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1. INTRODUCTION

The ceramic injection moldl
to produce complex cera
dimensional accuracy. T
viable because it doe

) method is used
igh

1S economically
rocesses such as

[Hanemann'et. al, 2010, Yang et. al, 2013, Paul Lin et.
al, 1994].

Powder injection molding (PIM) is a combination of
powder technology and injection molding that involves
several stages, including mixing, debinding, and
sintering [Witzleben, et. al, 2021]. During mixing,
ceramic powder is blended with binders to form a
homogeneous compound. Binders provide viscosity to

the powder, thereby simplifying the process of filling
feedstock into molds during injection molding.
Optimum powder loading ratio is also important in the
success of PIM. The powder and binder ratio ranges
from 50% to 70% by volume [Wang et. al, 2016].

A high powder loading ratio will cause inconsistencies
in the injected parts, which can subsequently damage the
injec- tion machine. By contrast, a low powder loading
ratio can cause separation of binders from powder
during injection, thus prolonging debinding and leading
to considerable shrinkage during sintering [Witzleben,
et. al, 2021, Wang et. al, 2016, Li et. al, 2007]. An
optimum percentage of powder loading can minimize
shrinkage, prevent cracking, and increase the
mechanical properties of materials [Roh et. al, 2011].
Therefore, in this research, the rheological properties of
ceramic feedstock were evaluated to obtain the optimal
ratio of binder and ceramic powder. Flow behavior
feedstock in a function of shear rate dependence of the
viscosity can be described by[Geraman and Bose,
1997]:

n =Ky @
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where 7 is the viscosity at shear rate of y-, K/is a constant
and n is a flow behavior index. It is known as the power-
law equation and has been used extensively to explain
the correlation of the viscosity and shear rate.
Debonding process is one of the most important steps in
the injection molding method. At this stage, the binder
combined with ceramic powder is separated from the
raw ceramic piece at a suitable decomposition
temperature (less than 600 °C) and prepares the piece
for the sintering process. Choosing the right temperature
and time will have a great impact on the properties of
the final ceramic piece [Thomas-Vielma et. al, 2008,
Cheng et. al, 2010].

In general, there are two types of injection molding
methods: 1) High-Pressure Injection Molding (HPIM)
and 2) Low-Pressure Injection Molding (LPIM). LPIM
functions based on the application of thermoplastic
organic compounds, which become fluid at rather lower
temperatures, e.g., 60—70 °C. The major component of
this binder system is paraffin wax, which melts at this
low temperature. Since the ceramic polymer
compositions based on paraffin have rather low
viscosity and good fluidity, very high softness and
plastic properties at rather low temperatures, these
compositions require only low pressures (0.2—-0.7 MPa)
to force them to fill the mold cavities [Leverkoehne et.
al, 2001, Quevedo Nogueira et. al, 2001]. In this case, a
ceramic powder is mixed and plasticized with this
paraffin-based binder system at 60-70 °C, and the
prepared composition is injected (cast) into the metallic
molds. When the mold is cooled down, a solidified green
body is ejected from it. Followed by the binder removal
(debinding or dewaxing), the ceramic body is fired for
the required density. This method and its jor
principles were developed in the 1950s-1960s by
Gribovsky in the former Soviet Union. W, i
proposed, the mentioned method was n
casting’ or ‘hot casting of thermoplastic
Optimization of this technology d
production of different cerami ponents for
different applications on the - industrial
basis for years [Bauer et. al, Knitter et. al, 2001,
Krindges, et. al, 2008]. 4|
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The purpose of this research is to optimize the amount
of solid load by investigating its flow behavior and also
to find the suitable thermal profile for debonding in
order to obtain a defect-free zirconia piece.

2.MATERIALS AND METHODS

To make zirconia crucible, monoclinic zirconia powder
(Zirconia ZCO-E3, IMERYS fused minerals yingkou)
with the average particle size of 3 micron and purity of
more than 98.5%, fused magnesia powder with the
purity of 97.5% (IRP FM 97.5T, IRREP @87 Iran) and
particle size of less than 10 pm, alumina, with the
average particle size of 4 pm, and silica w
particle size of 5 pm were used. Moreover, pa
industrial wax, and acetic acid were in th
composition.

3.RESULTS AND D ION

3.1 Flowing behavior, k rheology

Figure 1 demonstrates the

ities wére significantly influenced by
and depended minimally on powder

um value as the shear rate increased
e ess of powder loading, demonstrating the shear
% fect [Ahn et al., 2009].
pewder binder separation occurred in the mixture
ince no dilatant flow behavior was observed. Thus, the
elted feedstock of 52 vol.% demonstrated lowest
viscosity at all shear rates and temperatures which
exhibited better flowability during the micro filling of
complex parts in the injection molding process. In
comparison, the 53 and 54 vol.% feedstock also
exhibited low values of viscosity, which is less than
1000 Pa.s and within the desirable range for injection
molding.
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FIGURE 1. Relationship of viscosity and shear rate at different temperatures
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