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Astract

'  
Th" kinetics of carbon and CO" formation from

co and co di luted with He has been'studied experi-

mental ly on iron foi ls. studies were performed

using a tubular f low microbalance reactor, Ert atmo-

sptrei ic pressure, operating in the,range of 250 to

a-s0oc aná 3 to loot co. The dépendence of the

rate on the CO part ial Pressure fol lows a zero

order kinetics in the range studied. The activa-

t ion energy for carbon formation is 31 Kcal/gmo1.

These resrl-I ts are consistent with a reaction
mechanism in which a rapid co adsorption and dis-

assoc ia t j .on s tep is  fo l lowed by a  s lower ,  ra te

determining carbon formation steP'

Introduction

Catalyt ic carbon formation from gases

containing CO is an important reaction from

an academíc and industr ial point of view'

Carbon monoxide can decomPose over dif fer-

ent metals to originate an active typg 9f
carbon. This is thought to be a possible

"átn 
for methanation ánd Fischer-Tropsctt

iááJt ióñ" . - -Á lso,  the carbon depos i ted f rom

CO can deactivate and disintegrate catalyst
par t ic les ,  and p lug reactor  tubes '  In  or -
'a"t 

to avoid tháse-problems, knowledge of

the factors affect iñg carbon formation is

essen t i a l .

Stud ies per formed in  the 400 to  700oC

temperature ránge show that carbon deposi'ts

o*r" i  Fe catalysts in the form of f i laments'

whose crystal l ini ty-depends on the tempera-

ture o f  ?ormat ionr l3  -  Most  o f  the f i la -

*áttt" contain an active metal nuclei of

about the same diameter as the filament

where they are. The active catalyst si te

for the Bóudouart reaction has been claimed

to be e i ther ' ; ; - i " - ; ; iá ; i - -o t  an Fe carb ides

Exqerimental

All kinetic experiments vtere performed'

in the thermogravimetric flow system de-

! " r iu"a  prev ióus ly ' .  The cata lys t -samples
;;; ;-suspended fróm the balance and reduced

in  hyd rogen  a t  450oCfo r  L0  t o  L2  hou rs '
Af tel f  lüshing wi ' th He, reactants were ad-
mitted to the reactor and we5-ght changes of

the sample were continuously recorded. Gas

composit ion of reactants and products-was
anaiyzed by gas chromatography. Metal sur-
face areas were determined by measuring the

conversion of the ethylene hydrogenation
reaction, previously cal ibrated with known
metal suifáce areasl at pre-establ ished con-

d i t i .ons.

Poly-crysta l l ine i ron fo i ls  were ob-

tained fiom Johnson Matthey Chemicals Com-
pany. Foi ls vtere provided in the form of

iOxfO cm sheets ,  0 .L  mm th ick  and a pur i ty

o f  99 .99 t : ,  Fo i l s  o f  geome t r i c  a reas  f r om L

to 10 cmz were cut from the original sheets'

Results

The CO decomposit ion over iron foi ls

was character ized by constant  ra tes o f  car -

bon deposit ion for long periods of t ime (3

to  ¿ dáys) .  Induct ion per iods for  fo i ls

$¡ere in the order of 20 to 30 hours '  The

ef fect of temperature, CO part i 'al  p:essure

and f low-rate was studied for iron foi ls of

d i f ferent  geometr ic  areas.  The ra te  o f  car -

bon formation was proport ional to the geo-

metr ic  area of  the fo i ls .  The order  o f  re-

action with respect to CO part ial Pressure
$ras near zeÍo. The activation energy for
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the rate of carbon and carbon dioxide for-
mation was 31 Kcal/grmol. Carbon f i laments
hrere observed on the foi1, al lowing for
the reaction to proceed at a constant rate.
The fragility of the filaments permitted
only a l imited growth. Deactivation of the
catalytic performance of the foils lras not,
observed.

Discuss ion

The part ial  pressure of CO has no ef-
fect on the rates of carbon and COz forma-
t ion. This can be described by a surface
mechanism j-n which the CO adsorption and
-dis-associat ion on the catalyt ié surface
is fast (and reaches equil ibr ium) and the
fi lament growing step is rate l imit ing.
the fol lowing sequence of reactions cán be
proposed:

+ M ----  CO-n (1)
+ rf ---- cM + otr (21

o M  - - - -  c o z  ( g )  +  2 M  ( 3 )
c M - - - - c  ( f i l a m )  + M  ( 4 )

React ions (1)  to  (3)  can be cons id-
ered to be in quasi-equit ibr ium, being the
fi lament growth the rate determining étep.
Assuming that CO adsorbs strongly oñ the
metal si tes, the reaction wil l  be zero or-
der with respect to CO. The overal l  reac-
t ion rate wil l  be given by reaction (4)
above.

The formation rate of the fi.lament has
been related to the dif fusion of carbon car-
bon through a meta l  c rys ta l ly te6.  The
di f fus ion c leans the sur facer  so that  the
reaction can continue. From our experi-
ments ,  the ra te  o f  react ion is :

r  =  k  exp  (31 ,500 /RT)  (mg  C /cm2  m in )

The activation energy for the dif fusion

of carbon on iron has been reported in the
range 18 to  34 Kcal /gmole.  S ince the act i -
vation energy observéd experimentai iy ls
within this range, the above mechanism is
a plausible explanation of the experimental
resu l t s .

Conc lus ions

t. Carbon formation on an iron cata-
lyst goes through an induction peri.od prior
to carbon f i lament growth when iron toi ls
are treated with CO and CO/He mixtures.

2. The rate of carbon deposit ion can
be approximated by a zexo ordei kinetj,c
equatS.on with respect to CO in the range of
part ial  pressures studied. The rate oi car-
bon formation is limited by the growth of
the f i laments .
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