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Lubricants additivated with nanoparticles are proposed for use in applications with high loads and elevated 
temperatures to provide lower friction, lower material loss and improved emergency running properties 
compared to conventional lubricants. Main interest was to evaluate lubricants, preferably with nanoparticles 
available on the market, for their suitability to improve lubrication of different components in sucker-rod pump 
systems. Laboratory tests of nano-based lubricants using a two-disk test rig complemented by field tests were 
executed to examine various grades of gear oils with innovative additives such as nanoparticles. 
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1. Introduction 

Lubricants containing nanoparticles are able to protect 
and improve performance of machinery regarding 
friction and wear reduction as well as emergency running 
properties compared to conventional lubricants [1-3]. 
Recent developments in lubricants with nano-based 
additives have also shown that cracks can be filled, and 
thus spalling and further material failure can be delayed 
via a sealing effect [1]. 
Within this work, the potential of nano-based lubricants 
for pump jack installations for oil exploration has been 
elaborated in the laboratory and verified in the field.  

2. Methods 

Based on a market research, commercially available 
lubricants loaded with nanoparticles or gear oil additives 
were selected. These commercially available gear oils as 
well as a reference oil with additives based on 
nanoparticles were evaluated against the reference oil 
without nanoparticles. Based on two-disk tests a 
performance ranking for the application in a gearbox was 
obtained. The test parameters applied were defined based 
on a system analysis of components from pump jacks. 
The tribological behaviour was evaluated by monitoring 
the friction coefficient, wear and appearance of pitting on 
the wear track. Among others the gear oil additive based 
on fullerene-type WS2 was tested and ranked best. Since 
the product was also economical of interest the necessary 
additive concentration of this best performer was 
researched and optimized. 
For the field test in pump jack gearboxes gear oils with 
and without nanoparticles were compared in a next step. 
Regular oil analysis confirmed the expected reduced 
wear. After 12 months of operation the performance of 
the different oils was evaluated by a visual inspection of 
the gearbox. 

3. Results and discussion 

The findings of the two-disk tests revealed a clear 
difference between the reference oil and oils with 
nanoparticles. Material wear and pitting was reduced 
notably. Figure 1 demonstrates significant pitting of the 
reference oil whereas the reference oil with fullerene-

type WS2.additive did not show pitting.  
However, the impact of nanoparticles on the friction 
coefficient was not particularly pronounced. 
 

 
Figure 1: Contact area and pitting at 800 MPa after 

500 000 cycles with reference oil (left) and  

oil  with fullerene-type WS2 (right) 

The visual inspection of gears after a 12 month field test 
confirmed the findings in the laboratory. Less material 
wear as well as smoothed gear surfaces were observed. 
Within this study, nano-based lubricants proved 
enhanced lubrication performance and operational 
benefit to the application of the WS2 nanoparticle loaded 
additive in sucker rod pump drive motors. The 
nanoparticles added to the commonly used gear oil 
improved machinery health and increased lubricant 
performance and lifetime of the installation. 
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