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Photocatalytic degradation of orange II
over titanium dioxides prepared

by microemulsion method

Yeon—Hui, Han

Department of Chemical Engineering, Graduate School

Pukyong National University

Abstract

Titania nanoparticles were prepared by controlled hydrolysis of
titanium tetraisopropoxide(TTIP) in water—in-oil(W/O) and micro-
emulsion stabilized with different surfactant— N - P(Polyoxyethylene
Nonylphenol Ether : CoH9CsHi(OCH,CHy)nOH)-series. The nanosized
particles were prepared in W/O microemulsion have been characterized
by FT-IR, TEM, XRD, TGA and DTA. In addition, the photocatalytic
degradation of orange II has been studied by using batch reactor in
the presence of UV light in order to compare the photocatalytic activity
of prepared nanosized titania.

In the case of nanosized titania particles were prepared from

hydroysis of TTIP in W/O microemulsion stabilized by nonionic

vi



surfactant N + P-series, the anatase structure appeared in calcination at
300 ~ 500 T and the anatase phase transformed to rutile phase above
700 . The crystallite size increased with increasing Wy ratio,
decreasing R ratio, and with an increase of calcination temperature.

The particles were shown to have a spherical shape and have an
uniform sized distribution.

In addition, the photocalytic activity increase of hydrophobic group
length, and the titania that synthesized at Wo = 5 and R = 2, and
calcined at 400 C showed the highest activity on the photocatalytic

degradation of orange 1II.
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Fig. 4. Experimental procedure for the preparation of TiOs

nanoparticles by W/O microemulsion.
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Table 1. Composition of Microemulsion Systems Used for Synthesis

Reaction
N - P-series W2 RP H,O [mole]
N - P-2
N - P-4 5 2
N - P-6
2 0.2
5
N - P-10 5
10
20

Wy ratio = [H,O/surfactant mole ratio]
® R ratio = [H,O/TTIP+ TEOS mole ratio]
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Fig. 7. XRD patterns of nanosized TiOs powders prepared
by different surfactant at Wo = 5, R = 2 and calcination

temperature at 500 C.
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Table 2. Crystallite Size of Nanosized TiOs; Powders by XRD:

by difference surfactant at Wo = 5, R = 2 and calcinations

temperature at 500 C

Synthesis condition XRD k@
Crystallite
W, R | Surfactant | Structure Intensity | (x 10 min™)
size(nm)®
N - P-2 Anatase 16 239 3
N - P-4 | Anatase 17 316 3
5 2
N - P-6 | Anatase 18 404 4.8
N - P-10 | Anatase 15 277 12.8

2 1% order constant
> Obtained by Scherrer equation
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Fig. 8. Photocatalytic activity of nanosized TiO; powders prepared
by difference surfactant at Wo = 5, R = 2 and calcination

temperature at 500 C.
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Fig. 9. XRD patterns of nanosized TiOs powders prepared

by various R ratio at Wy = 5 and calcination temperature

at 500 C.
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Table 3. Crystallite Size of Nanosized TiOs; Powders by XRD:

by various R ratio at Wy = 5 and calcinations temperature

at 500 C
Synthesis condition XRD k@
Crystallite
surfactant = W, =R | Structure Intensity | (x 10 min™)
size(nm)®
2 | Anatase 15 277 12.8
5 | Anatase 15 215 9
N - P-10 5
10 | Anatase 12 153 4.5
20 | Anatase 11.9 140 4.4

2 1% order constant
> Obtained by Scherrer equation
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Fig. 10. Photocatalytic activity of nanosized TiOy powders prepared
by various R ratio at Wy = 5 and calcination temperature

at 500 C.
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Fig. 11 TGA-DTA curves of nanosized TiO, powders prepared

by various Wy ratio at R = 2.
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Fig. 12. XRD patterns of nanosized TiO, powders prepared

by various Wy ratio at R = 2 and calcination temperature

at 500 C.
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Table 4. Crystallite Size of Nanosized TiOs; Powders by XRD:

by various Wy ratio at R = 2 and calcinations temperature

at 500 T
Synthesis condition XRD k@
Crystallite
Surfactant | R | W, | Structure Intensity | (x 10 min™)
size(hm)®
5 | Anatase 15 277 12.8
N - P-10 2 10 | Anatase 19 351 7.1
20 | Anatase 20 357 4.5

2 1% order constant
> Obtained by Scherrer equation
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Fig. 14 FT-IR spectra of nanosized TiO, powder prepared

by difference calcination temperature at Wo =5 and R = 2.
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Fig. 15. XRD patterns of nanosized TiO, powders prepared

by difference calcination temperature at Wo =5 and R = 2.
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Table 5. Crystallite Size of Nanosized TiOs; Powders by XRD:

by difference calcinations temperature at Wo =5 and R = 2

Synthesis condition XRD k?
Calcinations Crystallite

R W, Structure (x10° min™)
temp. size(nm)®
105 T Amorphous - -
300 C Anatase 8 3.2
400 C Anatase 10 13.3

2 5 500 C Anatase 15 12.8
600 C Anatase/Rutile 23 5.9
700 C Rutile/Anatase 46 3.1
800 T Rutile 52 14

2 1% order constant
> Obtained by Scherrer equation
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continues

[d] [e]

Fig. 17 TEM images of nanosized TiO,; powder by calcinations
temperature at 500 C:
[a] Wo=5,R=2; [b] Wo=5,R=5; [c] Wog=5, R=10;

[d]R=2,Wo=5; [e]R=2,Wo=].O.

45



o]
o3}

=

stel ot

S

o] dA=7]9}

bolom, Az
o

=

=

°©

gl

=

A Z

}

°©
pud

=
=

vl o] 27|

=

R Blo} EAg ko wE

A& 500 TolA

h=d]
=

=
=

ufj 2]
}oth N - P-10S A9

719 A717F o
Wo Hl

°©

P
T

3

Al
-O

719 =7],
A3} orange 19

E

=

]

1
R

e}
5}
anatase A<

F W/O mlola 2o d Ao Y712 TiO,

Aol A,

}

- 3}

ol i
=7

As5%4dE
=
xé‘
4

]_

-

]_

-

=
=

o
o

O ow® =T <o % o w®
Moo oo o B o og o owm
_ J; W o~ 3] —_ o
S ol . o s N =
o T, 9 N
R T B
) —_ p— N 0
m —_ ;IJVI HW| "o o ﬂ \_WO
3 " o ey 0 i Nd M
T OROW % o= W
I R
o ) i my X o =
F Tor 0B K
= % o w % = F g 3
o« S S - g
< oz —~ s
= 2% ¥ 993 T @ g
— < iy OME EIM ‘JXII o ‘Iw_/l ~
< Ny o oo & o-
. f‘ﬂ E#E io® X ~X io fze)
X I S w8 & 5
L N AL
3 X ~ T wﬁ % = ar = ™
TORT xR oy L EF
S s EnTREd 5T
N S
oo w2 oW oo o N g
HT_ . 10_._.0 N 1~_/| [=] &) <
0|0 TH
Toxog X ox %W R 4w o
s © o® = x M 4 R
o W o+ ox o < Yo oW M
g ~ X 1
e W Mo 5 M = o W
o T T HooMm N .
T e & T T T O™ O H

N,

46

o

mf Azl 1o H.09 FX:7}

=
=



@ Hlo]2AHEAA] N-P-108 o]&3to] Wy=59 R=29 27Ao= A

Z8 4Rl a2A4d vZAAdoR FAFAAH JdAen, 600 TollA

47



b
kI
M
r G

[1] C. Suryanyana and F. H. Froes, “ The Structure and Mechanical
Properties of Metallic Nanocrystal”, Metall. Trans., 23A, 1071(1992).
[2] A.P. Alivisatos, “Semiconductor Nanocrystal”, MRS Bull., Aug.,
23(1995)

[3] F. J. Arriagada and K. Osseo—-Asare, “Phase and Dispersion Stability
Effects in The Synthesis of Silica Nanoparticles in a non-ionic Reverse
Microemulsion”, Colloids surf., 69, 105(1992).

[4] C. Beck, W. Hartl and R. Hempelmann, “Size-Controlled Synthesis
of Nanocrystalline BaTiO; by a Sol-gel Type Hydrolysis in
Microemulsion—-Provided Nanoreactions”, J. Mater. Res., 13, 3174(1998).
[5] H. Herrig and R. Hempelmann, “A Colloidal Approach to
Nanometer-sized Mixed Oxide Ceramic Poweders”. Mater. Letters, 27,
287(1996).

[6] S. Eriksson, U. Nylén, S. Rojas1, Magali Boutonnet. “Preparation of
Catalysts from Microemulsions and Their Application in Heterogeneous
Catalysis”, Applied Catalysis A: General 265 207(2004).

[7] K. Wolf, A. Yazdani and P. Yates, “Chlorinated Solvents: Will the
Alternatives be Safer?”, J. Ari Waste Manage. Assoc., 41, 1055(1991).
[8] J. J. Shah and H.B. Singh, Environ Sci. Technol., 22, 1381(1998).

[9] K.D. Liu, “Enaluation of VOC Management and Control, Industrial

Pollution Prevention Control”, 15, 43(1993).

48



[10] M. R. Hoffmann, S. T. Martin, W. Choi, and D. W. Bahnemann,
“Environmental Applications of Semiconductor Photocatalysis”, Chem.
Rev., 95, 69(1995)

[11] D. F. Ollis and H. Al-Ekabi, “Photocatalytic Purification and
Treatment of Water and Air”, Elsevier Amsterdam (1993).

[12] W. Choi, S. J. Hong, Y. S. Chang, and Y. Cho, “Photocatalytic
Degradation of Polychlorinated Dibenzo-p—dioxins on TiOs Film under
UV or Solar Light Irradation”, Environ. Sci. Techol., 34, 4810(2001).
[13] S. Kim and W. Choi, “Kinetics and Mechanisms of Photo—Catalytic
Degradation of (CH3),NH, "+ (0=<n=<4) in TiO, Suspension: The Role of
OH Radicals”, Environ. Sci. Technol., 36, 2019(2002).

[14] H. Lee and W. Choi, “Photocatalytic Oxidation of Aresenite in TiO,
Suspension: Kinetics and Mechanisms”, Environ. Sci. Technol., 36, 3872
(2002).

[15] R. Wang, K. Hashimoto, A. Fujishima, M. Chikuni, E. Kojima, A.
Kitamura, M. Shimohigoshi, and T. Watanabe, “Light-induced
Amphiphilic Surface”, Nature, 388, 431(1997).

[16] K. Sunada, Y. Kikuchi, K. Hashimoto, and A. Fujishima,
“Bactericidal and Detoxification of TiO, Thin Film Photo-Catalysts”,
Envirion. Sci. Technol., 32, 726(1998).

[17] T. Minabe, A. Fujishima, A. Nakajima, T. Watanabe, “Evacuating
Treatments on Photo-Induced Hydrophilic Conversion at TiO, Surfaces”,

Electrochemistry, 68, 799(2000).

49



[18] A. Nakajima, K. hashimoto, T. Watanabe, K. Takai, G. Yamauchi,
and A. Fujishima, “Transparent Surperhydrophilic Thin Films with Self-
cleaning Properties”, Langmuir, 16, 7044(2000).

[19] T. Watanabe, A. Nakajima, R. Wang, T. Minabe, S. Koizumi, A.
Fujishima, And K. Hashimoto, “Photocatalytic Activity and Photo
Induced Hydropholicity of Titanium Dioxide Coated Glass”, 7hin Solid
Films, 351, 260(1999).

[20] N. Sakai, A. Fujishima, T. Watanabe, and K. Hashimoto,
“Enhancement of The Photo Induced Hydrophilic Conversion Rate of
TiO, Film Electrode Surfaces by Anodic Polarization”, /., Phys. Chem. B,
105, 3023(2001).

[21] T. Tatsuma, S. Takeda, S. Saitoh, Y. Ohko, and A, Fujishima,
“Bactericidal, Effect of an Energy Storage TiO;—-WO; Photo—Catalyst in
Dark”, Electrochem. Commun., 5, 793(2003).

[22] J. F. Zhi, H. B. Wang, and A. Fujishima, “Development of
Photocatalytic Coation Agents with Indicator Dyes”, Ind. Eng. Chem.
Res., 41, 726(2002).

[23] L. Palmisano, V. Augugliaro, M. Schiavello and A. Sclafani,
“Influence of Acid-base Properties on Photocatalytic and Photochemical
Processes”, J. Mol. Catal., 56, 284(1989).

[24] D. F. Ollis, E. Pelizzetti and E. Serpone, “Destruction of Water
Contaminates”, Environ. Sci. Technol., 25(9), 1523(1991).

[25] M. A. Fox and M.T. Dulay, “Heterogeneous Photocatalysis”, Chem.

50



Rev., 93, 341(1993).

[26] E. Borgarello, R. Terzian and N. Serpone, “ Photo-oxidation of
Organic Material in Aqueous Titanium Dioxide Dispersion”, /norg.
Chem., 25, 2135(1980)

[27] J. Peral and X. Domenedh, “Photosensitized CN-oxidation over
TiO,", J. Photochem. Photobio., 53, 93(1990).

[28] S. S. Hong, M. S. Lee, S. S. Park, G. D. Lee, “Synthesis of Nano-
sized Ti0,/SiO, Particles in the Microemulsion and their Photocatalytic
Activity on the Decomposition of p-Nitrophenol”, Catal. Today, 87,
99(2003).

[29] N. Serpone and E. Pelizzetti, “Photocatalysis Fundamentals, and
Applications” John Wiley & Sons(1989).

[30] J. Papp, S. Soled, K. Dwight, and A. Wold, “Surface Acidify and
Photocatalytic  Activity of TiOy,  WO03/TiOs, and MoO3/TiO,
Phatocatalysts” Chem. Mater., 6, 496(1994).

[31] B. E. Yoldas, “Photoluminescence in Chemically Polymerized SiO,
and Al,O5-SiO, Systems”, J. Mater. Sci., 10, 1856(1975).

[32] J. H. Fendler, “Atomic and Molecular Clusters in Membrane
Mimetic Chemistry”, Chem. Rev., 87, 877(1987).

[33] V. Chhabra, V. Pillai, B. K. Mishra, A. Morrone and D. O. Shah,
“Synthesis, Characterization, and Properties of Microemulsion—
Mediated Nanophase TiO, Particles”, Langmuir, 11, 3307(1995).

[34] B. Ohtani, Y. Ogawa and S. Nishimoto, “ Photocatalytic Activity of

ol



Amorphous—Anatase Mixture of Titanium(IV) Oxide Particles Suspended
in Aqueous Solutions”, J. Phys. Chem. B, 101, 3746(1997).

[35] A. Sclafani, L. Palmisano and E. Davi, “Photocatalytic Degradation
of Phenol by TiO, Aqueous Dispersion: Rutile and Anatase Activity”,
New J. chem., 14, 265(1990).

[36] K. M. Schindler and M. Kunst, “ Charge-Carrier Dynamics in TiO,
Powders”, J. Phys. Chem., 94, 8222(1990).

[37] A. Larbot, J. A. Alary, J. P. Fabre, C. Guizard and L. Cot, “Micro-
porous Layers from Sol-Gel Techniques’, Better Ceramics Through
Chemistry I, 659(1986).

[38] M. Primet, P. Pichat and M. V. Mathieu, “Infrared Study of the
Surface Titanium Dioxide-hydroxyl Group” J. Phys. Chem., 175,
1221(1971).

[39] T. Loepz, R. Gomez, E. Sanchez, F. Tzompantzi and L. Vera,
“Photocatalytic Activity in the 2,4-Dinitroaniline Decomposition Over

TiOs Sol-Gel Derived Catalysts”, J. So/-Gel Sci. Technol., 22, 99(2001).

02



©

XAl

Ialo gz RIE MESIZEY AlxE O4E, ¥

A &2 AlEoA o] 22 HALICE

=
=

AL
2005

| =}
i

<l
Kt

40

off
™

M

b

(=]
pd

2

Al F
2|3 siLl sl RIESIAIG, =2aAtell EM

= JLED UESE LM RAIESEILICE

-]
Py o

& LR ARl OIS =8I,

B Bim ¥4, 2Lzt

2helel 2ai

| -
21 =ob sl AILHE EEo]

DLEM AR 22 =RILICEH
A

=
o

<

J
Kt

3

i

M-

=
[

oHt, epjoz ot

ALICEH

b

aa

offl
i

Ch= of

4

ol
H

ol Hl

=
=

o]

IAMQ! Lie] LIRS L2 AFE NFE

[ |

OFA

It J-IAIKE Yol RloiE

Pl
8

a

pd

i

12 & of

53



	표제지
	목차
	초록
	1. 서론
	2. 이론
	2.1 광촉매 반응의 이론
	2.2 계면활성제 화합체를 이용한 나노 입자 제조

	3. 실험
	3.1 시약 및 촉매의 제조
	3.2 촉매의 특성분석
	3.3 촉매의 광분해 실험

	4. 결과 및 고찰
	4.1 W/O 계에서 친수기(hydrophilic group)의 크기에 따른

 촉매 물성 및 광분해 활성
	4.2 R 비와 W0 비에 따른 촉매 물성 및 광분해 활성
	4.3 열처리 온도에 따른 영향

	5. 결론
	참고문헌

