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Abstract: This paper presents the influence of ZnO as additive in refined rapeseed oil in a mass 
concentration of 1%wt on the tribological parameters. Tests are done on a four-ball machine from the 
laboratory LubriTest, at “Dunarea de Jos” University of Galati. The test parameters were load: 100 N, 200 N 
and 300 N and the rotational speed 1000 rpm, 1400 rpm and 1800 rpm, corresponding to the following 

sliding speeds, 0.38 m/s, 0.53 m/s and 0.69 m/s, respectively. Particles of ZnO have 145 nm. The rapeseed 
oil was supplied by Expur SA Bucharest. For the tested ranges of the parameters, the additivation of 
rapeseed oil with ZnO does not improve the friction coefficient, but the wear rate of WSD seems to be less 
sensitive for the more severe regimes when the vegetal oil is additivated. The additivation of rapeseed oil 
with ZnO is still efficient for the tested ranges of load and speed as compared to the neat rapeseed oil, but 
there is visible that friction coefficient and analysed wear parameter are less influenced by the regime for 
the concentration of 1% ZnO in rapeseed oil. 
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1. INTRODUCTION 
 

The rapeseed oil is in the focus of the 
researchers for replacing lubricants that are 
not friendly with the environment. 

Metal oxides as additives in lubricants 
improve especially the wear parameters, 
protecting the initial texture of the contacting 
surfaces. Based on experimental results on 
four ball tribotester, Asrul [1] concluded that 
the higher concentrate of CuO (3%), the better 
the tribological behavior. 

In a recent review, Shahnazar [2] 
mentioned ZnO as having good characteristic 
for improving the tribological behavior of a 
lubricant due to large surface area, high 
surface energy, good adsorption on metallic 

surfaces, good diffusion, easy sintering and a 
low melting point [3]. Due to the low solubility 
of ZnO in oil, their dispersion in the base oil or 
even in water-based fluids could be a 
challenge [4].  

In 2011, Qian et al. [5] prepared ZnO 
(average size 125 nm) by a homogeneous 
precipitation method using lauryl sodium 
sulphate as the surfactant and studied the oil 
solubility, anti-corrosion, and tribological 
properties of ZnO used as an additive, but they 
did not mentioned the base oil. Taking into 
account the solubility, the addition of 1.0%, 
2.0%, 3.0%, and 4.0% mass concentration of 
ZnO improve the tribological behavior of this 
type of lubricant (friction reduction and anti-
wear properties). 
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Using the ball-on-disk tests, Gara and Zou 
[6] investigated the friction and wear 
properties of ZnO and Al2O3 in waterbased 
nanofluids. The combination of these 
nanoparticles reduces friction for smooth 
surfaces, but nanoparticles acted as abrasive 
wear particles. 

Tang and Li [22] considered the 
nanoparticles a class of additives that have 
particular mechanisms of reducing friction and 
wear: rolling effect as in a third-body friction, 
protective spacers against directly rubbing the 
solid bodies, mending process if the particle 
size is smaller than texture parameters and 
polishing due to their mild abrasive process till 
the surfaces accommodate. 

In a very recent review, Uflyand [7] 
mentioned the following metal oxides used as 
additives: TiO2, CuO, Fe3O4, ZnO, Co3O4 and 
Al2O3, and results are also reported in [8], [9], 
[10], [11], [12], [16], [18], [28], [30]. Their 
mechanisms during lubrication are similar to 
those of metal nanoparticles, and the authors 
including the formation of tribo-film or 
adsorption film, the rolling effect, and the 
sintering or repair effect. The friction 
reduction can be due to the effect of viscosity 
at lower temperature and the rolling effect at 
higher temperature. The wear reducing 
mechanism is associated with the deposition 
of nanoparticles into the texture of the 
friction surfaces.  

The use of ZnO and CuO nanoparticles as 
lubricant additives [19], [27], [15], [13] in 
vegetal oils (soybean, rapeseed oil and 
sunflower) are biodegradable and have better 
tribological behavior in boundary lubrication. 

Song [24] tested monodispersed spherical 
zinc aluminate spinel (ZnAl2O4) nanoparticles, 
modified by oleic acid in cyclohexanol 
solution. The dispersion ability of 
nanoparticles in lubricant oil was good for 
tested concentrations (0.05, 0.1, 0.5, and 1 
wt.%). The tribological properties of the 
ZnAl2O4 nanoparticles as an additive in 
lubricant oil were evaluated with four-ball 
test and thrust-ring test. For comparison, ZnO 
and Al2O3 nanoparticles as additive in 
lubricant oil were also tested. The ZnAl2O4 

nanoparticles exhibit better tribology 
properties in terms of anti-wear and anti-
friction than ZnO or Al2O3 nanoparticles, 
separately. The lubricating effect of ZnAl2O4 
nanoparticles can be explained by their rolling 
effect and sintering process. When the 
ZnAl2O4 nanoparticles concentration is 0.1 
wt%, there was obtained an optimal effect on 
reducing both friction and wear. 

Magnetic Fe3O4 nanoparticles with an 
average diameter of 11.7 nm were dispersed 
in alpha-olefin hydrocarbon synthetic 
lubricating oil with a concentration of 0 to 10 
wt% [21], [20]. This resulted in a reduction in 
COF and the diameter of the wear scar by 
45% and 30%, respectively, at the optimal 
concentration value (4 wt%). The rolling 
mechanism is responsible for reducing COF 
and the nanoparticles act as spacers between 
the asperities and reduce the diameter of the 
wear scar.  

Chan et al. [25] underlined that nano 
particles as CuO, TiO2 and ZnO are non-toxic 
anti-wear additives for lubricants. With their 
sizes ranging from 2 to several hundreds 
nanometers, these are able to fill in asperity 
valleys, creating a thin, smooth and solid 
lamellar film on contacting surface. The 
authors of this paper revealed by SEM 
investigation that there is not a continuous 
film, but a disperse powder that prevents the 
two solid bodies to directly contact each other. 
If the particle size is smaller than the surface 
roughness, the wear volume decreases with 
the decrease of additive size. When particle 
size is larger than the surface texture, grooves 
are produced due to abrasion. The problem is 
that small nanoparticles agglomerate and, 
thus, the particle size in contact becomes a 
variable during sliding. If particles become 
larger, they could not be dragged into contact 
and their beneficial effect is very much 
reduced. And if they enter into contact they 
could produce oscillations of friction 
coefficient and severe wear when they left the 
contact to be between the solid bodies with 
wear traces already produced. 

A parameter affecting frictional and wear 
behavior is the concentration of the additive. 

16 16th International Conference on Tribology - SERBIATRIB ‘19



 

The excessive additive particles in the 
asperities valleys could either give insignificant 
improvement in tribological performance, or 
produce abrasive wear (ploughing effects). The 
latter may be due to the interference of the 
additive particles causing poor adsorption of 
base stock at the contact area resulting in 
inadequate lubrication, as observed in the 
case of nanoparticles in polar oils such as 
ester-based oils and vegetal oils. 

Bhaumik [27] noticed an increasing trend in 
viscosity with the increase in concentration of 
ZnO nanoparticles. The coefficient of friction in 
case of castor oil samples is found to be less 
than the commercially available mineral oil, 
but the coefficient of friction did not decrease 
further after a certain concentration of ZnO 
(0.1 wt% ZnO is the optimum in this case). The 
wear rate is found to be the lowest and it 
increased with the increase in concentration of 
ZnO. The formation of tribo-film due to the 
adsorption of castor oil and the diffusion of 
zinc oxide in the surface grooves prevented 
the metal to metal interaction, thus decreasing 
the coefficient of friction and controlling the 
surface roughness, but higher percentage of 
zinc oxide led to deteriorations of the surfaces. 

Hernandez Battez et al. [26] studied the 
anti-wear behaviour of nanoparticle CuO, with 
a block-on-ring tester, under a load of 165 N, 
sliding speed of 2 m/s and a total distance of 
3,066 m. All formulated lubricants with 
nanoparticle exhibited reductions in friction 
and wear compared to the base oil; the 
lubricants with 0.5% of ZnO and 0.5% ZrO2 had 
improved characteristics for wear but the 
friction coefficient increased. 

Sepyani et al. [29] investigated the effect 
of ZnO nanoparticles on rheological behavior 
of SAE 50 oil, at different temperatures. 
Viscosity at different shear rates revealed a 
Newtonian behavior of the formulated 
lubricants, having the maximum increase in 
viscosity of 12% for more concentrated 
samples, at low temperature. 

The aim of this study is to assess the 
influence of ZnO in coarse rapeseed oil on the 
tribological characteristics. The authors 
analysed the friction coefficient and the wear 

rate of wear scar diameter, but also recorded 
the temperature in the oil cup, during the tests. 
 
2. THE LUBRICANT AND THE TESTING 

METHODOLOGY 
 

The additive was supplied by PlasmaChem 
[32] and has the following characteristics (Fig. 
1): average particle size ca. 14 nm, specific 
surface area: 30±5 m2/g, purity: >99% and this 
study presents the results for the neat 
rapeseed oil (Table 1) and the same vegetal oil 
additivated with 1% ZnO. 

Table 1. Typical composition in fatty acids of the 
rapeseed oil (from Expur Bucharest). 

Fat acid Symbol 
Composition, 

%wt 

Myristic acid C14:0 0.06 

Palmitic acid C16:0 4.60 

Palmitoleic acid C16:1 0.21 

Heptadecanoic acid C17:0 0.07 

Heptadecenoic acid C17:1 0.18 

Stearic acid C18:0 1.49 

Oleic acid C18:1 60.85 

Linoleic acid C18:2 19.90 

Linolenic acid C18:3 7.64 

Arachidic acid C20:0 0.49 

Eicosenoic acid C20:1 1.14 

others  3.37 

 

 

Figure 1. A SEM image of nanoparticles of ZnO 
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The formulated lubricant was obtained in 
small amounts of 200 g, each. The steps 
followed in this laboratory technology were 
similar to those presented by Cristea [17]: 

 mechanical mixing of the additive and an 
equal mass of dispersing agent (guaiacol, 
supplied by Fluka Chemica, with the 
chemical formula C6H4(OH)OCH3 (2-
methoxyphenol)), for 20 minutes; 

 gradually adding rapeseed oil, mixing 
with a magnetic homogenizer for 1 hour; 

 ultrasonication + cooling of formulated 
lubricant in step of 10 minutes; the fluid 
is heating to about 70 °C during 
sonication; the cooling time was 1 hour; 
this technological step is repeated 5 
times to have a total time of 60 minutes. 
The parameters of ultrasonic regime are 
power 100 W, frequency 20 kHz ± 500 Hz, 
continuous mode. 

The test balls are lime polished, made of 
chrome alloyed steel balls, having 12.7±0.0005 
mm in diameter, with 64-66 HRC hardness, as 
delivered by SKF. The oil volume required for 
each test was 8 ml ±1 ml. The test method for 
investigating the lubricating capacity was that 
from SR EN ISO 20623:2018 [32]. 

The test parameters for each test were: 

 loading force on the machine spindle - 
100 N, 200 N and 300 N (± 5%); 

 sliding speeds of 0.38 m/s, 0.53 m/s and 
0.69 m/s, corresponding to the spindle 
speeds of the four-ball machine of 1000 
rpm, 1400 rpm and 1800 rpm (± 6 rpm), 
respectively; 

  test time - 60 minutes (± 1%). 
 
3. RESULTS 
3.1. Friction coefficient 
 

The authors agree with the conclusion of 
Shahnazar [2] that ZnO nano particles could 
decrease the wear of direct contact areas by 
being depositing onto the sliding surfaces, but 
SEM images do not prove that ZnO forms a 
lubricating layer on rubbing surfaces as many 
researches have believed (Fig. 2). 

Figure 3 presents the average value of COF 
as obtained from two tests, for both tested 

lubricants. It is obvious that the neat oil has 
lower values, especially for heavy regimes, but 
the additivated oil has this parameter less 
sensitive to sliding speed for F=300 N. This is 
recommended for machines that frequently 
change their working regime. 

 

a) F=100 N, v=0.38 m/s 

 

b) F=300 N, v=0.69 m/s 

Figure 2. SEM images of the wear scars without 
pulling out the lubricants, at the end of the test 

 

3.2. Wear rate of the wear scar diameter 
 

Measurement of wear trace diameters was 
performed with the optical microscope, in 
accordance with the procedure given in SR 
EN ISO 20623:2018 [31]. Three wear marks 
were obtained for each test, these being 
located on the three fixed balls. Two 
diameters, the first diameter measured 
along the sliding direction, the second 
diameter measured perpendicular to the 
first, were measured for each wear trace. 
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Figure 3. COF evolution in time  

(2 sample per second and a moving average on 200 consecutive values) 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

100
200

300

Rapeseed oil   

0.38 m/s

0.53 m/s

0.69 m/s

C
O

F
 

Load [N] 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

100
200

300

Rapeseed oil + 1% ZnO  

0.38 m/s

0.53 m/s

0.69 m/s

C
O

F
 

Load [N] 

 

Figure 4. Average of COF for two values (two tests done under the same parameters) 

With three traces of wear, six diameters 
were obtained and their mean value was 
calculated. This value represents the diameter 
of the wear scar, reported for each of the tests 
performed. The same method of obtaining the 
wear diameter is also given in specialized 
reports [31]. 

Figure 5 shows images of the wear scars as 
obtained with the help of an optical 
microscope. One may notice that the contact 
surfaces as resulted after testing with the 
additivated oil is less damaged. 

The graphs of the wear scar diameters 
(WSD) as a function of speed could not reflect 
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in a relevant way the influence of testing 
regimes, because all tests has 1 h (with 
different sliding distances for each speed), and, 
thus, the authors studied the influence of 
additive concentration with the help of wear 
rate of the scar diameter, noted by w(WSD). 
The w(WSD) is calculated with the help of the 
following relationship: 

 

  /( )mm N mm


w(WSD) =
WSD

F L
. (1) 

 

where WSD is the average value of six 
measurements of the wear scar diameter, two on 
each fixed ball (one along the sliding direction and 
the other perpendicular to it), F is the load 
applied on the main shaft of the tribotester 
(carrying the rotating ball) and L is the sliding 
distance. The product F×L is the mechanical work 

done by the tribotester. Thus, the wear rate of 
WSD reflects the dimensional modification of 
WSD for the unit of mechanical work. 

Figure 6 presents the wear rate of WSD and 
the values are lower for heavy regimes 
(F=200...300 N) for all sliding speeds. Only 
when tested at lowest speed (v=0.38 m/s) this 
parameter is close for both tested lubricants. 
 
3.3. Temperature in the oil bath 
 

The evolution of oil bath temperature 
during a test of 1 h is given in Figure 8.  

The difference among final registration of 
temperature (at the end of the test) is small 
for low regimes (v=0.38...0.53 m/s) and its 
value is kept in the range 43...55°C, but for the 
highest speed (v=0.69 m/s), the temperature 
values are spread on a larger interval. 

 
Rapeseed oil 

Load/ 
Sliding speed 

0.38m/s 0.53 m/s 0.69m/s 

100 N 

   

300 N 

   

Rapeseed oil + 1 %ZnO 

100 N 

 

  

300 N 

   

Figure 5 Typical wear scars for different regimes 
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Figure 6. Wear rate of the wear scar diameter for 
the two tested lubricants, for different regimes  

 

Figure 7. A detail of the wear scar without cleaning 
the lubricant 

For the most severe regime the final 
recorded temperature for the rapeseed oil is 
about 70°C. The rapeseed oil additivated with 
ZnO has these temperatures higher, in the 
range of 50...60°C for v=0.38...0.53 m/s and for 
the highest speed the interval is larger 
(60...77°C). The supplementary heat 
generation could be explained by the friction 
of intermediate particles of Zn, rolling or being 
dragged in contact. 
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Figure 8. Temperature evolution  
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4. CONCLUSIONS 
 

At least for the tested ranges of the 
parameters (v=0.38...0.69 m/s and F=100...300 
N), the additivation of rapeseed oil with 
nanoparticles of ZnO does not improve the 
friction coefficient. But this additive was 
efficient for wear reduction, the authors 
pointed this out by comparing the values of 
the wear rate of wear scar diameter. 
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