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(1. +#�-! -/'(�&"*.$)�+# 300072; 2. +#�-%-,�+# 300072)� �	 /jyL�N0P&6e�����ooB_�N0P&& (AAO &), va� 50nm.}j*�Gu\Q�*�G�\s(�Gu�Z�F"_ AAO &[=�*��D3`�8~$_G�v�L XL���3�>~ - 8~B*&j Oliver-Pharr $:��8q℄[��Gu�Z� 0 � 3.3 � 6.6 � 9.9µm V� AAO &_*�ho�W?$��#� 1.49 � 1.79 �
1.69 � 1.55GPa � 11.79 � 12.32 � 12.82 � 13.19GPa. l8~B*�v�L _G�;�t`o��Gu�Z� 6.6 � 9.9µm V_G��Gu�_/j"{R�"%_n?�;�dw
AAO &_*�hoC3�wW?$�X��R�I R <	N0P&�& (AAO); *�Gu�*�G��v�L �|FZL	O348; TB938 ��5ua	A

1 �0kj'F7f�p�jSW�t�.YTO1Q'E|�u��"�+^hp��1�`+�w	�R���vwO1Q'� (Anodic Aluminum Oxide) 'B7 AAO ' [1], x)Zuk0���= [2] ���Y�+�.
`%� [3∼6], (uakr��hpn|jF��F�JF�.`+�=G [7,8]. sG��5gk�~k`_ AAO '`��`vwRx�:�F|��Vmr+�=G` 3g��H�zvf;`4x3, �;�`Hvt�Cb�m)u��`Z AAO '<g��eKKe AAO '`�F>�3t AAO '`��R\>w�+�"
)ZhpU��U`|�b��Wu� AAO '`Y:gk}�uq`�F1g�)>Ke	0v2��~k AAO '�%��8+�.
�xt AAO '`���F�.Ke P�����~k+�H�}4� AAO '`���F|������?�9� - �[C+�4Aip�X�%�tHv�[`�'���
2 sÆED
2.1 AAOjA�30k�^pNWdt��gkKewIp� 99.999wt%`�5�� 500◦C #Æ* 1h, _.72��%��_HBn%��r~/�� 1:4 `��p (60wt%) ��h_H)�2�WwHrp
 2005–05–23, w>�GHrp
2005–07–11PV�k
 �='FrE,V (50271046); �=Nu+'^g,V (20030056034); Nu+�XSE,mSE��Jdy$�.(��QU
 Tm2 (1942– ), 0�Nb� E-mail:yaosuwei@263.net
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3 9 Sl1�a	uvP&�&_*��D?-I 737����pr 10◦C �j�p� 100mA·cm−2 `�G#j'F2� 4min.JE|�`�5�r 5wt% `2pjSW��� 40V jH#t�5\>YMO1Q'�Q'WA� 3h. G%JR6�r)p�{W (6wt%�p +1.8wt% �p) ��� 60∼ 70◦C #BDYMQ''�-%�tYMQ',�`�G#\>zM�O1Q'�Q'WA� 4h.

2.2 t��q~k AJ–IIIw&�&�` AFM (O�ÆI+�s7|�p)�j) 4a AAO '`"�<��J�YTF�F (>K�`+�Hv℄=�\+�H�℄ (Hysitron Inc. Minnesota, USA) # (I� 1 w℄), \>+�Hvt+�"
YM�~k+�H�℄(U`w�M!80
.uaw��5H�`<��Zk Bercovich`H	\>YM� 
 1 *�Gu\<s*�G�\����
Fig. 1 Nanocompression instrument cooper-

ated with nanoindenter+�ip�X�%��g Oliver-Pharr ~}+^ [9].� 2 � hf _�E9�%`H�Qp� hmax _H��;`-THQ� Pmax _-T���S _9�C+k,`6� (�|b� �PD�p), hc _9�C+k,?+�!�`Lh (�|b�H�PDQp). �F�ipYM��g�P4�`H�5�?Q9r�F�.)��+�H��A��_M�\rAPD�/�\x9rA.
`�F�.�tr


 2 i:*�G��:_>~ - 8~B*
Fig. 2 Typical loading-unloading curve with

the nanoindentation process

|-`W)y<H	�H�PD�/ A uk#\9r�
A(hc) = 25.4h2

c (1)l.
`ip H �H��;`7lH��
H =

Pmax

A
(2)X�%� Er uka#9r�\�

Er =

√

π

4A

dP

dh
(3):� P _H���� h _HJQp (4�[), dP/dh _9�C+4A`�p S.

3 SJNz`
3.1 AAOj7f�bKe0k 5wt% 2p�� 40V jH#\>zM�O1Q'�+^ AAO vw'�'#�
30µm. '"�` AFM �0℄r� 3. N��uaACe�5\�� AAO '�P��p��`Æ~<+�w	��wbz 50nm, �b�*l}�
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 3 AAO !�_ AFM 
/
Fig. 3 Surface AFM image of AAO film

3.2 ne℄
;v�ne7�TKJ+�Hv℄�\+�H�℄`��7zO\>+�Hvt+�"
YM�� 4 �
AAO '�)�Hv�[#+�H�9�%`w�M!�0��0`.OM ��Hv�[`T4�Hv~1�G�~1�m�uapA��Hv`+�H��0��Ky"`H�<��x�H��8�H���A'�;��('2�H�`�KM<kh\d��h`i{z� 1.5µm. t#Hv�[`�T�H�?Q�H�4�x�*1O!1`�'#&�tHv~17>`H�y�t#Hv�[`�T�ay��h��Th�A'#&`��'2�xtHv~18T� 45◦ ~1`��y�`<M�T��A'��'2�


 4 (�Gu�Z"*�G�8~$_v�L 
/
Fig. 4 In − situ AFM impression images at different compression displacements after unloadingm�\ (1) � (2) u�ip�`T4�Pklr9�C+`k,6�3k,`���k,6�{4�k,��{q.�ip�{T�� 5 �)�Hv�[# AAO '`?�9�C+�" 1 �,g`�F1g�N��uapA�w[!{#`?�9�C+-qq�
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3 9 Sl1�a	uvP&�&_*��D?-I 739Vf_i�,��`0k#�w[!{` AAO '�[-T�ip�X�%�-4Hv�[� 3.3 � 6.6µm `9�C+k,P℄���wax�`ip�,℄�Hv�[� 9.9µm#�n[9�W�H��Hv~1|S�#&`o��< (E� 4), A'�#&`g�k>'2�ex9�C+k,A'�Y��x<�q�Z:6�Ur 0 t 6.6µm ÆA�%!t� 3.3 � 6.6µm Hv�[#`9�C+|'� 6.6µm #`9�C+k,^_A'�g�k>'2�n[|So��< (E� 4), waip�O 3.3µm 4�


 5 (�Gu�Z"_>~ - 8~B*
Fig. 5 Loading-unloading curves at different com-

pression displacements


 6 Gu�Zs*��D?-B*
Fig. 6 Compression displacement versus

nanomechanics properties curves6 1 8{�y}�� AAO h?l[�:x
Table 1 Nanomechanics parameters of AAO film at different compression displacements

Compression displacement/µm
Nanomechanics parameters

0 3.3 6.6 9.9

Contact deepness/nm 472.2 430.3 442.2 462.8

Contact rigidity/µN·nm 31.1 29.6 31.7 34.1

Contact area/nm2 5.462E+6 4.536E+6 4.792E+6 5.248E+6�g)�Hv�[#`?�9�C+�9rA AAO '`�F�.��r" 2, � 6 �,g`Hv�[t+��F�.`Æ C+�m" 2 �� 6 uapA�t#Hv�[`�T� AAO '`+�ip$�T%D4�xX�%��Y��?�YHv�[� 9.9µm W�X�%��? 11.9%; �Hv�[� 3.3µm W+�ip�? 20.1%.|�OK�I��H	n[9�\9���`�;��Hv�)+aZH�|So��<��H��E_m?��;<8��PD�p�Hv�;�g�=)��tHv�[`�T9�C+-T�[.[� hc )r�4�ip�X�%��?�x��MYM��mr 6.6 � 9.9µm `��9�C+|S�O#&`o��<�Z� AAO '`+�ip$�T%D4�N" 2 uapA� 6.6 � 9.9µm �G#`PD�p S �H�PDQp hc O 3.3µmT�xPD�p S �?`��6��H�PDQp hc �?`���exX�%�;C�T�xip�D4��Wua^A�"�OO� T` AAO '����O9'Ao�.
`|��
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740 � - - 	 D � 21 j6 2 8{�y}�� AAO h?�BM=�g^
Table 2 Nanohardness and elastic modulus of AAO film at different compression

displacements

Compression displacement/µm
Nanomechanics properties

0 3.3 6.6 9.9

Nanohardness/GPa 1.49 1.79 1.69 1.55

Elastic modulus/GPa 11.79 12.32 12.82 13.19

4 S`
1. �Hv�[�$� 0 � 3.3 � 6.6 � 9.9µm W�wb� 50nm ` AAO '+�ip�X�%��$� 1.49 � 1.79 � 1.69 � 1.55GPa � 11.79 � 12.32 � 12.82 � 13.19GPa.

2. N9�C+�w�M!`H�<���|'� 6.6 � 9.9µm `H��Hv�`0k#|S�#&`o��<�+�iptHv�[`�?xD4�VX�%�Y��T�
3. AAO '���O9'Ao�.
`|��9X~�

[1] Masuda H, Hasegwa F. J. Electrochem. Soc., 1997, 144: L127–L129.

[2] Itoh N, Tomura N, Tsuji T, et al. Microporous Mesoporous Mater., 1998, 20: 333–337.

[3] Wu Y, Xiang J, Yang C, et al. Nature, 2004, 430: 61–65.

[4] Xu D, Xu Y, Chen D, et al. Adv. Mater., 2000, 12: 520–522.

[5] Bogart T E, Dey S, Lew K K, et al. Adv. Mater., 2005, 17: 114–117.

[6] Sander M S, Prieto A L, Gronsky R, et al. Adv. Mater., 2002, 14: 665–667.

[7] Cui Y, Lieber C M. Science, 291: 851–853.

[8] Choi W B, Cheong B H, Kim J J, et al. Adv. Funct. Mater., 2003, 13: 80–84.

[9] Oliver W C, Pharr G M. Journal of Material Research, 1992, 7(6): 1564–l580.

Nanomechanics Properties Research of Anodic Aluminium Oxide Film

YAO Su-Wei1, ZHANG Lu1, ZHANG Wei-Guo1, ZHANG Zhen-Yu2, LI Hong-Qi2

(1. SUGIYAMA Laboratory of Surface Technology, School of Chemical Engineering and Technology, Tian-

jin University, Tianjin 300072, China; 2. Department of Mechanics, Tianjin University, Tianjin 300072,

China)

Abstract: The highly ordered anodic aluminium oxide film, namely, AAO film was prepared

with the electrochemical anodization method. On-line nanomeasurement and in − situ scanning

functions were conducted by the nanocompression instrument cooperated with nanoindenter. The

results show that the nanohardness of AAO film with 50nm hole at 0, 3.3, 6.6, 9.9µm compression

displacement is 1.49, 1.79, 1.69, 1.55GPa and the elastic modulus is 11.79, 12.32, 12.82, 13.19GPa.

The indentations at 6.6, 9.9µm compression displacement appear obvious plastic deformation pro-

duced by the compression force as indicated by the load versus displacement curve and indentation

surface morphology, so the nanohardness decreases while the elastic modulus increases all through.

Key words anodic aluminium oxide film (AAO); nanocompression; nanoindentation; in − situ

scanning


