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Microstructure and properties of Al-Zn-Mg-Cu-Zr alloy
prepared by spray deposition method
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Abstract: Al-8.11Zn-2.01Mg-2.36Cu-0.12Zr (mass fraction, %) alloy was prepared by spray deposition method, and the
microstructure and relevant properties were studied in detail. The results show that uniform and fine equiaxed grains with
grain size of about 50 pm appears in spray deposition casting ingot. After homogenization treatment at 470 ‘C for 24 h,
hot extrusion at 420 ‘C with extrusion ratio 39, solution treatment at 470 ‘C for 1 h, and aging treatment at 140 °C for 8 h,
the alloy achieves excellent properties: the tensile strength is 723 MPa, yield strength is 700 MPa, elongation is 11%.
When the alloy is aged at 140 ‘C, GP zones appear in the early state for 10 min, then #'-MgZn, phase and Al;Zr phase
form as aged at 140 ‘C for 8 h and they are the main strengthening phases, as the aging time increases to 72 h, the
meta-stable needle-shape #'-MgZn, phase gradually grows into stable rod-shape #-MgZn, phase. The studied alloy
exhibits excellent strength and toughness, and the alloy can be widely used in aerospace, automotive, rail transportation,
marine, electronic, electrical fields.
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A SE B WF 5T ) & Al-8.11Zn-2.01Mg-2.36Cu-
0.12Zr(J 740, %) &4(W5 7055), A& RKIREE
WA IR AR A S AR PR A R 3T, R
BAEA, FAGRSE N 820 °C, FEMCEEES A 650 mm.
DIRUEAA 3K 1 800 mm. B 454 500 mm fRIREE .
KIRBE G IR E 420 'C B HEE R 3 mmy/s.,
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Fig. 1 Optical micrograph of casted (a) and deposited (b)

Al-Zn-Mg-Cu alloys
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2 WHHUIBA Al-Zn-Mg-Cu #5421 SEM 4
Fig. 2 SEM images of spray-deposited Al-Zn-Mg-Cu alloys: (a): Deposited microstructure; (b): Precipitate in grain and grain
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Mass Mole
Element gaction/% _fraction/%
Mg 7.25 10.00
Al 57.93 71.98
Cu 11.07 5.84
Zn 23.75 12,18
Matrix  Correction ZAF
Mg
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N R
Energy/keV
Mass Mole
Al Element fraction/% fraction/%
Mg 8.56 1235
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Cu 12.85 7.09
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Energy/keV
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Element fraction/% fraction/%
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Energy/keV
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Al Flement fraction/% fraction/%
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Fe 14.22 9.34
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B3 WA Al-Zn-Mg-Cu & & ANFIAHI SEM 14 i EDS 1%
Fig. 3 SEM images ((a), (c), (¢), (g)) and EDS spectrums ((b), (d), (f), (h)) of different spray-deposited Al-Zn-Mg-Cu alloys: (a), (b)
Intragranular precipitates; (c), (d) Precipitates in grain boundary; (e), (f) Alloy matrix; (g), (h) Iron phase
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Table 1 Chemical composition of spray-deposited Al-Zn-

Mg-Cu alloy matrix and precipitates

Mass fraction/%
Sample Phase
Zn Mg Cu Fe Al
Intragranular =y o5 205 1107 0 57.93 Cu(MezZn),
precipitate

Precipitate in

2829 856 1285 0 20.29 Cu(MgZn),

grain boundary
Alloy matrix 593 1.16 213 0 90.77 a(Al)
Iron phase 0 0 33.18 14.22 52.60 AlyFe;Cu

A Al-Zn-Mg-Cu & & i HAHFIEAR A AN & 40 %
Trime fHIEI 3 RN 1 ATA, e SRR N IR AR AR
FZH Zn, Mg, Cu U#E4I, PAHTHYh &%
SRR, MEHE I LA A e AT R A T R
Cu(MgZn), #H. [FIBT, FEMFA RIS Ak
P Cu Fl Fe J0%
h T B AR EREEE AR RS, BT
HIREEHAT XRD 7081, B 4 PR mis piigs

G J\ET
Fig. 5 Microstructures ((a), (c)) and EDS spectrum ((b), (d)) of spray-deposited Al-Zn-Mg-Cu alloys: (a), (b) Extrusion; (c), (d)
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Fig. 4 XRD pattern of spray-deposited Al-Zn-Mg-Cu alloy
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Cu 7.51 3.50
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Matrix  Correction ZAF
Cu /Mg 7a
,JW Fe CU,
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Fig. 6 Age-hardening curves of spray-deposited Al-Zn-Mg-

Cu alloys aged at different temperatures

Bl 7 Jros AN PR BT DR 4% (1) Al-Zn-
Mg-Cu &4 isethfe. 2dHRTRE, &4nt
FLHREHA 401 MPa, JwlIRERE A 280 MPa, AR
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S A R o K AE 470 °C, [ 1 h, Mot
PR 684 MPa, JwlIRERIEA 533 MPa, (iR
17.4%, G4aVERers 2R K HE M. X% R 2o [

VAL A A < N S (AR 35 AFURI 2 i 5 — A (e 2
M, BT AR, AR R RIR
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WA FF 2350, L Tpr i 5 Ol 723 MPa, Jitt AR 585 4 700 MPa,
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Fig. 7 Ambient tensile stress—strain curves of spray-deposited

Al-Zn-Mg-Cu alloys after different treatments

R 2 M3 PR 5 U A AN MR b 3 )
# ¥ Al-Zn-Mg-Cu 583 A 2 A PERE PR 1.
2 A0 3 (BRI W] AR 2 R 4 AR L,
ARSI A e on S AR, USRI AR T
Fedh 4 10, (HEMPKFRE, SefmPpy g KT
P 4 1120, PRIGIE I S He T L, SR s T,
RN GORTE T LAt 25 PERESE N5 (1 Al-Zn-Mg-

Cu &4

R 2 ORI R P 1o 46 AL 22 1 o)
Table 2 Chemical composition of main compositions of
Al-Zn-Mg-Cu alloys prepared by spray deposition and melting

casting method

Sample Mass fraction/%
No. Zn Mg Cu Zr Al
1 6.19 2.31 2.23 0.10 89.17
2 8.29 2.23 2.28 0.18 87.02
3 8.31 2.07 2.46 0.12 87.04
4 8.79 2.81 2.32 0.18 85.90
This work  8.11 2.01 2.36 0.12 87.04
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Table 3 Property parameters of Al-Zn-Mg-Cu alloys prepared

by spray deposition and melting casting methods

Sa;l:)ple Preparation method  o,/MPa gp./MPa  6/%
Melting casting+

! hot extrusion+6 482 415 10.8
Melting casting+

2 hot extrusion+T6 622 615 9.10
Spray deposition+

3 hot extrusiont+T6 667 608 10
Spray deposition+

4 hot extrusion+T6 733 715 9.5

This work ~ SPray depositiont 5 gy g0

hot extrusion
This work | OPray depositiont 0, gap gy
hot extrusiontsolution
This work ~ SPray depositiont )50,y

hot extrusion+T6

24 ESEBAHETORE

Bl 8 s A DU 5 1) Al-Zn-Mg-Cu & 42
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A WL I 8(a)) o 475 He AR I ity 22 3. [l v A I 20 A 24
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VLA S RS W ik, HAERI B WAL IR 34T W
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e

25 BRI EAZRHMELR

19 TR A WS DTUAR AR il 45 1 Al-Zn-Mg-Cu &
SRR TR A AL S, 140 C TR BFRCAS [ 1)
1) TEM 15 S 3 X rL AT AekE . B48AE 140 CHY
10 min 5, AR EATIRZ, mTREE M TH
JRRFIE R T H#%EEk GP X (UL 9(a)). {HAE Al 4k
(110 a7 5l N BE X WL F-RTSAERE T, BR T AL AT
FAHTHBE AT, 3T DOV SE 2] — LS G55 1 58 AR AT B
EOLE 9(b)). A 41 140 TR 8 h 5, A e iE)E
ILENEAE . W )T LLE H, FEZHTH T PR
JEFAT BERIAT A —REHIRI n'-MgZn, A, &

B 8 AFEPREMBIIIIR Al-Zn-Mg-Cu &4 [Wh i 0
SEM %
Fig. 8 Tensile fracture morphologies of spray-deposited
Al-Zn-Mg-Cu alloys with different states: (a) Extrusion;

(b) Solid-solution; (c) Aging

JERZ1N 5~10 nm, #5 Al JEKII[100], FI[010]4,
Ji oG N ERIRI ALZr M1, BERLAN 2~5
nm. L -MgZn, A FEZIHRIAR . FRAEIEIX
THTHAERE AT A T, & &b BRIk, &
R n-MgZny A5+ A13Zr AHFN/D f HABARCALIE 9(d))-
HaAE 140 TR 72 h 5, G&PER n-MgZn, #
SR, KELN 30 nm, SEELAN 12 nm. [H]H
B ALZe MR KR,
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B9 WY Al-Zn-Mg-Cu &4 ARSIk 1 TEM 5 53

DL AT AERE

Fig. 9 TEM images and selected area electron diffraction patterns of spray-deposited Al-Zn-Mg-Cu alloys under different aging
conditions: (a), (b) Under-aging (140 ‘C, 10 min); (c), (d) Peak-aging (140 ‘C, 8 h); (e), (f) Over-aging (140 ‘C, 72 h)

3 #ig

1) WESF DU A 10 A 4 R N I S5 AtR ks
WS LT TR, diR T8 30~50 pm, JEAA 1)
A48 gk A B p-MgZng AR CuAlL A

2) AWM IGEAR . (470 C, 1 h)EEALEE,
(140 °C, 8 h)I 2 AL BE S 4R JE K 723 MPa. Ji ik
BRI A 700 MPa. N 1%,

3) BAAE 140 CHRIAAL LR, B3I HIAT H
IS E GP X, BiG GP XA g R

n'-MgZn, AHAERIR ALZe AH, ZE 20 720 5, HTii
A AH n-MgZn, EHR .
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