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ABSTRACT 

 
 This research project aims to study the liquid-liquid equilibrium (LLE) of ternary mixtures 
that are related to biodiesel production. The systems of biodiesel-methanol-glycerin, of biodiesel-
methanol-palm oil and of biodiesel-palm oil-glycerin were investigated at the temperature ranging 

from 35 to 55°C. From the experiment, it is found that the systems of biodiesel-methanol-glycerin 
and of biodiesel-methanol-palm oil are type 1 LLE and the systems of biodiesel-palm oil-glycerin are 
type 2 LLE and the solubility curves change insignificantly with temperatures.  
 The correlation of liquid-liquid equilibrium of the systems investigated with the UNIQUAC, 
NRTL and UNIFAC-Dortmund models find that the UNIQUAC model gives the closest calculated 
values to the experimental results and the obtained interaction parameters are independent of 
temperature. In order to confirm this finding, the correlation of liquid-liquid equilibrium of biodiesel 
from Jatropha-methanol-glycerin reported in literature also finds that the UNIQUAC model yields the 
closest calculated values to the experimental results. 
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1.1 ��	��$	��1)���� �	����41�	ก	��
��
 

E
ก��GGกHIIHJKL�IL�Mก�KI�
ก��NJ�� (Processes) HJK/Q�RG G�Sก�TUE
SV�IW��ก��
XYZ�KQ
[�\ (Unit operations) ]�^Xก�^\�_̀G�กWI����ก��MXLM� _̀GMaJ]���̀�
G�TQZJ�����UXLM� 
(Chemical engineering thermodynamics) b�\XYZ�KG\[��\�^�_̀GMaJ]�^Xก�^\�_̀G�กWI���JKJ�\ (Solution 
thermodynamics) HJK�M��J�KQ�[���WVc�L (Phase equilibrium) M�L��M�d�LWeG\[��\�^�\�� ก��_��
_̀GMaJXQJ[�
�f G��]d�EQ̀ ก�KI�
ก��NJ�� HJK/Q�RG SV�IW��ก��XYZ�KQ
[�\gM[M�S�K��]h�c�Z Q�RGgM[
��M��iL�IL�Mก�KI�
ก��NJ��XZR^GEQ̀g�̀NJ��cWTjU]�^M�L�T�MIW����M�`G�ก��g�` ��ก
b\I�\_G�
]���WkI�J]�^M�[�X
`
ก��NJ��
fd�MW
gIbG��XlJ��ก
fd�MW
S�JUM�m�]d�EQ̀_̀GMaJ]���`�
G�TQZJ�����U
XLM�_G�
fd�MW
gIbG��XlJ, 
fd�MW
S�JUM, กJ�XlG��
HJK���XLM�GR^
n]�^EòE
ก��NJ�� HJK/Q�RG XSp
NJ
ZJG\g�`��กก��NJ��
fd�MW
gIbG��XlJ M�L��M�d�LWeE
ก��GGกHII HJK/Q�RG L�IL�Mก�KI�
ก��
NJ��
fd�MW
gIbG��XlJEQ̀M�S�K��]h�c�Z�a����HJKg�`
fd�MW
gIbG��XlJ]�^M�L�Tc�Z��M�`G�ก��  

_̀GMaJ]���̀�
G�TQZJ�����UXLM�_G�
fd�MW
gIbG��XlJ, 
fd�MW
S�JUM, กJ�XlG��
HJK���XLM�
GR^
n]�^EòE
ก��NJ�� HJK/Q�RG XSp
NJZJG\g�`��กก��NJ��
fd�MW
gIbG��XlJ M�L��M�d�LWe�[Gก��
GGกHII HJK/Q�RG ก��L�IL�Mก�KI�
ก��NJ��
fd�MW
gIbG��XlJ�W�
�f 

1.1.1 ก����̀��HII�d�JG�]��LT�������U (Mathematical model) �d�Q�WISV�ก��\�]��
�U
XG�  X�G��rsXLoW^
�KQ�[��
fd�MW
S�JUMHJKXMh�
GJXZR^GEòE
ก��GGกHIIXL�R^G�SV�ก�TUE
ก��NJ��

fd�MW
gIbG��XlJ X
R^G���กSV�ก���\�]��
�UXG�X�G��rsXLoW^
]�^EòE
ก��NJ��
fd�MW
gIbG��XlJb�\]W^�gS
XSp
SV�ก���\�XLM�]�^gM[g�̀XSp
X
RfGX��\�กW
 (Heterogeneous reaction) X
R^G���ก����Wf��`
 (
fd�MW
S�JUM
HJKXMh�
GJ) �JG��
NJ��cWTjU (กJ�XlG��
HJK
fd�MW
gIbG��XlJ) gM[JKJ�\X_̀��̀�\กW
 (Partially 
miscible) �W�
Wf
HII�d�JG�]��LT�������U�d�Q�WISV�ก��\�]��
�UXG�X�G��rsXLoW^
]�^EòE
ก��Gh�I�\
HJKGGกHIIXL�R^G�SV�ก�TU]�^EòE
ก���d�X
�
SV�ก���\��d�XSp
�K�`G�M�_̀GMaJ]��ก��i[�\X]M�J
�KQ�[���WVc�L (Interfacial mass transfer) _̀GMaJ]���J
ZJ�����UXLM� (Kinetics) HJK_̀GMaJ]��G�T
QZJ�����UXLM� E
_TK]�^Na`���W\g�`�mกv�HJK��\��
_̀GMaJ]���J
ZJ�����UXLM�_G�SV�ก��\� ]��
�U
XG�X�G��rsXLoW^
�KQ�[��
fd�MW
S�JUMHJKXMh�
GJg�`HJ̀� (Chuohuaymak and Sookkumnerd, 2005) gM[
S��กV�[�g�̀M�Na`E��mกv�HJK��\��
_̀GMaJ]��G�TQZJ�����UXLM�_G�_G�N�M]�^ Xก�^\�_̀G�กWI
SV�ก��\�]��
�UXG�X�G��rsXLoW^
g�`G\[��L�Iì�
 (Chiu et al., 2005)  �W�
Wf
_̀GMaJ]��G�TQZJ�����U
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]�^�Kg�`XMR^G��f
���bL��ก��
�f�KXSp
S�Kb\o
U�[Gก��GGกHIIXL�R^G�SV�ก�TU]�^EòE
ก���d�X
�

SV�ก���\�]��
�UXG�X�G��rsXLoW^
 G
m^� ก���mกv�ก��i[�\X]M�J�KQ�[���WVc�L]�^Xก�^\�_̀G�กWISV�ก���\� 
]��
�UXG�X�G��rsXLoW^
�K�d�X
�
ก��c�\QJW� 

1.1.2 ก��H\กoWf

fd�MW
gIbG��XlJ-กJ�XlG��
 HJKก��J̀��
fd�MW
gIbG��XlJ�̀�\
fd� b�\
Sก��_̀GMaJ]��G�TQZJ�����UXLM�_G��M��J�KQ�[���WVc�L_G�XQJ�-_G�XQJ� (Liquid-Liquid 
Equlibrium Q�RG LLE) �KiaกEòE
ก��GGกHIISV�IW��ก��XYZ�KQ
[�\E
ก��H\กoWf
HJKก��J̀�� 
(Treyball, 1981) �W�
Wf
 _̀GMaJ]���̀�
G�TQZJ�����UXLM�_G����XLM�]�^Xก�^\�_̀G�กWIก��NJ��
fd�MW
gI
bG��XlJ�KXSp
S�Kb\o
U�[Gก��GGกHIISV�IW��ก��XYZ�KQ
[�\�d�Q�WIก��H\กoWf
HJKJ̀��
fd�MW
gI
bG��XlJ]�^NJ��g�` 

1.1.3 ก��กJW^
H\กXMh�
GJGGก��ก
fd�MW
gIbG��XlJHJKก��กJW^
H\กXMh�
GJGGก��ก
กJ�XlG��
 b�\Sก��ก��GGกHII HJK/Q�RG L�IL�Mก��กJW^
�K�̀G�Eò_̀GMaJ]��G�TQZJ�����U_G�
�M��J�KQ�[��_G�XQJ�HJKgG (Vapor-Liquid Equilibrium) E
ก��กJW^
H\กXMh�
GJ GGก��ก

fd�MW
gIbG��XlJHJKGGก��กกJ�XlG��

Wf
 b�\Sก���K]d�ก��กJW^
H\กc�\E�`�c��K��ee�ก�� 
(Vacuum) �W�
Wf
 ���JKJ�\E
�WVc�LgG (Vapor phase) ��M��iG
�bJMEQ`M�ก��S�KZy���W�HIIHกz�
G��ML�� (Ideal gas)g�` H�[���JKJ�\E
�WVc�L_G�XQJ� (Liquid phase solution) �d�XSp
]�^�K�`G��mกv�
�`�\�WMS�K��]h�{กWMMW
�U (Activity coefficient) HJKGW����[�
b�\bMJ (mole fraction) _G����XLM�
E
�WVc�LgGHJK_G�XQJ� T ����M��J��M��iQ�M�g�̀��ก�Mก�� 

Pyfx iiii =0γ       (1-1) 
 

b�\]�^ γi LRG�WMS�K��]h�{กWMMW
�U_G���� i E
���JKJ�\_G�XQJ�, xi LRGGW����[�
b�\   bM
J_G����  i E
���JKJ�\_G�XQJ�, yi LRGGW����[�
b�\   bMJ_G����  i E
���JKJ�\gG, fi

0 LRGraก�
l���f_G���� i E
�c��K_G�XQJ�, HJK P LRG L��M�W
 �W�
Wf
 _̀GMaJXก�^\�กWI�WMS�K��]h�{กWMMW
�U]�^�K
g�̀��ก_̀GX�
GbL��ก�����W\
�f�KXSp
S�Kb\o
U�[Gก��GGกHIIHJK/Q�RG L�IL�MG�Sก�TUSV�IW��ก��
XYZ�KQ
[�\]�^EòE
ก��กJW^
H\กXMh�
GJHJKกJ�XlG��
 

b�\���S _̀GMaJ]���`�
G�TQZJ�����UXLM�]�^�Kg�`��กbL��ก��
�fXMR^G��f
���bL��ก�� �K
XSp
S�Kb\o
U�[Gก����̀��HII�d�JG�]��LT�������U (Mathematical model) �d�Q�WISV�ก��\�]��
�U
XG�X�G��rsXLoW^
�KQ�[��
fd�MW
S�JUMHJKXMh�
GJ XSp
S�Kb\o
U�[Gก��GGกHIIHJKL�IL�M
SV�IW��ก��XYZ�KQ
[�\]�^EòE
ก��H\กoWf
HJKก��J̀��
fd�MW
gIbG��XlJ�`�\
fd�QJW���กX��z���f
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SV�ก��\� HJKXSp
S�Kb\o
U�[Gก��กJW^
XMh�
GJGGก��ก
fd�MW
gIbG��XlJ |J| �W�g�̀กJ[��M�HJ̀�
_̀���̀
  

]Wf�
�f E
bL��ก�����W\
�f Na`���W\�K]d�ก��]�JG�XZR^G�mกv��M��J_G�XQJ�-_G�XQJ�_G�_G�
N�MกJ�XlG��
-XMh�
GJ-
fd�MW
S�JUM, กJ�XlG��
-XMh�
GJ-
fd�MW
gIbG��XlJ, HJK กJ�XlG��
-
fd�MW

S�JUM-
fd�MW
gIbG��XlJ ��ก
Wf
 Na`���W\
d�NJก��]�JG�]�^g�̀M�Ld�
�TQ��WMS�K��]h�{กWMMW
�U HJK
d�
�WMS�K��]h�{กWMMW
�U]�^Ld�
�Tg�`gSEòE
ก��Q�L[�Z���M� X�G�U�[��nE
HII�d�JG��d�Q�WI
�WMS�K��]h�{กWMMW
�U G�]� UNIQUAC HJK NRTL �[GgS ��Mim�ก��XS��\IX]�\IกWINJก��]d�
�\b�\
EòHII�d�JG��WMS�K��]h�{กWMMW
�U UNIFAC-Dortmund 
 

1.2 ��"5�����������ก	��
��
 

1.2.1 �&<(��=ก!	���-*��7 	�
����*�-
����*�
���	�������(�ก�(��
.��ก��ก	�3*���9�	���"���
���:* 

1.2.2 �&<(��=ก!	)��%�	*��
�����������0�>ก������ (Activity coefficient) 
��
��3��
��
�	�������(�ก�(��
.��ก��ก	�3*���9�	���"������:* 

1.2.3 �&<(��	��	&	�	�������
��)��%�	*����	�������������0�>ก������� 
1.2.4 �&<(�����-ก��K
.)��%�	*��
�����������0�ก�������K�ก	���ก)��ก�����ก	�3*��

�9�	���"������:* ����'&	�K�
�9����
��ก	���	�����7�ก���	��	���������LM��
�(� (Transesterification 
reaction) ก	�)�ก
�9� (Phase separation) )*�ก	�*.	� 

 

1.3 �����"���ก	��
��
 

����ก	���%����9��
���
���(%��=ก!	� 	�����-*
����*�-
����*� (Liquid-liquid equilibrium) 

��
��3���	��������ก����(���ก���.���	�������(�ก�(��
.��ก��ก	�3*���9�	���"������:* �	�� ��������

��ก��"
��� "��ก*��:���"���  ��0	��* )*� ก*��:���� ��(�-/� 2�������	� 25 ���	�:*�:��� ,=� 55 ���	
�:*�:��� ��9���9  %	ก3*ก	���*�����ก*�	�%�,2ก��	"�K
.K�ก	��	)��%�	*����( ���	�����	����
���������0�>ก������� (Activity Coefficient) )*���	&	�	���������(����*.��ก��)��%�	*����9�^ 

��=(� 
.���-���("�.%	ก����ก	���%����9 �	�	�,��	"�����-ก��K
.K�ก	���ก)��)*�������-�
�7�����ก	��'&	������ (Unit operations) ��(K
.K�ก	�3*���9�	���"������:* �	�� ���<(���7�ก�/� (Reactor) ก	�
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)�ก
�9� (Phase separator) ก	�ก*�(��-$$	ก	��&<(�)�ก��0	��* (Vacuum distillation) )*� ก	�*.	� 
(Washing) ��;��.� 

 

1.4 ����
(���� %�!����	กก	��
��
 

1.4.1 XSp
G�LUL��M�a`E
ก�����W\�[GgS _̀GMaJ]��G�TQZJ�����UXLM�]�^�Kg�̀��ก
bL��ก�����W\
�f�KXSp
��^��d�XSp
]�^�K�̀G�EòE
ก���mกv��J
ZJ�����UXLM�_G�SV�ก��\�]��
XG�X�G��
rsXLoW^
E
ก�T�]�^����Wf��`
gM[g�`XSp
X
RfGX��\�กW
 (Heterogeneous transesterification reaction) E
ก�T�

�f _̀GMaJ]��G�TQZJ�����UXLM��KXSp
S�Kb\o
U�[Gก��Ld�
�TL��MX_̀M_̀
_G�����Wf��̀
]�^G\a[E
]Wf�
�G��WVc�Llm^�XSp
_̀GMaJ]�^�d�XSp
G\[��\�^�\��E
ก���mกv��J
ZJ�����UXLM�_G�SV�ก��\�]��
XG�X�
G��rsXLoW^
E
ก�T�]�^����Wf��`
gM[g�̀XSp
X
RfGX��\�กW
 

1.4.2 XZ�^MS�K��]h�c�ZE
ก��NJ�� _̀GMaJ]��G�TQZJ�����UXLM�]�^�Kg�`��กbL��ก�����W\
�f
�K]d�EQ̀ก��GGกHIIHJKL�IL�MG�Sก�TUSV�IW��ก��XYZ�KQ
[�\ (Unit operation) ]�^EòE
ก�KI�
ก��
NJ��
fd�MW
gIbG��XlJM�S�K��]h�c�ZM�ก_mf
 
 

 
 

 
 

 

 

 

 



 

 

 

 

 

 

 

 

)7789  2  
ก-*7)7;<;**.ก**,789=ก89>;?@A( 

 

2.1 ก-*1BกC-D,EFG;HIJ-K?A(?A(LD,D-,A(KM&*+กA)789=ก89>;?@A(กH)ก-*LGNO<PQ-,H<R)SAE8=TG 

b�\Sก�� _̀GMaJ]���`�
G�TQZJ�����UXLM�XSp
��^�]�^�d�XSp
�d�Q�WIก��GGกHIIXL�R^G�
SV�ก�TU�d�Q�WIก���d�X
�
SV�ก���\�]�^gM[XSp
X
RfGX��\�กW
 Q�RG Heterogeneous reaction (Doraiswamy, 
2001) HJKGGกHIIG�Sก�TU�d�Q�WIก��SV�IW��ก��XYZ�KQ
[�\ (McCabe et al., 2001; Treyball, 1981) 
]Wf�
�f �d�Q�WIก��NJ��
fd�MW
gIbG��XlJ_̀GMaJ]��G�TQZJ�����U]��XLM�_G����XLM�]�^Xก�^\�_̀G��KXSp

S�Kb\o
U�[Gก��]d�
�\GW���ก��Xก��SV�ก��\�]��
�UXG�X�G��rsXLoW^
 HJKก��GGกHIIG�Sก�TU]�^EòE

ก��J̀��, ก��H\กoWf
 HJKก��กJW^
H\กXMh�
GJHJKกJ�XlG��
 �W�g�̀กJ[��g�`HJ̀�E
�[�
_G�
L��M�d�LWeHJK]�^M�_G�S~eQ�]�^]d����W\ 

��กก��]I]�
���Tก��M]�^Xก�^\�_̀G�กWIก��NJ��
fd�MW
gIbG��XlJZI�[� HII�d�JG� 
NRTL (Zhang et al. 2003a), UNIQUAC (Zhang et al. 2003a; Zhang et al. 2003b; Malinoski, 2001), 
Wilson (Chiu et al., 2005) HJK UNIFAC (Suppes and Dasari, 2003; Malinowski, 2001) iaกEòE

ก���mกv�HJK/Q�RGGGกHIIก�KI�
ก��NJ��
fd�MW
gIbG��XlJ G\[��g�กz�� \W�gM[XL\M�ก��XS��\IX]�\I
NJก��]d�
�\]�^g�`��กHII�d�JG��[��nกWINJก��]�JG����� b�\L[�Z���M�X�G�U�[��n_G�HII�d�JG� 
NRTL HJK UNIQUAC ]�^EòE
ก��Ld�
�TJ̀�
M���กก��S�KM�Tก���`�\ Software ]���̀�
 Process 
simulation G�]� HYSIS X][�
Wf
 ��กก��]I]�
���Tก��MXZ�^MX��MZI�[� M�XZ�\�I]L��M_G� Chiu 
HJKLTK (Chiu et al., 2005) ]�^g�̀]d�ก���mกv��WMS�K��]h�{กWMMW
�U_G����JKJ�\�G�G�LUS�KกGI 
(Binary mixture) XMh�
GJ-
fd�MW
gIbG��XlJ HJK XMh�
GJ-กJ�XlG��
 ]�^ 100ºC HJK 120ºC HJKQ�
L[�Z���M�X�G�U�d�Q�WIEòE
HII�d�JG� Wilson XZR^GEòE
ก��Gh�I�\�WMS�K��]h�{กWMMW
�UE
���JKJ�\
�G�G�LUS�KกGI G\[��g�กz�� I]L��M_G� Chiu HJKLTK M�_̀GIกZ�[G�]�^�d�LWe�G�S�Kก�� กJ[��LRG 
1)gM[M�_̀GMaJก��]�JG�]�^ 25ºC-60ºC lm^�XSp
o[��G�TQcaM�]�^b�\Sก��EòE
ก���d�X
�
SV�ก��\�, ก��H\ก
oWf
 HJKก��J̀�� HJK 2) HII�d�JG� Wilson gM[��M��iEòE
ก�T�]�^���XLM�XMR^GN�MกW
HJ̀��KH\ก
GGกXSp
�WVc�L_G�XQJ� 2 �WVc�L �W�Xo[
E
ก�T�_G�_G�N�M 3 G�LUS�KกGI กJ�XlG��
-XMh�
GJ-

fd�MW
S�JUM, กJ�XlG��
-XMh�
GJ-
fd�MW
gIbG��XlJ, HJK กJ�XlG��
-
fd�MW
S�JUM-
fd�MW
gIbG��XlJg�` 
(Prausnitz et al., 1986)  
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�W�
Wf
 Na`���W\XoR^G�[� XMR^G_̀GX�
GbL��ก�����W\
�f�d�X�z�J�J[�� �KM�_̀GMaJ]��G�TQZJ�����U
XLM�E
o[��G�TQcaM��KQ�[�� 25 G���XlJXo�\� im� 55 G���XlJXl�\� ]�^XSp
S�Kb\o
U�[Gก��GGกHII
XL�R^G�SV�ก�TU HJKG�Sก�TUSV�IW��ก��XYZ�KQ
[�\]�^EòE
ก��NJ��
fd�MW
gIbG��XlJ G�]� Z���M�X�G�U]�^
EòE
HII�d�JG� UNIQUAC HJK NRTL ��Mim�ก��XS��\IX]�\IS�K��]h�c�Zก��]d�
�\�c��K�M��J
�W�c�L�`�\ UNIFAC-Dortmund GW
�K�[�NJEQ`b����

fd�MW
gIbG��XlJ]�^Eò_̀GMaJG�TQZJ�����U
XLM�
�fE
ก��GGกHIIM�S�K��]h�c�Z]�^��_mf
 
 
2.2 U<NED,EFG;HIJ-K?A(=VG;-?A(=VG; ?A(?A(LD,D-,A(KM&*+กA) 

�WVc�L QM�\im��[�
Q
m^�_G��KII]�^M�L��MXSp
X
RfGX��\�กW
 (homogeneous) b�\�JG� 
HJKH\กGGก��ก�WVc�LGR^
n _G��KIIb�\_GIX_��KQ�[��กW
]�^X��\ก�[�ZRf
N���KQ�[��c�L (interface) 
�WVc�L�m�G��QM�\im� ก��l _G�XQJ� ���JKJ�\ Q�RG_G�H_z�]�^XSp
X
RfGX��\�กW
 

ก�KI�
ก��G����Qก��MQJ�\S�KXc]Xก�^\�_̀G�กWI�KII��MG�LUS�KกGI Xo[
 
ก�KI�
ก���กW� (extraction) ก�KI�
ก��J̀�� (leaching) ก�KI�
ก���กNJmก (crystallization) HJK
ก�KI�
ก��กJW^
 (distillation) E
QW�_̀G
�f�KกJ[��H\กXSp
�G�QW�_̀GLRG �KII]�^M�_G�H_z�XSp
�W�iaก
JKJ�\E
�W�]d�JKJ�\ 2 o
�� กWI�KII]�^M�_G�XQJ�XSp
]Wf��W�]d�JKJ�\HJK�W�iaกJKJ�\ lm^��KกJ[��
��\JKXG�\�E
QW�_̀GQJW�XZR^GH���L��M�WMZW
hUกWI��
]�^�`G�Eò 

�KII_G�XQJ� 3 o
�� (Ternary liquid system) XSp
�KII]�^ZII[G\E
ก�KI�
ก��
G����Qก��Mlm^�
d��W�]d�JKJ�\o
��Q
m^�M��กW��W�iaกJKJ�\]�^XSp
_G�XQJ�]�^JKJ�\E
���JKJ�\_G�
�W�]d�JKJ�\G�กo
��Q
m^� �W�]d�JKJ�\]Wf� 2 
�f �KJKJ�\E
กW
HJKกW
g�̀
`G\M�ก Q�RGgM[JKJ�\XJ\ �m�
X��\ก�KII
�f�[� �KII_G�XQJ� 3 o
�� �[�
ก�KI�
ก���กW�X��\ก�[� ก���กW�_G�XQJ��̀�\_G�XQJ� 
(liquid � liquid extraction) 

�KII_G�XQJ� 3 o
��]�^S�KกGI�`�\G�LUS�KกGI A, B HJK C H����M��J_G�ก��G\a[
�[�MกW
_G�G�LUS�KกGI]Wf� 3 H�ก�[��กW
gS 4 HII _mf
G\a[กWIก��JKJ�\E
กW
HJKกW
 �W�
�f 

HII]�^ 1 (Type 1)             A HJK B JKJ�\E
กW
HJKกW
g�`QM� 
   A HJK C JKJ�\E
กW
HJKกW
g�̀QM� 
   B HJK C JKJ�\E
กW
HJKกW
g�̀I`�� 
HII]�^ 2 (Type 2)             A HJK B JKJ�\E
กW
HJKกW
g�`Ì�� 
   B HJK C JKJ�\E
กW
HJKกW
g�̀I`�� 
   A HJK C JKJ�\E
กW
HJKกW
g�̀QM� 
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HII]�^ 3 (Type 3)             A HJK B 
   B HJK C 
   HJK A HJK C �[��JKJ�\E
กW
HJKกW
g�̀Ì�� 
HII]�^ 4 (Type 4)            ]Wf� A, B HJK C �[��JKJ�\E
กW
HJKกW
g�`QM� 
 

HN
caM��M��J_G��KII_G�XQJ� 3 o
�� HII�[��n H���E
�aS]�^ 2.1 ก) � �) 
XMR^G  A LRG�W�iaกJKJ�\  B LRG�W�]d�JKJ�\��rrsX
� HJK C LRG�W�]d�JKJ�\XGกlUH]�L 

 
�aS]�^ 2.1 ก) XSp
HII]�^ 1 lm^�XSp
HII]�^ZIกW
M�ก]�^��� HJK��M��i
d�M�EòS�Kb\o
UE


G����Qก��ME
ก�KI�
ก���กW�_G�XQJ��̀�\_G�XQJ�g�̀M�ก]�^��� Xo[
 �KIILJGb�rG�UM � 
fd� � 
ก��GKl���ก �KIIXI
l�
 � XG]�
GJ � 
fd� �KII]GJaG�
 � 
fd� � ก��GKl���ก HJK�KIIgGblbS�SsJ
G�X]G�U � 
fd� � ก��GKl���ก XSp
�`
 XMR^GG�TQcaM��a�_mf
 ก��JKJ�\E
กW
HJKกW
�KXZ�^M_mf
 X�`
bL̀�L[�
ก��JKJ�\�m�J��̂d�J� ZRf
]�^E�̀X�`
bL̀�L[�ก��JKJ�\lm^�H���im��KII�G��WVc�L�m�J�J��`�\�
im�
G�TQcaM�Q
m^� TC ก��JKJ�\_G� A, B HJK C �K�MIa�TUQM�]�^�[�
S�KกGI G X��\ก�[� �[�
S�KกGI
���JKJ�\��กy� HJK TC LRG G�TQcaM����JKJ�\��กy� 

�aS]�^ 2.1 _) XSp
HII]�^ 2 Xo[
�KII
G�UMWJX�SX]
-XM]�JglbLJX�กXl
-
fd� ก��JKJ�\_G� 
A E
 B HJK_G� B E
 C gM[�a�M�ก
Wก X�`
bL̀�L[�ก��JKJ�\�m�H\ก��กกW
 E
�KII]�^ก��JKJ�\_G� 
A E
 B HJK_G� B E
 C L[G
_̀���a� X�`
bL̀�L[�ก��JKJ�\�K��MX_̀��`�\กW
กJ�\XSp
I��X�TX��\�กW
 
ก��JKJ�\Xo[

�f G��g�`��ก�KII_G�G�LUS�KกGIXo[
X��\�กW
 H�[XZ�^MG�TQcaM�]d�EQ`ก��JKJ�\��_mf
 

�aS]�^ 2.1 L) H���HII]�^ 3 lm^�gM[L[G\ZI I��X�T]�^M�ก��JKJ�\E
กW
HJKกW
QM� M��W�c�L
X��\�LRG I��X�T���กJ�� 

�aS]�^ 2.1 �) H���HII]�^ 4 
W^
LRGgM[S��กVX�`
L[�ก��JKJ�\_G�XQJ�]Wf� 3 o
�� ��M�W�
XSp
X
RfGX��\�กW
QM�E
]�กn GW����[�
 �KII
�fH\กg�`b�\ก��กJW^
X][�
Wf
 

X
R^G���ก�KII_G�XQJ� 3 o
�� HII]�^ 1 (Type 1) XSp
HII]�^ZIกW
M�ก]�^��� �G�J�M��m�
XSp
HII]�^ 2 �W�
Wf
 �m�_G
d�M�XSp
�W�G\[��XZR^GEòGh�I�\HN
caM��M��J_G��KII_G�_G�XQJ� 3 o
�� 
b�\JKXG�\��[GgS 
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(ก)  Type 1 

 

(_) Type 2 

                                          

(L) Type 3 

 

(�)  Type 4 
 

�aS 2.1 o
��_G�HN
caM��WVc�L_G�XQJ�-_G�XQJ�_G�_G�N�M��MG�LUS�KกGI 
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�aS]�^ 2.2 HN
caM��M��J_G��KII_G�XQJ� 3 o
�� HII]�^ 1 
XMR^G A LRG�W�iaกJKJ�\ B LRG�W�]d�JKJ�\��rrsX
� HJK C LRG�W�]d�JKJ�\XGกlUH]�L 

 
ก��JKJ�\_G��W�]d�JKJ�\��rrsX
� กWI�W�]d�JKJ�\XGกlUH]�LH���b�\X�`
L[�ก��JKJ�\ 

(solubility curve) FPG ZRf
]�^XQ
RGX�`
bL̀�L[�ก��JKJ�\H���im��KII]�^M��WVc�LX��\�LRG A, B HJK C 
JKJ�\E
กW
HJKกW
g�̀QM�XSp
X
RfGX��\�กW
 ZRf
]�^E�`X�`
bL̀�L[�ก��JKJ�\H���im��KII]�^M��G��WV
c�LG\a[�[�MกW
]�^�M��J �WVc�LQ
m^�S�KกGI�`�\ A JKJ�\E
 B XSp
�[�
EQe[ M� C G\a[XJzก
̀G\H]

�`�\X�`
bL̀� L[�ก��JKJ�\ FP �WVc�L
�fLRG�WVc�L��rrsX
� (raffinate phase) 
 
2.3 ก-*&*+,-.ก-*KW-K(789?A(X))YQ-GA(DH,&*+DN7ZN[กH,,H<OMDQ-V*H)D,EFG;HIJ-K?A(=VG;-
?A(=VG; 

T ����M��Jก�\c�Z�KQ�[���G��WVc�L ]Wf��G��WVc�L�̀G�M��Wก\UXLM� (Chemical potential) 
]�^X][�กW
 (Smith et al., 2001) Q�RG  

     
21

21

21

CC

BB

AA

µµ

µµ

µµ

=

=

=

   

 
XMR^G N

iµ  LRG �Wก\UXLM�_G���� i E
�WVc�L N 

(2-1) 
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�Mก�� (2-1) ��M��iX_�\
E
�aSraก�l���f (Fugacity) g�`�[� (Smith et al., 2001) 

 

     
21
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ˆˆ
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CC
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ff

ff

ff

=

=
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XMR^G N

if̂  LRG raก�l���f_G���� i E
�WVc�L N 
 

]Wf�
�f raก�l���f��M��iH���NJLaT_G��WMS�K��]h�{กWMMW
�U (Activity coefficient) �W��[�

bMJ (Mole fraction) HJKL��M�W
gG �W�H���E
�Mก��]�^ (2-3) 
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sat
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sat
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sat
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2211
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γγ
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γγ

=
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Q�RG 

   
2211

2211

2211

CCCC

BBBB

AAAA

xx

xx

xx

γγ

γγ

γγ

=

=

=

 

 
XMR^G N

iγ  LRG �WMS�K��]h�{กWMMW
�U_G���� i E
�WVc�L N N
ix  LRG �W��[�
b�\bMJ_G���� i 

E
�WVc�L N HJK sat
iP  LRG L��M�W
gG_G����gGE
�c��K���I����]h�{ T G�TQcaM�X��\�กW
 

 
]Wf�
�f �WMS�K��]h�{กWMMW
�U_G������M��iQ���กก��]�JG� HII�d�JG��WMS�K��]h�{กWM

MW
�UHJKก��Q�L[�Z���M�X�G�U�d�Q�WIHII�d�JG���กNJก��]�JG� 
E
ก�����W\
�f Na`���W\EòHII�d�JG��WMS�K��]h�{กWMMW
�U]�^EòกW
G\[��HZ�[QJ�\ 2 o
�� LRG 
2.3.1. HII�d�JG� NRTL (Non-random two liquid model) b�\G��W\L��ML��ZRf
k�
_G� 

Wilson ZJW���
ก�I�U�[�
Xก�
 (Excess Gibbs Energy) Q�RG GE ��M��iH��� (Prausnitz et al., 1986) 
�W��Mก�� (2-5) 

(2-2) 

(2-3) 

(2-4) 
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XMR^G GE LRG ZJW���
ก�I�U�[�
Xก�
 R LRG L[�L�]�^_G�ก��l T LRG G�TQcaM� xi LRG �W��[�
bM

J_G���� i m LRG �d�
�
_G����E
�KII HJK 
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=

−
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−= exp

 

 
]Wf�
�f jiα  LRG Z���M�X�G�UH���im�ก��N�MHIIgM[��[Mlm^�_mf
G\a[กWI��� i HJK j (Sก��M�L[�

�KQ�[�� 0.2 im� 0.47) jig  LRG Z���M�X�G�UL�TJWกvTKZJW���
 (Energy parameter characteristic) 
�d�Q�WIGW
��SV�ก���\�_G���� i-j  

��ก�Mก�� (2-5) �WMS�K��]h�{กWMMW
�U��M��iQ�g�̀��กก��Q�G
�ZW
hUX]�\IกWI�d�
�
bM
J_G���� i lm^��Kg�̀ (Prausnitz et al., 1986) 
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1ln
τ

τ
τ

γ  

  
G
m^� E
]��SV�IW��Z���M�X�G�U jiα  �Kiaกกd�Q
�EQ`M�L[�EกJ̀XL�\�กWILa[_G����]�^M�bL����̀��

]��XLM�LJ̀�\LJm�กW
HJK jiτ  �KQ���กก��XS��\IL[�]�^g�̀��กก��Ld�
�TกWINJก��]�JG� 
2.3.2 HII�d�JG� UNIQUAC (Universal quasi-chemical theory) b�\G��W\L��ML��ZRf
k�


_G� Wilson HJKZW�
�H
�L��ML���[G��ก NRTL ZJW���
ก�I�U�[�
Xก�
 (Excess Gibbs Energy) Q�RG 
GE ��M��iH��� (Prausnitz et al., 1986) �W��Mก�� (2-8) 
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



=  

(2-5) 
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(2-8) 
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XMR^G  
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XMR^G ri LRG L[�L�]�^]�^_mf
G\a[กWI_
��bMXJก�J_G����I����]h�{ qi LRG L[�L�]�^]�^_mf
G\a[กWIZRf
]�^N��

c�\
Gก_G�bMXJก�J_G����I����]h�{ qi� LRG L[�L�]�^]�^_mf
G\a[กWIZRf
]�^N��c�\
Gก_G�bMXJก�J_G����
I����]h�{E
ก�T�]�^M�
fd�Q�RGHGJก�GJU ijα  LRG Z���M�X�G�UZJW���
�d�Q�WIGW
��SV�ก���\�_G���� i-j 

��ก�Mก�� (2-9) �WMS�K��]h�{กWMMW
�U��M��iQ�g�̀��กก��Q�G
�ZW
hUX]�\IกWI�d�
�
bM
J_G���� i lm^��Kg�̀ (Prausnitz et al., 1986) 
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XMR^G z LRG XJ_  coordination number (กd�Q
�EQ`X][�กWI 10) HJK 
 

( ) ( )1
2

−−−= jjji rqr
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G
m^� E
]��SV�IW��Z���M�X�G�U ri, qi HJK qi� ��M��iQ�g�̀��ก�����E
XGก����[��n Q�RG
S�KM�T��กHII�d�JG� UNIFAC (Prausnitz et al., 1986) HJK ija  �KQ���กก��XS��\IL[�]�^g�̀��กก��
Ld�
�TกWINJก��]�JG� 

2.3.3. HII�d�JG� UNIFAC-Dortmund (Universal Functional group Activity Coefficient-
Dortmund) 

b�\G��W\L��ML��ZRf
k�
_G� Wilson , NRTLHJKZW�
�H
�L��ML���[G��ก UNIQUAC 
ZJW���
ก�I�U�[�
Xก�
 (Excess Gibbs Energy) Q�RG GE ��M��iH��� (Prausnitz et al., 1986) �W�
�Mก�� (2-13) 

 
  
 

 
b�\]�^ 

 
   (2-14)  
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XMR^G ri HJK Ri LRG L[�L�]�^]�^_mf
G\a[กWI_
��bMXJก�J_G����I����]h�{HJKQMa[r~�กUoW
 qi HJK Qi 

LRG L[�L�]�^]�^_mf
G\a[กWIZRf
]�^N��c�\
Gก_G�bMXJก�J_G����I����]h�{HJKQMa[r~�กUoW
 Z���M�X�G�U RiHJK 
Qi ��M��iQ�g�̀��ก�����E
XGก����[��n 
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��ก�Mก��]�^ (2-13) XSp
�Mก��_G�HII�d�JG� modified UNIFAC Q�RG UNIFAC-Dortmund lm^�M�ก��
S�WIS����Mก��]�^H���im�NJ_G�S��M���_G���� �W��Mก��]�^ (2-14) HJKM�ก��S�WIS����Mก��]�^Eò
Gh�I�\Z���M�X�G�UL�TJWกvTKZJW���
]�^XSp
r~�กUoW
กWIG�TQcaM� �W��Mก��]�^ (2-14) lm^�L��MH�ก�[��
��ก original UNIFAC ]�^gM[g�`Ld�
m�im�NJ_G�G�TQcaM� 
 ]Wf�
�f HII�d�JG� UNIFAC �KEò]��GIกWINJก��]�JG�]�^g�̀ E
_TK]�^ก��Q�L[�L�]�^_G�
HII�d�JG��WMS�K��]h�{กWMMW
�U NRTL HJK UNIQUAC �KQ���กก����̀��X�`
bL̀�ก��JKJ�\ Eò
S�Kb\o
U��กL��M��M��iE
ก��JKJ�\lm^�กW
HJKกW
_G����]�^JKJ�\X_̀��̀�\กW
g�̀I���[�
Q�
L[�L�]�^_G�HII�d�JG��WMS�K��]h�{กWMMW
�U�d�Q�WI���]�^JKJ�\X_̀��̀�\กW
g�̀I���[�
 ��̀�� Tie line 
HJKEòS�Kb\o
U_G� Tie line E
ก��Q�L[�L�]�^_G�HII�d�JG��WMS�K��]h�{กWMMW
�U�d�Q�WI���]�^
JKJ�\X_̀��̀�\กW
g�̀b�\�MIa�TU (Completely miscible) ��กก��Hก̀�Mก��]�^ 2-4 �[�MกW
กWI��JM�J
��� (Material balance) 
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
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����   3  
;NZ8EQ-=<N<ก-*;NYH>   

3.1 OH;X&*7897Q-ก-*;NYH> 
 1. G�TQcaM�]�^]d�ก��]�JG� 
 2. G�LUS�KกGI_G�_G�N�M��MG�LUS�KกGI 
 
3.2 �
0�ก	��ก6��������!��,� 
 3.2.1 ���<(���<�)*��-�ก�/���(K
.K�ก	���%�� 

1. XL�R^G�ก��lbL�M�b�ก��rr� (Gas chromatography) 
2. G[��
fd�L�IL�MG�TQcaM� (Temperature-controlled water baht) 
3 I��X�� _
�� 25 HJK 50 M�JJ�J��� 
4. SsXS� HJKSsXS�GW�b
MW�� 
5. I�กXกG�U 
6. QJG�Q\� 
7. X]G�UbMM�X�G�U 
8. ก�K��vก�G� 
9. _���aSoMZa[ 
10. QJG�Xl
]��rs�+�� 
11. òG
�Wก��� 
12. QJG�Hก̀� 
13. XL�R^G�oW^�]�
�\M 4 �d�HQ
[� 
14. H][�L
��� 
15. 
���ก��WIX�J� 
 

3.2.2 ���XLM�]�^EòE
ก�����W\ 
1. 
fd�MW
S�JUMI����]h�{ 
2. 
fd�MW
gIbG��XlJ (Fatty Acid Methyl Ester, FAME) 
3. XMh�
GJ 
4. กJ�XlGg��U 
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3.2.3 ��h�ก��]�JG� 
 ก. ก��g]X]��Q����_�[
 (Cloud point titration) 

1. ]d�ก��X���\M���JKJ�\_G�XQJ�X
RfGX��\�กW

fd�MW
gIbG��XlJHJKXMh�
GJ]�^M�
�W��[�
M�J�[GS��M���_G�
fd�MW
gIbG��XlJX][�กWI 80:20, 70:30, 60:40, 50:50, 40:60, 
30:70, 20:80, 10:90 HJK 0:100 ก�WM�[GM�JJ�J��� 

2. X]���JKJ�\]�^M��W��[�
M�J�[GS��M���_G�
fd�MW
gIbG��XlJX][�กWI 80:20E
_̀G 1 J�
E
XL�R^G�Hก̀�_
�� 250 M�JJ�J����d�Q�WI�d�X
�
SV�ก���\�]�^L�IL�MG�TQcaM�g�` 

3. XoR^GM�[GXL�R^G�Hก̀�กWIG[��
fd�L�IL�MG�TQcaM� �
ก�K]W^�G�TQcaM�_G����JKJ�\E

XL�R^G�Hก̀�X][�กWI 35 G���XlJXl�\� 

4. g]X]���`�\กJ�XlGg��U �W�Xก�L��M_�[
_G����JKJ�\ Q\��ก��g]X]��XMR^G���JKJ�\
XSJ�^\
��กE�XSp
_�[
 IW
]mกS��M���_G�กJ�XlGg��U]�^EòE
ก��g]X]�� 

5. ]d�ก��]�JG�_̀G 3 � 5 lfd� H�[XSJ�^\
�W��[�
M�J�[GS��M���_G�
fd�MW
gIbG��XlJXSp
 
70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90 HJK 0:100 ก�WM�[GM�JJ�J��� ��MJd��WI 

6. ]d�ก��X���\M���JKJ�\_G�XQJ�X
RfGX��\�กW
กJ�XlGg��UHJKXMh�
GJ ]�^M��W��[�
M�J
�[GS��M���_G�
fd�MW
gIbG��XlJX][�กWI 80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 
20:80, 10:90 HJK 0:100 ก�WM�[GM�JJ�J��� 

7. X]���JKJ�\]�^M��W��[�
M�J�[GS��M���_G�กJ�XlGg��UX][�กWI 80:20 E
_̀G 6 J�E

XL�R^G�Hก̀�_
�� 250 M�JJ�J����d�Q�WI�d�X
�
SV�ก���\�]�^L�IL�MG�TQcaM�g�̀ 

8.  XoR^GM�[GXL�R^G�Hก̀�กWIG[��
fd�L�IL�MG�TQcaM� �G�
ก�K]W^�G�TQcaM�_G����JKJ�\E

XL�R^G�Hก̀�X][�กWI 35 G���XlJXl�\� 

9. g]X]���̀�\
fd�MW
gIbG��XlJ �W�Xก�L��M_�[
_G����JKJ�\ Q\��ก��g]X]��XMR^G
���JKJ�\XSJ�^\
��กE�XSp
_�[
 IW
]mกS��M���_G�
fd�MW
gIbG��XlJ]�^EòE
ก��
g]X]�� 

10. ]d�ก��]�JG�_̀G 7 � 9 lfd� H�[XSJ�^\
�W��[�
b�\M�J_G�กJ�XlGg��U XSp
 70:30, 60:40, 
50:50, 40:60, 30:70, 20:80, 10:90 HJK 0:100 ก�WM�[GM�JJ�J�����MJd��WI 

11. ]d�ก��]�JG�_̀G 2 � 5 HJK 7 � 10 lfd�H�[XSJ�^\
G�TQcaM�ก��]�JG�XSp
 45 HJK 55 
G���XlJXl�\� ��MJd��WI 

12. 
d�NJก��]�JG�M���̀��XSp
HN
caM��WVc�L��MXQJ�^\M�d�Q�WI�KIIXMh�
GJ-กJ�XlG
g��U-
fd�MW
gIbG��XlJ  
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13. ]d�ก��]�JG�_̀G 1-12 lfd� H�[XSJ�^\
XSp
�KIIXMh�
GJ-
fd�MW
S�JUM-
fd�MW
gIbG��XlJ
HJKกJ�XlGg��U-
fd�MW
S�JUM-
fd�MW
gIbG��XlJ 

_. ก��]�JG���̀��X�`
XoR^GM�WVc�L (Tie line) 
1.]d�ก��N�M���XMh�
GJ-กJ�XlGg��U-
fd�MW
gIbG��XlJ G\[��JK 5 M�JJ�J��� J�E
QJG�

Xl
]��rs� HJ̀�Ss���X_\[�S�KM�T 1 
�]� 
2.
d�_G�N�ME
_̀G 1 gSHo[E
G[��
fd�L�IL�MG�TQcaM� 35 G���XlJXl�\� XSp
X�J� 12 
oW^�bM�XZR^GMW^
E��[��KIIX_̀��a[�M��J 
3.XMR^G�KIIX_̀��a[�M��J�KH\กGGกXSp
 2 �WVc�L IW
]mก�K�WIS��M���]�^กWf
 2 �WVc�LHJK
�K�WIS��M���]�^G\a[�WVc�L�̀�
I
��� 
4.EòSsXS��a�XYZ�K_G�XQJ�]�^XSp
�WVc�L�`�
I
 (Top phase) E
]�^
�f�WVc�L�`�
I
LRG 
�WVc�L]�^X_̀M_̀
�`�\gIbG��XlJ (FAME rich phase) 
5.
d��WVc�L�̀�
I
 (Top phase) gS��XL��KQUQ�S��M�T���G�LUS�KกGI�`�\XL�R^G�ก��l
bL�M�b�ก��rr� (Gas Chromatograpy) 
6.]d�ก��]�JG�_̀G 1 � 5 lfd�H�[XSJ�^\
G�TQcaM�ก��]�JG�XSp
 45 HJK 55 G���XlJXl�\� 
��MJd��WI 
7.]d�ก��]�JG�_̀G 1-6 lfd� H�[XSJ�^\
XSp
�KIIXMh�
GJ-
fd�MW
S�JUM-
fd�MW
gIbG��XlJ
HJKกJ�XlGg��U-
fd�MW
S�JUM-
fd�MW
gIbG��XlJ 
 

3.3 �
0��
���	����!��,� 

2.3.1 ก��S�KM�Tก��L[�Z���M�X�G�U_G�HII�d�JG��WMS�K��]h�{กWMMW
�U NRTL HJK
UNIQUAC �d�Q�WI�M��J�WVc�L_G�XQJ�-_G�XQJ�_G�_G�N�M��MG�LUS�KกGI]�^Xก�^\�_̀G�กWIก��
NJ��
fd�MW
gIbG��XlJ 

1. X_�\
�Mก��XZR^GGh�I�\L[��WMS�K��]h�{กWMMW
�U_G����]�^JKJ�\X_̀��̀�\กW
g�̀I���[�
 
��MHII�d�JG� NRTL HJK UNIQUAC 

2. X_�\
�Mก����M�Mก��]�^ (3-1) XZR^GGh�I�\�M��J�WVc�L_G�XQJ�-_G�XQJ�_G����]�^
JKJ�\X_̀��̀�\กW
g�`I���[�
 ]�^G�TQcaM� 35, 45 HJK 55 G���XlJXl�\� b�\G��W\_̀GMaJ
L��M��M��iE
ก��JKJ�\X_̀��`�\กW
I���[�
 (Mutual solubility) 

     
2211

2211

BBBB

AAAA

xx

xx

γγ

γγ

=

=
    (3-1) 
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3. X_�\
�Mก����M�Mก��]�^ (3-2) XZR^GQ�L[�Z���M�X�G�U_G�_G�N�M��MG�LUS�KกGIE

HII�d�JG� NRTL HJK UNIQUAC ]�^G�TQcaM� 35, 45 HJK 55 G���XlJXl�\� ]Wf�
�f 

กd�Q
�EQ` α12 α13 HJK  α32 E
HII�d�JG� NRTL X][�กWI 0.3 กd�Q
�EQ̀Z���M�X�G�U
_G����I����]h�{ (r HJK q) ]�^M�ก����\��
g�`�d�Q�WI UNIQUAC HJKEò MATLAB Hก̀

�Mก��XZR^GS�KM�TL[� τ12 HJK τ21 _G�HII�d�JG� NRTL HJK a12 HJK a21  _G� 
UNIQUAC  

     

2211

2211

2211

CCCC

BBBB

AAAA

xx

xx

xx

γγ

γγ

γγ

=

=

=

    (3-2) 

 

4. 
d�L[� τ12 HJK τ21 _G�HII�d�JG� NRTL HJK a12 HJK a21  _G� UNIQUAC M���̀��
ก��rกWIG�TQcaM�XZR^GQ�L��M�WMZW
hU 

5. Eò_̀GMaJX�`
XoR^GM�WVc�L HJK�Mก��]�^ (3-2) HJK�M��JM�J���S�KM�Tก��L[�L�]�^
_G�HII�d�JG� NRTL HJK UNIQUAC �d�Q�WILa[���]�^JKJ�\X_̀��̀�\กW
G\[���MIa�TU

Q�RG τ23 HJK τ32 HJK τ13 HJK τ31 _G�HII�d�JG� NRTL HJK a13 HJK a31  HJK a23 
HJK a32  _G� UNIQUAC b�\Eò��h�i�iG\gM[Xo��X�`
 (Nonlinear Regression) 

6. ��̀��HN
caM��WVc�LHJKX�`
bL̀�ก��JKJ�\b�\ก��EòL[�L�]�^_G�HII�d�JG�]�^S�KM�T
g�̀HJKXS��\IX]�\IกWINJก��]�JG�XZR^GLd�
�TL[�L��MLJ��XLJR^G
_G�HII�d�JG� 
NRTL HJK UNIQUAC 

 
2.3.2 ก���mกv�L��MXSp
gSg�`_G�ก��EòHII�d�JG��WMS�K��]h�{กWMMW
�U UNIFAC �d�Q�WI

�M��J�WVc�L_G�XQJ�-_G�XQJ�_G�_G�N�M��MG�LUS�KกGI]�^Xก�^\�_̀G�กWIก��NJ��
fd�MW
gIbG
��XlJ  

1. Q�L[�Z���M�X�G�U�[��n�d�Q�WIQMa[r~�กUoW^
�[��n G�]� R Q amn bmn HJK cmn ]�^M�ก��
��\��
g�̀E
������]����o�ก�� ]Wf�
�f HII�d�JG� UNIFAC ]�^�mกv� LRG UNIFAC-
Dortmund  

2. X_�\
�Mก����M�Mก��]�^ (2-2) �M��JM�J��� HJKHII�d�JG� UNIFAC-Dortmund 
XZR^GGh�I�\�M��J�WVc�L_G�XQJ�-_G�XQJ�_G�_G�N�M��MG�LUS�KกGI ]�^G�TQcaM� 
35, 45 HJK 55 G���XlJXl�\� 



 

 

 

 

 

 

 

 

 

 

19

3. Hก̀�Mก��E
_̀G 2 XZR^G��̀��X�`
XoR^GM�WVc�LHJKX�`
bL̀�ก��JKJ�\��กก��L��ก��TU
_G�HII�d�JG� UNIFAC-Dortmund  

4. XS��\IX]�\INJก��]�JG�กWINJ]�^g�̀��กHII�d�JG� UNIFAC-Dortmund �[��n XZR^G
�mกv�L��MXQM�K�M_G�HII�d�JG� UNIFAC-Dortmund �d�Q�WI_G�N�M��M
G�LUS�KกGI]�^Xก�^\�_̀G�กWIก��NJ��
fd�MW
gIbG��XlJ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

����   4 
��ก	��
��
 

4.1 ��ก	������ 
4.1.1 ���-*��7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-ก*��:���� 
)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-ก*��:������(�-/� 2�� 35 45 

)*� 55 ���	�:*�:���)�������2���( 4.1 ,=� 4.3  
 
 

  
 
 
 
 
 
 
 
 
 
 
 
�2���( 4.1 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(

�-/� 2�� 35 ���	�:*�:��� )�����;�������������* 
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�2���( 4.2 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(

�-/� 2�� 45 ���	�:*�:��� )�����;�������������* 
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�2���( 4.3 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(

�-/� 2�� 55 ���	�:*�:��� )�����;�������������* 
 
4.1.2 ���-*��7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-�9�	����	*�� 
)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-�9�	����	*����(�-/� 2�� 35 

)*� 45 ���	�:*�:���)�������2���( 4.4 ,=� 4.5  
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 �2���( 4.4 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-�9�	����	*�� ��(

�-/� 2�� 35 ���	�:*�:��� )�����;������������9�	���ก 
 
 

 
 
 
 
 
 
 
 
 
 
�2���( 4.5 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-�9�	����	*�� ��(

�-/� 2�� 45 ���	�:*�:��� )�����;������������9�	���ก 
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4.1.3 ���-*��7 	�
����*�-
����*�
���9�	���"������:*-�9�	����	*��-ก*��:���� 
)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-�9�	����	*��-ก*��:���� ��(�-/� 2�� 35 

45 )*� 55 ���	�:*�:���)�������2���( 4.6 ,=� 4.8 
 

 
 �2���( 4.6 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-�9�	����	*��-ก*��:���� ��(

�-/� 2�� 35 ���	�:*�:��� )�����;������������9�	���ก 
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Binodal curve of Glycerine + Palm oil +FAME at 35 C
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�2���( 4.7 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-�9�	����	*��-ก*��:���� ��(

�-/� 2�� 45 ���	�:*�:��� )�����;������������9�	���ก 
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�2���( 4.8 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-�9�	����	*��-ก*��:���� ��(

�-/� 2�� 55 ���	�:*�:��� )�����;������������9�	���ก 
 

4.2 ��
��	
�� 
4.2.1 ���-*��7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-ก*��:���� 
)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-ก*��:�������)���K��2���( 

4.1 ,=� 4.3 )�����	��;�)3� 2����� 	�)����( 1 �����9� ��	 Interaction parameter �����	��2���(*�*	��
.	
�.��ก���	�����%��	%	ก��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�� K�
/���(��	��	 Interaction 
parameter �����	��2���(*�*	��
.	�.��ก�����%��	%	กก	���	,�,��"���
����.�
����.��
<(����� 	� 

���ก	�K
.
.��2*��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�������	��9�	���"������:*)*�ก*�
�:���� ��	 Interaction parameter �����	��9�	���"������:* (1) )*�ก*��:���� (3) 
��)��%�	*�� 
UNIQUAC ��<� a13 )*� a31 ���	ก�� 521.4548 HJK  -157.3784 K ]�^ 35 ���	�:*�:��� ���	ก�� 528.3091 
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Binodal curve of Glycerine +Palm oil +FAME at 55 C
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HJK  -184.5271 K ]�^ 45 ���	�:*�:��� )*� ���	ก�� 505.6795 HJK  -167.6751 K ]�^ 55 ���	�:*�:���  
��<���	�'*�(�
�� a13 )*� a31 ���	ก�� 518.48 K and �169.86 K XMR^GEò r HJK q ]�^Ld�
�T��ก UNIFAC-
Dortmund �d�Q�WI���]�กo
�� HJK a13 )*� a31 ���	ก�� 771.3821 HJK  -141.1514 K ]�^ 35 ���	
�:*�:��� ���	ก�� 760.5848 HJK  -166.5130 K ]�^ 45 ���	�:*�:��� )*� ���	ก�� 755.6017 HJK  -
154.2775 K ]�^ 55 ���	�:*�:���  ��<���	�'*�(�
�� a13 )*� a31 ���	ก�� 762.5228667 K and -
153.9806333 K XMR^GEò r HJK q ]�^Ld�
�T��ก UNIFAC-Dortmund �d�Q�WIXMh�
GJHJK
fd�MW
gIbG
��XlJHJKEòL[� r HJK q _G�กJ�XlG��
��M]�^M�ก����\��
g�`E
������]����o�ก�� 
 XMR^GEòHII�d�JG� NRTL ��	 Interaction parameter �����	��9�	���"������:* (1) )*�ก*��:�
��� (3) 
��)��%�	*�� NRTL ��<� 1113 gg −  )*� 3331 gg − ���	ก�� 1.4145x104

 HJK  1.8283 x104
 K 

]�^ 35 ���	�:*�:��� ���	ก�� 1.6674x104
 HJK  1.2256 x104

 K ]�^ 45 ���	�:*�:��� )*� ���	ก�� 
1.9192x104

 HJK  1.2885 x104
 K ]�^ 55 ���	�:*�:���  XMR^GEò 3.03113 ==αα �WกXQz
g�`oW��[�L[� 

Interaction parameter _G� NRTL _mf
G\a[กWIG�TQcaM�E
_TK]�^_G� UNIQUAC XSp
G���KกWIG�TQcaM� 
���ก	�K
.��	 Interaction parameter �����	��9�	���"������:* (1) )*�ก*��:���� (3) ��	 

Interaction parameter �����	��9�	���"������:* (1) )*���0	��* (2) )*������	���0	��*)*�ก*�
�:�����	�	�,�	"�.���ก	�K
.��0�,�,��"���
����.�)*�ก�	���K�. Objection function �<� 

( ) ( )∑∑∑∑
= == =

−+−
N

k i
ikcalik

N

k i
ikcalik yyxx

1

3

1

2
exp,,

1

3

1

2
exp,,    (4-1) 

��<(� xik �<� ������������*
���	� i K���7 	���(���9�	���"������:*�	ก (Biodiesel-rich) 
����.����
 	� k  

       yik �<� ������������*
���	� i K���7 	���(��ก*��:�����	ก (Glycerin-rich) 
����.���� 	� k 
      cal �<� 3*ก	���	��/�.��)��%�	*�����������0�>ก������� 
      exp �<� 3*ก	���*�� 
  

%	กก	�K
.��0�,�,��"���
����.� ��	 Interaction parameter �����	��9�	���"������:* (1) )*�
��0	��* (2) )*������	���0	��*)*�ก*��:����
��)��%�	*�����������0�>ก������� UNIQUAC  
NRTL )*� UNIFAC �	�	�,��-�"�.�����9 

ก. )��%�	*�� UNIQUAC ���K
.��	 r )*� q �	� UNIFAC-Dortmund 
��<(�K
.��	 r )*� q ��(��	��/%	ก��2�L+�ก�
���	� UNIFAC-Dortmund ��	 Interaction parameter 

%�"��
=9�ก���-/� 2��)*�"�.��	%	ก��0�,�,��"���
����.������9  ��	 Interaction parameter �����	�
�9�	���"������:* (1) )*���0	��* (2) ��<� a12 )*� a21 ���	ก�� -2,068.0 )*� 537.2 K )*������	�
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��0	��* (2) )*�ก*��:���� (3) ��<� a23 )*� a32 ���	ก�� 394.3 )*� 3,365.9 K �	�*�	��� ��=(� ��.�
�
<(����� 	�
��������9��<(�K
.��	 Interaction parameter ���ก*�	�)���"�.K��2���( 4.9 ,=� 4.11 �&<(�
�������������	��("�.ก��3*ก	���*�� 
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�2���( 4.9 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(
�-/� 2�� 35 ���	�:*�:��� )�����;�������������* 
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�2���( 4.10 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(
�-/� 2�� 45 ���	�:*�:��� )�����;�������������* 
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�2���( 4.11 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(
�-/� 2�� 55 ���	�:*�:��� �����������3*ก	���*��ก��3*ก	���	��/ )�����;��������
�����* 

 

. )��%�	*�� UNIQUAC ���K
.��	 r )*� q 
��ก*��:�����	���(��ก	��	��	�K�

�	��	���
	ก	� 
��<(�K
.��	 r )*� q ��(��	��/%	ก��2�L+�ก�
���	���(��ก	��	��	���� Jonsdottir  and  Klein  

(Jonsdottir and Klein  , 1997) ��	 Interaction parameter %�"��
=9�ก���-/� 2��)*�"�.��	%	ก��0�,�,��
"���
����.������9  ��	 Interaction parameter �����	��9�	���"������:* (1) )*���0	��* (2) ��<� a12 )*� 
a21 ���	ก�� -2,641.0 )*� 264.5 K )*������	���0	��* (2) )*�ก*��:���� (3) ��<� a23 )*� a32 ���	ก�� 
851.6 )*� 3,612.2 K �	�*�	��� ��=(� ��.��
<(����� 	�
��������9��<(�K
.��	 Interaction parameter 
���ก*�	�)���"�.K��2���( 4.9 ,=� 4.11 �&<(��������������	��("�.ก��3*ก	���*�� 
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�. )��%�	*�� NRTL  
��<(�K
.��	 Interaction parameter �����	��9�	���"������:* (1) )*�ก*��:���� (3) ��(�	"�.%	ก��	

��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�� ��	 Interaction parameter �����	��9�	���"������:* (1) )*�
��0	��* (2) )*������	���0	��* (2) )*�ก*��:���� (3) "��
=9�ก���-/� 2��)*��	�	�,�	"�.%	ก��0�
,�,��"���
����.������9  ��	 Interaction parameter �����	��9�	���"������:* (1) )*���0	��* (2) ��<� 

1112 gg −  )*� 2221 gg − ���	ก�� ���	ก�� �1,062.0 )*� 10,012 K )*������	���0	��* (2) )*�ก*��:�
��� (3) ��<� 2232 gg −  )*� 3323 gg − ���	ก�� 4,992.0 )*� 20,008 K �	�*�	��� ��=(� ��.��
<(����� 	�

��������9��<(�K
.��	 Interaction parameter ���ก*�	�)���"�.K��2���( 4.9 ,=� 4.11 �&<(��������������	��(
"�.ก��3*ก	���*�� 

�. )��%�	*�� UNIFAC-Dormund 
�&<(��=ก!	��	���;�"�"�.
��ก	�K
.)��%�	*�� UNIFAC-Dortmund ��.��
<(����� 	���("�.%	ก

ก	���	��/�.��)��%�	*�� UNIFAC-Dortmund "�.��	�	�����������ก��3*ก	���	*�����)���K��2���( 
4.12 ,=� 4.14 
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�2���( 4.12 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(
�-/� 2�� 35 ���	�:*�:��� )�����;�������������* 
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�2���( 4.13 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(

�-/� 2�� 45 ���	�:*�:��� )�����;�������������* 
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�2���( 4.14 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-ก*��:���� ��(
�-/� 2�� 55 ���	�:*�:��� �����������3*ก	���*��ก��3*ก	���	��/ )�����;��������
�����* 
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%	ก�2���( 4.9 ,=� 4.14 )���K�.��1���	 UNIFAC-Dortmund )*� NRTL �	�	�,�0��	���.�
�
<(����7 	�
��������9"�.�
���-/ 	&���	��9� K�
/���( UNIQUAC ��9����)���0��	���.��
<(�����
 	�"�.��ก��	����'&	������/Kก*.�����ก�� Plait Point :=(���;������/��(��ก	�K
.�	�%���K�ก	�3*��
�9�	���"������:* 

 
4.2.2 ���-*��7 	�
����*�-
����*�
���9�	���"������:*%	ก Jatropha (1) � ��0	��* (2) 

�ก*��:���� (3) 
�&<(���;�ก	����%���3*��("�.%	กก	���*��K����
.� 4.2.1 
������ก	���%����9 ���-*��7 	�


����*�-
����*�
���9�	���"������:*%	ก Jatropha (1) � ��0	��* (2) �ก*��:���� (3) ��("�.��ก	�
�	��	�"�.��� Zhou and Liang (2006)  

���ก	�K
.
.��2*��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�������	��9�	���"������:*)*�ก*�
�:���� ��	 Interaction parameter �����	��9�	���"������:* (1) )*�ก*��:���� (3) 
��)��%�	*�� 
UNIQUAC ��<� ��	�'*�(�
�� a13 )*� a31 ���	ก�� 622.32 K and �185.12 K XMR^GEò r HJK q ]�^Ld�
�T
��ก UNIFAC-Dortmund �d�Q�WIXMh�
GJHJK
fd�MW
gIbG��XlJHJKEòL[� r HJK q _G�กJ�XlG��

��M]�^M�ก����\��
g�`E
������]����o�ก�� �d�Q�WIก��Eò r HJK q ��ก UNIFAC-Dortmund _G����
]�กo
��gM[��M��iQ� Interaction Z���M�X�G�U]�^XQM�K�Mg�̀ �W�
Wf
 E
QW�_̀G 4.2.3 HJK 4.2.4 
HII�d�JG�]�^�KEò]d�ก���mกv� LRG UNIQUAC b�\Eò r HJK q ]�^Ld�
�T��ก UNIFAC-Dortmund 
�d�Q�WIXMh�
GJHJK
fd�MW
gIbG��XlJHJKEòL[� r HJK q _G�กJ�XlG��
��M]�^M�ก����\��
g�`E

������]����o�ก�� 

��<(�K
.��0�,�,��"���
����.��&<(��	��	 Interaction parameter 
���	��2��<(�&���	 ��	 Interaction 
parameter %�"��
=9�ก���-/� 2��)*�"�.��	�����9 ��	 Interaction parameter �����	��9�	���"������:* (1) 
)*���0	��* (2) ��<� a12 )*� a21 ���	ก�� -455.65 )*� -44.55 K )*������	���0	��* (2) )*�ก*��:�
��� (3) ��<� a23 )*� a32 ���	ก�� 3,065.2 K )*� -1,046.8 K �	�*�	��� ��=(� ��.��
<(����� 	�
��������9
��<(�K
.��	 Interaction parameter ���ก*�	�)���"�.K��2���( 4.15 ,=� 4.18 �&<(��������������	��("�.ก��3*
ก	���*�� 

�&<(���;�ก	��=ก!	��	���;�"�"�.K�ก	�K
. UNIFAC-Dortmund ��	����ก	��=ก!	���-*��7
 	�K�������9���)���K��2���( 4.15 ,=� 4.18 �2�)���K�.��1�"�.
���%���	)��%�	*�� UNIFAC-
Dortmund "�����	���(%�K
.�	�ก	�/�������9)*�ก	�K
.)��%�	*�� UNIFAC-Dortmund ��	����ก	�
��ก)��ก�����ก	�3*���	ก%�	��;������	�.����	����������� 
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�2���( 4.15 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:* Jatropha-��0	��*-ก*�

�:���� ��(�-/� 2�� 25 ���	�:*�:��� )�����;�������������* 
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�2���( 4.16 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:* Jatropha-��0	��*-ก*�

�:���� ��(�-/� 2�� 35 ���	�:*�:��� )�����;�������������* 
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�2���( 4.17 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:* Jatropha-��0	��*-ก*�
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�2���( 4.18 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:* Jatropha-��0	��*-ก*�

�:���� ��(�-/� 2�� 55 ���	�:*�:��� )�����;�������������* 
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4.2.3 ���-*��7 	�
����*�-
����*�
���9�	���"������:* (1)-��0	��* (2)-�9�	����	*�� 
(3) 

)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-�9�	����	*�� ���)���K�
�2���( 4.4 ,=� 4.5 )�����	��;�)3� 2����� 	�)����( 1 �����9� ��	 Interaction parameter �����	��2���(
*�*	��
.	�.��ก���	�����%��	%	ก��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�� K�
/���(��	��	 
Interaction parameter �����	��2���(*�*	��
.	�.��ก�����%��	%	กก	���	,�,��"���
����.�
����.�
�
<(����� 	� 

��<(��%	กK�ก	��=ก!	���-*��7 	�
���9�	���"������:*-��0	��*-ก*��:���� ��1�"�.
����	 
)��%�	*�� UNIFAC )*� NRTL "���	�	�,�0��	���	ก7ก	�/���(�ก��
=9�"�. �����9� ก	��=ก!	��	����
�9�	���"������:* (1)-��0	��* (2)-�9�	����	*�� (3) %�K
.)��%�	*�� UNIQUAC ��(K
.��	 r )*� q  ��(��
ก	��	��	�K��	��	���
	ก	� (Jonsdottir and Klein , 1997) ���	��9� ��=(� ��<(��%	ก��*���*ก-*
��
�9�	����	*���	กก��	��0	��*�	ก �����9� ก	�K
.)��%�	*�� UNIQUAC K����
.� 4.2.3 )*� 4.2.4 %�
K
.����	���������*)���	���(������� Oishi & Prausnitz (1978) 

���ก	�K
.
.��2*��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�������	���0	��*)*��9�	����	*�� 
��	 Interaction parameter �����	���0	��* (2) )*� (3) 
��)��%�	*�� UNIQUAC ��<� a23 )*� a32 

���	ก�� 67.40 HJK  1028.7 K ]�^ 35 ���	�:*�:��� ���	ก�� 71.92 HJK  938.7  K ]�^ 45 ���	�:*�:��� )*� 
���	ก�� 75.15 HJK  929.26 K ]�^ 55 ���	�:*�:���  ��<���	�'*�(�
�� a23 )*� a32 ���	ก�� 71.48 K and 
965.57 K XMR^GEò r HJK q ]�^Ld�
�T��ก UNIFAC-Dortmund �d�Q�WIXMh�
GJHJK
fd�MW
gIbG��XlJ
HJKEòL[� r HJK q _G�กJ�XlG��
��M]�^M�ก����\��
g�`E
������]����o�ก�� 

%	กก	�K
.��0�,�,��"���
����.� ��	 Interaction parameter %�"��
=9�ก���-/� 2��)*�"�.��	%	ก��0�
,�,��"���
����.������9  ��	 Interaction parameter �����	��9�	���"������:* (1) )*���0	��* (2) ��<� 
a12 )*� a21 ���	ก�� 1,001.1 )*� 15.72 K )*������	��9�	���"������:* (1) )*��9�	����	*�� (3) ��<� 
a13 )*� a31 ���	ก�� -1,031.2 )*� 14.94 K �	�*�	��� ��=(� ��.��
<(����� 	�
��������9��<(�K
.��	 
Interaction parameter ���ก*�	�)���"�.K��2���( 4.19 ,=� 4.20 �&<(��������������	��("�.ก��3*ก	���*�� 

%	ก�2���( 4.19 )*� 4.20 )���K�.��1���	 UNIFAC �	�	�,�0��	����-*��� 	�
����*�-

����*�K�������9"�.�
���-/ 	&���	��9�  
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 �2���( 4.19 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-�9�	����	*�� ��(

�-/� 2�� 35 ���	�:*�:��� �����������3*ก	���*��ก��3*ก	���	��/  )�����;��������
����9�	���ก 
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�2���( 4.20 )3� 2����� 	�
����*�-
����*�
��
��3���9�	���"������:*-��0	��*-�9�	����	*�� ��(
�-/� 2�� 45 ���	�:*�:��� �����������3*ก	���*��ก��3*ก	���	��/ )�����;��������
����9�	���ก 
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4.2.4 ���-*��7 	�
����*�-
����*�
���9�	���"������:* (1) ��9�	����	*�� (2) �ก*��:���� 
(3) 

)3� 2����7 	�
����*�-
����*�
���9�	���"������:*-�9�	����	*��-ก*��:���� ���)���K�
�2���( 4.6 ,=� 4.8 )�����	��;�)3� 2����� 	�)����( 2 �����9� ��	 Interaction parameter �����	��2���(
*�*	��
.	�.��ก���	�����%��	%	ก��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�� K�
/���(��	��	 
Interaction parameter �����	��2���(*�*	��
.	�.��ก�����%���	%	ก&	�	�������
����.��
<(����� 	�K�
������(�ก�(��
.�� �<� �����9�	���"������:*-��0	��*-�9�	����	*�� 

�&<(��=ก!	��	���;�"�"�.K�ก	�K
.)��%�	*�� UNIQUAC ���K
.��	 r )*� q 
��ก*��:����
�	���(��ก	��	��	�K��	��	���
	ก	�����ก����	 Interaction parameter 
���9�	���"������:*)*�ก*�
�:���� 
���9�	����	*��ก��ก*��:������("�.%	ก��	��	��	�	�,K�ก	�*�*	�:=(�ก��)*�ก�� )*���	 
Interaction parameter 
���9�	���"������:*)*��9�	����	*����("�.%	ก���
.� 4.2.3 �&<(��	�ก	�/�
���-*��7 	�
��������9 ��	 Interaction parameter 
���9�	���"������:*)*�ก*��:���� )*�
���9�	���
�	*��ก��ก*��:����%�,2ก��	��/%	ก��	��	��	�	�,K�ก	�*�*	�)*�"�.��	��	�^ �����9  a13 )*� a31 

���	ก�� 556.54 HJK  -121.73 K ]�^ 35 ���	�:*�:��� ���	ก�� 592.67 HJK  -129.63  K ]�^ 45 ���	
�:*�:��� )*� ���	ก�� 592.04 HJK  -119.70 K ]�^ 55 ���	�:*�:���  ��<���	�'*�(�
�� a13 )*� a31 ���	ก�� 
580.42 K and -123.69 K HJKL[� a23 )*� a32 ���	ก�� -216.98 HJK  631.07 K ]�^ 35 ���	�:*�:��� ���	ก�� 
-220.06 HJK  631.07  K ]�^ 45 ���	�:*�:��� )*� ���	ก�� -225.68 HJK  656.66 K ]�^ 55 ���	�:*�:���  
��<���	�'*�(�
�� a23 )*� a32 ���	ก�� -220.91 K and 642.70 K 

XZR^GH���L��MXSp
gSg�`E
ก��Eò UNIQUAC �[�MกWI Interaction parameter ��กL[�
L��M��M��iE
ก��JKJ�\lm^�กW
HJKกW
_G�
fd�MW
gIbG��XlJ-กJ�XlG��
 HJK
fd�MW
S�JUM-กJ�XlG��
 
�[�MกWIL[� Interaction parameter _G�
fd�MW
gIbG��XlJ-
fd�MW
S�JUM��กQW�_̀G 4.2.3 X�`
XoR^GM�WVc�L]�^
g�̀��กก��Ld�
�TiaกXS��\IX]�\IกWIX�`
bL̀�ก��JKJ�\�W�H���E
�aS]�^ 4.21 im� 4.23 

��ก�aS]�^ 4.21 im� 4.22 XQz
g�̀�[�X�`
XoR^GM�WVc�L]�^Ld�
�Tg�`M�L��M�G�LJ̀G�กWIX�`
bL̀�ก��
JKJ�\lm^�H���XQz
im�L��M��M��iE
ก��EòHII�d�JG� UNIQUAC E
ก��L��ก��TU�M��J�WVc�L
_G��KII
�f 
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������ 

5.1 ������ก	��
��
 
ก	��=ก!	K�����ก	���%����9�	�	�,��	"��2�
.���-���(��	��$�ก�(��ก�����-*��7 	�
����*�-


����*���	�����	���(�ก�(��
.��ก��ก	�3*���9�	���"������:* �����9   
1. ��.���.�ก	�*�*	�
�����-*��7 	�
����*�-
����*�
���9�	���"������:*-��0	��*-

ก*��:���� �9�	���"������:*-��0	��*-�9�	����	*�� )*��9�	���"������:*-�9�	����	*��-ก*��:���� 
"��"�.��*�(��)�*����	��������	��$ก��ก	���*�(��)�*��-/� 2��K�
��� 35 ,=� 55 ���	�:*�:��� 

2. )��%�	*�� UNIQUAC �	�	�,K
.K�ก	��	��	����&��0�
�����-*��7 	�
����*�-

����*�
���9�	���"������:*-��0	��*-ก*��:���� "�.��ก��	)��%�	*�� UNIFAC-Dortmund )*� 
NRTL ����'&	������/��(Kก*. Plait point 

3. )��%�	*�� UNIQUAC �	�	�,K
.�0��	����-*��7 	�
����*�-
����*�
���9�	���"�
�����:*-��0	��*-�9�	����	*�� "�.�
���-/ 	& �����	���-�	%��;��&�	�ก	���	��/ r ��<� q %	ก 
UNFAC-Dortmund �	ก��;�"�"�.����=ก!	�&�(����������
.��2*��.��
<(����7 	�K�.�	ก
=9� )*.�
)����	��	 r )*� q ��(���	�����(�-�%	กก	���	��/ 

4. )��%�	*�� UNIQUAC �	�	�,K
.�0��	����-*��7 	�
����*�-
����*�
���9�	���"�
�����:*-�9�	����	*��-ก*��:���� "�.���K
.��	 Interaction parameter %	ก��	��	��	�	�,K�ก	�*�*	�
:=(�ก��)*�ก�� )*���	 Interaction parameter %	ก�����9�	���"������:*-��0	��*-�9�	����	*�� 

5. )��%�	*�� UNIFAC-Dortmund �	ก%�	��;��.��K
.K�ก	���ก)��ก�����ก	�3*�����
K
.�.����	����������� �&�	�)��%�	*�� UNIFAC-Dortmund �	�	�,�0��	�3*ก	���*��K�
����ก	���%����9"�.�
���-/ 	&���	��9� 
 

5.2 �!�����)�� 
1. ��	ก	���*����.��
<(����7 	���	���� �9�	���"������:*-��0	��*-�9�	����	*�� )*�

�9�	���"������:*-�9�	����	*��-ก*��:���� �&�(�
=9�  
2. ��	ก	�����	/��	 r )*� q 
���	�����-�0�>��	�����9�	����	*��)*��9�	���"������:*���

K
.
.��2*��.��
<(����7 	���(�&�(�
=9� 
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3. �=ก!	ก	�������-� UNIFAC ���K
. Interaction parameter 
����2�L+�ก�
��K�������(
�ก�(��
.������'&	���2� CH2-C=O-O ��("�.%	ก������(�ก�(��
.��ก��ก	�3*���9�	���"������:*����'&	� 

4. �=ก!	ก�/��9�	����	*����(K
.)*.��&<(������������)*�
�	�3*"��2����	��* 
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�	����ก 
 

�!��,��������7�	��������-������� 
����
��
��ก�������������� FAME+MeOH+Glycerol  
 
)���/��� 1 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 35 
/(��'��'��� 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 200 0 0.2 200 0.0000 0.1763 2.1718 0.0000 0.0006 99.9713 0.0000 0.0287 
10 90.0483 12 0.2 90.0483 9.5016 0.1763 0.9778 0.2966 0.0006 76.6921 23.2590 0.0489 
20 80.0016 25 0.4 80.0016 19.7950 0.3526 0.8687 0.6178 0.0012 58.3904 41.5258 0.0838 
30 70.0015 35 0.6 70.0015 27.7130 0.5288 0.7601 0.8650 0.0019 46.7215 53.1635 0.1150 
40 60.009 50 0.8 60.009 39.5900 0.7051 0.6516 1.2356 0.0025 34.4822 65.3858 0.1320 
50 50.0678 60 0.8 50.0678 47.5080 0.7051 0.5437 1.4828 0.0025 26.7963 73.0807 0.1230 
60 40.014 75 1.5 40.014 59.3850 1.3221 0.4345 1.8535 0.0047 18.9523 80.8437 0.2040 
70 30.0481 90 3.9 30.0481 71.2620 3.4375 0.3263 2.2242 0.0122 12.7327 86.7927 0.4746 
75 25.0038 95 5.1 25.0038 75.2210 4.4951 0.2715 2.3477 0.0159 10.3036 89.0928 0.6035 
80 20.0092 100 7.85 20.0092 79.1800 6.9190 0.2173 2.4713 0.0245 8.0087 91.0890 0.9023 
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)���/��� 2 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 35 
/(��'��'��� ()8
) 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
FAME (mL) (mL) (gram) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 0.1 0 200 0.1261 0.0000 200.0000 0.0014 0.0000 0.7076 0.1931 0.0000 99.8069 
20 0.8 25 80.0019 1.0088 19.7950 80.0019 0.0110 0.6178 0.2831 1.2014 67.7560 31.0426 
30 1.35 35 69.9965 1.70235 27.7130 69.9965 0.0185 0.8650 0.2477 1.6343 76.4703 21.8953 
40 1.8 50 60.0156 2.2698 39.5900 60.0156 0.0246 1.2356 0.2123 1.6737 83.9070 14.4193 
50 2.15 60 50.0052 2.71115 47.5080 50.0052 0.0294 1.4828 0.1769 1.7429 87.7828 10.4743 
60 3.2 75 40.0086 4.0352 59.3850 40.0086 0.0438 1.8535 0.1416 2.1492 90.9079 6.9429 
70 4.2 90 30.0098 5.2962 71.2620 30.0098 0.0575 2.2242 0.1062 2.4085 93.1449 4.4466 
75 5.15 95 25.0098 6.49415 75.2210 25.0098 0.0705 2.3477 0.0885 2.8132 93.6568 3.5300 
80 6.25 100 19.9945 7.88125 79.1800 19.9945 0.0856 2.4713 0.0707 3.2570 94.0507 2.6923 

 



 

 

 

 

 

 

 

 

 
)���/��� 3 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 45 
/(��'��'��� 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 200.06 0 0.55 200.06 0.0000 0.4848 2.1724 0.0000 0.0017 99.9211 0.0000 0.0789 
10 90.0012 12 0.35 90.0012 9.5016 0.3085 0.9773 0.2966 0.0011 76.6546 23.2598 0.0856 
20 80.0129 25 0.55 80.0129 19.7950 0.4848 0.8689 0.6178 0.0017 58.3754 41.5093 0.1152 
30 70.0131 35 0.55 70.0131 27.7130 0.4848 0.7603 0.8650 0.0017 46.7301 53.1644 0.1054 
40 60.0174 50 0.7 60.0174 39.5900 0.6170 0.6517 1.2356 0.0022 34.4910 65.3935 0.1155 
50 49.9918 60 0.9 49.9918 47.5080 0.7933 0.5429 1.4828 0.0028 26.7624 73.0992 0.1384 
60 40.0281 75 1.95 40.0281 59.3850 1.7187 0.4347 1.8535 0.0061 18.9461 80.7888 0.2651 
70 30.0198 90 4.75 30.0198 71.2620 4.1867 0.3260 2.2242 0.0148 12.7091 86.7134 0.5775 
75 25.014 95 7.1 25.014 75.2210 6.2579 0.2716 2.3477 0.0221 10.2830 88.8787 0.8382 
80 20.0051 100 10.8 20.0051 79.1800 9.5191 0.2172 2.4713 0.0337 7.9801 90.7827 1.2372 
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42 

)���/��� 4 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 45 
/(��'��'��� ()8
) 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
FAME (mL) (mL) (gram) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 0.2 0 200.01 0.2522 0.0000 200.0100 0.0027 0.0000 0.7077 0.3855 0.0000 99.6145 
10 0.8 12 90.0012 1.0088 9.5016 90.0012 0.0110 0.2966 0.3184 1.7501 47.3771 50.8728 
20 1.15 25 80.001 1.45015 19.7950 80.0010 0.0157 0.6178 0.2831 1.7179 67.4020 30.8801 
30 1.45 35 70.0069 1.82845 27.7130 70.0069 0.0199 0.8650 0.2477 1.7532 76.3754 21.8714 
40 2.4 50 60.0068 3.0264 39.5900 60.0068 0.0329 1.2356 0.2123 2.2193 83.4433 14.3375 
50 3.25 60 50.0001 4.09825 47.5080 50.0001 0.0445 1.4828 0.1769 2.6114 87.0079 10.3807 
60 4.5 75 39.9997 5.6745 59.3850 39.9997 0.0616 1.8535 0.1415 2.9962 90.1224 6.8814 
70 6.15 90 30.0061 7.75515 71.2620 30.0061 0.0842 2.2242 0.1062 3.4877 92.1153 4.3969 
75 6.9 95 24.9996 8.7009 75.2210 24.9996 0.0945 2.3477 0.0885 3.7335 92.7713 3.4952 
80 8.1 100 20.0153 10.2141 79.1800 20.0153 0.1109 2.4713 0.0708 4.1807 93.1500 2.6693 
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)���/��� 5 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 55 
/(��'��'��� 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
Glycerol (gram) (mL) (mL) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 200 0 0.3 200 0.0000 0.2644 2.1718 0.0000 0.0009 99.9569 0.0000 0.0431 
10 89.9923 12 0.35 89.9923 9.5016 0.3085 0.9772 0.2966 0.0011 76.6528 23.2616 0.0856 
20 79.9904 25 0.45 79.9904 19.7950 0.3966 0.8686 0.6178 0.0014 58.3808 41.5248 0.0943 
30 70.0313 35 0.45 70.0313 27.7130 0.3966 0.7605 0.8650 0.0014 46.7456 53.1682 0.0863 
40 60.008 50 0.6 60.008 39.5900 0.5288 0.6516 1.2356 0.0019 34.4932 65.4078 0.0990 
50 50.0083 60 0.65 50.0083 47.5080 0.5729 0.5430 1.4828 0.0020 26.7792 73.1209 0.1000 
60 40.0601 75 2.4 40.0601 59.3850 2.1154 0.4350 1.8535 0.0075 18.9468 80.7272 0.3260 
70 30.0051 90 5.6 30.0051 71.2620 4.9358 0.3258 2.2242 0.0175 12.6906 86.6292 0.6802 
75 25.0182 95 8.55 25.0182 75.2210 7.5360 0.2717 2.3477 0.0267 10.2670 88.7253 1.0077 
80 20.0549 100 13.5 20.0549 79.1800 11.8989 0.2178 2.4713 0.0421 7.9737 90.4848 1.5415 

 
 

 
 
 



 

 

 

 

 

 

 

 

 

 

44 

44 

)���/��� 6 ��ก��� �
/��
��$� ��#�	
/�$�� FAME+MeOH+Glycerol ���

�"-�#� 55 
/(��'��'���()8
) 

%MeOH in Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME Glycerol MeOH FAME 
FAME (mL) (mL) (gram) (gram) (gram) (gram) (mole) (mole) (mole) (%mole) (%mole) (%mole) 

0 0.2 0 200.45 0.2522 0.0000 200.4500 0.0027 0.0000 0.7092 0.3847 0.0000 99.6153 
10 0.7 12 89.9959 0.8827 9.5016 89.9959 0.0096 0.2966 0.3184 1.5347 47.4824 50.9829 
20 1.25 25 79.9918 1.57625 19.7950 79.9918 0.0171 0.6178 0.2830 1.8646 67.3038 30.8316 
30 1.95 35 70.0065 2.45895 27.7130 70.0065 0.0267 0.8650 0.2477 2.3436 75.9165 21.7399 
40 3.25 50 60.0074 4.09825 39.5900 60.0074 0.0445 1.2356 0.2123 2.9818 82.7924 14.2258 
50 4 60 50.0098 5.044 47.5080 50.0098 0.0548 1.4828 0.1769 3.1947 86.4850 10.3204 
60 5.95 75 40.0005 7.50295 59.3850 40.0005 0.0815 1.8535 0.1415 3.9237 89.2606 6.8158 
70 8.25 90 30.0071 10.40325 71.2620 30.0071 0.1130 2.2242 0.1062 4.6236 91.0311 4.3453 
75 8.9 95 25.0019 11.2229 75.2210 25.0019 0.1219 2.3477 0.0885 4.7641 91.7778 3.4581 
80 10.45 100 20.0066 13.17745 79.1800 20.0066 0.1431 2.4713 0.0708 5.3290 92.0348 2.6362 
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 �����
��
��ก�������������� MeOH+FAME+Palm oil  
)���/��� 7 ��ก��� �
/��
��$� ��&��"��ก	
/�$�� MeOH+FAME+Palm oil ���

�"-�#� 35 
/(��'��'��� 
         mass fraction 
%FAME 
in FAME Palm oil MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) (%) (%) (%) 

0 0 100.011 7.8 100.011 0.0000 6.1760 94.1838 0 5.81619 
5 5.0042 95.0768 9.5 95.0768 5.0042 7.5221 88.3588 4.65061 6.990598 

10 9.9968 90.0693 10.05 90.0693 9.9968 7.9576 83.3792 9.254266 7.366523 
20 20.0008 79.9957 11.45 79.9957 20.0008 9.0661 73.3484 18.33882 8.312757 
30 29.944 70.0693 13 70.0693 29.9440 10.2934 63.5223 27.14613 9.331618 
40 40.0614 60.0011 15.6 60.0011 40.0614 12.3521 53.3748 35.63719 10.98797 
50 50.0095 50.4108 19.4 50.4108 50.0095 15.3609 43.5397 43.1931 13.26719 
60 60.0197 40.0027 23.9 40.0027 60.0197 18.9240 33.6309 50.45944 15.9097 
70 70.0003 29.9976 31.45 29.9976 70.0003 24.9021 24.0173 56.04507 19.93764 
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       mass fraction 
%FAME 
in Palm oil FAME MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
MeOH (mL) (gram) (mL) (gram) (gram) (gram) (%) (%) (%) 

0 0.1 0 250 0.09245 0 197.95 0.046682 0 99.95332 
10 0.5 10.0017 115 0.46225 10.0017 91.057 0.455325 9.851858 89.69282 
20 1 20.0072 100 0.9245 20.0072 79.18 0.923468 19.98488 79.09165 
25 1.7 25.01 95 1.57165 25.01 75.221 1.54382 24.56714 73.88904 
30 2 30.001 90 1.849 30.001 71.262 1.793196 29.09555 69.11126 
35 2.3 35.0121 80 2.12635 35.0121 63.344 2.116141 34.844 63.03986 
40 3.7 39.9975 75 3.42065 39.9975 59.385 3.327379 38.90688 57.76574 
45 6 45.0085 70 5.547 45.0085 55.426 5.233932 42.46826 52.29781 
50 6.65 50.0283 60 6.147925 50.0283 47.508 5.92947 48.25064 45.81989 
55 8.55 55.0597 55 7.904475 55.0597 43.549 7.421124 51.69285 40.88602 
60 10.55 59.9991 50 9.753475 59.9991 39.59 8.920107 54.87259 36.20731 
65 12.85 65.0205 45 11.87983 65.0205 35.631 10.5569 57.77991 31.66318 
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%FAME in FAME Palm oil MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0 100.4894 11.45 100.4894 0.0000 9.0661 91.7246 0.0000 8.2754 
5 5.0037 95.3234 12.55 95.3234 5.0037 9.9371 86.4500 4.5379 9.0121 

10 10.0118 90.1277 13.35 90.1277 10.0118 10.5705 81.4088 9.0433 9.5479 
20 19.9967 80.835 15 80.835 19.9967 11.8770 71.7203 17.7419 10.5378 
30 30.016 70.4676 16.85 70.4676 30.0160 13.3418 61.9085 26.3702 11.7213 
40 40.0188 60.0036 19.3 60.0036 40.0188 15.2817 52.0394 34.7072 13.2534 
50 50.1018 50.0743 22.3 50.0743 50.1018 17.6571 42.4959 42.5192 14.9849 
60 60.0258 40.0333 29.85 40.0333 60.0258 23.6352 32.3647 48.5275 19.1078 
65 65.0567 35.0387 35.4 35.0387 65.0567 28.0297 27.3473 50.7759 21.8768 
70 70.0207 30.018 42.4 30.018 70.0207 33.57232 22.4667 52.4064 25.1269 
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%FAME in Palm oil FAME MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
MeOH (mL) (gram) (mL) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0.1 0 250 0.09245 0 197.95 0.0467 0.0000 99.9533 
10 0.6 10.0081 115 0.5547 10.0081 91.057 0.5459 9.8486 89.6056 
20 1 20.0231 100 0.9245 20.0231 79.18 0.9233 19.9976 79.0791 
30 2.5 30.0161 90 2.31125 30.0161 71.262 2.2312 28.9760 68.7928 
35 4.85 35.0193 80 4.483825 35.0193 63.344 4.3597 34.0499 61.5904 
40 6.75 40.1528 75 6.240375 40.1528 59.385 5.8995 37.9594 56.1411 
45 8.6 45.0184 70 7.9507 45.0184 55.426 7.3349 41.5318 51.1333 
50 10.8 50.019 60 9.9846 50.019 47.508 9.2870 46.5243 44.1887 
55 14.65 55.0168 55 13.54393 55.0168 43.549 12.0810 49.0741 38.8450 
60 16.5 60.008 50 15.25425 60.008 39.59 13.2816 52.2480 34.4704 
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%FAME in FAME Palm oil MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
Palm oil (gram) (gram) (mL) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0 100.0158 12.8 100.0158 0.0000 10.1350 90.79894 0 9.201056 
5 5.0007 95.0087 13.4 95.0087 5.0007 10.6101 85.88783 4.520631 9.591544 

10 10.0166 89.9989 16.05 89.9989 10.0166 12.7084 79.84013 8.88596 11.27391 
20 20.0033 80.0258 18.05 80.0258 20.0033 14.2920 70.00091 17.49747 12.50162 
30 30.0148 70.0074 20.5 70.0074 30.0148 16.2319 60.2193 25.81827 13.96243 
40 40.0202 60.0315 23.65 60.0315 40.0202 18.7261 50.54102 33.69334 15.76564 
50 50.002 50.0546 28.55 50.0546 50.0020 22.6059 40.80677 40.76389 18.42934 
60 59.9983 40.0395 37.95 40.0395 59.9983 30.0488 30.77911 46.12181 23.09908 
65 65.0046 37.5999 43.5 37.5999 65.0046 34.4433 27.43561 47.43206 25.13233 
70 70.028 30.001 58 30.001 70.028 45.9244 20.55519 47.9797 31.46511 
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%FAME in Palm oil FAME MeOH Palm oil FAME MeOH Palm oil FAME MeOH 
MeOH (mL) (gram) (mL) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0.1 0 250 0.09245 0 197.95 0.046682 0 99.95332 
10 1 10.0219 115 0.9245 10.0219 91.057 0.906342 9.825065 89.26859 
20 1.3 20.005 100 1.20185 20.005 79.18 1.197219 19.92791 78.87487 
30 3.9 29.9964 90 3.60555 29.9964 71.262 3.438312 28.60506 67.95662 
35 6.9 34.9948 80 6.37905 34.9948 63.344 6.091655 33.41818 60.49016 
40 9.5 40.0062 75 8.78275 40.0062 59.385 8.119099 36.98321 54.89769 
45 13 45.0002 70 12.0185 45.0002 55.426 10.68837 40.01985 49.29179 
50 16.1 50.0109 60 14.88445 50.0109 47.508 13.242 44.49236 42.26564 
55 22.8 54.9814 55 21.0786 54.9814 43.549 17.62292 45.96761 36.40947 
60 28.7 59.9938 50 26.53315 59.9938 39.59 21.03853 47.56997 31.3915 
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%Palm oil in Gly Palm oil FAME Gly Palm oil FAME Gly Palm oil FAME 
FAME (mL) (gram) (gram) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0.25 0 200 0.31525 0.0000 200.0000 0.4814 0.0000 99.5186 
10 0.15 10.0769 90.0243 0.18915 10.0769 90.0243 0.6179 3.5671 95.8151 
30 0.3 29.981 69.9988 0.3783 29.9810 69.9988 1.4311 12.2905 86.2785 
40 0.2 40.0028 59.9989 0.2522 40.0028 59.9989 1.0449 17.9603 80.9948 
50 0.2 50.0091 50.0324 0.2522 50.0091 50.0324 1.1478 24.6631 74.1891 
60 0.25 60.0052 40.006 0.31525 60.0052 40.0060 1.5879 32.7539 65.6582 
70 0.4 70.0597 29.9921 0.5044 70.0597 29.9921 2.8228 42.4884 54.6888 
80 0.35 79.9999 20.6433 0.44135 79.9999 20.6433 2.7869 54.7417 42.4715 
90 0.3 90.0239 9.9939 0.3783 90.0239 9.9939 2.8252 72.8564 24.3184 

100 0.65 200 0 0.81965 200.0000 0.0000 3.6440 96.3560 0.0000 
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%Palm oil in Gly Palm oil FAME Gly Palm oil FAME Gly Palm oil FAME 
FAME (mL) (gram) (gram) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0.25 0 200.02 0.31525 0.0000 200.0200 0.4814 0.0000 99.5186 
10 0.15 10.0693 90.0351 0.18915 10.0693 90.0351 0.6178 3.5641 95.8181 
30 0.2 30.0752 70.0824 0.2522 30.0752 70.0824 0.9573 12.3706 86.6722 
40 0.25 40.0379 60.005 0.31525 40.0379 60.0050 1.3024 17.9250 80.7726 
50 0.2 49.9975 50.0343 0.2522 49.9975 50.0343 1.1478 24.6581 74.1941 
60 0.2 59.9942 39.9999 0.2522 59.9942 39.9999 1.2746 32.8575 65.8679 
70 0.35 70.0138 30.1501 0.44135 70.0138 30.1501 2.4722 42.4999 55.0279 
80 0.2 80.0239 20.091 0.2522 80.0239 20.0910 1.6302 56.0553 42.3144 
90 0.2 90.019 9.9924 0.2522 90.0190 9.9924 1.9015 73.5507 24.5478 

100 0.7 200.03 0 0.8827 200.0300 0.0000 3.9128 96.0872 0.0000 
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%Palm oil in Gly Palm oil FAME Gly Palm oil FAME Gly Palm oil FAME 
FAME (mL) (gram) (gram) (gram) (gram) (gram) (%mole) (%mole) (%mole) 

0 0.2 0 200 0.2522 0.0000 200.0000 0.3855 0.0000 99.6145 
10 0.2 10.005 90.0163 0.2522 10.0050 90.0163 0.8224 3.5355 95.6421 
30 0.15 30.0003 69.9906 0.18915 30.0003 69.9906 0.7207 12.3873 86.8920 
40 0.2 40.048 60.0928 0.2522 40.0480 60.0928 1.0434 17.9542 81.0024 
50 0.2 50.0497 50.0025 0.2522 50.0497 50.0025 1.1480 24.6891 74.1628 
60 0.2 60.0084 40.0001 0.2522 60.0084 40.0001 1.2745 32.8626 65.8629 
70 0.15 69.9958 30.016 0.18915 69.9958 30.0160 1.0775 43.2099 55.7126 
80 0.15 79.9925 19.9962 0.18915 79.9925 19.9962 1.2304 56.3881 42.3815 
90 0.2 90.0084 10.0029 0.2522 90.0084 10.0029 1.9012 73.5294 24.5694 

100 0.7 200 0 0.8827 200.0000 0.0000 3.9134 96.0866 0.0000 
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/�$�� FAME+MeOH+Glycerol ���
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Tie Line feed composition FAME-rich phase Glycerol-rich phase 
  FAME MeOH Glycerol FAME MeOH Glycerol FAME MeOH Glycerol 

  (%�#�) (%�#�) (%�#�) (%�#�) (%�#�) (%�#�) (%�#�) (%�#�) (%�#�) 

      

�"-�#� 35 
/(��'��'���    
���� �� 5.672745 82.6818 11.64545 48.73501 51.24825 0.016742 0.498024 86.59666 12.90532 
���� ก��/ 6.32672 74.17165 19.50163 60.82669 39.15328 0.020033 0.229906 78.41429 21.3558 
���� �8�/ 7.244358 63.43938 29.31626 65.59779 34.33821 0.064002 0.220346 66.90394 32.87571 
            

      

�"-�#� 45 
/(��'��'���    
���� �� 3.613399 79.74333 16.64327 20.03505 79.94708 0.017865 1.284959 79.79643 18.91861 
���� ก��/ 6.308941 74.32814 19.36292 79.5974 20.37746 0.025141 0.101995 78.67031 21.2277 
���� �8�/ 7.189245 63.37647 29.43429 90.00252 9.969505 0.027973 0.032977 67.23087 32.73615 
            

      

�"-�#� 55 
/(��'��'���    
���� �� 5.656031 82.11993 12.22403 49.45196 50.5311 0.016937 0.450266 85.97727 13.57246 
���� ก��/ 6.40643 74.33311 19.26046 49.0516 50.93157 0.016828 0.420034 77.4632 22.11677 
���� �8�/ 7.145366 63.66346 29.19117 59.57077 40.40954 0.019691 0.097054 67.47425 32.42869 
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/�$�� MeOH  + FAME + Palm Oil ���

�"-�#� 35  45 .�$ 55 
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Tie Line feed composition MeOH-rich phase Palm Oil-rich phase 
  MeOH FAME Palm Oil MeOH FAME Palm Oil MeOH FAME Palm Oil 

  (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) (%�&��"��ก) 

      

�"-�#� 35 
/(��'��'���    
���� �� 39.98 39.989 20.031 69.656 30.104 0.24 23.243 45.478 31.179 
���� ก��/ 39.98 29.997 30.023 90.004 9.596 0.399 10.404 42.623 46.973 

      

�"-�#� 45 
/(��'��'���    
���� �� 39.996 39.991 20.013 81.915 17.917 0.167 15.77 53.462 30.768 
���� ก��/ 39.79 29.839 30.371 82.615 16.949 0.437 14.291 38.406 47.303 
���� �8�/ 39.992 20.041 39.966 94.538 5.097 0.365 7.597 29.877 62.526 

      

�"-�#� 55 
/(��'��'���    
���� �� 40.86 39.581 19.559 76.896 22.254 0.849 17.748 51.292 30.96 
���� ก��/ 39.564 29.689 30.747 96.236 2.992 0.772 4.752 47.389 47.859 
���� �8�/ 39.659 20.233 40.108 93.089 6.444 0.467 6.52 31.067 62.414 
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