
� 38� � 12� ��������	                            Vol.38, No.12

2009�      12�                       RARE METAL MATERIALS AND ENGINEERING          December 2009

�����2008-12-10

���	����863	
���2007AA03Z521�����������50501016�50771070����������2006021023���

���������� !"�


���# $�%�1974�&�'(�)*+�,-./0�12/3456��� ,- 030024�7890351-6010540�E-mail: 

qinlin@tyut.edu.cn�:;<=9> ?�*+�'@�7890351-6010540�E-mail: tangbin@tyut.edu.cn

Ti6Al4V ���� Cr-Mo ����	
��

��������

� �

1

�� �

1

����

1

�	�


1

���

2

�� �

1

(1. ,-./0���� ,- 030024)

(2. �A/B0��C� �D 710072)

� ��EFGHIJKLMN�O Ti6Al4VP�12QRSTP�U�VWXYZ[\ Cr-MoP�MH]:^ GDOES_

XRD �`abc1HWdefgh�ijklmn
eopqrstuP�MH\vw]gx1y9P�MHzP�

UT{ Cr | Mo }~nd�����UP� Cr

1.93

Ti

1.07

_Cr

2

Ti_Cr

2

Ti

4

O

11

�fhW��v\ Ti6Al4V P�12mn�

�03n\����qrvwyk��]

����Ti6Al4VP��Cr-Mo�vH�12P�U�qr

�������TG146.2

+

3�TG174.445 ������A    �����1002-185X(2009)12-2226-04

��������	
���
������

����������
��
��
� 
!"#

�$%&�&'()*+,-./01234���

56789�:;<=>+�?@<=AB�C#D

E�FG�HIJ���-.*KL�MNO�

[1~5]

3 

Mo*PQRS	�T�	�UV*�</0�

W�#X��YZ[ Mo NC\]XYZ�<��3

^_�`a[bcd

[6]

W Ti6Al4V ��YZ[b� 

efe Mo�2gh�i\]JYZ�<��

[7,8]

3W

jkli-�`a[mcd�W Ti6Al4V��YZn

o[�efp Mo Mqrfp N�s�t Mo

2

N
  

MoN�%�u*\�v�w2xy	J���*�<

�

[9]

3zN{����*|}~����	*���

no�	*����%���NCy	�*	}��

%�F3Cr� Mo	}������G}�C���

s��W�����3Cr � Ti 	}������G

}���eq%�u��3�� Cr� Mo*-���

j�*������^_�v��`a[cdW

Ti6Al4V ��k�ino[�efp Mo M Cr s�

Cr-Mo ��[v� ¡\�v*�¢
£¤�56<

=��3 

��������

¥o�¦* Ti6Al4V ��§¨&� Ф36 mm×5 

mm*�©� <ª�«YZ¬� R

a

<0.05 µm3k

/�¢®¯S¢8�%°� Al 6.7�V 4.21�Si 0.07�

Fe 0.10�C 0.03�O 0.14�N 0.015�H 0.003�Ti±S²

³� 3.6 GPa3 

^_´µ�&9¶·¸*�v��`a[¹ºW

�©YZ¸º Cr-Mo[b��\�v3»¼ Cr� Mo

½[*¾��¹¿J�À 1ÁÂ*$Ã-.ÄΦ50 mm

ÅÆÇÈÉ�� 80 mm*2Ê�W2ËÌ2ÍÎ�Ï�

ÆÐ#ÏiÑÒÓÔ�ÕÖÉ�* Φ5 mm Mo§M Φ5 

mm Cr§×ØÏiÔÙMÆÐÔÙ3ÚÛo�$ÃÜ

ÝÞ$ÃßÃi�	à�©Euá 15 mm��©âÞ

$Ããäåæ�3j$Ã¾�U�NCçè Mo §M

Cr§*�é�êçë$Ã Mo
Crfp*ì�S�í

îïðñn�¢tS*[v3Cr-Mo ½[&òU�ó

ôõØ Arö�Ti-6Al-4V�©÷�øß�ù`aúû

YZwüý��þ}²�©þ}� 400 �o�Ó�$

Ãß$�$Ã÷���Ã�$Ãqs��æ�Ã���

¨�þ}²870 �o�çè�
$�Ãß��{}�

��	gwü Cr-Mo½[²�} 3 h
�ß$�[b

-���©Û��3��&ò�8UÄ$Ãß� 900 

V��Ãß� 600 V�Aröö� 48 Pa��-$Ãq�

15 mm�[�e}� 870 ���}oq 3 h3 



� 12�                     #  $�9Ti6Al4VP�M� Cr-Mo12�vH��gh���q�v45                 �2227� 

 

 

 

 

 

 

 

 

 

 

� 1  KLM Cr-Mo��-u�gh��� 

Fig.1  Sketch of source-sample cathode 
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� 2  Ti-6Al-4V12M Cr-Mou�\�2��V� 

Fig.2  Micrograph of the cross-section of Ti-6Al-4V specimen 

after Cr-Mo alloying 

 

 

 

 

 

 

 

 

 

� 3  Ti-6Al-4V12M Cr-Mou�\P�T{d� 

Fig.3  Distributions of alloying elements in Cr-Mo alloyed layer 

on Ti6Al4V alloy 
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� 4  Ti-6Al-4V12 Cr-MoP�UMH\ XRD�� 

Fig.4  XRD pattern of surface Cr-Mo alloyed layer 

on TI6Al4V alloy 
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� 5  12P�Uu�\mn�H d� 

Fig.5  Hardness distribution along depth of surface 

alloyed sample 

 

 

 

 

 

 

 

 

 

 

 

� 6  Cr-MoP�Uu�e��\¡¢£¤¥¦ 

Fig.6  Friction coefficient vs. sliding distance for Cr-Mo alloyed 

sample and substrate 
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� 7  Cr-MoP�MH|�§ Ti6Al4V\qr¨ 

Fig.7  Wear rates of Cr-Mo modified layer and Ti6Al4V alloy 
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Fig.8  Wear scar of Cr-Mo alloyed sample (a) and corundum 

ball (b) after sliding 100 m 
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Study on Microstructure and Wear Resistance of Cr-Mo Surface Modified Layer 

on Ti6Al4V by Double-Glow Plasma Technique 
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Abstract: Ti6Al4V alloy surface was multi-alloyed by a double-glow plasma technique, and the homogeneous and dense Cr-Mo modified 

layer was formed. The phase structure and composition of the modified layer was characterized by XRD and GDOES, and its properties 

were tested by microhardness meter and ball-plate wear instrument. The results show that the composition in the modified layer are Cr and 

a few Mo, and decrease gradually from the surface to the underlying substrate. The layer is composed of Cr

1.93

Ti

1.07

, Cr

2

Ti, Cr
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Ti
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O
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 and a 

few FeCrMo phase. Surface hardness of the modified Ti6Al4V alloy is increased greatly, and the wear resistance is improved significantly.  

Key words: Ti6Al4V alloy; Cr-Mo modified layer; surface alloying; wear 
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