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Titanium dioxide nanoparticles can be produced by
the controlled hvdrolysis of titanium tetraisopropoxide
in water in CO» (W/C) microemulsions stabilized with
the surfactants ammonium carboxvlate perfluoropoly -

ether (PFPE-NHs) and poly(dimethyl amino ethyl
methacrylate-block- 1H,1H,2H,2H-perfluoroocty meth-
acrylate) (PDMAEMA -b-PFOMA); the greater control
of hvdrolvsis and particle growth with
PDMAEMA-b-PFOMA is consistent with the
differences in the stabilities and interactions for these
WO microemu.lsions. e een ran ee ses ere e mre sy

Titania nanoparticles were prepared by controlled
hydrolysis of titanium tetraisopropoxide(TTIP) in
water-in—oil{W/0O}  microemulsions  stabilized with
different surfactants; AOT[(sodium bis(2-ethylhexyl)

sulfosuccinate)], Tween series (Tween 20, Tween 40,
Tween 60, Tween 85), Brij series(Brij 52, Brij 56, Brij
58, Brij 30, Brij 35). TiOp Si0O; particles were also
prepared from TTIP and tetraethyl orthosilicate( TEOS)
by W/O microemulsions using AQT. -o-ooerermmerreeee
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Synthesis of Nanosized TiOz Using the Microemulsion

Method and Their Photocatalytic Activity

Man Sig Lee

Department of Chemical Engineering, Graduate School

Pukyong National University

Abstract

Titania nanoparticles were prepared by controlled hydrolysis  of
{itanium tetraisopropoxide{ TTIP) in water- in—-oill{W/Q) and
water—in-carbon dioxide(W/C) microemulsions stabilized with different
surfactants; AOT((sodium  bis(2-ethylhexylsulfosuccinate)),  Tween
series[polvoxvethylene(20) sorbitan monolaurate, monopalmitate,
monostearate, and trioleate(Tween 20, 40, 60 and 85, respectively)], Brij
series[Brij 52(polyoxyethylene glycol hexadecyl ether polvoxyethylene 2
cetyl ether), Brnj d6(polyoxyethylene  glycol hexadecyl  ether
polyoxvethvlene 10 cetyl ether), Brij 53((polvoxyethylene  glycol
hexadecyl ether polyoxvethylene 20 cetvl ether), Bri) 30(polyoxyethvlene
glycol dodecyl ether polyoxyethvlene 4 lauryl ether) and Bnj
36(polyoxyethylene givcol dodecyl ether polyoxvethvlene 23 lauryl

ether)], PFPE-NHj(ammonium carboxylate perfluoropolyether)  and
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PDMAEMA (poly(2-(dimethylamino)ethyl methacrylate))-b-PFOMA(poly
(1H,1H,2H.2H perfluoroocthyl methacrylate)). TiO:-5i0: particles were
also prepared from TTIP and tetraethyl orthosilicate(TEOS) in the W/O
microemulsions using AQOT as a surfactant.

The nanosized particles prepared in W/O and W/C microemulsions
have been characterized by FT-IR, TEM, XRD, BET, UV-DRS, TGA
and DTA. In addition, the photocatalytic degradation of p-nitrophenol
has been studied by using batch reactor in the presence of UV light In
order to compare the photocatalytic activity of prepared nanosized

titania.

1. In the case of nanosized titania particles prepared from hydrolysis
of TTIP in the W/C microemulsions stabilized by PFPE-NH; and
PDMAEMA-b-PFOMA, the organic compound and the residual
hvdroxide group were removed by calcination at 250~450 T from
TG-DTA analysis and the amorphous phase transformed to anatase
structure above 450 T, though the particles dried at 105 T without
calcination were amorphous. The crystallite size could be controlled as a
function of the water-to-surfactant molar ratio, We In addition, the

photocatalytic activity decreased with increasing Wo.

2 In the case of nanosized titania particles prepared from hydrolysis

of TTIP in W/0O microemulsions stabilized by anionic surfactant AOT,

= Xxiii -



the anatase structure appeared in the calcination at 300~600 C and the
anatase phase transformed to rutile phase above 700 C. The crystallite
size increased with increasing K and Wy ratio but Wy ratio showed
stronger effect on the crystallite size compared to K ratio. In the
photocatalvtic degradation of p-nitrophenol, the photocatalytic activity
was mainly determined by the crystallinity of titania. In addition, the
titania calcined at 500 C showed the highest activity on the

photocatalvtic degradation of p-nitrophenol.

3 In the case of nanosized TiQ:~SiO- particles prepared by hydrolysis
of TTIP and TEQOS in the AQT reverse micelles, no significant rutile
phase was observed up to 800 C. The crystallite size decreased and
surface area monotonically increased with an increase of the silica
content. From FT-IR analysis, the band for Ti-O-S5Si vibration was
observed and the band intensity for $i-O-5i vibration increased with an
increase of the silica content. The micrographs of TEM showed that the
TiO»-Si0» nanoparticles had a spherical and a narrow size distribution.
In addition, TiO->-Si0z (90/10) particles showed the highest activity on

the photocatalytic degradation of p-nitrophenol.

4. In the case of nanosized titania particles prepared from hydrolysis

of TTIP in W/0O microemulsions stabilized by nonionic surfactant Tween

series, TiO: particles calcined at 500 T showed a stable anatase phase.
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Above 300 C, the product completely transformed into the anatase phase
and the rutile phase began to appear at 600 C. The crystallite size and
crvstallinity increased with an increase of calcination temperawure. The
particles were shown to have a spherical shape and have an uniform
size distribution. In addition, the size of particles increased with an
increase of Wy ratio and a decrease of hydrocarbon chain length. In the
photocatalvtic degradation of p-nitrophenol, the titania calcined at 500 T

showed the highest activity.

5. In the case of nanosized titania particles prepared from hydrolysis
of TTIP in W/O microemulsions stabilized by nonionic surfactant Brij
series, the particles were shown to have a spherical shape and have an
uniform size distribution but the shape became distorted with a decrease
of hvdrophilic group chain length according to rapid hydrolysié of water
and titanium alkoxide. In addition, the crystallite size and crystallinity
increased with a decrease of hydrophilic group chain length and an
increase of calcination temperature. In addition, the photocatalytic
activity increased with an increase of hydrophilic group length and the
titania caleined at 500 € showed the highest activity on the

photocatalyvtic degradation of p—nitrophenol.
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Table 1. Comparison of Photocatalysis with Thermal Catalysis

Thermal catalysis Photocatalysis
{(Metal or metal oxide) (Semiconductor)
[nput energy KT hy
Free energy ” |
AG<0 Even AG>0 is possible

change

Enhancement of reaction|Generation of electrons
. rate or change of reactionjand holes by excitation
Main factors ] . .
path through interaction|of photocatalyst and thewr

with catalyst surface electron transfer reaction




E= hu=*%"c =hcyv [J /photon]

where h = Planck constant (6.6256 x 10 *J-s /photon)
¢ = speed of light (29979 x 10° m/s)
A = wavelength of radiation (m)
v = frequency of radiation (s b

v = corresponding wavenumber (m b
sl 7 1 molo]l F48 A= olehsh 2ol viehdo),

he 10!

E= N, S = 1197 = S [ & /mole] or [ K] |einstein]

where N, = Avogadro’s number

theral sge] mE o WAl Table 2¢] YERISIGL dwiHom Pt
o] AbE-E= T = 200 nmell A 700 nmelil, ol Wi 600 kJ/mol
(or 140 kcal/mol) el A 170 kJ/mol (or 40 kcal/mol)®] AH&-# T}

ol@A EHm duAd oA LA7hu] (valance band)EFE A=W

(conduction band)2 =7} o7] At} o] A7|® M= = dAste sEnks

T

& waHse $23 UAE AAJ Hug Euwssd §RTiE
o) Fetel MeEe AN YA H3, 25k BAl] AATbwel A 2

§oATe MEES WAL F WA Brk 293 o] BS Axe olFe

o = A=pulFa & A electron band bending)e]l doluE FIHHES

(space charge region)o] 84 ¥ t}[26).
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Table 2. Energy of an Einstein of Photons vs. Wavelength

|
PR E
Domain A [s'] - nol
[nm] vlem ] (k]ma-11] [eV]
Y -rays 10 ° 3.0x10% | 10" 1.2x10° 1.3x10°
101 3.0x10™ | 10° 1.2x10° 1.3x1¢"
X-rays 16 . -
30 10 33,3333 3084.8 413
200 15x10% 50,000 597.7 6.2
v 250 1.2x10" | 40,000 478.2 5.0
i 300 10" 33,333 398.4 4.1
350 87x10" . 28571 3415 35
400 75x10" | 25,000 208.9 3.1
450 606x10" | 22,222 265.4 2.8
500 6.0x10™ | 20,000 239.1 25
Visble 550 54x104 | 18,182 2174 2.3
600 5.0x10" | 16,666 199.4 2.1
650 46x10% | 15,385 183.9 19
700 42x10" | 14.286 170.9 1.8 )
1000 | 3.0x10%" | 10,000 1195 1.2
IR 5000 | 6.0x10" | 2000 28.8 2.5x10 *
77777 100 | 30x107 | 1000 12.0 1.3x10 "
‘ 10’ 3.0x10" | 1 12x10¢ | 1.3x10°
Microwaves 9 “ 2 2 6
10 3.0x10 10° 1.2x10°% | 1.3x10
Radio waves 10" 3.0x10° l 107 1.2x10° 1.3x10 "
]

_11_
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Figure 2. Energy level diagram indicating energy positions
of the conduction and valence bands for various

semicondutors in aqueous solution at pH 0.
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Figure 3. Thermodynamic constrains for interfacial electron
transfer at illuminated semiconductor surface.
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H,0
™
E°[H/H | RuOs
1/2H, + OH
E°[O/H:0'11L 2H + 1/20;

Figure 4. Schematic representation of cyclic water cleavage in
colloidal TiQ: particles loaded with bifunctional redox

catalysis.
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Table 3. Standard Elecirode Potentials of Some Reaction

Involving Water and Its Fragment in Aqueous

Solutions
No Reaction (V) AGgs(keal/mole)
1 eq =€ 2.7 62
2 H = 1/2H: +e -2.251 51.9
3 H=H +e -2.106 48.61
4 0F =0 +e -1.8 42
5 H =H + 2 -1.125 51.93
6 HO: + 1/2H2 = HOe + e -1.0 23
7 20B + He = Z2H:0 + Ze -0.828 19.1
8 02 =0:+e¢e -0.32 7.4
9 HOy=0+H +*e -0.13 3.0
10 H: = 2H + 2e 0.000 0.0
11 O(g) + HO =02 + 2H + 2e 0.037 1.7
12 HO: =0+ H + Z2e 0.338 156
13 20H = HO + 1/202 + 2e 0.401 185
14 Ho0: = O + 2H + Ze 0.682 315
15 OH + H:0 = H0: + H + e 072 17
16 2H-O = O + 4H" + 4e 1.228 113.4
17 O: + 20H = 03 + H:O + Ze 1.24 57.2
18 H:0: = HO: +H +e 15 35
19 3H.0 = O3 + 6H + 6Ge 1511 209.3
OH- + H:0 = HO: + Z2H +
20 1.706 78.76
Ze
21 2HO = H:0: + 2H + 2e 1.776 81.72
22 OH =O0OH +e 2.02 46.6
93 (O + HO = Oy = 2H + Ze 2.076 95.20
24 H:=H +H +e 2.106 48.61
75 H.0 = Olg) + 2H + 2e 2.421 1117
% HO0=0H +H +e 2.8 69
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Figure 6. Schematic illustration of the principle of

photocatalysis.
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Figure 7. Structure of rutile(left) and anatase(right) TiO..
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Table 4. The Properties of Sol-Gel Method

Advantages

Disadvantages

Q]

. Better homogeneity.
. Better purity.

. Low temperature preparation:

Savings 1n energy.
Minimize evaporation losses.
Minimize air pollution.

No reaction with container.

Bypass phase separation.

. New non-crystalline solids.

. New crystalline phase from

new non-crystalline solids.

. Better glass products from the

special properties of gels.
Special products, e.g., films

and fibers.

. High cost of raw materials.

. Large shrinkage during

processing.

. Residual microporosity.

_ Residual hvdroxyl and organic

solutions.

. Health hazards of organic

solutions.

. Long processing time.

. Difficulty in producing large

amounts.
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Figure 8. Various types of aggregates obtained from

water/oil/surfactanl mixture.
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31 Aok 9@ AVEAEA ¥4

® AFgME T ¥ S dzle) EEEEE ltanum
tetraisopropoxide( TTIP, 97%, Aldrich Chem. Co. Inc. USA)9} tetraethyl
orthosilicate(TEQS, 98%, Aldrich Chem. Co. Inc. USA) A %5FE 71
s 1 AMLEIE 3, W/OACA &= AlekES cyclohexane(99.5%,
junsei Chem. Co., Ltd. Japam)&, W/CAlClA &vie oistd el CO:
2 afgz 247 AESE R, HrREEATSe a9 52 2 ol 2dd T
TE ARESHAT.

W/O dele wolmaedAL FAgsted Bag ol AVTEAS
=gl AzA b ge) AAEED A e AEE 2e w4
2= 4446(g/mol)e]  sodium bis(2-ethyvihexyl) sulfosuccinate(AQT, 99%,
Sigma, D-0885 lot 40K2617) A F5F S FYste] 70 T AT L2A 48
A7 Bol ARAA ALEstgth vlo]e AWBEAE frle] BFE L
A7) s WoEasgre]l zzb 1228 1284, 1312, 18399 Tween
20(polvoxvethylene(20) sorbitan monolaurate, Aldrich Chem. Co. Inc.
USA), Tween 40(polyoxyethylene(20) sorbitan monopalmitate, Aldrich
Chem. Co. Inc. USA), Tween 60(polyoxvethylene(20) sorbitan
monostearate, Aldrich Chem. Co. Inc. USA), Tween

85(polyoxvethvlene(20) sorbitan tricleate, Aldrich Chem. Co. Inc. USAE

ANgstdon HFEre] dFe nFsly] #sME 7] polyethylene
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glyveol hexadecyl ether® 7FA 2 % 527] polyoxyethylene Zt 2, 10, 20 mol
2 T4 Brij 52(Polvethvlene glycol hexadecyl ether polyoxyethylene 2
cetyl ether), Brij 56(Polvethylene glycol hexadecyl ether polyoxyethylene
10 cetv] ether), Brij 58(Polyethylene glvcol Thexadecyl ether
polvoxyethvlene 20 cetvl ether)® % -§7] polyethylene glvcol dodecyl
ether®} 25+ 7] polyoxvethylene 7 4, 23 mol¥ 7FA£  Brij
30(Polyethylene glvcol dodecyl ether polyvoxyethylene(4) lauryl ether),
Brij 35(Polyethylene glycol dodecyl ether polyoxyethylene(23) lauryl
cther)Z Z+z} Flsled 70 C AF QoA 4873F HEAIH ARES T
W/C  #Hegl rmlojmzdudde FHMsted Fadg ARSEA=
PFPE-NH:$t PDMAEMA-b-PFOMAE 7t7} #4ste]l 70 C A&22
A 48A I TE Bot AEAA ARE ST

PFPE- NH. A H A A 2 A2 perfluoropolvether  carboxylic
acid(PFPE-COOH, Ausimont, Italy)@ ammonium  hydroxide(A.C.5.
reagent grade, Aldrich)Z Tl Al&sslx, ¥4 $HL Ziekinsjus
[19]¢] A2 FudFen, Azd AWZHA EAZFE 587(g/mol)o)
At

PDMAEMA-b-PFOMA®2] 7]°]s Z3Hgroup transfer polymerization)<=
oz B$7) delA Tl HuiE 3 M FHEHAG
Tetrahvdrofuran(THF, J. T. Baker, USA) 20 ml¢} tetrabutylammonium
bibenzoate(TBABB) 10 mgs %% FAF vtE& ol géte] dhg7iol F43
ALt

THF & calcium hydride® ol £3l9q 12 ZF#3 W& benzophenone,

_36_



sodium< o] &3to} Ab&3t7] 2o HAstH i, TBABBE Dickerso] %
w3 wyoz FAske] Abgslgui44]. 58 HeF 2WrE $ Methyl
irimethylsilvl dimethylketene acetalMTSDA, 95%, Aldrich) 0.174 g&
A7)1E ol gEte  Fhedh oA 5% AL awkste AZsHAl A"
2-{dimethylamino) ethyl methacrylate(DMAEMA, 98%, Aldrich) 1.5 g5

Adel wgolel FUAIN D, 147 Bk ol2E RN BEA

N

o

o & AADY 1H1H2H.2H perfluoroocthvl methacrylate (FOMA) 5 g&
FAR71 2 ol&slel Tho]l ol 9l poly(2-{dimethylamino)  cthyl
methacrylate) (PDMAEMA ) & o] F 5o}

08 Eor mwd F pgEwstel THRFSE #HEes  AASH

DMAEMA %9 Fgale @ & F2aa

-

o)@7 #4¥ PDMAEMA b PFOMA:E 10° Torrol A 24417 ¥%

1

AzAA Agsigon ¥xEe 'H NMR 248 48 2K b-105K A
ox e

PFPE-NH:2} PDMAEMA-b-PFOMA AW EAdA e &4 +x+= Figure 9
o 77k vERi
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(I) O
THZ CH,
THz CH,
N(CH3)» (CF2)sCF3

PDMAEMA-b-PFOMA

Figure 9. Chemical structure of PFPE-NH, and
PDMAEMA-b-PFOMA.
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32 W/CAAA Yxa7] TiO: Ax

oo o)A ARE3 ule]laBBEAH Ale PFPE-NHy/CO/H:O A 2t
PDMAEMA-b - PFOMA/CO-/H-0 H = z}z} I ] s L
PFPE-NH/CO«/H-0 AT Johnston (17, 18]1# Kaler 1919 €7 E,

2

PDMAEMA-b-PFOMA/CO/H0 Al Desimone 59 478 Fast
oH20]. AE el dE FxE 2 FEEE Figure 10, Figure 110 ZH7}
LHER AT

Figure 10& W/C vlola 2o B AL ol gste] Y=a TiOE #AZ3H7

g3 gAwoln, we FAE oA WeYl, CO FEFA, AFLE £

7= WekEAe] 73 AH|ClHA FHez A A
9l7W e 5075 mm, Z°]¥= 179 mmelx, W F3s ok
A 0 17.25 mm, 2] @ 140 mm)eltt, 23 w27 o] A #E ¥ e

S =457 3 A¥Rel FA 13 mme Abstolo] kgt §l FEd

Figure 119 VEFgich WA whg 7ol Zhzhe] ZRyel sfshes ofel 7
HadAel 24 #@rie £ A5 COE FFY U Y FAE ol &35
g2 7)9] gtele] 2000 psi7t HEZ ) ol 2= 25 TE U437
gt on ol A 2 A8 08T AL wvE Foinlets F

) 2o i FEE TTIPS FYsta, vhg712 43 4,000 psidll A 3087
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ioLow termperature £ Magnetic 8ar
oHigh tressdre edquipment " Waley Bath
3. nlet Mo Stirer
A Pravsurne Jauage . Qutlet
b Hegetor 0 O -0Oft Valve

Figure 10. Schematic diagram of experimental apparatus.
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Surfactant in carbon dioxide

Addition of H 0

Mixing with stirrer for 30 mins at 2,000 psi

Addition of Dissolving Ti(i -OC,H,),

Mixing with stirrer for 30 mins at 4,000psi

Drying at 105 °C for 24hrs

Calcining at 500°C for 3hrs

Figure 11. Experimental procedure for the preparation of TiO:

nanoparticles by W/C microemulsion.
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3.3 W/OAANA Y=27] TiO=% TiO2-Si02 &4

2 dFgoa ApEE wlolagoHAde AOT/CHi/H:0 A,
Tween/ CGH12/ H;).O 75“ y BI‘IJ/ Cszly H;ZO 7<'ﬂ % 21L Z1L ”‘]‘ %— :6} %]\ ° ‘11 ,
AOT/CeHi/H:0 7= Gst oA, vhibAt 2 73 o] F4vtold E4
o tislME Moran 59 A7E Fuslm(45], zt Al g Az B

of 3 FAHAE 2 FAEE Figure 12¢ Figure 1301 247 veElh it
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5o 887 Aol HAH inletd Fd Fald o dAHF Hre
HES-7] o] §-7]8ulel cyclohexane 300ccE HE7Ier ¥ Zhzhe] AW A
0045 molg 7Fstel 30 Co dALZANA w¥EE 550 mpme® g2
A= siwkgich &8 £ 2o ot dHEete G FRTE FASAL
B 7y WO ulelazo2d E4FEE Al 3023 AL uig
tol] A sjdals 2o TiO: AF AR TTIPE AA38 FUu &
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Surfactants in cyclohexane

'

Addition of H,0

v

Mixing with stirrer for 30 mins

'

Addition of Dissolving Ti{OC ;H,),

v

Mixing with stirrer for 120 mins

v

Washing and Drying at 105 °C for 12hrs

|

Calcining at 200~800°C for 3hrs

Figure 12. Preparation schemes of TiO: nanoparticles by

microemulsion.
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: Particles

. Surfactant
In

~N "/ I

avbea
. ‘e,
4

Microemulsion containing particles

1. Stirrer 2. Condenser

3. Reactor 4. Heating Mantle

5. Thermocouple 6. Temp. controller

Figure 13. Schematic diagram of experimental apparatus.
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TiO,-Si0s F4< AOT/CHw/HO AolH €58 TiO: 48 523
W, ©x TTIPRAT 8hg &£X7h =& TEOSA g 7hEs w#es o |1
A7 A% WA =dstgth. TEOS7E B 7briald oo TTIPE A
A5 Eolsk T, 3A17F Eob A wutsle] Ti-0-Si B dFAol=E Al
z3gc, 2o AFEA TTIP/TEOSE 100, 98/2, 90710, 80/20, 70/30
o] = w|z zbzk @7bske] Ti0: 100%F TiO:-Si0: 98/2, 90/10, 80/20,

70/300.2 2tz grldgow, B d-re 4% 2102 Table 500l WEHIS

1 %

pus

W

Ao AzY AFEE B of ®3Eo v HVIES AW

AAE 124 AASH] Fdted AR 71(10000 RPM, 3¥)5 A&t o

o
o

zz XY T RPosgon, 238 Soxhelt FE7IE A

op
ol
-

"I:?]_
of oleres 2447 7]%zo] AAGG oA Axd PHBE A7

2

105 T, 12472 AEANZ g, 200~800 T F7L #ATICAM 3A T
Zob A7l F EAste] HuE Axssith

Boojo s SoleAHEdA AOTS ulo]&AA&dA Tween, Bry
Ne)=g zHzh Abgste] mpelARojB AP o g AxsRon, th=eiA A
2A Wy ¥, R B 2 glel&A Mg A {7 (hydrophobic group), 3
2= 7] (hydrophilic group)®l =7 Sl wel yxte] =7k ReF, AVIL A,
AR Sd nAE gakol| thE Lolpgm, T Az Y=379 4R

z}

of F BEUH B4 oty #& pUERSE) FPs &4

o
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Table 5. Composition of Microemulsion Systems Used for

Synthesis Reaction

TiOs-Si0: o . TTp TEOS - HO - gyppactany
WS R

ratio” Cglrgo}] (ggllor}] ng%l] [mol dm ]
100 1 2 0.1 - 0.2 0.2
98/2 1 0.098  0.002 0.2
90/10 1 0.090 0.01 0.2
5 0.04
10 0.02M
20 0.01M
80,20 1 0.080 0.02 0.2
70/30 1 0.070 0.03 0.2

¢ TTIP/TEOS ratio. © Wy ratio = [H2O/AOT molar ratiol.
° R ratio = [HQ/TTIP+TEQOS molar ratic].
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34 Y37 vl YdA EARA

105 CTollA 24417 A28 4xte %o W xte] A8, 243 ¢
Awsles B#EHEy] Y& Differential Thermal  Analyzer(DTA,
Perkin-Elmer, USA)¢H Thermal Gravimetric Analyzer(TGA,
Perkin-Elmer, USA)E 77} AL&sted £48tgonl DTAS TGAx d4&
2971 F& 25 10 C/min®l £%Z 50~900 T M98 =M
skt

|

22

al

m"i

Bz v ARAVE dopr7] §iste] X-H HWRAY

il

(XRD. D/MaXIIC, Rigaku Co)& AM&stdnh =g X-d 34 sz 4
St kel yol=¥E wiA AHAY] LE Scherrer A& AR&8ho] o}
g &} o] 8 uHA46].

__ K-
L= 8 - cos 6

o 7|4, L& AFYAY Avieln, K& 4(=089), 1+ X-49 =%
(CuK ¢=0.15406 nm), A& 2A w3 g+ Hza F49 3d Zt=Eo|th
agln B2Eds gy o e FASAeH, XRD FHule s1A 4
HEL A=t

Zulo] xH AN 7] T2 (pore volume)t EWH 37 A (Quntachrome,
Autosorb-1 Surface Analyzer)Z o] &3l ZAHslg o], 3 AR 200
TolA 147 B x| Az, BAYHE A58 5405 d75d 34
Az sted FAE Ao BdS WA FATe] WsE BETH 9@

kil

Aste &7]sh BHoRNE E
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Electron

Y

zuje] ZulATz g 9 =], BY ZAVEE 52
ot TheAer 2000 kVE AMESEE Transmission
Microscope(HR M, Jeol, JEM-2010)2 ApEshe] Haratoivh
Zuj7t gYozyE UoE duxe FREF ZH 3 dAAst Aee
AAFEE7 AAHE "WEESAEE 6l DRS(UV/VIS/NIR
Photospectrometer. Shimadzu Co)& F%%EE F%38HE Planck & °l&
o] WA ALtk
AzxE AAYAS] H&E@ e o Ex AY dEl= ARE KDBr
pelletf o2 33 AEL wEo FT-IR Spectrophotometer(Bruker
IFS-88, Germany)E AH&3te] 400~4000 cm ‘€] Fahel HejdA 2l
st o, Az AAE gLz (A7 Ft AHE F 100 TAM 12
A7y Eek APz dFstR s, Alget KBrel FAH= 10 2002
2 2R
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1. Moisture Trap
? 3 2. Metering Valve

. On-Off Vaive

3
4. Fhree way selection Valve
Vent

5. Svringe

n

6. Mercury lamp

~1

. Water Bath

8. Magnetic Stirrer
9. Bubble Flow Meter

Figure 14. Schematic diagram of reaction experimental

apparatus.
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Co,

A
ol
/=
<4 ATTIP

oA, . Surfactant
® :HoO
QO :Tio,

Abstract figure 1:

Titanium dioxide nanoparticles can be produced by the
controlled hydrolysis of titanium tetraisopropoxide in water In
CO; (W/C) microemulsions stabilized with the surfactants
ammonium carboxylate perfluoropolyether (PFPE-NH,) and
poly(dimethyl amino ethyl methacrylate-block-1H,1H,2H,2H-perfl-
uorooctyl methacrylate) (PDMAEMA-b—-PFOMA); the greater
control  of  hydrolysis and  particle  growth  with
PDMAEMA-b-PFOMA is consistent with the differences in the
stabilities and interactions for these two microemulsions.
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Figure 15. TGA-DTA curves of nanoparticles prepared by
different surfactants at Wy = 20, R = 2: a) TGA
and b) DTA.
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Figure 16. FT-IR spectra of nanoparticles prepared by
different surfactants at Wp = 20, R = 2:
a) PFPE-NH; and b) PDMAEMA-5-PFOMA.
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Table 6. Intensity and Crystallite Size of Nanosized TiOz Powders
by XRD and TEM Analysis

XRD TEM
Conditions” Intensity Crystallite  Crystallite size

size’ (nm) (nm)
PFPE-NH; Wo =05 134 12 12
We = 10 154 17 17

Wo = 20 191 18 19
PDMAEMA- Wo =5 ob 9 8
b-PFOMA W, = 10 106 16 12
Wo = 20 130 17 18

¢ prepared at calcination temperature 500 C and R ratio 2

" obtained by Scherrer equation
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Figure 17 XRD patterns of nanosized TiO: powders prepared

at various synthesis conditions: a) PFPE-NH4 and
b) PDMAEMA-5-PFOMA.
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Figure 18. TEM images of nanosized TiO: powders prepared
at different Wo ratio(R = 2) in PFPE-NH; stabilized
W/C microemulsion: a) Wy = 5, b) Wy = 10 and
c) Wy = 20.
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Figure 19. TEM images of nanoparticles prepared at different

Wy ratio(R=2) and heat-treatment in PDMAEMA -
b-PFOMA stabilized W/C microemulsion: a) Wy = 5,
b) Wo = 10, ¢) Wy = 20 and d) W, = 20(without heat

~{reatment).
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Table 7. Apparent First-Order Constant(k” ) of p-Nitrophenol at
Different Wy, Ratio: B = 2; Calcination Temp. = 500 T

Conditions K (X 10 *min ")

PFPE-NH, Wo =5 75
Wy = 10 6.0

We = 20 28

POMAEMA-6- Wo = 5 15.9

PFOMA

Wy = 10 12.5

Wo = 20 10.1
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Microemulsion containing
H,O by reverse miceiles

Cyclohexane !
. Microemulsion containing
®  H,0 Y H,0 + TTIP, TEOT
o~ : Surfactant
bt - TTIP, TEOS Formation of particie (1 st)
Q : TiO,, TIO,/SIO,
!

Aggregation of particle(2 nd)

Abstract figure 2:

Titania nanoparticles were prepared by controlled hydrolysis
of titanium tetraisopropoxide(TTIP) in water-in—oil(W/0)
microemulsions stabilized with different surfactants;
AOT/[(sodium bis(2-ethylhexyl)sulfosuccinate)], Tween series
(Tween 20, Tween 40, Tween 60, Tween 85), Brij series(DBrij
52, Brij 56, Brij 58, Brij 30, Brij 35). TiO:-Si0O: particles
were also prepared  from TTIP and tetraethyl
orthosilicate(TEOS) by W/0 microemulsions using AOT.
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Figure 20. TGA-DTA curves of nanosized TiOz(R = 2) powders;
(a) TGA and {(b) DTA.
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Figure 21. XRD patterns of nanosized TiO: powders prepared
at different calcination temperature: Wy = 10, B = 2.
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Table 8. Structure and Crystallite Size of Nanosized TiO: Powders
by XRD: Wy = 10; K = 2

Calcination XRD
Temperature( C) Structure CWSt?E;E; size”
200 Amorphous 5
300 Anatase 3
400 Anatase 3
500 Anatase 11
600 Anatase 14
700 Anatase/Rutile 25
800 Rutile/Anatase 47

? obtained by Scherrer equation
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Table 9. Crystallite Size of Nanosized TiO2 Powders by XRD:
Calcination Temp. = 500 T

XRD
Catalysts , Crystallite size”
Intensity

(nm)

Wo =5 R =29 7™ 10
R=5 41 9

R =10 52 10

" =20 51 11

R =2 Wo = 05 23 6
Wao =5 5 10

Weo = 10 39 11

Wo = 20 69 9

“ obtained by Scherrer equation
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Table 10. Physical Properties of Various Nanosized TiOz Catalysts:
Calcination Temp. = 500 T

Catalysts Surfa(fe area Bar;d gab

(n'/g) (eV)

Wo=5 R=2 756 31
R=5 782 31

R =10 81.1 31

R =20 96.2 11

R=-2 Wo=05 176.8 31
Wo =5 75.6 3.1

Wo = 10 69.2 11

Wo = 20 g7 11
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Figure 22. TEM images of nanosized TiO2 powders prepared
at different Wy ratio(R = 5) ; a) W, = 05, b) W, = 5,
c) W, =10 and d) W, = 20.
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REarr

Figure 23. TEM images of nanosized TiO; powders prepared
at different R-ratio(W, =5 ); a) R = 2,b) R = 5,
c) R = 10 and d) R = 20.
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Figure 24. Diffuse Reflectance Spectra of nanosized TiO:
powders calcined at 500 T.
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Table 11. Apparent First-Order Constant(k’” ) of p-Nitrophenol at
Different # Ratio, Wy Ratio and Calcination Temperature

Catalysts k' (x10 *min ")

— R=2 3.0
R =5 2.3

R =10 2.0

R =720 1.7

R =2 Wo = 05 2.1
Wo =5 3.0

Wo = 10 5.6

Wo = 20 2.8

Ws =10, R = 2 300 C 1.3
500 T 0.6

700 C 2.4
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Figure 25. DTA-TGA curves of nanoparticles prepared at different
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Figure 26. XRD patterns of nanoparticles prepared at different
TTIP/TEQOS ratio.
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Figure 27. XRD patterns of nanosized TiO:-SiO: (90/10) powders
prepared at different Wp ratio.
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Table 12. Crystallinity and Crystallite Size of Nanosized TiO2-S5Si02
Powders Prepared at Different TTIP/TEOS Ratio

Preparation condition® XRD . ' TEM |
(Ti0:-Si0: ratio) Intensity” Par%gf}lg]rswe Part[lgﬁ]swe
100 59 10 10
98/2 0o 8 8
90/10 54 7 7
80/20 52 6 6
70/30 25 4 4

“ Wy = 1; R = 2 calcination temperature = 500 C.
P anatase peak intensity at 26 = 25°

“ obtained by Scherrer equation.
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Table 13. Physical Properties of Nanosized TiO;-SiOz Powders
Prepared at Different W, Ratio

Preparation condition”~ XRI;BH, 1 SBE'T TEM
(Wy ratio) Intensity” sizlgf %e%ce Part[iig] size
[nm] Im~/g)
1 54 6 189 7
S 76 7 161 8
10 78 9 130 9
20 74 8 153 8

¢ T{0w-SiO» ratio = 90/10; B = 2; calcination temperature = 500 C.
b anatase peak intensity at 26 = 23"

[4

" obtained by Scherrer equation.
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Figure 28. XRD patterns of nanosized Ti0:-SiO: (90/10) powders
calcined at different temperature.
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Table 14. Physical Properties of Nanosized TiOz-510: Powders

Calcined at Various Temperature

Preparation condition” XRD BET
ot '8 b Particle size  Surface area
(calcination Temp.[T]) Intensity [nm]* [m”/g]
400 44 6 215
200 o4 7 189
600 58 3 136
700 61 10 o8
800 76 14 43

¢ Ti0s-SiOe ratio = 90/10; Wy = 11 & = 2.
" anatase peak intensity at 26 = 25°.

 obtained by Scherrer equation.
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Figure 29. FT-IR spectra of nanoparticles prepared at different
TTIP/TEQOS ratio.
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Figure 31. BET surface area and pore volume of nanoparticles
prepared at different TTIP/TEQS ratio.
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Figure 32. TEM images of nanoparticles prepared at different
TTIP/TEOS ratio: a) TiO: = 100, b) TiO2-Si0O; = 98/2,
¢) Ti02-Si02 = 90/10, d} TiOz-Si0: = 80/20 and e)
TiO2-Si0: = 70/30.
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Figure 33. TEM images of nanosized TiQ:-SiO: (90/10) powders
prepared at different Wy ratio: a) Wy = 1, b) Wo = 5,
c) Wy = 10 and d) Wy = 20.

- 111 -



W3l 2 Scherrer 2o 2]

b,

5]

W, 87} &7t

b A7) H sk

ol
B

o Hlol mE

< Zlel A
ol alujo] 4l o] ZFEEF ol

gL

2 ez a7 (water pool size)7} #

s

2o

=

)

A dolubd §F 27| zEel ojEigo] e

2 Algdd

- 112 -



WA deolM wkEdlel pHE NHOHS H:S0.E Abgste] 72 7

FEh abgtA 2 Hod dar FVE AREEE on, 200 co/ming £

Table 15% Wp vl 1, R 8] 28] 274 TiO-Si0, &AW gle] wa} A
29 YAE 500 TR 448t p UEZHEY O 284 88 =4
g Asboln], 747t &xgaz YEhrh R Aol Tio: x4l

100 %A 90/100.2 #Fodes FEd ¢35 T7hHRer, S0 &%

£

o) 10 % W 7bE $5a9ch 2en Sio: B3l 20 % oA e o

T A%E vEdislen, oA AEv o] TiO, #¥e F

=1
e g A"t Anderson =9 dol ejstd £-Awo=n Ti/S) HE
Gashel A 2F TiOWSiO: Evlel M rhodamine® 2 e 27

TiOx/Si0» ¥17F 30/702 = 2&3d Zvjavt o 3uf gl & d4&

Avk 7@ RE S0 Wohdel 10 %A Fbetth thAl FastE A%

- 113 -



Table 15. Apparent First-Order Constant (K’) of p-Nitrophenol
Photodegradation at Different TiO:-Si02 Ratio: Wy = 1;
R = 2; Calcination Temperature = 500 T

Ti02-Si0: ratio K x(10 *min ')
100 13
98/2 1.4
90/10 18
80/20 1.2
70/30 0.9

- 114 -



o 4 gon o ABNTRE pU=EzAEY BEH FHe Furt 7
wse Be 4RAe Atk A2 o & 9k Pak ¥9 @7

A1 e] %= trichloroethvlene TE3] F# L& SiO. o] F71EFE A

rl

o
¥
ol
2
H
~
ol
e
=
~J
)
N
S
o3l
iy
=3
©
ol
&
)
N
~
‘q
=
3%
)
e
2
N
)
o2
Ho
Ir

o mWH 3 FulEHe OH 1§ 37t

Figure 34 Wy H] 1, R H] 2, Ti0»-Si0: 24 ] 90/10& 7tAE Fvl&
500 TR AASte p-UERHA =9 Z7)gkd i Bd&A 5358 ved

don, v Ak mel Pol 3= p-HERHEY] T2 RUISHT v

order kinetics)g& w=2x &8 ¢ 4 Avh FEoie] 2§ bromatel52],
chiorophenolf69], nitrophenol[70] 5¢ & drSolM = 72 P dhi

LA o3 AAHE Aew nuHa Yk

- 115 -



mq

s oo o o o o o %ﬁ._uﬁ%_‘x
4, i ~
T -
- - _‘w“ﬁ—mﬁ b
3 ‘r—v——v—\_‘¥4
“‘\__'\T\
Y v v [ A
2
v\v“‘\\\
\v4 v Avs -
;| @ 100ppm \‘v\q7
< 50 ppm
v 20 ppm
0 v 10 ppm
0 20 40 60 80 100 120
Time(min.)
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Figure 36. XRD patterns of nanosized TiO: powders prepared
at different calcination temperature: Wy = 0.5,
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Table 16. Surface Area and Crystallite Size of Nanosized TiOz
Powders: Wy = 05, R = 2

. XRD BET
Calcination e St
Temperature( C) Structure Cgfsatalhte Hr a(ie ared
size"(nm) (m’/g)
105 Amorphous - 443
300 Anatase 4 225
400 Anatase s} 158
500 Anatase 10 73
600 Anatase/Rutile 25/ 42
700 Anatase/Rutile 35/43 -
300 Rutile 51 -

¢ obtained by Scherrer equation
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Table 17. Physical Properties of Nanosized TiO: Powders Pepared
by Various Conditions: Calcination Temp. = 500 T

BET XRD TEM
Conditions . :
Surface Crystallite Crystallite
‘ Sturcture . 4 .
area (m'/g) size” (nm) size (nm)
Wo =05 Tyeen 20 58 Anatase 12 14
R =2
Tween 40 6l Anatase 11 13
Tween 60 73 Anatase 10 12
Tween 85 96 Anatase 9 10
Tween 60, Wy = 0.25 38 Anatase 9 11
B=2  w,=05 73 Anatase 10 12
We =5 68 Anatase 11 13
o = 10 60 Anatase 13 13

? obtained by Scherrer equation
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Figure 37. FT-IR spectra of nanoparticles prepared at
different calcination temperature: Wy = 0.5,
R = 2.
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Figure 38. TEM images of nanosized Ti0O: powders prepared
by different surfactants at Wp = 0.5, R = 2 and
calcination temperature at 500 T: a) Tween 20,
b) Tween 40, ¢c) Tween 60, d) Tween 85.
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Figure 39. TEM images of nanosized TiO: powders prepared
by various Wy ratio at R = 2 and calcination

temperature at 500 T: a) Wy = 0.25, b) Wy = 0.5,
c) Wy = 5,d) Wy = 10.
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calcination temperature at 500 T.
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Table 18. Apparent First-Order Constant(k’ ) of p-Nitrophenol at
Different pH and Calcination Temperature: Wy = 0.5;

R =2
Conditions k' (x10min ")

Temperature (C) 300 10
400 14

500 1.9

600 0.51

700 0.31

800 0.29

pH 3 2.3
7 19

10 1.7
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Figure 41. TGA-DTA curves of nanosized TiO: powders.
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Figure 42. XRD patterns of nanosized TiO: powders prepared at
different calcination temperature; Wo = 2, B = 2 and

Brij b8.
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Figure 43. XRD patterns of nanosized TiO: powders prepared by
various surfactants at Wy = 2, B = 2 and calcined at
500 T.
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Table 19. Crystallinity and Crystallite Size of Nanosized TiO:
Powders by XRD Analysis

XRD
Calcination temp. C° Crystalline ' . Crystallite
phase Intensity size(nm)®
300 T Anatase 63 7
400 C Anatase 71 3
500 T Anatase 112 10
600 C Anatase/Rutile 173/13 21
700 C Rutile/Anatase 119/243 38/54
800 C Rutile 360 59

¢ W, ratio = 2 : R ratio = 2 ; used surfactant = Brij 58
? peak intensity at 26 =25 and 26 =27

 obtained by Scherrer equation
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Table 20. Crystallinity and Crystallite Size of Nanosized TiO:

Powders Prepared by Various Synthesis Conditions

XRD TEM
Crystallite Crystallite

Preparation condition” Crystalline

phase Intensity” size(nm)® ___size(nm)

We=2, R=2  DBrij 52 Anatase 148 17 16
By 56 Anatase 137 13 14

Brij 58 Anatase 112 10 10

Brij 30 Anatase 121 15 15

Brij 35  Anatase 114 9 9

Brij 58, Wp=2  R=H Anatase 71 8 7
R=10  Anatase 64 7 -

R=20 Anatase 63

-1
i

“ calcined at 500 C

b

anatase peak intensity at 268=25

c

obtained by Scherrer equation
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Figure 44. FT-IR spectra of nanoparticles prepared at different
calcination temperature; Wy = 2, R = 2 and Brij 58.
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Figure 45. TEM images of nanosized TiO: powders prepared by
various synthesis conditions at Wy = 2 ; a) R = 2 and
Brij 52, b) E = 2 and Brij 56, ¢} R = 2 and Brij 58, d)
R =2 and Brij 30, e) R = 2 and Brij 35, f) R = 5 and
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Table 21. Physical Properties and Photocatalytic Activity of
Nanosized TiO: Powders Prepared by Different

Surfactants
Preparation conditions® Activity [k'(x10 *min ")°]
Wo=2 R =2 By 52 1.4
Brj 56 1.7
Brij 58 2.1
Brij 30 1.6
Brij 35 2.0
W,=2, DBrij 58 R=5 1.3
R=10 1.2
R=20 1.1

¢ calcination temperature = 500 C.

b Apparent first-order constant(k”) of photocatalytic degradation of

p-nitrophenol.
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Table 22. Physical Properties and Photocatalytic Activity of
Nanosized TiO: Powders Calcined at Different

Temperature
Calcination temperature(T)* Activity [k"(x10 *min ")"]
300 05
400 1.4
500 21
600 20
700 08
300 04

“W, =2 R =2, Brij 58
* Apparent first-order constant(k’) of photocatalytic degradation of

p-nitrophenol.

- 157 -



R0

5t

ol
=

#4S deRAt oA ¥

—
[e}

B % T N ®
J@ e < o
S w B o
S —
Ot —.ﬁ ﬂ._u” OH ,Wr.._
= I T
B s Yo .
W SR~
s =N
T T T ~ e x
° T
Y CL T
o Moo N W
AMM m % ﬂT Klo To
© <F A W_L/l ...mﬁ
R g W o= s
~ & M = g
oM I
=== L -
S LANETRN
%o R
B¢ I ™3
. T 10
WoNr m R R ~
o o W om L F b
7o ™ T o i ol
g Mowmou T 5
= T o o TN W
= < o 2 g ® ™
JH ..%0 DT =} =
S = 2 T W
® "L OE W oA
T s = N _m o oy
O o 5E wfw. A %N
O L
F T ® ° ® ® ®

- 158 -

= ez vEhsteh



=
R

=

-

A

=27)9] TiO

L .
Ao

oot

Il

AXE WA57)e 2717} o

=

=

7]
AR #47) A7), R H(HO/TTIP moral ratio)ol ot

0‘:
=]
T

o}
g

il

Al
o 93 543 p-HERV S o

]

=

st ulolm o)A g

456 &

&
2.
&

i

FzZo)| M anatase

€

at

x

(o]
Col A anatase +3F7}

o A wlA
°F 600
= A9 rutile +F72%

—

A%
.

Fel 800 Cell A

[<]

Aoyt om 400 T
97 A%
Told C Hel

T, 350 T FelA 2

o},

o

500 T

Ao A=
& 2rodlME AATE =5A FUoh

ok

-

FEE dehgen,

®
_EH

T
W

k!

NEE

[o]
-

9]

=

v

s
A

B o

=

7

)

[m)
W

E
=

i,

=2

=

7~16 nm ZAA7

ok

o}
- 159 -

HA &A= o

gto] mrolame B el ol AlzdE TiO: 4o

G

2.

[s

Ab
Foll A R(H-Q/TTIP molar ratio) ¥ 7}

7
LA

=

/\g‘

el &
FAaE AT



Tz ARG Al @

- 160 -



Asd 2 &

obsl AW AE AL L3 W/O(water-in—oil)%} W/C(water—in-

i

carbondioxide) vlela B AN e 2 =279 Ti0:9F TiO»/Si0: YAE
zatgon, o W wgFZ A R FHA e &g - 3gd B4
p-UEZHA S g B8 S48 A7 2y gH 2L Z2EE €%

23

1. CO-0l &3] #o] 943 PFPE-NH, PDMAEMA-b-PFOMA A ¥

a4 oz A}

op

o] W/C mlelazd @ Ad o8 Y= 2719 TiOE
Azt A 48 degdaAEs AT 250~450 T HedA F7]
223 520 By, 450 T ol4oiA B]ZA oM anatase T
z2 A Aol Hylth W/C ulo]AZo B Ao AzE v=dAte 444
T AR E W, 87 E4EEE FUks . B p-UERHEe] TR
surgel A wkgAd e AHArle] kg ¥eker PDMAEMA-b6-PFOMA

2 st AAMLx 500 C, Wo 8l 5. R ¥ 29 zAENA Alx" FH

2 SoleABEAAA AQT (sodium bis(2-ethylhexyl) sulfosuccinate)=

2%

rir

rlo

Apgetel Az TIOE A&sie 4, A28 dxdx

ki

700

3

% O300-600 CY WolA gnatase TE27F BAHEAOH, AFE

ol A anatase “TZolA rutile FERE HolH7l A #EAEHE dAAZTIE W

- 161 -



3, SoleAWBEA AOTE AH&dtel AzE TiO-SIO; H=gates <
Aol £E 105 C, 300 TolA ¥2BT2E shon, £4&= 800 T

AT rutile Aolglol anatase TEE FA5dTh 2892 Ti0:-Si0: Aol A

Si0r ZRE BRYA Qg ARAVIE W, HI7F B

.
w
®
sl

-

P
2
o] Z7g42 Fastges, 24A7E 4 nmollA 10 nme] BHAE A

O, ERAE S0, gl FHESE FARGOL A FHIE S0, T

o] 10 % 748 W 7 & Aoz et =Y p-HEZFHEC o

BB TiO S0 240 907109 Huh7h A% 543G

4, A{7)e) =77 & nol2ARE A Tweens At§ste] Az=d
TiO: Y=g e 280 € F2olAd 3F8 AdgAdAd FAarstEe] 2t
dojyFon 390 C FiellA vlARA
ANEE S 450 T B2 A anatase TEZ @38 A Hol7t dofud. &

% AR4 % 24A7E F

_,d
gg
o
oid
oft
o
L
I
=
32
L

AEE 700 TolA anatase 737t rutile 722 HFE7] AlFHste] 300 T
A= AL rutile TERE FEHAT. Hvjel FWHL R A7 S

= W, 7 AR5 E Fvbste A8E GEURLE, W2

—_

AL iy 31

o

- 162 -



et R w7

4

SeEpugich W

e

e
p—

nmel A 10 nm=zE Zrob A

L P e

00 T2 A24% TiO: &

o

B,

ot

&

T

g 7w 7

anatase 13

ki3

e
.

=

A

2

o A H

5

400 C A

2 Fzo| A anatase TERE AAFIE A FECH

J

B

M

#stof

600 Coll A anatase TZ7F rutile TE2 W3 FH7| A

ok
=1

AHEE

A 2 8 o)

T
LI

i

Zz=n
-

A¢ rutile +2E AEFHAGY. Ax=

T
1o

800 T el A

16 nmoll Al 9 nmz ZAFH A

ol

F))

0

X

- 163 -



o

r t

= I
1 F

C. Survanyana and F. H. Froes, “The Structure and Mechenical
Properties of Metallic Nanocrystal”, Metall. Trans., 23A, 1071(1992).

A. P. Alivisatos, "Semiconductor Nanocrystal”’, MRS Bull., Aug.,
23(1995).

W.-L Chang, S.-W. Kang and K.-R. Lee, "Formation of TiO(OH):
Ultrafine Particles by Reverse Micelle”, J. Korean Ceram. Soc., 35,
594 (1998).

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),

C. Beck, W. Hartl and R. Hempelmann, "Size-Controlled Synthesis
of Nanocrystalline BaTiOs; by a Sol-gel Type Hydrolysis in

Microemulsion-Provided Nanoreactions”, J Mater. FRes, 13,
3174(1998).

H. Herrig and R. Hempelmann, "A Colloidal Approach to

Nanometre-sized Mixed Oxide Ceramic Powders”, Mater. Lelters,

27, 287(1996).

S. Ogawa, K. Hu, F. -R. F. and A. ]J. Band, “Photoelectrochemistry
of Films of Quantum Size Lead Sulfide Particles Incorporated in
Self-Assembled Monolavers on Gold”, J. Phys. Chem. B, 101,
5707(1997).

T. Torimoto, T. Sakata, H. Mori and H. Yoneyama, “Effect of
Surface Charge of 4-Aminothiophenol-Modified PbS Microcrystal
Photocatalysts on Photoinduced Charge Transfer 7, J. Phys. Chem.,
98, 3036(1994).

- 164 -



9.

10.

11.

13.

14.

16.

F. J. Arriagada and K. Osseo-Asare, “Synthesis of Nanosize Silica
in Aerosol OT Reverse Microemulsions”, J. Colloids Interface Sci.,
170, 8(1995).

M. Yasushige, O. Yasuhiro and T. Yuki, “Titanium Dioxide
Nanoparticles Produced in Water-in-oil Emulsion”, J. Nanoparticle
Res., 3, 219(2001).

X. Fu and S. Quubuddin, “ Synthesis of titania—coated silica
nanoparticles using a nonionic water-in-oil microemulsion”, Colfoids
surf., 179, 63(2001).

J. D. Holmes. P. A. Bhargava, B. A. Korgel and K. P. Johnston,
“Synthesis of Cadmium Sulfide Q Particles in Water-in-CO:
Microemulsions”, Langmuir, 15, 6613(1999).

R. L. Smith Jr., T. Yamaguchi, T. Sato, H. Suzuki and K. Arai,
“Volumetric behavior of ethyl acetate, ethyl octanoate, ethyl laurate,
ethy] linoleate, and fish oil ethyl esters in the presence of
supercritical CO2”, J. Supercritical Fluids, 13, 29(1998)

E. J. Beckman, T. A. Hoefling and R. M. Enick, “ Microemulsions
in near—critical and supercritical carbon dioxide”, J. Phys. Chem.,
95, 7127(1991).

K. Harrison, J]. Goveas, K. P. Johnson, and E. A. O'Rear.

“Water-in—Carbon Dioxide Microemulsions with a
Fluorocarbon-Hydrocarbon Hybrid Surfactant”, Langmuir, 10,
3336(1994).

J. Eastoe, D. C. Steytler, Z. Bavazit, 5. Martel and R. K. Heenan,
“Droplet Structure in a Water-in-CO: Microemulsion”, Langmuir,
12, 1423(1996).

K. P. Johnston, K. L. Harrison, M. J. Clarke, S. M. Howdle, M. P.

- 165 -



18.

19.

23.

Heitz, F. V. Brightt C. Carlier, and T. W. Randolph.,
“Water—in-carbon dioxide microemulsions: An environment for
hvdrophiles including proteins. ”, Science, 271, 624(1996).

K. P. Johnston, K. L. Harrison and 1l C. Sanchez, “Effect of
Surfactants on the Interfacial Tension beTween Supercritical
Carbon Dioxide and Polyethylene Glvcol”, Langmuir, 12, 2637(1996).

R. G. Ziekinsju, S. R. Kline, E. W. Kaler and N. Rosov., "A
Small-Angle Neutron Scattering Study of Water in Carbon Dioxide
Microemulsions”, Langmuir, 13, 3934(1997).

J. M. Desimone, D. Londono, J. R. Combes, J. McClain, T. J.
Romack, D. A. Canelas, D. E. Bevys, G. d. Wignall and E. T.
Samulski, J. Am. Chem. Soc. 118, 971(1996).

L. Palmisano, V. Augugliaro, M. Schiavello and A. Sclafani,
"Influence of Acid-base Properties on Photocatalvtic and
Photochemical processes”, J. Mol Catal.,56, 284(1989).

. D. F. Ollis, E. Pelizzetti and E. Serpone, "Destruction of Water

Contaminates”, Environ. Sci. Technol., 25(9), 1523(1991).

Fujishima and A. Honda, “Highly efficient quantum conversion at
chlorophyll ¢ —lecithin mixed monolayer coated electrodes”, K.
Nature, 37, 238(1972).

S, N. Frank and A. J. Bard, “Heierogeneous Photocatalysic
Oxidation of Cvanide and Sulfite in  Aqueous Solutions at
Semiconductor Powders” J. Phvs. Chem., 81, 1484(1977).

J. K. Burdett, T. Hughbands and J. M. Gordon, “Interstial
hydrogen in the early-transition-metal halides”, J. Am. Chem. Soc.,

109, 3639(1987).
G. A. somarjal, “Chemistry in Two Dimension Surfacd”, pd5l1,

Cormnell University Press, 1981,

- 166 -



Q]
=1

M. A. Fox and M. T. Dulay. “Heterogeneous Photocatalysis”,
Chem. Rev., 93, 341(1993).

98 . Bahnemamm et al., “Mechanistic Studies of Water Detoxification

in Iluminated TiO- Suspensions”, solar Energy Mat., 24, 564(1991).

29 E. C. Akubuiro and X. E. Verykins, “Effects of altervalent cation
doping on electrical conductivity of platinized titania”, /. Catal., 113,
106(1988).

30. E. Borgarello et al., “Dynamics of Light-Induced water cleavage in
colloidal svstems”, J. Chem. Soc., 104, 2996(1932).

31. M. Gratzel, "Energy Resouces through Photochemistry and
Catalvsis” pl25, Acadermc press, 1983.

32. A, ], Nozik, “Photocurrent spectroscopy of lattice matchhed
superlattice electrodes in photoelectrochemical cells”, Appl. Phys.
Lett., 30, 567(1977).

23 S. T. Martin, H. Herman and M. R. Hoffmann, “Time-resolved
microwave conductivity. Part 2. - Quantum-sized TiO: and the
effect of adsorbates and light intensity on charge-carrier
dvnamics”, J. Chem. Soc., Faraday Trans, 90, 3323(1994).

34. E. Borgarello, R. Terzian and N. serpone, “Photocatalyzed
Transformation of Cyanide to Thiocvanate by Rhodium-Loaded
Cadmium Sulfide in Alkaline Aqueous Sulfide Media”, Inorg
Chem., 25, 2135(1986).

35. E. Borgarello, R. Terzian and N. serpone, “Photo-oxidation of
Organic Material in Adqueous Titanium Dioxide Dispersion”, Inorg.
Chem., 25, 2135(1980).

36. J. Peral and X. Domenech, “Photosensitized CN-oxidation over
TiO»", J. Photochem. Photobio., 53, 93(1990).

- 167 -



37

39.

40.

41.

45.

B. R. Weinberger, R. B. Garber, “Titanium dioxide photocatalysts

produced by reactive magnetron sputtering”, Appl Phys. Lett.,
66(18). 2400(1995).

. Augustvnski, “The role of the surface intermediates in the

photoelectrochemical behaviour of anatase and rutile TiOo", J
Electrochem. Acta., 38, 43(1993).

G. E. Poirier, B. K. Hance and J. M. White, “Scanning Tunneling
Microscopic and Auger Electron Spectroscopic Characterization of a
Model Catalvst: Rhodium on TiO«(001)", J. Phys. Chem., 97,
5965(1993).

J. K. Burdett, “Aspects of Metal-Metal Bonding In
Earlv-Transition-Metal Dioxides”, Inorg. Chem., 24, 2244(1985).

A, Fahmi, C. Minot, B. Silvi and M. Causa, “Theoretical analvsis
of the structure of titanium dioxide crvstals”, Phys. Rev. B, 47,
11717(1993).

. Amy L. Linsehigler, Guangquan Lu and John T., “Photocatalysis on

TiO» Surfaces-Principles, Mechanisms, and Selected Results”,
Chem. Rev. 95, 735(1995).

. B. E. Yoldas, “Photoluminescence in chemically polymerized SiO,

and AlO3-Si0, systems”, J. Mater. Sci., 10, 1856(1975).

1. B. Dicker, G. M. Cohen, W. B. Farnhan, W. R. Hertler, E. D.

Laganis and D. Y. Sogah, “Oxvanions catalyze group-transfer
polymerization to give living polvmers”, Macromolecules, 23,
4034(1990),

P. D. Moran, J. R. Bartlett, G. A. Bowmaker, J. L. Woolfrey and R.
P. Coonev, "Formation of TiO: Sols, Gel and Nanopowders from
Hyvdrolvsis of Ti(O'Pr)s in AOT Reverse Micelles”, 1. Sol-Gel Sci.
Technol. 15, 251(1999).

- 168 -



46

47.

48.

49.

B. D. Cullitvy, “Elements of X-Rav Diffraction.” Adison-Wesley,
Reading, MA(1978).

K. M. Reddy, C, V, G. Reddy and S. V. Manorama, "Preparation,
Characlerization, and Spectral Studies on Nanocrystalline Anatase
TiOY", J. Solid State Chem.. 158, 180(2001).

T. Hirai, H Sato and 1. Komasawa, "Mechanism of formation of
fitanium dioxide ultrafine particles in reverse micelles by hydrolysis
of titanium tetrabutoxide”, Ind Eng. Chem Hes. 32, 3014(1993).

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

K. Wolf. A. Yazdani and P. Yates, "Chlorinated Sclvents @ Will
The Alternatives be Safer?”. J. Air Waste Manage. Assoc.. 41,
1055(1991).

C. S. Turchi and D. F. Ollits, ” Photocatalytic Degradation of
Organic  Water  Contaminants : Mechanisms  Involving
Hydroxylradical Attack”, J. Catal, 122, 178(1990).

. S. S. Hong, M. S. Lee, ]J. H. Kim, B. H. Ahn, K. T. Lim and G. D.

Lee. "Photocatalytic Decomposition of Bromate over Titanium
Dioxides Prepared Using Sol-Gel Method” J. Ind. Eng Chem., 8,
150(2002).

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).

54. B. Ohtani, Y. Ogawa and S. Nishimoto, “Photocatalytic Activity of

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

- 169 -



20

5.

. J. Sabate, et al., "Comparision of TiO: Powder Suspension and
TiO: Ceramic Membranes Supported on Glass as Photocatalytic
Systems in Reduction of Chromium(VI}’, J Molecular Catalysis,
71, 57(1992).

A. Larbot, J. A. Alary, ]. P. Fabre, C. Guizard and L. Cor,
Microporous Lavers from Sol-Gel Techniques”, Better Ceramics
Through Chemistry I, 659(1986).

M. Primet, P. Pichat and M. V. Mathieu, "Infrared Study of the
Surface Titanium Dioxide-hvdroxy! Group”. J. Phvs. Chem., 75,
1221(1971).

58. E. Borgarello, ]J. Kiwi, E. Pelizzetti, M. Visca and M. Gratzel,

60.

61.

62.

63.

"Sustained Water Cleavage by Visible Light”, /. Am. Chem. Soc.,
103, 6342(1981).

A. Sclafani, L. Palmisanc and E. Davi, "Photocatalytic Degradation
of Phenol by TiO: Agueous Dispersion : Rutile and Anatase
Activity”, New J. Chem., 14, 265(1990).

K.-M. Schindler and M. Kunst, "Charge-Carrier Dynamics in TiO:
Powders”, J. Phys. Chem., 94, 8222(1990).

J. M. herrmann, C. Guillard. and P. pichat, "Heterogeneous
Photocatalysis © An Emerging Technology for Water Treatment.”
Catal. Todayv, 17, 7(1993).

R. N. Viswanath and S. Ramasamy. "Study of TiO: nanocrystallites
in Ti0:-S10- composites”, Colloids and Surfaces A, 133, 49(1998).

K. T. Lim, H. S. Hwang, M. S. Lee, G. D. Lee, S-S5 Hong and K.
P. Johonston, "Formation of TiO: Nanoparticles in Water-in-CO:

Microemulsions”, Chem. Comm., 14, 1528(2002).

- 170 -



64.

66.

68.

69.

70.

72.

73.

E. ] Kim and S-H, Hahn. "Microstuctural changes of
microemulsion-mediated TiO: particles during calcination”, Mater.
letters, 49, 244(2001).

5. Y. Tanaka and M. Suganuma, "Effects of Heat Treatment on

Photocatalvtic Property of Sol-Gel Derived Polyerystalline TiO2", J.
Sol-Gel Sci. & Tech 22, 83(2001).

T. Lopez. R. Gomez, E. Sanchez, F. Tzompantzi and L. Vera,
"Photocatalytic Activity in the 2,4-Dinitroaniline Decomposition
Over TiO-» Sol-Gel Derived Catalysts”, J. Sol-Gel Sci. Technol 22.
99(2001).

. K. Y. Jung and S. B. Park., "Enhanced photoactivity of

silica—embedded titania particles prepared by sol-gel process for the
decomposition of trichloroethvlene”, Appl Catal. B, 25, 249(2000).

C. Anderson and A. J. Bard, "Improved Photocatalvtic Activity and
Characterization of Mixed TiQ»/SiO» and TiO/AlO3; Materials”, J.
Phys. Chem. B, 101, 2611(1997).

J. C. D Olivera, G. Al-Sayyed and p. Pichat, "Photodegradation of
9- and 3-Chlorophenol in TiO-. Ageous Suspensions, Environ. Sci.
Technol., 24, 990(1990).

V. Augugliaro, L. Palmisano, M. Schavello and A. Sclafani,
"Photocatalytic Degradation of Nitrophenols in Ageous Titanium
Dioxides Dispersion, Appl. Catal., 69, 323(1991).

P. N. K. Kumar, Ph. D. Thesis, University of Twente, 7500 AE
Enschede, The Netherlands(1993).

7. C. Wang. J. F. Chen and X. F. Hu, “Preparation of
nanocrystalline  TiO: powders at near room temperature from
peroxo-polytitanic acid gel”, Mater. Letters, 43, 87(2000).

- 171 -



74. M. Anpo, T. Shima, S. Komada and T. Kubokawa, "Photocatalytic
Hydrogenation of CHsCCH with H:O on Small-Particle TiO:", .
Phvs. Cherm., 91, 4305(1987).

- 172 -



AFHYE %2

[ A st A (SCI, SCIE)]

1.

L2

Kwon Taek Lim, Ha Soo Hwang, Man Sig Lee, Gun Dae lLee,

Seong-Sco Hong and Keith P. Johonston, "Formation of TiO:
Nanoparticles in Water-in-CQO: Microemulsions”, Chem. Comm., 14,
(2002), plo28~1529.

Seong-Soo Hong, Man Sig Lee, Gun-Dae Lee, Kwon-Taek Lim

and Bae-Jin Ha,  "Svnthesis of Titanium Dioxides iIn
Water-in-Carbon Dioxide Reverse Microemulsion and Their
Photocatalvtic Activity”., Mater. letters. 57, (2003), p2975-2979.

Seong-Soo Hong, Man_Sig Lee, Jun-Ho Kim, Byung-Hvun Ahn,
Kwon Taek Lim and Gun-Dae Lee, "Photocatalytic Decomposition
of Bromate over Titanium Dioxides Prepared Using Sol-Gel
Method”, J. Ind Eng. Chem., 8, No2,2002), pl150-155.

Gwang-Ho Lee, Man Sig Lee, Gun-Dae Lee, Young-Ho Kim and
Seong-Soo Hong, “Catalytic Combustion of Benzene over Copper
Oxide Supported on TiO: Prepared by Sol-Gel Method”, J. Ind
Eng. Chem., 8 Nob, (2002), pb72-577.

Man Sig Lee, Gun-Dae Lee, Seong Soo Park and Seong-S5Soo
Hong, "Svnthesis of TiO: Nanoparticles in Reverse Microemulsion
and Their Photocatalyvtic Activitv”, J. Ind. Eng. Chem., 9, Nol,

(2003), p&A-05.

Seong-Soo Hong, Man Sig Lee, Ha Soo Hwang, Kwon-Taek Lim

and Gun-Dae Lee, "Preparation of titanium dioxides in the W/C
microemulsions and their photocatalytic activity”, Sol FEnerg. Mat.
Sol. C, 2003/6/accepted for publication.

- 173 -



=]

10.

Man Sig Lee, Gun-Dae Lee and Seong-Soo Hong,
"PHOTOCATALYTIC DECOMPOSITION OF p-NITROPHENOL
OVER TITANIUM DIOXIDE PREPARED BY REVERSE
MICROEMULSION METHOD USING NONIONIC SURFACTANTS
WITH DIFFERENT HYDROPHILIC GROUP”, React. Kinet. Catal.
Lett., 2003/6/accepted for pubilication.

Man Sig Lee, Gun-Dae Lee and Seong-Soo Hong, "Synthesis of
Titanium Dioxides Prepared bv Reverse Microemulsion Method
Using Nonionic Surfactants with Different Hyvdrophilic Group and
Their Photocatalytic Activity”, J. Ind. Eng. Chem.. 9, No4, (2003), p

?2-72. 2003/5/accepted for publication.

Man Sig Lee, Gun-Dae lLee and Seong-Soo Hong, “FPhotocatalytic
decomposition of p-nitrophenol over nanosized Ti02/Si0- particles
prepared using the microemulsion method”, J. Ind Eng. Chem.. 9,
Nob, (2003). p ?-7. 2003/6/accepted for publication.

Seong-Soo Hong, Man Sig Lee and Gun-Dae Lee,“Synthesis of
nanosized Ti0O»/Si0; particles in  the microemulsion and their
photocatalvtic activity on the decomposition of p-—nitrophenol”,

Catalysis Today, 2003/6/accepted for publication.

- 174 -



[wdsteA]

1

o

ol

=~

oty o, %ﬁ‘c}%ﬂ, JEY, T4, “rhelAReE
wazlel oldgE g o pyERAZFE HF
Korean Ind. Chem., 13, No3, (2002), p 21

ojukal o], F4 4, “Water—in-Carbon Dioxide njo] 2 2ol H H o
A 7)ol olatstElE A 9 p-yERA=S] FEefel Sh
o " HWAHAK KONGHAK, 40, No4, (2002), pd415-421.

g4, oA olad, 4, E-AYen AxF TiO-Si0: S

ol A HEe FES w7, ) of the Environmental Sciences. 11,

No6. (2002), pb97-603.

olwbA, E44 A Bl WUS, “gviol A o8 ez
olstglElEle] Az ¢ =ERWE FEH 527, L o the

Environmental Sciences, 11, No9. (2002), p987-992.

F, 7 7R R NS

%
<
F8r3 %), 35, Nob, (2002),

olgal AEH, o%E, WFE, ol F4
sjet el o] A &bl BY AT, FHEH

p279-283.
wrel e Aodol o) “Ti0, U YA+ AlFE R BIooE FHEE
of T AT, HAgHgE=Ey, A257, (2002), pl47-133.

Yoon-Yul Park, Yung-Eon Cheong and Man Sig Lee, "Effect of
hvdrophobic group on synthesis of nanosized TiO:» using reverse
microemulsion method and Their Photocatalytic Activity”, H4H% 2
o gl=32 ) A267, (2003), pldl-128.

ot ojdl, A4, "W/O mhejRRo@AA ojF wzvie
TIOYSiO: &4els E/ARSEdAe] 2 (W, 9% 2 71 &4
22909 o), HWAHAK KONGHAK, 41, Nod, (2003), p?-?.
2003/4/accepted for publication.

- 175 -



[ A 8=t 3]

Lo

G

Man Sig Lee. Jun-Ho Kim, Gun-Daec Lee and Seong-Soo Hong,
"PHOTOCATALYTIC DEGRADATION OF BROMATE OVER
TITANIUM DIOXIDES PREPARED BY SOL-GEL METHOD"
Proceedings of the 2001 International Symposiurn on Aduvanced
Engineering, October 24-25, 2001, Busan, Koreg, pld3~150.

Man_ Sig_Lee, Gun-Dae Lee, Cha Soo Suh and Seong-Soo Hong,
"A PHOTOCATALYTIC DECOMPOSITION OF 4-NITROPHENOL
OVER NANOSIZED TITANIUM DIOXIDE PREPARED BY
MICROEMULSION", Proceedings of 2002 Taiwan/Korea’ Japan
Chemical Engineering Conference, October 30-November 1, 2002,
Taipei, Taiwan, plbZ.

Man Sig Lee, Seong-Soo Hong and Gun-Dae Lee, "SYNTHESIS
OF TiO NANOPARTICLES IN WATER-IN-OIL
MICROEMULSIONS” Proceedings of 2002 International Symposium
on Functional Materials, November 8, 2002, Busan, Korea, p39—~42.
Seong-Soo Hong, Man_Sig Lee, Gun-Dae Lee, Kwon Taek Lim,
"SYMTHESIS OF TITANIUM DIOXIDES IN
WATER-IN-CARBON DIOXIDE MICROEMULSION AND
PHOTOCATALYTIC ACTIVITY FOR THE DECOMPOSITION OF
p-NITROPHENOL”  Proceedings of BIT-PKNU  JOI NT
CONFERENCE ON ADVANCED ENGINEERING, BEIJING,
CHINA, MARCH 2003, pl62-169.

Seong-Soo Hong, Man Sig Lee. Gun-Dae Lee, "Synthesis of
nanosized TiOx/Si0s particles in the microemulsion method and
their photocatalytic activity on the decomposition of p-nitrophenol”
THE Oth KOREA-JAPAN SYMPOSIUM ON CATALYSIS,
Pohang. KOREA, May 14-17, 2003, pl49-150{Book of extended

abstracts)

- 176 -



[Z 3= 3] ]

uf o]

=
=

Ho

ol

o FEa W

S

3l

T~

)

pl8s.

™0
oH

o

Ti0:-5i02

%, (2000), pl9l.

. (20003, p60~61.

fell X HERZHE

=
=
=

A4, "TiO:
7l WORKSHOP,

ol

=3
=5

30

(2000), plob.

C A2, AlE, (2000,

o
i

P61 ~64.

ol o

=
=3

A zE TiO2-510:2

=

s

70

1
s

Hao
——

Titanium

1

ol T u,

3]

&Oﬁ
=)
53
Ho

)

co
T
3

o

HEzHz2 3

'+

o)%

silicalite( TS-1)°l

.
<

o

£

—

e
o

jui
N

o]

Ho

o

e

ol
T3y
A

- 177 -



10.

1L

13.

14.

16.

17.

Jon R

12!
TIO: Hegd Az D el #R A7, #IFTABE 27
=25, (2001), p2lo.
o Bz, oA, olBrl, TAF, “E-ABLE AT TiOol BAA
upric Oxide Zejel A Wl A% we” FFFAsTeA FA4
T x5, (2001), p2lo.

Ry
i

Man Sig Lee, Gwang-Ho Lee, Kwon-Taek Lim, Gun-Dae Lee and
Seong-Soo Hong "Photocatalytic Degradation of p~Nitrophenol over
TiQ» Nanoparticles in a Water-in-Carbon Dioxide Microemulsion”,
gy dslsrs A EAA =S EE, (2002), ps3.

ojutd ol wB o), TS, ‘vlelmZelFHN T
TiO» Y& A Zo| A hydrophobic groupel A3 Bl A 9
g FmErdaes A EAATEEES, (2002), p240.

Gwang-Ho Lee, Sung-Woo Moon, Man Sig Lee, Gun-Dae Lee
and Seong-Soo Hong, "Catalyticcombustion of BTX Compounds
over CuO supported on TiO: Prepared by Sol-Gel methoed”, =3

fserE A EAUTEERE, (2002), p2dL.

Man Sig Lee, Yi-Secul Park, Gwang-Ho Lee, Gun-Dae Lee and
Seong-Soo Hong, "Synthesis of Ti02-5102 Nanoparticles by
microemulsion method and their photocatalytic —activity — of
p-nitrophenol”, #=FHFEE FAAF=ERE, (2002), p2ol.

- 178 -



18. Jai-Chun Lee, Man Sig Lee, Young-Bok Lee, Sung-Woo Moon,
Gun-Dae Lee and Seong-Sco Hong, "Effect of hydrophilic group on

svnthesis of nanosized TiO- using reverse microemulsion method”,
g aersl Al FAETFETES, (2002), p2ol.

1. M. S. Lee, Y-S. Park, G-D. Lee and S-S. Hong, "vtel=Z 2o 2H
Mo oa AMEE Y71 TiOVSiOo A p-UEZsA = i 2
s, Frgatasts BAREARY, TEFSSGEadH, (2003
p28-31.

ol m

20. Man Sig Lee, Gun-Dae Lee and Seong-Soo Hong, "W/C mfolzLE
B o8 AzE dwezv|e ojAstelgd A p-UEZYEel o
& B, szrddTes FAadSAN, Fostst=E A, (2003).
pd0-43,

91 M. S. Lee. Y. B. Ryu, G-D. Lee and S-S. Hong, “&7% wholZ =20
WAL o]@e Yunr|e TiO, AN IFriel FF R I EE
H =4 aErdegEsyd FARERE, FdgetEwd, (2003).

1 B2 ordd, oluty “gkAlg FHFFe BEALY AAH FAT, A
233 (=99 5 10-2001-0070931), (2001).

~ 179 -



it

s

PPlE =RsrEs A

ol ]
=

ag

".

6t

— =

o LAEZZH .

i

M

ol
]

ol

J4

g

a

lof == UARSH AL E L

Blrok9
= M

PR ==

X

R

of SHYE TN YALE

| =]
=i

°l

L ELLEL

KH
ol
Nl
|-

mE

Al
1—

FEelA gol Ho1x 5

[}

L0
[, =

RAY E SR TER

L

grA
o

—

a8
-

rlz
Ko
Fry

e ohg

B

o

g
flo

e

oH

e

Ko
Xl

A

KO
ol

ul-

- 180 -



JE N

Hr
w.o

b

o]-'nl Kl o}

o, 0
o=

A4 =

-
=

M= Ut

=

=3

ilel

=

2 o=

—

ofeium mfz|4% UAET L&

=at

1
[
[

2

m#A
#

ki
=1

1

=

&%

bty
AR A o}

o|ME U ot
ol-/;}- =

g

==t

KH

ol

ol

ol

M=

LR

A

o

OrLH )

200341 6% °] 2

- 181 -



	표지
	목차
	초록
	1. 서론
	2. 이론
	2.1 광촉매 반응의 일반적 이론 및 TiO2 상에서의 광촉매 반응 
	2.2 광촉매 미세입자 제조법

	3. 실험
	3.1 시약 및 계면활성제 합성
	3.2 W/C 계에서 나노크기 TiO2 제조 
	3.3 W/O 계에서 나노크기 TiO2와 TiO2- SiO2 합성 
	3.4 나노크기 미세입자 특성분석
	3.5 광촉매 분해 및 반응 장치

	4. 결과 및 고찰
	4.1 W/C 계에서 나노크기 TiO2 합성 및 광분해 특성 
	4.2 음이온계면활성제를 사용하여 W/O계에서 나노크기 TiO2 합성 및 광분해 특성 
	4.3 음이온계면활성제를 사용하여 W/O 계에서 나노크기 TiO2-SiO2 합성 및 광분해 특성
	4.4 비이온계면활성제를 사용하여 W/O 계에서 나노크기 TiO2 합성 및 광분해 특성 : 계면활성제의 친유기 영향
	4.5 비이온계면활성제를 사용하여 W/O계에서 나노크기 TiO2 합성 및 광분해 특성 : 계면활성제의 친수기 영향

	5. 결론
	참고문헌

