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Effects of melting process parameters of electron beam cold hearth on

Al element evaporation in TC4 titanium alloy

MAO Xiao-nan, LUO Lei, YU Lan-lan, LEI Wen-guang

(Titanium Alloy Research Center, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The effects of different melting process parameters of electron beam cold hearth on the Al element evaporation
in TC4 alloy was studied. The results show that when the raw material is the VAR ingot, the secondary ingot is got by
EBCHM. In the axial direction of the ingot from the top to the bottom, the Al content presents a decrease trend, and as the
melting rate decreases, the decrease trend is more evident. In the radial direction of the ingot, the alloy element
distribution is very uniform. When the melting speed is 100 kg/h, the ingot composition control is the best, and the
composition is the closest to the name components of TC4 alloy. When the raw material is the simple substance Al, the
element evaporation loss increases in the melting stage, and it increases with the Al content increasing. Research of the
skull founds that, from the raw materials melting side to the titanium liquid outflow side, the Al content decreases.
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Fig.1 Schematic diagram of EBCH melting process
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Fig.2 Ingot morphology(a) and plate photograph(b) of TC4

titanium alloy
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Table 1 Composition of ingot at different melting speeds after EBCHM
0,
Ingot Sampling Wi Melting speed/
111 hl
No. position Al v Fe Si C N H 0 (kg™
Top Bal. 6.40 4.00 0.05 0.04 0.0l 0.021 - -
Middle Bal. 5.40 4.00 0.06 0.04 0.0l 0.020 - -
1 70
Bottom Bal. 5.30 4.10 0.06 0.04 0.01 0.020 - -
Average Bal. 5.70 4.03 0.06 0.04  0.01 0.020  0.001 0.08
Top Bal. 6.50 4.10 0.05 0.04 0.02 0.025 - -
Middle Bal. 6.30 4.00 0.07 0.04 0.0l 0.029 - -
2 100
Bottom Bal. 5.70 4.10 0.05 0.04 0.0l 0.022 - -
Average Bal. 6.20 4.07 0.06 0.04 0.0l 0.025  0.001 0.07
Top Bal. 6.60 4.10 0.05 0.04 0.01 0.022 - -
Middle Bal. 6.40 4.00 0.05 0.04 0.02 0.025 - -
3 140
Bottom Bal. 6.30 4.00 0.05 0.04 0.0l 0.022 - -
Average Bal. 6.40 4.03 0.05 0.04  0.01 0.023  0.001 0.08
GB/T3620.1 Bal. 5.5-6.8 3545 030 - 0.08 0.05 0.015 0.20 -

—2007
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Table 2 Chemical composition in different stages when using 4 s Al
different raw materials after EBCHM
Ingot Material Entrance Ingot v
No. a1 v Al V Al v
2 7.3 4.0 7.2 4.10 6.2 4.1
4 795 4.0 727 411 622  4.19 Al
Al

5 845 4.0 759  4.14 6.5 4.25
Al Al
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Table 3  Axial direction chemical composition of TC4 titanium alloy after EBCHM
Ingot Sampling w/% Melting speed/
No.  posion g A v Fe s c N H 0 (kgh™)
Top Bal. 6.22 430 0.038 0.04  0.01 0.005  0.001 0.07
Middle Bal. 6.10 4.14 - - - - - -
4 100
Bottom Bal. 5.70 4.00 - - - - - -
Average Bal. 6.00 4.14 0.038 0.04  0.01 0.005  0.001 0.07
GB/T3620.1 Bal. 5.5-6.8 3.5-45 0.30 - 0.08 0.05 0.015 0.20 -
—2007
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