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Fhe enlalytie disproportionation of CO in the presence of Nioand Co sipgle

ervsialz has been studied in the temperntare range H0-800°C. Tor both

Wi oand

Co, al the lewer (esmperatures, the formmation of an internedinde earbide plase,
prior to the formaticn of cubon whieh was present mainly ia the form of
flaments, wag shown to be a prineipal factor. Furthennore, such intermediate

paebides oilen grew in the form of single ervsindl hesagonal snd paeudoliexagonal

shaped plates, AL bigher demperatuves, & transient enrbide phase was proedicted
o explain the moerphology of the finally appenring graphite plates. This graphite
disploved phvsical eharmeteristies Brpieal of a highly ervslalline material amd was

cumpirble fo the wemphite forped over hewted metals doring the pyrolysis of

halroenrbons,

A new o of eobzlt earbide, 2-CosC, 15 reported, This has the hexagonal DUk-

tvpe stnelure with labiiee parameters @ == 526 A and e =840 A

ENTRODUCTION

[t was the itent of {his study to Turnish
wclditionad information coneerning the na-
ture of the intermediale species, and the
morphology  of  {lwe graphitic  produets,
formed during the eatalytie disproportion-
alion of Co over Nioaud Co zingle erystals,

Tr o =imilay study using Fe (1), 1t was
forned that s oxide, 5-Te,0y, constiluied
the aetive eatulytic species bot that earbon
finntly appeared by way ol a series of
arbide  indevmedinies,  Previous  studies
(2-4y suweest fhat the formation of such
sarhide informuedinies, al least, s a neees-
cary prereqguisite for the formalion of exr-
hoa aver all {lree mentioned metals, There
i« however, some diserepaney o the liter-

2 Pragent. address: United  Kingdom  Atomie
Enersy  Authorily, Afomic Weapans Resemch
Tistnblishiment, Aldermaston, Reading RGT PR,
Enelund.

T Present adddress: Central Eleetricity General-
ing  Board. Research  Laborteries, Chemisiry
Division. Capenhurst, Chester, Fngland.

ature eoneerning the earbides formed by
Ni ol Co, parbienlarly  with regarl to
theiy  composition, erysial strocture, sla-
hility, and  the {femperature  range  for
formation.

For Ni, the earbide, Ni,C, has been
fairly well established (5). Tt Lins a close-
packed  hexagonal  strueture which,  de-
pending on the method  of  prepavation,
decomposes somewhere in the region of
300-150°C (4, £y, Oiher eavhide phases of
Ni have alza heen postulated (9-91,

Tar Co, the carbide, Co.CL o was founed
hy Bahe and Jfessen (10), and severnd in-
dependent. N-ray analyses (717-13) have
proved the structure to be ortliorhombice
By earburizing Co in the range 50—
G00°C, Mever (14} produecd a earbide
who=e diffraetion paltern was almost iden-
tieal with that of cementite, Fe,CL Sub-
secquently botly Hofer (15) and Drain {16
fniled i attempts fo produee this same
parbide, Towever, rerenily Nagokurn {9
alitained slectron diffraction patterns from
enthurized Co films whieh were shown (o
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DISPROPORTIONATION OF O

result from a carbide having the eementite
structure  and  almost  identieal lattice
parmmeters to cementite,

EXPERIMENTAL

Details of apparatus and teeliniques em-
ployed in the present study have been
deseribed in a previous paper (1}.

The nickel single erystal (Metals Re-
search Ltid,, Tngland) was in the formn of
a cylinder having a random orientation.
Beams were eut from this erystal, with
dimensions 10 ) 2 % 2 mm, having (111)
and {110} planes as the two main faces of
the beam. The eobalt single erystal (Metals
Research Lid., Bngland) was also in the
form of a ;dmlomly oriented evlinder, aned
thin slices for experimentation were cut in
a direction perpendicular to the eylinder
axis. Both types of erystal were electro-
polished in a Morris bath followed by a
hyvdrogen treatment at 600°C prior to re-
aetion, In all experiments the gas employed
was a CO-94% . mixture (Muatheson
Company, Ine, main impurities heing
0.018% O, and 0.14% CO.).

The carbonaceous procets were studied
in one of two forms; either as bulk prod-
uets or as a stripped film. Bulk produets
refer to a large buildup of material en the
metal surfaee; this prodoct material was
then removed, ultrasonieally dispersed 1
distilled waler, and supporied on el{‘(:tmn
mierascope grids. Thin films were stripped
from the erystal surface after a reaetion
time appropriate {or preparing speelmens
suitable for transmission electron micro-
seopy, The films were stripped from the
metal hy direet chemical ablack of the
metal substrate using a saturated solution
of todine in 10% ;mlf1=~mm iodide. Finally,
the film was “sshed in methanol.

Resunrs axp Discussion

Reaction on Nickel

Stripped Films
The electron micrograph shown in Fig, 1

depicts the mierostructure of the produet
film Tormed aft 400°C on a (111) mekel
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sutfuce during reaction in a CO-949% II,
mixture at a pressure of 1 atmn for 1 hr.
The film has o moszaie appearance and is
composed of intergrown and overlapping
platelets having an average dimmeter of
e, 1000 A At bigher magnifieation, it is
apparent that some of the platelets have
8 hexagonal morphology  (Sce g 2).
Note, also, that such platelets tend to he
oriented parallel to one another. Selected
area diffraction from the hexagonal plates
vielded spot patterns indicating their .smgl«.
erystal nalure. Figure 3a shows an example
of sueh a pattern, and an analysis showed
that it corresponded to the (0001) re-
cipraeal lattiee piane in nickel carbide,
\?1( {sce Fig, 3b). The above observations
suggest that thc carbide plates bear either
an epitactie or a topotactic relation to the
single~erystal nickel substrate,

Other parts of the film gave seleeted
area diffraction patterns consisting of rings
within whieh individual spots could readily
he resolved indicating that the maferial
giving rise to the patterns was polyerystal-
line aned had a erystallite size of the order
of a few hundred Angstrom units. The
interplanar spacings ohtained from such
patterns corresponded to graphite. Single-
erystal praphite patterns were not observed.

Thin earbonaceous films were also formed
on nickel hy reacting at a temperature of
800°C in 1 atm of C0O-9.4% 11, for periods
up te 48 hr. Figure 4 shows an cleetron
mierograph of a film formed in 20 hr on
a (111) suriace. Individual grains are evi-
dent and are demareated by a network of
subgrain boundaries (e, A, B, and ).
The average grain size is of the order of
2000 A. At a later stage in the reaction
(48 hr) platelike material begins to form
in the vieinity of the grain houndaries
{see Tig. 5). Belected area diffrnction from
sueh plates gave single-erystal spots pat-
terns which on analvsis proved fo result
from a eraphite lattiee.

The Moiréd paiterns visible in the eleetron
micrograph of Fig. 6 are the rvesult of the
overlapping of two similar lattices with a
slight: relative digsorientation. Bragg diffrae-
tion contrast effects are also visible here
{and in Fig, 4}, e.e. in the region designated



1. 1. Prapsmission eleetron mierograph showing the filin formed on the {811} Taee of NUat 4007 in
CO-0.49 He (339 000).

G, 2. Higher magnifiention micrograph of film depicted in Fig. 1 revealing (he hexagonal morphalogy
uf the plates, (75 000).
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IEFTER

Lo Selected arep dilfraetion pattern from the plates shown fn Fig, 2

L]
1wio
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thyy The ((001) reciproenl

latGee net in NipCeorresponding te the pattern i Fig, da.

A and B Arveas of Fig 8§ showing dark
eontrast most likely contain a =mall per-
centame of nickel either as the Tree metal
or in on Ni=( solid solution. Both of tlhese
sittations could arise Trom the hreakdown
of an miermediate earbide phase formed
during reaction. The implieation ol {his
will be dizscussed in a later scetion,
Throughout the produet fiim there appear
woelledefined  hexagonal  plates,  sueh as
those appearing in the clectron mierograph
of Tig. 7. Seleeted arvea diffraction from
such a plate gave the pattern shown in
Fig. § whieh was shown to correspend to
single erystal geaphite oriented  with ifx
hasal plane parallel to the film surface. T
s sitrprising, considering the relative easc
of deformation of graphite ervstals, that in
all owr experiments, hasal disloeations were
nob observed in the graphite erystallites,
Figure 9. which is an clectron micragrapls,
demaonstrates the onsebt of filamentary ear-
hon growth. Again the darle contrast sug-
gests the presence of niekel, formed during
carbide decomposition  (see  latery, par-
ticularly in the spherieal partieles fo he
soen in the lower half of this mierograph.
Tn Fig. 4, in addition to the network of
subgrain boundaries, ean be seen another
fvpe of growtl ecenter within the grains.
The eleetron mierograph of Fig. 10 shows
ihiz partieular type of growth eenter move
clearly., They have a well-defined square
(o sometimes reetangular) outline, and the
centers are composed of a faeeted region

which ecould he either n depression or oa
growih hilloek in the sivipped fila. Seleeted
area diffraction from the eentral region of
the growili eenter shown in Fig. 10 gave a
ring pattern, the d spacings of whieh corre-
sponded fo polyvervstalline graphite. How-
over, stnee N0 has some o spacing close to
thoge of graphiie, the pessilality that some
of the rings correspond fo carbide cannof
be entirely ruled out. On manipulating the
sample o that ihe eleciron beam pene-
trated the ouler region of the growth ecen-
ter, & spob patlern appeared together with
the ring pattern (see Fig. 113, An analysis
showed that the spot pattern resulted from
a single-crystal graphite finke oriented with
its basal plane paradlel Lo the film surface.
Trom Figs, 10 and 11, a dircetional rela-
tionship  hetween  the  wraphiie and  the
arowth center may be dedueed. The edge
of the growth center was found ta he
parallel to the <2110 direetion in the
graphite lattice, that is, the so-called arm-
eliadr direetion.

The perfection of the graphite formed is
comparable to that produeed during ihe
pyrolysis of hydrocarbons  over leated
melal substrates (77, 18), suggesling a pos-
<ihle similavity in the mode of formation.
Reeently Presland et al. (19) pyrolyzed
acotylone over Nt single ervatale at 1000°C
and  demonstrated that single erystal
graphite was produced on the (1107 face,
whereas on the (111) [ace the graphite
tended to he polyverystalline, Tn the present



Fre, o Trassmission electron micrograph showing the filbn formed an the (111) faree of Nioat 800°C in
CO-0.-4 8 He Note the subygrain howdary ABC. (3 L 000),

Fia. 5. Transmission electron micrograph showing platelike material growing st the grain boundary,
(3¢ 441 000),
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Fra, 6. Moird patierns and Bragg diffitaction contrast effects (see arens A and 13) in the (iim formed on
Niad 800°C in CO-49.49% T Transmission electron micrograph. {49 000

Fra. 7. Hexapgonal shaped plates in the film formed in the (111) face of Ni st 800°C in CO-0.- 65 He.
Frap-mis ion electron mivrograph, (330003,

I
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1

Tic. % Selected ares diffraction pattern from pletes ie Tg. 7 corresponding 1o single erystal graphite.
Begm perpendiculbar to (00013 plane.
i, 9. Pransmission eleclron nderograph depicting the onseb of growth of carbon filnments on Ni at

SO0PCL (340 0003,
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Fra, 10, Growth center in Nioreseted at S00°C in CO-84 00 T, Nole the square ontline and the facets

within the growth feature. X449 000,

<tudy single erystal graphite was formed
an both faces.

Rtk Products

samples were taken {rom the produets
formed on a erystal veacted in 1 atm of
CO-9.45 H, for 30 hr at 350°C, the op-
timum temperature lor the fastest rate of
produet growth, Observation iy the elee-
tron microseope revealed the earbonaceous
prodeets typieal of this reaction (201,
namely, n platelike material and oo highly
fibrous material (see Tig. 123,

Selected area diffraetion of the platelike
material  somethines  gave rise to single-
ervetal #pot pntierns such as the one =hown
in Piz. 13a. This pattern has heen indexed
aiel =shown to corvespond {o the (0331)
reciproeal lattiee plane in Ni,C (sce Tig
1301, The dimensions of {he plates was
comparabie to thase fornd in the stripped
films at 400°C, This suggests that, as the
reaction progresses, the surface film contin-
ually  hreaks up mechanieally and  the

resulting individual plates are earried into
the bulk produets by the growing filaments.

More commonly, the selected area dif-
fraction  patterns  from  the filamentary
material were composed of rings which
were Tound to correspond to reflections in
the graphite lattice. Az for those Tormed
when Fe is employed as the eatalyst, many
of the filaments were hollow. 1t has heen
proposed (71 that the growily of FeuO
whiskers s a precursor fo the formation
of earhon filamenig in the presenee of Te.
The frequent observation of well-defined
carbide ervstals embedded in the Hlamends
provided some of the support for this view-
point. Mowever, although zearched for, no
evidenee of this natwre has been found for
fhe formation of analowous wielkel earbide
whiskers,

Structure of Nickel Carbide

From N.ray diffraciion data, Jaeobson
and Westaeren (5) proposed a close-packed
hexagonal structure for Ni(U having the
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Fia. 11, Selected wren diffraction patterns from an ares encompssing the growth conter shown in Fig, 10,
Beans perpendicalar (o (00013 plane,

Mg 12,0 Carbonaeeos bulk prodoets Tormed on N1 during reaction in CO-49.4 9% T at 550°C. Transmission
eleetron mierograph, (24 000).
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Faui 1. (a) Typieal seleeted area diffraction pattern from the phuelike material shown in Fig. 12. (b) The
{0531 reciproeal lajtice net in Ni;C corresponding to the pattern shown in Fig. 13a.

lattice constants, a, = 2.049 A, ¢, = 4238 A,
and o /ay = 1.636. The electron diffrac-
tion patterns obtained in the present study
{goe, eg., Fig. 3a)}, <however, are not
in accord with this unit cell but instead
provide confirmation for the existenee of
the =superlnttice proposed by Nagaloau:
(4}, The iattice constants for this super-
lattice, which is based on the Jacobson and
Westgren cell, are a =+4/3 o, = 4553 A
and ¢ == 3¢, = 12,92 A, In the superlattice
the nickel atoms oceupy the same positions
as in the Jacohson and Westgren eell. How-
ever, {he earbon atoms now exhibit a
regular arrangement, that iz, they are now
orderad.

Mechanism

The observations deseribed in the pre-
ceding seetions suggested Lo us that earbon
formation at fempersiures helow 550°C
results from the decomposition of the pre-
cursor earbide, N1, C, which becomes meta-
stable above ca. 300°C (21, No diffrac-
fion data were obfaimed to support the
premize that o earbide phase formed at
ligher temperatures, There are, however,
at least two observations whicl strongly
sugeest thal reaction does proceed vin an
intermediate  phase. First, the average
grain size is mueh larger i Alms grown
al 800°C, relative to those grown at 400°C.
I is inconeeivable that graphite eouid
undergo such a reerystallization at these
temperatures, Secondly, the hexagonally

shaped graphite single erystals, which are
a feature of the reaction of 800°C, are
very reminiseent of the single-crystal ear-
bide plates formed below 550°C. The pos-
sibility that the onset of growth of graphite
erystals coineides with the forniation of a
carbide other than Ni,C' eannot be rejected.
It is particularly noteworthy that Lonsdale
et wl. {22} have reported evidence for be-
lieving that transient earbides are impor-
tang in the growth of dinmonds from Ni-C
solutions,

The intermedinte earbide plase eould
result by reaetion, probably  topelactic,
belween the aetive earbon atoms, generatod
fturing the disproportionation, of carbon
monoxide, and either Ni or Ni(). Although
there is no direet evidence for the forma-
tion of an oxide film, the subgrain bound-
arles aml growth centers {sce Figs. 4 and
10 observed in this study strongly re-
semble the features noted by Wood ef al.
(231 during a stwly of the oxidation of
Ni ab 1200°C. For this reason the oxtde,
rather than the metal, may be the aetive
eatalvtie species invelved in the digpropor-
fionation of CO.

Reaction on C'nball

Stripped Filins

A cobalt ervstal was reacted at 700°C for
1 by in CO-9.4% T at a pressure of 1 atin.
The stripped produet fitm was shown in the
clectron microseope to he composed pre-



I, 14, Typieal hexagongl plate observed in the fil steipped from s Co single erysial resncled in GO-4
o o 700°C. Fransmission eleetron micrograple (X FES (KK,

Fia. 15, Seleeted ures difftaetion pattern oblained froms the aren depicted in Fig, 14 Beam perperdicular
to 0001} plane.
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If36. 168, Pransmission electron micrograph of Al formed on Co erystsl, reacted in CO-00 2% Ha at, 70070,
depicting trinngulay shaped growth fentines, {74 0003},

Fra, 17, Flad ribbed plate ohserved in the bulle preduets formed over Co at 450°C during reaetion i
CO-447 Ha Transmission eleciron mierograph, {374 0003,

400



406

dominantly of platelike material, with many
of the plates exhibiting a very well-de-
fined hexagonal morphology. A typical hex-
agonal plate iz shown m Fig. 14, The
selected area diffraction depicted 1in Fig. 15 is
typieul of that obtained from most arens
of the somple and was shown to result
from graphite oriented with its basal plane
parallel to the film surface, This was re-
vealed by the appearance of shavp spots,
lying on the rings (produced by poly-
erystalline graphite} in the diffraction pat-
tern, expected from the (0001) reeiprocal
Inttice plane in graphite.

Electron diffraction falled to produce any
evidence that would indicate the prescence
of either a carbide or oxide phase ab this
temperature. However, when the clectron
heam was eentered on the {riangular shaped
nuelei shown in Tig. 16, so as to obtain
selected arca diffraction, they appeared to
decompose suggesting that they were not
composed purely of carbon. The pro-
nounced outer shell surrounding most of
the nuelel also sugeests that the decom-
position of & carbide phase had oceurred.

Bulk Products

The results in this seetion represent o
study of the bulk products formed on eo-
halt during reaction at 450°C in CO-9.4%
H. at I atm pressure for 20 lw. The cur-
honaceous products were found to econsist

(v)

L] 1ol
2

~H
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of a mixture of plates, essentinily of two

types, and  filaments with some of the
filanments  appearing  hollow  wkl  othees

twisted Into a rope-like eonformation. The
gleetron mierowraph of Fig. 17 depiets a
contnoniy  observed  growth  phenomenon,
Here tlie produet has taken the form of a
flat, ribbed plate. 1t is possible that this
ribbed strueture resulted from the decoms
position and breakup of o earbide film. As
m the ease for nickel, no well-formed single
erystal inelusions, sueh as thosce observed
by Hofer et al. {20), were found in {he
filaments.

Selected aven diffraction of the products
proved that most, bui not all, of the plate
and flamentary maferial was composed of
pelyeryvstalline  graphite.  Single-crystal
graphite flakes were oceasionally found, as
revealed by spot patlerns sueh as the one
shown in Fig. 18a (the ring pattern lere
corresponds to the aluminum standard).
The corresponding (0111) reciprocal lattice
net is shown in Fig. 18h. This is a par-
tieutarly significant observation sinee the
temperaiure of formation is only 450°C.

Within the produets many hexagonal and
pseudohexngonal shaped plates were ob-
served (see Figo 19), The preudohexagonal
plate in Fig. 19, when subjected to selected
aren  diffraetion, gave the spob paltern
shown in Fig, 20a, From a detailed analysis
of this and other patferns obtained from

Fra. 18, (a3 Selected aren dillraetion patlern frons o geaphite flake formed on Co st 450°C during reaetion
in CO-0.49 He () The (0F1) reciprocal lattice net in praphite corresponding to the diffraction patiern

shown in Fig. 18},
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Fig, 10, Transmission electron micrograph showing hexagonal shaped plaies in the bulk produets formed
during the reaction of Co with CO-0.49; H. al 450°C. (X 74 000),

different orientutions of the crystal, to- unit cell. It follows that the pattern of
zether with n consideration of the possible  Fig. 20a represents the (0001) reciproeal
structures that could be aseigned, it was  lattice plane (sce Fig. 20b), This carbide
coneluded that the plates were composed lhas not been previously reported and has
of eobalt earbide, Co,C, having a hexagonal  heen designated g-Co,C in order to dis-
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Fre. 200 (23 Seleeled aren diffrzetion palters obtained from the plates shown in Fig. 19, (b} The
(0001) reciproenl fatfice neb in 8-CosC corresponding 1o the diffraction patiern shown in Fig, 20a.
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tinguish it from the other known form of
Co;C whiel is now terned o-Coy(C.

Fhe other type of platelike material is
typified by the ecleetron mierograph of
Fhe, 210 Al sueh plates has o characteristie
envelope of less-erystalline materinl sur-
rounding an inner nueleus which is rela-
tively more erystalline (as revealed in
dark field m the electron miceroseope).
Some of them, such as the one shown in
Fig. 21, exhibit angles between segmoents
of the plate whieh are the =ume as the
angles characieristic of the hexangonal plates
discussed in the previeus paragraph. Elee-
tron diffraction showed these plates to be
composed of graphite,

Structure of Cobalt Carbide

An evaluation of the diffvaction patterns
from the hexagonal and pseudobexagenal
plates (sce Fig. 19} demonstrated that they
vonsisted of & form of Co, () having a hex-
agonal unit eell, The known forin of Co,C

HIENSHAW, ROSCOE, AND WALKEHR

Lis an orthorlombice unit eell with labtiee
constant o= 4483 %, b= 350334, and
e= G.731 A, and is isomorphous with ce-
mentite, Ife;C. The symmetrically disposed
hexagonal array of spots of the dilfraction
pattern shown 1 Fig. 200 normally could
never he produced by o ceystal Laving an
orthorhombie unit cell with the parnmeters
listeid above. However, Ruedl and Ame-
Hsekx (24) recently reported an eleetron
diffraction pattern from Niho, which is
orthorhombie and has the lattice param-
cters o and b within less than 1% ol the
corresponding a and O parameters for Co,C
{orthorhonmbie}, having a symmetrically
disposed hexagonal array of spots. They
indexed the pessible spots resulting from
an orthorhombic unit cell and explained
the extra spots as resulting from antiphase
Loundaries and twins in the substructure
mused by ordering. Thus, by employing a
similar argument, we eould have conehuded
that the pattern in Fig. 200 eorrespoded

Fra, 20 Fransmission electron micrograph of earbounceous producets from the reaction of Co with CO-

ar
0.4,

{74 000).

. at £50°C, Note the charneteristic envelope {appears lighter) surrounding exeh piece of material.
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Fia. 22, Hexagonal unit cell for guCouC, @, car-
hon atoms; G, eobalt atoms,

o the form of CoC previeusly identified
exhibiting an orthorhombie wnit cell. I, on
she other hamd, we index the pattem of
Fig. 20a assuming a hexagonal unil eell,
we el assign o (0001 reciproeal lattiee
(zoe Fig., 20b). By reference to Iig. 20h
it ean be seen, c.g., that rolation of the
erystal ahout the <2110> axis will enable
uz to obtain the {12317 reciproeal plane
in a hexagonal lattice. Thiz pattern was
indeed found in practice wul, therefore,
proved eonelusively that the plates had a
hevagonal ervstal strueture,

The measured lattiee poarameters were
a =826 A and ¢ = 841 A. The a param-
eter was measured diveeily from the pattern
shown in Fig. 18a and the ¢ parameter was
obtained by finding, by trind and ervor,
the hest value of ¢ for all the observed
reflections and interplanar spacings in the
1121} peeiproeal lattice plane,

The axial ratio., ¢/a, 1= close te 1.63 and
the observed lattice parameters are repre-
sentative of the group of compounds, M,X,
with the hexagonal DO..-tvpe structure
(257, The proposed structure for p-Co,C
is illustrated in Fig 22, where ihe indi-
vidual atoms have the fellowing positions:

OF GO 404

(' 0.0.0; 001/

Clyy 173,275,174 275, 1/3.8/4,

Car 172,00 0,1/2.0: 1/2.172.0: 1/2,0,1/2;
G172 72 1728721 /2,

Con .'I'_.:.Z.‘I‘,],';*E; 2FLE, PN ;

E28,3/4 e 374 RS/

whore @ = (0.833.

Mechanism

The mode ol the disproportionation of
CO over cobalt single crystalz paraliels
guite closely the sequence of reactions on
nickel, particularly  with rvegard e the
maorphology  of the produets. At 450°C,
hexagonal shaped CoC plates are Tormed
whiel are morphologieally the zame ns the
graphite plates observed at 700°C. This
suggests the formation of a transient car-
Wde prior to graphile growth. Perhaps
more eonvineing evidence for the existence
of o carbide precursor at 700°C is forth-
coming from the ohserved decomposition
ol the triangular shaped nuelei (see Tig.
16) in the eleetron bean.

From thermodynamic considerations the
experimental conditions were sueh that an
oxide film could have formed on the cobalt
surfaec prior to earbide formation. How-
ever, neither diffraction patterns from co-
balt oxides nor topographical features of
the stripped film corresponding to growth
[eatures eharacteristie of cobalt oxides were
obsorved.

ClONCLUSIONS

1. In the disproportionation of carbon
monoxide over both Ni and Co, at the
lower temperatures, the formation of an
intermediate earbide phase, prior to carbon
formation, was shown to he a principal
faetor, Furthermore, such intermediate ear-
hirdes tend to grow in the form of hexagonal
and pscudohexagenal shaped plates often
exhibiting a single erystal charaeter.

2. The bulk earbonaceous praducts on
both metals consist of platelike and fil-
amentary material.

3. The graphite formed at higher lom-
peratures displayed physieal eharaeteristios
typieal of a highly erystalline material and
was comparable to the graphites Tormed
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over lLeated metuls during the pyrolysis
of hydrocarbons.

4. At the higher temperatures, where
presumably cobals and nickel earbides are
metastable, an internmediate transient car-
bide phase, which may or may not be
refated to the earbide produced at the
lower temperatures, wns predicted to ox-
plain  the morpholopy  of the  graphite
plates.

5. A new form of cobait carbide, f3-
Co,C, hus been reported having the hex-
sonal  DOu-type  structure  with  lattice
parameters ¢ == 526 A and ¢ = 841 A,
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