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A  novel  pencil  core  (20)  constituted  by  a  plurality  of 
filaments  (10)  of  a  pencil  core  material  (2)  individually  having 
a  thickness  of  10  to  250  microns,  and  bundled  and  joined 
together with  a  binder  material  (13).  Such  a  pencil  core  (20)  is 
manufactured  by  (a)  producing  a  semi-soft  core  material  (2) 
of  graphite  and  a  synthetic  resin,  (b)  extruding  said  core 
material  (2)  through  nozzles  (4)  to  produce  a  plurality  of 
filaments  (10),  bundling  said  filaments  (10)  together  in  a  ring 
(7b)  into  which  is  forced  a  binder  material  (13)  by  a 
screw-feed  device  (7c-7m)  to  encase  the  filaments,  and  (d) 
compressing  the  bundled  and  encased  filaments  (10)  be- 
tween  rolls  (9a,  9b)  to  produce  the  finished  pencil  core  (20). 
Heat-treatment  is  provided  by  various  heaters  6a,  6b,  8). 



The  p r e s e n t   i n v e n t i o n   g e n e r a l l y   r e l a t e s   to  a  

p e n c i l   c o r e   and ,   more  p a r t i c u l a r l y ,   to  an  i m p r o v e d   p e n c i l  

c o r e ,   as  w e l l   as  to  m e t h o d s   of  and  a p p a r a t u s   f o r   m a k i n g  

t h e   p e n c i l   c o r e .  

I t   i s   d e s i r a b l e   t h a t   p e n c i l   c o r e s   f o r   a  v a r i e t y  

of  f o r m s   of  p e n c i l s   i n c l u d i n g   w o o d - s h e a t h e d   o r d i n a r y   p e n -  

c i l s   and  e s p e c i a l l y   s p a r e   c o r e s   f o r   p r o p e l l i n g - t y p e   p e n c i l s  

be  t h i n n e r   and  s t r o n g e r ,   i . e .   s t i f f e r   and  of  g r e a t e r  

s t r e n g t h   to  r e s i s t   b r e a k i n g ,   in  a d d i t i o n   to  s a t i s f y i n g  

t h e i r   g e n e r a l   r e q u i s i t e s   of  l o w e r   f r i c t i o n   c o e f f i c i e n t   o r  

g r e a t e r   s m o o t h n e s s   to   w r i t e ,   s u i t a b l e   wear   r e s i s t a n c e ,  

h i g h e r   r e f l e c t i v i t y   or  d a r k n e s s   ( e . g .   b l a c k n e s s )   and  l e s s  

d i s p e r s i o n   of  p o w d e r   on  w r i t i n g .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  n o v e l  

and  i m p r o v e d   p e n c i l   c o r e   s u i t a b l e   f o r   a  wide   v a r i e t y   o f  

p e n c i l s   i n c l u d i n g   w o o d - s h e a t h e d   p e n c i l s   and  e s p e c i a l l y   f o r  

a  p r o p e l l i n g   p e n c i l ,   w h i c h   c o r e   i s   g r e a t e r   in  s t r e n g t h  

t h a n   t he   c o n v e n t i o n a l   p e n c i l   c o r e s   and  can  be  much  r e d u c e d  

in  d i a m e t e r   w h i l e   e x h i b i t i n g   a  s t r e n g t h   e q u i v a l e n t   to  o r  

even   h i g h e r   t h a n   t h a t   of  t he   c o n v e n t i o n a l   p e n c i l   c o r e .  

The  p r e s e n t   i n v e n t i o n   a l s o   s e e k s   to  p r o v i d e   a  

n o v e l   and  i m p r o v e d   p e n c i l   c o r e   wh ich   i s   t h i n   and  s t i f f ,  

and  y e t   p r e s e n t s   a  s u f f i c i e n t l y   s o f t   f e e l i n g   on  w r i t i n g .  

In  a d d i t i o n ,   t h e   p r e s e n t   i n v e n t i o n   s e e k s   to  p r o -  

v i d e   a  me thod   of  m a k i n g   t he   i m p r o v e d   p e n c i l   c o r e ,   and  t o  

p r o v i d e   an  a p p a r a t u s   f o r   c a r r y i n g   out   t h a t   m e t h o d .  



In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   t h e r e  

i s   p r o v i d e d ,   in  a  f i r s t   a s p e c t   t h e r e o f ,   a  p e n c i l   c o r e   c o n -  

s t i t u t e d   by  a  p l u r a l i t y   of  ( p r e f e r a b l y   t h r e e   or  m o r e )  

f i l a m e n t s   of  a  c o r e   m a t e r i a l   i n d i v i d u a l l y   h a v i n g   a  t h i c k -  

n e s s   r a n g i n g   b e t w e e n   10  and  250  m i c r o n s ,   p r e f e r a b l y   b e -  

t w e e n   10  and  100  m i c r o n s   and  o p t i m a l l y   b e t w e e n   30  and  5 0  

m i c r o n s ,   and  b u n d l e d   and  j o i n e d   t o g e t h e r   w i t h   a  b i n d e r  

m a t e r i a l .   S p e c i f i c a l l y ,   the   c o r e   m a t e r i a l   may  c o n s i s t   a t  

l e a s t   in  p a r t   of  f i n e l y   d i v i d e d   g r a p h i t e ,   and  t h e   b i n d e r  

m a t e r i a l   may  c o n s i s t   a t   l e a s t   in   p a r t   of  f i n e l y   d i v i d e d  

g r a p h i t e   and  may  c o n t a i n   a  s y n t h e t i c   r e s i n .   The  p e n c i l  

c o r e   or  t he   b u n d l e   of  t he   f i l a m e n t s   when  j o i n e d   may  a d -  

v a n t a g e o u s l y   have   a  t h i c k n e s s   r a n g i n g   b e t w e e n   0.1  a n d  

0 .5   mm.  The  c o r e   m a t e r i a l   may  a d v a n t a g e o u s l y   c o n s i s t   o f  

a  m i x t u r e   e s s e n t i a l l y   of  g r a p h i t e   p a r t i c l e s   and  at   l e a s t  

one  s y n t h e t i c   r e s i n   u n i f o r m l y   m i x e d   and  h e a t - t r e a t e d .  

The  g r a p h i t e   p a r t i c l e s   may  be  p a r t i c l e s   of  a  u n i f o r m  

p a r t i c l e   s i z e   in  a  r a n g e   b e t w e e n   10  and  100  or  200  m i c r o n s  

and  p r e f e r a b l y   b e t w e e n   30  and  50  m i c r o n s ,   bu t   p r e f e r a b l y  

s h o u l d   i n c l u d e   p a r t i c l e s   of  a  r e l a t i v e l y   s m a l l ,   u n i f o r m  

p a r t i c l e   s i z e   ( e . g .   b e t w e e n   1  and  10  m i c r o n s )   and  p a r t i c l e s  

of  a  r e l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   ( e . g .   b e t w e e n  

10  and  100  m i c r o n s   or  b e t w e e n   150  and  200  m i c r o n s ) .  

The  i n v e n t i o n   a l s o   p r o v i d e s ,   in  a  s e c o n d   a s p e c t  

t h e r e o f ,   a  m e t h o d   of  m a k i n g   a  p e n c i l   c o r e ,   c o m p r i s i n g   t h e  

s t e p s   o f :   (a)   p r e p a r i n g   a  s e m i - s o f t   s o l i d   s u b s t a n c e   c o n -  

s t i t u t i n g   a  p e n c i l   c o r e   m a t e r i a l ;   (b)   e x t r u d i n g  t h e   s a i d '  

s u b s t a n c e   to  p r e p a r e   a  p l u r a l i t y   of  f i l a m e n t s   of  t h e   s a i d  



c o r e   m a t e r i a l   i n d i v i d u a l l y   h a v i n g   a  t h i c k n e s s   r a n g i n g  

b e t w e e n   10  and  250  m i c r o n s   and  p r e f e r a b l y   b e t w e e n   10  a n d  

100  m i c r o n s ;   and  (c)   b u n d l i n g   t h e   s a i d   f i l a m e n t s   a n d  

j o i n i n g   t h e m  w i t h   a  b i n d e r   m a t e r i a l   to  form  t he   s a i d   p e n c i l  

c o r e .  

The  m e t h o d   a d v a n t a g e o u s l y   f u r t h e r   c o m p r i s e s   t h e  

s t e p   (d)  of  h e a t i n g   the   s a i d   f i l a m e n t s   a t   a t   l e a s t   o n e  

t e m p e r a t u r e   b e t w e e n   800  and  3500°   C  s u b s e q u e n t   to  s t e p   ( b )  

and  p r i o r   to  s t e p   ( c ) ,   and  f u r t h e r   t he   s t e p   (e)   s u b s e -  

q u e n t   to  s t e p   ( c ) ,   of  h e a t i n g   t he   s a i d   b u n d l e d   f i l a m e n t s  

at   a  t e m p e r a t u r e   b e t w e e n   1000  and  2000°   C.  P r e f e r a b l y ,  

e a c h   of  s t e p s   (d)  and  (e)   i s   c a r r i e d   ou t   in  an  i n e r t   a t -  

m o s p h e r e   ( e . g .   a r g o n )   or  in   a  g r a p h i t e   powder   to  p r e v e n t  

the   f i l a m e n t s   f rom  b e i n g   o x i d i z e d .  

The  i n v e n t i o n   a l s o   p r o v i d e s ,   in  a  t h i r d   a s p e c t  

t h e r e o f ,   an  a p p a r a t u s   f o r   m a k i n g   a  p e n c i l   c o r e ,   c o m p r i -  

s i n g :   a  v e s s e l   f o r   r e t a i n i n g   a  s e m i - s o f t   s o l i d   s u b s t a n c e  

c o n s t i t u t i n g   a  p e n c i l   c o r e   m a t e r i a l ;   means   f o r   e x t r u d i n g  

the   s a i d   s u b s t a n c e   in  t he   s a i d   v e s s e l   to  p r e p a r e   a  p l u -  

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

t h i c k n e s s   r a n g i n g   b e t w e e n   10  and  250  m i c r o n s ;   and  m e a n s  

f o r   b u n d l i n g   t he   s a i d   f i l a m e n t s   and  j o i n i n g   them  w i t h   a  

b i n d e r   m a t e r i a l   to  form  the   s a i d   p e n c i l   c o r e .  

T h e s e   and  o t h e r   f e a t u r e s   of  the   p r e s e n t   i n v e n -  

t i o n   as  w e l l   as  a d v a n t a g e s   t h e r e o f   w i l l   become  more  r e a d i l y  

a p p a r e n t   f rom  the   f o l l o w i n g   d e s c r i p t i o n   made  w i t h   r e f e r e n c e  

to  the   a c c o m p a n y i n g   d r a w i n g s   in  w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n a l   v iew  d i a g r a m m a t i -  



c a l l y   i l l u s t r a t i n g   a  t e x t u r e   of  a  s i n g l e   c o n v e n t i o n a l  

g r a p h i t e   p e n c i l   c o r e   or  f i l a m e n t ;  

F i g .   2  i s   a  g r a p h   i l l u s t r a t i n g   t he   r e l a t i o n s h i p  

b e t w e e n   t h e   t h i c k n e s s   of  t he   s i n g l e   g r a p h i t e   p e n c i l   c o r e  

or  f i l a m e n t   and  t h e   s t r e n g t h   t h e r e o f ;  

F i g s .   3,  4  and  5  a r e   c r o s s - s e c t i o n a l   v i e w s   d i a -  

g r a m m a t i c a l l y   i l l u s t r a t i n g   p e n c i l   c o r e s   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n ;  

F i g .   6  i s   a  d i a g r a m m a t i c   v i e w ,   e s s e n t i a l l y   i n  

e l e v a t i o n a l   or  l o n g i t u d i n a l   s e c t i o n ,   i l l u s t r a t i n g   an  a p p a -  

r a t u s   f o r   m a k i n g   a  p e n c i l   c o r e   a c c o r d i n g   to  t he   p r e s e n t  

i n v e n t i o n ;   a n d  

F i g .   7  i s   a  c r o s s - s e c t i o n a l   v i ew  d i a g r a m m a t i -  

c a l l y   i l l u s t r a t i n g   a  s e m i - f i n i s h e d   c o r e   p r o d u c t   w h i c h   d e -  

v e l o p s   in  t he   p r o c e s s   u t i l i z i n g   t he   a p p a r a t u s   of  F i g .   6 .  

R e f e r r i n g   now  to  t he   d r a w i n g s :  

The  c o n v e n t i o n a l   s i n g l e   g r a p h i t e - b a s e d   p e n c i l  

c o r e   i s   in  t he   form  of  a  c i r c u l a r   rod   h a v i n g   a  d i a m e t e r   D 

of  0 .2   to  0 .5   mm,  and  e l e c t r o n - m i c r o g r a p h i c a l   o b s e r v a t i o n  

has   r e v e a l e d   t h a t   i t   has  a  t e x t u r e   g e n e r a l l y   as  i l l u s t r a -  

t ed   in  F i g .   1.  I t   has   been  o b s e r v e d   t h a t   the   t e x t u r e   h a s  

f i n e   g r a p h i t e   g r a i n s   shown  by  f i n e   g a t h e r s   11  c l o s e r   t o  

the   p e r i p h e r a l   s u r f a c e  S   of  t he   c o r e   1  and  c o a r s e   g r a p h i t e  

g r a i n s   shown  by  c o a r s e   g a t h e r s   12  d e e p e r   i n s i d e   t he   c o r e   1 .  

I t   has   been   f o u n d   t h a t   as  t he   d i a m e t e r   of  such   a  g r a p h i t e -  

b a s e d   c o r e   1  i s   r e d u c e d ,   t h e   g r a i n s   11  c l o s e r   to  t he   p e r i -  

p h e r a l   s u r f a c e   a p p r o a c h   in  s i z e   and  a p p e a r a n c e   t he   g r a i n s  

12  d e e p e r   i n s i d e  t h e   c o r e   1.  I t   has   t h u s   been  a s s u m e d  



t h a t   t h e   f i n e r   t he   c o r e   1,  t h e   g r e a t e r   i t s   s t r e n g t h   ( i . e .  

b r e a k i n g   f o r c e   per   c r o s s - s e c t i o n a l   a r e a ) .   Th is   has   b e e n  

e x p e r i m e n t a l l y   c o n f i r m e d   as  shown  by  the   g r a p h   of  F i g .   2 

in  w h i c h   t he   t h i c k n e s s   ( d i a m e t e r   m )  of  t he   c o r e   or  g r a -  

p h i t e   f i l a m e n t   in  m i c r o n s   (  u  )   i s   p l o t t e d   a l o n g   t he   a b -  

s c i s s a   and  t he   s t r e n g t h   t h e r e o f   in  t o n s / c m 2   ( a l t e r n a t i v e l y  

N e w t o n s / m 2 )   p l o t t e d   a l o n g   t h e   o r d i n a t e .   Each  of  t h e   a b -  

s c i s s a   and  the   o r d i n a t e   i s   p l o t t e d   in  l o g a r i t h m i c   s c a l e .  

The  g r a p h   of  F i g .   2  shows  t h a t   t he   l o g a r i t h m   of  s t r e n g t h  

v a r i e s   in  i n v e r s e   p r o p o r t i o n   to  t he   l o g a r i t h m   of  t h i c k -  

n e s s .  

The  n o v e l   p e n c i l   c o r e   a c c o r d i n g   to  t he   i n v e n t i o n  

has   been   d e v i s e d   w i t h   t h i s   d i s c o v e r y   in  mind  and ,   as  s h o w n  

in  F i g s .   3 ,  4   and  5  by  way  of  e x a m p l e ,   c o m p r i s e s   a  p l u r a -  

l i t y   of  e l e m e n t a r y   f i l a m e n t s   10  of  a  c o r e   m a t e r i a l   i n d i -  

v i d u a l l y   h a v i n g   a  t h i c k n e s s   r a n g i n g   b e t w e e n   10  and  2 5 0  

m i c r o n s ,   p r e f e r a b l y   b e t w e e n   1 0 . a n d   100  m i c r o n s ,   and  b u n -  

d l e d   and  f i r m l y   j o i n e d   t o g e t h e r   w i t h   a  b i n d e r   m a t e r i a l   1 3 .  

T h r e e ,   s e v e n   and  f i v e   e l e m e n t a r y   f i l a m e n t s   10  a r e   u s e d  

in  t he   e m b o d i m e n t s   of  F i g s . 3 ,   4  and  5,  r e s p e c t i v e l y .   I n  

e a c h   e x a m p l e ,   t he   f i l a m e n t s   10  c i r c u l a r   in  s e c t i o n   may 

have   a  d i a m e t e r   and  h e n c e   a  t h i c k n e s s   of  30  to  50  m i c r o n s .  

T h i s   makes   a  c o m p o s i t e   p e n c i l   c o r e   h a v i n g   an  o v e r a l l  

t h i c k n e s s   of  0.1  mm  in  F i g .   3  and  c o m p o s i t e   p e n c i l   c o r e s  

h a v i n g   an  o v e r a l l   t h i c k n e s s   of  0 .3   mm  in  F i g s .  4   and  5 .  

E l e c t r o n - m i c r o g r a p h i c a l   o b s e r v a t i o n   shows  t h a t   a  g r a -  

p h i t e - b a s e d   p e n c i l   f i l a m e n t   or  e l e m e n t a r y   c o r e   of  s u c h   a  



t h i c k n e s s   has   a  u n i f o r m   g r a p h i t e   g r a i n   d i s t r i b u t i o n  

t h r o u g h o u t   i t s   b o d y .   M e a s u r e m e n t s   show  a l s o   t h a t   e a c h  

of  t h e   c o m p o s i t e   c o r e s   of  F i g s .   3 ,  4   and  5  has  a  s t r e n g t h  

a p p r o a c h i n g   or  even   g r e a t e r   t h a n   10  t o n s / c m 2   ( i . e .   9 9 . 6 4   x  

107N/m2.   T h i s   r e p r e s e n t s   f i v e   t i m e s   or  more  i n c r e a s e   i n  

s t r e n g t h   t h a n   c o n v e n t i o n a l   s i n g l e   c o r e s   of  0 .2   mm  d i a -  

m e t e r   w h i c h   have   a t   mos t   a  s t r e n g t h   of  2  t o n s / c m 2   ( i . e .  

1 9 . 9 2 8   x  107  N I m 2 ) .   I t   has  been   f o u n d   t h a t   the   c o m p o s i t e  

c o r e   of  F i g .   3  of  0.1  mm  in  d i a m e t e r   c o n s t i t u t e d   w i t h  

t h r e e   f i l a m e n t s   or  e l e m e n t a r y   c o r e s   10  has   a  s t r e n g t h   o f  

28  t o n s / c m 2   ( i . e .   2 7 8 . 9 9   x  107  N /m2) ,   t h u s   b e i n g   14  t i m e s  

s t r o n g e r   t h a n   t h e   c o n v e n t i o n a l   s i n g l e   c o r e   s t r u c t u r e   o f  

t he   same  d i a m e t e r .  

R e f e r r i n g   to  F i g .   6  w h i c h   shows   an  a p p a r a t u s  

f o r   m a k i n g   a  n o v e l   p e n c i l   c o r e   a c c o r d i n g   to   t h e   i n v e n t i o n ,  

a  c o r e   raw  m a t e r i a l   2  r e t a i n e d   in  a  r e c e p t a c l e   3  i s   f o r c e d  

t h r o u g h   a  p l u r a l i t y   of  s m a l l   e x t r u s i o n   d i e s   or  s p i n n e r e t  

o p e n i n g s  4   ( e . g .   i n d i v i d u a l l y   c i r c u l a r   in  c r o s s - s e c t i o n )  

to  p r o d u c e   a  p l u r a l i t y   of  c o n t i n u o u s l y   f o r m e d   f i l a m e n t s  

10  of  t h e   m a t e r i a l   i n d i v i d u a l l y   h a v i n g   a  u n i f o r m   t h i c k n e s s  

as  d e s c r i b e d .   The  m a t e r i a l   2  may  be  a  s e m i - s o f t   s o l i d   o r  

s o l u t i o n   of  a  s y n t h e t i c   r e s i n   R  ( e . g .   p o l y a c r y l o n i t r i l e  

r e s i n   m o n o m e r )   in  w h i c h   g r a p h i t e   p a r t i c l e s   G  a re   u n i f o r m -  

ly  d i s t r i b u t e d   and  as  c o n v e n t i o n a l l y   i s   h e a t e d ,   s a y ,   a t  

a  t e m p e r a t u r e   of  200°   C  d u r i n g   e x t r u s i o n .   The  g r a p h i t e  

p a r t i c l e s   may  be  of  a  u n i f o r m   p a r t i c l e   s i z e   o f ,   s a y ,   30  

to  50  m i c r o n s   b u t ,   a c c o r d i n g   to  a  p r e f e r r e d   f e a t u r e   o f  

t he   i n v e n t i o n ,   s h o u l d   p r e f e r a b l y   i n c l u d e   p a r t i c l e s   of  a  



r e l a t i v e l y   s m a l l ,   u n i f o r m   p a r t i c l e   s i z e   of  a r o u n d   5  m i -  

c r o n s ,   e . g .   1  to  10  m i c r o n s ,   and  p a r t i c l e s   of  a  r e l a t i v e -  

ly  l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   of  10  to  100  m i c r o n s   o r  

150  to  200  m i c r o n s .  

The  f i l a m e n t s   10  c o n t i n u o u s l y   e x t r u d e d   t h r o u g h  

t h e   o p e n i n g s  4   in  p a r a l l e l   w i t h   one  a n o t h e r   a r e - p a s s e d   a s  

a  g r o u p   5  t h r o u g h   a  h e a t i n g   s t a g e   6  c o m p r i s i n g   a  p r i m a r y  

b a k i n g   h e a t e r   6a  and  a  f u r t h e r   h e a t e r   6b,  t h e n   t h r o u g h   a  

j o i n i n g   s t a g e   7  and  a  f i n a l   h e a t i n g   s t a g e   8,  and  a r e  

f i n a l l y   s q u e e z e d   b e t w e e n   a  p a i r   of  c o m p r e s s i o n   r o l l e r s  

9a  and  9b  w h i c h   s e r v e   to  a p p l y   a  s u f f i c i e n t   t e n s i o n   t o  

e a c h   of  t he   f i l a m e n t s   10  b e i n g   d r awn   f rom  t he   r e c e p t a c l e   3 .  

The  d i e   o p e n i n g s  4   a r e   f o r m e d   s p a c e d   a p a r t  

f rom  one  a n o t h e r   w i t h   a  s u i t a b l e   s p a c i n g   in  a  b o t t o m   w a l l  

of  t he   r e c e p t a c l e   3.  The  h e a t e r   6a  i s   p r o v i d e d   to  h e a t  

t h e   f i l a m e n t s   10  b e i n g   drawn  f rom  t h e   o p e n i n g s  4   at  a  

t e m p e r a t u r e   o f ,   s a y ,   1 0 0 0 °  C ,   t h e r e b y   b a k i n g   t he   f i l a -  

m e n t s   10.  The  h e a t e r   6 b  i s   u s e d   to   h e a t - t r e a t   t he   b a k e d  

f i l a m e n t s   10  a t   a  t e m p e r a t u r e   o f ,   s a y ,   3 0 0 0 °   C,  t h e r e b y  

h o m o g e n i z i n g   g r a p h i t e   c r y s t a l i z a t i o n   t h e r e i n .  

The  p a r a l l e l - r u n n i n g   f i l a m e n t s   a r e   b u n d l e d   i n  

t he   j o i n i n g   s t a g e   7  which   i n c l u d e s   an  o p e n i n g   7a,   t y p i -  

c a l l y   c i r c u l a r   in  s e c t i o n ,   d e f i n e d   by  t he   w a l l   of  a  m e t a l  

f r a m e   7b  and  an  o u t l e t   n o z z l e   7c  of  an  i n j e c t o r   7d.  The  

l a t t e r   i n c l u d e s   a  h o p p e r   7e  f o r   f e e d i n g   a  b i n d e r   m a t e r i a l  

13,  e . g .   a  m i x t u r e   of  g r a p h i t e   p a r t i c l e s   and  10%  by 

w e i g h t   s t y l e n e   s o l u t i o n e d   in  t o l u e n e ,   i n t o   a  c h a m b e r   7 f  

in  wh ich   a  p l u n g e r   7g  f o rmed   w i t h   a  s c r e w   7h  e x t e n d s  



t o w a r d   t h e   n o z z l e   o p e n i n g   7c  and  i s   r o t a t i o n a l l y   d r i v e n  

by  a  m o t o r   7m.  As  the   p l u n g e r   7g  i s   r o t a t e d   by  t h e   m o t o r  

7m,  t h e   b i n d e r   m a t e r i a l   13  i s   c o n t i n u o u s l y   fed  i n t o   t h e  

n o z z l e   7c  and  in  t u r n   to  o p e n i n g   7a  to  d i s t r i b u t e   i t s e l f  

a r o u n d   t h e   i n d i v i d u a l   f i l a m e n t s   1 0  a n d   to  f i l l   t he   i n t e r -  

s t i c e s   t h e r e i n .   Thus ,   t h r o u g h   t he   o p e n i n g   7a,   a  r o u g h l y  

j o i n e d   c o m p o s i t e   c o r e   20 '   w i t h   a  c r o s s - s e c t i o n   as  s h o w n  

in  F i g .   7  i s   f o r m e d .   The  c o a r s e   c o r e   20 '   i s   t h e n   p a s s e d  

t h r o u g h   t he   h e a t e r   8  and  b a k e d   t h e r e   a t   a  t e m p e r a t u r e   o f ,  

s a y ,   1200°   C,  and  t h e r e a f t e r   s q u e e z e d   b e t w e e n   the   c o m -  

p r e s s i o n   r o l l e r s   9a  and  9b  r o t a t i n g   in  t he   d i r e c t i o n s  

shown  by  a r r o w s   to  y i e l d   a  d e n s i f i e d   or  f i n i s h e d   c o m p o -  

s i t e   c o r e   20.  Such  a  c o m p o s i t e   p e n c i l   c o r e   made  in  t h e  

m a n n e r   so  f a r   d e s c r i b e d   has   p r a c t i c a l l y   t he   same  a p p e a r -  

a n c e   as  a  c o n v e n t i o n a l   s i n g l e   c o r e   and  y e t   has   m u c h  

g r e a t e r   s t r e n g t h ,   as  d e s c r i b e d   a l r e a d y .  

The  f i n i s h e d   c o r e   20  i s   c u t   by  a  b l a d e   15  d i s -  

p o s e d   d o w n s t r e a m   of  the   c o m p a c t i o n   s t a g e   9  and  i n t e r -  

m i t t e n t l y   o p e r a t e d   by  a  m o t o r   16  to  p r o v i d e   s u c c e s s i v e  

p i e c e s   of  the   f i n i s h e d   c o r e   of  a  d e s i r e d   l e n g t h .  

I t   i s   d e s i r a b l e   to  c o n d u c t   h e a t - t r e a t m e n t   a t  

each   of  t h e   s t a g e s   6a,  6b  and  8  in  an  i n e r t   a t m o s p h e r e  

( e . g .   a r g o n )   or  in  a  g r a p h i t e   p o w d e r   to  p r e v e n t   t h e  

f i l a m e n t s   10  or  the   c o r e   20 '   f rom  b e i n g   o x i d i z e d .   T h e  

c o a r s e   or  f i n i s h e d   p e n c i l   c o r e   20 '   or  20  may  be  f u r t h e r  

be  s u b j e c t e d   to  i m p r e g n a t i o n   w i t h   p a r a f f i n e   to  i m p r o v e  

i t s   q u a l i t y .  

As  m e n t i o n e d   p r e v i o u s l y ,   i t   i s   d e s i r a b l e   t h a t  



g r a p h i t e   p a r t i c l e s   in  t he   c o r e   m a t e r i a l   2  have   p a r t i c l e s  

of  a  s m a l l e r   u n i f o r m   p a r t i c l e   s i z e   a r o u n d   5  m i c r o n s   a n d  

a  l a r g e r   u n i f o r m   p a r t i c l e   s i z e   b e t w e e n   10  and  100  m i c r o n s  

or  150  to  200  m i c r o n s .   With  t h e s e   d i f f e r e n t   s i z e   g r a d e s  

of  p a r t i c l e s   mixed   u n i f o r m l y   to  c o n s t i t u t e   t he   c o r e  

m a t e r i a l   2,  i t   has   been   f o u n d   t h a t   a  c o m p o s i t e   p e n c i l  

c o r e   e x c e l l e n t   in  s t r e n g t h   and  y e t   r e l a t i v e l y   s o f t   a n d  

s m o o t h   to  w r i t e   w i t h   i s   p r o v i d e d .  



1.  A  p e n c i l   c o r e   (20 )   c o n s t i t u t e d   by  a  p l u r a l i t y  

of  f i l a m e n t s   (10)   of  a  c o r e   m a t e r i a l   (2)   i n d i v i d u a l l y  

h a v i n g   a  t h i c k n e s s   r a n g i n g   b e t w e e n   10  and  250  m i c r o n s ,  

and  b u n d l e d   and  j o i n e d   t o g e t h e r   w i t h   a  b i n d e r   m a t e r i a l  

( 1 3 ) .  

2.  The  p e n c i l   c o r e   d e f i n e d   in  C l a i m   1  w h e r e i n   s a i d  

c o r e   m a t e r i a l   (2)  c o n s i s t s   a t   l e a s t   in  p a r t   of  f i n e l y  

d i v i d e d   g r a p h i t e .  

3.  The  p e n c i l   c o r e   d e f i n e d   in  C la im   2  w h e r e i n   s a i d  ,  

c o r e   m a t e r i a l   (2)  c o n s i s t s   of  a  m i x t u r e   e s s e n t i a l l y   o f  

g r a p h i t e   p a r t i c l e s   (G)  and  a t   l e a s t   one  s y n t h e t i c   r e s i n  

(R)  u n i f o r m l y   mixed   and  h e a t - t r e a t e d .  

4.  The  p e n c i l   c o r e   d e f i n e d   in  C l a i m   3  w h e r e i n   s a i d  

g r a p h i t e   p a r t i c l e s   (G)  have   a  u n i f o r m   s i z e   of  30  to  5 0  

m i c r o n s .  

5.  The  p e n c i l   c o r e   d e f i n e d   in  C la im   3  w h e r e i n   s a i d  

g r a p h i t e   p a r t i c l e s   (G)  i n c l u d e   p a r t i c l e s   of  a  r e l a t i v e l y  

s m a l l ,   u n i f o r m   p a r t i c l e   s i z e ,   and  p a r t i c l e s   of  a  r e l a t i v e -  

ly  l a r g e ,   u n i f o r m   p a r t i c l e   s i z e .  

6.  The  p e n c i l   c o r e   d e f i n e d   in  C l a i m   5  w h e r e i n   s a i d  

r e l a t i v e l y   s m a l l ,   u n i f o r m   p a r t i c l e   s i z e   i s   in  t h e   r a n g e  

1  to  10  m i c r o n s .  

7.  The  p e n c i l   c o r e   d e f i n e d   in  C l a i m   5  or  6  w h e r e i n  

s a i d   r e l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   i s   in  t h e  

r a n g e   10  to  100  m i c r o n s .  

8.  The  p e n c i l   c o r e   d e f i n e d   in  C la im  5  6r  6  w h e r e i n  

s a i d   r e l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   i s   in  t h e  



r a n g e   150  to  200  m i c r o n s .  

9.  The  p e n c i l   c o r e   d e f i n e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   s a i d   b i n d e r   m a t e r i a l   (13)   c o n s i s t s   at   l e a s t   i n  

p a r t   of  g r a p h i t e .  

10.  The  p e n c i l   c o r e   d e f i n e d   in  C la im  9  w h e r e i n   s a i d  

b i n d e r   m a t e r i a l   (13)   c o n t a i n s   f i n e l y   d i v i d e d   g r a p h i t e .  

11.  The  p e n c i l   co r e   d e f i n e d   in  C la im  9  or  10  w h e r e i n  

s a i d   b i n d e r   m a t e r i a l   (13)   c o n t a i n s   at   l e a s t   one  s y n t h e t i c  

r e s i n .  

12.  The  p e n c i l   c o r e   d e f i n e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   s a i d   f i l a m e n t s   (10)   i n d i v i d u a l l y   have   a  t h i c k n e s s  

no t   g r e a t e r   t h a n  1 0 0   m i c r o n s .  

13.  The  p e n c i l   c o r e   d e f i n e d   in  C la im  12  w h e r e i n  

s a i d   f i l a m e n t s   (10)   i n d i v i d u a l l y   have   a  t h i c k n e s s   in  t h e  

r a n g e   30  to  50  m i c r o n s .  

14.  The  p e n c i l   c o r e   d e f i n e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   e a c h   of  s a i d   f i l a m e n t s   (10 )   is   s u b s t a n t i a l l y   c i r -  

c u l a r   in   c r o s s - s e c t i o n .  

15.  The  p e n c i l   c o r e   d e f i n e d   in  any  p r e c e d i n g   c l a i m  

and  h a v i n g   a  t h i c k n e s s   in  t he   r a n g e   0.1  to  0 .5   mm. 

16.  A  method   of  m a k i n g   a  p e n c i l   c o r e   ( 2 0 ) ,   c o m -  

p r i s i n g   the   s t e p s   o f :  

(a)   p r e p a r i n g   a  s e m i s o f t   s o l i d   s u b s t a n c e   c o n -  

s t i t u t i n g   a  p e n c i l   c o r e   m a t e r i a l   ( 2 ) ;  

(b)  e x t r u d i n g   s a i d   s u b s t a n c e   to  p r e p a r e   a  p l u -  

r a l i t y   of  f i l a m e n t s   (10)   of  s a i d   c o r e   m a t e r i a l   (2)  i n -  

d i v i d u a l l y   h a v i n g   a  t h i c k n e s s   in  t he   r a n g e   10  to  2 5 0  

m i c r o n s ;   a n d  



(e)   b u n d l i n g   s a i d   f i l a m e n t s   (10 )   and  j o i n i n g  

them  t o g e t h e r   w i t h   a  b i n d e r   m a t e r i a l   (13)   to  form  s a i d  

p e n c i l   c o r e   ( 2 0 ) .  

17.  The  m e t h o d   d e f i n e d   in  C l a i m   16  w h e r e i n   s a i d  

c o r e   m a t e r i a l   (2)  c o n s i s t s   at   l e a s t   in  p a r t   of  f i n e l y  

d i v i d e d   g r a p h i t e .  

18.  The  m e t h o d   d e f i n e d   in  C la im  17  w h e r e i n   s a i d  

c o r e   m a t e r i a l   (2)  c o n s i s t s   of  a  m i x t u r e   e s s e n t i a l l y   o f  

g r a p h i t e   p a r t i c l e s   (G)  and  a t   l e a s t   one  s y n t h e t i c   r e s i n  

(R)  u n i f o r m l y   mixed   and  h e a t - t r e a t e d .  

19.  The  m e t h o d   d e f i n e d   in  C la im  18  w h e r e i n   s a i d  

g r a p h i t e   p a r t i c l e s   (G)  have   a  u n i f o r m   p a r t i c l e   s i z e   i n  

t h e   r a n g e   30  to  50  m i c r o n s .  

20.   The  m e t h o d   d e f i n e d   in  C la im  18  w h e r e i n   s a i d  

g r a p h i t e   p a r t i c l e s   (G)  i n c l u d e   p a r t i c l e s   of  a  r e l a t i v e -  

ly  s m a l l ,   u n i f o r m   p a r t i c l e   s i z e ,   and  p a r t i c l e s   of  a  r e -  

l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e .  

21.  The  m e t h o d   d e f i n e d   in  C la im  20  w h e r e i n   s a i d  

r e l a t i v e l y   s m a l l ,   u n i f o r m   p a r t i c l e   s i z e   i s   in  t he   r a n g e  

1  to  10  m i c r o n s .  

22.  The  m e t h o d   d e f i n e d   in  C la im  20  or  21  w h e r e i n  

s a i d   r e l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   i s   in  t h e  

r a n g e   10  to  100  m i c r o n s .  

23.   The  m e t h o d   d e f i n e d   in  C la im  20  or  21  w h e r e i n  

s a i d   r e l a t i v e l y   l a r g e ,   u n i f o r m   p a r t i c l e   s i z e   is   in  t h e  

r a n g e   150  to  200  m i c r o n s .  

24 .   The  m e t h o d   d e f i n e d   in  a n y  o n e   of  t he   C l a i m s  

16  to  23  w h e r e i n   s a i d   b i n d e r   m a t e r i a l   (13)   c o n s i s t s   a t  



l e a s t   in  p a r t   of  g r a p h i t e .  

25.   The  m e t h o d   d e f i n e d   in  C la im  24  w h e r e i n   s a i d  

b i n d e r   m a t e r i a l   ( 13 )   c o n t a i n s   f i n e l y   d i v i d e d   g r a p h i t e .  

26.  The  m e t h o d   d e f i n e d   in  C la im  24  or  25  w h e r e i n  

s a i d   b i n d e r   m a t e r i a l   (13)   c o n t a i n s   at   l e a s t   one  s y n t h e t i c  

r e s i n .  

27.   The  m e t h o d   d e f i n e d   in  a n y  o n e   of  t h e  C l a i m s   16 

to  26  w h e r e i n   s a i d   f i l a m e n t s   (10)   i n d i v i d u a l l y   have  a  

t h i c k n e s s   no t   g r e a t e r   t h a n   100  m i c r o n s .  

28.  The  m e t h o d   d e f i n e d   in  C la im  27  w h e r e i n   s a i d  

f i l a m e n t s   (10)   i n d i v i d u a l l y   have   a  t h i c k n e s s   in  t he   r a n g e  

30  to  50  m i c r o n s .  

29.  The  m e t h o d   d e f i n e d   in  a n y  o n e   of  t he   C l a i m s   16 

to  28  w h e r e i n   each   of  s a i d   f i l a m e n t s   (10)   i s   s u b s t a n t i a l l y  

c i r c u l a r   in  c r o s s - s e c t i o n .  

30.  The  m e t h o d   d e f i n e d   in  a n y  o n e   of  t he   C l a i m s   16 

to  29  w h e r e i n   s a i d   p e n c i l   c o r e   (20)   i s   s u b s t a n t i a l l y   c i r -  

c u l a r   in  c r o s s - s e c t i o n   and  has   a  d i a m e t e r   in  t he   r a n g e  

0.1  to  0 .5  mm. 

31.  The  m e t h o d   d e f i n e d   in  a n y  o n e   of  t he   C l a i m s   16 

to  30,  f u r t h e r   c o m p r i s i n g   (d)  h e a t i n g   s a i d   f i l a m e n t s   ( 1 0 )  

at   at  l e a s t   one  t e m p e r a t u r e   b e t w e e n   800  and  3500°   C  s u b -  

s e q u e n t   to  s t e p   (b)  and  p r i o r   to  s t e p   ( c ) .  

32.  The  m e t h o d   d e f i n e d   in  a n y  o n e   of  the   C l a i m s   16 

to  31,  f u r t h e r   c o m p r i s i n g   the   s t e p   ( e ) ,   s u b s e q u e n t   t o  

s a i d  
s t e p   ( c ) ,   of  h e a t i n g L b u n d l e d   f i l a m e n t s   ( 2 0 ' )   at   a  t e m p -  

e r a t u r e   b e t w e e n   1000  and  2000°   C. 



33.  The  m e t h o d   d e f i n e d   in  C la im  31  w h e r e i n   s t e p  

(d)  i s   c a r r i e d   o u t   in  an  i n e r t   a t m o s p h e r e ,   or  in  a  g r a -  

p h i t e   p o w d e r .  

34.  The  m e t h o d   d e f i n e d   in  C la im  32  w h e r e i n   s t e p  

(e)   i s   c a r r i e d   o u t   in  an  i n e r t   a t m o s p h e r e ,   or  in  a  g r a -  

p h i t e   p o w d e r .  

35.  An  a p p a r a t u s   f o r   m a k i n g   a  p e n c i l   c o r e   ( 2 0 ) ,  

c o m p r i s i n g :   ' 

a  v e s s e l   (3)  f o r   r e t a i n i n g   a  s e m i s o f t   s o l i d  

s u b s t a n c e   c o n s t i t u t i n g   a  p e n c i l   c o r e   m a t e r i a l   ( 2 ) ;  

means   (4)  f o r   e x t r u d i n g   s a i d   s u b s t a n c e   (2)   i n  

s a i d   v e s s e l   (3)   to  p r e p a r e   a  p l u r a l i t y   of  f i l a m e n t s   ( 1 0 )  

of  s a i d   c o r e   m a t e r i a l   (2)  h a v i n g   a  t h i c k n e s s   in  t h e   r a n g e  

10  to  250  m i c r o n s ;   a n d  

means   ( 7a ,   7b)  f o r   b u n d l i n g   s a i d   f i l a m e n t s  

(10)   and  j o i n i n g   them  w i t h   a  b i n d e r   m a t e r i a l   (13)   t o  

form  s a i d   p e n c i l   c o r e   ( 2 0 ) .  
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36.  An  a p p a r a t u s   as  d e f i n e d   in  C la im  35,  s u b s t a n -  

t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h   r e f e r e n c e   to  a n d  

as  i l l u s t r a t e d   by  F i g u r e s   6  and  7  of  t he   a c c o m p a n y i n g  

d r a w i n g s ,   e i t h e r   a l o n e   or  in  c o m b i n a t i o n   w i t h   F i g u r e s   3 

to  5  of  t he   a c c o m p a n y i n g   d r a w i n g s .  

37.  A  m e t h o d   as  d e f i n e d   in  a n y  o n e   of  t h e   C l a i m s  

16  to  34,  s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h  

r e f e r e n c e   to  and  as  i l l u s t r a t e d   by  a n y  o n e   or  more  o f  

the   F i g u r e s   3  to  7  of  t he   a c c o m p a n y i n g   d r a w i n g s .  

38.  A  p e n c i l   c o r e   as  d e f i n e d   in  a n y  o n e   of  t h e  

C l a i m s   1  to  15,  s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d  

w i t h   r e f e r e n c e   to  and  as  i l l u s t r a t e d   by  a n y  o n e   or  m o r e  

of  t he   F i g u r e s   3  to  7  of  t he   a c c o m p a n y i n g   d r a w i n g s .  
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