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Å 1  12 t� Ti80N�OPFG�HÆÇ 

Fig.1  Process route of the 12 tons ingot of Ti80 alloy 

 

 

 

 

 

 

 

 

 

 

 

Å 2  12 t� Ti80N�OPhiÈÉ�Ê 

Fig.2  Sampling locations at the riser of 12 t ingot of Ti80 alloy 
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Å 3  MeltFlow?@]^ 

Fig.3  Simulated results by MeltFlow software 
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Å 4  12 t� Ti80N�OP 

Fig.4  12 t ingot of Ti80 alloy 

 

 

 

 

 

 

 

 

 

Å 5  12 t� Ti80N�a!�ÍÎÏ 

Fig.5  Macrostructure of the 12 t ingot of Ti80 alloy at the  

riser 
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Table 1  Compositions of the 12 t ingot at the top, middle,  

bottom (ω/%) 

Position Al Mo Nb Zr O C N H 

Top 6.33 1.09 3.18 2.06 0.079 0.008 0.003 0.0013 

Middle 6.25 1.09 3.14 2.04 0.074 0.010 0.003 0.0029 

Bottom 6.24 1.05 3.16 2.07 0.071 0.006 0.003 0.0016 

Average 6.27 1.08 3.16 2.06 0.075 0.075 0.003 0.0019 

Range 0.09 0.04 0.04 0.03 0.008 0.004 0.000 0.0016 

 

 

 

 

 

 

 

 

 

 

 

Å 6  12 t�OPy 5 t�OPSZde 

Fig.6  Composition difference between 12 t ingot and 5 t ingot 
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Å 7  12 t�OPy 5 t�OPhiSZ 

Fig.7  Compositions of 12 t ingot (a) and 5 t ingot (b) at the riser 

 

 !,! 12 t#$%-. 17*+�!

Table 2  Composition of 12 t ingot at the riser (ω/%) 

Point Al Nb Zr Mo 

1 6.36 3.10 2.08 1.09 

2 6.25 3.15 2.09 1.06 

3 6.21 3.10 2.10 1.06 

4 6.22 3.10 2.12 1.10 

5 6.29 3.08 2.15 1.07 

6 6.25 3.12 2.10 1.07 

7 6.26 3.13 2.09 1.06 

8 6.33 3.16 2.10 1.07 

9 6.27 3.13 2.07 1.08 

10 6.23 3.12 2.05 1.07 

11 6.19 3.10 2.08 1.07 

12 6.25 3.11 2.07 1.06 

13 6.27 3.10 2.09 1.09 

14 6.29 3.13 2.10 1.10 

15 6.25 3.13 2.07 1.07 

16 6.28 3.12 2.01 1.09 

17 6.25 3.15 2.10 1.08 

Average 6.26  3.12  2.09  1.08  

Range 0.17  0.08  0.14  0.04  
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Å 8  12 t�OP� AlbNbbZrbMoEstZuvw 

Fig.8  Composition distributions of Al (a), Nb (b), Zr (c), and Mo (d) along the radius direction of the 12 t ingot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Å 9 OP}!y~!ÐÑ��y�L SEMÒÓÌ EDSZr 

Fig.9  SEM images and EDS analysis of the ingot at the edge (a, c) and center (b, d) 
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 10  12 t�� 5 t��������� 

Fig.10  Microsegregation between 12 t and 5 t ingot 
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Fig.11  Macrosegregation and microsegregation of Ti80 alloy  

during the VAR remelting 
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Abstract: Based on the simulation results by MeltFlow, the 1st 12 t ingot of Ti80 alloy was melted in China and then was verified by two 

times. The chemical testing results show that the composition difference of the upper, middle and bottom of the ingot is less than 1000 

µg/g, and the composition difference of the 17 positions of the riser is less than 3000 µg/g. Both of them are equivalent to that of the 5 t 

ingot. Further, the macrosegregation at the riser was investigated and it is found that Al, Nb, Mo are enriched in the edge of the ingot and 

poor in the center of the ingot, whereas Zr has an opposite phenomenon. Microsegregation between the grain boundary and interior were 

studied by EDS. The results show that Nb and Mo are enriched within grains and poor at grain boundary. On the contrary, Al and Zr are 

enriched at grain boundary and poor within grains. The macro and micro segregation are consistent for Nb, Mo and Zr and opposite for Al. 

This is largely because the distribution of Nb, Mo and Zr is more depended on the solute redistribution at the solidification interface. By 

contrast, due to the high saturated vapor pressure at high temperature, Al is volatilized severely during the long time and high vacuum 

melting process and the solute redistribution is at the solidification interface. 

Key words: 12 t; Ti80 alloy; composition uniformity; segregation 

 

Corresponding author: Du Yujun, Postdoctor, Senior Engineer, Western Superconducting Technologies Co., Ltd, Xi’an 710018, P. R. China, 

Tel: 0086-29-86538751, E-mail: yjdu@c-wst.com 

 


