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Structural evolution of nano-scale icosahedral phase in novel multicomponent amorphous alloys

Recently, novel multicomponent metallic glasses based on well-known good glass forming Zr-Ni-Cu-Al alloys [1,[START_REF] Inoue | Bulk Amorphous Alloys: Preparation and Fundamental Characteristic[END_REF] have been developed using the equiatomic substitution. A variety of samples with different composition have been produced using melt-spinning [START_REF] Cantor | [END_REF][4][5][6][7] and mechanical alloying [8]. Furthermore, extensive investigations of their crystallisation behaviour have revealed the phase fields of these multicomponent alloys [6,9,10]. Among these, the amorphous alloys 

Results and Discussion

Melt-spun ribbons were prepared from pure metals by single roller meltspinning and characterized by X-ray Diffraction (XRD) using Cu K α radiation, Differential Scanning Calorimetry (DSC) with a heating rate of 20 K/min and Transmission Electron Microscopy (TEM). Details of the experimental conditions used are reported elsewhere [START_REF] Cantor | [END_REF][4][5][6].

XRD and DSC traces of the as-quenched amorphous ribbons are shown in Figs. The microstructure of the Nb-containing alloy in Fig. 4 (a) after heat treatment at 873 K for 5 min reveals a homogeneous distribution of icosahedral grains less than 10 nm in size. As previously reported [17] the addition of the Nb is also effective to decrease the grain size of the devitrified icosahedral phase. After heat treatment at 936 K without holding time, Fig. [18], a small driving force will be necessary for the decomposition of the devitrified icosahedral phase. 

Summary

(

  Ti 33 Zr 33 Hf 33 ) 70 (Ni 50 Cu 50 ) 20 Al 10 , (Ti 25 Zr 25 Hf 25 Nb 25 ) 70 (Ni 50 Cu 50 ) 20 Al 10 and (Ti 33 Zr 33 Hf 33 ) 70 (Ni 33 Cu 33 Ag 33 ) 20 Al 10 are particularly interesting since their compositions are very similar to those previously developed Zr-based alloys which show devitrification of icosahedral phase [11-15]. This paper compares the crystallisation behaviour of these three alloys in order to understand the effect of equiatomically substituted Nb and Ag in (Ti 33 Zr 33 Hf 33 ) 70 (Ni 50 Cu 50 ) 20 Al 10 alloy on devitirification of the icosahedral phase.
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 3 Figure 3. TEM micrographs of (Ti 33 Zr 33 Hf 33 ) 70 (Ni 50 Cu 50 ) 20 Al 10 alloy after heat treatment
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 4 Figure 4. TEM micrographs of (Ti 25 Zr 25 Hf 25 Nb 25 ) 70 (Ni 50 Cu 50 ) 20 Al 10 alloy after heat
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 512345 Figure 5. TEM micrographs of (Ti 33 Zr 33 Hf 33 ) 70 (Ni 33 Cu 33 Ag 33 ) 20 Al 10 alloy after heat
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