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  Chlorosilanes  with  an  enhanced  hydrogen  content  are 
selectively  produced  in  the  direct  reaction  of  silicon  with  hydrogen 
chloride  at  elevated  temperatures  by  treating  the  silicon  with  a 
source  of  oxygen  during  the  process.  A  process  is  also  provided 
for  producing  selectively  trichlorosilane  by  reacting  hydrogen 
chloride  with  a  fluidized  bed  of  silicon  particles  and  treating  the 
silicon  particles  with  the  source  of  oxygen. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   for  s e l e c t i v e l y  
p r o d u c i n g   c h l o r o s i l a n e s   wi th   an  enhanced   h y d r o g e n   c o n t e n t  

and,  in  p a r t i c u l a r ,   to  an  improved   p r o c e s s   for  s e l e c t i v e l y  

p r o v i d i n g   enhanced   y i e l d s   of  t r i c h l o r o s i l a n e   u t i l i z i n g  

oxygen  p r o m o t i o n   of  s i l i c o n   in  a  d i r e c t   s y n t h e s i s   r e a c t i o n  
be tween   hydrogen   c h l o r i d e   and  s i l i c o n .  

D e s c r i p t i o n   of  the  P r i o r   A r t  

C h l o r o s i l a n e s   are  c o n v e n i e n t l y   p r e p a r e d   by  the  d i r e c t  
r e a c t i o n   of  hydrogen   c h l o r i d e   with  s i l i c o n   me ta l   a t  

e l e v a t e d   t e m p e r a t u r e s .   The  p r o d u c t s   of  the  r e a c t i o n  

i n c l u d e :   m o n o c h l o r o s i l a n e ,   d i c h l o r o s i l a n e ,  

t r i c h l o r o s i l a n e ,   s i l i c o n   t e t r a c h l o r i d e   and  h y d r o g e n   a s  
i l l u s t r a t e d   in  the  f o l l o w i n g   g e n e r i c   e q u a t i o n   for  t h e  

r e a c t i o n :  



w h e r e i n   x  is  an  i n t e g e r   from  0  to  3.  In  g e n e r a l ,   c h l o r o -  

s i l a n e s   c o n t a i n i n g   h y d r o g e n   tend   to  have  a  h i g h e r  
c o m m e r c i a l   v a l u e   t han   s i l i c o n   t e t r a c h l o r i d e .   S u c h  

compounds  are  e s p e c i a l l y   u s e f u l   in  the  s y n t h e s i s   of  o r g a n o -  
s i l i c o n   compounds  and  o rgano   f u n c t i o n a l   c h l o r o s i l a n e s .  

T r i c h l o r o s i l a n e   is  a l s o   a  s t a r t i n g   m a t e r i a l   for  p r o d u c i n g  
s e m i c o n d u c t o r   g r ade   s i l i c o n .   The  demand  for   o r g a n o s i l i c o n  

compounds  and  s e m i c o n d u c t o r   grade   s i l i c o n   is  i n c r e a s i n g  

r a p i d l y .  

The  d i r e c t   s y n t h e s i s   r e a c t i o n   be tween  s i l i c o n   and  h y d r o g e n  
c h l o r i d e   to  p r o d u c e   t r i c h l o r o s i l a n e   was  f i r s t   r e p o r t e d   i n  

1857.   As  p r a c t i c e d   c o m m e r c i a l l y   t o d a y ,   the   d i s t r i b u t i o n  

of  c h l o r o s i l a n e s   in  the  p r o d u c t   s t r e a m   may  t y p i c a l l y   be  a s  
f o l l o w s :  

A l t h o u g h   the  y i e l d   of  t r i c h l o r o s i l a n e   may  be  h i g h e r   at  t h e  

s t a r t   of  the  r e a c t i o n ,   i t   t e n d s   to  d e c r e a s e   over  t ime  ( s e e  

Example  1  b e l o w ) .  

The  d i r e c t   s y n t h e s i s   of  t r i c h l o r o s i l a n e   by  the  r e a c t i o n   o f  

s i l i c o n   wi th   h y d r o g e n   c h l o r i d e   is  a l so   d e s c r i b e d   in  t h e  

f o l l o w i n g   p r i o r   a r t :  



The  d i r e c t   s y n t h e s i s   r e a c t i o n   oe tween   h y d r o g e n   c h l o r i d e  
and  s i l i c o n ,   which  is  n o r m a l l y   c o n d u c t e d   at  e l e v a t e d  

t e m p e r a t u r e s ,   t y p i c a l l y   from  200  to  500°C,  is  h i g h l y  
e x o t h e r m i c .   H i g h l y   e x o t h e r m i c   r e a c t i o n s   tend  to  cause   h o t  

s p o t s   w i t h i n   a  r e a c t i o n   mix.  A c c o r d i n g l y ,   i t   is  e s s e n t i a l  
to  e f f i c i e n t l y   remove  such  hea t   to  c o n t r o l   the  t e m p e r a t u r e  
of  the  r e a c t i o n .   F u r t h e r ,   as  the  r e a c t i o n   t e m p e r a t u r e  
i n c r e a s e s ,   i t   is  wel l   u n d e r s t o o d   t h a t   the  q u a n t i t y   o f  
t r i c h l o r o s i l a n e   p r o d u c e d   d e c r e a s e s ,   whi le   the  c o n t e n t   o f  
s i l i c o n   t e t r a c h l o r i d e  p r o d u c e d   i n c r e a s e s .  

To  c o n t r o l   the  e x c e s s   hea t   of  r e a c t i o n   i t   has  b e e n  

p r o p o s e d   to  p r o v i d e   a  s t i r r e d   bed,   an  expanded   bed  a n  
a g i t a t e d   bed  or  a  f l u i d i z e d   bed  r e a c t o r .   P r o c e s s e s   f o r  

p r o d u c i n g   t r i c h l o r o s i l a n e   by  r e a c t i o n   of  s i l i c o n   w i t h  

hydrogen   c h l o r i d e   emp loy ing   a  f l u i d i z e d   bed  are  d i s c l o s e d  
in  the  a b o v e - l i s t e d   U.S.  and  f o r e i g n   p a t e n t s .   F o r  

e x a m p l e ,   in  GB-Al-  945 ,618  t r i c h l o r o s i l a n e   was 

p r o d u c e d   in  y i e l d s   on  the  o rde r   of  90%  by  the  r e a c t i o n   o f  
s i l i c o n   and  h y d r o g e n   c h l o r i d e   in  a  f l u i d i z e d   b e d .  

In  U.S.  -A-  4 , 0 9 2 , 4 4 6 ,   a  
f l u i d i z e d   bed  r e a c t o r   is  d i s c l o s e d   for  p r o d u c i n g  
t r i c h l o r o s i l a n e   e m p l o y i n g   an  i n t e r n a l   hea t   e x c h a n g e r   t o  

he lp   d i s s i p a t e   the  h e a t   of  r e a c t i o n .  

In  B r i t i s h   Chem.  Eng . ,   Vol.   11,  9  ( S e p t e m b e r   1966) ,   p a g e s  
9 2 7 - 9 2 9 ,   a  f l u i d i z e d   bed  p r o c e s s   is  d i s c l o s e d   f o r  

p r o d u c i n g   t r i c h l o r o s i l a n e   at  a  r e a c t i o n   t e m p e r a t u r e   o f  
300°C  and  at  a t m o s p h e r i c   p r e s s u r e .  



In  g e n e r a l ,   the  a r t   has  a t t e m p t e d   to  enhance   t h e  

p r o d u c t i o n   of  t r i c h l o r o s i l a n e   d u r i n g   the  d i r e c t   s y n t h e s i s  
r e a c t i o n   be tween   s i l i c o n   and  h y d r o g e n   c h l o r i d e   b y  
a t t e m p t i n g   to  a c h i e v e   p r o p e r   t e m p e r a t u r e   c o n t r o l   in  t h e  

r e a c t o r .   U n t i l   now,  such  p r o c e d u r e s   have  not  b e e n  

c o m p l e t e l y   s u c c e s s f u l .  

Oxygen,   at  c o n c e n t r a t i o n s   of  1-500  ppm,  was  found  t o  

s l i g h t l y   d e c r e a s e   the  r e l a t i v e   s e l e c t i v i t y   o f  

d i m e t h y l d i c h l o r o s i l a n e   in  the  d i r e c t   r e a c t i o n   of  m e t h y l  
c h l o r i d e   wi th   s i l i c o n   m e t a l ;   the  d e c r e a s e   in  s e l e c t i v i t y  
i n c r e a s e d   as  the  oxygen  c o n c e n t r a t i o n   i n c r e a s e d   (J.   O r g a n o -  
m e t a l l i c   C h e m i s t r y ,   84  (1975)  3 0 5 - 3 1 6 ) .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is  an  improvemen t   in  the  p r o c e s s   f o r  

p r o d u c i n g   c h l o r o s i l a n e s   of  the   f o r m u l a   H x S i C l 4 - x ,  
w h e r e i n   x  is  an  i n t e g e r   from  0  to  3,  by  the  d i r e c t  
r e a c t i o n   of  s i l i c o n   wi th   h y d r o g e n   c h l o r i d e   at  e l e v a t e d  

t e m p e r a t u r e s .   The  i m p r o v e m e n t   c o m p r i s e s   t r e a t i n g   t h e  
s i l i c o n   wi th   a  s o u r c e   of  oxygen  to  form  s e l e c t i v e l y  
c h l o r o s i l a n e s   which  c o n t a i n   h y d r o g e n ,   p a r t i c u l a r l y  
t r i c h l o r o s i l a n e .   Tue  p r o c e s s   of  the  i n v e n t i o n   is  c a p a o l e  
of  e n h a n c i n g   the  y i e l d   of  t r i c h l o r o s i l a n e   and,  to  a  l e s s e r  

e x t e n t ,   d i c h l o r o s i l a n e ,   w h i l e   r e d u c i n g   the  y i e l d   o f  

s i l i c o n   t e t r a c h l o r i d e .  

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

As  employed   h e r e i n ,   the   p h r a s e   ' s o u r c e   of  oxygen"  i n c l u d e s  

oxygen   i t s e l f ,   a i r   or  any  o x y g e n - c o n t a i n i n g   compound  w h i c h  

can  decompose   under  the  c o n d i t i o n s   of  the  r e a c t i o n   t o  

p r o v i d e   oxygen  w i t h o u t   an  a d v e r s e   e f f e c t   on  the  r e a c t a n t s  

or  the  r e a c t i o n   p r o d u c t .   Wa te r ,   hydrogen   p e r o x i d e   a n d  



r e d u c i b l e   meta l   o x i d e s   and  c a r b o n a t e s   ( e . g . ,   f e r r i c   o x i d e  

and  z inc   c a r b o n a t e )   are  example s   of  such  o x y g e n - c o n t a i n i n g  

c o m p o u n d s .  

I t   has  been  found  t h a t   s i l i c o n   can  be  b e n e f i c i a l l y   t r e a t e d  

wi th   oxygen  p r i o r   to  or  at  any  s t a g e   in  the  p r o c e s s   t o  

enhance   the  s e l e c t i v i t y   of  the  d i r e c t   s y n t h e s i s   p r o c e s s  
toward   c h l o r o s i l a n e s   which  c o n t a i n   h y d r o g e n ,   at  t h e  

e x p e n s e   of  s i l i c o n   t e t r a c h l o r i d e   p r o d u c t .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   the  p r e s e n t   i n v e n t i o n   c o m p r i s e s  

a  p r o c e s s   for  the  s e l e c t i v e   s y n t h e s i s   of  t r i c h l o r o s i l a n e  

c o m p r i s i n g   d i r e c t l y   r e a c t i n g   hydrogen   c h l o r i d e   wi th   a  
f l u i d i z e d   bed  of  s i l i c o n   p a r t i c l e s   and  t r e a t i n g   t h e  

s i l i c o n   p a r t i c l e s   wi th   a  s o u r c e   of  oxygen  p r i o r   to  t h e  

c o m p l e t i o n   of  the  r e a c t i o n .  

The  oxygen  t r e a t m e n t   (or  o x y g e n a t i o n )   of  the  s i l i c o n  

p a r t i c l e s   may  be  c o n d u c t e d   p r i o r   to  the  r e a c t i o n ,  

i n t e r m i t t e n t l y   d u r i n g   the  r e a c t i o n   or  both  t i m e s .  

The  p r e s e n t   p r o c e s s   may  be  c o n d u c t e d   in  a  s t i r r e d   b e d  

r e a c t o r ,   an  a g i t a t e d   r e a c t o r   or ,   more  p r e f e r a b l y ,   in  a  

f l u i d i z e d   bed  r e a c t o r .   In  g e n e r a l ,   the  r e a c t i o n   s y s t e m  
s h o u l d   be  open;  t h a t   i s ,   a r r a n g e m e n t s   s h o u l d   be  made  f o r  

the  c o n t i n u o u s   w i t h d r a w a l   or  removal   of  the  p r o d u c t s   o f  

the  d i r e c t   s y n t h e s i s .   This  may  be  a c c o m p l i s h e d   by  

e m p l o y i n g   c o n v e n t i o n a l   t e c h n i q u e s   and  e q u i p m e n t .   A 

c o n v e n t i o n a l   means  of  c o o l i n g   and  c o n d e n s i n g   the  h o t  

p r o d u c t   m i x t u r e   in  a  v e s s e l   s e p a r a t e   from,  but   d i r e c t l y  
a t t a c h e d   to ,   the  g a s - s o l i d   r e a c t o r ,   may  a l s o   be  p r o v i d e d .  

I t   is  n e c e s s a r y   t h a t   the  s i l i c o n   p a r t i c l e s   be  m a i n t a i n e d  

in  a  s t a t e   of  a g i t a t i o n ,   t h a t   i s ,   s t i r r e d ,   e x p a n d e d   o r  



f l u i d i z e d ,   so  as  to  f a c i l i t a t e   h e a t - a n d   m a s s - t r a n s f e r   a n d  

to  avo id   hot  s p o t s   in  the  r e a c t i o n   medium.  O t h e r  

o p e r a t i o n a l   d e t a i l s   p e r t i n e n t   to  g a s - s o l i d   r e a c t o r s   a r e  
w e l l - k n o w n   to  t h o s e   s k i l l e d   in  the  a r t   and  need  not  be  

f u l l y   d e s c r i b e d   h e r e i n .  

In  one  emoodiment   of  the  i n v e n t i o n ,   the  s e l e c t i v i t y   of  t h e  
d i r e c t   s y n t h e s i s   r e a c t i o n   for  p r o d u c i n g   t r i c h l o r o s i l a n e   i s  

i n c r e a s e d ,   by  p r e - t r e a t i n g   the  s i l i c o n   r e a c t a n t   with  an  

oxygen  s o u r c e   p r i o r   to  i t s   r e a c t i o n   wi th   h y d r o g e n   - 
c h l o r i d e .   As  the  s y n t h e s i s   r e a c t i o n   p r o c e e d s   and  t h e  

oxygen  i n c o r p o r a t e d   in  the  s i l i c o n   is  r e d u c e d ,   t h e  
r e a c t i o n   s e l e c t i v i t y   toward   t r i c h l o r o s i l a n e   a n d  
d i c h l o r o s i l a n e   is  c o r r e s p o n d i n g l y   r e d u c e d   to  t h a t   l e v e l  
a c h i e v e d   wi th   u n t r e a t e d   s i l i c o n .   In  o r d e r   to  r e s t o r e   t h e  
d e s i r e d   s e l e c t i v i t y ,   i t   is  p r e f e r r e d   to  f u r t h e r   t r e a t   t h e  
s i l i c o n   r e a c t a n t ,   in  whole  or  in  p a r t ,   wi th   a d d i t i o n a l  

oxygen .   This   embodiment   of  the   i n v e n t i v e   p r o c e s s   can  b e  
c o n d u c t e d   c o n v e n i e n t l y   in  a  f i x e d   bed,   s t i r r e d   b e d ,  

a g i t a t e d   bed,   e x p a n d e d   bed  or  f l u i d i z e d   bed  r e a c t o r .  

In  a  more  p r e f e r r e d   embod imen t ,   the  d i r e c t   s y n t h e s i s  
r e a c t i o n   and  the  s i l i c o n   o x y g e n a t i o n   a re   c o n d u c t e d   in  a 
f l u i d i z e d   ued  s y s t e m .   In  t h a t   s y s t e m ,   the  s i l i c o n  

r e a c t a n t   is  p r e f e r a b l y   t e c h n i c a l   g rade   m a t e r i a l   c o n t a i n i n g  
from  90  to  98%  by  we igh t   s i l i c o n ,   and,   more  
p r e f e r a b l y ,   98%  by  w e i g h t   s i l i c o n ,   wi th   the  r e m a i n d e r  

composed  of  such  e l e m e n t s   as  i r o n ,   c a l c i u m ,   m a g n e s i u m ,  
a luminum,   t i n ,   b o r o n ,   c o p p e r ,   chromium,  z i n c ,   t i t a n i u m ,  
cadmium,  b i s m u t h   and  l e a d   as  wel l   as  o t h e r   i m p u r i t i e s .   I f  

d e s i r e d ,   p r e f o r m e d   m e t a l   s i l i c i d e s ,   such  as  t h o s e   of  i r o n ,  
c a l c i u m ,   magnes ium  and  copper   may  a l so   be  employed  in  t h e  

s y n t h e s i s .   The  p r e f e r r e d   s i l i c o n   r e a c t a n t   is  98%  s i l i c o n  



p a r t i c l e s   with  up  to  1%  i r o n ,   up  to  0.5%  aluminum  and  u p  
to  0.07%  c a l c i u m .   The  s i l i c o n   p a r t i c l e s   need  not  be  
a c t i v a t e d   by  doping   p r i o r   to  u se .   If  d e s i r e d ,   h o w e v e r ,  
a c t i v a t e d   s i l i c o n   p a r t i c l e s   can  a l s o   be  e m p l o y e d .  

A  b road   range   of  p a r t i c l e   s i z e s ,   for   e x a m p l e ,   28  x  D  m e s h  
(no  more  than   about   600  µm)  may  be  employed  in  t h e  
r e a c t i o n .   However,   i t   is  g e n e r a l l y   p r e f e r r e d   t h a t   t h e  
s i l i c o n   p a r t i c l e s   be  s m a l l e r   than  48  mesh  ( l e s s   t h a n  

300  µm  ).  S m a l l e r   p a r t i c l e   s i z e s   c o n t r i b u t e   t o  

good  f l u i d i z a t i o n   of  the  bed  and  a s s i s t   hea t   t r a n s f e r .  
The  p a r t i c u l a r   s i z e   employed  in  any  g iven   r e a c t i o n   w i l l  
depend  upon  the  s i z e   of  the  r e a c t o r   and  the  s c a l e   of  t h e  

s y n t h e s i s .   In  l a b o r a t o r y   e x p e r i m e n t s ,   the  p r e f e r r e d  
p a r t i c l e   s i z e   range   was  65  x  150  mesh  i . e . ,  ( 1 0 4  -   208  µm), 

but  t h i s   s i z e   d i s t r i b u t i o n   is  not  n e c e s s a r y   f o r  
the  s u c c e s s   of  the  p r o c e s s .  

The  t o t a l   amount  of  h y d r o g e n   c h l o r i d e   employed   in  t h e  
i n v e n t i o n   s h o u l d   g e n e r a l l y   be,  as  a  minimum,  s u f f i c i e n t   t o  
f l u i d i z e   the  s i l i c o n   p a r t i c l e s   and  mus t ,   of  c o u r s e ,   b e  

l e s s   than  the  flow  which  c o m p l e t e l y   d i s c h a r g e s   o r  
e l u t r i a t e s   the  s i l i c o n   p a r t i c l e s   from  the  bed  b e f o r e   t h e y  

are   r e a c t e d .   The  minimum  flow  for  f l u i d i z a t i o n   can  be  

computed   from  a  knowledge   of  the  gas  d e n s i t i e s ,   t h e  

d e n s i t y   and  p a r t i c l e   s i z e   d i s t r i b u t i o n   of  the  s i l i c o n  

p a r t i c l e s   and  the  t e m p e r a t u r e   of  the  r e a c t i o n ,   a s  

d e s c r i b e d ,   for  e x a m p l e ,   in  the  monograph ,   F l u i d i z a t i o n  

E n g i n e e r i n g   by  D.  K u n i i ,   et  a l . ,   John  Wiley  &  Sons,   New 

York,   ( 1 9 6 9 ) .  

For  the  l a b o r a t o r y   p r e f e r r e d   a v e r a g e   p a r t i c l e   d i a m e t e r   o f  

abou t   149  µm  and  for  the  p r e f e r r e d   r e a c t i o n  

t e m p e r a t u r e s   (from  3 0 0  -   325  °C),  the  minimum 



s u p e r f i c i a l   l i n e a r   f l u i d i z a t i o n   v e l o c i t y   is  abou t   1 . 5  
c m / s .   O p e r a t i o n a l   v a l u e s   at  2  to  5  t imes   t h i s   flow  a r e  
p r e f e r r e d .  

The  h y d r o g e n   c h l o r i d e   r e a c t a n t   must  be  in  c o n t a c t   w i t h  
the  s i l i c o n   p a r t i c l e s   to  r e a l i z e   the  s u c c e s s f u l   d i r e c t  

s y n t h e s i s   of  t h e  d e s i r e d   c h l o r o s i l a n e s .   In  g e n e r a l ,   a t  
the  p r e f e r r e d   f l u i d i z a t i o n   v e l o c i t i e s ,   space   t imes   o f  

5  s e c o n d s   to  5  m i n u t e s   are   o b t a i n e d ,   and  a r e  
t h e r e f o r e   p r e f e r r e d ,   d e p e n d i n g   on  the  h e i g h t   of  t h e  
f l u i d i z e d   bed  of  s i l i c o n   p a r t i c l e s .  

In  o r d e r   to  t r e a t   the   s i l i c o n   p a r t i c l e s   wi th   a  s o u r c e   o f  

o x y g e n ,   i t   is  p r e f e r r e d   to  i n i t i a l l y   f l u i d i z e   the  s i l i c o n  

p a r t i c l e s   wi th   oxygen ,   a i r   or  m o i s t u r e ,   f o l l o w e d   by  
r e a c t i o n   wi th   h y d r o g e n   c h l o r i d e   u n t i l   the  t r i c h l o r o s i l a n e  

s e l e c t i v i t y   s t a r t s   to  d e c r e a s e .   T h e r e a f t e r ,   i t   i s  

p r e f e r r e d   to  i n t e r m i t t e n t l y   f l u i d i z e   the  s i l i c o n   p a r t i c l e s  
wi th   oxygen  and  h y d r o g e n   c h l o r i d e   u n t i l   the  s i l i c o n   h a s  

been  c o n s u m e d .  

Using   the  p r o c e s s   of  t h i s   i n v e n t i o n ,   i t   has  been  f o u n d  

t h a t   the   d i s t r i b u t i o n   of  the   r e s u l t i n g   c h l o r o s i l a n e  

p r o d u c t s   is  as  f o l l o w s :  

These   y i e l d   are  o b t a i n e d   even  a f t e r   o p e r a t i n g   the  r e a c t i o n  

over   a  p e r i o d   of  t i m e ;   the  o b s e r v e d   d e c r e a s e   i n  

t r i c h l o r o s i l a n e   y i e l d   wi th   t ime  is  l e s s   when  the  p r o c e s s  
of  the   i n v e n t i o n   is  p r a c t i c e d   (compare   Examples   1  and   2 

b e l o w ) .  



O r d i n a r i l y ,   the  amount  of  m o n o c h l o r o s i l a n e   is  very   s m a l l  

(as  low  as  t r a c e   a m o u n t s  ) .  

The  amount  of  oxygen  p r o v i d e d   to  the  p r o c e s s   of  t h e  
i n v e n t i o n   is  not  c r i t i c a l .   In  g e n e r a l ,   s u f f i c i e n t   a m o u n t s  
of  oxygen  are  employed  to  enhance   the  s e l e c t i v i t y   of  t h e  

p r o c e s s   to  c h l o r o s i l a n e s   c o n t a i n i n g   hyd rogen   a n d  

p a r t i c u l a r l y ,   and  in  a  p r e f e r r e d   embod imen t ,   to  m a i n t a i n  
the  y i e l d   of  t r i c h l o r o s i l a n e   h i g h .  

The  minimum  r e a c t i o n   t e m p e r a t u r e   of  the  d i r e c t   p r o c e s s   o f  

the  i n v e n t i o n   is  se t   by  the  minimum  t e m p e r a t u r e   at  w h i c h  
the  s i l i c o n   r e a c t s   wi th   the  hydrogen   c h l o r i d e .   The 
maximum  t e m p e r a t u r e s   are  d e t e r m i n e d   by  the  t e m p e r a t u r e s   a t  
which  p y r o l y s i s   of  the   r e a c t a n t s   or  p r o d u c t s   o c c u r s .   I n  

g e n e r a l ,   the  o p e r a t i o n a l   t e m p e r a t u r e   range   for  the  p r o c e s s  
of  the  i n v e n t i o n   at  a t m o s p h e r i c   p r e s s u r e   is  from  abou t   200 
to  500°C,  and,  p r e f e r a b l y ,   from  280  to  4 0 0 ° C .  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  m a y   be  c o n d u c t e d   a t  

a t m o s p h e r i c   p r e s s u r e   or  above  a t m o s p h e r i c   p r e s s u r e s .   The 

p a r t i c u l a r   p r e s s u r e   at  which  the  p r o c e s s   is  o p e r a t e d   i s  

not  c r i t i c a l   and  t h o s e   s k i l l e d   in  the  a r t   can  s e l e c t   t h e  

a p p r o p r i a t e   p r e s s u r e .   In  g e n e r a l   for  an  i n d u s t r i a l  

f l u i d i z e d   bed  p r o c e s s ,   o p e r a t i n g   p r e s s u r e s   are  p r e f e r a b l y  

g r e a t e r   than  3.45  bar   (50  p s i g ) .  

In  a  p r e f e r r e d   embod imen t   of  the  i n v e n t i o n   the  r e a c t i o n  

m i x t u r e   is  at  l e a s t   p e r i o d i c a l l y   a n a l y z e d   ( e . g .   by  g a s  
c h r o m a t o g r a p h y )   to  d e t e r m i n e   the  s e l e c t i v i t y   of  t h e  

p r o c e s s   to  t r i c h l o r o s i l a n e .   Once  the  s e l e c t i v i t y   b e g i n s  
to  d e c r e a s e ,   i t   is  p r e f e r r e d   to  s u b j e c t   the  s i l i c o n  

p a r t i c l e s   to  the  o x y g e n a t i o n   t r e a t m e n t   of  the  i n v e n t i o n .  



Of  c o u r s e   i t   is  to  be  u n d e r s t o o d   t h a t   s t o r a g e   c o n t a i n e r s ,  
r e a c t o r s ,   t r a n s p o r t   l i n e s ,   pumps,  v a l v e s   and  o t h e r  

f i t t i n g s   employed   in  the  a p p a r a t u s   to  e f f e c t   the  r e a c t i o n s  
of  the  i n s t a n t   i n v e n t i o n ,   a l l   of  which  are   c o n v e n t i o n a l ,  
and  which  come  i n t o   c o n t a c t   w i t h ,   or  a re   r e a s o n a b l y  
e x p e c t e d   to  come  i n t o   c o n t a c t   wi th   t h e  h y d r o g e n   c h l o r i d e  
r e a c t a n t   and  the  c h l o r o s i l a n e   r e a c t i o n   p r o d u c t s   of  t h i s  

i n v e n t i o n ,   must  be  c o r r o s i o n   r e s i s t a n t ,   e s p e c i a l l y   at  t h e  

p r e f e r r e d   t e m p e r a t u r e s .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   the  c o n v e n t i o n a l   d i r e c t  
r e a c t i o n   p r o c e s s   and  c e r t a i n   p r e f e r r e d   embod imen t s   of  t h e  

p r e s e n t   i n v e n t i o n   under   l a b o r a t o r y   c o n d i t i o n s .  

EXPERIMENTAL  PROCEDURE 

All   e x p e r i m e n t s   were  c o n d u c t e d   in  a  l a b o r a t o r y   V y c o r  
f l u i d i z e d   bed  r e a c t o r   h a v i n g   an  o v e r a l l   l e n g t h   of  66  cm. 
The  upper  10  cm  of  the  r e a c t o r   was  an  e x p a n d e d   head ,   6 . 5  
c m ' i n t e r n a l   d i a m e t e r ,   w h i l e   the  lower   56  cm  had  a n  
i n t e r n a l   d i a m e t e r   of  3.3  cm.  The  bed  h e i g h t ,   when 

f l u i d i z e d ,   was  37  cm,  thus   g i v i n g   a  l e n g t h / d i a m e t e r ,   L / D ,  
r a t i o   of  11.  An  a i r - d r i v e n   v i b r a t o r   was  s o m e t i m e s   used  t o  
a s s i s t   f l u i d i z a t i o n .   A  s i n t e r e d   g l a s s   f r i t   at  the   b o t t o m  
of  the  r e a c t o r   s u p p o r t e d   the  s i l i c o n   p a r t i c l e s   a n d  

d i s p e r s e d   the  g a s e s   as  they  e n t e r e d   the  bed.   H e a t i n g   w i r e  
and  f i b e r g l a s s   i n s u l a t i o n   were  wrapped   a l o n g   the  e n t i r e  

l e n g t h   of  the  r e a c t o r .   Two  Pyrex  t h e r m o w e l l s   were  p l a c e d  

v e r t i c a l l y   t h r o u g h   the  top  of  the  r e a c t o r   i n t o   the  bed  o f  

the  s i l i c o n   p a r t i c l e s .   One  t h e r m o c o u p l e   p r o v i d e d   f e e d b a c k  

to  the  h e a t e r / c o n t r o l l e r   d e v i c e ,   the   o t h e r   was  a t t a c h e d   t o  



a  d i g i t a l   t h e r m o m e t e r .   A  r e s e r v o i r ,   v e n t e d   wi th   n i t r o g e n ,  
was  a t t a c h e d   to  the  r e a c t o r   near   i t s   base  j u s t   above  t h e  

g l a s s   f r i t   to  p e r m i t   the  i n t e r m i t t e n t   a d d i t i o n   o f  
a d d i t i o n a l   s i l i c o n   to  the  bed.   The  j u n c t i o n   of  t h e  
r e s e r v o i r   and  the  r e a c t o r   was  n o r m a l l y   kept   c l o s e d   by  a 
v a l v e .   The  r e a c t o r   was  c o n n e c t e d   to  a  c o n d e n s i n g   c h a m b e r  
by  a  s i d e - a r m   a t t a c h e d   to  the  top  of  the  expanded   h e a d  
s e c t i o n   of  the  r e a c t o r .   The  c o n d e n s i n g   chamber  was 
m a i n t a i n e d   at  -63°C  to  -78°C  wi th   s o l i d   ca rbon   d i o x i d e   a n d  

i s o p r o p a n o l .   Condensed  s amp le s   of  the  r e a c t i o n   p r o d u c t s  
were  w i t h d r a w n   i n t o   w e i g h e d ,   c h i l l e d   f l a s k s .   U n r e a c t e d  

h y d r o g e n   c h l o r i d e   was  d i s t i l l e d   o f f   and  the  r e s i d u e  

a n a l y z e d   by  gas  c h r o m a t o g r a p h y   and  g a s - c h r o m a t o g r a p h y / m a s s  

s p e c t r o m e t r y .  

The  r e a g e n t   gases   were  conveyed   from  t h e i r   c o m m e r c i a l  

c y l i n d e r s   to  the  r e a c t o r   t h r o u g h   s t a i n l e s s   s t e e l   t u b i n g .  
All  f l o w m e t e r s   were  c a l i b r a t e d   wi th   the  a p p r o p r i a t e   g a s  
v o l u m e t r i c a l l y   wi th   a  w e t - t e s t   me te r   a n d / o r  

g r a v i m e t r i c a l l y   by  c o n d e n s i n g   and  w e i g h i n g   m e t e r e d  

q u a n t i t i e s   of  l i q u i f i e d   g a s .  

Example  1  ( P r i o r   A r t )  

The  r e a c t o r   d e s c r i b e d   above  was  c h a r g e d   with  200  g  o f  

65x150  Ty le r   mesh  m e t a l l u r g i c a l   g rade   s i l i c o n   and  h e a t e d  

to  325°C  with  dry  n i t r o g e n   as  the  f l u i d i z i n g   gas .   The 

n i t r o g e n   flow  was  then  shu t   of f   and  s i m u l t a n e o u s l y  
f l u i d i z a t i o n   with  h y d r o g e n   c h l o r i d e   was  commenced  at  600 

s c c / m i n u t e .   Over  the  next   two  hour s   the  HC1  f l o w r a t e   w a s  
i n c r e a s e d   to  700  s c c / m i n u t e .   Dur ing  the  13  hour  and  40 

m i n u t e   HC1  a d d i t i o n ,   s i l i c o n   was  added  h o u r l y   to  m a i n t a i n  

the  s i l i c o n   l e v e l   c o n s t a n t .   Dur ing   the  c o u r s e   of  t h e  

e x p e r i m e n t ,   885.9  g  of  c rude   was  p r o d u c e d   wi th   a n  



a v e r a g e   t r i c h l o r o s i l a n e   c o n t e n t   of  87.49%  by  w e i g h t .  
Tab le   I  below  shows  how  c rude   c o m p o s i t i o n   changed   w i t h  

mass  a g e i n g .   The  a n a l y s e s   were  p e r f o r m e d   by  g a s  
c h r o m a t o g r a p h y .  



Example  2 

The  same  r e a c t o r   was  c h a r g e d   and  s t a r t e d   up  as  in  E x a m p l e  

1,  e x c e p t   the  h y d r o g e n   c h l o r i d e   f l o w r a t e   was  1.0  1 / m i n .  

Hydrogen  c h l o r i d e   was  added  for  2.75  h 

p r i o r   to  a  f i r s t   20  min  a d d i t i o n   of  an  a i r / n i t r o g e n  
m i x t u r e   ( a i r   at  100  cm3/min  with  r e s i d u a l   900  c m 3 / m i n  

be ing   n i t r o g e n ) .   Dur ing   t h i s   a i r   a d d i t i o n ,   no  HC1  was  
added  to  the  r e a c t o r .   Af te r   the  a i r   a d d i t i o n ,   HC1  was 

a g a i n   added  to  the  r e a c t o r   at  the  same  r a t e   for  1.5  h 

b e f o r e   s t o p p i n g   the  r e a c t i o n .   The  r e a c t i o n   was  s t a r t e d   up  
a g a i n   by  i n c r e a s i n g   the  r e a c t o r   t e m p e r a t u r e   to  280°C  w i t h  

an  a i r / n i t r o g e n   m i x t u r e   b e f o r e   aga in   b e g i n n i n g   the  HC1 

f l o w r a t e   at  1  1/min  Dur ing  the  f i r s t   0.5  h  
the  r e a c t o r   t e m p e r a t u r e   was  r a i s e d   to  325°C  and  for  t h e  

c o u r s e   of  the  r e a c t i o n   i t   was  m a i n t a i n e d   b e t w e e n  

295 -325°C .   A f t e r   3.2  h  of  HC1  r e a c t i o n ,   t h e  H C l   f l o w  

was  s t o p p e d   and  the  r e a c t o r   purged   wi th   a i r   and  n i t r o g e n  

as  above  for  10  min  HC1  was  then  resumed  for  2 . 7 5 h .  

During  the  run  no  s i l i c o n   was  added  to  the  r e a c t o r  
a f t e r   the  i n i t i a l   c h a r g e   and  57.6%  of  the  i n i t i a l   s i l i c o n  

c h a r g e   was  consumed .   418  g  of  c rude   was  p r o d u c e d   w i t h  

a n , a v e r a g e   t r i c h l o r o s i l a n e   c o n t e n t   of  93.24%  by  w e i g h t .  
Table   II  below  shows  the  crude  c o m p o s i t i o n   as  a  f u n c t i o n  

of  t i m e .  





1.  A  p r o c e s s   for  p r o d u c i n g   c h l o r o s i l a n e s   of  t h e  
f o r m u l a   H x S i C l 4 - x ,   w h e r e i n   x  is  an  i n t e g e r   from  0  t o  
3,  by  r e a c t i n g   s i l i c o n   wi th   hyd rogen   c h l o r i d e   at  e l e v a t e d  
t e m p e r a t u r e s ,   c h a r a c t e r i z e d   by  t r e a t i n g   t h e  
s i l i c o n   w i t h  a   s o u r c e   of  oxygen  to  form  s e l e c t i v e l y  
c h l o r o s i l a n e s   which  c o n t a i n   h y d r o g e n .  

2.  The  p r o c e s s   of  c l a im   1  in  which  the  s i l i c o n   i s  

p r e t r e a t e d   with  the  s o u r c e   of  oxygen  p r i o r   to  r e a c t i o n  
wi th   hydrogen   c h l o r i d e .  

3.  T h e   p r o c e s s   of  c l a im   1  i n c l u d i n g   the  a d d i t i o n a l   s t e p s  
of  ( i)   removing  at  l e a s t   a  p o r t i o n   of  the  s i l i c o n   from  t h e  

p r o c e s s ,   ( i i )   o x y g e n a t i n g   s a i d   removed  s i l i c o n   and  ( i i i )  

r e t u r n i n g   the  o x y g e n a t e d   s i l i c o n   to  the  p r o c e s s .  

4 .   The  p r o c e s s   of  c l a im   3  i n c l u d i n g   r e p e a t i n g   s t e p s   ( i ) ,  
( i i )   and  ( i i i )   i n t e r m i t t e n t l y   in  r e s p o n s e   to  c h a n g e s   i n  

s e l e c t i v i t y   of  the  p r o c e s s .  

5.   A  p r o c e s s   for  p r e p a r i n g   t r i c h l o r o s i l a n e   c o m p r i s i n g :  
(a)  d i r e c t l y   r e a c t i n g   hydrogen   c h l o r i d e   a n d  

s i l i c o n   by  f e e d i n g   h y d r o g e n   c h l o r i d e   gas  t h r o u g h   a 
f l u i d i z e d   bed  of  s i l i c o n   p a r t i c l e s   at  an  e l e v a t e d  

t e m p e r a t u r e ;  



(b)  t r e a t i n g   the   s i l i c o n   p a r t i c l e s   wi th   a  

s o u r c e   of  oxygen;   a n d  

(c)  c o n t i n u o u s l y   w i t h d r a w i n g   r e a c t i o n   p r o d u c t s  
from  the  r e a c t i o n .  

6.  The  p r o c e s s   of  c l a i m   5  in  which  the  t e m p e r a t u r e   of  t h e  

r e a c t i o n   is  m a i n t a i n e d   at  from  280  to  4 0 0 ° C .  

7 .  The  p r o c e s s   of  c l a im  5  i n c l u d i n g   the  s t e p   o f  

p r e t r e a t i n g   the  f l u i d i z e d   bed  of  s i l i c o n   p a r t i c l e s   wi th   a n  

oxygen  s o u r c e   p r i o r   to  c o n d u c t i n g   the  r e a c t i o n .  

8 .  The  p r o c e s s   of  c l a im   5  i n c l u d i n g   the  s t e p s   o f  

m o n i t o r i n g   the  r e a c t i o n   to  d e t e r m i n e   the  s e l e c t i v i t y   o f  

the  p r o c e s s   t oward   t r i c h l o r o s i l a n e   and  o x y g e n a t i n g   a t  
l e a s t   a  p o r t i o n   of  the  s i l i c o n   p a r t i c l e s   in  r e s p o n s e  t o   a 
r e d u c t i o n   i n  t h e   s e l e c t i v i t y   of  the  p r o c e s s   t o w a r d  
t r i c h l o r o s i l a n e .  
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