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[ Abstract] The effects of modification, grain refine ment, polystyrene pattern, pouring te mperature and reduced pres-

sure degree on aluminum alloy porosity in lost foam casting ( LFC) process were studied. The results show that the solidi-

fication rate of LFC process is slower than that of resin sand process or clay sand process . The effect of modification and

grain refine ment on the aluminum alloy casting density in LFC is greater than that on resin sand process. Through a Al

phase refine ment process with 0.2 %Ti for aluminum melt, the subversive effect of Sr modification in LFC process is de-

creased greatly, and the aluminum casting density in LFC process is nearly equal to that in resin sand process . To decrease

the porosity of aluminum castings in LFC process , lower density of polystyrene pattern, higher pouring te mperature (760

~780 'C) and lower reduced pressure degree ( <20 kPa) should be applied .
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1 INTRODUCTION

The lost foam casting ( LFC) process is called as
the 21st century technology . Its forming is different
from that of the conventional empty cavity casting
method!'?1. For aluminum alloy in LFC process,
pouring te mperature of aluminum melt is much higher
than that of the e mpty-cavity casting process in order
to remove the products of polystyrene pattern thermal
degradation from the mold cavity and to ensure high
mold filling ability[3’4]. High pouring te mperature in
combination with other characteristics of LFC process
result in serious pinhole phenomenon and worse tight-
ness in the castings. It is urgent to decrease the
amount of pinholes and improve the tightness of LFC
castings .

At present, systematic investigation of pinhole
formation for Al alloy castings in dry sand LFC is
lack . In this article , the effects of modification of a-
luminum alloy melt, polystyrene pattern and reduced
pressure degree at higher pouring te mperature (760 ~
780 C) on the casting pinhole were investigated to
improve the quality of aluminum castings. The char
acteristics of pinhole formation of aluminum alloy in
LFC process were discussed in detail .

2 EXPERI MENTAL

The experimental material was aluminu mrsilicon
alloy containing 9.5 %Si, 0.45 % Fe, 0.22 % Mg,
and 0.5 % Mn ( mass fraction) . The modifiers were
AlF10 %Sr and AlF5Ti-1 B master alloys. In each ex-
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periment , the aluminum melt was degassed with ar-
gon prior to pouring .

The polystyrene strip patterns (210 mm X 45 mm
x 20 mm) and gating systems for experiments were
cut from a polystyrene sheet with a density of 20 kg/
m’ using a hot wire cutter, and asse mbled with com-
mercial hot melt glue. The coating was applied by
dipping the pattern into a self- developed refractory
slurry adjusted to a density of 1 .35 x 10° kg/ m>. The
thickness of coating was 0.2 ~0.3 mm. The patterns
were then dried in a temperature-controlled drying
oven at 55 ~ 60 C for 24h. The dried pattern clusters
were placed horizontally in a 40 cm X 40 cm X 50 cm
steel flash and compacted with an unbinded, three
screen AFS 55 silica sand , using 3-dimensional vi-
brating table . Then aluminum melt was poured into
the casting mould. The pouring temperature was
780 'C. The NiCr NiSi thermocouples were located at
the sample center to monitor and record the cooling
rate of the metal by a data collecting system .

To investigate the effect of polystyrene pattern
on the aluminum casting density, some iron wire
frames with the size of 210 mm X 45 mm X 20 mm
were made by fine wire netting. Some iron wire
frames were filled with polystyrene pattern and the
others were unfilled. The wire netting was coated by
the self-developed LFC coating. The thickness of
coating layer is about 1 mm . After dried, they were
placed into sand box for molding. Then the liquid a-
luminum was poured into the box under the same
casting conditions . Density measure ment and micro-
scopic analysis were conducted to analyze the extent
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of porosity in the castings .
3 RESULTS AND DISCUSSION

3.1 Solidification characteristic of aluminum cast-
ings in LFC
The cooling curves of samples in LFC, resin
sand and clay sand processes are shown in Fig .1 . The
formation of pinhole partially depends on the casting

[5:6]  The slower the solidification rate of

cooling rate
the casting, the wider the solidification zone . Thus
the microshrinkage pore between dendrites is favor
able for the precipitation of gas in liquid metal . When
the solidification rate increases, the volume fraction
and size of pore decrease . Because of the s maller coef-
ficient of heat accumulation of sand in LFC process,
the solidification rate of LFC process is slower than
that of resin sand and clay sand processes, and the
castings tend to solidify in a mushy state. Hence,
porosity is more prone to form in castings .
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Fig.1 Cooling curves of castings
I —Clay sand process ; 2 —Resin sand process ;
3 —LFC process

3.2 Modification of aluminum melt

AlF9 .5 %Si hypoeutectic casting alloy tends to
form the coarse acicular eutectic silicon phase , which
leads to feeding difficulties in the interdendritic region

and increases quantity of porosity[7]

, especially for
LFC process because of higher pouring te mperature
and slower solidfication rate. Through Sr modifica-
tion, the silicon phase can be fined. For e mpty-cavity
casting process, Sr modification is conducted below
750 C . For LFC process, Sr modification is conduct-
ed at 780 C.

The effects of Sr modification on the aluminum
casting densities in both LFC and resin sand processes
are shown in Fig .2. It can be seen that the castings
densities decrease with increasing of Sr content in the
both processes and the density of casting in LFC is
lower than that in resin sand process , which is due to
higher content of pores in LFC process . It also can be
seen from Fig.2 that the effect of Sr modification
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Fig.2 Effect of Sr modification

on aluminum casting density
® —LFC process ; ® —Resin sand process

in LFC process is more serious than that in resin sand
process . Compared with that of unmodified alloy , the
densities of 0.03 %Sr and 0 .05 %Sr modified Al-cast-
ings are reduced by 0.263 % and 0.789 % in LFC and
only by 0.150 % and 0.525 % in resin sand mold, re-
spectively . This may be due to lower surface tension
of Sr modified Al melt, which are prone to the forma-

tion of pinhole in castings[g].

The precipitated gas
under slow solidification rate could diffuse over long
distance and into the pores. Furthermore, the
polystyrene thermal degradation products entrapped
in the melt would enhance the formation of pinhole .
For Al casting in LFC process, Al Tr B alloy is
added as a modifier to increase the density by & Al
phase grain refinement. The changes of aluminum
casting densities with Ti content in A5 Tir1 B master
alloy treated Al-casting are shown in Fig .3 . It can be
seen that the density of 0.2 %Ti treated Alcasting is
increased by 0 .15 % in LFC and only by 0.075 % in

resin mold in comparison with that of untreated cast-
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Fig.3 Effects of Ti modification on
aluminum casting densities
® —LFC process ; ® —Resin sand process
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ings . Namely, the effect of & Al phase grain refine-
ment is relatively higher in LFC than that in resin
sand mold and the densities of 0.2 % Ti treated Al
casting are nearly equal in both LFC and resin sand
mold. This is because the active nuclei provided by
Al Tr B master alloys promote preferential heteroge-
neous nucleation at low undercooling which results in
refine ment of & Al grain. This promotes feeding and
results in a less porosity. In addition, grain refine-
ment hinders nucleation of the gas bubble!*'%) . The
subversive effect of slower solidification rate on the
pinhole in LFC is decreased greatly by addition of Al
5Tr1B modifier.

The microstructures of 0.2 % Ti treated and un-
treated aluminum casting in LFC are shown in Fig .4,
in which 0 .03 %Sr is used as modifier. It can be seen
that better modification effect can be attained with
0.03 %Sr. And « Al phase can be well refined with
0.2%Ti. The castings densities treated by 0.2 % Ti
and 0.0 % ~ 0.8 %Sr modifiers in two kinds of pro-
cesses are shown in Fig .5 . The densities of aluminum
castings treated by the combination of 0.2 % Ti and
0.03%Sr in LFC and in resin sand processes are
nearly equal . It is concluded that, for aluminum LFC
process, the casting pinholes can be decreased effec
tively by addition of Al-5 Tr1B modifier even at high-
er pouring te mperature and slower solidification rate .

3.3 Polystyrene pattern

Fig.4 Structures of LFC aluminum
castings (0 .03 %Sr)
(a) —0 %Ti; (b) —0.2%Ti
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Fig.5 Effects of Sr and Ti modification
on aluminum casting densities
® —LFC process (0.2 %Ti) ; @ —LFC process (0 % Ti) ;
4 —Resin sand process (0.2 % Ti)

The effects of polostyrene patterns on casting
densities are shown in Fig .6 . It is obvious that exis-
tence of polystyrene increases the casting porosity .
And the higher the polystyrene pattern density, the
more serious the casting pinhole exhibits. Hence , the
lower density polystyrene pattern should be applied
preferentially to decrease the pinholes of aluminum
castings in LFC.
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Fig.6 Effect of polystyrene pattern
on aluminum casting densities
® —Polystyrene pattern (20 kg/ m*) ;
B —Polystyrene pattern (28 kg/ m®) ;
4 —No polystyrene pattern

It also can be seen from Fig .6 that in order to
decrease the porosity of casting , higher pouring te m-
perature in LFC process should be used in comparison
with the conventional e mpty casting. The pinhole
photographs are shown in Fig.7 and Fig.8. In LFC
process , the majority thermal degradation products of
the polystyrene pattern are in liquid statel''1. The
transporting process of the liquid polystyrene into and
through the coating can be divided into the wetting
and wicking stages. High pouring te mperatures em

hance the wetting and wicking of the coating[12’13].
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Fig .7 Effect of pouring te mperature on aluminum casting porosity in LFC
(a) —740 T ;(b) —770 C; (c) —800 C
T

Fig .8 Effect of pouring te mperature on aluminum casting porosity in resin sand process
(a) —740 T ;(b) —770 C; (c) —800 C

High pouring te mperatures also encourage higher per-
centage of gaseous foam decomposition products, so
less liquid polymer is available to be trapped. If the
pouring te mperature is low , it is detrimental to trans-
porting of liquid polystyrene into and through coating
wafer. Before the end of solidification, there would
be some liquid polystyrene entrapped at the metal
front. During the mold filling process, the liquid
polystyrene cannot reach the interface between the
coating and the molten metal . This entrapped liquid
polystyrene eventually decomposes and forms pores.
But the extre mely high pouring te mperature increases
gas content in melts and casting porosity . Here, rela-
tive higher pouring temperature (760 ~ 780 C) is
beneficial to removal of polystyrene decomposition
products and prevent from entering in the casting .

3.4 Reduced pressure degree

The mold filling ability of aluminum melt can be
improved greatly by applying reduced pressurel'*°1.
The effects of reduced pressure degree on aluminum
casting densities are shown in Fig .9 . There is a peak
value in Fig .9 . On the one hand, lower reduced pres-
sure is helpful for polystyrene thermal degradation
products to be removed through coating, turbulence
can not be formed easily in the aluminum melt during
mold filling and the polystyrene decomposition prod-
ucts can not be trapped in the melt. Therefore, lower
reduced pressure degree is helpful to decrease the
casting pinhole and increase its density . On the other
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Fig.9 Effect of reduced pressure on
aluminum casting densities (0 .03 %Sr)

hand, when higher reduced pressure is applied, the
polystyrene decomposition product can be easily en
trapped in aluminum melt by the melt turbulence pro-
duced during mold filling and enhance the casting
porosity and decrease its density. Thus, the suitable
reduced pressure is less than 20 kPa.

4 CONCLUSIONS

1) The solidification rate in LFC process is slow-
er than that in both resin sand and clay sand process-
es . Hence, the castings are more prone to form pin-
holes .

2) The casting densities decrease with addition
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of Srin both LFC and resin sand processes . And the
subversive effect of Sr modification on aluminum cast-
ing density in LFC process is more serious than that
in resin sand process. The unique grain refine ment
with an AF Ti B master alloy for LFC aluminum melt
weakens the subversive effect of lower solidification
rate on the casting pinhole greatly. The densities of
casting refined by 0.2 % Ti in LFC and resin sand
processes are equal .

3) Polystyrene enhances the casting porosity and
decreases its density . To decrease the porosity of LFC
castings, the lower density polystyrene pattern and
suitably higher pouring te mperature (760 ~ 780 C)
should be applied .

4) Lower reduced pressure ( <20 kPa) during
mold filling is helpful to decrease the porosity of the
casting .
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