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I .  I N T R O D U C T I O N

In  recent  years ,  new mater ia ls  fo r  app l i . ca t ion  in
b ioeng ineer ing  are  in  deve lopment .  For  endo-
p r o s t h e t i c  a p p l i c a t i o n ,  e s p e c i a l l y  A l 2 0 ? - c e r a r n i c
has  been deve loped to  a  h igh  s tandard  a ía  h ip
j o i n t s  a r e  n o w  u n d e r  c l i n i c a l  t e s t i n g  ( l ) .  C a r b o n
seer r rs  to  be  ex t re rne ly  p romis ing  accord ing  to
i ts  we l l  known b iocornpat ib i l i t y ,  f r i c t ion  and wear
b e h a v i o u r  ( 2 ,  3 ) ,  M e c h a n i c a l  p r o p e r t i e s  o f
cornrnerc ia l l y  ava i lab le  carbon rna ter ia ls  a re
insu f f i c ien t  fo r  endopros the t ic  purposes .  I t  i s
the  a i rn  o f  our  deve loprnent  p rograrn  to  supp ly
carbon rna ter ia ls  w i th  su f f i c ien t  s t rength  fo r
j o i n t  r e p l a c e r n e n t s .  T h o s e  r n a t e r i a l s  r n u s t  p o s s e s
e x c e l l e n t  g l i d i n g  p r o p e r t i e s ,  w e a r  r e s i s t a n c e  a n d
per fec t  b iocornpat ib i l i t y ,  the  la t te r  p roper ty
be ing  e  spec ia l l y  i rnpor tan t  fo r  worn  o f f  par t i c le  s .

W h e n  s t a r t i n g  t h i s  p r o j e c t ,  w e  w e r e  c o n v i n c e d ,
tha t  a l l  these dernands cannot  be  fu l l f i l l ed  by  a
s ing le  carbon rna ter ia l .  There fore  the  prograrn
inc ludes  the  deve loprnent  o f  th ree  d i f fe ren t  types
o f  r n a t e r i a l s ,  n a m e l y

( l )  h i g h  s t r e n g t h  i s o t r o p i c  c a r b o n
(Z\  carbon f ib re  re in fo rced carbon
(3)  s i l i con  i rnpregnated  carbon.

2 .  MATERIALS

2.  I  H igh  s t rength  iso t rop ic  carbon

The deve lopment  o f  such rna ter ia l  was  concen-
t ra ted  pr i rnar i l y  on  h igh  s t rength  cornb ined w i th
rnaxirnurn hardne s s.

T h e s e  d e m a n d s  a r e  s a t i s f i e d  b y  a  c a r b o n  g r a d e
b a s e d  o n  a  s p e c i a l  r a w  c o k e ,  w h i c h  i s  t r e a t e d
wi th  coa l  ta r  p i tch  fo r  severa l  t i rnes  w i th  in te r -
m e d i a t e  h e a t  t r e a t r n e n t s .  T h e r e b y ,  t h e  r a w  c o k e
is  reduced to  a  s ta te  cornparab le  to  mesophase
( 4 ) .  T h e  r n i x  i s  r n i l l e d  a n d  f o r m e d  t o  b l o c k s .
These are  baked in  an  indus t r ia l  r ing  fu rnace up
t o  1 2 0 O o C ,  F i n a l  h e a t  t r e a t r n e n t  i n c l u d e s  g a s -
phase pur i f i ca t ion .  The rnechan ica l  p roper t ies
o f  t h e  m a t e r i a l  a r e  l i s t e d  i n  t a b l e  l .

Tab le  I P r o p e r t i e s  o f  h i g h  s t r e n g t h
i s o t r o p i c  c a r b o n

, 3

2
.r\ / mrn
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C o r n p r e s s i v e  s t r e n g t h .  N ' r n m -

2 . 2  C a r b o n  f i b r e  r e i n f o r c e d  c a r b o n

For  the  manufac ture  o f  carbon f ib re  re in fo rced

c o m p o s i t e s  w e  d e v e l o p e d  a  n e w  p r o c e s s .  C a r b o n

f ib res ,  usua l ly  o f  the  HT- type,  a re  l r 'ound on  a
kerne l ,  i rnpregnated  w i th  coa l  ta r  p i tch ,  and

ther rna l l y  p re t rea ted  be fore  press ing  and bak ing .

The t rea t rnent  o f  the  mat r ix  i s  s i rn i la r  to  tha t

used fo r  the  h igh  s t rength  iso t rop ic  carbon.

Af te r  bak ing  up  to  1200"C,  the  cornpos i tes  exh ib i t

densit ie s in the range of I ,  6 to I  ,  ? 
-E/ 

crn3 without

any  i rnpregnat ion .  We a i rn  to  p roduce C-C-

cornpos i tes  o f  low Young '  s  rnodu lus  and su f f i c ien t

f lexura l  s t rength .

z .
Sorne proper t ies  o f  our  un id i rec t iona l l y
re in fo rced cornpos i tes  a re  g iven in  tab le

T able 2 Prope r t ie  s
re in fo rced
cornpos i tes

o f  un id i rec t iona l l y
carbon-  carbon

Bulk  dens i ty ,

Y o u n g ' s  m o d u l u s ,

F l e x u r a l  s t r e n g t h ,
para l le l  to
f ib re  ax is

F lexura l  s t rength ,
perpend icu la r  to
f ib re  ax is

In te r la rn inar  shear
s t  r  en  g th ,

N/*r.rz 600

/ 3g/ crrr

KN,/r.r.n2

-  t , 7

-  I 5 0

-  8 0 0

t , 6

r z0

N/rrrrrrz 30 - 35

N/..-2 3 0

B u l k  d e n s i t y ,

F l e x u r a l  s t r e n g t h ,

I , 8  -  I , 9

IZ0 -  140

3 0 0  -  4 0 0

2.  3  S i l i con  i rn a ted  ca rbon

This  rna ter ia l  was  deve loped based on  our
exper ience as  rnanufac turer  o f  rne ta l  impregnated
carbons  fo r  a  w ide  range o f  mechan ica l  app l i -
ca t ions .  S i l i con  has  been chosen due to  i t s  ab i l i t y
o f  fo r rn ing  a  chern ica l l y  res is tan t  carb ide ,  the
cornpos i te  be ing  a  rna ter ia l  w i th  super iour  g l id ing
p r o p e r t i e s .  F u r t h e r r n o r e ,  t e s t  r e s u l t s  w i t h

' r  s i l i con  a l loyed carbon"  ind ica te  the  b iocornpat ib i -
l i t y  o f  a  s i l i c o n - c a r b o n  c o m p o s i t e  ( Z ) .  C a r b o n
mater ia ls ,  e  spec ia l l y  su i tab le  fo r  i rnpregnat ion
w i t h  l i q u i d  s i l i c o n  i n  a  v a c u u r n - p r e s 6 u r e - p r o c e s s
had to  be  deve loped.  As  expec ted  and e lud ica ted
in  our  exper i rnents ,  poros i ty  and reac t iv i t y  o f  the
base carbon matbr ia l  s t rong ly  in f luence the
p r o p e r t i e s  o f  t h e  S i - C - c o r n p o s i t e .  T h e r e f o r e  t h e
fur ther  deve loprnent  inc ludes  no t  on ly  Opt i rn iza t ions
of  the  i rnpregnat ion  process  bu t  a lso  o f  the  carbon
rnater ia l  .

I B Z



Dur ing  the  i rnpregnat ion  process  s i l i con  is
completely transforrned to SiC by consurnption
of  carbon.

Proper t ies  o f  the  mater ia ls  deve loped are  shown
in  tab le  3 .

Table 3 - Proper t ies  o f  s i l i con
irnpreqnated carbon

g/ 
"ro3

n/rrrmz

/,

Bulk density,

Flexural strength,

Brinel l  hardness

Poroaity,

2 , 6  -  ? , 7

1 5 0  -  2 0 0

2 8 0 H 8  2 , 5 / 3 0

0 , 1 - 0 , 5

3. APPLICATIONS

The material development prograrn is accompanied
by  a  c l in ica l  tes t ing  program,  Tes t  spec i rnen o f
jo in t  p roe thes is  fo r  h ips  and knees  were  des igned
by taking into account the special propert ies of
the materials. Their qual i f icat ions are being
tested in vitro under standard condit ions before
anirnal teste wil l  be started. Isotropic carbon
and si l icon impregnated carbon are of interest
for gl iding part6, whereas carbon f ibre reinforced
carbon shal l  be uged for load-bearing parts.
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