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�
���«��!prÝ!F�Y�#.%�&á�, ±Ã½/ AlN �V\J, 3�%�¥/�äEÜ.%
�&�Ä:þ, æ^ò»9?nó²¤õ/��Ñ
 AlN/C EÜ�&á�. ÏL×£>º!ß�>ºé�¬?1
L�, ÿÁ(JL²Ã½/ AlN 3%�¥�L¡­(¬� AlN ¬L, Ù�»��� 50 nm �m, �Ý 10 µm ±þ,

äk����»'. X ��û�¸y²�¬�$z§Ýp, � AlN ¬L�8�(�. X ��1>fUÌÿÁuy
3 287.5 eV ?k�²w� C—N ¸Ñy, ùL² AlN Ú%�&3.¡?ÏL C—N �(Ü. Ó�, éÙåÆ5U?
1ÿÁ, ÏL©ÛAå - ACÿÁ(J, AlN/C EÜ�&á��Ø rÝ� 40.27 MPa, �é%�&á�
óJp

C��êþ?. ÿÁ(JL², AlN ¬LwÍOr
%�&�Ø rÝ, ù«#.EÜ�&á�k"A^u�«|
Ø~�Ê�á�.

'�c: AlN/C EÜ�&á�, ×£>º, X ��û�, X ��1>fUÌ

PACS: 62.23.Pq, 61.72.Cc, 68.70.+w, 73.61.Ey

1 Ú ó

%�&´�«± C �f��e, C �f�m�
pë�/¤õ��ä(�����Ná�. duä
k�YÇp!'L¡È�!�Ý�!9)äXê
$±9Fp§!F@¡�`û5�, %�&39�
á�!>4á�!xz!���+�¥þkX�
©2,�A^cµ [1,2]. �â�*(��ØÓ, %
�&á�Ì�©�ü«: �«´ 2000 c Klett � [3]

|^¥m�ã�u�{��Ñ�>��ä.%�
&, Ù���`:´�þ�, 
Øv�?3uÅ�
rÝ�, �95U�; ,�«´ 2002 c Bruneten

� [4] |^�¥%z{����%�¥(��$
z%�&, �,ÙÅ�rÝÚ�95U�>��
ä.%�&á��, �É�¥/�/m�K�, ´
LyÑÔn5��É5. 3%�&á��Ä:þ,

�â`³pÖ��O�K, IS	ïÄöÏL�
%�&�,ØÓÔ���Ñ
¤I��«EÜá

� [5−9]. Ù¥, Li � [5] ±õ9%B�+ (MWNTs)

�,¥m�ã�, $^g�uu�Eâ3 2573 K

e��Ñ
 MWNTs /C EÜ�&á�. ïÄu
y 1 wt% MWNTs �,�9�Ç� 66.8 W/m·K−1,

��%�&O�
 70%; 2 wt% MWNTs �,�|
ØrÝ� 6.8 MPa, �'O�
 65% �m. dd
��, MWNTs ��OrNwÍUû
 C �&>
��Ôn5�, ?
Jp
Ù9�ÇÚÅ�5U.

MWNTs/C EÜ�&á�duÄN�OrNÑ´ C

��, äkûÐ�.¡(Ü, ®3Ê�!Ê°!Ê
U!�¯�­�+�¥kFÃ2��A^.

�z¾ (AlN) �0 - 2x���Y��Ná
�, äk4p��9Ç (320 W/m·K−1)!$�9)
äXê (4.3 × 10−6 K−1)!p0�ÂBrÝ!pr
Ý!pMÝ!­½�zÆ5U!`û�1ÆÚ(
Æ5U, ¦ AlN 2�A^up?>b!EÜá�!
>fá��+� [10,11]. gl 1956 c Kohn � [12]

3 He í¨¥\9 WC-TiC-Co Ú Al2O3 ®"ó,
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Ü¤
 AlN ¬L�, AlN ¬Ldu¬N"��Ú
�CnØ��`ÉåÆ!ÔnzÆ5U, ¤�p©
fàÜÔ [13] Ú7áEÜá� [14] `û�V\J,

^±UõÄ.á��åÆ5UÚ(Æ5U. Rad-

wan Ú Bahgat[15] ò�, NH4Cl ®"�7á Al ®
3 600 ◦C—1000 ◦C e�í� N ��\9Ü¤B
� AlN ¬L, |^���z{�� AlN ¬L, ó²
{ü, �zÇp, �¬L��
B�þ?. duB
�á�äkg��L¡�A!.¡�A!÷*þ
f���A� [16] A:, ±Ù��OrN���E
Üá�äk��p�rÝ, $��±Úå1!>!
^!c^!0>9��5�UC.

du C ��3 400 ◦C ±þ��í�¸e|
�z!|�Y5��, Cc5ÏLV\� C �
� (X K2Ti6O3 ¬L [8], 7á Zr[9] �) 5Jp%�
&5U, ?�Ú*ÐÙA^+�´8cIS!IS
ïÄ�9:��. ÃÅá� AlN ��%�&á��
V\J, äk'%á�pÑ 2 �êþ?�9�Ç,

�Ù9)äXê�%á��C, U
éÐ/)û�
ö�9��¯K. d	, du AlN ��Ò´éÐ�
Fp§>bá�, ùÒ� AlN O� MWNTs/C EÜ
�&¥�%B�+, l
��Ñ#.EÜ�&á�
C½
Ä:.

�
���«��!prÝ!F�Y�%
�&á�, ?
÷vÊ�á��ó§�¦, �©
±Ã½/ AlN �OrN, ±�%�¥/�äEÜ.
%�&�Ä., æ^EÜá�`³pÖ��O�
K, ²Lò»­(¬9?nó²�, ¤õ/��Ñ

 AlN/C EÜ�&á�, ¿é����¬?1
L
�Ú©Û.

2 AlN/C EÜ�&á����

�âcÏïÄ¤J���%�¥/�äEÜ.
%�& [2], 3%�&á�ëÏ>��ä¥5\Ã
½/ AlN ®", �\g�� 15 ml �.ØCg�A
;¥, |^Ø�JØ� 30 min �µC�A;, 3(
��µ���, ò�A;£\í¨�(¬¥\9.

,�3pX Ar í¨�e 900 ◦C ò»?n 4 h, �
� AlN/C EÜ�&á�. é�¬?1��!L¡�
1�ó²?n�, ©O|^×£>º (SEM)!ß�
>º (TEM)!X ��û� (XRD) é�¬?1L�,

¿é�¬�åÆ5U?1ÿÁ©Û.

3 ÿÁ(J�©Û

3.1 AlN/C EEEÜÜÜ���&&&ááá������LLL���999©©©ÛÛÛ

ã 1 � AlN/C EÜ�&ä¡×£>º (JSM-

6700F) ã�, �¬d�%%�¥Ú9?n�kÅ
Ô�)/¤��ä>�|¤. Ù¥, �xÚÔ�
� AlN V\J, çÚÔ��%�&Ä.. dã�±
wÑ, Ã½/ AlN ®"®²¤õ5\%�&¥, ²
Lò»?n�3%�¥L¡��z.

ã 1 AlN/C EÜ�&ä¡ SEM ã�

ã 2 (a) �%�¥L¡ SEM ã�, �±w�©Ùþ!!
)����Å� AIN ¬L; (b) Ú (c) ©O�üâ AlN ¬
L� HRTEM ãÚ SAED s�

ã 2(a) � ò » 9 ? n ó ² � � % � ¥ L
¡ SEM ã, �±*	�Ã½/ AlN 3�¥L¡
­ ( ¬ � © Ù þ ! ! ) � � � � Å � AlN ¬
L. ¬ L L ¡ 1 w, Ã © �, o [ � � 3 50 nm

� m, � Ý õ 3 10 µm ± þ, ä k � � � � »

036203-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 036203

'. ã 2(b) �ü� AlN ¬L�p©EÇß�>
º (HRTEM:TEM-3010) ã�, ã 2(c) �ÙÀJ«
��>fû� (SAED) s�, �±uy¬L�8�
ü¬(�, ÷X [0001] ��)�, ù�:Ú Drum

Ú Mitchell[17] �����.

ò » ? n c � � ¬ � XRD (JEOL, XRD-

7000S, Cu: 0.15405620 nm) ãÌé'Xã 3 ¤«.

Ù¥, ã 3(a) ��²Lò»?n�%�& XRD

ãÌ, ã 3(b) �ò»?n���� AlN/C EÜ�
&á�� XRD ãÌ. dãÌ��, �¬Ì¬�� C

Ú AlN, �*ÿ�Ù¦,�¸. ?u 23◦ NC��Ñ
¸�érÝ��!�p°��, ��u)�C�Ã
½/ C ¤/¤�û�¸; 
 26◦ Ú 45◦ NC�û�
¸, ©OéA�$ (JCPDS:65-6212) � (002)!(101)

¡û�¸. ù`²Ä.%�&��$�¬�¡
��Ýp!ü�kS, �$z§Ý�p. 
ãÌ
¥Ñy� 9 � AlN û�¸�û�¸ �!rÝ
U
éÐ/Ú AlN IOk (JCPDS:65-0831) �¬
Ü, Ïd�±I½�8�(� AlN, ¬�~ê�:

a = 0.3109 nm, c = 0.4979 nm. ò»?n��O\
Ù¦Ô�û�¸, ;�
EÜá�¥ü�m�.¡
¯K. d	, Ã½/ AlN ­(¬�8�(� AlN ¬
N, å�
gÖrO>�J, l
¦�¬äk�p
�Å�rÝ.

ã 3 �&á�� XRD ãÌ (a) ­��%�& XRD ã
Ì; (b) ­�� AlN/C EÜ�&á� XRD ãÌ

XPS �±^5ÿ½�¬L¡��f|¤Ú
zÆ���¤, 3%á��ïÄ¥ C1s Ì¸rÝ
ÚzÆ £´���¬L¡zÆ5��­�ë

ê. ©Oé%�&Ú AlN/C EÜ�&á�� C1s Ì

ã 4 �&á�� XRD ãÌ (a) é%�&� C1s Ì¸
©¸[Ü?n(J; (b) AlN/C EÜ�&� C1s Ì¸©¸
[Ü?n(J

¸ (280 eV—292 eV) ?1©¸[Ü?n, (JX
ã 4(a), (b) ¤«. ã 4 (a) ¥, 3 282.7 eV ?�¸
éA� C—C ¸ [18,19], �^�¢�¥�½I; >
f(ÜU 284.4 eV Ú 286.1 eV ?©OéA C—

H[18,19], C—O[18,19] zÆ�. Ù¥, C—C �5
u
%�&��L§¥/¤��$�¬¡�(�, C—

H �Ú C—O ��L¡áN�kÅÔ9�)�Ô.

3 287.5 eV ?ã 4(b) ¥k�²w� C—N[19] ¸Ñ
y, ùL²²Lò»?n� AlN Ú%�&3.¡?
ÏL C—N �(Ü. zÆ��/¤Jp
ü�.¡
Å(rÝ, ¦�OrN�Ä.�mäk�r�.¡
(Ü. é'üã¥ C—C ¸­�e�¡È�±uy,

ã 4(b) ¥ C—C ��¹þ (55.6%) ��ã 4(a) ¥
� (65.1%) ~�, `²ò»9?n¦�%�&L¡
� C �f?uØ�ÚG�, ´u3ò»9?nL§
¥Ú AlN ¬N3ü�.¡?/¤ C—N �. 3e�
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Ú�ïÄL§¥, �A|^�à�-1 Raman 1Ì
éL¡ C—N ��¹?1?�Ú�@£, ¿�â9
åÆÚ¬NÆ5Æïá�U�nØ�., ÏLO�
lUþ�ÝéÙ­½5?1�ä.

3.2 AlN/C EEEÜÜÜ���&&&ááá������ØØØ   555UUUÿÿÿÁÁÁ
999©©©ÛÛÛ

ò á � \ ó ¤ Φ10 mm×20 mm � Á �,

3 HT-2402-100 KN >MpÅ��á�Á�Åþ
± 1 mm/min �\1�Çÿþá��Ø rÝ, (
JXã 5 ¤«. ã 5(a)!(b) ©O�%�&Ú AlN/C

EÜ�&á��Aå - AC­�ã, ��5¿�´,

%�&�Ø rÝ=� 4.224 MPa, 
²L 900 ◦C

ò»9?nó²��� AlN/C EÜ�&á��Ø
 rÝ� 40.27 MPa, = AlN/C EÜ�&á��Ø
 rÝ´%�&� 10 ��m. ©ÛÙ�ÏÌ�k
±eü:: �´ò»9?nL§¥Ã½/ AlN ­(
¬� AlN ¬L, du AlN ¬LâÑ�xé! =
Å�ÚoÑ!¹S�A [20], é%�&å�Or!
O>�^, l
wÍJp
á��|Ø rÝ. d
	, �â Masaya � [21]2007 cJÑ��rzEâ,

¹ N �zÜÔ�±Uû%�&>��Ôn5U, ?

²wOrá��åÆ5U. du AlN ´éÐ�E
Üá�V\J, 3 AlN Ú%�&.¡qk C—N �
/¤, Ïd, AlN/C EÜ�&á��é%�&á�
äk�`É�åÆ5U, =¦Ü©�$>�3	Ü
Øå��^eÑy�«½y5ä�, 
d AlN ¬N
�¤��ä.>��U
�±�á��AÛ/�,

Ïd AlN/C EÜ�&�Ø rÝ�%�&O�

C��êþ?.

Ó�, du�$y5��, Ïd���Aå4
��, %�&â,ä�, Ly�y5ä�; 
²Lò
»?n��� AlN/C EÜ�&á�, duá�SÜ
äk AlN ¬L, ���4�rÝ�, AlN ¬L3á
�ä�L§¥äkâÑ�xéÚoÑ�^, ¦�á

ÂÜ©Uþ, l
³�
�«�uÐ, Jp
á�
�ä�>5. p|ØrÝ� AlN/C EÜ�&á�3
��C`�!�^9��ìÑ9¡ [22]!á�¡Ú
�«p5UÊ�ÊUá��¡äké��då.

ã 5 �&á��Aå - AC­� (a) %�&�Aå -

ACã, �p|Ø rÝ� 4.23 MPa; (b) AIN/C EÜ�
&�Aå - ACã, �p|Ø rÝ� 40.27 MPa

4 ( Ø

1) ±�%�¥/�äEÜ.%�&�Ä., Ã
½/ AlN �V\J, 3 900 ◦C eò»9?n¤õ
/��Ñ
 AlN/C EÜ�&á�. ÏLé�¬?1
L�, Ã½/ AlN 3%�¥�L¡­(¬�©Ùþ
!!)����Å� AlN ¬L. ¬L�8�(�,

�»3 50 nm �m, �Ý 10 µm ±þ, äk���
�»'. XPS ÿÁ(JL² AlN Ú%�&3.¡?
ÏL C—N �(Ü.

2) é AlN/C EÜ�&á�?1åÆ5UÿÁ,

ÏL©ÛAå - ACÿÁ(J, AlN/C EÜ�&á
��Ø rÝ� 40.27 MPa, �é%�&á�
ó
Jp
C��êþ?. ¢�(Jy², AlN ¬Lw
ÍOr
%�&�Ø rÝ, ù«#.EÜ�&k
"A^u�«|Ø~�Ê�á�.
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Abstract

In order to obtain a new type of carbon foam material, AlN/C composite foam is successfully synthesized by using AlN as

an additive and hollow microsphere/reticulated carbon foam as a basis through the annealing high-temperature heated process. The

prepared samples are characterized by scanning electron microscope (SEM) and transmission electron microscope (TEM). The results

indicate that AlN whisker with a diameter of 50 nm, a length large than 10 µm and a larger length-diameter ratio is prepared by

amorphous AlN recrystallization at the surface of carbon microsphere. Diffraction peaks of XRD demonstrate that the sample is

characterized as graphitization and AlN whisker has a hexagonal structure. XPS test shows that there is an obvious peak of C—N bond

of 287.5 eV, which reveals that AlN and carbon foam through C—N bond are combined at their interface. Meanwhile, it is shown that

the compression strength of AlN/C foam material is 40.27 MPa through the analysis of the stress-strain of mechanical performance,

which increases nearly one order of magnitude compared with the carbon foam material. The results of test show that compressive

strength of carbon foam is obviouly reinforced by AlN whisker. And this new composite foam has applications value in various kinds

of resist compression and absorbing aeronautical materials.

Keywords: AlN/C composite foam, scanning electron microscope, X-ray Diffraction, X-ray photoelectron spec-
troscopy
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