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基于石墨烯特征制备新型柔性石墨膜的研究进展 
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摘要：石墨材料具有密度低、热膨胀系数低和热导率较高等优点，是近年来最具有发展前景的导热材料。

主要综述了聚酰亚胺薄膜制备高导热新型柔性石墨膜的研究进展，并结合笔者的研究对形成石墨膜过程中

存在的问题进行了简要分析。在此基础上着重综述了碳化和石墨化过程中化学结构的变化，薄膜由无序堆

积结构转变成类石墨结构，其导电和导热性显著提高。综述了温度变化导致结构变化，从而对薄膜导电导

热型产生影响的研究进展。这种新型薄膜在电子封装和国防工业等诸多领域都有极大的应用前景，薄膜对

于该领域的前景和发展都具有重要的科学意义和应用价值。 
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Preparation and Development of New Flexible Graphite Films Based on Graphene 

Characteristics 
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ABSTRACT: Graphite material has the advantages of low density, low thermal expansion coefficient and high thermal conduc-

tivity. It is the most promising thermal conductive material in recent years. In this paper, the development of new flexible gra-

phite film with high thermal conductivity prepared by polyimide film is reviewed, and the problems existing in the process of 

forming graphite film are briefly analyzed. On this basis, the change of chemical structure in the process of carbonization and 

graphitization is emphatically summarized. The film is changed from disordered structure to graphite structure, and its conduc-

tivity and thermal conductivity is improved remarkably. The research progress of the influence of temperature change on the 

structure of conductive and thermal conductivity is reviewed. This new type of film has great potential in many fields, such as 

electronic packaging and national defense industry. The film has important scientific significance and practical value for the fu-

ture and development of this field. 
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目前先进微电子及光电产品正朝着小型化、轻量

化的方向发展，导致传统的微电子、光电子系统载体

材料面临着严峻的挑战。电子元器件的发热问题越来

越突出，传统金属（如铝、铜等）散热材料由于自身



0X9 �£   0X5 �K  O˜E
8e0uU•&�º-�Ô&�'¥��b�3�Ü�·���S-�Ô6È+°-@/¢E��•   117 

 

�ò�ÒD¯�S��&�6Ô5ì2'�œP����«�¢&��((³�S�q�7Ky0u�l

K|�SU•���´Kê$Bß�•&�L,!n� -�Ô�|�Å�£�5�z�ò�Ò��

�z&�6Ô5ì2'�œ	¸D¯P�+°&��((³0u�D%åU•�[Dý� �‘�,�£

�ý�•�y�›+°�(&��|�Å� �,7X-�Ô�|�Å+°�d#U&��((³�ñ

�f 70~150 W/(m·K)��	�U•58-�Ô (002)�nLŽ)2@æ&��(

(³P�Dê 2500 W/(m·K)[1]U•-�Ô&�� �£�5/�&+°)2@æ�(

&��S6) (3080Uá5150 W/(m·K))[2]U•E��[���f-�Ô�|�Å

+°P��(&�'¥�S#¼�º!ë-ß�™>þ4}'â3ÿ�°3ð�<+°-�Ô's

�n�å	=�£�5+°P��(&�2'�œU• 58�T�®, �º-�Ô's�n�å	=

+°&��((³� D¯�z [3]U•�� •�TP��(&�-�Ô�|�Å+°�b�3Dó

/7�YU•�À�iFû�«-�Ô's�n!ë	8�,�å	=�¾�CU•�¢�T�«*T

Dó/7�Y�˜J«E«-�U•EFDóE.�•+°@ê@Í�«&�Fû!ëA��å	=�L

E>� *]�º�£�5P��(&�'¥�S+°-�Ô6È�[���S�f�$+°-�Ô

�Ú�¢	¸-� Ô&�4}LŽ!ë3Ð4 D +°P��Ò	�	= [4] � f3ÿ�°'¥

�+°U•587ßNÅ(Û�T	8�,�ŸLŽ+°�ŸLŽ�·5†Fœ�Æ6&�S�2�|

� �å�?*K�<P�3ÿ�¢�S-�Ô6È� �e�š�L&��f)2���ö-ß�|

�Å3ÿ�°'¥�U•-@/¢3ß1Ÿ-ß�|�Å'¥ ¶+°&��L�(�±�TDó

/7U•�2�¼3ß1Ÿ1§-�Ô&�&�*xLŽ�|�Å+°�(&��f)2U•��K1

�)�±�B+°�î5/�³(Z�ý(ÜE��åLŽ+°-@/¢E��0�º�&/÷�M

�·	¸�+,KKb áU•"µ�ö�\+°�f)2E�!Í�5�J#1�†U•4f�{�Ê

O¸@æ@íU•�¢�@�5�ŸP��(&�-�Ô�|�Å�b�3�¬�[�ö*K�Ó@ê

�3+°�ÑE•�‹�´�=U• �(7 �T�=�)�%E�.ùP��(&��Ë6)�|�Å

-@�ý�]�j�Ã�m�2E��3�  

&�º-�Ô&�'¥�U• �ü�&�²*]5†Fœ�Æ6&�yO•�•�b�3

P��(&�+°�Ü�·���S-�Ô6È�”�"U• NÂ�t	4�<�²�?*K�<�S

�f�$-�Ô�Ú�¢+°�ŸLŽ�·5†Fœ�Æ6&�yO•�•P��2�|U• �¢EF

Dó�Ó�b�Æ6&�B�¬�[8ã�ÃP�	�	=5†Fœ�Æ6&�yO•�•:°6ÈUž

&b	:U•�%�¢E�=x/_�Æ�B��-ß�B��-�Ô�B�0)2� �<�Ë�Ã

�\�£�5P��(&�'¥�S���S-�Ô6È+°�ŸJZU• �[5†Fœ�Æ6&�y

O•�•:°6È�±�ŸLŽ�·P��2�|+°P��Ò	�	=3ÿ�°�®�•�T	:

�0)2Dó/7�Y�&�Æ���	�-*F7��üP�U•�¢�,3ôD˜�B�f-�Ô

6È�±-�Ô&�4}LŽ!ë�ŸLŽ�õ�d�å	=+°P��Ò	�	=3ÿ�°U• �1

��3ß1Ÿ-�Ô'sK ��-�Ô�nK *xLŽ�[�:�t,$�¾�Ÿ5€+°U•

�� •-�Ô�|�Å�±F�-�Ô�¢�•+°	0	=�.�S�ö�Ú�¢�f�$

	¸�¢	�	=�9	8U•�ß�Æ�²�¢�(&��S6)	¸��M��S�S,$�°

�ÙU•�Ó�b-�Ô6È�”�"�±F�-�Ô�Ú�¢�f�$��	�	=�ö�¢E


4��SU•�[�üP��¢'¥�Æ�å	=&��((³+°�ŸJZ [5]� E�.ù�Ü�·

�¬�[�T�=�)+°�,�ýU• 	��f@Í0Ã�f	¸�)K^���F0u�%�¢L,

!n��fE��3+°A$�FM²��ü�ÇP��S6)&��|�Å�  

���� �� �)�±�B-@/¢(Ü'â��

,��y�)�±�B-@/¢+°�•&�-�Ô�|�Å�g>�5Fý�F-�

:°6È��P��Æ	=&�?�-�Ô��-�Ô�ƒ���U&b-�Ô���YK ,$

!ÑL~&�R'â-ß3Ð4 6È0uU•�,DýU•!�Fý�ŠJ"��J�&��((³

E�>P�+°�æEL-�Ô6È[6]�9	��B�æ�Ÿ"��  

-�Ô&�:°6È���£�5P�+°!�=”LŽ/��� /�&+°�(&��S

6)	¸�Ç�’�S6)�ö�¢LŠ�+°*a�|�LE>�S6)0u�,2'�C�D

�.+°�SBTU•�T�Ú*a�|��Fû�|'•)2���|�Å���B�’0uM²�

F)=”(Ü�&@ä�F���æ�[�w+°�S6)	¸$ˆ�T+°�À*T�y�› [7]U•

�r�[�b�3-�Ô&�+°�å"�F)!�D¯�9�nU• � �V��7¦Dó/7�´

Kê�Ó�bU•�@	�6)*K�Ó�=Fû+°-�Ô&�3ß1Ÿ:°6È[8]� Dð�ö

�f ŽU•�U*T�B�’!@,$!µ/�"�	¸#â"Þ�B�’"� U‹!S�B-�ÔUŒ

>ð�M�b�3-�Ô&���3û�<�f	�6) [9]U•&b58-�Ô&�+°*a�|

3ÿ�°���ö�¢�•+°�¸� �S�s	��\�f!S�B�n�QFù+°-`�{U•

�«�¢*a�|�SBT	��\�•	ùU• K|�b�²�¢�T1ê�ò�Ú*a�|M²�

+°�À*T�  

Fý�F-�:°6È�[)2��+°&�«�•&��|�Å [10]� �F� �‘�æ

���,, ��EFDó-�Ô�‘	4�<Fý�F-�U• �r*]�º�¸51�wK �„

�T���S6)Fû�ë�¾U• �æ��	4�<Fý�F-��ñM§�«*TP�#UP��·

�¬�[U•�ú58�(7 	4�<Fý�F-��#�h�.Ba� ,��y�æ��Fó*T

�B�’!@,$!µ/� (CVD)[11]�z�·�b�3Fý�F-�%Ù6È� Fý�F-�

:°6È�À*T�,�ýE��„�T@ä�FK�MÄU•Fý�F-�:°6È�.BT�B�"

*KJ«+°�f)2E��9�m�2#1�†� Fý�F-�%Ù6È�Y�„�T+°D¯�S

�±�À�ÇU•Ky�z�²:°6È	¸&�•K +°3ÿ	4�f�ÒU•�(7 :°6È

�TFý�Š&�•=”LŽ�<6È��Kê�  

-�Ô�ƒ�[�T-�Ô�|�Å�Y�Ì� ‘ �, �Ç�£�5�Ø�B�ˆ*T

+°1¾�|U•�® B, Si, Cr, Ti0u�o2LU•�ïE�%Ù�|�Å&�•	=

-�Ô3ÿ�°+°D˜	�U•�üP�&�•+°-�Ô�B�ÒU•�«�|�Å�£�5

D¯P�+°&��((³ [12]� �•>«&•%Ù�B�’-@/¢�lEÝ"£S{0u[13]

Fó*T-�!å&R��&•!ÑL~	¸ Ti �B Ti-Si �¸�o1¾�|U•�T 8~10 

MPa�·�Ç	¸ 2400~2600 ℃#U�Ò�7U•EFDó�, M&��·+°�å

"�U•�b�3 Ti �æ�n	¸ Ti-Si �¸�o�æ�n-�Ô�|�ÅU•�¢�Y

Ti �æ�n-�Ô+°&��((³Dê 424 W/(m·K)U•Ti-Si �¸�o�æ�n

-�Ô�|�Å+°&��((³P�Dê 494 W/(m·K)� 	W�5-�Ô�<�2

+°K¢*#-�ÔU•}�Å-�Ô0u�9	4�|�ÅU•�+��Fý�Š�·�|�ˆ

�f�•&��”�|�«*TU•�æ�n-�Ô�å�?�‘.ç	¸6]9iU•���S!�

D¯��U•�96)�[�ÄU•�?-º�  

�YK ,$!ÑL~3Ð4 6È�£�5D¯P�+°�(&��S6)	¸D¯�f

+°	�@ê@Í�S[14]U•�T7V/¦��7V�U���Ç�����d6)�ö!=*TP�

0�*a�|���F0uM²��Ã�\�²�«"��À*T [15]� ,��yU•;©&b��

3û�Î2N�é�ŸLŽ��P�	�	=��P��(&��YK ,$!ÑL~&�R'â-ß

3Ð4 +°�b�3 [16]U•�r*]�º-�Ô�Ú�¢+°���D	�	=4��«�º�Y

K ,$!ÑL~3Ð4 �±F�"Þ�¢7ßNÅ�S�2�|,$�%�º3Ð4 D 	=

+°	�	=3ÿ�° [17]� �R'â�YK ,$!ÑL~3Ð4 +°&À3æ��7¦U‹3æ

�I#U�Ò��3æ�I�·�Ç���b�IEK�Ò0uUŒ+°A/�Ó	¸!S�B/_�Æ

�B�•�"U‹!S�B#U�Ò��!S�B�"K ��!S!@Fû0uUŒ+°�Ó�bU•

�[�b�3P��Ò�¢�•	�	=-ß3Ð4 +°�ŸJZU• 	R�E�¢-�Ô�Ú�¢

	¸	�	=�]�F�ý*K26�• [18]U•�(7 �L�(�S6)�Q�“�7Ky�  

�æEL-�Ô6È�[�3�U*T	W-ß+°P��2�|6È3ûDó%Ù�B��

-�Ô�B��7¦�b�Ã+°-�Ô6ÈU• ���X,��y�T�æEL-�Ô6È+°

-@/¢��*K�ÓM²��0�º!�D¯M²�t+°�\�yU•�r�[�C�F+°�æ

EL-�Ô6È�bEL�³(Z�s�V�˜�,�¸� +°�æEL-�Ô6È+°�b

�ˆ�å"�U•�®�˜�,	#�f CN1826288A+°�ý�:�?�U [19]�˜

�,�²�,.ù “ :°6È'â-�Ô�ö�¢�bEL�å"� ”U•�¢�±�å�g>K<

E�+°�[�f�æ���«"�-��•+°�æEL-�Ô6È�Ë�Å6È5†Fœ�Æ


