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Table 1.1. Examination examples of titanium dioxide photocatalysts with

binders. *”
Binder Enforcement example
Silica sol TiO, and the colloidal silica were mixed for coating.
Silicone TiO, and the polysiloxane compound were mixed and was coated on the plastic board.
TiO, and the alkoxysilane compound were mixed for coating.
Ti0,, the colloidal silica and the silane solution were mixed for coating.
TiO, and the metal alkoxide were mixed and was soaked into the nonwoven fabric.
Fluorine resin TiO, and the fluorine resin slurry which can cure at low temperature were mixed for coating.
TiO, was laminated on the fluorine resin board by pressure.
TiO,, the fluorine resin powder and the activated carbon were mixed and was molded by pressure.
Porous glass TiO, was fixed on the surface of the glass fiber or the nonwoven fabric.
Zeolite matrices TiO, was soaked into the activated carbon or the porous alumina or the silica.
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Fig. 2.1. The flow chart for synthesis of hybrid photocatalysts.
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Table 2.1. Chemical components of hybrid photocatalysts powders.

Apatite”  AP-Ti020.2°  AP-TiOy1.0®  AP-Ti0y2.0”  AP-Ti0»/4.0"

Liquid A© (mL) 200 - - - -
Liquid B (mL) 2 - - - .
Distilled water at 38°C (mL) 1800 — — — —
sT01 9 (g) - 0.2 1.0 2.0 4.0

a) Apatite is isolate apatite, which was produced as a reference by stirring a simulated body fluid (2 L) at 38°C.

b) AP-Ti0,/0.2, AP-TiO»/1.0, AP-TiO,/2.0 and AP-TiO,/4.0 are TiO, coated with apatite, and were produced by
mixing and stirring ST-01 (0.2, 1.0, 2.0 and 4.0 g), respectively, in a simulated body fluid (2 L) at 38°C.

¢) Liquid A was prepared by mixing and stirring NaCl (160 g), KCI (4 g), KH,PO, (4 g), and Na,HPO, (23 g) in
distilled water (2 L) at 38°C for 1 h.

d) Liquid B was prepared by mixing and stirring CaClyy' H,O (5 g) in distilled water (50 mL) at room temperature

for 1 min.

e) ST-01 is commercial anatase-type TiO, (Ishihara Sangyo).
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Table 2.2. Molar ratio of Ti/Ca of AP-TiO, and ST-01 analyzed by SEM-EDS.

Apatite  AP-TiO,/0.2  AP-TiO,/1.0 AP-TiO,/2.0 AP-TiO,/4.0 ST-01

0.0/100.0 69.8/30.2 92.2/17.8 96.3 /3.7 98.3/1.7 100.0/0.0
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Fig. 2.2. TEM photograph and EDS data of the hybrid photocatalyst (AP-TiO,
/0.2). (a) TEM photograph of fiber-like portion, (b) TEM photograph of

particulate, (¢c) EDS data of fiber-like portion, (d) EDS data of particulate.
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Apatite Tom AP-Ti0,/0.2

Fig. 2.3. SEM photographs of the titanium dioxide (ST-01), the apatite and

the hybrid photocatalyst (AP-Ti0,/0.2).
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Fig. 2.4. X-ray diffraction patterns of the apatite, the hybrid photocatalysts and

the titanium dioxide (ST-01).
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Fig. 2.5. Experimental set-up for ESR measurement.
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Fig. 2.6. Spectra of photo-irradiation intensity of black light and

metal halide lamp using for the measurements.
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Fig. 2.7. ESR data of the titanium dioxide (ST-01) distributed in water with
2M-DMPO under photo-irradiation using metal halide lamp for 500 sec.
(IT : Photo-irradiation time)

(a) ESR spectra, (b) Change in quantity of DMPO-OH ([DMPO-OH)).
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Fig. 2.8. Change of [DMPO-OH] for ST-01 with DMPO under photo-irradiation

for 60 s. (IT : Photo-irradiation time.)
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Fig. 2.9. ESR data of ST-01 distributed in water with 2M-DMPO under
photo-irradiation using metal halide lamp for 60 sec. and then photo-shading
for 440sec. (IT : Photo-irradiation time, ST : Photo-shading time.)

(a) ESR spectra, (b) Change of [DMPO-OH].
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Fig. 2.10. Change of [DMPO-OH] for the water with 2M-DMPO under
photo-irradiation using metal halide lamp for 500 sec.

(IT : Photo-irradiation time.)
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Fig.2.11. ESR data of hybrid photocatalysts (AP-TiO,) distributed water with
2M-DMPO under photo-irradiation using metal halide lamp for 500sec. (IT :

Photo-irradiation time.) (a) ESR spectra, (b) Changes of [DMPO-OH].
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Fig. 2.12. Change of [DMPO-OH] generated by photo-irradiation using
metal halide lamp for 500 sec. with molar ratio of apatite in AP-TiO,.

(IT : Photo-irradiation time.)
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Fig. 2.13. ESR data of the mixture at the ratio of ST-01/apatite=1/2 distributed
in water with 2M-DMPO under photo-irradiation using metal halide lamp for
500sec. (IT : Photo-irradiation time.) (a) ESR spectra, (b) Changes of

[DMPO-OH] in comparison with ST-01, AP-Ti0,/0.2, and apatite.
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Fig. 2.14. Changes of [DMPO-OH] for 2M-DMPO irradiated with lights and
spectra of photo-irradiation intensity for sun light, xenon lamp, xenon lamp

through optical fiber and metal halide lamp used for the measurements.
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Fig. 2.15. Changes of [DMPO-OH] for 2M-DMPO irradiated with the lights and

spectra of irradiation intensity for the lights used for the measurements.
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Fig. 2.16. Changes of [DMPO-OH] for ST-01 and AP-TiO,/0.2 irradiated with the

lights and spectra of irradiation intensity for the lights used for the measurements.
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Fig. 2.17. The absorption and photocatalytic activities of AP-Ti0,/0.2 and ST-01
for methylene blue bleaching under photo-shading for 24 h and photo-irradiation
for 60 min. (ST : Photo-shading time, IT : Photo-irradiation time.)

(a) Enlargement of the part of (b), (b) Changes in absorbance at wavelength of

660 nm for methylene blue solutions.
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Fig. 2.18. Change of absorbance with molar ratio of apatite in AP-TiO..
ADS 11-60 min / AbS 11=0 min, kT=24 1 : The difference of absorbance at wavelength of

660 nm for methylene blue solutions with photo-irradiation for 0-60 min.
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Table 3.1. Chemical components and characteristics of hybrid layers synthesized

by irradiation of urethane acrylic oligomer and organic titanium compounds.

Chemical components of hybrid solutions Weight ratio
Urethane acrylic oligomer [WINUP ST3-A] 100 64 56 59 51 52
Tetra normal butyl titanate [Orgatix TA-25] 36
Titanium acetyl acetonate [Orgatix TC-100] 40
Titanium ethyl acetoacetate [Orgatix TC-750] 41
Titanium lactate [Orgatix TC-310] 49
Titanium triethanol aminato [Orgatix TC-400] 48
Toluene 100 100 100 100 100
Isopropyl alcohol 150
Methyl ethyl ketone 300
Characteristics
Ti content of hybrid layers (%) 0.0 5.1 4.9 4.8 55 4.4
Surface hardness 2H under 2B not cured not cured 2H under 2B
Transparency [400-800 nm] (%) 82-90 4-30 - - 81-91 69-88

Difference of absorbance at wavelength of 660 nm
for methylene blue solutions under photo-irradiation 1.3 - - - 0.0 -
for 0-60 min [100-Absgg i/ AbSg min*100] (%)
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Table 3.2. Chemical components and characteristics of photocatalytic layer

synthesized by irradiation of urethane acrylic oligomer and titanium lactate.

Reference Sample 1  Sample2 Sample3  Sample 4 Commercial
Chemical components of hybrid solutions product
Weight ratio

Urethane acrylic oligomer [WINUP ST3-A] 100 51 44 38 34

Titanium lactate [Orgatix TC-310] 49 56 62 66

Toluene 100

Isopropyl alcohol 150 176 114 136

Methyl ethyl ketone 300 352 266 210.8
Characteristics

Ti content of hybrid layers (%) 0.0 5.5 6.7 7.8 8.6

Surface hardness 2H 2H H H HB under 2B

Transparency [400-800 nm] (%) 82-90 81-91 82-91 81-90 79-90 82-90

Difference of absorbance at wavelength of 660 nm

for methylene blue solutions under photo-irradiation 1.3 0.0 14.8 21.8 26.4 18.2

for 0-60 min [100-AbSg) min/ AbSo min*100] (%)
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Fig. 3.1. SEM images of the hybrid photocatalyst layer (Sample 3).
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Fig. 3.2. SEM images of Reference (only organic layer).
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Fig. 3.3. Titantum mapping image of the hybrid photocatalyst layer (Sample3).
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Fig. 3.4. Titanium mapping image of Reference (only organic layer).
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Fig. 3.5. IR spectra of the hybrid layer (Sample 3) and

Reference (only organic layer).
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Fig. 3.6. ESR spectra of the hybrid photocatalyst (Sample 3) with 2M-DMPO.
(! : Signals of DMPO-OH, IT : Photo-irradiation time, & : The peak-to-peak

amplitude of the signal, /]H,, : The width of the signal.)
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Fig. 3.7. Changes in amount of DMPO-OH for the hybrid photocatalyst
(Sample 3) and Reference (only organic layer) with DMPO (2.0 M)

during photo-irradiation for 0-500s.
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={S#—): 6th Pacific Rim Conference on Ceramic and Glass Technology — Decision on
Manuscript ID PACRIMG—034

H“iEE bz m kato@aist go. jp
L T EZ
=EH 2064045 2036

15-0ct-2003

Dear Mr. Ichimura:Manuscript 1D PAGRIME-034 enttled "Svnthesis and Character 2ation of Organic-Inoreanic Hybrid
Laver Photocatalysts™ which vou submitted for the fth Pacific Rim Gonference on Geramic and Glass Technology, has
been reviemed. The comments of the reviewer (=) are ncluded at the bottom of thiz ktter.

The reviewsriz) have recommended publication, but alzo suggest some mior revisions to vour manuscript. Therefore, T
nvite vou to respond to the reviewer &V comments and revise vour manuscript.

will fhd wour manuzcr pt title isted under “Manuscripte with Decizions.” Under " Actions” click on * Greate a Revision”
Your manuzcript number haz been appended to denote a revizion.

You will be unable to make wour revizions on the originally submitted version of the manuscript. Ihstead, revise vour
manuscript using a word processne program and save it on vour computer. Pleaze ako highlight the chaneges to vour
manuscript within the document by uzing the track changes mode in M3 Waord ar by uzing bold or colored text.

Once the revieed manuscript is prepared, vou can upbad it and submit it through wour Author Center.

When submitting vour revised manuscript, vou will be able to respond to the comments made by the revieweri(s) h the
zpace provided. You can uze thiz zpace to document any changes you make to the orginal manuzcript. In order to
expedite the proceszne of the revieed manuscr pt, please be as zpecific az possible h vour responze to the reviewer(z),

IMPORTANT: Your of ginal files are available to wou when vou upbad vour revized manuscript. Pleazse delete any
redundant files before completing the submizsion

Becauze we are trying to faciltate time b publication of manuzcripts submitted for the Gth Pacific Rim Conference on
Ceramic and Glass Technolbey, vour revised manuscript should be upbaded as =oon as possible. If it i not pozzble for
vou to submit your revigion in a reasonable amount of time, we may have to consider vour paper as a new submizsion.

Once again, thank vou for zubmittihe your manuzcript for the Gth Pacific Rim Conference on Geramic and Glass
Technobey and Ilook forward to receiving vour revision.

Sincere by,

Dr. Kazumi Katao

Svmposum Chair, Gth Pacific Rim Gonference on Ceramic and Glass Technology
kzm kato@aist g0 p

Reviewer &) Comments to Authar:

Feviewer: 1

Comments to the Authar

1. Please explain why vou uze different light source for ESF and methykene blue bleaching experiments.

2 Surface rouehness results are not mean neful What do H and 2H mean? Does # mean the reference surface iz twice
az hard as the surface of sample A7 Iz the measurement quantitatve? If only qualitative, pleaze describe the results or
zhow some images

3. The authorz claim that Ti i dispersed uniformbe in zample A However, Fig. 3 clearly depicts Tiaz dots not uniform
fim-like. Perhapz a length scale should be gien.
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Answer to reviewer’s comments

Title
Synthesis and Characterization of Organic-Inorganic Hybrid Layer Photocatalysts

Reviewer’s commenis 1

Please explain why vou use different light source for EBR and methylene blue bleaching
egpermmnents

Answer to reviewer'’s commenis 1

ESE apparatus has a high magnetic field. Because a magnetic field causes a hindrance to the
black light, the light 15 not usable for photoirradiation in the ESR measurement Then we
used the metal halide lamp with optical fiber for photorradiation m the ESE measurement.
Fhotocatalysts are activated by absorbing the light with a wavelength of 380400 nm and less
The black light and the metal halide lamp are both suitable for light sources to this reaction.
Then we used these lights for ESR and methylene blue bleaching experiments.

The following sentences were inserted in the last of page 3 of the manuscript by using bold
red text.

: TiDq 15 photo-activated by irradiation of the TV light with wavelength of 330400 nm and
less. Therefore, both of the black light and the metal halide lamp are suitable for the
photo-activation of Ti0,

Reviewer’s comments 2

Surface roughness results are not meaningfil What do H and 2H mean? Does it mean the
reference surface is twice as hard as the surface of sample AY Is the measurement
quantitative? If only qualitative, please describe the results or show some itmages.

Answer to reviewer’s comments 2

H and 2H are grade for evaluating surface hardness by using Japanese Industrial Standards.
These are not grade for evaluating surface roughness, and 2H is not twice as hard as H JI3
E5800-5-4 15 a standard to evaluate surface hardness The degree of generated damage by
scratching the surface with pencils was measured.

FTIS-ESE00 was changed to ‘Japanese Industrial Standards (JIS E5600Y at the middle of
page 2 of the manuscript by using bold red text.

Reviewer’s comments 3

The authors claim that Ti 15 dispersed uniformly in sample A However, Fig. 3 clearly depicts
Ti as dots, not uniform film-like. Perhaps a length scale should be given

Answer to reviewer’s commenis 3

A dot of Fig 3 is not identical to the localization of Ti. It relates to the resolution of EDS.
The Ti localization was not detected in the mapping image of Sample A, and this result
explains that Tidispersed uniformly.
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Mail
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26-0ct-2008
Dear Mr. Ichimura:

It iz a pleasure to accept vour manuscr pt entitled “Synthesis and Characterization of Organic-Thorganic Hybrid Laver
Photocatalysts™ in itz current form for publication in the Gth Pacfic Rim Conference on Geramic and Glass Technology.
The comments of the reviewer () who reviewed your manuscrpt are included at the foot of this letter.

Thank wvou for vour fine contrbution. On behalf of the Editors of the Gth Pacific Rim Gonference on Geramic and Glazs
Technobey, we look forward to vour conthued contributions to the Journal

Sincere by,

Dr. Kazumi Kato

Sympoziam Chair, Gth Pacific Rim Conference on Geramic and Glazs Technology
kzm kato@ aist.go p

Reviewer &' Gomments to Suthor:
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