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Introductlon

Successful experi.ments with carbon fibres as

tendon and Itáament replacement were flrst.
r epo r ted  by  H .n .  Jenk ins  (1976 ) .  The  b1o -
lo l ica l  lnér tness,  the h lgh speci f lc  ten-
s l ie  s t rength and the p l iab l l i . ty  of  car-
bon f l laments óonst i tu te th is  mater ia l  to
take charge of damaged or absent tendons'
The lmplanted fibre tov¡s act furthermore
also a i  a scaf fo ld for  regenerat ing t ls-
sue,  which is  growing around,  a long and
through the flbre bundle. But also a par-

t ia l  á is integrat ion of  the f ibre is  obser-
ved and the removed carbon particles are
transported prlmarily into lymph ducts'
Never lheless i t  ls  not  yet  c leared up,
where these Part ic les are f ina l ly  deposi -
ted.  I t  can not  be excluded,  that  the me-
chanical  degradat ion of  f ibres occurs be-
fore the t issue is  regenerated.  The mecha-
nical proPerties of implanted carbon fl-
bres are not  comPlete ly  ut i l ized.  I t  is
obvious to try to improve the fibre sur-
face propert ies t  ? .9.  i ts  res is tance a-
gatns i  s l t t t t rng and breaklng.  The a im of
Itre presónt work was' to obtain such mo-
diflóattons of the carbon fibres by pyro-

carbon deposl t ions.  The f lbres then were
tested " ln  v ivo"  ln  animals.

Pr inc ip les of  pYrocafbon-d9posi t ion on the
¡nonofilaments of carbon !ibre yarn

a*"" t  t t * .  t " tn ,  consis t ing of  several
thousand monoii laments, are geometrically
complicated systems wlth a large lnner
sur-face area. Figure 1 shows schematical-
ly  the crosa sect ion of  a par t  of  f ibre
bündle after pyrocarbon deposition. The
average s l i t  width between the monof i la-
ments can be assumed to be about 17um'
The overal l  deposi t lon rate must  be con-
trolled by the chemical reaction and not
by the d i Í fus lon of  the gas molecules to
.i.d f.o* the flbre surface in order to ob-
ta in uni form coat lngs (AGGOUR et  a l .1974¡
FITZER et  a1.  '  1973r.  otherwlse the car-
bon deposi t ion wi l l  take p lace on the ou-
ter  shél l  o f  the bundle,  causing the for-
mation of carbon bridges bet!üeen the mo-
nof i laments,  which wi l l  not  only  reduce
the f lex ib i l i ty  of  the yarn,  but  may a lso
prevent the ingrowth of f ibrous tissue ln
inplanted yarns.  I t  was found exper imen-
taity, thal these carbon brldges can be
avoláed only if the coating thickness does
no t  exceed  ábou t  o r37um (F ITZER e t  a l . ,
1973¡ SAHEBKAR, 1973).  From th is  resul t
one can conclude,  that  a s l i t  width of
o.6rum seemed to be Present  between the
f i láments dur ing deposi t ion process.  This

The continous cvD of pyrocarbon from methane I
r.ras performed in a tubular reactor.wlth hot I
wall arrangement and inductlve heating' The I
apparatus ( f ig .  2a)  consists  of  an outer  l
qüár tz  g lass shel l ,  a  graphl te- tube as sus-  l
óeptor óf lnductive heating and a device l
fo i  f ibre t ransport .  The rés idence t imes of  i
the f ibres can Le var ied between 10 sec '  andl

some minutes. The gaseous feed enters througl
wh i r l - nozz les ,  a "  Áho rn  i n  pa r t  b  o f  f Lg '2 ,  i
in order to seParate somewhat the monofila- I
ments and to avoid adhering durlng depositlo{

value -is confirned by the average bundle
dlameter of about 1 ,o ¡nm in the case of
lo .ooo and or5 ¡nm for  3ooo monof i lanents '
As a consequence the deposltlon gas must
penetrate the bundle up to a depth of
ó r5  nun  and  o r25  mm resPec t i ve lY .

A deposition apparatus vtas developed ba-
sing on the experlence ln SIC dePositlon
froír ¡nethylchtorosilanes /hydrogen mlxtu-
res  (AGGoÚR e t  a l . ,  1974 ) .  r t  was  sho l t n ,
that  th ls  penetrat lon depth can be real lzed
even in thé case of  pore d iameters of  17un'
Theoreti-cgkglglatlons, t l i tg the THIELE
modulus 1[ ' (t?D) , have conf lrmed this re-
su l t  (F ITZER e t  a l . ,  

' 1  973 ) .  The  t rans fe r  o f

these experiments on pyrocarbon deposition
from methane has shown, that hot waIl arran-
gements ¡nilt Ue used in that case. In cold
úall arrangements with directly heated fibre
bundles inhomogeneous deposition was found
b y  S A H E B K A R  ( 1 9 7 3 ) .

The deposition aPParatus

Experiments

Commercia l ly  avai lable PAN based 9?l !9"- .  -  I
f ibres tyPe I I ,  SIGRAFIL HF l t l th  1OOOO f i la- r
ments ( f i l r re dfametqr :  8-97urn,  tensi le
strength: 22oo vN/m¿l and ton¡y T3oo with
3OOO i i la¡nents ( f ibre d iqrneter :  7-87um, ten-

" i iá  " t t "ngth:  
2560 l {N/m2) were used as sub-

st rates.  sóth f ibre types have near ly  c i rcu-

lar  cross sect ions of  monof i laments '  A de-
posl t ion temperature of  13OOoC, a nethane
ieed of 10 17h, and a residence tlme of the
substrate of  180 sec.  ! ' tere appl ied '

Resul ts

Carbon black formatlon was avolded by
argon addition to the reaction 94s' The op-

tiñraf deposltlon condltions are indicated ln

f lg .  ¡ .  f t  was found,  that  a min imum coat ing
thíckness of  or157um was necessary in  order
to achieve homogeheous coatlngs on each mono
f l lament .  A coat ing th ickness of  more than

o,3,um decreases the f lex ib i l t ty  of  the f ibr t
bunále. The average coatlng thickness was

; , i i
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Deasured by welghlng:  Or l5ru¡n for  SIGRA-
FIL HF wl th 1O OOO monof l lá¡nents and O,35¡um
for TORAY T 3OO wlth 3OOO monoftlaments. '

Table 1 showe the ¡nechanl.cal propertles of
the flbres before and after coatlng. In the
case of TORAY T 3OO the coattng resulted
ln a small increase of the tensj.le strength
of  81,  ln  the case of  SIGRAFIL HF of  4$.
YOUNGTS modulus and strain to fallure are
not lnfluenced by deposltlon. These results
are slmllar to former observatlons of UTZER
¡t  aI .  ,  (1973t ,  who repor ted,  that  an lmpro-
v€nent of the flbre strength by pC deposl-
tlon can only be achleved ln the case of low
st¡ength flbres, and here up to 3O$.

Hedlcal Investlqatlons

lledlcal experfunenta were performed on 2O
rabblts, aged 12 weeks. The medlal collate-
ral l lganent of the knee jolnt of the anl-
nals sas resected. Bone screwa were placed
lnto the polnt of orlgln and lnsertlon of
the medlal collateral l lganrent in the t1-
bla and fe¡rur. These screws were tied to-
gether wlth the carbon flbres ln a flgure 8
faehlon.

Furthermore on 1O rabblts only the ¡nedlal
collateral l lgament ¡raa resected and lO
rabblts were used aa control group for the-only resected" and "carbon flbre replaced,'
aninals. Hlstologlcal lnvestlgatlons after
3 months have shown the lncorporatlon of the
fibres ln the tlesue.

Indlcatlona were found for gq¡re flbros bé1ng
renoved, whlch ls a s¡mptom, that breaklng
of the flbres could not be avol.ded corplete-
ly. The full knee jolnt functlon was maln-
talned (¡ÍOLTER et al., 1977). The anlmals
are stl l l  under observatLon. It ls expected
tbat the ftnal results of the preaent teat
vill allow to draw acme concluslons on the
effect of the coatings.
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F ig .1 :  Schemat l c  o f
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Fig.2: Deposltlon apparatus (a)
lfhlrl-neele (b)

Flg.3: Coatlng thlckness as functl.on of
t€mperature and resldence tlme

Fibretype
TORAY

T300/90A
SIGRAFIL

HF

Ensile strength
fMN/m4

rithout cooting 2560 2220
with PyC cooting 2760 2310

\6urgsmodulus
tli.t/mñO3t

without cooting 218,8 185,¿
with PyC cooting 22t,6 ,|86.6

i troin lofoilurc
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rithout coot¡ng 1Jt 1,27
with PyC cooling 1,23 1,18
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Íable I ¡ üechanlcal propertles of carbon
flbres before and after depo-
sltlon
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