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Research Progress on the Method of Improving Conductivity for
Aluminum Alloy and Aluminum Matrix Composites

BI Xiaoqin', ZHANG Sen', XU Qin', CAI Yanhui', FU Ying’

(1. Henan University of Technology, Zhengzhou 450001, China; 2. Songshan Lake Materials Laboratory, Dongguan 523808,
China)

Abstract: Aluminum alloy and composite materials with low density and good conductivity are considered as the preferred
materials to replace copper wires. In this paper, the effects of internal microstructure defects, types of solid solution
elements and microstructure on the conductivity of aluminum alloy and composite materials are analysed. On this basis, the
methods of boron treatment, Mg/Si ratio adjustment, rare earth element addition, heat treatment and deformation treatment
to improve the conductivity of aluminum alloys are summarized, as well as the development of solid state process, liquid
state process and selective laser melting process for conductive aluminum matrix composites. The advantages,
disadvantages and application conditions of each method are analysed, and the future research direction of aluminum alloy
wire is summarized and prospected.
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Fig.1 Effect of boron treatment and grain refinement on the properties of different alloys: (a) comparison of the increase in ultimate

tensile strength, (b) comparison of the increase in conductivity of each alloy'

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

[35]

http://www.cnki.net



-540-

Vol.44 No.06

FOUNDRY TECHNOLOGY Jun, 2023
: Al-Mg-Si :
Mg/Si 173, Mg,
Mg 5 Mg/Si .73
Si, Si o ,
Al-Mg-Si : Si
o Al-Mg-Si ,
Si ,
2 AA6101 SEM 40421
[38]
Fig.2 SEM image of the boride core-shell structure formed by °
AAG6101 after conventional boron treatment®® Khangholi ¥ 4 Mg/Si ( )
TMs, TMs 2.15.1 0.86 Mg 0.65%
AL, o M : 3 Mg/Si 15
: AA6101 ) .
Xu Mg/Si  ( )
’ 180 C
’ . Mg/Si 1.18
) [45] 6
' Al-Mg-Si Mg/Si ( ):0.73.1.19
’ ’ 130, : 130
’ O ’ , Han
’ Mg/Si  ( ) 0.75.
» ’ 1.10.1.48  1.94 Al-Mg-Si
212 Mg/Si 4 B’
. Al-Mg-Si Mg/Si  ( ° Mg/Si ’
) , Mg/Si
. Al-MgSi S Mg ’ 40%,  Mg/Si
Mg,Si ’ ’ ,Mg/ Si o
. Al-Mg-Si (supersatu- Mg/Si 1.48, ’ A
rated solid solution, SSS) :SSS— ° ’ Mg/Si
(Guinier-Preston, GP )" —p' — : ’ °
B (MaSi)¥, Mg/Si Al-Mg-Si -Mg/Si L5
3 . MgSi 173, Mg - Mg/Si
Si MgSi | ALSi 1.2~13 o
3 .(a) UTS ,(b) )

Fig.3 Relationship between aging time and properties of alloys: (a) the relationship of UTS with aging time, (b) the relationship of
conductivity with aging time!*!
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Fig.4 TEM images of Al-2.5RE alloy annealed at 230 “C after deformation treatment: (a) grain size at low magnification, (b) grain size
at high magnification'™
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Fig.5 Variations in electrical conductivity for the Al-0.6Mg-0.6Si and Al-0.6Mg-0.6Si-0.08La alloys during artificial aging at different
temperatures: (a) 175 C, (b) 215 'CB
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Fig.7 Microstructure of Al-Mg-Si-Cu alloy with solid solution of 30 min at different temperatures: (a) 510 ‘C, (b) 520 C, (c¢) 530 C,
(d) 540 °C, (¢) 550 C®
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Fig.8 Schematic diagram of the severe plastic deformation process: (a) high pressure torsion (HPT) process diagram, (b) schematic
diagram of the equal channel angular pressure (ECAP) process™
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Fig.11 The synthesis process of the Al-graphene composite: (a) pristine graphite, (b) graphene oxide (GO) with negative charges
prepared by the chemical exfoliation method, (c) Al powders, (d) Al powder coated by hexadecyl trimethyl ammonium bromide with
positive charges (CTAB-ALl), (e) Al-GO powders, (f) Al-graphene composite consolidated by powder metallurgy!"®
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Fig.12 Comparison of properties between matrix and composite materials: (a) comparison of tensile strength between matrix and
composite, (b) comparison of the comprehensive properties of GNSs/Al composite in reported articles, including the relationship
between volume of reinforcement, tensile strength and elongation, (c) electrical conductivity of matrixes and composites with various
ball milling time (IACS: international annealed copper standard) "™
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