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Fig.1 XRD pattern (a), DSC curve with a heating rate of 20 K/min (b), bright-field TEM image and corresponding SAED pattern (c), and high-

resolution TEM image (d) of as-spun Zr Al, Co,,Ag,, metallic glass ribbon
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Fig.2 Variation curves of normalized storage module (E7E)) and
normalized loss modulus (E"/E,) with temperature of

Zr, Al Co, Ag,, metallic glass
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Fig.4 Frequency dependence of E"E, at several constant
temperatures of Zr Al Co, Ag, metallic glass (solid lines are
fitted by the KWW model) (a); temperature dependence of the

corresponding Kohlrausch exponent S, . (b)
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Fig.5 DSC curves of as-spun Zry Al Co,Ag,, ribbon obtained at
different heating rates (a); Kissinger plot of the 7|, 7}, and T,
of Zr,Al,Co, Ag, , metallic glass (b)
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Fig.6 Crystallized volume fraction-temperature curves (a) and
crystallization rate-temperature curves (b) of the first
crystallization peak of Zrg Al Co,Ag, metallic glass at

different heating rates
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TIREIA 1S3 o TR BE 9 3.78+0.21 eV, BRI OIS
BEE, 55 o TR IR BT LB AT A R

2)KWW #4753 41 % B , Kohlrausch i 31 By, 75 2
AR BE TG A LR FFEE P EME N 0.291. BRI
B B TEL SR 1 2 <5 B AT BT 10 5ty BN 7] 23 A7 A4
SRS AL S

3)Kissinger 15 84 1+ 5 25 B IR , Zr Al Co,Ag,, JE
i EE, FE, 735179 424,420 71271 kJ/mol , & 1]
H R4 RAF PR ek

4) 5 — di AU (R B)) ) 2 R AR D T A 1 232 B A1
A A% A 8 A K B9 Bl ) B B, Aveami $5 £ n=1.97+
0.33, 5 HEFMREEKE IR .
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Dynamic Mechanical Relaxation and Crystallization Kinetics
of Zr,,Al,,Co,Ag,, Metallic Glass

Chen Changjiu'?, Deng Yuying’, Zhang Jinyong', Umida Ziyamukhamedova‘, Radjibayev Davran*

(1. School of Materials Science and Physics, China University of Mining and Technology, Xuzhou 221116, China)

(2. Division of Quantum Science and Engineering, Faculty of Engineering, Hokkaido University, Sapporo 060-8628, Japan)
(3. Xuhai College, China University of Mining and Technology, Xuzhou 221116, China)
(4. Department of Material Science and Mechanical Engineering, Tashkent State Transport University, Tashkent 100067, Uzbekistan)

Abstract: The dynamic mechanical relaxation behavior of a Zr Al Co, Ag,, metallic glass was investigated by dynamic mechanical analysis,

and its thermal stability and crystallization kinetics were further examined by thermal analysis. The results show that the loss modulus of this alloy

exhibits a significant broadening a-relaxation peak, and the relatively low activation energy of a-relaxation (3.78+0.21 eV) is associated with the

early onset of crystallization. The temperature and frequency dependence of the dynamic mechanical relaxation behavior were analyzed using the

Kohlrausch-Williams-Watts (KWW) model, yielding a low Kohlrausch exponent (8,,,,) value that indicates a wide distribution of relaxation time

and pronounced dynamic heterogeneity. Using Kissinger equation, the activation energy for the onset of crystallization £, the first crystallization

peak activation energy E |, and the second crystallization peak activation energy £, of this metallic glass are calculated to be 424, 420, and

271 kJ/mol, respectively, suggesting good thermal stability. Crystallization kinetics results show that the first crystallization peak corresponds to a

diffusion-controlled process, with an Avrami index 7=1.97+0.33, which is consistent with the diffusion-dominated growth theory.

Key words: metallic glass; dynamic mechanical relaxation; KWW model; crystallization kinetics
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