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Abstract: Cast zinc alloys are widely used in various industries of national economics, including the manufacturing of products for 
tribotechnical applications. There are such approaches to solving the problem of improving the tribotechnical characteristics of zinc alloys, 
as the search for new alloy compositions and optimization of existing ones. However, the capabilities of traditional alloys to achieve the 
desired properties of products that meet the growing demands almost exhausted at present time. One of the most effective ways to improve 
the tribotechnical properties of zinc alloys is realization of the principle of reinforced heterophase structure, which is the basis of creation of 
composite alloys. 
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1. Introduction 
 

Actuality of improving of the operational reliability of machines 
and mechanisms in mechanical engineering is constantly increasing. 
The decision of this problem largely associated with providing of 
effective long-term operation of friction units. 

 Cast zinc alloys are widely used in various industries, including 
the manufacturing of products for tribotechnical applications. Many 
of modern zinc alloys are being actively developed abroad, already 
surpass analogues on copper and aluminum base on bearing 
capacity, wear resistance and other tribotechnical characteristics. 
Furthermore, an important feature of zinc alloys is possibility of its 
use for manufacturing of products with high requirements on 
corrosion and damping properties. 

 Works in the direction of further improving of the antifriction 
properties of zinc alloys will substantially increase volumes of their 
application in various branches of engineering. 

 
2. Modern approaches to increasing of 
tribotechnical characteristics of zinc alloys 

 
Standard zinc alloys of TsAM type (Zn-Al-Cu system) response 

to the main requirements imposed to materials for products for 
friction units, in particular, wear resistance in the given operating 
conditions, low friction coefficient, good and fast conformability, 
ability to resist scuffing and seizing, and also high physical-
mechanical properties at working temperatures [1]. Good 
tribotechnical properties of such alloys are caused by their 
heterogeneous structure which depends on a ratio and amounts of 
aluminum and copper and can consist from primary superfluous α-
phases solid solution of zinc and copper in aluminum, β-phase – 
almost pure zinc, η-phase – solid solution of aluminum and copper 
in zinc and ε-phase – chemical compound CuZn3 [2]. 

At the same time, it should be noted that the capabilities of 
traditional alloys to achieve the desired properties of products that 
meet the growing demands by now almost exhausted. Aware of 
such approaches to solving the problem of improving the 
tribotechnical characteristics of zinc alloys, as the search for new 
alloy compositions and optimization of existing ones. Examples are 
the works of Russian scientists to increase the aluminum content in 
the zinc alloy (pat. USSR № 65621), adding up to 6.5% tin in alloys 
of TsAM type (pat. USSR № 61307), etc. 

Another trend in the direction of improving of the quality and 
reliability of castings for tribotechnical purposes is improving of 
manufacturing processes of tribotechnical materials, including 
advanced technologies of melting and out-furnace processing, 
casting, heat treatment and thermochemical treatment of castings. 

It is known that with decreasing of grain size in castings 
increased not only the mechanical properties but also the 
tribotechnical characteristics. To improve the dispersion structure of 

cast billets, reliability and durability of their work is actively being 
developed and introduced into production special casting techniques 
with intense heatsink (gravity and centrifugal casting in water-
cooled molds, casting and freezing of the others). Structure 
refinement of zinc alloys may also be due to treatment with a 
modifying additives of Ti up to 0.2 % or by external physical 
influence on the melt. 

As the practice shows, a significant increase in the 
tribotechnical characteristics of zinc alloys is possible during heat 
treatment. In [3] it is shown that the homogenizing annealing of 
castings from ZA27 alloy at a temperature of 370°C with an 
exposure within three hours and the subsequent quenching in water 
can reduce the wear rate under load of 100 N to 46% compared to 
the as-cast alloy. 

One of the most effective ways to improve the tribotechnical 
properties of zinc alloys is the realization of the principle of 
reinforced heterophase structure, which is the basis of creation of 
composite alloys. In this context, the problem of developing of 
compositions and manufacturing processes of production of zinc 
composite alloys in recent years has attracted increasing attention of 
researchers. As a matrix for producing of such alloys the greatest 
application have zinc alloy ZA27, containing 25-28% Al. As the 
reinforcing components were successfully tested particles of SiC, 
Al2O3 and graphite [4, 5]. In the paper [6] in the molten zinc alloy 
ZA27 at 500°C was stirred titanium dioxide particles of 30-50 
micron fraction in an amount from 2 to 6%. An increase in tensile 
strength up to 20%, hardness up to 10% for the composition of 
ZA27 + 6% TiO2 is noted. 

In [7] tribotechnical characteristics of composite alloy of ZA27 
+ 2..13% Si are studied. Low solubility of silicon in zinc in a solid 
state leads to separation of particles of primary silicon in the 
process of crystallization. Non-linear dependence of wear resistance 
of an alloy on the content of silicon is established. In the range from 
2% to 5% of Si wear resistance lowering with further increasing 
from 5% to 13% of Si is watched. Such behavior of an alloy 
represents special interest and requires additional investigations. 

 
2. Zinc composite alloys reinforced with 
intermetallic phases 

 
A significant advantage of zinc as a matrix for composite alloys 

in comparison with other metals is technological effectiveness in 
processes of liquid-phase combination with a reinforcing phase and 
at production of cast products. In particular, zinc alloys have high 
fluidity, low shrinkage, low tendency to formation of cracks and 
porosity in castings. Practice shows that at smelting of zinc alloys is 
achieved reduction of energetic expenses by 25-50% as compared 
to aluminum alloys and 75% as compared with bronze. Significant 
advantages of zinc composites compared to conventional alloys and 
analogs are enhanced tribotechnical characteristics in combination 
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with good damping and anticorrosive properties, processability 
during the production of cast products and the subsequent 
machining. 

Insufficient level of elaboration of the problem of producing 
and research of zinc composite alloys is connected with substantial 
technological difficulties arising due to poor wettability of 
reinforcing phase by matrix melt. Wettability is a necessary 
condition for the formation of strong adhesive bonds at the 
interfaces and determines the potential possibility of producing of 
composite alloy. There are different approaches to solving this 
problem: applying of metallophilic coatings on the particles, 
alloying of the matrix alloy with surface-active components, 
ultrasonic impact on the melt, methods of endogenous reinforcing, 
etc. The most appropriate method is the method of endogenous 
reinforcing provides of the formation of new reinforcing phases 
directly into the predetermined composition matrix melt during 
producing of the composite alloy that provides single-stage and 
more economical process. Such composite alloys possess the 
highest level of adhesive bonds at the interfaces due to the close 
lattice matching of contacting phases, thermal stability, better 
distribution and dispersion of endogenous reinforcement. The 
method is relatively simple, multi-operated and doesn’t require of 
special equipment. At the same time, special importance is 
represented by the question of selection of such initial components 
of the reinforcing complex which would provide active course of 
reactions of synthesis of given phase components at the producing 
of zinc composite alloys by liquid-phase methods. 

Currently, the authors conducted investigations on the 
development of new compositions of metal matrix composite alloys 
based on zinc. Preliminary experimental studies showed 
fundamental possibility of obtaining zinc composite alloys 
reinforced intermetallic phases. Used relatively simple in from the 
point of view of realization of technological process method of 
entering of the dispersed phase in the molten zinc, based on the use 
of high-concentrated ligatures. As matrix alloy used standard alloy 
TsAM 10-5 GOST 21437-95. The choice of alloy is caused by its 
wide application for the production of antifriction products and 
sufficiently high aluminum content, allowing using of the principle 
of intermetallic reinforcing. For formation of given reinforcing 
phases in the matrix melt used titanium powder, which is added to 
the Al-Cu ligature at the stage of its production. The received triple 
master alloy Al-Cu-Ti entered in a molten zinc of Ts0 mark 
(>99.975% Zn) at 480±10ºC, heated until complete dissolution and 
was poured in a metal mold. 

Application of the described technique allowed to receive zinc 
composite alloys with different content of titanium, for example 
ZnAl10Cu5 alloy + 1,5 wt. Ti %. Structure of this alloy is shown on 
Fig. 1 and consists of a cast matrix with uniformly distributed 
particles of different form and sizes. As a whole, the received alloy 
has a heterogeneous structure with a clear phase boundary and the 
dense adhesive bond between the matrix and the reinforcing 
intermetallic phases. 

Hardness is one of the most important characteristics that 
determine the bearing capacity of the composite alloy, as well as in 
a large extent the temperature ranges of friction units. Results of 
hardness measurements of alloys ZnAl10Cu5 + 1,5 wt.% Ti show 
its increase from 90 MPa (matrix alloy) to 130-135 MPa. The 
hardness of samples of composite alloys of different compositions 
shown in Fig. 2. 

 
Fig. 1. Structure of alloy ZnAl10Cu5 + 1,5 wt.% Ti (×50) 

 

 
Fig. 2. Hardness of as-cast zinc composite alloys 

 
3. Conclusion 
 
The analysis shows that at present time considerable attention is 

paid to a problem of increasing of tribotechnical characteristics of 
zinc alloys. Results obtained at pilot experimental investigations on 
synthesis and study of zinc composite alloys reinforced with 
intermetallic phases shows perspectives of use of these alloys for 
manufacturing of responsible details for mechanical engineering 
working in the conditions of intensive wear. 

 
4. Literature 
 

[1]  Marukovich E.I., Karpenko M.I. Wear-Resistant Alloys. – 
M.: Mechanical Engineering, 2005. – 428 p. 

[2] Zharkov V.Ya. Triboengineering Material Science. – 
Bryansk, BSTU, 2005. – 159 p. 

[3] Babic M. et al. Influence of Heat Treatment on 
Tribological Behavior of Zn-Al Alloys // Tribology in 
Industry. – Vol. 29, Iss. 1&2. – 2007. – p. 23-31. 

[4] Bobic B., Babic M., Mitrovic S. et al. Microstructure and 
Mechanical Properties of Zn25Al3Cu Based Composites 
with Large Al2O3 Particles at Room and Elevated 
Temperature // Int. J. Mat. Res. 101 (2010) 12. pp. 1-8. 

[5] Mitrovic S., Babic M., Stojanovic B. et al. Tribological 
Potencial of Hybrid Composites Based on Zinc and 
Aluminium Alloys Reinforced With SiC and Graphite 
Particles // Proc. of 12th International Conference on 
Tribology. – Kragujevac, Serbia, 2011. – p. 138-145. 

[6] Ranganath G., Sharma S.C., Krishna M. et al. A Study of 
Mechanical Properties and Fractography of ZA-
27/Titanium-Dioxide Metal Matrix Composites // Journal 
of Materials Engineering and Performance. – 2002. – Vol. 
11(4). – pp. 408-413. 

[7] C. Tijun, Y. Chengren, F. Mingfeng et al. Friction and 
Wear Properties of Casting In-situ Silicon Particle 
Reinforced ZA27 Composites // China Foundry. – Vol.6, 
No.1. – 2009. – p. 1-8. 

26

SCIENTIFIC PROCEEDINGS XXI INTERNATIONAL SCIENTIFIC TECHNICAL CONFERENCE "FOUNDRY 2014" ISSN 1310-3946

YEAR XXI, P.P. 25-26 (2014)




