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A Study on Ultrafine SiO, Particles Generation and Deposition
by 2-Stage Tube Furnace Reactor

You, Soo-Jong’ - Kim, Kyo-Seon™

ABSTRACT

The effects of preheating the gas stream on deposition characteristics of ultrafine SiO; particles
were investigated theoretically. The model equations such as mass and energy balance equations
and aerosol dynamic equations were solved to predict the particle growth and deposition. The gas

temperatures, SiCly concentrations,

Si0z particle volumes,

Si0z particle sizes and deposition

efficiencies of SiO: particles were calculated for various preheating temperatures. As the preheater
setting temperature increases, the SiO: particle size distribution becomes more uniform, because the

effect of SiCly diffusion decreases.
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Fig.1 The Schematic of Reactor Arrangement.
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Fig.2 The measured temperature profiles in tube
furnace reactor for various preheater
temperatures.

(Tws=1573K, Q=4 £ /min, C;=0.5mol%)
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Fig.3 Gas temperature profiles inside reactor
tube for preheater temperature of 700K
for various axial distances(z)
(Tws=1573K, Q=4 £ /min, C;=0.5mol%).
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Fig.4 Gas temperature profiles inside reactor tube

for preheater temperature of 1500K
for various axial distances(z)

(Tw=1573K, Q=4 £/min, G=05mol%, z=40cm)
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Fig.6 Dimensionless SiO2 particle volume profiles at z=50cm
for various preheater temperatures
(Tws=1573K, Q=4 { /min, Ci=0.5mol%%)

Fig.5 Dimensionless SiCl4 concentration profiles at z=40cm
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Fig.7 Dimensionless SiO2 particle diameter profiles
inside reactor tube for preheater temperatures
of 700K for various axial distance(z)
(Tws=1573K, Q=4 £ /min, Ci=05mol%)
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Fig.8 Dimensionless SiO2 particle diameter profiles
inside reactor tube for preheater temperatures
of 1500K for various axial distance(z)
(Tws=1573K, Q=4 £ /min, Ci=0.5mol%)
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Fig.10 SiO2 particle deposition efficiencies along
the axial distance for various preheater
temperatures.

(Tws=1573K, Q=4 £ /min, Ci=05mol%,)
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@ : thermal diffusivity, (cm’/sec)
By  particle diffusivity constant,

ksT(162 723y

B2 : slip correction constant for diffusion,
3.3140(x /6)""
C : concentration of SiCls (mol/cm’)
Ci ¢ inlet concentration of SiCls (mol/cm?)
Cp © heat capacity of 02 (J/g K)
: density of SiCl+ (g/cm’)
D diffusivity of SiCls (cm?®/sec)
D, : diffusivity of Si0z (cm?/sec)
d, : particle diameter {cm)
AH ' heat of reaction for SiCls oxidation
(cal/mol], 251 kJ/mol
K 1 thermophoretic coefficient
ks @ Boltzmann’s constant
n : particle size distribution function
Nav @ Avogadro’s number
r : radial distance of reactor (cm)
RXN : oxidation rate of SiCls (mol/cm’),
koexp(-E/RT)C
T ! gas temperature in reaction zonc and
deposition zone [K) |
Tw © tube wall temperature [(K)
u : axial velocities of gas stream (cm/scc)
v, v’ © particle volume (cm’)
v' ¢ volume of SiO; monomer (cm’)
z ¢ axial distance of reactor [(cm])
£ collision coefficient for zeroth moment
v kinematic viscosity [(cm?/sec)
¢ collision coefficient for second moment
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