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Polymer nanocomposites have garnered significant attention in the lubricant industry due to their superior properties compared to 

unmodified polymers. In this research, the magnetite (Fe3O4) nanoparticles was synthesized and subsequently incorporated into castor 

oil-based polymers at varying concentrations. The resulting nanoparticles and polymer/nanocomposites were characterized using various 

analytical techniques. Their performance as viscosity index improver, pour point depressant and anti-wear properties were assessed by 

blending them with a mineral base stock in different proportions. Standard ASTM procedures were employed for these evaluations. The 

findings revealed that increasing the nanocomposite content in the base stock significantly enhanced the overall performance of the 

formulated lubricant. 
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INTRODUCTION 

 In today’s context of energy scarcity, friction and wear 

have become critical areas of concern. A study by Holmberg 

& Erdemir [1] reveals that tribological contacts are respon-

sible for approximately 23% of global energy losses, with the 

majority of this energy being consumed in overcoming friction. 

Friction and wear in mechanical components are the major 

contributors to energy efficiency loss and equipment failure. 

They also result in significant environmental pollution and subs-

tantial economic losses, making it a critical issue that requires 

urgent attention in today’s world [2]. To combat friction and 

wear, enhance energy efficiency, protect the environment and 

boost machinery performance, lubrication serves as one of 

the most effective strategies [3]. 

 Lubricants are widely used in the automotive industry as 

they create a protective layer on machinery surfaces, reduc-

ing friction during turbo-chemical processes. In addition to 

that, it enhances engine efficiency, extends their lifespan and 

helps save energy. It has been observed that certain inorganic 

additives exhibit superior extreme pressure properties com-

pared to some organic additives [4]. Unfortunately, the inso-

lubility and challenges in achieving a stable dispersion of 
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inorganic powders limit their use in lubricating oils. The use 

of oil-soluble additives as effective friction reducers and anti-

wear agents has been widely explored in lubrication enginee-

ring in recent decades [5]. However, the use of these additives 

leads to the increased pollution, toxicity and environmental 

waste disposal issues. 

 The use of nanomaterials as additives helps overcome 

these limitations and creates new possibilities in the lubricant 

industries [6,7]. Nanoparticles have been added to the lubri-

cating oils to enhance their tribological properties. In recent 

years, numerous studies have explored the effectiveness of 

various inorganic nanoparticles in reducing friction and wear 

in lubricating oils [8-10]. Due to their outstanding tribolo-

gical properties and eco-friendly nature, nanoparticles have 

become a preferred alternative to traditional lubricating oil 

additives, especially under conditions of high load, high 

sliding speed and elevated friction [11,12]. The nanoparticles 

adhere to the friction surfaces, leading to changes in these 

surfaces and enhancing their tribological properties. Copper 

nanoparticles have gained significant attention due to their 

exceptional properties [13]. They can greatly enhance the 

tribological properties of lubricating oil [14]. The addition of 

graphite nanosheet as additives to lubricating oil enhances 
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the tribological properties of paraffin oil [12]. The addition 

of MoS2 nanoparticles greatly enhanced the load-carrying 

capacities and anti-wear properties of paraffin oil [15,16]. 

The oxide-based nanoparticles like CuO nanoparticles, dem-

onstrate effective anti-wear and friction-reducing properties 

[17]. Studies on coatings containing CeO2, TiO2 and TiS2 

have demonstrated that they offer effective friction reduction 

and anti-wear properties along with outstanding anti-wear 

[18] have been produced. The nanoparticles mentioned above 

are non-magnetic under normal conditions and offers practi-

cal advantages in lubricant design, especially in terms of dis-

persion stability, tribochemical film formation and thermal 

endurance. Furthermore, the use of non-magnetic compounds, 

such as those containing sulfur, phosphorus, lead and other 

elements, as antifriction additives in lubricants can have 

negative environmental impacts [19].  

 Magnetic nanoparticles being environmentally friendly, 

has gained significant interest in this field. One of the key 

benefits of using magnetic nanoparticles as lubricant addi-

tives is their magnetic properties, which stem from their 

remanent magnetization [20]. The lubricant containing Fe3O4 

nanoparticles creates a protective film that adheres to the 

frictional steel surfaces, filling in gaps and cracks. This is due 

to the potential magnetic interactions between the lubricant 

and the friction surface, as well as tribo-chemical reactions 

occurring on the metal surface [21,22]. This leads to a notable 

enhancement in the anti-wear properties of the lubricating oil. 

Huang et al. [23] investigated the impact of magnetite nano-

particles on the tribological properties of paraffin oil, finding 

that the addition of nanoparticles enhanced the load-carrying 

capacity and anti-wear characteristics of the lubricant when 

compared to pure paraffin oil. Xiang et al. [24] examined the 

tribological and tribo-chemical characteristics of magnetite 

(Fe3O4) nano-flakes when used as an additive in mineral base 

fluids. The discussion reveals that magnetite nanoparticles, 

along with other oxide-based nanoparticles, are utilized 

solely as anti-wear and friction reducing additives in lubrica-

ting oils. In addition, acrylate-based polymers are recognized 

for their effectiveness as viscosity index improvers (VII) [25-

27] and pour point depressants (PPD) [28]. There is a limited 

amount of research on vegetable-oil-based polymers known 

for their tribological characteristics. Therefore, to introduce a 

multifunctional capability (combining VII, PPD, anti-wear 

and friction reduction) into lubricant additives, this research 

proposed creating polymer nanocomposites of castor oil using 

magnetite (Fe3O4) nanoparticle as fillers. 

 

EXPERIMENTAL 

 Castor oil with a high unsaturation rate of 96.7% was 

sourced from a local grocery [29]. Benzoyl peroxide with 

98% purity supplied by LOBA Chemie in India, was recrys-

tallized using a chloroform-methanol (CHCl3-MeOH) mix-

ture before use. While base oil SN150 was collected from the 

Indian Oil Corporation Limited (IOCL) in Dhakuria, India. 

Iron(II) sulphate heptahydrate (purity > 99%), potassium 

nitrate and potassium hydroxide (99.9%) were obtained from 

Merck Specialties Pvt. Ltd. Cetyltrimethyl ammonium brom-

ide (CTAB) was obtained from Sisco Research Laboratories 

and toluene was obtained from LOBA Chemie with 99% 

purity.  

  Synthesis of polymer (homopolymer): The process for 

synthesizing a homopolymer from castor oil in different 

ratios was conducted in a three-necked round-bottom flask 

outfitted with a mechanical stirrer, condenser, thermometer 

and a nitrogen inlet, without the use of a solvent. Initially, the 

mixture was stirred at 50 ºC for 30 min to obtain a homo-

geneous solution. Benzoyl peroxide (BZP) was then added as 

an initiator. The polymerization took place through a free 

radical process at 90 ºC for 6 h. Following the reaction, the 

mixture was transferred into methanol with continuous stir-

ing to stop polymerization and to precipitate the polymer. The 

resulting polymers were purified by multiple precipitation 

cycles from a hexane solution using methanol and subse-

quently dried under vacuum at 40 ºC [30,31].  

 Synthesis of magnetite (Fe3O4) nanoparticles: Magne-

tite nanoparticles was prepared using the reported method of 

Bruce et al. [32]. A solution of iron(II) sulphate heptahydrate 

(1.67 g, 6 × 10–3 mol) was dissolved in 50 mL of deionized 

water, while KNO3 (1.01 g, 1 × 10–2 mol) was dissolved in 

10 mL of deionized water. Furthermore, 2.5 M KOH solution 

was prepared followed by the addition of the surfactant 

CTAB 1% (w/w) was added to the iron salt solution, which 

was then vigorously stirred for 2 h. A solution of potassium 

nitrate was added to the mixture and stirred for an additional 

30 min. Then, 10 mL of 2.5 M KOH (containing 2.5 × 10–2 

mol) was gradually introduced. The reaction mixture was 

subsequently heated to 100 ºC under a nitrogen atmosphere 

and maintained at this temperature for 2 h. Afterward, the 

nitrogen flow was stopped and the mixture was allowed to 

cool to room temperature. Once cooled, the black precipitate 

was thoroughly washed with deionized water, centrifuged 

and then dried under vacuum at 323 K overnight [33]. 

 Synthesis of polymer-Fe3O4 nanocomposites: Polymer 

-Fe3O4 nanocomposites was synthesized by mixing the pre-

pared polymer and Fe3O4 nanoparticles with a toluene 

solution. To prepare the polymer-Fe3O4 suspension, 6 g of 

polymer were dissolved in toluene and the required amounts 

(0.01, 0.02 and 0.03 g) of Fe3O4 nanoparticles were added 

under ultrasonic treatment with continuous stirring. The 

resulting suspension was poured onto a glass plate, allowing 

the toluene to evaporate naturally, which resulted in a semi-

solid polymer-nanocomposite mass and then characterized 

[34].  

 Characterization: The polymers were characterized using 

a BRUKER AVANCE II 400 MHz FT-NMR spectrometer. 

Infrared (IR) spectra were recorded on a Shimadzu FT-IR 8300 

instrument with 0.1 mm KBr cells at room temperature, span-

ning the range of 4000-400 cm–1. For 1H NMR analysis, 5 

mm broad band observe (BBO) probes were employed with 

DMSO serving as the reference solvent. 

 Determination of average molecular weight by GPC 

method: The SEC-GPC system was utilized to measure the 

number average molecular weight (Mn), weight-average 

molecular weight (Mw) and polydispersity index (PDI) of the 

synthesized polymers. This GPC set up, calibrated with 

polystyrene standards, included a 2414 refractive index 

detector, a Waters 515 HPLC pump, a 717 Plus autosampler 
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and a 2489 UV/Visible detector. HPLC-grade THF was emp-

loyed as the eluent, flowing at a rate of 1.0 mL/min, with the 

system maintained at 30 ºC. Table-1 presents the average 

molecular weight values obtained from the GPC analysis [35]. 

The thermal stability of the polymer was assessed using a 

Shimadzu TGA-50 system. The analysis was performed in an 

alumina crucible with a heating rate of 10 ºC per min in an 

air atmosphere. The Fe3O4 nanoparticles and their composites 

were analyzed using a field emission scanning electron micro-

scope (FE-SEM, INSPECT F50, FEI), a transmission electron 

microscope (TEM) and X-ray diffraction (XRD, Advance D8, 

Bruker) [34]. 

 
TABLE-1 

MOLECULAR WEIGHT OF THE PREPARED  

POLYMER (Mn, Mw AND PDI VALUE) 

Polymer sample Mn Mw PDI 

P 2277 2729 1.198 

P: 100% of CO, Mn: Number average molecular weight, Mw: Weight 

average molecule, PDI: Polydispersity index 

 

 Viscosity index determination: The viscosity index 

(VI) is a dimensionless qualitative measure that indicates the 

extent to which the viscosity of base oil varies with tempe-

rature. The viscosity index (VI) of the polymeric additive was 

measured in a paraffinic base oil to assess the effectiveness 

of the additive as viscosity modifier (VM). The VI of the base 

oil mixed with the additive at various concentration levels 

was determined following the ASTMD 2270 method, using 

the equations as outlined by Tanveer & Prasad [36]. 

 Determination of pour point: The pour point depre-

ssant properties of base oils blended with polymeric additive 

was evaluated by measuring the pour points of the lubricants 

using a Cloud and Pour Point Tester (Model WIL-471, India) 

following the ASTM D97 standard method. For each sample, 

varying concentrations of the additives, ranging from 1% to 

4% (w/w) were tested.  

 Evaluation of anti-wear property: The anti-wear pro-

perties of the lubricant compositions with additives at differ-

rent concentrations ranging from 1% to 4% were evaluated 

using a Four-Ball Wear Test (FBWT) apparatus in accor-

dance with the ASTM D 4172-94 standard. The test involved 

applying a load of 392 N (40 kg) at a temperature of 75 ºC 

for duration of 30 min to measure the wear scar diameter 

(WSD). The test balls had a diameter of 12.7 mm and the 

rotation speed was maintained at 1200 rpm [30,37]. 

RESULTS AND DISCUSSION 

 FTIR studies: The FT-IR spectra of homopolymer (a) 

and homopolymer/Fe3O4 nanocomposite (b) are presented in 

Fig. 1. In Fig. 1a, the absorption band observed at 1739.40 

cm–1 corresponds to the ester carbonyl stretching vibration of 

polymer. In Fig. 1b, the absorption peak at 1734 cm-1 represents 

 

 
Fig. 1. FT-IR spectra of (a) polymer and (b) polymer/Fe3O4 nanocomposite 
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the ester carbonyl absorption shifts in polymer/nanocompo-

site. This shift may indicate an interaction between the polymer 

and nano-magnetite. Peaks at 1457, 1462, 1270 and 1278 cm–1 

are attributed to the asymmetric and symmetric bending vibr-

ations of C–H bonds in –CH3 and –CH2– groups in a and b. 

Peaks in the range of 1165, 1176 and 1025 cm–1 correspond 

to the C–O stretching vibrations of the carboxylate ester group. 

A peak around 735 and 712 cm–1 represents the C–H bending 

vibrations in the paraffinic chain. Broad peaks observed at 

2925 and 2933 cm–1 are due to the stretching vibrations of C–H 

bonds in –CH2– groups. Furthermore, the absence of signifi-

cant peaks in the olefinic bond range supports the formation 

of the polymer. 

 The 1H NMR spectra of the polymer and its nanocom-

posites representing the polymer and (B) corresponding to its 

nanocomposites (Fig. 2). In spectrum (A), a broad singlet 

between 3.99 to 4.14 ppm is attributed to the protons of the  

–OCH2 group in the polymer. The methyl protons of the 

polymer chain appear around 0.76 ppm, while the absence of 

a singlet in the 5.5 ppm to 6.0 ppm range confirms the lack 

of any vinylic protons in the polymer. For nanocomposite, 

spectrum (B) shows a peak at 3.98 ppm corresponding to the 

–OCH2 group protons. Methyl and methylene protons appear 

within the 0.77-1.90 ppm range, while a peak at 2.14 ppm 

corresponds to the protons of -carbons adjacent to the ester 

carbonyl group.  In 13C NMR spectrum of the polymer, the 

carbonyl carbon appears at 174.3 ppm, with other sp3 carbons 

in the 64.72 to 13.94 ppm range (Fig. 3a). For nanocompo-

sites, the carbonyl carbon shifts slightly to 171.93 ppm as 

seen in spectrum (a). Peaks between 14.38 ppm and 40.44 

ppm correspond to the sp3 carbons of the alkyl chains in the 

nanocomposites (Fig. 3b). The reduced intensity of the NMR 

signals for the polymer composite is likely due to the inter-

ference of microwave frequencies with the magnetic material 

present in the composite. These results are in conformity with 

the previously findings [34]. 

 Molecular weight: Gel permeation chromatography 

(GPC) was employed at room temperature in HPLC grade 

THF to determine the weight-average (Mw) and number-

average (Mn) molecular weights of the synthesized polymers 

as shown in Table-1. The experimental results revealed that 

the prepared polymers exhibit a high molecular weight [38].  

 Thermogravimetric studies: The TG analysis of the 

polymer (P) and polymer/Fe3O4 nanocomposites (P-1), as 

illustrated in Fig. 4, indicates that incorporating nano-Fe3O4 

enhances the thermal stability of the nanocomposites. At 250 

ºC, the degradation percentages of polymer and polymer/ 

Fe3O4 nanocomposites were measured as 29.45% and 

14.67%, respectively. Similarly, at 350 ºC, the weight lost of 

polymer and polymer/Fe3O4 nanocomposites were estimated 

as 92.61% and 69.57% respectively. Hence, the presence of 

nano-Fe3O4 effectively slowed down the degradation process 

 

 
Fig. 2. 1H NMR spectra of (a) polymer and (b) polymer/Fe3O4 nanocomposite 
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of the polymer, leading to improved thermal stability in the 

polymer composites [36]. 

 XRD studies: The crystal structure of the synthesized 

Fe3O4 nanoparticles was analyzed using the XRD technique 

and is shown in Fig. 5, which was recorded over the 2 range 

of 10º to 90º. The four most prominent peaks were observed 

at 30.4º, 32.0º, 43.7º and 67.9º, corresponding to the (220), 

(111), (400) and (207) crystal planes, respectively. These peaks 

closely resemble those reported for magnetite nanoparticles 

in other studies [33]. Additional peaks present in the pattern 

may indicate the presence of impurities. 

 SEM/TEM studies: Figs. 6 and 7 display the typical 

SEM and TEM images of the synthesized Fe3O4 nanoparti-

cles respectively. The images reveal that most of the particles 

exhibit a mix of shapes, including spherical forms and flat, 

flake-like structures with smooth surfaces. Their sizes range 

from 20 nm to 75 nm. The crystalline characteristics of the 

Fe3O4 nanoparticles was further analyzed using FETEM  

 
Fig. 4. TGA of polymer (P) and polymer/Fe3O4 nanocomposite (P-1) 

 
Fig. 3. 13C NMR spectra of (a) polymer and (b) polymer/Fe3O4 nanocomposite 
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Fig. 5. XRD spectrum of prepared nano-Fe3O4 

 

 
Fig. 6. SEM images of the prepared nano-Fe3O4 

 

 
Fig. 7. TEM images of the prepared nano-Fe3O4 

 

through electron diffraction patterns. Fig. 7a presents the 

selected area electron diffraction (SAED), indicating the 

polycrystalline nature of the synthesized nanoparticles. 

 Viscosity index (VI) values: The viscosity index (VI) 

values of the base oil blended with the polymer/nano-Fe3O4 

composites (P-1, P-2 and P-3) outperform those of the pure 

polymer (P) at all concentrations (Table-2). The viscosity 

index (VI) consistently increases as the concentration of 

polymer/nano-Fe3O4 composites in the base stock increases 

as shown in Fig. 8. Among the samples, the lubricant conta-

ining 4% (P-3) additive exhibited the most significant impro-

vement in the viscosity index compared to the rest of the base 

oil. This can be attributed to the increased total volume of 

polymer micelles in the lubricant as the additive concentra-

tion grows. Furthermore, the nanoparticles help separate the 

polymer chains within the matrix, further increasing the 

overall volume. This expanded volume of composite units in  

TABLE-2 

VISCOSITY INDEX OF LUBE OIL BLENDED WITH  

ADDITIVES AT VARYING CONCENTRATION LEVELS 

Polymer 

code 

Additive concentration (w/w) 

0% 1% 2% 3% 4% 

P 

P-1 

P-2 

P-3 

83 

83 

83 

83 

98 

112 

120 

130 

108 

124 

136 

152 

114 

135 

148 

161 

127 

139 

153 

168 

 

 
Fig. 8. Plot of viscosity index of lubricant oil blended with additives at 

various concentration levels 

 

the solution ultimately leads to a higher viscosity index for the 

lubricant [39]. 

 Pour point depressant (PPD): The PPD of lubricant 

compositions containing additives at varying concentrations 

(0 to 4 wt.%) was evaluated and the values are shown in 

Table-3. The findings demonstrate that the additives (P, P1, 

P2 and P3) effectively act as pour point depressants (PPDs). 

Among these, polymer P-3 exhibited the most outstanding 

PPD performance, surpassing P, P-1 and P-2 (Fig. 9). The 

ability of these polymers to lower pour points was significant, 

with their effectiveness increasing as the polymer concentra-

tion rose to 4%. This indicates that at this optimal concentra-

tion, the polymer interacts more efficiently with the para-

ffinic wax in the base oil, resulting in a reduction in the size 

of the wax crystals [40,41].  

 
TABLE-3 

POUR POINT OF BASE OIL BLENDED WITH 

ADDITIVES AT DIFFERENT CONCENTRATIONS (w/w) 

Polymer 

code 

Additive concentration (w/w) 

0% 1% 2% 3% 4% 

P 

P-1 

P-2 

P-3 

-6 

-6 

-6 

-6 

-6.5 

-8.5 

-10.0 

-10.0 

-7.0 

-9.5 

-11.0 

-12.0 

-8.5 

-10.5 

-12.0 

-12.0 

-10.0 

-13.0 

-14.0 

-14.5 

 

 Anti-wear property: The tribological characteristics of 

the lubricant formulations (P, P-1, P-2 and P-3) were evalua-

ted by measuring the wear scar diameter (WSD) using the 

four-ball wear test (FBWT) apparatus under a 392 N load. 

The addition of polymer/nanocomposites to the lubricant 

significantly enhances its anti-wear properties, as evidenced  
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Fig. 9. Plot of pour points of lubricant oil blended with additives at varying 

concentration levels 
 

by the reduced WSD values observed in the blended lubricant 

compositions (Table-4). The polymer P-3, at a 4% concentra-

tion, exhibited the most significant reduction in WSD values 

among all the polymers as shown in Fig. 10, which suggests 

that the lubricant forms a strong film between the two inter-

acting metal surfaces. This effect could be attributed to a gre-

ater number of polar side chains, including ester carbonyl and 

hydroxyl groups present in castor oil [42]. 

 
TABLE-4 

ANTIWEAR PROPERTY IN TERMS OF WEAR 

SCAR DIAMETER (WSD IN mm) VALUES OF 

DIFFERENT LUBRICANT COMPOSITION 

Polymer 

code 

WSD of lubricant oil in mm at  

different additive concentration (w/w) 

0% 1% 2% 3% 4% 

P 

P-1 

P-2 

P-3 

1.118 

1.118 

1.118 

1.118 

1.099 

0.950 

0.910 

0.750 

1.078 

0.841 

0.789 

0.731 

1.062 

0.822 

0.765 

0.718 

0.010 

0.800 

0.744 

0.700 

 

 
Fig. 10. Wear scar diameter (WSD) of the lubricant oil blended with addi-

tives at different percentage (w/w) 

Conclusion 

 The research findings indicated that the synthesized 

nano-Fe3O4 can be incorporated as filler particle into poly-

mer nanocomposites. The characterization of the polymer 

and the magnetite nanocomposites was conducted using 

XRD, SEM, TEM and various spectral analysis techniques. 

When evaluated as an additive in lubricants, the results 

showed that all the nanoblended composites enhanced the 

performance of the lubricant, acting as effective viscosity 

modifiers, pour point depressants and anti-wear. Consequen-

tly, this research presents a promising approach for designing 

multifunctional additives for lubricating oils. 
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