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Effects of Al;(Sc, Zr) particles and shear bands on
recrystallization and fracture behaviors of Al-Mg-Sc-Zr alloy
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Abstract: The microstructure evolution and uniaxial testing fracture behaviors of Al-6Mg-0.4Mn-0.25Sc-0.1Zr (mass
fraction, %) alloys after high strain cold rolling were investigated during annealing treatment by optical microscopy (OM),
scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The results indicate that the presence
of nano-scale Al3(Sc,Zr) particles will increase the dislocation density due to its great pinning effect on migration of
dislocations and grain boundaries during cold rolling. These dislocation tangles induce the occurrence of inhomogeneous
deformation in local area and promote the formation of shear bands. When loaded with uniaxial tensile stress, the as
cold-rolled specimens tend to fracture along shear bands in which the dislocation density, as well as deformed store
energy is higher than that in other regions. The nucleation and growth of new grains occur preferentially in shear bands
during stabilizing annealing treatment. The annealed specimens perform a hybrid ductile fracture behavior with the
coarsening of subgrains and elimination of shear bands when elevating the annealing temperatures. Meanwhile, the
precipitation strengthening effect of Al3(Sc,Zr) particles diminishes gradually due to the coarsening of some particles
after high-temperature stabilizing annealing. Some over-size particles even turn to be crack initiation and the mechanical
properties of alloys decrease.
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Table 1 Chemical composition of experimental alloy (mass

fraction, %)
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Fig. 1 Optical microstructures of samples annealed at different temperatures: (a) Cold rolling; (b) (250 C, 1 h); (c) (320 C, 1 h);

(d) (550 C, 1h)
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Fig.2 TEM images of samples at various annealing temperatures: (a) Cold rolling; (b) (250 ‘C, 1 h); (c) (320 ‘C, 1 h); (d) (450 C,1h)
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Fig. 5 SEM fractographs of cold rolled samples

at different annealing conditions ((a)~(f)) and
EDX spectrum of position 4 in Fig.(f) (g): (a),
(b) Cold rolling; (c), (d) (320 ‘C, 1 h); (e),
(f) (550 C, 1 h); (g) EDX spectrum
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Fig. 6 Microstructures of experimental alloy under different

conditions: (a) Optical microscopy of as-casting microstructure;

(b) SEM image showing morphology of primary Al;(Sc,Zr)
particles in casting ingot; (c) TEM image showing
morphologies of nano-scale Al;(Sc,Zr) particles in sample

homogenized at 350 ‘C for 12 h
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Fig. 7 Schematic diagram of influence of Al;(Sc,Zr) particles

RD

on microstructure evolution during deformation processing
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Fig. 8 Schematic diagrams showing stress state of fracture
plane during uniaxial tensile testing (a) and Schmid theory
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Fig. 9 SEM images showing characterization of fracture

plane: (a) Cold rolling; (b) (320 ‘C, 1 h); (¢) (550 C, 1h)
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(Or=45°) R AEY) S ¥R AR TE R 24, P AR LA W) 2
M4 NG, TEWT 1 L RE SR B KBS /A, X
2 SRS R B T 2 GE (AL 4(b) AT 5(1)) . 71 W22 THI BT
30 ] LA U5 B K B AR 1 R A AR, X
BT BT A A AT T R AR AR T ) A X A
(LI 9(c)), X 83 A B A8 Aty RE AR SRS ok & 2 T
KIBHARTE, A B T& SR I B e
1A 2] 26%( LKl 3(b)).

W7 R, Aly(Sc,ZryRi 1 R~F o FAkb BRI FF b
U, B RS AR EZEE R AR R Y fa
IR B =il AR AR K AL B AR . FEAR IR Kt
Fir, Als(Sc,Zrybr 10 i 5T LA 458 3 & A ST
AL B B EAEI RS S IV, H B A S AR O
FE AT EE =1, Als(Se,Zo) k-3, Ao A i
ST LR R AE WSS, A 42 th AT PRIRA S TE 4
AUEAR Ny P8 AL O 1R 2) (AR, 16
23 B i B AR E AL IR K S, AEWT R e h e
FR R 22 (PR R Als(Sc, Ze) b1 o ik 6o W 4 At —
AR BT R, AR R, AN RRR
) ALy(Sc,ZryRL AME AT RS B s AR T, i ik 24
SUIE, It TR RN, TSR B R
(W1 10).

Oversize particles in micro cracks
' 50 um

Element w/% x/%
Mg 3.82 4.92
Al 7249  84.17
Zr 15.84 5.44

Sc 7.86 5.48
Sc
Ao
0 1 2 3 4 5 6 7
Energy/keV

BE110  FHKM Als(Sc,ZryRi TR LT LAY FE K SEM {8
Fig. 10 SEM images of oversize Al;(Sc,Zr) particles serving
as crack initiation (a), (b) and EDX spectrum of oversize
particles (c): (a) (320 ‘C, 1 h); (b) (550 C, 1 h) (¢) EDX

spectrum

4 ZEig

1) Al-Mg-Sc-Zr &&HAHALULA), Tok b
TR ARLAI/NEY 30 pm). FERISIMERERE, AT 4
Kt Aly(Se,ZrykE 511 KA T ik R b BELASA7 4 3z 2))
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