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Abstract The conventional debinding process in metal injection molding is very long time-consuming and
unfriendly environmental method. Especially, in such a case of injection molded parts from hard and fine metal
powder, such as WC-Co, an extremely long period of time is necessary in the conventional slow binder removal
process. On the other hand, supercritical debinding is thought to be the effective method which is appropriate to
eliminate the aforementioned inconvenience in the prior art. The supercritical fluid has high diffusivity and den-
sity, it can penetrate quickly into the inside of the green metal bodies, and extract the binder. In this paper, super-
critical debinding is compared with wicking debinding process. Wax-based binder system is used in this study.
The binder removal rate in supercritical CO, have been measured at 65°C, 75°C in the pressure range from
20 MPa to 28 MPa. Pores and cracks in silver bodies after sintering were observed using SEM. When the super-
critical CO, debinding was carried out at 75°C, almost all the wax (about 70 wt% of binder) was removed in

2 hours under 28 MPa and 2.5 hours under 25 MPa.
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Fig. 1. Phase (pressure-temperature) diagram for CO,.
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Table 2. Comparison of physical properties of super-
critical CO, with liquid solvents at 25°C”)

COo,2 n-Hexane  Methanol
Density (g/mL) 0.746 0.660 0.791
Viscosity
s X 107) 1.00 445 691

2200 atm, 55°C

Table 1. Orders of magnitude of physical data for gaseous, supercritical fluid, and liquid state®

Density (g/mL)

Dynamic Viscosity (g/cm-sec)

Diffusion Coefficient (cm?/sec)

Gas (ambient) 0.0006-0.002
Supercritical fluid (T¢c, 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 3. Characteristic of metal powder
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Fig. 2. Parts for a milling insert made by metal injection
molding from an WC-10Co.
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Fig. 3. A schematic of the experimental apparatus.(1) CO,
cylinder, (2) high pressure pump, (3) cooling circulator, (4)
pre-heater, (5) extraction vessel, (6) metal sample, (7) ther-

(g/em’) size(pm) mocouple, (8) air chamber, (9) pressure transducer, (10)
Taegu Tec WC- 145 124 rupture, (11) back pressure regulator, (12) separator, (13)
LTD.(korea) 10 wt%Co rotameter, (14) gas meter.
Table 4. Composition of the binder systems
Composition Density (g/fcm?) Melting Pont (°C)
Microcrystalline wax 71.3wt% 0.84-0.87 77-80
Binder A LDPE 23.2wt% 0.90-0.94 98-115
Stearic acid 5.5wt% 0.84 67-69
Paraffin wax 71.3wt% 0.82-0.85 66-68
Binder B LDPE 23.2wt% 0.90-0.94 98-115
Stearic acid 5.5wt% 0.84 67-69
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Fig. 4. This figure shows a basket & metal sample(a) and
extraction vessel(b) Paraffin wax 5 min. 10 min. 40 min.
and 1 hr.
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Fig. 5. The process of supercritical CO, debinding as seen
through the sapphire window(25 MPa, 75°C)

600
500 | /MM
400
300 |
20}

7
100 | /
s

0

Temperaturel °C]

012345678 91011121314151617
Timel hour]

Fig. 6. Comparison of the temperature-time diagram
on supercritical dewaxing with wicking debinding : (me=)
supercritical dewaxing [28 MPa, 75°C], (=) wicking
debinding.
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Fig. 7. Comparison of the binder removal of paraffin wax

with microcrystalline wax : (@) paraffin wax , (A) micro-
crystalline wax.
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Fig. 8. Binder removal in dependence of temperature and

pressure : (A) 28 MPa-75°C, (@) 25 MPa-75°C, (A)

20 MPa-75°C, (O) 25 MPa- 65°C.
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Table 5. Comparison of the binder removal with density
of supercritical CO,.

- ol EF -

Binder removal Densit
T¢C) P(MPa) ey e /cm3)¥)
75 28 63.44 0.74595
75 25 59.93 0.71292
75 20 51.94 0.62824
65 25 22.64 0.76315

*Debinding time for 1hr
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Fig. 9. SEM micrographs of the WC-10Co insert sintered
at 1400°C for 2 hr after wicking debinding.
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Fig. 10. SEM micrographs of the WC-10Co insert sintered
at 1400°C for 2 hr after supercritical debinding.
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