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ABSTRACT

In this work, the effects of the overheating temperature and tilt angle on the
microstructure and hardness of a hypereutectic Al-23%Si alloy were investigated.
Al-23%Si melt was overheated to (760, 790, 820 and 850) °C and poured onto
slope plate continuously cooled with water circulation underneath, with various tilt
angles (40, 50, 60)° using a constant cooling length (300 mm). After, the melt
became a semi-solid; the slurry was then filled the mould and completely
solidified. Slope plate samples were reheated to a semi-solid temperature (550)°C
for (10 min) and then quenched in water.

Microstructural images analysis showed that the grain size and the shape factor
of (B-Si) phase were decreased with increasing of the overheating temperature and
tilt angles, on other hand, the volume fraction of (B-Si) phase was increased. The
results of the reheating route showed that the grain size of (B-Si) phase was slightly
increased after reheating at all overheating temperatures and tilting angles. On
other side, the shape factor was improved, and the volume fraction of (B-Si) phase
was decreased, as compared with slope plate results.
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INTRODUCTION
ypereutectic AI-Si alloy are attractive for automotive industry and
desirable for wear resistant applications, where high strength and low
weight are required, also, due to attractive properties such as low density,
high stiffness, good wear resistance, and low coefficient of thermal
expansion. In conventional casting, the machinability and formability of
hypereutectic Al-Si alloys is worse due to the presence of coarser primary silicon
as various morphologies, i.e., it is detrimental to their strength and plasticity. The
use of die cast hypereutectic Al-Si alloy has been restricted owing to its high latent
heat and consequent long solidification time resulting in die wear, segregation and
excessive growth of primary silicon particles, and unfavorable shrinkage behavior.
Therefore, the finer primary silicon generally resulted in improved mechanical
properties, such as toughness and ductility, consequently, increase the industrial
applicability of hypereutectic Al-Si alloys [1-3]. Under normal cast condition, the
primary silicon in hypereutectic Al-Si alloys exhibits a variety of morphologies,
such as polygonal, star-like, coarser platelet, etc. Generally, the machinability of
hypereutectic Al-Si alloys is worse due to the presence of coarser primary silicon
i.e., coarse microstructures, inherent brittleness, and poor workability when
conventional methods are applied to produce such alloys. The production of finer
primary silicon is desirable in most castings of hypereutectic Al-Si alloys [4].
Semi-solid metal processing presents a solution to the problems associated with
both conventional casting and metalworking processes due to its capability to use
temperatures lower than those used in casting and a less energy used in
metalworking as conventional forging and extrusion processes. Therefore, the
semi-solid metal processing has great advantages over than conventional
techniques [5, 6].
Cooling Slope technique is used by pouring the molten metal over an inclined
plate or tube, so that the nucleation together with mixing occur during the flow of
the liquid, thereby producing a fine and less dendritic primary microstructure [7].
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Semi-solid processing of Al-Si alloys using cooling plate method was reported in
the literature [8-10]. Also, this method was stated as a suitable technique for high
melting metals, such as gray cast iron and ductile iron [11,12], where an improved
structure of fine globular primary particles with a high degree of sphericity and
phases clearly distinct from adjacent one was obtained.

The aim of this work is to study effect of Slope plate casting (SPC) on the
microstructure of a hypereutectic Al-23%Si alloy (i.e., on refining and
modification of primary Si phase).

EXPERIMENTAL WORK
Materials

The chemical composition of the hypereutectic Al-23%Si alloy used in this study
is given in Table (1).

Procedure

The slope plate casting unit is shown in Figure (1). Figure (2) shows the
schematic illustration casting procedure. It consists of three main components; flat
slope plate continuous cooled with circulation underneath, steel crucible and steel
permanent mould.

Cooling slope plate represents the essential component of slope plate casting unit,
where the molten alloy was poured over a (40 mm wide and 550 mm long) flat
plate. The plate is made from mild steel. The inclination of plate was set by using
an angle scale fixed at the side of the slope plate.

The crucible is made from steel with dimensions, (height 13 cm x diameter
11.5 cm). The casting mould is made of AISI 1045 Steel to produce billets with
dimensions, (length 100 mm x diameter 30 mm).

In this work, about 250 gram of the Al-23%Si alloy was charged in the steel
crucible. It was then melted in an electric furnace. The melt was superheated at
(100-150 °C) over the liguids temperature (TL = 740 °C), which was estimated by
the silicon weight percentage on the equilibrium phase diagram of binary Al-Si
alloy [13]. The pouring temperatures were selected so as to limit the superheat of
the melt, i.e., the melt was superheated at different pouring temperatures (760°C,
790°C, 820°C and 850°C), and they were investigated in this work. When the melt
reached to this desired temperature the crucible was withdrawn from the furnace
and fixed in a ring holder. A calibrated thermocouple type k (1200°C) was inserted
inside the crucible to determine the melt temperature, at which the pouring carried
out. The molten alloy was poured onto (40 mm wide and 550 mm long) smooth flat
cooling slope plate "chilled slope™. The active cooling slope plate length was set at
(300 mm). The process was done at different pouring angles (40, 50, 60)° with
respect to the horizontal plane and cooled by water circulation underneath. The
melt was then allowed to cool to the pouring temperature by water circulation
underneath. The melt was poured sequentially at different pouring temperatures
(760, 790, 820, and 850) °C with an inclination angle of plate.

After the melt was continuously cooled on the slope plate, it became semi-solid
slurry at the end of cooling slope plate, prior to arriving in the mould. The slurry
was then filled the permanent mould and completely solidified.
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Partial Re Melting And Quenching

The slope plate casting specimens were reheated to a semi-solid temperature
(550°C) [13]. These specimens were then soaked for (10 min) to allow
spheroidization of the grains and then quenched in water.

Test and measurements

The slope plate produced and reheated specimens were provided for both of
microscopic examination. This test is as follows:

The samples were cut and mounted. These samples were prepared using
metallographic procedures. Eching was achieved by immersing each surface of the
polished specimens for 20 seconds in (1% HF+2%HCI+97% Ethanol) as an etching
solution.

The microstructures of the specimens were examined by an optical microscope.
The image analysis of the specimens was employed by using computerized optical
microscopy and J-Image software to calculate the grain size and shape factor of
silicon particles. The grain size of Si particles and shape factor (R) were calculated
according to following equations [14]:

4A
deq = — - (1)
PZ
F=— €]l . (2
7 €L @
Where:
deq :  The grain size of silicon particle.
A: the area of a silicon particle.
P: the perimeter of silicon particle.

Equation (2) describes the form of the particle and will be (1) for a circle, it
increases with more complex geometries [14]. The volume fraction (Vf) of all
samples was calculated to characterize the variation of microstructure with process
parameters, volume fraction of the particles was calculated by dividing summation
of the particles areas on the total area of an image.

Scanning Electron Microscope (model JSM-6460) equipped with an energy
dispersive x-ray spectrometry (EDX), and (FESEM of model Hitachi-S-4160) were
used to characterize some of the samples.

RESULT AND DISCUSSION
Microstructural Observations

Figure (3) shows the microstructure of as-cast sample of a hypereutectic Al-
23%Si alloy which was directly cast into the metallic mould. It can be seen that the
microstructure contains bulk primary silicon (B-Si) in the network of the eutectic
phase (a-Al+B-Si). The primary silicon has an average grain size approximately
(123um) and a complex shape factor equal to (2.73).
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EFFECT OF SPC PROCESS PARAMETERS
Effect of superheat on the size & morphology of (B-Si) phase

Figure (4) shows the microstructure across the transverse section of hypereutectic
Al-23%Si samples cast over the slope plate at different pouring temperatures, (760,
790, 820 and 850 ) °C, (i.e. overheating 20, 50, 80 and 110) °C, for tilt pouring
angles (40, 50 and 60)°, using (300 mm) cooling slope length.

A comparison of Figure (3) with Figure (4) shows that applying inclined plate
with melt overheating ( 20, 50, 80 and 110) °C and tilt angles of (40, 50 and 60)°
leads to the change in the microstructure. The change in the microstructure
includes both of the grain size and the morphology of primary Si. The calculated
grain size of primary Si, shape factor, and volume fraction obtained by the image
analyzer software of cast samples as a function of pouring temperature are shown
in Figures (4), (5) and (6), respectively.

From the microstructural observations and the calculated results, it can be seen
that the melt pouring temperature has a significant effect on the size and
morphologies of primary silicon in hypereutectic Al-23%Si alloy. The size of
primary silicon is decreased with increasing of the melt overheating at a constant
tilt angle. In addition, primary silicon at a pouring temperature of 760°C exhibits a
variety of morphologies, such as coarser polygonal, and other regular shape, with a
shape factor (approximately 2.3) and the grain size of ($-Si) phase (approximately
50.4 um) at tilt angle 40°, Figure (4a). When pouring temperatures are (790 and
820) °C, primary silicon becomes smaller (approximately 29.7 and 23.6 um), with
a shape factor (1.88 and 1.81), respectively, Figure (4b&c). On the other hand,
increase of the pouring temperature from (760 to 850) °C leads to a decrease in the
(B-Si) grain size from (approximately 50.4 to 21.6 um), and the shape factor
changes from (2.3 to 1.5) at a constant tilt angle 40°, Figure (4d).When increasing
the melt pouring temperature from (760 to 850) °C for 50° tilt angle leads to a
decrease in the (B-Si) grain size from (48.8 to 18.5 um), and the shape factor
changed from (2.1 to 1.38), respectively, Figure (4e-h). Figure (7) shows the
relationship of the volume fraction of Si as a function of pouring temperature, the
graphs show that the volume fraction of Si is increased with increasing of pouring
temperature and tilt pouring angles.

Figure (4i-l) depicts that more refined (B-Si) grains are obtained when the
pouring temperature is increased to 850°C for tilt angle 60°. As compared with
above conditions, the grain size of ($-Si) phase is smaller (approximately 16um)
than those (34, 23.7 and 19.3 um) at (760, 790 and 820)°C, respectively. Also, the
morphology of (B-Si) phase is fairly improved, and the shape factor changed from
(1.97 to 1.36), respectively.

It can be observed that the elevation of temperature to 850°C contributed to more
refinement of primary (3-Si) phase, where the size of silicon grains is decreased to
lower values at a constant tilt angle. As compared with the other overheating
temperatures, the grain size of primary ($-Si) phase at 850°C and tilt angles (40, 50
and 60)° is decreased to (approximately 21.6, 18.5 and 16 pum) with a shape factor
(approx. 1.5, 1.4, 1.36), respectively.

The refinement of the primary silicon may be explained as follows:
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During the initial stages of solidification, primary silicon grains nucleate on the
surface of the plate due to low solubility of silicon and the difference of densities
between Si grains (2.33g/cm?®) and liquid matrix (2.62g/cm?®) [15]. Size and number
of nuclei depend upon cooling rate [16]. At higher pouring temperature (higher
overheating), a faster cooling rate is obtained, and the latter leads to the higher
under cooling during solidification [17]. Higher undercooling levels are responsible
for increasing of the nucleation rate of primary (B-Si) phase which cause a high
grain density. A high grain density, i.e., large number of grain "nuclei" during the
initial stages of solidification of an alloy melt, results in increasing of the volume
fraction of Si [18].

The morphology of the primary silicon on the slope plate is changed due to the
movement of the melt over the slope plate, resulting in breaking of the edges of Si
grains in the same fashion of dendrite arm fragmentation in stirring [19]. On the
other hand, the shear stress which is produced by the liquid forced flow may cause
the solid grains to separate from the slope plate wall [20].

The proposed mechanism for the transformation of the primary silicon phase
concluded that the elevation of melt overheating temperature is advantageous to
obtain finer octahedral "polygonal™ primary silicon. The silicon tetrahedral in the
melt of Al-Si alloys, and h liquid structure should be beneficial for the formation
and growth of the nuclei of primary silicon. With increasing melt overheating
temperature, some Si-Si bonds in the Si-Si clusters are destroyed, and Si atoms
diffuse from Si-Si cluster into the Aluminum bulk melt[4]. Therefore, the higher
the melt overheating temperature, the smaller the size of Si-Si cluster due to the
destruction of Si-Si bonds. Thus, from the above discussion, the primary silicon in
the melt at 850°C should be octahedral (polygonal) and finer than that at the other
pouring temperatures.

With increasing under cooling levels, i.e., increasing overheating temperatures,
the growth velocity of Si crystals accelerates so that the growth velocity of less
favorable direction, which is very slow at low under cooling levels, becomes
gradually equal to that of preferred 112 direction. Consequently, it is expected that
the change of growth kinetics of Si crystals from layer growth to radial growth
results in morphology changes of Si crystals, the changed mechanism of Si growth
may change the eutectic morphology from acicular to fibrous in addition to change
the shape of primary Si phase[21].

Effect of Tilting Angle on the Size and the Morphology of (B-Si)

The hypereutectic Al-23%Si alloy was poured over slope plate at different tilting
angles, (40, 50 and 60)°. Figures (4a,e&i), (4b,f&j), (4c,g&k) and (4d,h&I) show
the effect of tilting angles on the microstructure of the hypereutectic Al-23%Si
samples cast over the slope plate, at pouring temperatures (760, 790, 820 and 850)
°C, respectively.

Figure (4a) reveals that the size of primary (B-Si) phase is decreased from
(approximately 123 to 50 um) as compared with as-cast microstructure with
improvement in morphology, and the shape factor changed from (2.73 to 2.3). In
addition, with increasing the tilt angle to 50° at the same pouring temperature, the
size of silicon grains is decreased from (approximately 50.4 to 48.8 um), and the
shape factor is changed from (approximately 2.3 to 2.1), as shown in Figure (4e).
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Increasing the tilt angle to 60° will decrease the grain size of primary (3-Si) phase
to (34 um) with a shape factor of (approximately 1.9), Figure (4i).

Figures (4b,f&j) show the effect of the tilt angles at 790°C. It is observed that the
size of silicon grains is decreased from (29.7, 28.8 to 23.7 um), the shape factor is
varied from (1.88 , 1.85 to 1.73) for tilt angles (40, 50, and 60)°, respectively. At
820°C, it is observed that the size of silicon grains is decreased from (23.6, 22.6 to
19.3 um), the shape factor is altered from (1.8, 1.7 to 1.6) for tilt angles (40, 50,
and 60)°, respectively, as shown in Figures (4c,g&Kk)

At 850°C and different tilt angles, as shown in Figures (4d,h&l), the grain size
of the primary silicon is decreased from (21.6, 18.5 to 16 um), and the shape factor
is varied from (1.5, 1.38 t01.36), using (40, 50 ,60)° tilt angles, respectively.
Figure (7) illustrates the effect of pouring temperature and tilt angles on the volume
fraction of (B-Si) of SPC samples. It can be seen that the volume fraction of (B-Si)
is increased with increasing of tilting angle at constant pouring temperature. In
addition, the volume fraction of (B-Si) seems to be increased with decreasing of
grain size of (B-Si).

From the above discussion, it can say that more refinement and improvement
in microstr- ucture is obtained when the plate is inclined at 60° tilt angle. This may
be due to increase the cooling rate with increasing of tilting angle.

Birol [22] concluded that the pouring temperature and high cooling rates (large
tilt angle) are responsible for the small size of the primary Si particles. Other
researchers [19] reported that the inclination of the slope plate governs the flow
rate and contact time between the molten alloy and the cooling slope plate, if large
angle is employed, the alloy flows faster, and fewer crystals are produced.

On other hand, rapid cooling of the liquid melt most likely resulted in a higher
number of nucleation sites for primary Si crystals and restricted their growth by
reducing the time necessary for the diffusion process.

Generally, primary silicon grows by the attachment of Si atoms to the surfaces of
primary silicon particles. Therefore, the diffusion of Si atoms will play an
important role during the growth of primary silicon. The diffusion of Si atoms will
become much difficult with increasing cooling rate (tilt angle), which suppresses
the growth of primary silicon to a great extent. Therefore, the primary silicon size
is significantly decreased with increasing tilt angle [4].

Effect of Reheating on Microstructure

Figure (8) shows the microstructure of hypereutectic Al-23%Si slope plate
samples after reheated to semi-solid temperature (550°C) for (10 min) and then
quenched in water. Figure (9) manifests the relationship between grain size of
primary (Si) of reheated samples and pouring temperature at different tilting
angles. This Figure shows that there is no major effect of reheating on the size of
primary Si. The size of ($-Si) phase is slightly increased after reheating at all
overheating temperatures and tilting angles. On the other hand, the shape factor of
(B-Si) phase is changed, and the volume fraction of (B-Si) phase is slightly
decreased after reheating, as shown in Figures (9) and (10), respectively.

The results of reheated samples indicate that with increasing of pouring
temperature from (760, 790, 820 to 850) °C at constant tilt angle 40°, the grain size
of (B-Si) phase is decreased from (51.8, 33.7, 29.8 to 23.5 pm) as compared with
(50.4, 29.7, 23.6 to 21.6 pum), respectively for slope plate samples, and the shape
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factor is changed from (1.85, 1.76, 1.66 to 1.4) as compared with (2.3, 1.88, 1.81 to
1.5), respectively for slope plate samples. Also, the volume fraction of Si is
increased from (2, 5.3, 11.4 to 15.2 %) as compared with (5.2, 5.7, 7.3 to 20),
respectively for slope plate samples.

At 50° tilt angle and (760, 790, 820, 850) °C pouring temperatures, the grain size
of (B-Si) phase is decreased from (51.3, 31.3, 23.2 to 20 um) as compared with
(48.8, 28.8, 22.6 to 18.5 um), respectively for slope plate samples, and the shape
factor is changed from (1.73, 1.5, 1.44 to 1.37) as compared with (2.1, 1.85, 1.7 to
1.38) for slope plate samples. Besides, the volume fraction of Si is increased from
(5.4, 7.3, 14 to 16 %) as compared with (5.6, 6.7, 8.7 to 20%), respectively for
slope plate samples.

Using 60° tilt angle and (760, 790, 820, 850) °C pouring temperatures, the grain
size of (B-Si) phase is decreased from (38.9, 23.8, 22 to 19.5 um) as compared with
(34, 23.7, 19.3 to 16 um), respectively for slope plate samples, and the shape factor
is changed from (1.5, 1.47, 1.44 to 1.3) as compared with (1.97, 1.73, 1.6, 1.36) for
slope plate samples. In addition, the volume fraction of Si is increased from (7.5,
12, 15 t0 19.3 %) as compared with (7.7, 12.5, 15.6 to 22.7), respectively for slope
plate samples. The comparison of the grain size values of (B-Si) phase before and
after reheating is illustrated in Figure (12). The increasing of the size of (3-Si) after
reheating may be resulted from dissolving the eutectic structure and depositing on
the primary phase. Previous work discussed the coarsening phenomena as follow:
When Al-Si eutectic has been re melted, the molten eutectic is arranged during
holding, and the fraction of the dissolved Si particles is believed to have deposited
on the primary Si grains, contributing to the coarsening process during holding in
the semi-solid state [22].

Scanning Electron Microscope Observations

SEM images depict the role of SPC process in refinement of primary Si phase
and the morphological change of Si after slope plate casting as shown in Figure
(13). It is observed from the figure that primary silicon become smaller after slope
plate casting. The large size of primary phase (B-Si) particle in as-cast sample
Figure (13a), is transferred to blunted Si particles sit between eutectic structure, as
shown in Figure (13b), then these Si particles were fractured into smaller size
particles, as shown in Figure (13 c&d). Besides, smaller grain size of Si is resulted
with increase of the pouring temperature and tilting angle.

CONCLUSIONS

(1) It can be deduced that the pouring temperature (superheat) and tilt pouring
angle have the significant role in the evolution of primary silicon particles
during slope plate casting.

(2) Increasing of superheat temperature and tilting angle led to decrease the grain
size, shape factor and increase the volume fraction of (-Si) phase.

(3) The size of (B-Si) phase was slightly increased after reheating at all superheat
temperatures and tilting angles. On other hand, the shape factor was improved,
and the volume fraction of (B-Si) phase was decreased after reheating.

407



Eng. & Tech. Journal, Vol.31, No.3, 2013 Microstructure Investigation of Using Slope
Plate Casting Hypereutectic Al-Si Alloy

REFERENCES

[1].Cui, C. A. Schulz, J. Epp and H. W. Zoch, "Deformation behavior of spray-
formed hypereutectic Al-Si alloys", J. Mater. Sci., 45, (2010), pp 2798-2807.

[2]. Chih-Ting Wu, Sheng-Long Lee, Meng-Hsiung Hsieh, and Jing-Chie Lin,
"Effects of Mg content on microstructure and mechanical properties of Al-
14.5Si-4.5Cu alloy", Metallurgical and Materials Transactions A, Volume 41A,
March (2010), pp751-757.

[3]. Haga, T. H. Sakaguchi, H. Inui, H. Watari and S. Kumai, "Aluminum alloy
semisolid strip casting using an unequal diameter twin roll caster”, Journal of
Achievements in Materials and Manufacturing Engineering, Volume 14, Issue 1-
2 January-February, (2006), pp157-162.

[4]. Xu and Q. C. Jiang, C. L. " Morphologies of primary silicon in hypereutectic
Al-Si alloys with melt overheating temperature and cooling rate", Materials
Science and Eng. A 437, (2006), pp 451-455.

[5]. Bayoumi, M. A. M. I. Negm and A. M. EI-Gohry, "Microstructure and
mechanical properties of extruded Al-Si alloy (A356) in the semi-solid state™,
Materials and Design, 30, (2009), pp 4469-4477.

[6]. Yucel Birol, "Semi-solid processing of the primary aluminum die casting
alloy A365", Journal of Alloys and Compounds, 473, (2009), pp 133-138.

[7]. Yang Xiao-Rong, Mao Wei-Min and Pei Sheng, "Influence of process
parameters on microstructure of semisolid A356 alloy slug cast through vertical
pipe", Trans. Nonferrous Met. Chinal8, (2008), pp 99-103.

[8]. Toshio Haga and Shinuke Suzki, "Casting of aluminum alloy ingots for
thixoforming using a cooling slope”, Journal of Materials Processing
Technology,118, (2001), pp169-172.

[9]. Yucel Birol, " Cooling slope casting and thixoforming of hypereutectic A390
alloy", Journal of Materials Processing Technology, 207, (2008), pp200-203.

[10]. Cardoso Legoretta, E. H. V. Atkinson and H. Jones, "Cooling slope casting
to obtain thixotropic feedstock II: observations with A356 alloy", Journal of
Materials Science, 2008, © Springer, http://dx.doi.org.tiger.semp -ertool.dk
/10.1007/s10853-008-2828-2.

[11]. Mohamed Ramadan, Mitsuharu Takita and Hiroyuki Nomura,"Effect of
semi-solid processing on solidification microstructure and mechanical properties
of gray cast iron", Materials Science and Engineering A, 417, (2006), ppl66—
173.

[12]. Ramadan,M. N. El-Bagoury, N. Fathy, M. A. Waly and A. A. Nofal,
"Microstructure, fluidity, and mechanical properties of semi-solid processed
ductile iron", J. Mater. Sci., 46, (2011), pp4013-4019.

[13]. Chen, C. M. C. C. Yang and C. G. Chao, "Thixocasting of hypereutectic
Al-25Si-2.5Cu-1Mg-0.5Mn alloys using densified powder compacts",
Materials Science and Engineering, A366, (2004), pp 183-194.

[14]. Chengsong Cui, Alwin Schulz, E. M. Ellen and H. W. Zoch,
"Characterization of silicon phases in spray-formed and extruded hypereutectic
Al-Si alloys by image analysis™, J. Mater. Sci., 44 , (2009), pp 4814-4826.

[15]. Cui, C. A. Schulz, K. Schimanski and H. W. Zoch, "Spray forming of
hypereutectic Al-Si alloys", J. of Materials processing technology, 209, (2009),
pp 5220-5228.

408



Eng. & Tech. Journal, Vol.31, No.3, 2013 Microstructure Investigation of Using Slope
Plate Casting Hypereutectic Al-Si Alloy

[16]. Jayesh Deshpande, "The Effect of mechanical mold vibration on the
characteristics of aluminum alloys”, M.Sc Thesis, Worcester Polytechnic
Institute, Manufacturing Engineering, September (2006).

[17]. Robert, M. H. E. J. Zoqui , F. Tanabe and T. Motegi, "Producing thixotropic
semi-solid A356 alloy: microstructure formation x forming behaviour”, Journal
of Achievements in Materials and Manufacturing Engineering, Vol. 20, Issue 1-
2, (2007), pp 16-26.

[18]. Flemings and R. A. Martinez, M. C. "Principles of microstructural formation
in semi-solid metal processing”, Solid State Phenomena, Vols. 116-117, (2006),
ppl-8.

[19]. Fan, Z. "Semisolid metal processing", International Materials Reviews, Vol.
47, No. 2, 2002.

[20]. Mehrara M. Nili-Ahmadabadi, H. Ashouri and J. Ghiasinjad, "Modeling of
inclined cooling plate semisolid processing by model alloy",Solid State
Phenomena, Vols. 141-143,(2008),pp785-790>

[21]. Kang, H. S. W. Y. Yoon, K. H. Kim, M. H. Kim and Y. P. Yoon,
"Microstructure selections in the under cooled hypereutectic Al-Si alloys",
Materials Science and Eng., A 404, (2005), pp 117-123.

[22]. Yucel Birol, "Cooling slope casting and thixoforming of hypereutectic A390
alloy", Journal of Materials Processing Technology, 207, (2008), pp200-203.

[23]. Osama I, A," Slope Plate Casting Of HypereutecticAl-Si Alloy", MSc Thesis
in Metallurgical Engineering, University of Technology2011.

409



. & Tech. Journal, Vol.31, No.3, 2013 Microstructure Investigation of Using Slope
Plate Casting Hypereutectic Al-Si Alloy

Table (1) Chemical composition of hypereutectic Al-23%Si alloy.

element | Si Mg Cu Zn Fe Mn | Ni Al

W1t% 23.25 | 0.009 0.001 0.003 | 0.219 | 0.01 | 0.001 | balance

Figure (1) Photograph of the Slope Plate Casting unit
Used in this work.
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Figure (2) Schematic illustration of slope plate
casting process.[23]
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Figure (3) Microstructure of as-cast sample directly
Poured into the steel mould.
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(d) 850°C (h) 850°C (I) 850°C
Tilt angle 40° ilt angle 50° Tilt angle 60°
Figure (4) Microstructure of hypereutectic Al-23%Si alloy produced by
SP casting at tilt angles 40°, 50° and 60° and different pouring temperatures
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Figure (5) The relationship between grain size of primary (Si)
of SPC samplesand pouring temperature at different tilting angles.
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Figure (6) The relationship between shape factors of primary (Si)
of SPC samples and pouring temperature at different tilting angles.
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Figure (7) The relationship between volume fraction of primary (Si) of SPC
samples and pouring temperature at different tilting angles.
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(d) 850°C ~ (h)850°C

Tilt angle 40° Tilt angle 50° Tilt angle 60°

Figure (8) Microstructures of Reheated samples cast at the 40°,50° and 60°
tilt angles and different pouring temperatures.
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Figure (9) The relationship between
grain size of primary phase (Si) of
Reheated-cast samples and pouring
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Figure (10) The relationship between
shape factor of primary phase (Si) of
Reheated-cast samples and pouring

temperature at different tilting angles. temperature at different tilting
angles.
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Figure (11) The relationship between
volume fraction of primary phase (Si)
of Reheated-cast samples and pouring
temp. at different tilting angles.
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Figure (12) A comparison between
grain size values of (B-Si) phase
before & after reheating, as function
of pouring temp. at different tilting
angles.
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(c) SP-cast (d) SP-cast

Figure (13) SEM images of SPC sample show the change of (§-Si).
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