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Abstract — In recent years, the study of supercritical ,Gat can be used as solvent which extracts paraffin wax in metal
injection molding process is going on. In this work, we used binary mixture ga@@propane in supercritical conditions in
order to use a special property of propane that has strongdlisofob nonpolar organic material. Debinding experiments were
performed by varying weight ratio of propane at constant temperature(348.15 K) and various pressure (15-25 MPa). The binder
removal rates at each condition were compared. Moreover, kinetics of debinding was studied by applying the Fick's diffusion
model. The calculated debinding rate showed good agreement with experimental data. By using this model, we could evaluate
diffusivity of paraffin wax.
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Table 1. Critical properties of CQ, and propane

Carbon dioxide Propane
Chemical formula CcQ C;Hg
Molecular weight, M(g/gmol) 44.01 44.03
Critical pressure, fbar) 73.80 425
Critical temperature, JK) 304.2 369.8
Critical volume, \{(cm?/mol) 94.0 203
Acentric factorw 0.225 0.152
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Fig. 1. Critical locus for the binary mixture of CO,+propane.
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Table 2. Characteristic of the binder systems

3 vent
I == R
: 15 [g]
4 14
o W 12 v
: A
2 6
= -
Q9
X i)
—al1o| g
X‘ ——
5 > o0 13
1
0o [
2
Fig. 3. A schematic diagram of the experimental apparatus.
1. Propane+CQcylinder 9. Air bath
2. High pressure pump 10. Pressure transducer
3. Cooling circulator 11. Rupture

4, Pre-heater

5. Cosolvent reservoir
6. Extraction vessel

7. Metal sample

8. Thermocouple

12. Back-pressure regulator
13. Separator

14. Rotameter

15. Dry gas meter

NIHON SEIMITSUKAGAKU Co., LTD, - 17.4 ml/ming} 4
e L8 olakaledaS 7ldshe electric heated A H o $irt 5
W= g9x 524 @x24x9 371 7= 10em, A2 11cm,=0]
18 cnp] 2 WE-8-#-2S 300 col™ SUS31e.& A 2bstg]h ER4A]
= FRTE o885l YHEHAEE deislor 1 43 A 35MPa

Composition(wt%) Density(g/cm) Melting point(K)
Paraffin wax Major binder 713 0.82-0.85 338.15-343.15
LDPE Minor binder 23.2 0.90-0.94 371.15-388.15
Stearic acid Surfactant 55 0.84 340.15-342.15
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Fig. 4. Binder removal using liquid propane at 343.15 K, 10 MPa
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Table 3. Diffusivity of paraffin wax versus weight ratio of propane at various pressure

v 3P propané] o] 50 %57t

Diffusivity(m?/sec)
15 MPa 20 MPa 25 MPa
10 W% 1.949x1010 5.450x10%° 7.265x10°
Weiaht Ratio of 20 W% 6.656x101° 9.538x10%° 1.469x10°
g 30 Wi% 9.119x10%0 1.633x10° 3.918x10°
ropane
40 Wi% 2.166x10 3.287x10° 6.996x10°
50 Wi% 4.208x10 6.744x10° 1.042x108
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b : size parameter in Redlich-Kwong EOS ffgmole]
c : concentration of solute [g]
c : average concentration of remained solute [g]
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| : thickness of injection molded part [m]
P : pressure [MPa]
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T : temperature [K]
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v : molar volume [crf]
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: dimensionless constant
: acentric factor
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