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Abstract—The deposition characteristics of SiO; particles were investigated in simplified MCVD reactor theoretically
and experimentally, changing the process conditions of furnace setting temperature, total gas flow rate and inlet
SiCl; concentration. The transport phenomena equations and aerosol dynamic equations inside reactor were considered
in numerical simulation. The computed deposition efficiencies in deposition zone were in good agreement with the
experimental results. For the process conditions in this study, it is found that the deposition efficiency of SiO; particles
increases as the furnace setting temperature increases, also as the inlet SiCly concentration decreases. As the total
gas flow rate increases, the SiCl, conversion and deposition efficiency decrease.
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Fig. 1. Schematic of experimental apparatus.
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Unit cell tube inside deposition zone

Jig. 2. Schematic of deposition zone.
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Table 1. Process conditions for the experiments and numerical simula-

tions
Gas Inlet SiCl Furnace
Process . .
variables flow rate concentration setting temp.
(!/min) (mol%) ©
Standard condition 4 05 1300
Effects of 4 05 1200
temperature 4 0.5 1400
Effects of 4 20 1300
concentration 4 5.0 1300
Effects of gas 2 0.5 1300
flow rate 5 05 1300
1600 T Y T T T T
5 1400 ::"i\;: 1 3
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m 1000 R - M . e ~‘ :\.\ s -
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Fig. 3. The measured temperature profiles in reaction zone for various
setting temperatures.
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Fig. 4. The measured temperature profiles in deposition zone for var-
ious setting temperatures. )
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Fig. 5. SiCly conversion(solid lines) and deposition efficiency(dashed
lines) along the axial distance for various setting temperatures
(Q=4/!/min, C;=0.5 mol%).
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62, z>62 F7 ol M= 22 &9 2 FE 2T HAags
Ro)1 glrk Table 18] & =73} T, =1300C, Q=4 {/min, C;=
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T.= —2.13912° +78.7412 + 650.323

p

at z<20 (14)
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T.=0.067812* — 18.02351z — 1545.2292 at 40<z<62 (17)
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Fig. 6. Deposition efficiency in deposition zone along the axial distance
for various setting temperatures. Experiment results(marks),
Simulation results(solid lines)(C;=0.5 mol%, Q=4 //min).
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Fig. 7. SiCly conversion(solid lines) and deposition efficiency(dashed
lines) along the axial distance for various inlet SiCls concentra-
tions(T,, = 1300°C, Q=4 //min).
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oF 62%o| etk 7hd 2ol MR E} 12000 A g3 Abshubgo]

F08hA) o AEhgo] whon2(40%) HE FALEL 25% A
T2 1300C wich oA Jepsdch 72 AYEEE 1200C,
1300C, 1400C2 77t WA 7S o ZaT7r)A]e] 2A 582
FH A AIEprn) 9t A8 AIHE z0p) & Bla8lo] Fig 69 1}
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Fig. 8. Deposition efficiency in deposition zone along the axial distance
for various inlet SiCl, concentrations. Experiment results
(marks), Simulation results(solid lines)(T,,= 1300°C, Q=41/

min).
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Fig. 9. SiCly conversion(solid lines) and deposition efficiency(dashed
lines) along the axial distance for various total flow rates(T.,=
1300°C, C;=0.5 mol%).
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Aol 2lsh BAE SO, AL FE FABOE ol Feto] F3
Tk Aol E 2357 957) B Eoleh4, 13). Fu Foh ol
B UATh FRTT Fubpeld FAsA Hm2 FAT
Fubrel 22 QAN FABA Ashuck FA vebic.
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Fig.7¢ =7] SiCL $%7} 77t 0.5 mol%, 50 mol%a] = 4%
K atel 2% SiCl, AsHe 3 FHEE(E) S 87 Aol wet
Yeich 27] SiClk FE7F ¥¢ 9(C=50mol%) A3l
2|3 cheke] redgpo g mbgr)A7 FAEA stdEe} SiClL A
FEe A gt 9bgr] FRF PRy E FRY
Zo 2 garso} ubgdhe SiCly o] FAstnz HF FHa s

Z22(05mol%) Be} A ebdol{4,13]. 7] SiCl, ¥=

0.5 r — . .
5 ]
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Fig. 10. Deposition efficiency in deposition zone along the axial dis-
tance for various total gas flow rates. Experiment results
(marks), Simulation results(solid lines)(T,,= 1300°C, C;=0.5
mol%).
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20mol% <y o] 22 E£S 34%, 5 mol%nd W 29%2 Jelhtw
9l2m Fig. 7ol 419} mpd7ix} 2 SiCl, 557b 3715t whe} cfake]
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o) FAELL EEZA(Q=4/min) X} s vehdrl dbdel
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#53 Y= S0, YA FHEA A RAL 7 3}e}
AYAE vlasigden] & A7 F9 e S i

(1) SiCly 18g2 7Hd8 £=7 ¥&58, SiCl 27] =7}
ol AE, A7 A FFe] Fa¥dsrE Frli

(2) 7142 AALEs) F&4-2(1300C ©}8h) SiCLe| Hghgol
ol Zap7ke] 3k & w3 A Jehx gt rld 2 A 2wt
1300T o] Aol Me FaF7Hll A 8] dodF dAbe] HXEER Si0,
dzke] A& FshA "ol

(3) SiCy z7] Fx7} AATE SiCl, Ats)oll & ciske] 2
do g s ukg7Azt FAsA stdse] wgr] FodiEe
SiICL7} fFRHZ 0 2 #AkE 7] §) 57 ool 52882 7H4sHA
=)

(4) 71AF-3°] 41/min o]4d o SiCl, H#H-go] Lolr] F3
2gx 2A Jebdch A¥AS AP A Gl 2/ mind e
Ao o] <d3pe] HHAM FaAFIAAL FaEEo] FARAL
A z}ol v)ste] FA viepyiet

ks
FrES

ALBY|Z

B, :particle diffusivity constant, kgT(162n%) ~"3y~!

B: :slip correction constant for diffusion, 3.314A(n/6)"°

C  :concentration of SiCl, [mol/cm®]

C.  :inlet concentration of SiCl, [mol/cm®]

C, :heat capacity of O; [J/g K]

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

D, :diffusivity of SiO, [cm*/sec]

E  :activation energy for oxidation of SiCl, [J/mol], 402 kJ/
mol

En

Epz., : experimental deposition efficiency in deposition zone

Epzume : theoretical deposition efficiency in deposition zone

: deposition efficiency from the beginning of reactor

AH :heat of reaction for SiCl, oxidation [cal/mol], 251 kJ/
mol

K  :thermophoretic coefficient

k, :preexponential Arrhenius rate constant [1/sec], 1.7X10*
sec”!

ks :Boltzmann’s constant

M, :qg-th order moment

n : particle size distribution function

N.. :Avogadro’s number

P :number of grid points

Q  :total gas flow rate [liter/min]

R  :radius of reactor [cm], 22 cm

r : radial distance of reactor [cm]

RXN : oxidation rate of SiCl; [mol/cm® sec], —koexp(—E/RT)
C

T  :gas temperature in reaction zone and deposition zone [K]

T, :inlet gas temperature (K], 298 K
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10.
11.
12.
13.
14.
15.

16.

17.

: tube wall temperature [K]

: setting temperature of tube furnace [K]

: axial velocities of gas stream [cm/sec]

: particle volume [cm®)

: geometric mean volume of SiO. particle [cm®]
: volume of $i0, monomer [cm?®]

: axial distance of reactor [cm]

2{0|A X}

: thermal diffusivity [cm?/sec]

: collision frequency function

: density of SiCly [g/cm?®]

: standard deviation

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

: collision coefficient for second moment
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