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Abstract: The TCI18 titanium alloy ingots were prepared by BMO-25 electron beam cold hearth melting (EB). The
mathematical model of vapor pressure and volatilization rule of each component during smelting process was established
by Langmuir’s law. And the activity coefficients of each component of TCI8 titanium alloy were verified according to the
measured volatilization rate. The results show that the activity coefficients and volatilization rate obtained by mathematical
model can better match the actual smelting process, and the theoretical volatilization rate is in good agreement with the
measured volatilization rate. The elements of Al and Cr volatilize obviously during the process of TCI8 titanium alloy
EB furnace smelting, the measured volatilization rates are 12. 06% ~ 18. 27% and 30. 77% ~ 37. 16% , respectively.
The addition rates of Al, Mo and Cr are set to 15.6% , 4.25% and 30% , respectively, and the smelting speed is
about 178 kg/h by controlling the smelting current. The chemical composition uniformity of the obtained TC18 titanium
alloy ingot is good, which can meet the requirement of GB/T 3620. 1—2016.
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Table 1 Processing parameters of EB melting process for TC18 titanium alloy ingot
Alloying element supplement/% Current/A Smelting speed
N Al Mo \ Cr Fe I, I, I /kg-h™!
1 20 0 0 20 -5 8.5~9.0  3.5-4.0  2.0~2.5 195.5
2 16 10 5 30 0 9.0~9.5  3.8~4.2  2.4-2.8 178.5
3 24 5 0 35 0 8.5~9.0  3.5~4.0  2.0~2.5 191.2
4 156 4.25 0 30 -1.8§ 9.5+0.2  3.8+0.2  2.5x0.2 178. 1
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Table 2 Measured value of elements mass fraction of TC18

titanium alloy ingot produced by No. 1 — No. 4 test

No. Al AY Mo Cr Fe
1 4.976 4.484 3.954 0.817 0. 869
2 5.286 4.712 4.366 0. 861 0. 863
3 4. 900 4. 490 4.451 0. 843 1. 002
4 5.05 4.75 4.78 0.90 0.99
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Table 3 Measured value of elements volatilization rate of TC18

titanium alloy ingot produced by No. 1 — No. 4 test

No. Al A% Mo Cr Fe
1 18.27 4.95 16. 65 37.16 6. 96
2 12. 06 0. 823 8. 065 31.25 7.60
3 15.22 5.05 10. 1 35.38 -1.8
4 12. 63 0 3.43 30.77 -0.814
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Table 4  Relationship between activity coefficient and temperature

of each component in TC18 titanium alloy

7K Ti Al \Y Mo Cr Fe

1800 0.8797 0.0182 0.8472 0.8457 0.4461 0.8422
1850 0.8822 0.0226 0.8511 0.8491 0.4663 0.8455
1900 0.8847 0.0270 0.8550 0.8525 0.4865 0.8488
1950 0.8873 0.0314 0.8589 0.8559 0.5067 0.8521
2000 0.8898 0.0358 0.8628 0.8593 0.5269 0.8554
2050 0.8921 0.0402 0.8667 0.8627 0.5471 0.8587
2100 0.8944 0.0446 0.8706 0.8661 0.5673 0.8620
2150 0.8965 0.049 0.8745 0.8695 0.5875 0.8653
2200 0.8985 0.0534 0.8784 0.8729 0.6077 0.8686
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Fig.2  Relationship between vapor pressure and temperature

of each component in TC18 titanium alloy melt

TE B A TN R B 1 A2 U g e L
M (D) R R EE T TCI8 k5 44 41 o0hy
PR, RN 3 iR, 78 No. 4 886G & 1T,
i 3 AAT TC18 Bhir 4 EB i kit v, %R
KA RZE g RS AL, Cr SUR M,
ESR TN

10.0

Volatilization rate, J/x 107 kg - s~

1800 1900 2000 2100 2200

Temperature/K

B3 TCI8 ShaAtsih &AM A ik R An i B H) X R
Fig. 3  Relationship between volatilization rate and temperature

of each component in TC18 titanium alloy melt

RS REMERB/A AL G TENERER
Table 5 Volatilization rate of Al, Cr elements in cold hearth

and crystallizer ( x 10* kg+s™'+m ™)

Liquid region Al Cr
Cold hearth (2050 K) 0. 123 80 0. 063 68
Crystallizer (2000 K) 0. 064 34 0.035 27
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Table 6 Theoretical volatilization rate and measured volatilization rate of Al, Cr elements during EB melting of TC18 titanium alloy

Theoretical volatilization rate/% Measured volatilization rate/% Deviation/ %
Test Composition uniformity
Al Cr Al Cr Al Cr
1 11.34 29. 59 18.27 37.16 6.93 7.57 Poor
2 12.87 29.91 12. 06 31.25 -0.81 1.34 Excellent
3 11.24 31. 89 15.22 35.38 3.98 3.49 Good
4 12.95 30. 00 12. 63 30.77 -0.32 0.77 Optimal
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Fig. 4 Axial direction distribution of chemical composition of TC18

titanium alloy ingot: (a) No. 2 test; (b) No. 4 test
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Table 7 Content of impurity elements of TCI8 titanium alloy

ingot by No. 4 test

Sample N C H Si Zr
point
1 0.05 0.006 0.046 <0.0006 0.017 <0.01
2 0.062 0.009 0.059 <0.0006 0.015 <0.0l
3 0.054 0.007 0.038 <0.0006 0.018 <0.01
4 0.074 0.008 0.052 <0.0006 0.013 <O0.01
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