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Abstract: Microcasting is one of the significant technologies for the production of metallic micro parts with high aspect ratio (ratio
of flow length to diameter). A micro precision casting technology based on investment casting using centrifugal method was
investigated. The micro parts of Zn-4%Al alloy with an aspect ratio up to 200 was produced at the centrifugal speed of 1 500 r/min

and the mold temperature of 270

. The investigations on the relationship between flow length and rotational speed were carried out.

For microcasting, the flow length is not only dependent on the centrifugal speed under the constant centrifugal radius, but also on the
preheating temperature of mold. The flow length increases as the rotational speed and the mold temperature increase, and is much

higher at a mold temperature of 270

than at other mold temperatures.
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1 Introduction

The production of micro parts is one of the
significant technologies in the present century. Micro
components are widely applied to many developing
fields, such as biotechnology, and
technology. They can be
microsystem technologies, for example, LIGA technique

information
prepared by various

proposed by BECHER et al[1], micro powder injection
molding[2—3], micro-electrical discharge machining
[4-5], microcasting based on permanent mold[6] and
micro precision casting based on investment casting
[7-9]. Additionally, a new vacuum casting method was
suggested by THIAN et al[10]. Many microsystem
technologies are limited by materials, size, shaping and
high aspect ratio of micro parts prepared. However,
micro precision casting based on investment casting is a
newly developing technology, and is possible to meet the
requirements of modern production.

Investment casting is used to produce high-value
parts. It is often chosen to prepare the parts which are
difficult and/or expensive to finish[11]. Investment
casting of micro parts is derived from the well-known

process of dental casting introduced first by
PHILBROOK in 1897[12] and applied by TAGGART in
1907[13]. However, micro precision casting based on
investment casting is suitable for manufacturing complex
micro parts of more than 50 pm or bigger ones with
extremely fine details in the micrometer range[7-8, 11].
The aspect ratio (ratio of flow length to diameter) of
micro parts prepared is up to 143[14]. The process of
micro precision casting based on investment casting
consists of several steps. The schematic diagram is
shown in Fig.1. First, an injection-molded plastic master
is embedded in a gypsum slip. After drying the gypsum,
mold is sintered. During this process the master is lost by
melting and pyrolysis. The preheated gypsum mold is
then filled with a metal melt by centrifugal or pressure
casting. After removing the mold from the casting, the
cast structure is cleaned and the micro parts are separated
from the gate system[7—9]. Nowadays, pressure casting
method is widely applied to micro precision casting[14].
This may be due to the fact that high filling pressure is
not easy to be obtained because of difficulty to achieve
high rotational speed of centrifuge without crack of
gypsum mold.

Additionally, the research and development concerning
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Fig.1 Schematic diagram of microcasting process: (a) Nylon and wax master; (b) Master embedded in investment pattern; (c) Hollow

form by burning; (d) Filling molds by centrifugal rotation; (e) Cleaned gypsum-bonded investment; (f) Micro parts

micro precision casting was started with precious alloys,
such as gold alloy, because they have an excellent
corrosion resistance and low oxidation affinity during the
casting process[8]. The Sn-36Pb-2Ag alloys were also
used[14]. One common property, good fluidity, is found
in the previous alloys. But they are rarely employed in
industrial production. And aluminum alloy has good
fluidity[15—16]. So, Zn-4%Al alloy was used in the
present investigation.

In this work, micro precision casting based on
investment casting and centrifugal
integrated into a new process. Further improvements of
small components with high aspect ratio can be achieved
either by increasing the mold preheating temperature or
the rotational speed. The investigations on the
relationship between flow length and rotational speed
were carried out.

casting were

2 Experimental

2.1 Casting alloy

Zn-4%Al alloy was chosen for this study because of
its good corrosion resistance, metal brightness and good
fluidity. On the other hand, it is widely used in industrial
production and has good application prospect. The
composition, physical and mechanical properties of
Zn-4%Al alloy are shown in Tables 1 and 2, respectively.

Table 1 Composition of Zn-4%Al alloy
Element Al Mg

Impurities Zn

wi% 3.79 0.029 0.2 Bal.

Table 2 Physical and mechanical properties of Zn-4%Al alloy

Density/ (kg'm ™) Melting point/  Tensile strength, o,/MPa

6600 387 255

Elongation, /% Hardness (HBW) Elastic modulus, £/GPa

=1 =80 130

2.2 Preparation of centrifuge and die

The machine was desktop centrifuge (LD4-2A)
purchased from Beijing Jingli Centrifuge Co., Ltd. China,
and refitted by authors in this study. The machine
includes the centrifugal system and the die preheating
system. The maximum speed of centrifugal rotation is up
to 3 000 r/min and the maximum preheating temperature
is 600

The die is made of graphite because of its high
melting point for preheating and low density for balance
of centrifugal rotation. The die is divided into cope and
counter die, and composed of the gating system and four
mold cavities. Four gypsum molds are placed on four
cavities in the graphite die. The cope and counter die are
closed during casting process. The liquid metal is filled
from the gate into the gypsum molds in the mold
cavities.

2.3 Preparation of mold

The investment materials were prepared by mixing
fine-grained quartz powders with hard plaster. The raw
materials were calcium sulfate a-hemihydrate and quartz
powders purchased from Yongtai Gypsum Industrial
Corp (China) and Andi Mining Corp (China),
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respectively. Materials were weighed on a laboratory
scale, and the mass ratio of hard plaster to quartz
powders was 60:40. For investigating the effect of
centrifugal force and preheating temperature on flow
length, the samples consisted of 6 microwires with 20
mm in length. Three different samples in which wires
were 100 um, 200 um and 300 pum in diameter were used
in this study. The structure of samples is shown in Fig.2.
It was chosen because of its applicability to test flow
length[14].

o9 20

Fig.2 Schematic diagram of model with microwires(unit: mm)

The gypsum molds were trimmed for needs of the
graphite die. Then, the molds were put into a furnace in
order to melt the pattern and to sinter the gypsum.
Temperature of furnace was slowly increased to final
mold temperature of 700
mold were easy to form due to the expansion of gypsum

because the cracks of the

heated. Temperature project of the furnace was presented
in Table 3. The slow heating rate and the holding time at
different temperatures ensured the thermal equilibrium
conditions and sufficient time for chemical reactions.

Table 3 Temperature project of furnace for heating up molds

Heating rate/( -min~') Temperature/ Holding time/min

3 200 60
3 700 60

2.4 Preparation of micro structures

As mentioned above, Fig.l shows the micro
precision casting process based on investment casting.
The methods mentioned in Ref.[16] are subdivided into
centrifugal casting and pressure casting. As shown in
Fig.1(d), the method of centrifugal casting was used in
the present study. The Zn-4%Al alloy was put into the
ceramic crucible and molten in vacuum resistance
furnace (GR-20 type). In microcasting a casting
temperature of 440 was used and the holding time
was 30 min. The graphite die with the gypsum molds
was installed in the casting centrifuge. The influence of
various preheating temperatures (130, 200 and 270 )
and centrifugal speeds (500, 1 000 and 1 500 r/min) on

the flow length was investigated. The diameters of
microwires were 100, 200 and 300 um.

3 Results

Fig.3 presents a picture of the casting structure
prepared at a mold temperature of 270 and a
centrifugal speed of 1 500 r/min. The diameter and the
length of each microwire are 100 pm and 20 mm,
respectively.

Figs.4-6 show the resulting flow length on
dependency of the arithmetical mean value of the 6
microwires. The diameters of microwires in Figs.4-6 are
300 um, 200 pm and 100 um, respectively. It is shown in
Fig.4 that at different rotational speeds, the maximum
flow length of 20 mm is obtained at a mold temperature
of 270 . At mold temperature of 130 , the flow
length is little changed at different rotational speeds.
However, the flow length is different at mold
temperature of 200 . The flow length with 1 000 r/min
is obviously higher than that obtained with other
rotational speeds. This may be due to the permeability of

Fig.3 Micro metal wires with 100 pm in diameter after
microcasting at molding temperature of 270 and rotational

speed of 1 500 r/min
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Fig.4 Flow length of micro-metal wires with 300 pm in

diameter at various mold temperatures
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Fig.5 Flow length of micro-metal wires with 200 pm in
diameter at various mold temperatures
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Fig.6 Flow length of micro-metal wires with 100 pum in

diameter at various mold temperatures

mold, which could be the special one during
manufacturing mold process. But this might not
influence the results of experiments, which can be
verified by the results shown in Figs.5 and 6. It is seen in
Figs.5 and 6 that at mold temperatures of 130 and
200 , the influence of rotational speed on the flow
length is not significant. At mold temperature of 270
the flow length increases with increasing rotational speed
from 500 to 1 500 r/min.

4 Discussion

Figs.4-6 show that the flow length decreases with
decreasing the diameter of microwires for the same mold
temperature and rotational speed. It was presented in
Ref[10] that capillary pressure by surface tension is
equal to the absolute pressure for form filling if the
influence of pressure due to enclosed gas is not taken

into account because of the open porosity of the mold.
Additionally, the pressure losses along the flow length
and the change of viscosity with decreasing temperature
during filling is neglected. So, the counter pressure is
20cos6/r and the filling pressure is w*phR; in which o is
interfacial tension between liquid and gas; € is contact
angle of the liquid; # is radius of the micro hollow form;
o is angular speed; p is density of metal; /4 is height of
the mold to the center of gravity and R is radius of
rotation. Assuming the contact angle is 180°, the flow of
liquid metal could be completed only when w’phR=20/r.
R is the constant in this study. The relation is true only
when o increases sharply with decreasing » under 200
pm. It can be shown in Figs.4-6.

Additionally, with increasing mold temperature, the
flow length is increased. In other words, the influence of
solidification on flow length is important as mold
temperature increases. It is presented in Figs.4-6 that at
mold temperature of 270 the flow length increases
more significantly than that at other mold temperatures.
This may be due to the physical properties of Zn-Al alloy.
Fig.7 shows the phase diagram of Zn-Al alloy[17]. The
black line in Fig.7 represents the composition of alloy
used in present study. The mold temperature of 270
is close to the temperature of an eutectoid transformation
of the used alloy, 277 . The fine precipitations begin
to appear at the temperature of eutectoid transformation.
This is likely to be benefit for the form filling.
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Fig.7 Phase diagram of Zn-Al alloy[17]

Fig.8 shows the maximum aspect ratio of the
microwires in different diameters at various mold
temperatures and rotational speeds. The achievable
maximum aspect ratio is 200. The aspect ratio of casting
micro structure increases as the mold preheating
temperature increases. It can be shown that for Zn-4%Al
alloy the mold temperature is important not only for
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Fig.8 Aspect ratio of casting microwires at various mold
temperatures and rotational speeds

filling a microchannel, but also for producing high aspect
ratio structure. It is therefore suggested that the mold
temperature of 270 should be used.

5 Conclusions

1) A new centrifugal micro precision casing
technology based on gypsum-bonded investment casting
was used to produce the micro structure.

2) For microcasting, the flow length is dependent
not only on the centrifugal speed under the constant of
centrifugal radius, but also on the preheating temperature
of mold. The experimental results of casting Zn-4%Al
present that the flow length increases as the rotational
speed and the mold temperature increase. For filling
form, the pressure produced by centrifugal rotation is
much higher than the capillary pressure caused by the
surface tension.

3) The temperature of eutectoid transformation (277

) is important for filling form. The experimental
results show that the flow length is much higher at the
mold temperature of 270 than that at other mold
temperatures. Meanwhile, the microwires of high aspect
ratio are obtained in the case of the centrifugal speed of
1 500 r/min and the mold temperature of 270  , and the
aspect ratio is up to 200 for Zn-4%Al.
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