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ABSTRACT: This study focuses on the investigation of the influence of the variations of ageing conditions on the mechanical 

properties of ferrosilicon-silicon carbide reinforced Aluminium metal matrix composites. The ageing temperature, reinforcement 

percentage volume fractions and ageing time of the composite were systematically varied during fabrication stages by keeping the 

Aluminium and Ferrosilicon compositions constant while varying the percentage volume fractions of Silicon Carbide (SiC). The 

samples produced were machined into hardness, impact and tensile tests specimens. Then the specimens were subjected to laboratory 

based accelerated solution heat treatment, quenching and artificial ageing. Array of comprehensive mechanical properties 

examination and characterization in line with the appropriate specifications of the American Society for Testing and Materials 

Standard manuals were conducted to determine the influence of ageing on the material’s strength, hardness, impact toughness and 

stress-strain characteristics. The study revealed significant enhancement in the mechanical properties of the material and the findings 

would provide valuable insight into the ageing behaviour of Aluminium-Silicon, thus, enabling the optimization of the material’s 

performance for use in diverse engineering applications. 

KEYWORDS: Aluminium-silicon, temperature, percentage volume fractions of reinforcement element, time, mechanical 

properties. 

 

1.0 INTRODUCTION  

The investigation of the influence of variations of ageing 

conditions on the mechanical properties of aluminum-silicon 

(Al-Si) is a subject of immense significance. Ageing 

treatments contribute to the modification and fine-tuning of 

the mechanical characteristics 

And performance of materials and influence properties such 

as hardness, tensile strength, impact toughness and resilience. 

The examination of the volume fractions and corresponding 

precipitates formed during ageing deepens the understanding 

of the microstructural changes and their correlations with 

mechanical behaviour (Baumli, 2020). 

The ageing process involves heat treatments designed to 

induce the precipitation of strengthening phases to enhance 

the material's mechanical performance (Nturanabo et al., 

2020).  Volume fractions examination provides a quantitative 

knowledge of the changes in the arrangement and grain size 

distribution of the composite’s precipitates which enables the 

identification of optimal aging condition for predicting and 

tailoring of the mechanical responses to facilitate the 

development of high-performance materials (Gang et al., 

2019). 

In the last decades, efforts to develop environmentally 

friendly materials with robust beneficial mechanical 

properties have led to the integration of different constituents 

and elements into aluminium-based alloys to enhance their 

properties. These combinations of constituent elements lead 

to the emergence of composites made up of many phases that 

possess the attributes of their constituent elements, which 

replace monolithic and binary materials formerly utilized in 

production of engineering assembly such as aircraft, 

spaceship, ocean liners, automobile vehicles, and engineering 

structures in other sectors (Pise et al., 2019). 

Numerous researches have given useful directions regarding 

the general consequences of ageing on aluminium-based 

alloys and composites (Baumli, 2020; Masyrukan & 

Darmawan, 2021). In Pogatscher et al. (2011); Werinos et al. 

(2015) and Banhart et al (2011), the age-hardening process 

involves three main steps: solution heat treatment, quenching, 

and ageing. It involves heating the alloy to dissolve 

precipitates, cooling it to room temperature, and reheating it 

to enhance properties. Artificial ageing is a controlled heat 

treatment process used to accelerate the precipitation of 

alloying elements in Aluminum Matrix Composites, 

enhancing their mechanical properties and offering greater 
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control (Polmear et al., 2017; Porter et al., 2021; Masyrukan 

& Darmawan, 2021). Natural ageing is a slow process where 

alloying elements or reinforcing particles strengthen over 

time without external heat treatment, improving material 

properties over extended periods, making it useful in long-

term service conditions (Polmear et al., 2017 and Porter et al. 

2021).  

In the study of suppressed negative effects of natural ageing 

by pre-ageing in SiCp/6092Al composites, pre-ageing 

improved the hardness of the natural aged samples and 

showed a stronger pre-aged effect than the 6092Al alloy base 

sample (Zhu et al., 2021). The ageing process of alloying 

metals is influenced by temperature and time. Temperature 

promotes fine precipitates, while time influences 

precipitation growth and maturation. The optimal ageing time 

balances desired properties with potential over-ageing, 

ensuring a balance between desired properties and over-

ageing. (Clyne, 2000; Viswanatha et al., 2021; Caballoro et 

al., 2020 and Rajaram et al., 2022). 

Ye et al. (2019) studied the effects of SiC particle size on 

mechanical properties of SiC reinforced Aluminium metal 

matrix composite. The study found that increasing strain rate 

enhances composite yield strength, with smaller SiC particles 

having superior mechanical properties. The material's load 

response behavior is attributed to compact interfaces and 

larger tension. The study also investigated precipitation 

hardening's effects on Al-SiC's tensile, fatigue, and fracture 

toughness. Vemba and Ganesan (2019) reported that the 

material exhibited maximum mechanical properties at peak 

aged conditions. Rawat et al. (2020) examined the 

mechanical properties of heat-treated Al-SiC composite and 

reported enhancement in impact and tensile strengths. The 

investigation noted that low percentage volume fractions of 

SiC in the range of 2 – 6wt% resulted in a 6.5% decrease in 

the material’s hardness. The cyclic stress properties of Al-Si 

alloy reinforced with 10wt% of SiC was studied by Tiwari et 

al. (2019). The reinforced composite under T_6 temper 

conditions showed inferior ultimate tensile strength and low 

offset yield strength compared to the base alloy. However, 

after heat treatment, both materials showed improved 

mechanical properties and resistance to fatigue crack growth. 

Further investigation is needed to tailor the material's 

properties for safe engineering applications. 

 

2.0 MATERIALS AND METHODS 

Materials: Silicon carbide, Ferrosilicon, 16mm Aluminium 

bare conductor, Moulding boxes, Silica sand, Bentonite 

Polishing and etching materials, Pyrometer, Mechanical 

Stirrer, Crucible, Electrical Resistance Furnace, Alpha 

Duromter Hardness Tester, TecQuipment Universal Tensile 

Testing Machine. 

 

 

Methods: 

Samples Production 

The specimens were fabricated using a mixture of ferrosilicon 

particulates and silicon carbide particles. The aluminium was 

obtained from 16mm bare electrical conductors and placed in 

a graphite crucible under an electrically powered heating 

system. 4g of NaCl powder was used as a melting flux cover 

to reduce aluminium oxidation. The temperature was raised 

to 720℃, and the molten metal was stirred to maintain a 

homogenous distribution of alloying components. 400g of 

charged components were used to produce the alloy. Silicon 

carbide was raised to 1000℃ to cause interfacial oxidation. 

The alloy was cooled to just below its liquid state temperature 

of 580℃, keeping the slurry semi-solid. The reheated SiC 

particles were introduced and mechanically stirred, despite 

the difficulty of automated mixing in its semi-solid condition. 

The composite slurry was reheated to 720℃ before being 

automatically mixed for 20 minutes at 150rpm average 

spinning rate. The furnace temperature was regulated and 

sustained between 730℃ and 740℃, while the mixture was 

kept at around 720℃ during and pouring.  

Solution Heat Treatment, Quenching and Ageing 

of the Samples  

The test specimens were made to undergo a solution heat 

treatment in a furnace heated to a temperature of 500°C and 

was allowed to stand at this temperature for 180 minutes in 

order to dissolve any soluble elements or compound that may 

have been present and to create a homogeneous solid 

solution. Immediately preceding the solution heat treatment, 

the specimens were then rapidly quenched by cooling in 

water preheated to 65°C in order to lock the aluminium atom 

in a supersaturated state. Artificial aging was performed on 

test samples using age-hardening agent (Magnesium) and 

reheating at 100°C, 200°C, and 300°C temperatures for 60-

660 minutes. The samples were quenched and analyzed for 

aging characteristics, followed by tensile and impact tests at 

peak aging times. 

Determination of Mechanical Properties 

Hardness: TecQuipment Universal Hardness Tester (Alpha-

Duometer) was deployed for the determination of the 

hardness values of the as-cast and age-hardened specimens in 

line with ASTM E18-22 standard criteria. The Rockwell 

hardness on the "B" scale was estimated using the Rockwell 

Hardness B (HRB) scale expression shown on Equation 2.1. 

HRB  =  100 −  
hs

ho
   

    (2.1) 

The statistical analysis utilized the L8 Taguchi Robust 

parameter design of experiment methodology to investigate 

the influence of temperature, SiC percentage volume 

fractions and ageing time on the hardness property of aged 

material. An orthogonal array for the design ensured equal 

distribution of three factors-three levels combinations across 
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the experimental runs. The determination of the signal-to-

Noise ratio was determined using the expression: 

S/N = -10*Log10 (
1

n
∑ (

Yi

Y̅
)

2
n
i=1 )    

   (2.2) 

Where: n is the number of exponential runs. 

 Yi represents the response (output) for the i-th 

experimental run. 

 Y̅ is the average of all responses (Nwoke et al., 

2017). 

Throughout the experimental runs, diligent data collection 

procedures were employed to capture the variations in the 

response variables. A comprehensive data analysis, using 

Signal-to-Noise Ratios (SNR) and analysis of variance 

(ANOVA) was carried out to discern significant factors and 

potentials interactions, in order to identify key factors 

influencing the hardness of the aged composites using the 

“larger the better” signal-to-noise values indications. 

Tensile Characteristics: The TecQuipment Universal 

Testing Machine was used to examine the tensile properties 

of As-cast samples and peak-aged materials, conforming to 

ASTM E8 and E8M standards. The testing process began 

with a small initial load, gradually increasing until failure 

occurred. 

Impact Strength: The laboratory study used a TecQuipment 

Hardness Tester to investigate impact strength on as-cast and 

peak-aged samples. The test used a standard cylinder impact 

test sample with a 45-degree opening angle. The pendulum 

was calibrated before mounting the test sample, and the scale 

showed the angle at which the pendulum made before the 

specimens fractured, indicating the energy absorbed in 

causing the cracks. 

 

3.0  RESULTS AND DISCUSSION 

3.1 Hardness Properties Examination 

The behaviour of the aged composites with respect to time for 

the five different volume fractions of the SiC reinforcement 

phases in the metal-matrix composites are as shown on  the 

graphical plot displayed in Figures  3.1. 

 

 

Fig. 3.1: Hardness versus Ageing Time at 300℃ 

 

Figures 3.1 illustrate the hardness values of composites at 

different temperatures during the ageing process show a surge 

in values, followed by a decline after reaching peak ageing 

time. Elevated ageing temperatures lead to faster attainment 

of peak hardness due to the faster rate of precipitates in 

second-phase materials. The behavior of hardness (HRB) 

varies with percentage volume fractions of SiC at 300°C over 

different ageing times. Higher SiC content generally 

corresponds to higher hardness values. The age hardening 

characteristics mirror those reported by Cinkilic et al. (2020), 

Pradica (2020), and Viswanatha (2021).  

3.2      Analysis of Ageing Process  

The “Larger the Better” Criterion Signal-to-Noise Ratios 

Analysis: This criterion was selected for the investigation due 

to its alignment with the objective of maximizing the 

performance the material being studied. In mechanical 

engineering materials optimization processes that utilize 

Taguchi method or other robust design techniques, the goal is 

often to maximize and; or improve certain characteristics of 

materials such as strength, hardness, toughness and stiffness 

(Gonfa et al., 2022). Generally, higher values of SN ratio 

indicate better performance and quality. Consequently, when 

analyzing SN ratio, selecting ‘the larger the better” allows for 

enhancement of these properties to optimize design process. 
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3.3 Hardness (HRB) SN Ratios versus 

Temperature, %Vf  of SiC and Time 

           

            

Fig. 3.2:  Main Effects for SN Ratios of Hardness Values (HRB) 

 

Figure 3.2 shows the relationship between temperature, %Vf 

of SiC, ageing time, and their interactions on hardness Signal 

to Noise (SN) ratios. The study reveals that temperature and 

%Vf of SiC are the most influential factors in explaining the 

variation in the material's hardness values, with time having 

a minimal influence at a short run. Elevating temperature 

leads to a 0.5198 rise in the material's SN ratio, while 

decreasing temperature and time results in a 0.3120 decrease. 

The Response for Means reveals that temperature, percentage 

volume fractions of SiC, and time have a significant impact 

on hardness. At 100ºC, hardness is 70.63HRB, while at 

300ºC, it decreases to 62.25HRB. At 25%Vf of SiC, hardness 

increases to 69.13HRB, while at 60 minutes, it increases to 

65.50HRB. Ageing temperature has the highest rank, 

followed by percentage volume fraction of SiC and ageing 

time. 

3.4 Hardness with Percentage Volume Fractions 

of SiC 

Plot 3.4 indicates the measure of the extent of hardness of 

both the as-cast and aged composites. The hardness values of 

both the as-cast and aged samples are seen to exhibit an 

upward trend as the percentage volume fractions of SiC in the 

material increase. This trend is attributed to the rise in the 

magnitude of hardness and brittleness within the ceramic 

particulates present in the composites.  

 

 

Fig. 3.4: Hardness Versus %Vf  of SiC 

 

The hardness of aged composites varies with SiC 

incorporation percentages. The material reinforced with 25% 

SiC increases from 71.0HRB to 90.5HRB at 300oC, 

suggesting optimal hardness for applications. Precipitation 

hardening enhances the mechanical properties of the 

composite due to the presence of reinforcement particles of 

SiC which promotes peak hardness at shorter ageing time and 

the peak hardness obtained for the materials at the various 

ageing temperatures is in line with earlier observations of 

Doddapaneni et al. (2023), Chandradess et al. (2021), Mane 

and Shantharaja (2021) and Farokhpour et al. (2022). 

3.5 Yield Strength of 𝑨𝒍𝟒𝑪𝟑3FeSi Composites 

The yield strength across different ageing temperatures for 

various percentage volume fractions of Silicon carbide is 

displayed on plot 3.5. 
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Fig. 3.5:  Yield Strength Versus %Vf  of SiC 

 

The addition of SiC to composites increases yield strength 

across all ageing temperatures, possibly due to improved 

reinforcement and structural integrity. At 100°C peak aged 

conditions, yield strength increases, but plateaus at 200°C and 

300°C. Composites with 20% SiC content show the highest 

yield strength, suggesting an optimal balance between ageing 

temperatures. Beyond 20% SiC reinforcement, yield strength 

declines, possibly due to processing conditions, 

microstructural variations, or experimental uncertainties. The 

findings herein corroborate that of Ye et al. (2019) who 

reported increase in yield strength with corresponding 

increase in strain rate of composites with smaller percentage 

volume fractions of SiC. 

3.6 Tensile Strength of 𝑨𝒍𝟒𝑪𝟑3FeSi Composites 

Figure 3.6 shows the tensile strength behaviour of the 

composites with varying percentage volume fractions of SiC 

at different ageing temperatures. 

 

 

Fig. 3.6:  Tensile Strength Versus %Vf  of SiC 

 

The addition of SiC reinforcement increases tensile strength 

across all ageing temperatures, contributing to improved 

mechanical properties. Composites with 20% SiC content 

achieve maximum tensile strength of 106.12N/mm2, 

120.43N/mm2, 125.00N/mm2, and 121.85N/mm2, 

respectively. However, between 200°C and 300°C, tensile 

strength plateaus. The optimal SiC content is 20%, suggesting 

that further increases may not significantly enhance tensile 

strength. The material's stress resistance initially increases, 

reaching a peak at a strain of 0.03. As strain increases, it 

decreases slightly, indicating a yielding behavior. As strain 

increases, stress resistance rises from 30.63 N/mm² to 36.08 

N/mm², then slightly decreases to 35.18 N/mm², indicating a 

potential yielding point. The trend of the curves is seen to 

obey the general Al-Si/SiC pattern as reported by Singh et al. 

(2014) and Sabry et al. (2020). 

 

4.0 CONCLUSION  

The study reveals that variations in ageing conditions can 

significantly impact the mechanical properties of Al-Si 

MMCs. SiC reinforcement significantly enhanced the 

mechanical properties of AMMC, showing resistance to 

ageing-induced degradation. The Taguchi 'Larger the Better' 

Signal-to-Noise Ratio analysis revealed the influences of 

volume fractions of SiC, ageing temperature, and time on the 

material's mechanical hardness property. The composite 

samples showed an upward trend with increasing SiC 

percentage, while the time to reach peak hardness decreased 

with increased in temperature. The maximum yield strength 

of the material occurred at 200°C ageing temperature with 

20% SiC composition. The impact energy of aged material 

increased at 100°C peak aged condition but decreased at 

higher ageing temperatures. Young's Modulus values 

increased with SiC reinforcement, enhancing composite 
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stiffness and mechanical properties. However, excessive SiC 

reinforcement negatively affected impact toughness, 

especially in dynamic loading applications. 

 

REFERENCES 

1. ASTM International (2020). ASTM E1820-20-

Standard Test Method for Measurement of Fracture 

Toughness. West Conshohocken, PA: ASTM 

International. ASTM E1820 Standard.  

2. ASTM International (2023). ASTM E8 & E8M 

Standard Test Method for Tensile Testing of 

Metallic/Nonferrous Materials. Annual Book of 

ASTM standards.  

https://www.zwickroell.com/industries/metals/meta

ls-standards/metals-tensile-test-astm-e8/  

3. ASM E23-23a (2023). Standard Test Methods for 

Notched-bar Impact Testing of Metallic Materials 

by the Charpy (Simple Beam) Test. 

4. Banhart, J., Lay, M. D. H., Chang, C. S. T. and Hill, 

A. J. (2011). Kinetic of Natural Ageing in Al-Mg-Si 

Alloys Studied by Position Annihilation Lifetime 

Spectroscopy. Physical Review. B, Condensed 

Matter. Vol 83(1). 

https://10.1103/physRevB.83.014101 

5. Baumli, P. (2020). Interfacial Aspects of Metal 

Matrix Composites Prepared from Liquid Metals 

and Aqueous Solutions: A Review. Institute of 

Metallurgy, Metal Forum Nanotechnology, 

University of Miskok, H-3525 Miskok, Hungary. 

https://doi.org/10.3390/met 10101400. 

6. Caballero, E. S., Ternero, F., Urban, P., Cuevas, F. 

G., and Cuitas, J. (2020). Influence of Temperature 

on Mechanical Properties of AMCs. Metals, 2020; 

Vol 10(6): 783.  

https://doi.org/10.3390/met10060783 

7. Chandradass, J., Thirugnanasambandham, T., 

Jawahar, P., and Kannan, T. T. M. (2021). Effect of 

Silicon carbide and Silicon Carbide/Alumina 

Reinforced dominium alloy (AA6061) Metal Matrix 

Composite. Materials Today: Proceedings.Vol 

45(7): 7147-7150.  

https://doi.org/10.1016/j.matpr.2021.02.143   

8. Cinkilic, E., Yan, X. and Luo, A. A. (2020). 

Modeling Precipitation Hardening and Field 

Strength in Cast Al-Si-Mg-Nn Alloys. Journals of 

Metals 2020. Vol 10(10).  

https://doi.org/10.3390/met10101356 

9. Clyne, T. W. (ed) (2000). Comprehensive 

Composite Material. Metal Matrix Composites 

(Ser.eds). Vol. 3: 26-38 

10. Daddapaneni, S., Sharma, S., Chennegowda, G. M., 

Shettar, M. and Hegde, A. (2023). Comparative 

Study on Mechanical Property and Fracture 

Behaviour of Age-Hardered LM4 Monolithic 

Composites Reinforced with T1B2 and Si3N4. 

Materials (Basel), Vol 16(11): 3965. 

https://doi.org/10.3390/ma/16113965 

11. Doddapaneni, S., Sharma, S., Gowri Shankar, M. C., 

Shettar, M. and Hegde, A. (2023). Effect of 

Precipitation Hardening Treatment on Hardness and 

Teusile Behaviour of Stir Cast LM4 Hybrid 

Composites through TEM and Fractography 

Analysis, Journal of Materials Research and 

Technology. Vol 23(2023): 1584-1598, 

https://doi.org/10.1016/j.jmrt.2023.01.127 

12. Farokhpour, M., Parast, M. S. and Azadi, M. (2022). 

Evaluation of Hardness and Microstructural 

Features in Piston Aluminum-Silicon Alloys after 

Different Agency Heat Treatments. Research 

Laboratory of Advanced Material Behaviour 

(AMB), SSRN Electronic  Journal.  

https://doi.org/10.2139/ssrn.4162353 

13. Gang, P., Jamwal, A., Kumar, D., Sadasivuni, K. K., 

Hussion, C. M., and Gupta, P. (2019). Advanced 

Research Progresses in Aluminum Matrix 

Composites: Manufacturing & Applications. 

Journal of Materials Research and Technology.  Vol 

8(5): 4924-4939.  

https://doi.org/10.1016/j.jmrt.2019.06.028    

14. Gonfa, B. K., Sinha, D., Vates, U. K., Badruddin, I. 

A., Hussien, M., Kamagar, S., Singh, G. K., Ahmed, 

G. M. S., Kanu, N. J., Hossain, N. (2022). 

Investigation of Mechanical and Tribological 

Behaviour of Aluminium Based Hybrid 

MetalMatrix Composite and Multi-Objective 

Optimization. Materials 2020. Vol 15: 5607. 

https://doi.org/10.3390/ma15165607.    

15. Mane, P. & Shantharaja, M. (2021). Ageing Krietics 

of SiCp Reinforced Al Metal Matrix Composite. 

Materials Today Proceedings, 46.  

https://doi.org/10.1016/j.matpr. 2021.02.703 

16. Masyrukan, M., & Darmawan, A. S. (2021). 

Influence of Artificial Ageing in Aluminum Silicon 

Apploy. Material Science Forum, Vol 1029: 9-14. 

https://doi.org/10.4028/www.scientific.net/msf.102

9.9 

17. Nturanabo, F., Masu, L., & Baptist Kirabira, J. 

(2020). Novel Applications of Aluminum Metal 

Matrix Composite Intechopen.  

doi:10.5772/intechopen.86225. 

18. Nwoke, O. N., Ugochukwu, O., Okafor, C. E.  & 

Okopivie, I. P. (2017). Evaluation of Chatter 

Vibration Frequency in CNC Turning of 4340 Alloy 

Steel. International Journal of Scientific and 

Engineering Research, Vol 8(2): 487-495. 

https://www.zwickroell.com/industries/metals/metals-standards/metals-tensile-test-astm-e8/
https://www.zwickroell.com/industries/metals/metals-standards/metals-tensile-test-astm-e8/
https://10.0.4.79/physRevB.83.014101
https://doi.org/10.3390/met%2010101400
https://doi.org/10.3390/met10060783
https://doi.org/10.1016/j.matpr.2021.02.143
https://doi.org/10.3390/met10101356
https://doi.org/10.3390/ma/16113965
https://doi.org/10.1016/j.jmrt.2023.01.127
https://doi.org/10.2139/ssrn.4162353
https://doi.org/10.1016/j.jmrt.2019.06.028
https://doi.org/10.3390/ma15165607
https://doi.org/10.1016/j.matpr.%202021.02.703
https://doi.org/10.4028/www.scientific.net/msf.1029.9
https://doi.org/10.4028/www.scientific.net/msf.1029.9


“Investigation of Influence of Variations of Ageing Conditions on Aluminium-Silicon: Pathway to Tailored 

Mechanical Properties” 

4356 Tommy, S. D1, ETJ  Volume 09 Issue 07 July 2024 

 

https://www.researchgate.net/publication/31682949

5  

19. Pise, D., Shravankumar, C. & Rao, N. (2019). An 

Overview on Aluminum Metal Composite for 

Automotive Application. Proceedings of 

Mechanical Engineering Research Day 2020: 14-15. 

Retrieved from  

https://www3.utem.edu.my/care/proceedings/merd

20/pdf/01_Automotive/007-p14_15.pdf  

20. Pogatschar, S., Antrekowitsch, H., Heitner, H., 

Ebner, T. and Uggowitzer, P. (2011). Mechanisms 

Controlling the Artificial Ageing of Al-Mg-Si 

Alloys. Act a Materials. Vol 59(2011): 3352-3363. 

https://doi.org/10.16/j.actamat.2011.02.010. 

21. Polmear, I., Stjohn, D., Nie, J. F., and Qian, M. 

(2017). Light Alloys: Metallurgy and Technology. 

https://Shop.elsevier.com/books/light-

alloys/polmear/978-0.08-099431-4. 

22. Porter, D. A., Easterlmg, K. E. and Sherif, M. Y. 

(2021). Phase Transformation in Metals and Alloys. 

4th ed. https://doi.org/10.120/9781003011804. 

23. Pradica, D. R., Jeadi, R. P., Prasetya, R., Andoko, 

A., Gapsari, F., Puspitasari, P. and Kurniawan, P. 

(2020). Ageing Treatment on Microstructure and 

Morphology of AlMgSi Alloy. Journal Southwest 

Jiaotong University, 55(1),  

https://doi.org/10.35741/issn.0258-2724.55.1.47. 

24. Rajaram, S., Subbiah, T., Mahali, P. K., & 

Thangaraj, M. (2022). Effect of Age-Hardening 

Temperature on Mechanical and Wear Behaviour of 

Furnance-Cooled Al7075-Tungsten Carbide 

Composite. Materials (Based, Switzakand). Vol 

15(15): 5344. https://doi.org/10.3390/ma15155344. 

25. Rawat, A., Kumar, A. and Agrawal, A. P. (2022). 

Investigation of Mechanical Properties of Heat-

treated A356/Sic Composite Fabricated Through stir 

Casting Technique. Materials today: Proceedings. 

Vol 62(1): 203-208.  

http://doi.org/10.1016/j.matpr.2022.02.618. 

26. Sabry, I., Ghafaar, M. A., Mourad, A-H. I. and 

Idrisi, A. H. (2020). Stir Casted SiC-Gr/Al6061 

Hybrid Composite Tribological and Mechanical 

Properties. Journal of Springer Nature Applied 

Sciences. 2. Https://doi.org/10.1007/s42452-020-

2713-4  

27. Singh, V., Chauhan, S., Gope, P., Chauhary, A. 

(2014). Enhancement of Wettability of Aluminium 

Based Silicon Carbide Reinforced Particulate Metal 

Matrix Composite. Journal of High Temperature 

Materials and Processes.  

https://doi.org/10.1515/htmp-2014-0043   

28. Tiwari, S., Das, S. and Venkat, A. N. (2019). 

Mechanical Properties of Al-Si-Sic Composite IOP 

Materials Research Express, 6(7). \ 

https://doi.org/10./1088/2053-1591/ab1521. 

29. Vemba, V. (2019). Ageing Behaviour of 8011Al and 

8011Al/15% SiCp Composites. Journal of Minerals 

and Materials Characterisation and Engineering. 

Vol 7(5): 221-229.  

https://doi.org/10.4236/jmmce.2019.75017. 

30. Vemba, V. and Ganesan, G. (2019). Effect of 

Precipitation Hardening on Teusile, Fatigue and 

Fracture Toughness Behaviour of 8011Al/15% SiCp 

Metal Matrix Composite. Bonfring International 

Journal of Industrial Engineering and Management 

Science, 9(3),  

https://doi.org/10.9756/BIJIEMS.9030. 

31. Viswanatha, B. M., Prasanna Kumar, M. P., 

Basavarajappa, S., Kiran, T. S. and Kanchiraya, S. 

(2021). Effect of Heat Treatment and Ageing on 

Microstructure for Hypoentectic Al-7Si Alloy and 

Hybrid Metal Matrix Composites. International 

Journal of Engineering Science and Technology. 

Vol 13(4): 1-11  

https://doi.org/10.4314/ijest.v13i4.1. 

32. Werinos, M., Antrekowitsch, H., Fregner, W., 

Ebner, T., Uggowitzer, P. J. and Pogatscher, S. 

(2015). Influence of Temperature on Natural Ageing 

Kinetics of AA 6061 Modified with Sn. In book: 

Light Metals 2015. https://doi.org/10.1007/978-3-

319-48248-4_61. 

33. Ye, T., Xu, Y. and Ren, J. (2019). Effects of Sic 

Particle Size on Mechanical Properties of Sic 

Particle reinforce Aluminum Metal Matrix 

Composite; Materials Science and Engineering. Vol 

A(73): 146-155.  

https://doi.org./10.1016/j.msea.2019.03.037. 

34. Zhu, S. Z., Wang, D., Xiao, B. & Ma, Z. Y. (2021). 

Suppressed Negative Effects of Nature Agency by 

Pre-Ageing in SiCf/6092Al Composites, 

Composites Part B: Engineering. Vol 212: 108730. 

https://doi.org/10.16/j.compositesb.2021.1087 

 

 

https://www.researchgate.net/publication/316829495
https://www.researchgate.net/publication/316829495
https://www3.utem.edu.my/care/proceedings/merd20/pdf/01_Automotive/007-p14_15.pdf
https://www3.utem.edu.my/care/proceedings/merd20/pdf/01_Automotive/007-p14_15.pdf
https://doi.org/10.16/j.actamat.2011.02.010
https://shop.elsevier.com/books/light-alloys/polmear/978-0.08-099431-4
https://shop.elsevier.com/books/light-alloys/polmear/978-0.08-099431-4
https://doi.org/10.120/9781003011804
https://doi.org/10.35741/issn.0258-2724.55.1.47
https://doi.org/10.3390/ma15155344
http://doi.org/10.1016/j.matpr.2022.02.618
https://doi.org/10.1007/s42452-020-2713-4
https://doi.org/10.1007/s42452-020-2713-4
https://doi.org/10.1515/htmp-2014-0043
https://doi.org/10./1088/2053-1591/ab1521
https://doi.org/10.4236/jmmce.2019.75017
https://doi.org/10.9756/BIJIEMS.9030
https://doi.org/10.4314/ijest.v13i4.1
https://doi.org/10.1007/978-3-319-48248-4_61
https://doi.org/10.1007/978-3-319-48248-4_61
https://doi.org./10.1016/j.msea.2019.03.037

