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Fig. 1 Scanning electron microscopy (SEM) images of different materials
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Table 1 Textural properties of the catalysts

Sample Sper/(m*-g ) Singe/(m*g ™) Vsingie/(em™g ™)
Nano-TiO, 21 0.04
SiO, 91 93 0.09
Si0,/TiO, 127 130 0.12

Sger is BET surface area; Sginge is single point surface area; Vg is single

point adsorption total volume of pores.

Pk, EEH TR, Si0, 7E 600 CLAG
PR ERL, HET Sio, HERE A LYK
Bike . SiO./TiO, B-AMEHE 250~800 C )i [
PR R, R BETE X MR T IR FF

P 2b A Si0, M1 Si0/TiO, A #4FH XRD i
1 20=21.5°404 1 METE BIAT I, X RET Si0, Y
(111) 4T (JCPDS 76-0932). 7E 25.1°MIALEA 1 4
IBUHMATE g, KR TBLEKAH TiO, fI(101)
o i, 38.1°, 47.9°73 ml4X3R(004), (200)d1H, i
BT TIO, KL 711 SiO, FT 5T 16 55 15 A4

JCPDS 71-1166 anatase TiO,
JCPDS 76-0932 SiO,

Si0,

Werainl TP [T PORUppon | g,

Intensity

Si0,/TiO,

30 40 50 60 70 80 90
20/(°)

(b) XRD spectra
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Fig. 2 Thermogravimetric analysis (TGA) and X-ray diffraction (XRD) spectra of composite material
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Fig. 6 XRD spectra of the composite material after catalysis and adsorption
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Fig. 8 Energy dispersive spectroscopy (EDS) analysis and element content of SiO,/TiO, after adsorption

C
10.8K Mass fraction/% Mole fraction/%
9.6K | C 55.94 66.97
sart N 0.00 0.00
) 0 29.00 26.06
72K |
0 Si 11.01 5.64
‘E 6.0K T S 1.28 0.57
2 48Kl Ti 1.65 0.50
.| Fe 0.20 0.05
Cu 0.72 0.16
2k 7 0.19 0.04
12K A
Ti Ti Fe Fe Cu ZnCu Zn
g - e ‘
0.0% 9 13 26 3.0 52 6.5 7.8 o1 104 1.7 13.0
Energy/keV

K9 LSS SiON/TiO, HEALTIRETE 43 #T Kot 3R % & ]
Fig. 9 EDS analysis and element content of SiO,/TiO, after catalyst
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Preparation of Three-Dimensional Macroporous SiO,/TiO, Composite Material and
Adsorption-Photocatalytic Degradation of Cyanide Wastewater

WEI Penghai, ZHANG Yali, HUANG Yaoguo, CHEN Linlin
(College of Chemistry and Chemical Engineering, Shandong university of technology, Zibo 255000, Shandong, China)

Extended Abstract

Introduction Photocatalytic oxidation degradation of cyanide is an effective technology to treat cyanide wastewater. TiO,/SiO, is a
common catalyst. A preliminary research indicates that the pore structure of SiO, has a certain influence on the degradation of cyanide
and the removal of zinc and copper. If TiO, particles are only loaded on the surface of mesoporous SiO,, the contact between the
surface of SiO, and the target substance in wastewater is reduced, thus affecting its adsorption performance. In this study, a
macroporous SiO, was prepared, and TiO, particles were loaded on the surface and in three-dimensional interconnected channels of
Si0,, thus increasing the adsorption sites on the surface of SiO, and improving the adsorption performance of target pollutants, and
enhancing its efficiency of treating cyanide in wastewater.

Methods Gravity self-assembled polystyrene microspheres (PS) were used as hard templates, impregnated in silica sol for 8.0 h,
dried in an oven at 60 ‘C, and roasted in a Muffle furnace at 550 ‘C for 10 h to obtain macroporous SiO,. SiO,/TiO, precursors were
prepared by a sol-gel method and roasted at 500 ‘C for 90 min. SiO,/TiO, composites with a three-dimensional interconnected
macroporous structure were prepared. The wastewater and materials were placed and mixed in a beaker in a certain proportion. After
stirring magnetically for a period of time, a small air pump was used to pump air into the bottom of the beaker at room temperature,
and a high-pressure mercury lamp was used as the light source for photocatalytic oxidation of the wastewater. The effects of TiO,
particle loading mass, catalyst dosage, catalytic time, adsorption time on the treatment of cyanide wastewater were investigated. N,
adsorption-desorption, scanning electron microscopy (SEM), X-ray diffraction spectroscopy (XRD), Fourier transform infrared
spectroscopy (FTIR) and other characterization techniques were used to determine the structural characteristics of the material and its
adsorption-catalytic degradation mechanism.

Results and discussion PS presents a monodisperse, independent and spherical structure with a particle size of 1.65 pm. PS
templates are arranged in an orderly manner, independent of each other but closely connected, and they do not show a large
continuous structure. SiO; is a three-dimensional ordered macroporous structure with a pore size of 1.2 um, which is smaller than the
diameter of microspheres, indicating that the skeleton structure shrinks during the roasting process. SiO, particle is broken mainly
because of mechanical grinding. The long distance of the channels is orderly, the large holes are uniform and interconnected through
small holes. The sizes of the small holes are 170-220 nm, the holes are formed due to the accumulation of microspheres. TiO,
particles are fragmented and loaded on the concave surface of SiO,. The particle size of TiO, is uneven, and smaller than the pore size
of Si0O,. TiO, particles are evenly dispersed on the surface of SiO, or in the physical structure of the cavity, which eliminates the
agglomeration of TiO,. N, adsorption-desorption test shows that the SiO,/TiO, material has a large pore structure, and the specific
surface area is increased by 5 times, compared with TiO, nanoparticles. The thermogravimetric curve shows that the materials have
less weight loss at 250-800 “C. The X-ray diffraction pattern of the material shows that the diffraction peak intensity of SiO, loading
with TiO, particles decreases. The experimental results show that the degradation efficiency of total cyanide and the removal
efficiencies of copper, iron and zinc are 98.79%, 99.10%, 100.00% and 92.26%, respectively, under the optimum conditions (i.e., 10%
of TiO, particle loading mass, 0.35 g of the material mass when treating 100 mL cyanide wastewater, 1.0 h of dark adsorption and
4.0 h of illumination time). The material was regenerated in a sulfuric acid solution by ultrasonic treatment. Under the same
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experimental conditions, the total cyanide degradation efficiency is reduced by 4.95% after three catalytic cycles, indicating that the
material has strong stability and reusability. The XRD results before and after adsorption-catalysis show that ZnO, CuSCN,
CuyFe(CN)g and Fe,0; are adsorbed on the surface of the material. The FTIR results show that a characteristic peak of C=N appears
on the surface of the material after 1-h adsorption and a characteristic peak of NO; appears after 4-h catalysis. The EDS of the
material after 1-h adsorption shows that cyanide is adsorbed on the surface of the material, and metal ions are uniformly distributed on
the surface of the material. The EDS of the material after 4-h illumination shows that the metal content is higher than that after 1-h
adsorption, and the distribution of Si and Ti is uniformly crossed. The results of free radical quenching experiment show that electron
capture by oxygen is the main factor to improve the catalytic effect.

Conclusions Macroporous SiO,/TiO, materials were prepared by PS self-assembly template, impregnation, roasting and loading,
which were used to treat cyanide wastewater. Under optimal experimental conditions, the degradation efficiency of total cyanide and
the removal efficiencies of copper, iron and zinc were 98.79%, 99.10%, 100.00% and 92.26%, respectively. The three-dimensional
ordered pore structure of macroporous SiO, made TiO, particles evenly dispersing on its surface and inside the cross-linked pore. The
mechanism indicated that the cyanide was degraded into non-toxic nitrogen oxides and carbon oxides, and the metals were removed
by precipitation.

Keywords photocatalysis; adsorption; cyanide wastewater; metal cyanide complexes



