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Package Melting Method of Titanium Alloy Scraps
Tsutomu OKA and Yoshiharu MAE
Synopsis:

Concerning the product cost, the use of recycled scraps for the production of ingots of titanium alloys is
of great importance. Thus, the authors have developed a new melting technique, called the package melting
method, for titanium alloy scraps. The process is summarized as follows. At first, massive scraps, chips
and turnings are packed together into the gutter regardless the size and type of scraps. Secondary, the
gutter is set horizontally into vacuum furnace, melted with plasma electron beam or electron beam and cast

into ingot continuously.

Experiments carried out on Ti-6A1-4V alloy scraps result in the following conclusions.

(1) Ingots obtained by this method have good surface quality and no shrinkage porosity and segregation.
(2) Since the ingot has good workability with only a single melt, secondary melting is not necessary.

(3) The bars produced from recycled scrap have mechanical properties equivalent to those of the bars

from sponge.

(4) Owing to the simple processing steps and high scrap ratio, this method has cost advantages over other

melting method.
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Fig. 1. Flow sheet of making package.
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Fig. 2. Schematic drawing of the package melting method
using vacuum plasma-electron beam.
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Photo. 1. The appearance of Ti-6Al-4V scraps used in
this experiment.

Table 1. Test conditions of the package melting in the first experiment.

Heat Gutter size

Weight Packing rate Beam voltage Feed rate Withdrawing rate
No. - | widthX height X length (mm) |  Gutter type (kg) (%) (mm/min) (mm/min)

1 50X 50X 855 closed 6.1 53

2 50X 60X 890 c%osed 7.2 57

3 50X 70X 890 closed 8.5 58 - - -

4 50X 80X 900 closed 10.4 63 80~36 3~8 2~3

5 50X 100X 900 closed 11.8 56

6 50X 60X1050 open 11.2 79
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Photo. 2. The appearance after packing the scrap into the
gutter with open top.

Photo. 3. View into the chamber of the furnace during
melting.
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Photo. 4. The appearance of ingot produced by the
package melting method.
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Table 2. Chemical compositions (wt%) of ingots produced in the first experiment.

Heat No. Ingot Al Vv Fe (¢} C N H
Top 5.65 4.23 0.20 0.17 0.011 0.007 0.002

1 Middle 5.73 4.18 0.16 — 0.010 — —
Bottom 5.40 3.90 0.15 0.19 0.011 0.016 0.002

Top 6.31 4.29 0.22 — 0.011 — —

2 Middle 6.61 4.27 0.20 - 0.010 — —

Bottom 5.80 3.75 0.16 — 0.016 —
Melting stock 6.29 4.04 0.16 0.18 0.005 0.007 0.005
Specification 6.75 4.50 0.30 0.20 0.10 0.05 0.015
AMS 4928 5.50 3.50
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Fig. 3. Variation in Al and V contents inside the ingot,
heat 2, by fluorescent X-ray.
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Photo. 5. Macrostructures of surface and center of the
ingot, heat 1, produced by the package melting method.

Photo. 6. Microstructures of Ti-6A1-4V bars with dia-
meter of 9.5 mm at (a) annealed condition, 720°CX1h A. C.
and (b) STA condition, 955°CX1h W. Q. = 540°C X4 h A.
C..
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Fig. 4. Tensile properties of bars in the first experiment.
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Table 3. Test conditions in the second experiment.

Heat Scrap Gutter Weight of Gutter Cross~section
No. Type Material and Scrap (kg) of Gutter (mm)
Iy
A gutter 0.50 =)
massive o 3
2 C.P.Ti scrap 7.10 1
55
scrap =
total 7.60 open
¢
@
sive Ti—6AL
3 masst total 7.30 — !
— < ->
scrap av
open
. ’ +massive4 34 [y
massive Ti—6A0 gutter scrap §
4 scrap+ turning 3.16 }
. —4V
turning total 7.50 <55 >
open
gutter 1.74 i
5 Ti—6AL S
i turning 5.66
turning 4V }
total 7.40 <55
closed
i
. gutter 1. 20 =
massive ) ©®
6 C.P.Ti scrap 6.20 =5 \J
<« 55>
scrap total 7.40
open
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Fig. 5. Flow sheet of manufacturing and evaluation of

Ti-6A1-4V bars.

Photo. 7. The appearance of ingots produced by the
package melting method in the second experiment.
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Fig. 6. Al and V contents at the top and bottom of ingots
in the second experiment.
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Fig. 7. Fe and O contents at the top and bottom of ingots
in the second experiment.
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Photo. 8. Microstractures of bars produced from ingots in the second experiment.
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Fig. 8. C, N and H contents at the top and bottom of
ingots in the second experiment,
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Fig. 9. Tensile properties of bars produced from ingots in
the second experiment.
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