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ABSTRACT

Lost-foam casting is a cast method that uses expanded
polystyrene foam (EPS) as a mold pattern embedded into silica
sand. At this foundry the cooling rate of molten metal is
slowly, affecting the size of silicon particles and mechanical
properties. The aim of this work is to investigate the effect of
addition modifier Sr and Grains refiner to hardness, toughness,
tensile strength and microstructure of A319. The mold pattern
EPS foam prototype cylinder head pinned in silica sand. The
aluminum A319 was melted in a furnace and poured at a
temperature of 700 °C. The experimental results showed
additional Sr or TiB increase the tensile strength and toughness
of the cast, but not significantly affect the hardness of the
casting.
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1.0 INTRODUCTION
The Lost foam casting is casting method that uses the patterns
(EPS) of polystyrene foam. The method could have make the
casting with complex and complicated shape, this method also
has advantages is the flexibility of pattern. The prototype of
casting product would be done fast by this casting method,
lately, it has become the method for the manufacture of a part
automotive component with mass production. Automotive
components such as cylinder block, cylinder heads can be
made by foam pattern method.

Chemical elements used to control the morphology of
silicon particles and can change microstructure are called

modifiers [1]. Generally, the addition of Sr and Na as
modifiers in Al-Si alloys to produce eutectic silicon structures
with fibrous shapes [1].

The grain size of aluminum alloy depends on the number
of grains formed in molten metal before the start of freezing
and under cooling. The addition of several elements into the
liquid metal can promote the initial formation of the nucleus
and would be growth develop grains. The optimum number of
TiB grains added up by 0.17% [2]. The additional grain refiner
TiB in Aluminium A319 Alloys is important for improve
mechanical properties such as hardness and tensile strength,
reduce amount porosity, resistant hot cracking, change
microstructure and improve the casting surface [1]. There is
kind of newly introduced grain refiners such as TiB and TiC.
Generally, in Al-Si alloys are added TiB grains as inoculants
[3].

Research on the lost foam casting of aluminum A319
Alloys have been by several researchers [4]; [5]; [6]; [7]. The
research on other materials was also reported
[8,9,10,11,12,13]. The lost foam casting has a deficiency as the
mount porosity [14], grain size and SDAS greater than silicon
particles [14], hardness values and tensile strength are also
lower [14] lower density [9], flap defects, blisters. the casting
method that cooling rate of liquid metal occurs lower caused
morphology eutectic silicone acicular shape and eutectic
silicon more than roughness[4].

Therefore with the addition of TiB grain refiner and Sr
modifier improve mechanical properties such as hardness and
tensile strength of Al-Si-Cu-Mg aluminum alloy (A319) used
to make prototype cylinder head motorcycle 2 stroke

2.0 MATERIALS AND METHODS

The Material is used this research Aluminium ingot
commercial A319 with such composition (Table 1). The
pattern polystyrene of prototype cylinder head was cut used hot
wire up to an accuracy of + 1 mm with a density of 20 Kg /
m3. The cylinder head pattern is coupled with a runner and
then dipped into a Zircon slurry (ZR-A) and colloidal silicate
during 60 seconds (Figure 1).
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The Silica sand used in this study is with mesh 60-80. The
polystyrene pattern is placed at the bottom of the flask, and the
flask is filled with silica sand with vibration.

Table 1 Chemical Composition Al-Si-Cu-Mg (mass %)
Si Fe Mg Mn Cu Zn Pb Ca Cr

828 094 14 0534 21 05 01 002 0.06

Master alloy Al-5Ti-1B is added in a molten aluminum
A319 alloys with concentrations range from 0.1 wt%.
Measurement of molten metal temperature was using
thermocouple type-K. Aluminum A319 alloy melted at 750 °C
and poured at temperature 700°C surface polystyrene pattern.
The composition of each alloy is measured by an optical
emission spectrometer. The microstructural observations were
performed on the base and cylinder head fins. Tensile test bars
and impact specimen tests are carried out from the base of the
cylinder head cast. The tensile test bar is made following the
ASTM E-801 standard. The Impact test specimens were
carried out following the ASTM E-23 standard using the
Charpy test machine method.

The fracture surface of the charpy test specimen was also
examined for morphology with Scanning Electrone
Microscopy (SEM), coupled with energy-dispersive X-ray
spectroscopy (EDX). The hardness of the test results compared
with the hardness value between the fin and base parts was
tested by the Rockwell Hardness method. The value of the
hardness of the specimen was taken randomly at least five
measurements of each sample and averaged to obtain the
hardness value of the specimen. The Optical microscope is
used to obtain qualitative data of castings before and after the
addition of Srontium as modifier Si Particle and TiB grain
refiner. Phase identification is also done by X-ray diffraction
method (Zeiss).
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Figure 1. Pattern LFC of cylinder head a) top view b) side view

3.0 RESULT AND DISCUSSION

The cast aluminum alloy A319 is studied with an optical
microscopy as shown in Fig. 2. The microstructure of
Aluminum A319 alloys is influenced by iron content, silicon,
magnesium and copper in the alloy. The iron content in
aluminum alloy generally damages the mechanical properties
because of it intermetallic phase of B-Al-Fe-Si intermetallics
with a plate-like form found at grain boundaries. The
Microcrack initiation generally occurs in the 3-Al-Fe-Si region
and is also enhanced by micropores[5]. The amount of Mn
content in A319 alloy forms a morphology commonly called
Chinese script [4]. According to [6]the intermetallic structure
of iron have distinguished become 2 especially the o phase
(AlFeMnSi) with structures known as "Chinese script”" and 8
(AlIFeSi) phases in platelets.

The silicon is usually added to aluminum as the main
matrix in aluminum because it has the properties to castability
and fluidity. Silicon particles show a plate-like (acicular
shape). The cooling rate most affects morphology of silicon
particles. Eutectic silicon particles are not evenly dispersed
with shorter plate forms, this possible due to faster cooling rate
result in fast solidification time as reported [10]. The pouring
temperature also influence the length of silicon particles,
enhance the liquid metal pour temperature increases the
particle size of the silicon [15].

All of the intermetallic copper in aluminum alloy
crystallizes at the end of solidification in the remaining
dendritic fluid. The Q-AlI2Cu phase appears in A319 as a
eutectic bag mixed with an aluminum matrix. Al2Cu phase is
observed, forming a block between the eutectic Si phase and
the intermetallic phase[6]. Morphology the B-Mg2Si phase of
small black develops in the final stages of solidification with a
very high cooling rate. the only Amount B-Mg2Si phases are
observed in the microstructure because the LFC cooling rate is
very low [4]. the microstructure observation (figure 2)
aluminum A319 alloys casted by the LFC method shows a
slightly rough Secondary Dendrite Arm Spacing (SDAS)
approximately 70-80 pm [16]. SDAS size is very strongly
influenced by the rate of cooling, besides that the chemical
composition also affects the characteristics of microstructure.
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The observation with SEM as shown in figure 3, the
porosity of the irregularly shaped cast objects is scattered on
the castings. The number Porosity cast metal increase with the
pouring temperature enhance, but surface roughness enhance
with increase of pour temperature [15]. Large porosity size is
the initiation of crack when first tensile loading is performed
and growth along inclusions such as the silicon phase,
intermetallic iron, and copper phase[17].

3.1. Microstructure As Cast

The observations used SEM appear forms are brittle fractures
as reported [4]. The addition of Sr to the A319 alloy increases
the ductility of the castings in which the fracture appears cup
and cone [4]. Study of cracked surfaces was performed on the
surface of the impact test sample. The A319 alloyed impact
sample shows the fracture mechanism occur during the impact
testing of the alloy.

Eutectic Si

Eutectic Si

Figure 2 microstructure of cast A319 a) un-modification b)
A319 grain refiner TiB dan ¢) A319 addition Sr

Figure (3.a) shows morfology surface of Al-A319 alloy
fracture with lost cast foam casting (LFC) casting method. The
Fracture surfaces show several intermetallic phases including
Al,Cu and Si particles obtain in cast alloy A319. It is generally
the fractured form is dominated by the brittle fracture of the
Al,Cu phase, the intermetallic phase, and the silicon particles,
in addition, oxygen concentrations are also seen in A319 alloys
using EDX measurements (see Figure 2a) at locations marked
with red lines in the image 2.a). this confirms that the pores
always appear along with the film oxide that can facilitate the
nucleation of the pores. All the fracture surfaces show a mixed
mode of ductile fracture and brittle fracture (figure 3 b).

Figure (3.c) shows the brittle fracture of the sample as
evidenced by the long size Si particle fracture (see red arrow in
Figure 3.c) in A319 alloy. Crack propagation observed occurs
between dendritic, except that blocky Al,Cu occurring blocky
of molten aluminum melting during solidification is also
responsible for fracture surfaces. Aluminum A319 without the
addition of Strontium it is seen that the crude planar fracture
surface represents the fracture region in the cleavage of the
silicon particle region. Porosity is also present in the A319
alloy in the cast by the method of lost foam casting which is
responsible for the occurrence of stress concentration when the
impact test is done. This matter the porosity occurs when the
polystyrene foam is decomposed by the molten aluminum
when the liquid aluminum fills the mold pattern
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Figure 3 SEM low magnification fracture morphologies of
A319 Fmpact Specimen a) un-modification b) Additional Sr
and c) additional TiB

The modified Al-A319 alloy with Strontium shows the
various intermetallic phases of Si particles found on the surface
of the fracture of the particle impact test The sample appears to
be composed of repetitive structures (Figure 2.c). In addition,
a-Al looks more dominant in the A319 alloys that have been
added Sr. In the A319 alloys that have been added Sr using
EDX measurements also shows that the oxygen concentration
is found. This occurs because of the turbulent flow that occurs
during the pouring of molten aluminum into the mold cavity.

The modified Al-A319 alloy fractography with Sr shows
the various intermetallic phases of Si particles found on the
surface of the fracture of the particle impact test The sample
appears to be composed of repetitive structures (Figure 2.c). In
addition, a-Al looks more dominant in the A319 alloys that
have been added Sr. In the A319 alloys that have been added
Srontium using EDX measurements also shows that the
oxygen concentration is found. This occurs because of the
turbulent flow that occurs during the pouring of molten
aluminum into the mold cavity. a finer fracture surface in the
deformed region occurs in the Al matrix. The smoother surface
of the fracture indicates that the fracture occurs in a more
resilient manner than the A319 alloy without modification. In
this case, it indicates that Sr as a modifier renders the rough
silicon structure to a finer silicon structure (Fig. 2.c)

3.2. MECHANICAL PROPERTIES

Table 2 Mechanical Properties Aluminium A319 Alloy

Materials UTS (Mpa) Impact Hardness
(I/Imm?) (HRB)
A319 110 0.40 79
A319 + TiB 124 0.74 82
A319+Sr 144 0.76 82

Table 2 shows the mechanical properties of casting Aluminium
A319 Alloys prototype cylinder head. The addition of Sr and
TiB to the aluminum alloy alloys affects mechanical properties
such as hardness, tensile strength, and toughness. The
mechanical properties of casting increase especially at

maximum tensile strength and toughness but not significantly
on hardness value.

4.0 CONCLUSION

In this study, microstructure and mechanical properties of
A319 aluminium alloys modified Strontium and grain refiner
TiB were investigated and compared. The addition of TiB
grain and Sr on aluminum A319 alloy increase the tensile
strength and toughness of castings but unsignificantly affect
the hardness of cast. Aluminum A319 Alloys are cast using the
lost foam method (LFC) form silicone particles Chinese script
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