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Table 1 Heat treatment parameters used for Al-Zn-Mg-Cu alloy

Solid solution-hot rolling

Pre-ageing

treatment Ageing

Rolling  treatment

t/h
1 Al-Zn-Mg-Cu &8 R HHIMRAL 3 T 2R
Fig. 1
Al-Zn-Mg-Cu alloy

Schematic presentation of novel TMT for
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118 GBT 12966—91 W15 (1, AN EHE ri 350 1o
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TG AR S 3 A B 7 J L AT, AR R
N107°s™, BN 3.5%NaCl &R, 3 HAED
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Issrr KR RAE: Issrr=1-[Ring svanact) X (14453 sonacn)]/
[Rongainy X (1+A4ai) 1", HAHF Riya svonacty M1 Ringain 705
FERAE 3.5%NaCl ¥ A A8 2 = e 52
JE o Az soanact AT Agie 70 A FERE B TE 3.5%NaCl ¥R
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MO E 1 BN
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Heat treatment ~ Alloy state SSHR Pre-ageing Deformation End-ageing
Al ASR, 5% 100 ‘C,6h
ASR-TMT
A2 (475 C, 1 h)+ (=1.3) NA, 15d
80 C,6h
Cl1 (450 C, 30%, HR)+WQ 100 C,6h
CR-TMT CR, 5%
C2 NA, 15d
T6 475 C, 1 h)tWQ+(120 C, 24 h)
RRA T6+(200°C,40 min)+(120 °C, 24 h)
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Fig. 2
Al-Zn-Mg-Cu alloy in different states

Mechanical properties and conductivities of

R T B AL A SRR . ShAh, AR
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JEURZAE 2.7%, Issrr 18ECN 0.23, XEK P RRA
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K 3 i AAREPIRZES R Al-Zn-Mg-Cu & 4 (1918 N AR
MR LR . JEH L SSRT SZIeH, FE G WIALHT

&2 AFPMRET Al-Zn-Mg-Cu & & HIRLAH 772V REAT HL 5%

Table 2 Tensile mechanical and conductivities properties of Al-Zn-Mg-Cu alloy in different states

Alloy state UTS/MPa YS/MPa Elongation/% Electric conductivity/%IACS
T6 563+2.5 52543.1 14.3+0.3 30.55
RRA 567+3.9 537+3.2 13.940.3 40.03
Al 616+2.7 583+1.8 14.1+0.3 39.10
A2 632+1.2 605+6.7 11.94+0.3 35.37
C1 568+1.7 526+1.7 13.8+0.4 37.69
C2 57842.8 540+1.8 12.140.1 34.52
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# 3 Al-Zn-Mg-Cu & 41018 N AR 7 iR 06 25 S

Table 3 Slow strain tensile test results of Al-Zn-Mg-Cu alloys

Alloy state Medium UTS/MPa Fracture time/h Elongation/% Issrr
Air 528.39 26.26 9.45
T6 0.58
Solution 469.06 11.07 3.99

Air 535.16 25.19 9.0684

RRA . 0.23
Solution 520.41 19.52 7.1388
Air 590.32 25.92 9.3312

Al 0.27
Solution 569.21 18.96 6.8256
Air 610.12 23.19 8.3484

A2 0.34
Solution 567.63 16.54 5.9544
Air 541.13 25.56 9.2016

Cl1 0.30
Solution 528.36 15.43 5.5548
Air 556.15 24.15 8.694

C2 . 0.39
Solution 513.89 13.87 4.9932

700 1—RRA-3.5%NaCl 4—A2-3.5%NaCl

2—Té6-3.5%NaCl
600+ 3—Al1-3.5%NaCl

5—C1-3.5%NaCl
6— C2-3.5%NaCl

Stress/MPa

2 6/4 P53t

0 1 2 3 4 5 6

Displacement/mm
B3 AFEPRAT Al-Zn-Mg-Cu &47E 3.5% NaCl I
1) SSRT ik
Fig. 3 Tensile curves of Al-Zn-Mg-Cu alloys in different
states at slow strain rate (In 3.5% NaCl solution)
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2.3 Al-Zn-Mg-Cu & &HWESME
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o34, WARFEM Al ) GBPs [AIFERE kL8, 7EREM,
Al 1 C1 ¥ H D EMEIIAAE, (HIERE G A2 FI
C2 1, AT DA% 31K 27 ZEFRAE il T A (L S(e)
(). ARYEATHBE AT LALLM, TEFES A2 AT C2
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A5 A7 AE R 43 A f) GBPs.
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Fig. 4 SCC fracture morphologies of Al-Zn-Mg-Cu alloy in different state: (a) T6; (b) RRA; (c) Al; (d) A2; (e) C1; (f) C2

5 AFEMRET Al-Zn-Mg-Cu &4 & F Ak TEM 14
Fig. 5 TEM images of grain boundaries of Al-Zn-Mg-Cu alloys in different states: (a) T6; (b) RRA; (¢) Al; (d) C1; (e) A2;
(f) C2 (inserts are corresponding diffraction patterns, (d) taken along (011}, , (f) taken along (001),)
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HIBI NI 2 B, 1 EL B AR 38T (A 4 24 B
B TAREN TN RCR . X 22 BRI A L o
e, BEeP AL RE T —ERERRE,
EADLEEW R, W ETS O 6 B PR BEE RS
TEM MEZWI&. FEM A2 RIS i, A3
2.89X 10" /m?, HUEFES AL 1,

T4 BWUALIE ) Al-Zn-Mg-Cu & &4 %
Table 4 Dislocation density of Al-Zn-Mg-Cu alloys in
different TMT states

Treatment CSir};setzﬂ;te Strain/% 3;?:1(;23?
Al 982 0.189 2.33x10"
A2 813 0.195 2.89%X10"
Cl1 1003 0.118 1.41X10"
2 854 0.149 2.11x 10"

3 Sh51R
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IRVERC G IR B e, MR AR 5 B 23 i)l
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2) 5HE KA LG, B A AHUMAL 1 4E A
SHSRANT T6 ZM RRA S & E&H PR,
i BRI EOMT To 64, i Al
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Mechanism of novel thermomechanical treatment on
microstructure and comprehensive properties of Al-Zn-Mg-Cu alloy

YUAN Zhen-gui', CHEN Zhi-guo"?, LI Hong-juan’, REN Jie-ke’, HE Jun-long', LU Cheng-hua'

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Department of Materials Engineering, Hunan University of Humanities, Science and Technology,
Loudi 417000, China;

3. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: This paper proposed a novel thermomechanical treatment process based on the solid solution hot rolling,
asymmetric rolling and aging, to achieve better comprehensive performance of Al-Zn-Mg-Cu alloy. The effect of
novel thermomechanical treatment (NTMT) on the mechanical properties and stress corrosion cracking (SCC)
resistance of Al-Zn-Mg-Cu alloy were investigated by methods including tensile testing, conductivity testing, slow
strain rate testing (SSRT), X-ray diffraction (XRD), scanning electron microscopy (SEM) and transmission
electron microscopy (TEM). The results show that the alloys treated by NTMT not only obtain excellent
combination of strength and plasticity, but also have good stress corrosion resistance. The highest yield strength
and ultimate tensile strength reach 605 MPa and 632 MPa, respectively, which are increased by 80 MPa and 69
MPa compared with that of T6 state. The conductivities of TMT samples are between those of T6 and RRA states,
and the SCC resistances are better than that of T6 state, close to that of RRA state. The comprehensive properties of
Al-Zn-Mg-Cu alloy are enhanced by the synergistic effect of the configuration of dislocations and
nano-precipitated phases. At the same time, this process enables the alloy to obtain discontinuously grain boundary
precipitates which work together with the dislocation configuration to improve the SCC resistance of Al-Zn-Mg-Cu
alloy.

Key words: Al-Zn-Mg-Cu alloy; thermomechanical treatment; conductivities; stress corrosion resistance
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