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Preparation of Al-Zn-Mg-Sc-Zr alloy plate and
its microstructure-properties evolution
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Abstract: The evolution of microstructure and properties of Al-5.4Zn-2.0Mg-0.25Cu-0.1Sc-0.1Zr under different
processing and heat treatment conditions was studied using mechanical properties measurement and electron microscopy.
The results show that, under semi-continuous casting conditions, at grain boundaries there is some segregation which is
bearing Zn, Mg non-equilibrium phases and indissoluble impurity phases containing Fe, Si and Mn elements. After the
homogenization at 470 “C for 12 h the non-equilibrium phases dissolve into matrix completely and only small amounts of
indissoluble phases still exist. At the same time, the solid solution matrix precipitates nano-scaled Als(Sc, Zr) dispersoid
particles. The proper homogenization treatment processing of the ingot is at 470 ‘C for 12 h. During the hot deformation
of ingot, with the increase of deformation temperatures, the strength decreases, the elongation increases firstly and then
decreases. Between 350 C and 400 ‘C the alloy is of a more stable deformation characteristics and this is the suitable
deformation temperature range for this alloy. After solutioning at 470 “C for 1 h lots of non-equilibrium phases formed

during hot rolling dissolve into the matrix. The precipitation sequence of the alloy during aging is described
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as follows: supersaturated solid solution (a)—GP zones—metastable ;' phase—# phase. The suitable solution-aging

treatment processing of the studied alloy is solution-treated at 470 C for 1 h, followed by water quenching and then aged

at 120 C for 24 h. Under this condition, the ultimate tensile strength, yield strength and elongation of the studied alloy

plate could reach 533 MPa, 494 MPa and 15%, respectively. The strengthening mechanism of the studied alloy is

precipitation strengthening of fine #’ phase, subgrain strengthening and dispersion strengthening caused by Als(Sc, Zr)

dispersoid particles.

Key words: Al-Zn-Mg-Sc-Zr alloy; plate; ingot homogenization; thermal plasticity; solution-aging; microstructure;

mechanical properties; evolution
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Fig.1 Specification of tensile sample at elevated temperatures (Unit: mm)
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Fig.2 SEM images of as-cast alloy: (a) Low magnification;
(b) High magnification
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Table 1 Chemical composition of the secondary phases
shown in Fig.2(b)
Mole fraction/%
Phase

Al Zn Mg Cu Fe Si Mn
A 59.46 17.27 20.62 2.65 0 0 0
B 7983 150 129 0.66 11.18 381 1.73
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Fig.4 Effect of homogenization treatment on hardness and
relative conductivity of cast alloy: (a) HB; (b) Conductivity
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Fig.5 Effect of homogenization treatment on microstructure of as-cast alloy: (a) 350 C, 12 h; (b) 450 ‘C, 12 h; (¢) 470 C, 12 h; (d)

470 C, 24 h; (e) Magnified image of figure (c); (f) EDS result of point 4 in (e)

BE6 544 470°C. 12h #9051 TEM 4

Fig.6 TEM images of cast alloy homogenized at 470 “C for 12 h: (a) Non-equilibrium phases dissolved into Al matrix; (b) Als(Sc,

Zr) particles within grain
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Fig.9 Fractographs of as-homogenized ingot after instantaneous tensile test at different test temperatures: (a) 28 ‘C; (b) 300 C;

(¢) 400 °C; (d) 500 ‘C
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Fig.10 TEM images of instantaneous tensile sample at different test temperatures: (a), (b) 25 °C; (c) 300 C; (d) 400 C; (e), (f) 500 C
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Fig.11 Effect of solution treatment processing on tensile

properties of as-aged alloy: (a) Effect of solution temperatures;

(b) Effect of solution time
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Fig.13 SEM images of cold-rolled alloy plate before(a) and
after(b) solution treated at 470 C for 1 h
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Table 3 Chemical compositions of the secondary phases

shown in Fig.13

Mole fraction%
Phase

Al Zn Mg Cu Fe Si Mn
A4 8393 803 7.66 0.38 0 0 0
B 8543 194 322 130 7.04 381 1.06
C 8736 151 213 042 485 219 1.53
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Fig.14 TEM images of alloy plate solution treated at 470 C
for 1 h: (a) Fiber structure with subgrains; (b) Aly(Sc, Zr)
within grains; (c) SAED, B=[011]

22470 ‘C. 1h %5, HHEAT 120 TR A
AT TEM 216 15 Bz B 15()Ri(b) ] LLA H,



5521 &4 10 ) FERS, A% sk WU B BTG SR i o ML Sk eI AR 2625

E 15 £(470 'C, 1 h)E¥%+120 CHE%
J5 AR ) TEM 4

Fig.15 TEM images of alloy plate treated
by 470 ‘C for 1 h solution and 120 C
aging: (a) 120 ‘C, 1 h; (b) 120 °C, 1 h,
HREM, B=[110]; (c) 120 ‘C, 12 h; (d)~(f)
120 ‘C, 24 h; (g) SAED, 120 C, 24 h,
B=[112]
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TR AN IR R AR S A I R B R 46, B &R TEH )
o ARTEUR R, AR TEHU BN . £ 350~400 C
T O FEE Y TR P, i o i T v T PR R e 2%,
B xR PR RSO BE I AR A AR AN 2208, AR S
JUHEN, HGaRAREENREEE B, {5
WEEE— 238, SR, BTG,
TFE 2 TR AR U TR . AR IR R AR
W, $45E4r 380~400 CHAL, ALRCELLT . dRELTH
EAOINTTIRE, PERES S HEL . Wik,
350~400 CIEik 6 & S & B AN LI EVa .

3.3 BRI E IR AL AR T
HaMELEEd AR, WESSG SN
A ER B IAAS DS, AR P B AL 13)
MERTE Aly(Se, Zo)Rifo i FER A R FLAR T I 45
R, SPHAT R AEL S HE R IE U, Aly(Se, Zr)
B M2 eS8 ST R T R o YBR[ 95 Ak
PRI T H A2 A FLBOM TR DRI S AR AT et
NS, e m R AR A s R, ki
ey 2 R o AR AR SR B Oy, USRS A R AT R
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AR ISR P00, BRI, A DA 2 g il ] it
FEr R R KR e IR BERERE 4 52 AT K
AT, TR T HEELE T S AT RO A
SERI(OL L 14(a)), I TSN 13 (3 2K, BRIE Als(Se,
Zr)RLF (B ELR A AR 1 S s H R (LI 14(b)), (7]
I R AH (Mg Zng ) N FEAA o SIZ56 25 R L1,
M A AR BMR@50 Cy 1 h)al i) i s
(470 °C. 20 min)if, SaTHEE S MR, WM
AR, [ R R K3, WG4
SREERAR. e miR A, Bk S AR, R
JESEARI RGO, IR AT, &
SRR S TS IR, AN AR Y
M. SRR, S gy FRRALE 11).
KEMrsr R, WG Al-Zn-Mg &4 i
R AR TE A 2 oo RABFNE K >GP X —
M- Ao R TARMFTE 4, J21E Al-Zn-Mg & 45
fib s /& Cu Ay Sc M Zr 4 4. D Cu &
VA RAR T, B Se Il Zr 5 Al EE I Als(Sc,
Zof 5y, R RE T AT H A SRR B (LK 15),
i Sc fl Zr BIFEETFAR I W I Al-Zn-Mg &< I
BT HAFIE .

3.4 BHEREEESHEENE

DAL B A AR G M S T W, IR e
BRI SO AR PR SR AF4IRZE LR, AR 4EIR
Jor E AV 5 S0 5 R RIS 2, A AL RS M A
FEFE AR A AR Aly(Se, Zot Sk 1. K,
I A0 G (R A LTS L 955 [ v s At . 254
IV oAl FEEAT HHAH 5/ B 9RAAT ALy(Se, Zn)ft s
VIR IR AL, o
3.4.1  [HE R

H1 Al-Zn-Mg —JeHHE B AT VR I, 1E
Al-5.4Zn-2.0Mg W BN, A &4 a(AD+
n(MgZn)FH X N, WA Zn F1 Mg KoK T
nMgZmp) W51, ARRATAT N o3 T s AR AR A b
115 AR R Z5 88 o3BT 2 B, I R4S Al-5.4Zn-2.0Mg-
0.25Cu-0.1Sc-0.1Zr 50 54 A B AR a(Al 7'
FH n AHFD AL(Se, Zoyib &Pk, BAMEER]E Cu
AEIFEAE, W Sc Ml Zr FHLL Aly(Se, Zn)ib &
Yk I RAFAE, 1 Cu FERAERIEAT, i
[ s S A R FH DR RE it £ A It i
3.42 Tl Sc Ml Zr 5V Z sl . WV S5

IREL R AL

SCHR[2, 4, 6 TIETREW]: 24 0.25Sc A1 0.12Zr(J5

EOHL %) INE] Al-Mg &4 Al-Zn-Mg &4,
T Sc Ml Zr 55 Al 23 JE P FIAS [F] 15T (1) Aly(Sc, Zr)
W), —Fe A S AR AT H IR Aly(Sc, Zr)
BLF-, SXPORLT R TN T 258, SR a( ADAHTA],
S B S RSO A, IR BN AR A S )
Posetirit, ZHEAMAR pUAZ, feRFab S En
BAARIAL, A . RGeS
A B R A R HT HE IR AR Als(Se, Zo)Ri T, 47
O I NIERSTE 2 S e L I AL e LA (IR VAT
AV 5, FHAS AL RIS SR 5 ST, A ok iRt
MGG 5 R Eh b R ER o AEARSER AT T,
NI Se Ml Ze S EE(FUE T %) 53 I 0.1,
AT Al-Sc-Zr —JuAHE W) A2 Aly(Se, ZoyfH I
RSy 0.25 F10.12, PR, $58GGEA bt
BOR, AHE, AR TRERENN Al(Se, Zo)ki TR A7
15, IR R FVET I A RN G A, SRS A s
IR ISR, W RS R, A s
T ERFE N BEE SR K 14(a)), A=/ E R
(RIS 5 R it A R S oAb . BEAh, KAl N REL S 5
PRILHE) Aly(Se, Zo)fb SR TR RS A7,
23 2 ISR SR A R R R AL, o
3.43  FEMTHAH 'R

H K Al-Zn-Mg-Cu &AL 2 A WA 4t
—MgEE, —EeEEIA AP, AlZn-Mg-Cu A4 1%
(R 2 GP X, BRIEARZAZIPNINT I 7 AH N5
GrifaRfE R e NPT, R R
M, WAL GP X G —222E YN, g A
PIUTENT A B IA B WEAE . ARSEIOAAT T, 22 120
‘C1 h R B A SR L 21 GP X AT H (UL
K 15(b)) 120 CHIRL 12 h A 4xb st nl DLW S ERIR
(1 A, 1T 120 ‘CHIR 24 h G4 &t IR B, Br
DL, B 3SR <6 2 T AR R s A LRI 2 B
FHERAR T2 o g AN TT S5 M, 3R IR R SR A%
AN RET, AL SR A AR DRI =, H
SR S5O T I A AR 0 BEORT R ST (R 36 RT3 K Bt
SRR, S ATHIAE B WRAL, A B
(2 e KRB, A4S SR 128 HAE R 34
KL, R ERZ S BRAE HEW G, St
IS, A5 n A A BRI o A, At
DT i TR wed, I, &8 ompas N I%
I IR 12(c)) -

25 FRTR, IS Al-5.4Zn-2.0-Mg-0.25Cu-0.1Sc-
0.1Zr 1561540 1 vy 2R B2 B /) B [ s Ak b, ks
T T R IS NG Sc AT Ze 5 R P ik
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2011 4 10 H

A2 Ky nit fb LK Als(Se, Zo)HIRISR B 5 AL o

4 g

b=}

1) (EPIESEESM N, AR HI R, K
PAITA Ry ik AN AR, AR S Zny Mg K
Y AE T AN & s Fes Si Mn MRS, H55E T
TERAT RS AAL B

2) EBA AR R, — T R SR Zn.
Mg IR AP AR P I N AT, S — Dy T
TRL TN 5 Aoy AT R ART A AH B SR EE T,
Bt H AR A X 2 JBr s N4, 5k,
[T o3 AT R K, ALy (Se, Zoki |, 470
C. 12 h BWFUA 518 RGeS S

3) MRS, MR, &
SRR R B, KR LETHERE, 350~400 CHYTE
FI, &8 RAERE I T8 YE, 2il5
B ARG TR TR B VE

4) FREFEERUES A SR 538 [ I RA B 470
"C. 1 h [F¥KEE, B 120 'C. 24 h I3, AEI AT
N, AR e IR R 4 ik B 533
MPa. 494 MPa il 15%.

5) FREFEEBUES O RN =2 g A G E
FOMT BRI ARG Sc A1 Ze 51 A0 i 5 Ak AN IE
SER AL LK Aly(Sc, Zo)AH I R SR 3L o
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