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Synthesis of Ag/N-TiO,/SBA-15 Photocatalysts and Photocatalytic
Reduction of CO, under Visible Light Irradiation

Gao, Mengyu®®  Jiang, Dong*“  Sun, Dekui® Hou, Bo” Li, Debao”

(“ State Key Laboratory of Coal Conversion, Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001)
(® University of Chinese Academy of Sciences, Beijing 100049)

Abstract Silver-loaded together with nitrogen-doped highly dispersed TiO,/SBA-15 mesoporous catalysts were success-
fully synthesized through solvothermal treatment and calcination method by using titanium n-butoxide (TB), carboxy-
late-modified SBA-15 (COOH/SBA-15), urea and silver nitrate as raw materials. The detailed preparation procedure was as
follows: 1.0 g COOH/SBA-15 powder was dispersed in solution containing 0.82 mL titanium n-butoxide (TB) and 20.0 mL
acetic ether. The mixture was stirred for 30 min at room temperature, then 0.031 g AgNO; was added into the solution by
further stirring for 30 min and a certain amount of urea was added. After being stirred continuously for 3 h, the resultant solu-
tion was transferred into a teflon-lined stainless autoclave and solvothermally treated at 220 ‘C for 12 h. After naturally
cooling to room temperature, the resultant product was washed three times with absolute ethanol and then dried under vac-
uum at 80 ‘C for 12 h. Finally the solids were calcined in air at 550 ‘C for 4 h at a heating rate of 1.5 ‘C/min. The prepared
samples were characterized by X-ray diffraction (XRD), N, adsorption-desorption, X-ray photoelectron spectrum (XPS),
transmission electron microscopy (TEM), UV-Visible diffuse reflectance spectroscopy (UV-vis DRS), photoluminescence
spectra (PL), inductively coupled plasma atomic emission spectrum (ICP) and elemental analysis (EA). It was revealed that
the highly dispersed samples consist of anatase crystalline phase were mesoporous structure. The anatase phase was retained
without phase change after silver loading and nitrogen doping. Silver was deposited on the surface of catalysts in the form of
metallic silver and served as an effective electron trapper which could prevent the fast recombination of the photo-generated
electrons and holes, at the same time, visible light absorption of samples were enhanced by silver nanoparticle based on its
surface plasmon resonance effect. Nitrogen was doped into TiO, matrix in the form of both interstitial nitrogen and substitu-
tional nitrogen, nitrogen dopants might be presented in the chemical environment of Ti-O-N and O-Ti-N. On one hand, nitro-
gen doping could extend the adsorption of catalysts to the visible light region (A>400 nm); on the other hand, appropriate
amount of nitrogen doping could inhibit the recombination of the photo-generated charge carriers and increase the efficiency
of the photocurrent carriers. The high photocatalytic performance could be attributed to the synergistic effect of nitrogen
doping and the loaded silver nanoparticles over TiO,. The nitrogen doping concentration had an optimal value. When the
loading amount of Ag was 2 wt% and the theoretical mole ratio of nitrogen to Ti was 3, the photocatalyst had the highest
photocatalytic activity. The methanol yield was 45.7 pmoleg ™ 'sh™".
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Figure 1 XRD patterns of catalysts
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Figure 2 TEM images of (a) NATS3 and (b) NATS-3 photocatalysts
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Figure 3 (a) N, adsorption/desorption isotherms and (b) BJH pore size
distributions patterns of samples

R1 RS EERRE
Table 1 Physical properties of the obtained samples

Pore volume/  Average pore size/

Sample Sper/(mPsg ")

(cm’eg™" nm
COOH/SBA-15 475.2 0.50 5.0
TS 451.8 0.47 43
ATS 419.2 0.35 3.6
NATS2 377.9 0.39 35
NATS3 3875 0.38 35
NATS4 410.0 0.38 35

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 4 High resolution XPS spectra of samples. (a) Ti 2p, (b) N 1s,
(c) Ag 3d
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Figure 5 UV-Vis diffuse reflectance spectra of photocatalysts
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Table 2 Different elements percentage and energy band gaps of differ-
ent samples

Sample Ti%% Ag'/% N/T;;i:ﬁ?[ﬁ NY% N%% ﬁi\%@
TS 1447 0 0 0 0 3.18
ATS 13.10  1.88 0 0 0 3.08
NATS2 1335 178 2 046 057  3.03
NATS3 1342 181 3 098 1.09  3.02

NATS4 13.24 1.77 4 149 121 2.96
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BT AE ©N R TC R MR AR SRR G N S B rdi C N Y
XPS LG LA K N SEpr &3
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Figure 6  Photoluminescence emission spectra of photocatalysts
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Figure 7 The yield of methanol for different samples under visible light
irradiation
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Figure 8 The mechanism of photocatalytic reduction of CO, under
visible light irradiation
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3K, ZJEFAN COyJEJiA %] 1.5 MPa K RS 18], 7k
FeAE FHE SR 0.5 h, A CO, /iR, AR5 TF A
KT, AT SR ST RIS, S h 2 JEEE IR, B
RN ZEV B, FTIF ORI B 5 SR B R,
HIEC 5 mL AR B 0y, HX bR WA SO Al
(HXGC-950)JM 5& F & 5. (O Ml 4 Fn R FEiR:
100 C; Rl g8 E: 150 C; AW 150 C; HEFE
0.6 pL. N T X, 3 e AR IR A& 1
AT T A AR
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