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����� 3 
 

��	�
��
���ก������� 
 

3.1 ���
�������ก������� !��ก���
��" 
 
 3.1.1 Mechanical Stirrer 
 3.1.2 ��������ก�� ���� � ก�ก��! ก�"��ก#�� $%��&%"���'� �()�#�� 
 3.1.3 *�+�ก,�-%�*�%+ 60, 120, 500, 1000 �2" 5000 ml 
 3.1.4 ��������5��-%�(�67%87%ก (kg) 
 3.1.5 ��������5��-%�=>�6?7 4 #@%�A��� ? �A�� SHIMADZU AY 220 
 3.1.6 ��������5��-%�=>�6?7 3 #@%�A��� ? �A�� METTLER TOLEDO �N�� PB 303 
 3.1.7 ������� pH meter ? �A�� EUTECH INSTUMENTS 
 3.1.8 ������� Fourier Transform Infrared Resonance ? �A�� PERKIN ELMER �N�� 
SYSTEM 2000 
 3.1.9 Parafilm  
 3.1.10 ก�"+%^ก��� ����! 1 
 3.1.11 _�%ก��� 
 3.1.12 _�%`�2�� �N�� PES 150/35 b�'�7%$%ก��6 5̂= b ��c�=� $@%ก5+ 7 *�%+�dก��� 
32 `7���� 
 3.1.13 �%e6ก%$5���2% 
 3.1.14 ����#5ก-%� 
 3.1.15 (f�(#*�%+#�%�g 
 3.1.16 �6���# *�%+ 50 ml 
 3.1.17 Magnetic stirrer 
 3.1.18 ก��?ก��� 
 3.1.19 ��������5+��%7*N�� ? �A�� EUTECH INSTRUMENTS �N�� TN-100/T-100 

 3.1.20 i%+-�#��2= *�%+ 38×28.5 cm2 
 3.1.21 &5+27 
 3.1.22 j%ก-@%A�5�ก5'�27 
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k%&= � 3.1  
��������5+��%7*N�� ? �A�� EUTECH INSTRUMENTS �N�� TN-100/T-100 

 

 
 
3.2. ���
$%����� !��ก���
��" 
  
 3.2.1 �'@%ก25�� 
 3.2.2 `�l#b%�= �7 l7�2กN2mAn� (CS) b�'�$%ก��6 5̂= A.N. LAB 
 3.2.3 Acetic Acid ��%7�*�7*�� 99.98% (commercial grade) 
 3.2.4 Sulphuric acid ��%7�*�7*�� 98% (commercial grade) 
 3.2.5 A%��'@%?%� `+��5���%7��N���%"A!$%ก��6 5̂= ?%�� �� $@%ก5+ $5�A�5+#�5� (�5�= �
�5�A%��'@%?%� 25 -.�. 2552, 10 #.�. 2552, 30 #.�. 2552 �2" 9 7.�. 2553) 
 3.2.6 l&26�7��!(�"$N��ก ����=%�ก%���% Waterfloc WF5803 `+��5���%7��N���%"A!
$%ก��6 5̂= ���#��! +q�ก�#��! $@%ก5+ (Water doctor co., Ltd) 
 3.2.7 Acetic Acid ��%7�*�7*�� 100% ? �A�� Merck Ltd., Thailand 
 3.2.8 Methyl red ��%7�*�7*�� 0.1% 2"2%?m� ethanol ��%7�*�7*�� 95% 
 3.2.9 Hydrochloric ��%7�*�7*�� 37-38% ? �A�� Merck., Thailand 
 3.2.10 Sulphuric acid ��%7�*�7*�� 96% ? �A�� Cario Erba 
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3.3 ก���
����%��&�'�"()��
%��� 
 
 3.3.1 ก���
���*$(&+�� (chitosan) ������$%ก-7�5#6ก%�$5�#"ก��$"*t'�ก5�
7�2l7�2กN2�2"(�"$N 

 3.3.1.1 �
���%��(%
�ก��'�"*$(&+�� = �m��m�ก%�=+2��� ' +��?�6c  gel 
permeation chromatography (GPC) = �>d�?!�=�l�l2? l2A"�2"�5-+N�A���%#6 
(MTEC) 
 3.3.1.2 �
��� %Deacetylation '�"*$(&+�� +��?�6c  NMR (Nuclear 
Magnetic Resonance) = �>d�?!�=�l�l2? l2A"�2"�5-+N�A���%#6 (MTEC) 

 3.3.2 ก���
���()����$����*%
�
�
��� (modified polyacrylamide) 
������$%ก-7�5#6ก%�$5�#"ก��$"*t'�ก5�7�2l7�2กN2�2"(�"$N 

 3.3.2.1 �
���@%ABCD"ก� ��'�"()��
%������*
!���$��%���
$���@�%� ก%�
=+-��=@%+��?�=��6� FTIR l+?m��������� Fourier Transform Infrared 
Resonance ? �A�� PERKIN ELMER �N�� SYSTEM 2000 = �>d�?!�=�l�l2? l2A"�2"
�5-+N�A���%#6 (MTEC) 

   3.3.2.2 �
���$��%@�E
 (Viscosity) '�"��������()��
%������*
!���
$��%���
$���@�%� �#� ?7-%�2"2%?l&26�"��62%`7+!+5+�(�2"2%?�'@% $%กl&26
�7��!(�"$N��ก= �`+��5�ก%���N���%"A!7%=5'� 3 ��6+ ����=%�ก%���% ��� WF 5803, WF 
5804 �2" WF 5807 �&���m��m�ก%�=+-����%��%7A��+*��-%�2"2%? bt���6���%"A!
l+?m����������5+��%7A��+ ? �A�� BROOKFIELD �N�� DV- II plus Programmable = �
>d�?!�=�l�l2? l2A"�2"�5-+N�A���%#6 (MTEC) ก%�=�%���%��%7A��+*��
-%�2"2%?l&26�7��!$"�()�ก%��(� ?��= ?��'@%A�5กl7�2กN2*��l&26�7��!= �`+��5�7%
=%����7 

 
3.4 ก���
����%��&�'�"@�"�H����"���*
!���%� (As-Received Rubber Latex)  

  
-7�5#6*���'@%?%� ���� (�67%8*���*,�=5'�A7+ (�67%8?%� �2" (�67%8l2A"= �

-@%�5n ��7it���%7�()�(�"$N*����Nk%�?%� ��%#�%�g �A2�%� '�%$�(2 �?�`(#%7�%?N*��A%��'@%
?%�= �`+��5� �2"�A2��*��A%��'@%?%�= ��5�7%  
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3.4.1 ก��@�$B� TSC '�"@�"�H����" (���%��'�"�'T"��H"@%
���H����"; 
Total Solid Content)  
 (�67%8*���*,�=5'�A7+m��'@%?%� A7%?it� (�67%8?%�-���= ��()����'�?%�=5'�A7+m�
�'@%?%� ��7ก5�-%�����g = ��()�*���*,��2"-���= �`7�m��?%� bt��$"���A2��k%?A25�$%กก%�=@%mA�
�A��+��?�N8Akd76=+-���2"���?%ก%>= �ก@%A�+ (http://rubber.sc.mahidol.ac.th/rubbertech/ 
NR.htm) m��%��6$5?� 'A%��% TSC *��A%��'@%?%� #%7�6c ก%�$%ก7%#�x%� ISO 124:1997 l+?

�5���'@%A�5กA%��'@%?%� ��$%��&%"���'�(�"7%8 2 ก�57 �2���@%`(��= ��N8Akd76 70 °C $�ก�"=5��
�A�� �2���5�=tก��%�'@%A�5ก�A�� bt��m��A%��'@%?%�$@%��� 3 #5��?�%� ��% TSC `+�$%กก%��@%��%
�'@%A�5ก�A���j2 �?$%ก=5'� 3 #5��?�%�7%�@%��8�()��(��!�b,�#!+5�-7ก%� 3.1 

 TSC  =  100
dried total solid weight

actual skim latex weight
×    (3.1) 

 
 3.4.2 ก��@�$B� DRC '�"@�"�H����" (���%��
�EH���"�@!"; Dry Rubber 

Contents) 
(�67%8���'�?%��A�� A7%?it� (�67%8-���= ��()����'�?%�=5'�A7+m��'@%?%� bt��`+�$%ก

ก%�=@%mA��'@%?%�$5�#5�+��?ก�+�"b6#6ก k%?m#�ก%�����N7-k%&ก%�$5�#5��?�%������� �()���%
���� '(�67%8*�����'�?%�$�6�g bt��7 ��%7-@%�5nm�ก%�b�'�*%?�2"ก%��@%?%�`(�(��d(�()�
_26#k58z!?%� (http://rubber.sc.mahidol.ac.th/ rubbertech/NR.htm) m��%��6$5?� 'A%��% DRC 
*��A%��'@%?%� #%7�6c ก%�$%ก7%#�x%� ASTM D1076-06 l+?ก%��5���'@%A�5กA%��'@%?%�
(�"7%8 20 ก�57 �#67ก�+b52{f��6ก��%7�*�7*�� 2% $�ก�"=5����% pH = 4.5 $%ก�5'��@%7%ก���

+��?ก�"+%^ก�������! 1 �2���@%���'�?%�= �ก���`+��*�%��= ��N8Akd76 70 °C $�ก�"=5���A�� �5�=tก
��%�'@%A�5ก�A�� bt��m��A%��'@%?%�$@%��� 3 #5��?�%� ��% DRC `+�$%ก�@%��%�'@%A�5ก�A���j2 �?$%ก=5'� 
3 #5��?�%�7%�@%��8�()��(��!�b,�#!+5�-7ก%� 3.2 

DRC  = 100
dried rubber weight

actual skim latex weight
×     (3.2) 

 
3.4.3 ก��@�$B����%��$��%
�V�
B�"'�"@�"�H����" (Alkalinity) 
(�67%8��%7�()�+�%� A7%?it� (�67%8+�%��6-�"=5'�A7+m��'@%?%� �-+��()�

(�67%8��7l7�� ? ������$%ก-���mAn�$"�5ก^%-k%&�'@%?%�*��+��?��7l7�� ? ��%� '$"���� '��%ก%�
�5ก^%-k%&*���'@%?%��& ?�&�A���`7� �2"$"(�5�`2���7l7�� ?��ก�?�%�`� �7����@%`(�(��d(�()�
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_26#k58z! (http://rubber.sc.mahidol.ac.th/rubbertech/NR.htm) m��%��6$5?� 'A%��%(�67%8
��%7�()�+�%�*��A%��'@%?%� #%7�6c ก%�$%ก7%#�x%� ISO 125:2003 l+?ก%��5���'@%A�5กA%��'@%
?%�(�"7%8 5-10 ก�57 �2���=2�m��'@%ก25�� 200 cm3 $%ก�5'��#67 Methyl red 0.1% m�(�67%8
�=�%ก5�m�=Nกก%�=+-�� ((�"7%8 5-10 A?+) =@%ก%�`#�#�#l+?���?gA?+ก�+�ก2�� (HCl) 0.1 
mol/dm3 2�`(m�-%�2"2%?= ��#� ?7`�� $�ก�"=5����% pH = 6.0±0.05 A���- *��-%�2"2%?
�(2 �?��()�- �7&d-�7 �5�=tก(�67%8ก�+= �m�� bt��=@%ก%�=+-��$@%��� 2 #5��?�%� l+?A%��'@%?%�
�#�2"#5��?�%�#���7 �'@%A�5ก#�%�ก5�`7��ก6� 0.01 g �2"��%(�67%8��%7�()�+�%�= �`+�$%ก�#�2"
#5��?�%�#���#�%�ก5�`7��ก6� 0.5% ��%(�67%8��%7�()�+�%�*��A%��'@%?%�`+�$%ก��%�j2 �?$%ก=5'� 2 
#5��?�%�bt���@%��8�()��(��!�b,�#!$%ก-7ก%� 3.3 

NH3 = 1
FcV

m
       (3.3) 

 

	
��
 F1 =    1.7 	
��
��� HCl 

c =         ���
	��
����
�ก�� (mol/dm3) 

V = "�#
�$� (ml) 

     m   = 
�%�
��&'�(�� (g) 
 

3.4.4 ก��@����%��(�@����H����"  
l+?ก%��@%A%��'@%?%� �'@%�b�5�7$%กก%�=+-�� DRC ���'�?%�$%กก%�A% TSC �2" 

DRC `(#��$-��+��?�=��6� XRF (X-ray fluorescence spectrometer) �&���A%��6+�2"
(�67%8*��c%#Nm�-%�#5��?�%� = �>d�?!�=�l�l2? l2A"�2"�5-+N�A���%#6 (MTEC) �=��6� XRF 
�%>5?A25กก%�= ���% �7����5�- ��,กb!= �7 &25��%�-d�`(ก�"=��6'��%� $"=@%mA��6'��%��ก6+ก%�(2��?l{
#����ก7% (fluoresced) ������$%กl{#��= �(2��?��ก7%$%กc%#N#�%���6+$"7 ��%7?%��2���
�j&%"-@%A�5�c%#N�5'�g =@%mA����� '��6+*��c%#N= �7 �?d�m�#5��?�%�`+� =5'�� '(�67%8l{#��= ��(2��
��ก7%*t'��?d�ก5�(�67%8*��c%#N�5'�m�-%�#5��?�%�+��? ก%��#� ?7#5��?�%�m�ก�8 � '�()�
-%�2"2%?$"�@%#5��?�%�m-�2�m� PP Sample holder (A��%#�%��_��{f2!7 PP *�%+�-��_�%�

>d�?!ก2%� 3.2 cm A�%  6 µm) ก�8 #5��?�%��()�*���*,�$"*t�#5��?�%��� Sample holder �2��
�@%`(�6���%"A! 
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3.4.5 ก��&������$B� zeta potential  
��% Zeta potential $"�����ก��%77 (�"$N*����Nk%�?%�m�A%��'@%?%� l+?A%$%ก

��%7��,�= ���Nk%���2����= �k%?m#���%7�*�7*��*��`{{~%-i6#?!= �=�%���% l+?ก%��6$5?� '-��
#5��?�%��&���#��$-����% Zeta potential = �>d�?!�=�l�l2? l2A"�2"�5-+N�A���%#6 (MTEC) l+?
ก%��#� ?7#5��?�%�ก����@%�*�%�6���%"A!+��?������� Zetasizer Nano ZS +��?ก%�A?+A%��'@%?%� 
1-2 A?+2�m��'@%ก25�� �2����mA�ก�"$%?#5�=5�� 

 
3.5 ก��
&���%��������
)E��� !
�V������%&�ก�� 
 
 3.5.1 ��������*$(&+���������ก�
��+�&�ก$��%
'!%'!� 2%, 1.5%, 1% 
��� 0.5% wt/wt 

�#� ?7`�l#b%� (Chitosan; CS) 2"2%?m�ก�+�"b6#6ก�*�7*�� 2%, 1.5%, 1% �2" 
0.5% wt/wt �&���mA�`+���%7�*�7*��*��-%�2"2%?`�l#b%�#�%�g ก5� ���� 0, 0.6, 0.8, 1.0, �2" 
1.2 % wt/vol l+?-%���7#"ก��m�ก2N�7� '$"=@%ก%��#� ?7=5'�$%กก�+bt���()� Laboratory grade 
�2" Commercial grade  

3.5.2 ��������ก�
+��C]���ก 
m��-%�2"2%?ก�+b52{f��6ก�*�7*�� 98% wt/wt �����+ ?�ก5�= �l���%��N#-%Aก��7m�� 

�2"�#� ?7-%�2"2%?ก�+b52{f��6ก= ���%7�*�7*���$��$%�2�+��? ��� 80%, 60%, 40% wt/wt l+?
ก�+bt��m���()�-%���7#"ก��� '�()� Commercial grade 

3.5.3 ��������()����$����*%
�
�
�����������H�� 
�#� ?7l&26�7��!l+?2"2%?m��'@%ก25�� �&���mA�`+���%7�*�7*��*��-%�2"2%?l&26

�7��! �=�%ก5� 0.05, 0.1 �2" 0.15 % wt/vol l+?l&26�7��!= �m��`+��5���%7��N���%"A!$%ก��6 5̂= 
Water Doctor $@%ก5+ ����=%�ก%���% ��� WF 5803, WF5804 �2" WF5807 

3.5.4 ��������()����$����*%
�
�
����������ก�
��+�&�ก$��%
'!%'!� 
1.5% wt/wt 

�#� ?7l&26�7��!l+?2"2%?m�ก�+�"b6#6ก�*�7*�� 1.5% wt/wt �&���mA�`+���%7�*�7*��
*��-%�2"2%?l&26�7��!#�%�ก5� ��� 0.05, 0.1 �2" 0.15 % wt/vol l+?ก�+bt��m���()�#5�=@%2"2%?
*��-%���7#"ก��ก2N�7� '�()� Commercial grade 
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3.5.5 ��������*$(&+���������ก�
+��C]���ก$��%
'!%'!� 40% wt/wt 
�#� ?7`�l#b%�2"2%?m�ก�+b52{f��6ก�*�7*�� 40% wt/wt �&���mA�`+���%7�*�7*��

*��-%�2"2%?`�l#b%�#�%�g ก5� ���� 0.6, 0.8, 1.0, �2" 1.2 % wt/vol �()�#�� l+?ก�+bt��m��
�()�#5�=@%2"2%?*��-%���7#"ก��ก2N�7� '�()� Commercial grade 

3.5.6 ��������()����$����*%
�
�
����������ก�
+��C]���ก$��%

'!%'!� 40% wt/wt 

�#� ?7l&26�7��!l+?2"2%?m�ก�+b52{f��6ก�*�7*�� 40% wt/wt �&���mA�`+���%7�*�7*��
*��-%�2"2%?l&26�7��!#�%�ก5� ��� 0.05, 0.1 �2" 0.15 % wt/vol l+?ก�+bt��m���()�#5�=@%2"2%?
*��-%���7#"ก��ก2N�7� '�()� Commercial grade 
 
3.6 ก���
����%��&�'�"��������()��
%��� (�����%&�ก��) 
 
 �@%-%�2"2%?l&26�7��!= �$"m���()�-%���7#"ก��7%=+-����%��%7�()�ก�++�%� 
l+?m�� pH meter ? �A�� EUTECH INSTRUMENTS = �A���(�6�5#6ก%�k%��6�%�6>�ก��7��7  �8"
�6>�ก��7>%-#�! 7A%�6?%25?c��7>%-#�! 
 
3.7 ก������$B� pH '�"@�"�H����" 
 
 A%��'@%?%�= �`+��5�7% 7 ก%��#67��7l7�� ?�&����5ก^%-k%&*��A%��'@%?%�`7�mA�
�-���7-k%& =@%mA�7 ��%��%7�()�ก�++�%�����*�%�-d� ��� pH (�"7%8 9.4 � 9.7 ก%���7#"ก��
?%�-ก67$"-%7%�i��7`+�7%กA������? *t'��?d�ก5�(�67%8��7l7�� ?= �7 �?d�m�A%��'@%?%�+��? 
+5��5'�ก����@%A%��'@%?%�`(��7#"ก�� $t�#����@%A%��'@%?%�7%_�%�ก�"���ก%�=@%mA���7l7�� ?
�"�A?��ก`(mA�`+�7%ก= �-N+ก��� m��%��6$5?� '$"=@%ก%�(�5���% pH *��A%��'@%?%�l+?ก%��#67
ก�+ �2"ก%��"�A?��7l7�� ?+��?ก%�&%���c��7�%#6�2"ก%�&%����5��5� �&����(� ?��= ?�
_2*��(�67%8��7l7�� ?m�A%��'@%?%�#��ก%�$5�ก���?%�-ก67 
 3.7.1 ก������$B� pH (
�ก��� !ก�

ก�E� (HCl) $��%
'!%'!� 10% wt/wt 
 ����A%��'@%?%�-���A�t��7%=@%ก%�(�5���%��%7�()�ก�++�%� (pH) mA�7 ��%(�"7%8 
7.0 l+?ก%��#67ก�+�ก2����%7�*�7*�� 10% wt/wt A25�$%กก%�(�5���% pH �2�� $"�@%A%��'@%?%
�ก���_�%�_�%ก��� �&����@%#"ก���%�-���= ��%$$"idก$5�l+?ก�+�ก2����กก����@%`(=@%ก%�
=+2��#��`( �2"$"7 ก%��@%A%��'@%?%�= �(�5���%��%7�()�ก�++�%��2��`(A%��% TSC �2" DRC 
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�&����()���%��6�7#��*��ก%�=+2��+��? m�= �� '$"�� ?กA%��'@%?%�= �idก(�5�mA��()�ก2%�� '��% �A%��'@%
?%�= ��()�ก2%�� (neutral skim rubber) �2"�� ?กA%��'@%?%�-+= �`7�7 ก%�(�5���%��%7�()�ก�+
+�%���% �A%��'@%?%�(ก#6� (normal skim rubber) 
 3.7.2 ก������$B� pH (
�ก����
@���%(%
�����ก��ก@�"�H����"
!��ก��
)��������� 

 ����A%��'@%?%�-���A�t���@%7%m-�k%��"= �7 &�'�= �_6�ก��%� ��� i%+*�%+ 38×28.5 
cm2 l+?m-�m�(�67%8��%72tก*��A%��'@%?%�(�"7%8 1-2 cm �2"=+2���5+�5#�%ก%��"�A?
*����7l7�� ?m���2%#�%�g ��� 1, 3, 6, 9, 12, �2" 24 �5��l7� l+?ก%�-N�7�ก,�#5��?�%�A%��'@%?%�
m���2%�5'�g 7%=@%ก%��5+��% pH l+?m�� pH meter �2"A%(�67%8��%7�()�+�%�*��A%��'@%?%� 
((�67%8��7l7�� ?) +��?ก%�`#�#�# =Nก��5'�ก���-N�7#5��?�%�$%กi%+$"m���=��-N�7#5��?�%�ก��
�'@%?%�m�i%+ 3 ����&���mA���%7�*�7*��*����7l��� ?mก2��� ?�ก5�m�=Nก$N+ 
 3.7.3 ก������$B� pH (
�ก����
@���%(%
�����ก��ก@�"�H����"
!��ก��
)������"$�� 
 =@%ก%�=+2���2�%?ก5�A5�*�� 3.7.2 �#�7 ก%��(f+&5+27�(�%�%ก%>= �_6�A��%*��i%+
A%��'@%?%� �&������?m�ก%��"�A? ก%�-N�7#5��?�%��2"ก%��5+��%=@%ก%�=+2�������+ ?�ก5�A5�*�� 
3.7.2 
 
3.8 ก���
���
&���%��"�ก�% 
 
 3.8.1 ก���
���
&���%��"�ก�%ก��@�"�H����"�������$B� pH (
�ก�

ก�E� 
  3.8.1.1 ก����%&�ก��@�"�H����"�ก&����@�"�H����"���
�V�ก��" (
�
� !��������*$(&+���������ก�
��+�&�ก
'!%'!� 2% wt/wt 

 �@%A%��'@%?%� (=5'�A%��'@%?%�(ก#6 �2"A%��'@%?%�= ��()�ก2%�) (�67%8 100 ml 
m-�m�� ก�ก��! �#67-%�2"2%?`�l#b%�2"2%?m�ก�+�"b6#6ก (�*�7*�� 2% wt/wt) ��%7�*�7*�� 
0.8% wt/vol m�(�67%8#�%�g ��� 5, 10, 20, 25, 30, 35, 40, 45 �2" 50 ml �2���#67�'@%�&���mA�
(�67%#���7�=�%ก5� 150 ml $%ก�5'��@%`((���ก��+��?��%7��,���� 200 rpm �()���2% 5 �%=  
�2"(���ก��+��?��%7��,���� 50 rpm �()���2% 20 �%=  A25�$%ก�5'�#5'�=6'�`�� 1 �5��l7�ก����@%`(

ก���+��?_�%ก��� �@%���'�?%�= �`+�`(���A��= ��N8Akd76 70-80°C $�ก�"=5���A���2���5�=tก_2
�'@%A�5ก�A�� �&����@%`(�@%��8�()� %���'�?%�= ���7#"ก��(%Solid removal) `+�#��`( l+?��% %
���'�?%�= ���7#"ก��`+� A%`+�$%ก-7ก%� (3.4) 
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                     (3.4) 
 

 3.8.1.2 ก����%&�ก��@�"�H����"���
�V�ก��" (
�� !��������*$(&
+���������ก�
��+�&�ก
'!%'!� 1 % wt/wt 
 m��A%��'@%?%�= ��()�ก2%� +@%��6�ก%�=+-�������+ ?�ก5�A5�*�� 3.8.1.1 l+?m��
-%���7#"ก���()�-%�2"2%?`�l#b%�2"2%?m�ก�+�"b6#6ก (�*�7*�� 1% wt/wt) ��%7�*�7*�� 
0.8% wt/vol m�(�67%8#�%�g �&����()�ก%�=+-����%7�*�7*��*��#5�=@%2"2%?= ��A7%"-7m�
ก%���7#"ก��A%��'@%?%� 
 
 3.8.2 ก���
���
&���%��"�ก�%ก��@�"�H����"�ก&� ���@�"�H����"�������$B� 
pH (
�ก����
@���%(%
��� 
  3.8.2.1 ก���
���
�EH�"&!� 

  (1) �
���b�'�"�����%&�ก�����
@%���%  
 =@%=+-��_2*��-%���7#"ก��=5'� 6 ก2N�7m�A5�*�� 3.5 l+?�@%A%��'@%

?%� 100 ml m-�m�� ก�ก��! �#67-%���7#"ก��m�(�67%#�= �ก@%A�+ +5�#%�%�= � 3.1 �@%`((���ก��
+��?��%7��,���� 100 rpm �()���2% 5 �%=  �2"(���ก��+��?��%7��,������% 50 rpm �()���2% 
20 �%=  A25�$%ก�5'�#5'�=6'�`�� 1 �5��l7� �2��m��_�%ก���`�2�� PES 150/35 ก����?ก-���*�����'�
?%� ��ก$%ก-���*���'@%�b�5�7 -@%A�5��'@%�b�5�7�@%`(�5+��%��%7*N���2"��% pH -������'�?%��@%`(
2�%��'@%�(2�% bt���()�ก%�2�%�-%���7#"ก���%�-�����ก`( �2"� +mA�7 ��%7A�%(�"7%8 2 77. 

�2�����A��= ��N8Akd76 70°C $�ก�"=5���A���5�=tก_2�'@%A�5ก�A�� �&����@%`(�@%��8�()� %���'�
?%�= ���7#"ก��`+� (%solid removal) #��`(  
   (2) �
���b�'�"ก���Dc�ก����ก����%&�ก����"�ก�% 

 =@%ก%�=+-��_2*��ก%�(���ก�� 2 ��� ��� ก%�m��ก%�ก�������&���$5�
ก��� �2"ก%�(2��?mA�$5�ก������l+?76`+�ก�� l+?m��A%��'@%?%� 100 ml m�� ก�ก��! �#67ก�+
b52{f��6ก 98% wt/wt �()�-%���7#"ก�� l+?�@%��8(�67%8ก�+= �m��m�ก%�=+-��#%7*��7d2= �
l���%��'@%?%�*��m�� (��%��6�*��7d2ก%�m��ก�+b52{f��6กm�ก%�$5�?%�-ก67*��l���%��'@%?%�*�� 
��6 5̂= ?%�� �� $@%ก5+ $5�A�5+#�5�) � ก�ก��!A�t��A25�$%ก�#67ก�+�2��(���ก��mA��*�%ก5� �2��#5'�=6'�`��
$�ก�"=5�����'�?%���7ก���ก5��������= �l���%��'@%?%�*��=@% � ก� ก�ก��!A25�$%ก�#67ก�+�2���@%`(
(���ก��+��?��%7��,���� 100 rpm �()���2% 5 �%=  �2"(���ก��+��?��%7��,������% 50 rpm 
�()���2% 20 �%=  A25�$%ก�5'�#5'�=6'�`�� 1 �5��l7� �2��m��_�%ก���`�2�� PES 150/35 ก����?ก

% *���*,�= �idก$5�#"ก��  =  �'@%A�5ก*���*,�= �idก��7#"ก�� x 100 
       (% solid removal)      �'@%A�5ก*���*,�=5'�A7+m�-%��*��2�? 
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-���*�����'�?%� ��ก$%ก-���*���'@%�b�5�7 -@%A�5��'@%�b�5�7�@%`(�5+��%��%7*N���2"��% pH -���
���'�?%��@%`(2�%��'@%�(2�% bt���()�ก%�2�%�-%���7#"ก���%�-�����ก`( �2"� +mA�7 ��%7A�%

(�"7%8 2 77. �2�����A��= ��N8Akd76 70°C $�ก�"=5���A���5�=tก_2�'@%A�5ก�A�� �&����@%`(
�@%��8�()� %���'�?%�= ���7#"ก��`+� (%solid removal) #��`(  
 

#%�%�= � 3.1  
�-+�(�67%#�*��-%���7#"ก���#�2"ก2N�7= �$"m��m�ก%�=+-�����'��#�� 

 
-%���7#"ก�� ��%7�*�7*��*�� 

-%���7#"ก�� 
( �6 7 % # � = �
m���#67 (ml) 

-%�2"2%?`�l#b%�2"2%?m�ก�+�"b6#6ก��%7
�*�7*�� 2%, 1.5%, 1% �2" 0.5 wt/wt 

0, 0.6, 0.8, 1.0 �2" 
1.2% wt/vol 

50 

-%�2"2%?ก�+b52{f��6ก  98, 80, 60 �2" 40% 
wt/wt 

0.5 

-%�2"2%?l&26�7��!�"��62"`7+!+5+�(�2"2%?�'@% 0.05, 0.1�2" 0.15% 
wt/vol 

70 

-%�2"2%?l&26�7��!�"��62"`7+!+5+�(�2"2%?m�
ก�+�"b6#6ก��%7�*�7*�� 2%, 1.5%,1%�2" 0.5% 
wt/wt 

0.05, 0.1�2" 0.15% 
wt/vol 

50 

-%�2"2%?`�l#b%�2"2%?m�ก�+b52{f��6ก��%7
�*�7*�� 40% wt/wt 

0.6, 0.8, 1.0 �2" 
1.2% wt/vol 

0.5 

-%�2"2%?l&26�7��!�"��62"`7+!+5+�(�2"2%?m�
ก�+b52{f��6ก��%7�*�7*�� 40% wt/wt 

0.05, 0.1�2" 0.15% 
wt/vol 

0.5 

 
  3.8.2.2 ก���
���
&T%�A���� 

 �2��ก-k%�"*��-%���7#"ก���#�2"ก2N�7= �mA�_2+ = �-N+ �&���=@%ก%�=+-��
����#,7�d(��� #5'��#�ก%��"�A?��7l7�� ?��i%+ก��%� =5'�+��?-i%�ก%�8!ก%�&%���
c��7�%#6 �2"ก%�&%����5��5� $"`+�A%��'@%?%�= �-%7%�i�����()� 3 ก2N�7 ��� A%��'@%?%�= �`7�`+�
�"�A?��7l7�� ?�2? A%��'@%?%�= ��"�A?��7l7�� ?`(�2��-���A�t�� �2"A%��'@%?%�= ��"�A?
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��7l7�� ?$��A2�����? �2���@%A%��'@%?%��5'�g7%�#67-%���7#"ก��#%7-k%�"= �mA�_2ก%���7
#"ก��+ = �-N+*���#�2"ก2N�7 ($%กก%�=+-�����'��#��)  

  (1) ก��deกf���&��ก������@!�@!"'�"��"�ก�% 
  -@%A�5��6c =@%ก%�>tก^% $"��6�7#��+��?ก%���7#"ก��A%��'@%?%�l+?m��

(�67%#�A%��'@%?%�, (�67%#�-%���7#"ก�� �2"*5'�#��ก%�=+-��+5�����= �ก2�%�`���2��m�
A5�*�� 3.8.2.1 (1) -@%A�5����'�?%�= �`+�$%กก%���7#"ก��A25�ก%�2�%��'@%�(2�%�2�� $"�@%��%7%
=@%ก%�>tก^%�5#�%ก%�=@%mA��A��*��?%�-ก67 l+?����ก���?%�= �`+�$%กก%���7#"ก���()� 3 -��� 

�@%�*�%��= ��N8Akd76#�%�g ��� 70, 100 �2" 120 °C >tก^%�'@%A�5ก= ��(2 �?��(2�`(= ���2%#�%�g 
(=Nก 0.5 �5��l7�) $�ก�"=5���'@%A�5ก��= � l+?�'@%A�5ก��= �m�ก%�=+2����5'�� '$"m���ก8z! ��� 
�'@%A�5ก?%�*�� 2 ����= �=@%ก%��5�=tกA�%�ก5�`7��ก6� 0.0005g A��� 0.5mg 

  (2) ก��deกf�b�ก��� !�����%&�ก�����%�&�&B�"g 
  =@%ก%���7#"ก��A%��'@%?%�l+?m��(�67%#�A%��'@%?%� �2"*5'�#��ก%�

=+-��+5�����= �ก2�%�`���2��m�A5�*�� 3.8.2.1 (1) -���-%���7#"ก��= �$"m���#67�5'�$"m��(�67%#�
= �2+2�#%7������2%m�ก%��"�A?��7l7�� ? ก2�%����A%กA%��'@%?%�= �m��7 ก%��"�A?��7l7�� ?
�()���2%�%� $"m��-%���7#"ก��m�(�67%#�= �2+2� ���'�?%�= �`+�$%กก%�=+-��A25�$%ก�@%`(

2�%��'@%�(2�%�2�� $"idก� +mA�7 ��%7A�%(�"7%8 2 77. �2�����A��= ��N8Akd76 70°C $�ก�"=5��
�A���5�=tก_2�'@%A�5ก�A�� �&����@%`(�@%��8�()� %���'�?%�= ���7#"ก��`+� (%solid removal) 
#��`( 
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k%&= � 3.2  
�_�_5�-�N(*5'�#��m�ก%��#� ?7?%�-ก67 
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3.9 ก��'���'��
ก���
��" (scale-up procedure) 
 
 �7���`+�-k%�"= ��A7%"-7= �-N+*��-%���7#"ก�� $%กก%�=+-�����'��#��bt���()�_2
ก%�=+2��m��"+5��2,ก�2�� ($%กA5�*�� 3.8.2.1 (1)) $"*?%?*�%+ก%�=+2��mA�7 �"��mAn�*t'� 
(�67%#� (V) m�= �� '$%ก 0.2157 26#� �()� 0.8835 26#�, 1.7255 26#� �2" 3.3391 26#� ������$%ก
��%7(���(���*���"��7 _2#��ก%�$5�ก���*��?%� (_2*��ก%�`A2������$%ก��%7(���(���$%ก
ก%�ก�� 7 7%กก��%_2*��ก%���2����= �*��l&26�7��!�2"��Nk%�*��?%�= ��()�ก%��&�����-N�7
=6>=%�) =5'�� '�()�`(#%7A25กก%�*��ก%� scale-up �"��(���ก�� �5�*t'�ก5�*�%+*��i5�ก�� 
��%7��,���� �2"*�%+*��m�&5+ก�� 
 ก@%A�+mA� Da ��� �-��_�%�>d�?!ก2%�*��m�&5+ก�� (m) 
    DT ��� �-��_�%�>d�?!ก2%�*��i5�ก�� (m) 

    H ��� ��%7-d�*���"+5��'@%m�i5�ก�� (m) 

    P ��� ก@%25��%�= �m��m�ก%�ก�� (J/s = W) 
    N ��� $@%������= �m��m�ก%�ก�� (rev/s) 
    Np ��� �2*ก@%25� (Power number)  

ρ ��� ��%7A�%����*��*��`A2 (kg/m3) 
V ��� (�67%#�=5'�A7+*��-%�m�k%��" 

 �7����-��_�%�>d�?!ก2%�*��k%��"i5�ก���=�%ก5���%7-d�*���"+5��'@%m�i5�ก�� 
(DT1=H1) -%7%�i�@%��8A%(�67%#�=5'�A7+*��-%� (V) �2" Scale-up ratio (R) `+�+5�-7ก%�
#��`(� ' 

    V = ( )
2

4

TD H
π  = 

3

4

TDπ   (3.5) 

    R = 
1/3

2

1

V

V

 
 
 

 = 2

1

T

T

D

D
  (3.6) 

 �@%��% Scale-up ratio (R) 7%�@%��8A%�-��_�%�>d�?!ก2%�*��m�&5+ก�� (Da) $%ก
��%7-57&5�c! 
   Da2 = R�Da1     (3.7) 
 �7���=�%���%$@%������= �m��m�ก%�ก��*���"���2,ก (N1) �2��bt��m�ก%�=+-��� 'm��
$@%������= �m��m�ก%�ก��*���"���2,ก�=�%ก5� 100 rpm -%7%�i�@%7%�@%��8�&���A%$@%���
���= �$"m��m��"��= �mAn�*t'� (N2) `+�$%ก��%7-57&5�c! 
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   N2 = N1 
1

n

R

 
 
 

 = N1 1

2

n

T

T

D

D

 
 
 

 (3.8) 

 l+?m��%��6$5?� 'm����% n = 3/4 ������$%ก�()��"��*��-%��*��2�?+��?��Nk%�*���*,� 
�7���#���ก%�mA�7 �"+5�*��ก%�ก�"$%?#5�mก2��� ?�ก5�m�-���"�� (Geankoplis, 1993)  
 
 $%ก��%7-57&5�c!*����%ก@%25��%�= �m��m�ก%�ก�� (P) 
    3 5

1 1 1p aP N N Dρ=      (3.9) 

 #���ก%�mA�ก@%25��%�= �m��m�ก%�ก�� (P) #��(�67%#�*��-%�=5'�A7+ (V) *���#�2"

�"��ก%�=+-���=�%ก5� �5����� 1

1

P

V
 = 2

2

P

V
= n

n

P

V
 $"`+���% 

    
2
P  = 1

2

1

P
V

V
•       (3.10) 

 m��%��6$5?� '7 *��$@%ก5+������*�%+*��m�&5+ก�� ��� 7 m�&5+ก���& ?���� 2 *�%+ 
��� 0.05 m �2" 0.1 m bt��m�&5+*�%+�2,ก$"m��ก5��"��= �7 (�67%#� V1 �2" V2 -���m�&5+*�%+
mAn�$"m��ก5��"��= �7 (�67%#� V3 �2" V4 +5��5'�$t�=@%mA�$@%������= �m��m�ก%�(���ก��`7��()�`(
#%7-7ก%�= � (3.8) �&���A%$@%������= ��A7%"-7m�ก%�=+2��= �7 *��$@%ก5+� ' -%7%�i�@%��8`+�
+5���%7-57&5�c!#��`(� ' 

   3

2
N  = 

3/ 4

2 2

2

T

a

P D

D

π     (3.11) 

   3

3
N  = 

3/ 4

3 3

3

T

a

P D

D

π     (3.12) 

   3

4
N  = 

3/ 4

4 4

4

T

a

P D

D

π     (3.13) 

 
 m�ก%�=+-��*?%?*�%+ก%�=+2��m���5'�� 'm����%*�%+*��i5�ก�� (�67%#�
=5'�A7+ *�%+*��m�&5+�2"��%7��,���� +5��-+�m�#%�%�= � 3.2  
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#%�%�= � 3.2 
�-+���%= �m��m�ก%�=+-��$%กก%��@%��8-@%A�5�ก%�*?%?*�%+ก%�=+2�� 

 

 
*�%+*��i5�ก�� 

(m) 
(�67%#�=5'�A7+ 

(26#�) 
*�%+*��m�&5+ 

(m) 
��%7��,���� 

(rpm) 
1 0.065 0.2157 0.05 100 
2 0.104 0.8835 0.05 180 
3 0.130 1.7255 0.1 75 
4 0.162 3.3391 0.1 99 

 
3.10 ก���
����%��&�'�"��"�ก�%������ก!��*
! ����%��&�'�"�H��
+���% 
 
 3.10.1 �
����%��&�'�"��"�ก�%������ก!��*
!  
 ������$%ก���'�?%�-ก67= �`+�$%กก%�=+2���"+5��2,ก $"`+��'@%A�5ก���'�?%�`7��& ?�&�
#��ก%�-��#��$�N8-7�5#6���'�?%��A�� +5��5'����'�?%�-ก67�&���-��#��$$t�`+�7%$%กก%������7���'�
?%�-ก67$%กA���?ก%�=+2��A2%?A���? *��-k%�"= ��A7%"-7= �-N+*��-%���7#"ก���#�2"
ก2N�7 ก%�=+-���N8-7�5#6*�����'�?%�-ก67 -��=+-��= � -i%�5��6$5??%� ก�7�6�%ก%��ก^#� 
7A%�6=?%25?�ก^#�>%-#�! l+?+@%��6�ก%�=+-��#%77%#�x%�?%��=����-= �%�!  +5�
�%?2"�� ?+#%7��ก-%��6�%ก%�?%��=����-= �%�! 3/2538 bt���N8-7�5#6= �=+-��7 +5�� '  

 3.10.1.1 ���%�����"�ก��ก  
 3.10.1.2 ���%�����"��
@� 
 3.10.1.3 ���%��
i!�  
 3.10.1.4 ���%��*�(&�
��  
 3.10.1.5 $��%�B��&��
���%��ก (P0) ��%7����#5��()�-7�5#6*��?%�+6�A���

?%�_-7= �?5�`7�`+��52�%`�b! �ก �?�ก5�ก%���2����= �*��l7�2กN2?%� bt���-+�it���%7����`A�#��
ก%��(2 �?��(2��d(��%�*��?%� �2"��>%*��ก%�`A2*��?%�m#�-k%�"�N8Akd76�2"����5+= �
ก@%A�+ (http://www.rubbercenter.org/dictionary/total.php) 

 3.10.1.6 
� ��$��%�B��&�� (PRI: Plasticity Retention Index) �5#�%-���
*����%&2%-#6b6# 'A25�$%กก%�mA���%7����m�#d����%ก%>�����()���2% 30 �%=  = ��N8Akd76 140 
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��>%�b2�b ?- #����%&2%-#6b6# 'ก���ก%�mA���%7����m�#d��� bt����%� '$"��กit���%7#�%�=%�#��
ก%��ก6+��กb6�+�5��*��?%�+6� (http://www.rubbercenter.org/dictionary/total.php) 

 3.10.1.7 $��%@�E
%A���� ML (1+4) 100°°°°C ��%7A��+*��?%�+6�A���?%�
��7&%�+! =+-��+��?��������5+��%7A��+ Mooney viscometer bt����������5++5�ก2�%�7 $%�l2A"
A7N��?d�m�A���m-�?%� k%?m#��N8Akd76�2"��%7+5�#%7= �ก@%A�+`�� ก%�A7N�*��$%�l2A"m�?%�
=@%mA��ก6+����6+ (torque) *t'� �2"$"*5�mA�-(�6��d(#5�?d�ก6+ก%���2����= � m��`7l��76�#��!�5+*�%+

ก%���2����= �mA���ก7%�()�7%#�= ��� ?ก��% Mooney Viscosity ���� 50 ML 1+4 (100°C)  
  50 A7%?it� ��%��%7A��+= ��5+`+�m�A���?7d�� �  
  M A7%?it� Mooney  
  L A7%?it� $%�A7N�*�%+mAn� (i�%m��$%�A7N�*�%+�2,กmA�m���5ก^� S)  
  1 A7%?it� �"?"��2%= �m��m�ก%��N��?%�ก���=+-�� �()��%=   
  4 A7%?it� ��2%= �m��m�ก%�=+-�� �()��%=   

  100 °C A7%?it� �N8Akd76= �m��m�ก%�=+-�� 
  (http://www.rubbercenter.org/dictionary/total.php) 
 
 3.10.2 �
����%��&�'�"�H��
+���%  
 ก%�#��$-���N8-7�5#6*���'@%�b�5�7 #��$��%��%7*N�� �2"��% pH = �A���(�6�5#6ก%�
k%��6�%�6>�ก��7��7  �8"�6>�ก��7>%-#�! 7A%�6=?%25?c��7>%-#�! �2"-��#��$�N8-7�5#6
����g `+��ก� BOD, COD, `�l#��$� �2"*���*,��*��2�?= �A���(�6�5#6ก%�#��$�6���%"A!�N8k%&
-6����+2��7 ��6 5̂= ��#�#��! ��62!+ก� � $@%ก5+(7A%��) 

 3.10.2.1 BOD (Biochemical Oxygen Demand) 
 ��% BOD $"��ก(�67%8��%7-ก(�ก*���'@% l+?�6+�(� ?��= ?�m��d(*��

(�67%8��กb6�$�= �$N26�=� ?!#���ก%�m��m�ก%�?��?-2%?-%��6�=� ?! ก%��6���%"A!A%��% BOD �()�

�5+(�67%8��กb6�$�= �idกm��A7+`(�()���2% 5 �5�m�#d�����N7�N8Akd76 20 °C (-7%�7�6>�ก��7

-6����+2��7�A��(�"�=>`=?, 2547) ������$%ก= ��N8Akd76 20°C $"mก2��� ?�ก5��N8Akd76*���'@%
=5��`( �2"`�#�6`{�6����= �� ? (nitrifying bacteria) �$�6n�#6�l#��% -����"?"��2%ก%���7���'� 
(incubation) �2��กm�� 5 �5� �&�%"i�%���?ก��%� '(�67%8��กb6�$�ก,$"idกm��`(���?7%ก �2"�&���
A2 ก�2 �?�ก%�m����กb6�$�`(m�����= �-��*��ก%�?��?-2%?l+?`�#�6`{�6����= �� ? 
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 3.10.2.2 COD  
 ��% COD $"��ก(�67%8��%7-ก(�ก*���'@% l+?�6+�(� ?��= ?�m��d(*��

(�67%8��กb6 � $ �= � #� � �ก%� m�� m�ก%���กb6 ` +b! -%��6�=� ?! m��'@ % � - ?mA�ก2%?� ()�
�%�!���`+��ก`b+! (CO2) �2"�'@% l+?m��-%���7 = �7 �@%�%$m�ก%���กb6`+b!-d�m�-%�2"2%?= �
�()�ก�+ (-7%�7�6>�ก��7-6����+2��7�A��(�"�=>`=?, 2547)  

 ก%��6���%"A!l+?�6c  Closed Reflux ���m��#5��#67��กb6�$� (-%�2"2%?
l&�=-�b ?7`+l���7#: K2Cr2O7) =@%ก%���กb6`+b!-%��6�=� ?!#�%�g m��'@%�- ? = �=�%�(�67%#�
-%�2"2%? K2Cr2O7 = ��������2"�#67m�(�67%8= ��ก6�&�m�-k%�"= ��()�ก�+�?�%��N�����2"
�N8Akd76-d� l+?m�� Ag+ �()�#5�����(�6ก6�6?% $%ก�5'��5+(�67%8l&�=-�b ?7`+l���7#= ��A2�� l+?
�@%`(`#�#�#ก5��{��5-��7l7�� ?b52�{# (Ferrous Ammonium Sulfate, FAS) �2"m���{��!l��6� 
(Ferroin) �()��6�+6���#��! =@%mA�=�%�(�67%8*��l&�=-�b ?7`+l���7#= �m��ก%���กb6`+b!
-%��6�=� ?!`+� bt���6c  Closed Reflux 7 *��+ ��� (�"A?5+-%���7  -"+�ก-%7%�i=@%`+���%? =�%�
_2��+��,� �2"��%�����i��ก��%��% BOD5 ������$%ก7 #5��(�_5����? ��7=5'�-%7%�i2+_2ก�"=�= �7 
#��-k%�"��+2��7 

 3.10.2.3 *�(&�
�� 
 `�l#��$�m��'@%�2"�'@%=6'� 7 �?d�A2%?�d(��� `+��ก� ��7l7�� ?-`�l#��$� 

(NH3-N), `�`#�=!-`�l#��$� (NO2
- -N) �2"`��#�#-`�l#��$� (NO3

- -N) ��ก$%ก� '�%$$"�?d�m�
�d(*��-%��6�=� ?!= ��� ?ก��% ���!ก%�6�`�l#��$� (Organic N) (-7%�7�6>�ก��7-6����+2��7�A��
(�"�=>`=?, 2547) -%�(�"ก��`�l#��$�=5'� 4 (�"�k= +5�ก2�%� ��7=5'�กq%b`�l#��$� (N2) 7 
��%7-57&5�c!ก5��()���$� �� ?ก��% �5�$5ก�`�l#��$� (Nitrogen cycle) 

  ��%(%
���-*�(&�
�� (Ammonia-Nitrogen) 
  �'@%l-l��ก�2"�'@%�- ?$%กl���%��N#-%Aก��7�%���6+$"7 (�67%8*��

��7l7�� ?-`�l#��$�-d�ก��%�'@%#%7c��7�%#6A����'@%= �`+��5�ก%��@%�5+�2�� ������$%ก�'@%l-l��ก
�2"�'@%=6'�+5�ก2�%�7 (�67%8*��-%��6�=� ?!�?d�7%ก $t�=@%mA�7 `�l#��$��?d�7%กก��%�'@%c��7�%#6 
m�ก%�A%��7l7�� ?`�l#��$��5'� �%$7 -%���ก��= �7 �?d�m��'@% bt��$"=@%mA�_2�6���%"A!_6+`( ���� 

i�%7  Ca2+ > 250 7ก./26#� ��%*����7l7�� ?-`�l#��$�= ��5+`+�$"���?ก��%��%7�()�$�6� �&�%" 
Ca2+ $"=@%(�6ก6�6?%ก5�{�-�{#�5{�{��!mA�#"ก����2�b ?7{�-�{# �2" H+ ��ก7% $t�$@%�()�
= �$"#���(�5� pH mA��A7%"-7 �&���mA�_2ก%��6���%"A!= �`+�7 ��%idก#��� ��7l7�� ?-`�l#��$�$"
idกก25����ก7%= � pH (�"7%8 9.5 +5��5'�m�ก%�ก25��$@%�()�#���m-�-%�2"2%?�5{�{��!�&���
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����N7 pH mA�7 ��%mก2��� ?� 9.5 i�%*8"ก25��7  pH -d��ก6�`( -%��6�=� ?!= �7 `�l#��$��?d�$"idก
�(2 �?��()���7l7�� ?= ��N8Akd76#�@%ก��%$N+�+��+ =@%mA�7 �%�-����5��`A2��ก`(ก���#���*�%ก5� 
condenser �#�i�% pH #�@%`(��7l7�� ?$"idกก25����ก7%`7�A7+ ��7l7�� ?= ��"�A?��ก7%
m�*8"ก25��$"idก�ก,�l+?mA�=@%(�6ก6�6?%ก5�ก�+b52{f��6�A���ก�+���6� $%ก�5'�$t��@%-%�2"2%?= �
`+�� '`(A%(�67%8*����7l7�� ?`�l#��$� l+?ก%��= ?�- A���l+?ก%�`#�#�#ก5�-%�2"2%?ก�+ 
bt��=�%���%7�*�7*��= ������� 

  ����ก���$*�(&�
�� (Organic-Nitrogen) 

  ���!ก%�6�`�l#��$�= �7 �?d�m�#5��?�%��'@%�%$�?d�m�-%�(�"ก���A2�%� '��� 
ก�+�"76l� l&2 �((`#+! l(�# � �2"-%�(�"ก��`�l#��$�����g = ��()����!(�"ก���5��ก6+$%ก
ก�"���ก%�=%�� ��6=?% ก%��6���%"A!���!ก%�6�`�l#��$� =@%l+?�6c  Kjeldahl Method 7 �7��!
�6��6กb52�{# (HgSO4) �()�#5�����(�6ก6�6?% (Catalyst) &�ก���!ก%�6�`�l#��$�$"idก�(2 �?�mA�
�()���7l7�� ?7b52�{# A25�$%กก%�?��?-%�2"2%?+��?ก�+b52{d�6ก�*�7*�� 7 l(�=-�b ?7b52�{#
�()�#5��&6�7$N+�+��+ -%�2"2%?= �?��?-2%?�2��$"idก�$��$%� �2"=@%mA��()�+�%�+��?lb�+ ?7`�+�
�ก`b+!�*�7*�� $%ก�5'��@%-%�2"2%?`(ก25��#��l+?7 -%�2"2%?ก�+���6ก�()�#5�+d+ก2�� �&���
�@%`(A%(�67%8*����7l7�� ?`�l#��$�#��`( l+?ก%�`#�#�#+5�ก2�%�7%�2��*�%�#�� 

  -@%A�5�ก%��6���%"A!l+?�6c � ' i�%`7�`+��?ก��7l7�� ?`�l#��$���ก
�- ?ก���_2= �`+�$"�()�(�67%8`�l#��$�=5'�A7+ (Total Kjeldahl Nitrogen; TKN) bt��A7%?it� 
_2��ก�"A��%����!ก%�6�`�l#��$��2"��7l7�� ?`�l#��$� 

 3.10.2.4 '�"�'T"�'����� (SS: Suspended Solids) 
 A7%?it� *���*,�=5'�A7+= �#ก��%��?d���ก�"+%^ก���m?�ก�� (Glass fiber 

filter) �2"idก=@%mA��A��= � 103-105 °C $�7 �'@%A�5ก��= � 7 A���?�()�76226ก�57#��26#� (-7%�7
�6>�ก��7-6����+2��7�A��(�"�=>`=?, 2547) 

 3.10.2.5 $��%'�B� (Turbidity) 
 �ก6+$%ก��Nk%��*��2�?#�%�g (Suspended matters) = ��?d�m��'@%bt��*5+*�%�

=%��+6�*���-�= �_�%��'@%�5'� �7���7 �-�-���ก�"=�-%��*��2�?$"�ก6+ก%�A5ก�A*���-��?�%�`7�
�()��"�� ?� A����-��5'��%$$"idกก5'�`7�mA�="2N_�%�`(`+� $t�=@%mA�7���A,���%�'@%�5'�*N�� (-6=c6�5? 
#5�c�"-�^+6�, 2549) l+?=5��`(��%7*N��$"��%���%�()�A���? NTU (Nephelometric Turbidity 
Units) �������7���5+��%7*N��$"�%>5?A25ก�(� ?��= ?���%7�*�7*��*���-�= �-���_�%�#5��?�%��'@%
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ก5���%7�*�7*��*���-�= �_�%�-%�2"2%?= �7 ��%7*N��7%#�x%� (Standard reference 
suspension) i�%#5��?�%��'@%=6'�7 ��%7*N��-d�ก,$"=@%mA���%7�*�7*���-�= �_�%���ก7%���? 

 3.10.2.6 $B�$��%
�V�ก�

B�" (pH) 
 �()���%= ��-+�(�67%8��%7�*�7*��*����Nk%�`�l+��$� (H+) m��'@% 7 

��%7-@%�5nm�ก%�����N7�N8k%&�'@%mA��A7%"-7ก5�ก%��$�6n�#6�l#*��-6��7 � �6# l+?=5��`(�'@%7 
��% pH �?d�m����� 5-8 


