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1. Introduction

In the case of metallic or ceramic material's
decrease in size of less than 100 nm, some novel per-
formance in melting point, crystal structure, optical
property, magnetic property, catalytic ability and so
forth could be accomplished. When we utilize these
performances, called 'size effect' and 'surface effect,
we can expect an addition of new functions to existing
products. 

Ultrafine particles are produced by plasma technol-
ogy, vapor-phase deposition process, liquid-phase
deposition process and so forth.  A chemical vapor
deposition (CVD) method is one of the processes for
preparation of ultrafine metallic particles.  Low-boil-
ing metallic compounds are used as starting materi-
als, and metallic particles are deposited in vapor
phase by thermal decomposition or reduction of
metallic compound vapor.  

The preparation of ultrafine metallic particles by
using metallic chlorides as the starting material was
first reported in 1962 by Lamprey et al. 1) . They were
successful in preparing W and Mo fine particles with
an average particle diameter of 10-100 nm.  After that,
Otsuka et al. and Okuyama  et al. studied in detail
about the nucleation and growth of fine particles in
vapor phase2) 3). At present, a few companies produce
Ni fine particles on an industrial basis 4).

Ni fine particles are used for the internal electrode
of multi-layer ceramic capacitor (MLCC), which is
packaged on printed circuit board for small and
portable electronic goods, cellular phone, digital cam-
era and so forth.  Ni fine particles with an average
diameter of 200-400nm are currently mainstream;
however, much finer size will be needed as electron-
ics become smaller in the future.  We will report on
the development of 100-nm-diameter Ni and Ni-W
alloy particles, which have the potential to be applied

for ultra small MLCC in the near future, and also Ag
and Cu fine particles, which can be employed as the
filler of the conductive paste, will be introduced in
this paper.  

2. Experimental

Figure 1 shows a schematic diagram of the experi-
mental apparatus used in this study.  This apparatus
consists of four parts: evaporation zone, reaction
zone, cooling zone and particle collector.  A metallic
chloride powder as the starting material was vapor-
ized by heating at the evaporation zone.  The vapor
was transported into the reaction zone by argon carri-
er gas, and then metallic particles were deposited in
vapor phase by hydrogen reduction.  The particles
and the reacted gas were transported into the particle
collector through the cooling zone.  

The formulas for the chemical reaction are given as
follows.  In the case of Ni fine particles, NiCl2 powder
was used as the start material, and reaction tempera-
tures of the equations (1) and (2) were controlled at
950-1,100°C and 1,000-1,100°C, respectively.  Ni fine
particles with an average particle diameter of 80-1,000
nm could be obtained by controlling reaction temper-
ature, concentration of NiCl2 vapor, velocity of flow of
NiCl2 gas and so forth.  

Ultrafine Metallic Particles

Kazunori Onabe, Hiroyuki Kamata, Ryo Kikutake, Kenji Goto, 
Shoji Ajimura and Takashi Saitoh

Ultrafine metallic particles of Ni, Ag and Cu with an average particle diameter of 400 nm
were prepared by hydrogen reduction of metallic chloride vapors.  Furthermore, we have devel-
oped 100-nm-diameter Ni and Ni-W alloy particles, which have the potential to be applied for
ultra small multi-layer ceramic capacitor in the near future.  Ni-W particles were in the form of
solid solution, in which W elements were distributed uniformly in Ni matrix.  It was found that
the sintering property of Ni particles was improved dramatically by doping with several wt% 
of W.

Ar

Electric furnace

Metallic chloride

Evaporation zone Reaction zone Cooling zone

To collector

H2

Fig. 1.  Schematic Diagram of Experimental Apparatus.



MClX(s) → MClX(g)   ...(1)

MClX(g) + H2(g) → M(s) + XHCl(g)   ...(2)

where M is the metallic element with valence X .

3. Preparation of Ultra Fine Metallic Particles

3.1 Ni Fine Particles

Figures 2 and 3 show SEM photographs and the
size distribution of Ni fine particle prepared in this
study.  An average particle diameter calculated by an
image analysis is 411 nm, and it is found that this par-
ticle shows the spherical shape and the sharp size
distribution, which are distinctive features of the par-
ticle prepared by CVD method.  Cross-sectional TEM
images of Ni particle are shown in Fig. 4.  It is found
that each of particles is a single crystal, and the sur-
face is covered with a uniform oxide film of a few
nanometers in thickness.  

3.2 Ag and Cu Fine Particles

In order to prepare metallic particles by the above
reactions (1) and (2), the following conditions are

found to be appropriate.  The first condition is that
metallic chloride shows good thermal stability and
high vapor pressure; the other is that hydrogen
reduction of metallic chloride vapor occurs at a valid
temperature.  AgCl and CuCl satisfied these condi-
tions in thermodynamics; hence, we tried to prepare
Ag and Cu fine particles.  Figure 5 shows SEM pho-
tographs of Ag and Cu particles prepared in this
study.  These particles also show the spherical shape
and the sharp size distribution as in the case of Ni.  

4. Development of 100-nm-Diameter Ni and Ni-
W Alloy Particles

Furthermore, we tried to develop 100-nm-diameter
Ni and Ni-W alloy particles, which have the potential
to be applied for ultra small MLCC in the near future.
Ni-W alloy particles are prepared by hydrogen reduc-
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Fig. 2.  SEM Photograph of Ni Fine Particle. 
(Average particle diameter: 400nm)
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Fig. 3.  Size Distribution of Ni Fine Particle. Fig. 4.  Cross Sectional TEM Images of Ni Fine Particle.
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tion of mixed vapor of NiCl2 and WCl6.  SEM pho-
tographs of Ni and Ni-W alloy particles developed in
this study are shown in Fig. 6.  It is found that these
particles show the spherical shape and the sharp size
distribution, and the good discreteness is also main-
tained even though the particle size is very small.  

Figure 7 shows X-ray diffraction patterns of these
particles.  It is found that the position of X-ray peaks
for Ni-W particles are shifted to a lower angle with
the increase in the doped weight of W.  The cross-

sectional TEM-EDX analysis of Ni-8.7wt%W particle
(shown in Fig. 8) shows that W elements are distrib-
uted uniformly in the Ni matrix, such that this parti-
cle is considered to be a solid solution of Ni and W.  
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Fig. 7.  X-ray Diffraction Patterns of Ni-W Fine Particles.

Fig. 8.  Cross Sectional TEM-EDX Analysis of Ni-8.7wt%W
Fine Particle.
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Fig. 9.  Definition of 10%-Sintering Temperature.

Fig. 5.  SEM Photographs of Ag and Cu Fine Particles.
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Fig. 10.  10%-Sintering Temperature of Ni and Ni-W Fine
Particles.

Fig. 6.  SEM Photographs of Ni and Ni-W Fine Particles.
(Average particle diameter: 100nm)
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The sintering property of Ni and Ni-W particles is
analyzed by using a thermomechanical analyzer
(TMA).  Each of the particles is pressed into shapes
of 2.5 W mm × 4.0 T mm × 15 L mm and it is heated
in 100% N2 atmosphere.  An example of 400-nm-diam-
eter Ni particle is shown in Fig. 9.  Figure 10 shows
the sintering property of each of the particles that is
arranged by using 10%-sintering temperature defined
in Fig. 9.  In the case of Ni particles 10%-sintering
temperature decreases as the particle size becomes
small; however, it is improved dramatically by doping
with more than 4.6 wt% of W.  It is found that the sin-
tering property of Ni particles is improved dramatical-
ly by doping with several wt% of W.  

5. Conclusion

Ultrafine metallic particles are prepared by hydro-
gen reduction method of metallic chloride vapors,

which is based on CVD technique of optical fibers
and superconductors nurtured over the years in
Fujikura Ltd.  The distinctive features of these parti-
cles include spherical shape, sharp size distribution
and high crystallinity.  Ni and Ni-W particles with an
average particle diameter of 100 nm developed in this
work show good discreteness and sintering property;
therefore, they possess the potential to be applied for
ultra small MLCC in the near future.  
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