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Figure 1 (Color online) Thermodynamic properties of ternary Cus,¢Zr3,4Ce,, alloy. (a) Ce-Zr phase diagram [23]; (b) mixing enthalpy between

elements.
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Figure 2 (Color online) Phase transition and constitution feature of Cus; ¢Zr3, 4Ce, alloy under equilibrium condition. (a) Alloy composition located
in ternary phase diagram; (b) DSC analysis; (c) microstructural morphology of alloy; (d) XRD pattern.
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Figure 3 (Color online). Solidified microstructures and XRD pattern of Cus; ¢Zr3,4Ce), alloy with different droplet diameters. (a) D = 1066 um;

(b) D =705 pm; (c) D = 298 pum; (d) D = 143 pm.
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Figure 4 (Color online) Calculated temperature variation of liquid alloy versus droplet diameter. (a) Cooling rate; (b) liquid undercooling.
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Figure 6 (Color online) Heat transfer characteristics and phase constitutions of Cus; ¢Zr3, 4Ce;, alloy ribbons. (a) DSC heating curve; (b) cooling

curves; (c) cooling rates; (d) XRD patterns.
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Figure 8 (Color online) Heat transfer characteristics of Cusy ¢Zr3, 4Ce; alloy during rapid quenching. (a) Temperature distribution in cross section;
(b) vertical temperature profile; (c) cooling rate curves at different positions; (d) central cooling curves versus ribbon thickness.
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Figure 11 (Color online) High temperature oxidation characteristics of ternary Cus, ¢Zr3, 4Ce,, alloy after rapid solidification. (a) Mass gain curves;

(b) mass gain rate curves.
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Rapid solidification microstructure modulation and high temperature
oxidation mechanism of ternary Cu-Zr-Ce alloy

TAN Li, HU Liang, MI XiaoLei, WU BoWen & WEI BingBo

School of Physical Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China

The metastable phase separation and amorphous formation capability of liquid Cus;eZrs, 4Ceg(at%) alloy under substantial
undercooling and rapid cooling conditions were studied by drop tube and melt spinning techniques. The equilibrium solidification
structure consisted of crystalline Cu,Ce, Cu,,Zr;, and Zr,Cu phases. The alloy droplet diameters in containerless processing by drop
tube ranged from 90 to 1066 um. When the cooling rate was lower than 6.8 X 10° K s, the solidification microstructures of alloy
droplets involved Cu,Ce and CuZr phases. Once the cooling rate exceeded this threshold, the alloy melt underwent metastable phase
separation, and its solidification microstructures contained spherical Cu,Ce phase and Cus¢Zr;;Ce,; amorphous phase. Under melt
spinning conditions, the cooling rate increased from 8.7 X 10° to 2.4 x 10’ K s ' with the increase of roller speed, and the size of
Cu,Ce phase formed by liquid phase separation decreased from 0.75 to 0.14 um. When the cooling rate reaches 3.2 x 10'K s, the
status of fully amorphous solidification was achieved. During high temperature oxidation, the presence of Cu,Ce phase induced the
formation of a Cu-rich oxide layer on alloy ribbon surface. This oxide layer acted as an effective barrier, preventing the inward
diffusion of oxygen element and thereby facilitating the enhancement of oxidation resistance.
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