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Abstract:The present experimental study investigates to Tribological - behavior on Zinc Oxide (ZnO) nano particles used as an additive of SAE (20W-
40) engine oil. The nanoparticles were synthesized using the Two-step process in the laboratory, were scatter in the volume concentrations of 0.01, 0.02, 
and 0.05 in the engine oil using an utrasonicator. The tests for finding to friction as well as a wear feature were conducted using a 4ball tribotester for the 
ASTM standard D4172, consisting Load of 40 kilo gram at 1200 revolution per minute rotation for testing time of 1 hour at the temperature at 75 °C. 
Then an experimental result revealed to addition of nano particles to the engine oil improves from friction and anti-wear properties to a great extent. In 
this case Coefficient of Friction (COF) and their corresponding Wear Scar Diameter (WSD) and Wear Surface Area (WSA) were reduced for the samples 
containing Nanoparticle additives than those without nano particles. The samples with nano particles also showed good stability over a period of 1 
month. 
 
Index Terms: Engine oil, Zinc Oxide, Nano fluids, Lubricant, Tribology, Antiwear, Friction-reduction. 
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1. INTRODUCTION 
THE The field of nanotechnology is the most sought out area 
of research in the 21st century. It has a vast variety of 
applications in various streams of engineering and research. 
Many researchers on their quest to prepare nanofluids with 
good stability adopted different methods and techniques to 
produce nanofluids of preferred quality [1-3]. [1] Synthesized 
ZnO powders using chemical precipitation method. The 
nanoparticles were dispersed in ethylene glycol using a 
magnetic stirrer and ultrasonic processor under continuous 
pulse for 2 h.[2]. prepared EG-based ZnO nanofluids using a 
one step method known as pulsed-wire evaporation (PWE). 
Within the chamber wall, the synthesized nano-particles came 
into direct contact with EG and the ZnO nanoparticles were 
obtained without any contamination of the surface.  3] first 
dispersed using sonication in polyethylene glycol and its 
aqueous solutions. The average particle size measured for the 
investigated nanofluids was observed to be much greater than 
the size of primary particles. ZnO ePEG nanofluid was also 
found to be stable for at approximately 140 min. Also, in order 
to reduce the losses in power due to friction various scientists 
and researchers have reported that the addition of 
nanoparticles in lubricants such as engine oil helped in 
reducing the friction and wear [4-6]. [4] Reported that the 
tribological mechanism is that a deposited film to those 
regions for all contacting was generated, this prevents the 
straight contact of rubbing the surfaces and reduces greatly 
the force of frictional center of the all surfaces contacts. [5] 
Reported that ZnO nano-scale particles could decrease the 
direct contact places of friction to wear by being stake onto the 
all surfaces and generating a layer of lubricating on running 
surfaces. The reduction in friction and wear-proofing effects in 
the base of oil were considerably improved by adding nano-
dimensional ZnO particles to the surface. 6] ZnO and Al2O3, 
as H2S, were investigated using ball-on-disk experiments for 
friction-and wearing characteristics based upon nanofluids. 
These nanoparticles are combined to reduce friction on 
smooth surfaces. The assessment of wear for a polished 
surface indicates that the nanoparticles are comparable to the  
 
 
 

abrasion of wear particles, showing wear on all surfaces, with 
stronger particles leading to wear traces that have been 
shown to be very visual. This paper examines the wear 
behavior of ZnO suspended nanoparticles with multi-strand 
content of SAE engine oil (20W-40) with a 4-ball tribotester 
and optical microscopy that determines the area on which 
wear has been conducted. 
 
2 EXPERIMENTAL DETAILS 
 
2.1. Synthesis and preparation of Zinc Oxide 

nanofluids 
The Zinc oxide nanomaterials were prepared using the 2 step 
method. This is the recently, trendy used and the most 
economical for the preparation of nanoparticles. 
Nanoparticles, Nano fibers, nanotubes, or various 
nanomaterial’s utilized in this process are first generated as a 
dry powders using chemical or physico process. Then, nano 
sized grins will be distribute into a fluid in the 2nd step 
processing with the help of intensive concerted force for 
agitation, ultra sonication, high-shear agitation, homogenizing, 
and ball milling. Here, the Zinc oxide nanoparticles were 
synthesized by the chemical treatment of the salt Zinc acetate, 
which was then followed by heating the reactant compounds 
at the temperature of 5000C to 5500C for 5 hours in the muffle 
furnace. Thus, the resultant zinc oxide Nanoparticles were 
obtained.  Now the ZnO nanoparticles were dispersed in the 
Engine oil SAE (20W-40) in the volume concentration of 0.01, 
0.02, 0.05 using suitable solvents such as ethylene glycol and 
oleic acid.  This mixture was ultra-sonicated using an 
ultrasonicator for 30 to 40 minutes.  Thus, the ZnO enhanced 
engine oil nanofluids were prepared. The ZnO nanoparticles 
were dispersed uniformly all through the base engine oil and 
also the prepared ZnO nanofluids showed good stability for a 
period of 1 month. 

 
2.2. Tested Oil and its Constituents 
The chosen base engine SAE oil Chosen (20W-40) is an 
enhanced diesel oil performance [7] that offers an excellent 
wear-protection in all types of diesel engines. Its properties are 
provided in the below Table 12.2 Final Stage 
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TABLE 1. CONSTITUENTS OF BASE ENGINE OIL 
 
For testing the friction and wear properties on ZnO 
nanoparticles enhanced engine oil, a 4 ball tribo tester 
machine by DUCOM Systems was employed. A steel ball is 
rotating pressed with 3 steel balls resistibly held together and 
submerged in lubricant under test. The test load and duration, 
temperature of speed rotation are fixed with accordance of 
standard test producure. Here, the ASTM standard D4172, 
consisting of Load 40 kg at 1200 revolution per minute rotation 
for a test duration of 1 hour at the temperature of 75 0C is 
applied to determine the properties of friction and wear of the 
prepared nanofluids. The average scar diameter on the lower 
three balls is indicated. The size of the scar shows the ability 
of the lubricant is preventing of the wear. Also, the values of 
Wear Surface Area (WSA), Coefficient of Friction (COF), and 
Frictional Torque (FT) can also be calculated from the data 
provided (8) by this instrument. 
 
3. EXPERIMENTAL RESULTS 
 
1. Properties of friction and its reduction 
The three samples containing the base engine oil enhanced 
with ZnO nanoparticles and a sample containing only the base 
engine oil without the ZnO nanoparticles were tested in the 
four-ball tribo tester for frictional, properties of the wear. The 
results are displayed below in Figure 1. 

 
 

Fig.1 Frictional Torque with and without nanoparticles 
 

Table 2. Coefficient of Friction (COF) of Tested Samples 

 

 
The values of the COF for the 4 samples of base engine oil 
with and without nanoparticles are given in the below Table 2. 
The results reveals that the Coefficient of Friction (COF) is 
greatly decreased for the engine oil samples enhanced with 
ZnO nanoparticles and of these, the oil sample containing 
0.02% ZnO showed the best reduction in the Coefficient of 
Friction (COF) having 0.05428 and 27.64% less than that of 
the sample containing only the base oil without ZnO nano 
particles. 

 
2. Properties of Anti-wear 
The anti-wear properties of the samples were examined 
according to the Wear Scar Diameter (WSD) and Wear 
Surface Area (WSA) values provided by the four-ball tribo-
tester. Then wear of scars developed on the area of the three 
balls immersed in the sample, during testing, provides the 
details of the wear characteristics improvement of the engine 
oil sample such as the adding of nanoparticles to it. The 
following Tables 3 and 4 shows the values of the Wear Scar 
Diameter (WSD) and Wear Surface Area (WSA) respectively. 
The Wear Surface Area and Diameter are given 
in Micrometer square and Micrometer 
 

BALL 0.01%ZnO+ Oil 0.02%ZnO+ Oil 

I 497.59 495.63 

II 503.49 460.22 

III 487.76 493.66 

 
TABLE 3. WEAR SCAR DIAMETER (WSD) ON THE BALLS SURFACE 

FOR EACH TEST SAMPLE 
 

The results reveals that the Wear Scar Diameter (WSD) was 
greatly reduced for the engine oil samples enhanced with ZnO 
nanoparticles and of these, the oil sample containing 0.02% 
ZnO showed the best reduction in the Wear Scar Diameter 
(WSD) having 460.22 micrometer and 46.05% less than that 
of the sample containing only the base oil without ZnO 
nanoparticles. 

 
TABLE4. WEAR SURFACE AREA (WSA) ON THE BALLS SURFACE 

FOR EACH TEST SAMPLE 

 
From the data provided in the above table, it is clear that the 
Wear Surface Area (WSA) was greatly reduced for the engine 
oil samples enhanced with ZnO nanoparticles and of these, 
the oil sample containing 0.02% ZnO shows the best reduction 
in the Wear Surface Area (WSA) having 0.16654 micrometer2 
and 87.45% less than that of the sample containing only the 
base oil without ZnO nanoparticles. For better understanding, 
the wears inflicted on the surface of the balls are 

CRITERIA 
0.01%ZnO
+ Oil 

0.02%ZnO
+ Oil 

0.05%ZnO
+ Oil 

Only Oil 

COF 0.0657 0.05428 0.06342 0.07169 
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photographed using an optical microscope of 100X zoom 
value. The Figures 2, 3, 4 and 5 depicts the image of one ball 
per sample which provide the details regarding the Wear 
Surface Area (WSA) and the Wear Scar Diameter (WSD). 

 

 
 

Fig. 2. WSA and WSD of sample containing 0.01%ZnO+ Base Oil 
 

 
 

Fig. 3. WSA and WSD of sample containing 0.02%ZnO+ Base Oil 
 

 
 

Fig. 4. WSA and WSD of sample containing 0.05%ZnO+ Base Oil 

 
 

Fig. 5. WSA and WSD of sample containing only oil 
 

CONCLUSION 
This investigation reports that the Tribological properties of 
engine oil SAE (20W-40) is enhanced due to the addition of 
ZnO nano particles.  ZnO Nano particles by additives form the 
engine oil exhibit effected friction decrease and antiwear 
behaviour. When ZnO nano particles were included to the 
engine oil, the co efficient of friction is eliminated by 27.64% 
with 0.02% concentration using weight of the oil as measured 
to the oil without nano particles for load 40 kg. This impact 
could be due to the rotating of the sphere like nano particles 
between the rubbing surfaces, thus decreasing friction. 
The wear-resistant mechanism is associated with a fall of ZnO 
nano particles on the worn surface, which can lower the wear-
resistance and thus improve tribological characteristics. 
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