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Plasma Electron Beam Melting of @ Titanium Alloys

Junji TAKAHASHI, Miisutane FUJITA and Yoshikuni KAWABE

Synopsis :

The small-scale plasma electron beam melting method for g titanium alloys was investigated. The melt-
ing process was evaluated from the viewpoint of the yield of alloying elements in Ti-15Mo-2Fe-3Al and
Ti-15V-3Cr-3Sn-3Al alloys and the segregation of the elements in the ingots.

The process consists of double meltings.
hearth.

Through the primary melting, a bar ingot was produced on a
In the secondary melting of the bar ingot, solidified metal was continuously withdrawn downwards

at a speed corresponding to the melting rate of the bar ingot.

The yield of alloying elements after secondary melting was from 86 to 90% in Al, 86% in Cr and 100%
in the other elements such as Fe, Sn and V. The segregation in the bar ingot was recognized, but the seg-
regation in the secondary ingot was not detectable except in the small zone finally solidified. The amounts

of impurities such as C, N, O except H were the same as those in commercial alloys.

14% was observed after the secondary melting.
melting of small-scale ingots of titanium alloy.

The weight-loss of

In conclusion, this process is convenient and available for

Key word : plasma electron beam melting ; 8 titanium alloy ; yield ratio of alloying elements ; segregation ;

amounts of impurities ; weight-loss.
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Table 1. Melting conditions.
1 Accelerating | Beam Melting
Kind of melting voltage current speed
\) (A) (mm/min)
Primary Degassing 25 300 19
Steady state 30 500 7
Melting of seed 35 800 N 0 "
Secondary | Steady state 38 900 20% 2.5%*
Hot topping 38-0 900-0 0
* Bar speed ** Downward speed
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Melting procedure by plasma electron beam furnace.

(First Step)

E)egassing Meltirgj
T

[steady State Melting]

(Second Step)

[Degassing Melting|

[Steady State Melting]

a) Flow chart of primary melting
(Water cooled Cu hearth melting)

c) After melting

b) Harth and compact
Fig. 2. Method and photographs of primary
melting. ’
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a) Flow chart of secondary melting

b) Set up bar ingot
c)’Melting of seed
d) After melting

Fig. 3. Flow chart and photographs of secondary melting.
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Fig. 4. Positions of chemical and EDX analysis in
the ingot.
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b) Cross section

Photographs of pressed compact.

a) Surface

Photo. 1.
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Second Step Melting
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Fig. 5. Alloying elements distribution over posi-
tion shown by arrow of cross section of primary
melted ingot.
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Photo. 2. Photographs of surface and cross section of ingots made by secondary melting.

Table 2. Chemical composition (%) at each position of secondary melted ingots in location of 2 shown in Fig. 4.

Alloying 15Mo-2Fe-3Al Alloying 15V-3Cr-3Sn-3Al

element Top Middle Bottom element Top Middle Bottom
Mo 15.08 15.14 15.02 v 14.98 14.95 15.13
Fe -2.06 1.99 2.08 Cr 2.98 2.84 2.79
— — — — Sn 2.62 3.08 3.07
Al 2.76 2.95 2.96 Al 2.98 2.98 3.02
0 0.15 0.13 0.13 (e} 0.16 0.15 0.13
C 0.011 0.010 0.011 C 0.013 0.015 0.017
N 0.0059 0.0064 0.0055 N 0.0092 0.0099 0.0097
H 0.0052 0.0055 0.0036 H 0.0056 0.0034 0.0035
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Fig. 6. Chemical composition at each position of
cross section of ingot produced by secondary
melting.
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Table 3. Summary of chemical compositions and yield of alloying elements.

- Composition after .
Alloyin Coppsizion melting (wt% i
Melted alloy elen?,entg meltin, ! n)l, n%
(w t%)g Mean Standard eleme
a devition (g)
Mo 15.0 15.03 0.081 100
Ti-15Mo-2Fe-3Al Fe 2.0 2.04 0.049 102
Al - 3.3 2.85 0.084 86
\Y 15.2 15.02 0.064 180
. Cr 3. 2.8 0.071 6
Ti-15V-3Cr-38n-3Al Sn 3.0 2.96 0189 99
Al 3.3 2.97 0.030 920
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