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Abstract — In this study, we have investigated the effect of cosolvents on supercritigalébdding in metal injection
molding(MIM) process. We used methanol, 1-butandlexane, and dichloromethane as cosolvents. In paraffin wax based sys-
tem, the debinding rate was enhanced when non-polar or midium-polar cosolvents singxase or dichloromethane was
added into supercritical GOwhile it was decreased when polar cosolvents such as methanol or 1-butanol was added. For exam-
ple, the debinding rate was enhanced more than two times by adding Swife>aine into supercritical GQinder 348.2 K,

25 MPa in paraffin wax based system. It was also found that the debinding rate was much more enhanced with increasing con-
centration oft-hexane or dichloromethane in paraffin wax based system and increasing system pressure. The kinetics of debind-
ing were investigated using the Fick’s diffusion model and they showed good agreement with experimental data. By using this

model, the diffusivities of paraffin wax into supercritical solvent could be evaluated in each experimental conditions.
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Table 1. Characteristic of the binder systems
Composition(wt%) Density(g/cth Melting pont(K)
Binder A Paraffin wax Major binder 71.3 0.82-0.85 338.15-343.15
system LDPE Minor binder 23.2 0.90-0.94 371.15-388.15
Stearic acid Surfactant 5.5 0.84 340.15-342.15
Binder B Microcrystalline wax Major binder 71.3 0.84-0.87 350.15-353.15
system LDPE Minor binder 23.2 0.90-0.94 371.15-388.15
Stearic acid Surfactant 5.5 0.84 340.15-342.15
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Fig. 1. Metal injection molded part(watch-band). J LHT%‘”
Table 2. Source, purity and solubility parameter of the chemicals used OO I:l 9
in this study
Chemical Source Purity(%?ombl,gty p?lrameté‘? ) o .

(e [19] Fig. 2. A schematic diagram of the experimental apparatus.
n-Hexane MALLINCKRODT ~ 99.8 7.24 1. CG, cylinder 9. Air bath
Dichloromethane MALLINCKRODT ~ 99.9 9.93 2. High pressure pump 10. Pressure transducer
Methanol J. T Baker 100 14.28 3. Cooling circulator 11. Rupture
1-Butanol KANTO 99.0 11.30 4. Pre-heater ‘ 12. Back-pressure regulator
@ 5. Cosolvent reservoir 13. Separator

at 298.15K 6. Extraction vessel 14. Rotameter
7. Metal sample 15. Dry gas meter
Asjojobet FATAE A AT 713w AX A 2 @ 8. Thermocouple
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Fig. 3. Effect of cosolvent on binder removal rate in sc-COdebinding
for 1 hr at 348.15 K, 25 MPa: Binder A system.
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Fig. 4. A schematic diagram of binder removal procedure in metal por
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Fig. 7. Effect of pressure on binder removal rate in sc-C@debinding
with 10 wt% DCM at 348.15 K, 25 MPa: (a) for the total exper-
imental time, — calculated by eq.(6); (b) for 1 hr debinding.

Table 4. Comparison of diffusivities calculated by the Fick's law with
pressure at constant concentration of cosolvent

Temp.(K)  Cosolvent Pressure(MPa) Diffusivity(m?/sec)”
28 6.492x10%0
10
348.15 10 wt% DCM 25 5.015x10
20 4.349x10%°
none 25 2.735%x10%

®)piffusivity of the paraffin wax

V) AEEE A AFAE 294 COE AATHE AN A
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- n-hexanet} DCM&} 7Fo] -4t o] XuljAQl F8uf & 3 7tet
paraffin wae} ¥t o] F7tE o] GRIA7HS Bl BEAI 4 2
At} & 2 Eo] n-hexan€ 5wit% H71e A =53 294 Co, &
A EHr} @A A 7ko] 24 o]} @5 E vt 2Elv =4 £71<] methanol
ot} 1-butanok A /18HE 238le] YR EE0] 4TS & 7 UAUTH

(2) Az v A g o) EAT2E Z2k 90 microcrystalline wak] 7
2-9l= methanol, 1-butanoh-hexane, DCM] &8l 25 a31591
R &S YERY] 4 294 COTHE AREIS wiRL XA 7H
o] G5t

() F&ME FHArishs 294 CO, x| AF T8 F=rt
M sE a2 X o] SUIEeE |uie gajEo] SUkE o

GRS P A

to

r‘E oM, off

ststEs M41A M15 20034 28

7 Al

B ATE 19904 FH7|E FH ATAYE A POE 5
R0, oo tjs) Ab= gyt

A7
c : concentration of solute [g]
[+ : average concentration of remained solute [g]
D : diffusivity of solute [nf/sec]
AE . internal energy change of vaporization [J/mol]
AH : molar enthalpy [J/mol]
| : tickness of injection molded part [m]
P : pressure [MPa]
R . gas constant
T : temperature [K]
t : time [sec]
Vi : molar volume [criymole]
X : mole fraction
Jz2|o|A 2Xt
5 : solubility parameter {fcm®?]
® : volume fraction
UEE=S
0 »initial value
1 : component 1
2 : component 2
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