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©  Making  silicon  carbide  and  silicon  carbide  so  made. 

©  /3-Silicon  carbide  and  a  process  for  making  it  by  heating 
together  silica  and  a  carbonaceous  material  at  1350°C  to 
1550'C. 

By  1350°C  the  partial  pressure  of  carbon  monoxide  must 
not  exceed  0,11  atmospheres  and  by  1  550°C  it  must  be  lower 
than  1,15  atmospheres.  The  carbonaceous  material  must  be 

^   of  high  reactivity  such  as  coal,  rice  husks,  coconut  charcoal 
^   and  not  pure  graphite. 
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β-Silicon  carbide  and  a  process  for  making  it  by  heating 
together  silica  and  a  carbonaceous  material  at  1350°C  to 
1550°C. 

By  1350°C  the  partial  pressure  of  carbon  monoxide  must 
not  exceed  0,11  atmospheres  and  by  1550°C  it  must  be  lower 
than  1,15  atmospheres.  The  carbonaceous  material  must  be 
of  high  reactivity  such  as  coal,  rice  husks,  coconut  charcoal 

and  not  pure  graphite. 



This  i nven t ion   is  about  making  s i l i c o n   c a r b i d e .  

C o n v e n t i o n a l l y ,   s i l i c o n   carb ide   is  made  by  hea t ing   a  powdered 

mixture  of  h igh-grade   s i l i c a   sand  and  h igh-grade   carbon  such  as  

a n t h r a c i t e   or  pet roleum  coke.  Temperatures   of  2000 -  2500 C  have 

to  be  s u s t a i n e d   for  a  day  or  more,  and  the  y ie ld   is  far  shor t   o f  

100%.  We  t e n t a t i v e l y   be l i eve   tha t   gaseous  s i l i c o n   spec i e s ,   on 

c o n t a c t i n g   a  carbon  p a r t i c l e ,   form  s i l i c o n   carbide   which  thus  soon  

envelopes   the  p a r t i c l e .   Fu r the r   convers ion   of  that   p a r t i c l e   must  

then  depend  on  s o l i d - s t a t e   d i f f u s i o n   through  i t s   s i l i c o n - c a r b i d e  

envelope ,   hence  the  slow  r e a c t i o n   and  high  t empera tu res   r e q u i r e d .  

The  i n v e n t i o n   is  making  s i l i c o n   carbide   by  hea t ing   a  m i x t u r e  

of  s i l i c a   with  a  carbonaceous  m a t e r i a l   at  from  1350°C  to  15500C 

under  a  p a r t i a l   p re s su re   of  carbon  monoxide,  measured  i n  

a tmospheres ,   not  exceeding  ten  r a i s e d   to  the  power  ( 8 . 6  -   15600/T) 

where  T  is  the  t empera tu re   in  degrees  Kelvin,   the  c a r b o n a c e o u s  

m a t e r i a l   being  such  tha t   a  specimen  t he reo f   loses  (by  o x i d a t i o n )  

at  l e a s t   40mg/cm2/sec  of  carbon  in  excess  carbon  d ioxide   a t  

1  a tmosphere   p r e s su re   at  1450 C.  

The  s i l i c o n   carb ide   so  made  is  in  the  form  of  f ine  p a r t i c l e s  

of  β -phase ,   which  has  a  cubic  c r y s t a l   s t r u c t u r e .  

At  too  low  t e m p e r a t u r e s ,   s i l i c o n   carbide   wil l   form  r a t h e r  

slowly  or  with  poor  y i e ld .   At  high  t e m p e r a t u r e s ,   s i l i c o n  

ca rb ide   wil l   form  with  r ea sonab le   y ie ld   and  speed  at  a round  



a tmosphe r i c   p r e s s u r e ,   but  expens ive   types  of  furnace   are  r e q u i r e d .  

As  the  r a t e   of  fo rma t ion   has  been  observed  to  i n c r e a s e   as  t h e  

square  of  the  r e c i p r o c a l   ambient  p r e s s u r e ,   i t   is  of ten   more 

e f f e c t i v e   to  i nves t   in  l o w - p r e s s u r e   equipment  than  i n  

h i g h e r - t e m p e r a t u r e   f u r n a c e s .   The re fo re ,   a  p r e f e r r e d   t e m p e r a t u r e  

range,   having  regard   to  such  f a c t o r s   as  t oday ' s   t e c h n i c a l  

c a p a b i l i t i e s ,   r e l a t i v e   costs   and  i n t e r e s t   r a t e s ,   is  from  1400°C 

to  1500°C,  and  a  most  p r e f e r r e d   range  is  from  1420°C  to  1480°C, 

with  an  optimum  at  around  1450°C,  where  complete  r e a c t i o n   may 

t y p i c a l l y   take  some  40  minutes  (compared  with  10  minutes  a t .  

1500°C,  and  a  few  hours  for  an  incomple te   r e a c t i o n   at  1 3 5 0  C ) .  

The  maximum  p a r t i a l   p r e s s u r e   of  carbon  monoxide  which  can  

be  used  accord ing   to  the  i n v e n t i o n   is  as  f o l l o w s :  

Above  these   p r e s s u r e s ,   s i l i c o n   ca rb ide   does  not  form.  Lower 

p r e s s u r e s   are  s t r o n g l y   p r e f e r r e d ,   because  of  t h e i r   e f f e c t   on  t h e  

r a t e   of  f o rma t ion ,   with  the  optimum  p r e s s u r e   ( j u s t   as  t h e  

t e m p e r a t u r e )   being  a  compromise  between  the  va r ious   t e c h n i c a l  

f a c t o r s   and  c o s t s .  



The  carbonaceous  m a t e r i a l   may  for  example  be  coal  ( i n c l u d i n g  

for  example  l i g n i t e ) ,   r i ce   husks  (which  have  a  nega t ive   cost  a t  

p r e s e n t ,   inasmuch  as  c o n t r a c t o r s   are  paid  to  dump  them),  and 

coconut  cha r coa l .   The  carbonaceous  m a t e r i a l   must  not  be  any  o f  

the  fo l lowing  (for  example):   pe t ro leum  coke  without   a d d i t i o n s ,  

h igh -g rade   a n t h r a c i t e ,   and  s p e c t r o s c o p i c a l l y   pure  g r a p h i t e  

wi thout   a d d i t i o n s ;   the  r e a c t i v i t y   of  these  is  too  low.  E l e c t r o d e  

g r a p h i t e   is  a  b o r d e r l i n e   m a t e r i a l ,   which  it   is  on  the  whole 

p r e f e r r e d   to  eschew.  

The  carbonaceous  m a t e r i a l   must  have  a  r e a c t i v i t y   of  a t  

l e a s t   40mg/cm /sec  on  the  basis   exp la ined   above,  and  t h e  

r e a c t i v i t i e s   of  coconut  charcoa l   and  s p e c t r o s c o p i c a l l y   p u r e  

g r a p h i t e   are  70  and  3mg/cm2/sec  r e s p e c t i v e l y   on  the  same  b a s i s .  

In  making  s i l i c o n   carb ide   according  to  the  i nven t ion ,   i t   i s  

t e n t a t i v e l y   be l i eved   tha t   the  carbon  p a r t i c l e s   under  the  s p e c i f i e d  

c o n d i t i o n s   are  ox id i sed   by  carbon  d ioxide   to  produce  an 

atmosphere  of  carbon  monoxide  around  each  p a r t i c l e ;   t h i s  

atmosphere  r e a c t s   with  any  gaseous  s i l i c o n   spec ies   before  t h e  

l a t t e r   can  reach  the  p a r t i c l e ,   and  in  th i s   way  the  p a r t i c l e   does 

not  become  enveloped  with  s i l i c o n   carbide   which  could  impede 

f u r t h e r   r e a c t i o n .  

The  s i l i c o n   carb ide   made  according   to  the  i n v e n t i o n   may  be 

e x p l o i t e d ,   for  i n s t a n c e ,   as  a  raw  m a t e r i a l   in  the  r e f r a c t o r i e s  

and  a b r a s i v e s   i n d u s t r i e s .  

The  i n v e n t i o n   wil l   now  be  desc r ibed   by  way  of  example .  



Sand  (20g)  mined  from  h i g h - g r a d e   s i l i c a   d e p o s i t s   at  L o c h a l i n e  

(in  Morvern,  Sco t land)   was  hand-mixed  with  5g  of  Yorkshi re   N u t s ,  

a  low-grade  l i g n i t e ,   from  which  s l ack   smal l e r   than  75  mesh  B.S .  

had  been  removed.  The  mixture  was  p laced  in  a  2  c m - d i a m e t e r  

g r a p h i t e   c r u c i b l e   with  a  t i g h t - f i t t i n g   l i d ,   which  is  e q u i p p e d  

with  a  0.5mm  hole  through  which  the  a i r   p r e s s u r e   in  the  c r u c i b l e  

can  be  measured  and  va r ied   as  d e s i r e d .  

P r e s s u r e   in  the  c r u c i b l e   was  reduced  to  60  t o r r   ( 0 . 0 0 7 9  

a tmospheres)   and  the  c r u c i b l e   heated  to  l450 C.  Evolved  g a s e s  

were  pumped  away  as  n e c e s s a r y   to  keep  the  p r e s s u r e   at  60  t o r r ,  

which  in  a  shor t   time  was  for  p r a c t i c a l   purposes   equal  to  t h e  

p a r t i a l   p r e s s u r e   of  carbon  monoxide,  the  p r e p o n d e r a n t l y   formed 

g a s .  

Heating  was  d i s c o n t i n u e d   a f t e r   1  hour.  The  c r u c i b l e   c h a r g e  

then  con ta ined   cubic  β - s i l i c o n   ca rb ide   of .good  p u r i t y   in  f i n e  

powder  form,  and  con ta ined   no  s i l i c a   ( c r i s t o b a l i t e )   a c c o r d i n g  

to  X-ray  d i f f r a c t i o n   i n v e s t i g a t i o n s ;   in  o ther   words,  a l l   t h e  

s i l i c o n   had  been  c o n v e r t e d .  

A  f u r t h e r   i d e n t i c a l   sample  of  10g  Yorksh i re   Nuts,  whose 

t o t a l   s u r f a c e   area  was  de te rmined ,   was  placed  in  a  f l u i d i s e d  

bed  f u r n a c e .   (A  s t a t i c   bed  fu rnace   could  have  been  used  as  l o n g  

as  the  sample  was  l o o s e l y   packed  and  s u b j e c t   to  high  gas  

f l o w - r a t e s   ensur ing   ample  gas  access   to  a l l   pa r t s   of  the  s a m p l e . )  

The  fu rnace   was  evacua ted   and  then  heated  to  1450°C  and  i t s   bed  

was  f l u i d i s e d   with  excess  pure  carbon  d iox ide   at  1  a t m o s p h e r e .  



The  Yorkshi re   Nuts  began  to  ox id i se   according   to  the  r e a c t i o n  

C  +  CO2@2CO,  and  a f t e r   a  set  time  the  hea t ing   and  gas  were 

s topped.   The  weight  loss  of  the  Yorkshire   Nuts  was  found  to  be 

80mg/cm2/sec .  



1.  Making  s i l i c o n   carb ide   by  hea t ing   a  mixture   of  s i l i c a  

with  a  carbonaceous   m a t e r i a l   at  from  1350°C  to  1550°C  u n d e r  

a  p a r t i a l   p r e s s u r e   of  carbon  monoxide,  measured  in  a t m o s p h e r e s ,  

not  exceeding  ten  r a i s e d   to  the  power  ( 8 . 6  -   15600/T)  where  T 

is  the  t empera tu re   in  degrees   Kelvin,   the  c a r b o n a c e o u s  

m a t e r i a l   being  such  tha t   a  specimen  t h e r e o f   loses   (by  

o x i d a t i o n )   at  l e a s t   40mg/cm /sec   of  carbon  in  excess  c a r b o n  

d iox ide   at  1  a tmosphere  p r e s s u r e   at  1450°C. 

2.  Making  s i l i c o n   ca rb ide   accord ing   to  claim  1,  at  f r o m  

1400°C  to  1500°C. 

3.  Making  s i l i c o n   carb ide   accord ing   to  claim  2,  at  f rom 

1420°C  to  1480°C. 

4.  Making  s i l i c o n   ca rb ide   according   to  any  p receding   c l a i m ,  

wherein  the  carbonaceous   m a t e r i a l   is  coal, ,   r i ce   husks  o r  

coconut  c h a r c o a l .  

5.  S i l i c o n   ca rb ide   made  accord ing   to  any  p receding   c l a i m .  
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