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° 1  '()*+,lo±²³° 

Fig.1  Schematic of the fretting wear test rig 

 

 1  TC4!�"GCr15#$%&'()� 

Table 1  Chemical composition of TC4 and GCr15 (ω/%) 

Ti Al V O Fe N 

TC4 

Bal. 6.5 4.3 0.08 0.06 0.01 

Fe Cr C Mn Si Mo 

GCr15 

Bal. 1.6 1.0 0.3 0.3 0.08 
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Fig.2  Microstructure of TC4 alloy 
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Fig3  Friction coefficient as a function of time (a) and average 

friction coefficient as a function of displacement 

amplitude (b) of TC4 alloy in different environmental 

media 
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Fig.4  Effect of environmental medium on wear resistance of 

TC4 alloy: (a) wear volume and (b) wear rate 

100 125 150

0

1

2

3

4

5

6

7

8

W
e
a
r
 
V
o
l
u
m
e
/
�
1
0

8

 
µ
m

3

Amplitude/µm

 In air

 In water

 In 3.5% NaCl

a

100 110 120 130 140 150

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

W
e
a
r
 
R
a
t
e
/
m
m

3

·
(
N
·
µ
m
)

-
1

 

Amplitude/µm

 In air

 In water

 In 3.5% NaCl

b

0 300 600 900 1200 1500 1800

0.0

0.2

0.4

0.6

0.8

F
r
i
c
t
i
o
n
 
C
o
e
f
f
i
c
i
e
n
t

Time/s

 In air

 In water

 In 3.5%  N aCl

D=125 µm

a

100 110 120 130 140 150

0.54

0.57

0.60

0.63

0.66

0.69

0.72

0.75

A
v
e
r
a
g
e
 
F
r
i
c
t
i
o
n
 
C
o
e
f
f
i
c
i
e
n
t

Amplitude/µm

 In air

 In water

 In 3 .5% NaCl

b



ª2396ª                                        «�
¬­®��¯                                             � 49� 

Zç�"	��V��3E����Vz{y÷��¦

"
��V��3 E��¾ÜÃáVÃ�¦°¯��

� 0 V,���
��áVÄ¾b�
���
�Î

�¦��Î����
��Vz{��Ó.â�"ê

i�¯Ì|}.G¿
�Î�<èyõ�~���Î

�����B����Î�¯H¾ÜÃÓ²Þ}��

I��É��Ò�b�¾���Î�®�¦�8
 2

;�Æ�Zç���Î�����B����Î�¯

Ì|}¾IË�¶����Î�����Î�¯Ì|

}ùË��
�Î�¬�Î�cG�ùË<é«Zç�

���B���Î�¾\8{���Lhi< 

TC4 8{��E�ªáV�{¤�" NaCl åæ

;ªFA�|�áVÄ�\�
ÃÜ�����L�

ï°áV�b ¡¬�ª
������Î�W©r

Î�¦GCr15 ��E�� ��Î�L��" NaCl

åæ;��Î�¯Hêi�èy8{�	¬ª
�¯

�Î��«¬y8{Ò�	��I�#�Ëy8{�

Î�<ïy8{���Lê��áVÄªb ¡�°

áVÄb56Ò� ¡,��¥"¯�Áåæ;¢£

{¤��r¯Ë�²¬é������¨+,?\


È
�ªL�FM¯bH��Ý���
�_`�\

:«#�}4����ÙÚ
�ÒL¯Ë�V®µ�

ÇÐªÐÛ�ÙÚå�bc

[25]

<Î�? ¡�Ü�ñ

òL�hi�Ê��8�}�\ÙÚ
���£ �

"56Ò�.ªb�!�¯bÙÚBs<D�"¾"

�²w9.�ýþ�¿;��BGÉf~SüMß¿

;���#� 4b<Î�è�B±²!"¬�²¬
��

�³ÏÐ�ýë:�!"NO�/$4Ñ³Ò�<
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Fig.5  3D profiles (a~c) and 2D profiles (d) of wear scars on TC4 alloy in air, water, 3.5% NaCl solution  
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Fig.6  Polarization curves of different samples in 3.5% NaCl  
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Table 2  Corrosion potential and corrosion current of different 

samples in 3.5% NaCl solution 

Sample E/V I
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 A·cm
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TC4 substrate -0.670 4.375 

Fretting corrosion specimen -0.847 7.852 

Fretting wear specimen -0.909 6.561 
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° 7  TC41
2;<jk89:B]^'´_` 

Fig.7  Surface morphologies of TC4 alloy in different environmental media (F=100 N, D=125 µm): (a~c) air; (d~f) water; 

(g~i) 3.5% NaCl solution 
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° 8  3.5% NaCl¿À: TC41
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Fig 8  EDS analysis of TC4 alloy surface in 3.5% NaCl solution 

 

��������

1) "è�¨©ÀÁ;�GCr15/TC47����Å

Æ+HI�J�¯Ë¶ÃÜ¿¯Ë,���ÀÁ��

Bõr+HI�J�¯Ë�¯Ë���BG+:��< 

2) "B��w9.���ÅÆ��êË��Bõ

rê���BtuêB��B5�uv��Ê�BM

¬­�BaÉI�V�B< 

3) "ß¿ÀÁ;�é#¿ÀÁ�áâè÷øÒ

��M�¾¬­�B�
����ÅÆfg.h¦¿

ÀÁ!"I�#�Ê�B�
���Bõrfg¯Ë�

�Btuêú¦�B5�uv��Ê�B�)*�B< 

4) "ýþ�¿;�åæ;� Cl

-

"��ÝÞ;F

AáâÄ\�HI~ß¿Ç���áâL����Å

ÆÐ�N��¦"56� Cl

-

���±²Ò.��ÙÚ

Ìsb��èß¿�~�BõrÐ�N¯Ë��Bè

Î��õÃÜNO�/$4Ñ³Ò�¦�B5�uv

��Ê�B�Î��B< 

 

����    References  

[1] Zhou Zhongrong(ÈÉÊ), Leo Vincent. Fretting Wear('()

*)[M]. Beijing: Science Press, 2002 

[2] Zheng J F, Luo J, Mo J L et al. Tribology International[J], 

2010, 43(5): 906  

[3] Fan Na(Ë Ì), Wang Yunxia(ÍÎÏ), Wang Qiufeng(ÍÐÑ) 

et al. Tribology(rs��Ò)[J], 2016, 36(5): 555  

[4] Kirk A M , Shipway P H , Sun W et al. Wear[J], 2019, 426-427: 

694  

[5] Tang C B, Liu D X, Tang B et al. Applied Surface Science[J], 

2016, 390: 946  

[6]Yang Q, Zhou W L, Niu Z Q et al. Surface and Coatings 

Technology[J], 2018, 349: 1098  

[7] Shen F, Hu W, Voyiadjis G Z et al. Wear[J], 2015, 338-339: 

394  

[8] Chang Hui(Ó Ô), Liao Zhiqian(ÕÖ×), Wang Xiangdong 

(ÍØÙ). Titanium Alloys for Marine Applications(IÚ�¯

0
¬­®)[M]. Beijing: Chemical Industry Press, 2017 

[9] Mao Y S, Wang L, Chen K M et al. Wear[J], 2013, 297(1-2): 

1032  

[10] Barril S, Mischler S, Landolt D. Wear[J], 2005, 259(1): 282  

[11] He Qian(Û Ü), Sun Deen (ÝÞß), Zeng Xianguang(àá

U). China Surface Engineering(:�]^�¯)[J], 2018, 

31(1): 74  

[12] Chen J, Zhang Q. Transactions of Nonferrous Metals Society 

of China[J], 2016, 26(4): 1011  

[13] He Yafeng(Ûâã), Lu Wenzhuang(äåæ), Gan Weimin 

(�Dç). Journal of South China University of Technology, 

Natural Science Edition(èé�����Ò , �	
�

ê)[J], 2017(6): 124 

[14] Wang Linqing(Íëì ), Zhou Yongtao(Èíî ), Wang 

Junjun(Íïï) et al. Tribology(rs��Ò)[J], 2019, 39(2): 

206  

[15] Ding Hongyan(ðñò), Dai Zhendong(óôÙ). Rare Metal 

Materials and Engineering(«�
¬­®��¯)[J], 2007, 

36(5): 778  

[16] Ding Hongyan(ðñò), Dai Zhendong(óôÙ), Xu Tao(õ 

ö). Lubrication Engineering(÷ø�ùú)[J], 2005(6): 28  

[17] Chen Jun(û ü), Yan Fengyuan(ýþ�), Wang Jianzhang 

(Í��). Tribology(rs��Ò)[J], 2012, 32(1): 1  

[18] Chen J, Yan F Y. Transactions of the Nonferrous Metals 

Society of China[J], 2012, 22(6): 1356  

[19] Yu Shurong(��Ê), Sun Lu (Ý �), Song Wei(� �) et al. 

Rare Metal Materials and Engineering(«�
¬­®��

¯)[J], 2019, 48(4): 1183  

[20] Song Wei(� �), Sun Lu(Ý �), Jing Pengfei(��	) et al. 

Journal of Central South University, Science and 

Technology(:é���Ò, �	
�ê)[J], 2019(2): 328  

[21] Li J, Lu Y H. Wear[J], 2013, 304(1-2): 223 

[22] Wang Mengjiao(Í
�), Wang Yunxia(ÍÎÏ), Fan Na(Ë 

Ì) et al. Lubrication Engineering(÷ø�ùú)[J], 2019, 

44( 2): 14 

[23] Li Xinxing(�
�), Li Yixian(���), Wang Shuqi(Í�

�). Chinese Journal of Rare Metals(«�
¬)[J], 2015, 39 

(9): 793  

[24] Zheng Chao(� �), Wei Shicheng(���), Liang Yi (� �) 

et al. Chinese Journal of Rare Metals(«�
¬)[J], 2018 

ω



� 7�                              �  �µ$TC41
2;<jk89:'()*CD./                          ª2399ª 

 

(10): 1018  

[25] Deng Kai(� �), Yu Min(� �), Dai Zhendong(óôÙ) et 

al. Rare Metal Materials and Engineering(«�
¬­®�

�¯)[J], 2014, 43(5): 1099  

[26] Fan N, Wang Y X, Wang Q et al. Lubrication Science[J], 

2018, 30(3): 116 

 

 

Fretting Wear Behavior of TC4 Alloy in Different Environmental Media 

 

Song Wei, Chen Qiang, Yu Shurong, He Yanni, Jing Pengfei 

(Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: The fretting wear behaviors of TC4 titanium alloy under different displacement amplitudes in air, pure water and the artificial 

seawater of 3.5% NaCl were studied by SRV-IV fretting wear test rig. Scanning electron microscopy and laser scanning confocal 

microscopy were used to characterize the surface morphology, wear volume and wear profile of the wear scar. Fretting wear mechanism of 

the titanium alloy in different environmental media was analyzed. The results show that the friction coefficient increases first and then 

decreases with the increase of the displacement amplitude, while the wear volume increases. Under the dry friction condition, the friction 

coefficient is higher and unstable, and the wear volume is smaller. The wear mechanism is mainly abrasive wear, adhesive wear and 

oxidative wear. Compared with dry friction, the friction coefficient in the aqueous water is lower, the wear volume is significantly 

increased, and the friction coefficient in the artificial seawater is lower and more stable, and the wear profile is deeper, indicating that 

there is a “positive” interaction between corrosion and wear. The fretting wear mechanism of TC4 alloy in pure water is mainly fatigue 

wear and abrasive wear; while the fretting wear mechanism in artificial seawater is mainly abrasive wear and corrosion wear.  

Key words: TC4 titanium alloy; fretting wear; environmental medium; displacement amplitude 
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