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Highly disperse (20-100 nm) powders consisting of nanophase fullerenes and their nano- 
composites with rhodium were generated by aerosol decomposition. Solutions of mixed fullerene 
extract (c60, C70) and [(l,B-COD)RhCl]z in toluene were atomized and passed through a hot-wall 
reactor in Nz carrier gas where toluene evaporation and thermal decomposition of [(1,5-COD)- 
RhClIz to  form Rh occurred. Nanocomposite particles were formed at a reactor temperature 
of 550 "C which was sufficiently low to avoid c 6 0  and Rh grain growth in each particle but 
sufficiently high to thermally decompose [(l,B-COD)RhClI 2. Transmission electron microgra hs 
of pure fullerenes showed lattice fringes corresponding to the prominent d spacing of 8.2 ip in 
c60. TEM of the 50/50 wt '7% fullerene/Rh composite showed 3-5-nm Rh crystallites, consistent 
with the value of 4 nm calculated from X-ray diffraction peak broadening. Aerosol decomposition 
allows reasonable production rates of such nanophase materials at the laboratory scale and has 
the potential for scale up to larger levels. 

Introduction 

The recent synthesis of macroscopic quantities of c 6 0  
and c 7 0  (fullerenes)' has stimulated a variety of studies 
on their chemical and physical properties.2 Fullerene- 
based materials have many potential applications31~ in- 
cluding optical limiters, superconducting and nanoscale 
devices, catalysts, carbon fibers, and carbon composites. 
Although there are numerous reports2p5 on spectrochemical 
studies of c 6 0  and its chemical reactions with alkali and 
other metals such as La, Y, Sc, Os, and Pd, there are few 
reports about processing of fullerene-based composites. 
c 6 0  is perhaps the perfect nanoscale structural unit and 
can be used to develop pure nanophase or nanocomposite 
 material^.^ At  the nanophase level, such composites and 
even single-phase materials may exhibit entirely new or 
highly enhanced proper tie^.^^^ In this paper, we describe 
the first report of processing of nanophase fullerenes and 
their nanocomposites with rhodium metal via aerosol 
decomposition. 

Aerosol decomposition is a promising approach for 
generation of unagglomerated ceramic and metal powders 
with submicron particle size.7 This aerosol technique 
involves generation of aerosol droplets from a solution of 
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precursors. Solvent evaporation, precursor precipitation, 
and decomposition of precursors take place within indi- 
vidual dropletslparticles as they are carried through a hot- 
wall reactor. This approach has several advantages over 
traditional processing methods. High-purity powders can 
be produced because milling is not required to reduce 
particle size. A more homogeneous chemical composition 
or controlled-phase distribution (composite materials) can 
be obtained because segregation during precursor pre- 
cipitation is limited to the submicron scale of each particle. 
In addition, particle size, morphology and microstructure 
can be c~ntrol led.~-~ 

Commercially available fullerene powders often have a 
broad particle size distribution and irregular morphology. 
Thus, aerosol routes could be used to obtain spherical, 
submicron, uniform-size fullerene particles from solutions. 
Composites and compounds of fullerenes may be synthe- 
sized by adding metal precursors to the solution. Also, by 
optimizing the reactor temperature, residence time, and 
solution concentration, it may be possible to achieve 
complete decomposition of precursors and minimize grain 
growth to obtain nanophase powders as demonstrated for 
several  ceramic^.^ We have used this approach to produce 
3-5-nm grain-size fullerene-rhodium composites using 
solutions of mixed fullerene extract (MFE) and [(1,5- 
COD)RhCl]z (1,5-COD = 1,5-cyclooctadiene) in toluene. 

Experimental Section 

The mixed fullerene extract was purchased from Texas 
Fullerene Corp. and contained about 85 wt % Cm and 15 wt % 
C~O. The mixture was used as-received without further purifi- 
cation. The compound [(1,5-COD)RhC1]2 was synthesized by 
the procedure reported in the 1iterature.IO 
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Figure 1. Schematic of generation of fullerenerhodium nano- 
composite powders via aerosol decomposition. 

The aerosol decomposition apparatus has been described 
previously.8 During the present study, humidifying columns were 
not used and nitrogen was used as the carrier gas. The system 
was purged with nitrogen before and after the experiments. A 
modified Collison (BGI Inc.) aerosolgenerator was used. Aerosol 
carrier gas flow rate was 10.0 * 0.llpm. The powders were 
collected on a nylon filter which was kept at 41 * 2 "C to prevent 
condensation of the solvent and possible clogging at the filter. 
Two solutions were used to generate powders." The first 
consisted of a toluene solution of MFE and was processed at 200 
O C .  The second solution contained MFE and [(1,5-COD)RhC112 
in toluene and was processed at 550 "C. 

Results and Discussion 

The process of forming pure fullerene and fullerene 
rhodium composite powders by aerosol decomposition 
consists of drying micron-size droplets followed by intra- 
particle reactions as the particles flow through the reactor 
(Figure 1). Solvent evaporation is accompanied by pre- 
cipitation of Csa and the precursor in the particle to form 
solid phases and is followed by thermal decomposition of 
[(1,5-COD)RhCl]p. Since both the CW and rhodium 
precursor are initially mixed at the molecular level and 
the solutions are dilute, ultrafine particles having a 
nanoscale dispersion of the composite phases are formed. 
A 13C(1HJ NMR spectrum of the mixed solution of MFE 
and [(1,5-COD)RhCl]p in deuterated benzene showed no 
extra peaks that could be attributed to any reaction 
between the two precursors. This confirmed that the 
solution droplets entering the reactor were composed of 
a mixture of unreacted precursors. The criterion for the 
choice of the Rb precursor was that it should thermally 
decompose under inert atmosphere to form Rh metal at 
a temperature where Cw is thermally inert. In a recent 
survey12 of the thermal stability of a series of [LpRhC112 
compounds,Ln = l,bCOD,NBD (2,5-norbomadiene),and 
(ethylene)p, only Lp = 1,5-COD gave Rh metal directly a t  
low temperatures (-335 OC) under Nz atmosphere. In 
the experiments reported here, a reactor temperature of 
550 "C was necessary to achieve complete decomposition 
of the rhodium precursor because the residence time was 
only 15 8. However, these conditions did not result in Cw 
decomposition or cause excessive grain growth. 

Figure 2 shows the X-ray diffraction spectrum (Scintag, 
USA; Cu Ka) of the aerosol-generated pure fullerene 
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Figure 2. XRD pattern for fullerene powder made at 200 "C in 
nitrogen. 

Figure3. TEM bright field micragraphafpure fullerenepowder. 

powder made in nitrogen at  200 OC. Extensive peak 
broadening indicated a small crystallite size of roughly 10 
nm in the particles. These particles were solid as shown 
by a TEM (JEOL ZOOOFX, 2M) kV) bright-field micrograph 
of pure fullerene powder (Figure 3). Some of the regions 
showed lattice fringes with a spacing of about 8.2 A which 
corresponds to the prominent (002) d spacing of Cm. A 
selected-area electron diffraction pattern (Figure 3). 
indicated that the particles were polycrystalline. These 
results demonstrate that aerosol decomposition is auseful 
route for generation of submicron fullerene powders. 

Rh-fullerene powders with 50/50 wt 9% composition were 
produced at  550 OC. A scanning electron micrograph 
(Hitachi Model S-800) of these powders showed the 
presence of 2&50-nm agglomerated particles (Figure 4). 
The corresponding XRD pattern is shown in Figure 5. 
PeakscorrespondingtoCmand rhodium metalaremarked; 
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Figure 4. SEM micrograph of 50/50 fullerene-rhodium com- 
posite powder made at 550 "C in nitrogen. 

%them (? 

Figure 5. XRD pattern for 50/50 fullerene-rhodium composite 
powder made at 550 "C in nitrogen. 

however, a few peaks in the pattern could not be indexed. 
These peaks could be due to the presence of CT0 or unique 
C&,olRh structures in the powders. The peaks were 
quite broad indicating crystallite sizes of 4 and 11 nm, 
respectively, for rhodium and Cm. A TEM micrograph of 
the MFElRh = 50150 composite powder (Figure6) showed 
dark rhodium particles dispersed in the fullerene matrix. 
The rhodium particles had a size of 3-5 nm consistent 
with the crystallite size observed by XRD peak broadening. 

Figure fi. TEM hrighr.lirld mlcrugmph 51) 50 iullrrene 
r h d i u m  compoaite powder made ai ,XI! "C in niirogen. 

The selective area diffraction patterns (Figure 6) showed 
rings corresponding to the prominent d spacings of Cw 
and rhodium. Thus, XRD and TEM showed that phase 
segregation can be controlled at the nanometer-scale to 
form ultrafine particles consisting of a nanocomposite of 
CW and Rh. This new method for processing Cw-based 
composites is being extended to other systems and the 
subsequent processing of the powders is being examined. 
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