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Abstract

Abstract

Amorphous alloys have attracted great attentions on fundamental science and
practical applications due to their unique properties, such as ultrahigh strength, high
hardness, good corrosion resistance and anti-oxidation. However, in the areas of
engineering materials applications, they are often limited by the lack of plastic
deformation ductility at room temperature. Therefore, materials researchers develop
amorphous alloy composites in order to improve the plasticity of amorphous alloy.
Recently, the liquid phase separation method for preparing amorphous composite
materials has become a hot research area. In this paper, based on the thermodynamic
database of phase diagrams of phase-separated Cu base alloys, the
crystalline/amorphous composites were designed and produced by rapid cooling
method. Particularly, in this thesis, based on the Cu-based liquid phase separation
systems (Cu-Ni-Nb and Cu-Fe-Zr-Si-B), we investigated the Cu addition on the
microstructure, transformation behaviors, hardness and magnetic properties of
Nig2Nbsg and FezsZr,SigBis amorphous alloys through XRD, DSC, EPMA, SEM,
TEM, VSM and micro-Vickers hardness tests. Meanwhile, the influence of cooling
rate on Cugs(Feo.75Zr0.2SipsBo.15)75 composite ribbon’s microstructures and properties
was also studied. The details of the main contents are described as follows:

(1) Based on the property of liquid phase separation, a series composition of
Cu-Ni-Nb alloy ribbons were designed and produced. These ribbons show
crystalline/amorphous composite microstructure, where the crystalline and amorphous
phases are fcc Cu-rich and Ni-Nb-rich phases, respectively. The soft Cu-rich second
phase formation results the hardness of Ni-Nb ribbon reduced and its plasticity
improved. At the same time, the formation mechanism of the abovementioned
composite ribbons was discussed.

(2) Based on the property of liquid phase separation, a series composition of
Cu-Fe-Zr-Si-B alloy ribbons were designed and produced. These ribbons show
crystalline/amorphous composite microstructure, where the crystalline and amorphous
phases are fcc Cu-rich and Fe-Zr-Si-B-rich phases, respectively. Their saturation
magnetization decreases with increasing of Cu concentration. During the rapid

cooling process, the phase separation occurred, which results in the formation of



Abstract

multi-scale and multi-form two-liquid phase structure. After completely solidification,
the two separated liquid phases changed to the crystalline and amorphous phases,
respectively.

(3) A series of Cuas(Feg75Zr02SiosBo1s)7s composite ribbons were prepared
under different cooling speed (20, 30, 40 m/s) by the single roller melt spinning
technique. The results show that the saturation magnetization of composite ribbons
increased with the increase of cooling rate. The faster cooling rate increases, the
smaller grain size of Cu-rich phase is, and the more amorphous phase’s volume

fraction is. Therefore, the composite ribbons have a higher saturation magnetization.

Keywords: Phase separation; Crystalline/amorphous composite ribbon;

Hardness; Saturation magnetization
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