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Abstract 

 

In the present time aluminium and other metals are replaced by composite materials in the field of automobile due to less weight 

and less corrosiveness. In this experiment aluminum alloy is used as the matrix material and SiC and various leaf ashes used as the 

reinforcement. The composite is developed by bottom pouring stir casting method. The optical microscopic test is steered to 

examine the dispersal of reinforcement particulates. Vickers hardness test is used to calculating the hardness in the composite 

samples. Finally, the mechanical and tribological properties of the composites were evaluated, and their relation to the 

corresponding microstructure and processing parameters of the composites was discussed.   
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Aluminum metal matrix composites (AMMCs) have gained significant attention in recent years. This is primarily due to their 

lightweight, low coefficient of thermal expansion (CTE), good machinability, and improved mechanical properties, such as 0.2 % 

yield stress (YS), ultimate tensile stress (UTS), and hardness. Owing to these advantages, they are used in aerospace (e.g., airframe 

components), automobile (e.g., engine pistons), and electronic (e.g., integrated circuit mounting frame components) industries [1]. 

Stir casting (vortex technique) is generally accepted commercially as a low-cost method for fabrication of AMMCs. Its advantages 

lie in its simplicity, flexibility, and applicability to large volume production. This process is the most economical among all the 

available routes for AMMCs production, and it allows very large-sized components to be fabricated. However, the following 

considerations for achieving AMMC via stir casting must be considered: no adverse chemical reaction between the reinforcement 

material and matrix alloy, no or very low porosity content in the cast AMMCs, wettability between the two main phases, and a 

uniform distribution of the reinforcement material. Wettability and reactivity determine the quality of the bonding between the 

constituents and thereby greatly affect the final properties of the composite material [1-3]. 

Fly ash, silica, and graphite are a few examples of industrial/inorganic materials that have been used as reinforcement in AMCs 

[2-4]. Rice hush ash, bagasse ash, and coconut shell ash are a few agro waste products which have also been tested as potential 

reinforcing material [3]. Though literatures on the potentials of agro waste ashes are still scanty (compared to the synthetic 

reinforcement), the available results show that Al based composites reinforced with synthetic ceramics such as silicon carbide and 

alumina have superior properties in comparison to the agro waste ash reinforced grades [4]. The effects of billet temperature and 

tooling temperature are relatively small. The effect of increase in convex die angle on tensile strength is insignificant but for 

reducing the extrusion load its contribution is high. As far as mandrel length is concerned, it contributed nearly eighty percent, for 

maximizing the tensile strength and very meagre less than 1 % for minimizing the extrusion load, the optimal control factor level 

settings for lowest extrusion load and highest tensile strength of hot [5]. Metal matrix composites (MMCs), such as SiC particle 

reinforced Al, are one of the widely known composites because of their superior properties such as high strength, hardness, 
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stiffness, wear and corrosion resistance. SiC particle reinforced Al based MMCs are among the most common MMC and available 

ones due to their economical production. They can be widely used in the aerospace, automobiles industry such as electronic heat 

sinks, automotive drive shafts, or explosion engine components. 

 Materials Selection 

In this project aluminium alloy 6061 is used as a matrix material and the reinforcement material are bamboo leaf ash (BLA), Neem 

leaf ash (NLA), tamarind leaf ash (TLA) prepared dried leaves carried from Palladam, Tirupur district. Leaf is selected because of 

its rich content of silica. Previously many experiments are conducted by using rice husk. 

II. MATERIAL PREPARATION 

 Matrix Materials 

For fabrication of AA6061–SiC – leaf ash composites, AA6061,With the chemical composition presented in the Table 1, was used 

as the matrix, SiC with the average size of 50 μm and the leaf Ashes powder with the size of 50 -60 μm were used as components 

of reinforcement powders. 
Table – 1 

Chemical Composition of Al 6061 

 

 Preparation of Leaf Ashes 

Dry leaves were collected from the environments of farm lands nearby the college Campus having a large quantity of Neem, 

tamarind, bamboo trees. The dried leaves are kept in an iron bowl and burn it and after every 2 mins put the remaining leaves and 

take a stick and adjust them, so that there won’t be any accidents of catching fire [1,9]. This process is carried out until the entire 

leaves are completely burnt. Wait for 90 mins so that the ash will be cooled a little. The ash will be so hot that plastic will be 

condensed when they come into contact. So be careful while handling the ash. Don’t forget to stir the ash because at the bottom 

the fire will be burning so if we stir it, it will become coo [10, 11]. 

Finally pack it in a steel box to avoid any damages. Sieving of the bamboo leaf ash was then accomplished using a sieve shaker 

to acquire ashes with mesh size under 50-60 μm as shown in fig 1 and abbreviations of BLA, TLA and NLA is Bamboo leaf ash, 

Tamarind leaf ash and Neem leaf respectively. 

 
Fig. 1: various leaf ashes after conditioning 

 Fabrications of Composites 

Stir casting process was adopted for the production of the AMM composites, stir casting setup as shown in fig 2, Charge calculation 

was used to decide the amount of leaf ashes (BLA, TLA.NLA) and silicon carbide (SiC) required to prepare 1.5 wt% reinforcements 

(in the Al matrix) consisting of 0.75 and 0.75 bamboo leaf ash and silicon carbide weight percent’s respectively, composition listed 
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in table 2. The bamboo leaf ash and silicon carbide particles were initially preheated separately at the temperature of 2700C to 

remove moisture and to help improve wet ability with the molten Al-SiC alloy.  
Table – 2 

The variations of samples in composition. 

Specimen 
Al 6061 SiC Leaf Ashes Total 

g g g g 

Sample 1 1000 0 0 1000 

Sample 2 985 15 0 1000 

Sample 3 985 7.5 7.5 1000 

Sample 4 985 7.5 7.5 1000 

Sample 5 985 7.5 7.5 1000 

The Al-SiC alloy were charged into a gas fired crucible furnace which is fitted with a temperature probe, and heated to a 

temperature of 8000C ± 400C to ensure the alloy melts completely. The liquid alloy was then allowed to cool in the furnace to a 

semi solid state at a temperature of about 6200C. The preheated leaf ashes and SiC particles along with 0.05 wt% magnesium were 

then charged into the melt at this temperature and stirring of the slurry was performed manually for 5 to10 minutes. 

 
Fig. 2: Bottom pouring stir casting machine 

III. RESULTS AND DISCUSSION 

 Measurement Discussion on Density 

The table 3 shows that the result of the percent porosity of the composite. It is observed from comparison of the theoretical and 

experimental densities of the composites that little porosities that had less than 2.5% exist in the created composites. The practice 

of Leaf ashes and SiC as 

Complementing reinforcements in the Al matrix did not ascend in any substantial rise in porosity level of the hybrid composites 

when compared with the single reinforced Al‐2.5wt% SiC composite except in the presence of TLA. Porosity levels more than 4% 

have been stated to be unacceptable in cast Aluminium matrix composites. 

Mixture rule: 

ρAA/LeafAsh‐ SiCp=(wtAA×ρAA)+(wtLeafAsh×ρLeafAsh) +(wtSiC×ρSiC) 

Where, 

ρAA/LeafAsh‐ SiCp  = Density of Composite, 

wtA A   = Weight fraction of Aluminium alloy,   ρAA     = Density of Aluminium alloy, 

wtLeafAsh     = Weight fraction Leaf Ash,             ρLeafAsh    = Density of  Leaf Ash, 

wtSiC   =Weight fraction SiC,    ρSiC    = Density of SiC 

The percent porosity of the composites was evaluated using the relations: 

% porosity = {(ρT – ρEX) ÷ ρT} × 100% 

Where, ρT = Theoretical Density (g/cm3),  ρEX =Experimental Density (g/cm3). 
Table – 3 

Composite density comparison 

Material(s) 
Weight Ratio of 

SiC  & Leaf Ash 
Theoretical Density Experimental Density Porosity % 

Al 6061 0.00 : 0.00 2.7000 2.6491 1.8851 

Al 6061 + SiC 0.00 : 1.50 2.7075 2.6478 2.2050 

Al 6061 + SiC + BLA 0.75 : 075 2.6948 2.6195 2.7943 
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Al 6061 + SiC + NLA 0.75 : 075 2.6963 2.6421 2.0102 

Al 6061 + SiC + TLA 0.75 : 075 2.6970 2.6610 1.3348 

 Measurement Discussion on Hardness 

The Vickers hardness test is mainly to find the plastic deformation. Microscope indentation integrated with the measuring 

indentation dimensions. As per ASTM standards the minimum distance between indentations and the distance from the indentation 

to the edge of the specimen to considered in account. The influence of ash content on composite, hardness is depicted in the 

extruded condition. It is clear that, the hardness of this composite material is higher than that of the matrix in the as-cast and in the 

extruded state. Load has applied 50 g and time duration is 15 sec. Generally, the effect of micro particles on the increasing of 

hardness mainly due to grain refinement, particle strengthening effects which act as obstacles to the motion of dislocations. Fig 3 

shows that BLA composite get high hardness compare to other fabricated composites.  

 

Fig. 3: Comparison of Vickers hardness test results 

 Resulting discussion on Microstructure  

As the microstructure plays an important role in the overall performance of a composite and the physical properties depend on the 

microstructure, reinforcement particle size, shape and distribution in the alloy, prepared samples were examined using a 

microscope machine to study the distribution pattern of ash in the matrix.  

       
(a)                                                     (b) 

       
(c)                                                                       (d) 

Fig. 4: Microstructure analysis: (a) Al6061+SiC,  (b) Al6061+SiC+BLA ,  (c) Al6061+SiC+NLA, (d) Al6061+SiC+TLA. 
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The micrographs shown in fig.4 depict the microstructure of as cast AA 6061+ SiC to fabricated leaf ash. A uniform distribution 

of ash particles without voids and discontinuities can be observed from these micrographs. It was also found that there was good 

bonding between matrix material and ash particles; however no gap is observed between the particle and matrix. 

 Resulting discussion on Wear 

Wear test specimen disc of diameter 50 mm and thickness 5 mm were machined from the as-cast produced composites. The 

surfaces of each specimen were prepared with 600 grade SiC abrasive papers. A total number of ten specimens were used for the 

whole experiment, as for each composition same loads of 2.5 kg was used. 

The wear test was carried out on the surface of the specimens using an Anton Paar TRN Tribometer (as per ASTM G99-95 

standards). It used stainless steel ball as the abrasive medium. An applied load of 2 .5 kg at 500 rpm wheel speeds and a dwell time 

of 2 min were used. Weight loss method was adopted to study the wear behavior. Weight of the specimen before and after each 

test was measured using digital weigh balance. The mass loss was determined for each specimen by finding the difference between 

the initial and final mass. Weight loss method was used to calculate the wear rate. BLA wear rate is low compare to TLA and NLA 

fabricated composites. 
Table - 4  

wear test results 

Specimen Track                 Radius                  (mm) Speed    (RPM) Load (Kg) Time  (Min) Wear (Micron) 

Al 6061 50 500 2.5 2 68 

Al 6061 + SiC 50 500 2.5 2 56 

Al 6061 + SiC + BLA 50 500 2.5 2 41 

Al 6061 + SiC + NLA 50 500 2.5 2 47 

Al 6061 + SiC + TLA 50 500 2.5 2 52 

 

 
Fig. 5: comparison chart for wear test results 

IV. CONCLUSION 

The Tribological properties of Aluminium alloy metal matrix composites containing separate leaf ashes and silicon carbide as 

reinforcement was studied. 

 The results show that: Compared to AA 6061, the hardness of the AA 6061 with the SiC reinforcement has been increased. 

 Average hardness of the ash contained AA 6061 – SiC material has slightly having lower hardness when compared to present 

of ash particulates.  

 According to our observation BLA has tends to induce more hardness of the material compared with other TLA and NLA. In 

generally presence of ash particles increases the hardness of the materials. 

 As the result shows that the presence of leaf ashes reduces the wear rate to the addition of base metal. 
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