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Abstract  

Osaka Titanium Co., Ltd. and Shin-etsu Chemical Co., Ltd. have researched 
t h e  production process of solar-grade S i l i c o n  (SOG-Si) through t r i c h l o r o s i l a n e  
(TCS) i n  a program sponsored by New Energy Development Organization (NEDO). 
The NEDO process c o n s i s t s  of  the  following two s t eps :  

(1) TCS production from by-product s i l i c o n  t e t r ach lo r ide  (STC) 
( 2 )  SOG-Si formation from TCS using a fluidized-bed r e a c t o r  (FBR) 

Based on the  d a t a  obtained during the  research program, t h e  manufacturing 
c o s t  of  the  NEDO process and o the r  polys i l icon manufacturing processes l i s t e d  
below were compared. 

(1) TCS processes;  Conventional Siemens, NEDO FBR and Recycle-filament 
processes 

( 2 )  Dichlorosi lane (DCS) process; Hemlock f i lament  process 
( 3 )  Monosilane (MS) processes; UCC f i lament and UCC-JPL FBR processes. 

The manufacturing c o s t  was ca lcula ted  on t h e  b a s i s  of 1000 tons/year  
production, using da ta  and information i n  r epor t s  issued by the  Subcommittee 
on S i l i con  Metal and Resources, Japan Elec t ronic  Industry Development 
Association ("the Subcommittee Reportstt)  and i n  o the r  da ta  i n  published 
repor t s ,  magazines, newspapers, e t c .  

Actual manufacturing c o s t s  a r e  d i f f i c u l t  t o  compare because of d i f f e r -  
ences i n  l o c a l  condit ions,  production s c a l e ,  contents  of d i r e c t  and i n d i r e c t  
c o s t s  and r e l i a b i l i t y  of published data. To reduce these  d i f ferences ,  t h e  
published data  was modified according t o  a c e r t a i n  est imate method p r i o r  t o  
manufacturing c o s t  ca lcula t ion .  

Our cos t  est imate showed t h a t  the  c o s t  of producing s i l i c o n  by a l l  of new 
processes is l e s s  than the  c o s t  by the  conventional Siemens process. Using a 
new process, the  c o s t  of producing semiconductor-grade s i l i c o n  (SEG-Si) was 
found t o  be v i r t u a l l y  t h e  same with any of t h e  TCS, DCS and MS processes when 
by-products a r e  recycled. 

The SOGSi manufacturing processes using FBR, ( t h e  NEDO and UCC-JPL FBR 
processes , )  which need f u r t h e r  development f o r  p r a c t i c a l  appl ica t ion ,  have a 
g r e a t e r  probabi l i ty  of cos t  reduction than the  f i lament processes. 
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1, INTRODUCTION 

Research and development of v a r i o u s  p r o c e s s e s  f o r  manufactur ing low c o s t  
SOG-Si a r e  under way worldwide, One approach is t h e  s o l i d  p u r i f i c a t i o n  
p r o c e s s ,  i n  which SOG-Si i s  produced d i r e c t l y  from t h e  r e d u c t i o n  o f  s i l i c a  i n  
s o l i d  s t a t e .  A s u b s t a n t i a l  c o s t  r e d u c t i o n  can be expec ted ,  b u t  t h e  impur i ty  
removal t echn ique  h a s  n o t  y e t  been e s t a b l i s h e d .  I n  t h i s  p r o c e s s  it would be  
d i f f i c u l t  t o  upgrade t h e  p r e s e n t  SOG-Si t o  SEG-Si i n  t h e  f u t u r e .  Another 
approach t o  c o s t  r e d u c t i o n  u s e s  g a s  p u r i f i c a t i o n  based on t h e  c u r r e n t  SEG-Si 
manufactur ing p r o c e s s .  Th i s  re f inement  o f  t h e  gaseous  s i l i c o n  compounds 
s a t i s f i e s  t h e  q u a l i t y  r e q u i r e d  f o r  as SOG-Si. 

T h i s  r e p o r t  compares manufactur ing c o s t s  o f  g a s  p u r i f i c a t i o n  p r o c e s s e s  
whose developments a r e  r e a c h i n g  complet ion.  

Sponsored by NEDO, t h e  Japan E l e c t r o n i c  I n d u s t r y  Development A s s o c i a t i o n  
i n v e s t i g a t e d  demand, p r o c e s s i n g  t e c h n o l o g i e s ,  and f u t u r e  t a s k s  r e g a r d i n g  
s i l i c a ,  m e t a l l u r g i c a l  s i l i c o n  (MG-Si) and p o l y s i l i c o n ,  necessa ry  f o r  s o l a r  
c e l l  manufacture.  The summary o f  t h i s  i n v e s t i g a t i o n  was r e p o r t e d  i n  t h e  
J o u r n a l  of E l e c t r o n i c s  I n d u s t r y  ( 1 ) .  Manufactur ing c o s t  were e s t i m a t e d  on t h e  
b a s i s  o f  t h e  d a t a  i n  t h e  Subcommittee Repor t s  and t h e  f i n a l  r e p o r t s  o f  Hemlock 
and UCC ( 2 ,  3) as w e l l  as d a t a  pub l i shed  i n  newspapers,  magazines, e t c .  

2 .  MANUFACTURING PROCESSES AND MATERIAL FLOW 

2-1. TCS: Convent ional  Siemens Process  

I n  t h i s  most common SEG-Si manufactur ing p r o c e s s ,  p o l y s i l i c o n  d e p o s i t s  
from TCS o n t o  s i l i c o n  s l i m  rods  ( f i l a m e n t s )  i n  a b e l l  j a r  r e a c t o r .  F i g s .  1 
and 2 show t h e  p r o c e s s  diagram and t h e  m a t e r i a l  f low o f  t h i s  p r o c e s s  ( 2 ) .  

H C 1  is produced v i a  a H2-C1 r e a c t i o n ;  a d d i t i o n a l  H is  used t o  e n s u r e  
100% C 1  consumption i n  t h e  r e a c s i o n .  P a s s i n g  through & s o r p t i o n ,  s t r i p p e r  

2 and d r y l n g  towers ,  HC1-  is  in t roduced  i n t o  MG-Si FBR a t  around 3 0 0 ' ~  t o  produce 
TCS. A r e a c t i o n  g a s  roughly o f  90 % TCS and 1 0  % STC is  cooled and condensed. 
I m p u r i t i e s  such as B ,  P and carbon compounds a r e  removed by d i s t i l l a t i o n .  A 
p u r i t y  o f  around 11 N is r e q u i r e d  t o  o b t a i n  t h e  m a t e r i a l  g a s  f o r  SEG-Si. 
D i s t i l l a t i o n  columns a r e  des igned t o  be  opera ted  w i t h  a h i g h  r e f l u x  r a t i o  and 
equipped wi th  many t r a y s .  This  p r o c e s s  r e q u i r e s  a l a r g e  amount o f  energy p e r  
u n i t  weight  o f  p roduc t .  

0 
P o l y s i l i c o n  d e p o s i t s  on s i l i c o n  f i l a m e n t s  heated t o  1050 - 1150 C .  The 

convers ion  y i e l d  o f  TCS i n t o  s i l i c o n  is a s  low as 1 0  t o  20 %. Unreacted TCS 
and by-product STC i n  decomposit ion r e a c t o r  a r e  t h e n  coo led ,  condensed,  
c o l l e c t e d  and d i s t i l l e d .  The d i s t i l l e d  TCS is reused  as m a t e r i a l s ,  whereas 
STC i s  removed from t h e  p r o c e s s  and used a s  raw m a t e r i a l  f o r  s i l i c a  powder, 
e t c .  The major problems of  t h i s  conven t iona l  Siemens p r o c e s s  a r e ;  1) t h e  
amount o f  by-product STC over  t e n  t imes  o r  more t h a n  t h a t  of p o l y s i l i c o n ,  and 
2 )  a l a r g e  amount o f  energy r e q u i r e d  f o r  u n i t  weight o f  p roduc t .  

2-2. TCS: NEDO Process  



This  process  i n  which MG-Si i s  converted i n t o  SOGSi by supplying energy 
on ly ,  i d e a l l y  r e q u i r e s  no o t h e r  raw m a t e r i a l  than MG-Si. The process  diagram 
and m a t e r i a l  flow a r e  shown i n  F igs .  3 and 4.  

D i s t i l l a t e d  TCS is  d i l u t e d  wi th  H2 and introduced t o  a FBR f i l l e d  wi th  
s i l i c o n  seeds .  SOG-Si d e p o s i t s  on t h e  s eeds ,  growing i n t o  l a r g e r  g ranu le s .  
A s  i n  t h e  convent ional  Siemens process ,  unreacted TCS and by-product STC a r e  
condensed and recovered. Af t e r  d i s t i l l a t i o n ,  TCS then  being reused a s  
m a t e r i a l ,  and by-product STC i s  used a s  raw m a t e r i a l  of TCS i n  t h e  r e c y c l e  
system. 

The TCS reproduct ion  process  is t h e  same a s  t h a t  used i n  Hemlock and UCC 
processes ,  i . e . ,  

I n  t h e  NEDO process ,  t h e  r e a c t i o n  t a k e s  p l ace  a t  a lower-pressure and 
h ighe r  H /STC molar r a t i o  than  i n  t h e  Hemlock and UCC processes .  The r e l a t i v e  

2 
advantages a s  compared with high-pressure,  low-molar r a t i o  ope ra t i on  depend on 
t h e  equipment and ope ra t i on  c o s t s  r equ i r ed  f o r  s a f e t y  and l e g a l  r e g u l a t i o n s .  

A p i l o t  p l a n t  of  10 t ons /yea r  of s i l i c o n  g ranu le s  has  a l ready  been 
operated f o r  2000 t o  3000 hours ,  r e s u l t i n g  i n  a power requirement of  30 
kwh/Si-kg f o r  decomposition. The b a s i c  ope ra t i on  technology has  been es tab-  
l i s h e d ,  and t h e  q u a l i t y  of  S i  i n  t h i s  process  has  a l ready  been demonstrated. 
Future  t a s k s  a r e  t o  develop l a r g e  s c a l e  FBR and e s t a b l i s h  technology f o r  a 
long-term continuous ope ra t i on .  

2-3. TCS Recycle-Filament Process  

SEG-Si is c u r r e n t l y  produced and consumed a t  approx. 5000 tons  a yea r  
worldwide. Considering t h e  expected i nc rease  i n  t h e  consumption o f  
semiconductors,  t h e  demand f o r  SEG-Si is very l i k e l y  t o  grow s t e a d i l y  t o  
10,000 t o  15,000 tons  i n  1990. I n  t h e  convent ional  Siemens process ,  where a 
l a r g e  amount of STC is  by-produced, t h e  r ecyc l ing  system of STC would be  
necessary  i n  a la rge-sca le  p o l y s i l i c o n  p l a n t .  

A p roces s ,  which combines f i l amen t  decomposition wi th  t h e  r ecyc l e  o f  by- 
product  STC, would be one of t h e  l ead ing  processes  f o r  manufacturing SEG-Si. 
I n  t h i s  combined process ,  by-product STC is fed  wi th  hydrogen i n t o  MG-Si F B R ,  
hydrogenated and recyc led  a s  TCS. 

The f i l ament  r e a c t o r  used f o r  t h e  reduc t ion  of TCS should be made o f  
metal .  A l a r g e  r e a c t o r  is necessary t o  decrease power consumption. The 
process  diagram and ma te r i a l  flow of t h i s  Recycle-Filament process  a r e  shown 
i n  F igs .  5 and 6. 

The c a l c u l a t i o n  was done on t h e  b a s i s  of energy and m a t e r i a l  requi red  f o r  
t h e  reduc t ion  i n  t h e  convent ional  Siemens process  and f o r  t h e  hydrogenation i n  
t h e  NEDO process .  Fig.  6 sugges ts  t h a t ,  approaching complete r ecyc l e ,  t h e  
requi red  amounts of STC and hydrogen decrease ,  and MG-Si i s  converted through 



TCS and STC into SEG-Si. The key points of this process are; 1) recycling of 
by-product STC via hydrogenation into TCS, and 2) complete recycling of vent 
gases generated in reduction and other stages. 

2-4. DCS: FIemlock Process 

The high cost of the conventional Siemens process is mostly due to high 
power consumption for the reduction of TCS. Hemlock used DCS instead of TCS 
as material, which may lead to a lower power requirement for the reduction and 
to higher productivity. Figs. 7 and 8 show the process diagram and material 
flow of the Hemlock process. This process is characterized by; 1) DCS 
synthesis by TCS redistribution, 

2SiHC13 SiH 2 C1 2 + SiC14 

2) polysilicon formation by DCS reduction in an improved Siemens reactor, and 
3) hydrogenation of by-product STC in FBR, as in the UCC process. 

Conversion efficiency of DCS into Si is higher than that of TCS, 
therefore less amount of DCS is required. Figs. 2 and 8 show, however, nearly 
the same amount of TCS is necessary as in the conventional Siemens process. 
Nearly the same capacity is required for TCS distillation as in the conven- 
tional Siemens process, and additionally to purify DCS suitable for SEG-Si, 
the boron removal column or the DCS distillation columns need to be highly 

0 
efficient since the boiling points of DCS (8.2'~) and BC1 (12.5 C) are quite 
close. 

3 

In the DCS reduction stage, the decomposition rate, yield and temperature 
are more favorable than in TCS. However, to prevent metal fog generation 
i . . ,  homogeneous decomposition), high H /DCS molar ratio operation is 
necessary, which reduces the advantage 08 DCS high reactivity. Another 
drawback is larger energy requirement for the reaction gas recovery. The 
energy requirement for refrigenator is larger than in TCS because of the low 
DCS concentration in the reaction gases and the low-boiling point materials 
involved in this process. 

2-5. UCC-JPL FBR Process 

Basic research into this process began in the early 1970's by UCC, 
followed by DOE-supported development (3). 

2SiH C1 + SiH + SiH C1 
3 4 2 2 

.. . (4) 
TCS is synthesized by hydrogenation of STC as expressed in equation (1) 

above, then MS is synthesized, followed by redistribution reaction (2) through 
(4) above. 



The UCC f i n a l  r e p o r t  proposed decomposition of MS i n  a  f r e e  space r e a c t o r  
and then producing lump SOG-Si v i a  s i l i c o n  powder conso l ida t ion  o r  c a s t i n g .  
UCC and J P L  a r e  now conducting research  f o r  p r a c t i c a l  a p p l i c a t i o n  of g ranule  
S i  formation us ing  FBR. The process  diagram and m a t e r i a l  flow of UCC-JPL FBR 
process  a r e  shown i n  F igs .  9 and 10. 

The wide bo i l ing-poin t  d i f f e r e n c e  between MS (b .p .  - 1 1 2 ~ ~ )  and t h e  o t h e r  
impur i t i e s  such a s  B o r  P compounds permi ts  easy s epa ra t i on  of  impur i t i e s  from 
MS dur ing  t h e  d i s t i l l a t i o n .  A s  a  r e s u l t ,  d i s t i l l a t i o n  is  simple and energy 
per  u n i t  d i s t i l l a t e  c o s t s  low. 

I n  t h e  manufacture of S i  g ranules  from MS wi th  FBR, product/seed weight  
r a t i o  should be 100 o r  h igher  ( a s  i n  t h e  f i l amen t  processes )  from t h e  
viewpoint of  c o s t .  MS mus t  be s u b s t a n t i a l l y  d i l u t e d  with H t o  ach ieve  
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higher  gas  flow v e l o c i t y  i n  FBR. S ince  decomposition temperature  of MS is  
lower than  t h a t  of TCS, t h e  des ign  and ope ra t i ng  cond i t i ons  of FBR a r e  e a s i e r  
and s impler  than those  i n  t h e  NEDO process .  

2-6. UCC Filament Process  

This  s e c t i o n  d i s cus se s  a  process  producing p o l y s i l i c o n  wi th  f i l a m e n t s  
from MS synthes ized .  MS reduc t ion  occures  a t  a  lower temperature  and a t  a  
f a s t e r  r a t e  wi th  h igher  conversion y i e l d  t o  S i  than  TCS and DCS. I t  should be 
noted t h a t  MS reduc t ion  begins  a t  400°c, r a p i d l y  i nc reas ing  i ts  r a t e  a t  6 0 0 ~ ~  
and above, and reaches  t h e  f u l l  r educ t ion  l e v e l  a t  800 C ( 3 ) .  To dep re s s  
decomposition i n  f r e e  space of  r e a c t o r ,  i t s  temperature  i s  maintained low 
provid ing  s t e e p  temperature g r a d i e n t  a long  d i s t ance  from t h e  f i l amen t s .  It  
would be d i f f i c u l t  t o  produce l a r g e  diameter p o l y s i l i c o n  rods  i n  a l a r g e  
r e a c t o r  wi th  mul t ip le  f i l amen t s ,  t h e r e f o r e  t h e  high r e a c t i v i t y  of  MS cannot  be 
made f u l l  use o f .  

3 .  COST COMPARISON 

Since a c t u a l  manufacturing c o s t  v a r i e s  wi th  l o c a l  condi t ions ,  p roduct ion  
s c a l e ,  u t i l i z a t i o n  r a t i o ,  r e se rve  funds ,  con ten t s  of  d i r e c t  and i n d i r e c t  
c o s t s ,  e t c . ,  emphasis i n  t h i s  r e p o r t  is  placed on r e l a t i v e  comparison u s i n g  a  
f i xed  u n i t  c o s t  b a s i s .  Ca lcu la t ion  was based on the  Subcommittee Repor t s ,  
wi th  product ion s c a l e  f i xed  a t  1000 t o n s  a  year  and t h e  yen-dollar exchange 
r a t e  a t  Y250/$. 

For t h e  conventional Siemens and NEDO processes ,  f i g u r e s  were used 
without  modif i c a t i o n .  

3-1. Equipment Cost 

To e s t ima te  equipment and cons t ruc t ion  c o s t ,  t h e  amounts of l i q u i d s / g a s e s  
processed a r e  f i gu red  a t  each manufacturing s t a g e  and shown i n  Table 1. For 
t h e  cons t ruc t ion  c o s t  f o r  SEG-Si manufacture,  d a t a  published i n  newspapers and 
magazines a r e  used. 



(1) TCS: Recycle-Filament Process  

Wacker's expansion p lan  d a t a  i n  E lec t ron ic  Business News of January 1, 
1985, were used f o r  es t imat ion .  

( 2 )  DCS: Hemlock Process  

The amounts of l i qu ids /gases  i n  Table 1 were compared wi th  those  f o r  t h e  
NEDO process ,  and t h e  est imated c a p i t a l  c o s t s  i n  t h e  Subcommittee Report 
were used. 

( 3 )  MS: UCC Filament Process 

The amounts of l i qu ids /gases  processed a t  each manufacturing s t a g e  a r e  
shown i n  t a b l e  1. Equipment c o s t  f o r  t h i s  process  is  taken from an 
a r t i c l e  on UCC i n  t h e  Nikkei Sangyo Newspaper of February 7 ,  1985. 

( 4 )  MS: UCC-JPL FBR Process  

Since t h i s  process  has  many s i m i l a r i t i e s  t o  t h e  NEDO process ,  t h e  
est imated f i g u r e s  i n  t h e  Subcomittee Reports were used. 

3-2. Mater ia l  Cost 

The amounts of ma te r i a l s  requi red  f o r  manufacturing one kg of product S i  
were ca l cu la t ed  on t h e  b a s i s  of ma te r i a l  chemical r eac t ion .  Mater ia l s  u n i t  
p r i c e s  a r e  Y300/% f o r  MG-Si, Y250/kg f o r  STC when purchased, Y120/kg f o r  STC 
when s o l d ,  Y100/m f o r  H2 ,  Y6O/kg f o r  C 1 2  and Y70/kg f o r  NaOH. Mater ia l  c o s t s  
a l s o  inc lude  c o s t  o f  S i  seeds ,  c a t a l y s t  and o the r  gases .  

3-3. E l e c t r i c  Power Cost 

For t h e  TCS process ,  100 - 150 kwh/Si-kg was repor ted  us ing  t h e  most 
advanced equipment ( 4 ) .  Based on these  f i g u r e s ,  t h e  average value of 125 
kwh/Si-kg was adopted f o r  t h e  Recycle-Filament process .  

For t h e  DCS process ,  t h e  experimental d a t a  a t  Hemlock CVD r e a c t o r s  ranged 
from 90 t o  130 kwh/Si-kg. However, t h e  60 kwh/Si-kg t a r g e t  was considered 
a t t a i n a b l e  i n  comparison with t h e  TCS process .  When t h e  power f o r  o the r  than  
decomposition was added, 90 kwh/Si-kg was adopted. 

I n  t h e  UCC f i lament  process ,  power requirements i n  t h e  reduct ion r e a c t o r  
were est imated apporoximately 40 kwh/Si-kg, cons ider ing  hea t  t r a n s f e r  t o  
cool ing  water v i a  thermal r a d i a t i o n  and gas  conduction, and t h e  ope ra t ion  
temperature i n  TCS and i n  MS decomposition being 1050 t o  1 1 5 0 ~ ~  and 700 t o  
~ O O O ~ C ,  r e spec t ive ly .  For t h e  UCC-JPL FBR process ,  power requirments i n  t h e  
reduct ion  r e a c t o r  were est imated t o  be approximately 10 kwh/Si-kg and t h e  
t o t a l  power consumption was est imated t o  be 40 kwh/Si-kg. 

The power c o s t  hea t ing  t h e  STC hydrogenation r e a c t o r  was a l s o  included.  
The power c o s t  f o r  one kwh was f ixed  a t  Y15 i n  Japan. 



3-4, Steam and Fuel Costs 

Energy for heating was calculated on the basis of the amounts of 
liquids/gases and shown in Table I .  

3-5. Other Operating Cost 

Although other operating costs, including repair cost, vary with 
different manufacturing processes, the fixed values given in the Subcommittee 
Reports were used. 

3-6. Labor Cost 

SEG-Si is manufactured by the filament processes and SOG-Si by the FBR 
processes. Considering the characteristics of these manufacturing processes 
and the data from the Subcommittee Reports, a 75-worker operation was assumed 
for the filament processes and 50-worker operation for the FBR processes. 

3-7. Other Cost 

Depreciation, interest, indirect and general administrative costs were 
calculated by the same rule as used in the Subcommittee reports. 

3-8. Results 

Our calculation results are shown in Table 2 and Fig. 11. For those 
processes in which STC is recycled via hydrogenation into TCS, manufacturing 
costs are virtually the same for all filament processes regardless of material 
gas. The manufacturing cost of SEG-Si can be reduced to 80 % of that in the 
conventional Siemens process. 

SOG-Si manufacturing costs by the FBR processes are almost the same, at 
the Y5000/Si-kg level, about 50 % of conventional Siemens-process manufac- 
turing cost. 

This study focusing on relative comparisons under fixed conditions, the 
resultant estimates differ from actual manufacturing costs. According to the 
NEDO' s interim report, SOG-Si manufacturing costs with the NEDO process will 
be approximately Y4300/Si-kg at a commercialized plant. 

CONCLUSION 

The manufacturing costs for various processes were estimated on the basis 
of SOG-Si production research sponsored by the NEDO. 

When the by-products are recycled, all processes for SEG-Si will result 
in similar manufacturing costs. The TCS processes with filaments will be more 
firmly established if electric power for polysilicon formation can be lowered. 
The DCS process can save silicon deposition power consumption, but entails a 
large amount of energy for the distillation and redistribution. Moreover, the 
advantage of high DCS reactivity may not be fully utilized since reduction 



must be kept  a t  low D C S  concent ra t ion  t o  prevent  metal fog.  Whereas, i n  t h e  
MS p roces s ,  t h e  ma te r i a l  gas  can be produced a t  lower c o s t ,  but  t he  t o t a l  
manufacturing c o s t  i s  v i r t u a l l y  t h e  same a s  those  of o t h e r  processes  s i n c e  t h e  
advantage of high MS r e a c t i v i t y  cannot be f u l l y  u t i l i z e d  f o r  t h e  s i l i c o n  
formation.  

The Si-granule product ion by FBR c o s t  approx. V5000/kg. The MS p roces s ,  
i n  p a r t i c u l a r ,  permits  low temperature ope ra t i on ,  compared t o  t h e  TCS p roces s ,  
and f a c i l i t a t e s  t h e  des ign  and development of equipment: f u t u r e  advances a r e  
f u l l y  hoped f o r .  
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F i g .  9. MS-Based UCC FBR Process 
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Fig. 10. MS-Based UCC FBR Process (kg/kg-Si) 
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Table 1. Process Gases/Liquids in Each Process 

(kg/kg-Si) 

TCS distillation 

DCS distillation 

MS distillation 

Material gas 

Process 

TCS Synthesis 

TCS redistribution 

DCS redistribution 

Crude 

Recovery 

Distillate 

Feed 

Distillate 

Feed 

Distillate 

T C S  

Process 

Feed 

Product 

Feed 

Feed 

D C S  

Hemlock 
Filament 
STC+TCS 

66.24 

16.63 

93.53 
--- 

Siemens 
Filament 
chlorination 

17.50 

15.50 
--- 
--- 

17.50 

37.00 

41.00 
--- 

--- 
--- 

--- 

Decomposition 

Recovery 

Waste 

25.69 

1.5 

24.17 

32 % 

0.73 

c 

0.72 

NED0 
FBR 
STC+TCS 

105.16 

21.03 
--- 
--- 

M S 

105.16 

23.75 

25.69 
- -- 
--- 
--- 
--- 

Feed 

H,/Mat. ratio 

Chlorosilanes 

Concentration 

Loss 

Treatment 

NaQH 

Recycle, 
Filament 
STC+TCS 

77.50 

15.50 
--- 
--- 

UCC-JPL 
FBR 
STC-+TCS 

131.81 

29.70 

163.24 

35.57 

4 1.00 

5-10 

38.44 

6-10 % 

0.41 

c 

0.36 

41.00 

5- 10 

38.44 

6-10 % 

3.01 

neutralization 

3.00 

UCC 
Filament 
STC+TCS 

131.81 

291,70 

163.24 

35.57 

77.50 

37.00 
--_______ppp 

41.00 
--- 
--- 
--- 
--- 

~~~~~~ 

8.97 

15- 24 

7.4 1 

1.5-3 % 

0.67 

c 

0.63 

159.15 

7.40 

102.51 

102.51 

8.97 
-- - 
--- 

1.30 

0-4 
--- 
--- 

0.01 

combustion 
--- 

1.30 
--- 
--- 

--- 

0.01 

c 

--- 

282.17 
--- 

164.70 

198.97 

35.57 

35.57 

1.30 

282.17 
--- 

164.70 

198.97 

35.57 

35.57 

1.30 



Table 2. Manufac tu r ing  Cos t  E s t i m a t e  f o r  P o l y c r y s t a l l i n e  S i l i c o n  (%/kg) 

basis: 1,000t/y 

Note : Y250/$ 



DISCUSSION 

mYGQCK: When you use the 1 5  y e n / k m  for the e%eckricity c o s t ,  is that your 
estimate of the average or %he actual cost in Japan? 

SHIHIZU: That is the industrial cost. 

HAYCOCK: I wondered, because there is a factor of two in that number in the 
world now. 

SHIHIZU: It is much cheaper in the United States. In general, other cost 
estimates can still vary from my estimate. 

LEIPOLD: You mentioned that the quality of the silicon from the NED0 
fluidized-bed reactor process is proven. Can you define the word "proven" 
further with any analyses? 

SHIHIZU: This silicon granular material is now being used in the casting 
process. 

PELLIN: Can you give concentration levels of boron and phosphorus? 

SHIHIZU: The resistivity is about 10 ohm-cm. 

AULICH: What are the next goals in your project? You said that 10 MT/year is 
being produced. What are the future plans? 

SHIMIZU: I'm not sure I can answer. This question is best asked of Dr. Noda. 




