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Abstract: The Nane-CaCO3 and nane-Cu particles was selected as mixtures additives of lubricating
oils. T he suitable surfactants were selected , and lubricating oils with mixures of nanoparticles of Ca
CO3 and Cu were prepared. T heir tribological properties were tested in fourball tribotester. T he sus
face morphology of wear scar were examined by scanning electron microscope( SEM). T he nanopart+
cles morphology and distribution on worn surfaces were analyzed by atomic force microscope( AFM)
and scanning electron microscope(SEM) . T he research results show that, the optimal additive volume
and proportion of nanoparticles are: mass fraction of mixures of nanoparticles of CaCOs; and Cu is
Q 6% , and their mass fraction ratio is 1: 1;and this lubricating oil has excellent tribological propes
ties. T he optimum tribological properties of mixures of nanoparticles of CaCO3 and Cu in lubricating
oils may be related with existing states of nanoparticles on surfaces.

Key words: nane- CaCOs ; nane-Cu; lubricating oil; tribological performance

[1-8] « » «

(SEM)
(AFM)



20

/2007

2

1
500SN ,
H-600
500SN
( )
(T ween)60 ( Span)-20 (Span)-80
(HLB) , 3:2: 201
500SN KQ218
20min, H9%A
2h, 80~ 85 C, 1300r/
min

: 0. 2%, 0. 4%, 0 6%,
08%,1.0% ;
1:0,1:-1,1: 22 1,31 0: 1,

S00SN , 31
MRS-1) ,
Ps WSD o
GCrl5 ,P12. 7Tmm, HRc 64~ 66
, 15]
GB/ T12583- 1998 ',
392N 30min
SIRION200 (SEM)
, Digital Instru
ments Nanoscope E (AFM)
0 6%,
111 ,
392N 30min

2.1
la,b s

2.2

500SN

0 2%~ 1.0%)

”

2.3

Q 6%,

40nm  60nm R

[9, 10]

1

2

(®)

,,ﬂ;

‘7 50nm

CaCO3(a) Cu(b)

0. 6%

10 1;

Ps= T784N;

= 0. 0789

2a,b

SEM

TEM
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Table 1 Tribological properties of nanoparticles 0.6%
as additives in lubricating oils . ’ ’
1.1 , 392N
Mass fraction M ass fraction of total 30mi
1 1 m 1n
ratio of CaCO3 Tribological additives (CaO3; and Cu)/ % ’
property R
and Cu 0.2 04 06 08 1.0
3a, b
Pg/N 696 726 755 726 726
4a,b AFM  SEM
10 WSD/mm  0.48 0.45 0.43 0.45 0.50
3a 500SN
B 0.1012 0.0959 0. 0862 0.0989 0. 1129
AFM , 3b
Py/ N 726 755 784 755 755 AFM
101 WSD/mm  0.51 0.39 0.34 0.38 0.44
3a 3b s
I8 0. 0805 0.0849 0.0789 0.0909 0. 1087
500SN ,
Pg/N 755 726 726 726 726
201 WSD/mm  0.45 0.44 0.42 0.46 0.48
H 0. 1068 0.0962 0.0879 0.0969 0. 1116
d4a,b
Pg/N 784 755 755 726 726 4
a
2
301 WSD/mm  0.48 0.46 0.43 0.47 0.48
2
B 0.0989 0.1012 0.0895 0. 0952 0. 1076
Py/ N 726 726 755 696 726 B Y
2
102 WSD/mm  0.50 0.49 0.45 0.48 0.49
2
B 0.1081 0.1092 0.0970 0.1119 0.1078 4b
Py/N 667 667 696 726 726 B Y B
2
01 WSD/mm  0.54 0.53 0.50 0.48 0.49 '
2
B 0. 1087 0.1086 0.1092 0.1021 0. 1115
Pg/N 392
500SN
) WSD/mm 0. 64
(base oil) u 0. 1205 3
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Fig.3 AFM image of wear scars of steel balls
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Fig.4 SEM morphology of nanoparticles on the wear scars
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