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Abstract − A study of separation of aniline from aqueous solution was undertaken by using ultrasonically homogenized liq-

uid membrane. The effect of such variables as ultrasonic intensity, ultrasonic duration and surfactant concentration was exam-

ined. The highest separation of 99.4% could be achieved at the optimal conditions.
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�@AB ��C ,D ��� E� 45FG H$�� ./ IJ K

L� �5� ��M� ��&�' I,. NOP �� QRS� TU�

VW� XY Z[\% ��?]� ^%_,. XY� � QRS� ��

?]� `a� bc	 �,. �O� � QRS	 Vd[� e�� f$

gSh, �. i j=k� S5� l�, *�E m� nC �hoT�

p=q, N�! �@A� ho rs� �@A� tu��� "#T o

v m	 q = >,. �@A ho� >%� wxyz' QR� �	 B

S[�{ `a� bc	 [� ��� |}~ >��, �O� yzq�

� ��� Jf� ��J, �����, ����5xJ m� >,[2]. �

q� ��C �
k	 �&k `� �
T�� �F� BS� �@A

� �
k �� IJ� �� [� 9RJU 6Q ��� I���P �

�� �9	 9��V ��� [� �e{, � ` ����5xJ� �

� ho� �@AC ./ �C ��	 BS[� �,. XY� ; "#

$�	 'V� \% 45FG &�� � QRS	 �kT� = >,.

� ����� ��	 ��[� =�� ` 1 )	 ��¡� >%�

f$gSh� l�, j¢=��� l�� *�E m	 p=� [� w

xT /=� S£	 T¤[! >� ����5xJ� ¥�[� o¥¦

�, o¥V&TU� ��£� §z� ¨�	 �©[ª,.

2. � �

1 )C 9� Yakuri Pure Chemicals ¥� «uT¬�! j¢ =�

��� ¥�� ­
C �® Duksan Pure Chemicals ¥� 9uT¬��,

�.� ¥�� keroseneC �® Duksan Pure Chemicals ¥� 1uT¬

�,. ¥�� f$gSh� Span 80(sorbitan monooleate, HLB 4.3

Duksan Pure Chemicals)�,. ¯=k 1 )� ��	 
�� ° wh

Q� ­
� ��[� 1 ) ±�Y��� ²S[� �� ��� ³

V ´[! j¢=��� µ�� \% ¶C ��£	 �· = >,.

� ���� ¥�� ��yz� I� wxJ� "#J� P¸ = >

,. ����5xJ(ultrasonic generator model 450, Branson Ultrasoni

Co., U.S.A.)� ¥�� wxJ� 100 ml beaker� ¥�[! tipC flat tip

1/2 in. diameter� ��$� ¹z[�� [ª,. ��J� ¥�� wx

J� 100 ml beaker� ¥�[! º» 40 mm� four-blade propeller�

wJk� =��k� `U¹z� ¼�� !R[ª,. "#J� ¥��

��J� º» 45 mm� four-blade paddle�� 400 ml beaker� ¥�[

ª,. wxJ� ��&�� RF½ motor� analog' ¢¾� control box
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� �¿[� stroboscope(Sugawara Lab. Inc., Japan model MSX-XA)

� ¥�[� oÀ[ª,. ����5xJ� o¥¦�� �*� jy�

output controller� oÀ[ª,. "#J� ��&�� digitalBe §®

Glas-Col¥� GT24 stirring system(model 099 D HST220)	 ¥�[�

oÀ[ª,. "#J� ÁÂ	 wV[J ¹� water bath j�� wxJ

� "#J� ��	 Ã[! 20Ä1 oC� ÁÂ	 wV[ª,. �� yz

� kÅ ÆÇC LÈ� É%~ >,[3].

wxJ�� ho� W/O �@A	 "#J�� ¯=ke 1 ) =�

�� '[$� ��&� 200-600 rpm�� ��[� 'y ÊC ��&

� 400 rpm�� [� "#TU� XD W/O/WB �@A	 ho[ª,.

9RTU°� ��	 Ë2! 10�6Q Rz[$ �@AÌ� 1 )=

��Ì�� ��\� 10 ml É¥J� ¥�[� 1 )=��Ì��¢

Í TÎ� ÏÐ[� U.V. spectrophotometer(Hitachi Co., Japan, model

U-3210)� �©[ª,.

3. �� 	 
�

� ��C =�� ` 1 )� ��� :� ?£	 �©[! P1'

� 'y ÊC ��� [J ¹� ov	 Ñ� ��,. ?]�e ���

[J ¹��� ��� QRS	 ¶� wV[� �� `a[� f$g

Sh l�, j¢=��� l�� *�E, ��� o¥¦�, o¥V&T

U m� p=' ��� §z� ¨�	 �©[ª,. 1 ) �Jl�

1,000 ppm9 K, f$gSh l� 11 vol%, "# ��&� 400 rpm, j¢

=�� HCl l� 6 M, j¢=��� f$gSh� *�E 1.0, �ÒA�

¯=k� *�E 0.25 N�! ���o¥¦� 66 watt� o¥TU 60�

�� Ó! ��?] 99.4%� �· = >Ô,. ��� 1 )� �Jl

�� :� Õ�]	 ��?]�Y [ª,. �� � p=Ö pxT�'�

�×� <C ov�� Ø p=� ¨�	 �×� �©[J� �,.

Fig. 1C "#J�� ��&�� XD 1 )� �� ?�� PÙj

! >,. "#J�� ��&�� h¯� ,D !R p=q� ÚC ¿�

i !Û� T� ¢��� É%_ =z� 69[,. ��&�' Ü'¡

� XY ��?]� Ü'Ý	 Þ = >,. ��&�' 200 rpm9 K�

��&�' ��ß� ̄ =k� �
\� �@A ��� IJ' I� B

S�,. XY� ¯=k� "#\� �@A� "#$�� �1V� \!

�� 1 )� ��	 
� j=k��� ��� à�� ?�� PÙ

j% �� á	 �� Öâ,. ��&�' Ü'¡� XY ¯=k� �


\� �@A ��� IJ' ã �1V� \! �� H$�	 Ü'T�

¯=k� 1 )� ��	 ä� ��[� j=k�� �6[� \% �

�á� Ü'[� �,. ��&� 400 rpm9 K 'y ÊC ��?]	

PÙjÔ,. ��&� 600 rpm��� �@A ��� IJ' ã �1V

� \! H$�� Ü'� e� "# TU �J 1 )� ��&�� Ü

'[P "# TU� å%V$� ¯=k� 1 )� l�' ,T Ü'

[� ¤k	 Þ = >,. �� æç¤k� �� ��Y ¥Î\�[4, 5]

�� ¯=k� 4� ��	 
�[� j=k�� q%'ß�è j=k

� ¢é' Ü'[� ¤k	 ê�,. æç¤k� 9%ë »/ ��&�

µì >í j=k� ¢éÜ'� e� î�@A� �� �ï\% j=

k� ¯=k�� w3�,. XY� ¯=k��� 1 ) l�' ,T

Ü'[� �� ?]	 ^%ð�� �,.

Fig. 2� ��¿��� Þ = >ñ� f$gSh l�' 11 vol%e »

/ "#TU 6��� 'y ÊC ��?]	 PÙjÔ,. f$gSh l

� �¯� ,D !R p=qC ¿� i !Û� T� ¢��� É%_

Ú� 69[,. f$gSh l�' 'y òC 1 vol%e »/� �� 0

1 �J�� ��£� Ê�P "#TU� å%5=� óQR� ���

� j=k� w3� 9%P 1 )� �� ?�' ̂ %ô	 Þ = >,.

Fig. 3C ��� �5xJ� o¥¦� px� XD 1 )� ��?

�� PÙj! >,. ��� �5xJ� o¥¦�� h¯� ,D !R

p=qC ¿� i !Û� T� ¢��� õu� Ú� 69[,. ���

Fig. 1. Effect of stirring speed on aniline separation.

Fig. 2. Effect of surfactant concentration on aniline separation.

Fig. 3. Effect of ultrasonic intensity on aniline separation. 
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�5xJ o¥¦�� ÅJ' ö5=� wx' ÷ \% QR� �@A

	 BS[� �,. NOP ¦�' øù ö5 »/� Â�kú� �e�

�,[6]. o¥¦�' 13 watt 9 K� ¦�� ÅJ' ¬[� û�� �

�� 9%PV ��ß� W/O� wx' óQR[� Öq%~ W/O/W

hoT û�� ��	 ÖqV ´[� 1 )� ��?]� ̂ %ô	 Þ

= >,. o¥¦� 66 watt�� "#TU 6� 9 K 'y ÊC ��?]

	 PÙjÔ,. o¥¦� 93 watt��� ��?]� Êü�P "#TU

4� �°�� 1 )� ��]� ^%ô	 Þ = >�� �� o¥¦�

' ¦� "#TU� å%ô� XY 9.1oC Â�kú	 ýJ� ��	 ó

QR[� Öâ ��� ¥Î�,.

Fig. 4� ��� �5x o¥TU px� XD 1 )� ��M px

� PÙj! >,. ��� �5x o¥TU	 h¯� ,D !R p=q

C ¿� i !Û� T� ¢��� õu� Ú� 69[,. W/O� û�

� wx� ¹��� %( R� �k� o¥TU	 þa� [� wx T

U� ¢ÿc »/�� óQR� �@A	 BS[� �,. o¥TU�

30�e »/� "#TU 3��V� 7D ��� PÙjVÖ N �°�

� óQR� �@A BS�� e� � �� �ï' 9%W	 | = >

,. o¥TU� 60�, "#TU 6��� 'y ¶C ��?]	 PÙj

Ô,. o¥TU� 60�� �%�$�¢Í ¼�} ��?]� ¬U� ^

%ô	 | = >�{ �� o¥TU� å%ô��è wxJ�� Ó!

10.7oC Â�kú[5]	 ýJ[! �� e� �@A	 óQR[� Öq%

1 )� ��?]� ^%_ ��� ¥Î�,.

Fig. 5� j¢=�� HCll� px� XD 1 )� ��?]	 PÙ

jÔ,. HCll� �¯� ,D !R p=qC ¿� i !Û� T� ¢�

�� õu� =z� 69[,. j¢=�� HCll�' Ü'¡� XY 1

 )� ��?]� Ü'¡	 | = >,. 1M HCl9 »/�� 1 )

� ��k Q�� HCl��� �� `x' ��%~ HCl� òC l�

� e� "#TU 5� °¢Í ã �k ��' ��%VV �! 6M HCl

l��� "#TU 6��� 'y ÊC ��?]	 PÙjÔ,. 5M HCl

� 6M HCl� l���� E�� ��?]	 +��{ 6M HCl�� �

ã QR� ��?]	 PÙjÔ,. 6M HCl �k��� 6M HCl� E

[� ã ��c = >� 1 )� 	� �,! 
�\% 6M HCl��

��[ª,. "#TU 6� �°�� ��?]� ^%ô	 Þ = >�{

�� ¶C HCll�� e� f$gSh� �=S	 �
T� wh� �

ï[� �� óQR� ��	 BS[� \% ��?]� ^%V� �

,. �� "#TU� å%ô� XY ¯=k 4��q� ¶C l�� j

=k�� ��	 
�� �6[� æç¤k� �� ��ï� ��£�

^%_,! ¥Î�,.

Fig. 6C j¢=��� *�E� XD 1 )� ��?]� §z� ̈

�	 PÙj! >,. j¢=�� *�E �¯� ,D !R p=qC ¿

� i !Û� T� ¢��� õu� =z� 69[,. HCl =��/f$

gSh ��� *�E' 1:1e »/� "#TU 6��� 'y ÊC �

�?]	 PÙjÔ,. *�E' 3:2e »/�� �	 BS[� f$g

Sh ��� ¢ÿ[� �� 01~ QRS� ^%Vß� "#TU 2�

�°�� ��£� Z[Ý	 Þ = >,. *�E' 1:1+, ; »/�

�	 BS[� ��� ��� �	 � � BS[� �,. *�E' 1:4

e »/� +$ F*��� ��?]� �� ^%ô	 Þ = >,. �

� ���V! N� e� 45FG ZÁ� Ü'� ¯=k� 1 )�

j=k�� ��[� �	 %�� Öq% ��?]	 ^%ð),.

Fig. 7C �@A ��M� ¯¢=��k� *�E' 1 ) h�?]

� §z� ¨�	 PÙjÔ,. �@A ��M(Ve)� ¯¢=��k� *

�(Vw)E� h¯� ,D !R p=qC ¿� i !Û� T� ¢���

õu� =z� 69[,. �@A� á� Ü'c=� ��?]C Ü'�

,. �@A á� Ü'c »/ W/O/W� hoT ¯=k� �
\% Ö

q%V� î�@A� á� Ü'[! �� 1 )� �@A� �� "

#c = >� $�� Ü'\% 1 )� ��� Ü'\% ��?]�

Fig. 4. Effect of ultrasonic duration on aniline separation.

Fig. 5. Effect of HCl concentration on aniline separation. Fig. 6. Effect of HCl/surfactant ratio on aniline separation.
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Ü'[� �,[7]. �@A/̄ ¢=��k� *�E' 1:3� 1:4��� "

#TU� XD 1 ) h�M� >% »�� E�[� PÙ�,. 1:3�

� � ã QR� �@A	 BS[ª�P N ��' IV �1 »hS	

!}[� ��C 1:4� [ª,.

wxT ����5xJ� ¥��	 »/� wxT Jf� ��J�

¥��	 »/ 1 )� ��£� E�[� +ü,. wxT Jf� �

�J� wxTUC �E��	 
� û�� ���� QR� W/O� Ö

q = >� ��&� 1,000 rpm, ��TU 4��� [ª,. wxT Jf

� ��J� ¥�[� 1 )	 ��[ª	 »/ 'y ÊC ��?]

C "#TU 4��� 99.0%� PÙjÔ! wxT ����5xJ� ¥

�[ª	 »/ 'y ÊC ��?]C "#TU 6��� 99.4%� PÙ

jÔ,. XY� wxT Jf� ��J� ¥�[� �+, ����5x

J� ¥�[� �� +, QR� �@A	 BS[� ã ÊC ��?]

	 PÙ�	 �e[ª,.

4. � �

����5x ��	 ¥�[� =�� ` 1 )	 ��¡� >%�

����5x o¥¦�� o¥TU, f$gSh l�, j¢=�� l�

� *�E N�! "# ��&�' 1 ) ��?]� §z� ¨�	

�©[ª,. 1 )� �Jl� 1,000 ppm	 ¥�[� Ó� ove �

���5x o¥¦� 66 watt� o¥TU 60�, f$gSh l�

11 vol%, j¢=�� HCll� 6 M, "#��&� 400 rpm, j¢=��

� f$gSh� *�E 1.0 N�! �@A� ¯=k� *�E 0.25�

� Ó! 99.4% ��� �· = >Ô,. ����5x� ¥��	 »/

Jf� ��J� ¥��	 »/+, ã ¶C ��?]	 <	 = >�
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