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ABSTRACT 

Dow Corning's objective is to detern-ine he best process  for the high- 
vo!ume production of solar-grade silicon (SoG- Si) a t  l ess  than $IO/kg within the 
ERDA milestone of having a pilot plant avail ib 'e by mid-1980. 

The overall  process  screening approacll (Visual Aid 2) which began with 
over 200 possible reactions leading to siiicon has reduced this number to ten 
(V.A.3.) which sti l l  fall within the consti.atints mentioned above. 
reactions involve the direct  reduction of silica o silicon via aluminum o r  
carbone. Seven other reactions involvcx the us' of various reductants to convert 
si l ica to silicon via intermediate silicor mono> ;de. 
recyclable SiF4 to transport  -- in situ prodhzed s;licon via intermediate SiF2; 
this is currently under study by the University of Pennsylvania. 

Two of these 

The tenth reaction uses  

The reactions described above, in additicn to processes  involving 
sil icates and/or  electrolytic techniques, have been divided into two broad 
categories (V. A. 4. ): 
and (2) other processes.  
producing MG-Si already meets  the high-vo:ume, low-cost guidelines for 
SoG-Si:s:k and, therefore, has a good probabJlity of meeting the mid- 1980 pilot 
p l ~  .+ milestone. 
research  stage. 

(1) metallurgicalgrade Filicon (h4G-Si) process upgrading, 
This was done cirze the commercial  process  for 

The "other processes:  ar.: still  in the conceptualization o r  

Upgrading the MG-Si process  i s  being p r s u e d  in four associated a reas  in 
order  to improve the purity of the normally 98% mater ia l  ' *.A.  5.). 
two work a r e a s  involve purification of raw materfals entering the process  in  
addition to upgrading the a r c  furnace itself. 
assuming contract extension. 
suggesti0r.s f rom raw materials suppliers, a r c  furnace manufacturers, and 
MG-Si producers (B.A.9.). 

The f i r s t  

Tkese a reas  will be pursued, 
Success appears very favorable based upon 

The second two a reas  of process  upgradin3 c omprise improving the purity 
of the silicon after i t  leaves the a r c  furna-ce by reactive gas '.lowing and uni- 
directional freezing. 
and heavy metal  impurities by one to two orders-oi-ma T-zitude (V. A. 7.), it is 
planned to study these methods in conjunction in a sp idilly designed gradient 
furnace. Neither of the two methods, however, sjnnificantly reduce the levels 
of boron o r  phosphorus thereby stressing the nec't for initiating efforts in the 
r a w  material  and a r c  furnace areas .  
a r c  furnace resul ts  in this item being on the cri t ical  path for meeting the mid- 
1980 pilot plant milestone (V.A.  14). 

Since both methods have bee1 shown * J  reduce aluminum 

The delj7;ery time for a n  experimental 

.e. *I. 

'This is  today's commercial, submerged-elect.:ode, a r c  furnace process  for 
metallurgical-grade silicon. 

One furnace can generate greater  than  10,000 tcrns per  year of MG-Si s e l l i n g  
a t  $1 /kg.  

.'. * 

.a. 
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The best cell produced to date was fabricated from MG-Si that had been 

The cell showed a 
blown with an 02-C 12 mixture, unidirectionally solidified, and 6-float-zone 
passed (to determine a base boron level of 0.04 ohm-cm). 
10.770 A M 0  efficiency with Isc = 33 ma/cm2 and Voc = 0.62 v (V.A.8.). 

In the "0th-r processes" category, the use of silicaLes as a silicon 
Silicates were deemed source and of electrolysis as a process were studied. 

unfavorable since their inherent chemical composition involves the presence of 
another metallic element (V.A. 11.). 
1000°C fused salt of silica in cryolite. Preliminary analysis of this process 
was viewed pessimistically for the reasons cited in V. A. 10. 

The best electrolytic process uses a 

A summary of key results appears in Visual Aid 12. 

Summarized future plans appear in Visual Aid 15. 



V.A.l. 

0 

DOH CORNING OBJECTIVE 

To DETERMINE THE BEST PROCESS FOR 

PRODUCING SILICON FOR SOLAR ARRAYS 

0 AT ~ $ ~ O / K G  

AT HIGH VOLUME RATES 

0 WITHIN ERDA MILESTONES 



PROCESS SCREENING PROCEDURE 

5/74- -- 0 --- ,200 Reactions 

WN 

Y ”150 

1/75--- - - - - --y la 
b 

Raw Mat e ri a1 

Y 12 

I 
1 

?/75- - - - - - 

RECOMPEND 

FROCESS I 

. 



REMAINING PROCESSES 

1975 Raw Mat'l. 
No . Cost For Reaction 

Reactions ($/kg Si) 

2 0.12 for C 
0.97 for A1 

1 

7 

Reaction Type 

C? or A1 
Si02  - S i  

2c SiF4 
0.12 SiOz-si )2SiF2 - *Si 
(SiFg recycled) -SiFB 

Al, C, or Mg Al, C, H2 or Mg 
Si02 -Si0 t SI 0.12 rnin. to 

2.06 max. 

* Commercial Arc Furnace Process 

DOW CORNIFIG CQP. 



V.A.4. 

PROCESS CATAGORI Z4TI ON 

0 UPGRADI NG THE METALLURG I CAL-GRADE SI PROCESS 

0 A PROVEN COMMERCIAL PROCESS 

CAPABLE OF MEETING MILESTONES SOONER THAN 
R8D STAGE PROCESSES 

0 ALL S I  COMPOUNDS FROM REDUCTION OF QUARTZITE 

0 CURRENT MG-> -TS  WKG 

PRESENT RATES >10,300 T/Y PER FURNACE 

0 OTHER PROCESSES 

SIO GENERATED I r i  ARC FURNACE 

0 S I F ~  TO TRANSPORT SI 
r 

ELECTROLYTIC 

0 SILICATES 



V.A.5. 

UPGRADING MG-SI PROCESS 

C l 2  r 

I V .  U N I D I R E C T I O N A L  AL E HEAVY 
S O L I D I F I C A T I O N  METALS I?E- 

MOVED. 

I M P U R I T Y  
AREAS OF WORK STATUS 

I .  RAW MATERIALS 8 REMOVED? 
P + OTHERS TO 
BE TESTED.  

11. ARC FURNACE B,P, + OTHERS 
TO BE TESTED.  

I f f .  R E A C T I V E  GAS A L  E HEAVY 
BLOWING AND/OR METALS RE- 
S LAGG I NG MOVED. 



V.A.6. 

. 
UPGRADING MG-SI BY 

, (WORK AREA I\!) 
UN I DI RECTI ON AL SOLI DI F I CAT I ON 

IMPURITY 
- _ _ _ _  

B 

P 

AL 

cu 

FE 

'HEAVY 
METALS* 

(PPMA) 

MG-S I 

39 

37 

780 

40 

910 

20-150 

czo 
SEED 

CZO 50% 
POINT 

44 

2 1  

60 

e 4  

140 

e 5-20 

2 02 



V.A.7. 

UPGRADING MG-SI BY 
REACT1 VE GAS BLOW I NG 

(WORK AREA 111) 

BEST DATA To DATE VIA EMISSION SPECTROSCOPY 

I MPUR I TY 
~~~ ~ ~ 

B 

P 

AL 

cu 

FE 

HEAVY 
METALS? 

IMPURITIES IN PG-SI 
- 

NOT 
BLOWN 

39* 

23 

1600 

35 

1600 

50-100 

(PPMA) 

BLOWN 

38* 

21 

83 

4 

40 

cL2 

e 5  

* ~ 0 ~ 0 4  OHM-CM BY FZ EVALUATION 

t T I 8  V I  CR, MN, N I  

O2 
ELOWN - 
36'& 

23 

470 

4 

40 

5-40 
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V.A.9. 

UPGRADI MG POLY-S I PROCESS 
(WORK AFEAS I 8 11) 

r e  PAW MATERIALS 

IMPURITIES FLOW THROUGH FURNACE 

~ Q U A R T Z ~ T E  CAN BE UPGRADED (B < 1 PPMA) 

CARBON SOURCES CAN BE UPGRADED 
EFFECT OF B FROM RAW ~ T ' L  + POLY-SI DOCUMENTED 

11, ARC FURN4CE. 

UPGRADE LINYR, TAP HOLE PLW. LADLE, ETC, 

.NEEDED To 

TEST RAW EATERI ALS 

SENERATE SI  0 

c 

HAVE VI s I TED MANUFACTUREZS OF ARC FURNACE AND POLY-% 

L f l  1 



V.A.10. 

SI 02 IN N A ~ S  I Fg I ELECTROLYS I s 

OTHER PROCESSES 

ELEFTROLYTI C (BEST) 

ARC 
FURNACE 

c 

TECHNOLOGY EXTENT 

PRODUCTION RATE 
(KG SI/HR) 

SI PURITY 
(WT, %) 

PROCESS ENERGY 
(KWH/KG SI)  

2 

EXPERIMENTAL COMMERC I AL 

011 1000-2000 

99 98 

34 13 

PESSIMISTIC DUE To 

4 ORDERS-OF-MAGNITUDE LOWER ?ATE 

SAME PURITY LEVEL 

HIGHER PROCESS ENERGY 

206 



V.A. 11. 

OTHER PROCESSES 

SILICATES ( E ~ G . ,  A L ~ S I ~ ~  A1-203 2S102) 

.RULED OUT DUE To INHERENT IMPURITY CONTENT 
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SUMMARY OF KEY RESULTS 

TEN PROCESSES REMAIN I N  RUNNING 

MG-SI UPGRADING FURTHEST ADVANCED COMMERCIALLY 
SIF? BY UNIVERSITY OF PENNSYLVANIA 
AL REDUCTION OF Si02 REMAINS 
REST INVOLVE SIO 

&-SI UPGRADED 

USING GAS BLOWING 
Us I NG UN I DI RECTI ONAL SOLIDI FI CATION 

10.77% EFFICIENT CELL PRODUCED 

CRITICALITY OF EXPERIMENTAL ARC FURNACE IDEMTIFIED 

ELECTROLYSIS PROCESSES VIEWED PESSIMISTIC~LLY 

SILICATES RULED OUT 
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V.A.13. 

MAJOR PFOBLEMS 

TEC'YNI CAL 

9 REMOVAL OF B 4ND P 

COST 

~ A P I T A L  FOR EXPERIMENTAL ARC FURNACE 

MANPOWER To IMPLEMENT ALL PROGRAM PHASES 

SCHEDULE 

FEETI NG ERDA !I1 LESTONES 
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V.A.15. 

SIX ROFITH CO.4LS UNDER 
REQUESTED CONTINUATION OF FUNDING 

PERIOD: 15 JULY 1975 -- 14 JANUARY 1976 

COST : $55,600 OR I G I NAL EST I MATE 
$129,529 CURRENT REQUEST 

MAJOR GOALS (ASSUMES INTERFACING WITH JPL PROGRAM) : 
MG-S I UPGRAD I NG 

10/75 SLAGGING FEASIBILITY DETERMINED 
10/75 PURCHASE OF EXPERIMENTAL ARC FURNACE INITIATED 
11/75 

12/75 

FEASIBILITY DETERMINED OF COMBINED BLOWING/FREEZIMG 
I N  GRADIENT FURNACE 
R A W  MATERIALS AVAILABLE FOR UPGRADING 

12/75 P m s  COMPLETE FOR EXTERNAL ARC FURNACE EXPERIMENTS 

.SILICON MONOXIDE 

10/75 PROCESS POTENTIAL EVALUATED 
12/75 EXPERIMENTS INIT IATED 

.ALUMINUM REDUCTION OF QUARTZITE 

7/75 ENERGY ANALYSIS PERFORMED 
9/75 PROCESS POTENTIAL EVALUATED 

12/75 EXPERIMENTS INIT IATED 

ENERGY ANALY s I s 

9/75 COMPLETE FROM QUARTZITE TO CELL 

2 1 1  
DOW CORNING CORP,  


