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Z B  TiO,s01(80wt%, anatase) & o]-&3t] 2MFH o 2 F2|7|He) TiO; W& AZstgdch. wete] Frls 2HF7
9] A2 Aol & 2PV 282, Az, dAHE GO bt whgAL o ol o] 2k A% Es) 0449 2.
mW/aiel 274 @A) FEN SEE F8) ZAIAT Lot $A7L 37 EeE 2] UM A8 B FhE
dom, 0.44mW/cid o 4mAE ol FANA wbgAde v ojit F71=A) Wskeh. porousdt TiO M ehe wind We {&
FHAE AT glod, 242 vEY & A AEslelA] wubTald] alel k42 S Z747E A Pgtt)

Abstract TiO, thin films were prepared on the glass by a conventional spin coating method with Ti0O; sol(30wt%,
anatase). The thickness of the thin films were controlled by the number of coating cycles: one cycle is composed of
spin coating, drying, and heating process. The reaction rate of the film was obtained by the photodecomposition of gas-
eous benzene under 0.44 and 2.0mW/cit UV light on the film surface. For an incident UV light intensity of 0.44mW/
o, the reaction rate was increased with the thickness of the film, caused by extent of surface area, but there was no
change over the thickness of about 4/m. The porous TiO, thin film has comparatively vast effective surface area, which

under relatively high-intensity UV illumination causes the reaction rate to be controlled by the film thickness.
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TiO ¢t Z& W=AE FEu|Z 214314 = e
209 Fete] ol HE:wi:e RE Fo WAl (wide
band gap semiconductor) o] 2E7E oYX E zt= ul
S JHeFd Az - A3l YA} 2 Axpe AF
9] life timeo] 22} MAY3}7| Bl 2tz Absbel 34
uh-goll doigicl. F2uf 7| BRI, ofAriAE 4
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TiO, 92 soda lime glass (50 X 50 X 2mm?) $] 4]
30wt% = =43 anatase aqueous sol (Ishihara Sangyo
Kaisha, Ltd., 40wt% STS-21, 20nm particle diame-
ter, pH8.5, 50 /g surface area) & 7}#x|3 QubAdol A~
BzEAAE B E0=EAY. %o YA Headway
Research Inc.9] 1-EC 101D-CE15 spin coater& A}&
31412, spin rate:= 2000rpm, spin time< 40sec, 7]
of #3 F ¥ IvE 3gich sy == Aluict 100°C
A 1417 ot HAzsled 500°C A 24175k g2}
Rqom, o] FHAe Ak E 7] (500ce/min) o] A el
o}

BEE BEo) g A4 gz, 2oE Pyrex
glass FE 0] ¥H3-7] (A§ 14em, ¥o) 4em) & AHE-3kgT)
TiO. 22t (50X 50cm?) & whg-7) nhol) ¥odx 7, Bzo)
FEafuk3-&  $l8l Blacklight blue lamp(SANKYO
DENKI, black light blue lamp FL15BLB) & 7}x]3 =z}
JAdE 2t e, TiO, 2 Yol 241 AHJA e =
UV Intensity meter (UVP, UVX-36) & &x3}gc}. o)
o 7 #ol] AR 2 MREE lampe} 7]TAbo)o] A
2l HEhA)A =Aslgch. whr W) EFvEA 0.26mS
sampling 3}, GC(gas chromatography) o] Z=<stgd
2, AsbsE= wlAle] oks) CO,9) kg FID GCHP
6890) ¢} TCD GC(HP6890) & z}7z} &A3}9ic}.

XRD(X-Ray Diffractometry) & Al43}e] 78l u}
o] AATFZE Az, 26%ko] 20° oA 60° Abo)e) A
X-ray 34 #glo] Qdox o, XRD7]7]%= Rigakuiitl
model Miniflex& A}8-5}5ic}.

2] morphology®t F7& SEM (scanning electron
microscopy) 2.2 2A3¥¢lom, HITACHI#9 model S
-4200& AHg-3ksic).

TiO. =] dx& 245 Has8l7) s 9ke 713 (50
x50 X 1mm? o vz @ k2] Ti0,F coatingdtde
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WeE 7 4 ik

3. En W TH

e FAE ZTRITE 24 § 9y, ¢H 7
W 0.9me] FAE & & Al T35 o}
TiO. 2o} FAE 28 19 B F4ic}, o] Frle 3
Bl wet Ayl F74E stz gioh

Y =) T2 E 2] Yste] HE O E T4
o} =t thBXRD £4& AR om AAE: 27 20
BTt peakE2 ZF anatase FZo " 9
Aol A vpgho !y, B E uhe. FA9} Aaglo] anatase

03;‘-

- ¥ : Spin-coating® o] 9% TiO,o F&v) 1 & 265

LB L]
-5 -
g |
=
? ]
fg"' .
F
24 a
14 =
o T T L] T T
[} 3

2 3
the number of coating cycie

Fig. 1. Film thicknesses variation with varing the number of
the coating cycles.
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Fig. 2. X-ray diffraction patterns of the TiO;, film with thick-
ness of (a) 6.1, (b) 2.77m, and {(c) 0.9;m.
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ZHE A2 48 FA49 =) morphologyE SEM &
ol &3 A8t ony 217 3ol ModFodnd. 28 34 B
=] slurry solel 9 Az =te] moke uj$ porous
B & 5 ook AR 1709 M) hF 5A AR
e 2HJY o) WARAte] vt YRF o] sHake] Lol A
28 A7Ev, adtol s SEAY AL ER}e] o B2 o)
EAADo] vl fold Aoz WAL} Ho Yo
Aol dHME & = QFo] WheEo) 55T F2 site
7} 2he] Ewlel FgEE Ao) oldx, o Rl HYH
& & F Ak FIRZ TIO, sol(STS-21, anatase) &
{57 Bt 2x o) mel dx Se A, 700°C o5
| A structure} morphology & W37} 7]1& o2t
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Fig. 3. SEM images of TiO; thin films with various film thickness (a) 1.8, (b) 2.77/m, (c) 5m. Mag-
nitude used for cbservation was x 15.000 for cross- sectional and * 80,000 for top-views.
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S WSAYE WA 2V15EE o 100ppmeE
813, 365nmAA] AL)AS 0.44mW /et 2.0mW /e
0 2 FAFste] Alzbel] @2 wlAle] Fal s} FA o
WA FEs) =g F3tedeh A A7 = (incident UV
light intensity) 7} 0.44mW /em dufl, A]7kel] o} 2 wlA 9
¥=7} 23 49} Fo) dojzich w3t FAol wE Wl
PR £ g Falo] 1 9} 222 AE dg 5 9l

tJr, ol e = B = Wi gL w27t

(ahg-2719) 2087} 22 o] FEhelct. Al dzte ot
0.44mW /et o, Wi A e] FE s S FAS7 ] gt
F7VetAE, 3~ 4umFA ool 2 Aol7} gleE E
4= olrk. zely ARG =7 2.0mW /ad dals 4ol it
NHME FAZ ] wep BEH S0t AL Frhskdct.
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Fig. 4. Concentration changes of gas-phase benzene as a func-
tion of time during the photodecomposition of benzene (inci-
dent UV intensity, 0.44mW/ci; initial benzene concentration,
100ppm) with various film thicknesses; (M)0.9um, (@)1.8:m,
(a)2.77im, (2)3.37m, (O)5m and ([3)6. 1.
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Fig. 5. Comparison of the dependence of the Benzene degrada-
tion rate on the film thickness, which was proportional to the
surface area, under the different UV light intensity(M, [,=0.
44mW/cdl; [, [,=2.0mW/ cni).
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T9} zE2 o 2HE gutde] Rl b 4o A A7)
L cosfel FEEZ powder B i EHAL A 19
o)a 7x (1079 *rd 7} Feh,

=3



268 Qe A A104 A4 (2000

10 1.0

[ o °
S o 9
T -
[ ]
\
1)
t
— 3 :
o o o
ES = )

Transmittance {1 /1)

o
~N
€ 11-1) uondiosae 0 Junowy

[ ]
_—
o

[N

0.0 L 1 —L 1 L "

o
~
w
IS
@
o
~
o
o

Thickness{pm)

Fig. 6. UV transmittance and absorption of the TiO, film as a
function of the film thickness.
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Fig. 7. Benzene degradation rate as a funtion of amount of
absorption(M, I,=0.44mW/cr; O, L=2.0mW/ cr).

Table 1. Density, the Number of Powder, and Effective Surface Area of Porous TiO: films with various thickness.

film thickness(/m) | density(g/cm?) weight(g) the number of powder( x 10") | effective surface area(ni)
1 2.43333 2.59906 0.01589 6.322 0.1986
2 2.66667 2.39874 0.0162 6.446 0.2025
3 4.73333 2.40416 0.02862 11.388 0.3578
epparent surface area/powder o] ¥]£3}y, Region BelA Bd z=7] 294 =7}
[ 2 xsindragxcoss B 04w /ai A @eek 20mW/cid @ @A) 5 7
0

SFAl w2 powders9] €l & FEERHAS £ 1
o vellsict. FAZI] et powderse F7H31H,
powder4=¢} EHAL waABANE 4B 5 ot A
Ho2 ¥ Holla] Rex|Ko] FAF I RHAIVIE
veld £ 3z, YAFA ot e w28 Folel
o) FEs) uhe-& o) TS & A

B AYAFAE Fal, Frlol o2 2o ukg FHA s}t
o} gt 8 F4EE Fok Ao} AAH o2 FE
LT o) 9L ulXA & AA4E 5 A, & AYE
A HejellA AL o wjnd ¥ A4 7= Sl A
= ®EA wstel 2d), ¥ AeA Ax FlelMe Ttel
o8] FEE Bk alolo) oA FE& $xrt ARG

AE
AR AA- AT F= goy AR-AFel £8E F o
2 sitev} wHe-Eo] 34 4 e THH (ihEsite)
o] &t w345 = uhe) uk Tl o8 A=
730)7) wolny, ZAE A AErt 2S A A4 H

o8} 2" FAol7] WE o)t

27 7oA 2w, Region AdAe wh3Ae] F5sE
afo] wvlE|ste} Z7)8}A)7 Region BolAle el &
Fepel 47t LEUSE Betn AR AE F
7bge BejFt}. o)7L, Region BolAe T4 7} o
2 ukegHA 9} Zrto) 98| uhg-Ae] Frldthe e A
zZ4e 4 9Jc}. EF Region AlAlEs 0.44mW/cid wiok
20mW /et 2 e 2] F43 Fekel g w4 7177 A

277 WA E AL B g g} olE B2 AYA AT 3}
ol A uk-g-EH A F7}oll 97 w4 S} TS FEA
< & & ok, old AHE B E 0.44mW /e o} o
3o 294 75 dellA= Region BY ¥4 71€717}
Region AcllAle] w-g-A 7| 7|e} zolxiA], ojwf= HHE
o] FEE Fkol osjMat A" A& 45T 4 Utk

882, 7}5% porousdt 2hg U= A4 AW
Sloll A o] olA BA o|Ato 2 FESIH Aol FEu) B &
S Ae F IS Ao Hrislth

ob2-2] porous & ool tla A, ZAMEE 2L AEst
0.44mW /e e} 2Hg- 39 wkSAo] FrEs Fokol 9
et A=A oo 2 gl AFe] g )

4.8 B

< afgte}. HhHgAo) GFE mAlE 24 F, HEE (WA,
H:0, Oz-) 2 F3 7b58 EHAF T w2} 5=
s3+8F (amount of absorption) ¢ #3put-g wajsict. =
o] AWa}o Hh-g-E o] uh W R-2 o) ko] oYl 7 F
Aol b2 AW 28jEkA)| gdol® FARE, o] po-
rous dtod ub-3-Ee] ub 2o} Falo] folstrid Hkg
Eo) F&8 4 e FEEAAL FA u=} UM A
olng FA WE TuAy F5EE B3 AE T
nHsiol ok, AP AN, vind A7 A7 E (rela-
tively high-intensity UV illumination) 3kell & ¥h-3-<

L gHAY Zrlef o) Al Frhskdn, A4 et

A
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e 3 (relatively low-intensity UV illumination) o}
A Bz E&E ol it %o QAFA ghol Holbzls
oF 4= slsich. o]24, vind o)A AEr) e odge
M FE5 BsjEbge] FoslE F% (amount  of
absorption) ol s A=t Aul e 4 5 9sict. o)
g A2, Foix] 29 A r= oA TiO, vhete) <l
AFA )42 =R porousdt & ZHEH Huly F=Ev)
EHE B £ 90g e Azhdr).

aAtel =2

2 dFE DA QT LA (981-0803
~015-2) o] 23} A= AF vt
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