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ABSTRACT 

Analyses were continued f o r  process system p r o p e r t i e s  of chemical 
ma te r i a l s  important i n  t h e  production of s i l i c o n .  Primary a c t i v i t i e s  were 
i n i t i a t e d  f o r  phys ica l ,  t r anspor t  and thermodynamic property da ta  of s i l i c o n .  
Progress and s t a t u s  including prel iminary d a t a  c o l l e c t i o n  and a n a l y s i s  r e -  
s u l t s  a r e  reported f o r  the  primary a c t i v i t i e s  of da ta  c o l l e c t i o n  ( g o % ) ,  da ta  
ana lys i s  (80%) , est imation (70%) ,  and c o r r e l a t i o n  (60%) .  

' Process design r e s u l t s  f o r  BCL process-Case A (two deposi t ion  r e a c t o r s  
and s i x  e l e c t r o l y s i s  c e l l s )  were presented r e c e n t l y .  ~ u r i n g  t h i s  r epor t ing  , . 

period,  major chemical engineering e f f o r t s  were i n i t i a t e d  on prel iminary pro- 
cess  design of t h e  BCL process-Case B (one deposi t ion  reac to r  and two e lec t ro -  
l y s i s  c e l l s ) .  Chemical engineering design r e s u l t s  a r e  reported f o r  Case B 
including raw mate r i a l s ,  u t i l i t i e s ,  major process equipment and production 
labor requirements f o r  a  s i l i c o n  p l a n t  of 1,000 M T / Y ~  capaci ty .  

For economic ana lys i s ,  major e f f o r t s  centered on c o s t  s e n s i t i v i t y  analy- 
sis f o r  the  BCL process-Case A f o r  producing s i l i c o n .  Cost s e n s i t i v i t y  r e -  
s u l t s  a r e  presented f o r  the  inf luence  of primary c o s t  parameters.  For both 
1975 and 1980 time per iods ,  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e  c o s t  parameter in-  
f luence on product c o s t  is:  p l a n t  investment (most) ,  raw m a t e r i a l s  ( i n t e r -  
media te) ,  u t i l i t i e s  ( in termedia te)  and labor  ( l e a s t ) .  For p r o f i t a b i l i t y ,  
t h e  r e s u l t s  i n d i c a t e  a  s a l e s  p r i c e  of 14 $/kg (1980 d o l l a r s ) ,  a t  a  7.5% DCF 
r a t e  of r e t u r n  on investment a f t e r  taxes .  These r e s u l t s  suggest  good poten- 
t i a l  of the  BCL process f o r  meeting the  LSA c o s t  goal  of 14$ per  kg (1980 
d o l l a r s )  . 
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Analyses were continued f o r  process system proper t i e s '  of chemical 
ma te r i a l s  important i n  t h e  production of s i l i c o n .  Primary a c t i v i t i e s  were 
i n i t i a t e d  f o r  physica l ,  thermodynamic, and t r a n s p o r t  property d a t a  of s i l i-  
con. 

The progress f o r  the  primary a c t i v i t i e s  and s t a t u s  including prel iminary 
da ta  c o l l e c t i o n  and data  a n a l y s i s  r e s u l t s  a r e  summarized below: 

P r i o r  - * Current 

1. p r e l ,  Data c o l l e c t i o n  
2. Data Analysis 
3 .  Estimation Methods 
4 .  ~ x p .  c o r r .  A c t i v i t i e s  
5. Property Values 

The property da ta  coverage f o r  s i l i c o n  w i l l  include c r i t i c a l  cons tan t s ,  
vapor pressure ,  hea t  of vapor iza t ion ,  hea t  capaci ty ,  d e n s i t y ,  su r face  ten- 
s ion ,  v i s c o s i t y  and thermal conduct iv i ty .  Additional progress including 
preliminary d a t a  c o l l e c t i o n  and da ta  a n a l y s i s  r e s u l t s  w i l l  be presented i n  
the  next '  r e p o r t .  



11. CHEMICAL ENGINEERING ANALYSIS (TASK 2) . . 

A. BCL PROCESS - Case B , _ I  . . 

. . .  

Major e f for t s  were in i t i a t ed  on the preliminary process design for  
Case B of BCL process. In Case B ,  the process contains one deposition 
reactor and two electolysis  c e l l s  a s  compared with two deposition reactors 
and s i x  electolysis . .ce , l ls  for .Case A which was recently reported.,. 

. . 

The detailed s ta tus  for Case B is shown in  Table IIA-1.0 to  present 
the items that  make up the preliminary process design. 

. . 

The summarized r e su l t s  for the p re lh~ ina ry  process design are  pre- 
sented in a  tabular format t o  make it easier t o  locate times uf specific 
in te res t .  The guide for these tables  is  give11 below: . 

.Base Case Conditions ................. Table I I A - 1 . 1  . .  

.Reaction Chemistry ................... Table IIA-1.2 

.Raw Material Requirements ............ Table IIA-1.3 

.Ut i l i ty  Requirements ................. Table I I A - 1 . 4  

.Major Process Equipment .............. Table IIA-1.5 

.Production Labor Requirements ........ Table IIA-1.6 

These r e su l t s  were forwarded for preliminary economic analysis. 



TAB= I I A - 1 , O  CHEMICAL ENGINEERING ANALYSES : 
PRELIMINARY PFtOCESS DESIGN ACTIVITIES FOR BCL Process  (.Case B) 

P r e l .  P rocess  Design A c t i v i t y  S t a t u s  P r e l .  P rocess  Design A c t i v i t y  

1. Spec i fy  Base Case Condi t ions  
1. P l a n t  S i z e  
2 .  Product  S p e c i f i c s  
3 .  A d d i t i o n a l  Cond i t ions  

2 .  Define React ion  Chemistry 
1. Reac tan t s ,  P roduc t s  
2 .  Equ i l ib r ium 

3.  Process  Flow Diagram 
1. Flow Sequence, Unit  o p e r a t i o n s  

W 
2. Process  Cond i t ions  (T, P ,  etc.) 
3 .  Environmental  
4 .  Company I n t e r a c t i o n  

(Technology Exchange 

4. K a t e r i a l  Balance C a l c u l a t i o n s  
1. Raw Mate r i a l s ,  

w o 2 .  Products  
0) 
UI 3 .  By-products 

7. Equipment Design C a l c u l a t i o n s  
1. S to rage  Vessels 
2.  Un i t  Opera t ions  Equipment 
3.  Process  Data (P ,  T,  rate,  e t c . )  
4. A d d i t i o n a l  

8. L i s t  o f  Major P rocess  Equipment 
1. S i z e  
2. Type 
3.  M a t e r i a l s  o f  C o n s t r u c t i o n  

8a.  Major Technica l  F a c t o r s  
( P o t e n t i a l  Problem Areas) 
1. M a t e r i a l s  C o m p a t i b i l i t y  
2 .  Process  Cond i t ions  L i m i t a t i o n s  
3.  A d d i t i o n a l  

9. Product ion  Labor Requirements 
1. Process  Technology 
2.  Product ion  Volume 

5. Energy Balance C a l c u l a t i o n s  @ 10. Forward f o r  Economic Ana lys i s  
1. Heat ing  @ 
2 .  Cooling @ 
3.  ~ d d i t i o n a l  8 

S t a t u s  

6. P rope r ty  Data 0 0 P lan  
i. P h y s i c a l  ' @ 8 I n  P rogres s  
2 .  Thermodynamic 0 @ Complete 
3. A d d i t i o n a l  @ 



TABLG IIA-1.1 
BASE CASE CONDITIONS FOR BCL PROCESS (Case B) 

P l a n t  S i z e  
- s i l i c o n  produced from s i l i c o n  t e t r a c h l o r i d e  (TET) 
-1000 m e t r i c  t o n s / y r  o f  s i l i c o n  
- s o l a r  c e l l  g r a d e  s i l i c o n  
- s o l i d  phase  p r o d u c t  form ( g r a n u l e s )  
L i g h t  End D i s t i l l a t i o n  
- p u r i f i c a t i o n  o f  TET by d i s t i l l a t i o n  
- remove,4% c h l o r o s i l a n e s  as t h e  l i g h t  end 
-80°C, 1 0  p s i g  

IIcavy Ekid Dis~tillatia1-1 
- p u r i f i c a t i o n  o f  TET by d i s t i l l a t i o n  
-remove 4% i m p u r i t i e s  as t h e  heavy end 
-92% o v e r - a l l  y i e l d  o f  TET from b o t h  d i s t i l l a t i o n s  
-80°C, 1 0  p s i g  

TET Vapor ize r  
- t o  supp ly  TET v a p o r  f o r  d e p o s i t i o n  r e a c t o r  
-by power i n p u t  ( r e s i s t a n c e  h e a t e r )  
-hold  a t  c o n s t a n t  l e v e l  and c o n s t a n t  p r e s s u r e  
-164 OF 

D e p o s i t i o n  Reac to r  
- reduce TET by z i n c  t o  p roduce  s i l i c o n  
- d e p o s i t  on p u r e  s i l i c o n  seed  
=Kluid .  bed. .. .. .7 . I . : 
-927°C (1700QF, 1. a t a ~ )  
-b3% conversion o t  TET' t o  s l l i c o n  

~ e a c t o r  Condenser 
- t o  condense q a s e s  from r e a c t o r  (ZnC12, u n r e a c t e d  Zn and SiC14 q a s e s ) '  
p a r t i a l  condcn3a t ion  

-us ing  t h e r m i n o l  bb as t h e  c o o l a n t  
-927OC i n l e t  t e m p e r a t u r e  and 350°C o u t l e t  t e m p e r a t u r e  

Reac to r  ZnC12 S t r i p p e r  
-work a s  p a r t i a l  condenser  . . .. . - t o  condense ZnC12gas from SiC14 g a s  .. 

- o p e r a t i n g  a t  t h e  t e m p e r a t u r e  -right above ZnC12 m e l t i n g  p o i n t  (318OC) , 350°C 
- u s i n g  t h e r m i n o l  66 as t h e  c o o l a n t '  

C e l l  ZnCl' * S t r i p p e r  -. .. ., . 2 '  
- o p e r a t e s  a s  p a r t i a l  condenser  . 
- t o  condense ZnC12 g a s  from C 1 2  and s-ic14 g a s e s  ' 

- o p e r a t i n g  a t  t h e  t e m p e r a t u r e ' r i g h t  above ZnC12 m e l t i n g  p o i n t  (318OC), 350°C 
- u s i n g  t h e r m i n o l  66 a s  t h e  h e a t  exchange mgdium 

;, ... ... 



TABLE IIA-1.1 (Continued) 

9. Reactor SiC14 Condenser 
--c:oncIcrl!-;c Sic14 gas fox recycle 

- -antiErceze as the coolant 
-350°C inlet temperature,' 20°F outlet temperature. 

10. Electrolysis 
-electrolytic recovery of Zn from ZnC12 
-C12 gas is by product 
-95% Zn recovery 
-500°C, approx. 1 atm 

11. Zinc Vaporizer 
-to vaporize Zinc 
-by induction heating 
-927OC, approx. 1 atm. 

12. Wastes Treatment 
-to scrub and neutralize SiC14 and chlorosilane gases 
-caustic solution used to neutralize 

13. Operating Ratio 
-approximately 80% utilization (on stream time) 
-approximately 7,000 hr/yr production 

14. Storage Considerations 
-feed material (two week supply) 
-product ('two shifts storage) 
-process (several hours) 



TABLE I I A - 1 . 2  
REACTION CHEMISTRY FOR BCL PROCESS ( C a s e  B) 

1. S i l i c o n  D e p o s i t i o n  

T., 2Zn + Sic1 + ~ i +  + 2 Z n C 1 2  
4 

2 .  E l e c t r o l y s i s  

e l e ~ t r o l y .  
Z n C 1  Z n ( l )  + C 1 2  ( g )  

3 .  Waste T r e a t m e n t  

S i C 1 4  + 2 H 2 0  a+9 Si02 + 4 H C l ( a q )  

NaOH ( a q )  + H C l  ( a q )  '+ N a C l  ( a q )  + H 2 0  

or 

C a  (OH) (aq) + 2 H C l  ( a q )  -t C a C 1 2  ( a q )  + 2 H 2 0  

3a. Waste T r e a t m e n t  ( 5 0  MT/yr  a n i t )  

C 1 2  (g) + 2NaOH ( a q )  -+ N a O C l  ( a q )  + N a C l  ( a q )  + H 2 0  



Raw Material Requirements  f o r  
BCL P r o c e s s  (case B) 

Requirements  
Raw M a t e r i a l  lb/KG o f  S i l i c o n  

1. S i l i c o n  T e t r a c h l o r i d e ,  S i c 1 4  15 .33  

2. Zinc,  Zn 0.54 

3 .  C a u s t i c  (50%) , rJaOH(aq) 

o r  

Lime (99%) , Ca (OH) 2  

4. Argon 

5. Ni t rogen  

6. C h l o r i n e ,  C12 (by-product)  

3 . 1  SCF* 

7 . 6  SCF* 

11.12 

"Es t imate  from BCL 



TABLE IIA-1.4 UTILITY REQUIREMENTS FOR BCL 
PROCESS (case B) 

U t i l i t y / F u n c t i o n  Requirements/Kg o f  S i l i c o n  Product 

1. E l e c t r i c i t y  
1. Low Voltage D.C. f o r  E l ec t ro -  

l y s i s  
2. Zinc Vaporizer Induc t ion  Heated 
3 .  Prehea t  S e c t i o n  of  Depos i t ion  

Unit  ' ~ n d u c t i o n  Heated 
4. E l e c t r o l y s i s  Feed Tank Heater.  
5. Molten Zinc S torage  Heater  
6. SiClq Vaporizer  
7. rumps,  lowers 

2. Steam (50 PSIA) 
1. #1 P u r i f i c a t i o n  Column Calandr ia  
2. #2 P u r i f i c a t i o n  Column Calandr ia  
3. Caus t i c  S torage  Heat ing 
4.  #1 P u r i f i c a t i o n  Column P rehea t e r  

9.67 pounds- 

3 .  Cooling Water 
1. #1 P u r i f i c a t i o n  Column Condenser (16.94) 
2 .  #2 F u r i f i c a t i o n  Column Condcnser (15.88) 
3 .  P u r i f i e d  Te t  Cooler  ( 1.67)  

4 .  P roces s  Water 
1. Di luent  f o r  Waste Treatment (10.48) 

5. Rc f r i g c r a t  ion  
1. Reactor sic14 Condenser ( H - 1 1 )  ( 1.28)  
2. Sic14 Vent Condenser (H-07) ( 1.10)  

34.49 Gal lons  

10.48 Gal lons 

2.38 MRt1.i  



TABLE IIA-1.5 

Equipment 

PROCESS TOWER AND INTERNALS 

LIST OF MAJOR PROCESS EQUIPMEI'JT 
FOR BCL . (Case B)  . . 

Mater ia l  of Capaci ty  Rat io  
Function Size/Type . Construc t l ~ n  t o  1000 MT/yr 

* 
1. D-01 Light  End To p u r i f y  SiC14 8" d i a .  x  2 1 ' ,  packed Column, C~ /pack ing ,  SS 20 

D i s t i l l a t i o n  Column 13.5 '  , 

2. D-02 Heavy End To p u r i f y  Sic14 8" d i a .  x  21 ' ,  packed Column, Cs/packing, SS 2 0 
D i s t i l l a t i o n  Column 13.5 '  

3. A-01 Primary SiC14 To sc rub  Sic14 3 '  d i a .  x 4 '4"  T/T, F RP 1 
Vent Scrubber ven t  gas  225 g a l / f l a t  bottom 

4. A-02 F i n a l  SiC14 To sc rub  SiC14 7 '6"  d i a .  x  17 '4"  T/T/ FRP 
\O Vent Scrubber vent  gas  4  pp t r a y s ,  Teflon 

d i m i s t e r  

HEAT EXCHANGER 

5. H-01 L.E. Column To 
Feed Heater  t o  

6 .  H-02 L.E. Column Rek 
Reboi ler  

7. H-03 L.E. Column Tot 
Condenser D-C 

8. H-04 H.E. Colurp To 
Feed Heater t o  

p rehea t  feed 2' d i a .  x  5 ' ,  15,013 C S 
D-01 Btu /hr  / e x t e r n a l  

h e a t e r  . ' 

) o i l e r  o f  D-01 2 '  d i a .  x  3 ' ,  51,522 CS 
Btu /hr  / e x t e r n a l  
h e a t e r  

.a1 condenser o f  47,430 Btu /hr / she l l - tube  CS 
11 H.E. 

p rehea t  f eed  2 '  d i a .  x  5',. 14,331 CS 
D-02 B tu /h r / ex t e rna l ' hea t e r  



TABLE IIA-1.5 (Continued) 

9. H-05 H.E. Column R e b o i l e r o f  D-02 2 ' d i a .  x 3 ' ,  5.6,641 CS 
Reboi ler  Btu/hr /external  h e a t e r  

10. H-06 H.E. Column To ta l  condenser 52,292 Btu/hr /shel l -  CS 
Condenser o f  D-02 tube  H.E. 

11. H-07 SiC14 Vent Condense SiC14 from 38 f t 2 ,  18,000 Btu/ c s 
Condenser ven t  gas  hr / she l l - tube  H.E. 

12. H-08 SiC14 Vaporizer To p rov i se  SiC14 2.75' d i a .  x 3 '  T/T, CS 
vapor t o  r e a c t o r  13,648 ~ t u / h r /  

r e s i s t a n c e  h e a t e r  

13. H-09 Reactor To condense by 1 4 "  d i a .  x 6 .4 ' ,  Graphi te  W/SS s h e l l  
Condenser products  from 126,237.2 Btu/hr 

r e a c t o r  

14. H-10 Reactor ZnC12 To condense ZnC12 1 3  f t 2 ,  2,652 Btu /hr /  316 SS 
0 

S t r i p p e r  gas  she l l - t ube  H.E., f inned  
U-tube 

15. H - 1 1  Sic14 
Condenser 

To condense SiC14 6,401 Btu/hr (x  4;62 . 316 SS 
gas  f o r  r e c y c l e  = 29.573 Btu/hr) 

16. H-12 C e l l  ZnC12 To condense ZnC12 9,841.4 ~ t u / h r / s h e l l -  Inconel  600 
b) 
in S t r i p p e r  vapor tube ,  H .E .  (x  0.32) 

17. H-13 Therminol To coo l  Therminol 68 f t 2 ,  11,000 Btu/hr/ CS 
Cooler ( co ld  c i r c u i t )  66 she l l - t ube  H.E., . 500 p s i a  

18. H-14 Therminol To cool  Therminol ,262 f t 2 ,  120,000 Btu /hr /  CS 
Cooler ( h o t  c i r c u i t )  66 she l l - t ube  H.E., 500 p s i a  

19.. H-15 S t a r t -up  Therminol start- 98,950 Btu/hr/u-tube CS' 
Heater  up h e a t e r  1 5 ' ,  r e s i s t a n c e  h e a t e r  

20. H-16 S i l i c o n  To coo l  t h e  S i  5,735 Btu/hr 
product  Cooler (two) product  from r e a c t o r  



20a. H-17 Chlorinat ion 
Cooler 

20b. H-18 Cel l  Gas 
Cooler 

TABLE IIA-1.5 (Continued) 

20,000 Btu/hr, Area S S 
200 f t 2  

1 
1.08 x 105 Btu/hr, Area CS 
1805 f t 2  

21. T-01 S i C 1 4  Storage Storage/feed t o  7'  d i a .  x 16 '  T/T/ CS 
Tank p u r i f i c a t i o n  4,600 ga l  

22. T-02 SiC14 Storage/f eed t o  7' d i a .  x 16 '  T/T/ C S 
Emergency Storage p u r i f i c a t i o n  4,600 ga l  
Tank 

23. T-03 L.E. Column To hold d i s t i l l a t e  1 2 "  d i a .  x 4'/23 g a l  CS 
Re f l u x .  Drum f o r  r e f l u x  

r 
I-' 

24. T-04 Surge Tank Surge Tank f o r  3 '  d i a .  x 4'/200 g a l  CS 
D-01 bottom 

25. 2'-05 Sump Tank Sump f o r  pur i f i ca -  3 '  d i a .  x 4'/200 g a l  C S 
t i o n  u n i t  

N 
0 26. T-06 H.E. Column a To hold d i s t i l l a t e  12" d i a .  x 4'/23 g a l  CS 
VI Reflux Drum f o r  r e f lux  

27. T-07 Pure S ic \  Storage/£ eed t o  6 '  d i a .  x 10' T/T/ CS 
Storage Tank SiC14 Vaporizer 1900 ga l  

28. T-08 E l e c t r o l y s i s  Storage/feed ZnC12 50" x 158" x 38"H/ Graphite/304 SS * 

Feed Tank t o  e l e c t r o l y s i s  c e l l  7" graphi te  TH 

29. T-09 Molten Zinc Storage/feed t o  W/heater 68,242 Btu/hr Graphite/304 SS 
Storage Tank Zinc vaporizer  

30. T-10 Therminol Head Storage Therminol 1 .5 '  d i a .  x 3..75' T/T/ CS 
Tank 49.6 g a l  



TABLE 11k-1.5 (Continued) 

31. T-11 Therminol Drain  To s t o r e  d r a i n e d  2.75'  d i a .  x 3 '  T/T/ C S 
Down Tank Therminol 133 g a l  

32. T-12 Chlor ine  Sup- To supp ly  c h l o r i n e  1 1 / 2 '  d i a .  x 3 ' /  CS 
p l y  Tank 9 s  37.62 g a l  

33. T-13 Lime 
S t o r a g e  Tank 

S torage  Lime 1 2 '  d i a .  x 1 4 ' 6 "  T/T/ FRP 
1 2 , 0 0 0  g a l  

PUMPS WITH DRIVERS 

34. P-01 P u r i f i c a t i o n  
Feed Pump 

To f e e d  SiC14 t o  
s t o r a g e  t a n k  

30 gpm, 31'  head/ CS 
c e n t r i f u g a l ,  1 1/2 hp  

35. P-02 L.E. Column 
Feed Pump 

To supp ly  SiC14 
t o  p r e h e a t e r  

28.9 gph, Ap = 72 p s i a /  CS 
0:..5 hp. 

36. P-03 L.E. Column 
P 
M Relux Pump 

D-01 Ref lux 51.7 gph, Ap = 23 p s i a /  CS 
0 .5  hp. 

37. P-04 Surge Tank 
pump 

To s u p p l y  SiC14 
t o  H.E. Column 

29.4 gph, Ap = 53 p s i a /  CS 
0 . 5  hp. 

38. P-05 Sump Pump To pump S ic14  t o  
.emergency t a n k  

30 gpm, 31 '  head/ CS 
c e n t r i f u g a l ,  1 1/.2 hp. 

rU 
0 
b) 
Cn 39. P-06 L.E. Column 

Bottom pump 
29.4 gph , ,Ap  = 53 p s i a /  cs 
0 .5  hp. 

To pun-p SiC14 t o  
s u r g e  t a n k  

57.1 gph, Ap = 25 p s i a /  CS 
0 . 5  hp. 

,. . 

1 . 3  gph, Ap = 25 p s i a /  CS 
0 . 5  hp. 

40. P-07 H.E. Column 
Re1 ux Pump 

D-02 Ref lux 

41. P-08 H.E. Column 
Bottom Pump 

To pump bottom 
s o l u t i o n  t o  waste  
t r e a t m e n t  

42. P-09 SiC14 , To f e e d  SiC14 t o  1 5  gph, 31'  head/ 1 / 2 . h p  CS 
Vapor ize r  Feed Pump Vapor ize r  



TABLE IIA-1.5 (Continued) 

43. P-10 Reactor Con- To c i r c u l a t e  con- 2.4 gpm, 30' head/l/2 hp Graphi te  
denser  C i r c u l a t i n g  densa tes  
Pump 

44. P-11 Cold C i r c u i t  Cold Therminol 20 gpm, 85 '  head/centr i -  CS 
Pump (two) c i r c u l a t i o n  f u g a l ,  2  hp. 

45. P-12 Hot C i r c u i t  . Hot Themino l  62 gpm, 85" hbad/centr i -  CS 
pump c i r c u l a t i o n  f u q a l ,  4  h ~ .  

46. P-13 Primary Rec i r cu l a t i on  f o r  20 gpm, 125' head/ 
Scrubber Recircula-  Scrubber A-01 cen t r iguga l  , 2.5 hp. 
t i o n  Pump 

47. P-14 Primary C i r c u l a t e  s o l u t i o n  100 gpm, 103' head/ 
Scrubber Lower-loop f o r  Lower-loop of cen t r i fug , a l ,  7 1/2 hp. 
Rec i r cu l a t i ng  Pump Scrubber A-02 

48. P-15 Primary C i r c u l a t e  s o l u t i o n  100 gpm, 13 '  head/ 
P 
w Scrubber Upper-loop f o r  upper-loop o f  c e n t r i f u g a l ,  2  hp. 

~ e c i r c u l a t i n g  Pump Scrubber A-02 

49. P-16 Make up Lime Lime make up , 0.9 g p m ,  25' head/ 
Metering Pump c e n t r i f u g a l ,  1/2 hp. 

. - 
FILTERS 

ul 

50. F-01 L.E. Column Remove s o l i d s  29 gph, Ap = 5  p s i a /  
Feed F i l t e r  140 micron 

51. F-02 L.E. Column Remove s o l i d s  30 gph, hp = 5 p s i a /  
Reflux F i l t e r  140 micron 

52. F-03 H. E. Column Remove s o l i d s  52 gph, Ap = 5  ps i a /  
Feed F i l t e r  140 micron 

53. F-04 H.E. Column Remove s o l i d s  31 gph, Ap = 5  p s i a /  
Relfux F i l t e r  140 micron 

Duriron 

Dur i r o n  

Duriron 



TABLE IIA-1.5 (Continued) 

54. F-05 Therminol 
Cooler Blower 
F i l t e r  

To f i l t e r  the so l id s  
from a i r  

SPECIAL1 ZED EQUIPMENTS 

To reduce SiC14 t o  1830.2 Btu/hr ,  6.5'' d ia .  Graphite Lined/SS 
S i  by Zn 

55. R-01 Fluidized 
Bed Reactor (two) 

To preheat SiC14 272,966 ~ t u / h r  

gas 

56. FN-01 Furnace (two) 

To feed Si. seed t o  
the  reac tor  

57. B-01 Seed Addition 
Hopper (two) 

To hold S i  product 6 ga l  310 SS 58. B-02 S i  Product 
Hopper ( four)  

To hold make up 40 ga l  
Zinc 

59. B-03 Zinc Hopper 

merminol system 500 acfm fan /e l ec t r i c ,  CS 
a i r  cooler blower 1 1/2 hp.,  12-1/2" wheel 

60. C-01 Therminol 
Cooler Blower . 

Suck SiC14 gas 10,000 acfm/electric , ' FRP 
fo r  A-01 & A-02 50 hp. .31-1/2" wheel 

61. C-02 Scrubber Vent' 
Blower 

62. E-01 Eductor (two) SiC14 scrubbing 20 gpm, Ap = 47.4 psia/  P.V.C. 
(Scrubber D-05) Hydraulic e j ec to r  , 

1-1/2" NPT 

63. EC-01 .Elec t ro lys i s  
Cel l  ( s ix )  

To recover Zn from 5,000 -6,000 amp c e l l s  Graphite/SS 
ZnC12 

64. PW-01 Power Supply To supply power t o  545,933 Btu/hr. 
e l ec t ro lys i s  c e l l  

65. VP-01 Zinc 
Vaporizer (two) 

To provide zinc 104,128.8 Btu/hr 
vapor t o  reac tor  13.5" d ia .  x 32" 



T ~ L E  IIA-1.5 (Continued) 

NOTE : 

1. For  t h e  1000 MT/yr p l a n t ,  i t e m s  3 ,  4 ,  3 3 ,  46,  47,  48,  49,  61,  and 62 are used  f o r  waste treat- 
ment o f  d i s t i l l a t i o n  w a s t e s  ( l i g h t ,  heavy) and v e n t  g a s e s .  

2. I n  t h e  50 MT/yr f a c i l i t y ,  t h e s e . i t e m s  a r e  used f o r  h y p o c h l o r i t e  maufacture  which is n o t  p r e s e n t  
i n  t h e  1000 MT/yr p l a n t .  

, 3.  For  H - 1 1 ,  t h e  o p e r a t i o n  c o n d i t i o n s w e r e  changed from 171°F - 32OF t o  662OF - 20°F. 

4. For  H-12, t h e  o p e r a t i o n s  c o n d i t i o n s  have been chnaged from AT = . 85S°F' t o  2 7 0 ' 0 ~ .  



TABLE IIA-1.6 

PRODUCTION LABOR REQUIREMENTS 'FOR 
BCL PROCESS (Case B) 

Section 

1. Purification (1) 

2. Deposition (11) 

3. Electrolysis (111) 

4. Waste Treatment (IV) 

5. product Handling (V) 

TOTAL 

Note - 

Labor 
man-hr/KG Si (oper/shift) 

Manpower estimate for production labor requirements based on: 

1. Dividing plant into sections 
-type of unit operation 
-mark off working area 

2. Specify work duties required in ea,ch section 

3. Estimate operators required to perform work duties in .? 

each section 
-type of unit operation 
-size of working area 
-degree of automation (batch, semi-continuous, continuous, etc. ) 



B. OTHER PROCESSES 

0th;; processes (such as  SRI process, UCC s i lane process, Hemlock 
Semiconductor process, e tc . )  under consideration'for solar c e l l  grade 
s i l icon production are  being monitored with respect t o  data r e l a t ive  
to  chemical engineering analysis. 



During t h i s  r epor t ing  per iod ,  economic a n a l y s i s  was continued f o r  the  
BCL process - Case A f o r  producing s i l i c o n .  Case A is  based on two deposi t ion  
r e a c t o r s  (approx. 2 f t .  d i a . )  and six e l e c t r o l y s i s  c e l l s .  Major e f f o r t s  cen- 
t e r e d  on c o s t  s e n s i t i v i t y  a n a l y s i s  of t h e  process including the  inf luence  of 
raw mate r i a l s ,  l a b o r ,  u t i l i t i e s  and c a p i t a l  investment. 

The s t a t u s  and progress  achieved s ince  t h e  l a s t  r epor t ing  period a r e  
summarized below f o r  the  subitems making up t h e  c o s t  s e n s i t i v i t y  ana lys i s :  

P r i o r  Current 

Base Case Conditions 40% 
ReLuril on Orig. Inves t .  40% 
Discounted Cash Flow Rate of Return 40% 
Plan t  Invest. Cost Var.  40% 
Raw Material  Cost Var. 40% 
u t i l i t i e s  c o s t  Var. 40 % 

Labor Cost Var . 4 0% 
E f f e c t  of I n f l a t i o n  4 0% 
Cost and p r o f i t a b i l i t y  Analysis 

Summary 4 0% 

A d e t a i l e d  s t a t u s  s h e e t  showing t h a t  these  a c t i v i t i e s  a r e  completed 
i s  p resen ted  i n  Table 111-1.0. 

The prel iminary c o s t  s e n s i t i v i t y  ana lys i s  is being performed t o  de te r -  
mine t h e  inf luence  of c o s t  parameters on t h e  economics of producing s i l i c o n  
by t h i s  new technology. The c o s t  s e n s i t i v i t y  r e s u l t s  f o r  t h e  1975 time period 
a r e  given i n  Figure 111-1.1 i n  which product c o s t  ($/kg S i )  is p l o t t e d  versus 
v a r i a t i o n  (-100% t o  0% t o  +loo%) of t h e  primary c o s t  parameters ( p l a n t  inves t -  
ment, raw mate r i a l s ,  l abor  and u t i l i t i e s ) .  The 0% v a r i a t i o n  r e p r e s e ~ ~ t s  t h e  
base case .  The -100% v a r i a t i o n  corresponds t o  t h e  case of no c o s t s  f o r  the  
parameters; and t h e  +loo% represen t s  t h e  case  f o r  t h e  doubling of c o s t  f o r  
each parameter. The p l o t  i l l u s t r a t e s  t h a t  product c o s t  i s  influenced most by 
p l a n t  investment and l e a s t  by u t i l i t i e s .  

The c o s t  s e n s i t i v i t y  r e s u l t s  f o r  the  1980 time period a r e  presented i n  
Figure 111-1.2 f o r  the  primary c o s t  parameters. The r e s u l t s  i n d i c a t e  t h a t  t h e  
c o s t  parameter inf luence  on product c o s t  is: p l a n t  investment (most ) ,  raw 
m a t e r i a l s  ( in termedia te)  , u t i l i t e s  ( in termedia te)  and labor  ( l e a s t )  . 

The product c o s t  r ep resen t s  a l l  c o s t  associa ted  with producing one k i lo -  
gram of s i l i c o n .  On top  of these  c o s t s  a producing company w i l l  include some 
p r o f i t .  The s a l e s  p r i c e  of the  product s i l i c o n  w i l l  a c t u a l l y  be the  sum of 
t h e  product c o s t  and a p r o f i t  f o r  the  company. The p r o f i t  i s  usual ly  measured 
i n  terms of r a t e  of r e t u r n  on the  c a p i t a l  investment t h a t  t h e  company spent  i n  
going i n t o  the  po lys i l c ion  business.  Two p r o f i t a b i l t i y  methods which a r e  com- 
monly used a r e  the  r e tun  on o r i g i n a l  investment ( % R O I )  and discounted cash flow 
r a t e  of r e t u r n  (%DCF) . 



The cost and profitability analysis summary for this process are 
presented in TableIII-1.3 for both 1975 and 1980 time periods. The sales 
price of polysilicon at various rates or return for both profitability 
mehtods (%ROI and %DCF) is shown in the lower half of the table. The 
results indicate a sales price of 10 $/kg of silicon (1975 dollars), or 
14 $/kg (1980 dollars), at a 7..5 %DCF rate of return after taxes for the 
process. This means that this process has good potential to meet the 
LSA cost goal for 10% per kg (1975 dollars) or 14$ per kg (1980 dollars). 

The effect of inflation (higher costs for raw material, utilities, 
labor, etc.) is shown in FigureIII-1.4. For the figure, product cost 
is plotted against time at various inflation levels (0%, 5%, 7%, and 
10% inflation) for the 1975-1990 time period. 



TABLE 111-1.0 

COST SENSITIVITY ANALYSIS: 
PREIJ.HINARY COST SENSITIVITY ACTIVITIES FOR B U  PROCESS (Case A) 

P r e l .  S e n s i t i v i t y  A c t l v i t y  

1. Speci fy  Base Case C o r d i t i o n s  
1. Process  
2. P l a n t  S i z e  
3. Product  
4. Cos t  Data . 

2. Return on O r i g i n a l  Inres tment  
1. C a p i t a l  Investnec: 
2. Taxes 
3. % ROI 

3. Discounted Cash Flow .Ute of Return 
1. C a p i t a l  Investmecr 
2. Taxes 
3. % DCF 

4. P l a n t  Investment  Cos= Var ia t ion  
1. Major P roces s  EqApment 
2.  I n s t a l l a t i o n ,  P i ~ i n t  
3. In s t rumen ta t ion ,  l u i l d i n g s  
4 .  O f f s i t e s  
5. I n d i r e c t s  , Engiz-ing 
6. Fixed,  Working C z s i t a l  
7. Other  

5. Raw Mate r i a l  Cost  V a r i a t i o n  
1. Major Raw M a t e r i C s  
2. Waste Treatment 
3. By-Product 

s t a t u s  P r e l .  S e n s i t i v i t y  ~ n a l y s i s  S t a t u s  

6. U t i l i t i e s  Cost  Var i a t ion  
1. Steam 
2. . E l e c t r i c i t y  
3. Cooling Water 
4. Process  Water 
5. O t h e r  

7 .  Labor Cost  V a r i a t i o n  
1. Product i o n  Labor 
2 .  Labor Fate 
3. S t a f  f i r g  Es t imate  

8. E f f e c t  of I n f l a t i o n  
1. Rate 
2. Future  

9. Cos t  and P r o f i t a b i l i t y  Analysis  Summary 8 
1. P l a n t  Investment 0 
2 .  Product  Cost  0 
3. S a l e s  E ' r ice  ( P r o f i t )  0 

0 Plan  
O I n  P rog res s  
0 Complete 



Figure I I I - . ~ . ~  COST S E N S I T I V I T Y  PNALYS.IS OF BCL PROCESS 
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TABLE 111-1.3 

COST AND PROFITABILITY ANALYSIS SUMMARY FOR BCL PFOCESS 

1. Proceae........................................BCL Process 
2. Plant  Size.....................................l,OOO Metric Tons/year 
3. P lan t  Product...........,......................Silicon 
4. Product ~onn...................................Silicon Granules 
5. Plant  Inveetmeint...................... .........$ 14 ,~40 ,000/$20 ,0~0~000  

(1975 do l la r s )  (1980 do l l a r s )  

Fixed Capital $12.47 Mega $17.45 Mega 
Working Capi ta l  1.87Mega 2 . 6 2 ~ e g a  
- (150) TOTAL $14.34 Mega $20.,07 Mega 

(1975 do l l a r s )  '(1980 do l la re )  

8.63 . $fig (1975. do l l a r s )  6. Product Cost..............,.................... 
7.  ax Rate (~eBeral).............................46% 

- .  
8. Return on Original  Inveetment, , a f t e r  t w e e  (0ROI) 

Sa les  Pr ice  Sa les  Pr ice  
$/Kg of Si l fcon $/Kg of S i l i con  
(1975 do l l a r s )  (1980 dol lare)  

0% MI..  ............. 8.63 12.08 
5% =I.. ............ 9.96 13.94 

10% MI.............. 11.28 15.80 
15% MI............... 12.61 17.65 
20% MI . .  ............. 13.94 19.51 
25% R O I . . . . . e . . . m e . . .  2 15.27 .. 21.37 
30% ROI.............. 16.59 23.23 
40% MI.............. 19.25 26.95 

9. Diecounted, Caeh Flow Rate of .Return, a f t e r  taxes (%DCF) . 

Salsa  P r i ce  Sa les  Pr ice  
$/Kg of S i l i con  $/Kg of S i l i con  
(197 5 dol laro)  ( 1980 dol lare)  

0% DCF.............. 8.63 
". 

12.08 
5% DCP.............. 9.48 13.28 

10% DCF.. ............ 10.42 14.59 
15% DCF.............. 11.44 16.01 
20% DCF.............. 12.52 17.53 
25% DCF.............. 13.65 19.11 
30% DCF.............. 14.83 20.76 
40% DCF. ............. 17.27 24.18 

Bared on 10 year p ro j ec t  l i f e  and 10 year a t r a igh t  
l i n e  depreciat ion.  
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I V .  SUMMARY - CONCLUSIONS 

Based on achievements during t h i s  r epor t ing  per iod ,  t h e  following 
summary-conclusions a r e  made: 

1. Task 1 

, Process system proper t i e s  analyses  were continued f o r  chemical 
m a t e r i a l s  important i n  t h e  production of s i l i c o n .  Major a c t i v i t i e s  
were i n i t i a t e d  f o r  physica l ,  t r anspor t  and thermodynamic property 
da ta  f o r . . s i l i c o n .  S t a t u s  and progress a r e  repor ted  f o r  d a t a  co l l ec -  - ... 

t i o n  (go%) ,  da ta  a n a l y s i s  (80%) ,  es t imat ion  (70%) and c o r r e l a t i o n  
(60%) . 

2. Task 2 

Process design r e s u l t s  f o r  BCL process - Case A (two deposi t ion  
r e a c t o r s  and s i x  e l e c t r o l y s i s  c e l l s )  were presented during the  l a s t  
r epor t ing  period.  During t h i s  r epor t ing  per iod ,  major chemical 
engineering e f f o r t s  were i n i t i a t e d  on prel iminary process design of 
t h e  BCL process - Case B (one deposi t ion  r e a c t o r  and two e l e c t r o l y s i s  
c e l l s ) .  Chemical engineering design r e s u l t s  a r e  repor ted  f o r  Case B 
including raw m a t e r i a l s ,  u t i l i t i e s ,  major process equipment and pro- 
duction labor  requirements f o r  a  s i l i c o n  p l a n t  of 1,000 MT/yr capacity.  

3 .  Task 3 

For economic a n a l y s i s ,  major e f f o r t s  centered on c o s t  s e n s i t i v i t y  
ana lys i s  of the  BCL process - Case A f o r  producing s i l i c o n .  Cost sen- 
s i t i v i t y  r e s u l t s  a r e  presented f o r  the  inf luence  of primary c o s t  para- 
meters.  For both 1975 and 1980 time per iods ,  the  r e s u l t s  ind ica te  t h a t  ' 

t h e  c o s t  parameter inf luence  on product c o s t  is  : p l a n t  investment (most) , 
raw m a t e r i a l s  ( in te rmedia te ) ,  u t i l i t i e s  ( in termedia te)  and labor  ( l e a s t ) .  
For p r o f i t a b i l i t y ,  t h e  r e s u l t s  i n d i c a t e  a  s a l e s  p r i c e  of 14 $/kg (1980 . 
d o l l a r s ) ,  a t  a  7 . 5  %DCF r a t e  of r e t u r n  on investment a f t e r  taxes .  These 
r e s u l t s  suggest good p o t e n t i a l  of the  BCL process f o r  meeting t h e  LSA 
c o s t  goal  of 14$ pe r  kg (1980 d o l l a r s ) .  



V. PLANS 

P l a n s  f o r  t h e  n e x t  r e p o r t i n g  p e r i o d  are summarized below: 

1. Task 1 

Cont inue a n a l y s i s  of p r o c e s s  sys tem p r o p e r t i e s  f o r  chemi- 
cal m a t e r i a l s  i m p o r t a n t  t o  t h e  p r o d u c t i o n  o f  s i l i c o n .  

2. Task 2 

Cont inue chemical  e n g i n e e r i n g  a n a l y s i s  o f  p r o c e s s e s  under  
c o n s i d e r a t i o n  f o r  p roduc ing  s i l i c o n .  

Peri-orm economic a n a l y s i s  of p r o c e s s e s  as r e s u l t s  i s s u e  
from chemica l  e n g i n e e r i n g  a n a l y s i s .  
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