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Pyrolytic Carboen Formation from Carbon
Suboxide

ArmosT all the extensive work dons on the forma-
tion of pyrolytic carbon films has consisted of the
decompesition of a hydrocarbonr on non-metallic
substrates like poreelain or artificial graphite. Worlk
iz in progress in our laboratory investigating the
kinetica and mechanism of carbon film formetion on
glazed poreelain from earbon suboxide (C,0,). Inthe
course of this worl, it was of interest to look briefly,
initially, at the effect of some different subatrates on
the qualitative rate of carbon formation and more
particularly on the nature of the film formed,

Very purs C,0,, entrained in pre-purified helum,
was pyrolysed at 713° C. for about 3 hir. over poreelain,
electrolytio nickel and copper foils, and reagent grade
platinum foils. The concentration of C,0, at the
pyrolysis temperature was about 6 x 10-° mole/l.
Tonacious and hard carbon films were obtained, with
the rate of film formation on nickel heing roughly
four times that on the other substrates.

The carbon films were separated from the metal
substrates by acid treatment prior to studying their
structure by transmission electron diffraction and
transmission electron microscopy. 50-kV. electrons,
having o beam width of 10y, were used. Fig. 1 (a)
shows the diffraction pattern for the film carbon
resulting from deposition over a copper subsfrate.
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‘Etanamission electron diffraction patterns of Glm carbon deposited
from €04 on Lo o substrate at 713° C.; a, copper substrate; b, niekel substrate



Tnble 1. Spacings or (Akf) LINEs oF TILM CARBON DEPOSITED FROM
0,0, ON T0 A NIOREL SUDSTRATE AT 713°C.

Intensity of

(hkl) Graphite  dp, A dfe, A oxperimental halas
a02 3370 3-370 medium
100 2-102 a.003 Liroad riag with very
101 2-036 = atrong intonsity
110 1-2%8 1250 very strong
113 1-160 1155 strong
200 1-002 1060 meditm
210 0-804 0-700 medlum
310 0-709 0704 medium

Diffuge halos, eorresponding to the (10) and (11)
reflexions of & polyerystalline, turbostratie carbon?,
aro observed. The absence of a strong (002) veflexion
when the incident electron beam is normal to the film
surface is indieative of preferred orientation of the
basal planes parallel to this surface, Diffraction
patterns very similar to Fig. la were obtained from
the film carbon deposited on a porcelain or platinum
substrate.

On the other hand, the diffraction pattern (Fig. 1b)
of the film earbon deposited on the nickel substrate
is characteristic of & materinl of substantial crystallite
size, in which the crystallites have extensive three-
dimensional ordering. Table I compares the d-spacings
for the film carbon (ds.) with comparable spacings
caloulated from the graphite lattice (dy). Similar
diffraction patterns for carbon films deposited on
porcelain, eopper, or platinum are obtained only

Fig. 2. Transmission electron micrograph of ilm earbon deposited
from Cs04 on {o o nlckel substrate at 713° €. (x & 4,700)



when the separated films are ultimately heated in
excess of 2,000° .

Fig. 2 is an electron micrograph of the carben Glm
depositod on nickel. Variations in the thickness of
the films are evident. In addition, the presence of
smell, white eircular spots is noted. Tt is sugpested
that these spots were formed hy the removal by acid
treatment of inclusions of nickel and/or nickel
carbide which were originally present, but this has
not been verified. From work on the interaction of
evaporated carbon films with o similar nickel aub-
strate on subsequent heat treatment. itis Jmown that
substantial inter-ciffusion of nickel and carbon oceurs
at 500° C. and ashove {Banerjee, B. C., and Walker,
P. L., unpublished results).

These results clearly suggest shat more attention
might be paid to the effect of the substrate in work
on the formasion of pyrolytic carbon films. In par-
ficular, substrates of nickel and iron are of interest.
They are highly active catalysts for the decomposition
of carbonaceous gases, apparently bscause of the
incomplete filling of their 3d bands. In addition, they
markedly increase the erystallinity of the carbon
formed as & decomposition product. The effect of
nickel is clearly evident from this werk. The effoct of
iron, hoth on rate of formation and strucbure of
carbon, has been previously shown for carbon
monexide decomposition3.
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