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£ 1  j#¤¥Z XRD£¦ 

Fig.1  XRD patterns of antimony samples 
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£ 2  j#¤¥Z TEM§¨ 

Fig.2  TEM images of antimony samples: (a) sample 1#, (b) sample 2#, and (c) sample 3# 
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£ 3  VWqr���)�VWXYZ]^Xuvc¬bcZ 

qr®y¯°Q}±²�³´ 

Fig.3  Variations of friction coefficient and wear volume of Sb 

nanoparticles with different particle sizes in 900SN and 

base oil 900SN under different friction loads: (a) friction 

coefficient and (b) wear volume 
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£ 4  900SNbcuvd 45{{|Q}JK~� 

Fig.4  SEM micrographs of worn surfaces of 45 steel lubricated with 900SN: (a) 50 N, (b) 70 N, and (c) 90 N 
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£ 5  � 40 nm]^XZuvcd 45{{|Q}JK~� 

Fig.5  SEM micrographs of worn surfaces of 45 steel lubricated with base oil containing 40 nm Sb nanoparticles: (a) 50 N, (b) 70 N, and (c) 90 N 

 

 

 

 

 

 

 

 

 

£ 6  � 65 nm]^XZuvcd 45{{|Q}JK~� 

Fig.6  SEM micrographs of worn surfaces of 45 steel lubricated with base oil containing 65 nm Sb nanoparticles: (a) 50 N, (b) 70 N, and (c) 90 N 

 

 

 

 

 

 

 

 

 

£ 7  � 85 nm]^XZuvcuv�QµJK~� SEM§¨ 

Fig.7  SEM micrographs of worn surfaces lubricated with base oil containing 85 nm Sb nanoparticles: (a) 50 N, (b) 70 N, and (c) 90 N 
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Table 1  Chemical composition of 45 steel worn surfaces 

lubricated with experimental lubricating oils at 

90 N of friction load (ω/%) 

Sample C O Fe Sb Si 

900SN 8.24 0.65 91.11 0.00 0.00 

40 nm Sb+900SN 6.97 0.64 87.99 4.22 0.18 

65 nm Sb+900SN 10.92 2.86 82.96 3.08 0.18 

85 nm Sb+900SN 9.02 0.54 89.81 0.41 0.22 
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R!Âb 900SN*+��>Qö?&Y��" 

��������

1) � 900SN*+�M-.12JK�� AB��

����]CD" 

2) IX12�JKK·���,�����J«�

¸¯������9̀ � !Y��ÍH12�JKK·

@ 40 nm9����@ 90 NÔ�¸¯����X�o�

��)`�CD�>���ç)dF��ª!�b 900SN
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Effect of Particle Size of Antimony Nanoparticles on 

Tribological Properties of Lubricant Oil 
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Abstract: The antimony nanoparticles with different particle sizes were prepared by mechanical ball milling while the particles surface was 

modified by silane coupling agent KH-570. The tribological properties of experimental lubricating oil, which were 900SN and other lubricating 

oils containing antimony nanoparticles with various particle sizes, were studied by reciprocating friction experiment in CFT-1 material 

performance tester. The worn surface morphology and chemical composition of 45 steel were analyzed by SEM and EDS. The results show that 

antimony nanoparticles play a role in repairing effect for worn surface based on micro-filling and adhesion mechanism. With decreasing of particle 

size of antimony nanoparticles and increasing of frication load, the antifriction and antiwear properties of experimental lubricating oils increase. 

The experimental lubricating oil containing antimony nanoparticles with 40 nm in particle size has good antifriction and antiwear properties under 

higher friction load. 

Key words: antimony nanoparticles; particle size; lubricating oil; tribological properties 
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