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Effects of minor Sc on microstructure and mechanical properties
of Al-Zn-Mg-Zr hot rolled plate
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Abstract: The effects of minor Sc on the microstructures and mechanical properties of friction stir welding (FSW) joint
of Al-Zn-Mg-Zr alloy were studied by hardness test, tensile property test, optical microscope (OM) and transmission
electron microscope (TEM) analysis. The results show that minor Sc can increase the tensile strength and yield strength
of Al-Zn-Mg-Zr based alloys by 22 MPa and 42 MPa and those of FSW joints by 19 MPa and 33 MPa, respectively. The
strengthening of weld nugget attributes to grain refinement strengthening, solution strengthening and precipitation
strengthening caused by friction stir welding. The decrease of strength in head affected zone (HAZ) is due to coarsening

of precipitated phase. The fine grain strengthening and precipitation strengthening of Aly(Sc,Zr) should be responsible for

the strengthening of base alloy and the joint of Al-Zn-Mg-Zr alloy with minor Sc.
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Table 1
Al-Zn-Mg-Sc-Zr (mass fraction, %)

Chemical compositions of Al-Zn-Mg-Zr and

Element Mass fraction/%
Alloy 1 Alloy 2
Zn 6.2 P
Mg 23 )3
Mn 0.3 03
> - 0.2
Zr 0.1 o1
Ti 0.02 0.02
Si 0.1 ol
Fe 0.2 02
Al Bal. Bal.
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Fig.1 Brinell hardness distribution of friction stir welding

joint of alloys

Table 2 Mechanical properties of friction stir welded joint of two alloys

Alloy Position o,/MPa 002/MPa 05/% Strength coefficient Fracture position
FSW joint 368 255 9.7 HAZ
1 0.90
Base alloy 408 281 13.6 -
FSW joint 387 288 11.2 HAZ
2 0.90
Base alloy 430 323 8.8 -
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Fig.2 OM images of different zones of friction stir welded joints of alloys: (a) Alloy 1, transition zone from nugget zone to TMAZ;
(b) Alloy 1, HAZ, (c) Alloy 1, base alloy; (d) Alloy 2, transition zone from nugget zone to TMAZ; (e) Alloy 2, HAZ, (f) Alloy 2, base

alloy
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B3 &R TEM 18
Fig.3 TEM images of base alloys: (a) Alloy 1; (b) Alloy 2

B4 S8R TEM 4
Fig.4 TEM images of nugget zone of alloy joints: (a) Alloy 1; (b) Alloy 2
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Fig.5 TEM images of TMAZ of alloys: (a) Alloy 1; (b) Alloy 2
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Fig.6 TEM images of HAZ of alloy joints: (a) Alloy 1,
(b) Alloy 2

Aly(Sc,Zr)ki 7 (LI 6(c)).
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