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Abstract − The high-pressure binary phase equilibria data was obtained for pyridine and isobutyronitrile with supercritical

carbon dioxide. Pressure-composition isotherms was obtained for the carbon dioxide-pyridine system at 35.0oC, 55.0oC,

75.0oC, 95.0oC, and 115.0oC and pressure from 18 to 169 bar, and for the carbon dioxide-isobutyronitrile system at temper-

atures of 40.0oC, 60.0oC, 80.0oC, 100.0oC and 120.0oC and pressure of 18 to 144 bar. The solubilities of carbon dioxide for

pyridine and isobutyronitrile decreases as the temperature increased at constant pressure. The mixture-critical points increased

as the temperature increases. These two systems have continuous critical mixture curves that exhibit maximum in pressure at

temperatures between the critical temperatures of carbon dioxide-pyridine and carbon dioxide-isobutyronitrile systems. The

experimental results obtained in this study are modeled using the Peng-Robinson equation of state. A good fit of the data are

obtained with Peng-Robinson equation of state using an adjustable mixture parameter for the carbon dioxide-pyridine system

and two adjustable mixture parameters for the carbon dioxide-isobutyronitrile system.

Key words: Carbon Dioxide-Isobutyronitrile System, Carbon Dioxide-Pyridine System, Binary System, Phase Behavior, Equa-

tion of State
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 Í� _. ÄÅ4 G+ÆÇ

Î$ '()i _.F
 ÄÅ"� G+ÆÇ] °NC ÈN� q0WÏ

� Ð>��Ñf '()i �ÊS 2 !
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Òt�
 T"��, E¾3 ß¶* ·àá] â$ ã âi �� T"

��, $äwå��áæ(isobutyronitrile)y ç�è(pyridine)(3.5D)[7]i

ÒtFc  WF�� $	�éä-$äwå��áæy $	�éä-ç�

è0] $8�0� �� '()] �0Ën4 �êHy $ëHi ÉÉ

� i ÀFc Ö�<. $	�éä% $äwå��áæy] '() �

 @ Ð> 40.0oC, 60.0oC, 80.0oC, 100.0oC 5�  120.0oC�� �

 Fì"#, $¯ WÏ@ 18-144 baríUì<. $	�éä-ç�è0] '

XY � @ Ð> 35.0oC, 55.0oC, 75.0oC, 95.0oC 5�  115.0oC%

WÏ 18-169 bar�uÑf � i 2�Fì<. î� $	�éä-$äwå

��áæy $	�éä-ç�è0� �� ¨©ª q0Hi WÏ-Ð>(P-

T) �0'� JïÓ�<. , ���� � � �yC Peng-Robinson '

µÄ.�� 3tFì"#, ·ðñFc �.& �K�òC $tFc $	

�éä-$äwå��áæy $	�éä-ç�è0� �� ¨©ª q0Ë
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, ��� Òt& $äwå��áæ(isobutyronitrile)(l> 99.9%$')
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� ��J
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HWAHAK KONGHAK Vol. 38, No. 3, June, 2000



368 �������
�*+
 Table 2% Fig. 2� JïÓ�<.

Fig. 1�� ²
 �% ½$ WÏ-�8(P-x)�0 Ën�� U w�@

rs(fluid) Ù¢$  �= w�@ �s% ³s(vapor+liquid)� -'F


 Ù¢$<. $	�éä-$äwå��áæ0
 Ð>� ;�%� ¦K

¨©ª q0H> ;�%i � 2 ! , �.WÏ�� Ð>� ;�%�

¦K $	�éä] tV>
 (äF
 T"� Jï)<. î� $	�é

ä] q0ª8�(73.8 bar, 31.1oC) �u��> *.3"� � *+C Ö

i 2 !�<. ÉÉ] Ð>�� ¨©ª q0H@ 79.0 bar(40.0oC), 101.7

bar(60.0oC), 121.6bar(80.0oC), 135.8bar(100.0oC) 5�  144.2bar(120.0oC)

$�<. î� É Ð>�� ¨©ª q0H] Í+@ Ð>� ;�S2:

HH (ä%i � 2 ! , $� ��& *+
 Fig. 1y 3� JïÓ�<.

Fig. 3@ $	�éä% $äwå��áæ0� �� ¨©ª q0H] ó

3i JïÓ�<. �n"� 5@ n@ $	�éä[8]% $äwå��á

æ[9]] ;�W$#, Hn"� �8& ó3@ Peng-Robinson 'µÄ.

�� ]V 0	& q0Ëni JïÓ�<. î� ¡� �(open circles)

·�@ , � �� Ö@ ¨©ª q0H�$#, Fig. 1y 3�� ²
 �%

½$ $	�éä% $äwå��áæ] $8�0
 �Y34 type-I

[10, 11]"� ���
 Yµ$<. ¦K� $	�éä-$äwå��áæ0


 5�f Ð>�� ·z ,'(LLV)$ �Ê�f »-<[10, 12]. Fig. 2

�� ²
 �% ½$ $	�éä-ç�è0
 Ð>� ;�%� ¦K ¨

©ª q0H$ ;�%i ²ì , �. WÏ�� Ð>� ;�%� ¦K

ç�è] tV>> ;�Fì<. É Ð>�� ¨©ª q0WÏ@ 35.0oC�

� 76.7 bar$ , 55.0oC��
 97.5 bar, 75.0oC��
 124.4 bar, 95.0oC

��
 147.1 bar, 5�  115.0oC��
 168.9 bar$�"#, $� �

�& *+
 Fig. 2% 4� JïÓ�<. A� $	�éä] q0Ð> �

Table 1. Pressure-composition data for the carbon dioxide-isobutyroni-
trile system obtained in this study. BP is a bubble point, DP is
a dew point, and CP is a critical point

T=40.0oC

Mole fraction isobutyronitrile Pressure(bar) Transition

0.867 17.6 BP
0.685 25.8 BP

0.467 43.8 BP
0.390 52.4 BP
0.264 61.0 BP 
0.179 69.6 BP

0.158 70.4 BP 
0.121 71.5 BP
0.089 74.4 BP

0.067 76.8 BP
0.048 77.9 BP
0.034 78.2 BP
0.019 78.9 BP

0.016 79.0 CP
0.009 77.0 DP

T=60.0oC

0.867 18.9 BP
0.685 30.1 BP
0.467 57.5 BP

0.390 68.9 BP
0.264 83.4 BP
0.179 94.2 BP

0.158 96.2 BP
0.121 99.9 BP
0.089 100.70 BP
0.067 101.70 CP

0.048 101.20 DP
0.034 100.30 DP
0.019 96.5 DP

T=80.0oC

0.867 21.3 BP
0.685 36.9 BP

0.467 74.4 BP
0.390 87.9 BP
0.264 105.10 BP

0.179 117.50 BP
0.158 119.00 BP
0.121 121.10 BP
0.089 121.60 CP

0.067 118.40 DP
0.048 113.80 DP
0.034 108.40 DP

T=100.0oC

0.867 24.3 BP
0.685 45.5 BP

0.467 86.3 BP
0.390 104.60 BP
0.264 124.70 BP

0.179 135.40 BP
0.158 135.80 CP
0.121 135.40 DP
0.089 131.60 DP

0.067 126.30 DP

Table 1. Conitinued

T=120.0oC

Mole fraction isobutyronitrile Pressure(bar) Transition

0.867 27.5 BP
0.685 53.7 BP

0.467 100.60 BP
0.390 119.60 BP
0.264 138.90 BP 

0.179 144.20 CP
0.158 143.60 DP 
0.121 143.00 DP
0.089 133.90 DP

0.067 112.20 DP

Fig. 1. Experimental isotherms for the carbon dioxide-isobutyronitrile
system obtained in this study at 40.0, 60.0, 80.0, 100.0, and 120.0oC.
���� �38� �3� 2000� 6�
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u(31.1oC)��> � i 2�Fc JïÓ�<. Fig. 4�� ²
 �%

½$ �n"� Jï. T@ $	�éä% ç�è] ;�WËn[8, 9]$

#, Hn@ Peng-Robinson 'µ�� ]V 0	& ¨©ª q0Ëni

Jï.<. ¡� �·�@ � �� Ö@ $	�éä-ç�è] ̈ ©ª q

0H�$<. �� ��� $	�éä-$äwå��áæ0% /0�f�

Table 2. Pressure-composition data for the carbon dioxide-isobutyroni-
trile system obtained in this study. BP is a bubble point, DP is
a dew point CP is a critical point

T=35.0oC

Mole fraction isobutyronitrile Pressure(bar) Transition

0.895 17.6 BP
0.703 31.8 BP
0.533 45.5 BP

0.394 50.6 BP
0.334 53.9 BP
0.260 58.9 BP

0.219 62.0 BP
0.147 65.8 BP
0.098 68.6 BP

0.071 69.9 BP
0.054 71.0 BP 
0.033 74.1 BP
0.014 76.7 CP

0.009 75.4 DP

T=55.0oC

0.895 19.3 BP

0.703 42.4 BP
0.533 58.2 BP
0.394 72.0 BP

0.334 75.9 BP
0.260 83.0 BP
0.219 86.5 BP

0.147 91.3 BP
0.098 96.1 BP
0.071 97.2 BP
0.054 97.5 CP

0.033 96.8 DP
0.014 93.5 DP

T=75.0oC

0.895 22.4 BP
0.703 53.9 BP
0.533 73.7 BP

0.394 93.0 BP
0.334 98.8 BP
0.260 109.90 BP
0.219 114.10 BP

0.147 118.20 BP
0.098 123.70 BP
0.071 124.00 BP

0.054 124.40 CP
0.033 115.10 DP

T=95.0oC

0.895 27.2 BP
0.703 66.9 BP
0.533 90.6 BP

0.394 116.80 BP
0.334 128.20 BP
0.260 135.80 BP
0.219 140.40 BP

0.147 143.00 BP
0.098 147.10 CP
0.071 146.50 DP

0.054 140.3 DP

Table 2. Conitinued

T=115.0oC

Mole fraction isobutyronitrile Pressure(bar) Transition

0.895 31.3 BP 
0.703 77.9 BP 

0.533 107.2 BP 
0.394 137.8 BP 
0.334 147.8 BP 

0.260 159.2 BP 
0.219 165.1 BP 
0.147 168.9 CP 
0.098 165.4 DP 

0.071 163.0 DP 
0.054 154.3 DP 

Fig. 2. Pressure-composition isotherms for the carbon dioxide-pyridine
system obtained in this study at 35.0, 55.0, 75.0, 95.0, and 115.0oC.

Fig. 3. Pressure-temperature diagram for the carbon dioxide-isobuty-
ronitrile system. The solid line and the solid circles represent the
vapor-liquid lines and the critical point for pure carbon dioxide
and isobutyronitrile[9]. The open circles are critical points deter-
mined from isotherms measured in this study. The dash lines
represent calculation obtained using Peng-Robinson equation of
state with kij equal to 0.030 and nij equal to −−−−0.030.
HWAHAK KONGHAK Vol. 38, No. 3, June, 2000
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$	�éä-ç�è0> �Y34 type-I[10, 11]] Yµ$#, 5�f Ð>

�� ,'] Yµ[10, 12]
 �Ê�f »-<. $	�éä-$äwå��

áæy $	�éä-ç�è0� �V ¨©ª q0Hi �� E¾F` Ð

>
 �� 5 oC{$� <§f� $	�éä-ç�è0� $	�éä-$

äwå��áæ0²< «�� Z@ T"� Jï)<.

, ���� Ö@ � *+C Peng-Robinson 'µÄ.�[13]� 3t

Fc ·ðñFì<. c�� Òt& ¨©Å1@ <vy ½<.

(1)

(2)

(3)

(4)

c�� kij% nij
 ¨©ª �K�ò$#, � *+% 0	�� ]� W

Ï-�8 �0� ]V �.��<. aii% bii
 Peng-Robinson 'µ Ä

.�� ]V .]& l8�] �K�ò$<. $� ¨©Å1� $t�


 2^Gå02� �� �@ $� ² & °3i $tFì<[13].

Table 3@ $	�éä, $äwå��áæ � ç�è� �� l8�] q

0Ð>, q0WÏ, 5�  $b4*(acentric factor)$<[7, 9]. $äw

å��áæ] $b4*
 Lee-Kesler ÄÅ[7]� ]V �Fì"#, $¯

Òt& Tboil@ ����Ò(Aldrich Co.)�� N-& *+C $tFì

<. $d� q0 ª8� *+
 Peng-Robinson 'µÄ.�� $tF

ì<.

�� U�� ä^� Peng-Robinson 'µÄ.��� ¨©Å14 �

(2)% (4)� ]Fc kij% nijC �.F¤  �<. $	�éä% $äwå

��áæ� �� ¨©ª �K�ò] âi �.F� UFc Table 3]

l28� �K�òC $tFc 80oC�� 0	� 0	�% � �C �

� E¾Fc �Û 4 ���
 Ëni nÜFc 5 âi �3 �K�

ò� n.Fì<. $ 0��
 Ð>� 5�� z �K�òC ·z �

gFc �.Fì<. ¦K� $	�éä-$äwå��áæ0] 80oC�

� $	�éä% $äwå��áæ0] ¨©ª �K�ò] �3â@

kij=0.030% nij=-0.030� �.��<. Fig. 5
 kij=0.000� nij=0.000�

¯% 6@ ��C ²$
 â(kij=0.030% nij= −0.030)y �� E¾Fc

Ën$ Ô��
 y.i JïÓ�<. Fig. 5�� ²
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Fig. 4. Pressure-temperature diagram for the carbon dioxide-pyridine
system. The solid line and the solid circles represent the vapor-
liquid lines and the critical point for pure carbon dioxide and
pyridine[9]. The open circles are critical points determined from
isotherms measured in this study. The dash lines represent cal-
culation obtained using Peng-Robinson equation of state with kij

equal to 0.000 and nij  equal to −−−−0.050.

Table 3. Pure component parameters[7, 9] used with the Peng-Robinson
equation of state

Component Tc(
oC) Pc(bar) Acentric factor

Carbon dioxide 31.1 73.90 0.2250
Isobutyronitrile 291.90 37.46 0.3792
Pyridine 346.90 56.34 0.2389

Fig. 5. Comparison of the best fit of Peng-Robinson equation of state to
the carbon dioxide-isobutyronitrile system at 80oC.

Fig. 6. A comparision of the experimental data(symbols) for the car-
bon dioxide-isobutyronitrile system with calculations(solid lines)
obtained with Peng-Robinson equation of state with kij equal to
0.030 and nij equal to −−−−0.030.
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