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Abstract : The purpose of this study is to remove paraffin wax binder effectively from powder injection molded part using
supercritical fluids in powder injection molding process. For a thin powder injection molded part about 1-2 mm thickness,
paraffin wax binder can be removed rapidly without any defect by traditional supercritical extraction process which has fixed
high temperature and pressure condition. But, for a thick powder injection molded part, there are limitations in removing paraffin
wax binder by the fixed high process condition because crack occurs at the beginning step. Therefore, here we studied variable
condition debinding process that starts with mild process condition at the beginning step and then increase the process conditions
simultaneously at each step. To find out the initial process condition that has the highest extraction yield without any defect for
each sample thickness, we investigated various supercritical debinding conditions using 1-4 mm thickness ceramic injection
molded sample. By using the variable condition debinding process that starts with the initial process condition at the first step and
then increasing process conditions simultaneously at each step (temperature from 333.15 to 343.15 K, pressure from 12 to 27
MPa, and CO, flow rate from 1.5 to 10 L/min), over 95% of paraffin wax binder was removed from the 4 mm thick (10 mm
diameter) ceramic injection molded disk samples within 5 hours.
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Table 1. Mixing ratio of the binder used in this study
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Figure 1. Schematic diagram of experimental apparatus.



158 #4714, A18A Al2%, 20129 6

orgd 20419 CO, Wt 0.691 glem’o| )ty 1 A3} 1 mm
FA9 MEANA = 407 St SR vetd oA A
A7F 100% EA = R3L, 2 mm FA o A= 404 52t oF 95%,
60 o1 100% T A7} &= = ch(Figure 2). 3 mm F74|2]
MER FUS 2AA AEg At ME FEo] AT

2L 30| o1 15 MPa, 2% 328.15 K (CO, U= 0.609
glem’), CO, F%F 1.0 Limin®] YAZ 274 AF-S A3cH
A3} 1 mm FA] MEZo|AE 1408 5ok Mo utetd
24 A7A7E 100% A E AL, 2 mm FA o 4= 200+ &
ok 100% 227} == Ak 3 mm FA o A= 400-20] A|LbA]
oF oF 90% H=9] X7t XPHS & 4 AU ch(Figure 3).
4 mm FA9] MEL2 FU oA FEo| HA

2 mm F7 AE L5 E 32815 K, CO, 9L 1.0 L/min
o3 IAAZ| I AFL 15~25 MPa(CO, L= 0.609~0.803
glem’) H9Joll A WSA T Y ¢Elo] Z71aE x| go] &
oMAl= S & 4 AU thFigure 4). E3L, 42 20 MPa, CO,
02 1.0 L/min®] TAHZA3 A LEE 328.15~348.15 K
(CO, W= 0.729~0.594 g/em’) HO|o| A WS} A &7} 27}
TE FXgo] Foxe AL A5 ckFigure 5).

3 mm T AZ0] 252 32815 K, CO, $-52 1.0 L/min®
2 AL S 15~20 MPa Hjoll A WSAIHEY ¢
o] 7R HAE0] Eoli= A & o AU HFigure 6).
E3 T 2 mm MET U 279 v E Fto] FA7)

»

weta] MEL] AV FANEATE FEol 7R &
o] 2%, ¢4E, CO, 75 2712 wopd =dhof ¢l
4 mm, 27 10 mm MEo] Fgo] A e
2 32815 K, CO, 3% 1.0 L/min)S £3) 2|4 24& 37
ool 2=, ¢, CO, FE& 24t AFS Pkt
o, 29 AFE APA AEWY 28A7E w3 0] 329.15 K
o] AL 7rol3tt). oFel 10 MPa, 2% 338.15 K, CO, 9-2F
0.5 L/'min®] ZA3} ¢F4 15 MPa, 2% 333.15 K, CO, &
0.5 L/min®] 7o A% wgo] W3t chFigure 7). o1& &
3] Fg 12 MPa, CO, -3 0.5 L/mino]|A] 2% 328.15~333.15
Koj it A& 3t 21k, ¢4g 12 MPa, 2% 333.15 K,
CO; 7% 0.5 L/min®] 27& 57 4 mm, 27 10 mm 43Z9]
Tgo] 7R gaL R EEo| P £2 FF 27| 20l
L skl th(Figure 8).

100 : ————— T T
- /O"
-
80 - ,’,lfr 1
< il
< i
i
L i
S 60 /] 8
© i
3 1
I I
o 4f F 1
= I
e
5 /
'8 /] 348.15 K, 250 bar, 1 L/min
o ¥
20¢F 7 B
1 —e— 1mm
/ —0— 2mm
]
0 . . . . .
0 20 40 60 80 100 120
Time (min)

Figure 2. Effect of sample thickness on binder removal rate in
sc-CO; debinding (T=348.15 K, P=25 MPa, CO, flow
rate: 1.0 L/min).
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Figure 3. Effect of sample thickness on binder removal rate in
sc-CO; debinding (T=328.15 K, P=15 MPa, CO; flow
rate: 1.0 L/min).
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Figure 4. Effect of pressure on binder removal rate in sc-CO- de-
binding (sample thickness: 2 mm, T=328.15 K, CO, flow
rate: 1.0 L/min).
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Figure 6. Effect of pressure on binder removal rate in sc-CO, de-
binding (sample thickness: 3 mm, T=328.15 K, CO, flow
rate: 1.0 L/min).

(@) (b)
Figure 7. Cracked 4 mm disk sample. (a) at 338.15 K, 10 MPa, CO,
Flow rate 0.5 L/min, (b) at 333.15 K, 15 MPa, CO, Flow
rate 0.5 L/min.
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Figure 8. Effect of temperature on binder removal rate in sc-CO,
debinding (sample thickness: 4 mm, P=12 MPa, CO,
Flow rate: 0.5 L/min).

421, 2, &, CO, R &9 4HHA 7H5 Htof
|.E EI-IlE

27] 27L& &% 333.15 K, 92 12 MPa, CO, 5 0.
min© 2 AAste] AR 278 7t HIAT]= A
sl =2 333.15, 333.15, 338.15, 338.15 K, &2 12,
15, 20, 25 MPa, CO, 4% 0.5, 0.5, 1.0, 1.0 L/min2 ©7 %]
O & HIA7|= 4T 7R 30 R, 7 T oA 9] 2
=9} oFgof uk2 CO, Wk 0415, 0.562, 0.661, 0.746 glem’
ojw, 1ThA| 1AZ}, 2~4THA ol A ZtzF 2A1 7MY 2] & %13
slo] 2FH o2 TAIZF Hhof] 95%0] 7 7he- EAl&S Alrh
(Figure 9). 25HA|ol| 4] 2] Q22 71S 15 MPaR 231 A} A|H
o] FE2 WA oA E F2 E2E&0] 60%°] 77t

n
~

|

LS

NS

mlo m[o

100

12MPa, |15MPa, | |20MPa, | |2sMPa, | L

333.15 K, |333.15K, 338.15K, 338.15K,

[ 0. 5L/m|n 0.5 L/min 1.0 L/min 1.0 L/mln ./l

80 _n .
_ [
S - ]
B /
o 60 i) 4
E -/
E .
1]
€ 40 _
o I/
o
[0} r 4
ke
£
m 20 | / u
N
-
0 " n 1 n " 1 n " 1 n
0 1 2 3 4 5 6 7
Time (hour)

Figure 9. Effect of 4-step process on binder removal rate in sc-CO,
debinding for 7 hours at 4 mm disk.
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Figure 10. Effect of 4-step process on binder removal rate in sc-CO,
debinding for 5.5 hours at 4 mm disk.
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Figure 11. Effect of 4-step process on binder removal rate in sc-CO»
debinding for 5 hours at 4 mm disk, up to 25 MPa.
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Figure 12. Effect of 4-step process on binder removal rate in sc-CO»
debinding for 5 hours at 4 mm disk, up to 26 MPa.
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Table 2. Comparison of the paraffin wax diffusivities calculated by the Fick’s law

Time Pressure Temperature Binder extraction rate for 1 hour Diffusivity Accumulated diffusivity
(hour) (MPa) (K) (Wt%) (m*/sec) (m%/sec)
1 12 333.15 12.65 1.3965x10™" 1.3965x10™"
2 16 338.15 37.58 1.2325x107™° 1.3722x107"°
3 22 338.15 2331 4.7417x10™" 1.8463x107"°
4 26 343.15 16.16 2.2789x10™" 2.0742x10™
5 27 343.15 7.10 4.3992x10™" 2.1182x10™°
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