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Abstract: This paper involves the fabrication of hybrid Aluminium matrix composite samples of different compositions 

using Stir casting technique and testing the prepared hybrid composite test specimens for analysing their wear and mechanical 

properties. LM25 Al alloy was used as matrix material reinforced with constant 9 wt.% of Al2O3 with particle size of 6-23 µm 

and different wt. percentages of Graphite (particle size of 24-94 µm) as 3%, 4% and 5% to prepare hybrid composite samples 

of three different compositions. Mechanical properties, for examples, tensile strength, hardness, compression strength and 

impact strength were analysed for both base LM25 Al. alloy and composite samples. Wear loss and coefficient of friction of 

composite samples also were studied using Pin-on-disc apparatus. Microstructure images of the hybrid composite samples 

were examined to study dispersion of dual reinforcement particles in the matrix material, porosity and shrinkage cavities 

developed during the casting of the composite samples using Optical Microscope. Results revealed that Tensile strength, 

Hardness and Wear properties of the hybrid composite sample, having 9 wt.% of Al2O3 and 4 wt.% of Graphite particles, were 

found to be superior to those of re-cast LM25 Al. alloy. This study is mainly focussed on achieving the improved wear 

resistance and mechanical properties of the hybrid aluminium matrix composite materials for meeting the desired properties of 

the products by exploring newer compositions of the dual particles reinforced hybrid composites. 

Keywords: LM25 Al Alloy, Al2O3, Graphite Particles, Aluminium Hybrid Composites, Mechanical Properties,  

Wear Resistance, Stir Casting Process 

 

1. Introduction 

Metal Matrix Composite (MMC) is composed of a metal 

matrix and one or more reinforcement materials. It provides 

improved properties over those of the individual constituent 

acting alone. MMCs offer improved properties over those of 

conventional materials. Mechanical Properties, for example, 

mechanical strength, wear resistance, damping and 

machinability etc. can be appreciably enhanced. 

In recent years, in particular, particulate reinforced 

Aluminium Metal Matrix Composites are preferred over 

conventional materials by several high tech- manufacturing 

industries such as aerospace, defence, automotive, defence, 

aerospace, sports and recreation owing to their outstanding 

combination of properties, for example, high strength to 

weight ratio, good thermal properties, good corrosion 

resistance, cast-ability etc. These are economically available 

and it is cheaper in fabricating them. 

The major problem with the particulate type of Al-MMCs 
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is its difficulty in machining due to the abrasive nature of the 

ceramic particles. The reinforced particles are hard and very 

stiff, which also cause high tool wear rate. Particulate-

reinforced Al-MMCs have become more attractive to 

researchers because of the problem of anisotropy and high 

cost of fibre reinforcement [1, 2]. It is also fact that the 

properties of the Al-Metal Matrix Composites are mainly 

affected by shape, size, orientation, distribution and volume 

or weight fraction of the reinforcements. 

Extensive researches have been undertaken on Al-MMCs 

with a single reinforcement. Sometimes the use of Al.-matrix 

with single reinforcement may not meet today’s requirements 

of high product quality and better surface finish due to 

negative effects of single reinforcement. In order to 

compensate the negative effects of single reinforcement on 

the characteristics of MMC, the idea of use of different types 

of reinforcements more than one is being discovered in Al 

matrix. Reinforcements like SiC, Al2O3, TiO2, TiB2 etc., will 

increase tensile strength, hardness and abrasive wear 

resistance of Al matrix. But these have negative effects on 

machinability, thermal properties and impact strength of Al 

matrix. Hence soft reinforcement like graphite, which is a 

solid lubricant, can be reinforced with Al matrix to improve 

machinability, wear resistance, damping capacity. Al-MMCs 

involving more than one reinforcement is denoted as hybrid 

Al-MMCs., which are considered as improved substitutes for 

composites with single reinforcement [3-5]. Researches have 

been carried out continuously to explore newer compositions 

to achieve desired properties of dual particles reinforced 

hybrid composites [6, 7]. 

From the literature survey, it is understood that there is 

much scope for the application of Al-MMCs in most of the 

high tech-industries. But there is some major difficulty in the 

production of these hybrid composites. The main process for 

producing hybrid Al-MMCs on a large scale is either solid 

metallurgy technique or liquid metallurgy technique. Among 

all the available processing routes the liquid metallurgy 

technique is considered as most economical to produce 

MMCs. There are four types of liquid metallurgy technique 

such as pressure infiltration, stir casting, spray deposition and 

in situ processing. Out of these types stir casting process is 

simple, most economical and suitable for large scale 

production. Though there are some problems in stir casting 

process such as: poor wettability and improper distribution of 

the reinforcement materials etc., stir casting is a promising 

route to produce Al-MMCs [8-10]. 

2. Literature Review 

Ted Guo et al. [11] reported that addition of graphite (Gr) 

particulates improves machinability and reduces wear of Al–

Gr composites when compared to Al alloy. It was also 

reported that high amount of Gr. may increase wear owing to 

decrease in fracture toughness. Yilmaz et al. [12] prepared 

hybrid composites with Al. as matrix material, a constant 10 

wt.% of Al2O3 and varying wt. % of Gr (1, 2, 3, 4 and 5 

wt. %) as reinforcement materials. They reported that the 

surface texture parameters decrease as Gr. content increases 

in the matrix. Moreover, the hardness also started to decrease 

when the graphite content in the matrix increased more than 

1wt.%. Miyajima et al. [13] concluded that particulate 

reinforcements are most useful in improving the wear 

resistance of Al-MMCs. The microstructure parameters such 

as the type, size, distribution of the reinforcement and the 

manufacturing technique of the composite primarily affect 

the degree of enhancement of wear resistance. 

Kok [14] prepared 2024 Al-alloy composites reinforced 

with Al2O3 particle using stir casting process with the 

application of pressure. He reported that the coarser particles 

led to more uniform dispersion, whereas the finer particles 

caused agglomeration and segregation of particles. 

Decreasing size and increasing weight percentage of particles 

increased the porosity of the composites, the tensile strength 

and hardness but decreased the elongation of MMCs. Dunia 

Abdul Saheb [15] developed aluminium based MMCs with 

silicon carbide particulate and Gr as reinforcements. He 

conducted experiments with varying wt.% of SiC (5, 10, 15, 

20, 25, and 30) and varying wt.% of Gr (2, 4, 6, 8 and 10), 

while all other parameters were constant. He reported that 

increase in wt.% of ceramic materials increased hardness. 

The maximum hardness was found at 25 wt.% of SiC and 4 

wt.% of Gr. 

Radhika et al. [16] fabricated Al-Si10Mg alloy reinforced 

with varying wt.% of alumina and with constant 3 wt.% of 

graphite using stir casting method to study mechanical 

properties and wear behaviour. It was reported that addition 

of alumina and graphite improved hardness and tensile 

strength of hybrid MMCs. The wear rate and coefficient of 

friction for base alloy and hybrid composites decreased with 

increase in sliding speed and increased with increase in 

applied load. They concluded that the wear rate and 

coefficient of friction reduced with increase in wt.% of 

reinforcement. Suresh et al. [17] studied wear resistance and 

microstructure of Al6061-MMCs. Composites containing 

different wt. % 2, 4, 6, and 8 of Al2O3 and keeping 2 wt.% of 

Gr constant were fabricated using stir casting method. They 

concluded that the specific wear rate and frictional 

coefficient decreased linearly with increase in wt.% of Al2O3. 

The best result of wear resistance was obtained at 8 wt.% of 

Al2O3. Sharanabasappa et al. [18] studied the tensile strength 

and hardness of LM25 composites reinforced with fly Ash 

and Al2O3. It was reported that hardness and tensile strength 

increased with increasing wt.% of Al2O3, but impact strength 

and ductility decreased. 

Baradeswaran et al. [19] studied the effect of graphite on the 

wear behaviour of Al7075/Al2O3/Gr hybrid composite casted 

through stir casting. He concluded that the hybrid composites 

containing graphite developed higher wear-resistance. Criston 

et al. [20] observed the compression behaviour of Al alloy 

hybrid composites (Al6061/Al2O3/Gr) with constant wt. % of 

Gr and varying wt. % of Al2O3. From this study, it was 

reported that when reinforcement materials with different wt.% 

were added to base Al. matrix. They observed that the type of 

dispersion and wt.% of ceramic material in the composites 
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caused the changes in compression strength. When Al2O3 

particles were distributed uniformly in the composite, 

compression strength increased, which was found to be less 

than that of the base Al. alloy. Decrease in compression 

strength was due to the presence of Gr in composite as in the 

case of 9% Al2O3 reinforced composite. 

Kumari Archana et al. [21] fabricated three different 

composite samples of different compositions. Al. 6061 was 

used as matrix metal and Gr. was used as reinforcement with 

varying wt. percentages. They reported that hardness and 

tensile strength of the composites increased on increasing the 

graphite reinforcement up to 4 wt.% of Gr. but both hardness 

and tensile strength showed a decreasing trend on further 

increase beyond 4 wt.% of Gr. Hashim et al. [22] focussed on 

possibility of four technical problems in stir casting such as 

problem of achieving a uniform distribution of the 

reinforcement material, problem of achieving wettability 

between the matrix material and the reinforcements, problem 

of avoiding porosity in the cast metal matrix composites; and 

problem of preventing chemical reactions between the 

reinforcement material and the matrix alloy, which affect 

mechanical properties. They also stressed for the need in 

controlling some significant process parameters such as 

stirring speed, holding temperature, size of the impeller and the 

position of the impeller in the molten metal during casting of 

MMCs. Rajesh kumar et al. [23] synthesized a hybrid 

aluminium composite using stir casting process. Al6061 alloy 

was used as matrix material and Silicon carbide, Alumina and 

Gr. as reinforcements. During the preparation of composites 

the process parameters such as stirring speed, blade angle and 

number of blades were varied using design of experiments. It 

was reported that the reinforcement should be added at the 

semisolid stage to increase the wettability of the reinforcement 

with matrix. For homogeneous mixture, the blade angle should 

be 45 or 60 and the number blades in the stirrer should be 4. 

The mould should be preheated to 500°C to reduce the 

porosity of the composite. 

From the context of current research in the field of 

processing MMCs and exploring newer compositions of the 

composites, first, it is well understood that one of the major 

technical challenges when processing MMCs is to achieve a 

homogeneous distribution of reinforcements in the matrix, 

which has a direct effect on the properties and the quality of 

the composite. Secondly, it is learnt that limited literatures are 

available on studies of mechanical properties and wear 

resistance of hybrid LM25 Al. alloy/Al2O3/Gr. composites, 

Henceforth, the current research study was submitted with an 

objective to evaluate the application of reinforcement materials 

such as Aluminium oxide (Al2O3) of constant 9 wt.% along 

with Graphite (Gr.) of varying wt. percentages as 3, 4 and 5 in 

LM25 Al alloy through Stir casting process and also through 

analysis of wear resistance and mechanical properties. 

3. Materials 

3.1. LM25 

Matrix material used for the preparation of hybrid AMCs 

was LM25 Al alloy since its mechanical properties can be 

enhanced through its combination with suitable 

reinforcements and also through its heat treatment. This alloy 

conforms to BS1490. It was procured from Laxmi Metal 

Exchange, Coimbatore. The chemical composition of LM25 

Al. alloy is shown in Table 1. 

Table 1. Chemical composition (by weight%) of LM25 Al. Alloy. 

Cu Mg Si Fe Mn Ni Zn Pb Sn Ti Al 

0.2 max 0.2-0.6 6.5-7.5 0.5 max 0.3 max 0.1 max 0.1 max 0.1 max 0.05 max 0.2 max REM 

 

LM25 Al alloy is generally used for achieving high 

strength casting alloy. [15]. It is preferred because of its 

attractive properties such as excellent cast-ability, soundness, 

good weldability, good corrosion resistance, very light 

weight, better thermal and electrical properties, formability 

as well as better machinability. But this alloy is not suitable 

for high wear resistance application due to its poor wear 

resistance [24]. This alloy is mostly used in the food, 

chemical, marine, electrical, and many other industries. 

Moreover, it is used in automobile industry for 

manufacturing cylinder blocks and heads, wheels etc. as well 

as for making castings of aircraft frame and missile structure 

components [25, 26]. 

3.2. Alumina (Al2O3) 

Among the hard-ceramic reinforcement materials, Silicon 

Carbide (SiC) is most commonly used in MMCs. The second 

most reinforcement material is Alumina (Al2O3). But in 

Silicon Carbide (SiC), the carbon will cause interface 

reactions in Aluminium matrix, depending upon the melting 

temperature and mixing time [5, 17, 27]. 

In this study Alumina with particle sizes in the range of 6-

23 µm was selected as hard reinforcement since it has good  

wettability with base Aluminium matrix, and also it has 

high strength, high hardness, better corrosion and wear 

resistance and excellent size and shape capability etc. 

Compared with Silicon Carbide, Alumina is more stable, 

inert and cheaper. It is readily available [28, 29]. Its physical 

properties are listed in Table 2. 

Table 2. Physical properties of Alumina (Al2O3). 

Density 3.95 g/cm³ 

Melting point 2040 degree C 

Mechanical Strength 300-630 MPa 

Thermal conductivity 20 to 30 W/mK 

Compression Strength 2000-4000 MPa 

Molar mass 101.96 gm/mol 

3.3. Graphite 

Graphite with particle size in the range of 24-94 µm was 

selected as reinforcement to improve wear resistance, 
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damping capacity and machinability of the base alloy. Its 

presence in the Al. alloy matrix prevents seizure [27]. 

The physical properties of Graphite are shown in Table 3. 

Table 3. Physical Properties of Graphite. 

Density 2.266 g/cm3 

Modulus of Elasticity 8-15 GPa 

Thermal conductivity 25-470 W/mK 

Melting point 4300 K 

Crystal structure Hexagonal 

4. Methodology 

Stir casting process is simple, most economical and 

suitable for large scale production of Aluminium matrix 

composites. Its main parts are melting furnace, stirrer 

assembly, controller and pre-heating furnace as shown in 

Figure 1. 

 

Figure 1. Stir casting setup. 

Graphite crucible was placed inside the furnace. At a time 

440 gm. of LM25 Al. alloy was placed in the graphite 

crucible. The furnace was heated to a temperature of 750°C, 

When the alloy was in fully molten condition 0.3% of 

Hexachloroethane (C2Cl6) was added to the molten metal for 

reducing blow holes in the castings. Simultaneously weighted 

quantities of alumina powder (9%) and graphite particles 

(3%) measured as 45gm. and 15gm. respectively were 

preheated in a separate furnace to a temperature in the range 

of 300-350°C for about 20 min. to remove moisture, gases 

and other organic contaminants from the surface of the 

particulates. 

 

Figure 2. Casted samples of composites. 

The molten metal was then cooled to 600°C to turn in to 

semi-solid state. At this state first stirring at 300 rpm was 

started. During stirring the preheated reinforcements were 

added manually to the semi-solid slurry. Soon after the 

mixing of reinforcements 0.5% of Magnesium particles 

wrapped in aluminium foil were added to improve 

wettability. The stirring was continued for approx. 5 min at 

the same speed to achieve proper mixing of the 

reinforcements in the melt. After the completion of the first 

stirring the slurry was again re-heated to a temperature of 

750°C to turn into fully molten condition. In this fully molten 

condition re-stirring using automatic stirrer was executed for 

approx. 5 minutes at the same speed to ensure more uniform 

distribution. The molten metal was then poured in to a cavity 

of preheated mould. The pouring temperature was maintained 

in the range of 700-750°C and then allowed to cool in the 

atmospheric temperature [15, 22, 28, 30]. 

The process used is similar for casting other two 

composites with same wt.% of alumina (9%) and different 

weight percentages of Graphite (4% and 5%) and for casting 

one un-reinforced LM25 alloy sample for the purpose of 

comparison. The casted samples are shown in Figure 2. 

Test Specimens for Microstructure Examination, analysis 

of Mechanical properties and Wear resistances were prepared 

from the casted samples, one sample of base Al. alloy and 

other three samples with different wt. percentages of 

reinforcements in accordance with ASTM Standards and 

their dimensions are shown in Table 4. 

Table 4. ASTM/IS codes for microstructure, mechanical, wear tests. 

Test No ASTM/IS Code Mechanical/Wear/Microstructure Tests Dimensions (mm) 

1 ASTM E8 Tensile Strength 12 X 06 X 100 

2 IS 1501 (P-1) 13 Hardness 10 X 10 X 25.4 

3 ASTM E9 Compressive Strength 10 X 10 X 25 

4 IS 1598-1977 Impact Strength 10 X 10 X 75 

5 ASTM G 99-04 Sliding Wear rate 10 X 10 X 30 

6 ASTM E3-11 Microstructure 10 X 10 X 10 
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5. Results and Discussions 

5.1. Microstructure 

The samples of Microstructure test specimens were 

prepared as per ASTM as shown in Table 4. The samples, as 

shown in Figure 3, were examined using Metallurgical 

Microscope (METASCOPE T 2003 U). 

 
Figure 3. Samples of Microstructure test specimens. 

From Figure 4 (a) and (b) Aluminium - Silicon eutectic 

structure was observed in the matrix of aluminium solid 

solution. The uniform distribution of reinforcements in the 

matrix material was clearly noticed. From Figure 4 (c) 

Porosities & Shrinkage cavities were observed with 

maximum Ø 0.27mm. The images are as shown below. 

 

(a) Magnification 100X. 

 

(b) Magnification 200X. 

 

(c) Magnification 100X (Porosity). 

Figure 4. Optical Micrographs of Specimen-1(Base LM25 Alloy). 

From Figure 5 (a) & (b) Aluminium - Silicon eutectic 

structure was observed in the matrix of aluminium solid 

solution. The uniform distribution of reinforcements in the 

matrix material was clearly noticed. From Figure 5 (c) 

Porosities were observed with maximum Ø 0.42mm. The 

images are as shown below. 

 

(a) Magnification 100X. 

 

(b) Magnification 200X. 

 

(c) Magnification 100X (Porosity). 

Figure 5. Optical Micrographs of Specimen- 2(LM25 Alloy/9 % of 

Al2O3/3 % of Gr.). 
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From Figure 6 (a) & (b) Aluminium - Silicon eutectic 

structure was observed in the matrix of aluminium solid 

solution. The more uniform distribution of reinforcement in 

the matrix material was clearly noticed. From Figure 6 (c) 

Porosities were observed with maximum Ø 0.06mm. Most 

uniform distribution and least sized porosities were observed 

when compared with all three samples 1, 2 & 4. The images 

are as shown below. 

 

(a) Magnification 100X. 

 

(b) Magnification 200X. 

 

(c) Magnification 100X (Porosity). 

Figure 6. Optical Micrographs of Secimen-3 (LM25/9 wt.% of Al2O3/4 wt.% 

of Gr.). 

From Figure 7 (a) & (b) Aluminium - Silicon eutectic 

structure was observed in the matrix of aluminium solid 

solution. The uniform distribution of reinforcement in the 

matrix material was clearly noticed. From Figure 7 (c) 

Porosities & Shrinkage cavities were observed with 

maximum Ø 0.88 mm. Larger sized porosities were observed 

when compared with samples 1, 2 & 3. The images are as 

shown below. 

 

(a) Magnification 100X. 

 

(b) Magnification 200X. 

 

(c) Magnification 100X (Porosity). 

Figure 7. Optical Micrographs of Specimen-4 (LM25 Alloy/9 wt.% Al2O3/5 

wt.% Gr.). 

5.2. Tensile Strength Test 

The samples of Tensile strength test specimens were 

prepared as per ASTM E8 as shown in Table 4. The samples, 

as shown in Figure 8, were tested using Computerized 

Universal Testing Machine (Model-TFUC-1000). The results 

of the tests are tabulated in Table 5 and variation of UTS with 

wt.% of reinforcements is shown in Figure 9. 

 

Figure 8. Samples of Tensile strength test specimens after the tests. 
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Figure 9. Variation of Ultimate Tensile Strength with Al2O3/Gr loading. 

Table 5. Tabulated Tensile Strength Testing Results. 

Specimen No./Properties 1 2 3 4 

Initial Gauge Length (mm) 24 24 24 24 

Ultimate Tensile Strength (N/mm2) 115 176 180 146 

Yield strength (N/mm2) 106 158 149 57 

Elongation % (on 24 mm GL) 2.8 3.8 4.6 2.7 

By observing Figure 9 and the tensile test report details as 

given in Table 5 (above) it was noticed the UTS and 

percentage elongation both improved linearly as wt.% of Gr. 

increased up to 4%, keeping 9wt.% of Al2O3 as constant. It 

was due to proper distribution of Al2O3/Gr. Particles in the 

matrix material, least porosity and better wettability. It was 

also observed that addition of Gr. particles beyond 4 wt.% 

decreased the tensile strength. This 

may be due to more content of Graphite particles, the 

presence of porosity and reduction of wettability. Porosity 

affects adversely ductility also [31]. In this study the Sample-

3 (LM25/9 % Al2O3/4 %Gr. composite) has maximum tensile 

strength and %Elongation when compared with other three 

samples such as Sample-1(base LM25 alloy), Sample-

2(LM25/9% Al2O3/3%Gr) and Sample-4(LM25/9% 

Al2O3/5%Gr). 

5.3. Hardness Test 

The samples of Hardness test specimens were prepared in 

accordance with IS 1501 (P-1) 13 as shown in Table 4. The 

samples, as shown in Figure 10, were tested using Vickers 

Hardness tester (Model-NEXUS EW 4304). In this 

experiment a direct load of 1Kgf was applied constantly on 

all the specimens for a dwell time of 10 seconds and at least 

three hardness values were measured at different locations on 

each specimen, the average of these three values was then 

obtained for each sample. The 

results of the tests are tabulated in Table 6 and variation of 

Hardness value with wt.% of reinforcements is shown in 

Figure 11. 

 

Figure 10. Samples of Hardness test specimens. 

 

Figure 11. Variation of Hardness with Al2O3/Gr loading. 

Table 6. Tabulated Hardness values of the prepared composite specimens. 

Specimen No. Vickers Hardness (HV1) 

1 105 (Avg. of 109, 101, 105) 

2 81 (Avg. of 83, 81, 80) 

3 108 (Avg. of 100, 110, 115) 

4 92 (Avg. of 93, 93, 91) 

From the above Figure 11 and Table 6, it was noticed that 

the hardness of composite specimen-2 displayed lower 

hardness compared with the base matrix material. This may 

be due to poor distribution of reinforcements combined with 

more porosity. In case of composite specimen-3, hardness 

was observed to be more than that of the base LM25 alloy 

and found to be maximum i.e. 108 HV1 compared with all 

the test specimens. This may be due to presence of least 

pores and shrinkage cavities and better distribution of 

reinforcements in the matrix material. Furthermore, decrease 

in hardness for composite specimen- 4 was observed when 

compared with composite specimen-3. This may be due to 

the presence of more porosities and shrinkage cavities. It was 

also noticed that when wt. percentage of Gr. increased 

beyond 4 wt.%, there was a sudden decrease in hardness 

value. This may be due to the cluster formation [34]. 

Therefore, the combination of hybrid composite as 9wt.% 
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Al2O3 and 4wt.% Graphite reinforced with LM25 alloy 

(Sample-3) was observed to be the best to have maximum 

hardness. 

5.4. Compression Test 

The samples of Compression test specimens were prepared 

as per ASTM E9 as shown in Table 4. The samples, as shown 

in Figure 12, were tested using Computerized U. T. M. 

(Model-TFUC-1000). The results of the tests are tabulated in 

Table 7 and variation of Compression strength with wt.% of 

reinforcements is shown in Figure 13. 

 

Figure 12. Samples of Compression test specimens. 

 

Figure 13. Variation of Compressive Strength with Al2O3/Gr loading. 

Table 7. Tabulated Compressive Strength values of the prepared composite 

specimens. 

Specimen No. Compressive Strength at 10% Strain, MPa 

1 273 

2 223 

3 243 

4 237 

From the above Figure 13 and Table 7, it was noticed that 

there was decrease in compressive strength in the Specimen-

2 when 9%Al2O3 and 3%Graphite were added to the base 

LM25 Al. alloy and this compressive value was observed to 

be lower than that of the base LM25 Al. alloy. From Figure 5 

(c) of optical micrograph of sample-2, uniform distribution of 

reinforcements in the matrix material was clearly noticed, but 

there was presence of more porosity, which may be the cause 

for decrease in compressive strength. 

In Specimen-3 the compressive strength increased, whose 

value was more than Specimen-2, but less than the base 

LM25 Al. alloy. This may be due to more uniform 

distribution of the reinforcements in the matrix material and 

presence of least porosities. From the Figure 6 of micrograph 

it revealed that there could be proper mixing of 

reinforcements with the composition as 9%Al2O3 and 

4%Graphite in the matrix material. 

In Specimen-4, the compressive strength decreased. This 

revealed that further addition of Graphite particles beyond 

4 wt.% caused improper mixing of reinforcements. Figure 

7 (c), large sized porosities were observed. The reduction in 

compression strength may be due to poor wettability between 

the reinforcements and the matrix material. It was concluded 

that if graphite and alumina were mixed properly with base 

material, the compression strength would increase as seen in 

the case of 9% Al2O3 and 4% Gr. reinforced composite [20]. 

5.5. Toughness (Impact) Test 

The samples of Izod impact test specimens were prepared 

as per IS 1598-1977 as shown in Table 4. The samples, as 

shown in Figure 14., were tested using Impact testing 

machine. The results of the tests are tabulated in Table 8 and 

variation of Impact strength with wt.% of reinforcements is 

shown in Figure 15. 

 

Figure 14. Samples of Impact test specimens. 
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Figure 15. Variation of Impact Strength with Al2O3/Gr loading. 

Table 8. Tabulated Impact Strength values. 

Specimen No. Impact Strength (J) 

1 4 

2 3.5 

3 3 

4 2.5 

From the above Figure 15 and Table 8, it was noticed that 

the impact strength decreased linearly as wt. % of Graphite 

increased. The results revealed that the impact strength of the 

composite decreased as wt.% of reinforcements increased. 

5.6. Wear Test 

The samples of Wear test specimens were prepared as per 

ASTM G 99-04 as shown in Table 4. The samples, as shown 

in Figure 16, were tested in dry sliding condition using Pin-

on-disc Wear test apparatus under the application of 3 m/s as 

sliding velocity, 50 N as normal load, 3250m as sliding 

distance. The results of the tests are tabulated in Table 9. The 

variation of Wear loss with wt.% of reinforcements is shown 

in Figure 17 and that of Coefficient of Friction with wt.% of 

reinforcements is shown in Figure 18. 

 

Figure 16. Samples of Wear test specimens. 

 

Figure 17. Variation of wear loss with Al2O3/Gr loading. 

 

Figure 18. Variation of Coefficient of Friction with Al2O3/Gr loading. 

Table 9. Tabulated Wear loss and Coefficient of friction values. 

Specimen 

No. 

Load, 

L (N) 

Sliding 

Velocity, 

S (m/s) 

Sliding 

distance, 

D (m) 

Wear 

loss 

(gm) 

Coefficient 

of Friction 

(COF) 

1 50 3 3250 0.0184 0.43 

2 50 3 3250 0.0157 0.32 

3 50 3 3250 0.0142 0.29 

4 50 3 3250 0.0175 0.28 

From the above Figures 17 & 18 and Table 9, it was 

observed that wear loss and coefficient of friction (COF) both 

decreased with the addition of Al2O3 and Graphite particles 

to LM25 Al alloy. At the same time wear loss started 

increasing when the wt. % of Graphite increased beyond 4 

wt.% whereas the COF decreased linearly with the increase 

of wt.% of Graphite. 

The results revealed that the wear loss reduced with 

increase in graphite content and it was found to be minimum 

at 4 wt.% of graphite, which exhibits the superior wear 

properties than those of cast base LM25 Al. alloy and other 

composites [32]. More-over the incorporation of Al2O3 

reinforcement to Aluminium matrix increases the wear 



10 Aritakula Venugopal Rao et al.:  Experimental Studies on Wear Resistance & Mechanical Properties of   

Aluminium Hybrid Composites (LM25/Al2O3/Graphite) 

resistance of the composites. The addition graphite 

reinforcement in LM25 Al/Al2O3/Gr. composite as hybrid 

reinforcement further increases the wear resistance of the 

composite [33]. 

6. Conclusion 

In the present work LM25 Al/Al2O3/Gr. hybrid composites 

were effectively casted by stir casting process. The effects of 

Alumina (Al2O3) and Graphite (Gr.) on wear resistance and 

mechanical properties of the composites studied and 

reported. 

From this work the conclusions made are as follows: - 

1. From tensile it was noticed that tensile strength showed 

increasing trend up to 4 wt.% of Gr. addition and on 

further addition of Graphite beyond 4 wt.%, the tensile 

strength showed decreasing trend. It was found to be 

more than the that of the base LM25 Al alloy and 

maximum in case of LM25/9 wt.%Al2O3/4 wt.% Gr 

hybrid composite. 

2. Hardness test revealed that hardness of the composite 

(LM25/9 wt.%Al2O3/4 wt.% Gr) was highest among 

other composite samples and more than the base LM25 

Al alloy. 

3. The optical micrographs of sample 3 (4 wt.% of Gr.) 

composite showed proper distribution of Al2O3 and Gr. 

particles in base LM25 Al alloy with least sized porosity 

when compared with the sample 2 (3 wt. % of Gr.) and 

sample 4 (5 wt. % of Gr.) Hence, the mechanical 

properties and wear resistance of 

LM25/9wt.%Al2O3/4wt.% Gr. hybrid composite were 

improved over those of other composite samples and 

the base LM25 Al alloy. 

4. Compression test revealed that addition of Al2O3 and 

Graphite particles resulted in decreasing compressive 

strength of the base LM25 Al alloy. It concluded that 

the compressive strength of the composite (LM25/9 

wt.%Al2O3/4 wt.% Gr) was highest among other 

composite samples but lower than that of the base 

LM25 Al alloy. 

5. Impact test results confirmed that increase in wt.% of 

Graphite reduced impact strength linearly. 

6. Wear test revealed that wear loss of sample 3 (4 wt.% of 

Gr.) was observed to be lower than base matrix alloy, 

sample 2 (3 wt % of Gr.) and sample-4 (5 wt. % of Gr.) 

under the same load, same sliding velocity and same 

sliding distance. Under the same operating parameters 

Frictional coefficient of sample-3 was o observed to be 

lower than base matrix alloy, sample-2 and nearly equal 

to that of sample-4. This showed that increase in 

Graphite content could effectively reduce the friction 

coefficient of LM25 Al/Al2O3/Gr. linearly whereas as 

the Graphite content increased, the wear loss firstly 

decreased up to 4 wt.% of Graphite addition and then 

increased beyond 4 wt.% of Graphite. 

7. The Sample-3 (4 wt.% of Gr) exhibited better results 

than those of the base LM25 Al alloy and all other two 

metal matrix composites thus produced and tested. 

8. The Comparison of Properties between un-reinforced 

LM25Al. alloy & Hybrid (LM25/9% 

Al2O3/4%Graphite) composite is shown in Table 10. 

Table 10. Comparison of Properties between un-reinforced LM25Al. alloy & Hybrid (LM25/9% Al2O3/4%Graphite) composite. 

Mechanical properties 
Sample-1 

(LM25 Al Alloy) 

Sample-3(LM25 Al. Alloy with 9 wt.% of Al2O3/4 

wt.% Gr) 

Hardness (Hv) 105 108 

Tensile Strength (MPa) 115 180 

Compressive Strength (MPa) 273 243 

Impact Strength (J) 4 3 

Wear (Weight) loss (g) 0.0184 0.0142 
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