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1. Introduction

The RP&M Y (Rapid prototyping and Manufacturing)  is the most appropriate technology for the small-lot
production system, in which the production cycle is getting shorter owing to various needs from consumers?®. In
this paper, RP&M is applied to a casting process. A casting process has a merit of being able to reflect
complicated shapes at one time. But it has not been applied to the precision industry because of bad quality on
surface. So we will improve characteristics of aluminum casting process using porous ceramic mold.

2. Fabrication of porous ceramic mold

Fig.1 shows the fabricating process of porous ceramic mold. First, the temporary mold, which is made from silicon
rubber, has to be prepared to fabricate porous ceramic mold. In the second place, the slurry should be prepared,
which consists of powder and binder.
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Fig. 1 The Fabricating Process of Porous Ceramic Mold ¥



The mixing process of powder and binder is very important because the powder's uniform dispersion has a great
effect on the strength of porous ceramic mold. Slurry is poured into the silicon rubber mold. Once slurry hardens
enough to, it is separated from the silicon rubber mold. Then the green part which means hardened slurry in non-
sintering, has to be removed water at 100pum with vacuum condition. Micropores are caused by getting rid the green
part out of water during vacuum drying, have an effect of preventing cracks throughout the debinding and sintering
process. At last process, the debinding and sintering convert the green part to the sintered part. Because the porous
mold is made from ceramic, the process of rising and decreasing temperature should be done slowly. Otherwise
cracks are taken place on the surface of porous ceramic mold.

3. Evaluating of porous ceramic mold

In this study, we adopt the porous ceramic mold as a casting mold for aluminum casting. Therefore it doesn't need
to have the strength like as conventional ceramic products do. The air permeability, dimensional accuracy, and
transferability are more important than the strength to be adopted as the casting mold for the vacuum sealed casting.
As the size of mean diameter is larger, the air permeability of porous ceramic mold will be higher, whereas the
porous mold has the limit in expression of delicate shapes. So we prepare two types of specimen to evaluate the air
permeability, dimensional change and transferability. A-type specimen is made from 45um zirconia and 55um
alumina powder and B-type specimen from 45um zirconia and 4.5um alumina powder.

3.1 Air permeability and dimensional change

Tab. 1 shows the result of the air permeability and dimensional change evaluated by specimens in cylindrical
shape of 50um diameter and 50um height. It is found that the size of powder's mean diameter has a great effect on
the air permeability and dimensional change. As the size of mean diameter is larger, air permeability and
dimensional accuracy is higher.

Tab. 1 Result of Air-permeability and Shrinkage

A-type B-type
Specimen Specimen
Air permeability
(-em’cm/ 17.6 7.7
CMH,0- cm?min )
Shrinkage (%) 0.5 1.2

Fig. 2 which shows microstructure of A, B-type specimen’s surface, is quite self-explanation. The vacancies
between 45um zirconia and 55um alumina powder in the A-type specimen are broader than the vacancies
between 45um
zirconia and 4.5um alumina powder in the B-type specimen because the vacancies of B-type specimen are filled



up partly during the debinding and sintering process. As the result, the air permeability and dimensional
accuracy of A-type specimen are higher than that of B-type specimen.
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Fig. 2 Microstructure of Porous Mold

3.2 Transferability

Next, the standard specimen of surface roughness (Ryx=12.5mm) is adopted to evaluate transferability, which
is measured by comparing V-slot of standard specimen and A, B-type specimen respectively. Fig. 3 shows the
results of the transferability. A-type specimen can't transfer exactly the shape of standard specimen. B-type
specimen, however, is able to transfer with nearly the same shape because 4.5um alumina powder among 45um
zirconia powder enables one to fabricate the porous casting mold with a delicate surface.
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Fig. 3 The results of transferability

4. Vacuum sealed casting

The vacuum sealed casting is a process of removing air bubbles between the porous casting mold and the
liquid metal under vacuum condition. It has advantages of the microstructure of casting product being fine and its
delicate pattern being able to be transferred. Fig. 4(a), (b) compare the surface of conventional casting product with
that of vacuum sealed casting. Because the suction force of vacuum sealed casting reduces the tension force on surface of
liquid aluminum during solidification of liquid aluminum, the surface of vacuum sealed casting is finer than that of






