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Since the discovery of C60 [1], there has been an immense
interest not only in this fullerene cage but its varieties with
larger sizes as well. However, wide exploration of the prop-
erties and applications of such material has been hindered
as an efficient synthesis technique is still lacking. The syn-
thetic processes described in the literature such as laser
ablation [1] and arc discharging [2] take place at very high
temperatures (>2600 �C) and result in a low yield of fulle-
renes of C60 and its close varieties. Higher fullerenes such
as C180, C240, and C560 were rarely observed although they
have been theoretically predicted [3]. Here we describe a
catalytic method, for the first time, for production of giant
fullerene cages of C1140 to C4570 with single- or double-wall
structure. This was achieved by heat treatment of amor-
phous carbon containing uniformly distributed Fe nano-
particles at low temperatures of 1000–1350 �C.

The precursor used for heat treatment was fabricated by
thermal pyrolysis. A gas mixture of C2H2 and iron penta-
carbonyl [Fe(CO)5] was introduced into a vertical quartz
tube furnace set at 700 �C with N2 as a diluting gas. In or-
der to add Fe(CO)5, N2 and C2H2 gases flowed through the
liquid carbonyl which was held at 0 �C. Typical flow rates
were 30 l/h for N2 and 20 ml/min for C2H2, yielding a pro-
duction rate of �5 g/h. For heat treatment, the obtained
black powder was put in a corundum tube, and then the
tube was evacuated and filled with argon to atmospheric
pressure. The tube containing the sample was rapidly
heated to a temperature of 1000–1350 �C at a heating rate
of approximately 400 �C/min. After annealing for 0.5–2 h,
the tube was cooled either in the furnace or in air.

X-ray diffraction (XRD) of the precursor suggests that
crystallization of both carbon and iron was poor
(Fig. 1(a)). High-resolution transmission electron micros-
copy (HRTEM) of the precursor shows that rather small
iron particles with diameters of up to 3 nm were dispersed
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homogeneously in the matrix of carbon (Fig. 1(b)). XRD
of the sample after heat treatment shows strong peaks
(Fig. 2(a)), indicating that both carbon and iron crystal-
lized with the formation of additional Fe3C. HRTEM di-
rectly illustrates the change of the original amorphous
carbon to crystalline carbon with a cage structure. The
new carbon nanocages generally have diameters in the
range of 3–6 nm, and consist of a shell made up of one
or two graphitic layers and an empty core (Fig. 2(b)–(d)).
They are generally aggregated and appear to have irregular
shapes in TEM (Fig. 2(b) and (d)). Nevertheless, separate
double-wall cages are seen to have a spherical shape
(Fig. 2(c)). Separate single-wall cages with a diameter of
as large as 12 nm were also observed, but only occasion-
ally. Such cages illustrate a regular polyhedral shape
(Fig. 2(e)). After heat treatment, the original fine iron par-
ticles (Fig. 1(b)) disappeared and were replaced by much
larger iron or cementite (Fe3C) particles encapsulated in
graphitic cages. Within some of these cages, an empty
space can be found between iron and graphitic layers
(Fig. 3). Annealing at 1350 �C for 2 h followed by sponta-
neous cooling (with furnace power turned-off) led to almost
complete transformation of the original amorphous carbon
to crystalline carbon. In such sample, the volume fraction
of the iron-free cages was estimated to be �80% with the
rest being the Fe- or Fe3C-containing cages.

The cores of the cages without iron or cementite parti-
cles could be hollow. This suggestion is supported by the
observations of the lack of structure and uniform translu-
cent appearance to the electron beam, and similar struc-
tures of graphitic planes in multiple overlaid cage
particles. If the cages were filled with amorphous carbon,
then the cores will show variations of translucence and
the structures behind the overlaid particles could not be
clearly discerned due to the intervening crystalline material
in the path of the electron beam. These hollow carbon
nanocages are apparently different from the typical carbon
nanoonions [4] with sequent graphitic layers down to the
center, but fall in the fullerene category.

It is now well known that C60 has a football-like struc-
ture. The sizes of this fullerene and its varieties are related
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Fig. 1. Analysis of the precursor. (a) XRD pattern of the precursor with no strong peaks, indicating poor crystallization of carbon and iron. (b) HRTEM
image of the precursor showing that rather small iron particles (up to 2–3 nm) were dispersed homogeneously in amorphous carbon, and SAED image
(insert) indicating poor crystallization of Fe.
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Fig. 2. XRD of the heat treated sample (1350 �C, 0.5 h, air cooling)
showing peaks of graphite, a-Fe, and Fe3C (a) and HRTEM images of
fullerene cages with a double- (b, c) or a single-wall (d, e) structure.
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