
HWAHAK KONGHAK Vol. 41, No. 2, April, 2003, pp. 202-206
��� �����	 
�� Propionic Acid
 n-Hexane 

���� �� ���� �� ��

�����������*�	
�**���
†

����� �����
702-701 �	
 �	 ��
 1370
*
���� 
���������
750-711 ��
 ��� ��
 1

**��������	 
305-343 �!
 "#	 $
 72-1

(2002% 3& 6' (), 2003% 2& 11' *+)

Vapor-Liquid Equilibria for Propionic Acid+n-Hexane 
Using Association Equation of State

Jinyeup Lee, Jungho Ryu, Jungho Cho* , Jongki Park**  and Taejong Lee†

Department of Chemical Engineering, Kyungpook National University, 1370, Sangyeok-dong, Buk-gu, Daegu 702-701, Korea
*Department of Chemical Engineering, Dong Yang University, 1, Kyochon-dong, Punggi-eup, Youngju 750-711, Korea

**Korea Institute of Energy Research, 71-2, Jang-dong, Yuseong-gu, Daejeon 305-343, Korea
(Received 6 March 2002; accepted 11 February 2003)

� �

� ����� ���� 	
�� 
����� ���� ��� ���� Propionic Acid� n-Hexane 	��� ���

  308.15 K� 323.15 K��  �! �"
 #$� %&�'(. Peng-Robinson(PR) �)*&+� ,-. Anderko 

Association Equation of State(AEOS)� 	/�0 12. Propionic Acid  3,� 45 6�78 !�  9,� : ;<�

,= �)*&+  >?@2 a� b� A� ��'(. BCD AnderkoE FG. AEOS�� �CH �0I� J�K van der

Waals ��LM�� PanagiotopoulosE FG. N��  OHP ��LM�� @
���� Aspen Plus Q&RS�� �T

UV W� !�X Non-Random-Two-Liquid(NRTL) R
+� ��X Hayden-O’Connel+� 	/�0 ;<. YZ(� [ \

2. ]8� ���^(.

Abstract − Vapor-liquid equilibria data for propionic acid+n-hexane were measured at 308.15K and 323.15K. Interaction

energy parameter, a and co-volume parameter b of Peng-Robinson(PR) equation of state incorporated in Association Equation
of State(AEOS) proposed by Anderko were determined by regressing derived data of vapor pressures and liquid densities of

pure propionic acid. By modifying van der Waals mixing rules in the physical contribution term of the AEOS to the compo-

sition dependent mixing rules proposed by Panagiotopoulos, we achieved a better thermophysical properties prediction than the

two-model approach of Non-Random-Two-Liquid(NRTL) for a liquid phase and Hayden-O'Connel model for a vapor phase

built in the Aspen Plus chemical process simulator.
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jkX Anderkoq no� $� Br1 A8�g0s, ��+ �jkX

Peng-Robinson[4] �67�$�� �t� van der Waals ��uv�

Panagiotopoulos[5]q no� w
� �t+R ��uv01 x��j

propionic acid̀  n-hexane� �� ��� ��� y(�g-.

2. � �

Anderko	 N�� z{� ,KLM �
�	 EFGH�� PQ�	

�� ���� ���� �{� Lambert[6]q n2:�| �!M ��

+ �jkI 3l+ �jk� �01 D_} ! "-9 no� ~� �

��j >hRiM -�I J, ���g-.

(1)

$ (1)�� ��+ �jk� r� >hRi Zph	 Peng-Robinson �

67�$� A8�g9, -�I J, ���-.

(2)

N�� �{ �KL` ,KLq �
�-9 q��� $ (1)�� 3l

+ �jk� >hRi Zch	 -�I J, ��  ! "-[7].

(3)

j���, XA
*	  N��	 
�� ��� ���� D_�-.

$ (3)�� K	 ���� ���!1 �)� Q!,-[8, 9].

logK= [mmHg−1] (4)

��� �� i
�� �y���!M ^�� �{� -� $� ,8

�-.

(5)

j��� n0	 ��� �! �, N�� 9V�Z [�� �� � �!

,-. $ (1)� �x� n0M ��� -�� 
	-.

(6)

�� $ (6)� N��	 
� A� �! nA1 ����� -�� 
	-.

(7)

$ (7)� $ (5)� r�� � ���� -�� 
	-.

(8)

�� $ (8)� x��� -�� 
	-.

(9)

�� $ (9)1�� 3l+ �jk� r� �y���!M �){ \ �

I -�� 
�-.

(10)

��+ �jk� r� �y�� �! ��$X Peng-Robinson �6

7�$� A8�g9, B �67�$� ��$X -�I J-.

(11)

j���

(12)

N��Z [	 
�� r{�	 

(13)

(14)

(15)

N��	 
�� r{�	

(16)

(17)

(18)

,-. j��� X(1), X(2)̀  X(3)X    N��	 
�� �)� ¡

' Ha+R ¢�>I �L� £) p,�M ¤�� �� ¥+� ¦y

x!§,-. ̈ � ���� r{�	 -�I JX ��uv� A8�g-.

(19)

(20)

�� $ (19)�� ì  j
� A,� �©Z ¦yx! aij	 -�I J,

ª qZ1 ���g-.

(21)

(22)

$ (21)X van der Waals ��uv,9 $ (22)	 Panagiotopoulosq

no� �� uv,-. j���, kij` kji	 ,
�� �ST8 ¦yx

!,s Panagiotopoulos �� uv� «¬�	 ,-. ­®� $

(23)X $ (21)� ,8{� ̂ � ��+ �jk� r� �y�� �! �

�$,9 $ (24)	 $ (22)M ,8{� ^� ��+ �jk� r� �

y�� �! ��$,-.

(23)
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---XA
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8KRT
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∞
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 
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 
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ph
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-----------------------+ 2

8KRTXA
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-----------------------+ +
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 
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ln 4ln–=

P RT
v b–
---------- a T( )

v v b+( ) b v b–( )+
------------------------------------------–=

a T( ) a Tc( ) α Tr ω,( )⋅=

a Tc( ) 0.45724
R2Tc

2

Pc

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

α Tr ω,( ) 1 0.37464 1.54226ω 0.26992ω2
–+( ) 1 Tr

1 2⁄
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3. � �

\ Ha� �¯	 �8°± �²01³ FlukaA� n-Hexane(b)

99.5%,�)I ´µ3l� propionic acid(b) 99.5%,�)M A8�g

-. ��, ���� de	 ¶� ·¸M ¹º nT�j A8�g0s »

L+R Ha deM Fig. 1[10]� D_¼-. 308.15 K̀  323.15 K� .

� �)�� �� ��� ½��� �{ bc$ k��q d¾� k�

!wM A8�g-. ¶�·¸	 i¿� ,8�j ¶��� ÀG Á@�

Q01³ HÂÃ �� i¿ ÄÅÆ� �� Á@� �{ ��I ���

bc�Ç	 7È01, ¹º nT� i¿ ·¸M A8�g-. ��I �

� bcX 3-Way ÉÊM A8�j n��g-. ��ËX ÅÌRÍÅ Å

Î1 nT� JergusonA� nÏ� A8�g0s, ��Ë� �� �Ä	

170 mL,-. Ë �Ð �X ÑÒ Ó01 U§� �¯� bc �6, ��

�6 B�9 � �� �� Ô� Õo01 Ö×  ! "-.

\ HaX ��Ë� �Ø01 �� ¶�` ��� �)	 K-type�

�)�M A8�j    ½��g9 ��(display) �ÙI wÚ

(controlling), @�� qÙ� �Û »iA� #W DX-4M A8�g-. >

Ü ½�X DruckA� PTX-621 #W� A8�g-. >Ü ��	 Cole-

PalmerA� P-94785 #W� A8�9 �¿de	 ÛR M600D qÅ;1

ÝÞB®ÄM A8�9 ßà�	 áâ,�3ßà�(FID)M A8�g-.

��� �¯M ãä�� �{ i@ ?
 �\ ÉÊM qÅ;1ÝÞB

®Ä� ]��g-. ,� ���\�àN1(sampling loop) o�� å

h, æç «¬, Hn �� w
I Ha i¯� w
, èéO ! "0

ê1, ,M 7Z�� �{ i@?
�\ÉÊM �5�9, k� !w�

� G.CëZ� ��bc ((line)) �) wÚ�1 k�� �Z�j �

� åh� 7Z�g-. �� �¿X Ý,;1 ìA�(syringe)M ,8�

j qÅ ;1ÝÞB®Ä1 �¿�g-.

4. �	 
 ��

Propionic acid̀  n-hexane ,
��� �� ��� i¯M 308.15 K

` 323.15 K�� ½��g0s B �IM Table 1I 2�    D_��

-. N��	 
�R propionic acid� r{ b!
�� ¢�>I ��

� £)M ���� �� Peng-Robinson �67�$� ¦yx!§R

$ (16), (17)I (18)� ¥+ ¦yx!§� 
� �{� -�I JX í

+Q!M A8�g-. j�� A8� ¢�> p,�	 Aspen plus� �

d� 7y� ¦y x!M qZ	 Antoine $01 ^� ~,9 ��� �

£)	 Aspen plus� "	 !�� Rackett $01�� ^�g-. 

í+Q! = (25)

¨� propionic acid̀  n-hexane� ,
�� �� ��� i¯M ��

�	p "�� ,
�� �ST8 ¦yx!M ���� �� í+Q!

	 -�I J, A8�g-.

xj aij aji+( )
j

∑ xj
2xk kjk kkj–( ) ajak xi kij kji–( ) aiaj

j
∑+

k
∑

j
∑–

a
-----------------------------------------------------------------------------------------------------------------------------------------------

bi

b
----–

a

2 2bRT
--------------------- v b 1 2–( )+

v b 1 2+( )+
-------------------------------ln

Pj
exp Pj

cal
–

Pj
exp

----------------------
j 1=

N

∑ ρL j,
exp ρL j,

cal
–

ρL j,
exp

----------------------
j 1=

N

∑+

Fig. 1. Schematic diagram of vapor-liquid equilibria(VLE) experimental
apparatus.
1. Gas chromatography 9. Trap
2. Constant temperature water bath 10. Cylinder regulator
3. Equilibrium cell 11. Magnet
4. Magnetic pump 12. Pumping motor
5. Immersion circulator 13. Liquid sampling point
6. Temperature controller 14. 3-Way valve
7. Sample input cylinder 15. 2-Way valve
8. Vacuum pump

Table 1. Experimental VLE data for propionic acid(1)/n-hexane(2) mixture
at 308.15 K 

Temp. x y P[bar]

308.15 K

0.000
0.056
0.158
0.196
0.268
0.376
0.469
0.612
0.673
0.731
0.786
0.896
0.924
1.000

0.000
0.023
0.013
0.014
0.025
0.031
0.045
0.058
0.068
0.069
0.080
0.112
0.139
1.000

0.3061
0.2985
0.2903
0.2820
0.2765
0.2682
0.2592
0.2365
0.2172
0.2117
0.1820
0.1241
0.0951
0.0186

Table 2. Experimental VLE data for propionic acid(1)/n-hexane(2) mixture
at 323.15 K 

Temp. x y P[bar]

323.15 K

0.000
0.047
0.076
0.177
0.221
0.284
0.359
0.442
0.614
0.658
0.799
0.917
1.000

0.000
0.006
0.020
0.034
0.034
0.045
0.053
0.051
0.071
0.076
0.094
0.153
1.000

0.5399
0.5337
0.5157
0.5075
0.4909
0.4799
0.4647
0.4482
0.4027
0.3765
0.2916
0.1868
0.0221
���� �41� �2� 2003� 4�
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Table 3�	 �� ¥+3 I�� z{� ��� X(1), X(2)̀  X(3)�

D_��0s , �IM ,8{� 
X propionic acid� ��e` Ha

+R ¢�>I �L� £)M :<� �I	 Fig. 2̀  3�    D_�

�-. ¢�>� ��� AAD(%)q 0.13%1 Uî  U� �IM 
�

0s, �L� �Y �Ä� ��� "��	 AAD(%)q 0.98%1 ��

� £) ��� "��) Uî  U� ���IM D_��-. ¨�

propionic acid̀  n-hexane ,
��� 308.15 K̀  323.15 K�� ½��

,
�� �� ��� i¯M Anderko� AEOS�� ��+ �jk�

van der Waals ��uv� ,8�j ��� �I` Panagiotopoulosq

no� w
� �t+R 2y� ¦yx!M ï	 ��uv� A8{�

�� ���� ��� �I ð ñ8
 3l��#A�� �dò� "

	 ��� ?@)�!	 NRTL[11] #�$� ��� �y���!	

Hayden-O’Connel[12]$� ,8�j ��� �IM Fig. 4̀  Fig. 5�

   D_��-. Table 4�	 �1 -' ��uv� A8�j ^� ¥

+� ,
�� �S ¦yx!óI , ó§� A8�j >Ü� r� �

� �IM AAD(%)1 D_��-. van der Waals ��uv� ,8{�

��� �I1 308.15 K��	 AAD(%)q 6.67%M, 323.15 K��	

Pj
exp Pj

cal–

Pj
exp

----------------------
j 1=

N

∑

Table 3. Parameters for regression of propionic acid vapor pressures and
liquid volumes 

Parameters Values

X(1) 59.606
X(2) 1.1203×107

X(3) 0.91401
AAD(%) of Pa 0.13
AAD(%) of ρL

b 0.98

aAAD(%) of P =

bAAD(%) of ρL =

100
N

--------- 
  Pj exp( ) Pj cal( )–

Pj exp( )
-----------------------------------------

j

N

∑

100
N

--------- 
  ρL j, exp( ) ρL j, cal( )–

ρL j, exp( )
-------------------------------------------------

j

N

∑

Fig. 2. Vapor pressure of propionic acid.

Fig. 3. Liquid molar volume of propionic acid.

Fig. 4. P-x, y diagram for propionic acid and n-hexane mixture at 308.15 K.

Fig. 5. P-x, y diagram for propionic acid and n-hexane mixture at 323.15 K.
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206 ��������������
����

ua-

-

on

S.

or

a-

id

lte

 of

re-
3.26%M D_� /� Panagiotopoulos ��uv� ,8{� ��� �
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ô01³ õ Ã y(� �� ��� ���IM D_��� öU ­÷
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�� �ST8 ¦yx!q

3y1³ Panagiotopoulos ��uv�- 1y Ã øX NRTL+Hayden-

O’Connel$� ,8{� ��� �IR 308.15 K�� AAD(%)q

9.30%, 323.15 K�� 4.58%�- ¬!� �IM D_��-.

5. � �

\ ]^��	 propionic acid̀  n-hexane� ,
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¯M 308.15 K̀  323.15 K��    ½��g-. Anderko� AEOS�

� ��+ �jk� >hRi ��$� van der Waals ��uv��

Panagiotopoulos ��uv01 x��ê1³ �t� #W$�- ¬!�

��� ���IM 
� ! "�9, ñ8
 3l�� #A�� �dò

� "	 ��I ��� r{    -' #W� A8�j �� ����

��� ó�- Ã ¬!� �IM D_��-.
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, ùúX 2002û) «ürl<� ]^:� ��j ]^ò�0s, ,

� ýAþÿ÷-.

����

a(Tc) : energy parameter in Peng-Robinson equation at critical

temperature [bar · cc2 · K2/mol2]

aij : energy parameter between component i and j [bar · cc2 · K2/mol2]

A12, A21 : binary interaction parameters for NRTL model

bi : co-volume parameter for component i [cc · K/mol]

K : dimerization constant of propionic acid [mmHg−1]

kij : binary interaction parameter in van der Waals mixing rule

kji : binary interaction parameter in Panagiotopoulos  mixing rule

n0 : apprent number of moles

P : pressure [bar]

Pc : critical pressure [bar]

Pj
cal : j'th calculated bubble pressure (or vapor pressure) [bar]

Pj
exp : j'th experimental bubble pressure (or vapor pressure) [bar]

R : gas constant [bar · cc/mol]

T : absolute temperature [K]

Tc : critical temperature [K]

XA
* : apparent mole fraction of component A

X(1), X(2), X(3) : regression parameters 

Z : compressibility factor

Zph : compressibility factor for physical contribution term

Zch : compressibility factor for chemical contribution term

���� ��

α12 : binary interaction parameter for NRTL model

α(Tr , ω) : alpha function

: j'th experimental liquid density of propionic acid [cm3/gmol]

: j'th calculated liquid density of propionic acid [cm3/gmol]

: fugacity coefficient of component A in a mixture

: fugacity coefficient of component A in a mixture for chemical 

contribution term

: fugacity coefficient of component A in a mixture for physical 

contribution term

: fugacity coefficient of component i in a mixture

����
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Table 4. Binary interaction parameters and AAD(%) of P

Models T/K k12 A12 k21 A21 α12
cAAD(%)

AEOS with van der Waals mixing rules 308.15
323.15

0.032407
0.033757

-
-

-
-

-
-

-
-

6.67
3.26

AEOS with Panagiotopoulos mixing rules 308.15
323.15

0.029293
0.026166

-
-

0.032754
0.034638

-
-

-
-

5.64
1.54

NRTL+Hayden-O'Connel model 308.15
323.15

-
-

112.38
284.94

-
-

555.01
673.93

0.30
0.30

9.30
4.58

cAAD(%) =
100
N

--------- 
  Pj exp( ) Pj cal( )–

Pj exp( )
-----------------------------------------

j

N

∑
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