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ABSTRACT: The paper presents a part of the comparative experimental researches carried out by the authors on ring-type parts 
made of a powder mixture consisting of austenitic stainless steel AISI 316L and alumina (Al2O3) powder and on valve supports 
from the engines of Volkswagen and Audi cars. The purpose of the researches was to determine whether the mentioned valve 
supports could be manufactured also of the analysed powder mixture. The analysed powder mixture resulted from previous 
researches carried out by the authors and from studies in the speciality literature. The experiments first targeted the microstructures 
and microhardnesses of samples taken from the supports of admission and evacuation valves from Volkswagen (A1 and E1) and 
Audi (A2 and E2) cars, respectively. The same analyses were then applied to ring-shaped parts made by sintering from a mixture of 
austenitic stainless steel 316L + 30% alumina (Al2O3) powder. 
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1. INTRODUCTION 
Given the current conditions of competition on the 
global market, industrial companies are more and 
more interested to find new technologies and new 
materials that would help to improve the 
performances of their products, but also to keep 
costs at a low level. 

In this regard, the automotive industry is one of the 
most active ones, so that many researches nowadays 
target materials and technologies to be applied in the 
manufacturing of cars and car parts. 

Iron-carbon alloys have for a long time dominated 
the list of materials for car parts, especially due to 
the outstanding strength properties and the 
possibility of applying well-known and relatively 
uncomplicated processing technologies. 

However, in the recent years, considerations such as 
the high specific mass and costs of specialised steels 
and cast irons have led to a search for other 
materials with similar structure and behaviour. 

Powder metallurgy can offer a very good alternative 
in this respect, as it deals with the elaboration of 
various metallic powders and with the 
manufacturing, from these powders, of either large-
series parts or of specialised unique products with 
outstanding properties [1, 2]. 

The manufacturing of parts by sintering differs 
fundamentally from the classical manufacturing 

technologies, which require the parts to be processed 
through a large number of often complicated, costly 
and lengthy operations. Powder metallurgy implies 
essentially three main operations: first, the powders 
are obtained and mixed according to a given recipe, 
then they are compacted, most often by pressing in 
steel dies and afterwards the obtained blanks are 
subjected to the actual sintering, i.e. to a specific 
heat treatment that is usually carried out under a 
protective atmosphere and implies the heating of the 
materials below their actual melting point. The 
employment of a higher sintering temperature 
ensures a higher sintered density and the formation 
of less surface oxides [3]. 

This method allows obtaining parts directly with 
their final shape and dimensions, which also have an 
adequate surface quality [1]. 

Powder metallurgy allows the obtaining of 
compounds and parts with a precise and 
homogeneous composition, which often cannot be 
obtained by other means - pure highly refractory 
metals such as tungsten (W), pseudo-alloys such as 
W-Cu-Ag, copper-graphite combinations etc. Also, 
it is possible to obtain parts with controlled porosity, 
so that they can be employed, for example, as 
precise and fine filters. 

Another big advantage is that the tools involved in 
the obtaining of sintered parts are universal, a new 
part requiring only the replacement of the pressing 
die. The simplicity of operations makes it easy to 
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mechanise and automate production, thus increasing 
the productivity [2, 4]. 

Starting from these considerations, the authors have 
attempted through the researches detailed in this 
paper to compare the microstructures and 
microhardnesses of ring-type parts made of a 
powder mixture consisting of austenitic stainless 
steel AISI 316L and alumina (Al2O3) powder and 
with those of valve supports from the engines of 
Volkswagen and Audi cars. 

 

2. MATERIALS, METHOD AND 
EQUIPMENT  

As mentioned above, the experiments were carried 
out on two types of materials and parts. 

On the one hand, there were analysed valve supports 
from the engines of Audi and Volkswagen cars. 
Figure 1 presents a cut engine block, with a valve 
and a valve support such as those analysed during 
the researches. 

 

 
Figure 1. The engine block with valve and the valve support 

targeted in the researches 

On the other hand, there was used a powder mixture 
for achieving ring-type blanks.  

The powder consisted mainly of austenitic stainless 
steel AISI 316 L with following chemical 
composition (mass percentages): 

• C 0.024 % 

• Cr 16.78 % 

• Ni 13.48 % 

• Mo     2.0 % 

• Mn   0.11 % 

• Si   0.77 % 

• S   0.11 % 

• Fe   rest 

An analysis of the grain sizes within the employed 
steel powder revealed following size percentages: 

 < 40 µm  60 % 

  40 ... 63 µm  18 % 

  63 … 80 µm  12 % 

  80 ... 100 µm  10 % 

This powder was mixed with 0.5% zinc stearate and 
30 % alumina (Al2O3) powder with a grain size of 
44 ... 47 µm and a density of 3960 kg/m3. 

The mixture was pressed in a HP1500 press with a 
pressing force of 400 kN, in blanks in the shape of 
rings (fig. 2). The employed press has following 
main characteristics: 

- maximal pressing force 1500 kN 

- maximal feed of the mobile beam 700 mm 

- power of the main actuation motor 7.5 kW 

- maximal pressing speed at a force of 400 kN - 15 
mm/s. 

 

 
Figure 2. The ring-shaped blanks manufactured from powder 

mixture for the researches 

 

The obtained blanks were subsequently sintered at a 
temperature of 1200°C, for 1 hour, in a H2 
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atmosphere, after which they were cooled in still air. 
After sintering, the parts were also subjected to an 
austenitisation heat treatment at 1100°C for 1 hour, 
with subsequent cooling in still air. 

The microstructural analyses were carried out on a 
KRUSS MMB 2.200 microscope (fig. 3), the 
microstructures being photographed with a digital 
camera Canon A.520. Samples were extracted from 
the actual parts, embedded in synthetic resin and 
treated with a nital 5% solution after being 
adequately polished. 

 
Figure 3. The KRUSS MMB 2200 microscope used for the 

researches 

 

The microhardness tests (HV0.1) were carried out 
on a digital microhardness tester CV-4000 
DAT/NAMICON (fig. 4). 

 

 
Figure 4. The digital microhardness tester CV–400 DAT – 

NAMICON used for the researches 

3. RESULTS OF THE RESEARCHES 

Some microstructural aspects resulting from the 
analysis of the valve supports can be seen in figures 
5-10.  

Thus, figures 5 and 6 present the microstructures of 
samples A1 and E1. The analysis revealed a grey 
cast iron with mostly lamellar graphite (although 
some traces of rosettes can be also seen) embedded 
in a pearlitic-bainitic structure also containing 
steadite grains. 

 

 
 

Figure 5. Microstructural aspect of the analysed valve support 
A1 (nital etching, 250x) 

  

 
 

Figure 6. Microstructural aspect of the analysed valve support 
E1 (nital etching, 250x) 
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The corresponding microhardness analysis indicated 
for the analysed samples microhardness values in the 
range between 314.6 – 346.7 HV0.1 (33.2-36.9 
HRC).  

Figure 7 a and b presents the microstructures of 
sample E2. The analysis revealed that the 
microstructure consists of a grey cast iron with 
lamellar graphite combined with annealing graphite 
embedded in a pearlitic-bainitic structure also 
containing steadite grains. 

 

 
                                     a.     

 

 
b. 

Figure 7. Microstructural aspects of the analysed valve support E2:  
a. nital etching, 250x; b. nital etching, 500x 

 

The microhardness analysis carried out for this set of 
samples indicated microhardnes values in the range 
between 319,9 – 351,2 HV0,1 (33,9-37,4 HRC).  

Concerning the ring-shaped blanks obtained by 
powder metallurgy from the mixture of austenitic 
stainless steel and alumina, figures 8 a and b present 
some of the corresponding microstructural aspects.  

The microstructure, presented in figures 8.a and b, is 
shown consisting of an austenitic matrix with 
sintered particles of irregular shape.  
 

 
 

a. 
 

 
 

b. 
Figure 8. Microstructural aspects of the analysed ring-shaped 

blanks:  a. 250x; b. 500x 
 



  

 71

Hardness (Brinell, HB) and microhardness (HV0.1) 
tests carried out on the analysed parts are presented 
in  table 1. 

 
Table 1. Brinell hardness and HV0.1 microhardness values for 
the analysed sintered samples 

Sample 

no.1 
HB hardness 

HV0.1 microhardness of 

the metallic matrix 

S1 

S2 

S3 

S4 

S5 

175 

181 

168 

172 

167 

256 

274 

266 

270 

254 

 Average value: 

172.6 
Average value: 264 

 

4. CONCLUSIONS 
The authors have analysed in this paper the 
microstructures and microhardnesses of actual valve 
supports for Audi and Volkswagen engine blocks 
and those of ring-shaped blanks made of a powder 
mixture consisting of austenitic stainless steel 316L 
and 30% alumina (Al2O3). 

The microstructure of the analysed samples A1, A2, 
E1 and E2 shows a grey cast iron with lamellar and 
rosette-shaped graphite and steadite embedded in a 
pearlitic-bainitic matrix. 

On the other hand, the microstructure of the sintered 
blanks shows an austenitic matrix consisting of 
irregular shape particles (79% of the total volume) 
and of complementary material. 

The determined microhardnesses were in the range 
of 314.6...346.7 HV0.1 for the samples A1 and E1, 
319.9...351.2 HV0.1 for the samples A2 and E2, 
while for the sintered blanks the values were 
significantly lower - 254...274 HV0.1. 

The researches presented in this paper will be 
continued with the determination also of other 
characteristics, such as the behaviour at abrasive 
wear, thermal conductivity, corrosion behaviour in 
various environments etc., in order to allow a more 
complete comparison of the materials.  
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