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AbsF.ract .  The re lat ions between the coat ing condiEions and
mechanical  propert ies of  rhe isotropic pyrolyt ic  carbons
deposiced in a tumbl ing bed have been i .nvest igaced. The mecha_
nical  propert ies were af fected by the soot  inc lusions in Ehe
deposi ts vhj .ch had a non- load bear ing character  and behaved
as cracks under load.  By al loy ing s i l icon v i th Ehe carbon,
the f ract ion of  soot  inc lusions uas not  var ied,  and Lhe
fracture strength increased l lnear ly wi th the SiC content .

Incroduct ion

Stat ionary beds,  f lu id ized beds and tumbl ing
beds are usual ly  employed to deposiE pyrolyt lc
carbons.  For pyrolyt ic  carbons deposi ted in
a f lu id ized bed,  the correlat . ions between deposi-
t ion var iables,  st ructures and mechanical  proper-
! ies are raEher wel l  esfabl ished.  But  the
correlat ions for  carbons deposi ted in a tunrbl ing
bed  a re  no ! . knoyn  a r  a l l .  The  ob jec t i ve  o f  t h iÁ
work is  t .o establ ish the dependence of  the
mechanical  propert ies of  pyrolyt ic  carbons
deposj- ted Ín Ehe cumbl ing bed on structures and
process 

'var iables.

Experinental

A tunbling bed apparat.us used t'o deposit
pyrolyc ic carbons has been shown elsewhere I  .
The carbon sanples were prepared at  1220 "C of
deposi t ion temperature using argon-propane gas
mixEure.  The concentrat ion of  propane and Ehe
anounE of  bed part ic les were var ied and re lated
co the mechanical  propert les.  For s i l icon-al loyed
pyrolyt ic  carbons,  the contents of  s i l icon in
the deposi ts uere cont . ro l led by var ing the argon
f low race through Ehe bubbler  conEai ; ing f iqula
nethyl t r ichlorosi lane (CH 

3SiCl  3 ) .  The densiry
of the deposiced carbon r¡aé meaóured by the sink-
f loat  merhod and the apparenc crystáI I i te s ize
by X-ray di f f ract ion.  the mechanical  propert ies
of  the pyrolyt ic  carbons were measured by three-
poinc bend test .

Resul .c and Discussion

Pure Pyrolyt ic  Carbon

The densi t ies of  pure pyrolyt ic  carbo4s
measured are in the range 1.90 -  1.96 g/cn3.

Thi .s var iat ion of  densiL ies is ,  however,  not .  s ig_
ni f icant .  enough to af fect  the mechanical  DroDert ies
greacly.  The crystal l i t .e s izes vary i ,a" ing no
reLat ions to the var iaEions of  che p.op.ne concent_
rat ions and Ehe amount.  of  bed par l ic les.

F Íg .  I  shows  l hac  t he  young ' s  modu lus ,  Ehe
fract ,ure stress and the stra in enlrgy to f racture
al l  increase as propane concenErat ion decreaseg
and/or the amounc of  bed part . Íc les increases.
In th is f igure,  we modi f ied the measured f racture
sEresses to take inEo accounE Ehe s ize di f ferences
of  mechanical  test  specimenSr Eo Kaae's 2 using
Weibul l 's  staEisEical  meEhod J in order to conpare
the mechanical  propert ies obEalned in chis eork
yi t .h those obtained in rhe f lu ld ized bed.

("a. 4 
has related the oechanical properties

of  pyrolyt ic  carbons deposiced in a 
-  

f lu ld ized
bed ni th structural  propert ies,  i .e. ,  the densi tv
and che apparenc crystal l ice s ize.  ?he largá
strength changes y j . th a smal l  increase of  densi iv
. ld wi th the i r regular  changes of  crystal l l tá
s izes as shonn in Fig.  I  cannot be expiained by
fhe same argu¡nent.  l loreover,  the absolut .e values
of  Che mechanical  propert ies of  pyrolyt ic  carbon
obtained in the runbl ing bed are general ly  lower
Ehan those deposi ted in a f lu id ized bed.

F1g. 2 shows soot  inc l -usions in the deposired
layers and Fig.  3 indicates thac the f iacr ion
of  soot  inc lusions,  whlch was analyzed by means
of the poin¡  count ing method, increases r . r l th
increasing the propane concentrat ion and decreasing
the anount of  bed part ic les.

The soot  inc lusions cannot bear much load,
thus reducing the ef fect ive area.  This ef fect
louers Ehe Young's modulus.  They also reduce
the f racture stress and stra in energy to f racture
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because they act  as f1aws. According Eo the

Gr i f f i t h  t heo ry ,  t he  f r ac tu re  s t r eng th  ( o f  )  and

the stra j -n energy to f racEure (e¡)  are represenEed

a s l
a-  = ( ' t /1t9)2

f
a

e -  =  ( a - ' / 28 )  e  ' ¡ / nC
t r

where Y and C denote ef fect ive work of  f racture

and cr i t ical  f law s ize,  respect ively,  and E is

Youngts modulus.  As soot  inc lusions act  as f laws,

chey decrease the f racEure strength and,  more

signi f icant ly ,  the sErain energy co f racture.

Si l icon-Al1oved Pvrolvt ic  Carboná

Si l icon in Ehe pyrolyt ic  carbon exists as

B-SiC. As the content  of  SiC increases,  the carbon

natr ix  densi ty is  a lmost  constant  whi le the appar-

enE crystal l i te s ize decreases.  The f ract ion

of  the soot  inc lusions are independent of  the

si l icon content .  F ig.  4 depicts rhe changes of

mechanical  propert ies wich the weight  f ract ion

o f  S iC .  As  Ehe  amoun t  o f  S iC  i nc reases .  Young ' s

modulus and f ract .ure strengEh increase r¡h i le che

sErain energy to f racture remains constanE. These
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Figure l .  Variat ion of nechanical propercies of pure
pyrolyt ic carbons. (a) Ehe dependence on
propane conc . ;O 69  o f  bed Par t i c les
(measured) ,  O 68  (mod i f ied) '  ¿ \  39  (mea-
sured), (b) the dependence on bed part icle
wt. O 502 of proPane concr (Feasured),O
501 (modif ied), A 902 (neasured).

Figure 2.  Microstructures of  pure pyrolyEic carbons
deposi ted at  var ious condi t ions;  the Pro-
pane conc.  and the wt.  of  bed part ic le are
(a)  302,  6e (b)  50I '  6s (c)  7O7,  6s
(d)  702,  0g (e)  7O7,  39 ( f )  702,  8e.

50
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Figure 3.  Dependence of  the f ract ion of  sooE part i -

c les on propane conc.  and the amounE of

bed part ic les.
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changes in nechanical properti.es can be explained
by the t r ro facts of  lower L.  and higher SiC content .
Lc cannot be,  however,  expected to af fecE t .he
mechani .cal  propert ies s igni f icant ly  at  a h igh
naEri-x density. The major influence on nechanical
propert ies,  therefore,  appears to cooe f rom the
S iC  con ten t .

Sumnarv

Mechanical  propert ies,  Youngts nodulus,  f rac-
ture strength and stra in energy to f racture of
pure pyrolyt ic  carbon deposiEed in a tunbl ing
bed are increased as the propane concentrat ion
decreases and the anount of  bed part ic ls  increases.
This is  due to the soot  inc lusions.  Al l  mechanical

propert . ies inprove as the f ract ion of  soot .  inc. l -u-
s ions decreases.  In s i l icon-al loyed pyrolyt ic
carbons,  Young's modulus and f racture strengch
increases as the SiC conEent increases.
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