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ABSTRACT 

In this publication, we present the results of a Brinell hardness test and a dry 

sliding wear behaviour study on AA 5083 aluminium that was strengthened with 

SiC particles using the stir casting technique. SiC particles with different volume 

fractions (3, 5, and 7 wt%) were utilised in the synthesis. Using a pin-on-disc 

testing machine, we analysed the wear behaviour of the aluminium alloy and its 

composites. Dry sliding wear of metal matrix composites has been investigated in 

terms of factors such as applied load, sliding speed, sliding distance, and 

reinforcing percentage (MMCs). A plan of experiments, based on the techniques of 

Taguchi, was done to obtain data in controlled fashion. An orthogonal array of L9 

(34 ) and signal to noise ratios as smaller the better was selected. Analysis of 

variance (ANOVA) was employed to investigate the influence of wear parameter 

on pin of aluminium MMCs. Multiple generalised regressions model was used to 

determine the correlation. The experimental findings predicted by the 

aforementioned correlation were then compared to the results of the 

conformation tests. 

Keywords: Wear; Brinell Hardness; Taguchi Method ;Metal Matrix Composites; 
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1. INTRODUCTION 

In order to drastically increase the performance attributes of a polymer, scientists 

have developed polymer nanocomposites by dispersing nanoscale inorganic 

particles (usually 10–100 nm in at least one dimension) across a matrix of organic 

polymer. [1] The physical properties of systems in which the inorganic particles 

are the layers of a lamellar compound (usually smectite clay or nanocomposites of 

a polymer (such as nylon) embedded amid layers of silicates) are drastically 

different. In particular, polymer-silicate nanocomposites with a layer orientation 

are stiff, strong, and dimensionally stable in two dimensions (rather than one). [4] 
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The nanoscale length scale is responsible for the low dispersion of light in most 

nanocomposites. As an alternative to traditional fillers, polymer nanocomposites 

are on the rise. Because of their nanometer sizes, filler dispersion nanocomposites 

exhibit significantly improved properties in comparison to the pure polymers or 

their conventional composites. The modulus, strength, barrier characteristics, 

solvent resistance, heat tolerance, and flammability have all been enhanced. 

Polymers with transition metal complexes linked to or incorporated directly into 

a conjugated backbone [3] are an intriguing and potentially fruitful class of 

contemporary materials. These macromolecules combine organic polymers with 

transition metals to form a hybrid structure. It's no secret that -conjugated organic 

polymers like polyacetylene, polythiophene, and polypyrrole—along with their 

oligomers and derivatives—have been the subject of substantial research. These 

materials have been proposed for usage in a variety of applications, such as 

chemical sensors, electroluminescent devices, electrocatalysis, batteries, smart 

windows, and memory devices because of their inherent nonlinear optical 

characteristics, electrical conductivity, and luminescence. [2] 

Powders, pellets, and liquids are the most common forms of polymer production. 

Thermosets require additional polymerization to complete cross-linking 

processes before finally solidifying into the specified shape, while thermoplastics 

can be melted and shaped directly after production. Processing is the term for 

these actions. [6] The processing activities are affected by a wide variety of 

circumstances. Factors including viscosity, reaction rate, orientation of 

heterogeneous phases, and volatile production are all in this category. Viscosity is 

the most important of these parameters since it affects every other aspect of 

processing. The molecular structure of polymer chains, the temperature, the shear 

rate, the molecular weight, and the heterogeneity of the materials all play 

significant roles in determining viscosity. Therefore, rheology, the study of the 

flow behaviour of polymeric materials, is crucial for comprehending optimal 

processing conditions. [8]Composites retain the properties of the individual 

materials that make them up. By combining these elements, new and useful 

qualities emerge. Tendons, bone, bamboo, rock, and a plethora of other biological 

and geological elements are all examples of composites found in nature. Our work 

in composite engineering is limited to synthetic polymer matrices reinforced with 

natural mineral fillers like silica, mica, and calcium carbonate, as well as synthetic 

fibres like glass fibres and carbon fibres. In order to create PNC (polymer 

nanocomposites), a polymer or copolymer is mixed with a nanoparticle or 

nanofiller. [7] It doesn't matter what form these take (platelets, spheroids, fibres), 

at least one of their dimensions needs to be between 1 and 50 nm. Multi-phase 

systems such as these PNCs consume nearly all of the plastics. Compounding 

procedures for all MPS, including PNC, are similar, necessitating controlled mixing 

and compounding, stabilisation of the resulting dispersion, and orientation of the 

dispersed phase. [5] 
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Edwin A. González Segura (2018)Titanium dioxide (TiO2) nanoparticles were 

incorporated into polymer composite materials made from polylactic acid (PLA). 

This study was conducted to learn more about the possible applications of TiO2 in 

the food and agro-alimentary industries by looking into its antibacterial action 

against a strain of E. coli (DH5). The two-step technique used to prepare the 

PLA/TiO2 systems involves hot pressing after a solvent casting stage. The particles 

were characterised according to their size (21 nm and 100 nm) and their 

concentration (0%, 1%, 5%, 10%, and 20%, wt%). Neither X-ray diffraction (XRD) 

nor Fourier transformed infrared spectroscopy (FTIR) revealed any major 

alterations to the polymer structure as a result of the incorporation of TiO2 

nanoparticles. Thermogravimetric analysis (TGA) found a modest increase in the 

temperature of degradation with particle concentration, but differential scanning 

calorimetry (DSC) showed that thermal transitions did not vary, regardless of size 

or content. Biofilm development and bacterial growth on the surface of 

composites in the presence of DH5 Escherichia coli were investigated. Bacterial 

growth is inhibited by TiO2 nanoparticles by reducing the production of 

extracellular polymeric substances (EPS). When TiO2 nanoparticles (NPs) were 

injected into PLA at a concentration of 1%, the inhibition distances measured 

using the Kirby-Bauer method were doubled. However, no significant differences 

were observed for greater concentrations of TiO2 NPs. [8] 

2.MATERIALS AND METHODS 

The Al-Mg matrix alloy AA 5083 from the Aluminium Association was chosen as 

the DRAMMC material for this study. This matrix alloy has the lowest density of all 

Al alloys at only 2.6 gm/cm3, and it offers a remarkable mix of properties, 

including high corrosion resistance to seawater, high tensile strength, exceptional 

toughness, and good machinability and weldability. It reveals the chemical 

composition of AA 5083 as determined via Spectro analysis. The particle size 

range of the SiC particles used to make the composite is between 1 and 25 microns. 

 The Composite Preparation 

 The composite specimens utilised in this investigation were prepared using the 

liquid metallurgy stir casting process for the fabrication of the particulate metal 

matrix composites (MMCs) employed in this research. This technology is the 

cheapest way to produce composite particles. Initially, the matrix alloy (AA5083) 

was superheated in an electric furnace to a temperature of 760 °C, which is higher 

than the material's melting point. The slurry was degassed and slag powder was 

sprinkled to eliminate any slag content. A slow decrease brought the temperature 

down to below the liquidus point, which is 720 C. It was at this point that the SiC 

particles, which had been warmed at 800 °C to generate a coating of SiO2 on their 

surface to increase their wettability with molten metal, were mixed into the slurry 
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by weight. There was an increase in slurry temperature, and the automatic stirring 

was kept going for 10 minutes at a speed of 450 to 500 revolutions per minute. 

The melt was then superheated past the liquidus temperature before being put 

into cast iron (CI) permanent moulds measuring 20 mm in diameter and 210 mm 

in height. Three, five, and seven wt% SiC reinforcements were used. Both the 

permanent CI moulds and the melting and stirring process are depicted in Figure 

1. 

Experimental Setup and Procedure  

Wear  

Dry sliding wear parameters of composite were studied using a pin-on-disc model 

(model type, TR-201CL of Ducom, India) in accordance with ASTM G99-95 

standards. Machined from as-cast samples, the wear specimen (pin) is 8 mm in 

diameter and 25 mm in height. An accurate digital microbalance weighing 

machine was used to record the initial weight of the specimen at 0.1 mg. During 

the test, the pin was forced against the counterpart, rotating against an EN32 steel 

disc with a hardness of 65 HRC. Wear was quantified by taking specimens out of 

the test run after they had slid a predetermined distance. The difference in the 

weight measured before and after the test gives the sliding wear of the composite 

specimen and then volume loss is estimated. 

Hardness 

Composite specimens were tested using a Brinell hardness test in accordance with 

ASTM E-10. From the as cast condition, 20 mm 20 mm specimens were cut, and 

the surfaces of the specimens were polished. Tests of Brinell hardness are 

performed on soft materials like aluminium and aluminium alloys using a load of 

500 kgf. A 10 mm hardened steel ball was used as the penetrator. 

Plan of Experiment  

Wear Test  

Taguchi's orthogonal array was followed for all of the trials. The selection of the 

orthogonal array was based on the condition that the degrees of freedom for the 

orthogonal array should be greater than or equal to the sum of those wear 

parameters. To conduct the current study, the 94 L9 (34) orthogonal array was 

chosen. In the present inquiry, the wear parameters chosen for the trials were 1) 

sliding speed, 2) load, 3) sliding distance, and 4) weight percentage of SiC. Table 3 

displays the factors and their levels. The experiment comprises of 9 tests (each 

row in the L9 orthogonal array), and the columns were assigned with parameters. 

In the fourth column, the weight percentage of SiC is recorded, with sliding speed 

in the first, load in the second, sliding distance in the third, and sliding distance in 
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the fourth. The wear was the response, and the smaller the objective, the better 

the S/N ratio. 

 3.RESULTS 

Table 1 shows the percentage by weight composition of AA 5083. 

Al Balance 

Si 0.0960 

Fe 0.161 

Cu 0.0270 

Mn 0.600 

Mg 3.92 

Cr 0.0790 

Ni 0.0008 

Zn 0.0270 

Ti 0.0660 

Sb 0.002 

Sn 0.001 

 

Table 2. Orthogonal array L9 (34 ) of Taguchi. 

L9 (34 ) test 1 2 3 4 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

Table 3. Process parameters with their values at three levels 

Level Sliding speed 

m/s 

Load 

N 

Sliding 

distance 

M 

SiC/wt 

pct 

1 0.314 9.81 500 3 

2 0.942 29.43 1000 5 

3 1.570 49.05 1500 7 
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Fig 1. Main effects plot for S/N ratios. 

4.DISCUSSIONS 

The Brinell hardness of Al-5083 that has been strengthened with 3, 5, and 7 wt pct 

of SiC is higher than that of the unreinforced metal. [22] As the SiC reinforcement 

percentage has grown, so too has the Brinell hardness value. Tests were designed 

to determine how factors like sliding speed, load, sliding distance, and reinforcing 

percentage relate to dry sliding wear on a composite material. An S/N ratio with a 

higher value is preferred over one with a lower value because it reduces the 

amount of variation in the final product relative to the desired value. As was noted 

before, [24] "Smaller is better" was the quality criterion employed in this 

investigation. The inclusion of SiC particles, which operate as load-supporting 

elements, is responsible for the high wear resistance of composite materials. If the 

coefficient of sliding wear is positive , this means that sliding wear rises with those 

variables. However, if the coefficient has a negative value, it indicates that the 

sliding wear of the material will decrease as the linked variables rise. The relative 

importance of the factors is reflected in the sizes of the variabless. [29]  

5.CONCLUSIONS 

The following inferences can be taken from the study's examination of the findings 

of dry sliding wear of the SiC particle reinforced MMCs and the results of hardness 

of material obtained[26]. Optimizing wear factors with the help of a Taguchi 

orthogonal array, signal-to-noise (S/N) ratio, analysis of variance (ANOVA), and a 

general regression model proved fruitful. The ideal combination of parameters 

and their levels for attaining a minimum wear rate is A3B1C2D2, i.e., sliding speed 

at level 3 (1.57 m/s), load at level 1 (9.81 N), sliding distance at level 2 (1000 m), 

and wt pct of SiC at level 2 (5 wt%). [28] This is based on the major effects of S/N 

ratios. Wear rate was shown to be significantly affected by sliding speed (p = 
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84.46), somewhat affected by load (p = 4.65) and weight percentage of SiC (p = 

8.31), and unaffected by sliding distance (p = 2.39), according to the ANOVA 

analysis. The components have a pooled error of 2%, and the regression 

coefficient is 0.82, indicating a strong association [23]. The wear rate of an 

AA5083-SiC particle composite can be accurately predicted using a general 

regression mathematical model. The created model can estimate the wear rate of 

a composite with 95% confidence within the scope of the experiment. The 

verification test revealed an inaccuracy of 8.1% in predicting dry sliding wear of 

the composite using the ideal combination of parameters A3B1C2D2. The wear rate 

was found to decrease by increasing the proportion of SiC particles used in the 

reinforcement. Al-5083 reinforced with 3, 5, and 7 weight percent has a lower 

wear rate than pure Al-5083 alloy. An increase in SiC particle weight up to 7 wt% 

significantly boosted Al-5083's hardness . [30] 
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