CuCZ series photocatalysts

%2 ZnO.CZnO# CuCZ RFRENLFIENBEHEXSE

Table 2 Parameters of equivalent circuit for ZnO, CZnO, and CuCZ series photocatalysts

Cy/(F-em™) Z,1(8%-Qem™)

Sample R,/ (Q-cm™)
Zn0 192+3.87
CZnO 164+1.90
CuCZ-0.5% 157+3.55
CuCZ-1% 134+3.79
CuCZ-3% 106+2.35
CuCZ-5% 113+2.69
CuCZ-7% 122+1.39

(2.16+0.89)x10"!
(2.23£0.57)x10"!
(2.91£1.17)x10"
(3.13£1.60)x10"!
(2.86+0.17)x10"!
(3.36+1.71)x10"
(3.79+0.08)x10"!

1.0£0.457)x10°
1.2+0.337)x10°
7.7+0.283)x10°

1.5+0.646)x10°

( )
( )
( )
(7.7+0.328)x10°
( )
(1.6+0.859)x106
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