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Abstract − In this study, Aromatic Heavy Oil has been extracted with near-critical n-hexane, and the dependence of temper-

ature and pressure to extraction behavior and selectivity has been investigated. Boiling point distribution of extracts, extracted

at vapor-liquid behavior conditions, was significantly different from that of Aromatic Heavy Oil. As increasing of extraction

temperature, extraction quantity at unit solvent quantity was increased without the compensation for extraction selectivity of

boiling point distribution. The increasing of extraction pressure, however, decreased the extraction selectivity of boiling point

distribution though extraction quantity at unit solvent quantity was increased. The change of extraction conditions could not

affect the selectivity of chemical compositions.
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1. � �

���� ��� ��, 	
� �� ��, 
�� �� �� ����

� ���� ��� ����(aromatic heavy oil, AHO)  !"# $

� !" %&' (�) ����' $*. AHO� �� +,- ./0

� 1-2� 3# �45#6, ��789 :;5 #- < �''=

>?@ A5��, BC5 ��D E=(isotropic pitch) < #�D E=

(anisotropic pitch)� FG2H, �DI, �JI KL0,9 8,� 1-

2J &M +N' OPQ RS�� T*[1-3].

AHO� �� KL0,- E= ��@ &U VPW ��X ; (a) AHO

@ YZ ��2H KL0,- E= ��	 5/M [P\�� FGM

] �^/ 4_`a� �b, (b) AHO@ �^/ 4_c dU E=�

FG2� � e  FG ] KL0, ��	 5/M DYfc gh5�

� YZ, i^2� �b, (c) �^/ 4_ � jklM DYc �m2

� n' 4_c dU E=9 \Dc KL0, ��	 5/2�o Vg

2� �b�� NYp q T*[4-7].

#rM �� ��X  jklM DYXc �m2m6, klM DYfc

YZ, i^2� YZ��s, �C N� �t@ &M 4_��# u/W

vw#), �45�� 1-�� YZ����� -xn[, jOD '�

purging, yz>{ �# T*. |r6 #X YZ��  0}D uH, ~ 

YZ :; �9 ��' Tt, E= '�D < �� KL0,9 \DVg

c &U�� #Xc ?=p q T� ��� YZ�� VP# kl2*.

��" �� ��9 -x(near-critical solvent, NCS)� �� < z

� ��	 �� -�	 ?M -U� < ghD# ���� ��# T

�, ?�\�	 �� -x@ g�2m6 �-x@ 1-2� �9 �b

�� 5-%&@ �?p q T*. ��� Y�	 NCS@ 1-M n[

��(near-critical solvent extraction, NCSE)c 5-2J &M +N�

�� F�� #�t�, �OJ� ��` ��" �� ��9 ���c

1-2H ��(wax), �R(resin), ����(asphaltene) DYc �m2�

�bs, �z  1�(atmospheric residue)��� ���¡ �m�(de-
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asphalted oil)@ ¢J &U ��" �� ��9 �K e  £Kc 1

-2� �b  #¤ �-� �¥*[8]. |r6, NCSE@ KL 0,-

E= �� ��	 5-2J &M +N� m9 #�t ¦¦ §¨*.

���, © +N	�� NCSE@ 1-M AHO YZ�� 'ID	 ?

M ª«@ A5��, �� < z� ��' n[ m¬ < n[ ghD

	 ¤=� ­�c �®2¯*. ?� AHO9 !"c �°2H n-hexanec

-x� 1-2¯�, n[ ghD ±²c &U n[ �Y9 !" %&

< �C �Dc Y�2¯*.

2. � �

2-1. �� � ��

³´	 1-M AHO� �� �� ��� ��µ FCC(fluid catalytic

cracking)��	� ��W 3��(#2 F-AHO), F-AHO9 ¶l \D <

�C�D  Table 1s ·*. !" %&' (� !"# $�) ¸ 90%'

*G��� K�qL DY�� ND�t Tt ¹� <  {KL' $*.

KL0,� Dv ] \D º29 8µ# �� »¼½  1% #2� ~*.

n[ -x� 1-W n-hexane(����: 507.7 K, ��z�: 3.01 MPa)

  ¬¾�C19 �- `¸(¿�: 99.2%)�� n'5µ ��s� À#

|?� 1-2¯*. TLC-FID Y�- -xX  ÁÂ HPLC Ãc 1-

2¯�), n'5µ ��s�  m=¦ §¨*.

2-2. �� � �	

³´	 1-W 4�dv Ä�� �Å n[ Æ=9 VÇ�� Fig. 1s

·*.

n-hexane9 #È < z^c &U �z�½É�(Milton Roy, Simplex

mini pump)@ 1-2̄ �, 0.03 MPaÊ&� ËÌc Íc q T�Bourdon

v ÎÏ �#¦(Ashcroft, Duragauge Q-4900)@ 1-2H z�c Ð

�2¯*. z��� �¿�9 ÑÒs n-hexane9 Ó�>Jzc #-2

H Ô0.03 MPa#Õ9 ���� Ö� ] 1-2¯*. n[J(Autoclave

Engineers, Bolted closure packless autoclave)� �? 730 K, 35 MPa×

¦ 1- 'I2� �Ø' 300 ml#), �' ÙÚQ Ûv	 �Ü2�

�D9 Ý�Dc �¦p q T�o 7�Æ	 9U N¬�� Ö4J@

�Þ2¯*. n[J9 Õ� ��ß à� 'áJ9 ��� PIDv 7¬

�� �âJ(Autoclave Engineers, Modular controller series)@ #-

2H �â2¯�), ���t < ¦`	 1-W K-type áF?� Jã

���(ALS, F250)@ #-2H Ô0.2 K #Õ9 ���� Ö�2¯*.

n[J@ mä �Å9 åæ½ ¤½�âçÏ(AutoclaveEngineers, 60VRMM

4882-GY)@ #-2H �â2¯*. Áè #È�µ  n-hexane9 _^c

�¦2J &U !" #�9 ��� 'á �¦2¯*.

³´c &U F-AHO 10 gc ��Q é½2H n[J	 ê  ] Æ

=@ �ë2�, ³´��×¦ 5 oC/min9 ì� Ú�� 'á2¯*. ³

´��	 �Ü2í ¤½�âçÏ FÊ	 �ÞW Shut-off çÏ@ î�

n-hexanec Éï2H n[J' ³´ z�	 �Ü«o 2� 30Yð �

¦2¯*. n[ �ñc &U ¸ 240 ml/hr9 Ú�� n-hexanec Éï

2í� shut-off çÏ@ òFQ á  ] ¤½�âçÏ9 Vó�@ �â

2H n[J9 z�c ��2� �¦2¯*. n[ô  ¤½�âçÏ@

ds2H �z �w� õö ] ô��� ÷q�¥*. n[J@ dsM

n[ôc `,ø	 ù� ¬ú �½c ¦Ú é½2H ¢tR ¾# 30 g

	 �Ü2í M V9 `,� �2¯�)(Ê& n[ fraction), û5 n

[½# 270 g	 �Ü2í(ü 9V fraction) ³´c �Ê2¯*. ³´ �

n[J9 ��� Ô0.5 K, z�  Ô0.05 MPa %&	� �â�¥*.

³´ ] ¢tR ý `,X  ��	� �L@ þ°ÿÕí� � #�

9 �� ��' Àc � ×¦ ��2�,  {½c é½2H ��9 Y

;c ��2¯*. ý ³´��	� 3÷ #� 4� Ð�2H ¢tR u

sXc ÛÝ2H ³´��� Jo2¯*.

2-3. 
�

F-AHO < n[ �YX9 !" YÓ ±²c &U GC-SIMDIS(gas

chromatography-simulated distillation)Y�c ³̀ 2̄ *[11]. Cross-linked

methyl-silicone gum�� 
�W capillary column(length: 10 m, ID: 0.2 mm,

film thickness: 0.09µm)c 1-2¯�, n-paraffin �ã`,(Supelco,

D-2887 quantitative calibration mix.)� ª�gc ñD2¯*.

�C�D ±²c &U TLC-FID(Mark V, Iatron Laboratories) Y�

c ³̀ 2̄ *.�	 5µmµ ³Z
 �7� Ý�2� 
�W �# 15.2cm,

�	 1 mm chromorod@ 1-2¯*. `,� Dichloro methanec -

x� 2H 1%-ô�� ��2̄ �, n-hexane, toluene, methanol+dichloro

methane(5 : 95)c 1-2H ¿
5�� develop2¯*. n-hexane	 9

U developW �Y saturate, toluene	 9U developW �Y  aromatic,

methanols dichloro methane �/\	 9U developW �Y  resin,

develop�¦ §� �  �Y  asphaltene#*[12]. 

3. �� 	 
�

3-1. �
��

Table 1. Physical properties and chemical compositions of F-AHO

Density, kg/m3(@288.15 K) 1,068.90
Sulfur, wt% 0.98
Conradson carbon residue, wt% 7.89
True boiling point, K

Initial boiling point
10%
50%
90%
Final boiling point

483.15
613.15
679.15
796.15
932.15

Compositions, wt%
Saturate
Aromatic
Resin
Asphaltene

 9.76
84.89
 3.57
 1.78

Fig. 1. Simplified schematic diagram of the experimental apparatus.
1. Solvent reservoir 6. Temperature control
2. Pump and monitoring system
3. Heating system 7. Micrometering valve
4. Pressure gauge 8. Trap
5. Magnetic drive stirrer
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000
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Fig. 2-5	� �� < z� ��	 �� n[ m¬c ±²2J &U

ý n[ �� < z�	� n[ fraction�� ¢tR n[\ <  {

\9 Y;c �`2¯*. ý |�	 ��� n[ fraction	� ����

n[ fraction×¦9 n[ Y;c ¿
5�� �`2¯�, 'Æ �Ð	

 {\9 Y;c �` 2¯*.

z�# 2.0 MPa� �� ý n[��	� n[ fraction� n[ Y;

# ¬�2m6, n[ fraction>'	 �� ¸ð yL2� 	�c ÿµ*.

z�# 5.0 MPa� �� 2.0 MPa� � ÿ* ý n[ fraction� n[

Y;9 â?½# x� ��, fraction >'	 �� n[ Y;# ��

yLM*. M�, 3.5 MPa	�� ���� n[ ¾�# x� �#2�

6�6��, ��' ~  	�(493.15 K < 513.15 K)	� n[ m¬#

5.0MPa� �ß �12� 6�6�, ��' $  	�(533.15K < 553.15K)

	� 2.0 MPa� �ß �12� 6��*.

��� �� ��c ��" ��9 -x� n[ 2� 	� �� �

�	� z�c �� `aí ºz ��	�� Ê& -x� n[½� ñ

� -x û5 åæ½# >'¼	 �� û5 n[½� gv5�� >'

2� 	�c ÿ#6, z�# >'¼	 �� n[ ÄJ Ê& -x� n

[½# Ã�Q >'2H -x û5 åæ½ >'	 �� û5 n[½#

!gv5µ >' 	�c ÿ#� 3�� �°� T*[9]. #rM n[

m¬  ?� �' ºz ��	�� J-ô �m¬c ÿ#*', z�#

>'¼	 �� ô-ô e  Ê� ô�c vD2J ��µ 3�� U�

�� T*[10].

© +N	�� #rM #F9 +Nusß �12� ºz��(2.0 MPa)

	�� -x û5 åæ½ >'	 �� n[½# gv5�� >'2�

	�c ÿ#�, �z ��(5.0 MPa)	�� n[½# !gv5�� >'

2� 3�� ÿ�, z� ��	 �� ?��' J-ô �m¬c ÿ#*

ô-ô e  Ê� ô�c vD2� 3�� n�p q T*[9, 10].  , z�

# 3.5MPaµ 	�	� ��' ~c �(493.15K < 513.15K)	� 5.0MPa

� �ß �12� ô-ô e  Ê� ô�c vD2*', ��' $� ¦í

(533.15 K < 553.15 K) F-AHO < -x9 >Jz# �ì2H J-ô

�m¬c ÿ#� #	 �� J�	�9 -x9 -U�' ô� ?! �

?5�� ~�¦� Ê& -x� n[½# yL2� 3�� �ÊW*.

M�, z�# 2.0 MPaµ ��	� �� >'	 �� Ê& -x� n

[½# *L >'2� 	�c ÿ#��, #� © ³´�� ��2	��

?��' J-ô �m¬c ÿ#�, #	 �� J�9 -U�' F-AHO9

>Jz	 9U !��J ��µ 3�� �ÊW*. 533.15 K < 553.15

K ��	�� ?��' ¬�2� J-ô �m¬c ÿ#� 3�� �Ê

"	� �� ��	� z�# 2.0 MPa	� 3.5 MPa� >'¼	 ��

Ê& -x� n[½# �� >'2� 	�c ÿ#��, #� z� >

'	 �� -x9 ¹�' >'2�, #	 �� -U�' �ìM ��

Fig.2.Comparison of extraction behavior with varying pressure at 493.15K.
Extraction yield at each fraction is arranged follow the order of
extraction steps, and the last data shows residue yield left in the
extraction cell after finishing nine extraction steps.

Fig. 3. Comparison of extraction behavior with varying pressure at
513.15 K.

Fig. 4. Comparison of extraction behavior with varying pressure at
533.15 K.

Fig. 5. Comparison of extraction behavior with varying pressure at
553.15 K.
���� �38� �6� 2000� 12�
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�� �ÊW*.

3-2. �
 ���

¬� z�	� �� ��' n[ ghD	 ¤=� ­�c ±²2J

&U, z�# 2.0 MPa� � ý ��� ��� n[ fraction	� ¢t

R n[\9 !" YÓ@ Y�2H Fig. 6	 6�#*. Áè ��	�

n[ �Y9 !" YÓ vw� �126, �� >'	 �� �!" �

Y9 Y;# *L >'2� 	�c ÿ#��, #� �� >'	 ��

F-AHO9 >Jz# F45�� �ì2í� �!" �Y9 !$P��

>'M ���� �ÊW*. M�, n[\9 !" YÓ� 8, F-AHO

9 !" YÓ ÿ* x� %�, !"� ~  �� ­&	 =�' Tt

n[ �ñ	 9U 8, F-AHO� �� !" YÓ' �+Q *� �

YXc n[U ( q T)c � q T*.

Fig. 7	� 533.15 K	� z� ��	 �� ��� n[ fraction	�

¢tR n[\9 !" YÓ@ !Ö2H 6�#*. 3.5 MPa	� n[W

n[\# 2.0 MPa	� n[W 3	 !U (  !" YÓ@ '¦��

#� z� �ì	 �� -xµ n-hexane9 ¹�' >'2�, #	 �

� -U�' >'2H �!" �Y� ¼* -U2J ���� �ÊW

*. z� >'	 �� n[ �Y9 !" YÓ' (t� n[ ghD#

º2�J� 2¦f, 3.5 MPa	� n[W n[\� 8, F-AHO	 !U�

� x� %  !" YÓ@ ÿµ*. M�, 5.0 MPa	� n[W n[\9

!" YÓ� 8, F-AHO9 !" YÓß ¬�2� 6�6, 5.0 MPa	

�� ?��' ô-ô m¬# �+ Ê� ô� �/\c vD¼c ÿH

ã*.

¬� ��,z�	� fraction>'	 �� ­�c ±²2J &U, 533.15K

	� z�# ýý 2.0 MPa < 3.5 MPa� � fraction >'	 �� ¢t

R n[\9 !" YÓ@ Fig. 8 < 9	 ýý 6�#*. z�	 ,�

À# fraction>'	 �� �!" �Y# >'�� 	�c ÿ#),

2.0 MPa	� ÿ*� 3.5 MPa	� n[W n[\	� �!" �Y9 Y;

Fig. 6. Comparison of true boiling point distribution of F-AHO and the
first fractions extracted at various temperatures(P: 2.0 MPa)

Fig. 7. Comparison of true boiling point distribution of F-AHO and the
first fractions extracted at various pressures(T: 533.15 K).

Fig. 8. Comparison of true boiling point distribution of extracts(T: 533.15K,
P: 2.0 MPa).

Fig. 9. Comparison of true boiling point distribution of extracts(T: 533.15K,
P: 3.5 MPa).
HWAHAK KONGHAK Vol. 38, No. 6, December, 2000
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K.

).

w-

n-
# - .�� >'M*. ¬�2� J-ô �m¬c ÿ#� 3�� ÿ#

� ���	� z�	 �� n[\9 �D# *� 3 , ºz��	�

� -x9 ¹�' ~� -U�' yL2H -U2J /� º!" �Y

Xc ¶� -U26, z� >'	 �� ¹�' >'2� #	 �� -

U�' >'2H ºz��	� -U2J t°01 �!" DYX� ¼

* -U2J ��µ 3�� �ÊW*.

KL 0,- 8, ��	 Tt !" YÓ@ �?M %� Ý�2�

�t2� 3 #à	�, 8, �	� K�2J t°� DY(¶� Ó�

K�qL DY)c gh5�� �m2� 3# �l2*. ���, F-AHO

Y�` !" YÓ #à	 �C �D	 Tt�� ghD# ����¦

±²2J &U, n[ �YX	 ?M �C �DY�c ³`2�, | u

s@ Table 2	 6�#*. ��, z�, n[ fraction ��	 ,�À# �C

�D# m9 ¬�2� 6�6, �F �� ��	 �� �C�D�9 g

hD ��� m9 À� 3�� �ÊW*. *f 8, F-AHO	 202

1 ¸ 2%9 asphaltene DY# J-ô �m¬c ÿ#� ��	� n[

W �YX	�� 6�6¦ §�, asphaltene  gh5�� �mp q

T� 3�� �ÊW*. M�, 5.0 MPa	� n[W �YX9 �D  8

, F-AHO9 �Ds m9 ¬�2� 6�6, �' ô-ô m¬# �+

Ê� ô�c vD2� 3�� *` M� �µ�¥*.

4. � �

���� ­&9 3�c #-2H F-AHO��� ÛÝ !" < !"

YÓ' 4�Q *� º!" �Yc gh5�� n[p q T¥*. �

� >'` !"YÓ ghDc ºU2¦ §�í�� Ê& -x� n[

½c >'`5 q T¥�), z� >'� Ê& -x� n[½c ��

>' `aJ� 2¦f !"YÓ ghDc �� º2`6*. ���, ©

³´��	�� ��, ºz ��	� n[2� 3# !"YÓ ghDc

�¦2í� Ê& -x� n[½c >'`a�� �Z2¯*. M�, �F

�� ��� �C�D ghDc ��`a� 3  j'I2¯�6, F-

AHO�9 asphaltene �m :s� �µ2¯*.
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Table 2. Chemical compositions of extracts sampled at various extraction conditions

Temperature, K 493.15 513.15 533.15 553.15

F-AHOPressure, MPa 2.0 2.0 2.0 3.5 5.0 2.0

Fraction no. 1 1 1 3 5 1 3 5 1 3 5 1

Saturate, wt%
Aromatic, wt%
Resin, wt%
Asphaltene, wt%

10.15
87.50
2.35
0.00

10.00
87.60
2.40
0.00

10.25
87.44
2.31
0.00

11.15
86.80
2.05
0.00

11.34
86.07
2.59
0.00

11.89
84.75
3.36
0.00

12.25
85.31
2.44
0.00

13.51
83.70
2.79
0.00

8.90
86.80
3.10
1.20

9.50
85.17
3.53
1.80

9.24
85.7
3.61
1.45

10.00
87.50
2.50
0.00

9.76
84.89
3.57
1.78
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