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Abstract 

Aluminium composites have extensive application in the fabrication of diverse components for automobiles, 

marine vessels, aircraft, and even nuclear power plants. The primary constituent of rice husk ash is silica, 

accompanied by lesser quantities of potassium, calcium, and magnesium. The silica concentration of rice husk 

ash (RHA) typically ranges from 80% to 95%. The ash derived from rice husk possesses several advantageous 

characteristics, such as a notable abundance of silica, a significant level of porosity, and a relatively low thermal 

conductivity. Various amounts of aluminium are employed to enhance the strength of rice husk ash, with the 

prevailing proportions being 3%, 6%, and 9%. The samples were subjected to microwave sintering at a 

temperature of 550 °C with a tolerance of ±5 °C. Mechanical testing was conducted on specimens including 

pure metal as well as aluminium composites. The results indicated a positive correlation between the 

concentration of RHA and both density and porosity. The hardness, ultimate tensile strength (UTS), and yield 

strength (YS) of the reinforced composites (3%, 6%, and 9%) exhibited a notable improvement in comparison 

to pure aluminium. However, the elongation of the composites saw a quick decrease. The Ultimate Tensile 

Strength (UTS) and Yield Strength (YS) both exhibit enhancement when the size of the reinforcing particles 

decreases. The primary processes that have been identified are dislocation density, grain refining, and porosity. 

The utilisation of RHA reinforcement in composites leads to a reduction in wear rate and an enhancement in 

wear resistance. 

Keywords:  Aluminium, Mechanical behaviour, Microwave assisted sintering, Powder metallurgy 

1.Introduction  

The mechanical characteristics of reinforced composites were influenced by several factors, including the 

dimensions (size, shape, and weight %) of the reinforcement, the matrix material, and the response at the 

interface. In order to optimise the improvement of mechanical qualities, such as micro hardness and tensile 

strength, it is advisable to have a homogeneous distribution of reinforced material. The results of the study 

indicate that several parameters, such as particle size and shape, have an impact on the microstructural integrity 

and mechanical performance of the optimal compact [1]. Ceramic-reinforced composites have gained 

significant traction in modern manufacturing, avionics, and ceramic armour applications due to their 

advantageous properties, including reduced apparent density, elevated melting temperatures, increased 

hardness, high Young's modulus, and corrosion resistance [2]. 
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Metal matrix composites (MMCs) are a class of advanced materials that exhibit improved qualities resulting 

from the fusion of two or more components. The enhanced strength, stiffness, and wear resistance exhibited by 

reinforced alloys have played a significant role in their growing prominence [3, 4]. Aluminium metal matrix 

composites (AMMCs) exhibit considerable potential as alternative traditional MMCs owing to their remarkable 

specific strength, wear resistance, and capacity to withstand high temperatures. Extensive research has been 

conducted on ceramic-based composites, as scholars have shown interest in investigating their wear resistance, 

tensile structural behaviour, fracture toughness, cyclic stress behaviour, and several other features. According to 

the cited source, it has been observed that composite ceramics exhibit superior mechanical qualities compared 

to monolithic ceramics. Several ceramic composites that have been studied and utilised include silicon carbide, 

rice husk ash, graphene, boron carbide, and carbon nanotubes. The exceptional electrical, thermal, and 

mechanical characteristics of SiC have resulted in its extensive use as a reinforcing material in order to enhance 

the performance of matrices in recent times [2, 6]. For RHA particle reinforced aluminium matrix composites 

(AMCs) to exhibit optimal performance, they must possess a range of attributes beyond those found in 

traditional alloys. These attributes encompass enhanced strength, improved thermal properties, and increased 

resistance to frictional wear and corrosion. The achievement of adequate densification and the absence of 

micro-holes and other flaws in Al/RHA composites may be observed by the process of sintering using Spark 

Plasma Sintering (SPS) at a temperature of 510 oC, as shown in previous studies [7,8]. 

AMMCs produced using the process of powder metallurgy (P/M) have a uniform distribution of particles and 

demonstrate less contact between the matrix and reinforcing materials [9]. The automobile sector and its 

associated technologies have experienced a significant surge in the demand for powder metallurgical 

components in recent years. The utilisation of powder metallurgy (P/M) in the processing of advanced metal 

matrix composites (AMMCs) has been shown to be advantageous due to many reasons. Firstly, P/M facilitates 

the achievement of uniform particle dispersion inside the composite material. This is crucial as it ensures that 

the reinforcing particles are evenly distributed throughout the matrix, leading to enhanced mechanical 

properties. Secondly, P/M enables control over the interface kinetics between the matrix and the reinforcing 

particles. This control is essential for optimising the bonding between the two components, resulting in 

improved overall performance of the composite material. Lastly, P/M processes can be conducted at low 

temperatures, allowing for continuous operation without the risk of excessive heat-induced damage. The 

incorporation of SiC nanoparticles into an aluminium base matrix and subsequent sintering using the hot iso-

static press (HIP) process results in the achievement of a high yield strength of 355 MPa and ultimate tensile 

strength (UTS) of 430 MPa [10]. Microwave sintering is distinguished among other sintering processes because 

to its exceptional heating rate, reduced production time, uniform morphological distribution, and superior 

quality [11]. The efficacy of microwave sintering in comparison to conventional heating techniques has been 

demonstrated in the processing of composites. Nevertheless, microwaves facilitate the process of uniformly 

heating the entire volume by initially inducing heat generation inside the material. The achievement of product 

uniformity, high yield, homogeneous volumetric heating, minimal soaking time, environmental protection, 

equiaxed pores, effective densification, refined microstructure, increased physical and mechanical 

characteristics, simplicity, distinctive properties, and reduced environmental hazards was facilitated by the 

combination of high heating rates and low sintering temperatures [12]. 

According to an economic study undertaken by Venkatesh et al. [13], microwave aided sintering (MAS) has 

demonstrated the capability to manufacture high precision components with decreased intermetallic compounds, 

a reduced number of flaws, and the shortest sintering time and temperature. Several research have indicated that 

sintered composites demonstrate enhanced mechanical properties. 

In recent years, the developing topic of microwave processing of powder metallurgy metal composites has 

received comparatively little attention from scholars. According to Shoba et al. [14], several sintering factors 

such as pressure, temperature, duration, and sintering atmosphere (argon or nitrogen) have a significant role in 

the fabrication of sintered aluminum-based composites. The influence of particle size on mechanical properties 

is often overlooked, despite extensive studies on the microstructural behaviour and mechanical characterisation 
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of aluminum/reinforced rice husk ash (RHA) microwave sintered metal matrix composites (MMCs) with 

different RHA volume fractions. This prompts us to examine the impact of three different particle sizes on the 

mechanical characteristics of pure aluminium and its composites in the current study. 

Dried rice husk, which is an abundant agricultural residue containing a substantial amount of siliceous ash, may 

be easily obtained. Rice husk (RH) is a common agricultural byproduct in nations that engage in rice production 

[15]. The protective coatings that develop on rice grains throughout their growth process are referred to as 

pericarps. The rice husks that are abandoned during the processing stage are predominantly deemed to have 

little to no value. India's yearly rice husk production amounts to over 12 million tonnes. The feeding of rice 

husk to cows is not recommended due to its relatively low levels of cellulose and sugar. It is projected that the 

yearly production of rice husks would surpass 120 million tonnes. Hence, the rice husk represents a prevalent 

material that remains significantly underutilised. The economic worth of rice husk is significantly appreciated 

due to its abundant content of amorphous silica. However, it is crucial to note that rice husk comprises just 2% 

moisture, 2% ash, 2% lignin, 2% protein, 2% fat, 2% cellulose, 2% fat, 2% pentosans, and 2% ash.  

The primary objective of this research is to examine the impact of varying sliding speeds on the phenomenon of 

dry sliding wear in metal matrix composites. Additionally, this study aims to explore the influence of design 

components on the aforementioned impacts of dry sliding wear. The use of RHA reinforcements has been 

demonstrated to enhance wear resistance in composites (Basavarajappa et al., 2007). The observed phenomenon 

of volume reduction is comparatively less pronounced in composites reinforced with RHA (rice husk ash) as 

opposed to composites reinforced with SiCp (silicon carbide particles). According to a study conducted by 

Basavarajappa et al. in 2006, it has been shown that the primary element influencing wear behaviour is the 

sliding speed (S), followed by the applied load (L) and sliding distance (D). The addition of RHA significantly 

improves the wear resistance of unalloyed aluminium, resulting in a drop in the coefficient of friction of the 

specimen as the percentage of reinforcement increases. The objective of this work is to conduct a comparative 

analysis of the mechanical and wear characteristics shown by composites of Al RHA in relation to pure 

aluminium. 

2. Experimentation 

 In this work, aluminum powder of 99 % purity and RHA with 99.5 % purity are procured from Otto 

Chemie Pvt. Ltd., and are used as the starting materials. The resources will be constrained and utilised as 

primary inputs. The powders are combined within a ball mill, specifically without the presence of balls, utilising 

weight ratios of 3%, 6%, and 9%. Subsequently, the powder is subjected to a hydraulic press possessing a 

capacity of 20 tonnes and applying a pressure of 120 bar [16]. Subsequently, for a duration of 90 minutes, the 

compacted green specimens underwent the process of sintering within a microwave heating furnace at a 

temperature of 550 °C. The sintering process was conducted under a controlled nitrogen gas environment. 

The experimental density of the samples is determined using Archimedes' method [17]. The determination of 

the porosity of a composite can be achieved by conducting a comparison between its actual density and its 

theoretical density. The hardness of microwave-sintered aluminium samples was determined using a Rockwell 

Hardness tester. By subjecting the samples to a 500 gram load for a duration of 15 seconds and measuring the 

diameter of the indentation at five distinct locations, we were able to determine the Rockwell hardness number 

of the specimens. Tensile tests were conducted on sintered samples using servo-hydraulic testing equipment. 

The crosshead speed employed was 0.254 mm/min, while the initial strain rate was set at 1.69 × 10− 4 s− 1. The 

flat tension test samples had a width of 15 mm and a gauge length of 30 mm. 

http://www.ijrti.org/
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Fig. 1 (a) Planetary Ball Mill    (b) Microwave Furnace 

 

 (c) Hydraulic Press  

3. Results and Discussions 

  

 Density and porosity 

Density measurements were used to assess the porosity of the generated composites and to examine the 

influence of the reinforced ceramic content on density. The density and porosity of composites containing 

different proportions of RHA particles are examined in accordance with previous research [18]. Figure 5 

illustrates the observed variations in density and porosity of the composite material. The addition of denser 

RHA particles to aluminium resulted in a rise in the density of composites with varying RHA concentrations. 

Specifically, composites containing 3%, 6%, and 9% RHA particulates exhibited density increases of 6.28%, 

10.75%, and 16.66%, respectively, when compared to pure aluminium. The porosity was calculated by 

utilising the established theoretical and experimental densities. The porosity of composites increased to some 

extent as the amount of RHA increased. The maximum porosity observed was 2.1760% for the Al/9%RHA 

composite material, as seen in Figure 2. The maximum permissible porosity during the fabrication of AMMCs 

is 3%. Consequently, the resulting composites have a porosity level that is lower than this threshold. The 

findings indicate that a porosity level of 2.1760% or below is deemed within the range of normality and 

acceptability in the present study. 
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Fig 2: Variation in density and porosity at varying reinforcement 

Hardness 

The hardness of a substance is determined by its susceptibility to surface indentation. The utilisation of 

additional reinforcement leads to the introduction of more rigid RHA particles, hence augmenting the hardness 

of the aluminium matrix. The relative hardness of pure aluminium and different mixtures is seen in Figure 6. 

The Vickers hardness value of pure aluminium is measured to be 90.6 VHN. However, when aluminium is 

combined with 9% RHA and sintered, the hardness of the resulting composite increases to 118.5 VHN with an 

increasing concentration of RHA. The hardness of aluminium matrix metal composites (AMMCs) is enhanced 

by the incorporation of rice husk ash (RHA) particles, which effectively decrease the mobility of dislocations. 

The observed increase in hardness of the composite can be attributed to the reinforcement provided by the 

particles embedded inside the matrix. The hardness of composites is attributed to the presence of reinforcing 

particles that possess a higher level of hardness compared to the matrix material. The reduction in grain size of 

the composite material also plays a role in enhancing its hardness in sintered composites with reinforcement. 

The Hall-Petch connection [19] demonstrates that there is a direct correlation between grain size reduction and 

an increase in hardness. 
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Fig. 3  Variation of hardness with varying RHA content in the composites 
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 Tensile behaviour 

The experimental findings indicate that the reinforced composites have a superior tensile strength in 

comparison to pure aluminium. The engineering stress-strain graphs demonstrate that the inclusion of rice husk 

ash (RHA) content in composites leads to an enhancement in their ultimate tensile strength (UTS). The three 

sample concentrations (3%, 6%, and 9%) exhibited yield strengths (YS) of 21.16%, 49.36%, and 61.06% 

respectively, in comparison to pure aluminium, as seen in Figure 4. Several researchers have proposed 

different strengthening techniques based on their investigations of AMMCs. However, the mechanical strength 

of composites is influenced by multiple factors, some of which may act simultaneously. Examples of methods 

for strengthening MMCs include Hall-Petch strengthening, Orowan strengthening, thermal mismatch 

strengthening, and load transfer from matrix to reinforcements [19, 20]. The current study aims to explain the 

mechanism of reinforcement identified in this research. 
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Fig. 4  Variation in ultimate tensile and yield strength of composite with varying RHA content in the 

composites 

Dislocations based strengthening mechanism 

In comparison to aluminium, which exhibits a coefficient of thermal expansion (CTE) of approximately 23 x 

10− 6/°C, reactive hot-pressed alumina (RHA) demonstrates a CTE of approximately 5 x 10− 6/°C. The 

dissimilar CTE values lead to the formation of dislocations at the interfaces. The presence of a limited number 

of dislocations at the interface junction, caused by the CTE mismatch between the matrix alloy and the 

reinforcement, enhances the strength of the matrix alloy. The contribution of ceramic particles, specifically 

RHA in this particular investigation, to the overall tensile strength of the composite can be attributed to a 

higher density of dislocations within the composite matrix. This increased dislocation density is generated by a 

thermal mismatch during the production process, followed by sintering between the ceramic particles and the 

aluminium matrix. Numerous research have revealed a consistent behaviour tendency. There is a shown 

correlation between the coefficient of thermal expansion (CTE) of RHA and aluminium, and their respective 

contributions to thermal strain. An increased number of dislocations inside an alloy contributes to its enhanced 

mechanical strength [21]. The equation presented above elucidates the relationship between thermal mismatch 

occurring throughout the production process and the occurrence of dislocations or dislocation density (ρ). 
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Delta σy ¼ Gb
pffi

ρffiffiffi 
Where, G is shear modulus. 

It has been observed that the strength of a composite material has a quadratic relationship with the quantity of 

dislocations present. It is anticipated that there would be a proportional rise in the quantity of relocations as the 

concentration of RHA increases. The presence of dislocations in Al/9%RHA composites is apparent, 

particularly at the contact interfaces, and their occurrence appears to be frequent, resulting in enhanced 

mechanical strengths. 

5.Wear Properties 

Dry sliding wear test procedure 

The specifications of the composite specimen (pin) are 8mm in diameter, 30mm in height, and 120mm in track 

radius. The ASTM G99-95 pin on disc equipment is employed to evaluate the features of dry sliding wear. 

Measurements of loads, lengths of sliding, and speeds of sliding are conducted as integral components of the 

test. The original weight of the specimen is measured using electronic weighing equipment that has a precision 

of 0.0001g, following the cleaning process involving acetone. The specimen has been securely affixed to the 

steel disc. The measurements of wear and frictional force were conducted by subjecting each specimen to 

different combinations of loads and velocities, while observing the resulting outcomes. Acetone is employed for 

the purpose of enhancing disinfection and facilitating the drying process of the material. The specimen's 

ultimate mass is reported. The wear rate is determined by employing a specific formula. The Origin software is 

utilised for the production of the ultimate graph. 

Effect of Sliding Distance, Load & Sliding velocity on wear rate 

The graphical representation of the relationship between wear rate and sliding distance is depicted in Figure 5. 

The experiment involved the addition of several levels of reinforcement to pure aluminium samples, namely at 

distances of 500m, 1000m, 1500m, 2000m, and 2500m. In the current study, it is apparent based on chart-1 that 

the incorporation of reinforcing material, quantified as a weight percentage, i.e. The substitution of pure 

aluminium with reinforcement of RHA results in a decrease in the overall rate of wear. If the RHA particles 

lack any anticipated asperities, the initial wear rate will be higher. When subjected to a homogeneous pressure, 

the asperities of the matrix material undergo yielding, resulting in the RHA particle ploughing the counter face 

and pin surface. As the sliding distance is extended, the crushed particles of RHA (Rice Husk Ash) serve as a 

protective barrier between the pin and the surface of the counter face, hence resulting in a reduction in the rate 

of wear. 
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Fig-5: Variation of wear rate with wt % of reinforcement for different sliding Distance at a constant sliding 

velocity of 3.77m/s 

In this study, we examined the impact of incorporating weight percentage (wt%) reinforcement into an 

aluminium alloy on the wear rate. Specifically, we investigated the wear rate under varying loads of 10N,20N 

30N,40N  & 50N across ten distinct experimental conditionsin Fig 6. It is evident that the addition of wt% 

reinforcement leads to a drop in the wear rate across all loads, whereas an increase in load results in an 

elevated wear rate across all loads. When the applied load is augmented, a proportional rise in pressure is 

experienced at the interface between the pin and the disc. Nevertheless, the increased hardness of the RHA 

particles leads to enhanced resistance against the exerted pressure. Additionally, the bonding at the interface 

between the Al and RHA reduces the rate of wear in the abrasive wear mechanism, hence prolonging the 

durability of pure Al. The relationship between the wear rate and the weight percentage of reinforcement in an 

aluminium alloy at various sliding velocities is depicted in Figure 7. The sliding velocities considered in the 

study were -1.256m/s, 2.513m/s, 3.77m/s, 5.027m/s, and 6.294m/s, respectively. The graph clearly illustrates 

that an increase in the percentage of reinforcing weight leads to a decrease in wear across all sliding speeds. 

The graph clearly illustrates that an increase in the weight percentage of reinforcement leads to a decrease in 

wear across all sliding speeds. The wear rate generally exhibits a reduction as the sliding velocity increases 

from 1.256 m/s to 6.294 m/s. This phenomenon can be attributed to the formation of a thin protective layer on 

the surface of the pin, which is mostly composed of a certain percentage of RHA particles. 
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Fig-6: Variation of wear rate with wt % of reinforcement for different Loads at a constant sliding velocity of 

3.77m/s & at a sliding distance of 1500 m. 
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Fig-7: Variation of wear rate with wt % of reinforcement for different sliding velocity at a constant Load of 

30N & at a sliding distance of 1500 m. 

Conclusions 

The preparation of composites for Mechanical and wear behaviour properties were investigated by powder 

metallurgy route successfully; the following conclusion can be drawn. 

 The utilisation of microwave sintering in powder metallurgy has proven to be effective in obtaining the 

appropriate dispersion of reinforced rice husk ash (RHA) particles inside the aluminium matrix. 

 The incorporation of higher density RHA particles into aluminium resulted in a rise in the density of 

composites with varying RHA particle concentrations. Specifically, composites containing 3%, 6%, 

and 9% RHA particles exhibited density increases of 6.28%, 10.75%, and 16.66%, respectively, when 

compared to pure aluminium.  

 The Vickers hardness value of pure aluminium (Al) is measured to be 90.6 Vickers Hardness Number 

(VHN). However, the incorporation of reactive hot-pressed alumina (RHA) into the composite material 

results in an increase in hardness. Notably, the Al/9%RHA sintered composite exhibits the highest 

attainable hardness value, measuring 118.5 VHN. 

 The engineering stress-strain graphs (Figure 4) demonstrate a positive correlation between the presence 

of recycled high-density polyethylene (RHA) and the ultimate tensile strength (UTS) of composites. 

The ultimate tensile strength (UTS) of all samples, consisting of 3%, 6%, and 9% additives, shown 

improvements of 29.64%, 71.5%, and 103.2% respectively, in comparison to pure aluminium. 

Additionally, the yield strength (YS) demonstrated enhancements of 21.16%, 49.36%, and 61.06% for 

the same samples. 

 The extent of initial wear is expected to be higher in the absence of asperities on RHA particles. As the 

sliding distance and velocity increase, the RHA particles exhibit a wear-reducing effect by forming a 

protective barrier between the surfaces of the pin and counter face. When external force is exerted on 

the interface between the pin and the disc.  The increased hardness of the RHA (Reactive Hot-Pressed 

Alumina) particles provides protection for the comparatively softer aluminium (Al) material against 

external loads. Additionally, the bonding at the interface between these two materials plays a crucial 

role in minimising wear in abrasive wear mechanisms. 
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