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Glass-forming ability and mechanical properties for
Mg-Zn-Ca alloys
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Abstract: The as-cast Mg;,—.Zn,3Ca, (x=1-6) alloys with diameter size of 1-4 mm were fabricated by using copper mold
casting method. The glass forming ability (GFA), phases constituent, fracture surfaces and mechanical properties were
investigated by X-ray diffractometry (XRD), differential scanning calorimetry (DSC) and scanning electron microscopy
(SEM). The results show that the GFA for alloys with x of 3, 4 and 5 are 2, 3 and 2 mm in diameter, respectively. While
the GFA for alloys with x of 1, 2 and 6 is lower than that of alloy with 2 mm in diameter. The yield strength and plastic
strain are 591 MPa and 0.5% for alloy with x of 3, 662 MPa and 0.2% for alloy with x of 5. Furthermore, the yield
strength and plastic strain for MggZn,gCay bulk metallic glass with diameters of 3, 2 and Imm are 540 MPa and 0.48%,
611 MPa and 1.28%, 610 MPa and 6.2%, respectively. The MggsZn 3Cay amorphous alloy shows the highest plastic strain
in Mg-based bulk metallic glasses that have ever reported. The enhanced plastic strains with the reduction of sample size
were suggested to come from the elastic energy reduction in a unit area on the shear plane as well as its homogeneous
distribution in the sample.
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Fig.1 XRD patterns of as-cast Mgy,_,Zn,zCa, (x=1-6) alloys:
(a) x=1, d=3 mm; (b) x=2, d=3 mm; (c) x=3, d=3 mm; (d) x=4,
d=3 mm; (e) x=5, d=3 mm; (f) x=6, d=3 mm; (g) x=4, d=4 mm



1830 A G A R

2011 “F 8 H

Exo

500 550 600 650 700
T/K

650 -

640

T/K

630 -

620 -

610 : : ' : :
0 2 3 4 5 6 7
X
2 B Mgy ZnysCa, (x=1~6)Lr 4x 11 DSC It 4k (a) FIH% 1
R AET)

Fig.2 DSC curves (a) and melting temperature curves (b) of
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as-cast Mg, ZnysCa, (x=1-6) alloys
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Mechanical properties (fracture stress of yield
strength o, and plastic strain &) and phase constituent of
Mg-Zn-Ca alloys

Alloy D/mm o,/MPa o/MPa /% Structure

2 441 441 0 CA
Mg;1Zn,5Ca,

3 416 416 0 CA

2 442 442 0 CA
Mg7¢Zn,5Ca;

3 400 400 0 CA

2 591 675 0.5 A
MggoZn,5Cas

3 550 650 0.3 CA

1 610 749 6.2 A

2 611 718 1.28 A
MggsZn,sCay

3 540 671 0.43 A

4 510 510 0 CA

2 622 662 0.2 A
Mgg;Zn,5Cas

3 535 535 0 CA

2 496 496 0 CA
MggZn,53Cas

3 411 411 0 CA

C: Crystal; A: Amorphous; CA: Crystal+Amorphous.
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Fig.3 Compressive stress—strain curves for as-cast 3 mm-diameter Mg, ZnysCa, (x=1-6) alloys (a) and MggZn,sCay (b) with
diameter of 1, 2 and 3 mm, respectively

B4 KFEER Mg-Zn-Ca JE5 A4 K ES

Fig.4 Fracture surface morphologies of Mg-Zn-Ca metallic
glass with different diameters: (a) Fracture sample appearance
with x=3 and d=2 mm; (b) Fracture surface for sample with x=
3 and d=2 mm; (c) Fracture surface for sample with x=4 and
d=3 mm; (d) Fracture surface for sample with x=5 and d=2 mm;
(e) Fracture surface for sample with x=5 and d=2 mm;
(f) Shear-bands on outer surface for sample with x=4 and d=
1 mm; (g) Fracture surface for sample with x=4 and d=1 mm
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