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CAO Lin', CHEN Biao'?, JIA Zhendong', GAO Jianglin', LI Jinshan'?

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Innovation
Center NPU Chongging, Chonggqing 401135, China)

Abstract: Aluminum matrix composites (AMCs) using aluminum and its alloys as the matrix not only inherit the
advantages of a wide selection range of aluminum alloys, easy processing and preparation, and good heat treatment
performance but also utilize the advantages of different types of reinforcements, which make AMCs have excellent
comprehensive mechanical, physical, and chemical properties. The emergence of high-performance lightweight and
high-strength aluminum matrix composites has broad application prospects, which provides a new way to meet the
application needs of the aerospace field and gradually replace traditional aluminum or other types of composite materials to
become an important component of aerospace materials. Based on this, this article introduces the basic classification of
aluminum matrix composites, summarizes the main preparation methods and characteristics of aluminum matrix composites
in recent years, and analyses the physical, chemical, mechanical, friction and other properties of aluminum matrix
composites. Finally, the application of aluminum matrix composites in the aerospace field is summarized, and the
development and application of aluminum matrix composites are discussed. It is hoped that this article will be helpful for
better promoting the development of aluminum matrix composites and their applications in the aerospace field.
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Fig.1 Structure of aluminum matrix composite materials prepared by stir casting: (a) schematic of stir casting, (b) structure of
A1, TiOs/Al composite fabricated by stir casting!
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Fig.2 Schematic diagram of pressure infiltration!
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Fig.3 Schematic of SLM processing and the components prepared by SLM®!
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Fig.4 Friction stir processing technology: (a) schematic diagram, (b) friction stir processing equipment transformed from a vertical

milling machine!
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Fig.5 Schematic diagram of the powder metallurgy process??!
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Fig.6 Microconductivity of stromatolite graphene reinforced aluminum matrix composites: (a) schematic diagram of the testing
process, (b) testing results?®!
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Fig.7 Comparison of thermal expansion coefficients of the Al/SiC composite materials with different combinations®
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Fig.8 Corrosion mechanism and properties comparison of aluminum matrix composite: (a~d) corrosion mechanism of aluminum
matrix composite in sodium chloride solution, (e~f) the corrosion rate of different types of aluminum matrix composites in
3.5 wt.% NaCl solution!**
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Tab.1 Mechanical properties of the micrometer particle reinforced aluminum matrix composites

TZ RS YS/MPa UTS/MPa E/% E/GPa Ref.
6061 276 310 20 69
10% ALO;(# #1435, T [7])-6061 297 338 7.6 81
15% Al,05-6061 386 359 54 88
20% Al,O5-6061 359 379 2.1 99
2014 414 483 13.0 73
Duralcan 10% ALOs-2014 483 517 33 84
T6 15% Al,05-2014 476 503 2.3 92 [64]
20% Al,0,-2014 483 503 0.9 101
A356 200 276 6 75
10% SiC-A356 283 303 0.6 81
15% SiC-A356 324 331 0.3 90
20% SiC-A356 331 352 0.4 97
Pure Al 56.6 84 26.2
4% SiC-Al 58.3 91 14.1
ARG G+ 57 Rk 8% SiC-Al 59.7 96 12.5
(570 °C) 12% SiC-Al 61.4 103 9.5 [63]
16% SiC-Al 62.9 115 8.4
20% SiC-Al 64.6 127 7.2
Pure Al 160 186 12.1
1% ALO;-Al 193 221 8.5
FRELHIE [66]
2% AlLOs-Al 215 279 7.6
3% ALO;-Al 210 257 4.0
R2HRFHIGRBEEAM B N FEaE
Tab.2 Mechanical properties of nanoparticle reinforced aluminum matrix composites
TZ LZE SRS YS/MPa UTS/MPa El/% E/GPa Ref.
A356 122 145 6
0.5% SiIC(I& T34, T [7])-A356 125 219 3.8
BRI+ B G 1.5% S?C-A356 133 238 3.8 (67]
2.5% SiC-A356 142 3.8
3.5% SiC-A356 145 285 3.7
4.5% SiC-A356 135 241 3.6
A356 71 145
0.5% SiC-A356 80 200
1.5% SiC-A356 105 220
RS ; [68]
2.5% SiC-A356 120 245
3.5% SiC-A356 145 270
4.5% SiC-A356 110 230
6061 131 205 16.5 68.5
ARG+ R 10% SiC(Jit &t 4341, T [7])-6061 192 287 15 87 [69]
15% SiC-6061 229 329 14 103
2024 85 153 1.3
0.5% Al,0:-2024 139 190 1.2
BREE+ 10 FE 05 3 2 1.0% ALOs-2024 155 210 0.9 [70]
1.5% Al,0:-2024 150 205 0.7
2.0% Al,0:-2024 145 200 0.5
A356 83 134 1.55
1.0% ALO-A356 86 144 1.31
TFE A5 1 [71]
2.0% Al,O-A356 98 152 1.21
3.0% ALOs-A356 100 150 1.12
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Tab.3 The relationship between the elastic modulus and

temperature in the SiC, reinforced aluminium matrix
composite

SiC, & = SiC, R~F AN FRBE TR i 3 M B /GPa
volume fraction/%  /um Zi® 100 C 200 C 300 C 350 C
15 3.5 103.2 1013 974 91.7 887

15 20 939 977 937 911 898
30 2 130 127.6 123.1 117.1 116.2

Pl 9 CNTS/AL 545 b1 k5 H Al A 32 20 1 8 M85 6 525 b1 R
2 B R D 2 PR AR R AT
Fig.9 Comparison of ultimate tensile strength for Al matrix
composites with various discontinuous reinforcements at
different testing temperatures”™
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Fig.10 Dependence of the strength contribution by CNTs on the
aspect ratio of CNTs for AI-CNTs composites prepared by the
powder metallurgy process™
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Fig.11 Pin-on-disc wear apparatus: (a) schematic diagram, (b) physical picture®*
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Fig.12 Friction and wear behavior of cast A16063 based in situ metal matrix composites and matrix alloy: (a) variation in wear rate
with load, (b) variation in wear rate with sliding velocity, (c) variation in wear rate with sliding distance™
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Fig.13 Schematic diagram of the wear process mechanism of alumina fibre reinforced aluminum matrix composites!*!
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Fig.14 The proportion of materials and composite materials
used in commercial aircraft!'®!
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Fig.15 Application of SiC reinforced aluminum matrix composites in the aerospace field: (a) American F16 fighter's abdominal fin,
(b) F16 fighter center rack hatch 23, (c) Fan outlet guide blade, (d~e) EC120 helicopter rotor blade sleeve!*12
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Fig.16 Aluminum matrix composite materials used in the acrospace industry: (a~b) diamond/Al-based composites,
(¢) honeycomb board!'™?)
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Fig.17 CNTs/Al composite structural components and cabin of a launch vehicle developed!
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