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Abstract— A model was proposed to predict the particle size distribution in a steady state continuous CVD fluidiz-
ed bed reactor and in outflow stream by variation of feed rate of input stream. In CVD fluidized bed reactor high purity
polycrystalline silicon particles were grown by a pyrolysis of silane gas (SiH,) and chemical vapor deposition (CVD) on
seed particles. It was found from the computer simulation that the average size and output rate of product particles in-
creased with decreasing silicon feed rate, and that the particle size distribution was broadened by the decrease of the
feed rate, which is unfavorably influenced in a continuous CVD fluidized bed reactor. It was also demonstrated that the
simulation results were in good agreement with experimental ones on a 4 inch CVD fluidized bed reactor and the
model could be used in the estimation of operation conditions of CVD fluidized bed reactor.
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Table 1. Simulation results without segregation.
START W = 3200g, U/U,, = 4.0, dp, = 200um
' F, F, dp,dp, U dR/dt U,
[ Assume R J (g/hr) (g/hr) (um) (cmfsec) (um/hr) (cm/sec)
% 80 1,696.1 803.5 173.5 66.2 434
[ Assume F; | 90 1,3943 7217 1400 477 350

100 12047 6642 1186 37.0  29.6

_ : 110 1,079.7 6444 1041 303  26.0
!l_leassumg,]LCalculate right hand side of eq. (7) 120 9946 590.1 939 258 235
130 9369 5677 866 228 216
140 8950 5492 810 206  20.2

YAEol Wg7] 482 dolrhiels] wEel Fig, 201

[ Calculate P, (R) by eq. (5) [ :}E};ﬁj qui ;;;385 cm/ secith & HHe A
[ Calculatedp; | Table 1o webd 77 o] whg7lell A7l
‘ A2 Qe g 80l4 140g/hr2 F7hA 2w
l ReassumeRw l

A E Fx187] A UK 1735004 81,0

l cm/secE ZtAstin fEdatets 1307004 895g/hr

2 7HAa3E o 4 Qv F, 3ol F1E4E 4kl

o= e QlzlEe] Helxlmz HiU7(dp, =

dp,) 5 803014 549 pm= 43tz wletA ol & 7|F
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L Calculate U,

[ Calculate U |

| UIU,,;-4| <0.001
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Table 3. Simulation results with segregation.

% CVD €h37leliA el Jxtzr] 2o 24

331

Table 2. Segregation factors of various particle

sizes.
weight percent of particles
dplum) in bed in product ¢®)
200 8.8 1.9 0.16
335 20.1 6.8 0.23
460 35.7 16.6 1.02
548 244 23.8 2.15
651 9.9 43.7 297
774 1.2 7.3 4.56
glome A 2 A AA}ADL U/Uar &
AR Agusiel 3-59] =i flel4| Adsiaict
APARE Table 20 depligded] o)z U/

AgAFAeltt, U/Uns 2
ZApols 49 whs} wlmdled & 2ot
Aol gl A= Fo akef wstell iy

gloleh, A} 7y %
2% 9 $39 YA 2705k Qs Fxel e W
B3t o] BHomz U/U,, & 42 UAs 5
T 2AE A4S A 22} QRS Table 29 2
55 olgslod 2 97 Rol kil gz EAlshol
At

¢R)=1L0X10T°R*+3.77x10*R+0.33 (12)

Rel F7igtol} whel ¢ ghol ol E Alsslmg 44 z4)
ol glejAl+= R Zko] 1000 4 m o|5H] 7-9-uhe w3}
ot

Table 3o =4 A5 Jepligded F, gol ot
77t8) By, dpe, dpi, R, UE Al4bstg el Fy7t 20
o4 110g/hr2 713 o) F;& 14000014 491g/hrz
HETE 4 F AT dp.ot dp s 77 742, 920 4m

W =3200g, U/U,,,= 4.0, dp, = 200 um

F, F dp, dp, dR/dt U,y U
(g/hr) g/ hr). fum) (um) (um/hr) (cm/sec) {cm/sec)

20 1,400.0 742.5 920.6 3184 37.0 148.1
30 803.3 555.8 673.7 60.3 20.7 83.0
40 615.5 479.4 564.8 23.8 154 61.8
50 538.0 441.5 505.6 13.4 13.06 52.4
60 562 420.4 468.6 9.2 11.86 47.5
70 486.2 407.8 443.6 7.0 11.16 44.7
80 480.4 399.9 425.6 5.7 10.74 43.0
30 480.6 395.0 412.1 4.9 10.48 419

100 484.6 392.0 401.6 4.4 10.32 41.3

110 491.1 390.1 393.1 4.0 10.22 40.9
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Table 4. Comparison of experimental and simu-
lated results.

Run No 1 z

Simu- Experi-  Simy- Experi-

lation ment lation ment
W (g) 2782 2782 3205 3205
U0, 4 4 3.5 3.5
Fy(g/hr) 68.8 68.8 61 61
F,(g/hr) 487.0 532.8 427.8 423.5
dp; ( m) 445.8 415.0 445.8 434.0
dp, ( m) 418.4 346.8 417.6 345.0
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347 umeldleh, 3 el s wel o
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NOMENCLATURE

dp,, dp; : diameter of silicon particle in bed, and in
outflow stream (xm)

dp : harmonic mean diameter of silicon par-
ticles (wm)

D.E. : deposition efficiency

Fo,F, F, : feed rate of silicon, outflow rate of silicon,
and carryover rate of silicon by entrain-
ment (g/hr)

F; : flowrate of silicon in the SiH, gas feed
(g/hr)

PyR), Pi(R), PR) : particle size distribution of feed,
outflow, and bed (¢m-1)
: radius of silicon particle, unit
time (hr)
: gas velocity (cm/sec)
mf : minimum fluidization velocity (cm/sec)
: weight of silicon in the bed (g)
: particle growth rate (#m/hr)

: segregation factor
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