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Fig. 1 Structure of ultrahigh strength Al-Zn-Mg-Cu alloy

extrusion profile
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Table 1 Heat treatment process

SATAFE ) TR R KL 240, 600,
1000, 1500 F1 2000 SHPAFTEE 5, (EMGHL EFEAT
U, J06HJ9ki4E 0.5 pm &R B IFw . F
FH 440 2385 (OM, DM6000M, Leica) M %2 442K ;
4 FE.455(S—4300, Hitachi, Japan) W22 T30 .
ARSI AE HL T 5 AR I AL (Instron5569) 14T, Fifif
AN 2 mm/min; EABCIRBARRE, W 2
mm, FEART SHREA B L 2. sl SRR,
FRTRAL BB 7 FUEL S RRAREE, THECFME .

2 GBREDH

2.1 HHEIRXEBEE Al-Zn-Mg-Cu A& HELRS M
BERYFZ MM
211 M
PR BIMEH SAA SO AR 3 B
ATCUE Y, SO B RS E R RN, R
RIT AT H R T 1) IS XIS AR R AT 8 R

No. Recovery process Solid solution process ~ Aging process
1 - (450 C,2h)+(475 C,2h) (1207C, 14 h)
2 (250 'C, 24 h) (450 C,2h)+(475 C,2h) (1207C, 14 h)
3 (250 C, 24 h)+(300 C, 24 h) (450 C,2h)+(475 C,2h) (1207C, 14 h)
4 (250 °C, 24 h)+(300 ‘C, 24 h)+(350 ‘C, 24 h) (450 °C, 2 hy+(475 “C,2h) (120°C, 14 h)
5 (250 °C, 24 h)+(300 C, 24 h)+(350 °C, 24 h)+(400 C, 24 h) (450 “C, 2 h)+(475 °C,2h) (120°C, 14 h)
6 (250 C, 24 h)+(300 C, 24 h)+(350 °C, 24 h)+(400 C, 54 h) (450 “C, 2 h)+(475 °C,2h) (120°C, 14 h)
7 (250 °C, 24 h)+(300 C, 24 hy+(350 °C, 24 h)+(400 C, 24 h)+(430 ‘C,2h) (450 ‘C,2 h)+(475 'C,2h) (120°C, 14 h)
8 (400 C, 24 h) (450 “C, 2 h)+(475 °C,2h) (120°C, 14 h)
9 (300 °C, 24 h)+(400 C, 24 h) (450 “C, 2 h)+(475 °C,2h) (120°C, 14 h)
10 (350 °C, 24 h)+(400 C, 24 h) (450 “C, 2 h)+(475 °C,2h) (120°C, 14 h)
24 mm
70 mm
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Fig. 2 Dimension of specimen sin tensile test(a) and sampling location(b)
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Fig. 3 Microstructures of ultrahigh strength Al-Zn-Mg-Cu alloy extrusion profile parallel extrusion direction: (a) In center; (b) At

edge
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P T — -
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4 ZTE 1 IR Al-Zn-Mg-Cu & &5 KA O 4
Fig. 4 Microstructures of ultrahigh strength Al-Zn-Mg-Cu alloy extrusion profile treated by process 1: (a) Overall structure at low
magnification; (b) Edge; (c) Transition region parallel extrusion direction; (d) Region parallel extrusion direction in center;

(e) Region perpendicular extrusion direction in center
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WGIXI, i KEERBE 0.6 mm, KE®BET 2
mm. TE G 50 A E 2 A e X 4,
FAAEHE RSHOR &b, RNSFARTE 50~100 pm
2 [al, W 4)fiR. MERA SRR, kiR
REFESMENH, wE 4dMe)fir. Bk EE,
S22 1 )E, R NIRRT SR A SR
212 J1zEtERE

W A B AR L B
)12 PEREINER 2 FivR . SZALE IR IRE I, R E AL
GREE 1B BB AL J9(587+33) MPa, J%iT 7075
BB A ACFD T, S % 5 MU = 5 Al-Zn-Mg-Cu
BENRE. WEENFA BN TR, HARKRmE
BRAC, SREEIRE T E, B 375 A" S
HZI 800 MPa, i fIR5RETE 780 MPa L I, [AJH i

®2 WA BEHIE A )R
Table 2 Mechanical properties of extrusion profile with

coarse crystal structure

Sample  Tensile strength/  Yield strength/  Elongation/
No. MPa MPa %
1 587+33 55727 7.2+1.3
2 729+17 704+£21 7.5+0.7
3 790+7 783+£3 9.1+0.4
4 79144 781+£3 8. 1+£0.7
5 761£20 742424 8.5+1.2
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SR, AR e . O S X 2 5 G
NG, SRR b E KBRS
W S5(b)FTa. fEAEXIR, a2 SO
Wiz 55 A A TR, SN E R B3
TR X, B SRR, X E ARG & X 5%
LI TR B AR ISR
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Fig. 5 Fracture morphologies of ultra-high strength Al-Zn-Mg-Cu alloy with coarse-grain structures: (a) Overall structure at low

magnification; (b) Coarse-grain region; (c), (d) Fine-grain region
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Fig. 6 Grain structures at cross section of ultra-high strength Al-Zn-Mg-Cu alloy extrusion profile treated by different heat
treatment processes: (a) Process 2; (b) Process 3; (c) Process 4; (d) Process 5; (e) Process 6; (f) Process 7; (g) Process 8; (h) Process 9;

(1) Process 10
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Fig. 7
solid solution(a) and treated by process 5(b)
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e

Microstructures at edge region of different ultra-high strength Al-Zn-Mg-Cu alloy extrusion profiles treated by

B8 £4T2 5 HAbH S Al-Zn-Mg-Cu & &4 AT
Eraw i NE SYIEA A

Fig. 8  Microstructure parallel extrusion direction of
ultra-high strength Al-Zn-Mg-Cu alloy extrusion profile treated
by process 5: (a) Structure at low magnification; (b), (c)

Structure at high magnification of marked area
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Fig. 9 Hardness(a) and indentation((b), (c), (d)) distributions along thickness of ultra-high strength Al-Zn-Mg-Cu alloy extrusion

profiles under different heat treatment processes: (a) Hardness distributions; (b) Processl; (c) Process 5; (d) Process 6

e R I (SE ERICE PP S B

Table 3 Mechanical properties of extrusion profile after heat

treatment
Sample Tensile strength/  Yield strength/  Elongation/
No. MPa MPa %
1 689+14 678+19 5.3+1.1
2 766+12 757£15 8.3+£0.5
3 788+5 778+7 8.0£0.4
4 788+3 776+3 8.6£0.5
5 7567 7355 8.6£0.4

WL SMEREN T, AR I AAEEE T 20
THERHE R A P S M IR IS T 2 A

o AEFAE— R 1) S8, Hmsmea
B EMREANAAE— 2 EE N RIN, STHZM )%
PERRAT e — A RIS 2) ASCHITZ 4 AL
SR EE, HEATZSERE 6L UL,
B BORE I FRAR 7 X R T2 S . Ik, 7RG
SRR, BT B 4k SRR SCRE T, AL T2

3 Zip

1) KH T A B R R SR 6 = 5% Al-Zn-Mg-
Cu B&FF ERM ML IR R R ST, B 20 5 B A i
T 2°5(250 “C, 24 h)y+H300 C, 24 h)+(350 °C, 24 h) +
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Heat treatment control process of coarse-grained rings of
ultrahigh strength Al-Zn-Mg-Cu alloy extrusion profiles

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

(AVIC Manufacturing Technology Institute, Beijing 100024, China)

Abstract: Coarse crystal ring is a common structure in the extruded Al alloy profiles, which reduces the homogeneity of
the microstructures and properties. In this work, a series of step heat treatment processes were designed, in which the
distortion energy of deformation process was eliminated by using the recovery effect at different temperature stages to
control the size of the coarse-grained rings after solution treatment. The results show that the average width of the
coarse-grained rings decreases from 1/10 to 1/7 of the untreated one after the heat treatment of (250 ‘C, 24 h)+(300 C,
24 h)+(350 C, 24 h)+(400 C, 24 h), and the uniformity of mechanical properties along the thickness direction enhances
significantly. This work may provide a reference method for optimizing the microstructure and properties of the
ultra-high strength Al-Zn-Mg-Cu alloy profiles.

Key words: ultra-high strength alloy; Al-Zn-Mg-Cu; coarse-grained rings; heat treatment; grain structure; mechanical

properties
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