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Abstract: Present Study Is Focused On The Fabrication Of Aluminium 2024 Based Powder Metallurgical 

Composites, Reinforced With Silicon Carbide And Al2O3 By Powder Metallurgical Technique. The Percentage 

Of One Reinforcement Particulate Is Kept Constant And Varying Other And Vice Versa, Namely Types I And 

Type II Composites. The Various Mechanical Tests Like Density Test, Porosity Test, Hardness Test And 

Compressive Strength Performed On The Samples Obtained By Powder Metallurgical Technique For 

Comparison Purpose. The Result Indicated That the Developed Method Is Quite Successful and There Is an 

Increase in The Value Of Hardness Value And Decreased In Corrosion, Density And Compressive Strength 
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I. INTRODUCTION 
Aluminum Alloys Are Widely Used In Automobile Industries And Aerospace Applications Due To 

Their Great Mechanical Properties, Low Density, Low Coefficient Of Thermal Expansion, Better Corrosion 

Resistance And Wear As Compared With Conventional Metals And Alloys. The Low Production Cost And 

Better Mechanical Properties Of Composites Makes Them Very Useful For Various Applications In Many 

Areas From Technological Point Of View. The Reinforcements Al2O3 And Sic Enhance The Density Of The 

Base Alloy When They Are Added To The Base Alloy To Form The Composite. Moreover, The Theoretical 

Density Values Match With The Measured Density Values Of These Composites. Further, Miyajima Et.Al. [1] 

Reported That The Density Of Al2024-Sic Particle Composites Is Greater Than That Of Al2024-Sic Whisker 

Reinforced Composites For The Same Amount Of Volume Fraction. From The Above The Increase In Density 

Can Be Reasoned To The Fact That The Ceramic Particles Possess Higher Density. Further, The Increased 

Volume Fraction Of These Particles Contribute In Increasing The Density Of The Composites, Also They Have 

Stated That The Theoretical And Measured Density Values Of These Composites Match To Each Other. 

Additionally, The Above Discussions Can Be Reasoned To The Fact That The Ceramic Particles Possess Higher 

Density. The Al6061-Sic And Al7075-Al2O3 Particulate Reinforced Composites Were Developed By Powder 

Metallurgy Technique. The Cast Alloy And Composite Specimens Were Subjected To Density Test By Using 

Archimedes ‘Principle And Another Being The Rule Of Mixture, The Obtained Results [2]. Among The 

Variants Of Reinforcements, The Low Aspect Ratio Particle Reinforcements Are Of Much Significant In 

Imparting The Hardness Of The Material In Which They Are Dispersed (The Hardness Of Fiber Reinforced 

PMC < Whisker Reinforced PMC < Particle Dispersed PMC) [1]. The Particulate Reinforcements Such As Sic, 

Al2O3 And Aluminide [3-4] Are Generally Preferred To Impart Higher Hardness. The Coating Of 

Reinforcements With Ni [4] And Cu [5], Also Leads To Good Quality Interface Characteristics And Hence 

Contribute In Improving Hardness. Tic When Dispersed In Al Matrix, Increases The Hardness To Weight Ratio. 

Moreover, It Imparts Thermodynamic Stability To The Composites [6-7]. Abdulhaqq Et.Al. [10-13], Explored 

The Significance Of Hard Ceramic Particles In Increasing The Bulk Hardness Of Al- Pmcs. Howell Et.Al. [12] 

Reasoned The Improvement Of The Hardness Of The Composites To The Increased Particle Volume Fraction. 

[15-16] Attributed This Increase In Hardness To The Decreased Particle Size And Increased Specific Surface Of 

The Reinforcement For A Given Volume Fraction. Deuis Et.Al. Concluded That The Increase In The Hardness 

Of The Composites Containing Hard Ceramic Particles Not Only Depends On The Size Of Reinforcement But 

Also On The Structure Of The Composite And Good Interface Bonding [16]. The Micro-Hardness Is A Direct, 

Simple And Easy Method Of Measuring The Interface Bonding Strength Between The Matrix And 

Reinforcement [17]. From The Application Point Of View, The Mechanical Properties Of The Composites Are 

Of Immense Importance. The Modified Rules Of Mixture Proposed By Several Researchers [18] Are Effective 

In Predicting Upper And Lower Bound Values Of The Modulus And Strength Properties Of The Composites. 

An Optimized Combination Of Surface And Bulk Mechanical Properties May Be Achieved, If Al-Pmcs Are 
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Processed With A Controlled Gradient Of Reinforcing Particles And Also By Adopting A Better Method Of 

Manufacturing [19]. Although There Is No Clear Relation Between Mechanical Properties Of The Composites, 

Volume Fraction, Type Of Reinforcement And Surface Nature Of Reinforcements [14], The Reduced Size Of 

The Reinforcement Particles [20] Is Believed To Be Effective In Improving The Strength Of The Composites.  

The Structure And Properties Of The Reinforcements Control The Mechanical Properties Of The 

Composites. Increase In Elastic Modulus And Strength Of The Composites Are Reasoned To The Strong 

Interface That Transfers And Distributes The Load From The Matrix To The Reinforcement [18]. Further, The 

Improved Interface Strength And Better Dispersion Of The Particles In The Matrix Can Also Be Achieved By 

Preheating The Reinforcements [17]. The Strength Of Sic, Al2O3, Tic [9], And Tib2 Particulate Reinforced Al-

Pmcs Is Found To Increase At The Cost Of Reduced Ductility, By Increasing The Volume Percentage Of 

Ceramic Phase And By Decreasing The Size Of The Reinforcement In The Composite [19-20]. In General, The 

Particle Reinforced Al-Pmcs Are Found To Have Higher Hardness [21]. 

 

II. MATERIAL USED 
Aluminum Alloy 2024   Is A Medium To High Strength Heat-Treatable Alloy With Strength Higher 

Than 2005. It Has Very Good Corrosion Resistance And Very Good Weld Ability Although Reduced Strength 

In The Weld Zone. It Has Good Cold Formability In The Temper T4, But Limited Formability In T6 Temper. 

Not Suitable For Very Complex Cross Sections. 

.                                  

Table2.1 Chemical Composition Of AA2024 
Elements Al Cr Cu Fe Mg Mn Si Ti Zn Remaining 

AA2024 94.7 0.1 4.9 0.5 1.8 0.9 0.5 0.15 0.25 0.20 

 

2.1. Reinforcing Material: 

In The Present Investigation Silicon Carbide And Alumina Were Used As Reinforcing Elements. 

Alumina or Al2O3 (Young’s Modulus = 375 GPA, Poison Ratio = 0.21) Is Easily Available, Cost Effective 

Ceramic Reinforcement, Having Good Thermal Properties So That It Could Be Used as Refractory Material. 

The Strong Ionic Inter-Atomic Bonding Imparts Excellent Dielectric Properties And Higher Hardness, Higher 

Strength And Higher Stiffness. Silicon Carbide or Sic (Young’s Modulus = 410 Gpa, Poison Ratio = 0.19) 

Al2O3 Has Moh‘S Hardness Of 9-9.2, Nearly Equal To That Of Sic. It Remains Inert To Many Chemical 

Solutions And Does Not Have Any Sharp Melting Point, Although It Softens At A Temperature Range Of 

1140-1280 °C. Among Many Ceramic Materials, Sic And Al2O3 Are Widely In Use, Due To Their Favorable 

Combination Of Density, Hardness And Cost Effectiveness. When These Reinforcements Are Combined With 

Al-Pmcs, The Resulting Material Exhibits Significant Increase In Its Elastic Modulus, Hardness. 

 

III. Experimental Methodology 
The Aluminium 2024 Alloy Based Ceramic Reinforced Composites Were Designed As Per Table 3.2, 

Amounting To 100% By Weights And Prepared Using Powder Metallurgical  Technique Powder Compaction Is 

The Process Of Compacting Metal Powder In A Die Through The Application Of Higher Loads. Typically The 

Tools Are Held In The Vertical Orientation With The Punch Tool Forming The Bottom Of The Cavity. The 

Powder Is Then Compacted Into A Shape And Then Ejected From The Die Cavity. In A Number Of These 

Applications The Parts May Require Very Little Additional Work For Their Intended Use; Making For Very 

Cost Efficient Manufacturing. The Density Of The Compacted Powder Is Directly Proportional To The Amount 

Of Load Applied. Loads 40KN To 100KN Are Commonly Used For Metal Powder Compaction. In This Al2024 

Alloy Powder Consist Of Grain Size 40 Microns 

 

Table 3.1 Design of Fabricated Ceramic Particulate Filled AA2024 Alloy Composites 

Composites                  Material          %Wt. of Reinforcement 
                                   AA2024          49.2    51     52.8          

  PMMC’S-I                  Sic                 4.5     3.6    2.7 
                                    Al2O3              1        1        1 

 
                                  AA2024           54.6    56.4    58.2  

  PMMC’s-II                Sic                 1          1        …….. 

                                  AL2O3               4.5        3.6    2.7 
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                                        Fig 3. Shows Applying a Load 40KN by Using UTM. 

 

3.1 Sintering: 

 Sintering Is Thermal Treatment Of Fine-Grained Material At A Temperature Below The 

Melting Point Of The Main Constituent, For The Purpose Of Increasing Its Grain Size And Strength 

By Bonding Together The Particles. Theories About What Happens Exactly During Sintering Have 

Provided The Subject Matter Of Innumerable Conferences And Learned Scientific Papers. Suffice To 

Say That Atomic Diffusion Takes Place And The Welded Areas Formed During Compaction Grow 

Until Eventually May Be Lost Completely. Re-Crystallization And Grain Growth May Follow, And 

The Pores Tend To Become Rounded And The Total Porosity, As A Percentage Of The Whole 

Volume, Tends To Decrease. We Have Maintained A Sintering Temperature Range 480
0
c. During This 

Process We Have Used Argon Gas Cylinder To Avoid In-Organic Gases Are Formed In Muffle Furnace. 

When Material Reaches To 480
0
c We Are Waiting For 1hr.Setup Shown In Figure below. 

 
                                               Fig3.1 Shows Muffle Furnace Setup 
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IV. MECHANICAL TESTINGS 
4.1 Hardness Test 

The Term Micro Hardness Test Usually Refers To Static Indentations Made With Loads Not 

Exceeding 1 Kgf. The Indenter Is Either the Vickers Diamond Pyramid or the Knoop Elongated Diamond 

Pyramid. The Procedure For Testing Is Very Similar To That Of The Standard Vickers Hardness Test, Except 

That It Is Done On A Microscopic Scale With Higher Precision Instruments. The Surface Being Tested 

Generally Requires A Metallographic Finish; The Smaller The Load Used, The Higher The Surface Finish 

Required. Precision Microscopes Are Used to Measure the Indentations; These Usually Have a Magnification of 

Around X500 And Measure to An Accuracy Of +0.5 micrometers. Also With The Same Observer Differences 

Of +0.2 Micrometers Can Usually Be Resolved. It Should, However, Be Added That Considerable Care And 

Experience Are Necessary To Obtain This Accuracy Specimens   Are Prepared As Per ASTM ISO2811. 

 
                                                                               A 

                                                     
                                                                                      B           

                                     Fig 4.1 A) Samples   B) Micro-Vickers Hardness Tester                                 

 

4.2 Density& Porosity 

Density Is Measure of Mass per Unit Volume .It is measured by Using Archimedes Principle, The 

Object Is Prepared by Using ASTM ISO2811 Standards. When Object Is Immersed In Liquid, Difference 

between Two  

Masses (In Grams) Will Equal (Almost Exactly)The Volume(In Ml)Of Weighted, Knowing The Mass 

And Object Allows Us To Calculate The Density Test Carried Out With A Setup And Specimen Shown In 

Figure 4.2A &B. 

Formulae Used For Density Test Is Density= (Mass/Volume) G/Cc  

Porosity: PMMC= (M)/ ((M-M1) × (Ρh2o) 

M: Mass Of Composite In Air In Grams  

M1=Mass Of Same Composite In Distilled Water And Density Of Distilled Water 0.998g/Cm
3
. 
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According To Rule Of Mixture Theoretical Calculations Can Be Done By Using Formulae Ρc = Vr Ρr +( 1-Vr) 

Ρm  

Where 

 Ρc =Density of Composite  

Vr =Weight Ratio of Reinforcement 

 Ρr =Density of Reinforcement  

Ρm =Density of Unreinforced AA2024 

 Porosity= (1-(Measured/Calculated)) × 100 

 
                                                                                   A 

                                              
                                                                           B 

                                                      Fig4.2 .A) Samples B)Density Test Setup  

 

4.3 Compressive Test: 

Compressive Test Carried Out By Using UTM (Universal Testing Machine) And Sample Is Prepared 

ASTM ISO2811 As Shown In Fig.4.3 A&B, When A Sample Is Placed In Between Two Plates And 

Compression Done Up To 9mm Then Load Is Applied In Upward Direction Then Sample Is Shorten In The 

Direction Of Applied Forces And Expands In The Direction Perpendicular To The Force. Compression Test Is 

Essentially The Opposite Of The More Common Tension Test. 

 
                                                                               A 

                                              Fig 4.3: A) Compressed Samples         
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                                                                                             B   

                                                              B) Compression Of Sample Under UTM                                     

 

4.4 Corrosion Test: 

Salt Spray Testing Was Conducted In Accordance With ASTM ISO2811. This Practice Provides A 

Controlled Corrosive Environment That Has Been Utilized To Produce Relative Corrosion Resistance 

Information For Specimens Of Metals Exposed In A Test Chamber. After Spraying Samples Are Immersed In 

CUSO45H2O(Copper Sulphate Pentahydrate)  Solution And The  We Are Going To See The Samples After 7  

Days  And 21 Days As Shown In Figure 4.4A & B. 

 

 
                                        Fig4.4A. Corrosion Test Samples After 7 Days 

 
                                             Fig4.4B.Corrosion Test Samples After 21 Days 

 

V. Results & Discussion 
5.1 Effect of Type-I AA2024 Composites on Density & Void Fraction 

 

From The Table 5.1 Below, It Can Be Observed That The Density Of The Composite Is Higher Than 

The Base Matrix. Also, the Density of The Composites Increased With Increase In Filler Content By Addition 

3.6%Sic & 1% Al2O3. Further, The Theoretical And Experimental Density Values Are In Line With Each 

Other. The Increase In Density Of Composites Can Be Attributed To Higher Density Of Reinforcement 

Particles. The Results Of The Several Investigations Regarding The Density Of The Al2O3/ Sic Particle 

Reinforced AA2024 And Other Aluminum Alloys Can Be Summarized As Follows: The Reinforcements Al2O3 

And Sic Enhance The Density Of The Base Alloy When They Are Added To The Base Alloy To Form The 

Composites. 

 



Investigation of Mechanical Properties of Aluminium Based Powder Metallurgical Composites  

www.ijesi.org                                                                68 | Page 

 

 
 

5.2 Effect Of Type-I AA2024 Composites On Hardness 

 

The Table 5 .2 Presents Hardness Characteristics Of Said Composites As Evaluated Experimentally. 

The Hardness Reveals That Its Magnitudes Improve (Linearly) Appreciably With Appreciation In The Content 

Of Silicon Carbide And Alumina Ceramic Reinforcement Relative To AA2024. It Can Be Observed That The 

Hardness Of Composites Were 4.2 %, 17.6% And 22% Greater Than That Of Its Base Alloy. This May Be 

Attributed To Presence Of Harder Silicon Carbide And Alumina Ceramic Phases Then AA2024 Phases In The 

Composite. Abdulhaqq Et.Al. , Hutchings and Lloyd Et.Al. , Explored The Significance Of Hard Ceramic 

Particles In Increasing The Bulk Hardness Of Al-Pmcs. Vencl Et.Al. Reasoned The Improvement Of The 

Hardness Of The Composites To The Increased Particle Volume Fraction. 

 

                                Table 5.2 Hardness Of (Sic+Al2O3) Filled AA-2024 Composites 

 
 

5.3 Effect of Type-I AA2024 Composites on Compression 

 

The Table 5.3 Presents Compression Characteristics Of Said Composites As Evaluated Experimentally. The 

Compression Reveals That Its Magnitudes Improve (Linearly) Appreciably With Appreciation In The Content 

Of Silicon Carbide And Alumina Ceramic Reinforcement Relative To AA2024 Alloy. It Can Be Observed That 

The Compression Of Composites Were 4.2 %, 17.6% And 22% Greater Than That Of Its Base Alloy.  

 

                                Table 5.3 Compression Of (Sic+Al2O3) Filled AA-2024 Composites 
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5.4 COMPARISON OF MECHANICAL & PHYSICAL PROPERTIES BETWEEN PMMCSI 

AND PMMCS-II:- 

 

It Is Observed That From The Figure 5.4.1 Density Of Both AA2024 Composites Material Increases 

With Increasing Volume Fraction Of Ceramic Particle In Matrix Materials. In PMMC’s-II Density of 

Reinforcing AA2024 Composite Greater Than the PMMC’s-I.        

 

 
                            Fig. 5.4.1 Comparison of Density in Both PMMCs-I and PMMCs-II 

 

The Results Show In Figure 5.4.2 That The Hardness Varies Linearly With Volume Fraction In Both 

The Pmmcs-I And Pmmcs-2 Conditions. However, the Effect Is About 44%Greater For the Material In The 

Pmmcs-I As Comparative To Pmmcs-II Addition Of 22% And 4% Ceramic Particle Addition Respectively.    

 

 

 
                            Fig. 5.4.2 Comparison of Hardness in Both PMMCs-I And PMMCs-II 
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The Results Show in Figure 5.4.3 That the Compression Varies Linearly With Volume Fraction In 

Both The Pmmcs-I And Pmmcs-II Conditions. However, the Effect Is About 12%Greater For the Material In 

The Pmmcs-I As Comparative To Pmmcs-II Addition Of 3% And 5% Ceramic Particle Addition Respectively.  

 
                                   Fig. 5.4.3 Comparison of Hardness in Both PMMCs-I and PMMCs-II 

                                                                           

VI. CONCLUSIONS 
The Significant Conclusions Of The Studies Carried Out On Sic & Al2O3 Filled Al6061 Alloy 

Composites Are As Follows. 

1. Cast Sic & Al2O3 Filled AA2024composites Were Prepared Successfully Using Conventional Casting 

Techniques. Density Found Increasing With Increased Sic And Al2O3 Content. 

2. Hardness Of The Sic & Al2O3 Filled AA2024 Composites Found Increased With Increased Ceramic 

Particulates Content. Finer The Grain Size Better Is The Hardness. 

3. Compression Of The Sic & Al2O3 Filled AA2024 Composites Found Increased With Increased Ceramic 

Particulates Content. Finer The Grain Size Better Is The Compression. 

 

      Corrosion Resistance of Material Is Fine By Increasing The Sic & Al2O3 Filled AA2024 Composites Found 

Increasing With Increased Reinforcements in the Composites.   
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