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Intrgduct ion

Carbon f ibers produced by pyrolysÍs of natural
gas requÍre submicron-sized met,al l ic part icles
which act as catalyt ic nuclei for f iber grorrth
(1) .  In  Nhe present  work  we have inves t iga ted  the
lengths of f ibers groun by part icles from f ive
dÍfferen¿ types of iron-contaÍning dopants.

Uhen one exaoines a mass of vapor gro$rn carbon
fibers on a substrate, l t  is apparent, bhat a broad
d is t r ibu t ion  o f  Lengths  is  p resent  (1 ) .  Our  quan-
t i tat ive evaluatÍons of f iber growth have dealt
with this problem by ut i l izÍng quanti t ies such as
lmean f iber  leng th t t  (1 ) .  However ,  un t i l  now no
stat, ist lcal study of the length distr lbution of
carbon fÍbers grot{n from the vapor phase has been
aL¿empted.

. ExperÍments

AlumÍna substrates of 96f puri ty and 0.64 m¡n
thickness Hene doped eith thln l ines of f ive
different dopants. Lines of dopant thinner than 1
m[ were doposited by masking most of the subslrate
wit,h tape and paÍnt ing l j .quicl phase suspensions of
dopant over the tape. The dopants were selected
for their dfversÍty of size and chemistr l ;  they
are l lsted in Table I.  The average part icle
diameters i .n these dopants ranged fnom .12 to 71
nm. In both the úagnetÍte and ferrof luid samples
the  i ron  is  in  ox ide  fo rm.  L ikewise¡  bhe Fe(NO.) ,
dopant decompos€s to a nixture of oxides befone
use (2). Howeverr. xgray dlf fract ion shows that
the iron of the nsmokerr suspensions is not oxi-
dlzed. The average size of part icles shoín in
Table I Has obtaÍned by direct measurenent from
transr¡ isgion electron micrographs.

Table I.  Dopant Slze and Result,ant Fiber Length

Fibers lrere grown on these substrates aE
105¡toc using an isothernal trro step process Hhich
wag somer¡hat more si.mple ¡han the one previouslv
descr Íbed (1  ) .  F Í laments  were  lengthened a t
1O5rfoC by exposure Lo a 6.251 natural gas mixture
in H2 for l0 minutes. The f iLaments vrere Lhicki
ened in 100f natural gas. The natural gas was a
mix tu re  o t  2 .11  CzHs and 1 .Of  N2,  w i th  the  rena ins
der bej.ng 99.99f CHr. Aft,er the f ibers r¿ere
removed from t,he grouth neactor t,hey were photo6
graphed in a scanning electron microscope.
Because the lengthening s¡ep natural gas concen-
trat i .on of 6,251 selecied for these experimen[s
Has considepably below the optimum for gnoHth of
long f ibers, i t  uas poesible to frame the over-
¡rhelming naJority of the f ibers in phot,ographs at
30X magnif icat ion. This al lowed f iUer length. to
be direct ly measured fron the photographs.

Results and Discussion

Table I shows the resuLts fron the substrate
doped with f Íve types of part icJ.es. Fibers short,-
er than 0.J mn were omÍtted because Ít  was not
alwayg possible !o count t ,hem or discern their
lengths with suff icient accuracy. The average
lengths are quite similar, part icularly among the
last four data se¿s for rrhich mone than 40 f iberg
each were counted. Since the rnean lengths of
fj.bers grown fron the fj.ve separate dopants are
quite similar, Lre consider f irsb the col lecttve
distrÍbution of Iengths of al l  f ibens grown Ín
this experinent. A histogram of the f iber length
distr ibution for the 2?1 f ibers conprising t,his
data set ls plotted in Fig. l .  These datá may be
fi t ted to an exponen¿ial funct, ion of f iber length
l ,  N  exp( -c l )  by  us ing  t ,he  S impIgT tecnn ique (3 ) .
The op t ina l  f i t  H i th  c  -  2 ,18  mm- '  i s  p lo t ted  as
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Fe-¡l i  al loy snoke (metal l ic)
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the  so l id  l Íne .  F igure  1  a lso  Ínc ludes  esL imated

error bars obtaÍned by augmenting the me$eLy etar¡

t i s t i ca l  e r ro r  in  count ing  n  f ibers ,  y 'n ,  to
4 .

J .  A .  Ne lde r  and  R .  Mead '  ComP.
(  1  9 6 5 ) .

J .  ? ,  3 0 8

Fc(1103 )  3

7ff i1 to account for systematic errors (4) '  NoH

we must ansrrer the question: Do the data sets for

the f lve dif feient dopants f i t  the sane functlonaf

form of Iength distr ibution? Each of Lhe f lve

data eets was therefone plotted and f i t ted to ihe
- 2  1 A  . 0

functÍonal form N e é' 'v -;  the results are shown

in  F ig .  2 .  As  in  F ig .  1 ,  i t  may be  seen tha t  úos t

o f  thÁ da ta  po in ts  f i t  th13  re laL ion  to  w i th in

experimental error. A?(¿ begt of this daba shows

that the probabÍI i ty is high that these data sets

have stat istÍcalty indist inguishable length
distr i  but ions .
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Fiber length distr ibution histogram for
a l l  o f  the  f ibers 'wh ich  cou ld  be
measured on the substrate. Sol id I ine
is the least mean squares f i t  fo the
d a t a  p o i n t s ,  n  -  9 1 . 3  e x p ( ' 2 . 1 8  t )
r¡hene I is measured in mm.

Thus, under the lengthening condit ions select-
ed for this experiment, the distr ibutlon of f iber

lengths obtained for each dopant were stat ist ic-
affy inOist ' tnguishable. Moneover'  a detaiLed

analysis of the aS8regate data set of al l  f lberg

tongár than 0.3 mm showed t,hat the distr ibutÍon of

f ibér lengths ls an exponentÍa1 function in t¡hich

the nunber of f ibers n having a given length l '  is
p ropor " t Íona l  to  exp f -  c l ) .

This forn of length distr ibution may be ob'

taÍned by assunÍng that the f ibers lengthen

l inear ly  H i .¿h  t ine  ( l )  un t i t  they  cease Srowing ,
vith a constant probabil i ty of grol ' th cessation at

any Lime. Such picture is consistent uÍth poisoné

ing of the eatalyt ic part icles froo the gas phase'
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Otherwise the error assocÍated Hith measuring 0

f ibers in a 0.1 mm interval is 0'  ! 'hich violateg

our intult ion and introduces a pole in the Simplex

f Í t t ing  rou t ine .
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