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Abstract  
Engineers need the equation of states to simulate refinery processes in order to respond to their needs. In the present study 

the Perturbed-chain Statistical associating fluid theory (PC-SAFT) Equation of State are used to predict thermodynamic 

properties of hydrocarbon fluids. PC-SAFT is able to predict the thermodynamic properties of associating fluids such as 

hydrocarbons. The thermodynamic relationships are derived analytically with MATLAB. The numerical values of the 

thermodynamic properties of hydrocarbons, such as density, entropy, enthalpy, in thermal energy, heat capacity of 

hydrocarbons are obtained by MATLAB as well. By comparing the results with experimental results, the author found that 

PC-SAFT entails accurate predictions about the properties of hydrocarbons and also can predict thermodynamic properties 

of hydrocarbons at high pressures and low temperature. The calculated results from PC-SAFT minimum error for pure 

hydrocarbon and the maximum error for mixed hydrocarbons. Furthermore, the maximum calculated average absolute are 

1.18% for density, 2.5% for enthalpy, 0.77% for internal energy, 3.33% for constant volume heat capacity and 4% for 

constant pressure heat capacity. Therefore, very low level of errors indicates the appropriateness of PC-SAFT performance to 

predict thermodynamic properties of materials.  

Keywords: Refinery processes simulation, Perturbed-Chain Statistical Associating Fluid Theory, Thermodynamic properties, 
Hydrocarbon.  
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;8�� ����A�X�9 ��
 � �a���� �- ���� +�/���]15[:  

 )1(  a��� = a�� + a	
�� + a���
� 
��Z9�� C�� ��a���  2� k�� K� M
��,AI8 ��2� 3S	�� 	.���9

(	9 �83  _�X� 
��4 ����7� K� C
-�� .
0� 
H0 �	� k��0 3�	�

�9 
H0 5�	� P�IH� 3�	9 x1	� k��0 +���N�  3��	: L�Q C�
�H�

 (�/
}� ��	>� K� �70�� 3�	9
,1  ��7X�� k��0 ��
 � +��9

 L	� C�� .
0� ...� 3��V�I� q�AB� �9 	9�	9b,0 �83  �	� �9 P�9	�


H0 �a��� B�2 ��	 �g�� 
0�]15[:  

 )2(  a�� 	= ma��	– �m − 1�Lng�� 
:��  �Z9�� �� ��  

)3(  g�� = 1− 0.5η�1 − η�� 

)4(  η = π6 ρmd� 

)5(  d = σ $1 − 0.12exp )−3εkT ./ 
�IA101234 ) �Z9�� ��1 �(8 ��2� 3S	�� b,0I M
��,A2� �-�� 

 2� YF�4 3S	�� 2� u���AN �8�	�� C�� .
0� ��I9 ����� �9 �9w�1 3�8�	��

�ZX��U 3�8 +�A�� ���
���� 5�	a�� � YF�4� ���-]15[.  

 )6(  a	
�� = −2πρI6 7m8 9 εkT:σ�; 															−πρmC6I8 7m8 9 εkT:σ�; 
�C��hA8a���
��  Y9�O
� 5�	a� 2� �-�� M
��,AI8 3S	�� b,0

+�	
��� �8 
0� ~�6�� ��6 ����A�X�9 3�� �9 5��F  +��9 	�2

�� ��-]15[:  

)7(  a���
� = =>LnX@ − X@2 A +M2	@
 

)8(  X@ = C1 + ρ=XD∆@D
D

F
G6

 

 

)9(  ∆@D= g���d� >expHε@DkTI − 1A �σ�k@D� 

����7�  
��4��	>� �7AB� 56��0 � 	
����� �0 �9� ���� YO


 [��@) �8 
�A.0 ���7� .���� 2��� 	�)��� xAB� ���� 3�	9m(�  3S	��

 ;��A8	9)
J
K(  �4�� �9k  
H0 �
�8 
�A.0 q�7- �Lg �O� ��� �

���D
0� �9 �8	
����� C�� ���� 2� �83  � ��H9 ��/  ��7� ��9	B����.U 

� 
0� �9 �x���� ��� k��1 .1  +�/� �� ���)� 	���O��� �8�]17[.  

  

  

 ?0��1- �.'1�*��� 42�5 �2%�-� B>1C� <PC-SAFT 

ε/k 
)K( 

σ �NO� m MW 
(g/mol) 


@�0 L��  k��	 

����A�- 

03/150 7039/3 0000/1 043/14 +�
� CH4 

42/191 5206/3 6069/1 069/30 +��� C2H6 

11/208 6184/3 0020/2 096/44 +���	� C3H8 

20/231 7086/3 3316/2 123/58  +���9

k��	� 

C4H10 

77/236 7729/3 6896/2 150/72  +�
��

k��	� 

C5H12 

40/238 7983/3 0586/3 177/86  +�M.8

k��	� 

C6H14 

78/242 8069/3 4831/3 203/100  +�
T8

k��	� 

C7H16 

51/244 8373/3 8176/3 230/114  +�
��

k��	� 

C8H18 

 

����7� ��AN 
�M�  
��4��	>�  �7AB� 56��0 �9 P�9	�

� P�IH� Y��- ����������	� ?��@ � 32�  k��7� 5��0�J�� ��- .

 3�	9 �� �
��4 ����7� +�A8 �� 
0� C�� 	9 �	  ����0�J� C��U ��

� ���D
0� [��@ 56��0� ��-� �� ����� P�IH� 3�	9  M�� �8

�9 .�	�Q ��	X ���D
0�����  k]
@� �N��X 2� ���D
0� �9 	�� C�� k�A7���l

P�IH� �9 �� [��@ ���� ?��@ �� \��	� � � P����� �8� �8� � +����


0� 	�)�k�� �� k]
@� �N��X u6�A7� . �83  �9 P�9	� vI
H�

P�IH� �� k�� �� �
 	Q �0 �1�� 
��4 56��7� 2� �8 3���� �9 �����

��	>� � ��� �9� ����]18[.  

  

2 -1- �2�D:   

b,� 2� ��� ���.U 	��C 
7�F �� ���� ����������	� ?��@ 

�� 
0�  � E9��� 2� ���D
0� � ��	1 �9� ��AB4 �9� C��7� 
,1

56��0 	9 b��4 56��7�  ��A- �9�� ��� �79 ����.U ��0�J� 
,1 .

9�� _�	l 2� M
��,AI8 ��2� 3S	�� ��0�J� 2�Z� )1 (b��	� \�	: )��	 3

Z ��0�J� �� :��-  

)10(  Z = 1 + ɳ)∂a���∂ɳ . 

  

)11(  P = ZkTρH106T AVmI 

 ����7� C��k�,B� �,�� �� +� 
0� ���.U� 92� ��� KA� � (�� �83 

} 56��7� Y4�Z@	� � Y4 +�� �� C���� 	�>�� ��-.  
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2 -2- �E2�1�*   

 ��Q	8 K�b8 ����	  ��- L�B�� �8�.
0� �� ��/ �  3��	Q

���� �
 	Q �� ��-  �9 .
0� 	9�	9 +� �T��
�� 	���� �9 ��.
0� 2� ��-

 �T��
�� �E9��� C�� 2� ?��@ G�	H
0� � ����������	� E9��� 2� ���D
0�

 �Z9�� 2� ���D
0� �9 �� \�	� ���� � [��@ ����)12� (� +���  
0� �9

 �� �,�� .����� 
9�a �9 
0� ����.U +��A� �	  � 2��9Z�  ��2� 3S	��

	9��� �9 �9 � �
 	Q _
/� ��� �9 
��� M
��,AI83  2�Q �T��
�� b,0

���� �k� ��� 
0� �9 �� P�IH� �6�� �T��
��.�  

)12(  h���RT = −T)∂a���∂T .Y,[\ + �z − 1� 
  

a��� ) ����7� 2�1��0�J� ( �� ��- �9^�_`a^b : k�� ���	� _
/�

 _IZ� 3��� �9 
��� M
��,AI8 ��2� 3S	��.
0�  

  

2 -3- ��0'1�*  

9 +�M�� 	.���9 ���	
��� A>��  2� ���D
0� �9 u6�A7� � 
0� 5��w

����������	� E9���� �2���� b
��0 K� �� ���	
�� `]
@� Q�	 3

�� ��-]26[:  

 

)13(  
cde3R = −T>)f0de3fT .Y,[\ +

0de3T A + ln�h� 

2 -4 - ��0�% <;'�*  

P�9	� 2�  � ���2�0 5��w �9 �
�9�� ����9 ����� 3S	��  �9+� �8 

�A� ���	
�� � �T��
�� ����A8 � 
0� +���  �� +� ���O�2� ���D
0� �9  K�

�2���� ��.
0� Q�	 3 3�	9 .�	� ��0�J� b,� 
�F�@ C�� ��0�J�

) �Z9�� 2� ����������	�14 (�9 0� 	�2 5��F
� ���D� ��-]20[:  

  

)14(  
i���
RT = −T)∂a���∂T .Y	 

 

2 -5 -  4
@'FA�5 �% �$��'G 0 4��H��I@  

 �9 b
��0 ����	4 k���� �� �7X��� �� ����	Q 
� 	R L�,D�

� ��� 	���� \�0 E�J�� ��- � ���� 
�A8�� ���2� . ��C �� �� +��� 

) E9��� _�	l 2� �� 
9�a��/  � bB4 �� ����	Q 
� 	R15) � (16 ( �9

���� 
0�]27[:  

)15(  Cj��� = Ck��� + R>)ρT)
∂al���∂ρ∂T. + ρ )∂al���∂ρ . + 1.8A

$ρ8 )∂8al���∂ρ8 . + 2ρ 9∂al���∂T8 : + 1/  

  

)16(  Ck��� = −RTC2 )∂a���∂T .Y + TH∂8a���∂T8 I
Y
F 

+�A8 � �>4]� �� ��l� ��-  ���	� 5�O
/� �9 	�@� E9��� ��

,1��� ���.U � ��� �9 
��� M
��,AI8 ��2� 3S	�� L��b� �Z9��� �� 

�9 \��	� ��h��� 	� ���� k�� ���	� _
/� 56��7� �9 
��� C�� . E9���

��6�l ����9 ������ 3���2 3�8	
����� �� 8 3�	9 �,���C9	���� �83 

��	X	9 [��@.�� G�	H
0� ���)� E9��� �9�/� �Z9���  \��	� K� 3�	9

���h��� �����2� ����	9 ���� �� b,� C�� �� 
0� 	���T��� KA� �9 �

.
0� ����	Q L�B�� 	:�4 ���  

  

3 -  J$�1�  

3 -1- �2�D:  

8 3�	9 ���.U 5��0�J��C9	���� �83 8 Y��-) [��@�C9	���� �83 

P�IH� (k����� 
-�� � C�.�0 �83 �0 � ������ ����  C��hA8 �

P�IH� �8�� � \��	� Y��-�h��� �V��� ��-  W��
� 36�9 
X� .���

YF�4 � 36�9 
X� 2� +�/� �_IZ� 3�Z@ 3�8����A� �� u�F�iH�

����7�  
��4��	>� �7AB� 56��0 .
0� ���� ���.U _�X� C��7� �� 

8 3�	9�C9	���� �83  +��9 [��@ Y��� �9 ;��A8	9 \�	: [��@

� �� 	DF ������ �
 	Q 	>� ��-��.U .� �	93  �- ��0�J� [��@ +�
�

 Y�- �� +� W��
� ��1 � ��8�/�� ��-.  
��4 �0 3�	9 5��0�J� C��

 �����250 �350  �400 L�B�� C��I� +�A8 .
0� ��-  ��>
�� �� ��l

�� 
 � ��� ;��M � �9 �� ;8�� ���.U� ��9�  �� �� C���9 Y�- m�:� 

 Y9�X ��8�/� .
0�  

�- �� Y2 L�B�� 5��0�J� 3�Z@ �F��  W��
� �9 ��-
���]19[ 

�O���� 3��� 3�	9 �Z@ 	^���4 �� 
0� ��-250 	9�	9 C��I�33/2-  �

 3��� 3�	9350  C��I�88/1 -  3��� 3�	9 �400  C��I�78/1 - .
0�

�9 3�8�Z@ �F�� 
0� �9 
X� 2� +�/� �����.���� W��
� 36  

  

  
 B��1-  K2�+ L�1� �2�D: ��� �M���� N0� ��PC-SAFT  0

��'�( J$�1�  

  

����7� 3���M� 2� ���  
��4��	>�  ��7AB� 56��0 ?��@ C��7�

8 ����������	��C9	���� �83  .
0� C�.�0 ��B��� �� +���� ���.U

 C�.�0k��	� +����M.8  ���� +2� �9446/226 �� k�� 	9 L	Q  ��/ 

262 �- ��0�J� k�.0���.�.  C�� 3�	9 	.�� 
��4 56��7�  �8��/

�2 3�8�Z@�� ��B�� 3�� ��� vI
H� 3��� �0 �� ���.U 5��0�J� .

�9 +� W��
� � 
 	Q L�B�� ���  ��+����A8 �]20[�  �9 �� ���.U ��

 
��4 ����7� 2� ���D
0�AR �- ����O� �����9 ����� 
0� �9.  
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 B��2- �!�% <�O+ �M����  �2�D:K2�+ L�1�  

  

 Y�-3 �9 P�9	� 3�Z@ �F��  2� YF�4 W��
� ���	:�4 

�9 
���  �� W��
� �+����A8]20[  �F�� C�� .�8� �� +�/� ��

 3��� �� �Z@65/323  	9�	9 C��I�47/2 -�� �  3���85/422 

	9�	9 C��I� 88/3-  ���  3���55/522  	9�	9 C��I�33/4- .
0�  

  
 B��3- �!�% <�O+ �M����  �2�D:L�/%*PD. ?��'�  

  

	���O� ���  C9	�����8 � ���.U W��
� �9 �1�� �9  `�	J��

C�.���� _IZ� +�  k��1 �� �82  �V���.
0� ��- �O����  �F��

�Z@ ����7� �� 
0� +� 	.���9  
��4��	>�  �7AB� 56��0 �9

 +��9 C�.�0 � K�0 ����� +��9 	A�I� �������� L	1 ���/  ����

A� ���J� ...�� ��- . 

 k��13  Y��- ��7��l 2�Q ��- ������U 5����	� �M1

 ��������,U  �7��l 2�Q 	i�N�8 ���� C�� .�8� �� +�/� �� 

�M��K 	��C ���� 3�8  C��7� 
,1 �	
0� �� �8�./���2�

��7� 
X���  
��4��	>�  ������	� C��U 3�	9 �7AB� 56��0

+�A8 .
0� ��l � �>4]� ��� ��-} 	F��N ��	 8��9	����� 

� �+<���� 	�>�3 ����� L��I8 � C9	� k��1 C�� ��  ��1�

����+� ���.U �� � � �8�M �9�� .��- ��J� ����7� �� � ��0�J�  

 �� ��1�� \��	� W�� 2� L��� 	8 3��)Q +�/� 3�	9 k��1

 3�8 3��).��� 2� K� 	8 ����)�NG1  ��NG5  �N�� �����A�

 .
0� 32�Q \��	� 2� �7��l 2�Q 3�	9NG1 ���� �F�� �9 �

[H/� ��- ��  k��13 � �� 3�8��/  3�	9 �7��l 2�Q ���.U

15 
��4 3�	9 � k�.0���.� �83  
9�a ���15/253 �15/273 �

15/293 � 15/323  C��I���0�J�  Y�- .
0� ��-4 �
��W 

��0�J� 2� YF�4  
9�a 3�8��� �� P�IH� C�� 3�	9 �� ���.U

� +�/�� �8�. 

 
 ?0��2-  �2�D: 7�M���� �% ,
D��
� Q�O� R*'��* �!�%

.
,�'/0�� �.< L�C�$  

5����	� x1	� ) ���K( ) ��/ MPa(  AAD(%) 

CH4 [20] 400 -250 100 -0 21/1 

C12H36 [19] 522 -323 3/262 -14 94/1 

C3H6 [21] 320 -110 91/1-000011/0  28/0 

  

 ?0��3-  �2�D: 7�M���� �% �%� 1�*%�&� 7�M
/'( �2&� �!�%3�G 

�-
MS  

�M1� NG1 NG2 NG3 NG4 NG5 

CH4 362/90  352/98  436/92  991/90  982/89  

C2H6 708/5  511/0  285/1  949/2  009/3  

C3H8 124/1 153/0  348/0  513/1  506/1  

C4H10 169/0  031/0  06/0  755/0  753/0  

i-C4H10  301/0  021/0  041/0 755/0  752/0  

C5H12 029/0  011/0  014/0  304/0  3/0  

i-C5H12 059/0  008/0  015/0  299/0  3/0  

C6H14 058/0  005/0  012/0  -  -  

C7H16 035/0  001/0  -  -  -  

C8H18 008/0  0003/0  -  -  -  

He 015/0  -  -  -  -  

O2 011/0  -  -  -  -  

CO2 647/0  066/0  052/0  403/0  701/1  

N2 474/1  841/0  75/5  031/0  697/1  

  

 Y�-5  �9 ��- ����O� 3�Z@ �F������ �83 �8�./���2� 

]22  �23[  � +�/� \��	� C�� 3�	9 ��� �8� C�� �9 �1�� �9 .

�	9 �Z@ �F�� C�	
/�9 Y�-
9�a ��� 
��4 3  15/293  C��I�

 	9�	909/2  
9�a ��� 
��4 3�	9 �15/323  C��I�75/1 .
0�  
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 B��4-  �2�D:NG1  ��� �M������  N0�PC-SAFT 0  J$�1�

��'�(  

  
 B��5- �!�% <�O+ �M����  3�G �2�D:NG1  

 

  W��
� �OZ�� � _�X� �B�0 ���
N� 
,1�9 P�9	� ���.U� 

 k��14  Y��- ��C�.���� _IZ� `�	J�� ���� 5����	�  
0� 	>�

�V��� ��- 
0�+�A8 . � ��8�/� �� ��l� ��- �2�9 �� ��	
�Q �3  � ��� 2�

�8��/  �� C��hA83 ����C 	�  2�15 3�	9 k�.0���.�NG1  ��NG3  �

 �� 3�8��/  C��hA835  3�	9 k�.0���.�NG4�  _IZ� `�	J�� �F��

 2� 	
A� C�.����111/1  �F��0�
 ����7� 36�9 
X� 2� +�/� C�� �� 

 
��4��	>� �7AB� 56��0 ����.  	F��N ���7� �U 	8 �k�4 C�� �9

.�9�� �� ;8�� `�	J�� �F�� ��- �� 	
/�9  

  

 ?0��4-  �2�D: 7�M���� �% ,
D��
� Q�O� R*'��* �!�% 3�G

�-
MS  

 

3 -2- �E2�1�*  

G�	H
0� E9��� �9 �1�� �9 ��- � ;��M ��T��
��  ����	  K� ��

 ��0�J� 
9�a��/  �T��
�� .�- �8��@�ZO� �� 3 �9 �3����  _�X� q]l�

��0�J� �T��
�� \��	� ���� �M1 � ��/  ���� 2�  ���- ��  �� ~T0

1�	@ �ZO�� � �9 �1�� �9 � ���� �M1 ���� +�	� [H/� �9�C �� 

� �T��
�� ���	9�	9 G�	@ � ���� ��/  � ���9 
9�a��/  ����	 ��0�J  ��-

�T��
�� `]
@� �  C���ZO��� �9 (��MQ �T��
�� ;��M � +���N   �8��@

.�- 

 k��1 ��5 ���� �F�� � 5����	�  3�	9 �T��
�� �� ������	�

+� �8 0�	9� ��-
0� ���� �5��0�J� 3�	9 .�  3�	9 _IZ� �T��
�� ��
9�

 �T��
�� ;��M � ~T0 � [��@ +�
� +���0�J� ��-  Y�- �� �� 
0�

6 .����A� �� ��8�/� �� �T��
�� 5�	����   
  

 ?0��5- T$*P@* 7�M���� �% �%� 1�*%�&� 7�M
/'( �2&� �!�% 

�E2�1�*  

 ��  Y�-7 �ZO� 	8 3�	9 �Z@ �F�� �O� ����� ���� �9 �83 

�8�./���2�]20[  +�/����� ��-  .
0� ��/  �� 5��0�J� C��

1003�8��� �� � k�.0���.�150  �250  ��- �B�0���
N� C��I�


0�g � +�/� ��� �8�  3��� �� �Z@ C�	
/�9150  C��I�92/1 �F��

 3��� �� �Z@ C�	
/�9 �250  C��I�29/2 
0� �F��.  

  

  
  B��6-  K2�+ L�1� �E2�1�* 7�M���� J$�1�0 ��'�( J$�1�  

  

����7� 5��0�J� 
X� 5��a� 
,1  
��4��	>� ��7AB� 56��0 

 5��0�J�C�.���� _IZ� `�	J��  ;H9 C�� 5����	� ���A� 3�	9

L�B�� _�l .
0� ��- �� G���� W��
�  k��16   �F�� ���O� C�	
/�9

\��	� �T��
�� ;��M � ��0�J� 3�	9 C�.���� _IZ� `�	J�� W�� ���A- 

�9 �1�� �9 .
0� C�� k��1� � ��8�/�� ����7� ��-  
��4��	>� 

 �7AB� 56��0 K� 3�	9 �� �T��
�� _�X� ���O� ��0�J� 
�I9�X

C9	�����8 ��U \��	� �9 � +�
� 	�>� [��@ C9	�����8 .����  

Pressure (MPa)

0 2 4 6 8 10 12 14 16

E
rr

or
 (

%
)

-3

-2

-1

0

1

2

T=253.15 K
T=273.15 K
T=293.15 K
T=323.15 K

Pressure (MPa)

0 20 40 60 80 100

E
nt

ha
lp

y 
(K

j/K
m

ol
)

-4000

-3500

-3000

-2500

-2000

-1500

-1000

-500

0

T=150K (PC-SAFT)
T=150K (EX)
T=250K (PC-SAFT)
T=250K (EX) 

5����	�  x1	�   ��/ 

)MPa(  

) ���k(  AAD(%)  
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0  

5999/0  2/0  

C2H6 -  11/0  25/0  -  2999/0  2/0  

N2 -  -  -  504/

0  

1001/0  2/0  

C3H8 -  -  -  -  -  2/0  

C4H10 -  -  -  -  -  2/0  
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0.50217CH4+0.49783
C2H6 
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5����	�  \��	�1  \��	�2  
CH4  569/89  942/79  
C2H6  348/8  022/5  
C3H8  197/1  00/3  

C4H10  194/0  -  
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