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�
{z AlN/C EÜ�&á����6§, �©æ^E©)�A{�� AlN B�á�, ¿ÏL 800 ◦C ò»?
n¦Ù3%�&�.þ­(¬�8�� AlN B��. ÏL/mL�ÿÁ, B���L¡1w���/�ÎN, �»
� 50 nm, �Ý 10 µm ±þ, 3%�¥L¡÷ [001] ��)�. Ó�, æ^ VLS )�ÅnéB���)�?1
)
º. é�¬1�u1Ì�ïÄL², ¥%Å� 423 nm ?�3�kbu1¸��§Ý,pu)²w�ù£y�, X C

O N ,�U?�[u1¤�. �¬3b1ÅãäkûÐ�1�u1A5, k"A^u1&ÿì+�.

'�c: AlN B��, %�&, E©)�A, 1�u1

PACS: 62.23.Hj, 81.05.U−, 78.55.−m, 61.50.Ks

1 Ú ó

�z¾ (AlN) ´0 - 2x���Y��Ná
�, ÙB�°Ýp� 6.2 eV[1], Ïd3b	&ÿì!
b	-1ì!x1u1�4+ [2,3] �1>fì�
+�k4��A^då. AlN äkéõ`û�5
�: 4p��9Ç (320 W/(m·K))!ûÐ�9)ä
Xê (4.3× 10−6 /K)!$�0>~ê (8.6)!­½�
zÆ5U±9`û�1ÆÚ(Æ5U [4,5], ¦ AlN

2�A^u�>fì�Ä.á�!8¤>´µC
á�9�õÇ>fì�Ñ9á�. Cc5, $�B
�á�¤�IS	ïÄ�9:��, 
 AlN B�
¬N�±��7áÄEÜá��OrN, ^uUõ
Ä.á�åÆ!9Æ5U��^ [6] �Câ�@£
�. 8c, ~^� AlN B����ó²k: ���z
{ [7]!�6>l�>{ [8]!%9��{ [9] ±9-
1�Y{Úí��È{ [10]. ±þã�{�� AlN

B��ÑØÓ§Ý��3=z�Ç$!�m©l

(J!"�õ!�A^������[B�¯K,

¿Ø·Ü���¢�¿��.

%�&´�«±%�f��e, %�f�m�
pë�/¤�n��G(���õ�á�, �Ð
d Ford[11] 3 1964 cÏL9)¦�ä���. du
äk��!�YÇp!'L¡È�!9)äXê
$±9Fp§!|9ÀÂ�`û5�, %�&�2
�A^up§�9á�!p5U~�á�!Ê�
ÊUõUá�9xz!U
���+� [12,13]. �
X%�&á����5�õ�­À, IS	ïÄÆ
öÏL�,ØÓÔ� (X K2Ti6O3 ¬L [14]!7á
� [15] �) 5Jp%�&�5U, ¦Ùäk�\2
��A^cµ. Xu �< [16] 39) Si í¨¥��
Ñ SiC ¬LOr.%�&, ¬L�» 1—2 µm, �Ý
� 40 µm, 3%L¡÷ [111] ��)�. �©�^�
� AlN B���Oþã SiC ¬L, ?
��Ñ#.
EÜ�&á�.

AlN B����OrN, �é
óäk'�¥
.%�& (1.007 W/(m·K))[17] pÑ 2 �êþ?��

* I[g,�ÆÄ7 (1OÒ: 11074200) ]Ï��K.

† E-mail: chengsai151141@163.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

126201-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 12 (2012) 126201

9Xê, �Ù¬�(�!9)äXê�%�&�C,

U
éÐ�)û�ö�9��¯K. Erley � [18]

^ E/C Eâ3�$L¡Ü¤/ - 3x CdS B�¬,

ÏLïÄB�¬�»é1�u1�N�, ¤õ��
Ñ
1��U
��±>&Ò/ª5&ÿ1áÂ
���. ù�ÒV«X3%�&�.þ)�0 - 2
x AlN B��, �U
kûÐ�1�u1A5. ï
ÄÙ1Æ5U�±?�Ú*Ð AlN/C EÜ�&á
��A^�m, ¿�4kF"A^u1&ÿì+�.

� © ± % � & á�� � � ., ± AlCl3
Ú NaN3 ���, æ^E©)�A{�� AlN B
�á�, ¿ÏLò»ó²¦Ù3%�¥þ­(¬�
8�� AlN B��. kc���¥, AlN/C EÜ�
&á�����{ [19] �OrNÚÄ.á�©O�
�, �g�(EÜ?n. 
�©3ØI�[B�.
����A§Ý�$ (∼800 ◦C)!�má (∼5 h) �
^�e, ò AlN ���9EÜL§�Ú?1, ´ü
$ AlN/C EÜ�&á���¤���«'�Ð�
å».

2 ¢ �

�âcÏïÄ¤J�O�«V��%�¥/�
äEÜ.%�& [19−21]. Äk, �â��Kz�n,

3àZLM�¥± 100 ml 9�5¦�ä��9á,

30 ml �7�¯|��á����K, \9� 70 ◦C

Ø��7�¯| (K�) ����£�Ú¦�ä�
4��¥. ÏLçÀ�»�� (∼1 mm) �ä��
¥, ¿¦Ù¥y�m8��ü©Ù�, ±·�ßÝ
¦�ä�5�¤., 3 60 ◦C ^�eZH¤.ø
�, ��¦�ä��%�¥�&á�. Ùg, ©O
±�íÚ�í��oíN, é¦�ä��%�¥�
&á�?1%z (1100 ◦C, 6 h)!�$z (2500 ◦C,

3 h) ?n, �ª��äk�ä(���%%�¥�
&á�.

±þã%�&���.�\ 15 ml g��.
ØCg�A;¥, 3¿÷ N2 �Ã@�¥, òÃ
Y AlCl3 Ú NaN3 U�þ' 3:4 \�, |^Ø�JØ
��A;¥�í3Ô�, �µ�òÙ�\í¨�(
¬¥. 3 1 h S¯�,§� 650 ◦C, �§ 3h ¦�E
©)�A¿©?1, ,�3 800 ◦C eò» 2 h, �Ñ
�A;��3�í¥g,e%�¿§. �m�A;
�Ñ�¬, |^�lfYÀW�AÔ, È��A¥

�B�¬ NaCl �,�, 3 50—60 ◦C �^�eg
,ZH, =��Xã 1 ¤«� AlN/C EÜ�&�¬.

ã 1 �¬�÷*/mã

é�¬?1L¡?n�, ©OÏL×£>fw
�º (SEM) Úß�>º (TEM) é�¬�/mA�
?1L�, |^ X ��û� (XRD) é�¬Ô�?
1©Û. 31Æ5UÿÁ¥, éØÓ§Ýe�1�
u1Ì (PL) ?1
ïÄ.

3 (J�?Ø

3.1 ���***///mmm(((���©©©ÛÛÛ

ã 1 �V�(�%�&�.�÷*/mã, �
±wÑ%�¥��þ�, �p�m(Ü;�, ¥y
�m8��æÈ©Ù. �A��%�&�.Ø=�
3
�¥(�A:, 
��¥L¡NXkE©)�
A��� AlN B�á�, ¿3ò»­(¬L§¥�
(��z.

|^ XRD-7000S é�¬?1Ô�©Û, Ë�

 Cu Kα, Å � λ = 0.15405620 nm, × £ Ú �
� 0.02◦, zÚ�m 0.12 s. Xã 2 ¤«�¬Ì¬
��%Ú AlN, �*ÿ�Ù§,�¸. ãÌ¥Ñy

Ê�� AlN �'�û�¸, L²E©)�A�
�� AlN �¬�N¥yõ¬�. ²L�®"û�
IOéÜ�
¬ISû�êâ¥% (JCPDS–ICDD)

�Ù�IOêâ JCPDS:65-0831 é'uy, ù

û�¸ �!rÝU
éÐ�IOêâ�ÎÜ,

Ïd�±I½�¬�8�(� AlN, ¬�~ê�:

a = 0.3109 nm, c = 0.4979 nm. ?u 23◦ NC�
�Ñ¸�p°��, X%�&�.��L§¥�
u)�C�Ã½/% [22] ¤/¤�û�¸; 
 26◦
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Ú 45◦ NC�û�¸, ©OéA�$ (JCPDS:65-

6212) � (002), (101) ¡û�¸. Ù¥, �$ (002) ¡
û�¸�p°��!�érÝ��, ù`²%�&
�.��$�¬�¡��Ýp!ü�kS, �$z
§Ý�p. ò»?nó²¥�O\Ù¦Ô�û�¸,

;�
EÜá�¥ü�m�.¡¯K.

ã 2 �¬� XRD ãÌ

ã 3 � JSM-6700F .|u�×£>fw�º
���%�¥L¡ SEM ã, ÏLã 3(a) �±*	
���1w�%�¥L¡�3kNXÔ. éã¥À
«?�Ú*	, Xã 3(b) ¤«, ù
�Ù�NXÔ
�©Ùþ!!)����Å�B��à8N|¤,

B���Ýõ3 10 µm ±þ.

3%�&L¡���N®"�\ÃY¯U¥,

²L�(Å©Ñ�, �3Ô�ç�þ, ÏL JEM-

3010 .ß�>º��ü� AlN B���L�ã.

Ù¥, ã 4(a) �$©EÇß�>ºã (LRTEM), �
±w�B��¥1w���/�ÎG, o[þ!,

Ã{ï, �»� 50 nm �m; ã 4(b) Ú (c) ©O�
ã 4(a) ¥B���p©EÇß�>ºã (HRTEM)

ÚÀ�>fû�ã� (SAED). 3 SAED ã�¥, �
±�ß�w�ü¬:
, ÏLé (001) Ú (010) ¬
¡�û��:?1I½, y²Tû�Ì�g [100]

¬�¶, �B���8�¬Xü¬(�, ¬�~ê
� a = 0.3109 nm, c = 0.4979 nm, ù�:� XRD

©Û(J���. ÏL HRTEM (½B���¬�
må, ¬¡å 0.498 nm Ú 0.268 nm ©OéA8�

� AlN � (001), (010) ¬¡, (Ü SEAD é�¬�
��©Û, �±�½8�ü¬ AlN B��3%�&
�.þ�)�÷ c ¶ [001] ��.

ã 3 %�¥L¡ SEM ã (a) �±�Ù/w�%�¥L¡
�NXÔ; (b) �±w�NXÔd©Ùþ!!)����Å�
B��à8N�¤

3.2 111���uuu111AAA555ïïïÄÄÄ

é�¬�1Æ5�ïÄ¥, |^ F900 PS 1Ì
¤ÿþ�¬ØÓ§Ýe�1�u1Ì (PL), -1
ì¸�õÇ 58 mW, ó° 64 ps, Å� 372 nm. 3
ã 5 ¥, ·�¯Û�uy3�>�%�&L¡þ,

AlN B���u1¿vk�Ùd«, 
´3��
1 (400—700 nm) ��SÑy
ü�²w�u1
¸ (�). Ù¥, b1«�¥�u1¸�X§Ý�,
pÙu1rÝÄ��±ØC, 
Ù¥%Å�u)

²w�ù£y�. ÿÁ¥-1ì1
�1fUþ$
u AlN á�UY°Ý, ¤±u1¸����m�[
u1¤�, ?
�Ä��,�U?u1��U5.
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ã 4 (a) ü� AlN B��� LRTEM ã; (b) Ú (c) ©O
� (a) ¥B��� HRTEM ã�Ú SAED s�

ã 5 ØÓ§Ýe�¬� PL Ì

%�&���.á�´uJø C �f?\ AlN

¬�, Óâ N  ��/¤ÉÌU?, Ù,�U?
åd�.�>lU� 0.4 eV[23]. �â1fUþO
�úª, -u�>fá\d,�U?��[u1
� 423 nm (2.94 eV), �ÿÁ(J�ÎÜ. Ïd, b1
«�¥u1¸X C O N ,�U?�[u1¤�. 

��u1¸�üNù£, K´d§Ý,p AlN ��
N�Y �E¤�. 3$�´, Tu1¸�ù£ 
£þ�����Ñb1��, ùÒ�á��A^C
½
Ä:. d	, �� 630—680 nm �mÑy
�
�u1�, ÙrÝ�X§Ý�,p
²wO�, �
O��ÌÝ�§Ý,pkÅì~�!¿dªu�
Ú�ª³, �¥%Å�Ä��±ØC, Ã7£½ù
£y�u), ÎÜ,�u1�A:. Ã�¬�\�
�¹e, TË���,�3, ÄÙ�Ï, ���Àæ
ÀIZ6¤�, l
üØ
�¬é PL Ì�K�. ï
ÄL², �¬3b1ÅãäkûÐ�1�u1A5,

��� AlN/C EÜ�&31&ÿì�¡äkd3
�A^cµ.

4 8���z¾B��3%�&þ�
)�L§

± AlCl3 �¾
, NaN3 ��
, 3ÃMJ�
^�eu)E©)�A)¤ AlN, zÆ�A�§
Xe:

AlCl3 + 3NaN3

=AlN + 3NaCl + 4N2 + Energy.

du9?n§Ý� 650 ◦C, �pu AlCl3 �,
u§Ý (177.8 ◦C) Ú NaN3 �©)§Ý (330 ◦C),

�pu AlCl3 �àN�©)§Ý (440 ◦C), Ïd3
\9�L§¥, AlCl3 Äkm©,u, NaN3 ��m
©©)� Na+, N2 Ú N3−. d�, �A;¥¿÷

il�� Na+, N3− lfÚ AlCl3 ©f. Ù¥, Na+

lf¬� AlCl3 u)ì��A, ��Ñ Al3+, ù

 Al3+ � N3− (Ü)¤ AlN ¿�)B�Ô NaCl,

§�±©f½ö©fì�/ª3�A;¥/¤p
ØL�ÚíN. �¬§,� 800 ◦C �, ��
 NaCl

�L:§Ý, \��N�)�þ�9þ, �¦ NaCl

¥yLK�. duõ��ä(��%�&á�ä
k���'L¡ÈÚzÆý5, ��Ò´n��
xzJ�.á�, ùÒ´u NaCl LK�%3%�
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&þáN�È, ,�3L¡Üå��^e÷%�
¥L¡þ!©Ñm5. ��, NaCl LK�%¬Ø
ä�áÂ�ÚíN¥� AlN ©f½ Al3+, N3− l
f, /¤�MN. � AlN 3�MN¥��L�ÚG
��, ¬3%�&�.þÛÑ¬Ø, ¬Ø�/¤�
�È AlN B��Jø
7�^�. �X��MN
�ØäáNÚÛÑ, ¬Øm©÷�Ý��)�, B
��?\O��L§; Ó�, AlN 3Ù	9þ�È,

B���»O�, ���ÚíN¥� AlN �Ñ¦,

��L§�Ì VLS )�Ån. d	, ã 4(a) �þ
�B���àÞ����Gkà, aq�(J3
¦<�©z¥ [10,24,25] õgÑy, âd�äB�
�ÎÜ VLS xzJºà)�Ån. B�Ô NaCl

3�AL§¥�¿�
xzJ, � AlN ¬Ø��
ÈJø
|¤, ¿3�A(å�ÏL�lfYÀ
WÈ�.

5 ( Ø

±%�&��., æ^E©)�A{�� AlN

B�á�, ¿ÏL 800 ◦C ò»?n¦ AlN 3%�
¥L¡­(¬�8��B��. T�{ò AlN ��
�9EÜL§�Ú?1, {z
6§, �­E5p,

´ü$ AlN/C EÜ�&á���¤���«'�
Ð�å».

ÏL/mL�ÿÁ,8�� AlN B���L¡
1w���/�ÎN, �»� 50 nm, �Ý3 10 µm

±þ, 3%�&�.þ÷ [001] ��)�. Ó�, æ
^ VLS )�ÅnéB���)�?1
)º. 1
�u1Ì�ïÄL², b1Åã�3�kbu1¸,

Ù¥%Å� u 423 nm ?��§Ý,pu)²w
�ù£y�, X C O N ,�U?�[u1¤�. ¢
�y², �¬3b1ÅãäkûÐ�1�u1A5,

AlN/C EÜ�&k"A^u1&ÿì+�.
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Abstract

To simplify preparation process of AlN/C composite foam, AlN nanomaterials are prepared via double decomposition reaction

and then 800 ◦C annealing process to recrystallize hexagonal AlN (h-AlN) nanowires on carbon foam substrate. Fore the morphology

characterization it follows that, h-AlN nanowires with straight cylindrical morphology grow along the [001]direction on carbon micro-

spheres surface and are about 50 nm in diameter and several micrometers in length. Meanwhile, the growth mechanism of nanowire

is interpreted as vapor-liquid-solid(VLS) process. The photoluminescence(PL) spectrum of as-prepared sample is also researched, and

the results show that a sharp photoluminescence peak appears at 423 nm and shifts toward the red side with temperature increasing .

The peak is attributed to the transition luminescence, owing to the substitution of C for N impurity energy level. The sample has good

PL character in purple light band and is potential to be used in the photodetector field.

Keywords: aluminum nitride nanowires, carbon foam, double decomposition reaction, photoluminescence
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