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ABSTRACT 

The present study aims at enhancing the wear resistance of SAE 50 engine oil by adding Silicon dioxide nano particles. The investigations are performed in the 

thermal range of 25 to 55 °C and at the volume fractions of 0.125 to 1.5%. In this regard, first, the characterization of nano particles was performed to examine 

their surface and atomic structure. Moreover, following the manufacture of the nano-lubricant, its stability was investigated by the DLS test. After ensuring the 

results of nano-lubricant stability, different samples were prepared according to the variations in volume fraction, followed by the experimental measurement of 

the thermal conductivity of nano-lubricant. The obtained results revealed an ascending trend in thermal conductivity by increasing temperature and concentration. 

The maximum thermal conductivity enhancement was 8.74%. Based  on   the  experimental  results,  a sharply precise relation was proposed to predict the ratio of 

nano- lubricant thermal conductivity to that of the tested base fluid. The investigation has been undertaken to evaluate the mechanical properties of sintered and 

heat treated En24 alloy steels by using elemental powders through powder metallurgical techniques. The green compacts obtained through powder metallurgy route 

have been sintered at 1150±10°C in vacuum furnace. 

1.1 INTRODUCTION 

The Asia-Pacific workshop on nano materials organized in Beijing on November 27th by UNITAR and the OECD, is part of the Strategic Approach for 

International Chemical Management (SAICM) intercessional activities. SAICM’s overall objective is to achieve the sound management of chemicals 

throughout their life-cycle, and covers environmental, economic, social, health and labour aspects of chemical safety, at all  stages  of  their  life-cycle, 

including in products. The term ‘nanotechnology’ describes materials, systems and processes that exist or operate at the extremely small scale of a few 

hundred nanometers (nm) or less. To put a nanometer in context: a strand of DNA is 2.5nm wide, a red blood cell is 7,000 nm and a human hair is 80,000 

nm wide. Nanoparticles are ‘first generation’ products of nanotechnology, extremely tiny particles used for their novel properties. 

Manufactured nanoparticles are already in hundreds of products including sunscreens, cosmetics, foods, food packaging, clothing, agrochemicals, 

industrial catalysts etc. The toxicity of nanoparticles is affected by a range of factors including size and shape, chemical composition, and surface 

properties such as charge, area, reactivity, and any coating. Different forms of nanoparticles of the same chemical composition can have very different 

toxicities. The uncertainty is made worse by industry’s frequent failure to share information that does exist. Without mandatory labelling and registration 

of nano-products, no one, not even governments, knows which products contain nanoparticles. Surveys show that many companies do not conduct risk. 

There is also great uncertainty about social, economic, and legal issues including: liability, intellectual property,   countries’ right to reject 

nano-applications, the capacity to control nano-risks, etc. 

OBJECTIVE 

To investigate the mechanical properties such as (hardness, tensile, compressive strength) of En24 Steel with SiO2 composite and to check whether its 

mechanical properties is enhanced or not. 

  2. MATERIALS AND METHODS 

  2.1 MATERIALS USED  En24 STEEL 

The EN24 steel with tensile strength of 850-1000N/mm2 at the size of 63-250mm is used. SiO2 composite which used in aerospace and defense and 

biomedical application is used as reinforcement composite for the EN24 steel. 

http://www.ijrpr.com/
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Fig: En24 steel rod 

Silicon dioxide (SiO2) is a compound of Silicon and Oxygen, commonly called silica and the elements are linked by the covalent bond. It is one of the 

components of the sandand can be found naturally in Quartz. It ills usually white or colorless and is not soluble in water or ethanol. By associating with 

minerals, it forms the silicate family. Silicon     dioxide   (SiO2)  has several applications such as an additive in the food industry. Its function is to act as 

an anti-binder, anti- foaming agent, viscosity controller, desiccant, beverage clarifier and as an excipient of medications and vitamins. Due to its 

insolubility in water, silica has little biological availability and is not considered a source of silicon. Silicon found in other more soluble forms contributes 

to the formation and maintenance of bones and cartilage. 

Properties of nano powder 

Silicon dioxide is a solid and color less crystal line substance. Silicon dioxide does not react with water and is resistant to acids. The molecular formula 

of the substance is SiO2. Silicon oxide, a member of the group of acidic glass-forming oxides, interacts with increasing temperature with alkalis and basic 

oxides, soluble in hydrofluoric acid, tends to form a supersonic fusion, that is, glass is an excellent dielectric. The main properties are stated below: 

• SiO2Nanoparticles is transparent, and its density is 2634 kg/m3. 

• The molar mass of SiO2is 60.0843g/mol. 

• The melting point is 1986 K, where, the boiling pointis 2503K. 

• Its crystal structure is Quartz,cristobalite or tridymite. 

 

 

  

  

 

 

 

 

Fig : SiO2 Nano Powder 

2.2 ENGINE OIL 

SAE50 is an alloyed, mineral oil based monograde motor oil. Selected base oils in combination with ideally coordinated additives provide optimal 

protection against wear and oxidation. High quality detergent additives dissolve dirt and deposits, and guide these to the oil filter with the help of selected 

dispersants. The viscosity SAE 50 is designed for use in air-cooled engines and for motorcycles. It can also be used in the event of over heating problems 

or increased oil consumption. 

2.3 Properties of SAE 50 Engine Oil:  

  Table : 2.3 Engine Oil Properties 
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PROPERTIES VALUES/UNITS 

SAE Grade 50 

@40c 200 (centistokes) 

@100c 18(centistokes) 

Viscosity Index 96 no unit 

Pour Point -20°C 

Flash Point 213°C 

3. CHEMICAL TESTING 

Chemical composition test is done for base metal En24 (before heat treatment) and hardened & tempered specimens of En24 to depict the variations in 

the % of Carbon (c), Chromium (Cr), Copper (Cu), Iron (Fe), & Manganese (Mn) heat treated specimens of En24. En24 is a very high strength steel alloy 

which is supplied hardened and tempered. The grade is a nickel chromium molybdenum combination this offers high tensile steel strength, with good 

ductility and wear resistance characteristics. With relatively good impact properties at low temperatures, En24 is also suitable for a variety of elevated 

temperature applications. 

3.1 Heat treatment 

Heat treatment temperatures, including rate of heating, cooling and soaking times will vary due to factors such as the shape and size of each steel 

component. Other considerations during the heat treatment process include the type of furnace, quenching medium and work piece transfer facilities. 

En24 steel is generally used in the hardened and tempered condition to achieve an optimum combination of hardness and ductility. In the present study, 

heat treatment response of En24 steel was investigated by variation of hardening and tempering temperature in  relation to microstructure and hardness. 

 

 

 

 

Fig : 3.1 Heat Treatment 

3.2 Sintering 

Sintering is the process of compacting and forming a solid mass of material by heat or pressure without melting it to the point of liquefaction. Sintering 

happens naturally in mineral deposits or as part of a manufacturing process used with metals, ceramics, plastics, and other materials. 

 

 

 

 

 

Fig. 3.2 Sintering 

4. MECHANICAL TESTING 

   4.1 Hardness Test 

It is the standard method for measuring the hardness of metals, particularly those with extremely hard surfaces: the surface is subjected to a standard 

pressure form a standard length of time by means of a pyramid- shaped diamond. Vickers hardness is a measure of the hardness of a material, calculated 

from the size of an impression produced under load by a pyramid- shaped diamond indenter. 
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Fig: 4.1 Vickers Hardness Test 

It includes one sample of each of En24 water quenched and En24 normalized specimen. The micro-hardness test is performed using three different counter 

loads, 200gm, 300gm, and 400gm.Ten readings are recorded on each counter load. Comment are discussed on the possible errors encounter during the 

testing. 

 4.2 STIRRING 

SiO2 nanoparticles were procured directly from a manufacturer and the lubricatingoil was a commercial multigrade oil of SAE 50 standard a series of 

specimen with differentmass concentrations of SiO2nanoparticles were tested carefully to ensure data accuracy, which his pure lubricating oil (0wt%) 

and lubricating oil with 1, 1.25, and 1.50 wt% of SiO2 nano particles. For each of the three suspensions, after initial mixing by magnetic stirrer fora few 

minutes, ultra sonicator was used for 30 minutes to disperse NPs uniformly in the oil.   

Deposition was only seen when the suspensions were allowed to stand for at least 38 hours, however, if a fluid was allowed to stand for more than 24 

hours, it was homogenized again. 

Table: 4.2 Stirring Ratio 

SiO2(g) Engine Oil (ml) 

1 100 

2 100 

3 100 

5. CHEMICAL TESTS 

Chemical composition test was done on spectrometer for base metal En24 before Heat treatment and for Hardened & temperedEn24 to detect the variation 

within the composition elements before and after heat Treatment. Following table shows the variation of the composition elements for both the tested 

specimens. 

Components Before Heat Treatment After Heat Treatment 

Manganese (Mn) 0.56 0.62 

Sulphur(S) 0.028 0.0148 

Carbon(C) 0.358 0.362 

Silicon (Si) 0.226 0.258 
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Molybdenum Mo) 0.234 0.259 

Nickel(Ni) 1.52 1.55 

Phosphorous(P) 0.01 0.02 

Calcium(Ca) 0.0007 0.00071 

Iron(Fe) 95.7 95.6 

5.1 HARDNESS TEST 

The Vickers hardness test or the 136-degree diamond pyramid hardness test is a micro indentation method. The indenter produces as qu are dentation, 

the diagonals of which are measured. Following table shows the variation of the Hardness of elements for all the tested specimens. 

  Table: 5.1 Hardness Test 

Sample Before Heat Treatment (HV) After Heat Treatment (HV) 

Sample A 257 270 

Sample B 255 273 

Sample C 259 275 

• En24 hardness before heat treated is in the range of 250 –260 HV. 

• En24 hardness after heat treated is in the Range of 270–280HV. 

5.2 MICRO STRUCTURE STUDY 

In Micro structure stew basically defined the structures of the specimens of alloy steel EN24 before & afterheat treatment. 

 

 

 

 

Before Heat Treatment at100X  BeforeHeatTreatmentat500X 

 

 

 

After Heat Treatment at 100X   After Heat Treatmentat500X    

5.3 WEAR RESISTANCE TEST 

Wear test is done for different concentrations of SiO2 (i.e0.75%, 1.25%, 1.75%) contained in Engine oil with both En24 and heat treated specimens out 

of which 0.75% of SiO2 in Engine oil gives the better results as shown 

Before Heat Treatment 

X TIME Y WEAR 

50 31.8 

100 34.14 

150 35.9 

200 37.5 

250 40 
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Fig: WearVsTime 

After Heat Treatment 

X TIME Y WEAR 

50 30 

100 32.5 

150 34.2 

200 35 

250 36.6 

 

 

 

 

 

 

 

 

 

 

 

Fig : Wear Vs Time(Heat Treated) 

6.CONCLUSION 

As from the above tests we may conclude that the heat treatment process varies the properties of En24 steel by increasing the hardness of heat-treated 

specimen as shown in the result. We also may conclude that the presence of SiO2 composite volume changes the wear properties as show in the graphical 

diagram. 
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