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Introduction

At high temperatures (>450K) if carbon bear-
ing gases come in contact with transition metals
or their alloys, carbon deposition often results.
Over the past several decades carbon deposition
has been a major problem for both transition metal
based catalysis and materials of construction. For
several years work has progressed in our laboratory
on using the control of oxygen, hydrogen, and car-
bon gas phase activities to control solid (sur-
face?) composition. The work reviewed here is for
the transition metal iron exposed to H2, CO, CO2,
CHg and Hp0. The data presented are at high tem-
eratures %>800K) to eliminate the possibility of
surface enrichment.

Methodology

When carbon deposition occurs in multicompon-
ent gas mixtures it is very difficult to determine
which solid phase catalyzes carbon deposition.

This is due to the fact that during reaction the
solid may be oxidized, reduced, or carbided and
this may change with time on stream (and even
position in the reactor). In such complex systems,
gas phase reactions may be catalyzed by solid
phases formed during reaction. To handle these
kinds of systems it is necessary to control the

gas phase chemical potentials (gas phase composi-
tions) during reaction and by so doing favor only
the solid phase(s) desired. In this way, it is
possible to determine which solid phase(s) cata-
1yze carbon deposition. A convenient way to repre-
sent these data and control strategy is illus-
trated in Figure 1. In Figure 1, the oxidizing,
reducing, or carbiding activities are indicated

in the regions where the solid iron phase is shown
as Fey0 (wustite) for oxidizing, Fe3C (cementite)
for carbiding, and a-iron for reducing. In addi-
tion, the regions in which carbon is thermodynami-
cally predicted to form are also indicated. The
curves shown in the Figure represent the «-Fe/Fe3C-
gas, a-Fe/fFey0-gas and Cg-gas equilibria. Thus if
one precarbides the iron sample and feeds a gas
mixture represented by point M, one can observe if
Fe3C catalyzes carbon deposition. In a similar
mahner an experiment at point X can determine if
Fe,0 catalyzes carbon oxidation.

The data presented here were taken in a dif-
ferentially operated thermogravimetric reactor
with inlet and outlet gas phase composition
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Figure 1. Phase diagram for the a-Fe, FeXO, Fe3CB
and gas system.
checked with an on-line gas chromatograph. The
iron samples used were number 2 steel wool, high
purity a-iron foil (>0.9999), and high purity a-
jron (>0.9999) vapor deposited on fused quartz.
Most experiments were run by first bringing the
a-iron sample up to reaction temperature in pure
hydrogen. Then the sample was either precondi-
tioned (oxidized, carbonized, etc.) or was put
directly under the gas composition of interest
(i.e., in the phase field of interest).

Results and Discussion

The results selected for presentation repre-
sent only a small fraction of the work done in this
area by the author using this methodology. Also,
it should be qoged that others have used similar
methodologies' <.

Figure 2 represents a series of runs at var-
ious 0/H values3. The gas phase compositions were
adjusted to vary from a carbiding potential
(cementite) to an oxidizing potential. Always
carbon was thermodynamically favored to form. As
illustrated, in the regionwhere Fe304 (magnetite)
was the stable iron phase no weight gain was ob-
served. In the cementite phase field weight gain
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Figure 2. Inhibition of carbon deposition by Fe 0

at various O/H ratios.

was observed. Microscopic examination of the
sample after reaction indicated this weight gain
was carbon. A simjlar set of experiments is illus-
trated in Figure 3. Again, cementite promotes
carbon deposition. However, as shown, even though
carbon is favored to form in the reduced iron

phase field none does. Although not shown Fex0
(wustite) and Fe203 (hematite) also were shown not
to support carbon deposition. Using this experi-
mental strategy it is possible to investigate
"individual" reaction as well. As presented in
Figure 4 various mixtures of CO/C02 were exposed to
a precarboned iron sample5. The CO concentration
during all experiments favor carbon deposition from
reaction 1

2€0 = CO, + € (1)

However, if the PCO/PCOy ratio was less than
or equal to 1.13 the surface will oxidize by
reaction 2

4C0, + 3Fe = Fey0, + 4C0 (2)
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Figure 4.

Notice that carbon deposition only occurred
when reaction 2 was forced to the left. In other
words, again iron oxide did not support carbon
deposition. It should be pointed out that as long
as the Pco/PCcop ratio exceeds 0.23 the reduced sur-
face will carvide to fFe3C. This is the case in
all experiments presented in Figure 4. These data
are in agreement with all previous data, and illus-
trate how non-equilibrium phase diagrams can be
used to elucidate complex heterogeneous catalytic
systems.
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