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ABSTRACT 

Aluminium matrix composites belong to the family of materials whose mechanical, tribological, thermal and electrical properties 

can be customized effectively. Most of the commercial work on MMCs has been highlighted on Aluminium as the matrix 

material. The combination of light weight, environmental resistance and beneficial mechanical properties has made Aluminium 

alloys exceedingly popular; these properties also make Aluminium best suited for use as a matrix metal. The thermophysical 

properties of these composites can be tailor made and have excellent specific mechanical properties. These composites can be 

fabricated with ease. Aluminium matrix composites reinforced with the particles of Silicon Carbide possess high yield strength, 

low coefficient of thermal expansion or thermal expansivity, high modulus of elasticity and excellent wear resistance by 

maintaining volume proportion up to 20%. Aluminium hybrid composites can be customized to provide moderate Coefficient of 

Thermal Expansion (CTE) and high thermal conductivity that are favorable for the applications pertaining to thermal management 

equipment. However, it is necessary to evaluate different percentage combinations of reinforcements with matrix Aluminium to 

check for thermal stability and to measure thermal conductivity and coefficient of thermal expansion. It is expected that, 

Aluminium-Silicon Carbide-Graphite hybrid composites can be used as load bearing material for the above applications.In this 

paper, a review about the said hybrid composites to investigate thermal properties for engineering applications have been 

discussed. „ 
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1. INTRODUCTION 

A composite material is a macroscopic amalgamation of two 

or more distinct materials having an identifiable interface 

between them. It exhibits a desirable proportion of the 

properties of both constituent materials such that a superior 

combination is realized. These composites would have 

optimized properties to cater to a specific application. In 

addition, the combination can be so chosen that effects of 

some of their less desirable properties can be alleviated [1].  

 

Metal Matrix Composites (MMCs) are a unique 

category of materials that comprise a metallic alloy matrix 

characteristically reinforced with a ceramic phase in the form 

of particles, whiskers, platelets, short fibres and continuously 

aligned fibres. They are capable of providing high temperature 

operating limits when compared to their base metal 

counterparts. They can be customized to furnish strength, 

stiffness, abrasion resistance and creep resistance or 

dimensional stability. MMCs have a wide variety of 

applications in structural, wear, electronic packaging and 

thermal management [2, 3]. The intense development of metal 
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matrix composites has been a major transformation in the 

technology of materials. The demand for a material 

comprising high strength and high toughness and competent 

enough to operate effectively under unfavourable conditions, 

has led to the strengthening of new generation materials. 

These are highly developed materials generally containing 

reinforcements in the form of fibres which may be continuous 

or discontinuous and particulates or whiskers and are the main 

contenders for the applications pertaining to high temperature 

[4, 5].  

Metal matrix composites have fascinated the researchers in all 

perspectives. Metal matrix composites are the innovative 

materials that possess unlimited opportunities for modern 

material science and development. These materials satisfy the 

desired conceptions, objectives and requisites of the designer. 

The reinforcement of metals can have many different 

objectives. MMCs have greater advantage compared to other 

composites. These materials possess high temperature 

resistance, high yield strength and yield modulus and can be 

strengthened by different thermal and mechanical treatments. 

Metal matrix composites can be designed to process the 

thermal qualities viz., low Coefficient of Thermal Expansion 

(CTE), high thermal capacity and high thermal conductivity 

that are best suited for aerospace engineering, automotive 

components, thermal management of electronic equipment and 

electronic packaging applications. Aluminium Silicon alloys 

have extensive applications in industries due to their 

properties viz., high fluidity, low melting point, high fatigue 

strength, corrosion resistance, good castability characteristics, 

high tensile strength, high wear resistance and lower 

coefficient of thermal expansion. Hybrid metal matrix 

composites are regarded as one of the advanced materials that 

comprises of light weight, high specific strength, good wear 

resistance and low thermal expansivity [2] [3]. Aluminium 

Matrix Composites (AMCs) possess better property of friction 

and excellent wear resistance due to the combined effect of the 

strength of Silicon Carbide influenced on the matrix and 

lubrication property of Graphite [2]. 

In the present scenario, thermal characterization and analysis 

of composite materials have been gaining greater impetus. 

This will help to understand the properties of materials as they 

change with temperature. It is often used as a term for the 

study of heat transfer through structures. The knowledge of 

the thermophysical properties has been mandatory for 

designing the effective heat transfer elements, heat sinks, heat 

shields and opto-electronic devices. The need for the thermal 

analysis of hybrid metal matrix composites should be 

comprehensively discussed. Most of the thermal properties are 

mainly concerned with Aluminium matrix composites but 

minimum information is available on hybrid composites. The 

behaviour of hybrid composite materials is often sensitive to 

changes in temperature. This is mainly because, the response 

of the matrix to an applied load is temperature-dependent and 

changes in temperature can cause internal stresses to be set up 

as a result of differential thermal contraction and expansion of 

the constituents [4]. 

Though the research work pertaining to mechanical, 

tribological and fatigue behaviour of composites is effectively 

accomplished, due emphasis needs to be given to the work 

related to the measurement of prominent thermal properties 

viz., thermal conductivity and thermal diffusivity. The main 

property considered in thermal analysis of metal matrix 

composites is thermal conductivity. The increase in thermal 

conductivity of composites will depend on strength and 

porosity, which finds this property in aerospace and 

automobile applications extensively [4]. Thermal diffusivity is 

an important property for materials being used to determine 

the optimal work temperature in design applications referred 

under transient heat flow. It is the thermophysical property 

that determines the speed of heat propagation by conduction 

during changes in temperature with time. The heat propagation 

is faster for materials with high thermal diffusivity [5, 6]. The 

assessment of thermal properties will benefit to evaluate heat 

capacity, variation in the intensity of heat, heat diffusion and 

heat release rate [7].  For aerospace and automotive 

applications, low coefficient of thermal expansion, moderate 

thermal conductivity, specific heat capacity and high electrical 

conductivity of the composites will enhance the efficiency in 

all perspectives. The technique that has been adopted in the 

experimental investigation of thermal conductivity and 

thermal diffusivity is laser flash apparatus. Some of the most 

important papers concerning the thermal properties of 

Aluminium-Silicon Carbide-Graphite hybrid composites have 

been presented.  

Davis et al. [8] in their research paper have explained the 

thermal conductivity of metal matrix composites, which are 
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potential electronic packaging materials and have been 

calculated by using effective medium theory and finite 

element techniques. The thermal boundary resistance, which 

occurs at the interface between the metal and the included 

phase (typically ceramic particles), has a large effect for small 

particle sizes. It has been found that, Silicon Carbide particles 

in Aluminium must have radii in excess of 10 μm to obtain the 

full benefit of the ceramic phase on the thermal conductivity.  

Cem Okumus et al. [9] in their paper have studied on thermal 

expansion and thermal conductivity behaviour of 

Al/Si/SiC/Graphite hybrid composites. Aluminium-Silicon 

based hybrid composites reinforced with Silicon Carbide and 

Graphite particles has been prepared by liquid phase particle 

mixing and squeeze casting. The thermal expansion and 

thermal conductivity behaviour of hybrid composites with 

various Graphite contents and different Silicon Carbide 

particle sizes (45 µm and 53 µm) have been investigated. 

Results have indicated that, increasing the Graphite content 

improved the dimensional stability, and there has been 

obvious variation between the thermal expansion behaviour of 

the 45 µm and the 53 µm silicon carbide reinforced 

composites. 

Molina et al. [10] have investigated the behaviour of thermal 

conductivity of Aluminium-Silicon Carbide (SiC) composites 

based on high volume fraction of Silicon Carbide particles. It 

has been investigated by comparing data for composites 

fabricated by infiltrating liquid aluminium into preforms made 

either from a single particle size, or by mixing and packing 

SiC particles of two largely different average sizes 170 μm 

and 16 μm. For composites based on powders with a 

monomodal size distribution, the thermal conductivity 

increases steadily from 151 W/mK for particles of average 

diameter 8 µm to 216 W/mK for 170 µm particles. For the 

bimodal particle mixtures the thermal conductivity increases 

with increasing volume fraction of coarse particles and 

reaches a roughly constant value of 220 W/mK for mixtures 

with 40 or more vol.% of coarse particles. It has been shown 

that all present data can be accounted for by the Differential 

Effective Medium (DEM) scheme taking into account a finite 

interfacial thermal resistance. 

Parker et al. [11] have explained the flash method of 

determining thermal diffusivity, heat capacity and thermal 

conductivity. A high‐intensity short‐duration light pulse is 

absorbed in the front surface of a thermally insulated 

specimen a few millimeters thick coated with camphor black, 

and the resulting temperature history of the rear surface has 

been measured by a thermocouple and recorded with an 

oscilloscope and camera. The thermal diffusivity has been 

determined by the shape of the temperature versus time curve 

at the rear surface, the heat capacity by the maximum 

temperature indicated by the thermocouple, and the thermal 

conductivity by the product of the heat capacity, thermal 

diffusivity and the density.  

Chen et al. [12] have reviewed on metal matrix composites 

with high thermal conductivity for thermal management 

applications. The latest advances in manufacturing process, 

thermal properties and brazing technology of SiC/metal, 

carbon/metal and diamond/metal composites have been 

presented. Key factors controlling the thermophysical 

properties have been discussed in detail.  

Hohenauer et al. [13] have experimented on flash methods to 

examine thermal diffusivity and thermal conductivity of metal 

foams. The results of thermal conductivity have been obtained 

by using a laser flash device. In particular, a Magnesium alloy 

has been investigated. To meet the requirements of flash 

technique, coplanar samples have been prepared. A finite 

element model has been generated to study the influence of 

the preparation method and measurement techniques. 

 

It has been evident from the literature review that, thermal 

characterization and analysis of Aluminium Matrix 

Composites (AMCs) have to be given greater emphasis. 

However, investigations concerning the thermal 

characterization and analysis of composite materials of AMCs 

have been meagre. Many experimental investigations have 

been carried out pertaining to thermal characterization of 

Aluminium Silicon Carbide composites, but limited work has 

been accomplished concerning Aluminium-Silicon Carbide-

Graphite hybrid MMCs. The literature review has indicated 

the need for further investigations on thermal characterization 

and analysis of Aluminium matrix composites. If these 

materials are to be used for many engineering applications, the 
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thermal aspects of AMCs need to be given more emphasis. 

Hence it becomes important that the evaluation of thermal 

aspects and characteristics of hybrid composites cannot be 

ignored in order to transform the material from design stage to 

manufacturing stage. 

 

2. THERMAL PROPERTIES OF COMPOSITE 

MATERIALS 

Aluminium matrix composites belong to the family of 

materials whose mechanical, tribological, thermal and 

electrical properties can be customized effectively. Most of the 

commercial work on MMCs has been highlighted on 

Aluminium as the matrix material. The combination of light 

weight, environmental resistance and beneficial mechanical 

properties has made Aluminium alloys exceedingly popular; 

these properties also make Aluminium best suited for use as a 

matrix metal. The melting point of Aluminium is high enough 

to satisfy many application requirements, yet low enough to 

render composite processing reasonably convenient. Also, 

Aluminium can accommodate a variety of reinforcing agents. 

Although much of early work on Aluminium matrix 

composites is well emphasized on continuous fibre types, most 

of the research work is focused on Discontinuously 

Reinforced Aluminium Matrix Composites (DRAMCs) 

because of their greater ease of manufacture, low production 

cost and comparatively better isotropic properties. The 

specific mass of most AMCs is about one third that of Steel 

and the specific strength and stiffness of these materials are 

relatively high. These properties are imperative for automotive 

and aerospace applications because of the potential for large 

reductions in weight up to 25%. Additionally, the retention on 

high temperature strength is also a governing characteristic, 

making them suitable candidate materials for the use in 

automotive engineering, military engineering, space science 

and aircraft engine applications [1, 2].         

In recent years, greater preference has been given to Graphite 

particle matrix composites, which exhibit better mechanical 

and tribological properties. Several studies have been focused 

on the applications of Aluminium Graphite composites [14]. 

These composites are extensively used in a large number of 

automotive components like cylinder liners, pistons and 

various types of brakes, air diffusers and bushings. Aluminium 

Graphite composites have been developed for tribological 

applications because of their exceptional antifriction 

properties, wear resistance and antiseizure characteristics [2].   

In the present scenario, researchers and scientists are exploring 

new developments pertaining to metal matrix composite 

materials. They have carried out an extensive research work 

on mechanical and tribological behaviour of composite 

materials because of their admirable properties. Composites 

are used not only for their structural properties, but also for 

electrical, thermal, tribological and environmental applications 

[1]. Aluminium Silicon Carbide composites (Al SiCp) are 

regarded as the most favourable composites because of their 

superior mechanical and thermal properties. Aluminium 

reinforced Silicon Carbide particulate composites are finding 

extensive engineering applications particularly in industries. 

The major advantages by using Silicon Carbide as 

reinforcement are improved stiffness, strength, thermal 

conductivity, wear resistance, fatigue resistance, low cost, low 

density and low thermal expansivity. Besides these unique 

properties, they are comparatively easier to fabricate and have 

shown greater potential to be inexpensive. A sequence of 

Aluminium alloy based composites is available with a wide 

range of values for the coefficient of thermal expansion, 

depending on the proportion of Silicon Carbide [1]. 

Aluminium Silicon Carbide particulate composites are one of 

the materials that find wide range of applications in 

automobile and aerospace engineering.      

The experimental studies are predominantly emphasized on 

Aluminium matrix composites reinforced with high proportion 

of particles of Silicon Carbide which is usually above 10%. 

Many problems have been encountered while machining of 

AMCs with high volume proportion of ceramic Silicon 

Carbide. Ceramic phases cause rapid wear of cutting tools, 

which are generally abrasive in nature. Thus, it is essential to 

include only a low volume proportion of reinforcements with 

the alloys of Aluminium to allow machining of composite 

materials efficiently [14]. Presently, research is being carried 

out by using two or more reinforcements to fabricate 

Aluminium matrix composites. Such composites have been 

referred to as hybrid metal matrix composites. Aluminium 

matrix composites mixed with Graphite and Silicon Carbide 

reinforcements are prominent among them. These hybrid 

composite materials are broadly used in structural, aerospace 

and automotive industries. Hybrid MMCs have greater 
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relevance to automotive components viz., piston rods, piston 

pins, braking systems, frames, valve spring caps, disk brake 

caliper, brake disks, disk pads and shaft.  

One of the major advantages of Aluminium-Silicon Carbide-

Graphite (Al-SiC-Gr) hybrid metal matrix composites is that, 

these composites are self-lubricating materials comprising 

Graphite, yet their strength can be improved by the presence 

of Silicon Carbide ceramic phase. These AMCs possess better 

property of friction and excellent wear resistance due to the 

combined effect of the strength of Silicon Carbide influenced 

on the matrix and lubrication property of Graphite [15].  

The thermophysical properties of these composites can be 

tailor made and have excellent specific mechanical properties. 

These composites can be fabricated with ease. Aluminium 

matrix composites reinforced with the particles of Silicon 

Carbide possess high yield strength, low coefficient of thermal 

expansion or thermal expansivity, high modulus of elasticity 

and excellent wear resistance by maintaining volume 

proportion up to 20% [16, 17]. Aluminium hybrid composites 

can be customized to provide moderate Coefficient of Thermal 

Expansion (CTE) and high thermal conductivity that are 

favorable for the applications pertaining to thermal 

management equipment [18, 19, 20]. However, it is necessary 

to evaluate different percentage combinations of 

reinforcements with matrix Aluminium to check for thermal 

stability and to measure thermal conductivity and coefficient 

of thermal expansion. It is expected that, Aluminium-Silicon 

Carbide-Graphite hybrid composites can be used as load 

bearing material for the above applications.    

Aluminium matrix composites are more promising materials 

and data pertaining to thermal properties have to be 

established. This aspect has generated enormous interest in 

research pertaining to the area of composite materials. The 

characterization and analysis of thermal properties viz., 

thermal conductivity, thermal diffusivity, thermal shock 

resistance, thermal expansivity and specific heat capacity are 

advantageous for aerospace and automotive applications, 

electronic packaging and thermal management equipment. 

Hence, emphasis needs to be given to carry out research on 

thermal characterization and analysis. This research work 

intends to enhance the comprehension of the thermal aspects 

of Aluminium matrix composites.  

 

3. THERMAL ANALYSIS OF COMPOSITES 

Thermal characterization and analysis of composite materials 

have been gaining greater importance. Thermal analysis of 

composites will help to comprehend the properties of 

materials as they change with temperature [2, 3]. The 

determination of thermal properties of composites is beneficial 

for the evaluation of thermal capacity, variation in the 

intensity of heat, heat diffusion and heat release rate. It has 

been customary to control the temperature in a predetermined 

way either by increase or decrease in temperature at a constant 

rate by the processes of linear heating or cooling. The thermal 

characterization of composite materials will depend on the 

factors that influence on the thermophysical properties. It is a 

major challenge since they are susceptible to the type of 

reinforcement and method of manufacture. The decisions 

based on the selection of materials for components are 

exposed to temperature variations and temperature gradients. 

For aerospace and automotive applications, low coefficient of 

thermal expansion, moderate thermal conductivity and high 

electrical conductivity of composite materials are greatly 

beneficial. Hence it requires the design engineer to have a 

lucid comprehension about the thermal responses and 

characterize the thermal properties of a wide variety of 

materials.      

Thermal analysis is often used as a term for the study of heat 

transfer to evaluate specific heat capacity and thermal 

conductivity [2]. Thermal analysis of composite materials is 

essential to examine the thermal properties viz., thermal 

conductivity, diffusivity, temperature potential, specific heat 

capacity, thermal expansivity, shock resistance, enthalpy, 

latent heat, thermal displacement, thermal stress, thermal 

strain, thermal flux, thermal gradient and heat flow 

distribution. In thermal analysis, a cluster of techniques and 

experimental procedures are available which are favourable 

for studying the thermophysical and kinetic properties of 

materials. Thermophysical properties can also be used for the 

characterization of composite materials to evaluate the 

properties of the matrix material that are essential for the 

thorough analysis of the composite [90]. The determination of 

thermal properties of composite materials is of utmost 

importance for the effective design and applications pertaining 

to aerospace and automotive engineering, electronic 

packaging, thermal management equipment, space science, 
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electronics and instrumentation, heat sinks, thermal power and 

nuclear power engineering.   

The prominent properties influencing the thermal analysis of 

composite materials are thermal conductivity, thermal 

diffusivity, specific heat capacity and coefficient of thermal 

expansion. Thermal conductivity is regarded as the most 

significant property in the thermal analysis of composites. It 

characterizes material capacity to conduct heat energy under 

certain temperature gradient. Thermal diffusivity is one of the 

important properties pertaining to the thermophysical nature of 

materials. It is an essential property for materials being used to 

establish the optimal work temperature in design applications 

referred under transient heat flow. It is the ratio of thermal 

conductivity to the product of density and specific heat 

capacity. It determines the speed of heat propagation based on 

the phenomenon of conduction during changes in temperature 

with time. The propagation of heat is generally faster for 

materials with high thermal diffusivity. Thermal diffusivity 

and specific heat capacity are beneficial for estimating thermal 

conductivity. Specific heat capacity characterizes material 

property to absorb heat energy subjected under the processes 

of heating and cooling [21]. Aluminium matrix composites 

can be adapted to provide good coefficient of thermal 

expansion matching for the applications pertaining to thermal 

management equipment. It has been indispensable to assess 

composite materials for the thermal stability and to measure 

thermal properties viz., CTE and thermal conductivity for 

specialty products [9].  

Aluminium matrix composites with high volume fraction 

depict sufficiently high thermal conductivity. This factor leads 

to the possibility of customizing the CTE to fit the 

prerequisites of electronic systems. Aluminium based 

composites is one of the most resourceful materials among the 

classifications of MMCs presently used for these applications 

[22, 23]. AMCs have unique and desirable thermal and 

mechanical properties. A striking feature of AMCs is the 

potential to adapt thermal conductivity and CTE [24, 25]. In 

general, the behavior of thermal expansion of a composite is 

depicted by the instantaneous linear CTE, which is the result 

of many factors viz., microstructure of the matrix, 

reinforcement volume proportion, internal stresses, thermal 

history, porosity and interfacial cohesive bonding between the 

matrix and the reinforcements [26, 27].      

Thermophysical and thermomechanical properties of 

composite materials are required for many practical 

applications. These properties are studied for the prediction of 

the behavior of material in a wide range of parameters 

characterizing their internal state (temperature and 

deformations) and structure (porosity and permeability). The 

changes of state parameters and structural characteristics of a 

material are caused by energy exchange and mechanical 

interaction of the material with environment. The 

comprehension of certain factors that influences the 

thermophysical properties presents a challenging task. The 

evaluation of the thermophysical properties are mandatory for 

the effective designing of heat transfer equipment, heat sinks, 

heat shields, nuclear reactors, power electronics and opto-

electronic devices [28, 29, 30]. 

4. CONCLUSION 

Need for Thermal Analysis and Thermal Analysers 

The behavior of composite materials is often responsive to 

changes in temperature. This is because, the response of the 

matrix to an applied load is dependent on temperature and 

transformations in temperature. The variation in temperature 

can cause internal stresses and result in differential thermal 

expansion and contraction of the constituents [3]. The 

coefficients of thermal expansion of matrices and 

reinforcements are the function of temperature. The behavior 

of the composites can be discussed in terms of size of the 

particle and thermally induced stresses developed as a result of 

the coefficient of thermal expansion between the 

reinforcement and the matrix. Thermal analysis includes test 

prediction, continuous validation tests and analysis. Generally, 

the temperature field is also very important and is more 

pertinent for the assessment of stresses induced by thermal 

expansion [31]. 

 

The development, quantity and quality control of materials 

often necessitate the computation of the properties pertaining 

to thermo physical environment. This information can be 

decisive to a design, especially with the rapidly increasing 

requirements of cooling that result from the packaging of high 

performance devices. A variety of methods, involving both 

steady and unsteady or transient techniques are accessible for 
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the evaluation of thermal properties of composite materials. 

The thermophysical properties of materials and optimization 

of heat transfer of final products are becoming more and more 

essential for the applications in industries. Thermal analysis of 

composites can be carried out by using various thermal 

analyzers viz., Differential Scanning Calorimeter (DSC), 

Laser Flash Apparatus (LFA), Dilatometer (DIL), Differential 

Thermal Analysis (DTA), Dynamic Mechanical Analyzer 

(DMA), Mechanical Thermal Analyzer and 

Thermogravimetric Analyzer (TGA). 
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