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ABSTRACT 
 

 Development in the field of automotive industry always brings us the enormous components in build to make the performance 
enhanced. But the ideal components always need a frequent development to withstand new changes like high speed, increased torque, 
variable working conditions etc.,. For the same, developments are always enforced to increase its properties and secure the damage of 
parts. Here we performed cryogenic treatment to reduce the wear rate of piston as increase in speed and torque directly influence the life 
and properties of the piston. Aluminum alloy is replaced by hybrid composite which is the mixture of aluminum, graphite and boron 
carbide. Heat flux distribution and wear rates are analyzed and results are represented graphically. From the analysis it shows that 
hardness, tensile strength, wear rate are improved compared to the normal aluminum alloy. 
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INTRODUCTION 
 

The increased demand in weight reduction in the 
material and fuel consumption in the automobile and 
aerospace industries made us to choose a material 
from the tremendous types available Aluminium 
alloys. The uses are to a great extend as they gave 
low density, high thermal conductivity and high 
specific strength and it increased its usage in the 
mechanical field. The main obstacles of using 
aluminium are its low hardness and poor wear 
resistance. To overcome this problem, aluminium 
alloys are reinforced with particulates and fibres to 
improve the strength, hardness and wear resistance. 

Here the aluminum alloy is mixed with graphite 
and boron carbide. From the study it revealed that 
addition of graphite alone increases the strength of 
alloy and in addition of boron carbide, it increased 
the thermal properties of the piston. Thirumalai et. 
al.[1], have investigated that cryogenic treatment 
changes the morphology of precipitate in both al 
alloy & al2o3 MMC. Which resulted in changes of 

micro structural distribution of reinforcement 
material and also hardness will increases for 
cryogenic treated samples. Stir casted aluminum 
hybrid composite. Finally concluded that it’s a better 
substitute for al alloy to improve the hardness and 
strength (Dharmalingam et al [2]). Analysis shows 
that increase in percentage of reinforcement reduces 
the wear up to 12%. Krishn et al [3]. Had done the 
research work to find out the effect of cryogenic 
treated al MMC over al6061. Which results to 
increases the mechanical properties such as yield 
strength, hardness and mainly micro structural 
changes? Cryogenic treated MMC will undergo 
homogeneity deformation when compare to as cast 
condition. Sentilkumar et al [4] have concluded that 
Compression strength, Ultimate stress, breaking load 
increases by means of 5% B4C reinforcement and 
finally found out that MMC is better applicable than 
the other B4C reinforcement due to superior 
charactertics. Jasim m salman et al [5]. Research 
which undergone to improve the total properties of 
aluminum alloy using reinforcement matrix such us 
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polyethylene glycol (30%) and boron(0.1%) using 
quenching process(by water).Vol(6)., Roy et al [6] 
have worked under hybrid metal matrix composite to 
find out the wear behavior using dry sliding 
technique with the help of reinforcement matrix such 
us silicon carbide(10%),Plaster of Paris(10%) and 
graphite (5%).Vol(3). Rajmohan et al [7] have 
conducted experimental over fabricated hybrid meal 
matrix composite to compare whether the HMMC 
properties are greater than the parent aluminium 
alloy mixed with the help of liquid stir casted method 
thus the reinforcement matrix are Tio2 and graphite. 
Auradi et al [8] have also worked under hybrid metal 
matrix composite mainly to check whether the 
hardness property is got increased or not by the 
addition of Al203 and graphite. Girish et al [9] have 
Investigated on effect of cryogenic treated hybrid 
metal matrix composite (aluminium- Al203) to 
compare the mechanical properties of HMMC with 
the cast aluminium 6061. 

Elango et al [10] have concluded that cryogenic 
treated hybrid metal matrix composite (LM25 and 
Silicon carbide) had improved extreme level of their 
mechanical properties and detected that wear 
resistance is directly proportional to percentage of 
reinforcement matrix. Weiss et al [11] have found 
out that ablated composite will hold maximum yield 
strength, hardness, and mainly uniform distribution 
during casting process even though they got feedback 
such us air bobbles and prosity is the initial stage of 
failure. Fabricated HMMC using (A356+ Sic+ 
Graphite). Dinesh kumar et al [12] have proposed the 
comparative results between fabricated hybrid metal 
matrix composite over cast aluminium alloy by 
additives like silicon carbide, boron carbide, 
graphite, Presented at march/2014. By the help of 
additives like silicon carbide and titanium over 
aluminium alloy (LM25) thus the fabricated HMMC 
to investigate wear behaviors, particle distribution, 
and they got abrasives wear due to hard ceramics 
particles embedded in the surfaces of composite 
(Gopalakrishnan et al [13] ). Masif et al [14] have 
create HMMC which holds extreme mechanical 
properties to achieve low friction co efficient, less 
temperature raise, and mainly to reduce noise level 
by the help of additives like graphite, antimony tri 
sulphite (Sb2S3) & they mainly fabricated using 
powder metallurgy method. Gurvinder singh et al 
[15] have conducted research and finally concluded 
the comparative results between MMC Vs HMMC 
using parameters like hardness, Yield strength, 
temperature raise, and so on. Thus the reinforcement 
matrixes are Al203 and carbon and for the perfect 
distribution they casted by the influence of squeeze 
casting method. With the help of new fabricated 
technique that friction stir processing which 
influences perfect distributions of reinforcement 
matrix and unveils surface metal matrix composite 
finally attains better wear resistance and other 
mechanical properties (Sudhakar et al [16] ).  

Kok M. and Ozdin K. et al[17] have Investigated 
of sliding wear behavior of an Al 2O3particle 
reinforced 2024 aluminium alloy composite indicated 
that the addition of Al 2O3 particle size and content to 
the 2024 Al alloy caused a marginal decrease in the 
wear rate, even though the hardness of the composite 
almost double because of the reinforcement. Ali 
kalkanli and SencerYilmaz [18] have Synthesis and 
characterization of aluminium alloy 7075 reinforced 
with silicon carbide particulates. Experiments 
concluded that flexural strength increased with 
increasing the reinforcement content up to 10% SiC 
and it‟s also showed enough to attain full strength. 
Peak hardness values are obtained by T6 heat 
treatment. Suresh Kumar Reddy N. and Minyang 
Yang [19]. have  investigated the surface integrity 
during end milling of Al/SiC-MMCs. Experiment 
concluded that the surface roughness is decreased 
with increasing cutting speed and hardness of 
machining surfaces increased with increasing cutting 
speed, feed and depth of cut. Author found that 
proper selection of parameters enhanced the 
machining of Al/SiC and the end milling process 
becomes more economical and viable for its use in 
wide variety of industries.Manoj single and Deepak 
dwivedi D. [20] have studied the behavior of 
composite by adding weight fraction of silicon 
carbide (10%, 25% and 30%) to the Al 6061. found 
that the best results are obtained at 25% weight 
fraction of SiC (maximum hardness = 45.5 BHN & 
maximum impact strength = 36 N-m).    
 
II Experimental Setup: 

The matrix material used in the experiment 
investigation was commercially pure aluminum. The 
HMMC which was created with one of the 
reinforcement matrix as boron carbide. To improve 
the quality of HMMC we had included reinforcement 
as graphite. Chosen matrix material is reinforcement 
with graphite and boron carbide these are all 
fabricated using liquid stir casting technique. 
aluminium matrix metal AL7075 is melted at a 
definite temperature nearby 710⁰C in the muffle 
furnace and then a preheated reinforcement material 
with a (wt. % of 5% each of B4C and Gr) for first 
sample and graphite and B4C for second sample) is 
mixed with molten alloy & then stirrer is used to mix 
the mixture. In order to achieve the uniform 
properties of the composite, the distribution of the 
reinforcement material in the is maintained. The inert 
gas (nitrogen) is used to prevent the oxidation of 
mixture. The mixed molten HMMC is then poured 
into mold for solidification. Bulk hardness 
measurements were carried out on the base metal and 
composite samples by using standard Rockwell 
hardness test. Rockwell hardness measurements were 
carried out in order to investigate the influence of 
particulate weight fraction on the matrix hardness. 
Load applied was 750kgs and indenter was a steel 
ball of 5 mm diameter. The attained hardness value is 
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90.0HRB. The tensile testing of the composite was 
done, on Intron testing machine. The sample rate was 
9.103pts/sec and cross-head speed 5.0 mm/min. 
Standard specimens with 30mm gauge length were 
used to evaluate ultimate tensile strength. The 
comparison of the properties of the composite 

material was made with the commercially pure Al 
and results are shown in table 1. 

Three test specimens of dimension 25mm 
length, 5mm diameter, which was holds by a tube 
and get to slide over a plate of ferrous metal disc. 
The load and speed values are listed in the table no 2 

 
Table I: Properties of Aluminum 

Properties Value 
Yield strength  8640 N  
Tensile load  13120 N  
Elongation of length  14.2%  
Yield stress  169.4 N/mm2  
Tensile stress  257.2 N/mm2  

 
Table II:  Load conditions for Pin on disc 

Load (Newton) Rpm 
20 500 
40 600 
60 700 

 

 
Fig. 1: Liquid stir casting apparatus 
 
a.Deep freeze cryogenic process: 

Cryogenic treatment of samples has been 
performed by placing Al and (B4C & Graphite) 
specimens in an isolated alumina chamber. The top 
of the chamber was covered by glass wool insulator 
after placing the samples in the chamber. This 
chamber was progressively immersed in a liquid 
nitrogen reservoir. The samples temperature was 
monitored by a K type thermocouple which was used 
to operate a step motor. It took about 4 h to reach the 

deep  cryogenic temperature of -196⁰C. Specimens 
were held at cryogenic temperature for 0, 25 and 50 h 
and then slowly brought up to + 25 ⁰C. The 
cryogenic procedure is followed as per Kaveh 
Meshinchi et.al. [22].   
 
b.SEM Analysis: 

 

 
                                               a 
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                                                 b 

 
                                                C 

Fig. 2: SEM Analysis 
 
Scanning electron microscope is used for micro 

photo graph. Figure (a, b, c) shows the 
microstructure of (Al/B4C-Gr)-HMMC Significant 
micro-structural variation is observed in all the 
specimens. More uniform distribution of particulates 
in the matrix can be observed in (Al/B4C-Gr)-
HMMC. Clustering of particulate is also observed in 
comparatively higher volume fraction. It is due to the 

increase of particulate interaction and settling 
velocity that result in non-homogeneous distribution 
of particulates. The cluster formation takes place 
during mixing and stirring process 
 

RESULTS AND DISCUSSIONS 
 

a.Wear test results: (Using pin on disc method): 
 

 
 
Fig. 3: WEAR Vs. RUNNING RPM 

 
The test results for composites over wear 

parameters using pin on disc method. Every 
specimen had runs for 5 minutes to observe the wear 
rate over disc under the conditions shown in table 2. 
The above graph shows the wear rates over different 
running rpm. Thus the results hold low wear even at 

the peak rpm. These are the improvements in 
mechanical properties over cast aluminum. 
 
 
b. Heat distribution simulation over piston using 
Ansys: 



106                                         S.Vijayraj et al, 2015 /Journal Of Applied Sciences Research 11(19), October, Pages: 102-110 

 

Heat distribution of piston for various 
temperatures is analyzed. The graphs shows the 
comparative results of heat distribution for raw 
aluminum alloy, aluminum+ boron carbide  mixture 

and for aluminum+Boron Carbide+graphite HMMC 
composites. 

 
c. Heat Distribution Of 160cc Piston AT 556K: (Al-
7075):

 
 

 
 
Fig. 4: Distribution at 556K for Al 7075 

 
When analyzing heat distribution over the piston 

to the least bottom, only for the aluminium 7075 base 
matrix material. distribution gets gradual decrease 

from top to bottom. Here we given the parameters 
are 556K as peak temperature runs at 500 rpm. 
 
d. Heat Distribution of Piston At 756k: (Al-7075) 

 

 
 
Fig. 5: Distribution at 756K Al 7075 

 
When the piston runs under the parameters of 

756K at the top at the revolution of 600 rpm. Here 
the variation of temperature of every nodal point is 
54 each gradually decreases from top to bottom. 

 
e.Heat Distribution of Piston At 1166K: (Al-7075):

 
 

 
Fig. 6: Distribution at 1166K (Al 7075) 



107                                         S.Vijayraj et al, 2015 /Journal Of Applied Sciences Research 11(19), October, Pages: 102-110 

 

Now we to analyze for the peak temperature of 
1166K which runs at 700 rpm. In this condition 
temperature variation at every nodal will be 100K. 
This shows that distribution is uniform and gradual 
decrease. 

 
f. Heat Distribution of Piston At 556K: (Al 7075 + 
B4C):

 

 
 
Fig. 7: Distribution at 556K (AL 7075+B4C) 

 
The above image which shows the distribution 

for metal matrix composite, reinforcement by using 
boron carbide. Again we  run under the same 
condition of 556K. It shows the variation of 27K for 
each nodal with gradual decreases towards bottom. 

 
g.Heat Distribution of Piston At 756K: (Al 7075 + 
Boron Carbide): 

 

 
 
Fig. 8: Distribution at 756K (AL 7075+B4C) 

 
Due to the presence of boron carbide it can with 

stand higher temperature Because of low thermal 
conductivity. But it depends upon the particle 
distribution, here there is partial fulfillment of 

reinforcement material so they attained temperature 
variation of 54 each and also gradual decrease too. 
 
h.Heat Distribution Of Piston At 1166K: (Al 7075 + 
Boron Carbide): 

 

 
 
Fig. 9: Distribution at 1166K (AL 7075+B4C) 
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Again we were implementing the same condition 
as applied to cast aluminum alloy to analyze the 
distributive rate. Even at the nearest melting point it 
couldn’t deform due to the presence of boron carbide 
and also avoids little bit of carbon deposit too. 

 
i. Heat Distribution of Piston At 556K: (Al 7075 + 
Boron Carbide+Graphite): 

 
 

 
 
Fig. 10: Distribution at 556K (AL 7075+B4C+Graphite) 

 
Complete hybrid metal matrix piston were 

analyzed using ANSYS under the same condition of 
556K. Which shows extreme difference in 
distribution mainly at the bottom least because it 

holds very minimum temperature due to the presence 
of graphite. 
 
j.Heat Distribution Of Piston At 756K: (Al 7075 + 
Boron Carbide+Graphite): 

 

 
 
Fig. 11: Distribution at 756K (AL 7075+B4C+Graphite) 

 
With the help of both reinforcement matrix 

properties it helps the base aluminum to hold 
temperature even nearer to melting point also. 

 
k.Heat Distribution of Piston At 1166K: (Al 7075 + 
Boron Carbide+Graphite): 

 
 

 
 
Fig. 12: Distribution at 556K (AL 7075+B4C+Graphite) 



109                                         S.Vijayraj et al, 2015 /Journal Of Applied Sciences Research 11(19), October, Pages: 102-110 

 

This is the final result which helps to know that 
amount of reinforcement matrix is directly 
proportional to the wear resistance and thermally 
with standing capacity. Even at the gudgeon pin hole 
temperature distribution is low. 
 
l. Comparative Results Over Casted Aluminum 
(7075) HMMC (Al 7075+B4c+Graphite) Vs. 
Cryogenic HMMC: 

Curve Red: Hybrid metal matrix composite (Al 
7075+B4C),  

Curve Rose: Cryogenic treated HMMC,  
Curve Green: Aluminum alloy.  
 
When treating HMMC with deep freezing 

technique using liquid nitrogen. This was kept 20 
hours for the stabilization and particle distribution 

too. After freezing point it gets decreased to +28⁰C 
to avoid sudden breakage or sudden dislocation of 
micro particles presents. The above graphs are 
showing comparative results between hybrid 
composites, casted aluminum alloy and cryogenic 
treated HMMC. While analyzing wear characteristics 
of those composites by using pin on disc apparatus at 
various loads and sliding speed.  

Graph which is drawn with the help of two 
parameters such us wear (in microns) & Sliding time 
(Constantly 600 sec). Specimen made of existing 
aluminium 7075 alloy only. While occurring wear 
rate the specimen will get rapid increase over few 
seconds after that wear rate get gradually 
improvement.

 
 

 
 
Fig. 13: Comparison of wear result curves 

 
HMMC specimen provides uneven wear rate due 

to imperfect particle distribution so it shows gradual 
increase and also with the sudden decrease of wear 
rate. Mainly we have to consider the negative wear 
also. But it holds better mechanical properties when 
compare to casted aluminium alloy. Only when the 
specimen is perfectly distributed then the curve will 
be uniform. When the HMMC specimen get 
cryogenated for 26 hours for the stabilization and 
particle distribution. According to the estimated 
result we finally attain that too.  

While observing wear rate for the specimen it 
shows better result when compare to HMMC & 
casted aluminium with positive wear, gradual 
increment of wear and mainly low wear rate too.  
Finally we had achieved our objective that cryogenic 
treated aluminium metal matrix composite have 
better mechanical properties, lower wear rate, ability 
to with stand high temperature & perfect particle 
distribution 

 
Conclusion: 

When the HMMC specimen get tested under the 
various parameters (Such us double shear test, 
Brinell hardness test, Pin on disc for wear rate) it 
shows better improvement in tensile strength, 
compression strength, hardness, and mainly to with 
stand high temperature. when compared to casted 
aluminium alloy. While obtaining wear rate using pin 
on disc method it provide uneven rate of wear and 
also negative wear too. Due to the presence of air gap 
(or) air bubbles, allowances, and mainly because of 
imperfect particle distribution. Even though it get 
improved mechanical qualities due to matrix 
materials.  The above disorders get neglect by means 
of deep freezing technique using liquid nitrogen, 
specimen get stabilized for 23 to 42 hours to attain 
perfect particle distribution, and to attain extreme 
level of mechanical properties. Finally by the use of 
cryogenic treatment wear rate gets gradually increase 
and positive wear too. Cryogenic treated hybrid 
metal matrix composite provides homogeneity 
deformation when compared to cast condition.  
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