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�� ��� �� �� ��� ����� � ��� ���� ���� ���� ��� 2 � � ��!" �#�� 

�" $ �� %��& ���'� �� ������� ��!" �'(�� ) �*�+" ����*,�$ ��-*./ ����. �� ��  ��� 
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- �-*./ 5<7 )Linear(: �����) ���" ;���# �� 	� �*,�$ ���-*./ �C�" 1+/ �D E� ��� 5� ��*3�. 

- �-*./ �7�# � )Branched(: �� �*,�$ ��-*./ 5"���8+� ��@) ���.  

- �-*./ ��?# �)Network(:�*� ����*,�$ ��-*./ =F�!" 5A�2 )Cross-linked( ��@�� 5� ��G.
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acrylics

Nylons

polyethylene,

polyvinyl chloride 

polyethylene

rubbers 

elastomers

thermosetting plastics: 

epoxies 

phenolics
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�� !�"� �# ����$ %����

  ������ 5��&
 �-*./)� ����� �

�������(

  I��# 5��&
 �*C" ) 17�D

�����)��  (

  I��# 5��&
L�*DM��-*./ �-*./ �*C"

) �-*./ NO'7 
�� 5��)M(

��*C� ) P�Q'�  
 ���� L���
�� 5��)M(

L��� ���G�( �8<� 17�D
��-*./

��� ��?� 5�*� ��'��R�!�

�� �� ��) ��-*./ �3 ���� 10 ���3 �) U�,� ���+� ���� 5 �" 10 W�-'� =��> 5� ���X/.  

;��D ���" ��Y� ��� L�+� L�� ���� 10 ���3 �� 	� ;�3��� ���-*./ 5����� 1D. ���� 1 �" 4 �� 

;�� ��)�7 U�,� ;�# ) �-*./ )�'D�+�( $ �?� ��@) ���. �� ;��� �� [*��" 5��*-*#

  (C6H10O5)n� �)�� 70% L$) ��G U��3 � �*�+" 5� ���. �'D�+� ;�-� �� �PG �	-� ^�@ 

���*# ) �����*-7 �� LM-� N�.Q� ;�# ) _/ $ 5"�� �� [D��'� �� L��$ ���.-2 �����*-7 �1D  

���G�( U�,� ;�# ) ;���G 17�D )1Q/ L��( 5� ��# ) ...  
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1- �� 	*'DO/

2- �����'DF

3- R�*�

4-  �� ��$�)�� [4
 ) �� �#�/(

5- �� U�(

+�# �)��) �, %	-.� /01 2����) 3 �,�)��4 5�6(�, ��

6- �� 1�$�e���

7- ��f�*�G
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���3 U�� )5./ ��.*" 5./ ��.*/)�/ �L�.��� �L�.�" 5/ �) 5D ) ...( 

���3 1QD )5./ �'D �:�?#�*i �54��/ ��( �*h�����( ) ...(
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1- U�����3

2- 1QD���3
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	*'DO/ ��� 1DO/���" �� 	*'DO/���" �� U�����3 �� ����-*./5 �'�3 

��# 5� �� �� ��M( ���� L)�� �**j" �5��*-*# U�� ;�# ) P)k �# 5���. �� 

���-*./ � L�" 5� �� =�8(� P)k ) ;���)� ���@ ��-�. �� �53l�) U�����3��  � 

���� 1(��$�� �$�D 5�. �*�
 5����-*./ �� 1��� PX� ����� =�8��� �@�� 

���# 5� ) $ �� m� � �� ����-*./ ��� =F�!" 5A�2 ��M��-'�.

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

	*'DO/���" ��� 	*'DO/ )Thermoplastic (
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�� U�����3 �� ���� �'-� $ ���� ���?" �+*# � )Tg(� ���@ ��" ) �"F�� $ 

�LG R�<8� ��X/ ��'4�. [.i �� U�����3 �� ���� �'-� $ �<�� P)k �7� 

�)�� %&��� 5����.� ��'4� �� �*� 5��� R���G ��� ����. 5��� 

�R���G 53l�) 5��4+� ) 5��� �����.� U�� 'D ) 1*?.> � �� �;�� 

��+Q� 5�. �� ���� �*� $ �<�� �P)k 5��� ����.� $ �*� �'(� ) 3�)��� 

�� =�# ���� ���� 5�.

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

	*'DO/���" ��� 	*'DO/ )Thermoplastic  (
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 U�����3 ��� 	*'DO/ ���-�

-  ���'*��.���-  ����"��–  L���'D)ABS :(���?#� ) 5�Xi ��� ���� �'4�

-  =����� 5./)PC :(   ��M��

-  L�'� �" �" 5./)PEEK :(�� �#�/

-  �.*" 5./)PE :(  ���� ) ��<�

-  ���.� �*��) 5./)PVC :(5���'�� %��2 ) ����

- L�.��� :56��7 ���D) ) ���" E*D

- ���*��G :_���� ) �F�� R�*�

-  L���'D 5./)PS :(�$�� P�?D

-  �.*/)�/ 5./)PP :(�?8@ ) P��&

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$
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	*'DO/��� 1D���" )1QD���3 �� 1QD �#(� 	*'DO/ 5��� �'4�� 

�� �� L�-'7�D 5������ �� ��# �*,�$ ��'4� ) �?� $ ��# L�� �� 

��*3 [��� 1��?# ����$ �� 	*'DO/���" �� ����� 5�) _/ $ �G�(�� 

1Q/ )Cure( ) �-2 L��G ) 1QD �L�# ������ �� �� 1C@ 5A�2 M*� �� 

�6���� N�?"� �*/ ;��� ) �� =F�!" 5A�2 54�F)�� �� ��# E��� 

� ;�*n*/ �� ����G 5� �� 5-4� �� �*,�$ ������ �� ��$G �-2 ��� 

1��� �����.  

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

1D���" ��� 	*'DO/ )Thermoset (
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�� 	*'DO/ ��� �1QD���3 =F�!" 5A�2 ) ��'7�D ��?# � >��� 

[?D 1�D L�# ) U�� 'D �F�� �� ��� �� ���� ���" �C�G 5� �#�. $ 

�5(�& =��� L�� ���,� �C�G � �� =��> ��*-7 �� ��)G 5-�. �� =��?2 

��6�� �� ��� �� =��� L�� ���,� U�� ) P)k 5-� ����# ��.� �� 7�D�' 

�� ��ik �L�# ��M," 5� ����# X� ���� ;���'D ��,� ) 1(��$�� 4*���'.  

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

1D���" ��� 	*'DO/ )Thermoset (
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 1QD���3 ��� 	*'DO/ ���-�

- �*�O� �*h��G U�( :R)�o

-  �*h��G U�( ��()1*����� ) 	*���( :(M��/ ) �*.�

-  �� 54��/ :5'�$�e��� ��� ��*�$

 - :�?#�*i ����'D 5./ :5'�$�e��� ��� ��*�$

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$
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����'DF ��-*./ 1D �� 1*.��� 52�,"� ����$ ���. U�� ��'DF� $ )� 

1-4� »�'DF« )�'(�3�� $ »	*'DF« �� ���8� 52�,"�( ) »��« 

)�'(�3�� $ »�-*./«( �*�+" ;�# 1D . �� ��� �� 1*.��� �'(�� 5�*'DF 

���$ $ 	*'DO/ �� M��-'� 5� ���#. �� ��� 5� ����" �� LM*� �$��� 

�**j" U�( ���� )200-100 �>�� ���� �� 5'� �'+*�( �� �Y� LG _/ $ 

RX� ��" 5���$�� 5� ��#.

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

���'DF )Elastomer (
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�����'DF �� )� �'D� E*4�" ���# 5�. ������'DF 1D���" �� �� 

�,*'� =��� 1QD ;�# ) �6�� �� 1��� �*�) �� ����3 5-� ) 

������'DF 	*'DO/���" �� �� �=��� 1��� 52�,"� �*/ �� 5���.

�����'DF �� 17�D =F�! � ����$ ����� 	*'DF ��*?��" �*D���  

PG ����� R�� �� r�/ ) �� g�.# ���� ��)� 5�. �*�n-� �� L��2 ��� 

�#�/ �L$�Q� 	��" �� ) �� ���� ;���'D ;�# ) $ �s� 5��*-*# �� ����� 

����*D 5��8� �%*�� ���*.� ) 	-� �� U)��� ��'4�.

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$

���'DF )Elastomer (
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 �����'DF ���-�

-  58*?& 	*'DF) 17�� H�!Q� ��*4��3 5��� L�'7�� ;��!25.�$�� ��*�( :��")���7 �

- L�*'D 	*'DF- ����"�� :)���7 ���"

- L�"�) 5./ ������'DF :��� 1Q" ) 5���'�� ��� %��2

 - ���'*� 	*'DF :�#)

����� �)��) �, +�4�3 5�6(�, �� ���	
�� �(�)  *&$
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58*?& ����-*./ )Natural Polymers(
 

�� �*��" �C�G �+� 5+�� ���� ) $ 18*?& 1D�� 5� ���G. �� /���-*. 

ID�" =��@�� ;��$ )b���� 5��*3 ) �����@( �*��" ;�# )�*s� 

�	*'DF �*��" ;�# ID�" L���*3 ) ��*t")�/ �'7�D ;�# D�"I L�4� 

) =���*�( �� $ %��& 5��8� �*��" 5� ���# )�*s� 14�$G(. *./����- 

58*?& ��� 53��$ �+� ��)�A ��'4�. 5./ ��������D �� ���
��� �� 

�)�� ����� Ll*4� ) Lf)��*� )�*s� �'D�+� ) M��.D ) u->( ) 

��*t")�/ ���-� 5��� $ �� ����-*./ 58*?& ��'4�.

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$
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58*?& ����-*./ ���-�
 

- �'D�+� )Starch(: �'D�+� �� [*��" 5��*-*# C6H10O5� �-*./ �>�� 

$ M��.3 1D ) �� L��2 �'7)�� 5�Xi �� L���*3 1D. �� �;��� 

b?�� �f�� �� E�f� 5�Xi 1D ) �� �-� ��*�� 5�� $ ���Xi 5.> 

U��� �)�� �'D�+� 1D )�*s� �v��� �U��3 =�k ) [*D 5�*�$(. 

�'D�+� �� �Y� ;�*� ��� ��� �� ) =Oi 1(�� 5� ��# ) ��� �*��" 

�Xi�� �[4
 :�� Xi ) 5���*# ) ���G a�?� ;���'D 5� ��#.     

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$
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58*?& ����-*./ ���-�
 

- M��.D )Cellulose(:;��� ;��$�D 5.> ;���� ��.D ��� 5��*3 �� 

����( 5.� n)C6H10O5( 1D �� n LG ����
 �M� 1D. �� ;��� �� 

b���> ��$�DXi�� P�
 ) 5@�4� )R�*� M��.D( ;���'D 5� ��#. 

- u->: ;�*# L���*3 �� L�'7�� ;��� ) ��� R��!� 5�)�� ) �*��" 
M��.D ���� 5� �)�.

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$
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58*?& ����-*./ ���-�
 

- �*t")�/ )Proteins(: �-*./ �>�� $ ��*�G 1D���*D �� ��<� ��-8� 

;�*,�$ � �*� 20 �" 1000 �*D ��*�G � ���# 5� ��# �� �� L��$�D 

;�*n*/ � �� E� [*��" ;�# �� �� [*��" �� b�) g�D ���� �L� 

=���*� 1D ) �Q� ;�-2 �Xi �� � �*�+" 5� ���.		�*t")�/ �� 

1�*�� ������)���� 1D ) a�D�� w��8" �5��-2 �-*./ �4 �P 

5-� ��#.

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$
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52��!� ����-*./ )Synthetic Polymers(
 

����-*./ 52��!� �� ;�6+���$G ) ��<� 52��!� �*��" 5� ���# ) �� 

�C�G ����-*./ 17�D 1D� �+�M*� �'�3 5� ��# )�*s� 5./ ��.*" 5/ 

�) �5D L�.��� ) L�.�"(. �� ��� �A�� �� ���-*./ $ %��& 1��# 

��� 5-*#)�'/ �*��" 5� ���#.

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$
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52��!� �-*� ����-*./ )Semi-Synthetic Polymers(
 

����-*./ �-*� 52��!� � [.i $ b���� 58*?& 1D�� 5� ���)G� 5�) 

=��O> 5��*-*# �)� �C�G U�,� 5� ����. �*s� M��.D �� 	� ./�-* 

58*?& 1D 5�) 5'�) LG � �� ����*� 	*'D �� ��x� �*D 

	������D [*��" 5� ���� y2�� ��@�� L��G �-*./ �� =�'D M��.D 

5� ��# �� $ LG ��� �*��" z� ) ;�*i ;���'D 5� ��#.

(
.�# 9�:�� 5�6(�, �� ���	
�� �(�)  *&$


