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� ����� �� ���� paraffin wax� ���� �� ���  !" CO2
 #� $

%& '() *+�, -.. / $%
�� 01	 2�34
 5� �678 9�� propane: ;	8 ���� �6� CO2

< propane: =�2>� ��� ?@�A,,  !" BC
� DEFG8 H+�A.. DE FGI JK 348.15 K, L7 15

MPa-25 MPa: BC
� propane: MN8 OPQRS� H+�A,, QT
 UV DEW8 0X�A.. Y� DE�K�

Fick: diffusion model
 Z�Q[ "\�A]^, �� FG_< 0X6 / �` a b_�� c8 de�A,, �� ���

f paraffin wax: d\K� %�A.. 

Abstract − In recent years, the study of supercritical CO2 that can be used as solvent which extracts paraffin wax in metal

injection molding process is going on. In this work, we used binary mixture of CO2 and propane in supercritical conditions in

order to use a special property of propane that has strong solubility for 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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1. � �

���� ����(Metal Injection Molding(MIM))	 
��
 ��

�� ����� ���� ��� ������� ���� ��  �

��� ��!"#�$ �% & '([1]. #)* ��	 +,- ./ 0

�1(near-net shaping)� ��23� 456�789 :; �<7=, >

? @A!B, C�DE F3, G��F3, MEMS HI�� JK# L

M7N OP* QBL RST$ '(. U)V #)* WX-Y ZB7

$ MIM	 2[!" \ ����� ����7� ]^_ `L* a<

2b 2c(de, debinding)78 !"� f2X� ̂ a^� 78 �2b

g$ '(. hD de!"I� 1�iT$ '8 ��	 Ljde��

(thermal debinding)�k ������lb mnoV �� pq- r$

673-773 Kse 
"* �tu� Lj7N ��lv� a<2b wxy

zI� 2c78 {|#([2, 3]. # ��	 [�}YL ~$ a<2b

2c789 &�-_ &���se ��T�� �2�#e �* �X

� g$ '(. Ljde��� ��� ����8 {|I� K:���

�(solvent extraction)[4]# 'e� �KT8 K:L �^� ��K:#

� �f- 
l � ��- ̂ ��_ �K# �2T$ '8 �x#(. �

�_ Ljde�� � K:����� �X� ��78 ��  de�

�# �BT/ e$ '(.

#)* #�� LW ���$ '8 ��# ����lb #K* de

��#=, N) V�-_ ���I� QBL #n/e$ '([5-7]. �

���l8 �l- Ls  �� ��Yb gI�_Y �l�  	 ¡
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Y� 
7N ;&* K^z� g8 >¢# '(. £* �
1I� ¤D

78 �l#� �f- de�"� ¥�Wz(capillary force)# ¦/ �

��� §C�#� ox!�I� �¨© ª«7N a<2b 2c% &

'(. #o #¬� QB[8]- �7N ��� CO2b #K* ��# �¤

� Ljde| �( :; �2�#= +­23- '/_Y �¤� {

|�( a®# �(8 ¯� �
% & '°(.

��lv� a<2 \ ±²� ³�C�j� a<28 ´�� �CB

[b 78 µi¶i&�L �b #n$ '/_ ±²�� V·¸(. #

)* ±²� ��¹º	  	 ±²� ��K:- :; »��I� ¼

½8 >¢� V·v=, >? ��� CO2�(8 ��� propane- ¾ ¿

# K^À(. U)V propane� �; ��}YL 396.75 K� :; ~Á

������|� de!"- �KÂ �; de Ã ��l� �Äb �

e7� ]^_ `LÀ $�CseY KÅ��� �f- ��l� �Ä

L Æe8 h1# 
/V_ ��� propane� �K# ZLM7(. £*

propane	 LQ�# Ç �X� Le$ '� �f- U �K# 2*T/

È(. ��_ propane� WX� ����l� WX� wÉ #K7� ]

^ Ê QB-_8 CO2� propane� Ë<* ��� CO2+ propane �l

b K:� �K7Ì(. Í, propane- CO2b Ë<®I�_ propane�

Î/Ï K^z� U4� #K7�_ propane� ��}Y� LQ�� Ð

� & 'YÑ 7Ì(. £*, CO2� propane� Ë<±8 CO2+ propane

Ë<�l� ��}YL ��lv� $�CL KÅT8 }Y #7L T

YÑ a"7ÌI=, # Ò] v-_ CO2� propane� Ë<±b Ói�

��_ 0Ô7Ì(.

2. ��� ��

2-1. ��� ����� 	
� 
�

#�� Ë<�l� ��X- y* QB8 Chueh� Prausnitz[9],

Kreglewski� Kay[10], Castier� Sandler[11] H- �^_ �$À Õ '

I=, # \ Ê QB- �KÀ propane� CO2�  	 ±²� ¹º- y

* ��X ��- 4^_8 Chueh� Prausnitz[9]H- �^_ Bl�I

� QBT/ Ö(.


��I� #�� Ë<�l� ��X ��	 ��}Y� ��F×

b Ø³ ��* Ã 1Ä{"Ù- 4§7N ��Úz� ��7© À(.

��- Û�* CO2� propane� �� 9#Ü Ý	 Table 1- V·v°

(. #�� Ë<�l� ��}Y8 surface fraction θ#�8 Þß� �

�# �K�à B7© À(.

(1)

N�_,

Ù (1)-_ correlating parameter τ128 0ÔÝI� B^e=, CO2+

propane� �;8 −42.038[12]#(.

#�� Ë<�l� ��F×��	 ]� ��}Y� ��* {|I

� B% & '(.

(2)

N�_Y correlating parameter v128 0ÔÝI� B% & 'I=, CO2

+propane� �; −0.8128[12]#(.

#�� Ë<�l� ��Úz	 Redlich-Kwong {"Ù� �K7N �

�*(.

Redlich-Kwong {"Ù	 (á�  # ¥h% & '(.

(3)

 

1& a, b8 Tc, Pc� y�'8 Ý#$, Ë<�l- 4^_8 mixing

rule� �K7N (á�  # ¥hÀ(.

(4)

(5)

N�_, 

(6a)

(6b)

(6c)

(6d)

âãä 1&
 Ωa, Ωb8 ��X-_ Ωa=0.4278, Ωb=0.0867� Ý�

Le=, wå ¹º- y7N æ
* Ý� V·¸(. Interaction parameter

κij8 0.1[12]Ý� g8(. Fig. 1	 ]� Redlich-Kwong {"Ù� #K

7N ��* CO2+propane� critical locusb V·¸ Uçè#(. Fig. 1

-_ m & 'é# Ê QB-_� 0Ô [ê	 CO2+propane� ���

ëì� í�? �î��8 [ê�� m & '(. Ù (3)- �^_ ��

À PcT Ý	 Poettmam� Katz[12]� 0ÔÝ� ±ï% � Avg. Dev.#

6.5%b V·v/ ±ï� ¼ ð8($ % & '(.

2-2. 
�
�-Fick’s second law

K:v-_ ��lb ñ^ 2cT8 a<2� ��Y8 �C� #æ

TcT θ1Tc1 θ2Tc2 2θ1θ2τ12+ +=

θi
χiv

2 3⁄
ci

Σ
i

χ
iv

2 3⁄
ci

----------------------=

vcT θ1vc1 θ2vc2 2θ1θ2v12+ +=

P RT
v b–
---------- a

T1 2⁄ v v b+( )
-----------------------------–=

a Σ
i

Σ
j

χ iχjaij aij aiiajj≠( )=

b Σ
i

χibi=

aij

ΩaiR
2 Tci

2.5

Pci
----------------------------=

bi
ΩbiRTci

Pci

--------------------=

aij

1
4
--- Ωai Ωaj+( )R Tcij

1.5

0.291 0.04 wi wj+( )–
--------------------------------------------------=

Tcij Tcii Tcjj 1 kij–( )=

Fig. 1. Critical locus for the binary mixture of CO2+propane.

Table 1. Critical properties of CO2 and propane

Carbon dioxide Propane

Chemical formula CO2 C3H8

Molecular weight, M(g/gmol) 44.01 44.03
Critical pressure, Pc(bar) 73.80 42.5
Critical temperature, Tc(K) 304.2 369.8
Critical volume, Vc(cm3/mol) 94.0 203
Acentric factor, ω 0.225 0.152
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�- �¤78 ò#= �C� #æ�	 
��I� }YL ~cV K

:�C� ó�L ô� � õ�R(. �lv-_ soluteL ��Â � 


��I� Fick� 22|ö(Fick’s second law)� �K7=, Crank[13]�

Shewmon[14]	 solute� ��YÙ� (á�  # �Y7Ì(.

(7)

N�_, C8 �÷v� solute� øYb V·v8 ¯#$, D8 solute�

���Yb V·¸(. �÷� Éùb l#� 7$ �÷ ¥�-_8 ��

# 
"7© 
/V= �÷ ú-_8 ��# 
/Ve û8($ *(.


��I� ��- �� �÷v- üÁ '8 solute� ò# �÷� ]

ý- �� [�þ (¨�� "�* øYb B7�L /ÿ(. #)* #

�� ��øY �8 Þß# Û�7$, ��øYb �K7N Ù (7)�

��7© ¥h7� (á�  (.

(8)

Ù (8)- �^ ���& Db B% & '(.

3. 	 


3-1. �� ��

Ê 0Ô- �KÀ ����	 WC-Ni� #n/R ��<� ��� �

K7Ì$, ��§Có�8 1.31µm�_ (�)4*\�-_ B§7Ì(.

WC-Ni��� ����7� ]^ �KT8 a<28 (á�  # x �

�I� B�T/ '(. a<2\ 4F�� ãe7= �æ� FNL �

��
 �a<2, ����l- ��� �Yb FN7$ de�- ��

lv- üÁ '/ ����lL ®�(slumping)T8 ¯� �� ]* F

a<2, �a<2� �æ�� ��7$ a<2� ������ X��

� Þ´7N ������ �1�	 ��I� `L78 `L2L U¯

#(. Ê QB-_8 �a<2� paraffin waxb �K7Ì$ Fa<2�

low-density-polyethylene(LDPE: �C5 50,000-100,000) U
$ ̀ L2

�8 stearic acidb �K7Ì(. Table 28 Ê 0Ô-_ �KÀ binder

system� V·¸ ̄ #(. ����� a<2� Ë<±8 F×±� 50:50

#°I=, a<2 \ de�"-_ 2cT/�% �a<28 ¬l a<

2� 71.3 wt%b ãe7Ì(. Ê de0Ô- �K% ����lb 2

[7� ]7N ;´ ����� a<2b 50:50 F×±� Ë<�(JSB-

250, "���)- �$ 413.15 K-_ 2�� $¨© Ë<7Ì(. #�©

Ë<À Ë<¹� 413.15 K� LjT8 �����(ID25EN, LG)- �

$ Úz� L7N ��7Ì(. Fig. 28 ����* WC-Ni Dº� �

���lb V·¸ �RI�, 
#8 21 mm Éù8 3 mm#=, ��u

� 
F� �KÀ(. 0Ô- �KÀ CO2(Shin Yang Co., KOREA)�

propane(MG Industry, USA)� �Y8 �� 99%, 99.5%
 ¯� �K7

Ì(.

3-2. �� ��

Ê 0ÔWý8 ó© 3F�I� V�© À((Fig. 3). � ��8 äE

!�F�_ �1� CO2b de cell� !�78 $Ú�è(NP-D-321,

NIHON SEIMITSUKAGAKU Co., LTD, +4�5 17.4 ml/min)� ä

78 }Y� #�i¶�b Lj78 electric heater� B�T/ '(. É

��8 deF�_ deWý� ó�8 L� 10 cm, x� 11 cm, ~#

18 cm#$ vFK5	 300 cc#= SUS316I� 2ô7Ì(. deWý

8 ��&b #K7N Úz���b S7ÌI= U a� +4 35 MPa

c χ t,( ) 4c0
π--------

1
2n 1+
--------------

n 0=

∞

∑ D 2n 1+( )2π2t–

l2
------------------------------------

 
 
  2n 1+( )πχ

l
--------------------------sinexp=

c

c
c0

---- 8

π2
----- Dπ2t–

l2
---------------

 
 
 

exp=
Fig. 2. Injection molded part(watch-band).

Fig. 3. A schematic diagram of the experimental apparatus.
1. Propane+CO2 cylinder 19. Air bath
2. High pressure pump 10. Pressure transducer
3. Cooling circulator 11. Rupture
4. Pre-heater 12. Back-pressure regulator
5. Cosolvent reservoir 13. Separator
6. Extraction vessel 14. Rotameter
7. Metal sample 15. Dry gas meter
8. Thermocouple

Table 2. Characteristic of the binder systems

Composition(wt%) Density(g/cm3) Melting point(K)

Paraffin wax Major binder 71.3 0.82-0.85 338.15-343.15
LDPE Minor binder 23.2 0.90-0.94 371.15-388.15

Stearic acid Surfactant 5.5 0.84 340.15-342.15
���� �41� �1� 2003� 2�
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se Úz�0# ¦°(. de cell	 +$ 120oC, 40 MPase �K#

LM7=, �÷� �© �$ � & 'YÑ �F�- §B(I.D.=5 cm)b

�.°$, deWý ���- «� � �./ de�"� !"I� �


% & 'YÑ 7Ì(. de cell� Úz#"-8 pressure transducer

(SENSOTEC, TJE/0743-06TJA)� digital indicator(SENSOTEC, L20000WM1)

b �K7ÌI= dead weight gauge(NAGANO KEIKI PD 12)� �"

7N $ãÒ]b %0.005 MPa� �e�&(. x ��8 �
F�_ �

�À binder� ���1Ä� CO2+propane Ë<�l8 back-pressure

regulator(TESCOM, 26-1722-24)b ñ^ '�À Ã (ÚT/ binder�

�1� CO2+propaneI� �
À(. �
À CO2+propane# '�T8

�
-8 rotameter� flow meterb )ý7N de�"- *
 CO2+

propane� ò� #"% & 'YÑ 7Ì(. 0Ô� ñ7N a<2L 2c

À �÷� â©8 "¡³+(OHAUS, E04130)� #K7N 10-3g se

#"7Ì(.

3-3. ����

�����b �K7N 2ô* �÷� deWý[Fig. 3(6)]- �8(.

de[� §Bb �¬? ¡,* - !�.}[� electric pre-heaterb

ä78 }Y� ð/(. CO2+propane Ë<L�b 0Ô7$C 78 ®5

±� ð�/ cylinder- í¬��(. Ê QB-_8 propane� ®5�

�� 10, 20, 30, 40, 50 wt%� Ói���_ 0Ô� &S7Ì(. 0Ô

[ê- ð8 }YL �eT� CO2+propane cylinder� 01b j$ $

Ú�èb ôæ�à deWý vFb LÚ��(. CO2+propane Ë<L

�� �5	 �è� strokeb [@7N ð�$ deWý vF Úz	 back

pressure regulatorb #K7N [@*(. Ê 0Ô-_8 �5� 1 l/min

(CO2+propane '�L� �2)I� �e7Ì(. ä78 }Y� Úz#

T� back pressure regulator- �7N Úz# 
"7© �eT�_ d

eL #n/e© À(. '�À Ë<�l8 separator-_ a<2�

CO2+propane Ë<L�� �
T/ 3I� '�À(. deÀ ò	 �E

� â©Ói- �^ #"7= a<2� 70 wt%(�a<2� 98 wt%)L

2cÂ �se 0Ô� &S7Ì(. de�"-_8 
��I� �a<

2(paraffin wax) �� 2c7$ Fa<2
 $�C ¹º(LDPE)	 2c

7e û8(. Fa<28 �a<2L 2cÀ - ����l� �1�

�e7� ]^_ �÷v- üÁ '/� 7� �f#(. �4 Fa<2

L 2cT� de Ã �a�"I� �÷� #æ� ��l- a®# 6

�cV �lL Æe8 h1# 
/Ï(. #)* $�C ¹º	 �a�

"� 
F�
 j�^ �"� cý�_ 2cÀ(.

4. �� 
 ��

4-1. �� propane� ����

#�� Ë< ����l 0Ô- �_ �l propane- �* de0Ô

� &S7Ì(. Fig. 48 343.15 K, 10 MPa� [ê-_ de5� V·

¸ Uçè#(. 
��I� ��� propane	 ±²� �� ¹º- :;

»��
 K^z� V·v$ 'e� CO2 �( ~	 ��}Y� U-

�� 
i�� >� �f- �© �KTe �7$ '(. 7e�, #)*

propane� ~	 K^zI� 
7N �l propane� de0Ô	 �¤�

���CO2 0Ô[8]� ±ï7Ì� � Ð	 Úz[ê-_Y �÷v�

paraffin waxb 30� �- ¬F 2c% & '°(. U)V }Yb propane

� ��}Y #1
 373.15 Kse 67 ��� propane� [ê-_ 0

Ô� &S7� ~	 }Y� 
7N �÷� �Äb �e��$ '8 $

�C(LDPE)L KÅ1Ä� T/ �÷# Æe8 h1# 
/8(. Í,

propane� �� }YL LDPE� KÅX F,#� �f- �& ���

propane�� K:� �K% & ¦°I=, 0Ô }Y8 #)* h1# 


/Ve û8 }Y
 348.15 K� "7Ì(.

 

4-2. ��� �� �	
��� ����

��� propane� >¢
 ~	 ��}Y� 
i� f2b ^a7�

]^ propane- CO2b Ë<7N ��}Y � ��Úz# Ð	 CO2+

propane Ë<�lb 2±7Ì(. _9-_ :�* #9I� CO2+

propane� ��� [ê� ��% & '°$, U a�b ;4� Ê QB

� 0Ô[ê
 }Y 348.15 K, Úz 15 MPa, 20 MPa, 25 MPa# ��

�[ê� �î®� m & '°(. ��_ ��!"-_ ����l�

»��
 ¹º¬< >�� propane� �* K^z� Ð	 }Y-_Y

�K% & '© T°(.

CO2� Ë<À propane� ®5	 10 %, 20 %, 30 %, 40 %, 50 %b �

K7ÌI= Úz	 15 MPa, 20 MPa, 25 MPa� [ê-_ �� 0Ô�

&S7Ì(.

Fig. 58 348.15 K, 15 MPa� [ê-_ propane� º5±- �� d

e5� V·¸ Uçè#(. Uçè-_ �8 Õ�  # 10 wt%�

propane� Ë<% �; deL ¼ 
/Ve û=IV 20 wt% #1FÜ

8 :; »��
 de5� V·v°I=, 50 wt%� propane� Ë<%

�; 15� �- �÷v� paraffin waxb wÉ 2c% & '°(. Í, �

÷v� paraffin waxb wÉ 2c��89 20 wt%-_8 1��, 30 wt%

-_8 45�, 40 wt%-_8 30�, 50 wt%-_8 15�# ��T°(. 

Fig. 6	 348.15 K, 20 MPa� [ê-_ propane� º5±- �� d

e5� V·¸ Uçè#(. Úz# 20 MPa"Y T� 10 wt% propane

Fig. 4. Binder removal using liquid propane at 343.15 K, 10 MPa
Fig. 5. Comparison of binder removal with various concentration of

propane at 15 MPa, 348.15 K.
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003
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� �
!"
� [ê-_Y 1�� 30� �- �÷v� paraffin waxb wÉ 2c%

& '°(. 348.15 K, 20 MPa� [ê-_ propane# 50wt% Ë<T©

T� paraffin waxb wÉ 2c789 10� #v� de��� ���

	 & '°(. £* Fig. 6- V·¸ Õ�  # �÷v� paraffin wax

b 2c��89 propane� º5±L 20 wt%-_8 40�, 30 wt%-_

8 30�, 40 wt%-_8 15�# �� ��À(8 ¯� m & '(. 

Fig. 7	 348.15 K, 25 MPa� [ê-_ propane� º5±- �� de

5� V·¸ Uçè#(. #¬� ��� CO2 de 0Ô[8]� ±ï^��

 	 [ê-_  	 �÷v� paraffin waxb 2c789 ��� CO2 �

� �K% �; 2�� 30�# ��T°e�, 10 wt%� propane� CO2

- Ë<7NY de��# 1��I� ��T8 ¯� �
% & '°(.

£*, propane� 50 wt% Ë<7N de0Ô� &S* a� Uçè-_

�8 Õ�  # 5� #v� de��� ���	 & '°(. �÷v-

paraffin waxb 2c789 propane� º5±L 20 wt%, 30 wt%, 40 wt%


 �; �� 30�, 10�, 5�# ��À(8 ¯� �
% & '°(.

4-3. ��� propane� � !" #$ Diffusivity� %&

����lL �÷v� paraffin waxb K^�à ���� §C �#

-_ paraffin waxb ���	 � paraffin wax� ��Y(diffusivity)8

0Ô[ê� Úz� K:� �º- �� ¿	 ë�� �© À(. #)*

��Y8 ����lb #K* !")�� Û& [ê
 ¹º¬< �Y

- y* �Ê�
 CE� OKÂ & '(. hDse ����lb #K

* ¿	 QBL ��T$ 'e� jì>� #�-_ h1� #^78

¯# 4F�#/_ 02�
 ��!"- �K���L ?.°(. #)

* #�� ����lb #K* ��0Ô-_ ¹º¬< �Y- y* C

E8 0º�
 �
��- \�* ��#= ����lb #K* 0Ô

-_ �Y9� yX- y7N �( ¿	 QBL RST$ '([15, 16].

����lv-_ paraffin wax� ��Y8 Fick� diffusion model�

#K7N ��% & '(. Fig. 5-7-_ �8 Õ�  # Ê 0Ô� de

�"	 Fick� diffusion model� ¼ 
ý78 ̄ � m & '(. Table 3	

Ê 0Ô� Úz[ê-_ propane� º5±- �� ��Yb ±ï* ¯

#$ #¯� Uçè� ¥h7N Fig. 8- V·v°(. Fig. 8-_ �8

Õ�  # ��Y8 Úz� �L� propane� ®5- �� �L789

15 MPa� [ê-_ propane� ®5# 10%-_ 50%� �LT� ��

Y8 20'�L7e� 25 MPa� [ê-_ propane� ®5�  	 ±5

� �L��� ��Y8 14' �L7© À(. #8  	 [ê(25 MPa,

348.15 K)-_ �& ���CO2�  	 �÷� de7Ì� � @	 a

�(D=2.735A10−10m2/sec[8])� ±ï7� propane� ®5# 50 %�L

Fig. 7. Comparison of binder removal with various concentration of
propane at 25 MPa, 348.15 K.

Fig. 8. Diffusivity of paraffin wax versus pressure in this work at vari-
ous weight ratio of propane(�: 10 wt%, �: 20 wt%, �:
30 wt%, �: 40 wt%, �: 50 wt%).

Fig. 6. Comparison of binder removal with various concentration of
propane at 20 MPa, 348.15 K.

Table 3. Diffusivity of paraffin wax versus weight ratio of propane at various pressure

Diffusivity(m2/sec)

15 MPa 20 MPa 25 MPa

Weight Ratio of 
Propane

10 wt% 01.949×10−10 5.450×10−10 07.265×10−10

20 wt% 06.656×10−10 9.538×10−10 1.469×10−9

30 wt% 09.119×10−10 1.633×10−90 3.918×10−9

40 wt% 2.166×10−9 3.287×10−90 6.996×10−9

50 wt% 4.208×10−9 6.744×10−90 1.042×10−8
���� �41� �1� 2003� 2�
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5. � �

Ê QB-_8 ±²� ��¹º- :; �* K^z� g$ '8

propane� WX� #K7$ �X
 
i�f2b ^a7� ]^_

propane� CO2b Ë<7N �K7Ì$, #b ��}Y ��Úz#1�

[ê-_ de�"� &S7N ÚzÓi� propane� ®5Ói- ��

de»�b �
7Ì(. CO2+propane ��� Ë<�lb �K7N

348.15 K� }Y� 15 MPa-25 MPa Úz Ò]-_ propane� ®5�

10-50 wt%� Ói�&� � de»�b "
7� (á�  (.

(1) �l propane� de!"� K:� �K7N �÷v� paraffin

waxb 2c% �; 343.15 K, 10 MPa� [ê-_ 30�# ��T°(. #

8 �& ��� CO2b #K7N 348.15 K , 25 MPa� [ê-_ paraffin

waxb 2c% � ��T8 ��# 2�� 30�#°B X� ("7�

propane# de!"� }Y� Úz[ê� Ð� & '$ ��� ���

	 & '8 :; »��
 K:�8 ¯� m & '°(.

(2) ±²� ��¹º- �* K^z� g8 propane� >�� ��!

"-_ »��
 ����l� >¢� wÉ #K7� ]^ CO2�

propane� Ë<* �lb K:� �K7Ì(. Ê 0Ô� ñ7N propane

� øYL �L%&Ñ, 
"* }Y-_ Úz# �L%&Ñ de�YL

�L78 ̄ � �
 % & '°(. �& ��� CO2b #K7N 348.15 K,

25 MPa-_ �÷v� paraffin waxb 2c% �; 2�� 30�# ��

T8 ��  	 [ê-_ K:
 CO2- propane� 10%� Ë<7NY

1�� �- paraffin waxb wÉ 2c% & '°$, 50%b Ë<7� 4� �

- paraffin waxb 2c% & '°(.

� �

Ê QB8 1999CY �>��F DLe" QB��± eäI� &S

T°I=, #- 4^ (�qEF(.

����

a : energy parameter in Redlich-Kwong EOS [K1/2 bar cm6/gmole2]

b : size parameter in Redlich-Kwong EOS [cm3/gmole]

c : concentration of solute [g]

c : average concentration of remained solute [g]

D : diffusivity of solute [m2/sec]

l : thickness of injection molded part [m]

P : pressure [MPa]

R : gas constant

T : temperature [K]

t : time [sec]

v : molar volume [cm3]

x : mole fraction

'(�) *+

θ : surface fraction

κ : interaction parameter in Redlich-Kwong EOS

Ω : dimensionless constant

ω : acentric factor

,-.+

0 : initial value

1 : component 1

2 : component 2

c : critical condition

����
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