
 

 IV

������ 
 

���� 
�	
��
�������	
............................................................................................................................I 
�	
��
���������ก��......................................................................................................................II 
ก����ก������ก��..........................................................................................................................III 
������............................................................................................................................................IV 
�����������.................................................................................................................................VII 
������� �.....................................................................................................................................VIII 
��
ก�����!�ก�"#.............................................................................................................................X 

 
���	
 1 ���
�.....................................................................................................................................1 

1.1 
&��'�(���)!�
&���*�
��+���,���..........................................................................1 
1.2 &��./�����
#+�����&�0�
................................................................................................2 
1.3 +��'+�ก��&�0�
..............................................................................................................2 
1.4 ���3
4�#+�����&�0�
....................................................................................................2 

 
���	
 2 ����	������������	
�ก	
������...............................................................................................3 

2.1  '���5
��6�	�....................................................................................................................3 
2.2  
&��� �	�6&��'ก76
&ก���7
���.............................................................................................8 
2.3  ก��
����7'���5
��6�	�..................................................................................................12 
2.4  
&��
�	�+���7..........................................................................................................13 
2.5  +����!'��:�&�ก��......................................................................................................15 
2.6  ก��)<��+���7
���5�'���5
���..................................................................................17 
2.7  )��0*�!��ก��� �>?�)�����	��...............................................................................20 
2.8  
����������	A�Bก��)���)
ก...........................................................................................22 
2.9  ���&�0�
	76'ก76
&+���.........................................................................................................22 

 
���	
 3 �� 	!
�������������................................................................................................................25 

3.1 ก���������<'���5
���.............................................................................................25 
3.2 ก��
����7'���5
�����&

��#�������ก�>�#'��:�&�ก��...........................................25 



 

 V

������ (#$�) 

 
���� 

3.3 ก��&�'
����#�����"�7
���5�'���5
��&
'	
��

 &7-&�>�'��!�'�ก3��3E3���'���#....27 
3.4 ก��	����
/"��<+��'���5
'�:6�F���ก���&�ก��
����7.......................................27 

 
���	
 4 '�ก���!������ก�����(���)*..........................................................................................29 

4.1  F!ก��
����7'���5
�����&

��#�������ก�>�#'��:�&�ก��.....................................29 
4.1.1 ก���?ก����
�'&!�	76'�������*�����ก��
����7'���5
���........................30 
4.1.2 ��	A�<!+���/"�� ��	76�7���
����������	A�Bก��)<��.......................................31 

 4.1.3     ��	A�<!+���/"�� ��)!�
&�����	76�7F!��� 
       
��ก��!�!�
+���7
���5�'���5
���...........................................................32 

4.2  ก�������"
��ก��!�!�
+���7
���5�'���5
��� 
)!�ก��
*��&"
����������	A�Bก��)���)
ก...............................................................34 
4.2.1  ก��	*���

��ก��!�!�
+���7
���5�'���5
��� 

3�
����
ก!�กก��� �>?�)�����	��............................................................34 
   4.2.2  ก��
*��&"
����������	A�Bก��)���)
ก)!�ก���?ก��F!+���/"�� �� 

)!�
&�����	76�7���
����������	A�Bก��)���)
ก................................................38 
4.3  ก��	����
/"��<'���5
����!��ก��
���..............................................................40 

4.3.1  ก��	����
&��
�	�+���7���ก��>�ก!���....................................................40 
4.3.2  ก��	����
&��
�	�+���7���)��...............................................................41 
4.3.3  ก��	����
&��
�	�+���7���'��:6�..............................................................42 

 
���	
 5 ��,-'�ก���!����������������...................................................................................43 

5.1  ��/�F!ก��	�!��.......................................................................................................43 
5.1.1  F!ก��
����7'���5
�����&

��#�������ก�>�#'��:�&�ก��..........................43 

                     5.1.2  ก�������"
��ก��!�!�
+���7
���5�'���5
 
)!�ก��
*��&"
����������	A�Bก��)���)
ก.....................................................44 

5.1.3  ก��	����
/"��<'���5
�!��ก��
���............................................................44 
5.2  +��'���)��................................................................................................................44 

'�ก����������..................................................................................................................................45 



 

 VI

������ (#$�) 

 
���� 

��
F�&ก........................................................................................................................................47 
��
F�&ก ก  ก�������ก��E����G��................................................................................48 
��
F�&ก +  ก��
*��&"
��ก��!�!�
+���7
���5�'���5
���.........................................51 

            ��
F�&ก 
  ก��
*��&"
&�����)���+��
��#�������ก�>�# 
 )!�
��ก��!�!�
+���7
���
��#�������ก�>�#..........................................54 

            ��
F�&ก �  ก��
*��&"
��
�	76)!�ก�������"
��ก��!�!�
+���7
��� 
5�'���5
�����&
ก!�กก��� �>?�)�����	��.............................................62 

��
F�&ก 0  ก��
*��&"
����������	A�Bก��)���)
ก.........................................................66 
��
F�&ก H  ก��	����
&��
�	�+���7
���5�'���5
..................................................69 
��
F�&ก 4  ��������	?ก+��� !F!ก��	�!��..................................................................82 
��
F�&ก I  �/�ก�"#ก��	�!��........................................................................................84 

���&���F �'+7
�...................................................................................................................................87 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 VII 

 

������#���� 
 

�����	76                                                                                                                                       ���� 
2.1  ก��)���4���+��'���5
A���4���..............................................................................................3 
2.2  ก��)���4���+��'���5
������G#................................................................................................3 
2.3  ������	76'��:��ก��5�'���5
3���7�A���4���...........................................................................4 
2.4  ��
#���ก��	76�*�
��5�'���5
���...........................................................................................6 
2.5  ����������J +��+��'�!& )กK� )!�+����!'��:�&�ก��.......................................................16 
2.6  ������+��
��#�������ก�>�#	76��&�����J............................................................................17 
4.1  
����������	A�Bก��)<��	76��&�ก��	�!������J......................................................................31 
4.2  
��
�	765���ก��ก!�กก��� �>?�)�����	��	76�/"�� ������J...............................................34 
4.3  
����������	A�Bก��)���)
ก	76�/"�� ��)!�
&���������J........................................................38 
ก.1  
��ก��� �ก!:�)��+���7
���	76
&��'+��+������J....................................................................49 
+.1  )���
��ก��� �ก!:�)�� )!�
&��'+��+��+���7
���	76�ก��)
ก.............................................52 

.1  �/"�� ��!�� � (Tr)  	76�/"�� ��	7654�5�ก��	�!������J...........................................................56 

.2  
&�����!�� � (Pr) 	76
&�����	7654�5�ก��	�!������J...........................................................56 

.3 
�� Oz )!� 1z 0�ก����� Lee/Kesler  Generalized-correlation  
       5�4�&��/"�� ��!�� � 1.05 1.10 )!� 1.15...............................................................................57 


.4 
�� Oz )!� 1z 0�ก����� Lee/Kesler  Generalized-correlation 5�4�&��/"�� ��!�� � 
1.05 1.10 )!� 1.15 )!� 
&�����!�� �	7654�5�ก��	�!��....................................................57 


.5 
��)Eก'���#���<ก���� (z) 	76���0�กก��
*��&".....................................................................58 

.6 
���������0*�'<��+��
��#�������ก�>�#'��:�&�ก�� (v).....................................................59 

.7  
&�����)���+��
��#�������ก�>�#'��:�&�ก�� 	76�/"�� ��)!�
&���������J................60 

.8  
��
�	76 a b )!� c.....................................................................................................................61 

 
.9  
��ก��!�!�
+���7
���5�
��#�������ก�>�#'��:�&�ก�� (X)  
     	76�/"�� ��)!�
&���������J 	7654�5�ก��	�!��.....................................................................61 

0.1 
����������	A�Bก��)���)
ก	76�/"�� ��)!�
&���������J.......................................................68 
H.1  F��+�& 2 '���5
.......................................................................................................................70 
H.2  �7	7654�5�ก��
���F��+����&#....................................................................................................75 
4.1  ��������	?กF!ก��	�!��.....................................................................................................83 



 

 VIII

�������.- 
 
� �	76                                                                                                                                              ���� 
2.1  ��
#���ก��<:`�G��+��ก������3�.........................................................................................4 
2.2 3
�������	��'
�7+�����.........................................................................................................6 
2.3  ก��)<��ก��0�
+���7
���5�'���5
	76'&!�5�ก���&�ก��
�������J......................................18 
2.4  )��0*�!��ก��� �>?�)�����	��..........................................................................................21 
3.1 3
�������+���7
��� C.I.Acid Red 42......................................................................................25 
3.2 )F���<ก���&�ก��
����7'���5
�����&

��#�������ก�>�#'��:�&�ก��.........................26 
4.1  F!ก��
����7'���5
���...........................................................................................................29 
4.2  F!+��'&!����
��ก��!�!�
+���7
���5�'���5
���	76 


&�����
�	76	76 15 MPa )!��/"�� ������J..............................................................................30 
4.3  ��	A�<!+���/"�� ��	76�7���
����������	A�Bก��)<��.................................................................32 
4.4  F!+���/"�� ��)!�
&�����	76�7F!���
��ก��!�!�
+���7
���5�'���5
���.........................33 
4.5  
��ก��!�!�
+���7
���5�'���5
	76���0�กก�������"
��3�
54�ก!�กก��� �>?� 
      )�����	��	76�/"�� �� 50°C...................................................................................................35 

4.6  
��ก��!�!�
+���7
���5�'���5
	76���0�กก�������"
��3�
54�ก!�กก��� �>?� 
 )�����	��	76�/"�� �� 60°C...................................................................................................35 
4.7  
��ก��!�!�
+���7
���5�'���5
	76���0�กก�������"
��3�
54�ก!�กก��� �>?� 
 )�����	��	76�/"�� �� 70°C...................................................................................................36 
4.8  F!
&�����)���+��)กK�
��#�������ก�>�#���
��ก��!�!�
 
 +���7
���5�)กK�
��#�������ก�>�#	76�/"�� ������J............................................................37 
4.9  F!
&�����)���+��)กK�
��#�������ก�>�#���
��ก��!�!�
 

+���7
���5�'���5
���	76�/"�� �� 70°C..................................................................................37 
4.10 F!+��
&�����)!��/"�� �����
����������	A�Bก��)���)
ก.................................................39 
4.11 F!ก��	����
&��
�	�+���7���ก��>�ก!���......................................................................40 
4.12 F!ก��	����
&��
�	�+���7���)��'�:6�'	7
�ก��F������G���7�̀*�'���............................41 
ก.1 ก��E����G��+���7
��� C.I.Acid Red 42..............................................................................50 
�.1 
��ก��!�!�
+���7
���5�'���5
���	76�/"�� �� 50°C............................................................64 
H.1  ก��'��7
�4�`������&�
������ก�ก��F���!�
'���5
................................................................71 
H.2  ก��'��7
�4�`������&�
������ก�ก��F��+�& 2 '���5
...............................................................72 



 

 IX

�������.- (#$�) 
 
� �	76                                                                                                                                              ���� 
H.3  ก��'��7
�'	7
�ก��ก��0�
<!�����+��)��>7������#ก)!�)��)��..................................74 
H.4  ก��&��4�`������&�
���)!�F��+����&#����G��5�&�A7	76 1.......................................................76 
H.5  ก��&��4�`������&�
���)!�F��+����&#����G��5�&�A7	76 2.......................................................77 
H.6  ก��&��4�`������&�
���)!�F��+����&#����G��5�&�A7	76 3.......................................................78 
H.7  ก��&��4�`������&�
���)!�F��+����&#����G��5�&�A7	76 4.......................................................78 
H.8  ก��'��7
�'	7
�ก��ก��0�
<!�����+��)��
��#������#ก)!�)��)��..............................79 
H.9  '
�:6��	����
&��
�	�+���7���'��:6�.................................................................................81 
I.1  '
�:6���g�ก�"#)�����
&������ �...........................................................................................85 
I.2  '
�:6�� UV/Vis Spectrophotometer..........................................................................................85 
I.3  �,m����
&������ � Isco Model 260 D......................................................................................85 
I.4  '
�:6��4�6��̀*����ก��'!oก	����ก�#...............................................................................................86 
I.5  4/��/�ก�"#�7E!�ก>#...................................................................................................................86 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 X

���ก�������ก�/* 
 
D 
����������	A�Bก��)<�� (m2/s) 
D0  pre-exponential factor (m2/s) 
ED <!�����ก��ก������# (kJ/mol) 
R 
��
�	76+��)กK��/��
�� (kJ/mol.K) 
T  �/"�� �� (K) 
t   '&!�	7654�5�ก��ก���&�ก��
����7 (��	7) 
r ����7+��'���5
 
Z  )�&)ก����
&��
�&+��'���5
 
Mt  
��ก��!�!�
+���7
���5�'������	76'&!�5�J (gDye/gSilk) 
Mα   
��ก��!�!�
+���7
���5�'������	76���/! (gDye/gSilk) 

C  
��ก��!�!�
+���7
���5�'���5
���  (gDye / gSilk)  

Dk  
��
�	76ก��!�!�
���กy+��'z��76   (gDye / gSilk) (MPa) 
b   
��
�	76+��� 4���&�����&� (Hole affinity constant)  (MPa-1) 
p  
��
&�����  (MPa)  

HC′  
��
�	76+��� 4���&�����6���& (Hole saturated constant)  (gDye / gSilk) 

DC  
��ก��� �>?�)���ก��+�����	76�����.)<��ก��0�
���(gDye /gSilk) 

HC  
��ก��� �>?���
5�� 4���&���+���'!oก��กJ (Microvoid)  (gDye / gSilk) 
K 
����������	A�Bก��)���)
ก 
X 
��ก��!�!�
+���7
���5�)กK�
��#�������ก�>�# Dye CO2

(g /g )  

Y 
��ก��� �ก!:�)��	76
&��
�&
!:6� 535 nm 
x 
&��'+��+��+���7
���	76�ก��)
ก  (g/cm3) 
V �������'�	���!	7654�5�ก���7E!�ก># (cm3) 
W �̀*����ก'���5
���ก���
��� (g) 
ρ  
&�����)���+��
��#�������ก�>�# (g/cm3) 

refρ  
&�����)���������� (g/cm3) 
m �̀*����ก3�'!ก/!+��
��#�������ก�>�# (g/mol) 
v �������0*�'<��+��
��#�������ก�>�#'��:�&�ก�� (cm3/mol) 
z 
��)Eก'���#���<ก���� 



 

 XI

���ก�������ก�/* (#$�) 
 
zo )!� z1 correlation factor 
ω   ��'>����ก)Eก'���# 
Tr �/"�� ��!�� � 
Pr 
&�����!�� � 
Tc �/"�� ��&�ก�� 
Pc 
&�����&�ก�� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 


