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Abstract — We have studied the process to prepare the ultrafine TiO, powders by a diffusion flame reactor, theoretically/
experimentally. In model equations, the mass balance of TiCl, and the aerosol dynamic equation were considered. The effects
of TiCl, chemical reaction, generation and coagulation of TiO, particles were included in the aerosol dynamic equation. The
TiO, particle size increases, as the flame temperature and the inlet TiCl, concentration increase or as the total gas flow rate
decreases. The structure of TiO, particles in experiments was basically in anatase phase and the amount of rutile phase in TiO,
particles increases as the maximum flame temperature increases, or as the total gas flow rate decreases. However, the amount
of rutile phase in TiO, particles was almost independent of the inlet TiCl, concentration. The specific surface area of TiO, par-
ticles increases, as the flame temperature decreases.
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Fig. 1. The schematic of experimental apparatus.
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Table 1. The conditions of process variables investigated

Experiment Reaction Total gas flow  TiCl, concentration
number temp.(K) (ml/min) (%)
1 1235 850 0.68
2 1235 1400 0.68
3 1235 1900 0.68
4 1170 1400 0.68
5 1330 1400 0.68
6 1235 1400 031
7 1235 1400 0.86
Standard condition 1235 1400 0.68
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Fig. 2. The temperature profiles of gas stream for T, _=1235K as a
function of radial distance(Q=1,400 ml/min).
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Fig. 3. The temperature profiles of gas stream for T,,=1330K as a
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Fig. 5. The temperature profiles of gas stream along the axial distance
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=curve fitting).
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Fig. 6. SEM photographs of TiO, particles.
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Q=1,400 ml/min, C;=0.68 mol%.
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Fig. 11. The averaged TiO, particle diameters along the axial distance for
various inlet TiCl, concentrations(T,,,,=1,235 K, Q=1,400 ml/min).
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2} sigukglel o3t Tio, ZP|EAl A= 827

A3t ©]83A 2d A1EM TiCl, Akl
o] A € FE g YAEF 5o 4L zEsk Tio, Y&
48 wkgr] xol we AlLtsidh THMTEEN wke] 2E,
AR 71AFF, TiCl, Z715E 52 WIAIY 2] 33 270
Al Agd o) A=E Tio, YAkl e, 7], += € IHF §
< SEM, XRD, BET #4 52 %3 &334t
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Tio, Y4 AZA YASAHL olg % 4L T3l AAHoE B
Alsidl ]

(1) 82 3gukg7] W 58T E w87 A% o 12cowkRE
g ST 257 dankgo] &9 doju= ugE xR v
A VERtos Aankge] 449 oF 1.5cm oPREE 3 TUR
9] =7} HpgE Bt =7 ekt

(2) AHE TiO, YA I/ W7 257 BE4E, TiCl, &
71Eert 2258, B A ARl =¥5E A vepted
FRARAL &3t o] & Bt

(3) A4 TiO, ¥R mutile A B]EL HHeY] 257} o4
&, AA 7IARZol B25F EA JEldod Ticl, 2715 % H3t
ol FEEtct.

4) ¥k37] £%7} ¥&E primary TiO, ¥AH27|71 F7kslas
TiO, YAke] vl ERH L 7hasii)

#& A

2 ATE FAAA XY A - 8- A FEVSNERAY #h
4 AR EANE: 97-C-13)2) ¥gte s FEYon B ARLg ¢
3 B 2AE SR Q4T HEAG) AYu] WAPEF XRD &
Aol Fzs T2 8U71E99 o)5E wARIA A=Y

=

W=
C : concentration of TiCl, [mol/cm®]
C, : inlet concentration of TiCl, [mol/cm’]
E : activation energy for oxidation of TiCl, 8.88 10* [J/mol]
k, : preexponential Arrhenius rate constant 8.29X 10* [1/sec]
M, : total concentration of aerosol [mol/cm?]
M,  :g-th order moment of aerosol
n : particle size distribution function
N,  :Avogadro's number
Q : total gas flow rate [liter/min]
RXN : oxidation rate of TiCl, [mol/cm? sec]
T : gas temperature [K]
T, : maximum flame temperature in the center line of flame

reactor [K]
: average gas velocities [cm/sec]
' : particle volume [em?)

< =
<

*

: volume of TiO, monomer [cm?]
: axial distance from the flame reactor [cm]

N <

Jz2joja 22Xt

B : collision frequency function

) : Dirac delta function

3 : collision coefficient for zeroth moment
4 : collision coefficient for second moment
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