
 

20-22nd April 2018                                                                                                                                                                  260 

 

5th International Conference on High Temperature Applications of Metal Matrix Composites, Pune, India  

TRIBO-EFFICIENT MATERIALS – A REVIEW 
 

A. Chennakesava Reddy 
Department of Mechanical Engineering 

Jawaharlal Nehru Technological University 

Hyderabad; India 

chennakesava@jntuh.ac.in 

 
Abstract— This paper is to highlight the need of tribo-efficient 

composite materials to design low friction, low wear and self-

lubricant materials. The tribo-efficient materials can enhance 

components life, reduce fuel and power consumption in a 

machine. In this paper polymer and metal matrix composites 

were addressed. The influences of different parameters in wear 

loss of Al/MgO particulate metal matrix composite have been 

analyzed in detail as a case study. Aluminium metal matrix 

composites find wide range application in aerospace and 

automotive industries. A great deal of research work needs to 

be done to derive maximum tribological potential of CNTs as 

effective fillers. 
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I.  INTRODUCTION 

The multidisciplinary science of interacting 
surfaces in relative motion is now identified 
specifically as tribology. It has grown incalculably 
over the years to an extent that studies on 
surface related aspects such generation and 
transmission of force, dissipation of energy 
(friction), dissipation of mass (wear) and 
lubrication between two bodies in relative motion 
have now narrowed down to the fundamental 
understanding of birth of friction at atomic level. 
There is an industrial demand to design low 
friction, low wear materials that are lightweight; 
corrosion and fatigue resistant; chemically inert, 
possess high load bearing capacity and can serve 
in severe operating conditions of speed, pressure, 
temperature and erosive-corrosive environment. 
Such so-called tribo-efficient materials can 
enhance life of the component, reduce fuel and 
power consumption in a machine.  
 

Friction is generally defined as the ratio of two 

forces acting, respectively, perpendicular and 
parallel to an interface between two bodies under 
relative motion or impending relative motion and 
is measured by a dimensionless quantity known 

as coefficient of friction (µ). Friction between two 
surfaces in relative motion causes wear and 
energy dissipation that leads eventually to 
catastrophic failures in machines that comprise 
numerous moving parts such as gears, bearing, 
seals, pistons, valves, cams, clutches, sliders, 

etc. smooth running of machine means there 
should be minimum friction and wear between 
two moving surfaces so as to prevent any 
dimensional changes even at a micron level [1]. 
The control of wear and friction has been an 
indispensable area of research at the moment. 
Lubrication, the intervening layer between 
contact surfaces, is an effective means of 
controlling wear and reducing friction. Since 
friction, wear and lubrication are tribological 
phenomena, the subject of tribology has 

assumed greater significance in the current times. 

II. TRIBO-EFFICIENT MATERIALS  

Metals, alloys, polymers; composites based on them 
and carbon-carbon composites, all these materials have 
been traditionally in tribological applications as anti-
friction material (low wear, low friction) such as in 
gears, bearings, seals, bushes, artificial joints, sliders 
and friction materials as in brake pads, clutch plates, 
tyres, etc. tribo-efficient materials are defined as those 
materials which deliver desired friction and wear 
performance at high pressure-velocity limits and high 
operating temperatures. The current demand is for 
lightweight, wear and corrosion resistant tribo-
materials which are expected to increase the life of 
machine e components despite operating in severe 
conditions, and at the same time would be easy on fuel 
and power consumption. These two prime objectives 
drive the current research across the world. 

III. POLYMER COMPOSITES  

Engineering polymers appear to be an obvious 
choice for developing tribo-materials because of 
their excellent property profile such as 
lightweight, wear, corrosion and radiation 
resistance, solvent resistance, self-lubrication, 
quiet operation and easy mouldability and 
machining [2]. However, pure polymers are 
seldom used in tribo-applications because of 
their inherent weakness such as poor 
mechanical strength, low thermal stability, low 
thermal conductivity, low dissipativity and high 
thermal expansion which limit their tribological 
performance at high loads, speeds and 
temperature. Ample opportunities are available 



 

20-22nd April 2018                                                                                                                                                                  261 

 

5th International Conference on High Temperature Applications of Metal Matrix Composites, Pune, India  

to modify polymers by a judicious choice of 
fibrous/fabric/particulate reinforcement [3 – 11]. 
The most remarkable feature about polymer 
based tribo-efficient materials is their self-
lubricity. They can be used in tribo-related 
situations where liquid lubrication is difficult 
either due to high temperatures or possibility of 
contamination leading to erosive-corrosive wear 
and most importantly in situations where 
hydrodynamic lubrication could not be 
established due to small oscillatory motion or 
frequent starts and stops [12]. Thus, heat 
resistant, high performance self-lubricated or 
solid-lubricated fiber reinforced polymer 
composites have been in greater demand. Over 
the years their tribological performance can be 
found in the literature [13 – 16].  
 
Friction behaviour of polymer composites is 
different from that of other materials because 
they do not obey Coulomb’s basic laws of friction. 
Friction coefficient (µ) is a function of load and 
sliding speed. With increasing load, µ necessarily 
decreases because polymers are viscoelastic 
plastic with low moduli and low melting points. 
With increase in temperature or speed, µ does not 
show a fixed pattern for all the polymers and it is 
unpredictable too. It may show a peak at typical 
speed followed by a decrease which is mainly due 
the dependence of their viscoelastic nature on 
temperature. Counterface material and its 
roughness also influence µ significantly. 
Generally µ is the lowest in the range of 0.1 – 0.2 
for most of the polymers. Similarly wear 
behaviour of polymer composites depends on the 
type of fibre and matrix concentration, 
dispersion, aspect ratio (length/radius of fibre), 
alignment and fibre-matrix adhesion. The higher 
the aspect ratio (A0 more load will be transferred 
from the matrix to the fiber and more is the wear 
resistance following the equation [17]:  
 

     (1) 

where σf is the contact stress, σm is the compressive 
stress of the matrix in the composite loaded against 

counterface under a load w, τ is the tangential stress 
produced because of the difference in the moduli of 
matrix and fibre. 
 
The friction and wear behaviour of carbon filled 
PTFE composites for bearing applications have 
been found to be excellent even at elevated 
temperature tests. A low friction and wear factor 
were measured for carbon/graphite filled PTFE at 
2600C. Tribology of PEEK composites shows that 

30% short carbon fibre reinforced PEEK 
composites with a heat deflection temperature of 
3150C were most suitable for use at selected 
temperatures [18]. Sun et al. [19] treated surface 
of CFs by means of oxygen plasma and observed 
that higher reactivity between fiber surface and 
matrix as a result of an increase of COOH, --C--
OH and =C=O groups on the fiber surface. The 
surface constitution was changed by the plasma 
treatment and improved the wetting properties of 
fiber surface. In another work, carbon nanofiber 
(CNF) was treated with HNO3 and a coupling 
agent. This surface modification was reported to 
decrease the friction coefficient as well as wear 
loss pf CNF/PTFE composites slightly [20]. Tiwari 
et al. [21] oxidized CFs by boiling in nitric acid 
(HNO3, 65-68%) at 110°C. The duration of the 
acid treatment varied from 15 to 180 minutes and 
observed that with increasing treatment time, 
roughness of fiber surface increased (Figure 1) 
and for treated fibers, ether, carboxyl and 
carbonyl groups were observed on spectra 
corresponding to wave number range of 950-1200 
cm-1 and 1650-1710 cm-1 respectively. 
 

 
Figure 1. SEM micrograph of untreated and HNO3 treated CF; (a) 

untreated (b) 30 (c) 60 (d) 90 (e) 120 (f) 180 mints treated CF’s. 
 

The carbon nanotubes are still in the early stages 
of tribological investigation and it has been found 
single-wall carbon nanotubes (SWNTs), multiwall 
carbon nanotubes (MWNTs), fluorinated SWNTs, 
Graphitized MWNT, carbon nano-onions and 
carbon nitride sphere (figure 2) have superior 
friction properties and endurance lives in air or 
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ultrahigh vacuum indication their potential use 
as lubricant in aerospace applications in 
microelectromechanical systems (MEMS) and 
micromachines. All nanocarbons can improve 
stiction and friction between contacting surfaces 
under dry cinditions, a major issue for MEMS 
and micromachines. The coefficient of friction for 
graphitized MWNTs is one fifth that of MoS2 in 
ultrahigh vacuum. It has been reported that CNTs 
filled PTFE composites exhibit friction coefficient 
that decreases with increasing CNT content 
probably due to self-lubricating nature of CNT 
[22]. When reinforced with MWNTs, an increase 
in hardness as well as wear resistance was 
observed [23]. 

 
 

Figure 2 SWNT, MWNT, Carbon Onion, fluorinated SWNT, 
graphitized MWNT, Carbon Nitride. 

IV. METAL MATRIX COMPOSITES 

Metal matrix composites (MMC) are attractive 
materials because of their high specific strength, 
stiffness and wear resistance [24-26]. Among 
modern composite materials, particulate 
reinforced MMCs are finding increased 
applications due to their favourable mechanical 
properties. Due to their tribological as well as 
mechanical properties, aluminium matrix 

composites find exhaustive applications in 
aerospace and automotive industries and also it 
is considered to be the most important material 
when reinforced with particulates [27]. Many 
parameters influence the wear characteristics of 
a metal matrix material but important 
parameters on which researchers concentrate are 
speed and load [28-31]. When Al is reinforced 
with SiC [32-34], TiC [35-38], B4C [39-42], ZrC 
[43-45], TiB2 [46-49], BN [50, 51], TiN [52, 53], 
Si3N4 [54, 55], Fe2O3 [56], SiO2 [57-59], TiO2 [60-
62], MgO [63-65], ZrO2 [66, 67], C [68-70], 
Graphite [71-73] nanoparticles an improved wear 
resistance was evidenced on comparing an 
unreinforced matrix material during dry sliding.  
 

 
 

Figure 3. Influence of tribology parameters on wear rate. 
 

A case study of tribological behaviour on 
AA7020/MgO metal matrix composites is 
preented. It can be seen from figure 3a that the 
wear rate was decreased with increase in volume 
fraction of MgO in AA7020 alloy matrix. This is 
owing to high hardness of MgO as compared to 
soft AA7020 alloy matrix. Composites produced 
by low volume fraction of MgO, wear out faster 
than those produced by high volume fraction of 
MgO. The wear rate was increased with load as 
shown in figure 3b. This can be attributed to 
increase of friction with normal load applied on 
the wear specimen. The wear rate was decreased 
with increase of speed (figure 3c). From figure 3d 
it is observed that the wear rate was proportional 
to the sliding distance. The R-squared values, 
which are attributable to volume fraction of 
reinforcement, normal load, sliding speed and 
sliding distance, respectively, are 0.924, 0.999, 
0.879 and 0.911. These values indicate the best 
fit of the trend. The change in hardness of the 
worn specimens is shown in figure 4. It can be 
seen that the hardness values increase after wear 
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test. The increase in hardness in the worn 
specimens may be attributed to the work 
hardening mainly due to influence of volume 
fraction of MgO and normal load applied on the 
test specimens. When the reinforcement was 
increased to 30 %, a decrease in wear rate was 
detected. The removal of particles (A) from the 
matrix and scratches in the matrix regions (B) 
were observed. The particle removal was higher 
in the composites having 30% MgO than in the 
composites having 10% MgO. 

 
Figure 4. Hardness of AA7020/MgO composites after wear test: (a) 10 

vol.%MgO (b) 20 vol.%MgO and (c) 30 vol.%MgO.. 

IV. CONCLUSION 

This paper could present tribo-efficient materials 
like polymer composites, metal matrix 
composites, and polymer composites reinforced 
with nanotubes. Frictional interactions in micro 
and nanocomponents are being increasingly 
important for the development of new products in 
several industries. 
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