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Fig. 1
treatments(a) and variation trend of full width half

XRD patterns of samples after different

maximum of as-cast samples after annealing treatment(b)
and variation trend of full width half maximum of annealed
samples after CTC (c)
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Fig. 2 DSC curves of samples after different treatments (a),
relationship among AT in supercooled liquid region, ¢, of
crystallization volume fraction with holding time of
annealing treatment (b) and relationship among AT, in
supercooled liquid region, crystallization exothermic

enthalpy AH with cryogenic cycle treatment times(c)
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Table 1 Thermodynamic parameters of samples by different treatments
Different treatment T/K T./K T./K T/K AT /K AH/(J- gfl) Ond %o
As-cast 652 730.6 1083.4 1149.4 78.6 21.35 0
Annealing, 500 K, 10 min 656.8 731.3 1081.3 1151.3 74.5 21.15 0.94
Annealing, 500 K, 30 min 659 730.5 1081 1145.5 71.5 20.58 3.61
Annealing, 500 K, 50 min 658.6 727.6 1074.1 1143.6 69 19.28 9.70
Annealing+(CTC, 30 times) 653.3 733.8 1072.3 1154.3 80.5 24.13 -
Annealing+(CTC, 60 times) 651.9 732.9 1070.9 1145.9 81 25.24 -
Annealing+(CTC, 90 times) 651.1 734.1 1074.1 1154.6 83 25.85 -
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Fig. 3 Stress—strain curves of specimens after different
treatments(a), relationship between plastic strain ¢ and
strength o, with annealing holding time(b) and relationship
between plastic strain ep, yield strength o, with number of

cryogenic cycles(c)
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Table 2 Mechanical property parameters of samples by different treatments

Treatment &,/% o/MPa op/MPa o/MPa

As-cast 13.41 1635.56 1763.27 1379.52
Annealing, 500 K, 10 min 14.67 1702.23 1895.64 1492.12
Annealing, 500 K, 30 min 16.44 1739.65 2052.62 2047.77
Annealing, 500 K, 50 min 5.25 1696.03 1806.89 1800.43
Annealing+(CTC, 30 times) 17.63 1734.32 2037.58 1998.36
Annealing+(CTC, 60 times) 18.49 1731.71 2033.26 1941.57
Annealing+(CTC, 90 times) 19.05 1713.90 1956.08 1898.92
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Fig. 4 SEM images of compressive fracture and shear band morphology of samples: (a;), (by), (¢;), (d;) Compressive

fracture morphologies of as cast and annealed specimens at 500 K for 10, 30 and 50 min, respectively; (a,), (by), (c), (d2)

Band morphologies of as cast and annealed samples at 500 K for 10, 30 and 50 min, respectively
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Fig. 5 SEM images of fracture and shear band of samples after different times of CTC: (a;), (b;), (¢;) Fracture morphologies

of specimens after cryogenic cycling treatment for 30, 60 and 90 times; (a,), (b,), (c;) Shear band morphologise of samples

after cryogenic cycling treatment for 30, 60, 90 times
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Fig. 6 Tafel curves of samples treated by different

methods in artificial seawater
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Table 3 Electrochemical parameters of samples treated by different methods

Specimen state Peor! V Jwrr/(A-cmﬂ) Rp/(Q~cm2)
As-cast —0.441 1.704%X10°° 2.254%10°
Annealing, 500 K, 10 min —0.435 2.933%X10°° 3.116X10°
Annealing, 500 K, 30 min —0.401 1.415X1077 5.684%10°
Annealing, 500 K, 50 min -0.358 1.083x1077 1.048 10’
Annealing+(CTC, 30 times) -0.364 1.019%X10°° 5.441X10°
Annealing+(CTC, 60 times) -0.355 2.955%X10°° 4.251%107
Annealing+(CTC, 90 times) -0.341 1.065%X 107 5.556X10°
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Effect of heat treatment and cryogenic thermal cycles on
structure and properties of Zr-based bulk amorphous alloy

ZHAO Zhen-xiang"?, LI Chun-yan"?, LI Xin-ling', KOU Sheng-zhong">

(1. State Key Laboratory of Advanced Processing and Reuse of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The effects of annealing and cryogenic thermal cycles on the structure and properties of Zr-based bulk
amorphous alloys were studied by X-ray diffraction (XRD) and differential scanning calorimeter (DSC), universal
mechanical testing machine, scanning electron microscope (SEM) and electrochemical workstation. The results
show that the structures of samples after annealed at glass transition temperature (7,) and below 7, are all
amorphous. With the increase of annealing time, the thermal stability of the alloy decreases, the corrosion
resistance gradually increases, and the mechanical properties increase first and then decrease. The plastic strain g,
reaches 16.44% at 500 K (0.67) for 30 min. The annealed alloy (0.67,, holding for 30 min) is still amorphous after
cryogenic cycle treatment. With the increase of cycle times, the thermal stability, corrosion resistance and
mechanical properties of the alloy samples are improved gradually. The plastic strain g,reaches 19.05% after 90
cycles. Generally speaking, proper annealing process and cryogenic cycle treatment conditions can be used as
effective methods to improve the properties of the alloy.

Key words: Zr based bulk amorphous alloy; annealing treatment; cryogenic cycling treatment; atomic structure;

mechanical property
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