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Effects of Process Parameter on Alpha-Case Formation of
T1 and TiAl castings
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Abstract

The main purpose of this study is to investigate the effects of process parameter on alpha-case formation of Ti and TiAl castings.
The previous studies showed that the molten titanium is excessively reactive to the refractory oxide mold, resulting in alpha-case of
the titanium castings regardless of composition of titanium alloys. However, the behavior of the alpha-case formation of TiAl alloy
i1s not consistent with conventional titanium alloy. In order to investigate the alpha-case formation of Ti and TiAl castings with pro-
cess parameter, especially the associated factors of investment mold such as mold material, binder and mold preheating tempera-
ture. An attempt has been made to characterize the alpha-case of titanium castings by using optical microscope, EDS, XRD, EMPA
and hardness profiles. The formation of the alpha-case on the surface of pure titanium during investment casting was rather by that
of solid solution with metallic element from mold material. The required mold strength was obtained with CaZrO, because of the
possibility of using water soluble binder. However, the separation phenomenon between facing and back-up mold materials should
be considered. The interfacial reaction of TiAl alloy showed different behavior from that of pure titanium and AL,O, was best mold
materials. The effect of binder as well as mold material on the formation of alpha-case was significant.  (Received May 9, 2003)
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Fig. 1. Standard free energy change for the reaction of oxide
formation.

Table 1. Oxides and binders examined and their mixing ratio
for titanium investment casting

: : Mixing Ratio
Oxide Binder Binder vs. Oxide
7:0 ZrOCl, - 8H,0 : Ethanol Ist:1vs.3
2 =20g : 100cc 2nd:1vs.2
: - Ist:1vs.3
Al,O, Colloidal Silica ond - 1 vs. 2
Cazr0, ZrCl, - 8H,0:(CH,CO0),Ca Ist:1vs. 3
*H,O: water = 1 mol : 1mol 2nd:1vs. 2
CaO Unhydrated CaCl, : Ethanol 20cc vs. 150g

=4g: 100cc

Table 2. Oxides, binders and the slurry viscosity for manu-
facturing investment mold

. : Viscosity
Oxide Binder (Zahn Cup #4)
Al,O4
ZrS10, Colloidal silica, 21 S;?O:S?fs 5
ZrO, SKKU binder 3? 42325 SS
CaO stabilized ZrO,
0.5 MPa Y822 ehebAalal 950°C oA 2417 24
st
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Fig. 2. Microstructures of regions below the surface of the as-cast specimen; (a) cp Ti in ZrQ,, (b) cp Ti in Al,O4, (¢) cp Ti in CaO,
(d) cp Ti in graphite, (e) cp Ti in CaZrO;, (f) TiAl in ZrO,, (g) TiAl in CaO stabilized ZrO,, (h) TiAl in Al,O; and (i) TiAl

in ZrS10, mold.
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Fig. 3. Hardness profile from the surface of castings; (a) cp Ti and (b) TiAl alloy.
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Fig. 5. X-ray diffraction pattern of cp Ti castings surface into
Al,O; mold.

Fig. 4. Elemental mapping images of (a) O, (b) Al and (¢) Si in cp Ti castings from Al,O; mold and (d) BE image by EPMA.
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Fig. 6. Elemental mapping images of (a) O, (b) Al and (c) Si in TiAl castings in Al,O; mold and (d) BE image by EPMA.
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