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Abstract : Removal of paraffin wax from a ceramic injection mold using supercritical CO, has been studied.
The paraffin wax is used as a binder in the ceramic injection molding process. The effects of pressure,
temperature and flow rate of supercritical CO, on the removal of the paraffin wax were investigated. The
removal rates were measured with various flow rates of CO; in the range of 328.15 - 348.15 K and 15 - 30 MPa.
The removal rate of paraffin wax increased as the pressure increased. In the effect of temperature, the paraffin
wax was effectively removed over 329.15K (melting point of paraffin wax), however, the effect of temperature
was not significant when the temperature was further increased. The increase of CO; flow rate also affected the
removal of paraffin wax. However, the effect of flow rate was not observed when the flow rate reached a certain
value. Propane was used as a co solvent in order to remove the paraffin wax effectively. When the propane
was added to the CO», the removal efficiency was improved. The paraffin wax was completely removed from
the ceramic injection mold without any change in their shape and the structure.
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Table 1. Composition of the binder used in this study

Paraffin wax LDPE
Binders Alumina (major (minor
binder) binder)

Composition (wt %) 83.98 10.81 5.21
Melding poinc (K) | N/A 329.15 s

Figure 1. Ceramic injection molded part.
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Figure 2. Schematic diagram of experimental apparatus.

1: COz Cylinder 2 : Cooling circulator

4 : Pressure transducer 5: Second pressure gauge
7 : Air bath 8 : Debinding vessel

10 : Heating controller 11 : Temperature gauge
13 : Rotameter 14 : Dry gas meter

16 : Separator
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Figure 3. Effect of the pressure on the removal of paraffin
wax at 348.15 K. The flow rate of carbon
dioxide was 1 L/min.

3 : High pressure pump

6 : Rupture

9 : Thermocouple

12: Pressure gauge

15 : Back pressure regulator
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Figure 4. Effect of the temperature on the removal of

paraffin wax at 25 MPa. The flow rate of
carbon dioxide was 1 L/min.
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Figure 5. Effect of the flow rate of CO;, on the removal
of paraffin wax at 348.15 K and 25 MPa.

Table 2. Critical properties of CO, and propane

Carbon

Properties dioxide Propane
Chemical formula CO; CsHs
Molecular weight, M (g/gmol) 44.01 44.03
Critical pressure, P. (bar) 73.80 425
Critical temperature, T (K) 304.2 369.8
Critical volume, V. (cma/mol) 94.0 203
Acentric factor, ® 0.225 0.152
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Figure 7. Effect of the co-solvent on the removal of
paraffin wax at 338.15 K and 20 Mpa. The
flow rate of carbon dioxide was 1 L/min.
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A2 71
a : Energy parameter in Redlich-Kwong EOS
(K2 bar crnﬁ/gmolez)
b : Size parameter in Redlich-Kwong EOS (cm*/gmole)
P : Pressure (MPa)
R : Gas constant
T : Temperature (K)
v : Molar volume (cm®)
X : Mole fraction
z2[0|A 2t
6 : Surface fraction
k : Interaction parameter in Redlich-Kwong EOS
£ : Dimensionless constant
@ : Acentric factor
Of 2 & X}
1 : Component 1
2 : Component 2
¢ : Critical condition
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