
� 48�    � 2�                                   ��������	                                 Vol.48, No.2 

2019�      2�                        RARE METAL MATERIALS AND ENGINEERING                     February 2019 

 

�����2018-02-08 

���	����	
��
�51335005� 


��
�������1990����������������� !"�#$%�&�'( �� 116026�)*+0411-84723319�

E-mail: shengdezun@163.com 

 

��������	
���
������ 

 

������� 

(�������'( �� 116026) 

 

�  ��,-.�/01(HEC)234�56789�:;<=>?@A Ti-6Al-4V BCD�EFGHIJKLMNO

PQRS
TUVWX�YZ[\]MNOP^_`abc0de�HIfghijklZghimnBopqr�

s UMT-2 CDmt^uvwhixyXj56z{X| Ti-6Al-4V CD�EFB}~G��T��CD�%���B

�S�������BJ�CD���µ≈0.005���xyX�{XB���_`abj Ti-6Al-4VBCD������

����xyX,��{X���dr��56 �xyX�¡��CD¢£¤¥4h¦§¨�56z{X�¡��

©XMª���«�f¬­J�CD�¬­J�CD®S¯BxyX,�4Sh¦{X�°�RS
TUdrN±²

m³´µ�¶·¸4Sh¦¹¢�º»�dr��B56 G��N¼hi�½¾¿RS
B4�56ÀÁG 

����Ti-6Al-4V�4�56�J�CD�-.�/01�56ÀÁ 

�������TG356.1

+

6        ������A        �����1002-185X(2019)02-0509-08 

 

��������	
��
���

[1,2]

����

��������������������� !

"�#$%&'(!)	
*+�,�-	���.

��/0�1��#$%&2�34567�89:

;�<=,�>?���@A�Chai B

[3]

CDEFG

HIJK Li

+

LCs

+

B��IM�NO*+PQRS(SFB)

TU	
�VWXY�Z[\)"=]^_� DE

FGH�#$%&�Kampf B

[4]

`a�� bDc�

	
�de�f&g)"hij^_bDc�� %

&�SFB�kVXY�#$P�%&l)m 15 nm^

4� 56 nm�=]no*+�pqrP�GoldbergB

[5,6]

CstuvwxyZz{�|}~�#$P�%&l

),� 77 nm����_� 12 MPa�����	
�

�(2×10

-5

)�Chen B

[7,8]

CD 2-����xFG�v�

yZ(pMPC)���|}*+�pMPC���!"���

���_� 7.5 MPa��!"����=]����

�	
��(≈0.0004)�(~	
��W�� SFB��

~���SFB �&|}%	
����+���

2.8×10

-4

 mm

2

�\K�� VW

[9]

�Deng B

[10]

�&¡

¢£¤¥¦§%	
��`a�v�IM(pH=1.5)�

��	
�de�	
��¨©� 0.003�VWª¡¢

£¤X«¬­�	
���+��� 3.1®10

-2

 mm

2

�

¯ SFB�����+��° 2±²³� 

´ [�«:µ�L¶·¶¸¹º»¼½¾&�

�

[11,12]

�����¿ÀÁ�´ [�	
�dedÂ

Ã���

[13]

�Ä�W(� ÅG�ÆÇÈ%���

j�`aÉÊVW¿ÀÁ´ [�	
�de�� 

ËÌÍÎ!ÏBÐÑ�Òa´ [�����ÓÔ�

(Õ�� ÅG�ÆÇÈ�´ [����¾&�Ö

ÐÑ×Ø� 

��������

ÅG�ÆÇÈ(HEC)ÙÚÛÜ)"Ý*+Þej�

ßà>?�*+á�=P�HEC �csâãàä±Å

��Å�¥�!"��åæ�ç� HECè��� !

"�HEC ¥�!"��éêt�'(^_��M��

ë=P

[14]

�VWìí�HEC îï"Lðñ�òó

[15]

�

ßà>?�«:ôõe�#ö�E÷�Éøù�úû�

Ä�W�&��ü � HEC ýþ%������4

j�����Ë�«:à��� (Aladdin Corp., 

China)�1 	K 99%�ü � 80~125 mPa·s (25 
, 

2.00%)�&�)"��
� (;²!�)� 0.25%L

0.5%L1.0%L1.5%L2.0%L3.0%L4.0%���MTU

�W��W�C��M�
 12 h (�� HEC �Å�

¥�!"��� ��&��ü S(GB285, Beifang 

Corp., CHN)kV��M���ü ��A�� 1��� 



Â510Â                                           Ã¶
ÄÅÆ"$%                                           � 48� 

 

 

 

 

 

 

 

 

 

 

Ç 1  �È©X�56z{XBÉ` 

Fig.1  Variation of kinematic viscosity with concentration of 

lubricating liquid 
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Table 1  Physical properties of the Si
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N
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 and Ti-6Al-4V 
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3
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Density/g·cm

-3
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Vickers hardness, H

v
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Young’s modulus, E/GPa 310 115 

Poisson’s ratio, v 0.26 0.34 
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Ç 2  CD����ÊBÉ` 

Fig.2  Variation of friction coefficient with time 
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Ç 3  CD��j56 ÌX�56z{XBÉ` 

Fig.3  Variation of friction coefficient and film thickness with 

Concentration of lubricating liquid 
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Fig.4  Micrographs of scars on Ti-6Al-4V under different concentrations of lubricating liquid: 

(a) 0.25%, (b) 1.00%, (c) 3.00%, and (d) before test 
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Table 2  Roughness of Ti-6Al-4V surfaces before and after the friction test in Fig.4 
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Parameter Before test 

After test Change/%  After test Change/%  After test Change/% 

R
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/µm 0.56±0.20 1.79 +220  0.64 14  0.96 +71 

R

a

/µm 0.40±0.05 1.43 +233  0.51 19  0.73 +70 
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Fig.5  Duration of super-low friction and friction coefficients 

of four lubricating liquids 
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Fig.6  Effect of linear speed on running-in duration (a), friction 

coefficient and film thickness (b)  
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Fig.7  Micrographs of scars on Si
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Fig.8  Micrographs of scars on Ti-6Al-4V plates at different linear speeds 
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Fig.9  SEM micrographs and EDS spectra-EDS mapping of not cleaned scars (a), cleaned scars (b), and Ti-6Al-4V substrate (c) 
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Fig.10  Raman spectrum of scar 
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Fig.11  Schematic illustration of the lubrication model 
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Tribological Properties of Titanium Alloy in Water-based 

Lubricating Process of Hydroxyethyl Cellulose 

 

Sheng Dezun, Zhang Huichen 

(Dalian Maritime University, Dalian 116026, China) 

 

Abstract: HEC solutions with varying concentrations were used as lubricants, which were introduced into the friction pairs of Ti-6Al-4V 

plates and Si

3

N

4

 balls. Optical surface profiler and 3D measuring laser microscope were used to measure the surface of plates and balls, 

respectively. EDS and Raman spectroscopy were used to analyze the chemical composition of the resulting wear scars. The friction tests 

for the effect of linear speed and solution concentration on the tribology properties of Ti-6Al-4V were carried out on a UMT-2 friction and 

wear tester. The results show that a super-low friction state (µ≈0.005) is achieved after a long running-in stage. The coefficient of friction 

(COF) decreases with the increasing linear speed (46.1~362.7 mm/s). The water will evaporate at high speed (>362.7 mm/s) owing to the 

heat generated by the friction. In addition, the COF decreases with the increasing concentration (0.25%~2.00%). However, the kinematic 

viscosity of the lubricant has a significantly negative effect on the COF when the concentration is larger than 2.00%. The surfaces of 

Ti-6Al-4V are worn with smoothed flats at appropriate speeds and concentrations, which is conducive for forming lubricating films. TiO

2

 

is detected on the scar by Raman spectrum. On the basis of these experimental results, a lubrication model was proposed. 

Key words: Ti-6Al-4V; water-based lubrication; super-low friction; hydroxyethyl cellulose; lubrication model 
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