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Abstract: A novel type of foundry method for TiAl-based alloy is presented in the present paper. The filling processes of Ti-47Al

alloy sheet and blade have been studied via numerical simulation. The investigation results indicate that the filling fraction is en-

hanced by the increase of filling velocity and graphite throat diameter. The graphite throat diameter is the main parameter for the

backward filling location in the process of vacuum suction casting. With the increase of mould temperature, the solid fraction is re-

duced. The alloy solidification begins from bottom to top. The TiAl sheet and the blade are produced by this method. The grain size

of the sheet is in the range from 10 um to 40 pm. There is no obvious shrinkage cavity.
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TiAl based alloys are considered as promising structural
materials for applications in the fields of aerospace vehicle,
energy and automotive industry!”. Their advantages involve
low density, high specific yield strength, high specific stiffness,
good oxidation resistance, and good creep resistance up to
high temperatures etc. But the alloys have low room tempera-
ture plastic property, low deformation limit and bad
cold-forming property, so the improper properties restrict their
cold workability. The barriers to practical applications of TiAl
based alloys include not only their inherent properties but also
the high-cost of processing. Casting is the most economical
way to produce TiAl based alloy components. Different cast-
ing methods such as conventional sand casting '/, die casting!”,
low pressure casting!®!, centrifugal casting'®!, shell mould cast-
ing[lo], extrusion casting[“]and etc., are used, and the invest-
ment casting offer an economical production route !*'l.
However, there are some problems in the above casting meth-
ods, such as grain size and reaction layer.

This work aim is made to develop a novel type of casting
method called permanent mould suction casting for TiAl based
alloys. The filling process is accomplished under vacuum condi-
tion, so the oxidation and pore can be avoided. The solidification
velocity of TiAl based alloy is fast, so the misrun and cold shut
may appear, especially in the process of complex thin wall
component. The suction casting can overcome their deficiencies,
because the mould is filled with the molten metal under gravity
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and extra gas pressures. The filling process has been simulated
with PROCAST software. A blade and sheet of TiAl based al-
loy have been also produced by this method.

1 Suction CastingTechn ology

The most important issue of thin-walled TiAl based alloy
component is the casting defect of misrun. In order to avoid
this issue, extra filling force is required, and in this work the
extra force was gas pressure. The suction casting alloy ingots
were fabricated by vacuum-arc melting technique in a melting
chamber as shown in Fig.1. The melting chamber was filled
with high purity argon, and the pressure could be up to 0.07
MPa as filling force. The suction chamber was vacuumized
by a mechanical pump. The extra force of the suction casting
was provided by the differential pressure between the melting
chamber and the suction chamber. Thus, suction casting was
successful in preventing casting defects by means of suction
force. Oxide and oxygen contents were also reduced because
of the vacuumized suction chamber. A permanent mould was
designed for suction casting.

2 Simulation and Analysis in Process of Suction
Casting

Filling velocity, graphite throat diameter and pouring tem-
perature are the main influencing factors in the filling process
of suction casting. In this paper, the effects of filling velocity,
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graphite throat diameter and pouring temperature on the sheet
and blade filling process were simulated by the PROCAST
software.

2.1 Model

Fig.2 shows the three-dimensional geometry model of the
sheet and the blade. The sheet casting with 2 mm in thickness,
60 mm in length and 20 mm in width was selected, and the
blade casting with 50 mm in length, 20 mm in width and 2 mm
in thickness, and with 1.6 mm thickness in ledge. The mould is
made of steel.

2.2 The effect of technological parameter on the filling
of sheet and blade

In order to evaluate the influence of filling velocity on fill-
ing process, the filling velocity was selected as 457, 610, 762
and 914 mm/s, respectively. The graphite throat diameter was
2 mm, and the filling temperature was 1590 °C. The mould
temperature was 20 °C.

Fig.3a shows the influence of filling velocity on filling frac-
tion. From the simulation results, it can be seen that the filling
fractions of four filling velocities are less than 100% because
of small graphite throat diameter. However, the increase of
filling velocity can improve the filling fraction obviously; the
excessive filling velocity will lead to a backward filling, re-
sulting in cast defects.
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Fig.l1 Schematic of suction casting

Fig.2 Geometry models of castings: (a) sheet and (b) blade
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Fig.3 Influence of the filling velocity (a) and graphite throat di-

ameter (b) on the filling fraction

The surface tension is related to the graphite throat diame-
ter. With the decrease of the graphite throat diameter, the cap-
illary surface tension increases, and the filling resistance in-
creases. Additionally, the small graphite throat diameter will
lead to less filling amount of molten metal under the same
filling velocity. These unfavourable factors lead to half-baked
filling. If the graphite throat diameter is too big, the just mol-
ten metal is directly sucked into cavity and the temperature of
the molten metal is non-uniform. In order to evaluate the in-
fluence of graphite throat diameter on filling process, the
graphite throat diameter was selected as 2, 3, 4 and 5 mm re-
spectively. The filling temperature was 1620 °C. The cast
mould temperature was 20 °C, and filling velocity was 610
mm/s. Fig.3b shows, with the increase of graphite throat di-
ameter, the filling fraction increases too. When the graphite
throat diameter is 4 mm, the filling fraction is 100%.

In order to evaluate the influence of backward filling on
sheet casting, the graphite throat diameter was selected as 2, 3,
4 and 5 mm, respectively. The filling temperature was 1620
°C. The cast mould temperature was 20 °C, and filling velocity
was 610 mm/s. The results are shown in Fig.4a. It is clear to
see, with the increase of graphite throat diameter, the location
of backward filling changed from bottom to top. When the
graphite throat diameter was 4 mm, the location of backward
filling was removed from sheet casting.

The effect of graphite throat diameter and filling velocity
on blade filling, and the effect of cast mould temperature on
filling fraction are similar to TiAl based sheet. Therefore, the
location of backward filling is the main object. For evaluating
the influence of the graphite throat diameter on blade casting,
the graphite throat diameters were selected as 2, 3 and 4 mm,
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respectively. The filling temperature was 1620 °C. The cast
mould temperature was 20 °C, and filling velocity was 457
mm/s. The results are shown in Fig.4b. When graphite throat
diameter was 3 mm, the location of backward filling appeared
in bottom, and the filling was unsymmetrical. When graphite
throat diameter was 4 mm, the location emerged in the con-
nection between the blade and its rabbet.

For evaluating the influence of mould temperature on filling
fraction, the temperature was selected as 20, 40, 60, 80 and
100 °C, respectively. The graphite throat diameter was 4 mm,
and the filling temperature was 1590 °C. The filling velocity
was 610 mm/s. Local solidification fraction is the ratio of so-
lidified molten metal to molten metal. In general, when the lo-
cal solidification fraction reaches 20%, the filling process will
stop. The 20% local solidification fraction was observed in the
filling process of suction casting. The solidification sequence
was from bottom to top, as shown in Fig.5, which would not
influence the filling process. With the increase of mould tem-
perature, the proportion of solidified metal decreases.

3 Experimental Results

According to simulation results, we selected the graphite
throat with diameter of 4 mm, and the filling temperature was
1620 °C, the cast mould temperature was 20 °C, and filling ve-
locity was 457 mm/s for experiment. Fig.6 shows the TiAl
based alloy castings of sheet and blade.
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Fig4 Effect of graphite throat diameter on backward filling of
sheet(a) and blade (b)

Fig.5 Relationship between casting mould temperature and solid

fraction

Fig.6 Ti-47A1-2W-0.5Si sheet and Ti-47A1-5Nb-0.5B blade

Fig.7 is the BSE micrograph of Ti-47A1-2W-0.5Si. This
alloy has compact and fine grain structure, and the grain size
is in the range from 10 to 40 um. There was no obvious
shrinkage cavity, but only small shrinkage porosity was ob-
served. Fig.8 is the energy spectrum analysis of gray base,
and no iron element was detected. Therefore, there are no re-
action between molten TiAl alloy and the mould.
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Fig.8 Energy spectrum analysis chart of Ti-47A1-2W-0.5Si

1507



Su Yangqing et al. / Rare Metal Materials and Engineering, 2009, 38(9): 1505-1508

4 Conclusions 4 Hao Shiming(#-1:). Materials Review(#1 ¥k E)[J], 1993,
7(3): 11
5 Qu Cuifen(Jii #3%). Rare Metal Materials and Engineering(#i
4@ RS TR, 1991, 20(6): 19
6 Johnson D R, Inui H, Yamaguchi M. Intermetallics[J], 1998, 6:
647
7 Rawers J C, Wrzesinski W. Scripta Metallurgica et Materialia[J],
1990, 24: 1985
8 Zhang B, Maijer D M, Cockcroft S L. Materials Science and
Engineering: A[J], 2007, 464: 295
9 Sheng Wenbin. Transactions of Nonferrous Metals Society of
China[J], 2006(16): 719
10 Yang R, Cui Y Y, Dong L M et al. Journal of Materials Proc-
essing Technology[J], 2003, 135: 179
References 11 Vijayaram T R, Sulaiman S, Hamouda A M S et al. Journal of
Materials Processing Technology[J], 2006, 178: 34
12 Alain Lasalmonie. Intermetallics[J], 2006, 14: 1123
13 Noda T. Intermetallics[J], 1998, 6: 709

1) With the increase of graphite throat diameter and filling
velocity, the filling ability of TiAl based alloy molten is im-
proved under suction casting. The proportion of the local so-
lidification fraction decreases with the increase of the cast
mould temperature. The TiAl based alloy molten metal is so-
lidified from bottom to top.

2) The blade and the sheet of TiAl based alloy can be pro-
duced by suction casting. No reaction takes place between ac-
tive moltenmetal and the steel permanent mould.

3) This alloy has compact and fine grain structure, and the
grain size is in the range from 10 to 40 um. There is no obvi-
ous shrinkage cavity.
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