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A design of a nanometer size metal particle generator: Thermal
decomposition of metal carbonyls
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We have developed a method which can produce both pure and alloy nanometer size metal particles
in a large scale. This method combines a thermal decomposition of metal carbonyls with a collision
induced clustering. Metal carbonyls are thermally decomposed with a hot filament and resultant bare
metal atoms undergo collisions to produce nanometer size metal particles. This method requires a
very simple experimental setup even though it is a high efficiency production method. Using this
method, we have produced, high purity Fe, Mo, and alloy Fe/Mo nanometer size metal particles.
© 1999 American Institute of PhysidsS0034-674809)03111-1

I. INTRODUCTION well as alloy Fe/Mo nanoparticles and characterized their
size and structure.

Nanometer size metal particlder clusters are now
emerging as new materials. because of their poten_tial iNdus; ExPERIMENTAL SETUP
trial applicabilities to a variety of areasThus studies on
nanoparticles are rapidly expanditif* They possess unique The NMSMPG which is used to produce nanometer size
mechanical, physical, and chemical properties different froninetal particles is presented in Fig. 1. It consists of two main
their corresponding bulk. Using such properties, they can b@arts which are the reaction chamber and the filament.
used as electrical materials, magnetic materials, supercon- The reaction chamber is made of stainless stg&lS
ductors, nonlinear optical materials, and catalysts, etc. SomeP4- The reaction chamber is a pipe type with a dimension

of these properties are size dependeé2Such size depen- ©f the out diameter=50 mmx the length ) =100 mm and
dence allows us to design a varietystéte of artnanostruc-  Was evacuated with a 150/s mechanical pump down to

_3 . . .
tured devices such as light emitting diodes and laser&3etc, 10 = TorT. Even at this vacuum level, oxides production was

For instance, Fe nanometer size metal particles posseQ%'n'mal' The 3 in. top flange with two filament feedthroughs

magnetic proper®? and thus are now used as a magnetic's copper gasket sealed. Twb in. stainless steel tubes

coating material in a magnetic tape or in memory devices\.’velded to the middle of the reaction chamber are for evacu-

They also strongly absorb ultravioldV) photons in a wide ation of gases and introduction of sample vapors, respec-

range(200—600 nmand thus can be used as an efficient UVU\."aly (see F'g' 1 The gas handling cart, which is equipped
: . . . with an 150//s mechanical pump and vacuum gauges, was
protector in cosmetic® Fe,0O5 nanoparticles tint red brown

and thus can be used as pigment as well as an UV protect?lili?d to introduce gases and to evacuate the reaction cham-

because they also strongly absorb UV photons in a wide The filament connected to the top flange electrical

range:” . . . _ feedthroughs is a resistive heater. The gap between two elec-
A large scale production of high purity nanoparticles at Arical feedthroughs was 1 cm apart. When the distance be-
low cost is essential for industrial usages. Besides these, pafjeen the two feedthroughs was short, metal particles some-
tlcle.S|ze cor_1tro| is also |mport§1nt because a dlfferent. SIZ8mes caused an electrical shortage. In order to increase the
provides a different property. Size control can be achievedyes for thermal decomposition reaction, a solenoid shape
by carefully changing metal vapor densfty’in the present fiament was used as shown in Fig. 1. Length was 80 mm but
method, metal vapor density is controlled by changing meta} couid be changed. A 1-mm-thick nichroniii/Cr/Fe al-
carbonyl vapor density because metal atoms are supplied Byy) wire with a total resistence of 2.2 was used in this
decomposition of metal carbonyl vapors. experiment. However, any kind of resistive material can be
Here, we designed a nanometer size metal particle gefsed. The filament was heated by flowing curr@iternating
erator(NMSMPG) which can produce a variety of both pure cyrrent in this experimenthrough it?’
and alloy nanometer size metal particles in a high purity, ata A separate sample container was attached to the reaction
low cost, and in a large scale. This method is very simplechamber with a swagelok valve between them. In this con-
compared to laser ablatibf and sputtering methods! In  figuration, metal carbonyl vapor was provided continuously
this article we produced pure Fe and Mo nanoparticles ag the reaction chamber while decomposition reaction was
occurring. The reaction chamber sometimes needs being
“Author to whom correspondence should be addressed; electronic maifVacuated to reduce its pressure because of pressure rise due
ghlee@bh.kyungpook.ac.kr to COs from decomposition of metal carbonyl vapors.
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FIG. 1. A schematic experimental set up of the NMSMPG. FIG. 2. A low resolution TEM of Fe particles. Particle size is homogeneous

with a size distribution between 5.0 and 7.0 nm.

Sample container was slightly heated up to 50—-60 °C except
for F(CO)s because REO)s has 20-30 Torr vapor pres- conditions described earlier. The purity even increased by
sure at room temperature. Reaction chamber should be maigsing a lower filament voltage. We also noticed that metal
tained a few degree higher than the sample container tparticles collected on the filament contained some oxides and
avoid recrystallization of metal carbonyl vapors which mightthus were not collected.
decrease a purity of metal particles. The radiatively heated  Although a high metal carbonyl vapor press(rel atm
reaction chamber temperature by the filament was 60—70 °¢s not normally used in the experiment, it should not be run
because the present chamber was small. Thus, a separatenigh filament voltages because of a possibility of explo-
heating was not necessary. However, when a larger reactiafion originating from a rapid pressure rise. Note that decom-
chamber is used as described later, a separate heating will p@sition of metal carbonyM(CO),] producesx times the
needed. initial metal carbonyl vapor pressure. Since we used a metal

The experimental setup presented in Fig. 1 can be modicarbonyl vapor pressure usually less than 50 Torr, the explo-
fied into a larger size to increase production rate. It is recsion never happened. In the case of thé&)s sample,
ommended to use several filaments at different locationghread-like products were produced near to the filament en-
when a larger reaction chamber is used. This allows us tgironment at a high filament voltage. Thus, in general, a high
produce metal particles in a short time and to continue defilament voltage should not be used.
composition reaction even when one of the filaments fails
due to such as an electrical shortage. B. Yields and costs

A glass chamber which has a similar dimension as the .
stainless steel chamber was also made and used. However, When 1 g of FECO)s was used, we obtained 2560

there was no difference in performance. Metal particle§ng of Fe particles; a theoretical yield is 286 mg. Each run

forming near to the filament environment as well as the fila-t.OOk 5-10 min. The loss was mainly due to uncollected par-

ment color were easily observed using the glass reactioHCles from the reaction chamber. Costs needed for produc-
chamber. tion are mostly those of metal carbonyl samples because the

experimental setup is very simple. Using 1 kg of @),

which costs 112.35 US dollars will produee250 g of Fe
Il RESULTS AND DISCUSSION particles, which indicates a production cost of 45 cents/g.
A. Production condition

Metal carbonyl samples, FeO)s; and MdCO)g, were C. Particle size and structure

used. We can change two conditions which @nethe metal Final product, i.e, metal particles always tinted black.
carbonyl vapor pressure aig) the filament voltage. Three experimental results are presented here. Theylare

In general, we found that high purity metal particles pure Fe nanoparticle2) pure Mo nanoparticles, an(B)
could be steadily produced at mild conditions which corre-alloy Fe/Mo nanoparticles.
spond to 10—30 Torr of metal carbonyl vapor pressure and a Figure 2 represents a low resolution transmission elec-
slightly glowing filament voltag¢17 VAC for F§CO)s; and  tron micrograph(TEM) of Fe particles. Figure 3 represents
25 VAC for Mo(CO)s were used in this experimdrft’ At an x-ray diffraction(XRD) pattern of Fe particles which
these conditions, high purity metal particles were uniformlyshows a body-centered-cubibco structure. Note that the
deposited on the reaction chamber wall. bulk Fe also possesses a bcc structure. Particle size is very

We noticed that oxides were produced at high filamenthomogeneous with an average particle diameter of 6.0 nm.
voltages. We think that the oxide product came from reaction  Both Figs. 4a) and 4b) represent low resolution TEMs
with oxygen of COs decomposed by a hot filament and withof Mo particles, respectively. Figure 5 represents an XRD
some residual @in the reaction chamber at high filament pattern of Mo particles which shows a face-centered-cabic
voltages. However, we usually obtained purities>®5%  (fcc) structure. However, the bulk Mo possesses a bcc struc-
and >98% for Fe and Mo particles, respectively, at mild ture. This structural difference is due to the fact that a small
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FIG. 3. An XRD pattern of Fe particles. The assignment is miller indicesFIG. 5. An XRD pattern of Mo particles. The assignment is miller indices
(hkl). Structure is bec. (hkl). Structure is fcc. Note that the bulk has bcc structure. This structural

difference is due to a particle size effdsee Ref. 4

particle can have a structure different from the bulk. Such a

structural difference had also been observed in metal parggrgdesd VSVS% someSvyhat t?] w;?stmettmstnlrJ]utlon b(latvve;an
ticles produced by a CQlaser multiphoton decomposition D an -0 nm. since the pattérn shows only a fcc

method of metal carbonyls by our grofifhis result is also structure, it seems that the large particles are aggregates
consistent with a theoretical prediction by Tomed, (probably due to self arrangemertdf the small particles.

Mukherjee, and BennemarfThere exist two kinds of par- Note that a self-arrangement had been observed in Mo par-
ticle size; one is small particles with a homogeneous sizéICIes produced by the argon ion sputtering methodrig-

distribution between 2.0 and 3.0 nm and the other is IargéIre 4b) shows that some of the large particles are nearly
square, which had been also observed in Mo particles pro-

duced by the argon ion sputtering metod.

Alloy nanometal particles with a variety of composition
can be produced by using several metal carbonyl samples
and by changing the ratio in amount of metal carbonyl
samples® Figure Ga) represents an XRD pattern of
Fe;sMo3, alloy nanoparticles by mole percent from elemen-
tal analysis which were produced using-10 Torr
Fe(CO)5/~5 Torr Mo(CO)g and Fig. &b) represents an XRD
pattern of a physical mixture of 68% Fe and 32% Mo nano-
particles by mole percent. As expected, the physical mixture
[Fig. 6(b)] shows a combination of the XRD patterns of pure
Fe and pure Mo nanoparticles, as presented in Figs. 3 and 5,
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FIG. 4. Low resolution TEM of Mo particles(a) Both small and large 20 30 40 50 60 70 80
particles are showr(b) Only large particles are shown. Two kinds of par-
ticle size exist; one is small particles with a homogeneous size distribution 2 9

between 2.0 and 3.0 nm and the other is large particles with a somewhat

wide size distribution between 30.0 and 50.0 nm. A close examination ofIG. 6. (a) An XRD pattern of alloy FgMo3, particles by mole percentb)
large particles shows that they are nearly square in shape. Square shapeAsf XRD pattern of a physical mixture of 68% Fe and 32% Mo particles by
Mo particles had been observed in the argon ion sputtering experiisemt  mole percent. The assignment is miller indicéskl). Two XRD patterns
Refs. 5-7. are provided to distinguish the alloy particles from the physical mixture.
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