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ABSTRACT

A numencal model for fabrication and deposiiion of ultrafine 510, particles were praposed in the simplitied
harizontal MCVD apparalus using tube [urnace reaclor. The moedel equations such as energy and mass halance
equations and the Oth, 1st and 2nd moment balance equations of acrosols were considered in the reactor.
The phenomena of SiCl; chermcal reaction, Si0Q; particle formation and coagulation, diffusien and thermophoresis
of Si0; particles were included in the aerosol dynamic equalion. The profiles of gas temperature, SiCl; concent-
raton and S0, particle volume were calculated [or standard conditions. The concentrations, sizes and deposition
efficiencies of Si0, particles were calculaled, changing the preocess conditions such as tube furnace setling
temperature, lotal gas flow rate and inlet Si1Cl, concentration
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Fig. 1. Schematic diagrami of reaction and deposition
zones in MCVIL
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Fig. 2. The measured temperature profies of tube wall
in reaction zone for varibus setting temperatu-
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Fig. 3. The weasured temperature profiles of tube wall
in deposilion zone for various setting tempera-
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NOMENCLATURE

E, - particle diffusivity constant, kpT{162n%)~ Yy

B. :shp correction constant for diffusion, 3.314 A
(/64

C . concentration of SiCly [mol/em?®]

C tinlet concentration of SiCl, [mol/em™]

C “heat capacty of Op [J/gK]

D * diffusivity of SiCly [em?/sec]

D, . duffusivity of Si0; [em?*/sec]

d, . particle diameter [cm]

E . activation energy for oxidation of SiCly
k[ J/mol], 402 kJ/mol

AH heal of reaction for SiCl, oxidation [cal/mal].
251 kJ/mol

{ . thermophoretic coefficient

k. . preexponential Arrhemus rate constant
[L/sec], 17X 10" sec™!

ko, - Boltzmann’s constant

M, | g-th order moment

n » particle size distribution funclion

N, 1 Avogadra’'s number

0 I lotal gas flow rate [!/min]

i > radius of reactor [em], 2.2 cm

r radial distance of reactor [em]

RXN ! oxidation rate of SiCl; [mol/em® sec], ~kyexp
(—E/RT)C

T . gas temperature m reacltion zone and deposi-
tion zone [K]

T Tinlet gas temperature [KJ, 298 K

T. I tube wall temperature [K]

T..  setting temperalure of tube furnace [K]

] . axial velocities of gas stream [cm/sec]

¥, v particle volume [cm*]

v, ¢ geometric mean volume of 510, parlicle [cm?]

vt volume of Si0, monomer [cm?]

z - axial distance ol reactor [em]

< g T ™ oo R

A -

Greek Letters

. thermal diffusivity [cm®/sec]

. Dirac delta function

. collision frequency funclion

< density of SICly [g/cm?]

- standard deviation

 colhsion coefficient for zeroth moment

- kinematic viscosity [em®/sec]

EEES

g

10

11.

12.

13.

14

15

16.
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> collision coelficient for second momenl
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