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Abstract—The results of numerical model for a tube furnace reactor were proposed to manufacture ultrafine
TiO, powders. The model equations such as continuity, energy balance and mass balance equations, and
the Oth, 1st, and 2nd moment equations of aerosols were considered. The phenomena such as TiCly reaction
rate, TiO, nucleation rate and the coagulation, diffusion and thermophoresis of TiQ, powders were included
in the aerosol dynamic equations. It is found that the TiO, particle concentration becomes higher, as the
furnace temperature decreases and also as the inlet TiCl, concentration and the total gas flow rate increase.
On the other hand, the TiO; particle size increases, as the furnace temperature and the inlet TiCl; concentra-
tion increase and also as the total gas flow rate decreases.
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Zzoy TiO; 12k A4 FHY 7192 wg7)9] Rddy
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b : constant

B,  :particle diffusivity constant, ksT(162 n?) !

B,  :slip correction constant for diffusion, 3.341 A(n/
6) 173 .

B;  :coagulation constant(continuum), 2kzT/3u

B: :slip correction constant for coagulation, 1.257 A
(4]1/3) 1/3

Bs  :coagulation constant(free molecule), (3/4m)6
(6kgT/p,) "2

B.y :Cunningham correction factor

C  :concentration of TiCly{ mol/cm®]

C; :inlet concentration of TiClL[mol/cm®]

C, :heat capacity of O, [J/gK]

D  :diffusivity of TiCl, [cm?/sec]

D, :diffusivity of TiO, [cm?%/sec]

d, :particle diameter [cm]

E  :activation energy for oxidation of TiCl, [J/mol]

K  :thermophoretic coefficient

k, :preexponential Arrhenius rate constant [ 1/sec]

ks :Boltzmann's constant

M, :total concentration of aerosol [mol/cm®]

M, :qg-th order moment

n :number of aerosols per one mole of carrier
gas at the reactor inlet

N., :Avogadro’s number

r : radial distance of preform tube [cm]

RXN : oxidation rate of TiCl; [mol/cm®sec]

T  :gas temperature (K]

U  :average gas velocities at the inlet [cm/sec]

u  :axial velocities [cm/sec]

v, V' : particle volume [cm®]

vy  :geometric mean volume of TiO, particle [¢cm®]

v’ :volume of TiO, monomer [cm®]

W : polydispersity index

z : axial distance of reactor [cm]

azlojAa 22X

a : thermal diffusivity [cm?/sec]

B : collision frequency function

AH :heat of reaction for TiCl, oxidation [cal/mol]

py, :density of TiO, [g/cm?]

u  :viscosity of gas stream [g/cm sec]

Y 2 U o> Q

10.

11.

12.

13.

14.

15.

16.

17.

191

: standard deviation

: mean free pass [cm]

: collision coefficient for zeroth moment
: kinematic viscosity [cm%/sec]

: collision coefficient for second moment
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