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Table 1  Chemical composition of Ti-6Al-4V alloy (ω/%) 

Element Ti Al V Fe C N 

Chemistry Bal. 6.5 4.3 0.06 0.01 0.01 

EDS 89.89 5.91 4.20 - - - 

 

 

 

 

 

 

 

 

 

 

§ 1  TC4.
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Fig.1  SEM image of TC4 alloy 
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Fig.2  Evolution of COF for TC4 alloy under various temperatures and counter-bodies 

10 µm 

0 

a 

a′ 

a″ 

b 

b′ 

b″ 

c 

c′ 

c″ 

G
C
r
1
5
 

S
i

3

N

4

 
A
l

2

O

3

 

25 g 260 g 

450 g 



� 4�                          ���®Q?@A�B0 TC4.
56EFG?@HI7JK                       ¡1419¡ 

��-�M+�vö���
��?@,��1/0+

�~©��o+ÌÍý¹L2�ouO�6�
:;

©�+JK?@�����©�¬45
Æ��ØE

F���¡�µÏJ`¾¿+�1ã�Gn1/0+

L~J`
µÏÇ��¯�ï�+ÌÍý¹MN,�

� ¡�¢£
�¤¥¦��u�%_� 2 �l��

�vÖ1§�® 260 JI+TC4/GCr156�JK'(

1000 s¨©+ÌÍý¹MNxª�«O� ¡�&�

¤¥¦ß�IN�¥¦
ã�uTC4/Si

3

N

4

% TC4/Al

2

O

3

6�ÌÍý¹MNÒ¬�«­«®u�%_� 3 �l

��¯Õ§�® 450 J+TC4�vÇ 3�Vø³��

6�JK
ÌÍý¹MNÒ�«O�¤ßIN¥¦


á´u�k�°S
 TC4/GCr156�JK�«ÌÍý

¹¥¤á´�6���+±¥¦G°S+�k��o


 TC4/Si

3

N

4

�«ÌÍý¹¥¤á´�6�_�+�

k�°o
 TC4/Al

2

O

3

�«ÌÍý¹¥¤á´�6�

.�u�% 2l� TC4�v|�6�JK�� 2�¥

¤µ�
ÌÍý¹+Ù/0²@J`
µÏÇ��=

>
�¤¥¦+�ÌÍ¡�ØµÏ.
IN¥¦u 

������
���
��

O% 3 TC4�v6�JK8%JK�´�l�+

���k��¬+TC4/GCr15 6�JK1r8%JK

�Ò°Su��Vø�
�¬+|� 450 JI
JK

8%JK�ÒS�ð�+±¯�°SGuTC4/GCr15

6�JK8%JK�ÒL�k§|³´µé+hT�

G 90%u¶�vÖ1§�® 260 JI+TC4/Si

3

N

4

%

TC4/Al

2

O

3

6�JK1r8%JK�ÒL�kg·�

ou¯Õ§�® 450 J+|��¸Ü/0²@3JK

¾¿
ÌÍ¡�+Û,ÜÌÍ¡�Ø
µÏ+¹¢à

6JK
á´+TC4/Si

3

N

4

% TC4/Al

2

O

3

6�JK1r

8%JK�fgéS+Òi�ð�+RÇ% 2 _ÌÍ

ý¹MN�|� 450 JIÒ�«IN¥¦Uº�ul

B»G TC4�v¼���
|�6�JKn�

[18]

u 

������������

% 4%% 5ÐÀG TC4�vÇ 3�Vø³��6

�JK?@
�opq%noµ�u�% 4 _� 1 �

ð���l��J�x½¾k´�öo+J�¿kÀ

Á��uTC4/GCr15 6�JK,��1/0.6¡1

����M+�v?@´ÂÃÄ+pqMN ¡öïa

TC4/Si

3

N

4

% TC4/Al

2

O

3

6�JKI+³�����v

?@¿k�o+�~©��{+­I?@pqMN_

w�fg¿Å+ÆÇ�GgÂu�% 4 _� 2 %� 3

�l�+L~�vÖ1�k
§|+TC4/Si

3

N

4

%

TC4/Al

2

O

3

6�JKpqMN´�È�¥¦+RXO

�Ö1?@�|�É�+./01�6�©�¬ì� 
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Fig.3  Evolution of wear volumes (a) and wear rates (b) of TC4 

alloy under various temperatures and counter-bodies 
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Fig.4  Profiles of worn surfaces under various temperatures and counter-bodies 
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Fig.5  LSCM images of worn surfaces under various temperatures and counter-bodies 
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Fig.6  Morphologies of worn surfaces under various temperatures and counter-bodies 
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Fig.7  EDS distributions of oxygen and titanium on worn surfaces of TC4 alloy at temperature of 25 g(a~c) and 450 g (a′~c′): 
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Fig.8  Typical cross-section morphologies of worn surfaces GCr15 (a, a′), Si
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Abstract: The gross slip regimes of TC4 alloy against with various counterface materials and temperatures at critical experimental 

conditions were selected to study the effect of formation of tribo-oxide layers on wear properties and coefficient of friction (COF) of TC4 

alloy in fretting wear. Results show that irrespective of tribo-pairs, the coefficient of friction of TC4 alloy has undergone periodic 

evolutions at room temperature, no tribo-oxide layers have been produced on wearing surfaces and the wear rates are higher. When the 

samples are heated to 260 °C, the COF of TC4/GCr15 tribo-pair appears the earliest transition from a “concave-convex” dynamic to an 

approximately “straight-line” stable state, the earliest severe-mild wear transition occurs and tribo-oxide layer has generated, resulting in 

the wear rate reduces significantly. However, TC4/Si

3

N

4

 and TC4/Al

2

O

3

 tribo-pairs have no obviously tribo-oxide layers formed, and the 

wear rate climbs sharply to the maximum value. Severe-mild wear transitions of TC4 alloy against with various counterface materials 

occur while the samples are heated to 450 °C, the tribo-oxide layers differed from the matrix are formed on worn surface and the wear 

rates are lower than room temperature, reaching a minimum value. The excellent wear properties of TC4 alloy in fretting at elevated 

temperature are attributed to the generation of the formation of tribo-oxide layers with uniform distribution, continuous compressed and 

good adhesion. The wear mechanism of TC4 alloy is dominated by adhesive and abrasive wear before the severe-mild transition, while 

controlled by oxidative with slightly abrasive wear after the transition beginning. 

Key words: TC alloy; fretting wear; tribo-oxide layer; severe-mild wear transition; coefficient of friction 
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