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Fig. 1. (a) XRD spectrum and (b) DSC curve of ((TiyZryg
Nigg)7oBess) 100 sAL, BMGs with a diameter of 2 mm.
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Table 1.
Besg)100-,A1; BMGs.

Thermal physical parameters of ((TisZrsoNisg)7o

Composition T,/K T /K T,/K T/K AT/K T, v
r=1.5 633.1 690.6 898.9 988.9 57.5  0.64 0.43
z=3.0 641.1 698.2 939.2 1026.0 57.1 0.62 0.42
r=4.5 644.3 705.6 930.3 1056 61.3 0.61 0.41
z=6.0 649.4 712.1 938.8 1089.5 62.7 0.60 0.41
r=17.5 655.4 718.2 976.1 1125.3 62.8 0.58 0.40
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Fig. 2. The uniaxial compression stress-strain curve of
((TiyoZryNiyg)79Bess) 100 AL, BMGs with a diameter of

2 mm.
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Table 2.  The mechanical properties and density of the ((TisZrNigg)79Bess)i90 Al BMGs.
Alloy oy/MPa Omax/ MPa &,/ % p/(g-cm™) o./(N-m-kg!)
r=15 1830 + 51 2433 4+ 28 63+1.1 542 + 0.1 4.49 x 10°
z=3 1833 + 37 2845 4+ 30 13+ 1.7 5.33 4+ 0.07 5.34 x 10°
r=4.5 1822 + 43 2803 £ 32 9.6 & 2.2 5.26 & 0.09 5.33 x 10°
=06 1756 4+ 21 2529 4+ 19 6.4+ 14 5.20 + 0.1 4.86 x 10°
r=17.5 1884 + 28 1884 4+ 23 — 5.16 + 0.05 3.65 x 10°
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1 mm

B3 ((TiyZryNip)7aBess) oo Al BMGs BT IF I 55 K AT B Y1 A0 (a))—(a3) @ = 1.5; (by)—(bs) 2= 3; (¢;)—(c3) =6
Fig. 3. The fracture morphology and side shear band morphology of the ((TisZr4Nigg)79Bess)io0 »Al, BMGs with a diameter of

2 mm: (a;)—(ag) & = 1.5; (by)—(bs) z=3; (c;)—(c3) z = 6.
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Fig. 4. Comparison of the properties of the ((TiyZrNig)7o
Beag) 100 »Al, BMGs with traditional crystalline alloys and
other BMGs: (a) Comparison of density and specific
strength with other systems; (b) comparison of plastic de-
formation ability and specific strength with other systems.
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SPECIAL TOPIC—Order tuning in disordered alloys

Synergistic improvement of specific strength and plasticity
achieved in Ti-based metallic glass designed based on
quasicrystal structure’
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1) (Center for Advanced Structural Materials, State Key Laboratory of Metastable Materials Science and Technology,
Yanshan University, Qinhuangdao 066004, China)
2) (College of Science, Yanshan University, Qinhuangdao 066004, China)
3) (School of Materials Science & Engineering, Hebei University of Technology, Tianjin 300130, China)

( Received 16 October 2025; revised manuscript received 12 November 2025 )

Abstract

Achieving a balance between low density, high strength, and good ductility remains a major challenge in
the development of structural materials. Ti-based bulk metallic glasses (BMGs) have attracted considerable
attention due to their exceptionally high specific strength. However, the intrinsic strength—plasticity trade-off
has hindered their practical applications. Based on a quasicrystal-derived structural heredity and minor-element
microalloying, this work realizes a synergistic enhancement of specific strength and plasticity in Ti-based BMGs.
The resulting ((TiyZryNisg)72Bess)g7Al; BMGs demonstrate an ultrahigh specific strength of 5.34 x 10> N-m-kg !,
establishing a new record for Ti-based BMGs, along with a plastic strain of 13%, breaking through the
traditional strength—plasticity limitation of BMGs. Structural analyses show that Al microalloying effectively
inherits and modulates the short-range order derived from quasicrystalline structures, thereby achieving an
observed synergistic enhancement in both strength and plasticity. This work provides new insights into

composition design and lightweight structural applications of Ti-based BMGs.
Keywords: titanium-based bulk metallic glasses, specific strength, plasticity, microalloying
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