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Abstract: The microstructures and mechanical properties of the ductile cast iron (DI) specimens obtained by lost

foam casting (LFC) with and without vibration were investigated. The results indicate that the number of the graph-

2

ite nodule increases from 175 mm

of the specimens produced by LFC without vibration to 334 mm ™ * of the speci-

mens produced by LFC with vibration, and the thickness of the ferrite shell increases. Meanwhile, the amount of the

carbides decreases in the specimens produced by LFC with vibration and the granule structure then forms. These are

mainly attributed to the “crystal shower” caused by the vibration. In addition, the tensile strength and elongation of

DI specimens produced by LFC with vibration are improved due to the dispersion-strengthening of refined carbide and

pearlite colony. uniform distribution of the graphite nodule, and increase of the amount of dimples and tearing edges.
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Ductile cast iron (DD is widely used in the au-
tomobile parts due to its excellent mechanical prop-
erties and good castability. Due to the complicated
structure of the automobile parts, it is difficult to
produce these castings using traditional casting
methods. The lost foam casting (LFC) is a kind of
near net-shape forming technology, through which
the foamed polymer patterns of the desired shape are
coated with a water-based refractory coating, dried
and embedded in unbonded sand. The molten metal
is then poured directly on the patterns'). In the past
few decades, LFC had been widely researched due to
its numerous advantages such as the ability to pro-
duce complex shapes, no need for mold parting line
or cores, and reduced labor in the foundry prac-
tice’”’. Therefore, LFC has been applied to produce
DI casting™!.

However, the pouring temperature of molten metal
with LFC is about 30—50 °C higher than that of tra-

ditional cast pouring temperature. In addition, the
heat transmission capability and the cooling rate of
the dry sand used are low. As a result, the mechani-
cal performance of the castings produced by LFC is
compromised due to the presence of the coarse
grains. Therefore, for the further development of
the DI LFC, the coarse grains of the specimens have
to be refined to improve the microstructures and
properties of the casting.

The methods of refining grain size usually in-
clude mechanical and ultrasonic vibration, modifying
treatment as well as increasing undercooling de-
greet*” " Relative to the other three methods, im-
posed mechanical vibration in LFC process has many
advantages, such as simple operation, lower demand
of equipment precision and improvement of the cast-
ings quality. So imposing vibration is a cheap and an
efficient method for refining grains and improving
the performance of casting produced by LFC.

Foundation Item:Item Sponsored by National High Technology Research and Development Program (863 Program) of China (2007AA03Z113)

Biography: Bo-tao XIAO, Doctor Candidate;
Corresponding Author: Zi-tian FAN, Doctor, Professor;

E-mail ; xltao_2005@163. com;

Received Date: May 27, 2013

E-mail: fanzt@mail. hust. edu. cn



1050 Journal of Iron and Steel Research, International

Vol. 21

Previous experiments on the Al or Mg alloy using
LFC suggested that mechanical vibration could help
to refine the microstructure of casting™®®. When
mechanical vibration is imposed to the solidifying
molten metal, microstructural transformations oc-
cur as follows: grain is refined, homogeneity is in-
creased and segregation is reduced. However, the
cast iron is a complex system and its solidification
process includes stable and metastable transforma-
tion. How the vibration affects the microstructure
and other properties of DI produced by LFC is still
unclear. The microstructures and properties of DI
produced by lost foam casting with mechanical vi-
bration were investigated in this study.

1 Experimental Procedure

1.1 Materials, melting and casting

In the lost foam casting process for producing
the DI, expanded polystyrene (EPS) with a density
of 20 kg/m’ was used as the foam material. The
foam was cut by a wire cutting machine, and it was
then assembled into a pattern with Y-type. The
thickness of effective portion of the Y-type pattern is
50 mm. The Y-type patterns are coated with a re-
fractory coating, then dried and embedded in un-
bounded sand.

Experimental melts was produced in an electric
induction furnace of intermediate frequency in a 15 kg
capacity. Firstly, the casting pig iron and scrap steel
were put into the furnace as raw materials. Second-
ly, base cast iron was treated by FeSiMgsRE; alloy
for spheroidization followed by inoculation with
75Fe-Si in a casting ladle. In the process of sphe-
roidization and inoculation, 1.4% of an Fe-Si-Mg-
RE alloy and 0.4% of a 75Fe-Si were added. Final-
ly., the molten metal at 1460 °C was poured with the
amplitude of 3 mm and vibration frequency of 0 and
50 Hz, respectively. The imposition of vibration
started before pouring and stopped at 1200 s after
pouring. The vibration direction is perpendicular to
vibration generator.

1.2 Metallography examination

After solidification, specimens for metallo-
graphic examination were taken from the middle of
the sample. After the specimens were polished, their
graphite morphology was observed using an optical
microscope. These specimens were then etched by a
solution of 4 mL nitric acid and 96 mL ethanol and
the microstructure observation was conducted by the

optical microscopy (OM) and scanning electron mi-

croscopy (SEM). Then the interlamellar spacing and
pearlite colony size were measured by a linear inter-

cept method in scanning electron micrographs-.

1.3 Tension test

The tensile tests were carried out using a SHI-
MADZU AG-IC tester at a constant crosshead veloc-
ity of 1 mm/min and at room temperature. Non-
standard plate tensile specimens with dimensions
shown in Fig. 1 were machined along vibration direc-
tions from the central part of the DI. The average
ultimate tensile strength (UTS) value was obtained
from three samples for each specified condition. The
tensile fracture surfaces were investigated by SEM.
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Fig. 1 Dimensions of the specimens for tensile tests

2 Results and Discussion

2.1 Microstructure and microanalysis of the ductile
cast iron

Fig. 2 shows the unetched microstructures of
specimens produced by LFC with and without vibration.
It can be seen that the amount of the graphite nodule in
the specimens produced by LFC with vibration was
larger than that of the specimens without vibration.
The count of graphite nodule increased from 175 mm *
of the specimens produced by LFC without vibration
to 334 mm * of the specimens produced by LFC
with vibration. In addition, the size of nodules
graphite of the specimens produced by LFC with vi-
bration was smaller than that of without vibration.

Constituent fluctuations were induced due to
dissolving or growing of the small size graphite nod-
ule while the solidification temperature decreased.
Meanwhile, the number of heterogeneous nucleation
was increased due to the presence of the residual
thus,

graphite nodule was promoted.

spheroidizing agent; the nucleation of the

The other reason of the increase of the graphite
nodule number is that the “crystal shower” formed
caused by the vibration. The “crystal shower” in-
creased the nucleation of the graphite nodule and in-
hibited the growth of graphite nodule. Therefore,
although the number of nuclei of the graphite nodule
in the specimens produced by LFC with vibration was
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