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Synthesis of TiO, nanowires array film catalyst and kinetics of

photocatalytic degradation of formaldehyde in gas phase
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Abstract: The photocatalysts of TiO, nanowires array film (TiO,/AAQO) and TiO,/glass film, TiO,/
fiberglass cloth film were prepared by sol-gel chemistry and were characterized with XRD, electron probe
microanalysis (EPMA) and specific surface area measurement. The photocatalytic activity for degradation
of gaseous formaldehyde at different initial concentration were also studied and compared. The results
showed that the TiO, nanowires was uniform, about 26 nm in diameter and 1. 2 pm in length. The TiO,/
AAQO photocatalyst with smaller density and high specific surface area had the greatest reaction rate
constant £ and Langmuir adsorption constant K, and more adsorption active sites for gaseous
formaldehyde at low concentration under UV light as compared with other supports. The high specific
surface area photocatalyst played a bigger role in enriching gas and was more beneficial in enhancing

photodegradation efficiency for low concentration gas.
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Fig. 1 Experimental system of photocatalytic reaction
1—HCHO inlet; 2—air circulation pump; 3—reactor;
4—UV lamp; 5—catalyst; 6—flowmeter;

7—valve; 8—electric fan; 9—vacuum pump
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Fig. 2 XRD patterns of photocatalysts
1—TiO; /glass; 2—TiO,/AAO; 3—TiO, /fiberglass

Table 1 Properties of photocatalysts

. SgET Diore V pore d
Samples . B ) ) _ ,
/m? e« g ! /nm Jem?® o g7 ! /nm
TiO, /glass 43 4.8 0.025 54.5
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TiO;/AAO 180 2.0 0.083 12.9
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Fig. 3 Isotherms of N; adsorption for samples

1—TiO; /glass; 2— TiO;/fiberglass; 3— TiO,/AAO
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Fig. 5 Photocatalytic degradation of formaldehyde
in gas phase over catalyst of 17, 27, 3%
at different initial formaldehyde concentration
1—9l.4mg+m® (1¥); 2—85.3mg+*m * (2%);
3—81.2mg+m ? (3%)
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Fig. 6 Photocatalytic degradation of formaldehyde in
gas phase over catalyst of 17, 27, 37 at
different initial formaldehyde concentration
1—398.6 mg+m * (1¥); 2—395.6 mg*m ° (27);
3—391.4 mge+m® (37)
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Fig. 7 Plotting In (C,/C) wersust by
photocatalytic degradation of formaldehyde in gas
phase over catalyst 17, 27, 37 at different
initial formaldehyde concentration
1—91.4mgem % (1¥); 2—85.3mg*m % (2%);
3-81.2mgem ® (37); 43986 mge+m * (17);
5—-395.6mgem ® (2%); 6—391.4 mgem * (3%)
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Table 2 Variation of pseudo-first-order rate constant(%) at various initial formaldehyde

concentration(C,) for 1% ;2% and 3% photocatalysts

1= P 3=
Co/mg e m* ki /min~! /% 4 Co/mg e m*® k/min ! /% 0 Co/mg s m ?® k1 /min ! /% 4
91. 46 0.0081 88.7 0.18 85.3 0.0113 94. 5 0.18 81.2 0.0146 97.8 0.22
398. 6 0. 0054 86.4 0.49 395.6 0. 0068 91.8 0.52 391. 4 0.0083 94.5 0.56
Table 3 Values of k and K for photocatalysts
Catalysts k/mg e+ m ® « min ! K/m® « mg! E'/mg e m %« (min * ge) ! K'/m? « (mg * ge) !
1% 8.58 0.0024 159. 66 0. 045
2% 10. 21 0.0027 210.13 0.056
37 14. 84 0.0033 396. 69 0.088
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