
EFFECT OF BORON CARBIDE ADDITION ON SOME
POLYCRYSTATLINE GRAPHITE MADE

PROPERTIES OF HOT-PRESSED
FROM COKE POWDER

ob ta ined  i n  t he  case  tha t  ho t -p ress ing
tenperature was 2200"C and the boron
ca rb ide  con ten t  was  rno re  t han  308 .

F ig .2  g i ves  change  o f  t he  bend ing
s t reng th  o f  t he  conpac ts  a f t e r  ho t -p ress ing
w i th  i nc rease  o f  bo ron  ca rb ide  con ten t  i n
o r i g i na l s .  The  s t reng th  i nc rease  w i th
inc rease  o f  bo ron  ca rb ide  con ten t  and  ho t -
p ress ing  tenpe ra tu re .  The  behav iou r  o f
i nc rease  i s  pa r t i cu la r l y  ou ts tand ing  a t
2200"C ,  t ha t  i s ,  t he  va lue  shows  a  rap id
ra te  o f  i nc rease  i n  t he  range  l ess^ than
3 0 8  a n d  r e a c h e s  t o  a b o u t  1 5 0 0 k g / c n ' a t
abou t  308  add i t i on ,  t hen  the  ra te  becones
s low  w i th  i nc rease  o f  bo ron  ca rb ide  con ten t .
I n  e i t he r  case  f ron  the  sanp les  w i t h  no
bo ron  ca rb ide  add i t i on  o r  a t  t he  ho t -
p ress ing  tenpe ra tu re  be low  1800"C ,  s t rong
compac ts  cou ld  no t  be  ob ta ined .  I t  i s
known  f ron  these  da ta  t ha t  ho t -p ress ing
tenpe ra tu re  o f  a t  l eas t  2000oC i s  necessa ry
in  o rde r  t o  ob ta in  a  dense  and  s t rong
compac t .

F i g . 3  g i v e s  c h a n g e  o f  t h e  e l e c t r i c
res i s t i v i t y  o f  t he  conpac ts  a f t e r  ho t -p ress -
i ng  w i th  i nc rease  o f  bo ron  ca rb ide
c o n t e n t  i n  o r i g i n a l s .  T h e  e l e c t r i c
res i s t i v i t y  once  dec reases  w i th  i nc rease
o f  anoun t  o f  bo ron  ca rb ide  add i t i on ,  and
shows  n in inun  va lue  a t  10 -20wt% add i t i on .
The  m in inun  va lue  dec rease  w i th  i nc rease
o f  ho t -p ress ing  tempera tu re .  I n  t [ e  case
o f  2 2 0 0 " C  n i n i ¡ n u n  v a l u e  o f  0 . 9 x 1 0 - J O - c m  w a s
o b t a i n e d  a t  1 O w t ?  a d d i t i o n .

The  res i s t i v i t y  has  a  t endency  to
inc rease  aga in  i n  t he  range  above  20wt4
add i t i on .  Th i s  t endency  i s  more  ou ts tand -
i ng  i n  t he  case  o f  1800"C  t rea t ¡nen t ,  wh i l e
the  i nc rease  ra te  i s  ve ry  s l ow  o r  a lnos t
cons tan t  i n  t ha t  o f  2200"C .

F i g . 4  g i v e s  c h a n g e  o f  d ( 0 0 2 )  s p a c i n g
o f  coke  o f  t he  conDac ts  w i t h  i nc rease  o f
bo ron  ca rb ide  con tLn t  i n  o r i g i na l s  a f t e r
ho t -p ress ing  a t  d i f f e ren t  t enpe ra tu re .

I t  i s  known  f ron  th i s  resu l t  t ha t  t he
e f fec t  o f  bo ron  ca rb ide  add i t i on  i s
pa r t i cu la r l y  rena rkab le  a t  2000  and  2200"C
t h a n  a t  1 8 0 0 ' C .  A t  1 8 0 0 o C ,  d ( 0 0 2 )  d e c r e a s e
con t i nuous l y  w i t h  i nc rease  o f  bo ron  ca rb ide
add i t i on ,  bu t  t he  change  i s  ve ry  sna l l .  A t
? 0 0 0 " C ,  d ( 0 0 2 )  d g c r e a s e s  r a p i d l y  f r o n  3 . 4 2 0?000"c ,  d (002 )
A  a t  0 %  t o  5 . 3 a t  10wt8  add i t i on  and  then

0 0 " C ,  d ( 0 0 2 )  d g c r e a s e s  r a p i d l y  f r o n  3 . 4 2 0
a t  j e o  t o  5 . 3 7 0 A  a t  1 0 w t 8  a d d i t i o n  a n d  t h e

i t  keeps  a lmos t  co l l " s tan t  a t  abou t  S .S iOA
in  sp i t e  o f  t he  i nc rease  o f  t he  amoun t  o f
b o r o n  c a r b i d e .  A t  2 2 0 0 0 C .  d f 0 0 2 )  d e c r e a s e
n o r e  r e n a r k a b l y  f r o m  3 , 3 8 á A  i t  O Z  t o  t h e
n in inun  va lue  b f  S .3604  a t  5w t?  and  then
f t  i n c r e a s e s  a g a i n  g r a d u a l l y  t o  a b o u t  3 . 3 7 0
A  a t  5 0 w t *  a d d i t i o n .
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Recen t l y  K .  Kobayash i  e t  a l l )  h " ' , r "
r epo r ted  tha t  g raph i t i zed  h igh  dens i t y
ca rbon  cou ld  be  fab r i ca ted  f ron  coke  powder
by  ho t -p ress  me thod  w i thou t  t he  use  o f  a
p i t ch  b inde r  phase  on l y  w i t h  t he  add i t i on
o f  a  sna l l  anoun t  o f  bo ron  ox ide  as  a
acce le ra t i ng  agen t  f o r  s i n te r i ng  and
g r a p h i t i z a t i o n  o f  c a r b o n  p a r t i c l e s .

F rom th i s  resu l t s  i t  was  though t  t ha t
bo ron  ca rb ide  add i t i on  n igh t  a l so  i n f l uence
on  s in te r i ng  and  g raph i t i za t i on  o f  ca rbon
p a r t i c l e s  a s  w e l l  a s  b o r o n  o x i d e .  T h e
pu rpose  o f  t h i s  expe r imen t  i s  t o  c l a r i f y
some p rope r t i es  o f  t he  s i n te red  bod ies  nade
f rom coke  powder  w i t h  bo ron  ca rb ide  add i t i on
(0 -50wt? )  and  to  know the  e f f ec t  o f  bo ron
ca rb ide  on  bo th  s i n te r i ng  and  g raph i t i za t i on .

Exper i ¡nenta l

Ca l c i ned  p i t ch  coke  powder  unde r  149
n i c ron  s i ze  and  bo ron  ca rb ide  powder  o f  I - 2
n i c ron  s i ze  we re  pu l ve r i zed  and  n i xed  by
tungs ten  ca rb ide  no ta r  w i t h  d i f f e ren t  bo ron
ca rb ide  add i t i on  f r on  0  t o  50wt? .  Then
each  o f  t he  rn i xed  powder  o f  20g  w i th
di f ferent  n ix ing rat io  l , i ¡as set  between
graph i t e  d ie  and  punch ,  and  hea ted  a t
va r i ous  tenpe ra tu re  f r om 1400oC to  2200oC
and  he ld  a t  t he  t empere tu re  f o r  60  n in  unde r
a  p r e s s u r e  o f  2 0 0 k 8 / c m '  b y  h o t - p r e s s
appa ra tus .  Ra te  o f  hea t i ng  was  40  n in  f r o ¡n
r o o n  t e m p e r a t u r e  t o  1 8 0 0 o C ,  6 0  m i n  t o
2 0 0 0 o C  a n d  8 0  n i n  t o  2 2 0 0 o C .  T h e  c o n p a c t s
ob ta ined  a f t e r  ho t -p ress ing  were  examined
to  c l a r i f y  t he  e f f ec t  o f  bo ron  ca rb ide
add i t i on  and  tha t  o f  ho t -p ress ing  tenpe ra -
tu re  on  so ¡ne  p rope r t i es  such  as  t ex tu re ,
d e n s i t y ,  n e c h a n i c a l  s t r e n g t h ,  e l e c t r i c
r e s i s t i v i t y  a n d  g r a p h i t i z a t i o n  d e g r e e  o f
c o k e .

Resu l t s  and  d i scuss ion

D isk -shaped  conpac ts  o f  30nn  i n  d ia -
neter  and about  l?-ZLmm in height  were
ob ta ined  a f t e r  ho t -p ress ing  o f  t he  n i xed
powder  o f  coke  and  bo ron  ca rb ide .

Sone  p rope r t i es  o f  t he  conpac ts  we re
rena rkab le  d i f f e ren t  w i t h  t he  amoun t  o f
p rev ious  add i t i on  o f  bo ron  ca rb ide  and  the
ho t  -p ress ing  tempera tu re .

F i g . 1  g i v e s  t h e  r e l a t i v e  d e n s i t y  o f
t he  compac ts  a f t e r  ho t -p ress ing  a t  t he
t e n p e r a t u r e  o f  1 8 0 0 ,  2 0 0 0  a n d  2 2 0 0 o C  w i t h
d i f f e ren t  bo ron  ca rb ide  con ten t  i n
o r i g i n a l s .

The  re la t i ve  dens i t y  gene ra l l y  i nc rease
w i th  i nc rease  o f  bo ron  ca rb ide  con ten t  and
h o t - p r e s s i n g  t e n p e r a t u r e .  T h e  r a t e  o f
i nc rease  i s  pa r t i cu la r l y  rena rkab le  w i t h i n
10% add i t i on  and  rnax inum dens i t y  o f  96?  was

In  t he  case  o f  2200oC appa ren t
s i z e ,  L a ( 1 1 0 )  i n c r e a s e d  r a p i d l y
a t  \ e o  t o  m a x i m u m  v a l u e  o f  1 2 0 0 A
a d d i t i o n .  A t  2 0 0 0 o C ,  L a  s h o w e d
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D e v e l o p n e n t  o f  ( 1 1 2 )  r e f l e c t i o n  p e a k
' ; a s  a l s o  a c c e l e r a t e d  a t  2 0 0 0  a n d  2 2 0 0 0 C
: y  b o r o n  c a r b i d e  a d d i t i o n .  L c ( 1 1 2 )  s h o w e d
rax imun  va lue  o f  abou t  304  a t  Sw t?  add i t i on
i n  t h e  s a m p l e s  t r e a t e d  a t  2 2 0 0 o C .

I t  i s  c l e a r  f r o n  t h e s e  X - r a y  d a t a  t h a t' ¡ o ron  
ca rb ide  add i t i on  has  an  e f f ec t  t o

a c c e l e r a t e  g r a p h i t i z a t i o n  o f  c o k e .
? a r t i c u l a r l y  i t  w a s  m o s t  e f f e c t i v e  i n  t h e
r a n g e  n e a r  5 w t ?  a d d i t i o n  a t  2 2 0 0 o C .

I t  has  a l rgqdy  we l l  known  by  rnany
i n v e s t i g a t o r s ' -  I  I  t h a t  b o r o n  s o l i d - s o l u t e d
i n t o  g r a p h i t e  s t r u c t u r e  a b o v e  a b o u t  2 0 0 0 o C
a n d  g i v e  s o m e  i n f l u e n c e  i t s  X - r a y  p a r a m e t e r .
I n  t h i s  expe r i nen t  bo ron  a ton  comes  f rom' : o r o n  

c a r b i d e  a l s o  c o n s i d e r e d  t o  b e  s o l i d -
so lu ted  i n to  coke  s t ruc tu re  and  p rono te  t he
f o r m a t i o n  o f  g r a p h i t i c  s t r u c t u r e .  F u r t h e r -
n o r e  u n d e r  t h e  c o n d i t i o n  o f  h o t - p r e s s i n g
c o k e  p a r t i c l e s  b e g a n  t o  s i n t e r  e a c h  o t h e r
¡d i t h  d i f f us ion  o f  bo ron  a ton  i n to  subs t i t u -
t i n a l  o r  i n t e r l a y e r  p o s i t i o n ,  a n d  t h e  c o m -
?ac ts  was  dens i f i ed  and  s t reng thened  above
t h e  t e n p e r a t u r e  o f  2 0 0 0 o C .  F r o n  c h e n i c a l
a n a l y s i s  a n d  X - r a y  a n a l y s i s  s o l i d - s o l u t e d
bo ron  con ten t  was  assu rned  abou t  1? .  I n  t he
s a m p l e s  w i t h  h i g h e r  b o r o m  c a r b i d e  c o n t e n t ,
s u p p l y  o f  b o r o n  a t o n  i n t o  c o k e  p a r t i c l e  i s
though t  t o  be  more  un i f o rna l y  t o  p rono te
s in te r i ng  and  fu r the r  l i nkage  be tween  bo ron
ca rb ide  and  ca rbon  g ra in  m igh t  g i ve  sone
e f f e c t  t o  r a i s e  t h e  c o m p a c t  s t r e n g t h .
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F íg ,2  Change  o f  bend ing  s t reng th  o f  t he
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F i g . 3  C h a n g e  o f  e l e c t r i c  r e s i s t i v i t y  t h e
c o n p a c t s  a f t e r  h o t - p r e s s i n g  w i t h  b o r o n
c a r b i d e  c o n t e n t  i n  o r i g i n a l s .
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