
 

Abstract— This study compares the antiwear (AW) 

characteristics of bio-based lubricant by addition of carbon-coated 

copper nanoparticles with the case of non-coated copper 

nanoparticles, determining the effect of carbon coating. For wear 

elemental analysis in controlled engine environment, a four-cylinder 

motoring engine test rig was used. The results showed that 

carbon-coated nanoparticles helped in wear protection of engine parts. 
 

Index Terms—Antiwear, bio-based, nanoparticles, dispersion 

I. INTRODUCTION 

For the formulation of nanolubricants, in addition to 

chalcogenides and metal oxides, metallic additives have also 

been investigated [1, 2]. The advantages of using metallic 

nanoparticles include high load carrying capacity, corrosion 

resistance and effectiveness at high temperatures [3]. 

Therefore, such nanoparticles have the potential to provide 

suitable wear protection and high load carrying ability. Among 

the metallic nanoparticles, a number of previous research have 

reported the wear protection and friction behavior of 

nanolubricants dispersed with copper nanoparticles [2, 4-8].  

In all these studies uncoated copper nanoparticles were used. 

With the recent advances of carbon coatings for improved 

tribo-pair interaction, few of the studies have used carbon 

coated copper nanoparticles [1] [3] and better wear protection 

and improved friction reduction has been reported than that of 

uncoated copper nanoparticles. This improved tribological 

behavior for carbon coated nanoparticles has been observed 

when carbon coated nano copper were dispersed in synthetic 

lubricants. 

To the best of our knowledge, no technical studies have 

explored carbon coated copper nanoparticles as additives for 

bio-based lubricant. To address this gap, the present study 

investigates the AW characteristics of chemically modified 

palm oil (CMPO) enriched with uncoated nanoCu as well as 

carbon coated nanoCu. 
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II. MATERIALS AND METHODS 

A. Nanolubricants Formulation 

Commercially available nanoparticles were used in this study 

for which the true size and density was provided by the 

supplier. Fig. 1 shows the morphology of used nanoparticles. 

Table 1 shows the material properties of both type of 

nanoparticles. For uniform dispersion of nanocomposites in 

CMPO, ultrasonic probe was used at 30 0C. Initially four 

different nanoCu wt% concentrations i.e. 0.50%, 0.75%, 1% 

and 2 % were dispersed in CMPO but low wear protection and 

load carrying ability was observed at 0.5 wt% and 0.75 wt % for 

both type of nanoparticles. Therefore, copper nanoparticles 

concentration of 1 % and 2 wt% were adopted and presented in 

this study. Five lubricants will be tested which will be stated as 

Oil A, Oil B, Oil C, Oil D and Oil E in this paper. 

 
Fig. 1 SEM micrograph (a) Copper nanoparticles (b) Carbon coated 

copper nanoparticles 
 

TABLE I 

MATERIAL PROPERTIES FOR USED NANOPARTICLES 

B. Dispersion Analysis 

Dispersion stability of all nanolubricant samples was 

experimentally observed by observing the optical absorbance 

spectrum. For this purpose, a SPEKOL 1500 UV VIS 

spectrophotometer was used and tests were conducted at a 
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Material Purity 

(%) 
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Point 
0
C 

Copper (Cu) 99.8 
Black 

brown 

Nearly 

spherical 
25 1083 

Carbon  

 

Coated 

Copper (CuC) 

 

99.8 

 

Black 

 

Nearly 

spherical 

 

25 

 

1083 
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wavelength of 429 nm with a repeatability of 1 nm. CMPO as 

well as nanolubricant samples were placed in glass cuvettes of 

3.5ml capacity while CMPO was used as a reference solution. 

The time rate changes in the absorbance level of visible light 

was noted to measure the samples dispersion ability. 

C. Engine Testing 

To evaluate the lubrication performance of considered 

lubricants while duplicating the engine conditions in a 

controlled environment, a 100 kW, four cylinder motored test 

rig was used. The motoring engine test rig was instrumented 

with oil, coolant temperatures and air flow rate. The special 

functions involve the dedicated sampling system from oil 

sumps for wear metal analysis. The overall system allows 

different lubricants and additives to be optimized by 

controlling the engine speed, lubricant and coolant 

temperatures. For all the lubricants the engine was operated for 

ten hours for each lubricant sample at 2000 rpm with average 

lubricant temperature of 100 0C. The schematics of motoring 

engine test rig is given in Fig. 2. As measuring the 

concentration of wear metals accumulating in used engine oil is 

an accepted method for monitoring engine wear, a 

multi-element oil analyzer (MOA) was used to measure wear 

metals (Fe, Cr, Al, and Pb) in sump oil samples after each test. 

 
Fig. 2 Schematics of 100 Kw motoring engine test rig. 

III. RESULTS AND DISCUSSION 

A. Dispersion Stability 

Fig. 3 shows the dispersion stability of nanolubricants in 

terms of optical absorbance. For the case of uncoated Cu, the 

optical absorbance profiles show that the increasing 

concentration of nanoparticles from 1% to 2 %, decreases the 

optical absorbance ability of nanolubricant samples. For higher 

concentration i.e. 2 wt % of uncoated nanoCu, the tendency of 

agglomeration was observed and higher sediments were 

present at the end of test. On the other hand, stable dispersions 

were observed for carbon coated Cu with low rate of 

agglomerates and lesser sediments than that of uncoated 

samples. This trend shows that carbon coated copper 

nanoparticles have more tendency to suspend in CMPO as 

compared to uncoated copper nanoparticles. Among the 

considered cases, most stable dispersion has been seen for 

nanolubricant with 1 wt % carbon coated copper nanoparticles. 

 
Fig. 3. Dispersion stability of nanolubricant samples in terms of 

optical absorbance. 

B. Wear elemental analysis 

The wear metals debris tend to remain dispersed in the engine 

oil as they are not captured by the oil filter, therefore, sump oil 

samples were analyzed for wear metals concentrations. As the 

copper nanoparticles in all suspensions have the ability to pass 

through the oil filter, the presence of high copper 

concentrations in sump oil samples were not indication of 

actual engine parts wear. Therefore, to characterize the engine 

wear iron, chromium, aluminum and lead concentrations were 

compared for all nanolubricant samples. Wear elements 

concentration details of each nanolubricant samples is shown 

in Fig. 4. In all the considered lubricant samples, iron (Fe) was 

found to be the most abundant wear metal. The sources of iron 

in wear debris is believed to be result of wear of cylinder liner, 

piston rings, valves, gears, shafts, bearing, rust, and 

crankshaft. The lowest iron metal concentration was observed 

for Oil D which was enriched with 1 wt% carbon coated 

nanoCopper. Chromium (Cr) is most often found in the piston 

rings [9]. Very low concentrations of Cr were resulted by using 

all the trial oils. The overall wear protection trend was similar 

as Oil D provided the lowest concentrations of Cr. Aluminum 

(Al) particles come from piston, bearings, push rods, oil pump 

and gears [10]. For Al, the wear trend shows that Oil D 

provides the lowest wear loss. Similarly, less wear metal 

particles of lead (Pb) were reported for all the nanolubricants 

which shows their low corrosion ability as the Pb 

concentrations in oil samples is due to corrosion on bearing 

surfaces [9]. 
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Fig. 4. Wear metals analysis of nanolubricants. 

IV. CONCLUSION 

As a result of this research, the following conclusions can be 

drawn:  
 

1.  Carbon coated nanoparticles improved the dispersion 

ability hence uniform surface mending and improved load 

carrying ability has been observed for suspension 

containing carbon coated nanoparticles. 1 wt % carbon 

coated nanoparticles provided the most stable suspension 

with CMPO. 

2.  Motored engine test rig shows that 1 wt% carbon coated 

nanoCu provided most suitable wear protection. 
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