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Abstract 

 
The vacuum infiltration method is one of the composite producing methods. There are several parameters in composite 

production by vacuum infiltration. One of them is particle size of reinforcement in particulate reinforced composites. In this 
study, MgO powder and Al were used as reinforcement and matrix respectively. MgO powders with different size and 
amount to give same height were filled in quartz tubes and liquid metal was vacuum infiltrated into the MgO powder under 
same vacuum condition and for same time. Infiltration height was measured and microstructure and fracture behavior of 
composite were investigated. It has been found that infiltration height and fracture strength were increased with particulate 
reinforcement sizes. It has also been determined that molten metal temperature facilitates infiltration.   
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1. Introduction 
 

There are several methods for fabricating metal matrix 
composites MMCs, such as casting methods, powder 
metallurgy techniques, in situ processes and infiltration 
methods [1-3]. Infiltration methods have also a few 
different application techniques [4,5] such as pressureless  
infiltration, pressure infiltration and vacuum infiltration. 
Some oxides and carbides, and many metals and alloys have 
been used as reinforcemnt and matrixes. Molten metal 
temperature, reinforcement powder size, reinforcement 
volume ratio, vacuum or pressure value, molten matrix 
composition, infiltration atmosphere and time are important 
parameters in the infiltration of molten metal into 
preformed reinforcement. Studies on particulate reinforced 
composites have revealed that larger reinforcement sizes 
showed faster and higher infiltration [6, 7] and composites 
with larger reinforcement sizes yield higher fracture 
strength [8, 9]. In this study, the effect of reinforcement 
particle size on infiltration height and fracture strength of 
infiltrated Al-MgO systems has been investigated.  

 
 

2. Experimental procedure and results 
 

Commercially pure magnesia (MgO) with 74, 105, 149, 
210, 297, 420 and 590 µm particle sizes and Al, the 
chemical compositions of which are given in Table 1 and 2 
have been used as reinforcement and matrix respectively.  

Infiltration tests have been carried out with a quartz tube  
with a 10 mm outside diameter, 1 mm wall thickness and 

Table 1. Chemical composition of MgO  
MgO FeO SiO2 CaO 
%98 0,6 1 0,4 

 
Table 2. Chemical composition of Al 

Si Fe Cu Mn Ti Cr Ni Pb 
0,1 0,4 0,06 0,165 0,022 0,137 0,2 0,062

 
300 mm length. Stainless steel filter was placed at the 
bottom of the tube and on the filter an Al foil was placed. 
MgO powders with different particle sizes were filled to 
form 50 mm height freely. A filter, alumina blanket and a 
weight were placed on the powders. The molten metal 
temperature was kept at 700, 720, 750, 800 and 850 oC ± 5 
oC. 500 ± 10 mmHg vacuum was applied to the tube in 
normal atmosphere for 3 min. Then the tubes were taken 
out and cooled to the room temperature in normal 
atmosphere. The tubes were broken and the composites 
were removed from the tubes. Infiltration height, densities, 
porosity ratio and fracture strengths were determined. 
Microstructure and fracture surfaces of the composites were 
investigated by SEM analysis. 

Figure 1 shows the infiltration heights against MgO 
particle size and matrix temperature. In Figure 2, SEM 
micrographs of composites with different particulate 
reinforcement sizes are given. 

As particle sizes increased infiltration height increased. 
Infiltration is related to the dimension of pore besides other 
parameters. As can be seen in Figure 2, when particle size is 
increased the pore dimension in the preform increases. The 
larger pores facilitate the forced infiltration. When molten 
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metal temperature goes up to higher values, infiltration is 
done more easily.  

 

 
Fig. 1 Infiltration height against reinforcement 

particle size and temperature 
 

a b 
Fig. 2 SEM micrographs of composites with 
reinforcement size of a) 590 µm b) 297 µm 
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Fig. 3 The relationship between reinforcement 

particle size and fracture strength 
 
It has been determined that as reinforcement particle size 

increased, the density and fracture strength (Fig. 3) of the 
composites increased and porosity ratio decreased. 

 From the SEM micrographs it can be said that the 
fracture behavior of composite is generally brittle although 
some ductile fracture appeared in some areas. Almost all 
fracture took place in matrix-reinforcement interfaces 
because of poor wettabilty.  

 

 

Fig. 4 Fracture surface of composite with 590 µm r
einforcement particle size. 

 
 

3. Conclusion 
 
As reinforcement particle size decreased infiltration was 

more difficult because of smaller pore dimension.  
These difficulties could be overcome with an increase in 

temperature.  
The densities of composites increased with increasing 

reinforcement particle size and thus porosity ratio 
decreased.  

The fracture strength of the composites increased as 
reinforcement particle size increases depending on less 
porosity of the product composite.  
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