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Table 1  Specifications of CNTs 

Purity, ω/% OD/nm Length/µm 
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¤ 1  CNTs] AC-CNTsE7OPQ�¥¦A 

Fig.1  Micromorphologies and wettabilities of CNTs (a) and 

AC-CNTs (b) 

 

 

 

 

 

 

 

 

 

 

 

¤ 2  CNTs] AC-CNTsE�§�¨¤ 

Fig.2  FT-IR of CNTs and AC-CNTs 
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¤ 3  �¬ CNTs=>LMEFGHIJE7OPQ 

Fig.3  Morphologies of coatings with doping CNTs: (a) MAO, (b) CNTs/MAO, (c) A-CNTs/MAO, and (d) AC-CNTs/MAO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¤ 4  �¬ CNTs=>LMEFGHIJE­¡7OPQ   

Fig.4  Section morphologies of coatings with doping CNTs: (a) MAO, (b) CNTs/MAO, (c) A-CNTs/MAO, and (d) AC-CNTs/MAO 

 

>�½¼J*�²»¼Î��>¹y��%nxy�

\G:ÕIJK´�$Ý~ 3a ���MAO ���x

y!¿����¬¯�öëý�éê�]!3¬Þ]

¯�1 µm ÀÁ��]¿3¬Þ]��_xy°GÂÃ

Î�Ä$�ÅC 7.5 µm��}«¬_�¸$Æ CNTs

�<ÚöïðÔÍ�ÓÇ���� ���¢��¬

¯�öëý éê��Åd�È�<$²K A-CNTs/ 

MAO½>���xy�¬ÉÊË¿GÆÇ��_�¬

ªN¯Ì*Ë¿��xy��¢�º?hò¬Í�}

�Î��Åçéê�C 9.0 µm�_¾�»¼$

AC-CNTs/MAO ½>���]Ò«Î�¬ªN�<�

�²xy�¢��¬ÉÊöëýÏéê�¬ü¯e�

c 

d 

5 µm 

a b 

c 

d 

10 µm 

b a 



� 11�                             ���`h��f¡ CNTs=>789:FGHIJAB                          ¢3667¢  

�¢²�¾�»¼$�Ð�CNTs�<ÚeÑA	!�

}MN$CNTsÒq_�Ó�·0�­H²1e]!�

°ÔÕM�Ö·\�

[12]

�×�<Ú®Ë¿Õ·¦§·

p�ØÙ¬�KL�H�¾�Ú¶]�_»¼��W

H�}¬üéê�$CNTsÛW�®·/�ëì·M�

G6¤\N¥�HÜ�·M¼*Ë¿��¾��}]

�¢$_ CNTs ]!�Ð®O�H����IJK�

ÐNöKì��GhòJ*sÓÇÝ�´�?Þ�	

!�}�MN

[13]

$_ CNTsGà¹Kßhò�à·k�

G·á��¥�ØâgGã3%�xy�ÝA·¸¹

��¬äL�6*^�H CNTs �Ý�·�ågÚ�

����WH²¬üOe�Ë¿�¬ü <éê$ 

~ 5�!æª¥ AC-CNTs/MAO½>����x

yøù SEM��$Ý~�ç��ÝA²�Ïñò��

­�CNTs�®Øà¸â·/�G����IJK¾�

gºÚ����_­"ãäG�·�åFögè$ 

2.3  �
�� 

~ 6 � CNTs�F%ö�¤ CNTs ïðÔÍ MAO

���� XRD{~$�î���MAO���9Ý&

zéÊ TiO

2

Bê%ëÊ TiO

2

û¾�½>���K�

?�É6 CNTs�x� CNTs��Iâg�Ý�gÚ�

���K$ 

 

 

 

 

  

 

 

 

 

 

 

¤ 5  �®¯° AC-CNTs/MAOFGHIJEf¡PQ SEM±² 

Fig.5  High magnification SEM images of AC-CNTs/MAO composite coatings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¤ 6  CNTsR��]�¬ CNTs=>LMFGHIJE XRD 
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Fig.6  XRD patterns of CNTs, Ti and coatings with doping CNTs 
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¤ 7  �¬ CNTs=>LMEFGHIJE�7³´ 

Fig.7  Microhardness of coatings with doping CNTs 

 

 

 

 

 

 

 

 

 

 

 

¤ 8  �¬ CNTs=>LMEFGHIJEµ¶´ 

Fig.8  Roughness of coatings with doping CNTs 

 

���no��>�ëR� 14.8�16.3�19.6B 23.2 N$

AC-CNTs/MAO ½>���xy¬ü¯�öëýé

ê�²xy¬üOÎ]!��²�¬¯e��¢²�

<9»¼��_²�¬G�}xyìëéêöëý�

H²÷ø��)��W�>)*!^W A-CNTs/MAO

½>���ÝA²}�Î�­Ë¿�÷ø���H²

�>)*ù¿$ 

2.6  �������� 

~ 10��¤ CNTsïðÔÍ MAO���§¨©

ªy`$Ý~����MAO ����CNTs/MAO ½

>���ö AC-CNTs/MAO ½>���ëRG 4�13

B 15 minÀÁ�[�§¨©ªëR� 0.78� 0.22B

0.18$W A-CNTs/MAO½>���� 20 min��ú×

�[��²§¨©ª]!�C� 0.58$����+U

/­"9Ý²xyøùöxyZ*¿ò�$CNTs�<

Ú��Ë¿�����§¨©ª��¯�����+

U/$CNTsûÖA���ö�¬K��ü�§¨IJ

KD���Äý�þ����Ä��
�H���� 

 

 

 

 

 

 

 

 

 

 

 

¤ 9  �¬ CNTs=>LMEFGHIJ/
·EdG¸ 

Fig.9  Adhesion of coatings to substrate with doping CNTs 
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¤ 10  �¬ CNTs=>LMEFGHIJ¹º»¯¼½ 

Fig.10  Friction coefficient curves of coatings with doping CNTs 
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¤ 11  �¬ CNTs=>LMEFGHIJEX¾PQ  

Fig.11  Wear morphologies of coatings with doping CNTs: (a) MAO, (b) CNTs/MAO, (c) A-CNTs/MAO, and (d) AC-CNTs/MAO 
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¤ 12  �¬ CNTs=>LMEFGHIJE¿:¼½ 

Fig.12  Polarization curves of coatings with doping CNTs 
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Table 2  Electrochemical data of coatings with doping CNTs 
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¤ 13  �¬ CNTs=>LMEFGHIJZ[À:Á� 

Fig.13  Pore simplification model of coatings: (a) MAO, (b) CNTs/MAO, (c) A-CNTs/MAO, and (d) AC-CNTs/MAO 
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Performance of Ceramic Coatings via Micro-arc Oxidation with Doping CNTs 

 

Yu Sirong, Wang Xian, Zhao Yan, Liu Enyang, Xiong Wei 

(China University of Petroleum, Qingdao 266580, China) 

 

Abstract: The composite ceramic coatings with excellent performance were prepared by micro-arc oxidation with doping CNTs. Influence 

of CNTs doping method on microstructure, phase composition, wear resistance, corrosion resistance, porosity and pore uniformity were 

investigated. The results show that the decrease of length to diameter ratio, the change from super hydrophobicity to hydrophobicity and 

the introduction of oxygen-containing functional groups after modification, and the dispersion of CNTs in solvents is remarkably improved. 

The addition of CNTs makes coatings smoother and denser. The coatings are composed of rutile TiO

2

, anatase TiO

2

 and CNTs. The 

addition of CNTs helps to improve the wear resistance and corrosion resistance of coatings. The A-CNTs/MAO coating is not completely 

damaged after friction test for 20 min, showing the best wear resistance. The self-corrosion potential of A-CNTs/MAO coating is −67.61 

mV, the corrosion current density is 7.43×10

-7

 A·cm

-2

, and the polarization resistance is 6.84×10

4

 Ω·cm

2

, showing the best corrosion 

resistance. 

Key words: pure Ti; micro arc oxidation (MAO); doping method of CNTs; wear; corrosion 
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