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Influence of Surface Hydroxyl Group of TiO; Nanoparticles for Photocatalytic Degradation
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Synopsis:

We have been studied for the development of TiO» photocatalyst and the evaluation of
photocatalysis efficiency. Although photocatalyst showed high photocatalytic degradation
activity, photocatalyst underwent deactivation during repeated degradation cycles. The
durability of TiO, photocatalyst is important to be related to the function of the product. In this
paper, we have investigated the cause of reduced photocatalytic activity by the repeated test of
the acetaldehyde decomposition and about the recovery method of photocatalytic degradation.
Once the photocatalyst was deactivated during degradation of acetaldehyde, it was suggested
that amount of surface hydroxyl group was decreased than before degradation experiment. On
the basis of the surface hydroxyl group effect on photocatalytic reaction, deactivated TiO»
catalyst could recover their activity through immersed in H>O> or autoclave treatment. In
addition, we investigated the influence that the amount of surface hydroxyl group was related
to toluene gas degradation. The low surface hydroxyl group density of TiO, was enhanced
photocatalytic degradation of toluene.
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Fig.1 Illustration showing experimental setup for photocatalytic
decomposition of CH3CHO using a flow type reactor under
UV light irradiation.

43

2. EEBAE
2.1 [ER#MH

BRI U7 et Bl oo A% % Table 1 12~d, i
FA UM EHT A TR b T & o RICREA BT, PC-A,
PC-C |3/VTF VAR T & N4 A8 LTk,
PC-B |32 KB LT o 7 & — 2Bl
fplbT 5 L B4 T4 NEEE LIMEIChH D, &5
3 FEE ORI CRBR 21T - 72,

Table 1 Properties of TiO, sample catalysts

Catalyst TiOx type Surface area (m?/g) Remarks
PC-A Rutile 61 Metal/TiO,
PC-B Anatase 90 Zeolite mixture
PC-C Rutile 34.6 Metal/TiO,
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Fig. 3 Repeatability test of PC-A during the photocatalytic
degradation of acetaldehyde.
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Fig. 4 Repeatability test of PC-B during the photocatalytic
degradation of acetaldehyde.
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Fig. 5 Repeatability test of PC-C during the photocatalytic
degradation of acetaldehyde.
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Fig. 6 Pictorial representation of proposed structure of

water layers adsorbed on the surface of TiO». Adapted
with permission from ref. 8 (Copyright 2013 American

Chemical Society).
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Fig. 7 FT-IR spectra of PC-A powders : (a) fresh PC-A

(b) used PC-A (after ten cycles of photocatalytic
degradation of acetaldehyde).
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Fig. 8 FT-IR spectra of PC-B powders : (a) fresh PC-B
(b)used PC-B (after ten cycles of photocatalytic
degradation of acetaldehyde).

45

0 ™0 Py

T berminal OH groups condanss and evolve nlo

by

3700 3500 3300 3100 2900 2700 2500
Wavenumber (em')
Fig. 9 FT-IR spectra of PC-C powders : (a) fresh PC-C
(b)used PC-C (after ten cycles of photocatalytic
degradation of acetaldehyde).

Table 2 Relative amount of surface OH groups of fresh and

used TiO;, determined by FT-IR
Relative Amount of
Sample -OH Peak area
Surface OH
PC-A Ocycle 2120 1
PC-A 10 cycles 839 0.40
PC-B Ocycle 878 1
PC-B 10 cycles 554 0.63
PC-C Ocycle 1926 1
PC-C10 cycles 1617 0.84
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Table 3 Water content of various samples as determined by

Karl Fisher titration
Sample Water content Physisorbed water
(%) (mmol/g)
PC-A Ocycle 0.5107 0.283
PC-A 10 cycles 0.5267 0.292
PC-B 0Ocycle 0.6781 0.376
PC-B 10 cycles 0.5575 0.309
PC-C Ocycle 0.3550 0.197
PC-C 10 cycles 0.5232 0.290
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Fig. 10 Schematic illustrations of changes in amount of
hydroxyl groups on TiO» surface.
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Fig.13 Plausible mechanisms of the formation of hydroxyl
groups on the surface of TiO» NPs pretreated by
hydrogen peroxide and autoclave.
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Fig.14 The PC-A reuse results of photodegradation of
CH3CHO for 5™ uses and after regenerating with

H>0,.
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Fig.15 The PC-A reuse results of photodegradation of
CH3CHO for 5™ uses and after regenerating with

autoclave
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Fig. 16 Repeatability test of PC-A during the photocatalytic
degradation of acetaldehyde.
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Table 4. Concentration and relative amount of surface OH
groups determined by FT-IR, Karl Fisher titration

and XPS
Relative
Physisorbed | Surface OH | Removal Rate
Sample Amount of
-OH"® Groups © of CH:CHO
(PC-A) Surface OH
(mmol/g) (mmol/g) (%)
HO; 1.26 0.302 4.403 63.33
Autoclave 0.98 0.308 1.449 46.67
Used 1.00 0.408 1.422 50

2 The relative amounts of surface OH were proportional to the peak
areas of the OH stretching in the region of 3700 - 2500 cm! and were
normalized to used PC-A. ® Calculated from Karl Fisher titration.

¢ Calculated from the XPS peak areas.
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