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Mg-2.42Cu-0.05Sc-0.16Zr #Hr KA I K I, 2514k
b BRI R PO R R Als(Sc,Zr) L1l i 4T 4L
PLES AN 123, A I T & &7 & iR
AL PR FE A AE S, T6 A 4 MO P 35 A
JIR 5 437313k ] 790 MPa F1 719 MPa, LbAH[F #kb
PR ARISIN Sc M Zr 1A AR B PThr 58 BE A E
AR/ 42 E T 172 MPa #1218 MPa. LI 2504
W R, EEEIN 0.24%Sc F1 0.12%Zr Gk
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Table 1 Chemical composition of alloy

Alloy Actual mass fraction/%

No. Zn Mg Cu Zr Sc Fe Si

1 9.84 258 1.57 0.165 0.034 0.521 0.152
2 991 264 1.57 0.141 0.080 0.493 0.161
3 10.10 2.64 1.64 0.160 0.139 0.536 0.141
4 1040 2.51 1.46 0.164 0.189 0.533 0.157
5 1020 2.55 1.65 0.144 0.215 0.465 0.131
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Fig. 1 Specimen size of tensile test
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Fig. 2 Microstructures of Al-10Zn-2.5Mg-
1.6Cu-0.15Zr alloy sheets with different Sc

contents in T6 temper (Longitudinal section,

non-etched) (a) 0.034%Sc; (b) 0.080%Sc;
(¢) 0.139%Sc; (d) 0.189%Sc; (e) 0.215%Sc
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Als(Se,ZrykiF R~ B B ARk, (HELE e £ 5 0
by M Sc EEN 0.139%I, A4 R iREH R £
w2 (W 3(c)). EFEREMZE, 7£ Al-10Zn- 2.5Mg-
1.6Cu-0.15Zr-(0.034—0.215)Sc & M4 A i 22 5|
Al(Se,Zr) VR B RLF7E di A ZE LT H LR . T
B Sc ¥ A K AE Al-10Zn-2.5Mg-1.6Cu-0.15Zr &4
fmN, X5 LI 204 ZHOU U8R 7t 45 3 — 3,
Bl 4 Frzm Se &3 7178 0.034%. 0.080%-
0.139%- 0.189%7FH 0.215%1] T6 # Al-10Zn-2.5Mg-
1.6Cu-0.15Zr £54R [ 17 I 2505 BT HE AR ¥ 1) TEM
B, HE 4 W0, FEE SR & N R EL ST H
K8 RO At/ AT s AR, o o T
ARLF ST 29 10 nm, B GUE A BH0A- A BRHAE
44 DENG HUTIMBEF AT 51, & E&mM &AL T6
REERSE, A AT AR O R AR SR A LA U ERCIR GP
XA BRI M 1) /A, AR AT AR 32 2
BT BS B AT 5 ~PHEAH .24 Sc & &M 0.034%
HINZ 0.215%, & &0 b BT H AR AN & ST H
ARLF RSF 3 230 S gt s A s, SN

3 R Sc & T6 & Al-10Zn-2.5Mg-
1.6Cu- 0.15Zr 5 BARA () SR BOHTRL 7
Fig. 3 Dispersoid in Al-10Zn-2.5Mg-1.6Cu-
0.15Zr alloy sheets with different Sc contents
in T6 temper: (a) 0.034%Sc; (b) 0.080%Sc;
(c) 0.139%Sc; (d) 0.189%Sc; (e) 0.215%Sc

HARK FIBELRMZERD. 4 Sc &R
0.139%0}, & AR dn BT HS AR RS S 4708
HEHE, AT HART RSl /hOLE 4(c)).
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AT RTCH B M R 45 R

5 FTn N T6 25 Al-10Zn-2.5Mg-1.6Cu-0.15Zr-
(0.034-0.215)Sc & E A a ki . HIE S
AL, 24 Sc S E/NT 0.080%H), T6 &6 & WA
s RIS R EL I AR 4EIR, Sc &M 0.034%
HEhN 2R 0.080%F , 1 AEAR k28 T ek 4 Ak H L
LA R FE 320 4 A (0L BT S(a) (b)) 24 Se B i
9 0.139%I, &GO A 4R R — B4k, &
FEBE— 4%, TR LSS S SR 5(c)).
1 Sc FrEILE] 0.189%HF, T6 &A &AM KA 584
i, AR N ERROLE 5(d)Fi(e)). B
B4 Sc & &I 0.139%I0, Sc BA1EIE Al-10Zn-
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B 48, % Sc & H A Al-10Zn-2.5Mg-1.6Cu-0.15Zr 484 &R 441 5P RE R R 0A 3493

2.5Mg-1.6Cu-0.15Zr & &M 4 mmfEH . X8
SANETF e %R 10 KODETOVA 2501, i
FR AU LI S USEAS 2 (1 Sc il s & &8
TEM 45 dm AR TR 2518

2.2 Sc XA SR BERI RN

Bl 6 fianhy Sc Er&EXT T6 & Al-10Zn-2.5Mg-
1.6Cu-0.15 Zr & & /1 #ERERI M . H11& 6 7T
W, EEWAME465 °C, 1 h)FEBEKEFZ(120 C,
24 BT RN ER f5 , HoprhsmfE . Jm AR A R R
BB Sc FrEIGIE I Tt m G FRARRES; Sc
TEN 0.139%], A SO I R 2 2 B
K, BB BIBTRL 5 B | Jee AR B A K 26 433l 2 701
MPa. 665 MPa 1 8.0%.

3 pihSTe

FH 3 ] %0, 24 Sc & M 0.034%E 1N E 0.215%

Bl 4 RfH Sc & T6 & Al-10Zn-2.5Mg-
1.6Cu-0.15Zr & AR AIHT AR R
Fig. 4  Precipitate in Al-10Zn-2.5Mg-
1.6Cu-0.15Zr alloy sheets with different Sc
contents in T6 temper: (a) 0.034%Sc;
(b) 0.080%Sc; (c) 0.139%Sc; (d) 0.189%Sc;
() 0.215%Sc

I, T6 A& S K Als(Sc,Zr) iR B kL
FOF BB, AHERSZ G 24 Sc &
N 0.139%, HehiREih FHERE . BT
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JGFRBAE, HHEERE Sc & =M nmiE £ .
2 Sc FEEIT 0.139%)5, Sc 7 a( AL %
IR, A G B A e [ ok R H YR P 4 B
KRR Aly(Se,ZoyRi (WL 2(d)Fi(e)), #I4
Als(Sc,Zr)Ri 25 fn AT i TH#E T K& Sew Zr, FEIKT
EET a(ADF Se. Zr JR F& &, M HWBK T
Gah il mM B RE, AR TG R
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Fig. 6 Effect of Sc content on strength and elongation of

Al-10Zn-2.5Mg-1.6Cu-0.15Zr alloy sheets in T6 temper

Bl 5 A Sc F= T6 & Al-10Zn-2.5Mg-
1.6Cu- 0.15Zr & MM 1) d ok T30

Fig. 5
2.5Mg-1.6Cu-0.15Zr alloy sheets with different
Sc contents in T6 temper: (a) 0.034%Sc;
(b) 0.080%Sc; (c) 0.139%Sc; (d) 0.189%Sc;
() 0.215%Sc

Grains morphologies of Al-10Zn-
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FrffER; 24 Sc & &N 0.139%0F, &4 i
WA RS el BE R 2, ST AR R
AN BT Se EEmITT a(ADEmKN, Rt
Al(Sc,Zr)IRBUHRL AT H, MBS Sc & &
9 0.139%HK}, G &M N Als(Se,Zn) iR BUHRL T
2 (WK 3(c))s Sc AT 2] Als(Se,Zr) R HUAH AL
T, IR T GP X AHE ST, PR
BAAR 7 FEAR R [ Zn, Mg Al Cu J& 7 (Rt o fn B,
T AR T s SRR A ST A 5 AR A KB 77
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M 48, 2. Sc&H X Al-10Zn-2.5Mg-1.6Cu-0.15Zr 454 & AT R S5 PERE 52 R 3495

XL Sc FEN 0.139%0 & bt Hh R BoR ki 1
a2 (LE ) bR F R R 2 . R
BRADLE 4P EEFER. Y4 Se FEANT
0.139%H}, & AR Hh I ae%E [ 45 f tH ACK 2R K
Als(Se,Zr) 2 i AR (L 2(d)), FEIR T A &R
HE W Scy Zr JRFIEMIAEE, SECE AT
Als(Sc,Zr) VR U RL T 20 BE Sc & =3I s b (L
Kl 3(d)F(e)), [RIEFHRIES T Als(Sc,Zr) VR HUFH R T
XFen P GP X B p ML IR E . X2
Sc S HEBIT 0.189%)5, T6 A& &M & P B HAH
KB Sc Fr g3 hn 3 RS2 M A4 T 45 128 T ek
DR BRI

HHE 5 AT%0, 24 Sc B &/ T 0.139%M], T6 &
Al-10Zn-2.5Mg-1.6Cu-0.15Zr-(0.034-0.139)Sc & 4=
BRAT ) SR AT 4R BE Sc SrEIGhn, 4R
FLZET A K BB AR R s 24 Sc ik F 0.189%
W, Sc RARH#EEGEWRMBLAIERH, To &
Al-10Zn-2.5Mg-1.6Cu-0.15Zr-(0.189-0.215)Sc & 4
PR SR g/ N RERIR G . HT 4 Se &=
N 0.139%I5F, Sy Zr TEAEHAM T EER BN
14110 nm [ Als(Se,Zn) SR B 7, HX 854
mn A SR ZL AT LR, R T 45 A S
GimTE. 24 Sc HEN 0.189%0, & 4fEiitid
it rp gt [ 25 o VR 2 ORI A Als(Se,Zo i1,
XEBRIAE N 3~5 um FIHIAE Als(Sc,Zr)ki - 1E 8645
SEAELIN T3 R R 1B sh A SR 2 ) BEASAE
S B B T A ZE R s AR X MR A
S PRECE A 465 CEVALLFER, WOKHH)4
Als(Se,Zr)yRi - J] BBl 1 51 R 7 3 X 350 A= B S (1) 7
ghim, BRI H IR 30K T AZ 248 (Particle  simulate
nucleation, PSN)!!1, [FIR}, 44KZ% Als(Sc,Zr) R EUAH
738 REET HL i S 25 i bR . IX &2 Sc
FEISE] 0.189% M LA BB, T6 #& Al-10Zn-2.5Mg-
1.6Cu-0.15Zr & GO SRAFGH /N33 5] 554 i 1) 32 22
JR . 5T Sc &8N 0.139% & atbt, Hof
Wi N RSN AR 4R, i RCR A 4G
FHIE o

i LRTR, ANF Sc EEMIA SR ik 2
s AHRL T UREURHRL T BT AR DA Sk 22 531
B3, HAZEN R T EE S R I 2 R )
MRAJFE R X FANF Sc & & A SR, Lk oy
Al (DR,

0y=00tA0sstAccstAGastAoppit Aoy 1)

s oo NERFEARSREE, PN S Fp Sc B EEGSE
PR R AR SR B KB R Aoss 4 R T [V
JA T B R B Aoes N H T 45 SR 138 AR
(ISREEIE B s Aoas 9 HH T R BORRL 38 Fl 1) 528 3
5 Aopp N THTHARL 7 1E B R B G s Aogs
N TR R ST R RIS O s B I . 255K 1
G B IR LA R S B4t (465 °C, 24 h)
PSR, BOM LS ST T (465 °C, 1 h)fiE
WKEE (120 'C, 24 h) N TR kb3, ATLLA A
ERM & &R LT 2 &R E SR T
AT, AR EE AR A R S AR,
I, 5H0 Sc FEE SR Acss REUHA . HIE 2
AL, Sc HE/ANT 0.139%ME S iob Hhid F8 45 5
R TR KBUEE, Fik, A8 Se
TEANT 0.139%ME SR H 25 d AR 138 )
S I E Aoes KB 24,124 Sc & &N 0.189%H,
WA IR R BIRIA Als(Sc,Zn)4s Sk, HiA
N T e 2 AR T3 BRI R Ao 1R
K, TMHMAEEHRME Sc & &iAE] 0.215%, &
WA FH T 3o 8 5 AR 3 1Y) 58 FEE 4 Aoes B
Ko HE 3 5 Fl Sc FEASRM TR EART
HBZBPATEL, Sc FEN 0.139%ME6 SR iR
BB PR IR %, RGBT IR EONRL 738 )
PR R FE I B Acas T K B 4 G &M & AT H
FHRLFLHAS TSI, Sc F&EN 0.139%F1 0.189% 114
SR T AR RSN BERE . B
K, L, Sc B EN 0.139%F1 0.189% & 1 11
Acppt T Ko Sl Sc & & MM I diRi 2 (L
K] 5y 41, Sc & &N 0.034%. 0.080%F1 0.139%F)
PR B R YeR fRn,  HERDRSTHRE S & &g
MR/, T Sc &8N 0.189%H1 0.215% MR A1 J LT
KA T e R, HakiIEw gm0, & 0.034%Sc
A SRR A B SRR R EF4RIR, e Aoes B/, T
Sc & &N 0.139% & AR iR AR AH /N AR 4EAR
FH T2 A SR A 2 YRR FL R D7 g (R
TG A 4 R 7 1)) R AR AR TE S (1) Aces K-
Al Se E A AN ISR 4 B IR Rl
N )L BROEN “HT ) BUMNGE N
“HTO BUNAEN ‘7 A SIS RIE 2 B
. X5 6 g R
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2 T67 Al-10Zn-2.5Mg-1.6Cu-0.15Zr-(0.034-0.215)Sc
B e RO 9 B T AN R A 20 R 5 B2 1 B M 4 2R
Table 2 Analysis results of strength increment due to
different microstructure factors of Al-10Zn-2.5Mg-1.6Cu-
0.15Zr-(0.034-0.215)Sc in T6 temper

Sc o/
content/% Ao Adess Adss Ao Ades MPa
0.034 + + + ++ + 7
0.080 + + o 10
0139  +  + At e A 15
0.189 + + ++ ++ A 12
0215 +  + 4+ 4+ 4+ 49

CEA R TR ER E A, Sc FEN 0.139%[1)
HERM T . A SR KR E T
B SR R I e 2 AR 2 S R SRR . 24 Se
SEM 0.034%MINE 0.215%KF, A &R K
ARG, FR B B T& S b 1 fb R b
Sc E =Y I ETAAL, 140N YRR R A R T
B BRI AT A BT IR R AR IS ) BEVE R R 4% 4
Sc ZEIEF 0.189%/5, A& HILFZ R
N 3~5 um AR TIEYAE Als(Se,Zr)ki 1, FEfifHAS
TE 3 i rh i 8 R RS R 1 57 T 26 AR K B A 4 g
g, R REHE R RARF S AL B A=,
HEERMBBEMEASFR . B, T &
Al-10Zn-2.5Mg-1.6Cu-0.15Zr-0.139Sc & &ttt B
AR R, Hprhiad e e Ras B A
R HEF] 701 MPa. 665 MPa il 8.0%.

4 Z5ip

1) Sc E&E M 0.034%IE A 0.215%, T6 &4
B RCK 2 TAE AN Al;CusFe AH RS AIE R TG B 4
A4k 2 Sc E IR F] 0.189%MHf & &b bt i Hi B 3~5
um IR Als(Se,Zokif, HEER Sc & &N
Mz, ERTTLHEEN. &8RP0k %
Al3(Sc,Zr) TR BUH KL~ 19 R TG B 2 A A (B 30
b Sc SEMIN RIS 2 R B,
FRLFBE Sc & &R sedifb m R, Bt
W2 E > . I 0.139% 1 Sc H A 0
Al-10Zn-2.5Mg-1.6Cu-0.15Zr & &b i T AN 4L
BT (R 3k b P LA H A

2) ¥4 Sc HE/AT 0.139%, T6 && &t
eihl 4R, B Sc A BRI INZF 4R f Rz T
itk KE4ER . 2 Sc FEIAH 0.189%M), Sc A
HIRREA SR LS RIER, T6 B8 &M kA
/NS o

3) Sc FE M 0.034%H N2 0.215%HF, T6 &4
SRR AR K ZIBE Se a2 IH kL
Frma FARIES . Sc S EA 0.139%H, &8k
MEERe e, HPrhind e, e iRas A 3 5
514 701 MPa. 665 MPa Al 8.0%.
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Effect of Sc content on microstructure and mechanical properties of
Al-10Zn-2.5Mg-1.6Cu-0.15Zr aluminum alloy sheet

TIAN Ni" 23, HAN Shi-da' 2, ZHOU Yi-ran', WANG Guang-dong" 2, ZHAO Gang"?3 QIN Gao-wu' 23

(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China;
2. Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education,
Northeastern University, Shenyang 110819, China;

3. Research Center for Metallic Wires, Northeastern University, Shenyang 110819, China)

Abstract: The effects of Sc content from 0.034% up to 0.215% on the constituent, dispersoid, precipitate, grain
and mechanical properties of Al-10Zn-2.5Mg-1.6Cu-0.15Zr aluminum alloy sheet in T6 temper were investigated
by OM, TEM and universal material testing machine. The results show that, with the increase of Sc content from
0.034% to 0.215%, there is no obvious change with the size and quantity of micron I phase and Al;Cu.Fe in
Al-10Zn-2.5Mg-1.6Cu-0.15Zr alloy sheet under T6 temper, the size and number of nanoscale precipitate is firstly
refined and increase and then coarsened and decrease, whereas the number of the nanoscale Als(Sc,Zr) dispersoid
increases with its size unchanging. When Sc content is 0.189%, there is primary Al3(Sc,Zr) with the size of 3—5 um
in the alloy sheets, and its number increases but the size has no obvious change with the increase of Sc content up
to 0.215%. The grains of Al-10Zn-2.5Mg-1.6Cu-0.15Zr-(0.034-0.139)Sc alloy sheets in T6 temper are fibrous, and
the fibrous grain gets thinner and shorter with the increase of Sc. When the Sc content is more than 0.189%, the
grains of Al-10Zn-2.5Mg-1.6Cu-0.15Zr-(0.189-0.215)Sc alloy sheets in T6 temper are fine equiaxed which means
that the recrystallization behavior of alloy sheet is promoted. When Sc content increases from 0.034% to 0.215%,
the strength and elongation of alloy sheets in T6 temper firstly increase and then decrease. The alloy sheet in T6
temper with 0.139% Sc has the optimal performance with the tensile strength, yield strength and elongation of 701
MPa, 665 MPa and 8.0%, respectively.

Key words: composite micro-alloying with ScZr; high-Zn ultra high strength aluminum alloy sheet; microstructure;

mechanical property
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