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The effect of oxygen and steam pretreatments of iron surfaces on their tendency to catalyze 
carbon formation during reaction with hydrocarbons has been investigated. Treatment of iron in 
steam at 700°C was found to have a dramatic influence on the carbon deposition reaction, the 
amount of carbon produced being at least an order of magnitude higher than that formed in the 
metal surface under comparable conditions. Spectroscopic analysis (Auger and Miissbauer) proved 
that this pretreatment converts the iron to FeO. Examination of the carbon deposit in the electron 
microscope shows that it is predominantly filamentous in nature. A detailed study using a variety of 
in situ surface chemical tools in conjunction with the more conventional bulk approaches has been 
used to compare the catalytic reactivity of Fe, FeO, and FeeOs precursors for the formation of 
filamentous carbon from ethane and acetylene. All these techniques lead to the same conclusion- 
that the order of activity is Fe0 > Fe - FezOs. It is also shown that Fe& is not an active catalyst 
for carbon filament formation. 

INTRODUCTION 

A number of investigations have high- 
lighted the effect of the surface condition of 
metals on the subsequent deposition of car- 
bon from the catalytic reaction of hydrocar- 
bons with these surfaces (I-5). The most 
active catalysts for carbon deposition are 
those of the iron subgroup; however, the 
identity of the catalytic entities is still un- 
certain. This is hardly surprising in view of 
the diverse nature of systems that have 
been investigated, and it is possible that 
several species may be equally effective as 
catalysts. Renshaw er al. (6) emphasized 
this feature in a very comprehensive litera- 
ture survey of carbon deposition from CO, 
stressing the uncertainties in the nature of 
the catalytic species responsible for the re- 
activity of iron surfaces. It is generally ac- 
cepted that iron and not iron carbides cata- 
lyze carbon formation (7). There is, 
however, little direct information on the 
catalytic action of the various oxides of 
iron. 
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Bennett and co-workers (8) studied the 
deposition of carbon from acetone on a 
number of inorganic oxides including FeaO, 
and a-Fez03. They found that Fe304 was an 
extremely active catalyst for the formation 
of filamentous carbon when heated in ace- 
tone vapor at 600 to 7OO“C. In contrast the 
deposition rates on a-Fe203 were about an 
order of magnitude lower than those on 
Fe301, even though a-Fe203 was reduced to 
Fe,O, at 600°C and to possibly a mixture of 
Fe30, and Fe0 at 700°C. 

In the present study a variety of in situ 
surface chemical tools have been used in 
conjunction with the more conventional 
bulk approaches to compare the catalytic 
reactivity of Fe, FeO, and Fe203 precursors 
for the formation of filamentous carbon 
from ethane and acetylene. All these tech- 
niques lead to the same conclusion: that the 
order of activity is Fe0 > Fe - Fe203. 

EXPERIMENTAL 

Three types of experimental procedures 
were utilized in this work: controlled atmo- 
sphere microscopy techniques where the 
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changes in appearance of specimens was 
continuously followed during reaction, 
Miissbauer spectroscpy which enabled the 
state of the iron to be determined as a func- 
tion of reaction conditions, and macroscale 
experiments conducted in a conventional 
flow reactor which gave data on the specific 
amount of carbon deposited on various sur- 
faces under known conditions. 

In the microscopy experiments acetylene 
was used as the hydrocarbon since it is a 
ready source of carbon even at low pres- 
sures. Earlier work showed that polymer- 
ization reactions of acetylene interfere with 
carbon filament formation at pressures in 
excess of 200 Tot-r (9). For this reason in the 
macroscale studies ethane was chosen as 
the reactant, as it is less reactive, and con- 
sequently a more convenient gas to use at 
atmospheric pressure. 

Controlled atmosphere scanning electron 
microscopy. This technique, which has re- 
cently been developed, permits bulk speci- 
mens to be examined in the presence of gas- 
eous environments at pressures of 1.0 Torr 
and temperatures up to 1300°C. The ex- 
haust manifold from the microscope has 
been modified so that a portion of the gas 
effluent can be fed to the ionization source 
of a Hewlett-Packard 5992 GC-mass spec- 
trometer. This arrangement provides a sen- 
sitive probe of the onset of any surface re- 
action occurring at the specimen, and in 
this respect partially compensates for the 
low resolving power using this cell, about 
100 nm. 

Specimens were prepared by cutting sec- 
tions, 3 x 1 mm, from strips of iron and 
FeO, produced by a treatment described 
below. The higher oxide, Fe203, was ob- 
tained by heating iron foil, in situ, in 1 Torr 
O2 at 750°C for 1 hr. In the first series of 
experiments, each iron catalyst was 
mounted and reacted independently with 
0.3 Torr acetylene. Further experiments 
were performed where the Fe0 and Fe foils 
were reacted side by side on the same 
heater and both materials observed simulta- 
neously. Finally, this approach was ex- 

tended to cover the behavior of all three 
forms of iron. 

Controlled atmosphere transmission 
electron microscopy (CAEM). The details 
of the CAEM technique have been given 
previously (10). Specimens were prepared 
according to two procedures. In the first, 
particles of bulk Fe0 derived from the mac- 
roscale experiments and powdered Fe& 
were separately deposited onto transmis- 
sion sections of single crystal graphite sub- 
strates. The Fe& (11) was characterized by 
X-ray diffraction and the measured peaks 
found to have an excellent correspondence 
with those in the literature (f2). In the sec- 
ond method iron was deposited as a thin 
film on graphite from a spectrographically 
pure wire, at a residual pressure of 5 x 1OW 
Torr from a heated tungsten filament. The 
desired starting state of the iron was ob- 
tained by (a) heating the iron at 700°C in 1 .O 
Torr wet argon (bubbled through distilled 
water at OC) for 1 hr to produce Fe0 parti- 
cles, or (b) treatment in 5 Torr oxygen at 
600°C for 1 hr to form Fe,O,. All specimens 
were subsequently reacted in a 2 Torr acet- 
ylene . 

In a separate set of experiments carbona- 
ceous deposits produced in the macroscale 
and SEM studies were characterized by ox- 
idizing the materials under controlled con- 
ditions in the CAEM. 

MGssbauer spectroscopy. The Moss- 
bauer spectroscopic techniques used in this 
work have been described by Phillips et al. 
(13). The sample was a 0.0127-mm-thick 
iron foil, of 99.99% purity, cut into the form 
of a disk 2.5 cm in diameter. Room temper- 
ature Mossbauer spectra were taken in the 
initial state, after treatment at 800°C for 30 
min in 1 atm argon saturated with water at 
room temperature, and finally after reaction 
in 1 atm acetylene at 750°C for 0.5 min. 
Velocities were calibrated using the known 
Mossbauer parameters of metallic iron at 
25°C and zero velocity is with respect to 
this standard absorber. 

Macroscale experiments. For studying 
filamentous carbon formation on a macro- 
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scale, the following apparatus was used. The 
reactor was a fused silica tube (2.54 cm in 
diameter) which was 90 cm long and exter- 
nally heated via a three zone furnace, which 
was 61 cm long overall. The center zone 
was 46 cm long and it could be held at a set 
temperature to within 2 1°C. 

To enable samples to be loaded into the 
furnace at reproducible positions in the 
tube and facilitate their removal without 
disturbing the coke deposits, a holder 
shown in Fig. 1 was constructed. This con- 
sists of a series of six sections of silica tub- 
mg, each 3 cm long, 1.5 cm diameter, held 
together with a fused silica rod, the latter 
being long enough to reach to the exit of the 
reactor. This arrangement also had the ad- 
vantage that the samples were held so that 
their maximum surface area was exposed to 
the gas phase. 

The metallic iron used for these experi- 
ments was in the form of a foil, 0.013 cm 
thick, and had a stated purity of 99.99% 
(Materials Research Corp., Orangeburg, 
N.Y.). The foil was cut into pieces 3 x 0.6 
cm. Before each experiment the metal foils 
were cleaned according to the following 
procedure: initial immersion in 190 proof 
ethyl alcohol, treatment in toluene, then 
ethyl alcohol again, washing in boiling dis- 
tilled water, and then ethyl alcohol, and fi- 
nally drying in air. 

Well-defined samples of Fe0 were pre- 
pared by treating the iron foils with steam at 
temperatures above 700°C. In all cases, 

the extent of the reaction was followed by 
the weight difference of the iron before and 
after reaction with steam. Typical values 
obtained for fully reacted foils were 
FeO,.,, Fe00.85, and FeOO., , showing good 
reproducibility. The weight gains can, of 
course, only be attributed to Fe0 if an inde- 
pendent method of analysis is available. 
More definitive identification of the oxide 
was accomplished using Mossbauer and 
Auger electron spectroscopies, and X-ray 
diffraction techniques. The data obtained 
from the Miissbauer investigation are dis- 
cussed later in this paper. The Auger ele- 
mental analysis were obtained by using the 
known relative sensitivities (14) of peaks of 
iron and oxygen. Small samples of the 
steam-treated foil were inserted into the 
vacuum chamber of the spectrometer. Af- 
ter recording the initial spectrum, argon ion 
bombardment was commenced and a series 
of spectra taken at various depths below the 
surface. As Auger electrons (15) have ener- 
gies below 1000 eV, their escape depth is 
typically less than 5 nm. Accordingly, the 
information in the Auger spectrum is ob- 
tained mainly from the surface. Data col- 
lected in this manner showed that for 
depths down to 600 nm the composition 
was in the range FeO,,.gO to FeOo.ez. 

Other portions of these samples were 
ground to a powder and examined by con- 
ventional X-ray diffraction techniques, 
which showed only peaks due to FeO. The 
FezO, used in this work was initially in the 

FIG. 1. Schematic representation of specimen holder for macroscale experiments. 
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form of a powder, stated purity 99.8% (Fis- 
cher Scientific Co.) and was pressed into 
self-supporting wafers, 2.5 cm in diameter. 

After the specimens were loaded into the 
furnace tube they were given a mild oxida- 
tion at 700°C for 15 min in air saturated with 
water at room temperature. The tube was 
then flushed with Nt, prior to introduction 
of ethane. With the tube still maintained at 
7OO”C, ethane was admitted at a flow rate of 
94 cm3/min and the reaction allowed to con- 
tinue for periods of between 1 .O and 6.0 hr. 
The weight of deposited carbon was deter- 
mined by difference of the starting and final 
specimen weights. In addition, the chemical 
state of iron in the Fe0 and Fe203 precur- 
sors was determined by room temperature 
Miissbauer spectroscopy after 2.0 hr of re- 
action in ethane at 700°C. 

RESULTS 

Controlled Atmosphere Scanning Electron 
Microscopy 

When a pure metallic iron foil was heated 
in 0.3 Torr acetylene, carbon was observed 
to form on the edges of the specimen after 
about 1 min at 750°C. On continued reac- 
tion, growth started to accumulate on the 
foil surface causing it to acquire a matt ap- 
pearance . The catalytic activity of the 
metal appeared to decay after about 10 min 
at this temperature. This observation was 
confirmed by the results from the mass 
spectrometer which showed a return to the 
original level in the acetylene concentra- 
tion. 

Under identical conditions, the Fe0 
specimen not only appeared to catalyze car- 
bon formation at a rate faster than that of 
the metal, but it also continued to decom- 
pose acetylene for the duration of an exper- 
iment, typically 2 hr. Figure 2 shows. the 
crystalline surface of Fe0 prior to exposure 
to acetylene, exhibiting a high degree of 
specular reflectivity. The change in appear- 
ance of this area of the specimen after heat- 
ing in 0.3 Torr acetylene for 2 hr at 750°C is 
seen in Fig. 3. Carbon deposition was ex- 

tremely heavy. The original crack region is 
almost obscured and during reaction it was 
apparent that considerable surface reorgan- 
ization had occurred. At the resolution at- 
tainable with this instrument (100 nm) the 
deposit took the form of voluminous cauli- 
flower-like clusters. Treatment of a portion 
of the deposit under oxidation conditions in 
the CAEM, revealed that each cluster was 
composed of carbon filaments, varying in 
width from 5 to 20 nm. 

A side by side comparison of the catalytic 
activities of metallic iron and Fe0 precur- 
sors for carbon formation was made via ex- 
periments in which both materials were re- 
acted with acetylene simultaneously. 
Figures 4 and 5 show the appearance of 
specimens before reaction and after 10 min- 
utes in 0.3 Torr acetylene at 750°C respec- 
tively. In this configuration it was clear that 
Fe0 was a superior catalyst compared to 
the pure metal. The deposit was uniformly 
thick over all the Fe0 surface, whereas it 
appeared to be restricted to edges in the 
case of the metal. 

In a final series of experiments, the third 
material, Fet03 was added to this combina- 
tion. Exposure of this system to acetylene 
at 750°C showed that under these condi- 
tions Fe203 was the least active catalyst for 
carbon formation. These experiments were 
terminated after a reaction time of 1 hr. 

Controlled Atmosphere Transmission 
Electron Microscopy 

In initial experiments micro-sized pieces 
of FeO, supported on graphite, were heated 
directly in 2 Torr acetylene. At 500°C the 
first signs of a change in the profile of the 
oxide were detected and this became more 
rapid at 575°C as filaments started to appear 
from the edges. These filaments, which 
ranged from 2.5 to 5 nm in width and up to 
5000 nm in length, grew by rapid extrusion, 
with the catalyst particle remaining embed- 
ded in the Fe0 mass. As the temperature 
was gradually raised filamentous growth be- 
came more prolific and the vehemence of 
the reaction often resulted in rupture and 
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FIG. 2. Scanning electron micrograph of the surface of an Fe0 specimen. 

fragmentation of the Fe0 sections into 
smaller particles, which resulted in the ex- 
posure of further active regions. Experi- 
ments were terminated at 800°C as the 
amount of deposit was so heavy that it was 
impossible to discern the growth of individ- 
ual filaments. 

In a second series of experiments Fe0 
was made in situ by heating an evaporated 
film of iron on graphite in 1 Torr wet argon 
at 700°C for 1 hr, at a low flow rate. Inspec- 
tion of specimens after this treatment re- 
vealed that the metal film had nucleated to 
form discrete particles, up to 50 nm in 
diameter. 

When these specimens were subse- 
quently reacted in 2 Torr acetylene, onset of 
filamentous carbon growth was observed at 
about 590°C. As with the previous system 
filament formation was via the extrusion 
mode; however, with this type of specimen 
arrangement it was possible to see some of 
the finer details of the growth process. In 

particular, the width of the filaments was 
generally much less than that of the catalyst 
particle from which they were derived, 
e.g., particles of about 50 nm diameter cre- 
ated filaments of between 2.5 and 5 nm in 
width. During such sequences it was also 
observed that the catalyst particles became 
progressively smaller as material was con- 
sumed in the growing filaments. 

A further batch of these specimens was 
heated in 1.0 Tot-r H2 at 675°C for 1 hr to 
reduce the oxide to the metallic state. After 
evacuation of the Hz, and cooling to room 
temperature, acetylene was introduced at a 
pressure of 2.0 Torr. Upon subsequent re- 
treating, filaments were observed at 615°C. 
These filaments all grew by the commonly 
observed mode; i.e., the catalyst particle 
responsible for the growth remained at the 
head of a filament so that during the growth 
process it was carried away from the sup- 
port. In this case there was a significantly 
wider size range of filaments compared to 
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FIG. 3. The appearance of the same area of Fe0 shown in Fig. 2. After treatment in 0.3 Torr 
acetylene for 2 hr at 750°C. 

those formed on FeO, being 2.5 to 50 nm at 
650°C. Although the number and size of fil- 
aments increased as the temperature was 
slowly raised to 82X, it was quite appar- 
ent that the number of filaments formed in 
this system was far less than that produced 
from the interaction of Fe0 with acetylene. 

The remainder of the specimens were 
pretreated in 5 Torr O2 at 600°C for 1 hr, 
conditions where the metal is expected to 
form Fez03. When these specimens were 
exposed to 2 Torr acetylene, filamentous 
carbon formation was not detected until 
700°C. Even at this temperature, reaction 
was restricted to only a few particles, the 
majority remaining quite inactive even at 
temperatures up to 900°C. The filaments 
that were formed grew by the extrusion 
mode, as with FeO. 

Finally, particles of Fe&, supported on 
graphite were reacted in 2 Torr acetylene. 
In contrast to the behavior of previous sys- 

tems, Fe& did not catalyze the formation 
of filamentous carbon. Indeed the particles 
showed very little change in appearance on 
heating up to 900°C. 

The CAEM technique was also used to 
characterize the carbonaceous deposits 
produced in both the macroscale and scan- 
ning microscopy studies. In this case frag- 
ments of the various deposits were dis- 
persed onto transmission specimens of 
graphite and subsequently heated in 5 Torr 
0,. During this reaction the various carbo- 
naceous components of the deposit oxi- 
dized at different rates and numerous de- 
tails became evident. At 600°C the 
amorphous carbon was removed leaving 
behind a predominantly filamentous carbon 
residue. These structures, which formed an 
interconnected network, varied in width 
from 5 to 35 nm, and were up to 1 x 104 nm 
in length. Upon further oxidation up to 
750°C virtually all the carbonaceous mate- 
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FIG. 4. Scanning micrograph of Fe and Fe0 before reaction. 

rial had disappeared leaving a residue of 
metal or metal oxide particles. 

Miissbauer Spectroscopy Experiments 

The Miissbauer spectrum of the as re- 
ceived iron foil is presented in Fig. 6A and 
shows the six-peaked pattern characteristic 
of the pure metal. Figure 6B is the spectrum 
recorded after treatment with steam at 
800°C and clearly demonstrates the dra- 
matic change in the nature of the specimen. 
Although the six-peak spectral pattern of 
metallic iron still remains, it is clear that it 
is now no longer the major component; the 
majority of iron has been converted to an- 
other phase. 

The corresponding spectral component is 
a quadrupole-split doublet having the fol- 
lowing Mossbauer parameters: quadrupole 
splitting of 0.58 mm s-l and isomer shift 
relative to metallic iron of 0.94 mm s-l. 
These parameters are identical to those of 
Fe0 (16, 17). Measurements of the total ar- 

eas under the Fe and Fe0 peaks showed 
that only 12% of the iron remained in the 
metallic state after the steam treatment, as- 
suming that Fe and Fe0 have equal recoil- 
free fractions. Finally, the specimen was 
heated in 1 atm acetylene at 750°C for 0.5 
min and the spectrum shown in Fig. 6C was 
recorded. Compared to the spectrum col- 
lected after treatment in steam, the acety- 
lene treatment leads to an increase in the 
amount of metallic iron at the expense of 
FeO. This can be made more quantitative 
from measurements of the areas under the 
Mossbauer spectra peaks which shows that 
Fe now accounts for 23% of the Fe species 
present. Also apparent in Fig. 6C is a small 
amount of the six-peak pattern characteris- 
tic of Fe& (18), as shown by the stick-dia- 
gram in this figure. 

Macroscale Experiments 

Table 1 summarizes the yields of carbon 
which were measured on the three types of 
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FIG. 5. The same region as shown in Fig. 4, after heating at 750°C in 0.3 Torr acetylene for 10 min. 

specimens studied. It should be emphasized 
that data obtained for Fez03 are probably 
higher than they should be as the initial sur- 
face area of the starting powder was much 
higher than that of either of the foil speci- 
mens. Nevertheless, it is obvious that Fe0 
is by far the most active surface for carbon 

TABLE 1 

Carbon Formation from Catalyzed Decomposition of 
Ethane at 700°C 

State of iron Carbon formed lo-’ g/cm*/hr 

Average High Low 

Fe 114 148 60 
Fe0 1380 1870 1080 
Fe,O,” 271 440 174 

a The Fe20s was used as a pressed powder, with 
quite a high surface area, while the Fe and Fe0 were 
foils of essentially geometric surface area. Thus the 
rates given above for FezOs are probably too higb on a 
per cm* basis. 

growth. Indeed, the reaction was so exten- 
sive that upon examination of specimens 
that had been reacted in 1 atm ethane for 1 
hr, no trace of the existence of the original 
foil could be found. Evidently during the 
reaction the foil had undergone complete 
disintegration into small particles intimately 
mixed with carbon. Portions of this deposit 
as well as those from Fe and Fe203 were 
subsequently oxidized in the CAEM where 
the carbon was found to be predominantly 
filamentous. 

The Mossbauer spectroscopic analyses 
of the Fe0 and FezO, precursors after reac- 
tion in ethane at 700°C for 2 hr showed the 
presence of only metallic iron and iron car- 
bide (Fe&) in both samples, as can be seen 
in Fig. 7. Important is the observation that 
neither Fe0 nor FeZO, can be detected in 
either sample. For the Fe0 precursor, 14% 
of the iron is present as metallic iron after 
reaction in ethane, while less than 5% of the 
iron is metallic for the Fez03 precursor. (It 
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FIG. 6. Room temperature Mijssbauer spectra of a 
metallic iron foil after treatments in steam and acety- 
lene (A) Metallic iron foil as received. (B) From foil 
after treatment in steam at 800’C. (C) Sample of (B) 
after treatment in acetylene at 750°C. 

is not known at present, however, whether 
this difference in the amount of metallic 
iron for the Fe0 and FeZ03 precursors is 
significant since the amount of metallic iron 
for a given precursor varied from sample to 
sample .) 

DISCUSSION 

Both macroscale and SEM investigations 
showed that pretreatment of an iron surface 
with steam at 700°C induces a dramatic in- 
crease in the catalytic activity for carbon 
deposition from hydrocarbons. Spectro- 
scopic analysis (Auger and Miissbauer) 

combined with weight increase measure- 
ments prove that treatment of iron with 
steam at 700°C results in the conversion of 
the surface of the iron to FeO. At 8oo”C, 
this process is not just limited to the upper- 
most surface layers but penetrates to an ap- 
preciable depth of the material after a 3 hr 
treatment. Indeed, the Miissbauer and 
weight gain data show that all of a 0.013 cm 
Fe foil is transformed to Fe0 in this time at 
800°C. We realize that the equilibrium in the 
iron/oxide : H,O/H, system predicts that 
FeaOl should be formed in pure steam at 
temperatures above 700°C (19, 20). How- 
ever, we can only assume that under the 
present conditions thermodynamic equilib- 
rium is not achieved, and so we make es- 
sentially pure Fe0 starting from Fe. Exami- 
nation of these specimens while heating up 
in steam in the scanning electron micro- 
scope showed that the surface became 
rough and faceted beginning at 700°C. The 
nonstoichiometric nature of Fe0 has been 
the subject of a considerable number of pa- 
pers. It is known, however, that the defects 

I I I I I 
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FIG. 7. Room temperature Mossbatter spectra of the 
Fe*Os and Fe0 precursors after reaction in ethane at 
700°C for 2 hr. (A) FezOJ precursor. (B) Fe0 precur- 
sor. 
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present in this material are vacant cation 
sites and trapped positive holes (21). 

Comparison of the carbonaceous de- 
posits produced on the macro- and micro- 
scale specimens shows that they are very 
similar in nature, the major constituent be- 
ing filamentous carbon. Previous work on 
the formation of this type of carbon on sup- 
ported metal particles thus becomes ex- 
tremely relevant to the current investiga- 
tion. A considerable body of information 
concerning this type of carbonaceous de- 
posit has been built up over recent years 
(22). Baker and co-workers (23) proposed a 
mechanism for growth of filaments from the 
metal-catalyzed decomposition of acety- 
lene by assuming that the diffusion process 
of carbon from the exposed metal faces to 
the rear of the particle was initiated by a 
temperature gradient created by the exo- 
thermic decomposition of acetylene. 

In the present macroscale experiments 
the filaments have been formed following 
reaction of ethane with iron and iron ox- 
ides. The decomposition of ethane to ele- 
mental carbon and hydrogen is endothermic 
(24) and so, at first sight, it appears that the 
experimental results are in conflict with the 
above mechanism of filament growth. How- 
ever, earlier work (25) has shown that the 
majority of carbon formed from ethane 
arises from the decomposition product eth- 
ylene. The latter decomposes exothermi- 
tally (24) (-AH for CzH4 at 725°C is 9.2 
kcal mole-‘) so that this mechanism is not 
contravened. A similar rationale was used 
by Keep, Baker and France (26) to account 
for the formation of carbon filaments during 
the nickel catalyzed decomposition of pro- 
pane. 

The key to the extremely high activity for 
filament production found with Fe0 may 
well reside in the defect structure of this 
compound. In such a structure the oxygen 
atoms in the surface will be readily accessi- 
ble to extraction by protons generated by 
the hydrocarbon decomposition reaction 
and as a result the oxide could rapidly at- 
tain at the surface an iron-rich sponge-like 

arrangement, i.e., the role of Fe0 is that of 
a precursor for a high surface area Fe cata- 
lyst formed in situ. This hypothesis is sup- 
ported by the Miissbauer spectroscopy data 
which clearly shows that Fe is being pro- 
duced at the expense of Fe0 as carbon is 
being deposited. In addition, the iron in 
both the Fe0 and Fez03 precursors is 
present as metallic iron and iron carbide af- 
ter reaction in ethane, indicating that the 
chemical state of iron is essentially the 
same in both samples after reaction; there- 
fore the dramatic differences in reactivity of 
these two precursors for carbon deposition 
must be traced to differences in effective 
surface areas. This is despite the fact that 
the Fe0 was prepared from a low surface 
area foil of metallic iron while the Fe,O, 
was present as a higher surface area pow- 
der. This suggests that small metallic parti- 
cles are formed from the Fe0 precursor. 
This leads to the rapid production of many 
thin carbon filaments having small iron par- 
ticles at their growing tips. The metallic 
iron particles formed from the Fez03 pre- 
cursor, on the other hand, are evidently 
much larger than those formed from FeO. 
This leads to the slower growth of a smaller 
number of wider carbon filaments. A simi- 
lar concept was proposed by Guinot et ul. 
(27) who suggested that fragmentation of an 
iron-nickel low surface area catalyst by the 
carbon deposition from CO disproportiona- 
tion was a necessary step in order to ac- 
count for the high rate of reaction. 

Finally, the CAEM studies do show that 
Fe& is not an active catalyst for carbon 
filament formation. This observation is also 
supported by the Mossbauer spectroscopy 
data which show that the iron carbide con- 
centration increases as catalytic activity de- 
clines. This finding does not preclude the 
possibility that Fe& is a catalyst for other 
forms of carbon deposit. 
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