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Al alloy has very attractive properties required in the production of aerospace, automotive, electrical and electronic, sports

and recreational components/equipment. Its low strength and low wear resistance have challenged its applications in

some other critical industrial utilities. Nonetheless, the invention of metal composites has removed such barriers. The

addition of one or more reinforcements to Al has helped in the creation of aluminium matrix composites (AMCs), which

has not only increased the global utilization of Al alloy, but has been a major source of global revenue and job. 
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1. Introduction

Composite materials are obtained by conjoining two or more materials that possess quite dissimilar properties together.

Composites consist of a matrix, which is the base material, and one or more reinforcements, which are the dispersed

phase. The dissimilar materials (matrix and reinforcement(s)) work in synergy to provide the composite with exceptional

characteristics, which neither of them can provide in isolation. The development and use of composites started around

1500 B.C., when early Egyptian and Mesopotamian dwellers used a combination of mud and straw to construct resilient

and robust buildings . Straw was the reinforcement for the primordial composites like pottery and boats. Thereafter, in

1200 AD, the Mongols developed the first composite bow . They used a blend of wood, bone, and animal glue. These

bows were potent and precise. It was this composite bow that helped Genghis Khan’s military to take the centre stage of

victory in the ancient wars in the primeval era. Meanwhile, the evolution of the modern composites industry actually

started in 1970s when plastic resins and reinforcing fibres were developed. DuPont invented an aramid fibre known as

Kevlar, which has turned out to be the choice product for body armour because of its high tensile strength and light weight

. Then, there came the development of carbon fibre at almost the same time, where most of the parts made of steel

were replaced with it. Carbon fibre has a light weight, high toughness and high strength. The composite industry is still

developing, with much interest in nanomaterials that possess extreme small molecular structures and high mechanical

characteristics . There are about five different types of composite industries in existence today, namely: ceramic matrix

composites (CMCs), carbon–carbon composites (CCCs), hybrid composites (HCs) polymer matrix composites (PMCs)

and metal matrix composites (MMCs) . CMCs consist of ceramic as the matrix and fibres, whiskers or particulates as the

dispersed phase. They are characteristically resistant to oxidation and degradation at higher temperatures. This

composite is ideal for high temperature and strength-demanding applications such as in automobile and aircraft gas

turbine engines. However, its susceptibility to brittle fracture restricts its applications. CCCs consist of carbon as the matrix

and carbon as the reinforcement. HCs are comparatively new fibre-reinforced composites developed by using two or more

different types of fibres in a single matrix. This type of composite has a better combination of properties than composites

with a single fibre . PMCs consist of a polymer resin as the matrix, with fibres as the reinforcement. The resin provides

the net shape of the composites and transfers the load to the reinforcement, which absorbs the load and gives the

composite its requisite strength. MMCs consist of a matrix of a ductile metal and a dispersed phase of particulates,

whisker, nanomaterials or fibres. MMCs perform better at elevated temperatures than their base metal counterparts .

Light weight metals such as aluminium, magnesium, and titanium alloys are the ideal base matrices used in producing

MMCs, and are reinforced with carbides, nitrides, borides, and oxides prepared in the form of particles, whiskers, or fibres

. Through the blending and consolidation of the metal matrix and dispersed phase, the composite is enhanced in

specific stiffness, strength, wear resistance, creep resistance, thermal conductivity, and configuration stability. Other

advantages of MMCs over PMCs include higher temperatures of operation, non-flammability, and higher resistance to

degradation by organic fluids . The global demand for MMCs has increased drastically from over 5.5 million kg in 2012

to over 8.8 million kg of MMCs in 2020 . The growth in the development of MMCs has continued to generate enormous

wealth for the producing countries, as can be seen in Figure 1.
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Figure 1. MMCs demand and revenue generated worldwide .

Aluminium alloys are the most widely used matrix in the production of MMCs, both in research and development and in

industrial applications, because of their low density, cheapness (when compared with other light metals like Mg and Ti),

high ductility and high corrosion resistance . This alloy is usually reinforced with dispersed phases in order to

improve its strength, thermal stability, oxidation resistance, wear resistance, creep resistance and toughness. The choice

of reinforcement is based on the application of the composites. Aluminium matrix composites (AMCs) have found wide

applications in automotive , electrical , aerospace , marine , defence/military ,

domestic , medical/surgical instruments , etc. This is because of their improved physical, mechanical,

tribological, thermal and corrosion properties. AMCs possess superior strength, better creep resistance, higher wear

resistance, higher corrosion resistance, a lower coefficient of thermal expansion (CTE), a higher modulus and better

fatigue strength than monolithic Al alloys . 

2. Aluminium Binary Composites

In order to improve the mechanical, thermal, tribological and physical properties of the Al matrix, a choice can be made of

one type of reinforcement, ceramics for instance, to produce a binary composite system. Ceramics are always the choice

material because they possess high hardness, high thermal stability and high wear resistance deficient in monolithic Al.

Hence, reinforcing Al with ceramics produces a composite with good ductility, high strength, high formability, high thermal

and wear resistance, and high toughness . Advanced ceramics such as alumina (Al O ), aluminium nitride (AlN),

zirconia (ZrO ), silicon carbide (SiC), silicon nitride (Si N ), boron nitride (BN), boron carbide (B C), carbon nanotubes

(CNTs), tungsten carbide (WC), and titanium carbide (TiC) are used to engineer Al into specific configurations suitable for

specific applications.

3. Aluminium Hybrid Composite System

Sometimes, a single reinforcement may not give the required properties for specific applications in a metal matrix

composite system. In that case, two or more different reinforcements will be alloyed to generate a hybrid composite

system. Studies have shown that hybrid composite systems possess better properties than conventional composites .

The advantages of hybrid composites over conventional composites include balanced strength and stiffness, balanced

bending strength, superior mechanical properties, high and stable thermal resistance, low weight, reduced cost, better

fatigue resistance, decreased notch sensitivity, enhanced fracture toughness and crack attenuation capability with

enhanced impact resistance . Akinwamide et al.  worked on microstructural, mechanical and tribological

properties of stir cast binary and ternary aluminium based composites. The wear rate results are shown in Figure 2.
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Figure 2. Wear rates of pure Al, Al-SiC, Al-TiFe and Al-SiC-TiFe composites, adapted from .

The composites developed included Al-SiC, Al-TiFe and Al-SiC-TiFe. They were characterized, and the results showed

that Al-5TiFe had the highest yield strength of 115 MPa, highest ultimate tensile strength of 141 MPa and percentage

elongation of 7.6%. The improvement was attributed to the high Fe content in the composite, which is a renowned

strengthening metal. Another sample with improved properties was Al-2% SiC-5% TiFe, which had a yield strength of 94

MPa, UTS of 116 and elongation of 1.6%. Al alloy had YS of 69 MPa, UTS of 82 MPa and elongation of 4.2%. Hence, the

best sample had improvements of 66.7% and 72% in YS and UTS, respectively. Al alloy possessed the highest wear rate

of 4.5 × 10  mm /Nm, while Al-5% SiC-2% TiFe had the lowest wear rate of 1.8 × 10  mm /Nm (150% improvement),

while Al–5TiFe had a wear rate of 2.9 × 10  mm /Nm (55.2%) as shown in Figure 2.

4. Aluminium Matrix Reinforced with Nano-Sized Reinforcements

Nanoparticles (0D), nanorods/nanofibers (1D), and nanosheets (2D) are the various nano-sized reinforcements presently

researched for the improvement of the properties of Al matrix. Reinforcements in the nanoscale structure are preferred to

micro-meter counterparts because they are lighter in weight; they possess higher volume-to-surface ratios with diameters

that are more controllable; they exhibit higher reactivity; and they enhance material properties more . Therefore, the

applications of Al matrix composites have received substantial expansion and advancement since the introduction of

nano-sized reinforcements. Some authors have reported better fatigue and tensile strengths; higher hardness, better

tribological, chemical and thermal properties  when nanoparticles were used to reinforce Al matrix. In order to harness

the plethora of advantages obtainable in reinforcing Al matrices with nanomaterials, the volume fraction must be controlled

because too much of the nanomaterials induce agglomeration and poor wettability. When ceramic nanofibers (1D) were

used to reinforce an Al/Mg matrix in a study, it was observed that when the volume fraction exceeded 1%, the mechanical

strength and other properties deteriorated, which was attributed to the dwindling of the crack bridging effect of the

nanofibers/weak interfacial bonding between nanofibers and the Al/Mg composite. However, below 1%, the properties

improved tremendously . It was reported that the thermal conductivity of an Al matrix reinforced with graphene

nanosheets (2D) and SiC nanorods (1D) increased by 115%, making the composite suitable for aerial conductors as well

as other thermal applications . With 46% improvement in corrosion resistance in NaCl medium and 47% improvement

in H SO   medium, Al reinforced with CNTs (1D) and produced with SPS was suggested to be a useful material for

overhead electrical transmission conductors, especially in corrosive environments . By and large, the introduction of

nano-sized reinforcements to metal matrices has expanded the usefulness of AMCs; even though their homogenous

dispersion into the matrix together with their wettability needs further research.

References

1. Shyha, I.; Huo, D. Advances in Machining of Composite Materials; Springer: Cham, Switzerland, 2021.

2. Nagavally, R.R. Composite materials-history, types, fabrication techniques, advantages, and applications. Int. J. Mech.
Prod. Eng. 2017, 5, 82–87.

3. Kabir, R.B.; Ferdous, N. Kevlar—The super tough fiber. Int. J. Text. Sci. 2012, 1, 78–83.

[38]

−5 3 −5 3

−5 3

[39]

[40]

[41]

[42]

2 4
[17]



4. Research. History of Composites. 2018. Available online: https://www.thoughtco.com/history-of-composites-820404#:~:
text=He%20also%20writes%20about%20the%20industry.&text=When%20two%20or%20more%20different,create%20
strong%20and%20durable%20buildings (accessed on 25 July 2022).

5. Callister, W. Composites, chapter 16. In Material Science and Engineering an Introduction; John Wiley and Sons, Inc: H
oboken, NJ, USA, 2003; p. 527.

6. Safri, S.N.A.; Sultan, M.T.H.; Jawaid, M.; Jayakrishna, K. Impact behaviour of hybrid composites for structural applicati
ons: A review. Compos. Part B Eng. 2018, 133, 112–121.

7. Ananth, C.; Chandra, N. Elevated temperature interfacial behaviour of MMCs: A computational study. Compos. Part A A
ppl. Sci. Manuf. 1996, 27, 805–811.

8. Kaczmar, J.; Pietrzak, K.; Włosiński, W. The production and application of metal matrix composite materials. J. Mater. P
rocessing Technol. 2000, 106, 58–67.

9. Salih, O.S.; Ou, H.; Sun, W.; McCartney, D. A review of friction stir welding of aluminium matrix composites. Mater. Des.
2015, 86, 61–71.

10. Torralba, J.D.; Da Costa, C.; Velasco, F. P/M aluminum matrix composites: An overview. J. Mater. Processing Technol.
2003, 133, 203–206.

11. Lloyd, D. Particle reinforced aluminium and magnesium matrix composites. Int. mater. Rev. 1994, 39, pp.1–23.

12. Koli, D.K.; Agnihotri, G.; Purohit, R. Advanced aluminium matrix composites: The critical need of automotive and aeros
pace engineering fields. Mater. Today Proc. 2015, 2, 3032–3041.

13. Singh, J.; Chauhan, A. A review on sliding wear behaviour of aluminium matrix composites with hybrid reinforcements f
or automotive applications. Tribol. Online 2014, 9, 121–134.

14. Purohit, R.; Qureshi, M.; Jain, A. Forming behaviour of aluminium matrix nano Al2O3 composites for automotive applica
tions. Adv. Mater. Processing Technol. 2020, 6, 272–283.

15. Ujah, C.; Popoola, P.; Popoola, O.; Aigbodion, V. Enhanced mechanical, electrical and corrosion characteristics of Al-C
NTs-Nb composite processed via spark plasma sintering for conductor core. J. Compos. Mater. 2019, 53, 00219983198
48055.

16. Ujah, C.; Popoola, A.; Popoola, O. Thermal conductivity improvement of Al alloy with Nb nanopowder using SPS for tra
nsmission conductor. In Proceedings of the IOP Conference Series: Materials Science and Engineering, Boston, MA, U
SA, 12–14 October 2019; p. 012004.

17. Ujah, C.; Popoola, A.; Popoola, O.; Aigbodion, V.S. Influence of CNTs addition on the mechanical, microstructural, and
corrosion properties of Al alloy using spark plasma sintering technique. Int. J. Adv. Manuf. Technol. 2020, 106, 2961–29
69.

18. Kumar, N.; Das, A. Ecofriendly energy efficient welding of aluminium matrix composites for aerospace applications: A st
ate of art review. Mater. Today Proc. 2020, 26, 1666–1675.

19. Suryanarayanan, K.; Praveen, R.; Raghuraman, S. Silicon carbide reinforced aluminium metal matrix composites for ae
rospace applications: A literature review. Int. J. Innov. Res. Sci. Eng. Technol. 2013, 2, 6336–6344.

20. Shibli, S.; Archana, S.; Ashraf, P.M. Development of nano cerium oxide incorporated aluminium alloy sacrificial anode f
or marine applications. Corros. Sci. 2008, 50, 2232–2238.

21. Vinod, B.; Ramanathan, S.; Ananthi, V.; Selvakumar, N. Fabrication and characterization of organic and in-organic reinf
orced A356 aluminium matrix hybrid composite by improved double-stir casting. Silicon 2019, 11, 817–829.

22. Hynes, N.; Sankaranarayanan, R.; Tharmaraj, R.; Pruncu, C.I.; Dispinar, D. A comparative study of the mechanical and
tribological behaviours of different aluminium matrix–ceramic composites. J. Braz. Soc. Mech. Sci. Eng. 2019, 41, 330.

23. Reddy, A.P.; Krishna, P.V.; Rao, R.N.; Murthy, N. Silicon carbide reinforced aluminium metal matrix nano composites—
A review. Mater. Today Proc. 2017, 4, 3959–3971.

24. Mohanavel, V.; Ravichandran, M.; Kumar, S.S. Tribological and mechanical properties of Zirconium Di-boride (ZrB2) pa
rticles reinforced aluminium matrix composites. Mater. Today Proc. 2020, 21, 862–864.

25. Ferreira, L.; Bayraktar, E.; Robert, M. Magnetic and electrical properties of aluminium matrix composite reinforced with
magnetic nano iron oxide (Fe3O4). Adv. Mater. Processing Technol. 2016, 2, 165–173.

26. Ravi, B.; Balu, N.; Uday, P. Fabrication and mechanical characterization of boron carbide reinforced aluminium matrix c
omposites. Discovery 2016, 52, 1389–1395.

27. Nagaral, M.; Auradi, V.; Ravishankar, M. Mechanical behaviour of aluminium 6061 alloy reinforced with Al2O3 & graphit
e particulate hybrid metal matrix composites. Int. J. Res. Eng. Technol. 2013, 1, 193–198.



28. Khan, M.; Zulfaqar, M.; Ali, F.; Subhani, T. Hybrid aluminium matrix composites containing boron carbide and quasicryst
als: Manufacturing and characterisation. Mater. Sci. Technol. 2017, 33, 1955–1963.

29. Talla, G.; Sahoo, D.K.; Gangopadhyay, S.; Biswas, C. Modeling and multi-objective optimization of powder mixed electr
ic discharge machining process of aluminum/alumina metal matrix composite. Eng. Sci. Technol. Int. J. 2015, 18, 369–
373.

30. Singh, N.; Belokar, R. Tribological behavior of aluminum and magnesium-based hybrid metal matrix composites: A stat
e-of-art review. Mater. Today Proc. 2021, 44, 460–466.

31. Mavhungu, S.; Akinlabi, E.; Onitiri, M.; Varachia, F. Aluminum matrix composites for industrial use: Advances and trend
s. Procedia Manuf. 2017, 7, 178–182.

32. Macke, A.; Schultz, B.; Rohatgi, P. Metal matrix composites. Adv. Mater. Processes 2012, 170, 19–23.

33. Karvanis, K.; Fasnakis, D.; Maropoulos, A.; Papanikolaou, S. Production and mechanical properties of Al-SiC metal mat
rix composites. In Proceedings of the IOP Conference Series: Materials Science and Engineering, Kozani, Greece, 23–
25 September 2016; p. 012070.

34. Shaikh, M.B.N.; Aziz, T.; Arif, S.; Ansari, A.H.; Karagiannidis, P.G.; Uddin, M. Effect of sintering techniques on microstru
ctural, mechanical and tribological properties of Al-SiC composites. Surf. Interfaces 2020, 20, 100598.

35. Parswajinan, C.; Ramnath, B.V.; Abishek, S.; Niharishsagar, B.; Sridhar, G. Hardness and impact behaviour of aluminiu
m metal matrix composite. In Proceedings of the IOP Conference Series: Materials Science and Engineering, Tamilnad
u, India, 8–9 March 2018; p. 012075.

36. Chamis, C.; Lark, R. Hybrid composites-State-of-the-art review: Analysis, design, application and fabrication. In Procee
dings of the 18th Structural Dynamics and Materials Conference, San Diego, CA, USA, 21–23 March 1977; p. 415.

37. Banerjee, S.; Sankar, B.V. Mechanical properties of hybrid composites using finite element method based micromecha
nics. Compos. Part B Eng. 2014, 58, 318–327.

38. Akinwamide, S.O.; Akinribide, O.J.; Olubambi, P.A. Microstructural evolution, mechanical and nanoindentation studies o
f stir cast binary and ternary aluminium based composites. J. Alloys Compd. 2021, 850, 156586.

39. Wu, Q.; Xu, Y.; Yao, Z.; Liu, A.; Shi, G. Supercapacitors based on flexible graphene/polyaniline nanofiber composite fil
ms. ACS Nano 2010, 4, 1963–1970.

40. Raja, S.; Muhamad, M.R.; Jamaludin, M.F.; Yusof, F. A review on nanomaterials reinforcement in friction stir welding. J.
Mater. Res. Technol. 2020, 9, 16459–16487.

41. Abdo, H.S.; Mohammed, M.L.; Khalil, K.A. Fiber-reinforced metal-matrix composites. In Fiber Reinforced Composites;
Elsevier: Amsterdam, The Netherlands, 2021; pp. 649–667.

42. Chen, L.; Qi, Y.; Fei, Y.; Du, Z. Enhanced mechanical properties and thermal conductivity for GNPs/Al2024 composites
with in situ SiC nanorods. Met. Mater. Int. 2021, 27, 4263–4270.

Retrieved from https://encyclopedia.pub/entry/history/show/72203


