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r epo r ted  tha t
h igh  dense  and  s t rong  po l yc rys ta l l i ne
g raph i t e  was  fab r i ca ted  by  ho t -p ress ing
ne thod  f ro ¡n  ca l c i ned  p i t ch  coke  powder  w i t h
B ^ 0 ^  a d d i t i o n .  I n  t h a t  c a s e  a b o u t  1 0 3  B ^ 0 -
aád l t i on  was  found  to  be  nos t  e f f ec t i ve  f o i
s i n te r i ng  and  g raph i t i za t i on  o f  coke  powder .

Th i s  pape r  desc r i bs  on  e f f ec t  o f  ho t -
p ress ing  tenpe ra tu re  i n f l uenced  on  sone
p rope r t i es  o f  po l yc rys ta l l i ne  coke  conpac ts
nade f rom calc ined p i tch coke powder wi th
108  B .0 .  add i t i on  a t  va r i ous  tenpe ra tu res
f ro rn  f zóq  to  2200"c  unde r  a  p res iu re  o f
200kg/cn '  conpar ing the compacts nade f ron
same powder wi th no addi t ion under same
cond i t  i on .

Exper i ¡nenta l

Bo th  ca l c i ned  p i t ch  coke  powder  w i t h
l ( )w t t  BoO"  added  as  aqueous  so lu t i on  and
the  powáe i  w i t h  no  add i t i on  r re re  used  as  t he
s ta r t i ng  na te r i "a l s .  A f t e r  d r y ing  the
sanp les  i n  a  d ry ing  oven  each  15g  was  se t
i n  a  g raph i t e  d ie  o f  30nn  i n  d iane te r  and
ho t -p ressed  a t  va r i ous  tempera tu re  f r oq  1200
to  2200"C  unde r  a  p ressu re  o f  200k8 /cn ' .
The  ho ld ing  t i r ne  a t  t he  des i red  tenpe ra tu re
r , ¡as set  for  30 n in and af ter  cut t ing of f
t he  hea t i ng  t he  samp le  was  kep t  w i t h i n  a
d ie  f o r  15  n in  unde r  t he  p ressu re .

A f te r  ho t -p ress ing  the  conpac ts  o f
30mm in d ia¡neter  and 10-14nn in height  were
ob ta ined .  I n  o rde r  t o  know the  e f f ec t  o f
ho t -p ress ing  tenpe ra tu re ,  dens i t y ,  nechan i -
ca l  s t reng th ,  g raph i t i za t i on  deg ree ,  bo ron
and boron carb ide content  of  the comDacts
were exanined.

Resu l t s  and  d i scuss ion

w i th  B^0 -  add i t i on .  Wh i l e  s t reng th  o f  t he
conpac fs r f ro ¡n  t he  powder  w i t h  no  add i t i on
inc rease  s l i gh t l y  w i t h  r i se  o f  t he
tenpe ra tu re ,  bu t  t he  va lue  i s  ve ry  sna l l
even  a t  2200"C .  I t  i s  i n te res t i ng  t o  no t i ce
that  both k inds of  conpacts have a lmost  sane
s t r e n g t h  a t  1 6 0 0 - 1 8 0 0 o C  r a n g e .

F i g . 3  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  w i th  ho t -p ress ing  tenpe ra tu re .  F ron
1200  to  1800oC bo th  compac ts  f r on  BoO"
add i t i on  and  no  add i t i on  show sane  fa lues  a t
t he  tenpe ra tu re  range  f ron  1200  to  1800oC,
b u t  a t  2 0 0 0  a n d  2 2 0 0 " C  d ( 0 0 2 )  s p a c i n g  o f
. the conpacts f ron the powder wi th B^0,
bddi t io i r  is  considerabiy lower thanzt f lose
f ron  no  add i t i on .  The  va lue  o f  3 .356A  a t
2200"C  i s  nea r l y  equa l  t o  t ha t  o f  na tu ra l
g raph i t e .  Appa ren t  c r ys ta l l i t e  s i ze ,
t c ( 0 0 2 ) ,  i n c r e a s e d  r e n a r k a b l y  a b o v e  2 0 0 0 o C
conpar ing that  of  coke powder wi th no
a d d i t i o n  a s  s h o w n  i n  F i g . 4 .  ( 1 1 2 )
re f l ec t i on  peak  o f  t he  compac t  f r on  the
powder  w i t h  B .0 "  add i t i on  was  a l so  obse rved
t o  d e v e l o p  a b 6 v d  2 0 0 0 o C .  F r o n  t h e s e  X - r a y
da ta  i t  i s  known  tha t  g raph i t i za t i on  i s
a c c e l e r a t e d  b y  B . 0 "  a d d i t i o n  a b o v e  2 0 0 0 o C .

F i g . 5  g i í e s = c ú a n g e  o f  t o t a l  b o r o n
content  and content  of  boron forn ing as'bo ron  ca rb ide  s t ruc tu re  w i t h  i nc rease  o f
ho t -p ress ing  tenpe ra tu re  i n  t he  compac ts
made  f rom the  powder  w i t h  B^O,  add i t i on .
To ta l  bo ron  con ten t  i s  a lmo6 tscons tan t
abou t  a t  2 .5w t? .  Bo ron  ca rb ide  i s  f o rned
a t  1600oC and  the  con ten t  dec rease  w i th
inc rease  o f  t he  t empera tu re .  I n  t he  range
f ron  1200  to  1400oC bo ron  ex i s t s  as  a  f o rn
o f  bo ron  ox ide  and  i n  t he  range  f ron  1600
t o  1 8 0 0 ' C  m o s t  o f  b o r o n  e x i t e  a s  a  f o r n  o f
bo ron  ca rb ide  s t ruc tu re .  Above  2000oC a
pa r t  o f  bo ron  i s  cons ide red  to  so l i d -
so lu ted  i n to  coke  s t ruc tu re  and  p rono te
s in te r i ng  and  g raph i t i za t i on  o f  coke .

I t  i s  conc luded  tha t  t he  ho t -p ressed
conpacts ¡nade f rom coke powder wi th 10wtt
B^0^  add i t i on  cou ld  be  c lass i f i ed  i n to
tñ rée  t ypes .  The  f i r s t  i s  t he  one  made
be low  1400oC in  wh i ch  coke  pa r t i c l es  ad -
h e r e d  e a c h  o t h e r  w i t h  B o 0 "  g l a s s  p h a s e ,
the  second  i s  t he  one  mádd  be tween  1ó00
and  1800oC wh ich  cons i s t  o f  t he  n i x tu re  o f
independent  coke pdt t ic les and snal l  anount
o f  bo ron  ca rb ide ,  and  the  l as t  i s  t he  one
nade  above  2000oC o f  wh i ch  bo ron  i s  cons id -
e red  to  g i ve  s t rong  i n f l uence  fo r  s i n te r i ng
and  g raph i t i za t i on  o f  coke  by  i t s  d i f f us ion
in to  coke  s t ruc tu re .

The re fo re  i n  t h i s  exne r i nen t  ho t -
p ress ing  tenpe ra tu re  abové  2000oC i s  f ound
to  be  necessa ry  f o r  ob ta in ing  dense  and
s t r o n g  p o l y c r y s t a l l i n e  g r a p h i t e .

F i g . 1  g i v e s  c h a n g e  o f  b u l k  d e n s i t y  o f
t he  compac ts  w i t h  ho t -p ress ing  te rnpe ra tu re .
The conpacts f ron the powder wi th B^0.
add i t i ou  shows  a lmos t  cons tan t  va tu6  d f
1 .6g l c rn r  i n  t he  range  f ro ¡n  1200  to  1800oC
and  then  the  va lue  i nc rease  to  abou t  ' 2 .0

E /cn5  a t  ZT \OgC.  Wh i l e  t he  conpac ts  f r on
the  powder  w i t h  no  add i t i on  shows  con t i nuous
inc rease  w i th  i nc rease  o f  ho t -p ress ing
tenpe ra tu re ,  bu t  t he  va lues  a re  a l l  l ower
than  those  f ron  the  powder  w i t h  B r0 ,
add i t  i on .

F i g . 2  g i v e s  c h a n g e  o f  b e n d i n g  s t r e n g t h
and  conp ress i ve  s t reng th  o f  t he  compac ts
w i t h  i n c r e a s e  o f  h o t - p r e s s i n g  t e n p e r a t u r e .
The  s t reng th  once  dec rease  w i th  i nc rease  o f
the ternperature,  shows n in inun value at
1 6 0 0 - 1 8 0 0 o C  a n d  r a i s e  a g a i n  a b o v e  2 0 0 0 o C
in  t he  case  o f  t he  compac ts  f r om the  powder
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F l g . . 3 .  C h a n g e  o f  d ( 0 0 2 )  s p a c i n g  o f  c o k e
w i t h  h o t - p r e s s i n g  t e m p é r a t u r e .  

-

O :  c o k e  w i t h  1 0 ?  B ^ O -  a d d i t i o n
O :  c o k e  w i t h  n o  a d i l i t i o n

- : 9 . 1  C h a n g e
: : r p a c t s  w i t h

Q :  c o k e  w i t h
f :  c o k e  w i t h

t400 t600 1800 2000 2200
HPr  ( cc )

o f  b u l k  d e n s i t y  o f  t h e
h o t - p r e s s i n g  t e m p e r a t u r e .
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I i q : 1 ^ -  C h a n g e  o f  a p p a r e n t  c r y s t a l l i t e  s i z e ,L c ( 0 0 2 ) ,  o f  c o k e  w i i t r  h o t - p r e s s i n g
tenpera ture .

O :  c o k e  w i t h  1 0 ?  B ^ 0 ^  a d d i t i o n
O :  c o k e  w i t h  n o  a d á i t i o n
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: i 9 .2  Change  o f  bend ing  s t reng th  and
compress i ve  s t reng th  o f  t he  compac ts  w i t h

F i g . 5  C h a n g e  o f  b o r o n  c o n t e n t  i n  t h e
c o m p a c t s  w i t h  h o t - p r e s s i n g  t e n p e r a t u r e .

O :  t o t a l  b o r o n  c o n t e n t  6 y  c h ó n i c a l
ana l ys  i s

O :  c o n t e n t  o f  b o r o n  f o r n i n g  B , , C  e s t i m a t e d
b y  X - r a y  a n a l y s i s
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