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lntroducFign. In previous work, the urechaniem of :  Resul-ts. The morphology of the carbon. deposits has
6;1t-¡ItGed carbons in hydrocarbon pyrolysis has tffiuai.ed as a function of the three following
been es tab l i shed ( t ) .  In  p .a r t i cu la r ,  i t  has  been parameters  in  these ranges :  ^
shcnrn, that the chemical processes occuring during - P^ : pressure of argon (10-r to 30 torrs)
the pyrolysis are based on the transformation of - S : evaporation rate of carbon (0.5 to 4.5 ng/rnid
the start ing hydrocarbon, methane or benzene, into - z :  distance from the source (10 to 40 m).
polyaromatic hydrocarbons with molecular weights of I t  appears that for Po < I torr,  the carbon depo-
several hundred units (2). Those hydrocarbons are sits is urainly a f i lur wfi ich nay be emooth or rough.
then condensed into l iquid droplets (phase change) .  For I  .  Pr < 5 torrs, part icles appear at digtances
-.hich are.transformed into sol id pert icles mainly , '  between 30 and l0 mr for evaporation rate higher
through dehydrogenation. The chemical reactions ta-r than I mg/urin.
king place during the phase change, gas Eo l iquid, i  Final ly, when P^ >, 5 torrs, part icles are formed
are very cofiplex and thus hinder a better understan- aE any evaporatioft  rate between 0.5 and 4.5 rng/min.
Cing of the physical processes involved. Therefore, This experimentaL range 5 ( P^ r< 30 torrs has been
.;e investigated a system of part icles for¡nation ra- especial ly investigated. The f iart icl-es diameters

t ier simple from a chemicaL stand point, i .e. the (Dr) versus distance from the source (z) ate indica-
vaporization of graphite and the subsequent conden- teá on f igure I for dif ferent condit ions. I t  is
sation of the carbon vapor. Depending on the experi- seen that for a given P^, Df increases with the
ental condit ions of the vapor condensation, carbon evaporation rate Vo. A1s6, for given V" and PA va-
f i lms or carbon part icles may be produced (3). I , lhen lues, D¡ increases-wbea z ( 20 rm and remains cons-
the condensation of carbon takes place in an atmos- tant fol '  z > 20 nrm.
phere of ínert gas, f ine carbon part icles can be Discusion. The resuLts indicate clearly that the
obtained. parETes are formed in the gas phase. The shape of

In the present study, we investigated mainly the the part icles, the presence of aggregates, the in-
size of the produced carbon part icle as a function crease of the part icle diameter with distance and
cf the experimental condit ions (evaporation rate, the independence of the part icle size of the nature
pressure of inert gas). A mechanism for the part i-  of their support are strong indications of a gas
cle formaüion has been suggested. phase formation of the part icles.
Erperimental.  Carbon vapor is produced by electr i-  Therefore the fol lowing mechanism nay be postula-
ca l l y  heat ine  (10-14  V ;  100-140 A)  o f  a  spec t rosco-  ted  :  the  carbon spec ies  rn ig ra te  f ro rn  the  source  to
pical ly pure graphite rod ( length 20 rm, diameter the wall ,s and col l ide with each other in the gas
3 un) placed in a cyl indrical Pyrex vessel (80 rmn phase. The col l ision frequency is proport ional. to
dianeter). The graphite.rod is outgassed for f ive the residence t ime of the carbon species in the gas
hours at 20oC under l0-) torr and then for t5 rnin. phase. I t  increases with the argon pressure and
at 2000'C. After cooLing in vacuum the inert gas with the evaporation race of carbon.
(argon) ís introduced to a known pressure. The eva- Estimations of the radius of the cri t ícal nucleus
poraLion takes place during 2 min. heating cycles sho¡¡ no signif icant dif ferences for f i ln or part i-
iol loved by cool ing periods of about 20 rnin. cles formation. üogeover, a tremendously high ther-

The weight loss of graphite rod is determined mal gradient (* l0/ K/n) exits on our systern and
accurateLy and the evaporation rate is calculated therefore classical nucleaüion thermodynamics invol-
ly dividing the weight loss by the totat evapora- ,  ving equil ibr iurn may not be applicable. l , /e consider
t ion t ime. another approach based on col l isions between two

The carbon deposits rnay be recovered frorn the carbon species yielding a single one.
pyrex walls or from metal l ic supports set at known i Assuuring for sinpl i f icat ion that the carbon vapor,
di.stances from the source. Grids for electron mi- ie conposed only of C.¡¡ v/e postulate a stepwise
croscopy covered with a thln f i l rn of carbon are al-so gror.rth mechanism. ih
used. The temperature of the carbon source is mea- i  The f irst step is C, + C3 * C6 and the p"'  step :
sured with an optical pyrometer. Thermocouples r
shielded r¡ i th a refractory cap to prevent radiat ioni "g*zp-l  

+ c3x2P-l + cax2p ( l)

disturbance f¡:orn the source are used to neasure the At the end of each step, the nuriber of part icles
reqerature at díf ferent points inside the evapora- is divíded by two. ind the distance z. is calculated
:ion chauiber. after r¡hich the prn step is terninatéd. The diarne-

Thermal prof i les (terrperature as a function to th4 ter of C"_rp may be deter¡nined 4ssuning a spherical
distance from the source) determined after I  mn of I  shape aná^á density of 1.9 g/cm".
evaporation.do not show any marked variat ion r¡ i th Kinetic theory of gases show that the number of l

changes in experimental condit ions (evaporation part icle N per unit  volume may be calculated as a
rate, argon preesure). function of z by the equation

The carbon par t i c les  a re  observed under  a  Jeo l  -E  t . t ¡  l t ¡
l00B mic roscope.  The i r  s ize  is  meagured 

" i l t t - " -p r t -  #  
=  -  

*  
o '  Nz  (45r ) ¡ /2  Q)

t icle analyzer TGZ3 Zeiss. The carbon sanples are
characterized by the most frequent dianreter D, of D : diameter of the part icle
the i r  s ize  d ls t r ibu t ion .  m :  mass  o f  the  par t i c le

v : migration velocity of the part icles in the z
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d i rec t ion



c : eff iciéncy factor < I
The nu¡iber of Ca per unit volurne at the source may

be ca tcu la ted  knoú ing  the  par t ia l  Pressure  o f  C i ,
(P^")s. From the evaporation rates in vacuum anil  in

arEén atrnosphere, i t  is possibte to cotrPute the
( P  ^ ) s  v a l u e s .- 

f iÉsutí"g that the migration along the z axis is

generated by a therrnophoresis mechanism, rhe veloci-

ty is given bY
^  . ^ - ¿  Í T  l t ^

v  =  r . r  r r r  ó -  
' z  ( 3 )  ( S I  u n i t s ) .

- A

f is the thernal gradient, experimental ly deterrnined'
subs t i tu t ing  (3 )  in to  (2 )  '  i t  i s  poss ib le  to  ca l -

cu la te ,  a f te r  in tegra t ion '  the  par t i c le  d iameter '
The theoretical curves f i t  the experimental points

nel l  when taking c = l0-z for 3 <20 nrn and c = 0

fo r  3  >  20  ¡ rmr  ( f igure  l ) .  Indeed fo r  par t i c les  la rge

enough, col l is ions do not lead to single parüicles

but to the aggregation of two individual spheree

and thus there is no more grorrth.
The assuurptions are obsiously over sirnpl i f ied' the

eff iciency iactor c depending certainly on the par*

t icle sizi  and the temperature. Nevertheless, i t

should be pointed out that a unique value al lows a

fi t  for al l  sets of e:<periments. Thus, the satisfac-

tory agreement between theory and experimental

values supports strongly the irreversíble associa-
t ion of carbon species as being the fundautenüal
procesÉ in formafion of the carbon Palt icles in our

systeur. A general izat ion of the proposed ¡nechanism
may be found by investigating metal vaporizatign'
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r Vc=0.? mg/min.

. V.=0.7 mg/min.

.  V"= l . l  mg/min.

Figure I :  Part icle diameter as function of distance to carbon source.
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