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Fig. 1 Microstructures of ultra-high strength Al-Zn-Mg-
Cu alloys treated by single-stage ageing: (a) TEM image;

(b) HRTEM image of precipitates; (c) Intergranular
precipitate morphologies (Inset in (b) is SAED patterns at

< 100 > direction)
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Fig. 2 Transgranular precipitate morphologies of ultra-high strength Al-Zn-Mg-Cu alloys treated by first-stage ageing at
80 C for different time: (a), (b) 8 h; (¢) 12 h; (d) 16 h; (e) 20 h; (f) 24 h; (g), (h) 28 h (Inset in (g) is SAED patterns at
< 100 > direction)
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Table 1 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by first-stage ageing at 80 C for different time

Time of first- Tensile strength/ Yield strength/ Elongation/ Electrical conductivity/
. Hardness, HV B
stage ageing, x/h MPa MPa % MS-m™)
8 697£10 680+13 11.94£0.6 193+5 14.62+0.11
12 723+9 71449 11.1+£0.4 207+10 15.43+0.10
16 720+16 711422 10.8+0.6 208+8 15.65+0.05
20 729+15 723+16 12.5+0.6 226+13 15.68+0.04
24 73118 724+9 11.3+0.6 227+16 15.69+0.04
28 7377 7367 10.7+0.6 228+8 15.70+0.04

/416.3 nm

18:5nm

N

B3 f£80 'C T — 2 A RIS [A] FA78 i 9 Al-Zn-Mg-Cu 15 4 10 (R H AR T 35
Fig. 3 Intergranular precipitate morphologies of ultra-high strength Al-Zn-Mg-Cu alloys treated by first-stage ageing at
80 C for different time: (a) 8 h; (b) 12 h; (c) 16 h; (d) 20 h; (¢) 24 h; (f) 28 h
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Fig. 4 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by first-stage ageing at 80 ‘C for different time:
(a) Tensile mechanical properties; (b) Electrical conductivity and hardness
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Fig. 5 Precipitates morphologies of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing processes: (a) 8+8
ageing; (b) 12+8 ageing; (c) 16+8 ageing; (d) 20+8 ageing; (e) 24+8 ageing; (f) 28+8 ageing
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Table 2 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing processes with (120 ‘C, 8 h) of

second-stage ageing treatment

Time of first- Tensile strength/ Yield strength/ Elongation/ Electrical conductivity/
) Hardness, HV ~

stage ageing, x/h MPa MPa % (MS-m™)
8 785+4 773+£3 8.8£1.6 214+6 16.56+0.02

12 786+5 778+£5 10.94+0.8 22742 16.62+0.13

16 788+6 78745 10.8+0.8 22343 16.70+0.03

20 787+8 784+7 11.3+£0.2 216+2 16.73+0.03

24 775+6 767+6 11.240.3 21543 16.73+0.02

28 773+£9 765+11 10.6+0.5 208+5 16.77+£0.02

22.2.hm

Th
23.4'nim, £\

El6 WU &4 b HE i 5 Al-Zn-Mg-Cu
Fig. 6

A4 n AT AR
Intergranular precipitates morphologies of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing

e

processes with (120 ‘C, 8 h) of second-stage ageing: (a) 8+8 ageing; (b) 12+8 ageing; (¢) 16+8 ageing; (d) 20+8 ageing;

(e) 24+8 ageing; (f) 28+8 ageing
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Fig. 7 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing processes with (120 C, 8 h) of
second-stage ageing: (a) Tensile mechanical properties; (b) Electrical conductivity and hardness
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Fig. 8 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing processes(y=4 — 16): Tensile
mechanical properties of 12+y ageing (a), 16+y ageing (b) and 20+y ageing (c); Hardness and electrical conductivity of 12+y
ageing (d), 16+y ageing (e) and 20+y ageing (f)
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Table 3 Properties of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-stage ageing processes

Time of first- Time of Tensile . . Electrical
. Yield strength/ Elongation/ .

stage ageing, second-stage strength/ MPa % Hardness, HV conductivity/

x/h ageing, y/h MPa MS-m™)
4 769+7 75445 11.8+0.4 20948 16.49+0.03

6 77246 763+9 11.0£1.2 211£5 16.62+0.03

8 7865 778+5 10.9+0.6 21747 16.64+0.03

12 10 78245 780+2 10.8+0.4 21545 16.70+0.02
12 769+9 768+8 9.3£1.6 21344 16.77+0.03

14 769+9 759+14 7.8+0.4 21245 16.89+0.03

762+6 735+4 10.8+0.1 202+8 16.20+0.04

770£7 753+9 11.6+0.8 20746 16.46+0.07

775+1 773£7 11.0+0.1 20945 16.64+0.05

783+8 784+7 11.3+0.2 210£5 16.77+0.04

16 10 78548 T77+9 10.7+0.1 218+4 16.81+0.02
12 77348 77249 9.8+0.8 216+4 16.87+£0.02

14 775+1 774+1 9.7+0.5 212+1 16.90+0.03

16 773+6 773+6 9.0+0.6 21243 16.91+0.02

762+2 754+£5 11.2+0.3 206+6 16.45+0.03

773+1 76349 9.5+0.7 211+4 16.56+0.04

788+6 78745 10.8+0.7 2154 16.73+0.03

20 10 786+4 782+1 10.7+0.5 21343 16.73+£0.03
12 77248 768+8 9.0+0.5 21243 16.86+0.03

14 77342 766+4 9.4+0.1 21342 16.94+0.03
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Fig. 9 TEM images and SAED patterns (insets in (a) and (e)) of ultra-high strength Al-Zn-Mg-Cu alloys treated by two-
stage ageing processes with (80 C, 16 h) of first-stage ageing: (a), (b)16+4 ageing; (c)16+10 ageing; (d)16+12 ageing; (e), (f)

16+16 ageing
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Effect of two-stage peak ageing on microstructure and
mechanical properties of ultra-high strength Al-Zn-Mg Cu alloy

HAN Bao-shuai, ZENG Yuan-song, RONG Gang, LIU Ya-fei, MA Xiao-guang, XU Yan-jin, HAN Xiu-quan

(Department of Materials Application Research, AVIC Manufacturing Technology Institute,Beijing 100024, China)

Abstract: The ultra-high strength Al-Zn-Mg-Cu alloy of 800 MPa is of great significance to the lightweight of the
aviation structure, but the fracture elongation fluctuates greatly at present. In this paper, a two-stage peak ageing
process was proposed. The microstructures and mechanical properties of the alloys treated by single-stage ageing
at 120 C, first-stage ageing at 80 ‘C and second-stage ageing at 120 ‘C were systematically compared. The results
show that after the first-stage ageing treatment, high-density GP zones precipitate in the matrix, which promotes
the formation of fine dispersion 7' phase during the second-stage ageing process. Compared with the single-stage
ageing state, the width of precipitation free zone (PFZ) at grain boundary is reduced. When the second ageing time
is between 8-10 h, the strength is the highest and the elongation is more than 10%. The decrease of the width of
PFZ at grain boundary is the direct reason for the increase of elongation.

Key words: ultra-high strength Al alloy; pre-ageing; precipitate; precipitation free zone; elongation
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