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Abstract — The physical properties which affect on the activity of photocatalysts are active site number and surface area, etc.
Recently, to control these properties, ‘Sol-Gel'’ methods are used to synthesize photocatalysts. In this study, we synthesized
spherical TiQ-SiO, photocatalysts by mixed solvent method, and analyzed the changes in morphology of the catalysts with
synthesis conditions by SEM and the changes in physical properties of the particles and the variation of the crystal structure
with Ti concentration and calcination temperature by TGA, BET, FT-IR and XRD. Then we investigated the effects of the
physical properties and [TiJ/[Si] ratio on photocatalytic degradation of iso-propanol. The particle size was decreased with
increasing HPC concentration and decreasing Ti concentration. The surface area of the catalysts was decreased by increasing Ti
concentration and calcination temperature. As Ti concentration was increased, Ti-O-Si bond number was increased, and by cal-
cination, the number was increased until 400then decreased with increasing calcination temperature. The extent of photo-
degradation of isopropanol was higher as photocatalysts have more Ti, but the turnover frequency of the Ti was higher as the
catalysts have less Ti. Because*{T0")* number and the surface area of the photocatalysts are decreased by increasing cal-
cination temperature, the photodegradation of organic material is decreased.
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Table 1. Experimental conditions
1. The effect of HPC contents
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EATH BATEY 7d e WA S-S 2k TiO,SIO, HEAE 3
A8l7] offr). olHe F o] vhede] ol S ) dsiy] k] v

d ol
T T-O-Si 35 #he PlEAES Az 913 F27ke £
799 AR g vEA] ATt bed S8 EE
o] TIO,SIO, F& & Azsison, d=0] nlEA ] &
A S REEE, vEE, 24)F 248 "all wAe 9% A
z¥ mEA Y] Fe2d 54 (Gt mE v [T[Si]H7t
FEuje] o]z 2L B vAE= G hate] 2T

2. 0124 M= o 7712 2 ey

2-1. O[2A M=

50°Cel|A] A&7} 421 TEOS, n-Octanol[CK(CH,);CH,OH, Yakuri
Pure Chemical Co., 99.5%} %54 £33 &9 o] w&H SH
2 201 349 ZAHHNO,, Merck, 65%% 12 7|l wukshd
A 24X 7F B BEEAA TIPY) g AUEos uhg St =
TEOS Wik 7 73] wh-6-& |4 a8t TEOST F- 7F
TEElE Aol TIPS Arhet v whkeldA] 2447 59t WHg-AA
Ti-O-Si #-3 d=ZAlo| =2 A8 vt 28 Ti-O-Si 2§ d=2Alo]
= g 225 30°CE AR £ YA A FFg oA oA e
AL §A 37 Y8 A7 P stAZ A18-H hydroxy propyl
cellulose(Aldrich Chemical Co., Average M.W. 100,000} HPCE %
71)7F €-81¥ n-octancg WHS- 2719l wie} A7 e 1587 wiks}
o HPCE & #43tA EAFAAT. o] &olof FF, n-octanol,
&= 1 o}=[NH,OH, Junsei Chemical Co., 2998} Acetonitrile[CHCN,
Yakuri Pure Chemical Co., 99.5%}3 &94-& #7lsty 127> AH s}
Al aEbeE & 1A 7F Fob -5 HAIBHHA BREAIA R TIO,-SIO,
AHEA S AZIATHEI8 7718 A EE AVFE Ti-gSAte| =4 ¢F
o we} Ti 5%, Ti 10%, Ti 15% Ti 30%2 1.7)). vgo] 283 &
YAz o= 348 Foke] skl 100°CelA] 2487 &9t =35
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[HNO,] = 0.45¢10 2molA, [NH,OH] = 0.14*moll, Acetonitrile vol% = 40, [TIP}/[TIP+TEOS] = 0.15, unit: mole

N Partial hydrolysis of TEOS TIP added Octanol+HPC Condensation
ame
TEOS HO Octanol TIP Octanol HPC®/ H,O Acetonitrile Octanol NHOH
HPC=0 0.01 0.01 0.15 0.00176 0.318 0 0.0472 2.3 0.7660 0.014
HPC=0.05 0.05
HPC=0.1 0.10
HPC=0.2 0.20
2. The effect of alkoxide contents
[HNO ] = 0.45x10%mol, HPC = 0.1 g/, Acetonitrile vol% = 40, [NHOH] = 0.14mol/l unit: mole
N Partial hydrolysis of TEOS TIP added Octanol+HPC Condensation
ame
TEOS HO Octanol TIP Octanol HPC(y/ H,O Acetonitrile Octanol NEOH
Ti 5% 0.01 0.01 0.15 0.00052 0.318 0.01 0.0321 2.3 0.7692 0.014
Ti 10% 0.00111 0.0445 0.7677
Ti 15% 0.00176 0.0472 0.7660
Ti 30% 0.00429 0.0572 0.7513
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Fig. 1. Electron microscope of particles produced by different HPC con-

tents.
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Fig. 2. Electron microscope of particles produced by different Ti-Alkox-
ide concentrations.
(HPC=0.1g).

Table 2. Compositions of TiQ-SiO, catalysts determined by XRF

Titanium added in reactor ~ Titanium in the sample
Sample

(mole%) (mole%)
Ti 5% 5 7.19
Ti 10% 10 10.08
Ti 15% 15 16.11
Ti 30% 30 37.18
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Fig. 3. BET surface area of particles produced by different Ti-Alkoxide

concentrations.
(HPC =0.1 ¢l, calcination temp. = 608C).
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Fig. 4. BET surface area of the Ti 10% samples dried at 10C & cal-
cined at 600, 700, 800, 1,00C.
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Fig. 5. TGA trace of the particles produced by different Ti-Alkoxide
concentrations.
(HPC =0.1 ¢/, heating rate = 8C/min)
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Fig. 6. FT-IR spectra of the particles produced by different Ti-Alkoxide
concentrations.
(HPC =0.1 ¢/, drying condition = 106C, 24 hr)

e

Hwang[8}e &38uiydl] & 78 mullite Aw)E) Azl st
T FEEH ] S8te] e {r~71 o Zolsle Ag719 A
71 ATt AerE AERlE 9% IR FFvE AR 01
ste] vhehd T W SISt i 3k SO Si-O-Skt Si-0
Ao AlzAdse] 213 1,103 crﬁ1 ‘;‘ 980 cmi*e] FE3<r tollA] <] %
Tﬂw 1,085 cm'#} 955 cnit F3l4= HEZ20 2 o]Fale] vEhd 2
=573k slozoﬂzﬂ Si-O-Si & Si- OH Al &A= Sigk HF A7
HE7 & Tiz X$HA 7] e, (Pauling'8e] £Jshd Si, H
=il T|4 xj7 1245 7k 1.90, 2.2028] % 1.54]t}H10].), Si-O-Si

Omr

Ao} Az} o)

lhEEs 2 54 63
$i-0-§
=]
o l 1000°¢
$§-0-8i
Lo -
: 800 C
A\
- 1105.03
=
~ r
w
3 600°c
z /_\N\\
= 5
E 1097.31
”
z __400° c
< \W
o
',—.
\‘“:’ N/ DRY!NG
1078.03 /
/ 854 81
\'/
1088 8
I ST SR VN R S SR R A SRS WU S R T
1200 1000 800 600

WAVE NUMBER (cm™)

Fig. 7. FT-IR spectra of the Ti 5% samples calcined at various temper-
ature.

Al 7128 31 B} Si-OH 71&3 Frt¢] ofso] ZA vEhd
A(F 25 cmi'el )2 He} Tie) A7 % =o)7) Sig) Tie) 2784
T zpo] B} =7] wiioleha ALRE T meba B Aol A Azt v
2R Yol Ti-0-Si 2% 2h7 ) or, Ti-0-Sit) AFAEE v)EA)
el Tig) 240] SU1EE VRN 4 ¢ 9

Fig. 72+ 82 Ti 5% A5} Ti 30% A ES 400°CH-H 200°C7HA <.
2 1,000°C71A] 5°C/min ¢] $-&&5 2 31hd & 7} 2o 17}
HAANZ A B e FT-IR =427 =ZA Si-OH A3te] W TiE A
gkEo] Ve 950 cmt FardlA] o) SR 1,0000CH)4 Bl

A|BAME AR e ow, o]9f Zhe ?ﬁ’z}% 900°Cel| A1 &) Baxe]]
938le] Si-O-Ti Ag¢] AFebzth= Nishide[11PF Best-$[12]9] 1+
Aoz Apol7) S5 & AUk 23 AR FEE AR AECA
9] 1089.6% 1081.89 cmie] Fu}ol &)@l E4th7} 400°CHA4]
BhAgk A EAE 727} 1078.03} 1066.46 crite] Aot 2 o]%
3] WERE e B, 1,0000C714] 8t 225 SUHA7H ] ZFap
2 o]Fsle 21 & 4 vk o] o] 400°C7HA s =g FF
o o5k A Fur YR e ]ot TiO,-SiO, glass#|%-9l| ¥+ Takashi
Hayasi[13}] d+Aze} A Aoz 2449 f7]Ee] fe=d
A A3E SO} Tie] A St o) gk AAtelet AlEdET)

Y 25 2N Az} kAt A8 thek Fig. 72 82] 1,065-
1,103 cnit F-29] E4US vws)] BY, SY8 250 2% Tivf
ol AZFE Ti 30% A BN AFgreiaa Froirt vepd-E &
T U, ojo} 2 TS oA AFE AV ST v X &
28t Tm—émv}i Ti-dSFA =71 o] H7Fgd we} vEA] Yol Ti-O-
Si¢] Age] Wo| At wEoleta AFEHETE 18X Fig. 8 ¢Jst
H Ti-@FAI=7F 30% H7HE A Ee] 75 800°CY] dhae]] 25t
ol tElA TiO, 274 Aol 71913 680 cnit H-20] Fulrrhol &

HWAHAK KONGHAK Vol. 39, No. 1, February, 2001



64 901 - A4 - o - HF -

\‘ / /\//M,SL‘”‘;

: /
\ \\-// / £

1097.31 /,[\\/ 400°C

Drying

TRANSMITTANCE(%)

1066.46

1081.89

ey b e by b
1200 1000 800 600
WAVE NUMBER (cm™)

Fig. 8. FT-IR spectra of the Ti 30% samples calcined at various temper-
ature.
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Fig. 9. XRD patterns of the particles produced by different Ti-Alkox-
ide concentrations and dried at 100C for 24 hr.
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Fig. 12. Iso-propanol conversion curves of the particles produced by
different Ti-Alkoxide concentrations and calcined at 600C.
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Fig. 13. Turn over frequency of the particles produced by different Ti-
Alkoxide concentrations and calcined at 600C.
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Fig. 14. Iso-propanol conversion curves of Ti 10% particles calcined at
indicated temperatures.
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