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Table 1 Mechanical properties of traditional Al-Mg alloy and new Al-Mg-Sc alloy subjected to hot working or annealing
Alloy (mass fraction, %) Tensile strength/MPa Yield strength/MPa Elongation/%
Al-1.15Mg 120 50 28
Al-1.15Mg-0.3Sc-0.1Zr 250 160 16
Al-2Mg-0.4Mn 182 82 19
Al-2Mg-0.4Mn-0.35(Sc+Zr) 274 222 10
Al-2.2Mg-0.4Mn 190 90 23
Al-2.1Mg-0.3Sc-0.1Zr 270 200 16
Al-4Mg-0.4Mn 268 130 21
Al-4Mg-0.4Mn-0.35(Sc+Zr) 371 280 11
Al-4.2Mg-0.65Mn 270 140 23
Al-4.2Mg-0.3Sc-0.1Zr 360 280 20
Al-5.3Mg-0.55Mn 300 170 20
Al-5.2Mg-0.3Sc-0.1Zr 380 290 16
Al-6Mg-0.4Mn 312 147 22
Al-6Mg-0.4Mn-0.35(Sc+Zr) 415 299 14
Al-6.3Mg-0.65Mn 340 180 20
Al-5.8Mg-0.4Mn-0.25Sc-0.1Zr 400 300 15
Al-6.3Mg-0.35S¢-0.1Cr-0.1Zr 400 300 15
F2HBREA SRIBTERC
Table 2  Superplasticities of Al-Mg-Sc alloy!*'
Alloy (mass fraction, %) Grain size/um Temperature/C Strain rate/s " Elongation/% Ref.
Al-4.5Mg-0.2Sc-0.2Zr 0.3-1 500 45%107° 2130 [31]
Al-5.33Mg-0.23S¢-0.06Zr 2.6 450 1X10" 2150 [32]
Al-4.5Mg-0.22S¢-0.15Zr 0.5 450 3.3X1072 2250 [33]
Al-5Mg-0.2S¢-0.08Zr 0.2-0.5 520 5.6X1072 2300 [24]
Al-5Mg-0.2S¢-0.08Zr 1 450 5.6X1072 4100 [34]
Al-6.1Mg-0.25S¢-0.10Zr 2.5 500 5X1072 2560 [35]
Al-6.1Mg-0.25S¢-0.10Zr 2.5 525 5X107 3250 [35]




26 455 8 SR, 4 BT Al-Mg-Sc-Zr il Al-Zn-Mg-Sc-Zr 454 RT3t JE 1579

B

MU Tl LA AR 11 PR i 5
2 Al-Zn-Mg-Sc-Zr &%

Al-Zn-Mg &4 )8 T T amib &4, HAT
ws ITPERRLS . SRR RN R SRR AL, R HATIFZ
FRFRHA ML, ATz iy TR A A i e 1) i 5
FdRL. fEFPSRATEE Al-Zn-Mg [EERE 1, 214
WA SRS SR SR T &4, T BT
YERAS NG, JF & T8 0197001975 F1 01981 445
BURS A INE S A S P i /NIRRT Als(Se, Zrki
T, IR E GE G =tk Re . SR RE AP,
T8 el RO,

AR SCAEE U AL X IHA R A b, ARARTT
% T Al-5.60Zn-1.90Mg-0.10Sc-0.10Zr Al
Al-5.60Zn-1.90Mg-0.258¢-0.10Zr 440738, % 3 s
N AR IS RS I R UES 16 Al-Zn-Mg IS &
&R A 3 W%, AHEL Al-5.60Zn-1.90Mg I
MAEE, 0.10%Sc+0.10%Zr 8 HIE 44 i 5 Al
BrhrmmEE sy M3 S T 66 MPa Fl 31 MPa, 0.25%Sc+
0. 10% 4 A% & 4 Jed Ml 5 B R0 BT bz o B 43 ) 32 v 1

£3 DA RN R

Table 3 Mechanical properties of Al-Zn-Mg alloy after ageing

96 MPa F1 58 MPa, SUt[FIN, PIRMGTESAS NG 4
KR BRARTE 12% L B K.

W R R R R A o T S 4, R FAT
W) Al-6.0Mg-0.25S8¢-0.15Zr #2422, XFiZEHikEl
BT T AR TS (Tungsten inert gas welding, TIG)F!
i Fk R 45 (Friction stir welding, FSW), & 5P g8 IL3&
4 PiyP0, ik 4 aran, X Al-Zn-Mg A4,
Al-Zn-Mg-Sc-Zr 44 TIG $3k 10 i s B Fn P hr o
JE 3 3R T 59 MPa (23.3%)F1 16 MPa (4.0%), FSW
FEMINAL 32 = T 77 MPa (23.8%) Fll 54 MPa
(11.9%).Al-Zn-Mg-Sc-Zr 44 FSW 3k Fdihy o i
TR TR RH ML BT 506 MPa. 6.34%7F1
91.0%, A5 820 Ak L 2 0 T 300 WA 400 18 = o
Al-Zn-Mg-Cu %54z FSW #4111,

NG I A YR A 4 5 I it 53 4 0 D
FALBE T2, B Al-Zn-Mg-Sc-Zr 4 K dE47 1 o
P b H R nT IR AL R R B 1 s A%
4t Al-Zn-Mg FISIIAFSTN Al-Zn-Mg & SR
500 ‘CA10.01 s FHEEEAAEIH. hE 1A, bl
BUE R, AEWE KRR, RIENGUET
B G TR R A P TSR, EUNS T e AR T A R I
&, PATBOURAEISIARTY, JOH4.

Alloy (mass fraction, %) Tensile strength/MPa Yield strength/MPa Elongation/%
Al-5.60Zn-1.90Mg 498 16.5
Al-5.60Zn-1.90Mg-0.10Sc-0.10Zr 529 14.1
Al-5.60Zn-1.90Mg-0.25Sc-0.10Zr 556 12.1
R4 R, SRR R
Table 4 Mechanical properties of filler metal, base alloys and welded joints?? "
. . Tensile strength/ Yield strength/ . Welding
0, 0,
Alloy (mass fraction, %) Material MPa MPa Elongation/% coefficient/%
Al-6.0Mg-0.25Sc-0.10Zr Filler metal 320 415 12.5 -
Base alloy 439 498 16.5 -
Al-5.60Zn-1.90Mg TIG welded joint 253 398 8.7 80.3
FSW welded joint 324 452 7.74 90.8
Base alloy 535 556 12.1 -
Al-5.60Zn-1.90Mg-
TIG welded joint 312 414 49 75.2
0.25Sc-0.10Zr
FSW welded joint 401 506 6.34 91.0
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Fig. 1 Appearances of tensile
specimens after maximum superplastic
deformation at 500 ‘C and 0.01 s™":
(a) Al-Zn-Mg; (b) Al-Zn-Mg-0.10Sc-

0.10Zr; (c) Al-Zn-Mg-0.25S¢-0.10Zr
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Fig. 2 Microstructures of annealed Al-Mg-Sc-Zr
alloys and aged Al-Zn-Mg alloys: (a) TEM,
Al-Mg-0.25S¢-0.10Zr; (b) EBSD, Al-Mg-0.25Sc-
0.10Zr; (c) EBSD, Al-Zn-Mg; (d) EBSD, Al-Zn-
Mg-0.10S¢-0.10Zr, (e) EBSD, Al-Zn-Mg-0.25Sc-
0.10Zr
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Fig. 3 TEM images of Al;(Sc,Zr)
particles in Al-Mg and Al-Zn-Mg alloys:
(a) Al-Mg-0.25Sc-0.10Zr; (b) Al-Zn-Mg-
0.10Sc-0.10Zr; (c) Al-Zn-Mg-0.25Sc-0.10Zr

200 300
(@7 AomtAos o A10,065¢.0.005Zr ® Jromthoa o AL0.09Sc-0.0472r
A ¢ Al-0.07Sc-0.019Zr o Al-0.14Sc-0.012Zr
Oms 250 V. :068%
& V,=0.25% < Y e
& 150 - — -V,=0.38% & = = -V.=0.74%
% % 200
k) )
5 5
; ;
< 100 « 150
5 5
5 5 100
2 50 2
50
0 5 10 15 20 25 0 2 4 6 8 10 12 14
Average grain size/nm Average grain size/nm

4 Aly(Sc, ZokLF T 5 i ML S R
Fig. 4 Relationship between size of Al3(Sc, Zr) and strengthening mechanism: (a) Al-0.06Sc-0.005Zr and Al-0.07Sc-0.019Zr;
(b) Al-0.09S¢-0.04Zr and Al-0.14Sc-0.012Zr (mole fraction, %)>*
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Fig. 5 Microstructures of Al-Mg-0.25S¢c-0.10Zr alloy at 500 ‘C and 5X 1072 s, EBSD maps and boundary misorientation angle

Frequency

BURS R ATE S VAR R B, R T
TERGH AN S Z5 A A1, 3T JH P A R e e JE e fi
RS o B S BTz Al-Mg-0.258¢-0.10Zr 5 4:4E
500 C Al 5X1072s™ AN E AR N1 S,
Bl S mTAn, £ 900% BTG, A e AT RO 2 at ok
JGFe WA S %N, BEEARTEMEET, KA T EAs
Tahah, RGN T HA AR R
AR, XA TR 2 BN A FE S S A
HRAFERTE, W S@F(b)FT7N. KX PP RS 45
anBBLE], R ARHGE R 2 AR e 8T o E
KA BAR I OUT L4 1 mm) 395) 5045 1R 55 —AH
FLF I, FEAR AR ™ 5 1) D 3h 25 IR KRR S T 45
TX M X ok T S R R DL AR BT X 38— L e e
X (PSL)PY, Lhtm, #EPE Al-5%Ca-5%Zn &4 (1)
AlsCaZn R 1B R 1 BOAZ A AR T B A1 - 4R
Al-5%Ca-5%Zn Hl Al-6%Cu-0.4%Zr8 4 4 76 A8 T iy
k7 Sy A S NS TR R A E 14105 R SRS - N

0 10 20 30 40 50 60
Misorientation angle/(°)

distributions after deforming to different strains: (a), (c) &=0.69 (100% elongation); (b), (d) &=2.30 (900% elongation)
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Research advance on new Al-Mg-Sc-Zr and
Al-Zn-Mg-Sc-Zr alloys

XU Guo-fu"?, PENG Xiao-yan', DUAN Yu-lu', DENG Ying"? YIN Zhi-min"?

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;

2. Key Laboratory of Nonferrous Materials Science and Engineering, Ministry of Education,

Central South University, Changsha 410083, China)

Abstract: In all micro-alloying elements, scandium offers the greatest potential for improving the property of aluminum

alloys. Sc and Zr can improve the tensile strength and yield strength by 60—130 MPa and 80—150 MPa, respectively. The

new Al-Mg-Sc-Zr alloy exhibits high strain rate superplasticity with the elongation more than 2000%. Compared with the

tensile strength and yield strength of conventional Al-Zn-Mg, the corresponding values are 66—96 MPa and 36—98 MPa

higher, respectively. Moreover, the welding coefficients of tungsten inert gas and friction stir welded joints are 0.75 and

0.90, which are higher in the new Al-Zn-Mg-Sc-Zr alloy, respectively. Furthermore, excellent high-strain superplasticity

with the elongation above 1500% can be obtained in the new Al-Zn-Mg-Sc-Zr alloy. The Als(Sc, Zr) particles can refine

casting structure, inhibit recrystallization and the stabilize fine grain structure, and thus cause significant grain refinement

strengthening, substructure strengthening and precipitation strengthening, which leads to the improvement of strength and

excellent superplasticity.

Key words: aluminum alloy; Al-Mg-Sc-Zr alloy; Al-Zn-Mg-Sc-Zr alloy; micro-alloying; strengthening mechanism;

superplasticity
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