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[ Abstract] Nanometer crystal samarium borate with a particle size of 20~ 40 nm was prepared using replacing solvent

drying technique. The wear resistance and load- carrying capacity of 500SN base oil could be improved and the friction co-

efficient could be decreased by the addition of nanometer samarium borate. But the dosage of samarium borate nanopartr

cles had to be controlled at a relatively low level, a higher concentration of nanoparticles was not of beneficial to the tribo-

logical performance of the oil. The optimal dosage of nanometer samarium borate is 1. 0% . Tribochemical reactions took

place in the tribological process, which resulted in the formation of deposition products including diboron trioxide and

disamarium trioxide. Fe,B and FeB were also found on the wear scar. The improvement of tribological properties of the oil

comes from the formation of deposition layer and permeating layer.
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1 INTRODUCTION

It is well known that solid lubricants, such as
MoS; or graphite, possess good tribological proper
ties. A number of researchers have added them to lu-
bricating oils in order to improve the tribological per-
formance of oils, but the results have not always been
satisfactory. Some results indicated that it was help-
ful to reduce the wear and friction between the rub-
bing surface by dispersing the powder in oil " .
However, some negative results, such as an increased
wear rate and lubricant starvation, have also been re-
ported > 4.
was seriously dependent on the particle size. Recent-
ly, much attention has been paid to the preparation
and applications of nanometer particles. Investiga-

It was concluded that the effectiveness

tions on using nanometer-sized particles (for exam-
ple, Ceo, CekFs, graphite, and diamond) as additives
for lubricating oils have been carried out, and the re-
sults indicated that it was beneficial to improve the
tribological properties of oils by dispersing nanoparti
cles in oils! >~ 1%,

The present paper aims at preparing nanometer
samarium borate using the replacing solvent drying
technique!'"! and studying its tribological properties as
a lubricating oil additive.

2 EXPERIMENTAL

2.1 Preparation of nanometer samarium borate

The disamarium trioxide was

dissolved by
chlorhydric acid, and was made up to 1 mol/ L. samar-
ium chloride solution, then 40 mL 1 mol/ L. samarium
chloride was added to 60 mL 1 mol/ L. borax aqueous
solution with stirring. After filtering, the precipitate
was washed five times with 50 mL distilled water.
The precipitate and 200 mL. n-butanol were added in
the flask and distilled. The cooled water was separat-
ed from the n-butanol in the oikwater separation tube
and n-butanol was returned in the flask. Stopped the
distillation until that the boiling point of the solution
or the volumes of the water in oitwater separation
tube stopped increasing. The n-butanol was then re-
moved by distillation, and nanometer samarium bo-
rate was gained after drying.

2.2 Measurement of tribological properties
Nanometer samarium borate and dispersing agent
sorbitol monostearate were added in S00SN base oil
with heating and stirring. The load carrying capaci-
ties and antiwear properties were evaluated on M Q-
800A four-ball tribotester at 1 450 r/ min, room tem-
perature. The maximum non-seizure load was deter
mined according to the national standard method
GB3142-82. The wear scar diameter of the steel ball
after test duration of 30 min was also measured. The
balls ( diameter of 12. 7 mm) in the tests were made
of GCrl5 bearing steel with HRC of 59 to 61. Fric
tion coefficient of oils were measured under a constant

load of 300N using HQ-1 ring-omrblock tribotester,
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where the ring was quenched CrWMn steel ring
(0.9%~ 1.2%Cr,0.9%~ 1.05%C, 1.2%~ 1. 6%
W, 0.8%~ 1.1%Mn, 0.15% ~ 0.35%Si) of diam-
eter 49. 24 mm, height 12. 7 mm, hardness 62
(HRC) and a surface roughness of R,= 0. 27 Hm,
which was rotating against 45 steel block (12 mm x 6
mm X4 mm ) with a hardness of 44. §( HRC) and a
surface roughness of R,= 0. 35 Pm. The rotating
speed of ring was 1500 r/ min.

2.3 Characterization

Morphology and size of samarium borate were
measured using a JEM-2000 EX transmission electron
microscope, XRD spectra of the nanometer particle
was measured with a Philips X pert-MPD X-ray
diffractometer. X-ray photoelectron spectroscopy
(XPS) was conducted with a PHI-1600 X-ray photo-
electron spectrometer. The upper ball used for XPS
analysis was washed ultrasonically with petroleum
ether and dried after the four-ball test. The Mgkq ra-
diation was used as the excitation source at pass ener-
gy of 50 eV. The binding energy of Cls (284. 6 eV)

was used as the reference.
3 RESULTS AND DISCUSSION

3.1 Characterization of nanometer samarium bo-
rate

The morphology of samarium borate particles
prepared with the replacing solvent drying technique
is shown in Fig. 1. The size of the particles can be
seen to be of about 20~ 50 nm. No marked coagula-
tion is found. XRD spectrum of the particle is given
in Fig. 2. Some sharp peaks are shown, which indr
cates that the particles are microcrystals.

(poL090ECS

Fig.1 Morphology of nanometer samarium
borate particle M agnification

3.2 Effect of nanometer samarium borate on maxi-
mum norr seized load of oil

The effect of the concentration of samarium bo-

rate nanoparticles on maximum non-seized load ( F'g)

was studied, and the results are shown in Fig. 3. It is

found that samarium borate nanoparticles exhibit
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Fig.2 XRD spectra of nanometer
samarium borate particle

=900

3
Bs00

700

0 05 1.0 LS 2.0 2.5 3.0
Nanometer samarium borate content/ %

Maximum non-seized

Fig. 3 Effect of concentration of samarium
borate nanoparticles on maximum
non-seized load

good load-carrying capacity. The Fg value of base oil
is 549N and is not changed by the addition of 1. 0%
dispersing agent sorbitol monostearate. With the con-
centration in the range 0~ 1. 5%, the Fy value in-
creases with the concentration of samarium borate
nanoparticles, and F'g value goes from 549N ( base oil)
to 834N. However,
samarium borate nanoparticles is above 1. 5%, the
F value reduces sharply. These results indicate that

when the concentration of

the load-carrying capacity of the oil could be improved
effectively by dispersing samarium borate nanoparti
cles in the oil, with the dosage of samarium borate
nanoparticles being in a suit range.

3.3 Effect of nanometer samarium borate on anti-
wear and friction reducing behaviour

The effects of the concentration of samarium bo-
rate nanoparticles on wear scar diameter and friction
coefficient are shown in Figs. 4 and 5, respectively.
It can be seen that the wear scar diameter and friction
coefficient could be reduced by dispersing samarium
borate nanoparticles in oil. When the concentration of
samarium borate nanoparticles is of about 1. 0%, the
smallest wear scar diameter and friction coefficients
are obtained. When the concentration of samarium
borate nanoparticles is increased, the wear scar diam-
eter and the friction coefficient gradually increases.
These results reveal that a higher dosage of samarium
borate nanoparticles is disadvantageous in terms of the
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Fig. 4 Effect of concentration of samarium
borate nanoparticles on wear scar diameter
at load of 392 N and time of 30 min
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Fig. 5 Effect of concentration of samarium
borate nanoparticles on friction coefficient

at load of 300 N and time of 30 min

antiw ear and friction-reducing behaviour of oils.

As discussed above, it can be reasonably said
that samarium borate nanoparticles possess good tri-
bological performance, but the dosage of these
nanoparticles in oil should be strictly controlled at a
relatively low level (1. 0% ~ 1. 5%). Any higher
dosage of nanoparticles worsens the tribological prop-
erties of the oil, including load-carrying capacity, an-
tiwear and frictionrreducing properties. The reason
may be that nanoparticles have very high surface en-
ergy, and a strong tendency to aggregate into larger
particles. At higher concentration, the probability of
coalescence of the nanoparticles is also increased, and
larger particles could be yielded easily in the testing
process. These larger particles could act as abrasives
to increase wear and friction on the rubbing surfaces.

3.4 Effect of load on antiwear property of oil con
taining samarium borate nanoparticles

The AW properties of the samarium borate
nanoparticles in base oil as the function of load are
shown in Fig. 6. The results indicate that the wear
scar diameter of base oil increases significantly as the
load increasing, but the wear scar diameter of oil con-
taining 1. 0% samarium borate nanoparticles increases
tardily under different applied loads, which imply
that the antiwear property of base oil is greatly

improved by the addition of samarium borate

Load/N

Fig. 6 Effect of load on wear scar
diameter at time of 30 min

nanoparticles.

3.5 Discussion of antiwear mechanism of samari-
um borate

After a four-ball test at 588N for 30 min in the
oil with 1. 0% nanometer samarium borate, element
composition of the wear scar was analyzed using
XPS. Oxygen, boron, samarium, carbon and ferrous
were detected. Fig. 7 shows that the binding energy
of Sm 3d on the rubbing surface is evident at about
1 083.2eV. the standard binding enerev of Sm 3d in
Smy03 is 1 083. 4 eV, respectively!'” | which implies
that some samarium borate may be decomposed to
disamarium trioxide during tribotesting. XPS spec
trum of the boron is shown in Fig. 8. The binding en-
ergies indicate that boron exists mainly in the form of
diboron trioxide ( 192 eV), Fe:B (188. 4 e¢V) and
FeB (187.9€eV). An antiwear mechanism of the ad-
ditive, therefore, can be deduced from all the above
characterizations. First of all, the nanoparticles fill
into the valley of the roughness peak on the rubbing
surface, which may act as tiny ball bearings and pro-
vide an easily sliding layer. Then the samarium borate
may further decompose to give diboron trioxide and
disamarium trioxide. A further tribochemical reaction
between the diboron trioxide and substrate ferrous
may produce Fe;B and FeB. It is the deposition layer
diboron trioxide and
disamarium trioxide that provides the oil with its
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Fig. 7 XPS spectra of samarium on rubbed surface
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Fig. 8 XPS spectra of boron on rubbed surface

excellent antiwear and friction-reducing properties be-
cause of low shear forces. And the permeating layer
containing Fe;B and FeB gives the rubbing surface
higher loadcarrying capacity probably due to a higher

hardness! '

. The cooperative action between the de-
position layer and permeating layer may play an im-
portant role in improving the tribological properties of

the lubrication oil.
4 CONCLUSIONS

Nanometer crystal samarium borate with a parti-
cle size of 20~ 40 nm was prepared using replacing
solvent drying technique. The wear resistance and
loadtcarrying capacity of S00SN base oil can be im-
proved and the friction coefficient can be decreased by
the addition of nanometer samarium borate. But the
dosage of samarium borate nanoparticles has to be
controlled at a relatively low level, a higher concen-
tration of nanoparticles is not of beneficial to the tri-
bological behavior of the oil. The optimal dosage of
nanometer samarium borate is 1. 0% . Tribochemical
reactions take place in the tribological test, which re-
sults in the formation of deposition products including
diboron trioxide and disamarium trioxide. Fe;B and
FeB are also found on the wear scar. The improve
ment of antiwear properties of the oil comes from the
formation of the deposition layer and permeating lay-
er.
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