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Abstract: Aluminium matrix composites (AMCs) are important industrial component materials because of their light
weight and high specific strength. With the increasing demand for higher service performance and improved fuel economy,
components serving in the temperature range of 300~500 C impose more stringent requirements on the high-temperature
performance and thermal stability of AMCs. This review first summarizes the current fabrication methods and related
research on AMCs. Afterward, on the basis of the recent new findings of advanced heat-resistant AMCs, the design
principles and architectural strategies for achieving superior high-temperature performance are reviewed, and the key
challenges and future trends are summarized. Finally, critical processing technologies and future development directions for
high-performance AMCs are summarized and discussed.
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Fig.1 Process flow diagram of powder metallurgy™
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Fig.2 Schematic diagram of the mechanism of the in situ reaction synthesis of the Al-B-C system: (a) after infiltration, B and C are
dispersed on the Al particle surfaces; (b) during the initial reaction stage, the formation of AlB, and the dissolution of C and B occur;
(c) during the intermediate stage, the formation of AI;BC and the continued generation of AlB, occur; (d) the in situ conversion of
ALBC is complete!"
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Fig.4 Composition and forming process of LPBF equipment: (a) basic principle of LPBF equipment; (b) schematic diagram of the
LPBF formation process; (¢) bead formation in LPBF; (d) physicochemical phenomena during powder melting™!
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Fig.5 TEM images of the microstructure of AMCs: (a) TEM image showing the distribution of ex-situ and in-situ reinforcements in the
matrix; (b, ¢) fast inverse Fourier transform images®
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1
Tab.1 Advantages and disadvantages of various ex—situ reinforcements
Category Reinforcement Advantages Disadvantages
Ceramic SiC, TiC, B,C High hardness, high modulus, high melting point Poor interfacial bonding
) . 1. Poor interfacial bonding, prone to adverse
Excellent specific strength, electrical and )
Carbon CNTs graphene o reactions
thermal conductivity . .
2. Nanocarbon materials are prone to agglomeration
Whisker Al;sB.O3, MgALO, Ultra-high strength High cost, disordered orientation in the matrix
1. Prone to interfacial reaction
Metals High-entropy alloy®" Good wettability of reinforcement 2. Hardness and high-temperature stability inferior to
traditional ceramics
) ) ) ) 1. High production cost
Rare earths (RE) Ce0,, La,0; High melting point, high hardness

2. Environmental concerns

N

(friction stir processing, FSP)

[17,33-34]
o o
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Tab.2 Categories, advantages, and disadvantages of in—situ reinforcements
Category Reinforcement Reaction system Advantages Disadvantages
. . ) . 1. Particles are prone to agglomeration
. Al-CuO™ High melting point, good chemical ) _ )
Oxides ALO; ) . 2. High-purity raw materials are
Al- RE oxides™ and thermal stability .
expensive
Al-FeTiOs-C*" )
. . . ) 1. Complex reaction control
Carbides TiC, WC, VC Al-W-C High hardness, high modulus . . . .
2. Risk of interfacial brittle phases
Al-V-C
. . . 1. Environmental pressure of the process
) ) ) High hardness, industrially
Borides TiB, Al-KBF,-K,TiF

Multi-type hybrid Al,O;, TiB,, TiC

Al-FeTiOs-B,0;-C*"

) 2. Difficulty in controlling morphology
producible

and size
) . 1. Difficulty in multiphase distribution
Clean interface, extremely high

. and interfacial synergy
thermal stability

2. Complex reaction system
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Fig.6 Mechanical performance of multiscale heterostructured AMCs: (a) tensile curves of S-TiB, at room and elevated temperatures;
(b) comparison of room-temperature mechanical properties with those of high-strength Al-Si alloys fabricated by different processes;
(¢) comparison of high-temperature tensile strength with those of other heat-resistant aluminium alloys; (d) loading-unloading-
reloading (LUR) tensile curves; (e) hysteresis loops and back stress; (f) schematic illustration of back stress during deformation of the
multiscale heterostructure!™
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Fig.7 Interface replacement dispersion strategy and proposed material properties: (a) schematic diagram of the interface replacement
dispersion concept; (b) TEM morphology of few-layer graphene-coated MgO nanoparticles; (¢) room-temperature and
high-temperature mechanical properties of MgO nanoparticle dispersion-strengthened aluminium matrix composites;

(d) high-temperature creep resistance of the composites!>!
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8 AMCs :(a) ;(b) 350 °C &l
Fig.8 Mechanical performance of in-situ synthesized reinforced AMCs prepared: (a) tensile test at room temperature; (b) tensile test at
350 CHl
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Fig.9 Wear surfaces of AMCs: (a) room temperature, 20 N; (b) room temperature, 40 N; (c) 150 ‘C, 20 N; (d) 250 C, 20 N
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Fig.10 Comparison of tensile properties between the
TiCN/AISi10Mg composite and AlSi10Mg at different ’
temperatures™ N )
11 AMCs :(a) 2219 . NTM-2219 -,
NTM-2219 ;(b) NTM-2219
(SUTS) 361

Fig.11 Comparison of mechanical properties of AMCs: (a) engineering stress-strain curves of as-printed 2219 aluminum alloy,
as-printed and heat-treated NTM-2219 aluminium alloy at different temperatures, and work hardening rate curve of heat-treated
NTM-2219 aluminium alloy; (b) specific ultimate tensile strength (SUTS) as a function of temperature for heat-treated NTM-2219 and
other commonly used high-strength aluminium alloys®
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