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Novel Al-7.5Zn-1.65Mg-1.4Cu-0.12Zr alloys with
high strength high toughness and low quench sensitivity
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(State Key Laboratory for Fabrication and Processing of Non-ferrous Metals,

General Research Institute for Non-ferrous Metals, Beijing 100088, China)

Abstract: A novel Al-7.5Zn-1.65Mg-1.4Cu-0.12Zr alloy with high strength high toughness and low quench sensitivity
was prepared by conventional ingot metallurgy. The microstructure and properties of the novel alloy under different
processing and temper conditions were investigated. The results indicate that there are less coarse non-equilibrium
AlZnMgCu phases in the as-cast alloy. After two-step homogenization (440 ‘C, 12h+475 °C, 24h) followed by hot
extrusion and solid-solution treatment at 475 “C for 50—120 min, the microstructure of the novel alloy is homogeneous
with few undissolved phases existing in the matrix except a few indissolvable Al,Cu,Fe particles and dispersed Al;Zr
phases. When one-step aging, two-step aging and three-step aging are performed, optimum microstructure and properties
of the novel alloy are obtained. When T6 temper is performed, the ultimate tensile strength (UTS) and electrical
conductivity values are 590 MPa and 20.4 MS/m, respectively. After T7 temper treatment, the UTS, tensile yield strength
(TYS), elongation and electrical conductivity values are 500—-550 MPa, 460—520 MPa, 17.0%—-17.3% and 23.4-25.0
MS/m, respectively. When three-step aging are performed, the alloy can obtain a good combination with T6 and T7
temper, the electrical conductivity is increased up to 23.1 MS/m and the UTS values is decreased only by 3% while in
comparison with T6 temper. The novel alloy has low quench sensitivity, the quench sensitivity value of the alloy can
reach more than 120 mm from the quenching end. The novel alloy also has better fracture toughness with higher Kjc
values than that of the 7150 alloy inT6 temper prepared by the same processing.
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B1 HE5EERMAHN
Fig.1 Microstructures of as-cast Al alloy: (a) OM image of 7150; (b), (¢), (d) OM and SEM images of novel alloy
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BNG S b b (R ) AR L AR I SR 2D VF 2, T 3 PR AT A T IN TA BA A,
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Table 1 Composition of second phase in as-cast alloy shown

in Fig.1(d) measured by EDS (mole fraction, %)

Spot Al Zn Mg Cu
A 28.88 23.21 233 23.85
B 93.27 4.52 221 -

22 BB LSHUER

2 PR NG 4225440 °C, 12 h)H475 °C, 24 h)
WUR I SAE B G I B i 2 iTLLE . &
SBISIAE TG S AR A, R TR AP AL A 2
FEAWR, G AL PRI D> & 1) ALCuMg AH LA
Kl MERSIY) Al CusFe AH(EDS BEVEIMTITIHNOIUT o gom o st 5 s 5 iy AL 0
L2 FiH)). AR, K440 C, 12 hy+475 °C, 24 h)XL Fig.2 Microstructures of as-homogenized novel alloy: (a) OM
PRSI AL FE AT DAAF 2 L AR R34 A4 R image; (b) SEM image
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Table 2 Composition of second phase in as-homogenized

alloy shown in Fig.2(b) measured by EDS (mole fraction, %)

Spot Al Mg Cu Fe
A 53.04 23.59 23.37 -
B 69.56 - 19.96 10.48

B3 HrA SRR RN
Fig.3 Microstructures of as-extruded novel alloy: (a) OM
mage; (b) SEM image
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Table 3 Composition of second phase in as-extruded alloy in

Fig.3(b) measured by EDS (mole fraction, %)

Spot Al Zn Mg Cu Fe
A4 9397 393 2.11 0.74 -
B 72.52 - - 18.44 9.04
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— Dl TEM X SARNEAT LM, Wl 5
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Fig.4 Microstructures of novel alloy after solution treatment:
(a) OM image; (b) SEM image
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Fig.5 TEM images and diffraction patterns of second phases in novel alloy after solution treatment: (a) Al,Cu,Fe; (b) Al;Zr
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Fig.6 Change of mechanical properties and electrical conductivity with aging time for novel alloy under one-step aging treatment at
different temperatures: (a) UTS; (b) TYS; (c) Elongation; (d)Electrical conductivity
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Fig.7 Changes of mechanical properties and electrical conductivity with aging time for two-step aged alloy at different
temperatures: (a) UTS; (b) TYS; (c) Elongation; (d) Electrical conductivity
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Fig.8 Influence of 2nd step aging time on mechanical properties and electrical conductivity of novel alloy: (a) UTS and TYS;
(b) Elongation and electrical conductivity

&4 LAY

I RCIRAS BT 5 S ) A PR RERT L 3

Table 4 Mechanical properties and electrical conductivity of novel alloy under different conditions

Elongation/%

Condition Temper UTS/MPa TYS/MPa Elongation/% E.le‘ctrical a
conductivity/(MS-m )
T6 120 °C, 24h 590 540 16.5 20.4
T76 110 C,6h+t160 C,6h 550 520 17.3 23.4
T73 110 'C,6h+160 C, 16 h 500 460 17.0 25.0
Three-step aging T6+180 ‘C, 40 mintT6 575 560 14.1 23.1
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F5 UM SR i D PERERHE 3 R0 LE (R 25~40 mm ARFE, L 1)

Table 5 Mechanical properties and electrical conductivity of several representative alloys

Alloy Condition UTS/MPa Elongation/% Electrical conductivity/(MS'm ")
7050 alloy T76 540 9.0 22.0
Alcoa 7085 T76 520 9.0 23.1
Novel alloy T76 550 17.3 23.4

B9 FAEGEARINBOIRA T &N s W 515
Fig.9 TEM BF images for specimens of novel alloy by different tempers: (a), (b) T6 (120 C, 24 h); (c), (d) T74 (110 C, 6 h+
160 °C, 6 h); (e), () T73 (110 “C, 6 h+160 °C, 16 h); (g), (h) T6+(180 °C, 40 min)+T6
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AA7150, 7B04 and novel alloy: (a) Hardness of aged bar

sample; (b) Electrical conductivity of quenched bar sample

Hardness and electrical conductivity curves of
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Table 6 Fracture toughness properties of novel alloy and

7150 alloy obtained from same processing

Kic/(MPa:m'?)

Alloy Temper

Experiment data Refs.[14715]
7150 T6 (120 C, 24 h) 44 22-24 (T77)
alloy
Novel

T6 (120 C, 24 h) 70" -

alloy

1) Reference value
3 it

1) OB B 5 < 96 A5 A SV E AT R 1) AR A G
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