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Abstract— During last few years there is a tremendous
development of lost foam casting (LFC) process which will
create competitiveness in casting industry because it
eliminating further machining process, it help to make
complex shapes in casting without use of cores materials, also
moulding binder is not added in to the mold of lost foam
casting which will reduce environment loads. There are
various types of materials which can be using in LFC such as
aluminium (Al), steel, nickel (Ni), magnesium (Mg) and
titanium (Ti) alloys. This paper review current research on
lost foam casting process parameters.
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I. INTRODUCTION

Today as we know the lost foam casting or metallic foams are
nearly net shape castings material as shown in figure 1 [1] but
still unfamiliar to most of foundry industries due to numerous
processing techniques and many more still in under
development phase. The lost foam casting was originally
developed- in the mid-1964 by M. C. Flemmings but in 1982
Saturn corporation use this method and made automotive
cylinder blocks and cylinder heads [2]. In LFC production of
metal foam by melting of molten metal or metal powder by
necessary gas injected for foaming that allows when it is
heated. Presently five methods are established commercially
out of nine distinct process routes have been developed to
make metal foams.

However, the review presented in this paper is on
current research treads carried out by researchers on
production of metallic foams; develop simulation model,
effect of various process parameters on metallic foams. The
area selected because of the new techniques employed
(automobile industry, casting technology, structural material
application) in lost foam casting process.

Each topic will present the activity carried out by the
researchers and the development of the area that is brought in
to the current trends.
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Fig. 1: Cross section of metal foam structure [1]

Il. LITERATURE REVIEW

M. khodai et al. [3] investigated the effect of parameters such
as gas gap length, metal front, foam decomposition and mold
filling time in lost foam casting process of aluminium (A356)

alloy, Steel (42CrMod4, 1.7225) and grey cast iron (class 30)
into moulds with the help of photographic technique
(Transparent mold). Experimental parameters considered for
the different casting condition listed in table 1.

They found that mold filling time mainly affected by
coating layer thickness, foam density and metal pouring
temperature. While foam decomposition and gas gap length
depends upon mold filling velocity and metal front
temperature also gas generation rate is high when metal foam
density high and gas escape rate is low in two layer coating
and this lead to back pressure increment.

Parameters Value
Expanded poly-
styrene (EPS) 10 20
foam density (Kg/m?)
Coating layers 1 2
Induction furnace Steel Cast iron
(pouring temperature) (1640° to (1350° 10
1660° C) 1370° C)
crucible furnace Aluminium
(pouring temperature) (700° to 720° C)
1H High foam density having one
layer coating
oL Low foam density having Two
layer coating

Table 1: Experimental parameters for different casting
condition [3]

They also reported that the mold filling time, gas gap
lengths are larger in steel as compare to cast iron and gas
escapes from the mold in the form of gases in both cast iron
and steel. While in aluminium gases decompose into liquid
polystyrene and no gas gap layer has been observed. Also
back pressure measurements show that with increasing foam
density and melt head gas pressure increased significantly.
Further the effect of back pressure on the metal front and
mold filling rate has been simulated by SUTCAST software.
Here pressure of the gas remained constant during mold
filling but result of simulation shows that mold filling
velocity decrease with increasing back pressure which
significant effect on molten metal behaviour. On the other
hand, they reported that the metal fill rate becomes slower and
smoother when the gas pressure increased in the mold cavity
and when it reaches 825Torr, molten metal cannot enter the
mold.

Hassan Jafari et al. [4] in their research investigated
the input process parameters employed are listed in table 2
effects on surface roughness, eutectic silicon spacing and
shrinkage porosity in lost foam casting. They reported that
Pouring temperature was most significant factors found in
Al-Si—Cu lost foam casting quality which mainly effect on
thin wall casting. Also the interaction between pouring
temperature and vibration time influenced eutectic silicon
spacing and porosity percentage significantly. Although the
interaction between sand size and pouring temperature found
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significant effects on surface roughness and suggested that
lower pouring temperature give higher surface quality.
Furthermore, variation in slurry viscosity showed no
significant effect on the evaluated properties compared to
other parameters.

Pouring temperature ° C
680 | 720 | 760
Slurry Viscosity / S

Input 20 | 28 | 36
Parameters Vibration Time / S with 50Hz
30 | 60 | 90

Sand Size /AFS
30 | 60 | 90
Surface roughness in um
Silicon spacing in um
Porosity in %

Table 2: Experimental parameters [4]

Ali charchi ET al. [5] have studied effect of several
parameters with the help of simulated software and compare
simulated result and experimental result. Simulation
parameters considered for the trials are listed in table 3.

Output
Parameters

Parameter value
Coating permeability 5x 10" m?
Coating thickness 0.25x10° m
Foam thickness 0.01m
Metal emissivity 0.29
Foam emissivity 0.9
Coating emissivity 0.9
Foam density 20 kg/ m3
Metal density 7200 kg/ m®
Metal kinematic viscosity | 20386 x 10°° m?/s
Foam surface temperature 593 k
Molten metal temperature 1683 k
Foam degradation enthalpy 540 x 10° J/Kg
Absolute pressure in the sand 50,000 Pa

Table 3: Parameter used in the simulation [5]

They developed free surface 2D foam degradation
simulation model by using computational fluid dynamics
code to calculate the filling pattern using volume of fluid
algorithm with donor acceptor method. In their study various
parameters like foam density, vacuum level, gap temperature,
coating thickness, gap pressure and filing speed was studied
and found that simulated results evaluated on bench scale
casting apparatus and the casting was conducted in the
transparent mold. It was found that simulated results are in
good agreement with experimental results.

Kiyoung et al. [6] have studied several process
parameters influence on porosity in aluminium alloy casting.
Various parameters listed in table 4.

Parameter value
Material A356.2 Aluminium alloy
Flask size 250 mm in diameter and 300 mm height
Cagtlng 30 mm x 60 mm x 250 mm
size
E_Iectrlc 60 Hz
vibrator
EPS foam
density (kg/ | 12.5 | 15 | 17.5 20 25
mq)
Mold for Sodium silicate-carbon dioxide mold
comparison

Melt . "
treatment Not treated Degassing | refining
. Steel
Zircon
- . sand with s_hots
Silica sand with an AFS with an
Cooling an AFS 66 and AFS 54
. 111 and
rate density 1.49 x densit and
10% kg/ m3 y 5 | density
2.54 x 10 3
kgl m3 41x10
kg/ m®

Table 4: Experimental parameters for porosity in lost foam
casting process [6]

They studied the effect of process parameters and
determined the highest density was found at top of the bar and
lowest density was found at mid part or mid-lowest part of
the aluminium bar. They also reported that there was no
correlation between expanded polystyrene (EPS) foam
density and casting density. The porosity in lost foam casting
process mainly depends upon two factors entraining residue
gas and turbulence in molten metal flow during the pouring.

Mingguo XIE et al. [7] sated that in the lost foam
casting process gas pressure is one of the main parameters
which impediment during the melt metal flow to understand
this phenomena they developed model base on gap pressure
as boundary of front of melt metal flow and other parameters
coupled together and influenced each other by developing
mathematical models and verify and validate practical casting
design of grey iron and reported models effectively evaluated
process design parameters and improvement measures to
predict the possible defects which helpful to designer to
optimize casting process and reduce the number of
experiments which improve the actual manufacturing of the
product.

Kannan et al. [8] suggest that various kinetic model
applicable to the polystyrene foam decomposition
phenomena in LFC but process parameters and in actual
foundry conditions no universal model was developed which
suitable for specific condition so to develop individual model
that describes the foam degradation Kinetics.

I1l. REMARKS

In LFC various factor affecting and affected responses in
figure 2.

If foam density and coating thickness mainly effect
on mold filling time and gas escape rate. In lost foam casting
process sand size is most significant factors which have
mainly two functions at lowest level of sand size increasing
slurry viscosity and vibration time, silicon spacing and
porosity decreased and it give deteriorated surface finish,
while at highest level of sand size increasing slurry viscosity
but vibration time, silicon spacing, porosity also increasing
and it give quality surface finish.
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A. Factor Affecting Responses

Foam Density
Pouring Temperature
Slurry Viscosity
Vibration Time
Coating Thickness
Pouring eup
Sand size
Dipping time

Applied pressure

Lost Foam Casting

Surface Roughness,
Porosity

Silicon Spacing

Affected Responses
Fig. 2: Lost Foam Casting Parameters

V. SUMMARY

In lost foam casting process has require much improvement
to control proper porosity in metal foam which help to
develop lightweight metal foam structure. In lost foam
casting future development in the directions of new methods,
material and sufficient study require of mechanical properties
and material test.

The review of research trends in lost foam casting in
each topic, the development of the methods for recent year is
discussed. The objective is to enhance the capability of
process performance and to get better output product.
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