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Na t  i ona l

I n t roduc t i on

Mos t  g raph i t e  p roduc ts  a re  gene ra l l y
f a b r i c a t e d  w i t h  t h e  u s e  o f  p i t c h  b i n d e r
p h a s e ,  a s  p i t c h  b i n d e r  p h a s e  i s  n e c e s s a r y  t o
cemen t  ca rbon  pa r t i c l es  f o r  conpac t i on  o f
c a r b o n  m a t e r i a l s .  r  r

K . K o b a y a s h i  e t  a 1 ^ r  h a v e  r e p o r t e d  t h a t
dense  and  s t rong  po l yc rys ta l l i ne  g raph i t e
was  nade  by  ho t -p ress ing  me thod  f ron
c a l c i n e d  p i t c h  c o k e  p o w d e r  w i t h  B r 0 "
a d d i t i o n

I t  has  bqe l . , a l r eady  we l l  known  by  nany
i n v e s t i g a t o r s ' - " '  t h a t  b o r o n  d i s s o l v e s
subs t i . t u t i ona l l y  i n  g raph i t e  s t ruc tu re  r y i t h
a  m a x i m u m  s o l u b i l i t y  o f  2 . 3 5 %  a t  2 3 5 0 o C - ' .
I n  t h e  s o l i d  s o l u t i o n ,  t h e  i n  p l a n e  l a t t i c e
p a r a m e t e r  a - s p a c i n g  i n c r e a s e s  a n d  d ( 0 0 2 )
spac ing  dec reases  w i th  bo ron  con ten t .  The re
i s  a l so  ev idence  tha t  bo ron  i n  excess  o f  t he
so lub i l i t y  l im i t  nay  occupy  an  i n te r l aye r
p o s i t i o n  i n c r e a s i n g  d ( 0 0 2 )  s p a c i n g .

We have  found  i n  add i t i on  t o  t hese
fac t s  t ha t  bo ron  de r i ved  f ro rn  bo ron  ox ide  i s
e f f e c t i v e  t o  s i n t e r  c o k e  p a r t i c l e s  u n d e r
h o t - p r e s s i n g .  T h i s  p a p e r  d e s c r i b e s  o n  s o n e
p rope r t i es  o f  t he  p roduc ts  nade  f rom va r i ous
k ind  o f  ca rbon  na te r i a l s  w i t h  B^0^  add i t i on
and  necessa ry  expe r i nen ta l  cond f t l on  f o r
ob ta in ing  dense  and  s t rong  po l yc rys ta l l i ne
g raph i t e .  And  the  e f f ec t  o f  Bo0"  add i t i on
on  bo th  s i n te r i ng  and  g raph i t i 2a t i on  was
a l s o  i n v e s t i g a t e d .

Expe r i nen ta l

P i t c h  c o k e ,  p e t r o l e u n  c o k e ,  a c e t o n -
fu r fu ra l  r es ing  ca rbon ,  py ro l y t i . c  ca rbon  and
ca rbon  f i be r  we re  used  as  s ta r t i ng  na te r i a l s .
Wxcep t  f o r  ca rbon  f i be r  t he  raw  na te r i a l s
pu l ve r i zed  i n to  f i ne  powders  and  B .O"  added
ás  an  Fqueous  so lu t i oñ .  A f te r  d r y fn !  t he
powder l rn ias set  in  a graphi te d ie óf  Sonn and
hea ted  a t  va r i ous  tenpe ra tu rq  up  to  2200"C
under  a  p ressu re  o f  200kg /cn ' .  I n  t he  case
o f  t he  ca rbon  f i be r  t he  f i be r  d ipped  i n  Bo0"
aqueous  so lu t i on  and  a f t e r  d r y in -g ' i t  se t  
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a long  one  d i rec t i on  i n  a  g raph i t e  d ie ,  and
then  ho t -p ressed  unde r  t he  sa rne  cond i t i on .
A f t e r  h o t - p r e s s i n g  s o n e  p r o p e r t i e s  s u c h  a s ,
d e n s i t y ,  m e c h a n i c a l  s t r e n g t h ,  g r a p h i t i z a t i o n
deg ree ,  bo ron  and  bo ron  ca rb ide  con ten t  o f
t he  conpac ts  we re  exan ined  and  fac to rs
a f f e c t i n g  t h e  p r o p e r t i e s  w e r e  i n v e s t i g a t e d .

R e s u l t s  a n d  d i s c u s s i o n

( 1 )  E f f e c t  o f  P r e s s u r e  a n d
Sone  p ressu re  du r i ng

was  known  to  be  necessa ry
dense  and  s t rong  comPac ts  '
s t rong  conpac ts  cou ld  no t

Tenpe ra t r r re
hea t  -  t r ea tmen t  ,
f o r  o b t a i n i n g

Wi thou t  p ressu re
b e  o b t a i n e d .

ON S INTERING AND GRAPHIT IZAT ION OF CARBON MATERIALS

K . M I Y A Z A K I ,  Y . M A T S U S H I T A ,  S . K 0 N D 0 ,  K . I W A T A ,  H . H O N D A

Indus t r i a l  Resea rch  Ins t i t u te  o f  Kyushu
T o s u - s h i ,  S a g a ,  8 4 1 ,  J a p a n

F i g . 1 -  g i v e s  b e h a v i o u r  o f  t y p i c a l  s h r i n k a g e
couve  o f  t he  sa rnp le  w i t h  i nc rease  o f  o
tenpe ra tu re  unde r  p ressu re  o f  20 }kg /cm¿.
F ron  th i s  cu rve  i n i t i a l  r ap id  dens i f i ca t i on
occu red  i n  t he  range  f ron  roon  tenpeLa tu re
t o  a b o u t  4 0 0 o C  i s  c o n s i d e r e d  t o  b e  d u e  t o
tha t  B^0 .  changes  to  l i qu id  phase  and  coke
p a r t i c f e J a r e  r e a r r a n g e d  t o  c l o s e r  p a c k i n g
w i th in  t he  g lass  ma t r i x  unde r  p ressu re .
Second  rap id  dens i f i g4 t i on  i s  obse rved  above
2 0 0 0 o C .  H a g i o  e t  a l ' '  r e p o r t  i n  t h e  e x p e r i
m e n t  o n  h o t - p r e s s i n g  o f  p i t c h  c o k e  w i t h  B r 0 .
a d d i t i o n  t h a t  a b o v e  2 0 0 0 o C  d ( 0 0 2 )  d e c r e a s é , -
L c ( 1 1 2 )  i n c r e a s e  a n d  n e c h a h i c a l  s t r e n g t h  o f
t he  conpac ts  i nc reased .  0 the r  ca rbon
mate r i a l s  showed  sane  tendency  w i th  t enpe ra -
t u r e .  F r o n  t h e s e  f a c t s  r a p i d  d e n s i f i c a t i o n
above  2000oC i s  a l so  known  to  be  caused  by
s in te r i ng  and  g raph i t i za t i on  o f  ca rbon
o a r t i c l e s  u n d e r  a  p r e s s u r e  w i t h  d i f f u s i o nD a r t l c I e s  u n d e r  a  p r e s s u r e  w L E n  o ] . r r u s l o n
ó f  b o r o n  i n t o  g r a p h i t e  s t r u c t u r e .  I n  t h i so t  b o r o n  l n t o  g r a p n l t e  S t r u c E u r e .  l n  E n l s
expe r i nen t  Hppe r  l i n i t  o f  p ressu re  was  se t
a t  2 0 0 k s / c n ' b e c a u s e  o f  c o n s i d e r i n g  s a f e t yat 200ks/a t  2 0 0 k g / c n t -  b e c a u s e  o f  c o n s i d e r i n g  s a f e t y
l i r n i t  o f  g raph i t e  d ie  and  punch .  Howeve r ,

g i ves  t yp i ca l  ex le  on  change  o f  soneg l ves  t yp l ca l  exanp le  on  cnange  o r  some
p r o p e r t i e s  o f  g r a p h i t i z i n g - t y p e  c a r b o n  s u c hp rope r t ] - es  o t  g rapn lE l z ] . ng -Eype  ca rDon
á s  p i t c h  c o k e  w i t h  i n c r e a s e  a d d i t i o n  o f
B"ot  ?\-2199'9:F o r  n o n - g r a p h i t i z i n g - t y p e  c a r b o n  s u c h-  "  f , o r  non -g rapn1 t1z1ng - f , ype  ca rDon  suc
as  ace ton - fu r fu ra l  r es i . n  ca rbon  o r  ca rbon
f i b e r ,  s u i t a l b e  c o n t e n t  o f  B . O ,  a d d i t i o n
showeá  sone  d i f f e rence  on  sañp fe  t o  sanp le .
F i g . 2 ( b )  g i v e s  c h a n g e  o f  s o n e  p r o p e r t i e s  o f
ace ton - fu r fu ra l  r es in  ca rbon  w i th  i nc rease
a d d i t i o n  o f  B ^ 0 ^ .  I n  t h e  c a s e  o f  c a r b o n
f i be r  t he  den3e l  an f  s t ronge r  co rnpac ts  ü Ias
ob ta ined  a t  t he  h ighe r  con ten t  o f  B rO ,

a d d i t i o n .  T h i s  d i f f e r e n c e  i s  c o n s i d e r e d  t o
be  due  to  sone  d i f f e rence  i n  shape ,  t ex tu re
and  s t ruc tu re  be tween  raw  na te r i a l s .  A l l
t h e s e  n o n - g r a p h i t i z i n g - t y p e  c a r b o n  w i t h
B ^ 0 -  a d d i t i o n  s h o w e d  c o n p o s i t  ( 0 0 2 )
r é f l e c t i o n  p r o f i l e  l i k e  s i m i l a r  p a t t e r n
o b s e r b e d  o n  n o n - g r a p h i t i z i n g - t y p e  c a r b o n
a t  u s u a L  h i a t - t r e a t m e n t .

i t  i s  t h o u g h t  i f  h i g h e r  p r e s s u r e  i s  a p p l i e d '
ho t -p ress ing  tenpe ra tu re  cou ld  be  l owered
fo r  ob ta in ing  sa rne  p rope r t i es  o f  t he  compac ts ,
o r  t he  p rope r t i es  cou ld  be  i r np roved  even
a t  sane  tenpe ra tu re .
( 2 )  E f f e c t  o f  C o n t e n t  o f  B o O ,  A d d i t i o n

M o s t  s u i t a b l e  c o n t e n t ' o f  B ^ O ^  a d d i t i o n
w a s  a  l i t t l e  d i f f e r e n t  o n  s a n p 1 6  t o  s a n p l e .
Fo r  g raph i t i z i ng - t ype  ca rbon  such  as  p i t ch
coke ,  pe t ro leun  coke  and  py ro l y t i c  ca rbon
8 - l 2w t% add i t i on  h ' as  gene ra l l y  f ound  to  be
nos t  e f f ec t i ve  f o r  s i n te r i ng  and  g raph i t i -
za t i on  t o  ob ta in  dense  and  s t rong  po l y -
c r y s t a l l i n e  g r a p h i t e .  T a b l e  I  g i v e s  s o n e
examp les  o f  t he  ho t -p ressed  conpac t  a t
2200oC nade  f rom the  powder  w i t h  10wt?  Bo0 .
a d d i t i o n  a n d  w i t h  n o  á d d i t i o n .  n n d  F i g . 2 ( d )
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3 )  S o r n e  P r o p e r t i e s  o f  t h e  H o t - p r e s s e d
,  r o d u c t s  a t  S u i t a b l e  E x p e r i n e n t a l  C o n d i t i o n .

I n  a d d i t i o n  t o  t h e s e  f a c t o r s  a b o v e
: e s c r i b e d ,  p o w d e r  s i z e  d i s t r i b u t i o n  a n d
: a l c i n i n g  t e n p e r a t u r e  o f  r a w  m a t e r i a l ,
- e t h o d  o f  B ^ 0 .  a d d i t i o n  g i v e  s o n e  i n f l u e n c e

:  t h e  p r o p 6 r t i e s  o f  t h e  h o t - p r e s s e d
i l m p a c t s .  T a b l e  2  g i v e s  s o l n e  p r o p e r t i e s  o f
. r t - p r e s s e d  p r o d u c t s  n a d e  f r o m  v a r i o u s
: : i r bon  ma te r i . a l s  w i t h  B r0 "  add i t i on  unde r
: r e  s u i t a b l e  c o n d i t i o n . -  -

_ _ g _ f .  1 )  K . K o b a y a s h i  e t  a l ,  A b s t r a c t s  1 2 t h
r n f .  o n  C a r b o n  ,  2 4 7  ( I 9 7  5 )  ;  2 )  C .  E  .  L o w e  1  I  ,
.  A m e r .  S o c . ,  5 0 ,  I 4 2  ( 1 9 6 7 )  ;  3 )  J . A .
- ¡ r n b u 1 1  e t  a 1  ,  C a r b o n ,  3 ,  3 8 7  ( 1 9 6 6 )  ;
'  S . M a r i n k o v i c  e t  a 1 ,  C a r b o n ,  7 ,  1 8 5  ( 1 9 6 9 )

H . G a s p a r o u x  e t  a l ,  C a r b o n ,  3 ,  6 5  ( 1 9 6 5 ) ;
W . V . K o t l e n s k y ,  C a r b o n ,  5 ,  4 0 9  ( 7 9 6 7 ) ;  7 )

e g i o  e t  a 1 ,  i n  t h i s  a b s t r a c t ,  1 3  C a r b o n
r n f .  ( L 9 7  7 )

*  Bend ing

.  S o n e  p r o p e r t i e s  o f  h o t - p r e s s e d
f ron  the  powder  w i t h  lOwteo  B ¡Oz
a n d  n o  a d d i t i o n  a t  2 2 0 0 o C .

S o m e  p r e r t i e s  o f  h o t - p r e s s e d
( a )  p i t c h  c o k e  a n d  ( b )  a c e t o n
r e s i n  c a r b o n  w i t h  c o n t e n t  o f  B r 0 ,

E

E
i <

+¡

É
a

(ú
f{
+)

p
t{

Hot  -p ress ing
1 0  1 5  2 0

Tempera ture  (x100 'C)

F i g .  1  T y p i c a l sh r i nkage  cu rve  du r i ng  ho t

6 .  9 0

0

t\¡

o

o(_)

5 0

2 0

1 0 0

E
4 U
P \ .
b 0 @
E é <
c ) v
Í<
+,
a

u .
u  I .
bo

x l

X t t t
i - { É i ¿ '
3 c )

F q €

6 . 8

6 . 7 0

C o n p r e s s i v e  S .

a'- \
/ .

/

6 . 7 0

6 0 0

4 0 0

200

0

2 . 0

1 . 6
r6L21 6L 2

1 )

p r e s s e d  p r o d u c t s  u n d e r  s u i t a b l e  c o n d i t i o n .

? ) o

B zos a d d i t i o n ( 1 o w t * ) n o  a d d i t i o n

P
l9 lcc l

s
(fgh+l

G
ta ' l

P
(4írc)

s
(etl*)

C.o
r i )

P i t c h

coke 2 . 0 L 6 0 0 6 . 7 2 r . 77
' 5 0

6  . 8 2 3

? e t r o l e u n

:oke 2  . 0 3 2  5 0 * 6 . 7 2 1 . .  7 5 ó 0 6 .  8 1 8

?yro  ly t  i c

:a rbon 2 . 0 7 432 6 .7 r " 1 . 5 7 4 3 5 .  8 3 9

: d i t i o n  a t  2 2 0 0 " C . lZoS (wt B"O,  (wtE

P i  t c h

c o k e

Pe  t ro  l eum

coke

A c e t o n -
fu r fu ra l

e s i n  c a r b o n
Carbon
f i  h e r

Pyro ly t  i c
carbon

lonvent i  ona
r r t  i  f i c i a l
¡ raph i  te

Bu lk  dens i t y (g / cc ) 2 . 0 - 2 . 7 2 . 0 - 2 , L L , 6 - L , 7 1 . 8 - 1 . 9 2 . 0 - 2 l 5 1 . 6 - 1 . 8

d (oo2)  c i l 3 . 3 6 - 3 . 3 7 3 . 3 5 5 - 3 .3 6 3 . 3 7 - 3 . 3 8 3 . 3 7 - 3 . 3 8 3s5 -3 .360 3  . 3 6 -  3  . 3 7

L c ( 0 0 2 )  ( A ) > 6 0 0 > 1 0 0 0 3 0 0 - 4 0 0 4 0 0 - 5 0 0 i ¡ 1 0 0 0 > 5 0 0

Compress  ive  )
s t r e n g t h  ( k g l c n - ) 1 0 0 0 8 0 0 1 0 0 0 - 1 2 0 0 ó 0 0 -  7 0 0 5 0 0 - 6 0 0

t send ing  7
s t r e n g t h  ( k g l c m r ) 6 0 0 4 0 0 6 0 0 - 7 0 0 2 0 0 0 3 0 0 - 4 0 0 2 0 0 - 3 0 0

E l e c t r i c
r e s i s t i v i t l  ( u 0 c m ) 7 0 0 - 1 0 0 0 5 0 0 - 1 0 0 0 1 0 0 0

T a b l e  2 S o m e  p r o p e r t i e s  o f  h o t


