
METAL MATRIX COMPOSITES: 
SELECTION OF COMPONENTS 

Assoc. Prof. Dr. Prusov E.S., Prof. Dr. Eng. Kechin V.A.  
Vladimir State University named after A.G. and N.G. Stoletovs – Vladimir, Russian Federation 

E-mail: eprusov@mail.ru

Abstract: Development of new alloys has been slowed by the empirical method of trials and errors that absorbs more and more resources 
and leads to ever smaller results. Solution of this problem is possible through the use of the general principles of the alloys design theory. In 
this paper, we have proposed to consider cast metal matrix composites as foundry alloys and have developed a methodological approach to 
selection of alloying and reinforcing components considering the operational conditions for parts of friction units. Application of the 
proposed approach allows to make reasonable choice of composite alloys components within conditions of various schemes of reinforcing, 
including exogenously reinforced, endogenously reinforced and complex reinforced alloys. 
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1. Introduction

Possibilities of increasing of mechanical and operational 
properties of conventional alloys by now almost exhausted [1-3]. 
Significant reserves in enhancing these properties open at 
realization of the reinforced heterophase structure principle that is 
the basis for metal matrix composites creation including composite 
alloys [4]. Cast composite alloys are a special class of materials for 
functional and constructional purposes, consisting of a metal base 
(matrix) reinforced with uniformly distributed high-melting 
discontinuous particles of exogenous or endogenous origin, which 
aren’t dissolved in the matrix metal at temperatures of production 
and exploitation of materials [5]. Along with increase of mechanical 
properties, using of composite alloys allows to improve tribological 
characteristics of cast products (bearing capacity, wear resistance, 
running-in ability, scoring resistance etc.) significantly and to 
expand the temperature and power ranges of their performance.  

Despite the progress of the leading world research teams in the 
field of metal matrix composite alloys creation, unified 
methodological principles of their design for reaching consistently 
defined properties have not been developed so far. The problem of 
finding the optimal compositions of alloying and reinforcing 
complexes in the development of multicomponent composite alloys 
is connected with large-scale expenses of time and material 
resources. Within the methodological approach in designing metal 
matrix composite alloys it is necessary to develop criteria for 
selecting matrix alloys and reinforcing components considering 
operational requirements and systematization of various alloying 
elements according to the nature of their interaction with 
components of composites with relation to the desired 
microstructure formation and achievement of the predefined level of 
adhesive bonds at the interfaces.  

Thus, the development of scientific and methodological 
foundations of composite alloys design is one of the priorities of 
modern materials science, because traditional empirical method of 
new materials compositions selection fails to meet the increasing 
requirements for speed and quality of creation of alloys with desired 
properties. Effective and economic solution of this problem is 
possible through the use of the fundamental principles of alloys 
design system in conjunction with the physical-chemical and 
technical-economic analysis methods, as well as the multifactorial 
mathematical design of experiments with a derivation of functional 
equations “composition – property”:  

( )mn XXXxxxfY ,...,,;,...,, 2121= , 
where (x1, x2, …, xn) – alloying elements, (X1, X2, …, Xm) – 
reinforcing components.  

The aim of the present work is to develop the general principles 
of components selection of metal matrix composites for tribological 
purposes according to the details exploitation conditions. 

2. Methods

 The system analysis method is used in the development of the 
general concept of composite alloys design. The term “design of 
alloys” means the creation of new alloys with the desired 
combination of mechanical and operational properties. The process 
of alloys design in traditional form is represented by the following 
stages [6]:  

• objective statement for alloy development;
• alloy basis selection;
• alloying elements selection and harmful impurities

definition;
• alloying complexes selection;
• final alloy composition selection.

In this paper, we have proposed to consider cast metal matrix
composites as foundry alloys. It allows to use the general principles 
of alloys design theory in their development, that is based on the 
physic-chemical analysis, Mendeleev’s Periodic Table of Elements 
and technical-economic analysis. Unlike conventional alloys, metal 
matrix composites have multiple levels of matrix strengthening, 
including major alloying elements of the matrix alloy, as well as 
exogenous and endogenous reinforcing particles. Within a system 
approach to optimization of composite alloys, selection of alloying 
and reinforcing components and their classification have been 
carried out. 

3. Results and Discussion

In generalized view the stage-by-stage system of metal matrix 
composite alloys design for tribological purposes has been 
presented in Fig. 1. At the first stage the technical specification for 
the development of composite alloy has been formulated and the 
main requirements determined by operational conditions of details 
have been appointed. Selection of a basis of composite alloy has 
been carried out, as a rule, according to the data of technical-
economic analysis. It is worth to mention that most low-cost metal 
won’t always provide the greatest economic benefit. For example, 
it’s often advantageous to use more expensive base metal for parts 
of friction units of ground transportation and aviation technics if it 
has a lower density. Parts weight reduction will reduce fuel 
consumption and increase the mass of transporting freights, which 
makes cost-effective use of composite alloys based on aluminum 
and magnesium. 

At the present time almost all metals and alloys used in industry 
are tested at present time as matrix materials for the composite 
alloys creation. Some examples of matrix alloys systems and 
reinforcing components are shown in Table 1 [7-12]. 
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Fig. 1. Scheme of metal matrix composites design 

 
 

Table 1. Most common matrices and reinforcing components for cast composite alloys 

Matrix material Systems of matrix 
alloys 

Main reinforcing 
components 

exogenous endogenous 

Aluminum alloys 
Al, Al-Si, Al-Mg, Al-Cu, Al-
Si-Cu, Al-Si-Mg, Al-Si-Cu-

Mg-Ni 

SiC, Al2O3, TiC, TiB2, C, B4C, Si3N4, 
SiO2, WC, VC, NbC, ZrC, ZrO2, TaC, 

HfC 

Al3Ti,  Al3Ni, Al3Zr, AlN, ZrB2, 
TiC, TiB2, Al2O3 

Magnesium alloys Mg, Mg-Al, Mg-Al-Zn, Mg-
Zn-Zr, Mg-Li 

SiC, Al2O3, MgO, 
TiC, TiB2, TiN 

Mg2Si, MgO, 
TiC, TiB2 

Copper alloys Cu, Cu-Al, Cu-Al-Fe, Cu-
Sn-Zn, Cu-Zn 

C, Al2O3, ZrO2, WC, TiC, 
TiB2, Nb3Sn, NbC, Fe TiC, TiB2 

Zinc alloys Zn, Zn-Al, Zn-Al-Cu C, SiC, Al2O3, 
TiC, TiB2 

Al3Ti,  Al3Ni 

 
 

As it can be seen in Table 1, both pure metals and their alloys 
can be used as matrix material. It is possible to use not only alloys 
with standard chemical compositions, but also to create new matrix 
alloys compositions with considering the nature of interphase 
interaction of metal melts and reinforcing components. Aluminum 
matrix composite alloys have attracted attention of researchers since 
1960th and at the present time they are most well studied. Analysis 
of the accumulated experimental data shows that these materials are 
an effective alternative to traditional tribological alloys, primarily 
expensive bronzes and tin-base babbitts, because they provide 
saving of scarce elements and decrease details mass at the same 
time increasing the reliability and durability of friction units. As the 
reinforcing phases disperse particles of oxides, carbides, borides, 
nitrides, intermetallics and other high-melting compounds are used 
in composite alloys. 

Selection of series of alloying elements and reinforcing 
components is based on the use of the physical-chemical analysis 
method for the predictive assessment of nature and mechanism of 
the components interaction with each other and with the matrix 

alloy. Criterion approach, based on the results of metal-chemical 
and technical-economic analysis, allows to allocate groups of 
reinforcing components for matrix alloys by indicating the 
possibility of heterogeneous structure formation, thermodynamic 
stability, minimum solubility in matrix metal at temperatures of 
manufacturing and exploitation, lack of phase transformations at a 
temperature range of parts working and some other criteria. One of 
the main criteria for alloying components selection is supposed to 
consider their influence on the nature of interphase interaction 
between matrix alloys and exogenous reinforcing particles. 
Application of the stated approach allows to choose components of 
metal matrix composite alloys with various schemes of reinforcing 
reasonably, including exogenously reinforced, endogenously 
reinforced and complex reinforced alloys. It is necessary to use the 
method of experiments design for relevant mathematical models 
derivation at the stage of the optimal composition of metal matrix 
composite alloy selection, including alloying elements 
concentration ranges and reinforcing components volume fractions.  
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Appropriate selection of new materials for parts of friction units 
is possible only if assessment of constructional and tribological 
characteristics of unit and conditions of its exploitation has been 
carried out. Analysis of fundamental scientific works on friction and 
wear allows to systematize the main requirements to the materials 
for tribological purposes (Table 2). General up to date principles for 
wear-resistant materials selection are characterized by the fact that 
it is necessary to choose or create materials that correspond to the 
parts application and their exploitation conditions for each type of 

wearing (abrasive, hydroabrazive, impact abrasive, erosion, fatigue, 
etc.). For example, requirements to antifriction materials depend on 
the specific load, sliding speed, existence and type of lubrication, 
heat sinking conditions and some other factors. Operating 
conditions of frictional materials involve a wide range of speeds and 
loads, as well as significant and cyclical heating of friction surfaces 
due to the friction without lubrication. Full record of all 
requirements categories allows to the choose materials for parts 
operating in friction units. 

 
Table 2. Requirements to materials for tribological purposes 

Properties and characteristics 

Requirements validation 

Antifriction materials Friction materials 

physical thermal conductivity; 
heat capacity; 

coefficient of thermal 
expansion 

providing intensive heat sinking from a zone of frictional contact and thermal dimensional 
stability of parts operating in friction units 

physical-
chemical 

wettability with lubricant; 
corrosion resistance; 
moisture resistance 

providing good wettability with 
lubricant, ability to retain lubricant 
in the specified range of loads and 

sliding speeds 

providing moisture and oil resistance to maintain 
the steadily high values of friction coefficient 
regardless of the state and pollution of mating 

surfaces 
technological fluidity;  

shrinkage; 
hot brittleness; 
machinability 

providing the possibility of parts production with desired quality by the most economical 
way 

mechanical static and dynamic strength; 
hardness; 

impact toughness   

providing defined strength properties and hardness at normal and elevated temperatures of 
friction; providing defined values of toughness in the case of impact loading 

operational friction coefficient; 
wear resistance; 
bearing capacity; 
running-in ability; 
scoring resistance 

providing minimum values of 
friction coefficient with material of 
counterface, maximum values of 

wear resistance and bearing 
capacity, resistance to galling and 

scoring, good and fast run-in to the 
surface of counterface, ability to 
form a strong boundary layer of 

lubricant and restore it quickly in 
case of its damage 

Providing high coefficient of dry friction in the 
entire operating temperature range steadily 

(friction heat resistance), maximum values of 
wear resistance, high resistance to seizure and 

welding in cold and heated states, good and fast 
run-in 

 
 

According to the above scientific provisions the authors have 
carried out research on the creation of new complex-reinforced 
composite alloys. Liquid-phase technology applied to the 
production of cast metal matrix composites is based on the input of 
pressed powder preforms containing reactionary active components 
in matrix melts. Material on the base of aluminum alloy reinforced 
by the endogenous compounds TiB2, Al2O3, Al3Ti and exogenous 
particles of silicon carbide can be an example of the designed 
composite alloys [13]. Experimental results obtained in complex 
reinforcing of aluminum alloys show that as-cast hardness increases 
by 35-40%, friction coefficient under boundary lubrication reduced 
by 5-7 times and wear resistance is increased by 10-12 times in 
comparison with the matrix alloy. Produced composite alloys 
passed pilot industrial tests as excavator rollers bushings. During 
the test period it has been found out that the bushings manufactured 
from complex-reinforced composite alloys are characterized by 
higher wear resistance in comparison with bushings from 
antifrictional bronzes and provide high operational reliability of the 
equipment. The equipment operating cycles between overhauls 
increased by 3.5-4 times after replacing the bushings material. As a 
whole, the results of the industrial testing of the designed aluminum 
matrix composite alloys show their perspectives in the 
implementation in various fields of mechanical engineering for 
improving the reliability and durability of friction units of machines 
and mechanisms.  
 
 
 

4. Conclusions 
 

The main materials requirements for tibological purposes have 
been systematized according to the operational conditions of 
friction units’ parts. For the selection of the optimal compositions of 
alloying and reinforcing complexes of composite alloys for 
tribological purposes it has been recommended to use the general 
principles of alloys design theory. Application of the proposed 
methodological approach allows to make reasonable choice of metal 
matrix composite alloys components within conditions of various 
schemes of reinforcing, including exogenously reinforced, 
endogenously reinforced and complex reinforced alloys. 
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