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Electron Beam Melting of Sponge Titanium

Hiroshi KaANAYAMA, Tatsuhiko KUsaMICHI, Tetsuhiro MURAOKA,
Toshio ONOYE and Takashi NISHIMURA

Synopsis :

Fundamental investigations were done on electron beam melting of sponge titanium by using 80 kW
electron beam melting furnace. Results obtained are as follows:

(1)To increase the melting yield of titanium in electron beam melting of sponge titanium, it is important
to recover splashed metal and to prevent the evaporation of molten metal during melting. It is possible to
collect the splashed metal by installation of water-cooled copper wall around the hearth and to decrease the
evaporation loss of titanium by keeping the surface temperature of molten metal just above the melting
temperature of titanium without local heating.

(2)Specific power consumption of drip melting of pressed sponge titanium bar and hearth melting of
sponge titanium are approximately 0.9 kWh/kg-Ti and 0.5~0.7 kWh/kg-Ti respectively.

(3)Ratios of the heat conducted to water-cooled mould in the drip melting and to water-cooled hearth in
the hearth melting to the electron beam input power are 50~65% and 60~ 65% respectively. Overall heat
transfer coefficient between molten metal and hearth cooling water is about 0.01~0.03 cal/cm”-s-K.

Key words : electron beam melting; sponge titanium; splashing; evaporation; heat balance; power

consumption ; heat transfer coefficient.
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Table 1. Specifications of the experimental EB
melting furnace.

Input power 5~80 kW
EB gun{ Accelerating voltage 0~30kV

Beam current Maximum 2.7 A
Ultimate pressure in melting 11078 mmHg

chamber

Hearth melting
(Hearth size : 200 mm#$X 30 mmhA
90X 150X 30 mmbh)
Withdrawal melting
(Ingot size : 150 mm#X 800 mmh
50X 150X 30 mmk)

Melting and casting system

Horizontal rod feeder

(Rod size : 100 mm®X 1 000 mm)
Vibrating granule feeder
(Granule size : ~30 mm)

Feeding system of raw
materials
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Two color
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Diffusion pump

Melting stock

Fig. 1. Schematic diagram of
experimental electron beam melt-

Water cooled .
ing furnace used.

Cu mould

Withdrawal melting
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(150 X 50 mm) % {FEV4rit7-.

BREIF~E, AR (~100mm ¢) & 5 Witk (~
30 mm) DHEMIEE 2 EAEH DV IIWTEIICEATE B,
BHERMMEISRE 2 0BREE Gl%EkE 500,
580 nm) 3 X U HRSGHEIBH (400~800 nm) D4l

fmrHW Tl L8,

2.2 BREE
AREBROERIEHR & LT, Mg BITECRSE L7Ew
DARY T Ti(B) &, oo {tEHEN L%
WARY Y Ti(A) BLU Na BIGECHE L2 2K

YTi(C) 2w/, Zofic, JISE1HE 7 L—FoD
UM Ti A (100mm ¢) BLURZL— KOs
77 Ti(20~30mm X 2~3mmi¢t) bHWE. Th
b DOEIRIFHR DL % Table 2 (277,

AR TIiBEDT IHRIRT, B 0IET L AE

LCHEEL, M (100mmé) & LCHmL .
2-3 ARLT Ti BESHY)AEER

ZITIE, N—ABEBRARNTARAKR Y Y Ti OBRMREE)
TR, BHEHKERARNTRER Y Y Ti OMEEER
1o 7.

D FEMIERIE EB 177 60~70 kW (26~28 kV,

N—2ZNT—E'mEBEHRTH/8y FHRE BR8N 2.2~2.7A), ¥AEH 10 *mmHg LLFCiFv, HH
Table 2. Chemical composition of raw titanium materials used (wt% ).
Raw materials C Fe Si 0 N © H Mg Na Cl
A 0.005 0.024 0.001 0.061 0.002 0.004 0.014 N.d 0.023
Sponge Ti B 0.004 0.030 <0.010 0.043 0.003 0.002 0.026 N.d 0.076
C 0.006 0.006 0.002 0.045 0.001 0.002 N.d. 0.075 0.092
Ti bar 0.009 0.051 0.004 0.077 0.005 0.002 N.d. N.d N.d.
Scrap Ti 0.010 0.050 0.008 0.090 0.005 0.003 N.d. N.d N.d.

N.d. : Not detected
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Fig. 2. Influence of chloride content in sponge Ti
on melting yield in withdrawal melting.
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Fig. 3. Influence of chloride content in sponge Ti
on melting yield in hearth melting.
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Fig. 4. Change in ratio of area to which splashed
Ti adhered along height during melting of sponge
Ti (B) in hearth melting.
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Fig. 6. Increase in melting yield during melting of
sponge Ti (B) in hearth with water-cooled wall.
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Fig. 7. Influence of molten Ti temperature on
melting yield during melting of scrap Ti in hearth.
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Fig. 11. Heat balance during melting of Ti bar
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Pressure

(Hg, Ar)

Diffusion
pump
EB Input introduced )
kW) gas Pressure EB Hearth Melting
-4 un chamber
72.5 H- 2X10 191 2% 59.7% 23.4%
Torr 1
7.5 H. 1x10-3 [12.8% 64.9% 22.3%
7.5 H, 1x10-2 |5.5% 63.9% 30.6%
EB Melting
Hearth
40.3 2 x10-4 |[QuUn chamber
29 H. 2 13.9% 64.5% 2.6%
- .3%)
1.5 H, ixwe 93 61.6% 20.1%
40.3 2 x 102 |7.8% 29.9%
H 1X70 I 62.3%
EB H Melting
earth
-2 |gun chamber
72.5 Ar 1X1072 74.1% 59.7% 26.2%

Fig. 13. Heat balance during melting of sponge Ti
(B) in hearth melting.
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Fig. 14. Change in overall . heat transfer co-
efficient between molten Ti and cooling water in
hearth melting.
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Fig. 15. Emissivity of molten Ti calculated from
heat balance in hearth melting.

4)YZAR YV Ti DTV AETEHES O EB AR
VB BIE AL 0.9 kWh/kg, /N— RIZEHA L7
AFRYT Ti OBEMRET TIZLELENFEHEAMITZ 0.5~
0.7kWh/kg 2 TH 5.

5 )EB i T & o SO e T, BRI o {48k
FE12 50~65% BETH Y, FS 6 mm OHEOHE
BRI SEBEER L NV T 150°C BETH 5.

6 )= ZEMTH, N— A~NOIEHEE 1T 60~65%
BETHO, Tidd-wHKE ORISR 0.01
~0.03 cal/em®-s-K, Ti OB HIE 0.5~0.7 24
Thhb.
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