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Table 1  Composition of experimental alloy (mass

fraction,%)

Zn Mg Cu Zr Sc Al

6.42 2.07 2.65 0.1 0.17 Bal.
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Fig. 1 DSC curve of Al-Zn-Mg-Cu-Sc-Zr alloy ingot

%= 2 Al-Zn-Mg-Cu-Sc-Zr 5&¥ LT E
Table 2 Homogenization process of Al-Zn-Mg-Cu-Sc-Zr

alloy
Experimental program Homogenization process
I (465 C, 12 h)
II (465 C, 24 h)
[T (465 °C, 24 h)+(480 C, 12 h)
v (465 °C, 24 h)+(480 C, 24 h)

FERA SRR FPEEAT B S AR, RO I A
BEEN 7 Clmin, INFEI B R AR LS PRI ANF
FROITR) o NGB AN SO 40 i PR A < v BOBSAER T EORE
BEAT S AR AN LT 23 AT

2 HFER51E

2.1 AEHSHEASH

K 2 iR N E &S SHSIESHE . B 2)0R
N Al-Zn-Mg-Cu-Sc-Zr GBS HRH, Hit
48 Al-Zn-Mg-Cu-Zr & &84 MBS R L0
Kl 2(b)), KIL Al-Zn-Mg-Cu-Zr & 4= 5k B 5H A,
B mAT =8, RN 0.2%Sc JE A IR ZH 2L 7H
Jey JRSFAE 55~80 wm i [ 1 kL 5 844 75%, 1H
A DB TRE TR, 2ILPPIREE M (F W 2 bk
R, B 2)Fi kR, BRI RSN, K
AR AFTE R R A N 2(e)F Sk fiw, @il
BE—BTOR, @RS AAEAE A TE A /N AT A .
SEM ReTE 7 Hr i e HovHL 40 24 THE(AIZnMgCu).
o(AD+T AH, FLREMEHAH, BT Sc AFMET
PR, FEEE MR Sc LR A E AL
AT R T I R ) AR, FREA T Sc & Ui
W FEMmALESE, WE 2d)P kAT, XEE
EETE A BRI B AL & 3] T &4 Al
KEITCHENY B, R T A& &M AEKHEE, &
BT ARIIER; B TR MEE] S A1
(ALCuMg)A77E, EARBEIE il RNk 3 Fiok.

Ik SEM BB M & R I BUE L,
WK 3 iz, A4 0K Cus Zn. Mg 7EA AL & 45,
HBSEEGR, G TENEEMS. MK Zn.
Mg JG&, Cu JLERMIRITEN™E, XZFAN Cu
TEI AP RS T AR, 76 A St [ o 2 v fpe o v 48
Ftdr, FIRTEMFERE T, Cu t&z MY #ilt Zn.
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Bl 2 Al-Zn-Mg-Cu-Sc-Zr & &% S HAS

Fig. 2  As-cast microstructures of Al-Zn-Mg-Cu-Sc-Zr alloy: (a) Al-Zn-Mg-Cu-Sc-Zr alloy, OM; (b) Al-Zn-Mg-Cu-Zr alloy,

oM (c), (d) Al-Zn-Mg-Cu-Sc-Zr alloy, SEM

# 3 Al-Zn-Mg-Cu-Sc-Zr HaHEHL(E 2(c)s (d)H
WA YEEE 7 Hr 4 R
Table 3 EDS analysis results of Al-Zn-Mg-Cu-Sc-Zr alloy

shown in Fig.2(c) and (d)
Point Mole fraction/% Possible
No. Al Zn Mg Cu Zr Sc phase
1 584 143 185 88 -— - T-phase
2 426 124 237 185 1.0 1.8  T-phase
3 546 35 54 6.1 47 257 Sc-phase

Mg JC 3= 218, (EE G B Cu uR 'S e fm At
by I BB AR BE ) 2 AR RTINS R AR AR, [
FH AR TGRS 99 B I8 0L S K B AR AE 4 A T VR 1
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A A HOHLAR Y 7RI K L RE R A4S
Cu T FR P T R o IX PG 5E HH A7 76 B 7™ 55 1 R o
Tt At kb3, S7EFEMARTE M T4 E
KIfEE, KR EE s S b Bk R & bR
R
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Ik 24 h PIORIR, ARSI RURE, R 3k S AH ST
GRTEAR, ABAE S FHRIAETE R 2 RS — A,
Bl 4oy aikBTde, R EoRL A SR /N BT H A I
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BIeb b 5, gl — Bk, HAE DR
A FAEIE A S A SRR, W 4(0)F Tk
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HAUFBR B M KA R AR R, WA
N, SRR SR BT AR B AR 133 5, ]
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3 Al-Zn-Mg-Cu-Sc-Zr &M & Iu R 50 fi
Fig. 3 Alloy elements distribution in Al-Zn-Mg-Cu-Sc-Zr alloys: (a) SEM image; (b) Cu; (c¢) Zn; (d) Mg

El4 Al-Zn-Mg-Cu-Sc-Zr &aARBISM T 2 EHHE
Fig. 4 Microstructures of Al-Zn-Mg-Cu-Sc-Zr alloy after different homogenizing treatments: (a) I ; (b) II; (c) III; (d) IV
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MARQUIS M) CNTE AL0.7Sc e &4,
AR BT B B R IR R, B4R AlsSc AH
TR A NBURL B TEAZ R R X e y) A
) AlsSc ki Al LUA Rt oA IR a(A)RITEZ A%
O, BB A EMIER. 584 F Sc ML
AR IE N 655 °C, 7E Al H I KV RIE N 0.38%,
MASLE M) Sc JTLHERIBMELCN 0.2%, Fith=

x5 K5 hRUEEMREIE TS
Table 5 EDS analysis results of intermetallic phases in
Fig. 5

Point No.  Possible phase | Point No. Possible phase
1 T-phase 5 S-phase
2 S-phase 6 S-phase
3 T-phase 7 S-phase
4 S-phase 8 Al;,Cu,Fe

E5 Al-Zn-Mg-Cu-Sc-Zr A& ARSI T 251 SEM 1%

Fig. 5 SEM images of Al-Zn-Mg-Cu-Sc-Zr alloy after different homogenizing treatments (a) I ; (b) II; (¢) III; (d) IV
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Bl 6 Al-Zn-Mg-Cu-Sc-Zr & 4 £ X H I 2140 5 1 TEM 1BA1 a(AD)FI( A 7244 F1 L1,-ALSc (L 57 k) 3% X fL AT
HHSAED)RE VLK aAl)5 AlsSc T 17 43 2 (HRTEM) B (F5 1 A 0 B 18 L AR 3 (FF T) )

Fig. 6

TEM images showing coherent Al;Sc precipitates in Al-Zn-Mg-Cu-Sc-Zr alloys ((a), (b)) after two-step

homogenization treatments, selected area electron diffraction (SAED) patterns (c) of a(Al) matrix (white font) indexed

together with counterparts originated from L1,-type Al;Sc precipitates (red arrows) and representative HRTEM image (d) to

show coherency of a(Al)/Al;Sc interface (with corresponding FFT image in upper right corner)

(1) Sc [VATERA A BUENE A TG & kA K
PHUH) Sc R ITE & FACTE BB 2(d) i Sk B
TR EYEY), FEIEBSFM TR &
FUEREME RS HNAED, &AW IR ERAT
HATAEI AlsSc Bk, (HTERE 5 BRI 35 548
AR, B X IR A Y AR S v R
ARII R, AT IRAE AlSce YLiE . & 6(a)
(BT~ N Al-Zn-Mg-Cu-Sc-Zr & & W F 3 514k 5
1) TEM &, MBI AR5 30K R U 2 5 ok
TAAETEENE: B 6(c)FTam XAl t Bk
(3% X BT A7 5T (SAED)ARSE , R ILIX 6 J £, T R
FiFEH Sc JLRIEMHWI BN L1, 454
(1L SLTT G546 ) — 4 HiAH ALSe AH(ALIE 6(c)H
LBk, PR FLN 40 nm, EHIEIGR Kt
R R A T — e R AR, 2l T DG 7
300~450 CYu[E N, BEEIREZ T &, AlSc AHIAHAL

AR RAEKIEREE, HE/N) 10 nm PR R &R 50
nm A b B 6(d) s iz b+ 1 & 53 #5 25 (HRTEM)
FME B AR (FFT) ], 0 AT S A8 B AR 4, )
B FETAIFEA 0.2053 nm. & T AlsSc #H4k, Hr
AFAEE a(A)FEARILE 6(c) At 44), @i
B AR S IR o ADZERII IR TGN 0.2018
nm, THEABIEATREEE 6 /N T 5%, B, AlLSc
HE a(ADEEAR R TE 2300 A, X0 5 R AR IL
MK RIRA AlsSc M RERS KRBT T ki A
FAI R AL, ATHUAE A FEBEAG T 46 SR RIS A kL
WAL, [RIR RE 32 & 42 5 SR AR TE I 1) P 45 il
&, I ETFLALAS AR 2 45 A SR A R DR,
fh; S8 TR 143.5 HV AEL, ¥21MLER
WEEEIA R 1812 HV, RFFT 26%.

7 BN AR ST 25 & & HF 35 ki
JGTRE . 5% 8 G48Mt, &id465 C, 12 h)
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RIS, AERER RN RS A g, (A& )54:
ff) (465 °C, 24 h). (465 C, 24 h)+(480 C, 12 h).
(465 °C, 24 h)+(480 °C, 24 h) LZ )5, &4 1T
Bydhr RGPS R LR WA 1E 465 CHF
IRPRIRE] 12 h I, AR T ARG ) S A4,
[ RO A G D AR Ve i, 4 it AL ) S B 1Y
R EER K A DRIR RS T, b IF AR BL
HANERR, BRI N AR /N, i 5 FR,
XG4T deobE R AR IS AR R s BB 5 2 S0 IR 2 R T
e M ORI IS 1) R RE G, R AR & 0 PR i 38 31
N, AR FE AT B IEAE AlSc K43 A 1E i
FrAL, AN BN 75U AZAZ O AR AT R I T A% K
K, RSB R 28465 °C, 24 hy+
(480 C, 24 WAL F 5, S/ ek RSE A 40 pme

H _EdR s vl %0: Al-Zn-Mg-Cu-Sc-Zr & &%
SHLUE 465 C M RIRZE 24 h i, L EAHTF IR 7
HH THZEARA N S MH; ERER S 480 Ca
BATORIG, BEEBTERER, S AHEETEAE, HHE
YRR KA S R ARV R, R DB A
B BALE d AL B3 A4 T 2465 C, 24 h)+
(480 C, 24 hALPHG, 1E&H 0GR N EB AT HH K&
MIRAE AlsSc A8, 8IS AT FLTE f A B 24 57 i %
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Sc FISRHUAZ 351 514k, BE 05 1 5% 25 41 4 e 1) 4L A

ALRAC GG R, IS RIBOVA /N A, B
B BB B S RCR -

3 #Zig

1) Al-Zn-Mg-Cu-Sc-Zr & &% & b R~ R
55~80 pm, ZHZR A HRAELERL S XAREE AL, HFTE S 5t
Wby i JZ IR a AD+T(A1ZnMgCu) R At/ B (1) 24
JiifH Al;CuyFe.

2) B4&AE 465 C FRE 24 h 5, LA A
I H TN SH: £ 480 C FRIRE 24 h
&, S MEEEE SR, &R . ALE
fn TR AT 23 5% BE /D B (1) Fe AH(AL,CuFe) Eidilid
BISI T AR IE R o

3) Al-Zn-Mg-Cu-Sc-Zr &&35W)5, M
foRL A ST H K B ORISR Y 40 nm(BE
P T 65%) IR A AlsSe 5 a ADFEAR = A= 3L 4%,
B SRR BN A4k, P30 R RS BHAE S 1 60 pm
J/NE) 40 pm, AR HESR 143.5 HV 1252
1812 HV, HIE 26%.
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Precipitation behavior of Al-Zn-Mg-Cu-Sc-Zr alloy during
homogenization process

LI Heng"? TANG Kai', WANG Han', WANG Ke-sheng’, LI Yu-kun®, WU Yu-cheng"’

(1. Anhui Province Key Laboratory of Aerospace Structural Parts Forming Technology and Equipment,
Hefei University of Technology, Hefei 230009, China;
2. Chinaland Solar Energy Co., Ltd., Hefei 231600, China;
3. National-Local Joint Engineering Research Center of Nonferrous Metals and Processing Technology,

Hefei University of Technology, Hefei 230009, China)

Abstract: In this paper, the structure transformation and element distribution of Al-Zn-Mg-Cu-Zr alloy with 0.2%
Sc(mass fraction) in different states were studied. The results show that the addition of 0.2% Sc can help suppress
dendrite segregation and eliminate the non-equilibrium eutectic structure, then an alloy with a grain size of 55—80
um (accounting for 75% of the total) is obtained. A large number of T(AlZnMgCu) phases are distributed at the
grain boundaries of the as-cast structure. After being kept at 465 ‘C for 24 h, the T phase is completely transformed
into S(Al,CuMg) phase. Holding at 465 °C for 24 h, the S phase disappears at the grain boundary and only a small
amount of impurity phase (Al,Cu,Fe) remains. Through the two-stage homogenization treatment, the average grain
size is reduced to 40 um. A large amount of L1,-type Al;Sc phases with the sizes of about 40 nm are dispersed
inside the alloy, which are completely coherent with the a(Al) matrix and effectively hinder the coarsening of
grains.

Key words: Al-Zn-Mg-Cu-Sc-Zr alloy; homogenization; phase transformation; Al;Sc
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