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Abstract 

 
In the present study, ultrafined Zr-V-Fe based alloy powder prepared by a plasma arc discharge process with changing 
process parameters. The chemical composition of synthesized powder was strongly influenced by the process parameters, 
especially the hydrogen volume fraction in the powder synthesis atmosphere. The synthesized powder had an average 
particle size of 50 nm. The synthesized Zr-V-Fe based particles had a shell-core structure composed of metal in the core 
and oxidse in the shell.  
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1. Introduction 
 

Metal ultrafine particles with a diameter between 10 nm 
and 100 nm have a wide range of potential applications, 
including magnetic recording media, catalysts, conductive 
or resistive pastes, ferrofluids, and others.1) Zirconium 
based alloy is one of the main elements for the application 
of metal ultrafine particles in various industrial fields. 
Ultrafined zirconium based alloy particles are of particular 
interest in the hydrogen storage and gas absorption. 
However, these properties of the ultrafined zirconium based 
alloy powder have been rarely studied exhaustively. The 
physical and chemical properties of metal ultrafine particles 
strongly depend on the particle and surface characteristics, 
including size, morphology, surface area, surface oxide, and 
others. In practical applications of metal ultra fine particles, 
the relationship between the preparation process parameters 
and their properties should be verified.       

Ultrafine particles can be produced by several different 
methods, such as colloidal precipitation, mechanical 
attrition and a vapor condensation process.2) The latter is 
widely used method at present, based on its advantages of 
being relatively simple to scale up to high-rate production. 
Vapor condensation processes typically involve nucleation 
and growth of nanosized particles from a supersaturated 
vapor produced either by the evaporation of bulk materials 
or by the chemical reaction of gas-phase precursors. The 
plasma arc discharge process can be used for preparing 
metal, ceramic and their composite ultrafine particles by 
vaporization-condensation of metals or alloys in an active 
atmosphere using a DC arc-plasma.3) It has been recently 
synthesized that the pure metal powders, for example iron, 

alunium, tin and others by this process. However, it has 
been rarely reported that the synthesis of the metal alloy 
powders by the plasma arc discharge process.  

In the present study, ultrafine zirconuim based alloy 
particles were prepared by the plasma arc discharge process 
under the various powder synthesis conditions, and then the 
morphology, phase structure and surface structure of the 
synthesized particles were studied using FE-TEM, XRD 
and XPS. 
 
 

2. Experimental and Results 
 

Figure 1 shows the apparatus for preparing the 
ultrafine particles by the plasma arc discharge method. 
This apparatus mainly consisted of a vacuum chamber, a 
tungsten cathode, a copper anode, a gas flow system and 
a DC power supply. Zr57V36Fe7 bulk alloy was used as 
the raw material. The vacuum chamber was evacuated to 
10-5  Torr and then backfilled with a hydrogen/argon 
mixture gas to 300~550 Torr. The arc plasma was then 
initiated between the tungsten cathode and the bulk alloy on 
the copper anode under an arc current of 140A and an arc 
voltage of 21~25V. The mixing ratio of the hydrogen:argon 
was changed from 4:6 to 5:5.   
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Fig. 1. Schematic diagram of apparatus for producing 
ultrafine particles by the plasma arc discharge process. 
 
 

Figure 2 shows the chemical composition of the 
synthesized Zr-V-Fe powders with the volume fraction of 
hydrogen gas in the powder synthesis atmosphere. The 
chemical composition of the synthesized powder drastically 
changed with the volume fraction of hydrogen in the 
synthesis atmosphere. The synthesized Zr-V-Fe powder 
under 40% H2 atmosphere had Zr14V48Fe36 composition, 
and the one under 50% H2 atmosphere had Zr55V28Fe16 
composition. The chemical composition of the synthesized 
Zr-V-Fe powder changed to the chemical composition of 
the raw material, Zr57V36Fe7, with the increasing hydrogen 
volume fraction. It knows that the mixing ratio of the 
hydrogen and argon in the synthesis atmosphere was very 
important for the control of chemical composition of the 
powder on synthesis of the ultrafine metal alloy powder by 
the plasma arc discharge process.   
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Fig. 2. Variation in the chemical composition of the 
synthesized powder with the volume fraction of 
hydrogen gas in the synthesis atmosphere. 
 
 

Figure 3 shows the TEM micrograph of the synthesized Zr-
V-Fe powder for hydrogen volume fraction of 50% H2. The 
synthesized powder had an average particle size of 50 nm. 

 

 
 

Fig. 3. TEM micrograph of the synthesized Zr-V-Fe 
powder. 
 
 

Figure 4 shows the analysis results of the XPS peak of 
the synthesized Zr-V-Fe ultrafine particles. The analysis of 
the binding energy was carried out on O1s for the oxides 
based on the Gaussian function. The measured peak could 
be separated into three peaks; one was ZrO2, Fe3O4, V2O5 
and Fe2O3, other was FeO(OH) and Fe(OH)O, and the other 
was not indentified. The synthesized Zr-V-Fe ultrafine 
particles are known to have a shell-core structure compose 
of metal in the core and oxides in the shell. 
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Data: Data1_B
Model: Gauss 
Equation:y=y0+(A/(w*sqrt(PI/2)))*exp(-2*((x-xc)/w)̂ 2) 
Weighting:
y No weighting
  
Chî 2/DoF = 564740.15437
R̂ 2 =  0.99984
  
y0 111337.92325 ± 87.85128
xc2 530.32931 ± 0.76029
w2 1.57184 ± 0.78821
A2 140734.70618 ± 029314.56944
xc5 530.13823 ± 0.14397
w5 1.06899 ± 0.19171
A5 174421.74117 ± 38127.4583
xc7 531.5962 ± 0.06388
w7 1.66668 ± 0.05969
A7 133388.80824 ± 65532.92082
xc9 533.22789 ± 0.71861
w9 1.10438 ± 0.67438
A9 6159.85639 ± 7039.70516

 
Fig. 4. Analysis results of the XPS peak of the 
synthesized Zr-V-Fe ultrafine particles. 

 
  

3. Summary 
 

The Zr-V-Fe alloy powder has an average particle size of 50 
nm can be synthesized by the plasma arc discharge process. 
The hydrogen volume fraction in the synthesis atmosphere had 
an effect on the chemical composition of the powder. The 
synthesized Zr-V-Fe particles had a shell-core structure 
composed of metal in the core and oxides in the shell.  
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