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In this study was evaluated the use of DLC nanoparticles as EP additive in oil lubricants. A laboratory-built in 
situ Raman pin-on-disc tribometer was used to evaluate friction and the formation process of DLC tribofilms. 
All our results suggest that there is an optimum DLC concentration promoting the formation of DLC 
tribofilms on the sliding surfaces, which considerable reduction of friction and wear 
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1. Introduction 

The development of novel green oil additive has been 
the focus of much research to gradually eliminate 
current additives' usage due to their high content of 
SAPS (sulfated ash, phosphorus, and sulfur). In this 
context, these new lubricants must provide a low-

frictional fluid film to avoid direct contact between the 
surfaces. Simultaneously, the chemical additives 
promote the formation of a thin solid film known as 
“tribofilm,” which reduces wear and improves the 
frictional properties of the tribological system [1]. 
Besides usage lubricant, Diamond like Carbon (DLC) 
coating has been widely used to provide low friction 
and wear under dry and lubricated conditions.  
Considering these good tribological properties of DLC, 
this work proposed studying the production of DLC 
nanoparticles (DLC NNPs) and their addition to 
lubricant to develop a high-performance oil. 

2. Methods 

DLC nanoparticles were produced by acetylene 
decomposition by RF-PECVD (Radiofrequency Plasma 
Enhanced Chemical Vapor Deposition) technique. Three 
DLC nanoparticle concentrations (0.05, 0.1, and 
0.2 %wt.) were added to epoxidized soybean oil, 
forming stable solutions. The nanoparticles were 
characterized by RAMAN spectroscopy and 
Transmission of electrons microscopy (MET). The 
tribological performance of oil with additives was 
investigated in a pin-on-disc tribometer instrumented 
with Raman spectrometer. The test parameters were: 
100 N of normal load, sliding speed f 0.314 m/s, track 
radius of 30 mm, test time of 60 min, 5 mL of oil 
lubricant, and contact pressure of 1.6 GPa. The worn 
surface was analyzed by Raman spectroscopy, 
profilometer, and scanning electron microscopy (SEM). 

3. Results and Discussion 

In situ Raman analysis results showed the migration of 
DLC nanoparticles from oil to worn surface (Fig. 1), a 
decrease of the DLC Raman peak intensity with test 
time had been correlated to tribofilm formation. 
 

 
Figure 1. Time dependence of DLC Raman spectra: a) 
oil pure, b) with 0.05% wt., c) with 0.1% wt. and d) 
with 0.2% wt. of DLC NNPs. 

 

All tested concentration showed a reduction of friction 
and wear (Fig. 2); however, 0.1% wt. of DLC 
nanoparticle promoted 75% of friction coefficient and, 
practically, eliminated the wear. The primary lubrication 
mechanism of DLC NNPs was protective film 
formation. 

 

Figure 2: Friction and wear behavior for lubricant oil 
with DLC NNPs. 
 

 The addition of 0.1 %wt. DLC nanoparticle in 
epoxidized soybean oil becomes it in a high-

performance lubricant, reach friction coefficient close to 
superlubricity 
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