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ABSTRACT 

For the  HSC process  (Hemlock Semiconductor Corporat ion) ,  chemical engineer ing 
ana lys i s  of the  process  f o r  producing s i l i c o n  from d ich lo ros i l ane  i n  a 1,000 MT/yr 
p l an t  is  near ing completion; Progress  and s t a t u s  f o r  t he  major process  engineer ing 
a c t i v i t i e s  involved in  the a n a l y s i s  are reported:  base case  cond i t ions  (loo%), 
r eac t ion  chemistry (loo%), process flow diagram ( loo%),  material balance (100%) 
energy balance ( loo%),  property d a t a  (loo%), equipment design (90x1, major equip- 
ment l i s t  (90%)  and labor  ( 9 0 % ) .  

Engineering design of t he  t h i r d  d i s t i l l a t i o n  column (D-03, DCS column) i n  t h e  
process was accomplished. The i n i t i a l  design is  based on a 94.35% recovery of t h e  
l i g h t  key (DCS, d ich lo ros i l ane )  i n  the  d i s t i l l a t e  and a 99.9% recovery of t he  heavy 
key (TCS, t r i c h l o r o s i l a n e )  i n  the  bottoms. The s p e c i f i e d  sepa ra t ion  of DCS and 
TCS is achieved a t  a r e f l u x  r a t i o  of 15 with 20 t r a y s  (equi l ibr ium s t ages ) .  
Addit ional  s p e c i f i c a t i o n s  and r e s u l t s  a r e  reported inc luding  equipment size, 
temperatures and pressure .  

Spec i f i c  r a w  ma te r i a l  requirements necessary t o  produce t h e  si l icon i n  t h e  
process  are presented.  The primary r a w  materials include me ta l lu rg ica l  g rade  
s i l i c o n ,  s i l i c o n  t e t r a c h l o r i d e ,  hydrogen, copper ( c a t a l y s t )  and l i m e  (waste treat- 
ment). Hydrogen ch lo r ide  i s  produced as a by-product i n  t h e  s i l i c o n  depos i t ion .  

Cost ana lys i s  of the  HSC process  (Hemlock Semiconductor Corporat ion)  w a s  
i n i t i a t e d  during t h i s  repor t ing  per iod .  The h i r i a l  c o s t  engineer ing a c t i v i t i e s  
are about 30X complete. 
produce s i l i c o n  in  HSC process  are reported.  Raw ma te r i a l  c o s t s  are $2.66 (1980 
d o l l a r s )  and $3.07 (1982 d o l l a r s )  per  kg of s i l i c o n .  
(1980 d o l l a r s )  and $5.69 (1982 d o l l a r s )  per  kg of s i l i c o n .  

The c o s t s  f o r  raw materials and u t i l i t i e s  necessary to  

U t i l i t y  c o s t s  are $4.75 
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During t h i s  r epor t ing  per iod ,  primary e f f o r t s  were continued on the 
chemical engineer ing a n a l y s i s  of t he  HSC process  (Hemlock Semiconductor 
Corporation 1. 

Progress  and s t a t u s  f o r  t h e  chemical engineer ing a n a l y s i s  are summarized 
below f o r  t he  major engineer ing a c t i v i t i e s :  

1. 

2 .  

3. 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

Base Case Conditions 

Reaction Chemistry 

Process  Flow Diagram 

Mate r i a l  Balance 

Energy Balance 

Property Data 

Equipment Design 

Major Equipment L i s t  

Labor 

P r i o r  

96% 

96% 

85% 

85% 

60 % 

60% 

40 % 

30% 

10% 

Current  

100% 

100% 

100% 

100% 

100% 

100% 

90% 

90% 

90% 

I n i t i a l  engineering design of the  t h i r d  d i s t i l l a t i o n  column (D-03, DCS 
column) i n  the  process  w a s  accomplished. 
column i s  to  separa te  DCS (d i ch lo ros i l ane )  and TCS ( t r i c h l o r o s i l a n e ) .  
d i s t i l l a t i o n  column has a s i n g l e  feed which is  the  d i s t i l l a t e  from D-02 
column. 

The func t ion  of  the d i s t i l l a t i o n  
The 

For the  i n i t i a l  process  engineer ing des ign  of D-03 d i s t i l l a t i o n  column, 
the  s p e c i f i c a t i o n s  f o r  t h e  separa t ion  include a 94.35% recovery of the l igh t  
key (DCS, d i ch lo ros i l ane )  i n  the  d i s t i l l a t e  and a 99.9% recovery of t h e  heavy 
key (TCS, t r i c h l o r o s i l a n e )  i n  the  bottoms. 
s a f e t y  reasons i n  the  d i s t i l l a t i o n  which is  conducted a t  90 ps ia .  Addi t iona l  
s p e c i f i c a t i o n s  used i n  performing the  des ign  are given i n  Appendix A l .  

A p a r t i a l  condenser is used f o r  

The r e s u l t s  f o r  the process  engineer ing design of it03 i n d i c a t e  the  
spec i f i ed  separa t ion  of DCS and TCS is  achieved a t  a r e f l u x  r a t i o  of 15 wi th  
20 t r a y s  (equi l ibr ium s t a g e s ) .  
t r a y  loca t ion  and equipment s i z e  are given in  Appendix A2. 

Addit ional  d e t a i l e d  r e s u l t s  including feed 

The design curve f o r  D-03 d i s t i l l a t i o n  column is  shown i n  F igure  1-1. 
The design curve d i s c l o s e s  the  r e s u l t s  f o r  number of t r a y s  (equi l ibr ium 
s t ages )  required f o r  the sepa ra t ion  versus  r e f l u x  r a t i o  f o r  t he  d i s t i l l a t i o n .  

S t a t u s  d e t a i l s  f o r  t he  chemical engiqeer ing a n a l y s i s  are given i n  Table 1-1, 
The prel iminary process  engineer ing design i s  based on a 1,000 MT/yr p l a n t  f o r  
producing s i l i c o n  from d ich lo ros i l ane .  
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Raw mater ia l  requirements necessary t o  produce the  product are presented 
i n  Table 1-2. Xn the  process, the primary raw materials required t o  produce 
the s i l i c o n  include metal lurgical  grade silicon, s i l i c o n  t e t r ach lo r ide ,  hydrogen, 
copper ( ca t a lys t )  and l i m e  (waste treatment).  
a by-product i n  the s i l i c o n  deposi t ion.  
are sunmarized in  the  tabulat ion including hourly flow rate and mass required per 
kg of s i l i c o n  produced. 

Hydrogen ch lor ide  is produced as 
The de ta i l ed  raw material requirements 

The u t i l i t y  requirements f o r  the  process are given i n  Table 1-3. 
u t i l i t i e s  include e ’oc t r ic i ty ,  steam, cooling water, r e f r ige ra t ion ,  process 
water and fue l .  P these  u t i l i t i e s ,  the primary u t i l i t y  involving the greatest 
energy usage i s  the e l e c t r i c i t y  f o r  the  deposi t ion reac t ion  in which s i l i c o n  is 
produced by deposit ion on an e l e c t r i c a l l y  heated polycrys ta l l ine  rod. 
surface of the polycrys ta l l ine  s i l i c o n  rod is usua l ly  i n  the temperature range 
of 1000-11OOC f o r  the  s i l i c o n  deposit ion.  

The major 

The 

Preparation of the list of major process equipment and production labor  
required t o  operate the equipment is i n  progress and nearing completion. 
major process equipment and labor requirements are about 90% camplete. 

The 

- 2 -  
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Figure 1-1 Design Curve for Distillation, D-03 

- 3 -  



; 
U 

U a 
B m o m o  

0 0 0 0 0  a 0 0 0  0 0 0  0 

n 

0 u 
o, 

In L ) 4  - -  
E G o ,  

u a r  
.2 g : 

u 

*i 
G 
0 
V w 
I 4  
0 
yc 

0 0 .  
0 r 

E 
0 r4 

9 0 
r( 

0 

.d 
Y 
m 
d 
3 
0 
d 
a 

8 m 
C 
0 
.d 
U 
'd 
v 
C 
0 
0 
9) 
rn 

t 
.d 
Y a 
d 
1 
V 
M 
0 u 

V 
'd 
y.r 

. 
N 

. 
m 

- 4 -  
U 

. 
rls 



RAW MATERIALS 

TABLE 1-2 

RAW MATERIAL REQUIREMENTS FOR HSC PROCESS 

1 .  M .  G .  S i l i c o n  

2 .  S i l i c o n  Tetrachloride 
(SiC14, make-up) 

3 .  Liquid Hydrogen 
(H2, make-up) 

4. Copper Catalyst 

5 .  Hydrate Lime ( Ca(OHl2 

6 .  Hydrogen Chloride 
(HCL, by-product 

REQUIREMENTS 
lb/hr for lb/kg of 
1000 MT/vr S i l i c o n  S i l i c o n  

270.11 

535.73 

2.014 

3.67 

45.82 0.342 

3 .44  

259.9 

129.96 

0.026 

1.937 

0.969 
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UTILITIES 

TABLE 1-3 

UTILITY REQUIREMENTS FOR HSC PROCESS 

1. E l e c t r i c i t y  
1) For Deposition 

React ion 
2) For Gas 

Compression 
3) For Pumping 

Liauid 

2.  Steam 
1) Superheated, 

100 p s i a  
1 )  Saturated,  

100 ps ia  

3. Cooling water 

Condensing 
1) Cooling and 

4. Refrigerant  
1) Refr igerat ion 

5 .  Process Water 
1) Waste Treatment 

6. Fuel 
1 ) Direc t-Fired 

2)  Inc inera t ion  
Heater 

TOTAL REQUIREMENTS REQUIREMENTS PER 
FOR PLANT KG OF SILICON 

12,000 kw 90.0 kW+r 

260 kw 1.94 kw-hr 

55 kw 0.41 kw 

12,315 kw 92.35 kw 

5 k lb /h r  37.3 l b  

17 k lb /h r  126.7 l b  

22 k lb /h r  164.0 l b  

96 k g a l / h r  715.6 g a l  

0.90 M BTU/hr .007 M Btu 

215 g a l  3.39 g a l  

4 M BTUlhr 

1.5 M BTU/hr 

.03 M BTU 

.011 M BTU 

,041 M BTU 

NOTE : 

3 

6 
k - k i l o  = 10 

M 0 mega = 10 
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11. COST ANALYSIS 

The c o s t  a n a l y s i s  a c t i v i t y  involves an economic a n a l y s i s  of t he  process  
The c o s t  a n a l y s i s  for tke under cons idera t ion  f o r  t he  production of s i l i c o n .  

p a r t i c u l a r  technology i s  based on process design r e s u l t s ,  such as requirements 
f o r  raw materials and major process equipment necessary  t o  produce the  product,  
from the  chemical engineering a n a l y s i s  a c t i v i t y .  Pr imary results i s su ing  from 
the c o s t  a n a l y s i s  include p l a n t  c a p i t a l  investment and product c o s t  which are 
u s e f u l  i n  i d e n t i f i c a t i o n  of those  processes  showing promise f o r  meeting p r o j e c t  
cos t  goa ls .  

During t h i s  r epor t ing  per iod ,  c o s t  a n a l y s i s  of t h e  HSC process (Hemlock 
Semiconductor Corporation) was i n i t i a t e d  f o r  a 1,000 MT/yr s i l i c o n  p l a n t .  
Progress and s t a t u s  f o r  tl % inajor cos t  engineer ing a c t i v i t i e s  involved i n  
the a n a l y s i s  a r e  summarized below: 

1. Process Design Inputs  

2.  Base Case Conditioiis 

P r i o r  Current  

10% 50 % 

10% 50% 

3. Raw Mater ia l  Costs 0% 50 % 

4. U t i l i t y  Costs 0% 50% 

5 .  Major Process Equipment Costs 0% 20% 

6 .  Production Labor Costs 0% 10% 

7.  Plan t  Investment Cost 0% Plan 

8. Tota l  Product Cost 0: : Plan 

S t a t u s  d e t a i l s  f o r  t h e  c o s t  a n a l y s i s  a r e  shown i n  Table 11-1. 

The c o s t  of r a w  m a t e r i a l s  necessary t o  produce t h e  product are presented 
i n  Table 11-2. Thc t ebu la t ion  i n d i c a t e s  t h a t  raw mate r i a l  c o s t s  are $2.66 
(1980 d o l l a r s )  and $3.07 (1982 d o l l a r s )  p e r  kg of s i l i c o n .  

The c o s t  of u t i 1 i t ; e s  requi red  f o r  t h e  production of t h e  product are 
given i n  Tab l t  11-3. The u t i l i t y  c o s t s  a r e  $4.75  (1980 d o l l a r s )  and $5.69 
(1982 d o l l a r s )  per kg of s i l i c o n .  

Cost e s t ima t ion  f o r  t h e  major process equipment necessary t o  produce 
the s i l i c o n  product is  in  progress .  Determination of t he  major process 
equipment c o s t s  i s  aboui: 30% complete. 
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111. SUHMlulY - coNcLusIoNs 

As a r e s u l t  of accomplishments during t h i s  report ing period, the following 
sumrmary-conclusions are made: 

1. 
analys is  of t he  process f o r  producing s i l i c o n  from dich loros i lane  i n  a 1,000 
MT/yr p lan t  is nearing c&letion. 
engineering a c t i v i t i e s  involved i n  the ana lys i s  are reported: 
t i o n s  ( l O O X ) ,  reaction chemistry (loo%), process flow diagram (loo%), material 
balance ( l O O X ) ,  energy balance (loo%), property da ta  (loo%), equipment design 
(90x1, major equipment l ist  (90%) and labor  (90%). 

For the HSC process (Hemlock Semiconductor Corporation), chemical engineering 

Progress and s t a t u s  f o r  the major process 
base case condi- 

2 .  I n i t i a l  engineering design of t h e  t h i r d  d i s t i l l a t i o n  coluum (D-03, DCS 
column) i n  the  process w a s  accomplished. The i n i t i a l  design is based on a 
94.35% recovery of the  l i g h t  key (DCS, dichloros i lane)  in  the  d i s t i l l a t e  and a 
99.9% recovery of the heavy key (TCS, t r i ch lo ros i l ane )  i n  the  bottoms. 
spec i f ied  separat ion of DCS and TCS is achieved a t  a r e f lux  ratio of 15 with 
20 t r a y s  (equilibrium stages). 
reported including equipment size, temperatures and pressure.  

The 

Additional spec i f ica t ions  and r e s u l t s  are 

3, 
i n i t i a t e d  during t h i s  report ing period. 
are about 30% complete. 
produce s i l i c o n  in HSC process are reported.  
(1980 do l l a r s )  and $3.07 (1982 d o l l a r s )  per  kg of s i l i con .  
$4.75 (1980 d o l l a r s )  and $5.69 (1982 d o l l a r s )  per  kg of silicon. 

Cost ana lys i s  of the HSC process (8emlock Semiconductor Corporation) was 
The i n i t i a l  cos t  engineering activities 

Raw material c o s t s  are $2.66 
The c o s t s  f o r  raw materials and u t i l i t i e s  necessary t o  

U t i l i t y  costs are 

- 11 - 



IV. PLANS 

Plans f o r  t he  next repor t ing  per iod a r e  sumnariaed below: 

1. Continue chemical engineer ing ana lys i s  of t h e  HSC process  (Ihnlock 
Semiconductor Corporation) f o r  s i l i c o n .  

2. For t he  prel iminary process  design,  major e f f o r t s  w i l l  be devoted 
t o  equipment design,  major equipment l ist  and labor  requirements. 

3.  Cost ana lys i s  w i l l  cont inue as r e s u l t s  i s sue  from the  chemical 
engineering ana lys i s .  

- 12 - 



APPENDIX A1 

PROCESS ENG INEERING : DESIGN SPECIFICATIONS FOR DISTILLATION, D-03 

Issue No. 1 

1. Process Equipment Name Distillation, D-03 (DcS Co'_umn) 

2. Process Equipmmt Function Separation of DCS (Dichlorosilane) and 

TCS (Trichlorosilane). 

3. Feed Specifications 
1. No. of Feeds 1 

2. No. of Feed Components 4 

3. Feed Components MCs, Es,  Tcs, 
4. Feed Concentrati .I See *teni 7 
5. Feed Temperature 91 c 
6. Feed Pressure 90 P s i a  

7. Light Key - LK ~ichlnrosilan~ ( ~ s )  
8. Heavy Key - HK Trichlorosil ane (E S) 

1. Recovery of Light Key (LK) in Distillate 94.35 x 
4. Distillate Specifications 

Low TCS, TET - 2, Concentrat ion Spec. 

5. Bottoms Specifications 

1. Recovery of Heavy Key (HK) in Bottoms 99.9 x 
2. Concentrat ion Spec. Low in MCS, DCS 

6. General Specifications 

1. Pressure for Distillation 90 ps ia 
2. Condenser Type Partial 

Required amount for feed of CVD reactors is drawn from the top of 
this column in vapor phase, it is then mixtured with H 
to CVD reactor. 
accumulator, and feeded back to column. 

and feeded 
Only refulx flow is condensed and colgected in  

- 13 - 



7. Feed Concentrat ion 

Component 

1. SiHSC1 , MCS 
2. SiH2C12, DCS 
3. SiHC13 , TCS 
4. SiClr , "ET 

Total 

Temperature ( C) 

Pressure (Psia) 

Mass Flow 
( lb-mole/hr 

Liquid Fraction 

Feed Source 

Feed Concentration 

0.0044870 

0.1034000 

0.8856370 

0 -0064760 

1 .oooooo 

91 

90 

256.53 

1. 

Distillate of D-02 

dote : 

1. Feed concentration and temperature are from design of D-02 

- 14 - 



APPENDIX A2 

PROCESS ENGINEERING: DESIGN RESULTS FOR DISTILLATION, D-03 

Issue No. 

1. Process Equipment Name Distillation, D-03 (DCS Column) 

2. Equipment Specifications 

1. No. of Equilibrium Trays N = 

3.  Tray Efficiency 65 x 

20 

2. No. of Equilibrium Feed Tray 5 = 11 

4. No. of Actual Trays Nactuat 0 32 

5. No. of Actual Feed Tray Np,actual 

6. Tray Spacing 18 in. 

7. Type of Tray Single Pass Crossflow Seive Tray 

8. Column Diameter 4 ft. 
9 .  Colunm Height 60 ft. 

11. Design Temp. Top 52 C 

12. Design Pressure 90 psia 

13. Materials of Construction 

- 16 

10. Reflux Ratio R = 15 

Bottom = 47 C 

3. Product Specifications 

1. Feed Specifirations 
1. Feed Concentration See Item 7 of Design Spec. 
2. Light Key - LK Dichlorosilane (DCS) 
3. Heavy Key - HRTrichlorosilane (TCS) 

2. Distillate *Specifications 

1. Recovery of Light Key (LK) in Dietillate 94-35 x 
2. Concentration Spec. 

3. Bottoms Specifications 
1. Recovery of Heavy Key (mt) in Bottoms 99.9 x 
2. Concentration Spec. 

See Item 4 

See Item 4 
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4. Results for Streams Concentration 

Component 

1. S i A S C l  , MCS 

2. SiH2C12, DCS 

3. S iHCl3  , TCS 

4. SiClt, , "ET 

Total 

Concentration 
Disti l late Bottom 

0.0435621 Neg 1 ibi le  

0.939041 1 0.0076186 

0.01 73968 0.9837867 

neg 1 i b i l e  0.0085947 

- 
1 . 000000 1.0000000 

Disti l late : 26.3 lb-mole/hr a t  52 OC 

Bot tom : 230.23 lb-mole/hr a t  97 OC 

2. Results for Number of Trays 

Reflux Ratio, No. of Equil .  Trays, 
R N 

12 29 (13) 

14 23 (12) 

1s 

20 

25 

20 (11) 

18 (11) 

17 (10) 

30 16 (10) 

No. of Actual Trays 

Nac tual 

45 

36 

31 

28 

27 

25 

- 16 - 
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