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Table 1 The tribological behavior of the CD oil doped with the additive of various concentrations
Additive concentration Tribologied
wl % WSD/ mm . Frictior.1 codficient Y ' og/ N oo/ N
196 N, 60 min 392 N, 30 min 196 N, 60 min 392 N, 30 min
0.00 0.37 0.69 0.08 0.10 760 2800
0.01 0.33 0.63 0.08 0.10 760 2800
0.05 0.31 0.61 0.08 0.09 780 3000
0.25 0.28 0.59 0.08 0.09 820 3000
0.50 0.31 0.40 0.08 0.08 880 3200
1.00 0.33 0.38 0.08 0.08 940 3600
2.00 0.33 0.38 0.07 0.08 960 3800
196 N 60 min 1
, Cu CD
, 0.25% , . , ( 0. 05 %) ,
24 %. CD Ps Po ;
, 0.50%
: ; cD P Po 1.00%
; . CD Ps Po 200 N 800 N.
392 N 30 min ,
( 0. 25 %) , Cu CD
CD ; 15W/ 30 ; CD
0.50% , Cu CD ,
42 %, ; 2.2

CcD
SEM
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(a) Lubricated with CD

A ; Ut

(b) L ubricated with CD-1 % nano Cu

Fig2 SEM morphologiesof the worn sted surfaces lubricated with CD and CD-1 % nano Cu
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Table 2 HEementsand relative atomic

concentration on the wear scar

Atomic concentration/ %

Bement
CD CD + 1 %nano-Cu
Fe 95.41 85.77
Cr 1.50 1.31
S 2.14 5.94
P 0.95 4.49
Cu 0.00 2.50
3 XPS

Table 3 Binding energies of the elements on the wear scar

Binding energy/ eV

Hement

CD CD + 1 %nano-Cu

Fex 710.2 710.2

Oss 532.5 532.5

Sy 161.6 161.6

P2 133.2 132.2

Cuy, - 932.7

EDS XPS
) CD , Fe Cr S
P , Fe Cr ;
S P CcD
S P

b © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

SEM

Fig3 Hementd distributionsof Cu and Fe on worn sted
surface lubricated with CD-1 % nano Cu
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Investigation of the Tribological Properties of Oil-Soluble Cu
Nanoparticles as Additive in CD 15W/ 40 Diesel Engine Oil

MA Jiarrgi*?, WAN G Xiao-bo? , FU Xing-guo®, L IlU Wei-min®, CUI Ruo-mei*
(1. School of Chemistry and Chemical Technology, Northwest Normal University, Lanzhou 730020, China;
2. State Key L aboratory of Solid L ubrication, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, L anzhou 730000;
3. Lanzhou Development Centre of L ubricating Oil, PetroChina, Lanzhou 730000, China)

Abstract : Qil-sluble Cu nanoparticles were syntheszed by redox method. The effect of the synthetic oil-luble Cu
nanoparticles as an additive on the tribological behavior of commercia diessl engine oil CD 15W/ 40 was i nvestigat-
ed. Thusthe tribologica behaviors of the CD 15W/ 40 oil containing various mass fractions of nano-Cu additive
were examined on a four-ball machine. The morphology of the nano-Cu was observed by means of transmittance
electron microsoopy , the worn sted surface morphology and typica elemental distributions thereon were analyzed
by meansof scanning eectron microscopy and energy digersve gectrometry. The chemica state of the Cu on the
worn sted surface was examined on an X-ray photoelectron pectroscope. Asthe results, Cu nanoparticle as addi-
tive contributed to dgnificantly increasng the antiwear ability and load-carrying capacity of the CD 15W/ 40 ail .
This was attributed to the trander and depostion of the nano-Cu on the worn sted surface.
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