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Melting of Ti-6Al-4V Alloy Using CaO Crucible and
Internal Defects of its Casting
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Abstract

The CaO crucible is expected to serve as a useful tool for melting Ti and its alloys due to its thermodynamic stability. How-
ever, Gjere still remain problems that need to be resolved in the melting of Ti and its alloys to enable commerical use. The cause of
the defects of Ti-6Al-4V alloy castings melted in the CaO crucible were examined and compared with induction skull melting.
The key factors of the melting technique using the CaO crucible, affecting the quality of Ti-6A1-4V alloy castings, were investi-
gated. Defects of the Ti-6A1-4V alloy castings are caused by the chemical reduction of CaO by Ti. Pressurizing with argon gas in
a vacuum induction chamber is effective for reducing the defects. Preheating of the charged material in the crucible and quick

pouring into a mold of lower temperature, just after melting down, are important for produsing sound Ti-6Al-4V castings.

Key words: Titanium, Alloy, Calcia crucible, Casting defect, Vacuum melting, Skull melting.
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Table 1. Specifications of various CaO crucibles

Table 2. Chemical composition of raw material of CaO.

Ca0 MgO Si0, Al,O; Fe,0, Igloss
97.0 0.72 0.35 0.04 0.06 1.79
Table 3. Physical properties of fused CaO.
Apparent porosity (%) 12.0
Apparent specific gravity 3.33
Volumetric specific gravity 293
Compression strength (kg/cm®) 650
Flexural strength (at 1400°C, kg/cm?) 65
Hot linear expansion ratio (at 1000°C, %) 1.26
Softening temperature under loads (T°C) 21700
Table 4. Chemical composition of ZrO, crucible. (mass%)
Zr0, CaO Sio, ALO, Fe, 04
=>94.0 <40 <02 <0.1 <02

50 kW-9.9 kHzo| A-TH-=83 2 (o]3} 5kgReta &t
thE A3} = 10kgd E7Rel 28t Lajoirie
23 5kw-3kHz®] ATH=LH 2018t 10kg=e} g
thE AR 7 2elM Esfell AlF3 Ti-6Al4V
$F2, ASTM B 348Gr.58 T53sh= 27 97 30,
70, 90 mme| tHTFFOZ BJIL, ARHe| opHEe] 9
3 S AR 1 A4S Table 59 el
1 kg2ellMe] 8)e} 793, FreEZolAl 0.13 Pa
oJ3LZ Wi71F, 99.999% olAFe] £E0] o2 A
BT F2TRN71ZNA oF 300 g2 Bsi3l, Ho}
W F= kA Y23k G Fxgt
Skgzo} 10keolMe) Sale) A= F34 W g
W ATAE FZol| 23] 65Pa ©)37HX] wi7|dk
F, 99.999% o} £x9 ol2ToE X|sl, A ol
A4k 0.15MPa®] 971 M 27 oF 2500g, oF
5200 g& B3Het. sopE7] Aol of229] 7R
H712 3 olfi: ElebmgsiAlel 3w vlEE o
As7) S8 'rrﬁﬁl":]‘—l— e s 29K 7

L Melting Capacity (kg) Size (mm) Weight
Designation - ; - - -
(Corresponding to iron) Outer(inner) diameter X outer(inner) depth kg)
VCA-1 1 $64(948) X 150(140) 0.7
VCA-5 5 ¢107(¢89) X 200(185) 1.8
VCA-10 10 $140(4$110) X 250(220) 52
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Table 5. Chemical requirements of ASTM B367 Grade C-5.

. . Nitrogen  Carbon  Hydrogen Iron Oxygen  Otherelement  Other element
Grade  Aluminum  Vanadium (max.) (max.) (max.) (max.) (max.) (each) (max.)  (total) (max.)
C-5 5.5-6.75 3545 0.05 0.10 0015 040 0.25 0.10 0.40
Z3c}, 0.35-0.7 mm®] CaO Y43 Zr0,Z B} 324 o
FEE 3 FAA sle|Zeoll F3 PURh30%-PY  F& 30% TRo|IFAINER UAH4Sum o3-S
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Fig. 1. I.C.L standard test specimen.*
*L.C.I. stans for Investment Casting Institute.
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Table 6. Structure of lost wax mold.*

1st. Layer 2nd Layer  3rd. to 7th Layer
Binder Zr0, zol Zr0, zol SiO, zol
Powder 7Zr0, 210, Mullite
Stucco ZrQ, Zr0O, Mullite
Copper segment
Slit
’{ Induction
. il
717 ,xF co
§u0)
fao)
H
D
o
Lt
(i
\ (7 2
- . NSNS

1 t Water inlet and outlet

Fig. 2. Induction skull melt.
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Fig. 3. Appearance of bending machine.
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Fig. 4. Structure of bending machine.
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Table 7. Influence of various crucibles on the gaseous contents
in Ti-6Al1-4V. (Holding time after melt down : about 1
min, argon atmosphere : 93324Pa)

After melting
Element Charged i
Material CaQ Zr(.)2 Grap_hlte
crucible crucible  crucible
Oxygen 1100 2300 3200 1450
Nitrogen 100 69 35 43
Carbon 100 73 - 8070

Table 8. Effect of ZrO, crucibles of 10 kg (corresponding to
iron) on oxygen and nitrogen contents of Ti-6Al-4V.
alloy casting. (Holding time after melt down : about
30 sec, argon pressure : 151,9854Pa)

Element Charged material After melting
Oxygen content 1100 6743~6901
Nitrogen content 100 75~91

(15)
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Fig. 5. Relationship between melting time from melting to cast

and oxygen content of Ti-6A1-4V alloy melted in CaO
crucible.
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Fig. 6. Relationship between break angel and oxygen content
of test specimen melted in CaO crucible.
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Table 9. Tensile properties of Ti-6A1-4V alloys cast into molds
at different temperature.

Mold

Tensile strengtrh  Elongation

temperature (K) (MPa) (%) Remark
temf;’;ure 1013.0~1058.1  6.3~9.4 s Cast
1373 660.0~735.5 <12
ASTM B367
=>8924 =6 Gr. C-5

(specification)

an

S00um

Fig. 7. Microstructure of Ti-6Al-4V alloy cast into a 1373 K
mold.
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- - Fig. 9. SEM of gaseous defect in Ti-6Al-4V casting melted in

20mm

Fig. 8. Internal defects of Ti-6Al-4V alloy cast into ¢p20metal
mold under various pressure of argon at-mosphere.
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Fig. 10. EPMA of calcium in sound spot and defective spot.
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Fig. 11. Appearance of Ti-6A1-4V ingot melted in CaO crucible.
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20mm

Fig. 12. Cross section of Ti-6Al-4V ingot melted in CaO cru-
cible.

20mm

Fig. 13. Cross section of Ti-6Al-4V ingot melted in duction
skull furnace.
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