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Homogenization treatment of Al-Zn-Mg-Zr alloy ingot

PENG Yong-yi"2, FAN Peng-fei' %, PAN Qing-lin’

(1. School of Physics and Electronics, Central South University, Changsha 410083, China;
2. Key Laboratory of Nonferrous Materials Science and Engineering, Ministry of Education,

School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The homogenization temperature and overburnt temperature of an Al-Zn-Mg-Zr alloy ingot were confirmed by
differential scanning calorimetry, the microstructure evolution of the alloy during homogenization was investigated by
optical microscopy(OM), scanning electron microscopy(SEM), energy dispersive X-ray spectrometry(EDX) and
transmission electron microscopy(TEM). And the homogenization kinetics equation was derived by the Fick’s law. The
results show that the ingot of Al-Zn-Mg-Zr alloy contains a large mount of second solidifying phases, skeletal MgZn,
phase and 7-Mgj;,(Al, Zn)4o phase, which distribute on the boundaries. The second phases are gradually dissolved into the
matrix, and the grain boundaries become spare and thin during homogenization with the increase of the temperature and
holding time. The results of homogenization kinetic equation and annealing experiments for the Al-Zn-Mg-Zr alloy both
show that (470 °C, 16 h) is the optimal homogenizing treatment process.
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Table 1 Nominal composition of Al-Zn-Mg-Zr alloy(mass

fraction, %)

Zn Mg Zr Mn Cu Cr Ti Al

6.1 08 025 02 015 012 0.1 Bal
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1 %3 Al-Zn-Mg-Zr 541 B4 4
Fig. 1 Microstructures of as-cast Al-Zn-Mg-Zr alloy: (a) OM
image; (b) SEM image
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Table 2 Chemical compositions of secondary phases shown

in Fig. 1(b)

Mole fraction/%

Point
Al Zn Mg Cu
A 57.04 17.59 24.08 1.29
B 49.70 24.88 25.42 -
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Fig.2 SEM image(a) and elements distribution((b), (c), (d)) of as-cast Al-Zn-Mg-Zr alloy: (a) SEM image; (b) Zn; (c) Mg; (d) Cu
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4 Al-Zn-Mg-Zr &4 E AR S0 AR FE 16 h 5 (4 AHZ 21
Fig. 4 Optical microstructures of Al-Zn-Mg-Zr alloy homogenized at different temperatures for 16 h: (a) 440 ‘C; (b) 450 C;

(c) 460 °C; (d) 470 C; (e) 480 C; (f) 490 'C



2676 rpE AT 4 2R 20154F 10 H

ERT R, AEHAT AT AL B ERESNE BAEEYM AR, AR EL LA
WrogL, AR E VA TRIES:, SRR, 4(f). I, %A S E A 470 C.

28 460~470 CHE 16 h ARG, &g 232 REBEMAFERF A4 SEM 4R 4 AH41Z7
W) 288 A R, T A RIS, it D B AV B (UL 1) B 5 B & EAE 470 CE&ME FERHB AR
4()FI(d)): MBS — DT =B 480 CHF, & KINEIALERS (1) BSEM BATEAHAIZL. I 5 i LG
SR IFG I =SS TR D B ER, IR W, BRSO e, A R SR
WAL 4(e)); L 490 CHAME, WIS FRGIEHTE . B8AE 470 CHSLAEEE 4 h I,

B 5 Al-Zn-Mg-Zr 5424 470 Ci’J’THULfET NG HTIEUFEI’J BSEM %&ﬁifﬁéﬁ,,\
Fig. 5 BSEM images((a), (c), (¢), (g)) and optical microstructures((b), (d), (f), (h)) of Al-Zn-Mg-Zr alloy homogenized at 470 ‘C
for different times: (a), (b) 4 h; (c), (d) 8 h; (e), (f) 16 h; (g), (h) 20 h
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Fig. 6 XRD patterns of Al-Zn-Mg-Zr alloy homogenized at
different temperatures for 16 h
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Fig. 7 TEM images of homogenized Al-Zn-Mg-Zr alloy at
different conditions: (a) (450 ‘C, 16 h); (b) (470 C, 16 h)

2.6 BHELFHHERR

A4 REILE Zn B Mg YR A5 R AR
k.. HILLERT!" W5 R W, 76 HAT b i 41,
S N R ST e e 2 v LN E I EE vy =S
FIRZ, S A2 TG IR S Y B i 1R 43 A 0 2 34
PEAR . DAk, WFST G gl S R (AR Ak
FEE, SRR UAH AR R 5 IR & S da T oA R T

LI %550 JIANG 550Ky, B4t fitvh 454200



2678 PR R AR

2015410 A

R ATIRES c(o) i T4 52 o8 20 (10 1 IR G A0 B0

c(x):E+AﬂcoszTnx (1)

1

Ay = ey )

Rife Lk SIS Acy i T 4 T IR
% THRAWIE G AR T x hEE
FFAEAL 5 86 B

2R QI 1 5 A5 R A A — /N S 434 Bt
R 45— 2 TR RN S0, L SERERAL A)TT B
Ry
Am=%wmf§00 (3)

L

X D ABEICHRAEART Y HREG Wi,
HY BCRE D ST TR A

D=D, exp(—%) 4

e Do WHHG O s RE: R WG TMH AL
T BT AR

FEBAR KRR, & @3k 2 LR
1/100 I, I AE A, B

4’ Dyt 0 1
p{ r e"p(‘ﬁﬂ:m ®)
PG E AR, A
1 R [4n*Dyt
e | 0 6
T Q 1{ 4.6 J ©

KO RIS I 25 TR K sE I U 4 2R 2
SEANAE AR B I R B ) 2 i 2 A 4,
Zn 5 Mg (M4 BOs AR Y, PO BeIR R 1T, AL
TEH %18 Mg JC& MY #. i SCHEk[18], Do(Mg)=
1.2X10* m%s, Q(Mg)=130 kJ/mol, R=8.31 J/(mol‘K),
¥ 527N (60) 2 AR S Mg Te R 4L
B J1E (LI 8). I 8 AT LA, Rl 3511kl
FERIT ST, S A AR 4 R

KA Image T AH R A0 5K 5 1R85 A5 10 i T3
[EE, Jfe mA T ST IEEZ) 2 52 um,
f L b e %n, EARISAIMLIR BN 470 'C, £ 3)
D15 TN, MR R AN T 16 h, X5
A S 56 15 Hh 1R 2% A 4 e B 1 39 S0 4 I B (470 °C
16 WY& .

L=120 um
L=110 ym
L=100 um

850

o 800

o

E

s 750}

(9]

o

£

o

= 700

60T L=40um =30 m
0 20 40 60 80 100
Time/h

8 AR EE R Mg T 3R M S E) ) 5 il 2k
Fig. 8 Homogenization kinetic curves of Mg element at

different dendrite arm spacing
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