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Table 1 EB melting process parameters of TA15 alloy
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Fig. 1 Diagram of melting area and scanning area of electron

gun of EB furnace

73 FZEE VAR WP 81 1~2 MO, DRI SBCR AL
{EALEE R M PE AR P RIME L TR AR . TALS Bk G 4 EB
FEERE AR, BUTER Al B3R R P £ R I
ARAE, T RIDR . TR S g R 2
Al FEUERERMEEFERD, K P diR
(IS AT 35 (R UAE A 2 R 2240 ) 72 P T8 o e i
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Be(L K 2 BrBe 1), Jash iy s AaTraasthe, e
WIHZ IR RIEIRESR G, 1% EORIETHE R AL
AT SR, 2R R A R T K B AL
WA RGEIEN, &t Ngi e, AR P
(BRI RFE B, A0P 2(a) B B 2. FINEIRFEED N
Pt RS P b e EOER I — W B EE, AR B Bl

Mass fraction/% Melting current/A
No- Al Mo \Y% Zr Iv Ix Is
1 25 0 0 5 7.0-7.5 1.5-1.8 3.5-4.0
2 16 5 35 0 9.5-10.0 1.8-2.2 3.8-4.2
3 33 <5 <6.7 10 6.5-7.0 1.8-2.0 3.5-4.0
4 25 0 0 5 9.5-10.0 1.8-2.2 3.5-4.0
5 16 5 3.5 0 7.0-7.5 1.5-1.8 3.5-4.0
6 33 <5 <6.7 10 9.5-10.0 1.8-2.2 3.8-4.2

Note: /y;—Current of material melting zone; [r—Current of cold hearth refining zone; /s—Current of crucible solidification zone.
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Fig. 2 Variation curve of melting process parameters:

(a) Vacuum-current relationship; (b) Current ratio curve
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Fig. 3 Relationship between vapor pressure and temperature for alloying element in TA15: (a) Ti-Al; (b) Ti-Zr; (b) Ti-V; (b) Ti-Mo
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Table 2 Alloying elements evaporation loss of TA15 alloy during EBCHM

Evaporation rate/(10 *kg's ''m ?)

Evaporation loss/(kg'h™")

Liquid region T/K

Al Zr Ti Al Zr Ti
Cold hearth 2050 19.7 0.8316 35.1 1.699 0.072 3.03
Crucible part 2000 9.84 0.39 18.1 0.402 0.016 0.74
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Fig. 4 Maximum evaporation rate of alloying element in

TA15 changing with temperature
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Table 3 Effect of EB melting process on volatilization of Al

element
i Melti
Alloying Melting cihng Mass fraction/%
element current/A
No. speed/
supplement/ Koh!
% (kgh ) Iy I Al Uniformity
1 25 200 75 3.5 6.35 Optimal
2 16 230 95 32 6.40 Poor
3 33 160 6.5 3.8 6.11 Good
4 25 160 10 3.5 6.15 Good
5 16 160 75 3.5 6.03 Poor
6 33 200 10 4.0 6.29 Poor

Mixture ratio—Supplementary addition amount of Al element,

and experiment No.1 was used as benchmark.
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3) FEAR SIS PR 7= 564 T, i e T R 45
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Melting technology of electron beam cold hearth melting of
TA1S titanium alloy

DU Bin"% ZHANG Zhi-bin', LEI Yun-qing', QIAN Guang-ning' %, SUN Ning-ning', WANG Qian'

(1. Technology R&D Department, Qinghai Supower Titanium Co., Ltd., Xi'ning 810007, China;
2. Titanium and Titanium Alloys Engineering Research Center of Qinghai Province, Xi'ning 810007, China)

Abstract: Under industrialization conditions, the TA15 titanium alloy ingot was prepared by one-time smelting using an
electron beam cold-bed melting furnace (EB furnace). The relationship between the smelting process parameters and the
homogeneity of the chemical composition of alloy ingot was analyzed. A brief numerical analysis of the volatilization law
of Al and Zr element was studied by Hertz-Knudsen-Langmuir's law, and it was compared with the actual volatility law.
The results show that the volatilization law of Al and Zr elements during EB melting process complies with Langmuir’s
law. Among them, the Al element volatilization is serious, the theoretical volatilization rate is 18.69%, and the actual
volatilization rate is 15.33%. The Zr element volatilization rate is relatively lower, the theoretical volatilization rate is
2.80%, the actual volatilization rate is 3.33%; the theoretical volatilization rate of the Ti matrix is 2.86%. The EB furnace
melting power, vacuum degree and the matching between various process parameters are the key factors which affecting
the volatilization of Al and Zr elements. The chemical composition of alloy ingot prepared by reasonable process
parameters has good uniformity.

Key words: TA15 titanium alloy; electron beam cold hearth melting; Al element evaporation; composition uniformity
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