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Abstract—The effect of cotton shell ash (CSA) and abrasive ceramic particles (SIC) reinforced with aluminium alloy based 
metal matrix are enhancement of mechanical and metallurgical properties of the composite materials. Those strengthening 
of properties such as hardness, lower density, compression. The meal matrix hybrid composites (MMCH) are fabricated by 
the reinforcement with 30μm - 40μm. The hybrid composite accommodate the 1wt%, 3wt% and 5wt% CSA-SIC with 
percentage of 75:25 respectively it was fabricated by the bottom pouring stir casting method. Microstructure evaluation, 
calculate the density, estimate the porosity, mechanical behaviour was investigate the performance of prepared hybrid 
composite.   
Keywords— AL-6063, Hybrid Matrix Composite, Cotton Shell Ash (CSA), Abrasive Ceramic Particles (SIC) , Stir- Casting , 
Micro Hardness, Lower Density, Compression, Microstructure. 

I. INTRODUCTION 
The hybrid Composite material are fabricated by the merging of two or more similar or dissimilar materials together. The 
mechanical behaviour of these composites will more-better than the alloying materials and individual pure materials. These 
hybrid composite materials will have composed of two or more phases. These are matrix phase and reinforcement phase.  
The Hybrid Metal Matrix Composite is one type of composite in which the matrix phase is predominantly metal or metallic 
alloy. The matrix is the base material of which constitutes the major portion and the minor portion are reinforcement those are 
in the form of particles, nano-powders whiskers, continuous and discontinuous fibers etc. The reinforcements are ceramic or 
organic compounds. The MMHC consists of high ranking properties such as high strength, high fastness, toughness, creep 
resistance, high electrical and thermal conductivity, and better resistance to corrosion, oxidation and wear-behaviour when 
compared to the parent materials.  
Aluminium Metal Matrix Hybrid Composites are broadly utilized due to their advantageous properties like low density, low-
cost, high strength to weight ratio, better corrosion resistance, good thermal conductivity and high stiffness. These applications 
are desirable in manufacturing, thermal, ocean, defence and automobile industries. 

II. EXPERIMENTAL PROCEDURE 
A. Materials and Methods 
Material selection 
Parent Material Al-6063 
Reinforcements – Cotton-shell Ash (CSA) 
                             Silicon carbide (SIC) 
The Al6063 is an aluminium based alloy, in which mainly magnesium and silicon are the alloying elements. The standard 
management of its composition was maintained by The Aluminum Association. It has generally good mechanical and 
tribological properties and is heat treatable and weldable. Al6063 alloy is the most favorable alloy used for 
aluminium extrusion. It allows the most compound-complex shapes to be formed with extremely smooth surfaces fit 
for anodizing and so it is popular for viewable architectural applications such as windows mountings, door-way frames, slab-
ceilings, and sign boards.  

 
Fig: 1 Base material pure Al-6063 
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Aluminium pure 6063 alloy was stir-casted with cotton shell ash (CSA) and abrasive ceramic particles (SIC) particles of mass 
fraction of percentage as reinforcement so as to fabricate   Al-6063 hybrid composites. The chemical composition of Al 6063 
alloy is shown in Table 1. Cotton shell ash (CSA) was prepared by the cotton dry shells. It was collected from the cotton fields. 
The shell ash total preparation was in optimum methods.   The temperature of the inside and outside furnace was precisely 
monitored and accurately controlled (±4ºC) utilizing two advanced thermocouples and one PID controller. The experimental 
setup of stir casting equipment used a 1HP motor to rotate the stirrer at different speeds in between 150 to 1500 rpm; a hydraulic 
mechanism was used to bring the stirrer and to move up and down moments in contact with composite material inside the 
furnace. 
 

Al Cr Cu Fe Mg Mn Si Ti Zn 

97.5 0.1 0.1 0.35 0.9 0.1 0.60 0.1 0.1 

Table: 1 Chemical Composition of Al-6063 
 

In this work the stir casting procedure  is used for fabrication of Al6063 alloy with fraction reinforcement of 0%, 1%, 2%, 3% 
of ocotton shell ash (CSA) and abrasive ceramic particles (SIC) particles of weight percentage on  aluminium 6063 is matrix 
material possess vital mechanical properties i.e high strength , fatigue resistance, and tensile strength . It is used aks following 
application aircraft structure, automobile engines. 

 

                                                           
            Fig: 2 Preheated cotton shell ash (CSA)                                                      Fig: 3 Preheated SIC 
 

Constituent SiC Si SiO2 Fe Al C 

%Wt 98.5 0.3 0.5 0.03 0.1 0.3 

Table: 2. Chemical Composition of SIC 
B. Procedure for Stir Casting 
A bottom pouring type totally sensorised stir casting machine is used to produce the AMMCs material. Initially the matrix 
material Al6063 alloy cut bits placed into the 2 kg capacity furnace. The furnace temperature maintained was around 800 
degrees centigrade. The matrix material Al6063 at above 750 degrees centigrade temperature material becomes at most liquid 
state. Then magnesium of 10 grams added to the molten metal for wetting agent. And maintain organ environment with help of 
pure organ gas (oxygen free). Before stirring the reinforcement is preheated up to 200◦  at 1 hour. The stirring was done by 
using mechanical stirrer and the stirrer speed was maintained 750 rpm and stirring time at 10 min. And its stirrer is dipped 3/4 
height of molten metal in the furnace. During this stirring operation both matrix material Al6063 and reinforcement material are 
mostly mixed. The die was preheated at most 450◦c at 60 min. finally the melted aluminium hybrid metal matrix composites 
was transferred into the die. 
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                           Fig: 4 Stir casting machine                                                                        Fig: 5 process 
 

 
Fig: 6 Casted specimens 

                                                                                Processing parameters 

Parameter Unit Value 

Spindle speed Rpm 750 

Stirring time Second 480 

Stirring temperature of the melt ºC 750 

Preheating temperature of cotton 
shell ash (CSA) and abrasive 
ceramic particles (SIC) 

ºC 200 

Preheating time of the 
reinforcements 

Minutes 60 

Preheat temperature of die ºC 450 

Powder pouring rate g/s 1.4 

Table: 3 Process parameters for stir casting 
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C. Tests conducted 
1)Density 
2)Hardness 
3)Compression 
4)Microstructure 

III.  RESULTS AND DISCUSSION 
Designations for the composites produced: 

Samples Designation % Wt. (CSA: SiCp) 

0% 0 

1% 75:25 

2% 75:25 

3% 75:25 

Table: 4 Samples Designation 
 

A. Density Evaluation 
The density measurements was carried out to evaluate  the levels of porosity of the produced hybrid composites and in order to 
study the effect of the wt% proportions of the cotton shell ash (CSA) and abrasive ceramic particles (SIC) on the densities of the 
produced composites. This was achieved by comparing the experimental and theoretical densities of each weight percent of 
cotton shell ash (CSA) and abrasive ceramic particles (SIC) reinforced composites using established procedures. The 
experimental density (ᆑEXT) was then determined by dividing the measured weight of the sample by its measured volume. The 
theoretical density (ᆑT) was obtained by using the rule of mixtures. 
The percentage porosity was evaluated using the relations: 

% Porosity  100 

 

     Table: 5 Density of Al 6063/ (CSA: SiCp) hybrid composite    
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Fig: 7 Density of Al 6063/ (CSA: SiCp) hybrid composite 

Sample 
Designation 

Theoretical Density 
 

Experimental Density 
 

% Porosity 

0% 2.72 2.69 1.10 

1% 2.61 2.58 1.14 

2% 2.59 2.555 1.35 

3% 2.52 2.482 1.5 
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B. Macro Hardness 
Mechanical properties such as hardness of the developed hybrid composites were evaluated using Brinell hardness tester with 
scale of BHN. The sample preparation and testing procedure for the hardness evaluation was carried out in accordance with 
ASTM E-8 standard in which the samples were exposed to a direct load of 187.5 kgf grams for 10s; multiple hardness tests were 
conducted on each sample and the average value was taken as the hardness of the samples.  
 

 

Fig: 8 Brinell hardness tester 

 

Fig: 9 specimens for hardness 

 

S.no Sample   
reinforce
ment % 

 

Indent
er Dia 

Indentation Diameter BHN Load 

Trail-1 Trail-2 Trail-3 Average 

1. Al-
6063(Pur

e) 

2.5 1.7 1.6 1.75        1.683 72.37 187.5 

2. 1% 2.5 1.6 1.65 1.55 1.616 82.36 187.5 

3 2% 2.5 1.55 1.5 1.6 1.55 88.43 187.5 

4 3% 2.5 1.5 1.45 1.55          1.5 95.5 187.5 

Table: 6 Brinell hardness values of Al 6063/ (CSA: SiC) hybrid composite 
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Fig: 10 Effect of Hardness Al 6063/ (CSA: SiCp) hybrid composite 

C. Compression Test 
Uniaxial compression test trails was conducted on the universal testing machine equipped with all accessories. The sample 
specimens are prepared by compression test in the cylindrical type of dimensions of 13mm diameter and 26mm length was 
prepared from the machining with the help of lathe machine. The samples such as compression axis is similar to the height of 
the specimen direction. Compression tests was conducted to 50% of engineering strain. The distortion samples for 
metallographical evaluation was conducted by utilizing inverted metallurgical microscope. In that each composition is prepared 
by three samples, the test was conducted by three trails by three specimens. The average of three trails is taken as the ultimate 
load.  
 

                                       
 

                                       
 

Fig: 11 Specimens after compression test 
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                                           Fig: 12 compression graph of Al 6063/ (CSA: SiC) hybrid composite 

From the above graph it has been concluded that the ultimate compression strength will be decreases with increase the wt %pa 
of reinforcement of CSA-SIC at 0wt%, 1wt%, 2wt% and 3wt%. In this compositions preparation porosity will be slightly 
increase this causes compression strength will be decreases.   

D. Microstructure 
A computerized inverted metallurgical microscope with all accessories for analyzing the microstructure. Images was utilized to 
evaluate the microstructure of the metal matrix hybrid composites. Traditional enhance polishing of the routines following by 
the etching with solutions of 10ml hydrochloric acids, 10ml methanol and 5ml of hydrofluoric acid was utilized to preparation 
of the samples before microscopic evaluation 

                        

                              Pure Al-6063                                                                                          1 wt% reinforcement 

                      

                         2 wt% reinforcement                                                                              3 wt% reinforcement  

Fig: 13 Microstructure images of 0%, 1%, 2%, & 3% of Al 6063/ (CSA: SiC) hybrid composite 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.177 

                                                                                                             Volume 7 Issue V, May 2019- Available at www.ijraset.com 
     

 472 ©IJRASET: All Rights are Reserved 
 

 

IV. CONCLUSION 
We can conclude that by reinforcing with Cotton Shell Ash and silicon carbide. We have the following results:- 
Improvement of hardness in the AL6063 alloy by reinforcing gradually. 
Increase in compressive strength as reinforcement increases. 
Decrease in Density as reinforcement increases from 1% to 3%. 
Observations from microstructure: 

Uniform mixing of 1% reinforcement (0.75% Cotton Shell Ash +0.25% Silicon Carbide). 
Uniform mixing of 2% reinforcement (1.50% Cotton Shell Ash + 0.5% Silicon Carbide). 
Uniform mixing of 3% reinforcement (2.25% Cotton Shell Ash +0.75% Silicon Carbide). 
Hence we can conclude that  
The optimum percentage of reinforcement in Al 6063 are 3% reinforcement such as 2.25% 

Cotton Shell Ash and 0.75% Silicon Carbide for better mechanical and metallurgical properties. 
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