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2006 a 3 U Journal of Inorganic Materials Mar., 2006KZ$: 1000-324X(2006)02-0493-06I)T* Al-Si-O B�G��0!W0';�}{v�|y���zw�x~u
(sbfnqhaiopejktld_gpe`rsm�h 200050)Y U� &AiE-K��[D8�&Ot�9�1 Al-Si-O n�8-KvMWb:	.A

XRD 5 SEM �x9MWb:n�E5�'�W/X�MT��MT5%��gi9b:MVRn�8s~	�-�*�MWb:D α-Al2O3 � γ-Al2O3 5W' �E	b:&O\5�Fb7p+�RÆx>v	MWb:_J4X�5 600◦C �MT��Sb:MVR�83��F;3n&a����e�	%��-�*�b:MVR�8s~ K 20MPa." / ��D8��iE-K�MWb:��8s~\F�5$�TG 174 KMÆ�7�A

1 VR	b(�2=o'P��`:=o:�L\o�|�\?r'P�NX;��#N2=oVIiM�J�Q!n[�$�[�℄�y�`�8o`:6BLNX;ou��Æq,�Se�p�CZ�[+����w�wq	����d�	}1xz!oS-p��d�L�wzroE9�/,90o [1∼4]. jF.L (MAO) /4y3�q,�SyL�S-`:��uE℄n9�'Pm{}%F.LwNX;��;���` 200µm, �HC9o[VI�`�Y`:)CL,\.L�nW�y"� 400∼600V) !L,\.LUoUTy"�yAM�l 4∼20A/dm2. .LUoUTjr8q,�S�ySHP�\y\'P��ySH�F:4"!p (�` 2000∼8000K)6!" (�` 100MPa)Ur�X0q,�S�L�6yL�
>��9.Lw?wm{\�yXl^�F [5,6]. O,\.L,Z�jF.L4�'B�2,F$�EF$oo��3�,F$�EF$,�X0y\0ICZ\,\'P�CZo;,�\�yXl#�	4ONX;o�F�NX;4�EWS2=o.Lw6y�3oF�(F [7,8].\mAyRUr�u�o Al-Si-O �9jF.LNX;�n?��` 2000HV, �w/!~F!�OWS�9Æ.=�l:Q!NX;OWSo�9t� [9], �q\u� Al-Si-ONX;#'B:xAyR�/B X ��*� (XRD) 6�Qy��j� (SEM), %�:NX;o�F℄�JOg�Z#�NX;o[Y�NU�[�NU�`��:�y�/B&�	�{:;OWSo�9t��A >: 2005–04–11, A�Q� >:2005–06–16^[.3 �.� (1975– ), \�),B
 E-mail: sgxin@mail.sic.ac.cn
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494 s X 0 ; � � 21 �
2 ?S��%+2=l φ50mm×2mmoE9��nF�l 3.8%∼4.9% Cu, 1.2%∼1.8% Mg, 0.3%∼0.9%

Mn, 0.5% Fe, 0.5% Si, 0.3% Zn, 0.1% Ni, 0.15% Ti. \.LS-lq�B 600# o�q�n'P��d+�'n`k Ra ∼0.1µm o℄6��l:'lO.L~s{R54�30o$S�!
(φ3mm), �CX0Gz6GY3{\yRo4"6P��NX;ou�3B 10kW xAjF.L~s��~s�2xAyR�y�7�*�6y�}\�yRo4"6P�{30��4�{y�7�y�7E,��2=uF�\.L0IwZ#�ly\'B�y�7Zl 10L, y�3l 10g/L o,FZ� 3g/L oEFZ6
5g/Lov.Lh>�3�X0 N>'y�3p��L\ 20∼30◦C, 
>0Iw�LyAM�l 4A/dm2[10]. /B	�-�&B�? Dmax-3B � X ��*�5 ([�� Kα ��) �{E9�jF.LNX;'P℄^/o��F��LNX;^/��Fo98�B 600#o�qd+NX;'P��C{;�y�93UrlÆfEy" 50kV,yA 50mA, �QE� 8◦/min./B	0 S-570 ��Qy��j��%�30'P�~P℄^'P�J�~P30ou�	/ueHNX;o30�r\N.<kw��CB 1000# �qd+30o~P�l:*<NX;o^'P�3BL��$o	�/B�OgVoR9�3�\ 50◦C �u LY12 E9�WS��}Q��,CoNX;\�(>�N|�Æ��C\ 120◦C ��℄ 2h.'B�",!pyC�lf�~shjNX;o[�NU���uyCf�kJ1xp��u30��yCw�f� 1min C!E{P30(un℄�k*>w�B 100 �o�j�*<30'P�L�Æ.30�4Z�NUCt�7%L�>��;	d����NU�NX;o[NU�`ohj	/�4m φ30mm o�w�E�H�UmNUNX;�u�5NUCo30\
100 ��j��*<�Æn���>r�i>qiM�
�^lX0�
` 1 %�2/n*8`
Fig. 1 Schematic diagram of a tensile specimen

` 2 Al-Si-O MWb:&O5℄.n��E
Fig. 2 Phase composition of surface and inner

layer of Al-Si-O ceramic coatings

(a) 60µm from interface; (b) 90µm from interface;

(c) 120µm from interface; (d) Surface/B&�	hjNX;OWSo�9t��7N.<kw�l`{a�u`{4o
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2 l �-��p�iE-K Al-Si-O MWb:n�'M�8s~ 49530 (a 1 ljPa) ~\ Instron5569 y�g`2=%+Y���&�%+�&�EFl
1mm/min, &�t�EbGYm{#P�
3 1#%D6
3.1 C�H��℄�E9�� 2h S-C�FojF.LNX;���` 200µm, zmAUr��FoNX; (30µm) ��;l���a 2 l;'P6^/o X ��k�Eaw�q�;'P|1EX(!�F�Z#O2H�8o γ-Al2O3, Jm X ��*�kHzoDs�AT;wH8�
Lwv^\�\%�mAUr��Fo Al-Si-O ;�F#����
Lwvl,o.Lw [9].�4Zp�C�NX;%lP����l 120µm,;wP�: α-Al2O3 ���u*��t�z!�Dsp�AT;^;w�
L,o.Lw28vr�i��l 90µm #�;w α-Al2O3 o28Q!�X(!o28vr�NX;%l:��mo(��AT.LE6X(!�GeY\4o�iNX;o��vl 60µm #�NX;f~%l:��'Pzlfh�X(!�\NX;w��� α-Al2O3 �FlNX;o|F��\*�awP�:Eo*���iA
X ��*�o	n9���` 76µm, d#NX;��l 60µm, X ��T0NX;a\:EWS��[ Ai-Si-O NX;'P6^/o X ��*��y�.�7�P�\ Na2SiO3-NaAlO2-

KOH y�3S}w� LY12 E9�'PjF.LNX;o�F'�lP��-oOw�;oe;�2X(!6�8o γ-Al2O3 ��[NX;'Pk^;	�X(!�o28{sp�� α-Al2O3 �o28{sQ!�NX;��l 60µm #�X(!�\NX;w��� α-Al2O3 �Fl;o|F��� γ-Al2O3 ��-\h";�k^�
3.2 C�H��O8

LY12 E9�'P�,Z.L#m�Fo Al-Si-O NX;o'P℄=~P�JÆa 3J+�.L 15min C�Fo;'PH<�	CLQ�o!|�m,L 5µm, d�}/n�!oq,�S�yXl�AT\.LoO(|��EL?�o�ySHz�1�o`8r�,�7'�yXlf~�!�E~Po�J (a 3(a’)) �q�d�!|p^\L;o'P�(,/T0;oX!�;'POH��^oow�m	�` 10µm, nw4/�/q,�S�y?w��4/��`/X0y\0I\;'PCZowS1� [11].H�.L#mo'B�'PT(T℄6�NX;'P!|=8p��!|oml
5∼10µm. ;'PP�:$ofJzP�d/:l\
>oCm��ySH=8p��\mLZ0oyAM�oqQ��f"�yXl1�o`8Q!��y?�o!p�'PJ�F.Lw��:!p�4�\{	q,�S�yXlzPo?mof�6*��jrCZ\'Powv�
�\*�Z�
���F:dyfJo�J�ENX;~Po�J�q�.LOm�FoNX;��,�V�Hot���` 20µm, Hot��pH 1∼2µm, g;OWSo�9�L4�.L 15min�FoNX;^/^\8o!�ml 2∼3µm, �-\h";w�.L 60min #�;^;!|z��e;!|℄>r_��.L 120min �FoX(!NX;�T�t�le/o7D;
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496 s X 0 ; � � 21 �6^/rM;6;�(�

` 3 +Y-K"l�EnMWb:&O5}O�I
Fig. 3 Surface (a, b, c) and cross sectional (a’, b’, c’) morphologies of ceramic coatings formed at

different oxidation time

(a,a’) The sample formed after 15min; (b,b’) The sample formed after 60min;

(c, c’) The sample formed after 120min.LOm�;OWSG�#x_��9�WS�^QP�_ook��dy�(jry��-,��k�S�QFl�yo=�w��yUT0I�/\U; z��ot����q,�SL�6�L�o�B��yXl���T*�dy��T*7{R�yl��oxo#���T*Co�yXly�S�`Q!�4S�yoVo�"�Q=�U;o�4��/ooUT�y�d"0I Nh��\?*�'�lq,�S�ySH)�'P!Et�Q�H.L#mo'BNX;o^8{s%fh���2y	�4�
3.3 C�H�=&-N�+P9E9�o�wl 660◦C,\���NU%+#�#NE9�\!p��L��S-p��{l 600◦C. �S-u�l�\ 600◦C �f� 1min, �Cu30{P�\ pw��*��eH Al-Si-O NX;oE9�30�0 NS- 30 ZC�'PNX;t>r℄dH�
��L�S-u�,%�u *%F 10◦C o>*(tLS-�X0%�����0 NS- 30 Z�NX;�tdH�
�AT Al-Si-O NX;�H<4o��f�`�BL��$o	u LY12 E9�WS�$}Q�mk:f4oNX;�a 4 l Al-Si-O NX;^'Po�J�Eaw�q�NX;^'PG�1��H8o�℄^oow�$�NX;^'Pody�JOg�7ATNX;OE9�WSlm�9Æ.z4�BHw	%�:;o�NU�`��w (m 30mm ozK�w) [ 40 � 60 � 80 6
100cm !�H�NUNX;o'P�\NU3+0IwNX;KH��OWSlmodH℄iM�ATNX;H<4ot���'b�℄OWSlmz!o`�t���w[
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2 l �-��p�iE-K Al-Si-O MWb:n�'M�8s~ 497,Z!�H�#�\;'PXPh��d�h�	CLQ��H!�o_f�h�oPZ_�NU!�l 100cm #�h�om�` 3mm.

` 4 Al-Si-O MWb:℄&O�I
Fig. 4 Inner surface morphology of Al-Si-O ce-

ramic coatings

` 5 %�AdFMWb:2/n&O�I
Fig. 5 Surface morphologies of specimens with

ceramic coating after first (a) and second (b) ten-

sile test

3.4 C�H�X,E�2(<�/B&�	%�:NX;OWSo�9t��a 5 l&��>CeHNX;30'Po�Ja�a 5(a) lv4Z&�C'Po�Ja�Eaw�j�iM��\NX;^/�7D;7$��)dH�E;~P�J�j�7D;w^\8o!|6>r�d/;�>iMo$R�ATWSONX;lmo�9t�!L;��ot��9mo&�t�l 18.3MPa, EL�/4/�;��:;m�,�NX;OWSlmo�9t�>�L 18.3MPa.u�;&�C��;mdHo30O4 �30`���v�Z&��9mo�9t�l 20.36MPa,�JÆa 5(b) J+�'P��os6�BP:<��o�9WS�NX;_Df~dH�BPo�9WSGw��-\h"30'P� 20.36MPao�9t�o=n(,`f~
�X(!NX;OWSlmo�92�Eaw�q�H4/�NX;nOWS�, (Æ A wJ+), NX;OWSlmo�9t�1L 20MPa.

4 16X0jF.L�\E9�'Pu�:�2 α-Al2O3, γ-Al2O3, X(!6�8�
L.L,o�9 Ai-Si-O NX;�['Pk^;	�X(!�o28{sp�� α-Al2O3 �o28{sQ!���P 60µm #�X(!�\NX;w���� γ-Al2O3 �-\h";w�NX;'PH8q,�S�y?wP���J)CLS�e�#�n�!oq,�S�yXlGQ��m\ 5µm 
I�NX;o�FO�yXl^��oq,�SL�6yL�
>H)�Km{jr:!�w�9.Lw\�yXl^�F�jF.Lo�4"Ow/�y?�o!p�'PJ�F.Lw��:!p�40I�B#moS-''P�F:fJo�J�NX;o^;G�1��H8o�℄^oow�dy�J�{:;OWS�H<4o�9Æ.�NX;`K5Y�6 600◦C o�NU��td,�
�;oe;z7
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498 s X 0 ; � � 21 �D�WSONX;lmo�9t�!L;e;O^;o�9t�� Al-Si-O NX;OWSlmo�9t�1L 20MPa.�4JL
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Microstructure and Adhesion Strength of Al-Si-O

Micro-arc Oxidation Coating

XIN Shi-Gang, SONG Li-Xin, ZHAO Rong-Gen, HU Xing-Fang

(Research and Development Center of Special Inorganic Materials, Shanghai Institute of Ceramics, Chinese

Academy of Sciences, Shanghai 200050, China)

Abstract: A complex Al-Si-O ceramic coating was deposited on aluminium alloy by micro-arc

oxidation (MAO). The composition and structure were analyzed by XRD and SEM, and the

adhesion strength of the coating to substrate was investigated by thermal impact, mechanical

impact and tensile tests. The results show that the coating consists of a mixture of α-Al2O3, γ-

Al2O3 and mullite. The coating surface is rough with a number of the plasma discharge products.

The coating can suffer mechanical impact and thermal impact of 600◦C, it indicates that the coating

possesses of good ductibility, thermal shock resistant and adhesion strength to the substrate. The

tensile test shows that the adhesion strength of the coating to substrate is higher than 20MPa.

Key words aluminium alloy; micro-arc oxidation; ceramic coating; adhesion strength


