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Abstract The purpose of the present study is to investigate the method decreasing debinding time as well as
lowering operation condition than pure supercritical CO: debinding by using cosolvent or binary mixture of

propane + COa. First method is to add cosolvent, such as n-hexane, DCM, methanol, 1-butanol, in supercritical

CO:. In case of adding cosolvent, we were found the addition of non-polar cosolvent (n-hexane) improves

dramatically the binder removal rate (more than 2 times) compared with pure supercritical CO, debinding, second

method is to use mixture of supercritical propane + CO:, as solvent. In case of using mixture of supercritical

propane + CO», the rate of debinding speeded up with increasing of pressure and concentration of propane at
348.15 K. It was found that addition of cosolvent (e.g., n-hexane, DCM) and binary mixture propane + CO: for
supercritical solvent remarkably improved binder removal rate for the paraffin wax-based binder system, in

comparison with using pure supercritical CO..
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Fig. 1. Phase diagrams are graphs that show the pressures
and temperatures at which different phases of a sub-
stance are at equilibrium with each other (this phase dia-
gram represents CO,).

Table 1. Orders of magnitude of physical data for gaseous, supercritical fluid, and liquid states
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Density (g/cm?)

Dynamic Viscosity (g/cm-sec) Diffusion Coefficient (cm%sec)

Gas (ambient) 0.0006-0.002
Supercritical fluid (TC, PC) 0.2-0.5
Liquid (ambient) 0.6-1.6

0.0001-0.003 0.1-04
0.0001-0.0003 0.0007
0.002-0.03 0.000002-0.00002
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Table 2. Comparison of physical properties of supercritical CO; with liquid solvents at 298 K'*.

Co,” n-Hexane MethyleneChloride Methanol
Density (g/cm®) 0.746 0.660 1.326 0.791
Kinematic viscosity (m%s X 107) 1.00 4.45 3.09 6.91
Diffusivity of benzoic acid(m¥/s X 10%) 6.0 4.0 29 1.8

“at 328 K, 20 MPa.
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Table 3. Characteristics of the binder system used.

Fig. 2. Injection molded part (watchband).

Aot 28 22 AR WC-Ni A ALY
AL Ve Aoz, Aeje 2l mm 7 3 mm
o, AAEe] YdF= A 244 CO°l A
M 380 £ F 40l e on] 8o
E n-hexane, dichloromethane(DCM), methanol,
I-butanots AHE-3KAT}. o] AR EEUAFAAE
o] A8 CO,(Shin Yang Co., KOREA)¢} propane
(MG Industry, USA)Y] &%= 7+t 999%, 99.5%¢]
&AMl

3.2. HEEX
a3 39A M upe}h Zo), B AFLH

rr

A

Composition (wt%) Density (g/cm?)

Melting Point (K)

Paraffin wax* 713
LDPE* 232
Stearic acid 5.5

0.82-0.85 339.15-342.15
0.90-0.94 371.15-388.15
0.84 340.15-342.15

“major binder : it should be removed in during debinding.
*minor binder : it should remain after debinding.
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Table 4. Source, purity and solubility parameter of the chemicals used in this study.

Chemical Source Purity (%) Solubility parameter™ (J"%cm™?)"
n-Hexane MALLINCKRODT 99.8 7.24
Dichloromethane(DCM) MALLINCKRODT 99 9 9.93
Methanol J. T. Baker 100 14.28
1-Butanol KANTO 99.0 11.30
“at 298.15 K

Fig. 3. A schematic diagram of the experimental appara-
tus. 1, Propane+CO, or CO, cylinder; 2, high pressure
pump; 3, cooling circulator; 4, pre-heater; 5, cosolvent
reservoir; 6, extraction vessel; 7, metal sample; 8, ther-
mocouple; 9, air bath; 10, pressure transducer; 11, rup-
ture; 12, back-pressure regulator; 13, separator; 14,
rotameter; 15, dry gas meter; 16, precision balance
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pressure transducer
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[
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Fig. 4. Effect of cosolvent on binder removal rate in super-
critical CO, debinding for 1 hour at 348.15 K, 25 MPa.
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Fig. S. Effect of the concentration of DCM on binder

removal rate in supercritical CO, debinding at 348.15 K,
25 MPa.
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a7
100
00 b — calculated by eq.(4)
~ 8} D=6.492E-10m%/sec
oD
T 0f
§ 60 D= 4.394E-10m?/sec
2 sof
£ Pressure cosolvent
= 40f
E £ O 28MPa SCCO
2 ¥ A 25MPa] e
& O 20Mpa’ 10%DCM
10 ® 25MPa  scCO,
0.0 0.5 1j0 1.5 2t0 ;5 3.0
Time [hour]

Fig. 6. Effect of pressure on binder removal rate in super-
critical CO, debinding with 10 wt% DCM at 348.15 K,
25 MPa.
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Fig. 7. Comparison of time consumed in debinding
according to weight ratio of propane at 348.15 K.
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304, 40 W%l M= 15%0] Z47F 28 HTT 50 wid
M GAAIE 108 o HE P22 4 Qlgdet
tHFEZe] 25MPao]l HaH 2UAFAL) Lafo]
Z7V=le] 10 wi% propaned] M= 1417} gl €©=]7}
guFe}. o]He] 294 Co, ¥ A s} v
s 2 2AdelA 3E2 AJHWE] paraffin waxS
AAsR=d 294 CO,RRe AR 7S 2417 30
o] AQHAT A2 k9] propane EFOZE (4]
Zb 3080 "Xz A 5 ek e =
ZellAl CO,9} propaned MbH 42 29440} E
AR T Zo A His wle} o] ebx|X|zbe] 5
* oJE Hep s A & $ ek

54 B
2 dTreliME 294 €O E o843 gxFA )
o= l ARk o HHA71aA 8ElE Arkshe A

&=} CO,%} propanes EFHE 2YAFAS Lz
AMEE= AES sigdoh. 294 COo,9) vlEA Alal
< A FAIARZ 29l paraffin waxE A A3}
=d EAel FErj2= phexane?t DCMolEl=
RE & APE B3l B & 4 293, DM
A% 10 wi%Es H7¥8}aL 348.15K, 25 MPad] %7
N 90Tkl "EAlFA ] aFHE AL o $
Uslel. CO,¢  propaned E&sE 2UAFAE Lo
2 AM83le] paraffin waxE A AT 7-goll= E3
% 1112 & 7 348.15K, 25 MPa®] F7oj|A]
22)E SHEERe O] £8% A7) 4802 o) &
3 2474 €O, & £vE AMgsle] Gx3 o &
835 AAZE 300)EE DA ARS 1738 AR
FAZ 4 et el FEEE Ao AS o
A|He] v paraffin wax’} S-4oi9} Egt=lo] g
48 5 9ot propaned AMEE 9ol 531
paraffin waxRt €@A|=le] 1}e7] W) g
T vke AL 23 oo wely, FEEAkE
“%‘ 3AeM CO,9 propaned] &3 2YAFAIL]

=AM A SRR whEa FAFA) A
e, A Tl A o] glois AS
 A7E B3] FAF Ui

I

B A= 1999d% #elr)es
°éﬂl Aoz Fay=glon,

¥ 2 A
ool ehaf ZPAp=IL,
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