HWAHAK KONGHAK Vol. 33, No.5, October, 1995, pp. 544-550
(Journal of the Korean Institute of Chemical Engineers)

EUA3 ™M R7IH7H7L e FEIY E|ER{ole] X2EHY
RHN - UnE - B - HEH* - 48!

AN stw 3bah-peta
rol i atw F7)A) 83t
(19943 129 84 A<, 19959 54 174 A4)

Low Temperature Synthesis of Rutile TiO,
in Sol-Gel with Organic Additives

Kyung Suk Oh, Jae Choon Yang, Kyung Taek Jung, Seung Chul Choi and Yong Gun Shul'

Dept. of Chem. Eng., Yonsei Univ.
*Dept. of Materials Science and Eng, Aju Univ.
(Received 8 December 1994; accepted 17 May 1995)

2 o

E Aol MAe ZelZ(HG)S #7bsted gehio} A(HG-TIO) S Azshdch 7h¢Ea 3ol doizl
glebol A(HG-TIO) & Usl¥ ol dxje)dt Azt FeldRe] 4Ho7} 600TH-2 A-2oA Aoy}
718 Balol feld 443 E FA7E6 FAE VIR dHE o 300THE A Fet
o)z o] Aoe]5)e #alslgich HG: TEOT$} bidentate B]7te 722 4 =3 7lrislfas Aol
#29% FTIRZ < + slch =& bidentate 21 7t= 727} 7h5 ¢ ol d el 2| E, old 24 ol 2el Hopaizng
e oM Eo}AlHo1EE H7}slo] A £H elehol g FANMEIR AMSHE-$ 7] 81e] DA =] F3l 300T A
Fefal 2ol gHe)zt A A& HAs

Abstract—Titania gel(HG-TiO;) was prepared by the addition of hexylene glycol in sol-gel process. HG-
TiO, gel after hydrolysis reaction showed rutile phase transformation at low temperature(600C) under air
atmosphere in a closed furnace. To promote the decomposition of organic additives incorporated into titania
gel structure, packed bed reaction system with oxygen flow was attempted and the rutile phase was found
at 300C which is lower than that of closed system. HG incorporation into TEOT was identified by using
FT-IR. From the spectra, the bidentate ligand between TEOT and hexylene glycol was identified after hydroly-
sis reaction as well as before the TEOT hydrolysis reaction. To confirm the effect of bidentate ligand in
titania gel, ethylene glycol, acetic acid, ethylenediamine and ethyl acetoacetate were added to TEOT and
the rutile transformation was also confirmed at 300C.
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Fig. 1. The preparation of titania by sol-gel process.
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Fig. 2. Apparatus for heat treatment under oxygen flowing
atmosphere.
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Fig. 3. X-ray diffraction patterns of N-TiO; after 2 hr heat
treatment under static air at the indicated tempera-
tures.

Ir: XA 3HEME 53 F9 11099 HA3=
Lo: XA 3] ¥4¢ 53 opviela] 10119 A%

< o) g3l Mt & AEE % 263 F ob-elA 9
A4E 253°(hki=101), 49 A$E 274°(hki=
10D A7) H=329) Fegte s A4ssich

2:2:2. 94 AswF

Hute] od AEg Avur] ¢t TA50(Shi-

mazu, Japan) 2. 10C/ming] $&5EE AnEH7)
oA Aekziiwistel AAstE FANYCt

2-2-3. FT-IR

AEre] Al s AmRy) $lste] FT-IR(ATI
Mattson Genesis Series FT-IT, USA) - 0]-4-5}o wave-
numbers 400-4000 cm™'¢] HlollA At gich B¢
9] 7 %ol KBr pellet techniqueo 2, 442 NaCl
window S A}-§-38he] H-2{3}9]ch

3. dx % nF

Fig. 35} 4ol M= A7 E A3 43 A2 €
ehel A(N-TIO) # HGE A7tste Az== AHG-
TiO) & HHE ZellA 2xof @ 247 XE
TF XA - EAE AHE e N-TiOe 300
THE] ohjetA| 29 Adelst Azts] %l e, 800C €
A2 2 gt Fetd 2 AAe] H ok HG-TiO= 400
Toll & ohjelAl 2 Abde]7} Alztsglem, 700TedA



EATAANA F71A7H7F =0 Febd eefeote] A2y 547

® : Rutile

0 : Anatase

CH3

\ 4 280m
CH3

\M@ 2 ROH

(1) w

" LM Jt_l\_ / /

600T ’\

‘o . . N S
400T L o L R
. . [ o - DO '
. “ . A A SN

300t

r l‘ l- T 1
20 - 30 40 50 60
20

Fig. 4. X-ray diffraction patterns of HG-TiO, after 2 hr
heat treatment under static air at the indicated

temperatures.
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Fig. 5. X-ray diffraction patterns of HG-TiO, after 2 hr
heat treatment under various gas atmosphere at
300°C.
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Fig. 6. Possible structures of titanium alkoxide with the
addition of HG[14](R=C;Hs, C;H;, C4Hs, CsHy).
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Fig. 7. FT-IR spectra of a. HG, b. TEOT, ¢. TEOT+ HG
(1:0.1), d. TEOT+HG(1:0.3), e. TEOT+HG(1
¢ 1).
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Fig. 8. FT-IR spectra of N-TiO, (a) and HG-TiO; (b).
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Fig. 9. TG curves for N-TiOQ; (a) and HG-TiO; (b).

Table 1. Effect of additives on the phase transformation
of titania gels after 2 hr heat treatment under
oxygen flowing atmosphere in the packed bed
reactor(molar ratio of additive/TEQOT=1)

(Rutile : Anatase)

emperature o

Hexylene glycol 100: 0 100: 0
Ethylene glycol 100: 0 100:0
Acetic acid 93:7 93:7
Ethylenediamine 77:23 86:14
Ethyl acetoacetate 77 :23 78:22
iso-Octane 0:100 11:89

$1¢] As}2¥e| HG7} TEOTS} bidentatee] b= 2
e YA 727 Fepd R el Aol & ARG
A7t} w2l oln| fAlg TRV} dejzice ¢
2zl f7)E8 el F2E16], oAl E4H 8], oL
t]elnl[7,17], A ofAEolAl el ol [18]2} wl S]]
de o] gehe Adsle] TEOTH g &v) 1:18
A7iste] elehol A& Alzslgdon ojFe Fzhit
471 Well A2 B EF-H7) ol A DAl E slgdch Ta-
ble 1o AFE Yehf&d] TEOTS #7147 A}
o]} bidentate 2JZt= Zgto] 7o ¥ W B 94
B2 Feld 2o A4xle] Age] FAEE ¢ F Utk
300Co| A 93] Felabe @A 9 HG-TiO,9 4]
wEE T sRe) F=EAE e ody FelE A

\ / 0-CH,
M

7 No-ch,

7 N\

(a) Ethylene Glycol(16) {b) Acelic Acid(8)

\ / \ /(\\/CH3
2
NH2CH2 OCZHS

(¢} Ethylenediamine(7,17)  (d) FEthy! Acctoacelato(18)

Fig. 10. Possible chelating structures between metal com-
pounds and each chemical additives(M : metal
atom).
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