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oF: AT ol-galH S o83kl ZnO Wiedat el TiOo, fAke 2P vhe stokd
= Az FASIHeZE AZXE Zn0 YAR= HaY=7F oF 100 nm, sol-gdHo = A zE Tio,
A= 10 nm o]ste] A72 Z}2F A E AT ZnO@Tio, e okl 390 == °F 150 nm
2715 Yepdeh. ZATEE R AxE 799 Zn0 e Y7ks FEI=AE] Tio, YAk #¢
FAFEeR Qe A FEdHe® Axd ZnOo YA YAE 5ol A Ale] =t ZnOst Tio,
Aol FHASRE pH 7 229 4 FH0llA iso-dectric point IEP)2] Z}o]& Qlsle] — =
H TiOSH + 2 tiAE ZnO Wi=dAte] o]Fe] YAtsol 259 <19l o3 A =7k HitE st
I, AgS ol ZnO@TiO, Wix Fokd 727} W A8} zeror} Ho] wHAYskAl €t
Abstract: Nano core shell structures of TiO, particles coated on surface of ZnO nanoparticles were prepared
by the polymerized complex and sol-gel method. The average particle size of ZnO by the polymerized complex
method showed 100 nm and the average particle size of TiO, by the sol-gel method showed below 10 nm.
The average particle size of ZnO@TiO, nano core shell struture represented about 150 nm. The agglomeration
between the ZnO particles using the polymerized complex method was highly controlled by the uniform
absorption of TiO, colloid on the spherical ZnO surfaces. The driving force of heterogeneous bonding between
ZnO and TiO, was induced by the Coulomb force. The ZnO and TiO, particles eectrified with + and — charges,
respectively, resulted in strong bonding by the difference of iso-electric point (IEP) when they laid neutrdity
pH area, depending on the heterogeneous surface eectron dectrified by the different zeta potential on the pH
values.
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ZAY 71€< 74 7)< (environment
technology: ET) 2 1}=7]< (nanotechnology: NT), ®}
o] 9 71< (biotechnology: BT) #oFol o] ¢ & 1]

FE AN 9ov], o F Sla) he B FAT
e S719) RRE FAAA 154 e BEa

Aol thg A77F 2 FE T 9k

Zn0 &7k AA o Z 7 =& &, 384
4 FOE s o]dFE A4 AGAE, FEA,
Field Emisson Displays(FED), Flat Panel Displays
(FPDs), WiE]=H, 7154 &7, s 5 B2 4
Holl ZaHom Ffo] Hojgtom, 5 IT, BT, ET
o AA ZlEde HS e 3 gl didEHE
Edoltt. o]2|3 ZnOaAte] BAdE0] i Ato]=o

=
o

M HE e S48 Yeha 3l old 54E
7H ZnOoll v Abe]=9] TiO, ZA & 93 o
22X 7120lA Bol| Jf-3k 38, shebA 9 At
7178 A tste] S §&#5 07 §&0] 7Hsdt
T AR B B ol £FE w2 oY
A ZgEQl ¥ 400 nm o] ste] zheld el 1Al
of mj-¢- g Joe=2 AR =Eo] HAS ¢ =
7174 =5}, 3 LA, voprt wRg Fol M 2 &

Q. o213k 2F&] AL 320-400 nm e 9] ultraviolet
A (UVA)2} 290-320 nm t< €] ultraviolet B (UVB)E
YA ==, Znogt TiO, & UVASH UVB %99
A AAZ o2 742 band gapll U A EH 02 2l
)9 72 A5 1ol el B3}
Aoz QAT o5 FI14 YAEL ol zLe]
Aol thadste] F4 2 Ao AYZ o a37
QA AT HRAT, o] dHQl e AT = UVA
o UVBY Yol A FA A<l 23S st Aoz ?
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o

AET FE] FF D 97 2709 kA =2
Qe W A,

A9 AR Fol7] 98 Be Gl ¥1%
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gl TiO, YAE A" gh
slAT) ol & flal ol £4
STHOZ ZnO Y=YAE Az, 2 Xl sol-
° 2 TIO, YAE Y3t ZnO@TIO, Y= o}

A zstgh AZE Zn0 2 TiO,e] pHH S}
zeta potentid @] W3S =435t ZnO@TIO,
Hotd Fxo et F2 7SS A
th =3, A ZE YA XRD (X-ray diffractometry),
SEM (scanning electron microscope), TEM (trangmission
microscope) % SAED (sdlected area eectron diffraction)
o £4¢ B3 29 A ¥ A 34 U= 5

AP E A5G sol-gaE S o]
[¢]

b
Yy r

4

= =
Fig. 12 A F gl o3 Az=® Zno Y=U=t
S ¥ E3 sol-geg ol 93] A zE Tio, =i Ak

HolFErh 4 A S ©]g Zno
=Yzl AXLE 3] 98l S5 Fol sourceR zinc
nitrate hexahydrate (Zn(NOs), - 6H,0, Junsa Chemicd,
Japan), chelating agent= citric acid (CA, HOC (CO,H)
(CH,CO,H),, Yakuri Pure Chemica, Japan)S &=
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(Citric Acid 5 mol %| + |Etylem Glycol 20 mol% |
—
. . hexahydrate-
Microwave, Jmin . . Zn(NO,),6H,0
1 mol%
Microwave, Smin
Stirrer, 200 U, 3R, Trausparent solution

Metal-citrate complex

Polymerized complex | Gelsiaie of black resin
Drying oven,
2500, 244

Polymeric precursor

XRD, T&/DT4 FT-IR Calcination

////

Flow chart for ZnO nanopowder by
Polymerized Complex method

Zn0 nanopowder

g
E.
- --%

A% 3} sol-gelR ol 2] & Zno@Tio,

+

1= Foladl FLxo A% 239

Titanium tetra- Isopropyl alcohol
isopropoxide + IPA)
(TTIP)

H20 + Isopropyl alcohol
(H,0, IPA/TTOP=18)

Control pH Add HCT or Na,0H

Ti0, sol XRD, TG/DT4 FTIR

Dry 24h. In the oven

E-InI-E-E-

nanopowder

Flow chart for TiO, nanopowder by
Sol-gel method

Fig. 1. Schematic procedure for ZnO nanopowders by the polymerzied complex method, and TiO, nanopowders by the sol-

gel method.

A] ethylene glycol (EG HOCH,CH,OH, Tedia, U.SA.)
S AH8-3FA T EG 20 mol%dl] CA 5 mol%s ¥l

7rete] F F, oW IHEE AFHA =
gk &Ho] 2 wj7tx] £t dojxl T
o zinc nitrate hexahydrate 1 mol%s 412 3,
microwaves ©|-&-3te] i) oju 3t AAEE B2
Ag W7 st o
F7HE WS 0145t
beto] EE|o 2H 28} -
B 23} wkgo] Y= =
Ao 2 wselsitirt
Az H=7F 2 gd
el A7 A AT} ©] g 250°CY] Ax &
oA 2417 A Fete] i8R AFAE S F
700°ColA DA sl ZnO Wi YAE FA &t
AZzE ZnO YA+ XRD (D/max-2C, Rigaku Denki,
Japan, 40KV, 30mA, 5/min)), SEM (JSM-5900LV, JEOL,
Jepan)5-o] w02 AT JEE IIEI

E3H ZnO ®1 flo 2" Hold Tio, 4AE Al
zx3t7] 98 A8 B 34 U F sol-gd e
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C:HgO, Carlo Erba Reagenti, ltaly)S 1:109] EH| 2
T F W B wRkete] &AS A xS o]
$ H08 IPAE 10:1¢] H[ &R FHslo v S &
AT ©] ThE §AE A3 o] Hojrua|HA
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o,
o
oX,

TiO, sol TiO, nanopowder
o, 2 2 - -
Zn0 powder lwt% (0.1wt% of TiO, powder) -
- [

Add IPA+HCl ; pH2 + Add HC1; pH2
-

Colloid state of
Zn0 and TiO, particles | pH 2

-
| AddNaOH PH 6.5-7
-, (Middle point of IEP
b ZnO And Ti0)) ++
| TiO, coated ZnO solution ZIIO “a“opowdel_
| Drying | Diying oven 24 h.
L
I Calcination |
[ |
| Z00@ TiO; nano coreshell |
-
| Analysis I XRD, FESEM, HRTEM,
EDS, UV transmittance
Fig. 2. Schematic procedure for ZnO@TiO, nano coreshell Zno @TiO

structure. nano coreshell

TiO2} ZnO Q1Ake] Zehl 7 1100] HEE S5k = Fig. 3. ﬁsy:d.of the coating process and the charges
A Rk7] 9o ke FFYsEA FR2o)= A
°l Zm TiO, E3&2 < o] A7k S o) AP Hojzr,

Fig. 3& pHel wWe YAk zeta potentld H3}o] 9 Fig. 4= ZnO 2 TiO,¢ pH¥Sl wWE zea
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Hol| o] ME7Fe] AFS sHA Ha, A4S olF 913 NH,OHE 7l T4 dHo =R Tof &7 Ol
Zno@TiO, Y= Hotd 271 ¥ A7t zero’t  F YA F2ES JGYAZY o] F 250°Co] 1% oF
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Fig. 4. Transformation of (8) ZnO and (b) TiO, for zeta potential by variety of pH.
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(a) ZnO (bTiO,
Fig. 5. TEM image of (8 ZnO and (b) TiO, nanoparticles.
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Fig. 6. XRD patterns of the ZnO@TiO, nano coreshells.
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Fig. 8. TEM image of ZnO@TiO, nano coreshells and SAED
pattern.
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anatase, TiO, rutile, ZnO ol thek I |lo] Yeht
J2& HoFo] TiO9 ZnO7F &4 T3t YA+
e}

3t Zno Y= YA+
A TiO, YAHE ZE 3 1,}1,—_ Fola 1=
=€ ZnO A= Bt
7} <F 100 nm, sol gel‘?jgi AzH TiO, YAr=
10 nm °]&te] @72 z}z} A E Y ZnO@Tio,
= Fobdd pxo] HHFYEE oF 150 nme] A&
UehSith ZnO@TiO, Wi Hojle] 2= Znos
H|£3} TiO, andtase 7} 8 422 ey, 7
o Aol rutile Ao) EAE ] Y= Ao UEhdTh
ZnO@TiO, Wie Sotde ddd YatEoe] A= &3
A e AHE FEEe] AN, &F Aol +F
He -2 g Tioe}t +2 tid®E ZnO vh=Y=te]
o]F o] YA Eo] FFe] o) & Mzm7e] AF

< A H2Z, AL o] ZnO@TIO, Yz Fold
Tx7F F9 At zeort Hof BT AHE AR
€}

D28

1. B.Zhu, X. T. Yang, J. Xu, Z. G Zhy, S. J. J, M. T. Sun,
and J. C. Sun, J. Power Sources, 118, 1-2, 47(2003).

2. Y. Han, S. H. Hong and K. Xu, Materials Letters, 56,
5, T44-T47(2002).

3. H. K. Lonsdale, J. Membrane. i 23, 1, 111(1985).

4. H. B. Hopfenberg, H. Strathmann, and A. S. Michaels,
J. Membrane. i 15, 3, 317(1983).

Vol. 21, No. 3, 2008

A% 3} sol-gelR ol 2] & Zno@Tio,

1= Foladl FLxo A% 243

5. R. Li, S. Yabe, M. Yamashita, S. Momose, S. Yoshida,
S. Yin, T. Sato, Materials Chemistry and Physics, 75,
39(2002).

6. H. Jiang, L. Geo, Materials Chemistry and Physics, 77,
878(2002).

7. A. salvador, M. C. Pascud-Marti, J. R. Addl, A. Requeni,
J. G March, J. Pharmaceutical and Biomedical Analysis,
22, 301(2000).

8. A. V. Diken, E. A. Meulenkamp, D. Vanmaekel bergh,
A. Meijerink, J. Luminescence, 87-89, 454(2000).

9. F. Rancan, S. Rosan, K. Boehm, E. Fernndez, M. E.
Hidalgo, W. Quihot, C. Rubio, F. Boehm, H. Piazena, U.
Oltmanns, J. Photochemistry and photobiology B, 68,
133(2002).

10. M. P. Pechini, United Sates Patent Office, 3, 33, 697,
Patented by July 11, 1967.

11. S W. Yun, Y. Shinand S. G Cho, J. Korean Ceramic
Society, 35, 5, 498(1998).

12. Y. J. Kwon, K. H. Kim, C. S. Lim and K. B. Shim, J.
Ceramic Process Research, 3, 3, 146(2002).

13. C. J. Brinker and G. W. Scherer, Sol-gel Science, Aca
demic Press, San Diego, 1990.

14. D. W. Scheefer, J. E. Martin, P. Wiltzius, D. S. Cannell,
In kinetics of Aggregation and Gelation, page 71,
Elsevier Science Publishers B.V. 1984.

15. R. G Avery and J. D. F. Ramsay, In Adsorption and
Catalysis on Oxides, page 149, 1985.

16. W. B. Russdl, D. A. Savile, W. R. Schowalter, Colloi-
dal Dispersions, Cambridge University Press, 1989.

17. S. Kim, C. F. Zukoski, J. Colloid Interface Sci. 139,
198(1990).



