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Abstract

The paper presents the results of the crystallization and cooling process of AlSill silumin in the plaster mould with TDA method and
describes the impact of the preparation of plaster mould and liquid silumin on received microstructure and quality of casting. The effect of
the pouring temperature of silumin on porosity and filling of mould cavity was investigated. The nature and rate of change of temperature
in casting and the formation of the microstructure was shown by means thermal and derivative curves. Through the use of control samples
in range of a thickness of 0.5 + 4 mm confirmed the possibility of obtaining thin-walled silumin castings in pre-heated before plaster
moulds. It has been proved that changing the parameters of pre-treatment moulds of gypsum, the pouring temperature and modification of
silumin you can control the crystallization process, obtained microstructure and properties Rm, Rpy, and HB.
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1. Introduction

Casting in plaster moulds is one of the methods for obtaining
accurate castings made of alloys of Al, Zn, Cu and Mg with a
mass of several grams to 150 kg. Using the weight of gypsum and
ensuring adequate transmission or vacuum forms in the course of
pouring it can be obtained wall thickness of casting less than 1
mm [1].

The gypsum moulds are widely used in dentistry, jewelery, and in
modern methods of rapid prototyping [2]. Currently in the
Department of Materials Engineering and Production Systems
University of Lodz studies are conducted on optimizing the
technology of gypsum mould and research of casting alloys with
using of TDA method [3-7].

The purpose of this study was to examine the process of
crystallization and cooling of silumin with TDA method, casting
microstructure obtained in the plaster mould, and to explore the
impact of the process of pre-forms preparation of mould and of
silumin and also the ability of filling of mould cavity casting,
porosity and mechanical properties: Rm, Rpg, and HB of casting.
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2. Experimental

The study used near-eutectic standard silumin AlSill content of
silicon in the range of 11 + 13% and on allowable pollution: Fe in
the amount of 0.7 + 0.8%, Mn - 0.5%, Cu - 0.8% and Mg - 0.3%.
Silumin was melted and overheated in the range 650 + 800 °C in
the graphite crucible of induction caster INDUTHERM VC-500D
in an atmosphere of argon.

Modification of silumin was made by persistent modifiers Sr, Ti
B, which input into the crucible before melting with weighted
metallic charge together. The analysis of crystallization process
and cooling of AlSill silumin was made on the station that view
was shown on a scheme in Figure 1.
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Fig. 1. Scheme of research station with using of TDAg probe

Cast silumin studied in the TDAg probe, which is drawn in Figure
3.

Fig. 2. TDAg probe [6]

This probe is made of gypsum “Prima-Cast” using a specially
designed metal matrix. Probe after bounding of plaster was
removed from the matrix and subjected to heat treatment
immediately prior to the liquid metal pouring. In Figure 3 is
shown the diagram process of heat treatment of plaster.

The plaster mixture "Prima-Cast" formulated in the vacuum
blender "St. Louis" with distilled water is placed on water-
gypsum proportion 0.4. Prepared liquid plaster poured into the
mass matrix in a vacuum conditions.

Plaster moulds for casting probes Rm and control strapes for
testing shape mapping were made with using of lost wax patterns.
Pouring its of the liquid metal takes place with using a vacuum
during the process.
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Fig. 3. Thermal treatment scheme of plaster moulds and probes

The design of the mould allows for the simultaneous pouring of
control samples consisting of three strapes with a thickness of 0.5,
0.8 and 4 mm.

Mechanical property tests were carried out adequately: Rm and
Rpgp - on the Instron strength machine, and hardness HB — on
Briviskop using the parameters for measuring 2.5/62.5/30.

3. Results

Figure 4 gives curves of TDA and the characteristic points of the
crystallization process of AlSill silumin casted from temperature
775 °C in gypsum probe preheated to 250 °C. The data shows that
silumin crystallization begins at a temperature of tA = 572 °C
with preeutectic nucleation of o phase. Rising of its dendrites
causes appearing the maximum thermal effect in temperature tB =
573 °C.

Further crystallization of o (area ABCD) increases the
concentration of silicon in liquid metal at the other with
decreasing temperature to tD = 565 °C creates good conditions to
initiate crystallization of eutectic mixture a + B (Area DEFG).
Crystallization of the silumin ends at a temperature tG = 517 °C.
Figure 5 presents TDA curves of AlSill silumin modified with
strontium, titanium and boron pouring with temperature 775 °C.
Its crystallization similarly to unmodified silumin (Fig. 4) consists
of two stages: preeutectic o phase crystallization and the
subsequent eutectic o + [ mixture. The comparison of TDA
curves (Fig. 4 and 5) shows that the modification siluminu by Sr,
Ti and B increases the temperature likwidus tA = 577-572 =5 °C
and causes a small reduction in the beginning of crystallization
temperature of o + B silumin eutectic tD = 565-563 =2 °C.

These effects confirm the validity of the modification and they are
caused by delivery pads of o phase crystallization: TiB, and
ALTi. Their presence reduces the liquid metal superfusion
required for nucleation of phase o and thus recorded liquidus
temperature is higher than without the modification. Secondly,
addition of strontium to liquid alloy bonds the phosphorus as a
Sr3P, compound and thus eliminates the ALP compound - pads of
eutectic nucleation. Consequently the superfusion of temperature
necessary to initiate the crystallization of a+f eutectic increases.
It’s reflected on the TDA curves as lower tD temperature.

Figure 6 presents TDA curves of AlSill silumin pouring into the
probe at a temperature of 725 °C. The research shows that the
liquid is characterized by overheating equals 167 °C. The value is
relatively high because together the reduction of pouring
temperature from t, 800 °C to 725 °C took place lowering the
liquidus temperature of silumin tA from 572 to 558 °C. This is
probably due to reduction of heat entering the liquid metal in
addition to the pre-heated to a temperature of 250 °C probe.
Consequently, it increases the speed of cooling of liquid silumin
and makes greater the value of superfusion At. Crystallization
process described on the curves also includes these thermal
effects, which was shown in Figures 4 and 5. Here they occur in
the lower ranges of temperature, adequately: o phase
crystallization (area ABCD) t = 558 + 552 °C and o + B eutectic
(area DEFG) t =552 + 516 °C.
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In Figures 7 and 8 presents the pouring temperature t, effects on
characteristic TDA points of temperature and time of unmodified
silumin’s crystallization.

From data shown in Figure 7 results that with lowering the
pouring temperature takes place the reducing the temperature of
both periods of the crystallization: of the preeutectic o phase and
also of the a+f eutectic mixture. Solidus temperature has the
smallest change in the tested range of silumin. It is the
AtG=12°C.

The data shown in Figure 8 shows that the reduction of pouring
temperature of silumin from 800 + 725 °C reduces by 7 s the
crystallization of eutectic a+f and by14 s crystallization all of the
silumin’s sample.

The comparison of the data presented in Figures 7 and 8 shows
that the change of pouring temperature of silumin in tested field
much more strongly affected on the temperature of the
characteristic points of TDA curve than on their time.

Figure 9 presents the results of research silumin’s microstructure
casted in gypsum ATDg probe. The data shows that the
microstructure consists preeutectic crystallized o phase dendrites,
large quantities of a+f eutectic, and the few existing inclusions of
AlFeMnSi phase (c, d). In addition, the observation shows that
reducing the pouring temperature increases fragmentation of the

microstructure while growth of the temperature promotes
rystallizing of granular silicon grains in the microstructure of
silumin. The modification with Sr, Ti, B has a change of the
morphology of B phase from plates to the fibrous one and sharply
revealed preeutectic dendrites of a phase.

Figure 10 presents the results of testing the impact of pouring
temperature of silumin in the range tp = 650 + 800 °C and the
thickness of the casting wall for shape mapping and a porosity of
casting.

The data demonstrate that the casting of the control samples in
terms of temperature tp = 725 + 800 °C in the form of gypsum
initially preheated to a temperature of 250 °C allows to obtain a
full representation of the shape of the casting with a thickness of 4
mm, 0.8 mm and 0 , 5 mm. Reducing the temperature to tp = 650
°C causes a misrun casting of sample with a thickness of 0.5 mm.
From observation of the cross-section of TDA samples results that
silumin has a porosity dispersed on the whole section and its size
increases with increasing pouring temperature of silumin.
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Fig. 4. TDA curves of AlSill silumin poured from temperature 775°C
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Fig. 6. TDA curves of AlSill silumin poured from temperature 725°C
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Fig. 8. Effect of silumin pouring temperature on time of TDA characteristic curve points
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Fig. 9. Microstructure of AlSill alloy poured into the ATD sample with various pour point:
a,b) — t,= 725 °C; c,d) t,= - 800 °C; e,f) t;=— 775 °C modified with Sr, Ti and B.
Microstructure consists dendrites of o phase, plates or fibres (e, f) of o+ eutectic and AlFeMnSi phase
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Fig. 10. Effect of pouring temperature and thickness of casting wall on shape mapping of casting

Figure 11 presents the results of testing the effect of pouring in the range adequately: Rm: 112 + 129 MPa, Rpy,: 81 + 92 MPa

temperature of the silumin on mechanical properties: Rm, Rpy, and HB: 53 + 67. In addition, the tensile strength Rm was
and HB. The research shows that reducing the temperature of t, in characterized by a large variance of values. The reason probably
the range of 650 to 800 °C causes an increase in property values was pores concentration in the part of the strength samples.
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Fig. 11. Effect of pouring temperature on mechanical properties: Rm, Rpy, and HB

4. Conclusions

The following conclusions result from described examinations:

e an increase of pouring temperature of silumin between 725
to 800 ° C increases the pre-eutectic crystallization, extends
the entire crystallization of silumin and slightly increases of
the solidus and liquidus temperature,

e modification of the siluminu using Ti, B and Sr increases the
liquidus temperature by 6 °C, decreases the solidus
temperature by 3 © C and causes fragmentation of the silumin
microstructure by increasing the amount of o phase dendrites
and fibrous o + B eutectic crystallization,

e the temperature equal to 725 ° C is the optimal pouring point
of liquid AlSi alloy for gypsum moulds . Obtained castings
show a complete mould cavity filling and good dimensional
accuracy and clean the surface of the wall thickness
0.5+4 mm,

e  silumin casted in plaster mould has a low immediate tensile
strength Rm while the temporary yield Rpyp, = 87.9 MPa
meet the requirements of Polish standards for castings
produced in sand,

e with TDA method can control the crystallization process
of AlSil1 alloy casted in the plaster moulds.
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