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 +� �,��� -
�.� �� ���/ .�, �01
 21+�  � � 3�� .4�0� %5� 6�/���78 �	
� .� �� +� ��	0 ���9 �:�
� ;��&�<� .�,  �5=�  �=>
�� 

 ���	� +?1 �<� ;5� .;��&�<� ��1� ;5� 508 ��� AB� �� �C
 .�, DE�  � .4�0� %5� �� ��FG��7H ��78 �	
�   .� �=� �=:�
�   �=,
�	,5� .I�� .�
FJ�7� �>01>K �<��� +�/�:� -
� �� L5, ��M�0� ����78 �	
� ;��&�<� NO�B� ��1� �� ���0 �:�
�  ;5=�   5=08 ��

.� ��  2�? 5P�� �� .5�/1  .4�0� ��I�� A
�IQ� �� �01
 21���/ .�,����  � R��QI�0       ��I=�� �=� ��1=� �=Q�
��� �=7� �>01>K ��=78 
�	
�  �:�
�1S/��� .� �� -
� �� ���0 �,�< . �0�� ��I�� +�/�:� -
� ���/��T ?���1� .�I   NO�B� .�,1
���< .��� ���0��  U�<�

 � ����� ��,�>M
���8 %����V W��IG .�, 5��	� 5� -���  ;5� . XY<�� -���  .��CO�Z 5P�� U�<�    +=�/�:� -=
� �� +9 ;5�
1000 �O��  �<1  .5�/1  .4�0� �Z�< �Y�8���� �� .� �� 508 R��Q  ;��� ��<� ;5� +�Q�G �\0  0 +=�/�� �0�� .�,   � 505=� R�=��

 �8 �� XJ�,T ��78 �	
� 6�CM  .�I?� 2��  +� ]1��� .4�0� L�^� � �:�
� ;��&�<� � ;5�,� ;5�  6��� .� �� �� ��=��   R�=�Q
) ���,���� .I��< 508( 6��� ��/���C/� ��1� �LiPF6  RaP ��NMP-O� � � .� �%����9 6���  ;��� �<1  �5�
�� � %����9   .�=,

+� �<� 5� �� ;5�8 RGREET2 +,��<  �	
10�505 .+S�� �� XJ �Gb
� �.5�� .��<  �=�    �=Gb
� .�=,�1�9�Q U�=<�   W�� .��=<
CML  ��� ��� �
�E0  �,���78 �	
� NO�B� �:�
� �� R5� W�� U�<�  .��<MET �Q�G %�1'.    ���=
��� c
�=�0 �<��� ��=78 
�	
� .� �� �:�
� �� ��M0 �/��9 5�	9� � ��Q��G 508 �� .�, 9 5,�.� �� +  �/��9 5�	9� 508 �� .�, ��=78   +=0�BOG .�=,��G  �.�

+� �.5�<� .�,��G .� �� +� ��	0 .��M�� .4�0� L�^� � �
�����1�Q ��� 50��� ��Q��G 508 �� .�, . �6��S� ����78 .� ��   �=� .�,
�� �Q�
��� %�1' �� �/��9 5�	9� 508 +� 50�1  6C� 6��d  � 5��
 A,�9 �E?1 �� �� +V��0 .� �� +� ��1    e=K19 .�=,    ��� �=� �= 

9�� �� ��M�� .4�0� %5� � ���78 �	
� �Q�
 �<� ���9 �:�
�.  

!
F ,�%E�#:  �.� �� .�,508 ���
��� Tf�K%��P.4�0� �� �01
 21���/ .� ���Q�
��� �.  

  

                                                           
*   -&O  R1g	� �5�	
10 :09109774245  a.hamidian@ut.ac.ir Email:  



166     ���� �	
� �
���� �
 �������� ������ ���� 68���� �� 2 ��� 
��! 1394  

1 .2�!G� 

�C
 �� �0��>0 .�, �5�Z �	
� �:�
�  +=�  ;b=
� �� 

�����<� +� T�<1   ���5=
�J  �=M�0�� .�  5�=	9�  -��=9 
(CO2) �   +=0�BOG .�=,��G �
�< .�  �=<� . .�=,��G 

+0�BOG .� +�/�� %���Z �50 �� :.�  5�=	9�   ��=�� �-��=9 
(CH4) �  5�=	9�  �4��=��0 (N2O) (IPCC, 2000) .

D===E� i===P��� �� �===C
� ��===78 �===	
�  �===:�
�
D�	�<   .4�=0� 5�/1  .�, �=<� .   ��I=Q���� L�=^�

�
��5==
� �==Q�� �� � ��==E? �� .4�==0�  ���==�� ��
.��0� ��8 -��H        .4�=0� ���=
� �Z1=0 �=� �� ���=��

�� �+ �<� ;��9 �� ..� ��   +=� �=,    e=
 ��1=�Z  TO�=<�
 ��==�fj+==� �.4�==0� ;���==	G �1==�  � 6
�==<� �� .�

�==� ;��&�==<� N==O�B� %�I==�EV  501==� . �� ;��&�==<�
.� ��  .�,��   �� .��=
� �Z�< �� 21���/ U�<�  T=,�

   �=<� +=�Q�
 A
�I=Q� +��FG . =
� .� �=� -    .��=� �=,
;���	G .�,�����9  .�  ��=�fj .���   ;��&�=<� .4�=0�

�� 501� (Netz et al., 2003).  ;����� �&O�B� k�10�
 ��.� ��  .�,4��� 6��d  ;��&�<� �=�  1=�  +=9 50 ��=78 

 �1S/��   �=� �=&O�B�   L�=^� ��I=��  ����=��  �=�&�9
a< � D�	�<19�50��� ��	0� ��� .+�     � �=��,� D=l�

��	� �����9.� �� ��
� � �  ��,   �1�9 +?1  � %��/�:�
 ��9 +���78 �	
� .� �� �:�
�  � �=,  e=	
�   .�=,
 �1S/���8 �, �<� +�Q�G %�1' .-
�������  .��� m&P

 �	
� ��
�  %�=�/�:� �<� 2�3  .��=M��  ��=	0
 +� ��7H     �=C�0���C/� %31=^
� �C
41=/19�  n�=
/

 �1=� (Bratt et al., 2011).   .41=/1�C  -�=�  .�=, 
 +=� �01
 21���/ .� �� .41/1�C  ��01�9 .� ��   �=OZ

 .5�/1  .4�0� ��I��)210 %�� 2�G1O�9 �� �Z�<(� 
  ��5=P +95/2   .41=/1�C  �=����     ��=<� �=>
� .�=,

+� T/I��  ;5=� �Q��� +�
IG -
��E�   5=0�)Tarascon 

& Armand, 2001.(   
 �� ;��G e
R��Q ��1� ;��&�<� ;5�  +=�  T=/I��   5=08

.� �� �,/ . �01=
 21���   5��=	, .I=OQ .�,5�=	9� � .
   .��=� %�I=OQ .�,5�	9� -�=/��    �=<1  ��=�Poizot  �

 A0���C�,+� T/I��       .��=� p1=f �����=9 �=� 5=08 ��1�
.� ��   �=  ��=�� �8 �� � 505� �Q��� �01
 21���/ .�, 
 �1�9A,�bJ  .�,��      -=
� �����=9 ��1=� �� .���=�

    �=<� +=�Q�G %�1=' ��1=� (Poizot et al., 2000) .
 =	9� 5�0�� +:<�� %�IOQ .�,5�	9�   5�=	9� �-=,8 5�

  � 6=C�0 5�=	9� ��/��9    �=�Q�q �X=� 5�=	9�   .�=,
 ��5P .3��700 �O��     .��=� �� 2�=G �� �Z�=< �Y�8

;��� ��M0 .4�0� 5�/1  50��  +9  ��5=P   ��I=�� �=���� ��
W��IG   c=
�� �=���9 ��1� .��� ;5� ) �=�Q��G(  ;�1=� 

�<�  �=� �   
�=? 5=�0�1 -
I>  �� .�=,   .��=� AB�5=�
+� �����9 T/I�� .� �� �� 508    r�=:� �01=
 21���/ .�,

 501=� (Laruelle et al., 2002; Gachot et al., 

(2008.  

1.1 . �������	
�� ��
�  
.��� ���>M,�bJ  T�<�
�sf��  .�, %���7H   �1S/�=�

  ���=
��� �� �%31^
� �� �� �� �	
� ��
�  T=f�K
%��P1(LCA) �� ;��&�<�  5��9  �     +=� +=?1  �=� ��=78 

�==	
�  �==:�
� 6==9 T==f�K%�==�P �8 �R1==^
� 
 �,5�
��Q5�/1  �\0 �� U�	P 6P��� �  �G�1=/8   .�=,

�	
�   �=:�
�  �
�=<��� ��  5=��9 ���   +=V��0  .��=�
    �=	
� ��=
� �G�1=/8 A,�9 � ��0���  .��=C,��

5�,� +t��� (Rebitzer et al., 2004) .  ���=
���  T=f�K
 � .��8��==G .��==� .��==C
�� �%�==�P ���==
��� T==�,

.���� �?��f ��,  � �,��78 �	
�    �=� �� �=� �:�
�
  �8 �=O9 ��Z R1� �� %��5f �
 R1^
� e
  �=<�

(Ciroth, 2012).   ���=
��� e
  T=f�K   6��=� %�=�P
 ��EK TOP�� ;5�Z �=<�(Goedkoop et al., 2010)  
6���:  

R�� 2�G : +=�/�:� ��� � L5, N
�� 2u 2�� 2�=G :
f�K R5� e
 -�f�<T   =
 %�=�P   �=� R1=^
� e

==�,T .����  �==?��f � �==,  �==,),��==<T ==f�KT 
%��P(3u  21=< 2�G :  �=	
� ]�=� �� v��   �=:�
�

 =�, -��T .����   �=?��f � �=,   �=,)  ���=
��� ��=78 
f�KT %��P(4u 2��EK 2�G � :+�/�:� ��	& 5.   

�8 ]�� �� �>01>K � 6P��� -
� �
� 6C�  �� �,
�� ��M0 �� �>
5C
 5,�:  

                                                           

1. Life Cycle Assessment 
2. Goal and Scope  
3. Life Cycle Inventory (LCI) 
4. Life Cycle Impact Assessment 
5. Interpretation 
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:;�1 .����� :*���%�& ��' )��* (ISO 14040, 2006)  

�	
� 6t�	� +� +?1  -
10 W�>0 ��   �=:�
�
;���8�Q  �����' .�,�O9T  e
 %��P 6P��� ��=�� 

      � .����=9 �=  2�=f ��1=� -��H=  � +�E  �� .5�/1 
+� �Q�
���  ���
��� ��G��Q � ���? � �1' �=�  �1=� �

 ��1�� � ��78    +=� �� �=&�� w0�1? � 5
5M  �� ��x�
6d�5P   50�=<�(Torkian et al., 2001).   ��1=� ��

 ���
���f�KT D�	�< %��P .� �� � .4�0� .�,   �=,
�   �&O�B� %��/�:� �1�95��<� ; .Vatankhah 

 A0���==C�, �(2001) .� �==� ���==
��� 5�==<� .�==,  =
      �� y��=�P� � �
��=��� �%���=<� .��=� +=9 ���<

+� �,���1f �� ��9    �=<��� �� 5=0�� ;��=9 � 5=0 .  -=
�
���>M,�bJ .� �� -
� �Q�
��� +9 50��� W��IG   �=,
 ��5P +970 5'��     �� �=�0� .5=�/1  p�=< L�^�

 �==� 6��==�     %�==V0�f��9 +==?1  ��1==� �501==�
5�/1  5��9�  �=<� +�Q�G ���d p�< . +=�/�:� ��  .�

�==<1  Saeedi  �A0���==C�, (2006)  �
�
5==�
�==	
� ;�==G���0 �==:�
�  �==<��� �==,==�5 . -==
�

���>M,�bJ � -
� ��W�� �+�/�: .�, 5�/1  y�� �� 

 �f1=<  .�=,  �O�=	Q �  +�=	,  �=� �� .�  -
��=M�� 

�G�1/8  5=0��� W��IG   +=9  �=�  W�� w=	P  5=�/1  

-C�� �<� ��,��G %��j �zO�� k�10� p�	J �, �  �=
 

 ��1=�  5=t��  5=��? �  v�=0�:f  5�=���.  �� =�/�:�T  
2�V0�  �=<1  ;5� Khodi  �Mousavi (2009)  �=� 

�==<��� .� 5�==	9� -��==9  ;�==M���)+==� T==/I�� 

sf��  -
�=   ��=G  +=0�BOG .�( ��  �=,  5=P��  y�=� 

�� .5�/1  k�10� .����Q .�, 5�/1  5��9� �y��  -
� +�
.����Q +9 505�<� +V��0    y�=� 5=�/1  .�, �=�  =
�JT 

R�l�  .���=�Q � -
��M�� {�<    y�=� .�=, �=�  =
�JT 
    .�==,��G ��==M�0� ��I==�� -
�==��9 .��==� .4�==0�

OG+==0�B �==� w�==< �� .�  1==�� . -==
����>==M,�bJ 
 -��|�,+9 50��� W��IG .���  +=O��S�  �=�  5=
5J� 

���}  p8  �  �1, � A,�9 ��78 �8 �� .4�0� AB� +9 

6��� A
�IQ� .�~�S  y�� �� �7�  A
�I=Q�   -�>0�=��
���� A,�9 ����� p8 �� �7� ���}  ��I��  �G5=0���  �

.1>/� W��� �... ��<� 5
�� +��0�� .I
�  ����=? �� 

,�� ��1�.�,��C A,�9 .�,��G ��M�0�  +=0�BOG .� 

�� AB� y��  .4�=0� �  �1=M9  %�1='   +=9 ���=�G 

sf�� -
�  �8 �, �� ;� 19 %5�  A
�I=Q�  ���5=0�� 

 ;�=G���0  �=, �  ;��&�=<� ��  �f1=<   v�=J .�=, �� 

+��0�� .�, +�<1  AB�  �,�=G���0 � ��   �%5=�5�O�
A
�IQ� DE< ;�G���0 .�, �
FJ5
5V  �� 5�< .4�0� 

�1M9  ��5�9H  �� .4�0� ���� y�� 8�� � -��� �
���G 

� A
�IQ� ;�G���0 DE< .�, �� � �� %�\Pa� b
�� 
�	
�   �=:�
�)  �f1=< �
�
5=� �  6=
�  -=Q� 

%��
�==~( 5==,�1f �1==�. %�==�/�:� �==>
�  ���==
���
D�	�<    �=<1  .4�=0� .�=, Kargari  �Mastoori 
(2010)   2�=V0� =� 5 ��=M�0� �  .�=,��G  +=0�BOG .� 

f�KT %��P �Q.��� .�, NO�B� 5�/1   y��)6��� 

 ;�=G���0  .�=,  �=�  �f1=<  ��O�=	Q  ;�=G���0   .�=,
+�	, �.� ;�G���0  .�=,  �e=�t��/�1�Q  ;�=G���0  .�=, 

 �.��=�  ;�=G���0  .�=,  y�=�  �=�8 �  ;�=G���0  .�=, 

�	
� ;�1  (5� �<���.  -
� ���>=M,�bJ   W��I=G
 +9 50���5�Z� ��M�0�  .�=,��G  +=0�BOG .�  =f�KT 

%��P  ;�=G���0  .�=,  �f1=<   ]1=��� �O�=	Q  +=� 
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;�E� .����� �� ;�G���0 �<�. �� ��1�  ;�=G���0  .�=, 

+�	, .� � �X�1�� -
��M�� ��I�� ��M�0�  .�=,��G 
+0�BOG  .�f�KT  %�=�P  �=��0 ��  =OP��T  .���=�Q 

�f1< �<�� ��� �� ��1� ;�G���0 .�, 1�Q��e�t��/ 

.��� � y�� ���8  =OP��T   ;�=G���0 �f�=< �  5=�/1  

.�,���f�<�
� +�/��  w=?1�  ��=M�0�  A=B�  5=�Z� 
.�,��G +0�BOG .� f�KT %��P -
� ;�G���0 �, �=< .

.��� ��M0  ������78 �	
� .� �� �:�
�  .�, 6��d
4��===� �Matheys �===� A0���===C�, �sf  .�===,
�	
�    �� �=C
��C/� .�=,���1f .� �� c�J �:�
�

 ���
��� W�� �� ;��&�<� �� =f�KT    +=	
�S� %�=�P
�9 5==0�(Matheys et al., 2009). +==�/�:� �� .� 

 �==>
��==<1  Zackrisson 0���==C�, ��A  e==

 ���
���f�KT  �� %��P  k1=0   �01=
 21=���/ .� �=� 

+��E� .��� �9 ��.� �� �P���     �01=
 21=���/ .�=,
.���     .5=
���, �=C
��C/� .�=,���1f �� ;��&�<�

 �=Q�G %�1' )Zackrisson et al., 2010.(   c
�=�0
  ���=
��� %��/�:� =f�KT  �=�P    .� �=� k1=0 +=< %

)6C�0 .� ��  = �.I=OQ 5
�5�,  .� �=�    21=���/ .�=,
5 �9 �� �01
 1���/2   =6C�0  =�/��9  = 5�	9� � I�>��

.� ��   �01=
 21=���/ .�,    21=���/ 5= �9 �=�  = -=,8  =
%�&	Q (.�,���1f .���  � �=C
��C/�   .�=,���1f

 �==<1  .5==
���,Majeau-Bettez  A0���==C�, �
  +=t��� =� 5)Majeau-Bettez et al., 2011.(  ��=78 

�==	
� ��1==� .4�==0� � �==:�
�  .� �==� ��==�0  .�==,

5<5
�O9D   = �<1  6C�0Longo   A0���=C�, � ��

 R�<2013   5=� W��I=G )Longo et al., 2013.( 
�� +�/�:� ��1� �� .�  ������ �Q�
���Carl  �Q�
��

 �� ��Q�
��� p�< L�^� A
�IQ� �� +950   �=  5'��
99 �1  L�^� �5'�� �� .4�0� � �OP��T   �� 5=�/1 
43  �  5'��8  A,�9 5'����  5=��
.    +=�/�:� -=
�

       5=�0�� ���=�� L�=^� +=9 �=��� ;��=�� -��|�,
   e=
 �� -�=�� .����9 =f�KT  4��=�  =  4��=��  I=�0

��5�  A
�IQ� �� �<� -C�� +f�K  5=��
 A,�9 ��, 
)Carl, 1999.(  

1. 2 .�
� # H!� I�
��  
   =
��� .��=?� 6=�/� �R�� 2�G �� ��� =f�KT   %�=�P

�==� -�==��    �� �==S�d� N==
��  -�==�|�, � �1==�
 � R1==^
�==f�KT  +==t��� �8 ��==CO�Z � �8 %�==�P

�� �1� .��CO�Z 5P�� �1 +�    5=�K +=9 �0��� ;b
�
   �==� ���=d +==	
�S� ��1=� R1=^
� �G  N==
��  �5=0�

�� 1�� .��5
��  +�/�:� ;5�   %��=~�Q -��|�, �
��1� �� -���  I�0 �\0  501=� (Goedkoop et al., 

(2010 . � z�Z��	G�    ���=
��� +=�/�:� �, =f�KT 
 %��P��     �=� �=��}  �8 L5=, U�=<�  =�95 (ISO 

(14044, 2006. � ��   ;�1=� �8 �=� ��Q +�/�:� -

 �==<� +==9� .1
���==< �� �� ;��&�==<� �==� �==��
 R�

 +=� ��Q��G  T=/I��  ��=��      +=� ��1=�� ���=�C/� R�=�Q
-
��M��   �=�Q�q .�1=g     .4�=0� 5=�/1  � ;�=�fj 

�<1   ���
 �8372 �O��   2�=G �, �� �Z�< �Y�8
�==�Q��G )Zhaolin & Siok, 2012(  .1==< �� �

+� ��1�� 2�� .1
���< �� �>
�  2�G �, L�^� .���
 +� �/��9 5�	9�-
��M��  ��Q�q.�1g    � ;�=�fj

�<1  .4�0� 5�/1   ���
 �8716 �O��  �Z�< �Y�8
    �=/��9 5�=	9� 2�=G �=, �� (Peng et al., 2012) 

�<� �Q�
.  �� R1O=< e
 .�1g  ��Q�q    �=� �=d��
 ��5S����� �� -���  �8 �� R��Q   +=� � �1=�   T=/I�� 

 ��I�� 69 ��=	
��C/�T  �9�=�  ;5=��9   A�=9�� ��
�� ���� �8 �
��������C/� �� � �1�  �
 w�O9 5P��

�Y�8  �=� -���  �Z�<  �1=� .    .� �=� e=
 �=�Q�q
 ��I�� +� ����S�	� .4�0� +��	
��C/�����<� 6��d� 

 �8 R��Q ��1� �� ]1��� �<�) Linden & Reddy, 

2001(.     ��=M�0� ��I=�� -�=��  +�/�:� -
� �� L5,
��78 �	
� �:�
�   �� �� ;��&�=<� �� ��=��   N=O�B�
+� T/I�� &�<� R��Q ��1�;�� ;5�  .� �=� 508 ��   .�=,

�01
 21���/ )+� ��Q��G ���
  ��1�Z����   5=08 R��Q
 +=� �/��9 5�	9� � .��V   1=�Z   .�,5=08 �� �=C
 ��

AB�5���  ��Q�q ��.4�0� 5�/1  � ;��fj   3�=�  +=9
  �8 .�� .��=
� %��/�:� ����f� �=�  �1=�( � �=<� .

��Q�q A
�IQ� �7� �>01>K   .4�=0� 5�/1  � ;��fj
�==<1  .� �==� .� �==� �==Q�
��� �  �==� �==��} ��==78 
�	
� :�
��<��� L�5,� �>
� �� � ;5�  +9 �<�

�  �� ��9 %��/�:� �1�9����  �8;5� 2�V0� �<�.  

                                                           

1. Functional Unit 
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2 .)#� # ���� ��  

2. 1 . ������� J!�	
�� ��
�  
R5�   ���=
��� .��<  T=f�K    +=�/�:� -=
� �� %�=�P

��    .�=< .�,���50��=<� U�<�)  �I=
�14040 ISO 

(14040, 2006  .�< �) �I
�14044 ISO 14044, 

2006 (  +=
�J .�,���50��<� +9  .��=�   ���=
��� 2�=V0�
 Tf�K e
 %��P, 5�
��Q�	  �=<� ;5=� 2�V0� �5� .

 ���
��� R5� Tf�K +�/�:� -
� �� %��P �=�   U�=<�
.� ��   �=�Q��G %��=&�� 508 +< �� �01
 21���/ .�, �

 �/��9 5�	9� -��|�, � �/��9 5�	9��Q�
��� ;5� 
 ���
��� R5� �� 1
���< +< �>0��� +9  T=f�K  %�=�P

�	,�5�  �P���5�. �0�� ��I��  T�/�� ��1=� .�I?�  
��� ���0 2�59 �, .��  ��8 %�=���V  U�<� �,�>=M
�� 

 � �����W��IG  .�,5��	� 5� -���  ;5�.    -=
� +=�
   �==0�� ��==	0 +==9 %�1==' ���==�  5==08 R�==�Q+==� 

�5�
��1(PVDF)    �=  +=95   �� 5='�� Ra=P 2NMP 
 �5� z�d�+�  %�1'10:90 �<� ;�1� .   2�=�  XY=<

6�CM  .�I?� ;��&�<� � ;5�,� ;5�   6��=� .� �� ��
 ���� R��Q) ���, ����.I��< 508( �=�/���C/� ��1� � 

 6��==�3LiPF6 Ra==P ��NMP� -O�== �  � %�==���9
.� 6���   %����9 �5�
�� �+,��<  �	
10505�.  

2. 2 .��
<F-K !��#  
 �� DE� i
�� e
	
�S�T     �R1=^
� 5=�K �=
 ��

  +=	
�S� U�<� �
 .��CO�Z 5P�� -���  �=<� . ��
     ==O�B� R1=^
� �� +=9 ���=>�, ����1=� ��=M�� N

�Gb
�  �50��� �&O�B� .��CO�Z .�,	
�S�T ��<� 
�8   ��=C�� �=,   �
F=J �=	�0 .   5==P�� +=�/�:� -=
� ��

 .��CO�Z1000 �O��  �Z�< �Y�8��Q�q   ;�=�fj
 .4�0� 5�/1  � �<1 ���� �Q    -�=��  .� �=� 5=08 R�

�<� ;5� .  �=0�� ��5S� XY< ��1=�  ;��&�=<�  ;5=� 
 �, .���.� ��  ��7�5. 

 � ��d�� ����/��T 1�  5�=	9� � ��Q��G R��Q ��
� ��	C
 �� �, �/��9   ��I=�� +�90  �� 2�=G    �=\0

                                                           

1. Polyvinylidene fluoride (PVDF) 
2. N-Methyl-2- Pyrrolidinone (NMP) 
3. Lithium hexafluorophosphate (LiPF6) 

 � 5� +�Q�G�� R���0 ��� �
�E0 5��  =�,T  �I=?�. 
;��&�<� ;5�    ��1=� .��=CO�Z 5=P�� .��FG��7H  ��  

  5=� +�=<�
� �\0 .     �=�Q�q ��I=�� R1=^P .��=�
    �=� �=���� .4�=0� 5�/1  � ;��fj1000  �=O��   �=Y�8

  �� �.� �=� �=<1  �Z�<  5=
69/2    � �=�Q��G 2�=G
40/1 +� �/��9 5�	9� 2�G  T=/I��     5=08 R�=�Q ��1=�

501==� L�==^� .R�==��0  N==O�B� ��1==� ��� .��==<
;��&�<� ;5� �� ��1� .��CO�Z 5P�� U�<�    ���=\0
R�5?  .�,1  �2 �<� ;5�8.  

���, R�5? +9 �1�  .�,1  �2 �� ��M0  �5�,�
 R�=��0 �� XJ �/��9 5�	9�    ��=	0 �8 ��� .��=<

+�  �� .���9 ��� ���Q��G.���  =t���T    ��I=�� e=

 %5� �>0��� +9 ����� ���0 .5�/1  .4�0� �� ��	C


 ;��� -
� 2�? 5P�� �� .4�0� � 3���<�.  

2. 3 .2����� 4�"
1 �
� ?!L  
�, .��� �/�:� +01GT  =f�K ���
���T    �5=��� �%�=�P

��5
� 5
��� �<��� D�	�< ;5�   -�=��  1=�� . ��
�, �+�/�:� -
�T :S0 �� ��1�T  ��&�=<� �  ���B�<�� 
 �<��� .� ��5� 50(GREET 2, 2013).  

2. 4 . ���������M& 	
��  ��
�(LCIA)  
�	
� ��78 T	
�S� .���  .� �=� �:�
�    N=O�B� .�=,

;��� �.I��<    �=	
� ��=78 +=� ]1��� .�,   �� �=:�
�
 %�==�P T==f�K ���==
��� R5==�GREET2  5==� +==�E 

(GREET2, 2013) . .�===,��G XY===< �===?��f
+,��==<      ��==78 N==O�B� %�==S�� �� ;5==� �==	
10
�==	
� +==S�� ��==:�
� �==� XY==< � .5==��  U�==<�

+S�� �, R���� .�,5P��   �=Gb
� ��=7�   505=� .��=< .
 +,��=< ��1�   �=	
10    6��=� ;5=�CO2 �CH4 �N2O �

CFC11 �CO  +==S�� �I==?   +==0�BOG .�==,��G �==7�  .�
�� p1	
�  �=� +9 �501�     R��=�� 5=P�� U�=<�)Kg 

CO2 (�Gb
� �� .��< 501� .+,��< ��1�  �	
10   ;5=�
 .�,��G 6���VOC �CO �CH4 �NOx  �PM   �I=?

+S��  +=� �7�    �=� p1=	
� �
����=�1�Q ���   � 501=�
 �=�  R��==�� 5==P�� U�==<�(Kg C2H4) �==Gb
�  .��==<
�� 501� .+S�� R���� 5P��    �.4�=0� ���=�� L�^� �7�

�<� R�4�>�G .;��� 6
5�  .���   +,��=< .�=,   �=	
10
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 � ;5�+S�� �, R���� 5P�� +    sB=M� �5=��� 5
�� ��7�
+,��< ���� �, +9 �1�  �	
10      �=, +=� ]1=��� ;5=�

�Gb
� �1�9�Q �
 ���	0 +K �� �7� +S��  5P�� +� .��<
�� 6
5�  �7� +S�� �8 R����  �1=� .   �
��=S� k1=�V�

R���� �8 �5�   +=S�� �=, �� �,    �8 R��=�� W��� ��=7�

+S��   �=� ��=M0 �� �7�  5=,� .  X=J  .�=,�1�9�Q ��8 ��
�Gb
� .��<  R���0 � ;5�   ��� �� 1
���=< �, �� ;5�

�� � p�~ +S�� �, ��	0     D=, �=� �
��=S� -
� �
�E0
�� ��?   �� e=
 �, .��� �C
41/19� sf�� �  �501�

+� �,1
���< 5
8 �<� .  

?�4@ 1 .	�
+ ?���+ � ��A�� �+�� (�/ B�+ (C�+� 4�.,! � D��%E (�,F! 	�5�G � D4� ��� �� 4+7 ?,HI� 	�5��6 ?��5 

  

?�4@ 2 .	�
+ ?���+ � ��A�� �+�� (�/ ! 	�5�G � D4�B�+ (C�+� 4�.,! � D��%E (�,F ��� �� 4+7 ?,HI� 	.��3 4�
3� ?��5  

?���+ ���  D4�)-�6(   ��A�� ���)-�6(   �+�� 	�
+)4J��(  �5�K� ��,� 

40/1  90 90  ���� ?��5)	.��3 4�
3�(  

16/0  10 10 NMP 5 ?M* �� 4J��  PVDF �4���� 

55/1   100 �4���� � ?��5 ��,� ��� :3 

01/0  50/0    �4���� �� PVDF ���� 

15/0  50/9    �4���� �� NMP ���� 

80/4  309   N�  '.O�� ?M* NMP ���� 

94/4  50/318   NMP ��O�� :3  

18/0  62/11   LiPF6 	�.�� ;.�  

77/0  50/49   PH�!� )����3  

62/0  13/40   (� :� �  )����3  

  716 (mAh/g) (�,F! 	�5�G  

  1000 (mAh) (��;H�Q 4*��  

 

?���+ ���  D4�)-�6(   ��A�� ���)-�6(   �+�� 	�
+)4J��(  �5�K� ��,� 

69/2  90 90 ��� � ?��5)	�5��6(  

30/0  10 10 NMP 5 ?M* �� 4J��  PVDF �4���� 

99/2   100 �4���� � ?��5 ��,� ��� :3 

01/0  50/0   �4���� ��PVDF ���� 

28/0  50/9   �4���� �� NMP ����  

23/9  309  N� '.O��?M* NMP ���� 

51/9  50/318   NMP��O�� :3 

35/0  62/11   LiPF6	�.�� ;.� 

48/1  50/49   PH�!� )����3  

20/1  13/40   (� :� �  )����3  

  372 (mAh/g) (�,F! 	�5�G 

  1000 (mAh) (��;H�Q 4*�� 
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3 .N����  

R�5? 3 �Gb
� .�,�1�9�Q  +� ]1��� .��< +=S��   �=7�
 +==0�BOG .�==,��G  .�)Huijbregts et al., 2000(�  

   � .5�==<� .�==,��G �==7� +==S��+==S��  +==� �==7�  ���
 �
����==�1�Q(Boustead et al., 2000)  ��==M0 ��

�� 5,� .R�5? 4 ��� �� ��	0 .�,   �\0 +=�Q�G   ;5=�
 �, .��� ��+S��  �=	
� �7�  �=:�
�   �=� ��=M0  5=,� 

(Boustead et al., 2000).  
    ]1=��� ��=	
� ��=
� ��78 +� ]1��� �
��S� 2�� 

.� �� +� -���  .��CO�Z 5P�� �
��� �
  .�,   ;5=�
5��==	, .R�5==?  .�==,5 �6  �7 +==�   �
��==S� w==� � 

+,��< �	
10    �=, �5�      .1
���=< +=< .�I=?� �� e=

+�/�:� .� �� ���
 ;5�      =	9� ��=�Q��G 5=08 �=� .�=, 5�

�Q�
��� �/��9 5�	9� � �/��9 �� ��M0 �� ;5� 5,�.  

?�4@ 3 .�6R�� (�/�, 3�5 	
�� �S� )�T�
 (��I �1���  

���� N/��I D4� �
�,+ �6R�� (�/�, 3�5 (��I 	
�� �S� )�T�
 �1���  

CO2 
1 

+S�� +0�BOG .�,��G �7� .�  

CH4 
21 

N2O 320 

CFC11 4000 

CO 2 

TCA 110 

NOx 
07/1  

+S�� .5�<� .�,��G �7�  SOx 
1 

HCl 88/0  

VOC 6/0  

+S�� +� �7� �
�����1�Q ���  
CO 3/0  

CH4 
007/0  

NOx 
028/0  

PM 07/0  

(Boustead et al., 2000)   � (Huijbregts et al., 2000) 

?�4@ 4 .���  �S� )�T�
 ��
+ (�/ N�.�1� D4� �� ?4� U�� V�I�  (��IMET  

��� �S� )�T�
 	
�� �1���  

88/0  +S��  �7�.4�0� ����� L�^�  

89/0  +S�� +0�BOG .�,��G �7� .�  

40/0  +S�� .5�<� .�,��G �7�  

29/0  +S�� +� �7� �
�����1�Q ���  

(Boustead et al., 2000) 
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?�4@ 5 .��S7 	
�� B�+ �5�K� (C�+� � �1��� ��� �� 4+7 ?,HI� N� 	�5��6 ?��5 ;H�Q 4*�� (��� (��1000 �H�� 	Q�I �W�7

(�  :� �

)����3 

 PH�!�

)����3 
	�.�� ;.� 

LiPF6 

��� �NMP 

N� '.O�� ?M* 

 �4����PVDF 5  4J��

 ?M* ��NMP 

����  ?��5

)	�5��6( 

��S7 	
�� �1���  

)/��I' %�&' )��* ((g/g) 
4-10×40/5 4-10×82/1 4-10×74/4 4-10×69/3 5-10×81/8 4-10×10/6 VOC 
3-10×20/1 4-10×02/4 3-10×24/1 3-10×09/1 4-10×61/2 3-10×58/1 CO 
3-10×40/4 3-10×48/1 3-10×94/5 3-10×93/3 4-10×76/9 3-10×78/5 NOx 
4-10×23/8 4-10×80/2 3-10×36/2 3-10×03/1 4-10×75/2 4-10×64/9 PM 
3-10×46/2 4-10×43/8 2-10×26/1 3-10×03/5 3-10×32/1 3-10×99/2 SOx 
2-10×14/1 3-10×83/3 3-10×00/8 3-10×96/6 3-10×65/1 2-10×16/1 CH4 
5-10×91/4 5-10×63/1 5-10×17/7 5-10×58/6 5-10×54/1 5-10×26/5 N2O 
1+10×17/0 1-10×58/5 1+10×46/0 1+10×29/0 1-10×08/7 1+10×23/0 CO2 
5-10×24/9 5-10×13/3 5-10×42/6 5-10×38/4 5-10×07/1 4-10×10/1  .4�0� L�^� 69(Gj) 

  
���,  �� +9 �1�R�5? 5 ��<� sBM�   ��1=� ��

D�0  �� 508 R1O< ����   ��=�Q��G R�=�Q   .�=,��G ��I=��
�9��  ;5��9 �� +=0�BOG �7�    �� .5�=<� .�=,��G � .�
 ��1�  ���=�   ��=M�� �=�/���C/�  �=<� �   .�=,��G 6=9

�9�==�  +==� 6�C==M  �� ;5==��9  � �
����==�1�Q ���
� L�^� ��I�� -��|�,  +=� ]1��� .4�0  ���=�  R�=�Q
 ��5S� -
��M�� ��Q��G �=<�.   =>
� .1=< ��  c
�=�0 �

R�5? 6 D�0 ��1� ��  �� 508 R1O<  ���=�   5�=	9� R�=�Q
�/��9 ��� ��M0 �9�� .�,��G ��I�� +9 5,�  ;5��9

 ��+0�BOG �7� +� �.5�<� .�,��G �.�   �
����=�1�Q ���

  ��1=� �� .4�0� L�^� �  ���=�    �=/��9 5�=	9� R�=�Q
�� ��5S� -
��M�<�.  

R�5? c
��0 7 D�0 ��1� ��    R�=�Q ���=� �� 508 R1O<
�Q�
��� �/��9 5�	9� �� sBM� �;5�    ��I=�� +9 5�9

�9�==� .�==,��G +==0�BOG �==7� �==� ;5==��9  .�==,��G � .�
      6=9 � �=<� ��=M�� �=�/���C/� ���=� ��1� �� .5�<�

�9�� .�,��G  +=� 6�CM  �� ;5��9   �
����=�1�Q ���
���� ��1� ��       � ��=M�� ��Q�=
��� �=/��9 5�=	9� R�=�Q

    �=�/���C/� Ra=P ���=� +� ]1��� .4�0� L�^� ��I��
).�  6��� %����9 (�<� ��5S� -
��M��.  

 

?�4@ 6 .��S7 	
�� B�+ �5�K� (C�+� � �1��� ��� �� 4+7 ?,HI� N� 	.��3 4�
3� ?��5  (��;H�Q 4*�� (���1000 �H�� 	Q�I �W�7

(�  :� �

)����3 
)����3 PH�!� 	�.�� ;.� 

LiPF6 

 ����NMP 

N� '.O�� ?M* 

 �4����PVDF 

5  ?M* �� 4J��

NMP 

 ���� ?��5

)	.��3 4�
3�(  

��S7 	
�� �1���  

) '%�& '/��I)��* ((g/g) 

4-10×81/2  5-10×45/9  4-10×46/2  4-10×92/1  5-10×58/4  3-10×87/1  VOC 
4-10×24/6  4-10×09/2  4-10×46/6  4-10×69/5  4-10×36/1  3-10×28/6  CO 
3-10×29/2  4-10×70/7  3-10×09/3  3-10×04/2  4-10×07/5  2-10×82/2  NOx 
4-10×28/4  4-10×46/1  3-10×23/1  4-10×33/5  4-10×43/1  3-10×85/9  PM 
3-10×28/1  4-10×38/4  3-10×55/6  3-10×61/2  4-10×85/6  2-10×22/3  SOx 
3-10×91/5  3-10×99/1  3-10×16/4  3-10×62/3  4-10×56/8  2-10×52/3  CH4 
5-10×55/2  6-10×47/8  5-10×72/3  5-10×42/3  6-10×00/8  4-10×95/2  N2O 
1-10×66/8  1-10×90/2  1+10×24/0  1+10×15/0  1-10×68/3  1+10×79/1  CO2 
5-10×80/4  5-10×62/1  5-10×34/3  5-10×28/2  6-10×56/5  4-10×56/2   .4�0� L�^� 69(Gj) 
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?�4@ 7 .��S7 	
�� �B�+ �5�K� (C�+� � �1�� ��� �� 4+7 ?,HI� 	5����� 	.��3 4�
3� ?��5 N� D4�  (��;H�Q 4*�� (���1000 

�H�� 	Q�I �W�7  

(�  :� �

)����3 

 PH�!�

)����3 
	�.�� ;.� 

LiPF6 

��� �NMP 

N� '.O�� ?M* 

 �4����PVDF 

5  ?M* �� 4J��

NMP 

����  ?��5

) 	.��3 4�
3�

	5����� D4�(  

��S7 	
�� ���1�  

)/��I' %�&' )��* ((g/g) 

4-10×81/2  5-10×45/9  4-10×46/2  4-10×92/1  5-10×58/4  4-10×76/2  VOC 
4-10×24/6  4-10×09/2  4-10×46/6  4-10×69/5  4-10×36/1  4-10×66/8  CO 
3-10×29/2  4-10×70/7  3-10×09/3  3-10×04/2  4-10×07/5  3-10×93/2  NOx 
4-10×28/4  4-10×46/1  3-10×23/1  4-10×33/5  4-10×43/1  4-10×52/6  PM 
3-10×28/1  4-10×38/4  3-10×55/6  3-10×61/2  4-10×85/6  3-10×69/2  SOx 
3-10×91/5  3-10×99/1  3-10×16/4  3-10×62/3  4-10×56/8  3-10×40/5  CH4 
5-10×55/2  6-10×47/8  5-10×72/3  5-10×42/3  6-10×00/8  5-10×11/5  N2O 
1-10×66/8  1-10×90/2  1+10×24/0  1+10×15/0  1-10×68/3  1+10×20/0  CO2 
5-10×80/4  5-10×62/1  5-10×34/3  5-10×28/2  6-10×56/5  5-10×19/3   .4�0� L�^� 69(Gj) 

  

?�4@ 8 . :3��S7 	
�� (C�+� X�K� � �1��� �/  (,����I NI �� Y� N�.�1� D4�  

��� �� 4+7�  4�
3� ?��5

	5����� 	.��3 D4�  
��� �� 4+7� ��3 4�
3� ?��5	.  ��� �� 4+7� 	�5��6 ?��5   :3��S7 	
�� (C�+� X�K� � �1���  

3-10×14/1  3-10×73/2  3-10×26/2  VOC 
3-10×05/3  3-10×46/8  3-10×79/5  CO 
2-10×16/1  2-10×69/3  2-10×25/2  NOx 
3-10×13/3  2-10×23/1  3-10×73/5  PM 
2-10×42/1  2-10×37/4  2-10×52/2  SOx 
2-10×19/2  2-10×17/5  2-10×34/4  CH4 
4-10×64/1  4-10×08/4  4-10×71/2  N2O 
1+10×74/0  1+10×33/2  1+10×27/1  CO2 
4-10×58/1  4-10×82/3  4-10×53/3   .4�0� L�^� 69(Gj) 

  

R�5? 8  69 +� ]1��� c
��0��78 �	
�  �:�
�
�, +� ]1��� .4�0� L�^� �    .1
���=< +=< �� e


 +�/�:� ;5� �� ��M0 �� 5,�.  
6C�2  � ��=	0  -=
 ��=78  �=, �� ��    +=< �� e=


 .1
���< +�/�:�  ;5=�  +=�    �=� ��=M0 ��1=f  5=,� .
���,  ��Q�^� .4�0� ��	0 ��<� sBM� +9 �1�

+�      .�=,��G � .5�=<� .�=,��G ��
����=�1�Q ���

+==0�BOG ��==� �==� 5==08 �� .��  �==/��9 5�==	9� R�==�Q
��==� �==� � ��5==S� -
��==M���  �==/��9 5�==	9� R�==�Q

 ��5S� -
���9 ��Q�
����<� .  
R�5==?  9   +==S�� �
�==E0 c
�==�0  .5==����==78 

�	
� �, �C
41/19� sf�� � �:�
�    +=< �� e=

 .1
���< +�/�:� ;5� �� ��M0 �� 5,�.  
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:;�2 . :3��S7 	
�� (C�+� X�K� � �1��� �/ �� Y�  (,����I NI N�.�1� D4� 

?�4@ 9 .NT�
  (4����S7 	
�� �/ �1��� (,����I NI �� Y�  N�.�1� D4� 

7 �� 4+����  	.��3 4�
3� ?��5

	5����� D4�  

 �� 4+7����  ?��5

	.��3 4�
3� 

 ?��5 D��� �� 4+7

	�5��6 
NT�
  (4����S7 	
�� �1���  

1+10×80/0  1+10×45/2  1+10×37/1  +0�BOG .�,��G .� (Kg CO2) 
2-10×67/2  2-10×32/8  2-10×93/4  .5�<� .�,��G (Kg SO2) 
3-10×29/2  3-10×44/6  3-10×43/4  +� �
�����1�Q ��� (Kg C2H4) 
4-10×58/1  4-10×82/3  4-10×53/3  .4�0� L�^� (Gj) 
1+10×71/0  1+10×19/2  2+10×12/0  �C
41/19� sf�� 

 

���,    �=� ��=M0 c
�=�0 +9 �1�   �5=�,���   �=
�E0
 �� 508 �C
41/19� sf��  ���=�    �=/��9 5�=	9� R�=�Q

�Q�
���       �� +=9 �=<� �=��9 �,1
���=< �=>
� �� ;5=� 
6C�3 �<� ;5� ;��� ��M0 .9� sf�� e
 �C
41/1

 e
 �
 ;��� 5�
��Q��  �d��   �=<� 5=P�� ��5� �5Z e

�� +9 ;��� U�<�  .�,���B�<�   ���=
��� �� ;5�  T=f�K

+� %��P �� �<�      ��=M�� sf�=� -=
� +=K�, � 5
8
 +9 �<���� -
� +� �5�����78 �	
�  .��M�� �:�
�

�� 5�/1  �1� )Taoussanidis, (2006; Goedkoop 

et al., 2000.     �� X=J +=�/�:� -=
� ��   T,��=< T=�E 
 T==f�K;��� �==<1  %�==�P   +==� ]1==��� .�==,��==78 

�	
� �:�
� +� �<�  ;5=�8    ���=
��� R5=� ��  T=f�K
 %��PGREET2+S�� �  .5����78  �=	
�   � �=:�
�
�Gb
� �� .��<   �=, R���� .�,5P�� U�<� +=S��  �=7� 

��    �=Gb
� .�=,�1�9�Q U�=<�  �� .��=< WCML  �=� �

 �� ��5�� %�Za�� +� +?1 R�5? 3 �� %�1' ���G .
R���� �
��S� k1�V�   �5=�;���   +,��=< .�=,  �=	
10  

 �, �� ;5� +=S��    �8 R��=�� W��� ��=7� +=S��   �� �=7�
�� ��M0 5,� .<�Gb
� .�,�1�9�Q XY .��<    � ;5=�

R���0      +=S�� �=, ��=	0 ��� �� 1
���=< �=, �� ;5� 
�� ��5�� %�Za�� U�<�  ��R�5? 4   W�� �=� �����

R5�  .��<MET  � p�~��   D=, �� �
��S� -
� �
�E0
�� ��?    �� e=
 �=, .��� �C
41/19� sf�� �  501�

+� �,1
���< 5
8 �<� .  
6C�3 �� ��M0     �C
41=/19� sf�=� +=9 5,�
��� �� 508�    � ��5=S� -
��=M�� ��/��9 5�	9� R��Q
��� �� 508�   9 ���Q�=
��� �=/��9 5�	9� R��Q  -
�=��

 ��5S��<� .  �=� ��=M0 +�/�:� -
� c
��0    +=9 5=,�
  ���=	� �7� �.� �� �Q�
��� .��=
�    A,�=9 �=� ��=78 

�	
� ���� �8 �:�
� .  
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:;�3 .�;�C,.,3� Z%�� �/  (,����I NI �� Y� N�.�1� D4�

4 . # O6�2:
�� �

%  

���, c
��0 +9 �1� +�/�:� -
� �� �� ��M0 ,� =� �5
0� ��I�� +� +?1  ��  �=, �<1  %��&�� .5�/1  .4�

���� +� R��Q  T/I��   .� �=� 5=08     ��01=
 21=���/ .�=,
.���  ��Q�q e
 +� �����<� .4�0� 5�/1  � ;��fj
 ������<1  ��1� -
� ��
��S�  �� �&O�B� �0���8 �, 

�<� 2�3 .-
� �� +�/�:�  ���
��� c
��0��78   ��=
�
.� �� �	
�    =/��9 5�=	9� � �=�Q��G 508 �� .�,� 

�� ��M0 ,� =�    �=/��9 5�=	9� +=9 5 ��=78 ��G  .�=,
+0�BOG  +=� �.5�<� .�,��G �.�   � �
����=�1�Q ���

  ���� �=�Q��G +=� ��	0 .��M�� .4�0� L�^� . ��
�� �V�
�    +=� �=�Q�q A
�I=Q� +9 �Q�
�� ��1   .���

��0 +M��, ;��� 2�? 5P��  �=�
?�� 50�1    -�=���
�	
� �\0 �� ��9��9 �8 �:�
� -���  �� �, 5�9 �

 I��< W�� +CO����� ;��&�<� ;5�   �=�E� AS0 I�0
 ��	
�S�T ��78 f�KT �< %��P D�=	    .� �=� .�=,

���� N==O�B��==< .�9 5�==	9� �6==��S� �� �� �==/�
�� �Q�
��� %�1' +� 50�1  6��d ���  �E?1 ��78  �8

 A,�9�
5�  ���   �=� +=V��0    .� �=� +=� ��1=    .�=,
eK19 9 ��� �� � ���M�� .4�0� %5� � � �� � ��=78 
�	
� �Q�
 �<� ���9 �:�
� . �Q�
��� -��|�,
.� �� �� �,  �0��>0 ��P 50�1  .��=�  p�=��9   ��1=�

;��&�==<� %�I==OQ ;5==� 5==,� A,�==9 I==�0 �� . c
�==�0
�/�:�T    �01=�9 %�=�/�:� .��<�� �� �~�P �=<� .

      �=� �
3�=� ���=	� .��F=G�7� �.� �=� �Q�
��� ���

 A,�9��78 �	
�  ���� �8 �=:�
� . �� +=�/�:�  .�

     sf�=� ��I=�� �=� �50��1=< �Z�< �7� �<��� ��
.� �� ��C
41/19� 6C�0 .�,  =  ��=	0 .IOQ 5
�5�,

.� �� +�      �� .��=M�� .�
F=J�7� �01=
 21=���/ .�,
50��� ��M0 .���>M,�bJ  2�I/ �� �O�/� �� c
��0 -
�

%��&�� �<��< ��1�     ��1=� �� -�0�1=d � �=, 1=
0� 
	0�� .� �� k10 �� -
� �Q�5�� . �C
41/19� sf��

�8 �Q�
��� �Z�< A
�IQ� �� .� �� k10 �� -
�   ��=,
�Q�
 A,�9   +9�� ��� -
� +� �d�� �=<�    5=
�� +=9

�<��<     �8 .��=� .5=? �=Q�
��� .�=,  �� �=,   �=\0
  �1==� +==�Q�G)Yu et al., 2014.(  ��==�/�:�T 

2�V0�  �<1  ;5�Carl    �=� +=9 5� ;��� W��IG I�0
Q�==
��� p�==< L�==^� A
�I==Q� �� ��50  �==  5=='��

99  �� .4�0� � ��1  L�^� �5'��OP��T   �� 5=�/1 
43  �  5'��8 �� A,�9 5'��  5=��
 .   +=�/�:� -=
�

       5=�0�� ���=�� L�=^� +=9 �=��� ;��=�� -��|�,
   e=
 �� -�=�� .����9 =f�KT  4��=�  =   I=�0 4��=��

+f�K ��5�  A
�IQ� �� �<� -C��   5=��
 A,�9 ��,
(Carl, 1999).  

c
��0 �� -��|�,  T�/�:��� �~�P    �=Q�
�� ��1= 
+� ��Q�q A
�IQ� +9     +=M��, ;��=� 2�=? 5P�� .���

�===�0 �===�
?�� 5===0�1   �===\0 �� ��9��===9 -�===���
�	
� �8 �:�
�  -���  �� �,5�9  I��=< W�� +CO� �

���� ;��&�<� ;5�     �� �=�E� A=S0 I=�0  T=	
�S� ��=78 
 Tf�KD�	�< %��P  ���� NO�B� .� �� .�, �=	,5� .

 �==,��G +==|0��K �����>==M,�bJ)Bossche et al., 

2006(  �� I�0  T=�/�:�  �=	
� ���=
���    k�1=0� �=:�
�
.� �� NO�B�   �=C
��C/� .�,���1f �� �����9 .��� �,
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50��� W��IG .� �� +9 6C�0 .�,  =   �1=?� �=� 21����9
  ���=M�� .4�0� %5� ��=78  �=	
�   �=:�
�  .��=M��

.� �� +� ��	0 5�<� .�,  =  5=0��� ���=< . �� T=�/�:� 
Rydh (1999)  I�0 ��=78  �=	
�   .� �=� �=:�
�   .�=,

5�<� � 21
��0��  =  .4�=0� �
�fj �� ;��&�<� .��� ���<
���71   ���=
��� ��C
�� �<1   T=f�K   �=<��� %�=�P
5� . �=	
� �7�   �=:�
� +�=<�
�     .� �=� .��=� ;5=�

5�<� .� �� �� 21
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 �<1 Li   A0���=C�, �(2014)  I=�0   ���=
���  T=f�K

D�<10�0 .�,508 %��P  +=� �1C�O�< .�,  T=/I��   ��1=�
.� �� .��� 508 R��Q  �01
 21���/ .�, .���  �� �����=9

  �=<��� �C
��C/� .�,���1f 5=� .  -=
�  ���>=M,�bJ
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 +=�       .�,5==08 +=� ��==	0 � 3�=� �=�Q�q -�==��� D=l�

G ��M�� ���Q��G   �� ��1=� I��=< W�� +9 50��� W��I
-�==��  D==E� 6==��Z  �� ;5==��9��==78 �==	
�  �==:�
�
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�   �=	
� ���=
���   �=:�
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�S� .� �� -�� .�    �=�Q��G 5=08 �� �01
 21���/ .�,

 5== �9 �LiFePO4  Ra==P �� ;��&�==<� �==�  � p8 .�==,
NMP �Q�G %�1' (Zackrisson et al., 2010) . ��

/�:�2�V0� T� 5�    �� ;��=G -=
� �=<1  ; ���>=M,�bJ �
 sBM� 5� =�OP .�? +� p8 �� ;��&�<� +9 R�NMP 
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(Sullivan et al., 2011) .   �=<1  �=���IG ��EPA 
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������.  
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