Journal of Advanced Materials and Technologies: Vol. 12, No. 3, (Autumn 2023), 65-77

Journal of Advanced Materials and Technologies %

Materials and Energy
Research Center

Journal Homepage: www.jamt.ir MERC

Original Research Article- Extended Abstract

Fabrication of Zirconia Crucible Using Low-Pressure Injection Molding Process
& Investigation of Effective Parameters

Jaber Mirzaei = !, Danial Ghafoori

2* Hamidreza Zareei ‘'3

T Instructor, Department of Aerospace Engineering, Shahid Sattari University of Aeronautical Sciences & Techniques, Tehran,Iran
2 Chief Executive Officer, Nogara Ceram Fanavar Company, Materials & Energy Research Institute Growth Center, Karaj, Iran
% Associate Professor, Department of Aerospace Engineering, Shahid Sattari University of Aeronautical Sciences & Techniques, Tehran, Iran

* Corresponding Author’s Email: danial74.ghafoori@gmail.com

Paper History:

Received: 2023-06-09

Revised in revised form: 2023-07-10
Scientific Accepted: 2023-09-10

Abstract:

In this article, Low-Pressure Injection Molding (LPIM) method was
investigated as a method for forming zirconia (zirconium oxide) parts. It is one of the
methods used for manufacturing engineering ceramics with complex shapes & high
dimensional accuracy. In this method, a binder composition (paraffin & industrial waxes)

Keywords: . L0 . X ] .

Lomreswre Injection Molding is used as the plasticizing agent to shape zirconia particles. Different parameters such as
Zirconia temperature, pressure & injection time, mold temperature, etc. have been found to be
Paraffin Wax . . . . ) .

Debinding effective in shaping the ceramic parts based on this method. Throughout this research,
Feedstock these parameters were examined, & their optimal values were obtained. The optimal

injection temperature was in the range of 80-90 Celsius degree, injection pressure in the
range of 3-5 bar, & injection time in the range of 10-15 seconds to form a crucible with
the size of 130x85x75 mm (heightxinternal diameterxexternal diameter). This study also
examined the FESEM images of the microstructure of parts in the injected, debonded, &
sintered bodies. According to the findings, the zirconia crucible in this article shows
notable similarity with the crucible made by Zircoa company with the code 3001 in terms
of physical properties such as bulk density & apparent porosity.
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1. INTRODUCTION

To prevent the failure of the ceramic parts,
zirconium oxide powder is partially or fully stabilized in
a high-temperature structure. For this purpose, dopants
such as MgO (lkuma, 1986; Muccillo et. al, 2004), CaO
(Imran et. al, 2015), Y203 (Chen et. al, 2010), & CeO2
(Duh et. al, 1986) are used as the stabilizing agents.

The Mg-PSZ refractory has already become one of
the most valuable industrial materials owing to its
corrosion  resistant,  excellent  chemical, &
thermomechanical properties (Suk et. al, 2009).
Nevertheless, the potentials of the full exploitation of
these advantages can only be realized if the final
products have the required specifications namely the
desired phase, density, microstructure, & bend strength
(Koley et. al, 2011).

Due to the size of these parts, the conventional
method for making zirconia crucibles is cold isostatic
pressing. Since the pressure in this method is applied to
the part in anelastomer mold, the part will be

characterized by higher uniformity & strength (Farmer
et. al, 2006). However, due to the high investment cost
of this type of press, alternative forming methods were
searched for to find an inexpensive method with low
investment cost yet similar performance (Farmer et. al,
2006).

One of these methods that ensures high uniformity &
strength for the ceramic parts is the injection molding
method, which is considered as one of the wet
processing methods & since air pressure is applied, it
compacts the part into the mold, thus ensuring the part
uniformity (Rak et. al, 2000). In general, there are two
types of injection molding methods: 1) High-Pressure
Injection Molding (HPIM) & 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
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compositions based on paraffin have rather low
viscosity & good fluidity, very high softness & 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; Nogueira et. al, 2001] . In this case, a ceramic
powder is mixed & plasticized with this paraffin-based
binder system at 60-70 °C, & 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 & its major principles were
developed in the 1950s-1960s by P.O. Gribovsky in the
former Soviet Union. When first proposed, the
mentioned method was named ‘hot casting” or ‘hot
casting of thermoplastic slurries’. Optimization of this
technology allowed for the production of different
ceramic components for different applications on the
high-volume industrial basis for years (Bauer et. al,
2002; Knitter et. al, 2001; Krindges et. al, 2008).

2. MATERIALS & METHODS

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

3. RESULTS & DISCUSSION
3.1. The effect of injection time on mold filling

One of the important parameters in injection
molding is the holding time of air pressure. If the
selected time is short, the feed will not fill the mold well,
& even if itis filled, it will cause other problems such as
holes, microcracks, etc. As shown in Figure (a), the
effect of time was evaluated at the constant temperature
& pressure. Upon increasing the time from 1 up to 5
seconds, the volume percentage of the material injected
into the mold will increase from about 20 up to 100%.
Upon further increasing the time up to 10 seconds, the
part will be in its final shape without any holes, cracks
or welding lines. Prolonging the time up to more than 10
seconds heats up the mold & delays the cooling process.
However, this will not cause a problem in prototyping
but in industrial production, the time of each injection
should be reduced as much as possible due to the high
volume of production. Therefore, it can be concluded
that 10 seconds is found to be the optimal time for this
piece. Figure 1(b) shows the cross-section of a piece that
was not optimal in terms of time. Many holes can be
detected in this piece, & each of these holes can
ultimately lead to the destruction of the sample after the
baking process. This problem cannot be observed in
Figure 1(c), indicating the correct choice of mold filling
time.
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Figure 1. a) The effect of injection time on filling the mold at
the pressure of 4 bar & temperature of 90°C,
b) The presence of holes inside the piece, &
c) The piece without holes
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