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ABSTRACT: 
In this paper, the first results of preparation and structural characterization of the nanostructured 
strengthened steels are presented. The samples were prepared by powder technology. A high energy 
milling process at different parameters has been applied to strengthened steel powder production. 
The high efficient attrition mills are on the basis of this work assuring grains with nanostructure. 
Powder samples were investigated by scanning electron microscopy (SEM). The structural changes 
during milling steps have been described. It was demonstrated that 4 hours milling in wet atmosphere 
are enough to realize steel powders with nano dimensions. 
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1. INTRODUCTION 
 
Oxide dispersion strengthened (ODS) FMS are promising materials with a potential to be 

used at elevated temperatures due to the addition of extremely thermally stable oxide particle 
dispersion into the austenitic or martensitic matrix. ODS steels show high-strength at high-
temperatures [1]. Oxide-dispersion-strengthened steels have attracted attention for advanced 
nuclear power plants applications such as fast and fusion reactors, because of their superior high 
temperature mechanical properties [2, 3]. ODS steels are being developed and investigated for 
nuclear fission and fusion applications in Japan [4, 5], Europe [6, 7] and the United States [8, 9].  

Powder metallurgy of stainless steel (PM SS) components constitutes an important and 
growing segment of the PM industry. The PM processing provide a feasible and economic 
manu-facturing of au-stenitic stainless steels components with complex shape and advantages 
such as good dimensional precision, high surface finish and good mechanical properties [10 – 14]. 
The production of oxide dispersion- strengthened steel involves many processes, such as 
mechanical alloying, degassing, canning, hot extrusion, and heat treatments. In the procedures, 
the hot extrusion process strongly affects precipitation behavior of oxide particles and their 
dispersion. [15].  Fundamental studies concerning optimization of mechanical milling (MM) 
processing as well as effects of alloying elements on the high-temperature mechanical strength 
had been carried out in cooperation with fabrication vendors [16].  

In this work, the structural and morphological properties of nanostructured ODS steel 
powders prepared by powder metallurgy methods are presented. 

 
2. THE STUDY 
 
An efficient dispersion of ODS steels will be achieved by employing a high efficient milling 

process, namely the attritor milling (Figure 1). In this paper the wet coating process of fine ceramic 
particles is proposed by the help of mechano-chemical processes assured by attrition milling. In the 
case of our model experiments, for some of the powder mixtures a high efficient attritor mill (DMQ-
07 Union Process) was employed. This apparatus allowed a high rotation speed (2000-2800 rpm) 
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and a contamination free mixing process, because of stainless steel parts (tank, arm, balls) as in 
Figure 1.   

 
Figure 1. Horizontal high 

efficient attritor mill 

Based on our former observations the attritor mill has 
more advantages to conventional planetary mill. In the wet 
process, the attritor may work at higher speeds as 3000 rpm in 
comparison to planetary mill, 500 rpm. The delta discs 
employed in the attitor, as well as the small media 0.1- 1 mm 
assure a very efficient dispersion. The commercial austenitic 
powder (Hoganas 316L) were milled by attritor for 1, 2, 3, 4 and 
5 hours in propanol (wet milling).  

Morphology and microstructure of the powder and 
sintered steels were studied by scanning electron microscope 
(Zeiss-SMT LEO 1540 XB and Jeol JSM-25-SIII).  

 
3. ANALYSES, DISSCUSIONS, APPROACHES 

AND INTERPRETATIONS 
 
Structural characterization of starting austenitic steel 

powder was performed by scanning electron microscopy 
(Figure 2). Austenitic sample consisted of globular particles. 
The average size of particles is 50 – 100 μm.  The 
composition of starting austenitic powder is  Fe and 
0,02% C, 13% Ni, 16,8% Cr, 0,85% Si, 0,20%O, 
0,04% N and 2,2% Mo.  

The powder structure after 1 hour milling 
showed considerable differences to starting powder. 
The forms of austenitic particles are globular. Their 
average size is lower, about 80 µm (Figure 3a). The 
structural investigations demonstrated the existence 
of small grain in few micrometer ranges among 
globular grains (Figure 3b).  

Figure 4 showed the morphology of austenitic 
sample after 2 hours milling time. The average size 
of globular particle is about 60 μm. 1 hour intensive 
high efficient milling decreased the particle size 
about 15 – 20 μm. The shape of grains has not changed. 

 
Figure 2. SEM image of starting 
commercial austenitic powder 

  
a) b) 

Figure 3.  SEM images of austenitic powder milled for 1 hour. a) low magnitude, b) high magnitude 

  
a) b) 

Figure 4.  SEM images of austenitic powder milled for 2 hour. a) low magnitude, b) high magnitude 
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The next 1 hour milling time (3 hours) decreased the particle size about 10 μm as shown the 
Figure 5a.  The parts of particles are globular, but the SEM investigation proved the developing of 
particles with rough surface (Figure 5b). This disintegration effect is on the basis of the evaluation 
of nanoparticles.   

  

   
a) b) 

Figure 5.  SEM images of austenitic powder milled for 3 hour. a) low magnitude, b) high magnitude 
 

After 4 hours wet milling, the structure showed the drastically change in morphology.  The 
sample consisted of very small austenitic grains with lamellar structure and of few  80 μm size 
globular particles (Figure 6a).  The average size of lamellar particles in one dimension is 
nanometer range, their length is few micrometers (Figure 6b).  

 

  
a) b) 

Figure 6.  SEM images of austenitic powder milled for 4 hour. a) low magnitude, b) high magnitude 
 

The final nanostructure was achieved after 5 hours milling time (Figure 7a). The sample 
consisted from very thin lamellar particles, the existing of larger grains is not shown. Figure 7b 
show the very fine austenitic structure.  

 

a) b) 
Figure 7.  SEM images of austenitic powder milled for 5 hour. a) low magnitude, b) high magnitude 
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4. CONCLUSIONS 
 
In this paper, the first results of preparation and structural characterization of the 

strengthened nanostructured steels prepared by the powder technology is presented.  A high energy 
wet milling process in propanol for 1, 2, 3, 4 and 5 hours milling time has been applied to 
strengthened steel powder production. The structural changes have been observed. The average 
size of starting commercial austenitic powder was about 100 μm. The particle size of nanometer 
range in was achieved after 4 milling hours.  
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