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�� 6�"�. ������ pH� 789 �� ��
� ���

�:, ������ ;< ��
� �����. � 
� ��
� ��
 �� ����� �=>�: ?�>�� 	��

��. ��� 	@A�B ��
 C%D� ���� 	�=E% ,F� 7GH�I� JK� LM>�� 7����*, �

� NO�� P
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Abstract − Separation of zinc ion from aqueous solutions by batch liquid membrane permeator with two micro-porous films

was studied. The permeator consisted of a liquid membrane and two cells for aqueous solutions. The liquid membrane con-

sisted of D2EHPA(di-2-ethylhexyl-phosphoric acid), diluted to 30 vol% with kerosine and trapped between two micro-porous

hydrophilic films, as the carrier. This liquid membrane separated two aqueous solutions, one of which was the extraction solu-

tion containing zinc ion and the other of which was the stripping solutions consisting of H2SO4 solution. The permeator sep-

arated zinc ion from aqueous solutions effectively. The effect of operating parameters on the distribution coefficient of zinc ion

and separation velocity of zinc ion were examined on the basis of the experimental results.
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� �
 ��:0A	 BC:[2], DE F �
GH:[3], IJ��:

[4], �KLM:[5] F N ��:[6] �� =7.

�� � OP� Q�LM;R ?��	 �KLM:� �S� Q�

J3 ��J� T' �UV W� �U 2X-	 �YZ� �U �S

� ���	 [O\] �-� LM3	 ^�, �_�
 �3 `� ;

3 ��� aV W�R �b0A �4 
� �
� ���cA 
�

�
� daV ef�g @aV ef0A �h<i � =. Kj k

� aVl6 ��   m' n0A opq =7[7-8]. rs tuv �

KLM:� LM;R wx��� yv z{ ��� w|��   m

�@, }~Z  \� _�-1, energy ��� �� $%� Kj Q

�' ��A opq =7.

�5' �KLM� ��R ��� ���	 9:0A	, ��� �

N:(emulsion liquid membrane)[9], �B�N:(supported liquid mem-

brane)[10-11] ��@ contained liquid membrane[12-13]: �� �

�-@ =7. �5�, ��� �N:� � �X� 45 ��A *�

-. =@, ���� ��<�@ �� � ��<�	� (� ��6

  _�-	 %;��  6@ =7. �B�N:� Z �m� 66N�

N�� �B<� ?��	 n0A, �B� LM;� 8� Kj \�

&�A LM;� ��� �U �N� ��� �@ LM;  ��� �

�� �U B�� ��� ���4 �C' �S� ��  . 7	 �

� ��0A 6\-@ =7. ��?(hollow fiber)R ���4 ¡A

shell and tube ¢£A ;¤-	 contained liquid membrane� ¥j�

	 LM� �# I¦ § ¨SC^ ©\� ª7	 }��  6@ =�

	 �6s, ¨SC^ ��  «@, ���@� �	 ��� �� �

��	 IQ ¨S�� «� ¬� J ¨S� �U ��?  N­ �

�� 9U®	 n� %;�0A 6\-@ =7.†E-mail: csju@pknu.ac.kr
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�� }~ �¯�V °±� ²  6 ³A´ �N LM}~[14-15]

  ;<-@ =0�, IQ¨� ���	 �� 7{0A �����	

\§�6 µ' n0A ¶��7. 

�� · )*�g	 ��� �B�N:3 ��?R ?��	 con-

tained liquid membrane:� ��� ¸�' ³A´ LM}~R ;«

?��4 t)� ��� \��	 �¹\ ¤?R ,�º7. � }~	

66N� ?��	 contained liquid membrane� ¢£A, contained

liquid membrane�g» `� N� ¸¼� ���4 �N� ½*��

¸}¾ r tuv, IQ¨� �U }~  N¿	 >J� À01, �

��3 Á��� GO�  m�� $%� ¨SC^ �VR �[ �

=7	 }��  6@ =7.

66N0A	 ÂQ� z� 436R ?��@, N�0A di-2-eth-

ylhexyl-phosphoric acid(D2EHPA)R kerosine� ÃÄ' ��� ?��

4 ��� �� t)�
 ��R <V�º7. � �X�g ��� e

Å� zÆ n0A ÇÈ-	 �� 
V, LM�� pH» t)�
 É�

aV, �N� ÊË, Á�� �� Ì� aV � ¤«Í��� eÅ� �

¹\0A ¤?�0AÎ ��N0Ag� ��  m�� ;<�º7.

2.� �

2-1.�� �� ��

Ì� LM;R ���	 N���g 
��
�� LM F Á�	

[O\0A 7Ï3 `�  fOP� �U +,�7.

(1)

4�g, RH	 Ì� LM;R �Ð½@, Mn+
	 
��
� �ÐÑ

7. ÒÓA Ô<� ¨S� Q�J(�N)� ���	 ¨S�1, ÒÓ�

Ô<-6 Õ� ¨S� ���J(LMJ3 Á�J)� ���	 ¨S�

7. LMOP� (1)Ö� ×ØÙ0A +,-	 OP�@, Á�OP�

� fOP� �7.

LM� Ì� LM;(RH)  ���	 �N3 
��
(M+)� Ú�

�@ =	 LMJ� �©�g 8�
 GHOP� �U +,-1, 


��
� LMJ�g �N0A �h�3 h<� �_�
� �N0A

IÛ LMJ0A �h�� �7.

LM;» E¨� ¢�' 
��
(RnM)� � aV W�� �Ug

�N� �U �h�4 Á�J3� �©�g Á�OP� �U Á�J

0A Á��7. � 3X�g E¨� ¢�ÜÝ Ì� LM;	 Á�O

P� �U �Þ� ¢£(RH)A Áß� -@, f< aV W�� �U

LMJ3� �©0A �h�4 7< LM� ?��7.

yvg Cà �X� ��4 
��
� LMJ�g Á�J0A, �

_�
� Á�J�g LMJ0A �h�� �7. ��  �5' Åá

�h(counter transport)� �U �â.6� $%�, Á�J� �_�


 aV  LMJ� �_�
 aV¸7 ãä å ¥j�	 �_�


aV W�  *hb� -. 
��
� daV ef�g @aV e

f0A aVR æç5 �h�� -	 23  �7.

2-2.���	

LM;� �' LM�X� �Y��	 LM;� ���� T' �

UV� yv ª� 7è� �Ðé7. · )*�g LM;A ?�'

D2EHPA	 Q�J ½�g �{à(dimer)» ê¢� �â@ =01, 2

  
��
3� LMê¢� tÞ» `� Ô<¾ � =	 n0A o

pq =7[16].

(2)

4�g n ë� �K� ìá, ¤�, ���� aV� yv ^v61,

D2EHPA  69í îï�_� �U� ¥j�	 n ë� 2] n0A

opq =7. 4�g, �Y�� D	 tÞ» `� X��7.

(3)

� LMOP� ê¢J� K	

(4)

A Ô<-@

(5)

  -cA

(6)

  �7.

3.� �

· )*�g	 ��� �� ���	 
��
� �3\�@ 6�

\0A ��ð � =	 LM}~R ñ�ð ò\0A, Fig. 1� �ÐÑ

n3 `� Ì� LM;R ���	 
��
 ��� �N LM�R ;

«�4 ��� �� ���	 t)�
� ���	 �¹� ,�º7.

· )*�g ?�' �N LM�	 �{� óó 80 ml] pyrex;

LMJ tank» Á�J tank, ��@ N� d}¤  ^ô teflon cellA

*�-. =7. ó tank» teflon cell ?�� �N 66R #�4

teflon ring� ���4 66N� õ~�º7. N�� 66N� ��4

LMJ F Á�J3 ö÷�	 Q� ¨SC^ ©\� 6�� 40 mm

] �¢0A, � ª�	 12.57 cm2�ø7.

N�0Ag	 ]Ì�� Ì� LM;] D2EHPA(di-2-ethylhexyl phos-

phoric acid)R kerosine� 30 vol%A ÃÄ' n� ?��º@, 66N0

A	 _��� membrane filter(pore size : 0.22µm, diameter : 47 mm)

R ?��º7. �N LM�� ¤ù� ú�©, N�� N� d}¤R

�Ug teflon cell ½� ûj@, LMJ3 Á�J� ó tank� û´7.

66N� _�� membrane filter�cA, LMJ3 Á�J� �ÊR

N�� �Ê¸7 ¤
 �� Q6�4 N�� �Ê W�� �Ug 8

nRH Mn++       RnH nH++→←

M2+ n 1+( ) HR( )2+ MR2 n HR( )2⋅ 2H++⇔
k1

k2

D
Morg[ ]
Maqu[ ]

----------------
MR2 n HR( )2⋅[ ]

M2+[ ]
--------------------------------------= =

K
k1

k2

-----
MR2 n HR( )2⋅[ ] H+[ ]2

M2+[ ] HR( )2[ ]n 1+----------------------------------------------------= =

D
HR( )2[ ]n 1+ K⋅

H+[ ]2
-----------------------------------=

log D log K n 1+( ) log HR( )2[ ] 2 pH+ +=

Fig. 1. The schematic diagram of contained liquid membrane permeator
with two membrane filters.
1. Extraction tank 07. Liquid membrane
2. Stirrer 08. Stripping phase
3. Feeding tap 09. Drain tap
4. Liquid membrane reservoir 10. Teflon ring
5. Stripping tank 11. Teflon ring
6. Extraction phase 12. Membrane filter   
���� �38� �1� 2000� 2�
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� ���� �� ���� �� 15
ü� ��J(LMJ, Á�J)0A Q�-	 n� 96�º7.

LMJ0A	 0.001-0.1 M� ZnSO4 ���� ?��º@, Á�J

0A	 0.03-3.3 M� ýÌ���� ?��º7. �N� ÊË	 þ�

  2, 4, 6, 8 mm� ÿ  6� teflon cell� ?��4 ¤��º7.

LMJ3 Á�J� tank�	 GO�R óó õ~�º01, ��	 �


¤ ��g [.�V� �º7.

¤«Í�A �� 
V, LMJ� É� t)aV» pH, Á�J� ý

ÌaV, �N� ÊË �� Íï<�©g ��R ,�º01, �� 

+,-	 h�� LMJ3 Á�J� t) aV Íï	 óó� <�R

1 ml� û��4 EBT(Eriochrome Black T)R 6<�0A �4 0.01

M� EDTA(ethylene diamine tetraacetic acid)��0A \X�4 �Ä

�º7.

t	5, · )*� �É ��A N�3 LMJ ?�� ê¢ LM


3 �Y��R ê¢ �_�
aV» LM
VR ^��©g óó ü

X�º7. ê¢ LM
3 �Y��	 Z��� h[' 8� N�3

LM�� �@ 2<
 GO�4 LM� ��<� �, X~�4 J�

��<�@ ��� �� t) aVR �Ä�4 �Ì�º7.

4.�	 
 ��

4-1.
� �
� � ���	

N�0A kerosine� ÃÄ<� D2EHPAR ?��4 ��� �� t

)�
� ���	 �N LM}~R ñ��� #' �É ¤?Ag, �

d kerosine� ÃÄ<� D2EHPA  ��� �� t)�
� LMð

� =	 XVR ¤?�� #Ug LM ê¢�¹� ,�º7.

LM 
VR ^��©g LM; D2EHPA� aV� yØ ê¢ LM


� ÍïR ¤?�4 � 23R Fig. 2� �Ð½ø7. Fig. 2R ¸©,

��� �� t) LM� D2EHPA� C aV "#�g ZG\ �

�â.61(ê¢ LM
 55-98%), D2EHPA� aV  � �� yv

ê¢ LM
� � '7	 n� o � =7. D2EHPA� aV 

30 vol%  ¾ $l6	 ê¢ LM
� D2EHPA� aV� yv ��

¿ � �6s, � �J� aV�g	 ê¢ LM
� �  L�  >

d¿ �_�	 n0A �Ð�7. Fig. 2� �Ðé D2EHPA aV  30

vol%[ $� ê¢ LM
 91.7-95.9%	 ZG\ �� n0A � �

=� $%�, · �X�g	 LM; D2EHPA� aV 30 vol%  °

\�v@ ¶��@ �R ��0A LM �¹� ,�º7.

��@, Fig. 2�g	 LM 
V  � �� yv ê¢ LM
� 7

_ � �	 n0A �Ð� =7. �5' >J� LM 
V  � �

� yv D2EHPA» t)�
 ?�� LMOP� ÷+-� $%� �

Ð�	 >J0A UÄ�7.

D2EHPA  ��� �� t)�
� ���	 �X�g  } ��

' ]�] ê¢ �_�
 aV� yØ t)�
� �Y�� ÍïR

Fig. 3� �Ð½ø7. Ö (6)� ±æA �4 �Y��� log ë� LM


VR Kñ Í�A �4 ê¢ pH� ��A �ÐÑ Fig. 3� ¸©,

�Y��	 ê¢ pH  � �� yv TàA �w\0A � �@,

LM 
V  � �� yv 7_ � �	 ¥Å� o � =7. Fig.

3� �Ðé ��� TUg Cà pH "#�g ó 
V|A �w��

�@ � �	�R *�©, ó �w�� �	�	 Tñ 1.4 I±0A

Ö (6)� �Ðé ��~ 2̧ 7 7_ «� n0A �Ð�7. �5�,

ê¢ pH ë� 1.5 ��] ��s0A �w� �@ � �w� �	�

R *�© � �	� ë� óó 2.01(50oC), 1.90(40oC), 2.01(30oC),

1.84(20oC)A Ö (6)� ��~ 2� t¡  �� ±ö�@ =7. �5

' 23	 ï�OP� hO�	 �KLM�g �Y��	 pH  k�

"#�g	 pH� yv �w\0A � �6s, pH  � ð�� �

�  L�  �_�7  pH  å ef�g	 [X�� -	 [O\

] ¥Å[5]0A UÄð � =7.

��@, �Y��	 
V� yvgV 7_ � �	 >J� ¸�	

�, �5' >J� Cruz� )* 23[16]A UÄð � =7. Cruz�

)*� ��© Ö (2)� n ë� �K� ìá, ¤�, ��� ��g�

aV� yv 2X-@ 
V� eÅ� À	 n0A opq =� $%

�, 
V� yv �Y��  � �	 >J� Ö (6)� ��� �â

	 ê¢J� K� ë� 
V  � �� yv � �� $%] n0

A � � =7.

4-2.�
�� �	�� �� ����

· )*�g ?�' �N LM� ½�g� t)�
 ��� eÅ

� zÆ n0A ÇJ-	 �� 
V, LM�� pH» t) É�aV
Fig. 2. The effect of D2EHPA concentration on the extraction of zinc

from aqueous sulfate solutions at different temperatures.

Fig. 3. The variation of distribution coefficients of zinc ion with the
equilibrium pH at different temperatures.
HWAHAK KONGHAK Vol. 38, No. 1, February, 2000
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��@ Á�� �� ýÌaV F �N� ÊË � ¤«Í��� eÅ

� �¹\0A ¤?' 23R Fig. 4-8� �Ð½ø7.

�d, �� 
V� eÅ� �Ð½@ =	 Fig. 4R ¸©, �� 
V

  � ð�� LMJ �� t)aV	 ��¿ �_�@ Á�J �

� t)aV	 ��¿ � �	 n0A �Ð�7. �	 �� 
V 

� ð�� LM�V» Á��V  �Ê � �4 23\0A �� 

���� �â.+7	 n� �Ð½@ =7. Á�� �� t)aVR

�Ð½	  w�g Á�-	 t)� aV  �� É�� Kj k�

Q6-	 n� �N �� t)� t)-LM; ß!à� ¢£A "\

-	 3X� �Ð½	 n�7.

Fig. 5	 LM�� É� pH  t)�
� ��� z~	 eÅ� �

ÐÑ n0A, LM�� É� pH  1] ¥j�	 LM F Á�  K

j ##¿ �â.66s, É� pH  T$ 3� ¾ $l6	 É� pH

� � � yv LM� �� t)aV �_�V» Á�J �� t)

aV �  �V  ��¿ J%�	 n� o � =7. ��@ LM�

� É� pH  3 �J] ef�g	 É� pH� �   ��� z~

	 eÅ� zz' n0A �Ð�7. �5' >J� pH� yØ �Y

��� Íï�g �]� n0A, Ì�LM;R ?��4 
� �
�

LMð $ 
� �
� �Y��  k� pH ef�g	 pH� yv

� �6s, �� pH ef�g	 pH» &&�� [XU6	 >J[5]

0A õ�-.S � =7.

Fig. 6� LM� �� t) É� aV  ��� z~	 eÅ� �Ð

½	 n0A, t) É� aV  0.001-0.1 mol/LA Íð $ t) É

� aV(Co,Zn)� T' t)aV(CZn)� Z ÍïR �� <
0A �

Ð½@ =7. Fig. 6� 23�g t)� É� aV  � ð�� LM

� �� t)aVZ �_ �V» Á�J �� t)aVZ �  �V

	 �_�	 n� o � =7.

Á�� �� ýÌaV» �N� ÊË  ��� z~	 eÅ� óó

Fig. 73 8� �Ð½ø7. Fig. 7� ¸© Á�� �� ýÌ aV 

0.18 mol/L �J] ¥j�	 ýÌ� aV  LM�� Á� �V� z

~	 eÅ� t¡ «@, Á�� �� ýÌ aV  0.18 mol/L ��A

�_�© LM F Á� �V  �_�� <«'7	 n� o � =

7. ýÌ� aV  '( �_�4 LMJ� t) É� aV(0.03 mol/

L)» `� -©, ��  ��� �� ÇJ-	 TA LMJ3 Á�J

�� t) aV  `t6	 n� )]ð � =7. � ¥j, LMJ3

Á�J �� °ì t)aV	 0.0086 mol/LA, · )*�g LMJ3

Á�J� I¦R h[�� ' n� ���© ÇJ~¸7 7_ «�

ë�7. �5' >J� ��  ��� ���V �N �� 7_� t

)� ��'7	 n� �z'7.

�N� ÊË  ��� z~	 eÅ� �Ð½@ =	 Fig. 8� ¸©,

�N� ÊË  � �© É� LM �V	 zz' � �R ¸�@,

Á� �V	 ×¿p �_�	 ¥Å� ¸�@ =7. �5' >J� �

N� ÊË  � �� yv �N �� ���	 LM;� 8� � 

�� $%� É� LM�V	 �
 � �	 >J� ¸�6s, aV

W�� �Ug �N �� )Ì�	 Q� 
� ß!à �� )Ì æ

�  � �� $%� )Ìd�� � �4 Á� �V  *.6	 >

Fig. 4. The effect of extraction temperature on the separation of zinc
from aqueous solutions in liquid membrane with two membrane
filters.

Fig. 5. The effect of pH in extraction solution on the separation of zinc
from aqueous solutions in the permeator.

Fig. 6. The effect of initial concentration of zinc in extraction solutions on
the separation of zinc from aqueous soultions in the permeator.
Co [mol/L] 0.001 0.005 0.01 0.03 0.1
Feed −�− −�− −�− −� · ··�··
Strip ··�·· −�·· −�·· −�− −�−
���� �38� �1� 2000� 2�
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J0A UÄð � =7.

4-3.�� ��� ��� � �	!� "#

�N LM�R ?��4 ��� �� t)� ���	 �X�g �

� �V� z~	 ¤«Í��� eÅ� �¹23�AIÛ ¤?�º

7. 4-2�g +�� ,» `� ��	 �� 
V, LM�� pH, LM

� �� t) É� aV� ¡A eÅ� ®	 n0A op-7. Á�

� �� ýÌ� aV  0.18 mol/L �J��s �© ýÌ� aV 

��� z~	 eÅ� t¡ «@, �N� ÊË	 Á� �VR 7_

6)<�6s LM �V�	 ª� eÅ� z~6 Õ.7. yvg, �

� 
V, LM�� pH, ��@ LM� �� t) É� aVR Í�A

�4, LM� �� t)aV Íï  w� z��4 É� öw� �	

�AIÛ É� LM �V(Ro)R óó *�º7.

É� LM �V� log ë� �� 
V� log ë0A �ÐÑ Fig.

9R ¸©, É� LM �V	 
V  � �� yv �w\0A � 

�1 � �w� �	�	 6.84] n0A �Ð�7. É��V� z~

	 É� pH� eÅ� �Ð½@ =	 Fig. 10� ¸©, É� pH  1.5

���g	 É� LM �V  pH� yv �w\0A � �6s É

� pH  2.5 �J� ef�g	 pH� eÅ� ®6 Õ	 n0A �

Ð�@, pH� eÅ� ®	 ef�g� �	�	 6.34º7. LM� �

� t) É� aV� eÅ� �Ð½@ =	 Fig. 11� ¸©, É� L

M�V	 É� t)aV  � �� yv �w\0A � '7@ �

� =ø7. � �w� �	�	 0.144º7.

�5' 23�� ì!�4 É� LM �VR LM
V, É� pH �

�@ LM� �� É� t)aV� �0A �Ð½©, pH ef� y

Fig. 7. The effect of concentration of H2SO4 in stripping solutions on
the separation of zinc from aqueous solutions in the permeator.

Fig. 8. The effect of liquid membrane thickness on the separation of
zinc from aqueous solution in the permeator.

Fig. 9. The effect of extraction temperature on the initial extraction
rate of zinc from aqueous solutions in the permeator.
(Czn=0.03 mol/L, pH=0.5)

Fig. 10. The effect of initial pH of extraction solutions on the initial
extraction rate of zinc from aqueous solutions in the permeator.
(T=303 K, Czn=0.03 mol/L)
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v 7Ï� Ê Ö0A �Ð/ � =ø7.

Ro= 1.77×10−16 T6.840 0pH6.34: pH < 1.5 (7)

Ro= 1.77×10−16 T6.840 : pH > 2.5 (8)
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t)aV �_�V eÅ� =0�, ¡A pH� �_�g �]�7.


���

D : distribution coefficient [-]

K : equilibrium constant [-]

k1, k2: specific reaction rate constant [(mol/L)−(n+1)
0sec−1], [(mol/L)−2

0

sec−1]

CZn
0.144

CZn
0.144

Fig. 11. The effect of initial concentration of zinc in extraction solution
on initial extraction rate of zinc from aqueous solutions in the
permeator.
(T=303 K, pH=5)

Fig. 12. The variation of extraction rate with extraction time in compar-
ison with initial extraction rate as function of initial pH.
(T=303 K, Czn=0.03 mol/L)
���� �38� �1� 2000� 2�
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h-
[M org] : metal ion concentration in organic solution [mol/L]

[M aqu] : metal ion concentration in aqueous solution [mol/L]

����

1. Peters, R. W., Ku, Y. and Bhattacharyya, D.: AIChE Symposium

Series, 81, 243, 165(1985).

2. Benefield, L. D., Judkins, J. F. and Weand, B. L.: “Process Chemistry

for Water and Wastewater Treatment,” Prentice-Hall, Englewood Cliffs

(1982).

3. Faust, S. D.: “Adsorption Processes for Water Treatment,” Butterworth,

Boston(1987).

4. Clarke, A. N. and Wilson, D. J.: “Foam Flotation : Theory and Appli-

cations,” Marcel Dekker Inc., New York(1983).

5. Lo, T. C., Baird M. H. I. and Hanson, C.: “Handbook of Solvent

Extraction,” John Wiley & Sons, New York(1983).

6. Weissberger, A.: “Membranes in Separation,” Robert E. Krieger Pub-

lishing, Malabar(1984).

7. Cussler, E.L.: “Multicomponent Diffusion,” Elsevier Science Publis

ing, Amsterdam(1976).

8. Nam, S. J.: HWAHAK KONGHAK, 17, 377(1979).

9. Baird, R. S., Bunge, A. L. and Noble, R. D.: AIChE J., 33(1), 43

(1987).

10. Guerriero, R. and Meregalli, L.: Hydrometallurgy, 20, 109(1988).

11. Kim, K. W., Yoo, J. H. and Park, H. S.: HWAHAK KONGHAK, 24,

129(1986).

12. Sengupta, A., Base, R. and Sirkar, K. K.: AIChE J., 34(10), 1698

(1988).

13. Izatt, R. M., Lamb, J. D. and Bruening, R. L.: Sep. Sci. & Technol.,

23(12&13), 1645(1988).

14. Marty, J., Persin, M. and Sarrazin, J.: J. of Membrane Science, 137,

211(1997).

15. Kenichi, A., Masahiro, I. and Shigeto, N.: J. of Membrane Science,

129, 9(1997).

16. Cruz, L. H., Lapidus, G. T. and Romo, F. C.: Hydrometallurgy, 48, 265

(1998).
HWAHAK KONGHAK Vol. 38, No. 1, February, 2000


	지지막을 이용하는 회분 액막 추출기에 의한 수용액 중의 아연이온 분리
	주창식†·천재기·하홍두
	부경대학교 화학공학과 (1998년 11월 30일 접수, 1999년 9월 3일 채택)

	Separation of Zinc Ion from Aqueous Solutions by Liquid Membrane Permeator with Two Microporous F...
	Chang-Sik Ju†, Jae-Kee Cheon and Hong-Doo Ha
	Dept. of Chem. Eng., Pukyong National University (Received 30 November 1998; accepted 3 September...

	요  약
	1. 서  론
	2. 이  론
	3. 실  험
	4. 결과 및 고찰
	5. 결  론
	사용기호
	참고문헌



