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Abstract— The use of  high performance wear resistance material for tribological applications has been the driving force 
behind the development of hybrid composite materials. The use of mono ceramic reinforcement in Al matrix composite 
increases mechanical as well as tribological properties obviously. The new kind of composite called as Hybrid composites in 
which properties of  more than one suitable reinforcement have been exploited to improve the overall properties of 
composite including tribological properties. This paper give an overview about tribological properties of hybrid composites 
and current development.  
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I. INTRODUCTION 
 
Aluminum based metal matrix composites (AMC) 
finds application in automobile for engine block 
pistons, piston insert rings and brake rotor. All these 
automotive components are subjected to dry sliding 
wear (Adhesive wear) [1]. Wear resistance of 
aluminum and aluminum alloys are enhanced by 
particulate/whisker/fiber reinforcement like SiC, 
Al2O3 etc. and  hence AMCs are potential candidate 
materials for tribological application[1-4]. The degree 
of improvement of the sliding wear resistance of 
particulates or whisker reinforced aluminum matrix 
composites depends on reinforcement, method of 
manufacturing, counter face material and contact 
situation. Strength of interfacial bond and mechanical 
properties of matrix and reinforcement are largely 
affect wear resistance of composites [2]. The two 
prime categories of tribological parameters that 
control friction and wear behaviour of Aluminum 
based composites are mechanical and physical 
factors, and material factor [4]. It is reported that 
there are three different wear regimes for MMCs 
under applied load; Regime I-the particles support the 
applied low load, wear resistance of MMCs better 
than Al alloys, Regime-II- wear rate of MMCs and Al 
alloys are similar for mid range load, Regime-III- The 
transition to severe wear, the temperatures exceed a 
critical value at high load. Material factors such as 
volume fraction, type of reinforcement and size of 
reinforcement, have strongest effect on wear 
resistance. However the variation of wear rates of 
MMCs as functions of volume fraction are affected 
by the shape and size of whiskers, fibers and particles 
used for reinforcement [4]. Wear performance of SiC 
(particular/whisker) and Al2O3 
(particulates/whisker/short and other reinforcement 
fibers) reinforcements are studied and reported by 
many researchers. Owing to better tribological 
properties, hybrid composites are given attention by 
researchers. 

II. TRIBOLOGICAL PERFORMANCE OF 
HYBRID COMPOSITES 
 
Xue and Bail [5] have studied the tribological 
properties of SiC whisker and molybdenum particle 
reinforced Aluminum alloy (AA2024) matrix 
composite under lubrication. It is reported that 
composite exhibit good friction and wear properties. 
The wear mechanism  is  reported to be tribochemical 
wear; however at increased load the wear mechanism 
is reported tobe changed to plowing with 
delamination. Jun et al [6,7] have studied the effect of 
fiber orientation, applied load and fiber volume 
fraction on dry sliding friction and wear properties of 
hybrid composites. Short fibers of  Al2O3 and carbon 
fiber are used as hybrid reinforcement in Al-12Si 
alloy.  Wear mechanisms   dominant during wear are 
ploughing, groove and delamination wear. The wear 
rate in parallel fiber orientation is reported tobe 
higher than normal fiber orientation, this is due 
microcracks which are more and wider in parallel 
fiber worn surface than normal oriented worn surface, 
whereas coefficient friction in parallel oriented fibers 
less than normal orientated fibres because worn 
surface in fiber normal orientation was smoother than 
the fibers in parallel orientation. The Hybrid 
composite with 12 vol. % Al2O3 + 4 vol. % C shown 
improvement  in critical transition load from mild to 
severe wear and coefficient of friction. Basavarajappa 
et al [8] have studied dry sliding behavior of Al 
2219/SiCp + Gr hybrid composites. It is reported that 
hybrid composites have improved wear resistance. 
The sliding speed and the applied load decide the 
type of wear mechanism. At low sliding speed and 
low load the wear mechanism reported is abrasive  
and at higher load the  wear mechanism is reported  
to be changed from abrasive to delamination. Suresha 
and Shridhara et al [9] have reported that (SiC + 
Gr)/Al hybrid composites are exhibiting better wear 
characteristics compared to Al/Gr composites. It is 
also reported that sliding speed, sliding distance and 
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applied load affect the wear behavior. Dharmalingam 
et al [10] have studied the tribological properties of 
Al-Si10Mg/ alumina + molybdenum disulphide 
hybrid composites. The  three parameters such as; 
applied load, sliding speed and % of molybdenum 
disulphide played significant role in controlling the 
friction and wear behavior. 
 
III. WEAR MECHANISMS 
 
Complexity of the interrelationship between different 
parameters makes it difficult to understand 
tribological phenomena for metal matrix composites. 
Assessing the role of reinforcement in the wear 
performance improvement of MMCs is the driving 
force for the use of MMCs for tribological 
applications. It is not possible to predict formal 
classical wear rate model for MMCs due to number 
of parameters involved, only general trends of limited 
validity can be suggested for industrial applications. 
Friction and wear mechanisms basically leads to 
energy dissipation and material loss. There are only 
three way by which material can be removed from 
solid surface, these are by melting, chemical 
dissolution, physical separation of atoms from the 
surface. The physical separation of material from 
solid surface provide the base to describe wear 
mechanisms. Rubbing, plucking, scuffing, grooving, 
scratching are often used for description of wear 
mechanisms based on worn surface morphology. 
These terms does not give a precise identification of 
material removal (loss) process. The rational 
explanation of material loss process is required for 
better control over wear resistance. This forms basis 
for selection of tribological parameters (extrinsic and 
intrinsic factors) to  minimize wear rate. The wear 
mechanisms are tribofracture Mechanisms (shear 
asperities, microcutting, surface fatigue impact) and 
interactive mechanisms (heating, plastic deformation, 
phase transformation, diffusion, oxidation etc). The 
particle detachment mechanism maps are developed 
to rationalize loss of materials by physical separation 
to explain wear mechanisms. The proposed wear 
mechanisms are 1) particle detachment 2) third body 
behavior 3) particle ejection. The material loss can 
also be described in terms of sacrifice of material 
from interacting surface to protect bulk materials by 
formation of debris  and accommodation of applied 
load and the relative displacements by undergoing 
large strain plastic deformation thus delayed debris 
formation. Any wear debris generation caused due to 
precursors of wear mechanisms are named as 
subsurface, surface and third body dynamic 
behaviors.    
For Aluminum based metal matrix system, increased 
applied load leads to wear severity by changing wear 
mechanism from abrasion to delamination. This has 
been attributed to reinforcement cracking which is 
subsurface behavior. The shear stress induced by 
normal load, friction, sliding distance, reinforcement 

size, shape and spatial distribution causes subsurface 
to accumulate strain and this results in reinforcement 
cracking. By knowing this one can design MMCs to 
enhance wear resistance [11]. 
 
IV. EFFECT OF FACTORS THAT AFFECT 
TRIBOLOGICAL PERFORMANCE OF 
ALUMINUM BASED HYBRID COMPOSITES. 
 
4.1 Effects of Extrinsic factors 
a) Sliding distance 
In a hybrid composite which consists of AZ31B/1.5 
wt % Al2O3-1wt. % Ca, as sliding distances increases 
wear rate also show increasing trend and this may be 
attributed to ploughing caused by fractured Al2O3 
particles. For a distance above 1500 m the dominant 
wear mechanisms are abrasion & adhesion. The wear 
rate of this composite is less than the matrix alloy for 
the given sliding distances[12]. 
b) Load 
Applied load has predominant effect on tribological 
properties of hybrid composite the  load affect greatly 
the coefficient of friction (contribution 62.91%). The 
severity of plastic deformation increases with applied 
load. It causes higher exposure of SiC  particles and 
transfer of the Aluminum matrix to the counterface 
which increases coefficient of friction as load 
increases [13]. 
c) Sliding Velocity  
Wear loss and coefficient of friction were reported  to 
be  reduced with increasing sliding speed for 
A356/Al2O3f + graphite nano fiber hybrid composites. 
This may be due to formation of MML [14]. For Al 
2219/15vol.% SiCp + 3vol.% Gr hybrid composites 
wear rate remain almost constant upto 3 m/s. This is 
due to presence of SiC particles which helps in 
formation of mechanically mixed layer at the 
interface of composite pin and counter surface. This 
MML contains graphite that acts as a solid lubricant 
which in turn reduced wear rate. But at sliding speed 
of 6.1 m/s the wear rate showed increasing trend due 
to removal of material from the surface by 
delamination [15]. Fig. 1 show effect of load on 
tribological properties of hybrid composites. 
 

 
Fig. 1 SEM micrograph of the worn out track and subsurface 

of A356/SiCp/MoS2 composite under 40N load [12] 
 
d) Reinforcement orientation 
In A356 Al-Si matrix/Al2O3f + SiCp hybrid 
composites, the wear resistance of normal oriented 
fibers  is less initially with low volume fraction of 
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SiCp  and further increases with increased vol. % of 
SiCp. The wear resistance of planer random oriented 
fibers increases with the addition of SiCp. Due to the 
different orientation of fibers, the wear trends of PR-
MMCs from that of N-MMCs. For  PR oriented 
fibers, addition of SiCp increased hardness of pin 
surface with reduced volume of films that were prone 
to peel off, this has helped to improve wear 
resistance. The fibre orientations have few effects on 
the coefficient of friction at the same load [16]. 
 

 
Fig 2. Fiber orientation in Al matrix composites [16] 

 
e) External Temperature 
In  Al-Mg alloy/Al2O3p + SiCp hybrid composite, 
wear tests were performed at various temperature 
upto 500°C, until 200°C wear loss is constant and 
above 200°C transition to severe wear took place. 
This is due to decreased composite strength at higher 
temperature. The wear resistance of hybrid composite 
is observed to be low at elevated temperature of 
500°C  due to softening at the matrix. The softening 
of matrix decreased the resistance of matrix to 
indentation and scratching of abrasive grain. The 
weight loss of pure Al/ Al2O3p + SiCp  hybrid 
composite is reported to be increased with increasing 
wear test temperature [17]. 
 
4.2 Effect of intrinsic factors. 
a) Reinforcement type 
The different type of hard reinforcement used in 
MMCs vis-a-vis hybrid composites are SiC, TiC, 
Si3N4, Al2O3,SiO2,TiB2, Zircon sand, SiCrfe, CrFeC 
and cerium oxide which exhibit lower wear rate than 
the matrix material. However in case the composites 
containing soft particulates like MgO, Gr  wear rate is 
higher than the unreinforced matrix alloys [11]. The 
wear rate of Al/ SiCp + Gr composite reduces with use 
of hybrid composition of SiCp + Gr  reinforcement 
[18,19]. 
 
b) Reinforcement size  
In Al alloy 2024/SiCw /MoS2 hybrid composites, size 
of SiC whisker 0.1-1 µm, length 30-100 µm and size 
of molybdenum powder 1-10 µm were used [5]. In 
Al-12Si alloy/Al2O3  + carbon short fiber hybrid 

composite, size of Al2O3 fiber 10 to 14 µm in 
diameter and 0.3-0.7 mm in length and size of carbon 
fiber 6-8 µm in diameter and 2-4 mm in length were 
used [7]. In micro sized reinforcement sized 
reinforcement chances of particle cracking are higher 
than nano sized reinforcement.   
 
c) Reinforcement Shape 
The shape of reinforcement hybrid composite 
particularly discontinuously reinforced Aluminium 
matrix composite are in the forms of particulates, 
whiskers and short fiber. 
It was reported that composites reinforced with SiC 
particle exhibited lower wear loss than those with SiC 
fibers. The poor interfacial bonding that results 
dispersoid pull out and then void formation. The 
voids have higher chances of crack nucleation and 
third body abrasion which causes higher wear rate in 
SiC fibers reinforced composites [1]. 
 
d) Reinforcement volume fraction (or wt%) 
The volume fraction of reinforcement has main 
bearing improved tribological properties of 
composites [4]. Increased volume fraction of 
reinforcement shows reduced wear loss and steady 
state wear. The friction coefficient increases with an 
increase in volume fraction. The higher  
reinforcement  volume fraction also causes damage to 
the counter face material [3]. 
The hybrid composites which consists of fixed 
volume fraction of graphite particles (fixed to 3 
vol.%) and variable SiCp content (5, 10 and 15 vol.%)  
the wear rate decreases with increased SiCp  
reinforcement. Al 2219 / 15vol. % SiCp / 3 vol.% Gr 
was reported to be having highest wear resistance. It 
was observed that wear rate decreases to its 
maximum value with addition of SiCp upto 5 vol.%, 
and then with further increase in vol.% decrease in 
wear rate was less [8]. 
 
CONCLUSION 
 
This whole discussion shows that tribological 
properties of hybrid composites depends on various 
factors. All these factors are interdependent, this 
make study of tribological behavior of composites 
including hybrid composites a complex problem. It is 
very difficult to analyze effect of all the factors for 
given situation. Most of the studies considered effect 
of up to 3 to 4 factors for tribological study. In most 
of the studies reinforcement dimensions are in 
micron. Very few studies on tribological behavior of 
Aluminum based hybrid metal matrix composites 
with nano particles as reinforcement are available.  
But owing to enhanced wear and friction properties 
due to hybridization of reinforcement, hybrid 
composites have huge potential to be used for wear 
and friction applications in automobile sectors. 
Further improvements in tribological properties can 
be achieved through use of nono size reinforcements. 
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The nano reinforcement in hybrid compositions not 
only improves mechanical properties but tribological 
properties of Al matrix composites also. Some of the 
researchers successfully fabricated and tested hybrid 
composites keeping in mind the tribological 
applications which shows enhanced tribological 
performance compared to single reinforcement. The 
various combinations tried for hybridization of 
reinforcement includes SiCp/ Gr, SiCp/ Al2O3, SiCp/ 
MoS2, Al2O3f/Cf etc. The main factors affecting the 
tribological performance includes load, sliding 
distance, volume fraction and type of reinforcement. 
The processing methods (primary and secondary) 
used for producing the composites materials and 
working conditions in which the composite is to be 
used  also affect the tribological properties of 
composites. By proper selection of reinforcements, 
processing method, taking in to account the working 
conditions and prospective application it is possible 
to design the hybrid composites. This paper is small 
step to overview the development in the field of 
tribological aspects of hybrid composites.    
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