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Functionalization of Hierarchically Structured Inorganic Porous Materials as
Heterogeneous Catalysts for Environmental Purification

Kamegawa, Takashi

21

4,000,000

Pt Pd Ni

Inorganic porous materials with precise control of hierarchical pore
structure, especially porous siliceous materials with hierarchical macroporous and mesoporous
architectures, were used as supports in the design of catalysts and photocatalysts for application
to environmental purification. The advantageous porous structure enables the loading of small and
highly dispersed metal nanoEarticles (i.e., Pt, Pd, and Ni) with a narrow size distribution, which
realizes the significant ennancement of catalytic performances in various reactions. Specific
characteristics were also confirmed in the adsorption profiles of organic molecules in water and
air. After loading of Ti02, enhanced photocatalytic properties were observed in the degradation of
relatively large organic molecules.



@
@
©)

(4)
©)

(PCP/IMOF)

(2-10 nm

(
)

(TiOy)

: 0.5-2 nm)

(50-1000 nm

)

@

@)
Pt Pd

©)

TiO;

Al

®)

TiO;

(6)

)

@

PMMA

(PMMA)
PMMA
Ni
TiO,

Na
X X
X

Cco
A



Pt Pd Ni

@)
(©)
Pt
4
TiO;
B
( 0.7 nm ( )
A( 1.3 nm)
A
2
©)
2-
(6)
Na
-t

TiO,

17
1. T. Kamegawa, Y. Kuwahara, H. Yamashita,
“Design of TiO,-loaded Porous Siliceous
Materials and Application to Photocatalytic
Environmental Purification”, J. Jpn. Petrol. Inst.,
2016, 59, 165-173, DOI: 10.2320/jinstmet.
12016002,

2. T. Kamegawa, Y. Ishiguro, Y. Magatani, H.
Yamashita, “Spherical TiO,/Mesoporous SiO,
Core/Shell Type Photocatalyst for Water
Purification”, J. Nanosci. Nanotechnol., 2016, 16,
9273-9277, DOI: 10.1166/jnn.2016.12894,

3. T. Kamegawa, H. Imai, H. Yamashita, “Design
of Visible Light Sensitive Heterogeneous
Photocatalyst by Utilization of Sulfocalixarene as
a Linker of Zinc Porphyrin and Pt-TiO,”, Bull.
Chem. Soc. Jpn., 2016, 89, 743-745, DOL:
10.1246/bcsj.20160080,

4. T. Kamegawa, T. Nakaue, “Complete
Hydrogen release from Aqueous
Ammonia-borane over a Platinum-loaded
Titanium  Dioxide  Photocatalyst”,  Chem.
Commun., 2015, 51, 16802-16805, DOI:
10.1039/¢5¢c06639e,

5. T. Kamegawa, T. Ando, Y. Ishiguro, H.
Yamashita, “Hydroxylation of Phenol on
Iron-Containing  Mesoporous  Silica  with
Hierarchical Macroporous Architecture”, Bull.
Chem. Soc. Jpn., 2015, 88, 572-574, DOL:
10.1246/bcsj.20140408,

6. T. Kamegawa, K. Irikawa, H. Yamashita,
“Unique Surface Properties of Nanocomposite
Thin Film Photocatalysts of TiO, and
Poly(tetrafluoroethylene)”, Chem. Lett., 2015, 44,
509-511, DOI: 10.1246/c1.141208,

7. T. Kamegawa, Y. Ishiguro, H. Seto, H.



Yamashita, “Enhanced Photocatalytic Properties
of TiO,-loaded Porous Silica with Hierarchical
Macroporous and Mesoporous Architectures in
Water Purification”, J. Mater. Chem. A, 2015. 3,
2323-2330, DOI: 10.1039/c4ta06020b,

8. T. Kamegawa, A. Mizuno, H. Yamashita,
“Hydrophobic Modification of
SO;H-functionalized Mesoporous Silica and
Investigations on the Enhanced Catalytic
Performance”, Catal. Today, 2015, 243, 153-157,
DOI: 10.1016/j.cattod.2014.08.017,

9. T. Kamegawa, Y. Ishiguro, R. Kido, H.
Yamashita, “Design of Composite Photocatalyst
of TiO, and Y-zeolite for Degradation of
2-propanol in Gas Phase under UV and Visible

Light Irradiation”, Molecules, 2014, 19,
16477-16488, DOI: 10.3390/molecules
191016477,

10.  W. Donphai, T. Kamegawa, M.
Chareonpanich, K. Nueangnoraj, H. Nishihara, T.

Kyotani, H.  Yamashita, “Photocatalytic
Performance of TiO,-zeolite Templated Carbon
Composite in Organic Contamination

Degradation”, Phy. Chem. Chem. Phys., 2014, 16,
25004-25007, DOI: 10.1039/c4cp03897e,

11. M. Wen, K. Mori, T. Kamegawa, H.
Yamashita, “Amine-functionalized MIL-101(Cr)
with Imbedded Platinum Nanoparticles as a
Durable Photocatalyst”, Chem. Commun., 2014,
50, 11645-11647, DOIL: 10.1039/c4cc02994a,

12. K. Nakatsuka, K. Mori, S. Okada, S. Ikurumi,
T. Kamegawa, H. Yamashita, “Hydrophobic
Modification of Pd/Si0,@Single-site
Mesoporous Silicas by Triethoxyfluorosilane:
Enhanced Catalytic Activity and Selectivity for
One-pot Oxidation”, Chem. A Eur. J., 2014, 20,
8348-8354, DOI: 10.1002/chem.201402586,

13. X. Qian, K. Fuku, Y. Kuwahara, T.
Kamegawa, K. Mori, H. Yamashita, “Design and
Functionalization of Photocatalytic Systems
within Mesoporous Silica”, ChemSusChem, 2014,
7, 1528-1536, DOI: 10.1002/cssc.201400111,

30

( ), 2016-11-22.

2. T. Kamegawa, “Application of Porous
Siliceous Materials as a Platform for Design of
Catalyst and Photocatalyst’”, The 10th
NanoSquare Workshop, (

), 2016-11-04.

3. T. Kamegawa, H. Yamashita, “Photocatalytic
Properties of TiO,-loaded Porous Siliceous
Materials for Environmental Purification”,
International Symposium on Nanostructured
Photocatalysts and Catalysts (NPC2016), Osaka
University (Osaka, Japan), Invited Lecture,
2016-04-10.

4' b b b “

TiO,
27 2 ; ( ),
2016-01-15.

6. T. Kamegawa, “Photocatalytic Properties of
TiO,-Loaded Porous Silica with Hierarchical
Macroporous and Mesoporous Architectures”,
The 20th  International Conference on
Semiconductor Photocatalysis & Solar Energy
Conversion (SPASEC-20), Crowne Plaza Hotel
(San Diego, USA), Invited Lecture, 2015-11-19.

7. T. Kamegawa, “Application of Porous
Siliceous Materials as a Platform for Design of
Catalysts and Photocatalysts”, International
Symposium on Photocatalysis and The 2nd
FZU-OPU Joint International Symposium on
Photo-functional Materials and Nano-Science &
Technology, Fuzhou University (Fuzhou, China),
2015-11-06.

" 116
2015-09-17.

9. T. Kamegawa, Y. Ishiguro, H. Yamashita,
“Enhanced  Photocatalytic =~ Properties  of
TiO,-loaded Porous Silica with Hierarchical
Macroporous and Mesoporous Architectures”,
International Symposium on Zeolites and
MicroPorous  Crystals 2015 (ZMPC2015),
Sapporo Convention Center (Hokkaido, Japan),
2015-07-01.

10. T. Kamegawa, “Application of Hierarchically
Ordered Macro-mesoporous Silica as a Platform
for Design of Catalysts and Photocatalysts”, 2015
International Conference on Nanospace Materials
(ICNM2015), National Taiwan University (Taipei,
Republic of China), Invited Lecture, 2015-06-23.

I1. ,



TiO,
64 ,
( ), 2015-05-27.
12. . ,
TiO,
115 , ( ),
2015-03-24.
3., , ,
’7’ 33 R
( ), 2014-12-17.
14. . ,
23
59 , ( ),
2014-12-05.
15 b — ) 2 “
’7’ 30 R
( ), 2014-11-27.

16. T. Ando, T. Kamegawa, H. Yamashita,
“Synthesis of Macro-mesoporous Silica with
Dispersed Ni Nanoparticles and Investigations on
their Enhanced Catalytic Activities”,
International Symposium on Resource Chemistry
(ISRC), Shanghai Normal University (Shanghai,
China), 2014-09-28.

17' — > > >

113

”, 114 , (
), 2014-09-25.

18. T. Kamegawa, Y. Ishiguro, T. Ando, H.
Yamashita, "Application of Hierarchically
Ordered Macro-mesoporous Silica as an
Advanced Support of TiO, Photocatalyst”, 6th
International FEZA Conference, University of
Leipzig (Leipzig, Germany), 2014-09-09.

19. T. Kamegawa, H. Yamashita, "Design of
TiO,-based photofunctional materials with
unique properties, "International Symposium on
Nanostructured Catalysts and Photocatalysts
(ISNCP), Osaka University (Osaka, Japan),
Invited Lecture, 2014-06-08.

20. T. Ando, T. Kamegawa, H. Yamashita,
“Application  of  Hierarchically = Ordered

Macro-mesoporous Silica as a Support of Active
Ni Catalysts”, The Seventh Tokyo Conference on
Advanced Catalytic Science and Technology
(TOCAT7 KYOTO2014), Kyoto Terrsa (Kyoto,
Japan) 2014-06-04.

4
1. T. Kamegawa, “Nanostructured Photocatalysts:
Advanced Functional Materials (Editor Hiromi
Yamashita and Hexing Li), Chapter 13:
Photocatalytic Properties of TiO,-loaded Porous
Silica with Hierarchical Macroporous and
Mesoporous Architectures”, Springer, 2016, 544.

o 1

2015-26770
2015.2.13

o 0

http://kyoindb.osakafu-u.ac.jp/html/100966 ja.ht
ml
http://www.nanosq.21c.osakafu-u.ac.jp/ttsl/t_kam
egawa.html

¢y
KAMEGAWA, Takashi
21
50525136
@
®
*

(YAMASHITA, Hiromi)

40200688



