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1. Introduction

Ti-Al base alloys find ever broader application thanks to their outstanding mechanical properties and good corrosion resistance even at increased temperatures. This pre-destinates them for application in aircraft and automotive industries, as well as in medicine. The best combination of strength and toughness from various developed titanium alloys proves the alloys with fully lamellar two phases alloys consisting of TiAl (() and Ti3Al ((2). The ductility and strength are sensitive to the orientation spacing of the lamellaes. The best combination of yield stress and room temperature ductility can be achieved when the lamellar orientation is aligned parallel to the tensile axis [Lee 2002]. The lamellar grains in various microstructures are formed by rotating layers of TiAl and Ti3Al [Saufhoff 1995]. 

2. Experiment

The aim of this paper is evaluate the influence of directional solidification on the microstructure and microhardness of Ti–46Al–5Nb–1W. The experiments were accomplished on the alloy which was prepared in the plasma furnace and vacuum furnace according to the chemical composition which is given in the Table 1. 

Table 1. Chemical composition of the alloy (at %)

Ti
Al
Nb
W

48
46
5
1

The plasma melting was used to produce ingots in the first step of metallurgical fabrication because of the high reactivity of titanium. Melting in high-frequency furnace was the next step of the preparation of ingots. Directional solidification was accomplished in modified Bridgman apparatus under the argon atmosphere. This apparatus is based on withdrawing a mould containing molten alloy from a resistance furnace through a water cooled crystallizer. The ingots with diameter 10 mm and length 60 mm were put into Al2O3 moulds which were stabilized by TiO2. Diameter of this moulds were 10,5/13 mm.  The alloy was heated on the temperature 1550°C and lag on this temperature was 1800 s. The heating rate was 0,83°C/s. The specimens were prepared by two constant growth rates V=5,56(10 –6 m/s and V=1,39(10 –5 m/s. After the directional solidification the samples were take out. The specimens became the subject of metallographic observation. Vickers microhardness measurement was performed after the directional solidification. Load of 0,1N was applied.

3. Results 

Directional solidification resulted into lamellar structure. This lamellar microstructure is formed by parallel lamellaes of (2 and (. The lamellar grains are evident on the Fig.1a). Growth rate of directional solidification was V=5,56(10–6 m/s. Temperature of melt alloy was 1550°C. There are also small dark particles which were analyzed by the scanning electron microscope EDAX as particles of Al2O3. Distribution of these particles was homogenous. It did not significantly change in longitudinal axis of DS ingot. Particles of Al2O3 are formed by reaction between alumina mould and the melt. The moving interface solid-liquid caused relatively homogenous redistribution of the particles from the reaction zone near the wall of alumina mould into the whole volume of DS ingot. Next ingot was prepared by directional solidification at the temperature of 1550°C. Growth rate was V=1,39(10 –5 m/s. Microstructure is also formed by lamellar grains which contain lamellas (2 and (. Higher growth rate caused finer microstructure. It is evident from Fig. 1b). The Vickers microhardness measurements were performed on directionally solidified ingots. DS ingots were measured under the load 0,1 N. The lamellar microstructure of directionally solidified ingots contains three different phases with different properties. There are lamellaes (2, ( and particles of Al2O3. Particles of Al2O3 prove significantly higher values of microhardness (mean value 737 HV), that is why the measurement was performed only in lamellar microstructure. Results of Vickers microhardness of each type of ingots are [image: image1.jpg]


introduced in Table 2.

Table 2. Microhardness – mean values

DS ingot,  V=5,56(10 –6 m/s
DS ingot,  V=1,39(10 –5 m/s

upper part
bottom part
upper part
bottom part

465 HV
442 HV
532 HV
498 HV

4. Conclusions

This study proves possibility of influence the microstructure and mechanical properties of intermetallic alloy Ti–46Al–5Nb–1W. There was detect the reaction between the alumina mould and melt alloy during the directional solidification. This reaction resulted into the formation of particles of Al2O3. Thanks to the unimpressive difference between the density of particles of Al2O3 (( = 3,9 g/cm3) and density of alloy Ti–46Al–5Nb–1W (( = 4,1 g/cm3) the particles of Al2O3 float in the melt alloy. The moving interface solid-liquid caused relatively homogenous redistribution of the particles into the whole volume of DS ingot. DS ingot with higher growth rate proves higher value of Vickers hardness. This fact is connected with finer microstructure of this ingot. Higher growth rate result in higher value of Vickers microhardness. 
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Figure 1. a) microstructure of DS ingot, V=5,56(10 –6 m/s, b) microstructure of DS ingot, V=1,39(10 –5 m/s.





100 (m








a)





100 (m








b)








[image: image2.jpg]


