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Abstract 
 

Aluminium metal matrix composites were fabricated from recycled materials via stir casting method. The composites differed in their 

holding time (ht) that is 30 minutes, 45 minutes and 60 minutes accordingly. The microstructures of the composites were analysed using 

optical microscope as well as scanning electron microscope in order to examine their morphological make-up. The average densities of 

the composites were determined and compared with one another. There is no significant difference between average densities of the fab-

ricated composites. The observations revealed that varying the ht has greater impact the composites’ morphology, particularly on those 

composites which have been fabricated at 60 minutes ht.  

 
Keywords: Aluminium; Composite; Density; Holding-time; Microstructure; Morphology 

 

1. Introduction 

The rising demands of materials with enhanced properties and 

with lesser weight features had increased momentous research 

activities that lead to further advancement such as Aluminium 

based composites [1]. Aluminium (Al) is utilized as diverse mate-

rials in numerous fields, for instance in automotive industries, 

railway and constructions due to its low density, brilliant anti-

corrosive properties and specific strength. Al is an environmental 

pleasant material owing to its adeptness to be recycled in addition 

to its various applications which prove the high demand of Al 

production. Solid wastes such as metals and cullet (broken glass-

es) are neither biodegradable nor water soluble. Recycling of such 

solid wastes to make new products could lessen the challenge it 

poses on the natural environment. Therefore, the only option left is 

to recycle them to get rid them from the environment [2]. Al can 

be recovered, refined and recycled for further use at an energy cost 

of just 5 per cent as the one required to produce equal quantity of 

the metal from its ore [3]. Researchers are experimenting tireless-

ly, finding ways to strengthen Al metals and their alloys using 

ceramic particles in order to advance their qualities making it fit 

for the desired applications and utilizations in various fields [4]. 

Many techniques such as powder metallurgy, mechanical milling 

and various casting procedures, have been used in the formulation 

of Aluminium metal composites (AMCs) over the past few dec-

ades. Amongst all these approaches, melting and casting technique 

is the most favourable for industries because its relatively cheap 

and facilitate production [5]. In addition to its low cost, stir casting 

technique offers a large span of material and processing conditions 

and also can fabricate composites with up to 30% volume fraction 

of reinforcement with improved bonding between metal matrix 

and the reinforcements due to its stirring action. Considering all 

these benefits, stir casting technique was choosen particularly for 

this research for the production of the composites [4]. This paper 

presents a research on the production Al composites based on 

AMCs that was entirely sourced from recycled materials which is 

less expensive engineering materials with lightweight as well as 

improved efficiency for possible aeronautical and automobile 

applications. The fabricated composites were assessed in terms of 

microstructural observations with the aid of Scanning Electron 

Microscope (SEM) as well as the average densities of the compo-

sites. 

2. Materials and Methods 

The Al composites were fabricated from Al ingot, copper (Cu) 

chips and cullet powder (CP) in the proportions of 90 %, 5 % and 

5 % respectively. The matrix element, Al ingot was placed in a 

furnace, in a steel crucible, at a temperature of 800 °C in an elec-

tric furnace. After the Al ingot got melted, preheated Cu chips 

were then added and stirred thoroughly. Then, preheated CP was 

also added and stirred. The mixture was allowed being heated 

continuously for a holding time (ht) of 30 minutes. A wetting 

agent, Mg, was added into the melt and stirred thoroughly by elec-

tric hand mixer for 10 sec before it was poured into a cylindrical 

mould and allowed to cool at room temperature. The same proce-

dure was repeated with ht of 45 minutes and 60 minutes respec-

http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET
mailto:suzi@uthm.edu.my


2 International Journal of Engineering & Technology 

 
tively. Fig. 1 shows the images of the composites’ samples after 

fabrication.  

    
Fig. 1: (a) Samples of the composites after fabrication (b) composites 

samples after polishing 

 

Specimens were prepared from the fabricated samples for charac-

terizations. The specimens were polished with abrasive papers of 

grades 200 to 2000 grades, accordingly. The specimens were pol-

ished with alumina suspension and etched using Kroll’s reagent. 

Scanning electron micrographic (SEM) studies were carried out on 

the fabricated composites. The densities of the fabricated compo-

sites were also determined by measuring the densities of three 

specimens from each set of samples and taking the average read-

ings. The density measurement was conducted using Mettler To-

ledo’s Density Kits, made in Switzerland (SNR 1129330986) 

which operates according to Archimedes principles.  

3. Results and Discussions 

3.1. Optical microscopy analysis 

Micrographs showing the microstructures of the Al-Cu-CP com-

posites fabricated at different ht are presented in Fig. 2. It could be 

seen that the distribution of reinforcement materials was reasona-

bly homogeneous without noticeable agglomeration. This could be 

credited to efficient stirring action using electric hand mixer [6] 

and moreover due to the addition of Mg as a wetting agent [7].  

The distributions of the reinforcements were mostly around the 

grain boundaries of the matrix in all the three (3) cases. From the 

micrographs, it is also evident that the dendrite arm spacing was 

reduced with the increase in the ht. The homogeneity has also 

increased and the reinforcement materials became smaller.  

 
Fig. 2: Micrographs of Al-Cu-CP with 10% reinforcement fabricated at 

different ht (a) 30 minutes (b) 45 minutes (c) 60 minutes (d) Al matrix 

3.2. Scanning electron microscopy 

The samples were also analysed using Scanning Electron Micro-

scope (SEM) Hitachi SU1510 model, to understand the interaction 

between the constituents of the economic composites. It could 

obviously be observed from the illustrations in Fig. 3, that the 

uniformity has increased along the trend of the ht and the constitu-

ents of the economic composites became more integrated which is 

desirable to increase the mechanical properties of the products [6]. 

This makes the composite less brittle and hence its ductility in-

creases with the increase in ht [7]. However, microporosities were 

also observed between the reinforcement particles and the matrix 

bulk especially in the composite fabricated at ht 30 minutes. The 

presence of microporosities could be due to the addition of the 

reinforcements during the time when air was also introduced sim-

ultaneously and could be entrapped in the melt when pouring into 

the moulds [8]. It could also be observed the close similarities of 

SEM images between the composite fabricated at 60 minutes ht 

and the control, Al matrix. Thus, signifies highest level of uni-

formity among all the composites. 

 

Fig 3: SEM graphs of Al-Cu-CP with 10% reinforcement fabricated at 

different ht (a) 30 minutes (b) 45 minutes (c) 60 minutes (d) Al matrix 

3.3. Average densities 

The average densities were measured for each set of the economic 

composites fabricated and compared with one another to examine 

any possible variation due to the differences in ht at which the 

composite were produced as shown in Table 1. The composites 

fabricated at 60 minutes ht shows the highest density value of 

2.772 g/cm³. This could be attributed to its relatively lesser mi-

cropores [6]. Insufficient ht influences the density of the compo-

sites by way of creating a huge vacuum between the chips and the 

matrix as such lowering the density values. Increasing the ht en-

hances the bonding between the matrix and the reinforcements 

which would eventually lead to higher and improved density [9]. 

This could evidently be observed in Fig. 3 shown earlier. 
 

Table 1: Average Densities of Al-Cu-CP 

Composites Average Densities (g/cm³) 

Al-Cu-CP(30) 2.727 

Al-Cu-CP(45) 2.705 

Al-Cu-CP(60) 2.772 

4. Conclusion  

It could be concluded that variation in ht has significant impact on 

the product composites. Increase in ht yields composites with 

more homogeneity between the matrix and the reinforcements and 

properties were more noticeable in those composites with 60 

minutes ht. Furthermore, the increase in ht improves the uniformi-

ty of the composites constituents, reduces the microporosity and 

also enhances the mechanical properties. However, it was found 

that variation in ht has no significant effect on the densities of the 

composites and hence, a plus to the product. 
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