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A nanocomposite consisting of zinc oxide coated with graphene oxide was added in distilled water to synthetize 
a water-based lubricant to steel/stainless steel contact pair. Tribological tests were carried out on a reciprocating 
ball-on-plate tribometer. A 0.3% ZnO@GO lubricant produced the lower friction coefficient as well as wear 
loss. Analysis of the worn surface showed that a thin tribo-film was formed of GO and ZnO, indicating that the 
nanocomposite has synergetic effect of both particles, the friction-reducing effect resulting from the GO and 
the additional effect of wear-reduction, load-bearing capacity and stabilization of friction of the ZnO.  
 

Keywords:  Water-based lubricant, graphene oxide, zinc oxide, core-shell, sliding wear. 
 

1. Introduction 

Water-based lubricants has attracted attention recently as 
a substitute for oil-based lubricants due to its low cost, 
environmentally friendly and high thermal conductivity.  
The water itself is a poor lubricant for steels. However, 
by adding high-performance nanoparticles (NPs), 
lubricant capacity is enhanced. Graphene oxide (GO) is a 
graphene derivative possessing many carbon oxygen 
functional groups which helps its dissolution in water. It 
has outstanding lubricant properties, acting as anti-wear 
and friction-reducing NPs [1]. Moreover, the preparation 
of core-shell and hybrid NPs using GO can further 
optimize lubricants performance. By synthetizing a core-
shell ZnO@GO nanocomposite additive to oil, Ren et al. 
[2] further increased the tribological property due to the 
synergetic effect of the hard core (ZnO), with high load-
bearing capacity, and the flexible shell (GO) providing 
great deformation tolerance of the lubrication film.  
In this work, ZnO@GO core-shell NPs were synthetized 
by a hydrothermal method and then were added into 
distilled water (DI). The tribological behavior of this 
water-based lubricant was examined using a 
reciprocating ball-on-plate tribometer for steel/steel pair.  

2. Methods 

2.1. Experimental 
GO was prepared by a modified Hummers method using 
recycled graphite of spent lithium-ion batteries used in 
mobile phones as the precursor. ZnO@GO nanoparticles 
were prepared by electrostatic self-assembly. Firstly, the 
ZnO (50 nm spherical-shaped supplied by Sigma-
Aldrich) nanoparticles were functionalized with (3-
aminopropyl)triethoxysilane (APTES). ZnO was 
dispersed in a mixture ethanol DI water. Then, APTES 
was added and the solution was stirred for 7 h, 
centrifuged, washed and dried. To produce the core-shell 
nanoparticles, GO was added to DI water and ethanol. 
Then, ZnO@APTES was added to the solution under 
stirring. ZnO@GO nanoparticles were obtained by 
centrifugation, washing and drying. NPs were 
characterized by scanning electron microscope (SEM), 
X-ray diffraction, Raman, Fourier-transform infrared 
spectroscopy, Thermogravimetric analysis. In order to 

prepare the water-based lubricants, NPs were 
ultrasonically dispersed into 20 ml DI water for 40 min 
at mass ratios GO (0.1%), ZnO (0.1%), ZnO@GO (0.1%, 
0.2%, 0.3%, 0.4%). Tribological tests were carried out in 
a reciprocating ball-on-plate tribometer using 11 mm 
AISI 52100 ball and AISI 304 austenitic stainless steel 
plate. The sliding width was 5 mm, a frequency of 3 Hz 
and the Hertz contact pressure of 1.8 GPa. Wear 
mechanisms were determined using optical microscope 
(OM), SEM and optical profilometry and Raman. 

3. Results  

Fig. 1 shows the friction coefficient for the lubricants:  

 
Figure 1: Friction coefficient with test time. 

4. Discussion 

Core-shell ZnO@GO were successfully synthetized. As 
can be seen in Fig.1, 0.3% ZnO@GO showed the lowest 
friction coefficient and the lowest wear loss. 0.1% ZnO 
nanoparticles exhibited friction coefficient similar to 
pure water, different wear rates though. A tribo-oxide 
layer of iron oxides was detected using Raman technique 
on the wear surface of the pure water samples. 0.1% GO 
condition exhibited a low friction coefficient during the 
running-period (0.04), but the steady state coefficient was 
higher than the 0.3% ZnO@GO core-shell. GO forms a 
tribo-film with exfoliated graphene oxide with the 
increase of D band. ZnO@GO particles had a synergetic 
effect enabling the low friction during the role test, 
forming a stable protective layer consisting of GO and 
ZnO [2].  
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