
� 48�    � 12�                                   ��������	                               Vol.48, No.12 

2019�      12�                       RARE METAL MATERIALS AND ENGINEERING                    December 2019 

 

�����2018-12-15 

���	����	
��
����2018JZ5004� 


��
�������1985���������������� �  710072�E-mail: wsq1209@mail.nwpu.edu.cn 

 

TiAl ��������	
 Al

2

O

3

��
� 

��������� 

 

���

1

����

1

��	


1

���


1

��  �

1,2

 

(1. ��������� �  710072) 

(2. ��!"#$%&'��� �  710016) 

 

�  ��()*+,-./
0123456 TiAl7#89:;< Al

2

O

3

=>?@�%&<?@6�ABCDEFGH

I)JKLMLN(SEMOEDS)OPQLMLN(TEM)OXQRSQ(XRD)TUV�W Al

2

O

3

?@6�ABCX6,YZ

[OF\G]^_`abc6defg<%&h]iHbj8k�TiAl 7#89*+,-./BCX�1*+89


�l`m Al(OH)

3

6noOpqrbZG Al

2

O

3

=>?@6./HAl

2

O

3

?@�A]s� IOX� IID5� III 3tuv�

s�w-xy@z{|�?@�A}~OF\���h�ab7�����X�?@�A}��Al(OH)

3

��noDp

qrb�?@b`������5�?@�A��e��8@F\��O���EFG� 87.5%6 α-Al

2

O

3

D 12.5%6

γ-Al

2

O

3

H 

����*+,-./�TiAl7#�,YF\bcd��b`� 

�������TG174.453�TG146.23        ������A        �����1002-185X(2019)12-3883-06 

 

��������	
��
�(cathodic plasma 

electrolytic deposition�CPED)�����������

� 304 ���������� �!"#$��%

&�'(�)*+�,-��./0123
456

�789:;<�=>	
�?@	
2ABC��

��./��2DEFGHIJK>LEFG�MN

1OPQRS�TUVEF�WX�WY�ZA2[

\]6

[1]

^_
�2`a'$bJc]6LdeS�

fg2h1�i�jklmn%odpq�r[\]

6^stuvwx?@_
�' Ti y Ti z�

[2]

�Al

z�

[3,4]

�TiAl z�

[5-7]

�Mg z�

[8,9]

����

[10-12]

{

|SUVz�

[13-15]

�fg./1OPc Al

2

O

3

�ZrO

2

�

Al

2

O

3

-ZrO

2

-Pt �}z[\]6�{~� Co 6y Cr

6���I�.����	
��6Ld����S

�Iz���A���US�fg2TUVEFA��

�WXyW�YZA2���t��2��^ 

���?@��	
��
�' TiAlz�./1

O Al

2

O

3

[\]62��I�.�

[16]

���	
��

Al

2

O

3

]6A��UTiAlz�S�2TUVEFA��

����	
��]6>�k���I�2�F��

 ¡¢��^£¤�¥¦�?@��	
��
�'

0§¨©2 TiAlz�./1O Al

2

O

3

[\]6�jk

��]6>�k�&	ª«¬�o­Ld��oL�

{~�®¯�°±²³)2´F��[\]62>�

k��{�I��Fµ"c¡¢�����I��¶

·��	
��±²¸¨¹�_
�µ"²@º»¼

t½¾2¿À^ 

��������

ÁÂÃ@fg� γ-TiAl z��ÄÅÀLd�

Ti-47.5Al-1.7V-1.1Cr (at%)�ÆÇÈ+¦L 20 mm×10 

mm×5 mm 2�É�Ê�ËÌÍX�ÎÏÐÑÒÓ©

Ô@^ 

?@	
EF
�' TiAl z�./µ"0§¨

1O3
456�456� TiO

2

y Al

2

O

3

�ÕÖ× 3 

µm�Ø©'ÙÖ 0.3 mol/L2 Al(NO

3

)

3

ÚÛ��%&

µ"��	
��

[16]

�±²Ü#ÝÞ 1Ã·^ 

ß0§¨©2 TiAlz����������� 

��(�à!"#$��%&��à)á 10 mm^±

²k�&â��ãäÖ 10 A/dm

2

�åælç�,-è

P�ãéê�' 0.7 A��ãëì 100 Hz�íîï 30%�

±²³)dð� 0.5�1�3�5�10�15�30�45y 60 



�3884�                                          �!#$��h�C                                           � 48� 

 

 

 

 

 

 

 

 

 

 

� 1  CPED������� 

Fig.1  Schematic diagram of the CPED system 
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Fig.2  Working voltage-time curve of CPED process and growth 

dynamics curve of CPED coating 
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Fig.3  Morphologies of barrier layer (a) and CPED coatings of initial stage for 30 s (b) and 5 min (e); TEM images of point B (c), point C (d) 

in Fig.3b and point D (f) in Fig.3e 
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Fig.4  Morphologies of CPED coatings of medium stage for 15 min (a) and 30 min (b); TEM images of point A in Fig.4a (c) and 

point B in Fig.4b (d) 
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Fig.5  Morphologies of CPED coatings of late stage for 60 min (a) 

and TEM image and SAED pattern of point A in Fig.5a (b) 
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Fig.6  XRD patterns of CPED coatings of different time: (a) 5 min, (b) 15 min, (c) 30 min, and (d) 60 min 
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Abstract: In order to study the microstructure evolution of Al

2

O

3

 ceramic coatings during cathodic plasma electrolytic deposition (CPED) 

process, Al

2

O

3

 coatings were fabricated via CPED technique on prepared TiAl alloy in Al(NO

3

)

3

 electrolyte with different time. 

Microstructure, morphology and chemical compositions of coatings were analyzed by scanning electron microscopy (SEM) with 

energy-dispersive spectroscopy (EDS), transmission electron microscopy (TEM) and X-ray diffraction (XRD), and heat-resistance of TiAl 

alloy substrate and CPED coating was tested. The results indicate that the growth process is divided into three stages, i.e. the initial stage, 

the medium stage and the late stage. The barrier layer is broken down and the coating grows slower in the initial stage, and has uniform 

and good combination with the substrate. The CPED coating grows stably and more rapidly in the medium stage, and the crystallinity of 

the CPED coating improves. In the late stage, the CPED coating grows slower, containing 87.5% main phase α-Al

2

O

3

 and 12.5% γ-Al

2

O

3

, 

and the loose and porous outer coating is fabricated. 

Key words: cathodic plasma electrolytic deposition; TiAl alloy; microstructure evolution; crystallinity 
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