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Effect of Homogenization Process on Microstructure Evolution of
Al-Zn-Mg-( Cu) Alloys for 3C Products
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Abstract ;: Homogenization treatment under different conditions were carried out for Al-Zn-Mg-( Cu) alloys applied to 3C
products, and the end-quenching method and DSC measurement were adopted to investigate the effect of homogenization
cooling rate on microstructure. It is found that the optimal homogenization regime is 470 °C for 2 hours plus 510 °C for
18 hours. Under these conditions, low-melting eutectic phases such as AlZnMg and MgZn, are completely eliminated,
while the area fraction of refractory phases like AlFeSi and AlFeMnSi significantly decreases. During the homogenization
cooling, MgZn, phase precipitates along grain boundaries when the cooling rate is lower than 11 °C/s. With the cooling
rate of 0.083 —0.833 “C/s, the MgZn, phase precipitates both at grain boundaries and inside grains, the initial
precipitation temperature of MgZn, phase ranges from 417 °C to 451 °C, and the termination temperature ranges from
311 C to 355 C.

Key words: aluminium alloy; Al-Zn-Mg-( Cu) ; homogenization treatment; end quenching; cooling rate ; microstructure

evolution ; precipitated phase

B8 {5 S 8T BOR B HGHE K JiE 3C )7 dh (A4
ICAHUR B BE T LA T3R5 ) AN AT R T A
AR, SR A SR O B AR SR A ROCR AR 2%
& Zy T AR LA R Ry i S AAPERE )2 T
TEARIRE > e 5B A T ) SR B e
BRI R, H L AL-Mg-Si & 41 1 EREE G

O WA 2025-12-01

VR R ATl bR o RN BA LR B Y
Al-Zn-Mg & g 8 A B — AU 7 dh A 52 1Y 1
FkE

G0 T R AILE S8 B 5 R A R T EOR AN
A, 3C 7 i AR & < 19 T 2B i W 2R MR AT
SR BE RIS AR BT 0 A RS AR 20

E&WE: 117111 2023 44 R QHT B & 0T ELBHR Q37 S8 (& T+T 453 5 ) 351 H (2023780200080009576)
YEE® N Z2R(1998—) B, =R R HA-0F50 4, FEEHIST 7 0 R s & S MERE IR . E-mail:203111065@ csu.edu.cn
BEIEE: MR (1981—) 55 MK N B, R R T 10 @ AR & S R 5 PEREPHHE . E-mail: lingyingye@ csu.edu.cn



292 7R

T i 46 %

MR BT s M K AR AT 246 T2 K e
ROHBR KR WIAEAR , 237 F 2 A in T-PEBe, (Rl a
PP T 205 MR R I 25 BB i S BT 3
BR8] X) Al-Zn-Mg-( Cu) &4 17470 °C/24 hif) R
SRR Y RS, B R T AFTE ORI 5 —
AH, BHAR AR5 B L 2R 1 H BRR A, I e 52 i A RL IS
PhERE . SCER[ 91X Al-Zn-Mg & 4 TP AR RS T 1Y
BISL T 20058, A R S b 25 & &b
SRAEAEMLI IR AIFeMnSi MEXEHH | 330 SEHH X 45 45 )
JIEE R PERE R T — g, SCHER[ 10-11 ] BF5E
FW], BRI 540 T L ALRETH BR Al-Zn-Mg-( Cu) & 4
H1) AlZnMg Fl MgZn, S50 A2 AR (EXE DATH BR
AlFeMnSi AlFeSi SEXESEAH, 1AM, Al-Zn-Mg-( Cu) K
T 5 5E X AR BRZE 5 ) i T Hd R v R[]
7B 1YV BN AN R] 23 7 A 2 D) [ 975 V8 oK Ab B 285 T
Je WK AT A, I FLAE Jo 82 3 I8 o R v B 28 7k
BT HHAEE AT B, Se Ze s i = S e R

FET UL IR A SCHE Y — A A0 55 ARV i 1
RIS T e — I AR AR B 5 AT BR
MgZn, SEARIE S SR J5 R AT RE S R 3 )b iR B,
fie i AlFeMnSi | AlFeSi S5 XEAH T B, FFRE T & 4
TG A — A AR AR AT, I R St VA K v D
DSC HZRIMIR 2 458 58 1 51 A v 1 3 3 X 4l
S AR B BB A BT AR I ST I B R A
A

SRR B T SRR A T AT BR A A S Y
Al-Zn-Mg-( Cu) 58952 , HAL2 0 R 1 Frs

o

=1
Table 1

Al-Zn-Mg-(Cu) EE&HERD (RENH)
Chemical composition of Al-Zn-Mg-(Cu) alloy %

Zn Mg Cu Mn Fe Si Zr Ti Al

A

8.03 245 0.51 0.056 0.058 0.06 — 0.011

Bo e s BEAE A s SR B R AT, 2R
FE TR PERS  FREERE SVBON IR TR R RIBA4E T
BB 2,

FIFH A v KO AN 22 7R A B A (DSC) Bl 2 ik
BN B 51008 FHE R XS Al-Zn-Mg-( Cu) & 4
KT ARSI, R T KRR R AR TR A A
g FYIBUN ST @20 mm x 230 mm B RIFE , ¥5)4k
IS 3 s I — o TR iR/K (=25 C)
AT AR K IR ATRE A 15 mm,, AU KR &

FANE 1(a) iR, DSC il #Ean R . fE &g 1
LI PR AR A 4 s F YIRS @2 mm X 1 mm
FIE R, R R 3t DSC300 HEAT IR, DSC iy 3
P ER S AR & 1(b) 7R, K Tescan MIRA4
LMH 34 B B S EAE 5 43 A o

R2 TRYAURIZESH

Table 2 Parameters of different homogenization processes

TZ2ZH
BAh T . —
H—g £t 13
HT1 470 °C/0.5 h —
HT2 470 °C/1 h —
HT3 470 C/2 h —
HT4 470 C/4 h —
DHT1 470 C/2 h 490 C/18 h
DHT2 470 °C/2 h 500 °C/18 h
DHT3 470 C/2 h 510 C/18 h
DHT4 470 C/2 h 520 C/18 h
DHTS 470 °C/2 h 530 °C/18 h
DHT6 470 C/2 h 540 C/18 h
(a) 20 mm (b)
A
30 mmI 7
P Btk DSC iy 21l ik
g 520 °C/18 h
5 E = 500 “C/5 min
¢ |] = -
470 °C/2h
3 \7~
2#
l#
15mimy 1 [

il
(a) AREHFKIE; (b) DSC gtk
B 1 REEWLLEDEZR I N H A R0 218 7%
Fig.1 Testing methods for effect of different homogenization

cooling rates on precipitated phases after quenching
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Al A5 ST 2% 3C P2 Al-Zn-Mg-( Cu ) &4 IHOWL4H 23875 14 5 293

§ ()30 PRI RAT(171.8+48.6) pm
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e RRAE%
i al a2 a3
AIK  40.75 47.53 79.38
ZnK 2747 24.66 1.79
MgK 28.12 24.80 10.82

CuK 3.66 3.01 0.41
MnK — — 093
FeK — —  6.67

(a) FAMIF; (b) ROFAE (o) HFIHZER
B2 Al-Zn-Mg-(Cu) $5EEERMMALR
Fig.2 Microstructure of as-cast Al-Zn-Mg-( Cu) alloy
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Fig.3 DSC curve of as-cast Al-Zn-Mg-(Cu) alloy
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Fig.4 SEM images of samples treated with different

homogenization time

&3 4 HAEXBE A EDS R
Table 3 EDS results of second phase in different regions in Fig. 4

A= Al Zn Mg Cu Mn Fe Si
bl 74.33 15.84 7.03 2.68 — 0.09 0.03
b2 67.63 18.21 10.05 4.02  0.03 0.04 0.02
b3 78.99 2.05 0.88 0.69 1.19 14.00 2.20
b4 77.05 1.61 0.74 059 112 1544 2.72

AN[RIEE ) Ak B () Ak B S A 5 ) DSC 26 an [ 5
fiaR, ATRAARBL,470 C R, 0.5 h fil 1 h ¥55164b
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1 b RE A W BRI B /N (R R R O HE R ) 5 94
FEAEFE 2 h F1 4 h RS Y DSC HIZRAE 479 C T A&
I PG | B L A O 2 THBR , X 5 SEM ISR 2
R—F, W, 8 T WRTHBRIL AR, Y5 fhas [ e
2 h,

2202 AW YIBE

HH Al-Zn-Mg-( Cu) B & &R 5,
USSR ESHEAE S Fe Mn [ 48 R, 35 6 5 5 2 RA #E R
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homogenization time
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Fig.6 SEM images of alloys subjected to two-stage

B 6

homogenization treatments at different temperatures
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Fig.8 Cooling rate curve
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(a) 80 C/s; (b) 54 C/s; (c¢) 30 C/s; (d) 11 C/s;
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9 RimENBAREQENER TR SEM B
Fig.9 SEM images of samples processed at different cooling rates

with end quenching
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Fig. 10 DSC curve of samples processed at different cooling rates
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Fig.11 SEM images of samples processed at different cooling rate

with DSC testing
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