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ABSTRACT

Extremely fine TiO, powders were synthesized from titaniom chloride by the precipitation and

freeze drying method.

The phase transformation and electrical conductivity were investigated as a function of tempera-

ture.

X-ray analysis showed that the phase transformation of the synthesized powder from the anatase
to rutile occured at 640°C and finished at 920°C due to small particle size and large specific surface

area.

The activation energy obtained from elecirical conductivity vs. temperature was about 1.63eV,

This relatively large value was due to porosity in the specimen.
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Fig. 1. Laboratory freeze drying scheme.

wleld 2 ’“C‘dcﬂ A= titanum chloride & 2 e 80Tl Axrpld Axsigod, ogA Az

3
|

A W SAAZEO R AvjY TIO, & Alzshe] 3 T A $YE L0 ke/are] JHeD EYF
Sl 4] AL Rutile 422 A7io} 42 A% 5 1300 Coll 4 14| 7k 4 shgi o)
Anatase a2t © FrEi4 Azg Eakal ulm ) 22 % A
2 Bsle), X- 4 082S o 85 o] a4 g 7
B3 LAY oAz 54 W AR ey & alzhdon] dx|e] 2x6] w2 Apatase 4kl 4 Rutile
AL atolw wa} sl o Ao gl abx)o] 49 mixed powder 2] external standard
method 12 of] 25 AEslga 238 2 =2
2. A sl Unit Cell volume 3= high angle{ 2§ ; 30 ~140)
ol 4 step scan w5 ARg3ie] PRl
2.1 A= A=z Az}alpiz A A7 7; Tetragonal o] = 2 Tetrago-
TiQ, 24-& A 2847 Y5t U= 4% 00.8 nal £ldl] #3)] A91== S Falgd el 222 g7 "
% ol4ke] TiCly (Yakuri pure chem. Co., Jpn) - Hell S doluz] $8) TEM a4 s, 4Hg
NH,OH ( shinyo pure chem. Co., Jpn)& <R&3H Al#Y n)j4 72 stdee SEM akaElgded, 2
Lo TiCl & o] 2a3d-(H0 el 544 W ubg-g 52| w|Ee A2 BET spgew N 7l=5 F3HAH
diz|me Jee Bath #A]E o] fafed 2ol 34 5o, 95332 ASTM 373 - 72 eyt &
=t stglel o mbEelal TIOCL,  <F8de] BN- ’L*ﬂ% Dl-g*ﬁ}ii#“%. o] W ARAClAEs &
NH,OHZS A35l5le pH T4 #HalAgl o=, xS £ o4 ARgale] Fasigoh oldl Al
= S| NH,Cl &84 Bl 77| 94 o] 2wglsm i«l Al 4hE Laplume!® 2] o]Ze]] 2] A5 e},
Fael Ak 2% aE TIO(0H),  gel &
Fig. 1 7 & 4348 SA7A 32219 & 85} 3. Zap 2 aE

Azt et oF 50 g2 gel & 447 flask o] ¥l =
gle]ole] 28} ohd Bg Alg — 50 Coll 4 URM5zE A a1
A o] NAAALE gel $o] T3] Be] )25 '373_73
AL sldow Fao) Tl ek 107 torr & =TE

dlA A Asl S 75T 1247 B HA A
dtel Habg Ay ol wsl, o Fel4 2z

s el ZAGS Fig. 29 X- 4823
o] £33 o] yarxl wpel dA)she Ana-
tase J‘E_E broad gt peak & S| 5w, w14 600 °C

A7k 8# 244 Rutile o]+t Brookite ¢ E#]4F

jq

.
nJ‘i
M
_\2

. b
=
2

(278) g gtel A



all

FARTYOE AZG Ti0, o 5o

{1q1)

Fig. 3. TEM photographs of each powder a) Commercial powder,
b) Air -dried powder, c)} Freeze - dried powder
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Fig. 4. Transition anatase to rutile and change
in unit cell volume of
a) Freeze-dried powder,
b) Air —dried powder,
¢} Commercial powder .
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Table 2. Lattice Constants of Each Powder Fired at
900 °C {or 1 hr.
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Table 3. Bulk Density and Apparent Porosity of
Each Sarnple .
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Density  g/cm?) 3.35 3.867 4.04
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Fig. 6. Conductivity data of each sample.
Log conductivity vs. 1000/T at a constant
oxygen pressure of 2,0 % 107 atm.

ol 3764 Axg LY FAAEE £Uel 4
A uvk $FAA ol S5, FAALGE £ A
W& AL grain Fo| 2l dh}e] grain A AL o
W% o % givh

ol A7k Al A|AFTE LEL|EAL dotry]
18 W zlekslel A 450 “Cel) 4 800 T#hA2] &%
Aof| 4] A8 Ar|AEEL] HIE Fig. 69 ey
et A sl sl AR Alsdo]
1,39 eV, F7| %ol 4 #zgt 22 Ase] 155 eV,

A

A AYAL FAL 4 g A2n wasein
ol e U8 Earle ) 5-2 bplk density 7} bz g
93 %64l Rutile 4F 2[a18] S4d#dl x5 1.70eVal
d ulsl bulk density 50% 2] z-& 175 eV Tk
R wibgdel =3, Rutile ghzage) ois] Gorelikie?

2 1.02 eV, Cronemeyer? N0 °C o]kl A= 1,834
eV, 00 °Cold| A= 1.526 eVyrln B ualg T,
Blumenthal '» = 950 °C o] 5} 4= 152 eVl vha 3
steldleh, wobd & ATHs 4R EERAR B4
Sel]x] 139 eV Gorelik 3 Blunenthal 8] St
Bl dsn], FrFel4 Azg 2l As 4§

FAANET L9 A=o] 163 eVilrlh Lukrem
TiO; of AAAE=E A Arjulel 23k FHoe® oL

=
T

(282)

HAlxg Fade] A= B4 Fd vl Cronemeyer
st Blumenthal o 3.3 7o) = %g & 53]
ok, =3 FAAze B2e Az A= 24zl
wA 7F oh e FA e giel FR2 Farle? 7F Bw
=l A5 Fe] F45 Al Ed AR A3 A
trap E47h A Qe whok g stel A 7h Fo1 4
L8 Aol e sl A ghdlA ol F Table
dell 4] #elsled A

1. 2 2

1) FAxlx3 3} g]7a] 100 A o)dle]
o] 220.7mE /gl 2v|H TiO, & A x3

2) 7 EEela 147k g el
L100°Call 4, FoFell A Alzgt Eehe
A Rutile k2 2 A2 Abxlo] =loi o),
2zl 920°Cell 4 AL A

-

A

Rkt we) Uo
el

3) FAAZT 4R Alxd A= 7 T2 213
%= ol b3 elglen], 450°CH A 800°C 7k
o gmadoddld A=la) ghdslevlxE L 63 eVl

-0

REFERENCES

. Marshall D, Earle, “The Fleetrical Con-
ductivity of Titanium Dioxide,” Phys. Rev.,
61, 56 (1942),
D.C. Cronemever, “Electrical and Optical
Properties of Rutile Single Crystals,” Phys.
Rev,, 87, 876 (1952).
. R.N. Blumenthal, “Studies of the Defect
Structure of Nonstiochiometric Rutile,
Tio, . ,” J. Electrochem. Soc., 114(2), 172
(1967).
T.Y. Tien et al., “Ti0, as an Airto-Fuel
Ratio Sensor for Automobile Exhauvsts,”
Ceram. Bull, 54(3), 280 (1975).
M.J. Esper et al., ‘“Titania Exhaust Gas Sen-
sor for Automotive Applications,” SAE
Congr. Paper 790140, Feb. 26, 1979,
Detroit, M. I
. EM. Logothetis, “Resistive-Type Exhaust
Gas Sensors,” Ceram. Eng. and SclL Proc..

8% 9] =)



10,

11.

A 25 A 3& (1988)

FAMEY R Qz=d TiO, o E4

8th Automoi. Mat. Conf., [, 2R1-301 (1980).
. W.F. Sullivan et al., “Thermal Chemistry of

Colloidal Titanium Dioxide,” J. Am, Ceram.
Soc., 42(3), 127 (1959).

Yoshio Iida et al., “Grain Growth and Phase
Transformation of Titanium Oxide During
Calcination,” J. Am. Ceram. Soc., 44(3),
120(1961).

L.L. Hench et al., “Ultrastructure Processing
of Ceramics, Glasses, & Composites,” p 464,
Willey, New York, 1984.

7. Nakapgawa et al., “*Characterization and
Sinterability of Mg-Al Spinel Powders Pre-
pared with a Thermal Decomposition of a
Freeze-dried Sulfate,”
90{6), 313 (1982).

B.D. Cullity., “Elements of X-Ray Diffrac-
tion”, p 409, Addison-Wesley, Massachusetts,
1978.

Yeogyo-Kyokai-Shi,

(283)

12,

13.

14,

15,

16.

17.

J. Laplume,, “Bases the Origues de 1a Masure
de la Ré§istivit’é el de la Constante de Hall
par la Me’thode des Pointes,” L’onde Eelec-
trique, 335, 113 (1955).

T. Bardsdale., “Titanium, its Occurrence,
Chemistry and Technologv,” p 71, The
Ronald Press Co., New York, 1966.

R.D. Shannon et al, “Kinetics of the
Anatase-Rutile Transformation,” J, Am.
Ceram. Soc., 48(8), 391 (1965).

W.D. Kingery., “Introduction 1o Ceramics,”
p 328, John Wiley & Sons.,, New York,
1976.

S8.I. Gorelik, J, Expil
U.S.5.R., 21, 826 (1951),
R.N. Blumenthal et al., “Electrical Conduc-
tivity of Nomnsioichiometric Rutile Single
Crystals from 1000°C to 1500°C,” J. Phys.
Chem, Solids., V27, 643 (1966).

Theoret. Phys.



