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 �%��	!����K )L�ก%��Mก'%ก%� -����+�,��.�-	 �	�ก�
.%�)�,ก%�N��+OP����!%ก����
��QR �	� (N���K1%�ST�$��	 ��	�����	�
��%���%+�P��U�ก�.N
��,$�V%�) ก%� -��������
O���1%Q�V���W�V$��	
 ��	�����	���%���%+�P��U���QR �	� (rHDPE) O��ก�.N
��,$�V%� 
W��P�� 0 /M� 20 �P��-P� rHDPE 100 �P�� (phr) N
��,$�V%���TW�V��
N�%���
(%��-T1%ก�P% 250, 300, 600, +�,1190 Q���� �-� (µm) 
-%��1%��. �1%ก%� -��������
O���V�� ��ST��O��+..����Uกก�	K� (Two 
rolls mill) +�,�1%ก%����-����P%�+OP�����V�� ��ST����� (Compression 
molding) !%ก��K��1%ก%��Mก'%��.�-	-P%� ` N��+OP��������
O����T
 -����Q�V  �P� ��.�-	 �	�ก�+�,���#%��	��%N������
O�� �1%���.
��.�-	��%�-V%�+���M� (Tensile Strength) $.�P%�P%��%�-V%�+���M���
�P% $	T��%กNMK��U��
���Tก%� -	�N
��,$�V%�)�	�%� 5 phr  +�,����!%ก
��K��P%��%�-V%�+���M�!,���� +-P�P%��%�-V%�+���M���T)�	�%�N
�
�,$�V%� 5 phr  )L��P%��T�%กก�P%+OP������TQ�P -	�N
��,$�V%�+�,+OP�
���!%ก HDPE .�	�
��	� (Virgin HDPE) �1%���.�P%������U��� (Youngfs 
modulus) +�,�P%��%�+Ng��g�� �� (Rockwell hardness) ���P% $	T�NMK�
 �ST�)�	�%�N��N
��,$�V%� $	T�NMK� �P���P%��%�-V%�+��ก�,+�ก+..
Q�R�� (Izod impact Strength) ���� �ST�)�	�%�N��N
��,$�V%�
 $	T�NMK� !%กก%������+OP���� rHDPE ��T ��	�+���V��N
��,$�V%���T
)��.)�
���.�-	$SK�O	��V���R ����Ql���กQR� (NaOH) $.�P%����.�-	
 �	�ก���T��NMK� �P%��%�-V%�+���M� �P%������U���+�,�P%��%�+Ng�       
�g�� �� $	T�NMK� �P���P%��%�-V%�+��ก�,+�ก+..Q�R������ �ST�
)�	�%�N��N
��,$�V%� $	T�NMK� 
 
�!��!���J: N���K1%�ST� HDPE, N
��,$�V%�, ����
O�� 
 
 
 
 
 

Abstract 
 This research was focused on preparation and 

some mechanical properties of compression plate from recycled 
materials (HDPE drinking water bottles and coconut coir powder). 
The compounded materials were prepared using recycled high 
density polyethylene (rHDPE) mixed with coconut coir powder 
ranging from 0 to 20 phr. The particle size of coconut coir powder 
were <250, <300, <600, and <1190 micrometer (µm). The 
compounded materials and compression plate samples were 
prepared by using two rolls mill and compression molding 
machine. The compression plate samples were characterized for 
mechanical and morphological properties. Tensile strength 
increased to its maximum value at 5 phr coconut coir powder 
addition and then decreased after coconut coir powder addition 
more than 5 phr. However, the Tensile Strength at 5 phr coconut 
coir powder addition was still higher than those of rHDPE and 
virgin HDPE compression plates. Youngfs modulus and Rockwell 
hardness were increased when the amount of coconut coir 
powder loading was increased. The Izod impact strength tended 
to decrease when the amount of coconut coir powder increased. 
The mechanical properties were increased when using the 
coconut coir powder treated with NaOH addition. Tensile 
Strength, Youngfs modulus and Rockwell hardness were 
increased when the amount of coconut coir powder treated with 
NaOH loading was increased. Izod impact strength tended to 
decrease as the amount of coconut coir powder treated with 
NaOH loading was increased. 
 
Keywords: HDPE drinking water bottles, Coconut Coir Powder, 

Composite materials 
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1. �!��!� 

 $�%�-	ก )L��%���� ��%,���T��.�.%��1%��"-P����	-��
'��%ก 
�	T�N����. ` -�� �%�V��+-P��$�%�-	ก )L��P��)�,ก�.��K��	K� 
��.-�K�+-P �SK�OV% N�� �gก �P�  ��ST���S� ��ST��W�V �
)ก����TW�VW��%�
กP���V%� +�,O�	-(��t�ST� ` ��ก�%ก�%� !��%!ก�P%�Q�V�P%-��� ��%
-�K�+-P-ST����!�ก�,��T� NV%��� �%���Q�P$V�ก�.ก%�W�V$�%�-	ก �� 
!%ก)�	�%�ก%�W�V$�%�-	ก��T��.����	T� $	T��%กNMK� �ST�� ` �1%W�V
)�	�%�!%กN�,$�%�-	ก  �P� /
�$�%�-	ก N���K1%�ST�  $	T��%กNMK�-%�
Q)�V��RMT�$�%�-	ก!1%$�ก��K )L�$�%�-	ก��	� �����$�%�-	ก!M�     
�%�%�/�1%ก��.�%W�V W��PQ�V  ��ก!%ก��K)u!!
.��ก%��1% �%����

�����%-	��%���	�  �P� N�K �ST�� W��,$�V%� �%��V�� O�ก-. +ก�. 
 )L�-V� [1] RMT� )L�����
�%�ก%� ก'-���T��)�	�%��%ก+-PW�V)�,����
Q�V�V��  -	���Q)W�$�%�-	ก��S��%� $ST��P����-V��
�ก%�O�	- �1%W�V
��.�-	-P%� ` ��NMK�  �P�  $	T���%�+Ng�+��W�Vก�.-������
 RMT� )L� �ST����T
�P%��W!��P%��	T�+�,ก%��1% �%����
 ��S�W�Vกg )L��%� �S�ก��ก�%�W�
ก%�+กVQN)u"�%�V%�$����%�+�,�	T�+���V��+�,��� )L�ก%� $	T��U��P%
W�Vก�.����
 ��S�W�V ��P%��K�Q�V��ก�V�� RMT�W��%��	!����KQ�V�1%ก%��Mก'%
ก%� -����+�,��.�-	 �	�ก�.%�)�,ก%�N��+OP����!%ก����
O��
�,��P%�����
��QR �	�!%กN���K1%�ST�$��	 ��	�����	���%���%+�P��U�
ก�.N
��,$�V%� 
 

2. ���P�������Q 
2.1  $ST��Mก'%�	��ก%� -����+�,ก%�NMK��U)+OP����!%ก����
O���,��P%�
����
��QR �	�!%กN���K1%�ST�$��� ��	�����%���%+�P��U�ก�.N
��,$�V%� 
2.2  $ST��Mก'%��.�-	 �	�ก�.%�)�,ก%�N��+OP����!%ก����
O��
�,��P%�����
��QR �	�!%กN���K1%�ST�$��� ��	�����%���%+�P��U�ก�.N
�
�,$�V%� 
 

3. ��S��!�������� 
3.1 �����	
�������� 

����
��TW�V )L�$�%�-	ก��QR �	�!%กN���K1%$�%�-	ก$��	 ��	���
��	���%���%+�P��U� (rHDPE) ��T�%!%กก�,.��ก%� )x%N�� 
(Extrusion blow molding) N
��,$�V%�!%ก ก'-�ก���T�1%����,$�V%�
+�V�)��ก �% y$%,O��V%�W�Q)W�V)�,����+�V� ��S��P����T )L�
 )�S�ก �ST��1% )�S�ก�,$�V%���K��%+�กกg!,Q�VN
��,$�V%�RMT�!,W�VO��
W�)�	�%� 0 /M� 20 phr �R ����Ql���กQR� (NaOH) ��%� NV�NV� 5 
 )�� Rg�-W�V $ST�)��.)�
���.�-	$SK�O	�N
��,$�V%� 
 

3.2 ก�����������P����$"#�T�(%!�	��������ก������������
 
3.2.1 ก�����������P����$"#�T�(%!�	��������ก rHDPE ������
��$�(�� 

�1%N���K1%$�%�-	ก$��	 ��	�����	���%���%+�P��U�     .�
W�V )L��	K� �gก�V�� ��ST��.�-��$�%�-	ก �1%N
��,$�V%�Q)���N�%�
��
(%��V�� ��ST���P�����+�กN�%���
(%���T��-,+ก���%-�#%� 4 
N�%��S� 250, 300, 600 +�, 1190 µm +�V��1%Q)�.Q�P��%��SK���T
�
��(U�	 80 ���% R� R��� )L� ��% 12 ��T���� �1%ก%���T���-/
�	.��K� 2 
��	�-%���-�%�P��W�ก%�O���,��P%� rHDPE ก�.N
��,$�V%������K  

150 : 7.5, 150 : 15, 150 : 22.5,  +�, 150 : 30 ก��� -%��1%��.
!%ก��K��1%��-/
�	.��K������	�O��ก���V�� ��ST��O��+..����Uกก�	K� 
(Two rolls mill) ���W�V�(%�,ก%�O�������K W�V�
��(U�	W�ก%�O�� 190 
°C  ��%W�ก%�O�� 5 �%�� ����!%ก��K��1%����
O����TQ�VW�PW�+�P$	�$
����� 
3.2.2 ก�����������P����$"#�T�(%!�	��������ก rHDPE ������
��$�(��%�#������������$" �����(��U�������V���ก���Q 
      -�����%��,�%��R ����Ql���กQR���%� NV�NV� 5 
 )�� Rg�-  )�	�%-� 2 �	-� !%ก��K��1%�%��,�%��R ����Ql���กQR�
W�PW���V�-V���T�1%!%ก�+-� ��.
�V�� �|��� (teflon lined stainless 
steel autoclave) )�	�%-� 4 �	-� W�V��%��V����T�
��(U�	 100 °C �1%
N
��,$�V%�)�	�%� 500 ก����%-V� )L� ��% 2 ��T���� !%ก��K��1%Q)
�V%��K1%�,�%�+�V�-��!��.�P% ph !� )L�ก�%� �1%Q)�.W�V+�V���T
�
��(U�	 80 °C  )L� ��% 24 ��T���� !%ก��K��1%Q)O��ก�. rHDPE 
����	��ก%�O�� ��S��ก�.NV� 3.2.1 ����!%ก��K��1%����
O����TQ�VW�PW�
+�P$	�$����� 
 
3.3 ก���W ��'�	��������ก������������
 

�1%����
O����TQ�V!%กก%� -����W�P��W�+�P$	�$N�%� 200 mm 
x 200 mm x 3 mm !%ก��K��1%ก%�NMK��U)���W�V ��ST�����+OP� ���. 
(Compression molding) W�V�
��(U�	W�ก%�NMK��U) 180 }C  ��%W�ก%�
�
P�+�P$	�$ (Pre - heat) 3 �%��  ��%W�ก%�Q�P�%ก%� (Venting) 2 
�	�%�� +�, ��%W�ก%�����V����%�����U��
� 150 bar (Full pressing) 
3 �%�� !%ก��K��1%ก%���P� �g�+�P$	�$ (Cooling)  )L� ��% 6 �%�� 
 $ST�W�V+OP�������U) 

 
3.4 ก��%�����������	��������ก������������
 

����.��.�-	��%�-V%�+���M� -%��%-�#%� ASTM D 638 
 $ST�����P%��%�-V%�+���M� ����.��.�-	��%�-V%�+��ก�,+�ก+..
Q�R�� -%��%-�#%�  ASTM D 256  $ST��%�P%��%�-V%��%�+��
ก�,+�กN��+OP��������
O�� rHDPE ก�.N
��,$�V%���T����-�%�P��-P%� 
` ก�� ����.�P%��%�+Ng���TO	� +.. Rockwell -%��%-�#%� ASTM 
D 785 �Mก'%��ก'�,�%����#%��	��%�V��ก�V��!
�������	 �gก-���
+..�P��ก�%� (SEM)  $ST��Mก'%��ก'�,ก%��M� ก%,�,��P%�N
�
�,$�V%�+�, rHDPE  ���	กR 

 
4. �
ก��%�
�� 
4.1 �
ก��YWกZ�
�กZ[�%����[\����%���(��ก
(����
%��Y�Q
���
]ก����	����ก��� (SEM) 
4.1.1 
�กZ[�$" ����	
��'�������� rHDPE 	
������$�(�� 

ก%��Mก'%��ก'�,�%����#%��	��% $ST��U$SK���TO	�+�,�U)�P%�
N�� rHDPE +�,N
��,$�V%�+�, )���. ���.N�%�N��N
��,$�V%��V��
ก�V��!
�������	 �gก-���+..�P��ก�%���Tก1%���N�%� 100  �P% $.�P% 
rHDPE !,����ก'�,$SK�O	���TQ�P ���.  �ST���� ก-��ก'�,�U)���N��N
�
�,$�V%� $.�P%���U)�����TQ�P+�P��� RMT�.%���
(%� ��S������
(%�
 �gก ` ��%���
(%��% ก%,���ก�� .%���
(%�กg!, �g� )L�กV��W�"P
กV�� ���� ��ก'�,$SK�O	�����K�.�	 ����T )L�O	� ���. +�,.�	 ����T��     
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�U$�
� ��
(%�N��N
��,$�V%���T��N�%� <250 µm ��ก%�ก�,!%�-��N��
��
(%� $��� �gก�V�� ��� ก-Q�V!%กN�%���
(%�����%�Wก�V ����ก�� 
�P��N�%� <300 µm, <600 µm +�, <1190 µm !,��ก%�ก�,!%�-��
N����
(%���T�U�NMK�-%��1%��. (���+���W��U)��T 1)  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
�U)��T 1 (%$/P%� SEM ��Tก1%���N�%� 100  �P% N�� rHDPE +�,N
�

�,$�V%�W�N�%�-P%�` ก) rHDPE N) N
��,$�V%�N�%�  
        <250 µm �) N
��,$�V%�N�%�<300 µm �) N
��,$�V%�N�%�

<600 µm !) N
��,$�V%�N�%�<1190 µm y) N
��,$�V%�
)��.)�
���.�-	$SK�O	��V�� NaOH 

 
 
 
 
 
 
 
 
 
 
 
 
 
�U)��T 2 (%$/P%� SEM ��Tก1%���N�%� 100  �P% N������
O���,��P%� 

rHDPE ก�.N
��,$�V%�N�%���
(%�N�%�-P%�`��T)�	�%�ก%�
O�� 5 phr ก) N
��,$�V%�N�%�<250 µm N) N
��,$�V%�
N�%� <300 µm �) N
��,$�V%�N�%� <600 µm �) N
�
�,$�V%�N�%� <1190 µm 

 
 
 

4.1.2 ก���W��ก��ก����&���� rHDPE ก������$�(�� 
 �ST��1%�	K��%�����
O�� rHDPE ก�.N
��,$�V%�N�%���
(%� 

<250 µm ��TW�V)�	�%�N
��,$�V%�O�� 5 phr ��K���TQ�P)��.)�
���.�-	
$SK�O	�+�,��T)��.)�
���.�-	$SK�O	���TOP%�ก%�����.��%�-V%��%�+��
ก�,+�ก�%�Mก'%��ก'�,���#%�.�	 �����+-ก $.�P%ก%��M� ก%,ก��
�,��P%� rHDPE ก�. N
��,$�V%���TQ�P)��.)�
���.�-	$SK�O	��M� ก%,ก��
Q�VQ�P�� ��� ก-Q�V�P%���P���P%��,��P%� rHDPE  ���	กRก�.N
��,$�V%� 
(���+���W��U)��T 2) �1%W�V ก	� )L�!
�.ก$�P��N���	K��%�RMT� )L��% �-

�1%W�V��.�-	 �	�ก�N������
O�����P%-T1%�� RMT�+-ก-P%�!%กก%��M� ก%,
ก���,��P%� rHDPE ก�.N
��,$�V%���T)��.)�
���.�-	$SK�O	��V�� NaOH 
$.�P%N
��,$�V%��%�%�/�M� ก%,ก�. rHDPE Q�V��ก�P%��� ก-Q�V!%ก
N�%�N���P���P%��,��P%� rHDPE  ���	กRก�.N
��,$�V%��V���� (���
+���W��U)��T 3) 
 
 
 
 
 
 
 
�U)��T 3 (%$/P%� SEM ��Tก1%���N�%� 100  �P% N������
O���,��P%� 
rHDPE ก�.ก�.N
��,$�V%�N�%�<250 µm 5 phrกP��+�,����)��.)�
�
��.�-	$SK�O	��V��NaOH ก) ����
O��กP��)��.)�
���.�-	$SK�O	� N) ����

O������)��.)�
���.�-	$SK�O	� 

 
4.2 �
ก��YWกZ����������ก
 
4.2.1 �����(��	���W�   
   �ST��1%O�ก%�����.��.�-	��%�-V%�+���M�N��+OP��������

O�� rHDPEก�.N
��,$�V%�W�)�	�%�-P%� ` ก���%$	!%��%$.�P%�P%
��%�-V%�+���M����P% $	T��%กNMK��U��
���Tก%� -	�N
��,$�V%�)�	�%� 5 
phr  +�,����!%ก��K��P%��%�-V%�+���M�!,���� +-P�P%��%�-V%�+��
�M���T)�	�%�N
��,$�V%� 5 phr  )L��P%��T�%กก�P%+OP������TQ�P -	�N
�
�,$�V%�+�,+OP����!%ก HDPE .�	�
��	� (Virgin HDPE) (���+���W��U)
��T 4)�1%���.�P%������U��� (Youngfs modulus) ���P% $	T�NMK� �ST�)�	�%�
N��N
��,$�V%� $	T�NMK���K���K $�%,�P%ก%�W�PN
��,$�V%� NV%Q) (���+���
W��U)��T 5) ���N
��,$�V%�!, NV%Q)+��ก(%�W� �SK�$SK�N�� rHDPE 
 ���	กR+�,�%!!, NV%Q)N��N�%�ก%� ��ST����TN���%��RP�� �ก
�N�� 
rHDPE �1%W�V�� �ก
�N�� rHDPE  ��ST����TQ�V�%กNMK� [2] N
��,$�V%���T
��N�%�W�"P!,�P�O�W�V��.�-	��%�-V%�+���M�N��+OP��������
O���	T�
����  �ST��!%ก�	T�N�%�N����
(%�N
��,$�V%���N�%�W�"P!, ก	�
�P���P%��,��P%� rHDPE  ���	กRก�.N
��,$�V%��%กRMT��S����Q�V!%ก
(%$/P%�!%กก�V��!
�������	 �gก-���+..�P��ก�%� (���+���W��U)
��T  2) RMT�ก%��Mก'%��K����%������V��ก�.�%��	!��N�� !
t%��-� 
)���"%��%ก� +�,��,[4] ��T$.�P%�	T� $	T�)�	�%�N��N�K �ST���P%��%�
-V%�+���M��	T�����+�, �ST��1%O�ก%�����.��.�-	��%�-V%�+���M�
N��+OP��������
O�� rHDPEก�.N
��,$�V%�N�%�<250 µm O��W�
)�	�%� 5 phr ��T)��.)�
���.�-	$SK�O	��V�� NaOH W�)�	�%�-P%� ` 
ก���%$	!%��%$.�P% �P%��%�-V%�+���M�!,+)�O��-��ก�.)�	�%�N
�
�,$�V%��S� �ST�)�	�%�N��N
��,$�V%� $	T��U�NMK��P%��%�-V%�+���M�กg

ก) �) 

�) �) 

�) ^) 

�) 

ก) 

�) �) 

ก) 

�) 
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!,�U�NMK�-%�Q)�V��RMT������V��ก�.�%��	!��N�� �	��	$� +!V���� +�,
��, [3] +�, Yaolin Zhang.S +�,��, [6]   
  

 
 

�U)��T 4 ��%����$����,��P%�N�%�+�,)�	�%�N
��,$�V%�ก�.�P%��%�
-V%�+���M� 

 

 
 
�U)��T 5 ��%����$����,��P%�N�%�+�,)�	�%�N
��,$�V%�ก�.�P% 

Youngfs modulus 
 
4.2.2 �����(��%��	��ก��	%ก  
   �ST�$	!%��%/M��P%��%�-V%��%�+��ก�,+�กN��+OP��������

O�� rHDPE ก�.N
��,$�V%���TO��W�N�%�+�,)�	�%���T-P%�ก�� $.�P% 
 �ST� -	�N
��,$�V%���Q)W�  rHDPE �P%��%�-V%��%�+��ก�,+�ก
�����%ก �ST� ���.ก�.�U-���TQ�PQ�V -	� ��T )L� �P���K� �ST��!%ก�	��	$�
N��N
��,$�V%���T�P�O�ก�,�.W�V��.�-	��%��S���
P�N�� rHDPE 
����!M��1%W�V��%��%�%�/W�ก%�-V%��%�+��ก�,+�ก����-%�Q)
�V�� (���+���W��U)��T 6)  �ST�$	!%��%�P%��%�-V%��%�+��ก�,+�ก
N��+OP��������
O�� rHDPE ก�.N
��,$�V%���T��T)��.)�
���.�-	$SK�O	�
�V�� NaOH W�)�	�%�-P%�ก�� $.�P%  �ST�)�	�%�N��N
��,$�V%� $	T�
�U�NMK��P%��%�-V%��%�-P�+��ก�,+�กกg!,���� ��K���KO���TQ�V�����V��
ก�.�%��	!��N�� �	��	$� +!V���� +�,��, [3] 
4.2.3 �������	�]�%�#���  
   �ST�$	!%��%/M��P%��%�+Ng���TO	�N��+OP��������
O�� rHDPE 
ก�.N
��,$�V%�W�N�%�+�,)�	�%���T-P%�ก�� $.�P%�P%��%�+Ng����P%
 $	T�NMK� �ST�)�	�%�N��N
��,$�V%� $	T�NMK� (���+���W��U)��T 7) ����P%
��%�+Ng���T $	T�NMK���K�%!!,�%!%ก�% �-
N��N
��,$�V%�����.�-	�V%�
N����%�+Ng� �ST��!%ก W�N
��,$�V%�!,���	ก�	� )L����)�,ก�.RMT�
�	ก�	�!, )L�-����T�1%W�VQ�V����ก'�,+Ng� [5] [9] ��S��%!!,�%!%กก%�

��TN
��,$�V%���)�	�%� $	T�NMK���O��1%W�V rHDPE ����%��S���
P�����
��O��1%W�Vก%�ก��1%Q�V�%กNMK�!M��1%W�V�P%��%�+Ng� $	T��%กNMK� 
 

 
 
�U)��T 6 ��%����$����,��P%�N�%�+�,)�	�%�N
��,$�V%�ก�.�P%��%�     

-V%�+��ก�,+�ก 
 

 
 

�U)��T 7 ��%����$����,��P%�N�%�+�,)�	�%�N
��,$�V%�ก�.�P%��%�
+Ng� 

 
5. �����
ก��%�
�� 
 !%กO�ก%������+���W�V �g�Q�V�P% �%�%�%�/ -����+OP����
!%ก����
��QR �	�Q�V!%ก$��� ��	�����	���%���%+�P��U���QR �	� 
(rHDPE) O��ก�.N
��,$�V%���T��N�%���
(%� <250, <300, <600, 
+�, <1190 µm O��W�)�	�%� 0 /M� 20 phr ���W�V  ���	�ก%�O��
�V�� ��ST��O��+..����Uกก�	K�+�,NMK��U) )L�+OP�����V�� ��ST�����
+OP� ���. !%กก%��Mก'%��.�-	 �	�ก�N��+OP��������
O��$.�P%�P%
��%�-V%�+���M����P% $	T��%กNMK��U��
���Tก%� -	�N
��,$�V%�)�	�%� 5 
phr  +�,����!%ก��K��P%��%�-V%�+���M�!,���� +-P�P%��%�-V%�+��
�M���T)�	�%�N
��,$�V%� 5 phr  )L��P%��T�%กก�P%+OP������TQ�P -	�N
�
�,$�V%�+�,+OP����!%ก HDPE .�	�
��	� (Virgin HDPE) �1%���.�P%���
���U��� (Youngfs modulus) +�,�P%��%�+Ng��g�� �� (Rockwell 
hardness) ���P% $	T�NMK� �ST�)�	�%�N��N
��,$�V%� $	T�NMK� �P���P%
��%�-V%�+��ก�,+�ก+..Q�R�� (Izod impact Strength) ���� �ST�
)�	�%�N��N
��,$�V%� $	T�NMK� !%กก%������+OP���� rHDPE ��T
 ��	�+���V��N
��,$�V%���T)��.)�
���.�-	$SK�O	��V���R ����Ql���ก
QR� (NaOH) $.�P%����.�-	 �	�ก���T��NMK� �P%��%�-V%�+���M� �P%���
���U���+�,�P%��%�+Ng��g�� �� $	T�NMK� �P���P%��%�-V%�+��ก�,+�ก
+..Q�R������ �ST�)�	�%�N��N
��,$�V%� $	T�NMK�  
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6. ก����ก������ก�Y 
  N�N�.�
�����ก%�(%�W-V+O�)�	.�-	ก%�Q�� NV�+Ng� 2555 
)�,!1%)��.)�,�%� $.�.2553 : ����ก%� Green Engineering for 
Green Society !
�%��ก����%�	��%��� ��T���.��
��
��	!��  
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