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�����  �����	
�� : �������ก����ก������������������ก��ก����������������� !� 
�"�!!��
������� (EFFECT OF NUCLEATING AGENTS ON PROPERTIES OF 
NATURAL RUBBER TOUGHENED POLYLACTIC ACID)  
��#��!$	 %&��ก'� : ("���!)�����#��!$ ��.#��	���  � &�+����,ก��, 68 ��"�. 

 

������ก �ก��!�" (polylactic acid, PLA) -./0����-1�23456157891�:;<�2<��=7>91�"?�@A
:�<B@<ก3A?<� >157891-C05B8��=7891A9192DE0ก92 กF�Gก 6H9  IG<15ก92EJKB9<L221J9 �E0ก92
-��617891-C05B8��=A92ก>�F�GกE0ก92.2@M.2N<7891A9192Dก92 กF�Gก  E0ก92OGกP905QR"KEJKA92
ก>�F�Gก 3 J0�" 7T� �7�-!5B17923M�-0  (calcium carbonate, CaCO3) 4@�ก3 (talc) ��= ���[9     
R!\7�-"ก!3 2�0 (cyclodextrin, α-CD)  \"BOGกP9F�:�<A92ก>�F�Gก >�7891A9192Dก92 กF�Gก  
A1M@ �-J�<ก���=A@_`908�4B9:�<����-1�23FA12=C8>9<������ก �ก��!�"��=B9<L221J9 �  
��=-.25BM-45BMก@M������ก �ก��!�"�K80  I9กF�:�<"�[-[�23-20-J5B�A�ก00�<79��2�-1425C2T�
"5-�A!5 (differential scanning calorimetry, DSC) �M8>9ก92- �14@�ก3��=���[9 R!\7�-"ก!3 2�0   
�<E0����ก �ก��!�"4H9ECK�N_Cd?1�ก92-ก�"F�Gก2=C8>9<ก92ECK78912K�0 (cold crystallization 
temperature, Tcc) �"�<  -J>0-"5B8ก@ME0ก2_5:�<����-1�23FA1456154@�ก3  A92ก>�F�Gก4@Q<C1"-��61
.2�19_F�Gก (degree of crystallinity, XC) E0������ก �ก��!�"  :_=456E0����-1�23FA115-�5B<
4@�ก3-4>90@Q0456-��61.2�19_F�Gก:�<������ก �ก��!�"  ��4L�F�:�<A92ก>�F�Gก >�A1M@ �-J�<ก�!G6<
OGกP9\"B8�L5ก924"A�Mก92"G<  ก924"A�M7>97891 K90490 >��2<ก2=�4ก�MMR�!�"!G6<4H9
2�BM9ก 2<ก�9< ��=ก928�-729=C3-J�<ก���8@ C2T�"5-�;1-� (dynamic mechanical analysis, 
DMA)  �M8>9ก92- �1A92ก>�F�GกA><F�ECK7>97891-C05B8:�<������ก �ก��!�"-��61:GQ0               
�@0-0T6�<19I9กก92�"�<:�<:09"A-[iB2?R�43 (spherulite) :�<������ก �ก��!�"  I9ก"5-�;1-� 
�M8>9�N_Cd?1�-.�56B0Ad9��กK8 (glass transition temperature, Tg) R1>15ก92-.�56B0�.�<-1T6�- �1A92
ก>�F�Gก!G6< 2<ก@MF�456R"KI9ก"5-�A!5  ก9215�0Nd97:�<A92ก>�F�Gก��=\72<A2K9<:�<F�GกE0����
��ก �ก��!�":@":89<ก92-7�T6�0456:�<A9B\!>����-1�23-./0F�ECK7891A?<:�<�40-I0 3A?j-A5B 
(tan δ) �"�< DG<�1Kก92- �1A92ก>�F�GกI=4H9ECK:09":�<�0Nd97B9<L221J9 �-��61:GQ0� >ก;R1>A><F�
 >�A1M@ �-J�<ก� 
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Polylactic acid (PLA) presents high strength and modulus, but very low 

toughness as well as slow crystallization rate. Natural rubber (NR) is considered to 

enhance the toughness and nucleating agent is used to improve the crystallization. 

Three nucleating agents, calcium carbonate (CaCO3), talc and cyclodextrin (CD) were 

used. Here effects of nucleating agent on crystallization, mechanical properties and 

morphology of the PLA/NR blend in comparison to the neat PLA were investigated. 

The differential scanning calorimetry (DSC) results showed that the addition of talc or 

CD decreases cold crystallization temperature (Tcc). Same result was obtained in 

PLA/NR10 containing talc. All nucleating agents increased the degree of crystallinity 

(ΧC) of PLA, whereas only talc increased ΧC of PLA in PLA/NR10 blends. The 

influence of nucleating agent on mechanical properties was studied by tensile testing, 

notched Izod impact testing and dynamic mechanical analysis. From mechanical 

results, the addition of nucleating agent enhanced the toughness of PLA due to the 

decrement in spherulite size of PLA. Glass transition temperature (Tg) from DMA 

result  did  not change  with  nucleating  agent, in  good  agreement  with  DSC  result.  

Further, nucleating agent particle and crystalline structure restricted the free chain 

mobility, leading to the decrease of the height of tan δ peak.  Microscopic observation 
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revealed that the increment in size of NR particle with nucleating agent did not 

influence mechanical properties of blends.   
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