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Abstract-The purpose of this study is to observe the effect of hybrid SiO2-TiO2nano additive in engine oil on friction and 
wear characteristics. A reciprocating test rig was used to investigate average friction coefficient under various nano additive 
concentrations and lubrication regimes (Stribeck parameter). Glycol was used as solvent for nano additives before mixing 
with engine oil in order to prevent them from oxidizing with air. Considering good dispersion and solubility, average 
diameters of the nano additives were preferred to be 12 nm and 10 nm for SiO2 and TiO2, respectively. Observations 
depicted that, nano additive concentrations over 0,1% wt. lead to increase in friction coefficient. Compared to commercial 
engine oil, average friction coefficient reductions of 25%, 18% and 7% for nano-lubricant were observed within boundary, 
mixed and hydrodynamic lubrication regimes, respectively. It was clear that, deposition of tribochemical reaction products 
generated by nanoparticles could yield antiwear boundary film formation between piston ring and the substrate and reduction 
in shear stress. On the other hand, spherical shape of nano additives provided transformation of sliding friction into rolling 
friction in which the contact surface area is smaller. Under specific loads, nano particles behaved as asperity filler which 
means polishing effect on the contact surfaces. 
 
Index Terms- Lubrication regime, nano additive, engine oil, wear, friction 
 
I. INTRODUCTION 
 
Engine oils are not able to fully meet the commercial 
standards especially under severe engine operation 
conditions[1]. Approximately 33% of energy supplied 
from the fuel is wasted due to high frictions between 
moving parts in internal combustion engines such as 
transmission, brakes, tires, etc [6]-[10]. Rolling effect 
[2], [3], ability of making protective tribo-films on 
worn layers [2] ,[4] and polishing effect of solid 
lubricant additives make them attractive in tribology 
[2], [5]. Under reciprocating conditions, about 50% of 
the total frictional losses arise from interaction 
between piston ring-cylinder liner[2], [11]. Thus, 
improvement of tribological properties of lubricants 
is to be conducted in order to minimize frictional 
losses. 
Anti-wear, anti-friction and load bearing features 
made solid nano additives attractive for researchers 
[12], [13]. For nano additives, one of the most 
important reason of reducing friction between piston 
ring assembly is the ability of changing pure sliding 
friction to rolling friction and depositing on worn 
surfaces. Nevertheless, under high loads, penetration 
of nanoadditives to asperities on interaction surfaces 
provides polishing effect [2], [14], [15]. Binu et.al. [16] 
conducted a study on effects of hybrid TiO2-SiO2 
nanocomposite in grease and their study has unveiled 
that incorporation of nano particles yielded an 
increment of 40% in load bearing capacity of grease. 
Another experimental study was conducted by 
Battezet. al. [17] on CuO, ZrO2 and ZnO nanoparticles 
as anti-wear additive in oil lubricants. They pinned 
down that ZnO and ZrO2 suspensions reduced friction 
and wear much more than those of CuO. Studies 
demonstrate that the size of nano particle has 
substantial effects on tribological properties of 
lubricants and nanoparticles diameters within the 

range of 10-40 nm are well-deposited on rubbing 
surfaces, display good friction reduction 
characteristics [17], [18]. 
In engine operations, different lubrication regimes are 
observed: i) boundary lubrication which occurs 
mostly during severe engine operations such as 
stopping, starting and high revs, b) mixed lubrication 
in bottom and top dead center (BDC, TDC) regions 
and c) hydrodynamic lubrication especially in mid-
strokes [2], [19]-[21].  
 
II. EXPERIMENTAL PROCEDURE 
 
Reciprocating sliding friction tribotester was utilized 
to conduct friction analyses on surfaces of St52 
samples with sizes of 10 mm*10 mm*1 mm. A steel 
ball with 5 mm diameter was used as scratcher which 
makes a horizontal sliding motion on the surface of 
the sample under various nanoparticle concentrations 
and regimes to determine their effects on friction. 
GEMA brand 5W-30 engine oil (base oil) was used 
and nano additives were blended with glycol 
(solvent) before mixing with engine oil to prevent 
them oxidizing with air. To establish good dispersion 
with engine oil, an ultrasonic mixer was put into use 
before every friction analysis. Several experiments 
showed that nano additive concentration above 0,1% 
wt. causes agglomeration and precipitation in the 
suspension which induce severe scratching of 
specimen surface (severe wear). Hence, the test 
mixtures were prepared as to be comprised of 90% 
oil, 9,9% solvent and 0,1% nano additive. The nano 
additives and the solvent were purchased from 
Sigma-Aldrich and average diameters were 12 and 10 
nm for SiO2 and TiO2, respectively. Sliding speed of 
the scratcher was kept constant (100 mm/s) and the 
load was fixed to be 200 N under every test 
condition. However, in the base oil ambient, the load 
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was decreased to 30 N to inhibit extreme heat 
generation and severe damage on the sample surface. 
In every trial, a new St52 specimen was used. The 
friction coefficient was calculated in triplicate to 
improve accuracy. One can calculate the friction 
coefficient by [2]: 

f

n

F
F

    (1) 

whereFfis the frictional force (N) and Fnis the 
normal load (N) applied on the specimen. The 
schematic of the test rig is depicted in Figure 1. 

 

 
Figure 1. Test rig schematic 

 
Lubrication regimes are generally represented by 
Stribeck curves. The data for these curves are 
obtained from Stribecknumber which presents the 
coefficient of friction within different regimes. 
Stribeck number is calculated as follows [2], [22], [23]: 
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where S is the Stribeck parameter, γ is the dynamic 
viscosity and ʋais average sliding speed (mm/s). 
 
III. RESULTS AND DISCUSSION 
 
Experiments showed that nano additive concentration 
up to 0,1% wt. in the suspension has substantial 
effect on reducing friction coefficient compared to 
that of base oil. Weight ratios over 0,1% may cause 
precipitation on the rubbing surfaces and increment 
in friction coefficient (Figure 2). Average reductions 
of 25%, 18% and 7% were observed within 
lubrication regimes of boundary, mixed and 
hydrodynamic, respectively compared to those of 
base oil under same lubrication regimes. 

 
Figure 2.Nano additive concentration vs. friction coefficient 

Stribeck parameter analysis provides evaluation of 
tribological characteristics of nano additives under 
different lubrication conditions [22]. Figure 3 shows 
the friction coefficient variation under different 
lubrication regimes based on Stribeck parameter. 

 
Figure 3. Friction under different lubrication regimes 

 
Referring to experimental results, maximum friction 
coefficient values were observed at TDC and BDC 
(boundary lubrication) whereas maximum power 
losses may have occurred at mid-strokes 
(hydrodynamic lubrication) due to increased piston 
speed at mid strokes which causes augmented shear 
stress in lubricant film. Especially at TDC and BDC, 
high friction and heat release may have provided 
nano particles to melt down partially and polish 
contact surfaces compared to base oil conditions. At 
mid strokes, reduced friction may be attributed to 
rolling effect of nano particles rather than polishing 
effect. 
 
CONCLUSIONS 
 
This experimental study shows that, even under harsh 
(boundary) conditions, hybrid SiO2-TiO2nano 
additive in engine lubricant has considerable effects 
on reducing friction between moving parts in a 
particular oil ambient. Spherical shape of nano 
particles is very effective on changing pure sliding 
friction to rolling friction which leads to smaller 
contact between surfaces specially at mid strokes 
(hydrodynamic lubrication). Especially under high 
friction conditions (boundary lubrication), penetration 
of nano additives to the crevices on the cylinder liner 
and piston rings yields polishing effect. Besides, good 
deposition on contact surfaces makes smoother 
interaction due to diminished shear stress. 
Consequently, nano particles are appropriate 
additives for lubricants used in mechanisms. More 
comprehensive topics related to this study such as oil 
bath temperature (viscosity) effect, tribochemical 
reactions prevailing on contact surfaces, structural 
transformation of interaction surfaces, etc. may be 
scrutinized. 
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