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Abstract: With the growing demand for lightweight and high-performance materials in aerospace, transportation and related
fields, low-density, high-strength and weldable aluminum alloys have emerged as a research hotspot. Although conventional
high-strength aluminum alloys exhibit excellent mechanical strength and corrosion resistance, they generally suffer from rela-
tively high density and poor weldability. Therefore, the development of aluminum alloy systems that simultaneously offer low
density, high strength and superior weldability has become a critical issue in both fundamental research and engineering ap-
plications. To address this challenge, this study proposes a design strategy and development perspective for low-density,
high-strength and weldable aluminum alloys, integrating alloy composition regulation, microstructure and phase optimization,
as well as the application of advanced welding techniques. From the standpoint of alloying, increasing the Mg content signifi-
cantly reduces the overall alloy density due to its low atomic mass. In terms of microstructure and phase constitution, the ad-
dition of Zn promotes the formation of the T-Mg,,( Al, Zn) ,, phase, which effectively suppresses the precipitation of the det-
rimental 8-Al; Mg, phase commonly found in low-density, high-strength and weldable aluminum alloys. The finely dispersed
T-Mg,,( Al,Zn) ,, phase not only refines the microstructure, but also enhances the matrix strength. From a processing per-
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spective, advanced welding technologies such as friction stir

WESES: 2025-09-08 EE RS 2025-09-23 welding are employed to overcome the weldability issues of
E€HH: FEFEELH KI5 H (2023YFB3710401 low-density, high-strength and weldable aluminum alloys.
’ 2023YFB3710403 ) ’ Furthermore, the susceptibility of low-density, high-

strength and weldable aluminum alloys to stress corrosion
cracking is systematically analyzed, and rational solutions
are proposed. These combined strategies aim to achieve a

Email: xpsong@ skl. ustb. edu. cn comprehensive balance among density, strength, weldability
: 10.7502/j. issn. 1674-3962. 202509008 and corrosion resistance, thereby promoting their engineer-
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ing application in advanced equipment manufacturing.
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Table 1 Comparison of properties and cost between aluminum alloys and magnesium alloys
Properties Aluminum alloy Magnesium alloy
Density/ (g/cm®) 2.60~2.90 1.74~1.85
Damping capacity Good Excellent
Physical properties
Heat dissipation capability Good Moderate
Electromagnetic shielding Good Moderate
Tensile strength/MPa 150~ 600 200~400
Specific strength/ (MPa +cm®/g) 100~200 80~150
Stiffness/GPa 70~79 40~45
Mechanical properties
Ductility Good Poor( room temperature )
Corrosion resistance Excellent Poor
Fatigue strength Excellent Poor
Hot formability Excellent Moderate

Processing properties
Weldability

Good, with susceptibility to cracking
and porosity

Poor, with high susceptibility to
cracking and porosity

Mineral resources ( China)

Cost

Limited reserves,
mainly dependent on imports

Large reserves, accounting for

about 70% of the global total

Low material and processing costs,
highly competitive

High material and processing costs,
primarily for high-end applications

4R R 4 58 2 R /D 1 5 < DR 52 B
R Z —, HXP Tk ek, gk, 5%
SERIURIBA AT, 300 3o 500 A D [T SR T LA, HL A ok
AR AR T it S DU AL, 2 A O J3E e At s P )

ALK TR R RSS9 3 — A2 T T e 1) B A A
VRIXGE o 27— b L 8 g A il 2 £ DR Ay BT T AR RS 1Y
BB, SRR S i 8 BR SC B, RO T
I BB b kR, AT LSS E R H Ay, i E



o553

ZREREIRAE  RRE R0 TR S AT ST R B e R

399

R P 25 P2 B4 A 1 AR 3G T L T A2, Oy s K
BRI EARE T — & e . SR bER, T
LIRS, KA R AR RS e O KRR
BT B BILIE AR

2 ZRREESEAERASHXIR

IR BN FANED A &% R R, 1B B &
BRI, 1886 4F, & [EFE /R Mk ERE LR &Y
TR A T2, B A A T UK A A Y
SEARES A5 T T DA R T 4R AR, JE R
THERG & R RN B BEAG, 19 thgd 90 4R ~ 20 4
10 R4, B @R BT AR-0 A S B AN TG
SIS, MRS 4 R R IR L T, AT
TG SNENEAPRIRHY, i 78— RS
SRR (~95%Al, ~4%Cu, ~0.5%Mg. ~0.5%Mn, J5
BB, R, 78 RBEHESR B3R TR, 20 iE42
20 AFAR ~20 4 40 4EAR, BfA SR — UK BEOR AR AER ik
TR L RN, F G2k T4 A s A
JEBY BE, F £ MR A A MYk OT &, I Al-Cu-Mg &R
(2 Z)M Al-Zn-Mg-Cu & (7 R) BG4, R —
SARFEC TS IR IR KR Z G, B A 4R NE
T e 3 ] RGP 25N, 3R T3 = IR KA &
JEBBE, 20 TR 50 4E1% ~20 T2 60 4R1R, BEEATR LK
WETARDSE, Al-Mn . Al-Mg B85t 48442 (3 & A
SHE)LLK ALSE REEEM A4S (4 F) M4k R,
20 tH42 70 4FAR ~20 42 90 4FAR, 2 il K A5 i v
KWIKsh, il AL A 228 TEE, EEFLT
Al-Cu-Li(8 ) FH TR KHLANEAS, R H#EH Al-Li-Cu-
Mg(8 R) FH T 25% A330/A340 45 b4, 21 42 LISk,

b, mEE . ). Wik R R T A AR R
(M EHE, kR T MR b T8 Al-Mg-Si
H4(6 %), WNEEE AA6016 FHTHErH 42 5 93 d &
40%, UKFE=REA64, WEED 209 ATE%
A350 HLE SR E 15% ~20%, LR IREIL 0 (04
JEFFE BB REA T AT A & J i 26 DA = 5 ) 7000 R A8 A
G, FTRE T EAME B, AR €919, i 20 DL K
€909 HLEAE, FEBLH BRI KL

M ERBE SN ERIIER LR N, BRI E L&
WEPIN ARG T HIEH L, IFHRERELW N
KA SMEZ I m, R0, Bl Ry o
HIRINAE Li, LA AL A& RSE, (HaXFoy
PRAE S, KB TR LA TR, &8 Li R
ORI RA R, RIS 2 R R £ i 08 2 R B2
PORJFIE, T i T 2R R4 | feFEm .
HEPE R 2, AR e 0 P ARG, T L il 5 4 i it
MG &, 4 BN TORIER, HAtT g H %k,
HCR 48 Li SRS A it i, BR T &b oK
Gh, BEARERATNY, FRBNRERLKE D LnrEE i,

Fraz)@ Li el B E IR & &% s, Heuhd4T
XA aR R ERRIFERCE, K2 TH
MEREEETELEITEME, S, G8%EIR
e R 27 LB, 5 REA4m T REM
S 4l HSE H2.65~2.68 g/em’, BE/THE
A4, HKEE Mg & —Fal DAk R & 400
ORI, SEBAE T Mg &AM T 6%,
T2 B v S R B A (AL Mg, ), A 4
RSB R RE, P, ZEmiBE & BRI T T R B m e & i
ARG & HA IR X,

x2 REGETEFARUREETRLEBHESESE
Table 2 Classification of aluminum alloys based on different alloying elements and whether they can be heat treated

Strengthening phase

Alloy Alloying Density/ Tensile strength/ - Performance characteristics, typical grades
system elements (g/cm®) MPa Type Density/ and application fields
e (g/em’)
Alloys such as 1050 and 1060 are commonly used
1XXX Al 2.70 45~80 None — in fields like electrical wires and cables, packa-
ging materials, and architectural decoration
Al-Cu-Mg, Al,Cu, 4.35 Duralumin alloys ( heat-treatable ) , such as
2XXX Cu 3% ~6%, 2.75~2.80 400~ 500 2024, commonly  used  for  aircraft
Mg 0.5%~1.8% Al, CuMg 4.34 structural component
ALM Corrosion-resistant aluminum alloys ( non-heat-
3XXX g 2.73 100~ 180 AlgMn 3.65 treatable) , such as 3003, commonly used for
Mn 1.0%~1.5% . .
cookware and architectural decoration
ALSi Cast aluminum alloys ( non-heat-treatable ) ,
4XXX . ) 2.72~2.80 150~230 Si 2.33 such as ZL105, used for cylinder heads and
St 4% ~22%

hydraulic pump housings
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Strengthening phase
Alloy Alloying Density/ Tensile strength/ - Performance characteristics, typical grades
system elements (g/em®) MPa Type Density/ and application fields
" (g/cm’)
Al-Mg-Mn, Al;Mg, , 2.17 Corrosion-resistant aluminum alloys ( non-heat-
5XXX Mg2.0%~5.5%, 2.65~2.68 190~440 treatable) , such as 5052, commonly used in
Mn 0. 1% ~1.0% Alg(Mn, Fe) 3.76 ships and vehicles
. Wrought aluminum alloys with high corrosion
Al-Mg-Si, - resistance ( heat-treatable ) , such as 6061
6XXX Mg0.4%~1.2%), 2.68~2.70 90~310 Mg, Si 1.99 T L oo T T J
> used for automotive components and rail vehi-
Si0.4%~1.5%
cles
Al-Zn-Mg-Cu, Ultra-high-strength  aluminum alloys ( heat-
7n 5% ~ 8% treatable) , such as 7075 and 7475, used for
s ~ ~ MeZ s s
XXX Mg 190-39% 2.78~2.81 500~660 o2 382 Nitbus  A350XWB  and fighter  aircraft
Cu 0~2.5% fuselage structures
ALLi Low-density/high-modulus aluminum alloys,
8XXX o 2.47~2.60 450~580 Al Li 2.30 such as 2199, wused in aerospace and

Li 1.5%~2.7%

related fields
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Fig. 1

Al-xMg-3Zn =JCHIE (a), Al-xMg-3Zn & &HIEHEE (b)
Al-xMg-3Zn ternary phase diagrams (a) , theoretical densities of Al-xMg-3Zn alloys (b)
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Fig. 2 Microstructure of Al-10Mg-3. 5Zn-2. 7Si alloy[sz]; (a) XRD pattern, (b) backscattered scanning electron microscopy image,

(¢) Mgy, (Al, Zn),9 TEM image

BRUCLISL, 8K KA M HF5E Al-SMg-3Zn & 4,
RIVIFTEIN A LE T-Mg, (AL, Zn) , A, T AHAEER T R
14 5.69~5.86 nm, W LR FIREFHTREGRICIEH . AR
LA ERFSE R, R E AR BE i AR AR A A
Zn JCR, AMUATLIBHIEHIKR B-( AL Mg, ) #r iy, i HAE S
PR A 7 A S M AR 1 2
3.2 MAEE

CAMBIR TAERMW, 4868 hRneE Mg & &

HaaocE G, Hyrhirkaenl LUK E7b, Yu 45 1
il 45 G Al-6. 2Mg-1. 95Zn & &M K P INAE R ME 4
fbICE Si, Sc, Zr, DEMRALEOCIE GBS BORS T s
% 600 MPa I BT 4758 & . Xiong 557 il £5 1) AL-8. TMg-
3Zn & 4 BB B T 35 625 MPa, 4 JK Y Ml Ding
ZECS N IIEST T Mg S X5 Al-wMg-yZn (18] 3a) | T4
B (CREFRL) Al-xMg-yZn (&l 3b) 1 T6 25 (WERTRL) Al-xMg-
37Zn( Bl 3c) A& SR, il 3 i, EHEA

—s— Al-xMg-2Zn @
400 - —e— Al-xMg-3.75Zn
—a— Al-xMg-5.5Zn

w

Q

S
T

—=— Al-xMg-2Zn

Tensile Strength/MPa
5 8
=] (=]
Tensile Strength/MPa
w
(=3
S

(<)

=1

S
T

A

7
3

250 —e—Al-xMg-3.75Zn
—— Al-xMg-5.5Zn

600
El Yield strength

500 Tensile strength

Strength/MPa
N Cw s
g 8 ¢

g

. A . 150 .
4 6 8 4
Mg content/wt%

Mg content/wt% Alloy 0 Alloy 1 Alloy 2 Alloy 3 Alloy 4

Al-5.6Mg-3Zn Al-5.3Mg-3Zn Al-4.7Mg-3Zn Al-4Mg-3Zn Al-3.4Mg-3Zn

E 3 sEEAEIAE. (a)85& Al-aMg-yZn, (b)T4 % Al-ng-yZn[m ; (e)T6 S Al-ng-3Zn[58]
Fig. 3 Strength variation diagram: (a) cast state Al-xMg-Zn, (b) T4 state Al-ng-Zn[m ; (c) T6 state Al—ng-?)Zn[Ss]
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Fig. 4 Changes in density and tensile strength of aluminum alloys with

different Mg and Zn contents!*3> 48: 39764]
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Fig. 5 Morphology of Al-10Mg-3Zn after corrosion: (a) exfoliation cor-

rosion, (b) intergranular corrosion
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Fig. 6 Weld joint appearance of Al-10Mg-3Zn: (a) tungsten inert gas

arc welding, (b) laser arc welding, (c¢) friction stir welding
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