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The Catalyzed Disproportionation of Carbon
Monoxide

(Received 19 Sepiember 1569)

We report herein the results of a preliminary
survey of some of the phenomenological aspects
of the deposition of carbon from CO-H. mixtures
(ratio used was 91:9) on sixteen different kinds of
solid surfaces. Certain aspects of this reaction,
which is of enormous importance in the steel and
nuclear-reactor industry, has been studied{l, 2]
in this laboratory previously. The stoichiometry
is established to be QCO(B) =4 ng]"'COg(m, and
gravimetric and X-ray diffraction measurements
have shown that the carbonaceous deposit, which
may be filamentary or plate-like, contains appreci-
able quantities of the nutrient metal on which it
grows, the percentage of metal in the carbon
steadily diminishing with time. We have obtained
supplementary information wusing tme-lapse
cinematography similar to that employedi3, 4]
by us in the etching of graphite, and the catalysis
of gasification of carbon, and not unlike the pro-
cedure[5] adopted by Gwathmey and his cowork-
ers in their classic studies of deposition on metal
single crystals.

The apparatus consisted of a 16 mm camera
mounted on a microscope fitted with a long-work-
ing-distance objective and a (non-evacuable) hot-
stage. Unpolarized light from a tungsten lamp
served as (vertical) illumination; the net magni-
fication on the film plane was ca. X 40 so that sur-
face details in the range 1-3 wm could be resolved.
All experiments were carried out at atmospheric
pressure in a How system (1600 cc min™), the pro-
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cedure being to heat up the catalyst (in situ) to

working temperature in an atmosphere of hydro-

gen, followed by introduction of the reactive gas.

Deposition of carbon, and other changes were

followed by time-lapse photography for periods

ranging from 10 min to 5 hr after the introduc-

tion of the reactive gas. In this time, for the more

reactive catalysts, several mg of carbon were de-

posited ], 2]. The catalysts used were:

Iron 1. electropolished, single crystal, (491}

and (211) faces;

mechanically polished, single crystal;

polycrystalline foil-degreased;

polycrystalline foil, annealed so as to

increase crystallite size, and wet-

etched (mitric acid) to reveal grain

boundaries and disiocations;

5. polycrystalline iron powder suppor-
ted on iron single crystal;

6. electropolished 3% silicon—iron, (491)
and (211) faces;

7. mechanically polished single crys-

tal of 3% silicon-iron;

mechanically polished, single crys-

tal, with (0001) faces predominant;

9. polycrystalline cobalt powder on
iron single crystal;

10. polycrystalline cobalt powder on

cobalt single crystal;

electropolished single crystal, (110)

oriented;

12. mechanicaily polished single crys-
tal, (110) oriented;

15. iron powder on single crystal nickel;

14. iron powder, plus cobalt powder on
single crystal nickel;
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Cobalt 8.

Nickel 11.
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Platinum 15. polycrystalline foil with grain boun-
daries etched thermally;
Quartz  16. fused quartz (silica) disc.

Single crystals of nickel, single crystals of co-
balt, and single crystals of both iron and silicon~
iron along with the polycrystalline iron foil (etched
or unetched), the polycrystalline powders of Fe,
Co and Ni and various combinations of these
solids all proved to be catalytically active {i.e.
mg amounts of carbon were deposited in less
than 10 hr at 800°C). Some of these surfaces, e.g.
mickel, did not, however, yield any visible deposits
of carbon on crystallographically well-defined
faces in less than 5 hr. Whereas platinum and silica
were totally inactive in the initiation of deposi-
tion, they could, nevertheless, sustain, for rather
short periods, the growth of carbonaceous par-
ticles which had previously been deposited on iron.
The more noteworthy features of the active cata-
lysts were:

(i) Faceting of the catalyst, which entails re-
arrangement of the surface from one crystallo-
graphic orientation into two or more different
kinds of orientation may occur during catalysis.
This tendency is pronounced in cobalt, which
appears to form a surface carbide phase rather
readily.

{ii) Certain types of dislocation cores in iron
function as active centers, see Fig. 1, which is a
scanning-electron micrograph which shows fla-
mentary carbon located at dislocation-etch pits.
It is not yet clear whether the dislocation per se
displays enhanced catalytic activity, or whether
its role is simply to facilitate the growth of the
carbon following deposition.

(it} The deposited carbon can migrate over the
surface, during catalysis, and the polycrystalline
catalysts (especially iron) execute disconunuous
movements (probably arising from unbalanced
momentum transfer) during the deposition.

(iv) The catalytic activity of iron is dependent,
in a complicated fashion, upon the oxide thick-
ness. The precise nature of the interface, and the
exact form of the oxide is of vital importance in
this regard, which probably accounts for the con-
flicting reports in the literature[6,7] on this
subject.

(v) Mechanically polished iron and silicon-
iron surfaces are better catalysts, and the activity
is more uniformly distributed over the surface,
than their electro-polished analogues.
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(vi) No significant differences appear to exist
between the {211} and {491} faces of iron and
silicon—iron.

(vii) The activity of polycrystalline iron (mean
diameter of particles 3 um) appears to be influen-
ced by the support material: it is less, by a factor
of roughly three, on cobalt than on nickel.

(viii) With nickel as catalyst support, upon which
there is no visible deposit, the ratio of the rates of
deposition on polycrystalline iron and cobalt 1s
10:1 at 800°C.

More fundamental studies of some of these
phenomena are now being pursued.
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Fig. 1. Scanning-electron micrograph of iron

crystal (previously etched to locate emergent

dislocations) showing preferental concentration

of deposited carbon at dislocation cores (mag-
nification X 40,000).
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