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It was found that the structures of carbon films which formed on platinum foil surfaces under 
ethylene oxidation-fuel excess conditions were a function of temperature. In ethylene-only 

atmospheres (no oxygen). films fol-med only above 870 K and wel-e pal-tially gl-aphitic and partially 
turbostratic. In addition. the films were preferentially oriented with graphite basal planes parallel to 
the foil surface. Under reaction conditions between 770 and 960 K initially only an amorphous film 

formed, but after a lengthy treatment a large number of fibers and fibrous shells formed. This was 
postulated to result from the action of small platinum particles, produced independently by a 
catalytic etching process. These particles were present only over this limited temperature range. 
Above 960 K under reaction conditions. preferentially oriented graphitic films formed on the 
surface. Under all conditions an unusual form of carbon, chaoite, was found to be present in the 

carbon films. 0 1~88 Academic POW. IK 

INTRODUCTION 

Carbon deposition on metals is a process 
which has drawn widespread attention 
(f-3). It is studied for a variety of reasons 
including its connection to the deactivation 
of metal catalysts, possible degradation of 
the properties of reactor wall materials (4, 
and as a possible source for future produc- 
tion of graphitic fibers. Previous studies 
(5,6) of the structure of carbon deposits on 
noble metals have been carried out at very 
high temperatures (> fOOO”C) with one ex- 
ception (7) and the carbon has been depos- 
ited via the decomposition of a single hy- 
drocarbon species. In brief, previous work 
with noble metals has not involved reacting 
gas mixtures. Yet, recent work on other 
Group VIII metals such as iron and nickel 
indicates that the structure of the carbon 
surface deposits is a function of tempera- 
ture and the composition of the gas phase 
(I, 8-11). Indeed, in recent work (12, 13) 
carbon was observed to deposit on plati- 
num foils under ethylene oxidation condi- 
tions (C2H4 + O2 mixtures) at temperatures 
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as low as 500” C. Moreover, the structure of 
the carbon which deposited was found to be 
sensitive to reaction parameters such as 
temperature and gas composition, although 
details were not provided. 

This paper is a report on a detailed analy- 
sis of the carbon structures which form on 
platinum foils under ethylene oxidation 
conditions. The characterization was con- 
ducted using primarily transmission elec- 
tron microscopy (TEM) and energy-disper- 
sive X-ray analysis (EDX). In brief, the 
following were observed: Three types of 
carbon layers were found on the foil sur- 
faces following treatments under reaction 
conditions, and each type occurred only 
under a well-defined range of reaction con- 
ditions. The conditions under which differ- 
ent structures formed were (i) ethylene 
(2%) plus N2 (98%) at temperatures above 
about 870 K, (ii) fuel-rich O2 + C?H4 reac- 
tion mixtures at temperatures between 770 
and 960 K, and (iii) fuel-rich reaction mix- 
tures above 960 K. Following treatments in 
CzH4 and nitrogen (condition (i)) sheets of 
turbostratic and graphitic carbon were 
formed. Treatments under reaction condi- 
tions at less than 960 K (condition (ii)) 
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resulted in the formation of complex struc- 
tures in which several forms of carbon were 
present including graphitic fibers and 
amorphous, nonoriented carbon. It is noted 
that, under condition (ii) “catalytic etch- 
ing” of platinum foils, and the consequent 
formation of platinum particles at the sur- 
face, was previously observed (I2,13). It is 
postulated that under these conditions the 
platinum particles catalyze the conversion 
of some amorphous carbon into graphitic 
carbon. This is postulated to occur both 
through a fiber growth mechanism, which 
must be similar to that observed for fiber 
growth from particles made from a variety 
of metals, and via a process akin to nucle- 
ation of crystals from a supersaturated so- 
lution. A nucleation process similar to that 
observed here was seen for palladium parti- 
cles deposited on amorphous carbon (14). 
At higher temperatures under reaction con- 
ditions (condition (iii)) a layered, essen- 
tially graphitic structure formed. It must 
also be noted that under all the conditions 
listed above an unusual crystal form of 
carbon, chaoite (15), was also found to be 
present. 

EXPERIMENT 

In this work polycrystalline platinum foil 
samples (99.99% purity; Goodfellow Met- 
als, Ltd.) were treated in a quartz reactor, 
described in detail elsewhere (12), under a 
variety of controlled reaction conditions 
and subsequently examined with a scanning 
electron microscope (SEM, IS1 SUPER 
IIIA) or scanning transmission electron mi- 
croscope (STEM, Philips 420). 

The reactor was attached to a high- 
vacuum/gas-handling system, such that a 
pressure of 1 x lop5 Torr was generally 
achieved during the annealing step. 
However, under actual flow conditions the 
system was always operated at approxi- 
mately 1 atm. 

Gases used in this experiment were re- 
search grade and were further purified 
whenever possible. For example, oxygen 
was further purified by passing through a 

cooled 5-w molecular sieve trap. Nitrogen 
was passed first through a heated copper 
turning trap and then through a cooled 
molecular sieve trap. Ethylene of 99.98% 
purity (Matheson) was used as received. 
Total gas flow was maintained at 300 cm3/ 
min (10 cm/s over the sample) during all 
experiments. Composition of the gas was 
controlled with calibrated rotameters. 

Prior to performing controlled atmo- 
sphere treatments, each foil sample was 
activated following a standard procedure, 
described in detail elsewhere (12). The pre- 
treatment procedure used in this work is 
similar to that used by other workers 
(16-18), who found that a high-temperature 
calcining step is required to “activate” 
platinum foils. Other workers have re- 
ported that Auger studies indicate that 
treating platinum at high temperatures in 
oxygen removes most impurities leaving a 
clean platinum surface (19, 20). 

Once the final gas mixture was intro- 
duced experimental conditions were main- 
tained for 40 to 70 h, in most cases. At the 
end of each experiment the samples were 
cooled rapidly (ca. 20 min) to room temper- 
ature in flowing nitrogen. After removal 
from the reactor the samples were exam- 
ined in an SEM and/or STEM. Thick car- 
bon deposits were removed from the 
samples for further study by dissolving the 
platinum foil in aqua regia. This unavoid- 
ably resulted in the dissolution of some of 
the platinum particles in the carbon film 
itself. Energy-dispersive X-ray analysis and 
selected area diffraction (SAD) were used 
for chemical and structural analyses of the 
isolated surface structures. 

RESULTS 

In a previous study (12) it was shown that 
under reaction conditions carbon deposits 
only on platinum foils under a limited range 
of conditions. It was shown, for example, 
that carbon is never deposited under oxy- 
gen excess conditions (02: C2H4 > 3 : I), 
presumably because any carbon which is 
deposited under these conditions is rapidly 
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burned off. At temperatures less than ap- 
proximately 770 K, even under fuel excess 
conditions, carbon is not deposited. In- 
deed, on the basis of the carbon structures 
which form, three distinct “regions” can be 
identified: Region I, ethylene (2%), nitro- 
gen mixture above about 870 K in which 
oxygen is carefully excluded; Region 11, 
fuel excess between approximately 770 and 
960 K; and Region III, fuel excess above 
960 K. A detailed description of the struc- 
ture of the carbon layer which forms in 
each of these regions is given below. 

Region I. Carbon deposition in ethylene 
(2% in Nz) at 873 K or above produces 
layers consisting of two major structures. 
They are graphitic platelets and “stripes” 
of apparently less-ordered carbon (Figs. la 
and lb). The latter are found to have a 
maximum width around 0.5 pm and are all 
oriented parallel to each other in a direction 
which is very possibly a function of the 
underlying platinum grain structure. In- 
deed, close observation of Fig. lb clearly 
indicates that there is a preferential pattern 
to the growth of both of the carbon struc- 
tures. That is, many of them appear to grow 
outward from a common starting line. 
Thus, they are irregular on one end and 
rather neatly “cut-off” on the other end. 
The formation of this pattern is possibly 
related to the underlying hill-and-valley 
platinum facets (see Ref. (12)). That is, the 
stripes seem to lie along the tops of major 
facets (low index planes), beginning and 
ending at major “steps.” The platelets also 
seem to grow along major facets, but are 
apparently widest at the point where the 
facet intersects a major step. This apparent 
preferential orientation is further confirmed 
by diffraction data, as discussed below. 

The crystallinity of the film was deter- 
mined by using microprobe SAD (MSAD). 
In all cases, MSAD from the platelets 
yields a [OOI] spotty ring pattern, indicating 
a highly graphitized structure. The average 
(graphite) crystal size, L, (see Table I), is 
-300 A. On the other hand, MSAD of the 
stripes yields only diffuse (hk0) rings, char- 

acteristic of a turbostratic carbon structure 
(21). Moreover, the absence of [OOI] reflec- 
tions in both cases indicates that the graph- 
ite crystallites in both structures grow pref- 
erentially with their basal planes parallel to 
the metal surface. In addition to these 
graphitic carbon structures, a small amount 
of chaoite (1.5), also known as “white car- 
bon,” was also observed. 

Region IZ. The rate of carbon formation 
is highest under Region II conditions (12). 
It is also important to note that the temper- 
ature at which carbon deposition starts is 
very sharply defined. A very thick carbon 
layer is found following treatment at 770 K, 
whereas no carbon at all is formed at 750 K. 
TEM studies of the full developed (40-h) 

TABLE I 

Carbon Deposition: Reaction Condition and 
Carbon Structures 

ReXtl"" Carbon 

condition structure 
Clawfication 
of the carbon 

StrUCtureS 

2% C>H4198% N2 Graphite platelet (major) I 
1’ > 870 K CL, = 300 A,” 
(Region I) Turbostratlc carbon 1 

(maJorI 
Chaoite (mmor) III 

OZ/C~H4 < 3.0 Turbo\trat,c iarhon 1 

770 K < 7 < 960 K (C”LdJ”r) 

(Region II) Fibrous carbon (major) II 

(L, = 40 A,h 
Pt-containing particles 

(major) 
Chaoite (minor) 111 

02/C>H4 < 3.0 
T<96OK 

(Region III) 

Graphitic layer wth 
hexagonal pits (major) 

(L, = 400 A, 
Ill-defined fiber-hke 

carbon (minor) 
(L, = 1w.l A, 

Chaoite (minor) 

” L,. average graphite crystal xc meabured along the basal graphue 
plane. This number I, calculated using the Dehyc-Sherrer equation 
based on the linewidth of the graphite (100) reflection. 

h L,, average graphite crystal \i.x measured along the ~-XXI\ of the 
graphite structure. Thn number I\ hased on the linewidth ol.thc graphite 
UN2) reflection. 

’ The carbon %ructures formed under difftxcnt reachon condition? are 
categorized into three groups in order to facilitate the di\cu\,ion. They 
are (1) lamellar, continuous carhon thin films conswing of graphite 
crystallitcs with basal plane\ preferentially orlentrd parallcl to the melal 
surface: (II) fibrou, carbon: and IllI) chaolte 
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carbon layers formed under Region II con- 
ditions show three major features: (i) elec- 
tron-opaque particles, (ii) cross-linked (fi- 
brous) carbon. and (iii) (turbostratic) thin 
carbon layers (Fig. 2a). As described in an 
earlier publication (/2), EDX, SAD, and 
dark-field (DF) analyses indicate that the 
opaque particles consist of an inner core of 
platinum single crystal totally encapsulated 
by a thin fibrous carbon layer. It was found 
that the graphite basal planes of the fibers 
were oriented parallel to the shell surfaces. 
In examining the figures it must be noted 
that some of the platinum particles in the 
shells and at the fiber tips were unavoidably 
dissolved during the sample preparation. 

Fibrous carbon. MSADs from segments 
of the cross-linked carbon features give, in 
addition to (hk0) diffuse rings, (001) arcs 
(Fig. 2~). Recording the image of the seg- 
ments shown at the central spot of an 
underfocused diffraction pattern (Fig. 2c) 
shows that the central line between the 
(001) arcs is parallel to the central axis of 
the fiber, indicating that the fiber contains 
graphite basal planes and these graphite 
planes are parallel to the fiber long axes. 
The DF image using the graphite (002) 
reflection shows that the (001) rings ap- 
pearing in the large-area SAD pattern come 
only from these fibers (Fig. 2b). The d-spac- 
ing of the (002) planes in the fibers is 3.40 A 
and the crystal size, L, (see Table I), is -40 
A. These data are similar to those of the 
carbon fibers reported elsewhere (22). 
Analysis also shows that the outer carbon 
shells of the large platinum-containing par- 
ticles have structures similar to those of the 
cross-linked fibers. 

Thin carbon Layer. Thin carbon layers 
(relatively electron transparent) are found 
surrounding the fibrous carbon structures 
(Fig, 2a). MSAD from these regions results 
in only diffuse (hk0) rings characteristic of 
turbostratic carbon structures. As in Re- 

gion I, the lack of (001) reflections indicates 
preferential orientation parallel to the metal 
surface. The average crystal size, L,, is 
about 40 A. 

The evolution of the three major features 
formed in Region II was determined by 
studying the development of the carbon 
surface layer as a function of the period of 
treatment (Fig. 3). For example, after a 3-h 
treatment at 860 K in 1.5 : 1 02: CzH4, a 
continuous turbostratic carbon layer 
formed (Fig. 3a). At this stage, the plati- 
num-containing particles were found to be 
more or less evenly distributed over the 
entire film and to have a maximum size no 
larger than 100 A. A low density of fiber- 
like structures was also observed, but there 
was little branching of these fibers. As the 
reaction periods were increased to 6 and 30 
h (Figs. 3b and 3c), platinum-containing 
particles were found in clusters. Also, both 
the maximum size and the density of plati- 
num particles apparently increased with 
time. Furthermore, carbon layers in the 
vicinity of platinum particle clusters appear 
distinctly darker than regions without parti- 
cles, indicating that more closely packed 
carbon structures form in the particle 
region. 

Formation of cross-linked carbon fibers 
was observed after 6 h of deposition (Fig. 
3b). The fibrous carbon structures observed 
after a 6-h treatment consist of much bet- 
ter-defined sheathes than those observed 
after a 3-h deposition (Fig. 3a). Moreover, 
these fibers appear to grow preferentially at 
positions where a large quantity of small 
platinum particles are present. That is, the 
density of the small particles within and/or 
along these fibrous branches is much higher 
than that within the turbostratic carbon 
region. In fact, after prolonged (>30 h) 
deposition (Figs. 2a and 3c), almost all the 
platinum-containing particles are associ- 
ated with the fibers or fibrous shells. More- 

FIG. 1. Carbon deposition in Region I. (a-b) TEM micrographs of the carbon layers formed on 
platinum following treatment for 40 h in 2% CZH, + Nz at 873 K. Shown are graphitic platelets (A) and 

oriented turbostratic “stripes” (B). 
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FIG. 2. Carbon deposition in Region Il. (a) TEM micrograph of a carbon film formed after 40 h of 

treatment at T = 860 K in a fuel excess OJC2H4 mixture. Shown are (A) platinum particles. (B) fibrous 

carbon, and (C) turbostratic carbon. (b) Dark-field image of (a) obtained from graphite [002] reflection. 

Close inspection shows all bright areas in this picture arise from fibers seen in (a). (c) MSAD of fibrous 

carbon (B). Note, the fiber “image” seen in the center is parallel to the arch in the diffraction pattern. 

over, the fibers and shells clearly become 
thicker with time. It must also be noted that 
the particles clearly are not randomly 
placed on the surface, but rather are found 
clustered in the fiber regions. Large areas 
of amorphous carbon are particle and fiber 
free. 

Region 111. Treatment under reaction 
conditions at temperatures above 960 K 
produces primarily a continuous carbon 
thin film and a low density of short-ranged 
fiber-like carbon structures (Figs. 4a and 
4b). No platinum-containing particles or 
even empty carbon shells are found. On the 
continuous carbon films there are areas 
showing shallow, apparently hexagonal, 

pits (Figs. 4a and 4b). MSAD from the 
areas containing the hexagonal produced 
exclusively (001) spot patterns, and analy- 
sis indicated that the average crystal size, 
L,, is around 400 A. 

The fiber-like structures formed in Re- 
gion I11 are primarily short-ranged and the 
sheaths of these fibers are not as well- 
defined as those shown on the fully de- 
veloped fibers formed in Region 11 (Fig. 2a). 
In fact, they are rather similar to the un- 
branched fibers formed at the earliest stage 
(3 h) of the deposition in Region II (Fig. 3a). 
MSAD and DF analyses show that the (001) 
rings which appear in the large-area SAD 
pattern come solely from the fibrous struc- 
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FIG. 3. Dynamics of carbon deposition in Region II. Shown are TEM micrographs of carbon films 
formed on platinum following treatment at 7‘ = 860 K in a I .S : I 0: : C2H4 mixture after (a) 3 h, (b) 6 h. 

Cc) 30 h. 

tures. The average crystal size, L,, is about 
100 A, which is more than two times larger 
than that of the branched fibers formed at 
low temperatures. 

Chaoite. In addition to the graphitic form 
of carbon described above, an allotropic 
form of carbon, chaoite (22, 23), is also 
observed under all the deposition condi- 
tions discussed above. 

EDX is insensitive to elements with a z 
number below 11, carbon will not be de- 
tected.) This analysis indicates that the 
diffraction pattern is not associated with 
any Si or Al compounds/impurities as 
speculated by some earlier workers (24). 

DISCUSSION 

All the chaoite formed during CzH4 treat- 
ments is in the form of large single crystals 
with well-defined, faceted outlines (Fig. 
5a). SAD of these crystals gives clear six- 
fold spot patterns, which are usually super- 
imposed by (001) graphite rings (Fig. 5b). 
EDX of these crystals shows no signals 
other than those of Cu, which can be as- 
cribed to the mounting grid material. (Since 

Lamellar carbon thin $1,. Basically, 
there are three types of carbon microstruc- 
tures observed in this study (Table 1). They 
are (i) continuous, lamellar, partially graph- 
itized, carbon thin films; (ii) fibrous carbon; 
and (iii) chaoite. 

The continuous, lamellar carbon films 
containing graphitic crystallites with their 
basal planes parallel to the metal surfaces 
have been found under all deposition condi- 
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tions (Table 1). However, these films vary 
greatly in their degree of graphitization, as 
indicated by the range of observed graphite 
crystal sizes, L,. For example, the lamellar 
films formed in Region II are primarily 
turbostratic while those formed in Region 
III are almost completely graphitized. Thin 
films formed in the ethylene treatments 
contain both turbostratic and graphitized 
lamellar carbon structures. These obser- 
vations can best be explained by a model 
which assumes that the degree of graphiti- 
zation of the films is a result of the competi- 
tion between the crystal ordering process 
and the carbon deposition process (25, 
26). That is, it is assumed that in those 
instances in which film formation is slow, 
surface carbon atoms will have enough 
time to diffuse along the surface and at- 
tach to the existing graphitic domains, 
before they collide with and become 
“trapped” by other free carbon atoms 
and/or small clusters. In such cases 
the existing graphitic domains can grow 
continuously and highly graphitized thin 
films will form. In contrast, if the car- 
bon deposition is very fast, the probabil- 
ity of collisions among the free carbon 
atoms increases. This results in an increase 
in the formation of new graphite nuclei 
and/or less-ordered carbon clusters. Thus, 
in this case, the growth of the existing 
graphite domains is limited, and a less- 
ordered carbon layer is most likely to be 
formed. Aspects of the above model are 
similar to one proposed by Tesner and 
Refalkes (27), although in that work de- 
position was by thermal (not reactive) de- 
composition of hydrocarbons. 

This model is consistent with the results 
observed in this study. For example, the 
carbon deposition is fastest in Region 11; 
hence the lamellar carbon films formed 
under these deposition conditions have the 

smallest (average) graphite crystal size, and 
most of the carbon in the film is turbostratic 
(Table 1). On the other hand, the carbon 
films formed in Region III have the largest 
average (graphite) crystal size because (i) 
the rate of carbon deposition is comparable 
to that in ethylene treatment and much 
lower than that in Region 11, and (ii) the 
films are formed at higher temperatures, 
which results in an increase in the diffusity 
of the carbon atoms, and hence the order- 
ing process. 

The formation of the hexagonal pits on 
the lamellar carbon films formed in Region 
III (Fig. 4) can be ascribed to the preferen- 
tial combustion of the carbon atoms by 
oxygen at the grain boundaries of an en- 
semble of graphite domains. Similar mor- 
phologies have been frequently reported in 
the earlier studies of the graphite oxidation 
processes (2X). 

Fibrous carbon. Fibrous carbon is pri- 
marily formed in Region I1 (Fig. 2) where 
platinum-containing particles are also 
formed. It is clear that the fibers observed 
in this work are very similar in structure to 
those observed by previous workers (7, 
29-31) to form behind metal particles dur- 
ing the catalytic decomposition of various 
carbon-containing molecules. 

Any model of the formation of the fibrous 
carbon structures must account for the fol- 
lowing observations: (i) most of the fibrous 
carbon is formed after a continuous lamel- 
lar turbostratic carbon film is first formed 
on the platinum surface, (ii) the fibrous 
structures are always associated with one 
or more small platinum particles, (iii) the 
fibers thicken with time, and (iv) surround- 
ing large platinum particles are graphitized 
carbon shells. Previous models of the 
growth of fibers during the pyrolosis of 
various hydrocarbons on iron, cobalt, and 
nickel particles clearly explain most of the 

FIG. 4. Carbon deposition in Region 111. (a-b) TEM micrographs of carbon layer formed on platinum 
following 40 h of treatment in a fuel excess 0: : CzHJ mixture at 1000 K. Shown are (A) fibrous carbon 

and (B) hexagonal pits. (The hexagonal pits arc shallow and difficult to see.) 
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observations made in this study. Various 
workers have suggested that fibers are pro- 
duced by small metal particles via a process 
of carbon diffusion through and then excre- 
tion from the particles with the driving 
force being thermal or concentration gradi- 
ents (I, 29, 32, 33). Although this model 
was primarily developed to explain fiber 
formation from iron and nickel particles, it 
applies in this case as well because carbon 
is known to rapidly diffuse through plati- 
num (34). Previously it has always been 
assumed that hydrocarbons adsorbed from 
the gas onto the metal particle surface are 
the source of carbon. In this case the 
amorphous carbon layer is assumed to be 
the source of the carbon. There is prece- 
dent for this suggestion as it has previously 
been shown that palladium particles will 
catalyze the conversion of an amorphous 
carbon layer into graphite (14). Another 
possibly applicable model is that adsorbed 
hydrocarbons decompose and/or react with 
the metal. This is followed by diffusion of 
a surface species to a graphitic interface 
where carbon atoms are added to a growing 
crystal (35). 

The above models can explain the ob- 
served fiber growth, but not the complete 
encapsulation of the larger platinum parti- 
cles. It is suggested that a phenomenon 
which is best described as a nucleation and 
growth from a supersaturated solution 
takes place around all the platinum parti- 
cles. That is, the platinum surface is a 
heterogeneous site, capable of nucleating 
graphitic structures. These structures then 
continue to grow by the slow addition of 
atoms from the surrounding amorphous 
material. This is consistent with the ob- 
served graphitic platelet growth in Regions 
I and II. It is also consistent with the 
observation that the fibers appear to 
thicken with time, a phenomenon observed 

elsewhere as well (30). The reason that 
small particles tend to “grow” fibers and 
large particles do not is probably that the 
small thermal and/or concentration gradi- 
ents which develop across a particle during 
the initial graphitization are too small to 
move the larger particles. 

One major difference between platinum 
and other metals is the supposed origin of 
the fiber producing small particles. In gen- 
eral with iron and nickel it is assumed that 
the small particles are produced from larger 
structures when stresses produced by the 
formation of metal carbides or subsurface 
graphite become large enough to “lift out” 
particles (36). In contrast, in this case it is 
suggested that the metal particles which 
produce the fibers are created by a totally 
independent process, catalytic etching. 

One other related observation which re- 
quires comment is the finding that carbon 
deposition under reaction conditions begins 
at a much lower temperature (-770 K) than 
that of carbon deposition in a nonreaction 
environment in which the ethylene concen- 
tration is just as high (-870 K). It is sug- 
gested that under reaction conditions unsta- 
ble radical species are present in the gas 
phase. Some of these radicals are responsi- 
ble for the observed catalytic etching (12, 
13). Other radical species are likely respon- 
sible for the enhanced carbon deposition 
rate. This suggestion is consistent with ear- 
lier observations of low-temperature homo- 
geneous ethylene oxidation kinetics (37) as 
well as the current understanding of the 
mechanism of homogeneous ethylene oxi- 
dation (38, 39). It is also consistent with the 
observation that some gas-phase radical- 
initiated processes, such as some types of 
soot formation, occur only over a limited 
temperature range (40). In related work 
(41), it has been shown that the rate of 
carbon deposition on a solid surface during 

FIG. 5. Chaoite. (a) TEM micrograph of a chaoite crystal formed in Region I. (b) SAD of the crystal 
shown in (a). 
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small platinum particles which form as a cial sUPPort for this work. 
result of catalytic etching catalyze the con- 
version of amorphous carbon to fiber-like 
structures, whereas the large platinum par- 
ticles are immobile, converting only plati- 
num in their immediate vicinity, resulting in 
the formation of graphitic shells. 

Chaoite. While chaoite (42,43) has previ- 
ously been artificially formed only at tem- 
peratures above 2000 K (15, 23, 44), other 
types of carbynes have been formed at 
temperatures below 800 K (45-U), but only 
in the presence of catalysts such as Si, Al, 
Co, and Mn. By analogy, it is possible that 
the platinum surface may catalyze the for- 
mation of chaoite. 

SUMMARY 

Carbon deposition on platinum is ob- 
served when platinum foils are treated ei- 
ther in ethylene (Region I) or in the 02 + 
C2H4 mixtures at temperatures higher than 
770 K (Region II and Region III). Ethylene 
treatment produces continuous, lamellar 
carbon thin films consisting of graphitic 
platelets and stripes of turbostratic carbon 
layers. No platinum reconstruction occurs 
during the carbon deposition and the plati- 
num surface remains faceted. 
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