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Abstract − In this study, polyoxyethylene(POE) nonionic surfactants were used in order to enhance the solubilization of sul-

fur compounds contained in the crude oil and the solubilized sulfur contents in the aqueous surfactant solutions were measured

by X-ray sulfur spectrometer. The most hydrophobic surfactant among used during this study showed the maximum solubili-

zation capacity for the sulfur compounds in the crude oil and the solubilization of sulfur compounds was found to be increased

with temperature and to be abruptly increased at above 1 wt% surfactant solutions. It was found that Tergitol series surfactants

showed higher solubilizing capacity than Neodol series surfactants presumably due to the disruption of the regular packing in

the hydrocarbon region of the surfactant aggregates. The addition of a cosurfactant such as alcohol and/or an electrolyte

increased the solubilization of sulfur compounds in the crude oil. It was found that partitioning phenomena were shown to be

significant with an hydrophobic surfactant at high temperature and the growth of sulfur reducing microorganisms was not

greatly affected by the addition of nonionic surfactants.
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67C d�� e�%4 'D& b#O(Biocatalytic Desulfurization, BDS

f� Microbial Desulfurization, MDS)
 �g>' )h ij 3 "

*[1-5].

e�%4 'D& b#O' )h kl4 m� '�� �no� 6pq

�� b#O@� r�� st& Guvwr� xyrC ��3 6z


^�C �( {|�h }~ E "� (_4 �3 "4 � ��, �

� LD 3 "� AB�� � ?� � c� ��� �\% ��


[?�> #>?4 �'aM� ?��� e�%@' ?2 3 "/ �

�'*. f& E�� b# IJ� r�� aD' D'�� IJ
 �

�>0 ��>4 �3 "3 �� -
 L3 ��>' a� pJ>


(_4 �3 "*.

1�8 e�%4 'D& �� b# IJ
 �6_� ��
 �E>

(hydrophobicity) >�� 
�� ��' B� �23 ��� �AG e

�%
 ���' �h D� ! �� � ^_' "*. f& *� �

�0 ?2�� F�� ��` ��4 Z�GH/ ! 3 �� 9 %4

r¡& <¢%4 67��£ �¤� �� ��' ¥!�h q*. �¦

�( §*¨ �6�  � ©' #�\%
 % ª��
 }� D�«�

'� ¬��� ­� �E>'*. '�& ^_4 U®�/ d�� F�

� �� ! "� #�\%
 ED¯� i& D�«C °�GH� �

O
 �8� �/DB� LD 3 "*. 1�8 '�& DB
 LD�

�6aM� P� rD' gX 3 b#q �>%4 DB�Q± ?2�

� ²�« r³a P� �´�� µg¶ � ��, DB
 LDM�


& 2R �� ��4 ��G· E "M� b# e�%�« ¸>4

¹º E "*. +,� �/DB��« b#�=' �E& »kC K�

�78 F� ª� �� ! "� #�\%4 ED¯ ¼M� D�GH

� /½' ¾|¦ gX 3 "*.

'�& e�% b#O��
 DB LD �6_4 �¿¶ E "� �

O
 �8� ÀÁÂ>6(surfactant, surface active agent) LD4 @ E

"*. ÀÁÂ>6� critical micelle concentration(CMC) '¼�� Ã

'Ä(micelle)4 �>�� +, ED¯¼� ÅD>
 %�
 D�«C

°�G· E "M�, '�& �¼4 �D�(solubilization), &*. ÀÁ

Â>6 Ã'Ä� 
& �D� �¼� 6Æ, Ç
È, �(z, Éz $Ê

-�� �Ëh �D ! LD 3 "M�, '�& �D�� y�4 e

Ì� g��� ÀÁÂ>6 Í·/
 Î', Ï�/
 ÐÑ Ò dÌ, Ó

E-Ó� �¨Ô -
 ÀÁÂ>6
 �`a XY, Õ�D�%(solubili-

zate)
 ÐÑ Ò XY, Ö«, ×«, pH, Ø�% Ò counter ion
 N��

. -4 @ E "*[6-17].

ÀÁÂ>6C e�% b# ��� LD¶ �� Ù� ÚM�« ��6

z� �� ! "� %� � D� � c� S�TÀ #>?@
 D�

«C ÛÜ¦ °�G· E "4 � ��, |6 e�%� 
& b#

��' ÀÁÂ>6 Ý\Þ
 Ã'Ä ¼�� ß!8¤� DBC LD�

� bulk ¼�� b# ��4 E��� ��� r�� reaction density

� àá ­M�, Ã'Ä ¼��
 e�% b# ��' Z� � âp

�� �� �� ! "� #>?
 Ã'Ä� i& �D�� Àª Z�

ã� +, b#�� E�� äå °iæ E "4 ©M� /iq*. f

& ÀÁÂ>6� ç¦ �è
 ÚM�« F�� éêa
 ?2� ��

�� LD 9 a� �´�C ��� ëE� ���3 r³a a� r

DM�« 3Ö«
 ì2%4 í4 E "� (_4 �3 "*. �¦ '

e éZîï��� e�%4 'D& �� b# IJ� ÀÁÂ>6C

LD�� ©' aç ðñ 3 "� |J'8 ÀÁÂ>6 Ø� �0�

e�%� eÌ� y�� Ï�� ÞÀa
 �X ¿0@' �òq ó�

ô*.

+,� õ �X��� r'× ÀÁÂ>6C 'D& F� �� �� 

! "� #�\%
 �D�� "!� ×«, ÀÁÂ>6
 ÐÑ, XY

Ò Ö«, cosurfactant Ò 5�� Ø�, pH -
 y�4 ö÷Uø3 gas

chromatography(GC)� 
& J>?�4 ù�� #�\%
 �D�C

{
�ú*. f& #�\%
 �D�C d�� LD& ÀÁÂ>6� b

# e�%� ¹Ì� y�� Ï�� ö÷ûM�ü e�% b# ���

�
 ÀÁÂ>6 aD ��>� Ï�� Í�Uø*.

2.���� 	 
�

2-1. ����

ÀÁÂ>6��� POEÀ r'× ÀÁÂ>6C LD�úM�, ÀÁÂ

>6 D¯� 3R °ÑEC LD�� 6Y�ú*. ý« 99% '¼
 pure

type ÀÁÂ>6 C12E6, C12E7, C12E8, C10E8, C14E8C Nikkol(Japan)

�Q± Xþ�� LD�úM�, �/� C12E6� �E/
 ��E��

12K'3 ÓE/
 ethylene oxide(EO)� 6K
 ÀÁÂ>6C 8ÿ�

*. Commercial type
 ÀÁÂ>6�� 1R Í�� ethoxylate
 Neodol

series(Shell)� 2R Í�� ethoxylate
 Tergitol series(Union Carbide)

C LD�ú*. ÀÁÂ>6� x_(cloud point)' |6 e�% b# �

� ×« Y�
 30-40oC U* ­3 �Á� �_(melting point)� b

# ×«U* }� ©@4 éê�� |�� LD�ú*. õ |���

LD& ÀÁÂ>6@� i& /õa
 %2a >�4 Table 10 2�

Table 2. Physical properties of commercial nonionic surfactants used during this study

Physical property HLB number CMC(wt%) eC.P(oC) Average M.W. Specific gravity(at 20oC)

Neodol a91-c6 12.5 0.0050 52 425 0.991
Neodol 91-8 14.0 0.0270 80 529 1.002
Neodol 23-6.5 12.0 0.0017 45 484 0.981
Neodol 25-7 12.2 0.0009 50 519 0.967
Neodol 25-9 13.3 0.0018 74 610 0.982
Neodol 25-12 14.4 0.0018 97 729 0.998
Neodol 45-13 14.4 0.0060 78 790 1.008
Tergitol b15-S-d7 12.4 0.0039 37 515 0.992
Tergitol 15-S-9 13.3 0.0056 60 584 1.006
Tergitol 15-S-12 14.7 0.0110 88 738 1.020
Tergitol 15-S-15 15.6 0.0180 >100 877 1.009

aHydrophobe : C9-C11, 
bC11-C15, 

c,dAverage EO No., e1 wt% solution

 
Table 1. Physical properties of pure type nonionic surfactants

Physical property C12E6 C12E7 C12E8 C10E8 C14E8

aCMC(M) 6.6�10−5 6.8�10−5 7.0�10−5 1.0�10−3 9.0�10−6

bAggregation NO. 330 120 95 - -
cC.P(oC) 52.5 65 76.8 85.3 72.2
Melting point(oC) 25.2 - 30.5 25.9 37.5

aat 25oC, bat 30oC, ccloud point: 1 wt% solution
���� �38� �2� 2000� 4�
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8ÿ��*.

Õ�D�%
 F�(2.4990 wt% S)� �iJ��� IÛ4 m�� 	

*� J60J ô' 1i� LD�ú*. �D�«� "!� 5���

i& y�4 ö÷U/ d�� Sigma�Q± CaCl2
2H2O(99.0%), MgCl2
(98.0%), NaCl(99.5%)C Xþ�� LD�úM�, cosurfactant�� n-

Í��
 butanol(Tedia Company Inc., 99.4%), hexanol(Aldrich Inc.,

98.0%), octanol(Aldrich Inc., 99.0%)4 LD�ú*.

2-2.����

2-2-1.G	 6Y�O Ò �D�q #�è �J

G	
 6Y�O0 ÀÁÂ>6� 
�� �D�q �ß �
 #�è


 �J� *�0 �� �O� 
�� E��ú*. 3R °ÑEC LD

�� ÀÁÂ>6
 ÐÑ Ò Ö«� +, ÀÁÂ>6 ED¯4 6Y&

9 
?¦ ¼×�� pJ�G�*. � ÀÁÂ>6 ED¯ 10 g� F�

C 0.5 g� �� G	C vortex mixer ¼�� Æ 1? âp ³�& 9

�×Y�� ³�ô' 72G� J« ���� �ß¼0 ÀÁÂ>6 ED

¯¼' �� ��� «��h & *� ED¯ ¼
 G	C ��& 9

X-ray spectrometer[Model 200T(SS), Asoma Instruments Inc.]C 'D

�� �D�q #
 �è4 �J�� So� Sw� 8ÿ��*. �/�

So� �ß �� �� ! "� 5Þ #
 Ú(g) ��� ÀÁÂ>6 E

D¯� �D�q #
 Ú(g)M�, Sw� �/ ED¯¼
 ÀÁÂ>6 Ú

(g)� i& �D�q #
 Ú(g)M� �� J
�� LD�ú*.

2-2-2.�D�q �?
 J>?�

ÀÁÂ>6 ED¯� �D�q �? ��� #�\%
 ?�� GC-

FPDC LD�ú3, �D�q �� �?
 ?�� GC-FIDC 'D��

E��ú*. ED¯¼� �D� � c� #�\%
 þwC 67�/

d�� G	C 15? âp F�?2(Æ 14,000 rpm)& 9 GC� kþ�ú

M�, LD& GC-FID, GC-FPD
 ?� Y�4 Table 3� �� 8ÿ�

�*.

2-2-3. Cosurfactants
 y�

40oC�� 5 wt% ÀÁÂ>6 D¯ 10 g� cosurfactants� LD& n-

butanol, n-hexanol, n-octanol4 �� Ø�& *� F� 0.5 g4 �3

ÀÁÂ>6 ED¯� �D�q �ß �
 #
 �è4 �J�ú*.

2-2-4.5��
 y�

40oC�� 5 wt% ÀÁÂ>6 D¯ 10 g� 5��4 Ø�& 9 F�

0.5 g4 �3 ÀÁÂ>6 ED¯4 ���� �D�q #
 �è4 �

J�ú*.

2-2-5. pH
 y�

pH� F� �
 #�\% �D�«� eÌ� y�4 ö÷U/ d�

� ÀÁÂ>6 ED¯
 pH� 0.01 N HCl0 0.01 N NaOHC LD�

� Y¾�úM�, pH �J� 713 pH meter(Metrohm Inc.)C LD�

ú*.

2-2-6. e�%� eÌ� y�

b#»(Sulfur Reducing Bacteria, SRB, M6)� �/> e�%'¤

� ÀÁÂ>6� e�%� eÌ� y�� Ï& |�� �� bubbling

4 �Á� E��ú*. ��(media) ª� ÀÁÂ>6C �� 1, 3, 5 vol%

�� *� �� 10 ml� M6 »4 0.5 ml �Ð�� 30oC�� �Ú�

ú*. � ÀÁÂ>6
 Ö«� +� y�4 G�� +,� UV/VIS

Spectrophotometer(Optizen)C 'D�� 660 nm�� M6 »
 >(J

«C O.D.(optical density)� �J�ú*. õ |��� LD& M6 »


 �� >?� Table 4� �*.

3. �
 	 ��

3-1. Pure Type ��	
�� 
� ���

Fig. 1�� U�' � ÀÁÂ>6 ÓE>/� �E>/
 ��� "!

� �Ea
 >�'  ¶E! F�
 �D�«� ­� ©M� 8ÿ"

M�, Fig. 1�� U�' C12E6� �( �E& �D�«C 8ÿ��3

30oC�� 5 wt% C12E6 LD& �� %� r�� 28�
 �D�«�

°Z �*. '� C12E6
 CMC� 6.6#10−5M�� õ |��� LD&

pure type ÀÁÂ>6 ��� �( }M�, ë\E(aggregation number)�

330M�� �( $ Ã'Ä )/C ��/ ��'*. f& ÀÁÂ>6


Ö«� °��� +, �D�«� °��� ©4 % E "�² '�

Ö« °�� 
�� Ã'Ä
 KE� &!8� Ã'Ä Ý\Þ
 )/

� §�/ ��'*[18].

3-2. Neodol Series
 ��	
�� 
� ���

Neodol series ÀÁÂ>6� 
& F� �
 #�\%
 �D�«�

"!� Fig. 2� 8ÿ[ ó� �' 23-6.5, 91-8, 25-7, 25-9, 91-8, 25-

12, 45-13 ý�� �E�4 8ÿ��M�, �¦ 5 wt% Neodol 23-6.5

D¯
 �� 40oC�� ýE& %U* 37�
 �D�« °Z �0C

8ÿ��*. '©� Neodol 23-6.5 ÀÁÂ>6
 hydrophilic-lipophilic

balance(HLB) number� 12'� CMC� 0.0017 wt%'3 x_' 45oC

�� LD& Neodol series ÀÁÂ>6 ��� �( �Ea
 >�'

$ ÀÁÂ>6'/ ��'*. f& ×«C °�G'� +, �D��

°�& ©� ×« ¼(� +, EO L)0 %0
 E�¿\' *!�

h ã� +, ÀÁÂ>6 ED¯¼' äå �E>4 +h  ¤� #�

Table 3. Conditions for GC analysis

GC-FID(HP5890 II) GC-FPD(HP5890 II)

Column HP-1 OV-101
Injector temperature 300oC 200oC
Detector temperature 300oC 300oC
Oven temperature 120(5 min)-300(3 min) oC,

5 oC/min
200-300(20 min) oC,

5 oC/min
N2 Carrier gas flow rate 

(m3/min)
4�10−6 5�10−6

Injection volume(m3) 1�10−9 1�10−9

 

Table 4. Composition in 1 L solution of Postgate C medium

KH2PO4 0.5 g Sodium lactate 6 g
NH4Cl 1 g Yeast extract 1 g
Na2SO4 4.5 g Sodium citrate�2H2O 0.3 g
CaCl2�6H2O 0.06 g pH 7.0
MgSO4�7H2O 0.06 g

Fig. 1. Solubilization of sulfur compounds in the crude oil by pure non-
ionic surfactants at 30oC.
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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\%
 �D�«� °�& ©M� ��¶ E "M�, '� �� ��

� *� ¿0@0« � ßÌ�3 "*[8-12, 15].

&, ÀÁÂ>6
 Ö« °�� +� �D�« -G °��4 Fig. 3

�� Í E "*. 1�8 �D�«� ýE& Õ�D�%
 ��� "

!� ÀÁÂ>6 ED¯
 Ö«� CMC '¼��Q± �Ü¦ °���

©' ß�a
 ��[12, 15, 17]'8 F�
 �D�«� "!�� CMC

U* àá ­� 0.1 wt% Ö« '¼�� °��ú*. '©� F� ��

�� ! "� ?wè' )3 B� VW& S�T �«Þ -
 #�\

%@� '.!Z Õ�D�%
 ���� CMC Y��� �>q r³a

Ù� ë\EC �� Ã'Ä�� �D� � ]�3 CMC '¼
 Y�

�� �>q $ ë\EC �� Ã'Ä� �D� / ��
 ©M� �

�q*. �¦ Fig. 3�� U� ó� �' Neodol 23-6.5� 0.1 wt% '

¼�� #>?
 �D�«� ÛÜ¦ °��/ GÙ�úM8, 45-13�

10 wt% Ö«��« CMC��
 �D�«� r³� % � $ R'�

8ÿ8� c�4 Í E "*. ÀÁÂ>6
 Ö« °�� +� �D�

« �0� Neodol 23-6.5 GÔ/
 ��� äå j0��h 8ÿ8�

'�� Table 2�� % E "�' Neodol 23-6.5� 45-13U* àá

a� Ö«�� Ã'Ä ë\ÞC �>�/ ��'�, 'ì1 CMC Y�


 Ö«U* Æ 1,000� '¼
 Ö«�� �D�� °�& ©M� U

� õ �X��
 kÏ�
 r³a ?wè' )� VW& ?w XYC

�Z #�\%@
 �0a
 �D�� Ã'Ä Ý\Þ
 /�`a XY

(geometrical structure)� 
�� )h 2�ã4 Í E "*.

ED¯
 pHC 3�� 8o� ��GHÁ� �D�« ��C Ï3&

¿0 Fig. 4��� �' �D�«� "!�� 7
 ßJ�4 Í E "

�*. '©� '× ÀÁÂ>6
 �� ÓE>/� '×4 +3 "/

��� pH� +,� �D�«� y�4 P' m� �Á�, r'× À

ÁÂ>6� "!�� 5�C 7
 +3 "� cM¤� pH ��� +

, �D�«� y�4 7
 m� c/ ��'*.

3-3. Tergitol Series ��	
�� 
� ���

5 wt% Tergitol series ÀÁÂ>6 ED¯� 
& F� �
 #�\

%@
 �D�«C Fig. 5� 8ÿ��*. ¿0�� U�' LD& Tergitol

ÀÁÂ>6 ��� Tergitol 15-S-7' �( �E& �D�=4 �Z ©

M� 8ÿ"M� ÀÁÂ>6
 EO 4E� °��� +, ÀÁÂ>6�

U* ÓE>
 >�4 +h  ! #�\%
 �D�«� 5��ú*.

' ¿0� Neodol series
 ����� �' |�� LD& ÀÁÂ>6

��� �( �E>
 ÀÁÂ>6 �D�=' �( �E67 ©« �

ßÌ�3 "*. f& ×« °�� +, �D�
 °�� )h 8ÿ8�

1 �0� �E>
 ÀÁÂ>6�� äå j0��h 8ÿ84 % E

"�M�, Tergitol ÀÁÂ>6
 Ö« ��� +� �D�«� Neodol

series�� 8ÿ[ ©0 7
 �L& ��4 ��� ©4 Í E "*.

�L& ÓE>/� �E>/C �Z ÀÁÂ>6@� "!� Tergitol

series� Neodol series
 �D�=4 r³� UÁ, 40oC, 5 wt% ÀÁ

Â>6 ED¯�� Tergitol 15-S-7
 So� 0.4170, Neodol 23-6.5
 So

Fig. 2. Solubilization of sulfur compounds in the crude oil by 5 wt%
Neodol series surfactants.

Fig. 3. Solubilization of sulfur compounds in the crude oil at 40oC by
Neodol 23-6.5 and Neodol 45-13.

Fig. 4. Effect of pH on solubilization of sulfur compounds in the crude
oil with 5 wt% Neodol 23-6.5 at 40oC.

Fig. 5. Solubilization of sulfur compounds in the crude oil by 5 wt%
Tergitol series surfactants.
���� �38� �2� 2000� 4�
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� 0.3017�� 5w
 ÀÁÂ>6� àá �E�4 Í E "M�, '

¿0� Neodol ÀÁÂ>6� Tergitol ÀÁÂ>6 Ý\Þ
 XY� +

� R'� 
& ©M� ��¶ E "*. 9, Neodol ÀÁÂ>6� é

�
 1R Í�� ethoxylate
 ©� ��� Tergitol ÀÁÂ>6� OH

/� ¿\& ��� *� j K
 ��� ¿\q 2R Í�� ethoxy-

late�� �:� ;� OH/� 
�� Tergitol ÀÁÂ>6� Neodol

ÀÁÂ>6� r�� U* flexible& packing4 �� Ã'Ä4 �>�

h  � +,� õ �X��
 kÏ�L
 r³a ?wè' )� VW

& ?w XYC �Z #�\%@' U* D'�h Ã'Ä ¼� �D�

 / ��
 ©M� ��¶ E "*. ß�aM� ÀÁÂ>6 Ý\ÞC

'D�� r³a ?wè' )3 VW& ?w XYC �Z �\%@4

�0aM� �D�GH/ d��� ÀÁÂ>6 Ý\Þ ªM� <v�

@!�/� D'& packing4 �«! �� ©' �g�*3 =>? "

M�, '�& �pM� �:C �� ��E�� '.!Z ÀÁÂ>6C

LD�78[19] Í��0 �� cosurfactantC Ø���[20] �O@'

Í;? "*.
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Fig. 6. Effect of cosurfactants on solubilization of sulfur compounds in
the crude oil with 5 wt% Tergitol 15-S-7 at 40oC.

Fig. 7. Effect of electrolytes on solubilization of sulfur compounds in
the crude oil by 5 wt% Tergitol 15-S-7 at 40oC.
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Fig. 8. Effect of crude oil contents on solubilization of sulfur com-
pounds with 5 wt% Tergitol series surfactants.
(a) at 35oC, (b) at 40oC

Fig. 9. GC-FID analysis of crude oil solubilized by Neodol 23-6.5 sur-
factant solution at 40oC.
(a) 1 wt% surfactant solution, (b) 5 wt% surfactant solution, (c) 10 wt%
surfactant solution

Fig. 10. GC-FPD analysis of sulfur compounds in the crude oil solubi-
lized by Neodol 23-6.5 surfactant solution at 40oC.
(a) 1 wt% surfactant solution, (b) 5 wt% surfactant solution, (c) 
wt% surfactant solution

Fig. 11. Growth of M6 bacteria in the presence of 1, 3, and 5 vol% Ter-
gitol 15-S-7 surfactant solutions at 30oC.
���� �38� �2� 2000� 4�



��� ������ ��� �� ��  !"# $�! 185

is-

e,

e-

e-

7,

f

nt-,

).
4.� �

õ |���� F� �� �� ! "� #�\%
 ED¯� i&

D�«C °�GH/ d& �p
 �8� pure type
 r'× ÀÁÂ

>6� commercial type
 Neodol series� Tergitol series POEÀ r'

× ÀÁÂ>6C LD�úM� ÀÁÂ>6 ED¯� �D�q #�è4

X-ray spectrometerC 'D�� �J�ú*. #�\%
 �D�� "!

� ×«, ÀÁÂ>6
 ÐÑ, XY Ò Ö«, cosurfactant Ò 5�� Ø

�, pH -
 y�4 ö÷UøM� *�0 �� ¿0@4 í�*.

(1) Pure type0 commercial type ÀÁÂ>6 GÔ/ �j�� �(

�E>
 ÀÁÂ>6� #�\%� i& �D�=' �( ­� ©M�

8ÿ"M�, ÀÁÂ>6 Ö«� ×«� °��� +, #�\%
 �D

�«� °��ú*.

(2)ÀÁÂ>6 Ö«� +� �D�« |���� CMCU* ­� 1 wt%

'¼
 Ö« Y��� �D�«� ÛÜ¦ °��ú�² '� Õ�D�

%
 ?wè' r³a )3 XY� VW�/ ��
 ©M� ��q*.

(3) Neodol series� Tergitol series ÀÁÂ>6
 �D�=4 r³�

UÁ 2R Í�� ¿\4 �Z Tergitol series ÀÁÂ>6� 1R Í�

� ¿\4 �Z Neodol series ÀÁÂ>6� r³�� �J& XY


Ã'Ä Ý\ÞC �>�/ ��� F� �� �� ! "� ?wè'

r³a )3 XY� VW& #�\%@
 �D�� "!� U* �2

& ©M� K^q*. f& Í��0 �� cosurfactantC Ø�¶ ���

« F� �
 #�\% �D�� °��4 Ï3¶ E "�*.

(4)5��
 Ú' °�¶E! �D�«� °��úM�, r'× ÀÁ

Â>6� 
& #�\%
 �D�� D¯
 pH ��� ÏÀô' 7


ßJ�ú*.

(5) Tergitol 15-S-7 ÀÁÂ>6 ED¯� F�
 Ú4 °�GHÁ�

D�C �J& ¿0 �ß
 Ú4 °�G'� +, ÀÁÂ>6
 �ß

¼M�
 partitioning �¼' ß!8�, '�& partitioning �¼� �

E>
 ÀÁÂ>6�� f� ×«� °��� +, äå j0��h

8ÿ84 Í E "�*.

(6)õ |��� LD& r'× ÀÁÂ>6� b#»
 M6� eÌ�

y�4 ðñ& ¿0 r'× ÀÁÂ>6� b#»
 >(� 7
 y�

' ô�4 {
�ú*.

� �

õ �X� �´�wF/½K��FL± `½ZMLÊ� NJ�´�L

Ê �F� '.!Z �X¿0
 ßQ'�, '� 5L0O�*. 

����

1. Malik, K. A.: “Microbial Removal of Organic Sulphur from Crude

Oil and Environment : some New Perspective,” Process Biochem

try, September, 10(1978)

2. Monticello, D. J.: “Biocatalytic Desulfurization,” Hydrocarbon Process-

ing, February(1994).

3. Sublette, K. L. and Gwozdz, K. J.: Biochemistry and Biotechnology,

28/29, 635(1991).

4. Kwon, T. W.: Chemical world, 35(11), 24(1995).

5. Camphell, I. M.: “Catching the Fossil Fuel Biodesulfurization Wav”

Chemtech, October, 43(1993).

6. Chic, Y. C., Chen, L. J. and Pien, W. I.: Colloids and Surfaces, 34,

23(1988/89).

7. Bhat, S. N., Smith, G. A., Tucker, E. E., Christian, S. D. and Scam

horn, J. F.: Ind. Eng. Chem. Res., 26, 1217(1987).

8. Abe, M., Mizuguchi, K., Kondo, Y., Ogino, K., Uchiyama, H., Scam

horn, J. F., Tucker, E. E. and Christian, S.: J. of Colloid and Inter-

face Science, 160, 16(1993).

9. Moroi, Y., Morisue, T., Takeuchi, M. and Shibata, O.: Colloids and

Surfaces, A109, 201(1996).

10. Kile, D. E. and Chiou, C. T.: Environ. Sci. Technol., 23, 832(1989).

11. Saito, S.: J. of Colloid and Interface Science, 158, 77(1993).

12. Tokuoka, Y., Uchiyama, H., Abe, M. and Ogino, K.: J. of Colloid and

Interface Science, 2, 402(1992).

13. Chiu, C. T., Kile, D. E. and Rutherford, D. W.: Environ. Sci. Tech-

nol., 25, 660(1991).

14. Miller, C. A. and Neogi, P.: “Interfacial Phenomena,” Marcel Dek-

ker, Inc., 140-155, 160-168.

15. Schick, M. J.: “Nonionic Surfactants,” Marcel Dekker, Inc., 124-15

297-368.

16. Pinal, R., Suresh, P., Rao, C., Linda, S. L. and Patricia, V. C.: Envi-

ron. Sci. Technol., 24, 639(1990).

17. Klevens, H. B.: “Effect of Electroytes Upon the Solubilization o

Hydrocarbons and Polar Compounds,”72(1950).

18. Lee, Y. S.: Fine Chemistry Symposium-Basic Property of Surfacta

23(1992).

19. Tungsubutra, T.: Ph. D. Thesis, Rice Univ., Houston, Texas(1994

20. Lim, J. C., Miller, C. A. and Yang, J. H.: Colloids and Surfaces, 66,

45(1992).

21. Kim, B. H.: “Microbial Physiology,” 2nd ed., Academy Book, 13(1996).
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000


	비이온 계면활성제를 이용한 원유 중의 황화합물 가용화에 관한 연구
	이석규·한지원·김병홍*·신평균*·박상권·임종주†
	동국대학교 화학공학과 *한국과학기술연구원 (1999년 11월 8일 접수, 1999년 12

	Solubilization of Sulfur Compounds in the Crude Oil by Nonionic Surfactants
	Suk-Kyu Lee, Ji-Won Han, Byung-Hong Kim*, Pyung-Gyun Shin*, Sang-Kwon Park and Jong-Choo Lim†
	Dept. of Chemical Engineering, Dongguk University, Seoul, Korea *Korea Institute of Science and T...

	요  약
	1. 서  론
	2. 실험재료 및 방법
	3. 결과 및 고찰
	4. 결  론
	감  사
	참고문헌



