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Structural Changes of Hydrous Titania by Heat-Treatment
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Abstract Structural changes of hydrous titania by heat-treatment was investigated with XRD, TEM,

FT-IR, Raman spectral analyses. The hydrous titania was derived from a mixed solution of titanium
tetrachloride and hydrogen peroxide at 30°C and pH of 9.0. The precipitate was an anatase form of

titania with less-developed crystalline structure. With increasing annealing temperature ranging up to

700°C, the crystallinity of anatase increased, and the particles were grown at high temperature. The

rutile form of titania was developed from the anatase at 700C.
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*) ACS reagnet, Alfa, Danvers, MA, U.S.A.

+) DT-500, Diffractometer, Siemens, Germany

+ +) Hitachi H-600, Hitachi Electric Co., Japan.

++ +) FT-IR ; IFS-45, Bruker, U.S.A.

+++++) JASCO NR-1000, Japan Spectroscopic
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Fig. 1. X-ray diffraction patterns of TiQ,-
precipitate :

(a) as-prepared(no rinse), (b) as-prepared
(rinse) and calcined for 30 min. at (c¢) 350C
and (d) 700°C
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Fig. 2. FT-IR spectra of TiO,-precipitate :
(a) as-prepared(no rinse) and calcined for
30min. at (b) 350°C and (c) 700°C.
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Fig. 3. Raman spectra of TiO,-precipitate
(a) as-prepared and calcined for 30min at
(b) 350°C and (c) 700C.
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Table 1. Full-width Half-maxima(FWHM) and
Wave-number Shift of Raman Peak for E, Mode

as a Function of Heat-treating Temperature.
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Fig. 4. X-ray diffraction patterns of TiO,(anatase).
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Fig. 5. Variation of cosf - 46 with sinf for the
XRD patterns of anatase, shown in Fig. 1.
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Fig. 6. Variation of 4d/d and particle size with
heat-treating temperature, calculated from Fig. 5.
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Fig. 7. Transmission electron micrographs of TiO,-
precipitate :
(a) as-prepared and calcined for 30 min at
(b) 350°C and (b) 700C

o 350Cel A slayl A5z Adge] 4
71 F7k7F ok ARk 700 C ol A SFaE 4
S-oll3= 350 Col ulate] 3u) olatel YA A&
ol Bar Qlub dd/dyz Ao Al A el e)
Hyb Al s S vhERl I o) o) ki A A 9
a0 ofnletel wpula] AR ee-mob Sv)
gholl b} Ad/dv} gtwbalAl H A ow i
o, AL pAsAE &



482 st REHE A A4 A4F (1994)

A B AA7 ARE M98 ring patterng 1}

Ehi e e 7o) wsddl wistel 700°C

o) i 3tAAIZl AlEE B4 ring pattern®
A Zo) wvliste] ¥4 2E}W

2 12 Fig. 6o VR 2

X 2HE FI = ‘ﬂi}

Agat A= ste, Gt peakol wH7bE 7

7 = Ux| g

ojAte] AMEZRE HAE: }3500 7ooc

AL Faexvt Fohgel ot ARHowm
ZobgA W, omE  Saewst 350°Co) A
700CE W@ o FAA FIAYE & F
slch. whebx 350TolA sFAAIZE ASoe
A AR ARHA Fdo) Ao R <

BAgole 4349

o, 700CelA FAA2

:
Fgute f4ddel Ao dojrirt=
AE F5+2 7 o

4. 4 B

AledghEl B g (1M)ol 1.1mold) H.O
H7yske] Tiolo] P shAl S ste EJEW
Fgde Az, o] F4Nol HHAZ SF
wolE 7hsted 307C, pH 9ol A fojzl 3
s ElgfU ol MBI 350C, 700Col A &4
A7) Bge] et AR AR RANE
g3k Ay, e ge AEs AUk

1) @4 "Hepdol Ad &9 350CHA &)
AA 7] BT anatase® TiO,ol™, 7007C ol

3l = Al7) B2 gnatase®} rutileo] %

('uim

a

2) BtALw ZEvbo] wel anatasee] A A A
o] gaula, ARF ol AAs AVt F7t
gtk 350Co e 247 4dnvde 2
el Z7b7h AwiA o dojital, 700°Cef A

& aae $nshe Agee 4l A
WA o elojubi o Fau
#3123

1. V.R. Palkar and M.S. Multani, Mat. Res.
Bull., 14 (10), 1353 (1979).

2. R.W. Schwartz, D.J. Eichorst and D.A.
Payne, Mat. Res. Soc. Symp. Proc., 73, 121
(1986).

3. I %, 72740t 3 vz AFH,
pp-302, i 1A, Ha((1987).

4. WEAEL, “FROEORENET DAL
%Yo, 531-534 (1972).

5. C.F. Baes, Jr. and R.E. Mesmer, The
Hydrolysis of Cations, pp.147-152, John
Wiley & Sons Inc., New York (1976)

6. E. Kanezaki, T. Sakamoto and A. Ookubo,
J. Mat. Sci. Lett., 12, 669 (1993).

7. F.A. Cotton and G. Wilkinson, Advanced
Inorganic Chemistry, 3rd ed., pp.334, John
Wiley & Sons Inc., New York (1972).

8. K. Nakamoto, Infrared and Raman Spectra
of Inorganic and Coordination Compounds,
4th ed., pp.131, John Wiley & Sons Inc.,
New York (1986).

9. J. Takahashi and T. Ohtsuka, J. Am.
Ceram. Soc., 72 (3), 426 (1989).

10. M. Ocana, J.V. Garcia-Ramos, and C.J.
Serna, J. Am. Ceram. Soc., 75 (7) 2010
(1992)



