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TiO,-coated porous silica glass tubes containing

macropores were fabricated and evaluated for their  contaminated - e ———
air- and water-purification capacity. The tubes ‘ )
showed a possibility for air and water purification. In

particular, acetaldehyde decomposition property in B Z

high-concentrated condition was outstanding (78 % £ %% i

at 700 ppm). Moreover, the tube by outside vapor g >§:§

deposition (OVD) method with UV-C lamp showed - =

the highest QB reduction efficiency. From the

methylene blue decomposition tests, we concluded i

that the efficiency of photocatalytic decomposition treated

of TiO, was influenced by multiple parameters, air or water

including the presence of anions and cations, as well as the solution pH.
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Figure 1. Schematic diagram of the fabrication
method for porous silica glass tube by OVD
method.
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Figure 2. Raman spectra of the
TiO,-impregnated silica tube (red) and the
TiO,-coated silica tube by outside vapor
deposition (OVD) method (blue).
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Figure 3. Secondary electron image of a
cross-section of a porous TiO,-coated silica
tube bv OVD method.
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Figure 4. Back-scattered electron images of a
cross-section of a porous TiOz-impregnated
silica tube (a) before decomposition tests and
(b) afterwards. (c) Focused lon
Beam/Scanning Electron Microscopy
(FIB/SEM) Serial Sectioning Nanotomography
images calculated and reconstructed from
SEM images of cross-sections of porous
TiO,-impregnated silica tubes. (d,e) are
3D-models of a small part of the structure
shown in (c) that show (d) the porous structure
of silica and (e) the pore structure.
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Figure 5. Schematic (a) and photographs of the
air- (b) and water- (c) purification test for the

TiO»-impregnated silica tube.
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Figure 6. Schematic (a) and photographs (b) of
the biological purification test for the TiO,-coated

silica tube by OVD method.
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Figure 7. Typical data set of acetaldehyde
removal (red) and CO, generation (green) by
the TiO,-impregnated silica tube with UV-C
irradiation.
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Figure 8. Removal ratio vs. initial concentration
of acetaldehyde by the TiO,-impregnated silica
tube (red), silica tube covered with TiO,/Ni-foam
(black), TiO.-coated silica tube by the OVD

method (blue).
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Figure 9. Typical data set of ammonia removal
(red), NO; generation (blue) and NO generation
(black) by the TiO,-impregnated silica tube with
UV-C irradiation.
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Figure 10. Ratio of removed ammonia and
ratio of decomposition product of ammonia by
the TiO,-impregnated silica tube.
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Figure 11. The QP reduction test result with the
porous silica glass tube without TiO, layer
under no UV-C irradiation (TiOz(-), UV(-)), the
porous TiO,-coated silica glass tube under no
UV-C irradiation (TiOy(+), UV(-)), the porous
silica glass tube without TiO; layer under UV-C
irradiation (TiOy(-), UV(+)), and the porous
TiO,-coated silica glass tube under UV-C
irradiation (TiOy(+), UV(+)).
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Table 1. Properties of the solvents used to prepare the methylene blue solutions. The numbers in
parentheses in the Contrex column represent the values quoted by the manufacturer. “n.d.” indicates

“not detected”.

e Ion exchanged Anion-free Cation-free Ion-free
Milli-Q Contrex
water Contrex Contrex Contrex
Dissolved ion
[mg/L]
Ca?* 0.0960 486 (468) 0.232 95.2 0.262 0.0143
Mg n.d. 82.2(74.5) 0.005 n.d. 0.040 0.0255
Na* 0.0328 8.0(9.9) 0.037 3.00 0.774 0.021
K* n.d. 2.95(2.8) 0.021 1.08 n.d. 0.010
SOs* n.d. 1356 (1121)  n.d. 1.30 1406 0.115
NO# n.d. 2.76 (2.9) n.d. n.d. 2.51 n.d.
HCOs™ Unmeasured  Unmeasured  Unmeasured  Unmeasured  Unmeasured  Unmeasured
(327)

Cr n.d. 9.17 (7.6) n.d. 3.29 11.0 n.d.
Electrical conductivity 5 1987 3.54 934 >1999 3.41
[uS/em]
pH 7 7 7 11 2 7

Acc. Mater. Surf. Res. 2017, Vol.2 (No.3), 81-88.

86



Acc. Mater. Surf. Res.

+ Mili-Q
i O Contrex

o
(m}

Absorbanceggs . / a.u.

®* 9
L

0.01 . L 4 . .
0 9 10 19 20 25 30
Treatment time / min

Figure 12. Photocatalytic degradation of
methylene blue in Milli-Q and Contrex water.
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Figure 13. Comparison between the
absorbances at adsorption equilibria and
reaction rate constants (k).
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