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Theoretical Analysis on the Synthesis of Ultrafine
TiO2 Particles by Combustion Reaction

Chae, Bum-San’ - Kim, Kyo-Seon™

ABSTRACT

A numerical model has been proposed for a diffusion flame reactor to manufacture ultrafine
TiO2 powders. The model equations such as mass balance equation, the Oth, 1st, and 2nd moment
equations of aerosols were considered. The phenomena such as TiCly reaction rate, TiO2 nucleation
rate and the coagulation of TiO2 powders were included in the aerosol dynamic equation. It s
found that the TiO: particle concentration becomes higher, as the inlet TiCly concentration and the
total gas flow rate increase, and also as the flame temperature decreases. The TiO: particle size
increases, as the flame temperature and the inlet TiCli concentration increase and the total gas
flow rate decreases.
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Fig.1. The measured temperature profiles of reactor
along the axial distance for various Tmax's
(Q=1400ml/min, marks=exp., lines=curve fitting).
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Fig.2. The measured temperature profiles of reactor
along the axial distance for various total gas
flow rates (Tmax=1235 K, marks=exp.,
lines=curve fitting).
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Fig.3. Dimensionless TiCls concentration profiles
along the axial distance for various Tmax's
(Q=1400 ml/min, C=0.68 mol%).
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Fig.4. Dimensionless TiCls concentration profiles
along the axial distance for various total gas
flow rates (Tmax=1235 K, Ci=0.68 mol%).
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C  : concentration of TiCly [mol/cm®]

G inlet concentration of TiCly [mol/cm’]

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

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

kK . preexponential Arrhenius rate constant
[1/sec]

M : total concentration of aerosol [mol/cm?’]

M 1 g-th order moment

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

Ny  : Avogadro’s number

Q . total gas flow rate [liter/min]

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

T . gas temperature [K]

T . flame temperature [K]

u : axial velocity [cm/sec]

vv  : particle volume [cm’]

2 : volume of TiO2 monomer [cm®]

z . axial distance of reactor [cm]

Greek letters

B . collision frequency function
E . collision coefficient for zeroth moment
4 . collision coefficient for second moment
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