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Abstract: Problem statement: The solidification of materials depends on the twplrate of the
materials which is governed by heat flow in the idcand alloy composition. Solidification rate also
affects the structure and properties of the mdterepproach: In the present study, the heat flow of
cold set resin bonded sand mould was simulatedyuirAnalyzer FEM analysis software. To verify
the model, the gray cast iron was melted at 133@Mperature and poured into a resin bonded sand
mould at 1300°CResults: It showed that most of the heat-reserve at thetijoim of the mould which
was nearer to the source of liquid metal and theeki heat-reserve at the end of the mould. So, the
solidification rate was very high at the end of theuld wall whereas it was comparatively low near
the sprue of the mouldConclusion: Finally, depending on the heat-flow through theuido the
solidification rate changed the microstructure frehill, mottled and gray cast iron and hardness
changed from 95.1 HRB-78.78 HRB.
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INTRODUCTION stress formation in casting. Peqeetl. (2002) studied
the defects formation during solidification of Ally
Casting is the most important process inusing ABAQUS and showed that most of the defects
manufacturing and sand casting is the most conmenie formed where the metal solidified last. Sulaimam an
process in foundry. Most of the liquid metal can beHamouda (2004) investigated the thermal historthef
poured into the sand mould and any size can be®ast sand casting process for mould filling time using
this sand casting becomes popular day by dayORTRAN. They have shown that the lastly solidifyin
Nowadays, people are using powerful software andrea is near the junction. Mirbaghesi al. (2004)
programme to control the quality of the materiaticlh  studied on the melt flow and effect of mould rougés
reduce the wastage of materials and reduce theofost of sand mould. Lee and Lee (2005) studied on the
the final product. thermo mechanical behavior of sand casting using. FE
Solidification rate of molten metal in the sand Kulkarni and Radhakrishna (2007) studied on the
mould depends on the thermal conductivity of theilsho  solidification time of a cylinder in sand mould HEM
material, casting design and the direction of lileat- technique using ANSYS FEM package. Kermangur
into the mould wall. If the heat-flow through theontd  al. (2008) studied on the melt flow and solidificatim
is very quick, the solidification rate will be higit that the multi-cavity mould for gray cast iron. Hst al.
point and will affect the microstructure and prdjer of  (2009) investigated on the multiple-gate runnetesys
the materials. Heat-flow through the sand mould wador gravity casting in sand mould in computational
studied by many researchers (Seetharamal., 2001; method. Fraset al. (2005a; 2005b) studied on the
Pequetet al., 2002; Sulaiman and Hamouda, 2004;transition from gray to white during solidificaticior
Mirbagheriet al., 2004; Lee and Lee, 2005; Kulkarni and both mathematically and experimentally. They codelu
Radhakrishna, 2007; Kermanpairal., 2008; Hswet al.,  that solidification rate depends on the modulughef
2009; Fraset al., 2005a; 2005b; Collingt al., 2008). casting and the heat flow through the mould that is
Seetharamuet al. (2001) studied the solidification molding materials.
phenomena in sand mould for thermal stress usiny FE Most of the researchers used aluminum alloy and
and they discussed about the effect of solidificatbon  green sand mould for their studies. However, thekwo
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on heat flow from gray cast iron through resin beshd Then, 1% cold set hardener was used and contimged t
sand mould is very limited. So, in the present gtud mixing for 1 min. Using this freshly prepared sand
an attempt has been made to simulate the heat flomixture, the mould was prepared.
condition that is how the heat flows through thsinme To melt the raw material, medium frequency
bonded sand mould and in the most heated areaygduriinduction furnace was used. Firstly, pig iron anidm
casting as well as to see its effect on the mimwogire  steel were melted together and heated up to about
and hardness of the cast product. Finally, thdseaak  1350°C. Then, fluxing material was added into tredtm
also been correlated with the simulated model. and stirred the melt thoroughly. Then, the slag was
removed and ferrosilicon was added into the melt.
MATERIALSAND METHODS Again, the fluxing material was added and slag was

The whole study divides into two parts; firstiget ~removed by keeping the melt in the furnace. When th
prediction of heat flow through the mould wall and Mmelt was ready, the liquid metal was poured inte th

secondly, through the casting of gray cast iron. mould at about 1300°C.
For metallographic study, the sample was prepared

Simulation of heat flow: The heat flow was simulated by standard technique used in. Hardness values YHRB
using JL Analyzer, Auto FEM software. The fO”OWing of the Casting were taken from 10 mm thicengo

variables are considered for this model. 2 mm thickness area using Rockwell hardness tester,
No heat losses occurred before filling the mould;Model: 660RLD/T.

the chemical composition of the gray cast ironhisven
in Table 1 while the thermal properties of metatl an
resin bonded sand mould are shown in Table 2.

Figure 1 shows the 2D drawing of the pattern
where mesh was generated using JL Analyzer FEM
software. The mesh length was 5 mm and the material
properties were defined in the software.

The mesh was loaded in the experimental condition
that is the boundary conditions and then the initia \%\\\\\ f HfW
conditions are applied. By running the analysis ST
software, the heat flow through the mould was
simulated.

Molding and casting: For this study 60 mesh synthetic ]
silica sand, cold set Asphalt resin and Alpha curdig- 1: Pattern loaded in FEM software
hardener were used as molding materials. To make th rerzemue

mould silica sand was mixed with 2% resin for :imi 1260003
1.23=+003
Table 1: Chemical composition of the cast alloy s
Chemical elements Gray iron chemical compositiot¥qwv L
c 2870 i
Si 2.930 9.73e+002
Al 0.150 e
Mn 0.350 e
P 0 .040 ¥.82e+002
s 0.020 -
Cr 0.064 oo
Cu 0.244 6.11=+002
Mg 0.002 £
5.02e+002
. . 4.65e+002
Table 2: Thermal properties of the materials 42920002
. 3.93=+002
Resin bonded Gray cast 3 57e002
Properties sand mould iron e
Thermal conductivity (W it.K) 0.981 32.30 g
Density (g criv) 1.770 7.10 Jimen
Specific heat (J Kg.K) 735.000 0.42 TR
Latent heat of graphite (J ¢ - 2028.80
Latent heat of austenite (J ¢n - 1904.40 ) . .
Liquidus temperature (°C) . 1195.00 Fig. 2: Predicted heat flow of the sand mould using
Solidus temperature (°C) - 1123.00 FEM software
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Heat flow through the sand mould: The predicted Hardness values. Figure 4 shows the various
heat flow condition through the sand mould is shamvn hardness values of the cast product due to differen
Fig. 2. It shows that most of the heat energy ishickness which is governed by the heat flow thioug
concentrated near the sprue where the thicknefiseof the sand mould. It is clear that with decreasing th
casting is 10 mm. When the casting thickness ctengehickness, the hardness increases from 78.71 HRB-
from 10-2 mm, the intensity of the heat energy als®5.10 HRB.
decreases.

RESULTSAND DISCUSSION
Microstructure: The microstructure was observed
under optical microscope and is shown in Fig. 3. It The heat flow through the sand mould can be
indicates that the 10-2 mm thickness areas showxplained below using well established heat flow
different microstructures due to different heatequations.
dissipation rates as already described in Fig. 2. Fourier's Law of Conduction states that the rdte o
However, Fig. 3 shows that there are three distitgad  heat flow through solid material is directly proponal
structural differences available in the castingryGaea to the cross sectional area and the temperatdszatite
for 10 mm thickness which consists of graphitediain  along the path of heat flow. So, the following etipra
pearlite; mottle area for 7-4 mm thickness whichcan be written from this definition as:
consists of mixture of gray and chill/white castirand
last 3-2 mm thickness which is completely chill/tehi daT

cast iron. a= _kA& @)
Where:
A = The cross-sectional area
k = Materials thermal conductivity

dT/dx = The temperature difference along the path

From the Eq. 1, the rate of heat flow decreases
when the thickness increases.
On the other hand, Newton’s Law of Cooling states
Chilled area that the rate of change of the temperature of gecois
\ proportional to the difference between its own
Mottle area temperature and the ambient temperature. So, the
following equation can be written from this defiait
as:

Gray area

Fig. 3: Microstructure of cast iron in various

thicknesses T
= KT-T) )

| Sample

100 where, T and Jrepresenting the temperatures of melt
and mould, respectively.

95 1 The sand mould is not a completely compacted
solid and there are a lot of pores which are filth

air and this air is considered as fluid (Sulaimaml a
Hamouda, 2004). The heat transfer from a solidaserf
to a fluid can be written as follows:

90 A

85 4

Hardness (HRB)

80 A

Q=aA(T -T) 3)
75 |

70

The total heat energy, Q in the liquid metal can b

0 1o 2 30 40 50 B0 70 gshown using the following equation:
Distance (1)

Fig. 4: Hardness of the casting from 10-2 mm thiden  Q=VpL 4)
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Where: e The simulated and experimentally verified results
V = The volume of the materials show similar behavior

p = The density of the liquid « The simulation shows that total heat energy
L = The latent heat of the materials

increases with increasing the thickness of caat iro
e« The microstructure becomes different due to
differential heat flow through the sand mould,
although the chemical composition of the melt is
the same
The hardness values change from 78.78-95.1 HRB
due to differential heat flow through the sand
mould from gray to chill area

So, if the casting thickness is low, the total thea
energy at that point will be low and will dissipate
quickly. However for higher thickness, it will besj
reverse. .

The volume of the 10 mm thickness area is higher
than that of 2 mm thickness area. According togge4,
density and latent heat of the materials are cothssa
the total heat energy in the mould is proportidoaihe
volume of the liquid metal which is higher time
10 mm thickness area and sand in this area becomes
more heated than 2 mm thickness area. At the same Researchers are thankful to the Faculty of
time, the heat extraction rate is higher in the t&h m Engineering and Research Management Centre of
thickness area than the 10 mm thickness area. As laternational Islamic University Malaysia for praimg
result, the hardness values and microstructuresasf lab facilities and financial support.
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iron are different from one end to the other endhef
casting, which has been demonstrated in Fig. 4.

The different micro structural development was due
to the cooling rate of the melt. The graphite flake
eutectic cell which is formed during slow coolingftre
the eutectoid isothermal temperature starts (Elliot
1988).When the heat energy is high, the heat flows

through the sand mould is low which reduces theEIIi

solidification rate of the cast iron. As a reseltitectic
graphite cell is formed. Again, in the low thickeewea,
the absorption of heat energy in the sand mouldghk
which increases the solidification rate of the desh.
However, it does not get enough time to form eitect
graphite cell but the austenite which changes to
cementite and pearlite. As 10 mm thickness arewsho
gray cast iron and 2 mm thickness area shows
white/chill cast iron, thus the hardness increasihk
decreasing the thickness.

Significance and limitation: The main assumption of
the model is no heat loss before completely fillthg
mould but in practice as soon as liquid metal enitgio
the mould cavity, it starts to fall its temperatuaed
changes the microstructure. The simulation shows th
the most heated area is near the sprue where t
thickness is 10 mm. However, it is not only the
thickness but also the junction of the design. Bimi
observation was reported by Sulaiman and Hamouda
(2004).

CONCLUSION

From the present study, the following conclusions
can be drawn:
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