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Abstract— 8011 Al Carbon fiber composites were three 

different percentage of reinforcement the composites were 

manufactured through stir casting under Nitrogen gas 

atmospheres.  Hot extrusion is carried on cast billets to 

decrease number of pores and to improve the interfacial 

bonding strength between the 8011 Al alloy and Carbon fiber 

particle. The extruded rod was heat treated in a solutionzing 

for 3 hours at 530 0C followed by cold water quenching to 

room temperature. The rod was artificially aged with range of 

130 0C -2100C for 1-9 hours. 
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I. INTRODUCTION 

Aluminium   is a chemical element in the boron group with 

symbol Al and atomic number 13. It is a silvery white, soft, 

ductile metal. Aluminium is the third most abundant element 

and the most abundant metal in the Earth's crust. It makes up 

about 8% by weight of the Earth's solid surface. 

Manufacturing of aluminum alloy based casting composite 

materials via stir casting is one of the prominent and 

economical route for development and processing of metal 

matrix composites materials. Properties of these materials 

depend upon many processing parameters and selection of 

matrix and reinforcements. Literature reveals that most of the 

researchers are using 2, 6 and 8011 aluminum matrix 

reinforced with SiC particles for high strength properties 

whereas, insufficient information is available on 

reinforcement of "Al2O3 " particles in 8011 aluminum matrix.  

A. Material Selection 

The 8011 series aluminum matrix usually contains Cu-Zn-

Mg. Therefore, the present research was conducted to 

investigate the effect of elemental metal such as Cu-Zn-Mg 

in aluminum matrix on mechanical properties of stir casting 

of aluminum composite materials reinforced with alpha "Al2 

O3 " particles using simple foundry melting alloying and 

casting route. The age hardening treatments were also applied 

to study the aging response of the aluminum matrix on 

strength, ductility and hardness.  

B. Experimental procedure 

8011 Aluminum alloy was used as the metal matrix and 

Carbon fiber as the      reinforcement. The metal matrix 

consists of (in weight percentage)    0.625 Si, 0.725 Fe, 0.007 

Cu, 0.003 Mn, 0.002 Mg, 0.013 Ti, 0.001 Cr, 0.002 Zn and 

rest being aluminum.  For alloy development pure aluminum 

ingot, copper, magnesium and aluminum oxide average 

particles size46µm were purchased from local market. The 

aluminum in got was melted in a graphite crucible and 

alloyed with required quantity of Cu-Zn-Mg metals. The 

details of the theoretically selected alloy composition (design 

composition) and manufacturing processing are given Table 

1 and Figs. 1-3solution heat treated for 3h at 530°C followed 

by cold water quenching to room temperature. Then the rods 

were artificial aging at different temperature (130°C to 

210°C) over time period for (1-9) hours. Tensile test 

specimens were prepared according to ASTM-E8M standard. 

The length and diameter of the gage were 45mm and 9mm 

respectively. Tensile tests were conducted using a universal 

testing machine. The hardness measurements were performed 

using a micro hardness tester with a load of 500 kgf. The 

developed alloys were purged with N2 gas for few seconds. 

The required quantities of "Al2O3" particles were added in 

2.5, 5, 10 and 15% weight percents. The ceramics particles 

were mixed in a designed mixer by stirring for few minutes 

and cast in a steel mold consist 25 mm dia and130mm length 

(Fig. 4). The casting temperature was maintained at 750oC.  

II. FABRICATION OF METAL MATRIX  

The ever increasing demand for higher strength, toughness, 

thermal resistance, wear resistance etc, has led to the search 

for improved new material. The question for the excellence in 

the material performance has been instrumental in the 

development of Metal Matrix Composite (MMCs) as one of 

the emerging new materials. 

 Stiffness enhancement 

 Strength enhancement 

 Increased creep resistance 

 Increased wear resistance 

 Density reduction 

III. PHYSICAL PROPERTIES OF AL 8011 

 
Table 1: physical properties of 8011 

The The cast samples were machined to prepare 

standardsamples. 40 standard samples were prepared using 

lathemachine  
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A. Advantages  

 High specific strength. 

 Increase wear resistance 

 Improve fatigue resistance. 

 Improve creep properties 

B. Disadvantages 

 Less ductility 

 Low percentages of elongation 

 Poor fracture toughness 

C. Application 

 Defence, Marine.  

 Insulation, Ducting 

 Re rolling. 

 Seals. 

 Electrical bulbs. 

IV. HARDNESS TESTING METHODOLOGY 

The Vickers hardness tests and metallographic investigations 

were conducted at the Department of Metallurgy & Materials 

Engineering, Mehran University of Engineering & 

Technology, Jamshoro, Pakistan, using Vickers hardness 

testing machine. The Vickers hardness was converted to HRB 

scale. The metallographic investigations of aluminum were 

conducted using Scanning Electron Microscope to determine 

micro structural porosity Fig. 13. The Optical Metallurgical 

Microscope was also used to investigate aluminum matrix 

and ceramic particles at 100X and 200X magnification as 

clearly showing uniformly distribution of ceramic particles. 

Chemical analysis of the raw material and samples were 

conducted using SEM and Spectrometer analysis method. 

V. EXPERIMENTAL PROCESS 

A 8011 aluminum alloy matrix reinforced with 15 volume 

percent of SiCp were prepared by using liquid metallurgy. 

The properties comparison was made with parent metal. They 

found the improvements in mechanical properties and sliding 

wear resistance in aluminum cast composite materials. But 

they did not investigate the effect of "Al2O3" particles 

reinforced with cast aluminum composites with the same 

material .A low cost AMMCs product having cost $2.20 per 

kg using rapid mixing process technique was developed using 

SiCp in 359 aluminum matrix.A10% and 20% SiCp 

reinforced in A535 and A8011aluminum matrix using stir 

casting method was investigated. This is recommended two 

step mixing method and preheat treatment for achieving 

better mechanical properties. The processing -microstructure- 

mechanical properties of aluminum base metal matrix 

composite materials synthesized using casting route. The 

process used SiC reinforced in6061 aluminum matrix and 

reported the improvements in the mechanical properties up to 

15% SiCp. It is reported up to date information regarding 

SiCp reinforced in aluminum metal matrix composites for 

engineering applications. A similar effect of "Al2O3" particles 

reinforced with various aluminum matrix composites was 

observed by numbers of investigators .They had investigated 

abrasive wear, mechanical properties and microstructure, 

using casting route and reported similar effect of "Al2O3" 

particles on properties of composites materials. Literature 

reveals that some previous work has been conducted to 

investigate the effect of Cu-Zn-Mg in Particulate using stir 

casting route. Therefore, the present work was planned to 

investigate the effect of Cu-Zn-Mg in aluminum matrix 

reinforced with"Al2O3" particles using simple foundry 

conventional casting, for economical development of 

aluminum casting composite materials for engineering 

applications. The details of the research work are given in the 

subsequent sections 

VI. PROCESS LAYOUT 

 
Table 2: Composition of alloys for 8011 

  
Sample from lathe                 Testing Sample 

VII. MATERIAL -AL CAST ALLOY OF 8011 

The processing -microstructure- mechanical properties of 

aluminum base metal matrix composite materials synthesized 

using casting route were. They had used SiC reinforced in 

6061 aluminum matrix and reported the improvements in the 

mechanical properties up to 15% SiCp 

A similar effect of "Al2O3" particles reinforced with 

various aluminum matrix composites was observed by 

numbers .They had investigated abrasive wear, mechanical 

properties and microstructure, using casting route and 

reported similar effect of "Al2O3" particles on properties of 

composites materials. 

 
Fig. 3: Compressive and tensile stress plot 
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VIII. AA1100 CARBON FIBRE RUN 

 

IX. CONCLUSIONS 

MMHC of AL8011 reinforced with Si, Cu and Mg have been 

manufactured using stir casting process. Mechanical studies 

have been performed for casted components. UTM and 

Vickers hardness tester have been used to carry out 

mechanical studies. Al/Si/Cu/Mg Composite containing 5% 

of Si and 10 % of Cu shows highest compressive strength and 

hardness.    

 
It has been concluded that with increase in the 

composition of Si and Cu mechanical properties decreases up 

to some level than it increases.   

The stress values sustained by all the composites 

specimens in compression tests during approximately 30% 

reduction of their initial height.    

The presence of Mg 2% shows beneficiary effect on 

strength in aluminum cast composites by increasing the 

wetting, bonding strength.  

Compressive strength from 210 Mpa to 334 Mpa and 

hardness from 50HV to 81 HV can be achieved with different 

combinations of parameters. 
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