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Abstract − MEK(methyl ethyl ketone), one of major volatile organic compounds(voc), was separated from its aqueous solu-

tion using a flat membrane contactor. The overall mass transfer coefficient was analyzed theoretically for the membrane con-

tactor utilized and it was compared with the overall mass transfer coefficient observed experimentally. A correlation equation

of Sherwood number was determined in terms of Reynolds number and Schmidt number for the concentration boundary layer

which might exist on the surface of the commercially available porous PVDF membrane installed in a batch type apparatus.

This correlation equation was determined experimentally from a separation experiments of phenol by a supported liquid mem-
brane set up in the same apparatus. It was applied to estimate a theoretical overall mass transfer coefficient of MEK through the

membrane contactor installed in the same apparatus. An experimental overall mass transfer coefficient could be obtained from

the equation which was derived to describe the MEK separation phenomena in the batch type membrane contactor. The the-

oretical overall mass transfer coefficient was in good agreement with the experimental overall mass transfer coefficient in a

sense that they are in the same order of magnitude.
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%& '(,� hiG- PC <W ef# '(,� jk: l�E

%&� �m� no� >pqr s)	 '(,� t%, uv� wx	

� yz {|��� } % K�. ~� %& '( �&� 34\ ���

< ab	 '(, �� \� G�� PC <W� ��  |f�� K�.

� ef	�# @< �y� �  ���# MEK(methyl ethyl ketone):

%��nY�LM PC� ��<:  ��E PC��F ���.

Z�G �� �j- MEK# �[�� ��GY� �8� �& 7

\e�� �� ��� �@� ��^� �#�. z%� �y��� �

&� \A7 �6� ����, �� @< �y� � �-�. MEK# �

 � T VF, �- , ¡¢, �£j, ¤Cz¥¦ j§ ¨	 ���# Z

�G- �j��, ©ª ��  �A «¬ V­ %®	 �p�� K# ̄ 8

 7, + %"©- °�r _©� ±�Y� \�  ': V² �. ³´�

�� �j )�
 µ�� @<���(VOCs, Volatile Organic Compounds),

HAPs(Hazardous Air Pollutants) T 'p ¶· �& ¨� �� ¸j\

¹��� K# \ºO� �8GY� ���� K�[1]. MEK# m»<,

¼L, ½� F¾� @�} % KY7 ¿uG À¹ ]^� ÁÂ>x »

®Y�� MEK	 Ã< H" Äz, F¾  ��Å % K�, ÆÇÈÉ, f

Ê, Ël, m»ÌÍ, ÎÏ, W Ð� ÑÒ ¨� °Y*7 $	 ]^� _

Ó % K�. ~ �< H"�# Äz	# Ô[ T ÄÕ� @���. ÖÐ

	 Z� Ã< H"
 »®r [×�7, Ø%\ Ù<Å % K�. ~ MEK

# .Ú ÛÄÜ	 ]^� d % K�� ÝÞß K�[2].

%��Y�LM MEK: PC��F �
 ef\ %gà á KY7,

yz ��� 34� MEK PC <W  >��� K�. â s� >� à

MEK PC <W�# �4ã, v�¦äå@(activated carbon fiber)/ �

PF »£j:  �� »£ T æ£ã, %��n	� PC��  ��

PC, »%ç� ��� PCã ¨  K�.

è[ �4:  �� MEK PCã
 ³� è[�� é��# MEK-

� ~# MEK-�-êëì� Ø���LM ¬í� î\j: ��� MEK

è[�4ã	 B�  ïG ef\ Kim ¨[3]r Kim ¨[4]	 �Q %g

à á K�. ~, �8ð »£ �`:  ��E �PF »£j- SP850

� <n »£Ü	 G�, »£ T æ£	 BÜà ñ%ò� ñ�)ó MEK

»£ ef\ Lee ̈ [5]	 �Q ef���.

v�¦�  �� MEK PC ôã
 \� �
 ef\  ëõ ef

PÙ �. ®nv�¦, å@v�¦ T �PF »£j: ���E MEK

: PC� ¯ö ÷r, ®nv�¦ T å@v�¦
 ø< MEK »£­

  �
 ùx nú	� u� û	# »£­  üä���, �PF »£

j# ø< »£­� yz ýþ�, nú	� u� û� »£­� ø< »

£­r [×��# ̄ ö ÷r\ Lee ̈ [6]	 �Q ef���. ~, MEK

: v�¦äå@(activated carbon fabrics):  �� »£/jk hi	

Z� ef\ Davis ̈ [7]	 �Q �����. �� �� 7\A éo�

v�¦ä:  �� VOC� »£ ÷r, MEK# �@� »£	ÿA

(absorption energy), »£ìæ¼(absorption enthalpy), F@	ÿA(free

energy), ì �¼(entropy) ̈ � \õ�# �¯  Chiang ̈ [8]	 �Q

�����.

�PC ôã�  ��E MEK: PC� ef� %gà á K�. Elabd

� Barbari[9]# vinyl alcohol� 11 wt% T 19 wt% q@�# vinyl

alcohol/vinyl butyral(VA/VBu) è.��(copolymer)	� MEK� ��

	 B�E ef���. ~� silicalite-1 zeolite membrane	 �� %�

�n	�� MEK PC ef\ Smetana ̈ [10]	 �Q %g���.

����� j§�# è8	� ���# �y� MEK, ethyl acetate,

tolune ̈   ���#O  ò . Z<.Y� ô"�# �y: t%�<

DQ� »%ç �`: �Ü�E t%�# ef\ Shim ̈ [11]	 �Q

%g���.

 �	� MEK Ø��� ��)*# ôã[12], ���Ô	 �� MEK

jk ôã[13] ¨  efà á K�.

� ef	�# $%	 q@à µ�� @<�&- MEK: PC�E

uv�} % K# ��0 PC��  �� PC <W� ����F �

�. n�� �è� ä%� PVDF(polyvinylidenedifluoride) PC�  �

£à ��é PC� 	
� è�w	 MEK %��� ����, ækw

	 Ú"� @< �y: ���E PC�� ÄÜ� �w� ��)� %

��n� MEK: @< �y ª� PC��.   µ�� @< �&� q

@� Ú" ��
 �4(distillation)/ �r��ã(pervaporation)�  �

�x µ�� @< �&
� ��GY� PC} % KY7, ��GY�

µ�� @< �&  PCà Ú" ��
 �) ��0 PC� 	
	 è

��E u��} % K�. AA���  �� %��n� �� PC ¯

ö� l�E ��à ¯ö �`	 Z� Sh%(Sherwood number), Re%

(Reynolds number), Sc%(Schmidt number)� BÜ0� �"��,   B

Ü0�  ��x s°� ¯ö �`: ���# PC� ��<� ���

&V�Ü%:  ïGY� Ü�} % K�.  ïG ���&V�Ü%:

¯ö� l�E ��õ ¯öG ���&V�Ü%� [���F ���.

2. � �

2-1. ��� ��� ��	

���(tortuosity, τ)# �è� PC� ªL	 pu�# íè� ��

8�: /�ª# -F 7, PC��  �� PC Æ��� ¸�	 .

|� ñ%� ����. ���# �PF PC�� ���# �Ï	 /

�� 0 (1)� ��, ¯ö	� ��õ �Y� ÷8} % K�[14].

(1)

Cf,0, Cs,0# 55 è�w T ækw� ø< 9�, Cf, Cs# è�w T æ

kw� 9�, ε# è¾ , A# ��xG, τ# �� , V# è�wr æ

kw� L¼\ s°� Äz� L¼, DAB# ��Ü%, t# )! �.

2-2. 

��� 
�� �� ��� Sh�� Re�� ���� ���

Sh%# �ù<\ ���# PC)Ç"	� �ù� ]^� ## �&

V�Ü%(k)� ��Ü%(DAB)� BÜ: /�ª# -F� Sh%\ $%%

)Ç"
 �ù	 �� �&V�hr\ ��Ü%	 �� �&V�>�

A!G&� �_�� à�. Sh%# �Ï0r '  8�à�.

(2)

k# ©L�&V�Ü%, d# �ù< (Ä �.

� ef	 ��à ��0 PC� ¯ö �`� Sh%: Ü��< DQ

�# )Ç"� �&V�Ü% k� ��Ü% DAB: Ý¬Ù ��. ��à

PC ̄ ö �`� Sh%: �< D�E AA��� ��� �� PC ¯

ö� l�E PC ¯ö �`� Sh%: ��F ���. �&V�Ü% k

: �< DQ� {|�  ï0
 �Ïr '
 r8� l�E @�} %

K�.

�)é AA��� l� ��� VéG 9� P*: Fig. 1	 /�ª

��. PC )Ç"Y�� AA��(supported liquid membrane, SLM)

� �����. ��
 è�w %��n (aq,f)Y�LM �è� PC�

íè	 AAà %+� q@ @< �y ��� lr� û, ækw %�

�n (aq, s)�  sà�. ��� �,Ç(JPhOH)# è�w %��n(aq, f),

PC� ªL, -%� �- ækw %��n(aq, s)	 Z�E �Ïr ' 

8�} % K�.

(3)

(4)

Cf 0, Cs 0,–
Cf Cs–

----------------------- 
 ln 2εA

τδV
----------DABt=

NSh
kd

DAB

---------=

JPhOH kaq f, Cb aq f,, C1 aq f,,–( )=

km C1 m, C2 m,–( )=
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(5)

(6)

kaq, f, km, kaq,s T Koverall
 55 è�w, PC� ªL, ækw ©L�

&V�Ü% T ���&V�Ü% 7, Cb,aq, f, Cb,aq,s# è�w T æk

w� .¢ 9�, C1,aq, f# è�wr PC� Üx	�� è�w 9�,

C2,aq,s# ækwr PC� Üx	�� ækw 9�, C1,m, C2,m
 55 è

�w T ækwr PC� Üx	�� PC�w 9� �.

PC� ªL� ©L�&V�Ü% km
 PC� <èª	 AAà �y

ª� �� ��Ü%(DPhOH)� è¾ (ε)	 [/�� ��  lr�#

V� <è� 0 : /�ª# Ë1(δ)� ���(τ)� 2	 ù[/�3

� 0 (7)r '  /�4 % K�. �
 ¯ö ú�� AA �� ª ��

9�\ ¢� ñ�x AA �� ª� �� �� Ü%\ ñ�Å % KY

/ °8� ¯ö ú�� ?
 �� 9�: ��} Äz �� Ü%# ¢

� ñ��A «#�. è¾ , Ë1, ���# �è� PC�� �CG

�� 3� °8� �� �#�. 
�� PC� ªL� ©L�&V�Ü

% km
 n%� \8�E ��} % K�[15].

(7)

P! Ü%(distribution coefficient, KD)# �é no� %��n ��

9�� @<n �� 9�� [i� /�ª7, è�wr ækw 	Ë %

�� 3� �Ï 0r '  /�4 % K�.

(8)

Cor,eq., Caq,eq., Caq, f,eq., Caq,s,eq.# 55 @<n �é9�, %��n �

é9�, è�w %��n �é9�, ækw %��n �é9� �. 0

(8)�  ��x @<n	 Q5�# 0 (4)� C1,mr C2,m
 �Ïr '�.

(9)

(10)

0 (9), (10)� 0 (4)	 Z®�� 0 (3)-(6)� �) 8C�x �Ïr

'  ���&V�Ü%� ©L�&V�Ü%� BÜ0� �� % K�.

(11)

ækw %��nY�� %��/ 6(NaOH) %��� ���x, è

�w %��nY�LM %+à ��
 / 6 ú(Na+)r ùR�E �

�/ 6((sodium phenolate)Y� V7�3� ækw %��n	��

-%� ��� 9�# 8n 0  à�.   Äz	 1/kaq,s8  jk��

0 (12)� '  !Ã�� 8CÅ % K�[16]. ̄ öGY� �� % K#

Koverall, KD�  ïGY� �� % K# km�  ��x %��n� kaq,f

� �"} % K�.

(12)

 � '  ��õ %��n� ©L�&V�Ü% k ��  ��E Sh

%: f} % KY7, Sh%# 0 (14), (15)� '  8��# Re%� Sc

%� q%� 0 (13)r '  /�4 % K�. 0 (13)� A% 1/3
 9�

b:[17]� 9§���.

(13)

Ã, NRe, NSc �;,%# �Ïr '  8�à�.

(14)

(15)

r
 �ù<� ø5 tV%, ρ# <�, µ# ��: /���. %I�G §

À	 �Q� ÷8�# 9� P¾	 �� ©L�&V�Ü%(k)# ���#

¯ö �`, PC� T �ù =�\ s°� Äz °8� �� �� à�.


�� �)é AA �� )Ç"	 �Q f� ©L�&V�Ü%:  �

�E �� % K# Sh%, Re%, Sc%� nBBÜ0- 0 (13)� s°� ̄

ö � ,̀ PC�r �ù =�� f� ºV�# �)é PC� ��<� ©

L�&V�Ü%:  ïGY� f} Äz âZ� G�} % K�.

2-3. 

�� �� ��� 
�� ��� !"�� #$

Fig. 1r '
 AA�� )Ç"	� ¯öGY� ���&V�Ü%:

�# ¯ö0
 �Ïr '
 r8	 �Q @�à�. ��  �) AA�

�� lQ  sÅ a ��� %A# �Ï 0r '�.

(16)

ækw %��nY�� %��/ 6 %��  ���x ækw	�

� �� 9�# 0 3�, 0 (16)
 �Ïr '  8Cà�.

(17)

0 (17)� t=0	� Caq,f= Caq,f
0 , t=t	� Caq,f= Caq,f

 � §À� ���

E GP�x �Ïr '�.

(18)

)! ñ�	 
� è�w� 9� Caq,f: w8�x ���&V�Ü%

Koverall� ¯öGY� �� % K�. 
�� �� %��� è�w, %�

�/ 6 %��� ækwY� ���# ¯ö	� P! Ü% KD\ °

8� �� /�ª# è�w ø< 9�: ���� �ù<� =�: ñ

�)*x Re%� ñ�	 
� ���&V�Ü%: 0 (18)�  ��E

�� % K�. ��õ ���&V�Ü%: 0 (12)	 Z®�E ©L�

&V�Ü% kaq,f: f� �Ï Sh%� �� ¯öGY� ÷8} % KY

7,   ¯ö��  ��E 0 (13)� n% a, b: ÷8} % K�.

2-4. ��� %&�'(� MEK  ��� )� ��� !"�� 


*�+ ��� ,	

è�wY� MEK %��� ���� ækwY� @<�y: ���

kaq s, C2 aq s,, Cb aq s,,–( )=

Koverall Cb aq f,, Cb aq s,,–( )=

km

DPhOHε
τδ

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

KD

Cor eq.,

Caq f eq., ,

------------------
Cor eq.,

Caq s eq., ,

------------------
Cor eq.,

Caq eq.,

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

C1 m, KDC1 aq f,,=

C2 m, KDC2 aq s,,=

1
Koverall

----------------- 1
kaq f,

----------
1

KDkm

------------- 1
kaq s,

----------+ +=

1
Koverall

----------------- 1
kaq f,

----------
1

KDkm

-------------+=

NSh aNRe
b NSc

1 3⁄=

NRe
rd2ρ

µ
-----------=

NSc
µ

ρDAB

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

V
A
----–

dCaq f,

dt
-------------- Koverall Caq f, Caq s,–( )=

V
A
----–

dCaq f,

dt
-------------- KoverallCaq f,=

Caq f,

Caq f,
0

-----------
 
 
 

ln
KoverallA

V
---------------------– t=

Fig. 1. Concentration profile for phenol separation. 
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s,

an),

ical

,

# �)é PC� ��<	�� VéG MEK 9�P*: Fig. 2	 /

�ª��. PC� ��<: ���x MEK# AA��� ���# �

� PC� Æ���r �� Æ���Y� è�wY�LM ækwY�

 sà�. MEK# è�w� ©L�&V�Ü% kaq	 �Q PC� >Y

�  s�� PC� ªL� 9� ;	 �Q ækwY� �r�7 æk

w	�# ækw ©L�&V�Ü% kor	 �Q  sà�.  � '
 Æ

���� %0Y� /�ªx �Ïr '�.

(19)

 (20)

 (21)

 (22)

kaq, kor
 %��n T @<n� ©L�&V�Ü%, Cb,aq, Cb,or
 %�

�n T @<n� .¢9� 7, Cb,aq
* # @<n	 ZR�# %��n

� 9���, P! Ü%� 0� ���x �Ïr '  /�4 % K�.

(23)

'
 ôãY� PC� ªL� 9� C1,m, C2,m� �Ïr '  8C}

% K�.

(24)

(25)

0 (19)-(25): 8C�x ���&V�Ü%: ©L�&V�Ü%� �

Ïr '  /�4 % K�.

(26)

�X, D� '
 PC� ��<: ��} a, ¯öGY� ���&V

�Ü% Koverall� f�# ¯ö0
 �Ïr '  @�à�. ��< ª�

�& V� _P %A0
 �Ïr '  /�4 % K�.

(27)

MEK	 Z� ���&%A0
 ¬?� '�.

(28)

Vaq� Vor
 55 è�w %��r ækw @<n� L¼: /���.

 P! Ü%� 8�	 
�  3� 0 (28)� �) 8

C�x �Ïr '�.

(29)

è�w L¼ Vaq� ækw L¼ Vor  '�x, 5 n� L¼: /�ª

# �îF: jk} % K�. 0 (29): Cb,aq
* 	  B�E 8C�x �Ï

r '�.

(30)

0 (30)� 0 (27)	 Z®�� 8C�x �Ïr '
 _P%A0� �

� % K�.

(31)

0 (31)� t=0	� Cb,aq=Cb,aq
0 , t=t	� Cb,aq=Cb,aq� §À� ���E

GP�x �Ïr '
 ÷r0 (32): �� % K�.

(32)

0 (26)�  ��E ��õ ���&V�Ü%�  ï�r ¯ö	 �

� ÷r� 0 (32):  ��E ��õ ¯öG ���&V�Ü%: [�

qY�@  ï�� 8��: Ý % K�. 0 (26)�  ��  ïG ��

�&V�Ü%� Ü�	# %��w(è�w)� ©L�&V�Ü% kaq�

@<nw(ækw)� ©L�&V�Ü% kor� Ý¬Ù ��.   Ë 34�

©L�&V�Ü%# s°� ¯ö �`: ���# Äz	 0 (13)� �

��E �� % K�. 0 (13)� MEK PC� Äz	 Z�E è�wr

ækw 55	 Z�E G��x �Ïr '�.

(33)

(34)

νaq, νor
 55 %��n T @<n� s�� �.

0 (33), (34)�LM ækw ©L�&V�Ü% kor
 0 (35)� '�.

(35)


��, +�õ �ù< =�: ���# Äz Re%: Ü�} % K�,

  Re%� Sc%: ���E 0 (33)Y�LM è�w ©L�&V�Ü%

kaq: Ü�} % KY7,   kaq: 0 (35)	 Z®�x ækw ©L�&

V�Ü% kor� Ü�} % K�. Ü�à kaq� kor� 0 (26)	 Z®�x

 ïG ���&V�Ü%: �� % K�.

3. � �

3-1. -. / 01

PC�� ���, AA���  �� �� PC ¯ö, P! Ü% ¯ö,

��<:  �� MEK PC ̄ ö	 ��à MEK(Mallinckrodt, U.S.A),

TMP(2,2,4-Trimethyl pentane, Mallinckrodt, U.S.A), dodecane(Acro

U.S.A.), phenol(Junsei, Japan), tri-n-butyl phosphate(Junsei, Jap

methanol(Oriental Chemical Insudtries, Korea), toluene(Oriental Chem

Industries, Korea), hexane(DUKSAN, Korea), acetonitrile(DUKSAN

Korea), water(DUKSAN, Korea) ̈
 HPLC� ~# EP�� )�� �

���Y7, ��� 8jA  �����. ä%� PC�
 PVDF� 


JMEK kaq Cb aq, C1 aq,–( )=

km C1 m, C2 m,–( )=

kor C2 m, Cb or,–( )=

Koverall Cb aq, Cb aq,
*–( )=

Cb aq,
* Cb or,

KD

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

C1 m, KDC1 aq,=

C2 m, KDC2 aq,
*=

1
Koverall

----------------- 1
kaq

------- 1
KD

------- 1
km

------ 1
kor

------+ 
 +=

V
A
----–

dCb aq,

dt
--------------- Koverall Cb aq, Cb aq,

*–( )=

VaqCb aq,
0 VaqCb aq, VorCb or,+=

Cb or, KDCb aq,
*=

VaqCb aq,
0 VaqCb aq, VorKDCb aq,

*+=

Cb aq,
* Cb aq,

0 Cb aq,–
KD

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

dCb aq,

1
1

KD

-------+ 
 Cb aq,

1
KD

-------Cb aq,
0–

----------------------------------------------------------
A
V
----Koveralldt–=

1
1 KD+
--------------- 

 Cb aq,

Cb aq,
0

------------ 1
KD

-------–ln Koverall
1

1 KD+
--------------- 

 A
V
----t–=

kaqd

DMEK aq,
------------------- aNRe aq,

b νaq

DMEK aq,
------------------- 

 1 3⁄
=

kord

DMEK or,
------------------ aNRe or,

b νor

DMEK or,
------------------ 

 1 3⁄
=

kor kaq

DMEK or,
DMEK aq,
-------------------

νor

DMEK or,
------------------ 

  νaq

DMEK aq,
------------------- 

 ⁄
1 3⁄ NRe or,

NRe aq,

--------------
b

=

Fig. 2. Concentration profile for MEK separation.
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ò�õ Millipore j1(éo: disk, è¾ : 70%, �B<è¢<: 0.45µm,

Ë1: 120µm, Millipore, U.S.A.)� �����.

3-2. �� / �2

3-2-1. ��� w8

PC�� ���# C� ª	�� ��Ü%\ ÝÞõ êëì� ���

E w8���. ��� w8	 ��à ̄ ö �`# �� PC ̄ ö T MEK

PC ¯ö	� ��à �`� s°� �` �. ¯ö	 ��à tP0 P

C ¯ö �`# ¤C	DEr ��ïY�  ë�õ F�� Ýë_GY�

j�à �HA(flange)�  ë�ß KY7  c� éo# �HA� F��

PC\ \I�< ab	 PC�� �`� �Ï �8 no� J% EL:

8<�� �-} % K# ��  K�. 5 F�� nLw 3�� KL e÷

f: l�E �ù, )L MÐ ¨� %g} % K�% ���. ��à ¯ö

�`� �N�: Fig. 3	 /�ª�Y7, ̧ �� Table 1	 |����.

êëì� C�	 �Q)� 10,000 mg/l� êëì/C� ��� j§�

E ¯ö �`� è�w	 j§à C� ���, ækw	# -%� C�

��� 55 220 ml O P
 û, °8 )! !�Y� è�w T ækw

	� _­� Ð�E PQ��.

3-2-2. �� PC	 �� ©L�&V�Ü% w8 ¯ö

Tri-n-butylphosphate(TBP) @< �y	 PVDF PC�� 24)! ±\

�è� AA� ªL� <è	 ��� qU)ó�. qUà �� ¯ö �

`	 �£ û è�w	 �� %�� 220 ml +®� û ækw� l�E

J% EL: �-��, ækw	 1 M %��/ 6 %�� 220 ml: P

� �ù<: �s)ó�. °8 )! !�Y� Ô ¢�¼R� ���E

è�w	� )L: MÐ�E PQ��.

3-2-3. P! Ü% w8

Ô ¢�¼R� ���E @<n� 5 ml Ð� á Ýò� =[��,

8Qõ Ec 9�� MEK %��� á Ý	 55 5 mlO P#�. á 

Ý� ®f: Ô�� <S�� �T�� Uò� = û 25oC� @A�#

8ú§	� 24)!s� Ë� �é	 ���� ��. 24)!  Ärà û

PCà Ë ð .	� MEK %��ð . °L: )L� Ð�E PQ��.

3-2-4. MEK PC ¯ö

MEK PC ¯ö
 �� PC ¯ör @�� ô0Y� %g���.

MEK PC ¯ö
 AA��� ���# ¯ö  ¬�< ab	 @<n

� qU)V {|\ A�. 
�� MEK PC ¯ö
 �è� PVDF PC

�� �£)ó �Ï °8 9�� MEK: �	 WQ� %��� 220 ml +

®�� PC<� æk @< �y: '
 L¼
X +®��. ̄ ö
 P!

Ü%\ °8� ]Y	 =�# %��n� MEK 9�: ���E ¯ö�

��. ~�, �� PC ̄ ö ÷r: lQ Ý % KZ , �ù<� tV=�

�� ³Z� ���&V�Ü%: �� % K# 500 rpm(revolution per

minute)Y� �8���. 8Qõ =�� �ù<: �s� �Ï °8 )!

!�Y� %�� n� )L: MÐ, PQ��. ækwY� %��/ 6

%�� ZÛ MEK Ú" �I  z%��� ÝÞõ dodecaner 2,2,4-

trimethyl pentane� @<nY� ���E ¯ö� %g���.

3-2-5. PQ

��� ̄ ö	 ��à êëìr �� PC ̄ ö	 ��à ��� PQ


HPLC(YL 9300, YoungLin, Korea): ���E PQ��Y7, Nova_Pak�

C18(60[, 4µm, Waters, U.S.A.): \]Y� �����. Acetonitrile

50 vol.%, � 50vol.%� Ø���� 5 ml/min� @=Y� ̂ Ú�  snY

� �����, 20µl� )L MÐB(sample loop)� �����.

MEK� 9� PQ
 GC(M600D, YoungLin, Korea): ����Y7,

PORAPAK Q(80/100 mesh, Hewlett Packard, U.S.A.) _õ\]� ��

�E FID(flame ionization detector) ̀"<� PQ���.  snY�

��� &ä� @=
 30 ml/min� @A��Y7, 'a� ú�# ³ø

100oC	� 10oCO 12P! nb)� 220oCcA de û 3P! @A

��% ��âf�E �����. +®<� ú�# 200oC, ̀ "<� ú

�# 250oC� �8�E �����.

4. �	 
 ��

4-1. ��	

)!	 
� è�wr ækw� êëì� 9� ñ�: Fig. 4	 /

Fig. 3. A schematic of experimental apparatus.

Table 1. Specification of batch membrane cell 

Volume of each cell 250 ml
Contacting area of membrane 11.34 cm2

Main body material PE, PTFE
Flange material aluminium
Impeller PTFE, diameter(d)=4 cm
���� �41� �3� 2003� 6�
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�ª��.

Fig. 4� ̄ ö ÷r: 0 (1)	 Z®�E ��õ 3)! s�� �B �

��# 3.05 �Y7,   ��  û� PC ¯ö	 �����.

4-2. 34 �� ��� 5� � !" ����� �� 6�

�� PC ¯ö� l�E Sh%� Re% T Sc% BÜ0� n% a� b

: ÷8�< DQ�# g� 0 (12)� n%8- KD� km� ÷8�EÙ

��. PC� ªL� ©L�&V�Ü% km
 0 (7)	 �Q ��õ�.

km� Ü�	 {|� n%8� �
 PVDF PC�� j§�- Millipore

	� jè� è¾ (ε=0.7)r PC� Ë1(δ=120µm): �����, �

�� ¯ö� l�E ��õ ���(τ=3.05): �����.

AA��� qU � @<nY� ��à Tri-n-butyl phosphate(TBP)

ª	� ��� ��Ü% DPhOH# �Ïr '
 Wilke-Chang 0[18]�

���E ��Y7, hL¼, # Tyn-Calus 0[19]� ���E Ü��

��.

(36)

(37)

ϕ# �y� ÷�-F, M
 �y� PF­, T# iZú�, # �&

� hL¼, Vc# �&� &ÜL¼ �.

¯ö ÷r: Ü��#O {|� �&� ��G, �CG ��`# 9

�b:[20]� l�E ���. ��� &Ü�	�� hL¼# 229 cm3/mol

 7,   �� 0 (37)	 Z®�E �
 ��� h L¼# PhoH=84.7 cm3/

mol �, TBP .� ��� ��Ü% DPhOH,TBP=7.403j10−6 cm2/s� �

� % K�. 
�� PC� ªL	� ��� ©L�&V�Ü% km=

1.4159j10−4 cm/s� Ü����, P! Ü% KD# 9�b:[21]	� �


 290� �����.

Ü�à kmr KD T 0 (12), (2), (14), (15): ���� �ù< =�

ñ�	 
� ¯öG ���&V�Ü% Koverall�LM ©L�&V�Ü%

: �"qY�@ Sh%: Re%� Sc%� q%� /�4 % K�.

�	 Z� ��� ��Ü% DPhOH,H2O# TBP	 Z� ��� ��Ü

%� '
 ô0Y� Ü�à 1.172j10−5 cm/s� �����. Table 2	

�ù< =� ñ�	 
� Sh% Ü� �� /�ª�Y7, �ù< tV=

�	 
� ���&V�Ü%� ñ�: Fig. 5	 /�ª��. P! Ü%

KD\ °8� �� /�ª# Wk��� 9�� G�� è�w ø< 9

��� 1,000 mg/l: �8�E ¯ö� %g���.

Fig. 5	� l % KZ , �ù< tV =�: �\)*x ���&V

�Ü%\ �\�#O   �n
 PC�� è�w xr ækw x	 �

��# ÄÜð� Ë1\ m¬A< ab- nY� �5à�. tV =�

\ 500>� o Äz	# ���&V�Ü%\ üä�# �n  /�/

#O  n
 ÄÜð  ÿ� m¬A� �T� p4 qr  �s PC�

ªL	 qUà @<n  %��nY� �;GY� PC�� /'k/,

p4 é�	 
� %��n �xY�LM� è< <* @®	 
� ä

%�� è< <*\ '
 ä%�- PC� <è	 qUà @<n  t

� u�ß /d % K�% �< ab- nY� )Ãà�.

Sh%� Re%, Sc%� nBBÜ: /�� 0 (13)� �ñ	 Fe�â

: Ð�E 8C�x  ��< vº �Ïr '
 éo� Z%0 éo�

V7)V % K�.

(38)

0 (38)	 ̄ ö	� ��õ NSc �� Z®�E 8C�x �Ïr '�.

(39)

0 (39)	 �k�E ln NRe: xwY� ln NSh: ywY� �# â?�

: âCx, â <J<�LM n% b:, yw iXY�LM n% a: ��

% K�. Fig. 6	 ln NRe Z ln NSh� â?�: /�ª��. â?��

<J<�LM n% b# 0.958, yw iXY�LM n% a# 5.358j10−3

� �� ���.   �ò�  ��E � ef	 ��à PC ¯ö �`

� Sh%, Re%, Sc%� nBBÜ: 0Y� /�ªx �Ïr '�.

(40)

4-3. �7 �� 6�

9�b:[22]: l�E MEK/�/@< �y Ü	� MEK	 Z�E Ú

" �I  x�p nY� ÝÞõ 2\A @< �y: �8�E P! Ü

%: w8���. �8à @< �yò� °ùG- ��� Table 3	 8

C���.

Ṽ

DPhOH TBP, 7.4 10 8– ϕTBPMTBP( )1 2⁄ T

µTBPṼPhOH
0.6

---------------------------------------×=

ṼPhOH 0.285Vc PhOH,
1.048

=

Ṽ

Ṽ

NShln aln b NReln 1
3
--- NScln+ +=

NShln b NReln 2.2146 aln+( )+=

NSh 5.358 103–×( )NRe
0.958NSc

1 3⁄=

Fig. 4. Concentration change of toluene. temperature=25oC, impeller
speed=500 rpm, impeller diameter=4 cm.

Fig. 5. Variations of Koverall in terms of rpm.

Table 2. Sherwood number variations in terms of revolution per minute
(rpm)

rpm Koverall [cm/s] kaq,f [cm/s] NRe NSh NSc

100 3.2369×10−4 3.2626×10−4 2,961 111.35

768
200 4.9618×10−4 5.0225×10−4 5,922 171.42
300 9.3070×10−4 9.5228×10−4 8,882 325.01
400 1.0733×10−3 1.1021×10−3 11,843 376.15
500 1.4339×10−3 1.4858×10−3 14,803 507.10
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P! Ü%� 8�	 B� 0 (8)� �) 8C�x �Ïr '�.

(41)

y, %��n �é9� Caq,eq.: xwY�, @<n �é9� Cor,eq.� y

wY� �# â?�� <J<\ P! Ü% KD	 Q5à�. Fig. 7r Fig. 8

	 dodecaner 2,2,4-trimethyl pentane(TMP) 55	 Z� MEK� P!

Ü%: �< D� â?�: /�ª�Y7 â?�� <J<�LM ��

õ P! Ü%�
 55 0.7363r 0.7536 ��.

TMP	 Z� MEK� P! Ü%�
 dodecane� Äz� [×� ��

/�ª��.

4-4. %&� ��� � !"��

@<nY� dodecane z
 TMP: ����, è�w MEK ø< 9

� 1,000 mg/l: ��� PC ¯ö ÷r�� )! ñ�	 
� %��

n� MEK� 9� ñ�: Fig. 9	 /�ª��. 6)! s�� ¯ö ÷

r, dodecane� @<nY� ��� Äz %��n� MEK 9�# �õ

GY� üä��Y7, â?�� <J<\ °8� �� /�ª# nY�

>¬, 6)!  û	� _P� MEK PC II� \A� K� nY� )

Ãà�. âc/ @<nY� TMP: ��� Äz dodecaner Ô{\A

� �õGY� üä��A
, 4)!  û	# PC II  �ä u�ß

â?�� <J<\ �; |
�� á}� �-} % K��.

PC ̄ ö ÷r: 0 (32)	 
� )! ñ�	 
� In[(1/(1+kD))(Cb, aq./

Cb,aq.
o ) −1/kD]�Y� ñé�E Fig. 10	 /�ª��. Fig. 10	� l %

Cor eq., KDCaq,eq.=

Fig. 6. Plot of ln NRe vs. ln NSh, applicable in 3,000<NRe<15,000.

Table 3. Physical properties of organic solvents 

Solvents
Molecular 

weight
Boiling 

point [oC]
Density
[g/cm3]

Viscosity
[cP]

Dodecane 170.34 216 0.750 1.508
2,2,4-trimethyl pentane 114.23 98-99 0.692 0.502

Fig. 7. Distribution coefficient of MEK in dodecane.

Fig. 8. Distribution coefficient of MEK in TMP.

Fig. 9. Concentration of MEK in aqueous phase as a function of time
with two different organic phases.

Fig. 10. Plot of Eq. (32) as a function of time with two different organic
phases.
���� �41� �3� 2003� 6�
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KZ  ¯ö�ò
 0 (32)� � /�4 % K�Y7 <J<�LM ¯

öG ���&V�Ü%: �� % K��.

³Z� ���&V�Ü%: �� % K# tV=�- 500 rpm	 �Q

Re%\ ÷8��, %��� ��, <� T %��	�� MEK� ��Ü%

� ��A# Sc%\ ÷8�x 0 (40)	 �Q Sh%: Ü�} % K�. Sh

%� 8�	 
� %��w� ©L�&V�Ü% kaq: �� % KY7, ~

wà kaq: 0 (35)	 Z®�E @<nw� ©L�&V�Ü% kor� ��

% K�. Ü�à PC� ªL� ©L�&V�Ü% kmr ¯ö� lQ ��

õ P! Ü% KD: 0 (26)	 Z®�x  ïG- ���&V�Ü%: �

"} % K�, ̄ ö� lQ ��õ ���&V�Ü%� [�} % K�.

©L�&V�Ü%ò  ���&V�Ü%	 _`# ]^� ÁÂ><

D�E 0 (26)� 5 8ò� �� Table 4	 8C���. Table 4	� l

% KZ , ©L�&V�Ü%� YY� /�/# �&V��8


dodecaner TMP 	Ë	� PC� ªL� �&V��8  \� ¢�

/��� Ý % K�. Dodecane� Äz V� �&V��8 . � 71%,

TMP� Äz � 66%: ;AQ ��0 PC� <W	 �� MEK� P

C# PC� ªL	�� PC =�\ V� )Ç"� PC =�� i=

ÃÜ� ��q� Ý % K�. %��n w� �&V� �8�
 dodecane

r TMP� ]^� #A «¬ '
 �� /�ªA
 @<n w� �&

V��8
 dodecane  TMP>� � 3!\­ ¢� /�/#O,  n


0 (35): lQ Ý % KZ , Ë �&� <� ;\ ¢A «
 n�	�

dodecane� ��\ � 3! ¢< ab	 @<n	�� ��Ü% DMEK,or

� �  TMP	� � ¢� /�/�, ��\ �
 TMP� Re% � 

�A3�, ÷rGY� TMP� kor�  �A� �< ab- nY� �5

à�. y, @<nY� ���# �&� ��\ �\�x %��w� �

&V��8  ���&V�Ü%	 _`# ]^>� @<nw� �&V

��8  _`# ]^  �� ��� Ý % K�.

Table 5	 ¯öGY� ��õ ���&V�Ü%�  ïGY� ��õ

���&V�Ü%: /�ª� [����. Table 5	� Ý % KZ 

dodecaner TMP 	Ë ¯öGY� ��õ ���&V�Ü%\  ïG

Y� ��õ ���&V�Ü%>� 1.5-2! 8� ¢� /��� Ý %

K�. ¯öG ���&V�Ü%�  ïG ���&V�Ü%# '
 10−4

� ;%: �� K# �Dª	� [�G � °`��� l % K�.  

ïG ���&V�Ü%\ �! �� /�/# n
 �Ïr '
 � \

A ,-	 <-} % K� nY� ~nà�. y, ���&V�Ü%�  

ï0 @�r8	� Ý % KZ  �è� PC�� �CG ��ò  ]

^� _Ó % K�� �Là�. y, �è� PC�
 B°� ¯e� é

n� <èò  °8 ��i� A��� \8�� 0� @����. â

c/ ¯j PC� ª� <è
 ¯e� én  ¬��, �¸�� éo�

¢< P*: /�ª# <èY� f��� K�. 
�� D	� �W�

<è� ��i �
  ïG �Y� ��} % KY/ 8��� ��à

�
 ¬��� } % K�. Table 4	� Ý % KZ , PC� F�	

�� �&V��8  i=ÃÜ < ab	 <è� ��i  V� ��

�&V�Ü%	 o ]^� d nY� �Là�. y, ¯j ��i � 

w8à �>� �� Äz  ïG ���&V�Ü% �
 ¢� �\}

% K� nY� )Ãà�. 
�� ¯öGY� w8à ���&V�Ü%

�LM YÜ�Y� ��i �� �"�E ����x  ïG ���&

V�Ü% �  ¯ö�	 ´�} % K� nY� �L�7   LP	 Z

� ef\ Ü= õg��Ù } nY� �5à�. ~�, ���&V�Ü

%� Ü� ) ���# %��n T @<n� <�, �� ¨� Z®}

a -%� �y- �r @<n� �� �����.  � -� ';�  

ïG ���&V�Ü%	 ]^� d nY� )Ãà�. �&- MEK\

�­ q@�x <� T ��	 ¢� ]^� d % KA
, ¯ö	 ��

� MEK 9�# %��	 ]^� d 8�\ ¬� _­� MEK\ �¬

K# Äz	 Q5�3� ��à 0	 -% �y�� ���E� �ô

} nY� �Là�.  	 
�, Ü�à ���&V�Ü%# ¯öG �

��&V�Ü%� �!� ';\ ����A
, � ef: lQ �


Sh%� Re% T Sc%�� nBBÜ0Y� ���&V�Ü%: ~w, �

�} Äz �!� ';: ü%��x o �C\ A� nY� )Ãà�.

5. � �

ä%� �PF PC��  ��# ��0 PC� <W� ���E %

��n� MEK: @<nY� Ú"�# ef: %g�E ¯öG ��

�&V�Ü%: �� % K�Y7 ���&V�Ü%:  ïGY� ~

w} % K# BÜ0� �"���. �� PC ¯ö� l�E � ef

	 ��à ¯ö �`� Sh%� Re% T Sc%� nBBÜ0� �"��

Y7, dodecane, TMP: ���E %��n� MEK: @<nY� Ú"

�# ̄ ö� %g�E ���&V�Ü%: �� % K��.  ïGY�

Ü�à ���&V�Ü%� [�� ÷r, �!� ; \ K�A
 '


;%: �# �D ª	� [�G � °`q� �-} % K��.


 �

  �b
 2001�� _�Z�� F�ef[� A,	 �Q ef��

Y7 ef[ A,	 ü�����.

����

A � contact area [cm2]

Table 4. Theoretical mass transfer resistances

Organic phase

Dodecane value 750.02 5369.85 1376.71 7496.58
% 10.00 71.63 18.37 100.00

TMP value 750.02 2333.94 438.33 3522.30
% 21.29 66.26 12.45 100.00

1
kaq
------- 1

KDkm

------------- 1
KDkor

-------------- 1
Koverall
-----------------

Table 5. Overall mass transfer coefficients for MEK separation by membrane contactor

Organic 
phase

Overall mass transfer coefficients, experimental [cm/s]
Overall mass transfer coefficients, 

theoretical [cm/s]
Initial concentration [mg/l]

500 1,000 10,000

Dodecane 2.0162×10−4 3.1226×10−4 2.6035×10−4 1.3339×10−4

TMP 5.4407×10−4 4.4634×10−4 5.3243×10−4 2.8391×10−4
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C : concentration [mg/cm3]

D : diffusivity [cm2/s]

d : diameter of impeller [cm]

J : flux [g/cm2
�s]

Koverall : overall mass transfer coefficient [cm/s]

k : individual local mass transfer coefficient [cm/s]

M : molecular weight [g/mol]

r : revolution per second of impeller [rps]

T : temperature [K]

t : time [s]

V : volume of feed and strip side [cm3]

: molar volume [cm3/mol]

89:;

NRe : reynolds number

NSh : sherwood number

NSc : schmidt number

<�
= >?

δ : thickness of membrane [cm]

ε : porosity

µ : viscosity [g/cm�s]

ρ : density [g/cm3]

τ : tortuosity

ϕ : association factor

@AB?

A : solute

B : solvent

aq : aqueous side

or : organic side

b : bulk

f : feed side

s : strip side

1 : interface between feed solution and membrane

2 : interface between membrane and strip solution

0 : initial condition

c : critical point
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