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Effects of minor alloying additions on glass forming ability and
mechanical properties of Cu-Zr-Al bulk metallic glasses
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Abstract: The effects of minor additions of Ag, Ti, Ga, Ni and Sn on the glass forming ability (GFA) and mechanical
properties of CussZrigAl; bulk metallic glass were investigated. The results show that the GFA of CussZr;gAl; bulk
metallic glass is enhanced by 2% (mole fraction) addition of Ag, Ti or Ga. The critical size of the cast metallic glass rod is
enlarged from 2 to 4 mm by 6%Ag addition. Obviously, distinct effects on GFA are obtained by the substitution of
chemically similar elements or the enlargement of atom dimension extension in the alloying system. However, Vickers
hardness of Cu-Zr-Al BMG decreases with each element substitution. The fracture surface demonstrates the minor similar
elements substitution contribution to the propagation behaviour of shear bands during the compressive deformation
process. The highest compressive fracture strength of 2 163 MPa and the highest compressive strain of 8.7% are obtained
in the pseudo-quaternary Cu-based BMGs with 2%Ti and 2%Ag substitution, respectively. Consequently, GFA and
mechanical properties of the bulk metallic glasses can be coordinated by minor alloying additions.
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Fig.1 XRD patterns of Cu-Zr-Al-M (M=Ag, Ti, Ga, Ni, Sn)

alloys with diameter of 3 mm
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Table 1 Thermal properties of as-cast Cu-Zr-Al-M (M=Ag, Ti, Ga, Ni, Sn) alloys

Composition T/K T./K AT, /K D/mm Comment

CussZrsgAl, 707 776 69 2 Amorphous + Crystalline
Cus3ZrgAl,Agy 696 762 66 3 Amorphous
CuygZrizAl;Ags 702 781 79 4 Amorphous
CuysZrssAl,Agyo 691 775 84 2 Amorphous + Crystalline
CussZr3sAl;Ti, 716 781 65 3 Amorphous
CussZrygAlsGa, 713 777 64 3 Amorphous
Cus3Zr33Al;Ni, - - - Crystalline

CU55ZI'36A17SII2 - 792

Amorphous + Crystalline
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Table 2 Vickers hardness of as-cast Cu-Zr-Al-M (M=Ag, Ti,
Ga, Ni, Sn) alloys

Alloy Microhardness (HV)
Cu55Zr3gA17 625
Cu53Zr3gA17Ag2 517
Cu492r33A17Ag6 486
CU4SZT33A17Ag10 483
Cu55Zr36A17Ti2 613
Cu55Zr3gAl5Ga2 498
CU5SZT36A17Ni2 475
Cu5SZr36A17Sn2 520
24
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Fig.3 Compressive stress—strain curves of Cu-based bulk

amorphous alloys with different similar element substitutions
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Table 3 Elastic strain limit, plastic strain and compressive

fracture strength of Cu-based bulk amorphous alloys

Alloying  Elastic strain  Plastic Compressive fracture
Composition limit/% strain/% strength/MPa
CussZr;sAl, 3.8 0 1673

Cus3ZrgAl;Agy 34 1.4 1724
CupZrisAl,Ags 4.2 3.1 1891
CussZrysAl;Tiy 3.4 0.1 2163
CussZr;3AlsGa, 4.8 3.9 2087

1 673 MPa 73342 7%] 1 724 MPa fil 1 891 MPa,
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Fig.4 Fracture morphologies of shear bands of metallic
glasses CussZrssAl;Ti; (2) and CussZrsgAlsGa, (b)
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