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Abstract 

Engine lubricants play a vital role in ensuring smooth and reliable operation of internal combustion 

engine, primarily preventing corrosion, and reducing the risk of damage, keeping the engine cool by 

dissipating excessive heat, and enhancing combustion efficiency and reducing oil consumption. Now a days 

different nano size material additives are used for improving the lubricant's thermophysical properties.  

The purpose of this research is to improve tribological properties of the engine oil by adding different 

nanoparticle (cerium oxide, cerium doped, copper, copper doped, and chromium doped) to a base oil SAE 

20W50 and evaluate and compare the enhancement in the properties.  Three different concentrations: 0.1 

w/w % 0.3 w/w % and 0.5 w/w % of each non-dopped and 0.1 w/w % for doped nanoparticle is taken and 

dispersed in base oil. Four different properties viscosity index, flash point, fire point and pour point are 

measured before and after engine operation. Upon the obtained result there is almost a linear relation 

between properties and concentration, most properties are improved by increasing the concentration of 

nanoparticle. Among all the properties the change in pour point have the highest which are 150 % with 

respect to base oil also the maximum viscosity index improve by 35 % and the maximum flash point and 

fire point are improve by 48 % and 25 % respectively. Among the entire nanoparticle almost all the doped 

particles show the maximum percent change at low concentration. 

 

Keywords: Engine Oil, Nanoparticle, Cerium Oxide, Tribological Properties, Viscosity Index, Fire Point. 
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Introduction 
 

The scientific community is currently focused on enhancing energy efficiency and exploring alternative 

energy resources. It is crucial to identify energy-consuming mechanisms or systems and develop solutions 

that minimize energy losses. Friction and wear account for more than 25 percent of global energy losses in 

various processes and applications. In 2014, worldwide energy consumption reached approximately 396 EJ 

across different sectors such as transportation, residential, and industrial activities (Holmberg and Erdemir 

2017). Mechanical systems in these sectors experience energy losses primarily due to friction and wear, 

making their reduction imperative. The annual total losses resulting from tribological contacts are estimated 

to be 2,536,000 million euros, with 73% attributed to friction and 27% to wear (Holmberg and Erdemir 

2017, Holmberg and Erdemir 2019). 

 

In the field of tribology, researchers are actively investigating the development of high-performance 

lubricants to mitigate friction in consumer and industrial applications. To meet the increasing demand for 

high-performance lubricants, researchers have turned to the utilization of nanomaterials. Numerous 

research papers published over the past 25 years have demonstrated that the addition of nanomaterials to 

lubricants can significantly enhance their properties (Singh, Chauhan et al. 2020, Pownraj and Valan Arasu 

2021). 

 

The addition of nanoparticles in engine lubricants can have several effects. Some potential effects include 

improved lubricity, reduced friction, and wear, enhanced thermal conductivity, better load-carrying 

capacity, increased oxidation stability, and improved anti-wear properties (Demas, Timofeeva et al. 2012, 

Spikes 2015). Nanoparticles can form a protective layer on the contacting surfaces, reducing surface 

roughness and preventing metal-to-metal contact. They can also enhance the formation of boundary films, 

leading to reduced friction and wear. Additionally, nanoparticles can help dissipate heat more efficiently, 

improving the overall thermal management of the lubricant (Pownraj and Valan Arasu 2021). 

 

Literature Review  
 

Nanoparticles have become a focal point in the field of nanotechnology due to their unique characteristics, 

In the past decade, extensive research has been conducted on nanoparticles, with a particular emphasis on 

aluminum oxide, Copper Oxide, MoS2 and other nanoparticles (Singh, Chauhan et al. 2020). These 

nanoparticles have garnered significant popularity, especially in the realm of engine oil as a protective 

agent against wear. 

 

A research study was carried out by (Thottackkad, Perikinalil et al. 2012), that explored the tribological 

properties of coconut oil infused with copper oxide nanoparticles. Their findings indicated that the 

incorporation of these nanoparticles led to improvements in both the natural wear and friction coefficient of 

the oil. Additionally, the viscosity of the base oil increased with higher concentrations of nanoparticles. In 

another noteworthy study (Abdullah, Abdollah et al. 2014), researcher dispersed hBN/Al2O3 nanoparticles 

in traditional diesel engine oil to examine its properties. The results shows that nanoparticles has 

implications for fuel consumption and engine durability but also offers improved lubrication and thermal 

conductivity properties. Consequently, it simultaneously enhances oil performance and facilitates heat 

transfer in engines. 

 

A study conducted by (Rajendhran, Palanisamy et al. 2018) on the impact of MoS2 nano-additives on the 

frictional properties of lubricating oil. The findings revealed that the inclusion of 0.5 wt. % nano-additives 

in pure oil significantly improved the tribological characteristics. In another study, (Ali, Xianjun et al. 

2016) used oleic acid to suspend various nanoparticles in base oil at different concentrations to examine the 

tribological properties of the resulting nano lubricants. The researchers concluded that the incorporation of 

nanoparticles led to a decrease in both the kinematic viscosity and friction coefficient of the lubricants. 
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An investigation was done by (Laad¹, Ponnamma et al. 2017, Laad and Jatti 2018) for the effects of 

Titanium oxide (TiO2) nanoparticles as additives in mineral-based multi-grade engine oil on tribological 

behavior. The research found that the addition of TiO2 nanoparticles significantly reduced friction and wear 

rates, improving the lubricating properties of the engine oil. The study used TiO2 nanoparticles with a grain 

size of 10-25 nm, added at concentrations of 0.3%, 0.4%, and 0.5% weight. Similarly, (Ettefaghi, Ahmadi 

et al. 2013) conducted a study where copper oxide (CuO) nanoparticles were added to engine oil to 

evaluate changes in its properties. The study examined viscosity, pour point, flash point, and thermal 

conductivity coefficient as important parameters for engine oil functionality. Results showed that nano 

lubricants with 0.1% concentration exhibited a 3% improvement in thermal conductivity coefficient and a 

7.9% improvement in flash point compared to the base oil. The viscosity of the oil did not significantly 

change at lower concentrations.  

 

The study by (Sreeremya, Krishnan et al. 2014) involved the addition of cerium oxide nanoparticles to 

transformer oil for heat-driven applications. Monodispersed oleic acid-capped ceria nanoparticles were 

synthesized through a one-step strategy using thermal decomposition. The nanoparticles showed excellent 

dispersity in organic solvents and were used to prepare transformer oil-based nanofluids. The nanofluids 

exhibited enhanced thermal conductivity of approximately 14.6% at 50 degrees Celsius with 0.7 vol% solid 

loading.  

 

With the advancement of nanomaterial technology and the ongoing challenges related to energy sources, 

researchers have begun applying nanomaterials to enhance heat transfer and develop stable heat transfer 

fluids. Nano fluids are created by dispersing nanoparticles in typical heat transfer fluids like water, ethylene 

glycol, and oil. Recently, there have been reports of increased thermal conductivity coefficients in 

nanofluids containing small amounts of metallic particles (Özerinç, Kakaç et al. 2010, Tajik Jamal-Abad 

2013, Senthilraja, Vijayakumar et al. 2015, Amiri, Movahedirad et al. 2016) such as Cu, as well as 

nonmetallic particles like ZnO, Al2O3, CuO, and SiC  

 

Different research provides a concise review of theoretical models and investigates the effects of factors 

such as nanoparticles' shape and size, temperature, volume concentration, pH, etc., on the viscosity of 

nanofluids (Zin, Agresti et al. 2015, Asadi and Asadi 2016, Esfe, Afrand et al. 2016, Sepyani, Afrand et al. 

2017). Viscosity is an important property that significantly impacts heat transfer, and understanding its 

behavior is crucial for practical applications of nanofluids with enhanced heat abilities. The viscosity of 

nanofluid suspensions is influenced by the particle size, with larger particles generally exhibiting higher 

viscosity at increased volume concentrations. However, contradictory findings exist, with some studies 

showing a reduction in viscosity with an increase in particle size for certain nanofluids. The variations in 

behavior are attributed to the higher interface resistance caused by a larger surface area in the case of 

smaller particles. Various researchers have reported viscosity increases with increasing particle volume 

fraction for different nanofluid systems, including alumina-water, TiO2-water, SiO2-ethanol, and CNT-

based nanofluids. These findings consistently support the trend of increased viscosity with higher particle 

concentration. 

 

Similarly, (Goharshadi, Ahmadzadeh et al. 2013) investigated the impact of particle size distribution on the 

viscosity and other properties of nanofluids. They found that nanofluids with a wider particle distribution, 

at a constant volume fraction, exhibited better packing ability compared to those with a narrow particle 

distribution. The properties of nanofluids can be influenced by different dispersion techniques. Mechanical 

blending was used by (Wang, Gao et al. 2001) to disperse Al2O3 Nano powders in distilled water and 

reported an 86% increase in effective viscosity for a 5% volume fraction. On the other hand, Al2O3-water 

and TiO2-water-based nanofluids by (Pak and Cho 1998) at a 10% particle volume fraction and found 

significantly higher viscosities compared to water, likely due to differences in dispersion technique, size, 

and applied electrostatic repulsion.  
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The majority of the existing research primarily focuses on investigating the impact of individual 

nanoparticles on tribological properties, without providing a comparative analysis of engine oil properties 

with different nanoparticles as an additive. This current study aims to assess the modifications in the 

tribological properties of lubricants through the addition of nanoparticles as additives and compare their 

respective effects on these properties.  

 

Material and Methodology 
 

Material 

 

One method for enhancing the properties of engine oil is the incorporation of additives. This study aims to 

improve the engine oil properties by utilizing cerium oxide, cerium-doped, copper, copper-doped, and 

chromium-doped nano-additives. The main characteristics of the Nanoparticles and base oil are presented 

in Table 1. SAE 20W50 was used as base oil in the experiment and it’s in general used in small internal 

combustion engines. 

  

Table 1: Characteristics of the Nanoparticles and Base Oil 

Material Property 

Nanoparticle Purity Size(nm) Density(g/cm
3
) Color  

Cerium oxide 99.9 10-30  7.6 g/cm
3
 Pale Yellowish White 

Copper 99 50-70 8.96 Black greenish 

Base oil Physical properties  valve 

 

 

 

 

Bonn advance 

SAE-20W50 

Kinematic Viscosity, cSt at 40°C 145 

Kinematic Viscosity, cSt at 100°C 16 

Viscosity index 116 

Density, Kg/cm3 0.8933 

Pour point, °C -7 

Flash point, °C 188 

Fire point, °C 226 

 

Preparation of the Nanofluid 

 

The required quantity was calculated and measured accurately using electronic balance and mixed with 

base oil. Three concentrations of each nanoparticle were made at 0.1 w/w % 0.3 w/w % and 0.5 w/w %. 

Magnetic stirrer and ultrasonicator were used for the dispersion of nanoparticle. Total time of 45 and 60 

minutes of magnetic stirrer and ultrasonicator respectively were given for stable suspension. The 

Functional specifications of magnetic stirrer and ultrasonicator are given in Table 2. The sample was used 

immediately after preparation to avoid the sedimentation and agglomeration issue. 

 

Table 2: Specification for Magnetic Stirrer and Ultrasonicator 

Magnetic Stirrer Ultrasonicator 

Specification Value Specification Value 

Speed (rpm) 700 Total time 1 hour 

Time (min) 45 Pulse on 2 sec 

Temperature (℃) 75 Pulse off 2sec 

Volume of the tube (ml) 900 Power rate 90 

  Alarm temperature (℃) 100 
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Engine Operation 

 
The nanofluids are used after preparation in engine for approximately 3.5 hours at different rpm and load. 

The purpose of running Nano fluid in engine is to apply real-time condition. A 1000 W generator was used 

for this purpose powered by domestic gas.  The engine used in this generator is approximately 150 cc and 

uses 600 ml of oil capacity. The load is applied on the bases of electrical power output. 

 

Properties Measurement 

 
The kinematic viscosity of prepared samples was measured by Saybolt viscometer according to ASTM D-

445 standard at atmospheric pressure and at temperatures of 40°C and 100°C. In order to investigate the 

effect of nanoparticles concentration on kinematic viscosity, experiments were carried out at different 

concentrations (0.1, 0.3 and 0.5 wt. %) and the results were compared with the pure lubricant.  In order to 

calculate the viscosity index of the samples, the following equation was utilized according to the ASTM D-

2270: 

 

   
   

   
     

 

Where U, L, and H are the oil kinematic viscosity at 40°C, the values of kinematic viscosity at 40 °C for oil 

of viscosity index 0 and 100, respectively, which have the same kinematic viscosity at 100°C as the oil 

whose viscosity index are tried to be ascertained. Flash point and pour point of the prepared nanofluids 

were experimentally measured based on ASTM D-93 (Pensky-Martens Closed Cup method) and ASTM D-

97 respectively. 

 

Experimental Details 

 

The experimental details that are used in research and the properties that are the objectives of the study are 

explained here. It includes the experimental setup, sample preparation engine operation and properties 

testing discussed here with detail. The flow chart in figure 1 show the process of sample preparation and 

concentration of different nanoparticles. 

 
Figure 1: Flow Chart of Experimental Setup, Sample Preparation Engine Operation And Properties Testing 
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Sample Preparation 

 
For the sample preparation the weight percentage is used for every concentration each sample is a 900 ml. 

Firstly 900ml of lubricant is weighted than using the formula to calculate the amount of nanoparticle in 

gram for each concentration. Precession electronic balance is used to measure the amount of nanoparticle 

and magnetic stirrer and ultra-sonication were used for the dispersion of particles in the sample, shown in 

figure 2.  

 

 
Figure 2: (a) Electronic Balance, (b) Magnetic Stirrer and (c) Ultrasonicator 

 

Engine Setup and Procedure 

 

The engine setup comprises a 152 cc 4-stroke engine affixed to a 1000W generator dynamometer. To 

measure RPM and load, a VFT meter is employed. The switchboard consists of five 100W bulbs. 

Following the dispersion of nanoparticles in a sonicator, a total of 600 ml of oil sample is introduced into 

the engine, which is operated for a duration of 3.5 hours. Initially, during the first hour, the output load is 

set at 100W, while the RPM remains constant at 3600. After one hour, the load is increased to 300W, 

accounting for 30% of the engine's total capacity. Subsequently, the load is adjusted to 500W, which 

corresponds to 50% of the engine's total capacity for the remaining duration. The RPM varies over time. 

Once the engine operation is complete, samples are extracted from the engine and prepared for post-engine 

testing. 

 

Apparatus Used in Properties Measurement  

 

A total of 4 properties are measured including viscosity index, flash point fire point and pour point. 

Saybolt’s Viscometer is used to measure the viscous properties of a fluid at ambient or defined 

temperatures. They are commonly available in the form of a calibrated capillary tube through which a 

liquid is allowed to pass at a controlled temperature in a specified time period. The property being 

measured is then the kinematic viscosity and not the dynamic viscosity, and equals to,  

 

Kinematic viscosity, ν = At-B/t 

 

Where, A=0.00226, B=1.95 

 

A and B are constants. 

(a) (b) (c) 
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 Figure 3: (a) Saybolt’s Viscometer (b) Pensky’s Martens Apparatus  

(c) Petrotest Pour Point Apparatus 

 

Pensky’s Martens Close Cup Apparatus is used for measuring both Flash Point and Fire Point, while For 

Pour Point and Flash point measurement, Petrotest Cloud and pourpoint Test Apparatus was used, which 

work according to ASTM D2500 & ASTM D97 standards. 

 

Dispersion Stability of Nanoparticles 

 

One of the most effective factors of the nanofluid properties is the rate of dispersion and stability of 

Nanoparticles inside the base fluid. When dispersion of particles inside the base fluid is not good, it is 

possible that agglomeration and precipitation of nanoparticles occur; in this case, macro particles, like 

inclusions, develop which cause damage to frictional surfaces and also obstruct the lubricant vents. In the 

present research, to disperse nanoparticles inside the base oil, two mechanical methods are used including 

magnetic stirrer and probe ultrasonicator. After preparation all of the samples were maintained inside the 

completely transparent glassy containers in a completely stagnant condition for about 5 days for the 

purpose of evaluating their stability conditions. In this period of time, the stability condition of all the 

samples were periodically and visually inspected and recorded. Nanoparticles in each of the three samples 

had precipitated a considerable amount. After the inspection it is observed that the cerium oxide 

nanoparticle at low concentration of 0.1 w/w% has the best stability in base oil up to 1 day than copper and 

chromium nanoparticle. All the sample have good dispersion and stability over 7 -10 hour, after that time a 

cloud of nanoparticle began, and precipitation started and after 5 day the 90 % of nanoparticle settle 

downed. The conclusion is that the low concentration sample has good stability and the precipitation start 

earlier in high concentration samples. 

 

Discussion 
 

Cerium Oxide (CeO2) Nanoparticle 

 

Table 3 presents the experimental data obtained for cerium oxide nanofluid, including viscosity index, flash 

point, fire point, and pour point at three different concentrations before and after engine operation. The 

viscosity index shows a linear improvement with increasing nanoparticle concentration, with the highest 

improvement observed at 0.5 w/w %, resulting in a 29.92% increase compared to the base oil. Similarly, 

the changes in flash point and fire point exhibit a linear relationship with concentration, except for the 0.3 

w/w % concentration after engine operation, where slight decreases in values are observed. The maximum 

changes in flash point and fire point occur at doped cerium concentrations of 0.1 w/w % and 0.5 w/w % 

(non dopped), respectively, resulting in a 48.9% and 7.9% improvement compared to the base oil. Finally, 

the changes in pour point are irregular; however, there is a maximum improvement of 150% compared to 

the base oil. 

 

 

 

(a) (b) (c) 
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Table 3: CeO2 Nanoparticle Data 

Parameters Base oil Cerium oxide 

Sample 0.1% 

w/w 

Cerium oxide 

Sample 0.3% 

w/w 

Cerium oxide 

Sample 0.5% 

w/w 

Cerium doped 

Sample 0.1% 

w/w 

 Before After Before After Before After Before After Before After 

Viscosity 

Index 

116.42 95.76 119.37 113.22 121.75 119.57 123.34 124.42 109.98 113.64 

Flash Point 

℃ 

188 195 205 219 213 211 218 223 280 272 

Fire Point 

℃ 

226 226 228 238 242 236 244 241   

Pour Point 

℃ 

-7 -10 -3 -9 -4 -9 -4 -12 -9 -25 

 

Copper (Cu) Nanoparticle 

 

Table 4 presents the experimental data obtained for copper nanofluid, including viscosity index, flash point, 

fire point, and pour point at three different concentrations before and after engine operation. As the 

concentration increases, the viscosity index improves, except at the 0.3 w/w % concentration, where a 

slight decrease is observed.  

 

The maximum change in viscosity index in this table occurs at a cerium-doped concentration of 0.1 w/w%, 

resulting in a 35% improvement compared to the base oil. The flash point and fire point decrease as the 

concentration increases, but at certain points, the values diverge and increase in a non-regular manner. 

However, the maximum changes in flash point and fire point are 26% and 14.14%, respectively, compared 

to the base oil. The trend in pour point changes is also irregular, with random variations observed. 

Nonetheless, the maximum change in pour point is 128% compared to the base oil. 

 

Table 4: Cu Nanoparticle Data 

 

Chromium Doped Nanoparticle 

 
Table 5 presents the experimental data obtained for chromium-doped nanofluid, including viscosity index, 

flash point, fire point, and pour point at a single concentration before and after engine operation. The 

maximum changes observed are 34.46% for viscosity index, 35.11% for flash point, 25.66% for fire point, 

and 128.52% for pour point.  

 

 

 

Parameters Base Oil Copper 

Sample 0.1% 

w/w 

Copper Sample 

0.3% w/w 

Copper Sample 

0.5% w/w 

Copper Doped 

Sample 0.1% 

w/w 

 Before After Before After Before After Before After Before After 

Viscosity 

Index 

116.42 95.76 120.31 93.26 118.97 105.33 119.52 112.81 

 

131.38 129.79 

Flash Point 

℃ 

188 195 228 209 221 217 216 214 237 241 

Fire Point 

℃ 

226 226 237 235 235 231 231 228 251 258 

Pour Point 

℃ 

-7 -10 -2 -5 -11 -15 -3 -4 -16 -21 
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Table 5: Chromium Doped Data 

Parameters Base Oil Chromium doped Sample 0.1% 

w/w 
 Before After Before After 

Viscosity Index 116.42 95.76 122.35 124.93 

Flash Point ℃ 188 195 254 259 

Fire Point ℃ 226 226 279 284 

Pour Point ℃ -7 -10 -12 -19 

 

Comparative Analysis of the Tribological Properties 
 

Viscosity Index 

 

The rate of oil resistance against flowing is called viscosity, which is one of the most important factors for 

selecting suitable oil for engine. Viscosity index is a measure for the change of viscosity with variation in 

temperature. The lower the VI, greater will be the change in viscosity of the oil with temperature and vice 

versa. Because of the extra importance of viscosity index for a lubricant, we have focused on the produced 

changes in the engine oil's viscosity index, which is the result of adding cerium oxide, copper, and 

chromium oxide nanoparticles. 

 

For this purpose, kinematic viscosity of the base oil and of the nanofluids which contain cerium oxide, 

copper and chromium oxide Nanoparticles at 0.1%, 0.3%, and 0.5% (w/w concentration) at 40°C and 

100°C were measured before and after the engine operation. Then the viscosity indexes of the above 

concentrations were calculated. The obtained result is shown in the table 6. The concentrations vs VI graph 

and the trend in viscosity index are also shown in figure 4. 

 

From the result, it is shown that viscosity index is the function of concentration. Increase in viscosity index 

occur when the concentration is increase from 0.1% w/w to 0.5% w/w for all the nanoparticle before and 

after engine operation except the copper 0.1% w/w, where the decrease in viscosity index occur both before 

and after engine operation, as shown in the chart. 

 

 
Figure 4: Viscosity Index at Different Concentrations for Copper, Cerium Oxide and Chromium 

Nanoparticles 
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The percentage changes in viscosity index are also calculated for all the nanoparticle at different 

concentration 0.1% w/w, 0.3% w/w, and 0.5% w/w. 

 

                    ( )   
                        

           
      

 

From the table 6, the highest percent change in viscosity index occur at copper doped o.1% w/w which is 

35% with respect to base oil, and for cerium oxide and chromium oxide there is a 29.92% at 0.5% w/w   

and   30.46% at 0.1 w/w% change in viscosity index with respect to base oil respectively. 

 

Table 6: Percent Change in Viscosity Index of Copper, Cerium Oxide and Chromium Nanoparticles 

Concentration 

Percent Change 

Cerium Oxide (CeO2) Copper (Cu) Chromium (Cr) 

Before After Before After Before After 

0.1 w/w ⁒ 2.5 ⁒ 18.23 ⁒ 3.34 ⁒ -2.61 ⁒ - - 

0.3 w/w ⁒ 4.5 ⁒ 24.86 ⁒ 2.19 ⁒ 9.99 ⁒ - - 

0.5 w/w ⁒ 5.9 ⁒ 29.92 ⁒ 2.66 ⁒ 17.80 ⁒ - - 

Doped -5.5 ⁒ 18.67 ⁒ - - 5.09 ⁒ 30.46 ⁒ 

 

Flash Point  

 
The trend of change of flash point as a function of nanoparticle concentration is shown in figure 5. Flash 

point is the lowest temperature at which the oil's vapor in contact with air and as exposed to an ignition 

takes fire at a moment and then rapidly extinguishes. It can be seen that adding cerium oxide, copper and 

chromium doped nanoparticles to the base oil causes an increase in the flash point of the base oil. It can be 

concluded that the increase of thermal conductivity through adding nanoparticles is attributed to the 

increase of oil resistance against ignition. Also, flash point has a direct relation with concentration of 

nanoparticles, although this relation is not linear and the intensity changes in lower concentrations are more 

than the changes in higher concentrations.  

 

 
 

Figure 5: Flash point at Different Concentrations for Copper, Cerium Oxide and Chromium Nanoparticles 

 

The percentage changes are calculated for all nanofluids with respect to base oil, shown in table 7. The 

maximum change occur in cerium doped 0.1 % w/w before operation which is 48.9 % with respect to base 

oil. In copper the maximum change occur at copper doped 0.1 % w/w before operation which is 26 % with 

respect to base oil. In chromium doped the max change is 35.1 % at 0.1 %w/w with respect to base oil 

before operation. 
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Table 7: Percent Change in Flash Point of Copper, Cerium Oxide and Chromium Nanoparticles 

Concentration 

Percent Change 

Cerium Oxide (CeO2) Copper (Cu) Chromium (Cr) 

Before After Before After Before After 

0.1 w/w ⁒ 9.04 ⁒ 12.30 ⁒ 21.27 ⁒ 7.17 ⁒ - - 

0.3 w/w ⁒ 13.2 ⁒ 8.21 ⁒ 17.55 ⁒ 11.28 ⁒ - - 

0.5 w/w ⁒ 15.9 ⁒ 14.36 ⁒ 14.89 ⁒ 9.74 ⁒ - - 

Doped 48.9 ⁒ 39.49 ⁒ 26.00 ⁒ 23.58 ⁒ 35.11 ⁒ 32.82 ⁒ 

 

Fire Point 

 
The fire point is defined as the lowest temperature at which vapors of the material will catch fire and 

continue burning even after the ignition source is removed. The fire point is higher than the flash point 

because the vapors produced at the flash point are not sufficient enough to ignite the fuel. The trend of 

change of fire point as a function of nanoparticle concentration is shown in figure 6, flash point has a direct 

relation with concentration of nanoparticles and the relation is linear. In copper nanofluid the fire point are 

decrease when the concentration decrease both in before and after operation. The fire point of cerium oxide 

Nanoparticle increase when the concentration increases both in before and after operation. The percent 

change of fire point is calculated for all the nanoparticles concentration.  

 

 
 

Figure 6: Fire point at Different Concentrations for Copper, Cerium Oxide and Chromium Nanoparticles 

 

As shown in table 8, the maximum increase in fire point occur in chromium doped at 0.1 % w/w 

concentration which are 25.66 % after engine operatio.in copper, doped copper have max change in 

increase which are 14.15 % with respect to base oil. In cerium oxide 7.9 % increase occur at 0.5 % w/w 

concentration with respect to bas oil before engine operation. 

 

Table 8: Percent Change in Fire Point of Copper, Cerium Oxide and Chromium Nanoparticles 

Concentration 

Percent Change 

Cerium Oxide (CeO2) Copper (Cu) Chromium (Cr) 

Before After  Before After  Before After 

0.1 w/w ⁒ 0.8 ⁒   5.31 ⁒ 4.86 ⁒ 3.98 ⁒   

0.3 w/w ⁒   7.08 ⁒ 4.42 ⁒  3.98 ⁒ 2.12 ⁒   

0.5 w/w ⁒   7.9 ⁒ 6.64 ⁒ 2.212 ⁒ 0.88 ⁒   

Doped   -   - 11.06 ⁒ 14.15 ⁒   19.92 ⁒ 25.66 ⁒ 
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Pour Point  

 
The highest rate of wear in an engine is on the first moment the engine starts to work, which is produced 

because sufficient oil does not reach to parts, and to avoid this problem and reduce its effect, it is required 

that the oil be pumpable and sufficiently be flowable, and with high speed reach all parts of the engine. 

This property of oil is evaluated with a parameter called pour point. In fact, the oil's pour point is the 

boundary point of temperature in which the fluid cannot flow either. As shown in figure 7, the trend of the 

pour point is irregular for all concentrations of the nanofluids. The maximum increase occur for CeO2 

doped at 0.1 wt. %. 

 

 
 

Figure 7: Pour point at Different Concentrations for Copper, Cerium Oxide and Chromium Nanoparticles 

 

Table 9: Percent Change in Pour Point of Copper, Cerium Oxide and Chromium Nanoparticles 

Concentration 

Percent Change 

Cerium Oxide (CeO2) Copper (Cu) Chromium (Cr) 

Before After Before After Before After 

0.1 w/w % -57   % -10 % -71.42 % -50 %   

0.3 w/w % -42 % -10 % 57.14 % 50 %   

0.5 w/w % -42.8 % 20 % - 57.14 % - 60 %   

Doped 28.6 % 150 % 128.57 % 110 % 71.4 % 128.52 % 

 

Conclusion  
 

In the present research, 3 different nanoparticles are used in base oil and 4 different properties are measure 

before and after engine operation almost all the properties have the direct relation with the concentration of 

nanoparticles increase in concentration of nanoparticles always improve the property. We also figure out 

the percent change for every particle and concentration. Among the all the nanoparticle the doped particle 

has highest improvement. All the maximum change occurs in doped nanoparticle at low concentration. The 

size, concentration and the dispersion method have greater impact on the result so change in these factors 

can alter the result of the following properties. The conclusion of each property is discussed below. 

 

Viscosity Index:  The copper doped 0.1 w/w % is the best additive for the viscosity index improvement 

because the maximum change in the viscosity index before engine operation occurred at copper doped 0.1 

w/w % which is 12.85 % with respect to base oil. And the maximum change in viscosity index after engine 

operation occurred again at copper doped 0.1 w/w % which is 35% with respect to base oil. 
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Flash Point: The cerium doped 0.1 w/w % is the best additive for the flash point improvement because the 

maximum change in the   flash point before engine operation occurred at cerium   doped 0.1 w/w % which 

is 48.9 % with respect to base oil. And the maximum change in flash point after engine operation occurred 

again at cerium doped 0.1 w/w % which is 39.49 % with respect to base oil. 

 

Fire Point: The chromium doped 0.1 w/w % is the best additive for the fire point improvement because the 

maximum change in the   fire point before engine operation occurred at chromium doped 0.1 w/w % which 

is 19.92 % with respect to base oil. And the maximum change in fire point after engine operation occurred 

again at chromium doped 0.1 w/w % which is 25.66 % with respect to base oil. 

 

Pour Point: The maximum change in pour point occurred at cerium doped 0.1 w/w % which is 150 % with 

respect to base oil. 
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