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Polymer nanocomposite has attracted a lot of attention since it outperforms traditional polymers in the lubricant industry. In this study, 

chitosan and the aqueous leaf extract of the fragrant medicinal plant Elsholtzia blanda were used to synthesise copper oxide nanoparticles. 

Several analytical methods, such as X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM), high-resolution 

transmission electron microscopy (HRTEM) and selected area electron diffraction (SAED), were used to characterize the produced 

E. blanda-chitosan-mediated copper oxide nanoparticles (COEC). Several instrumental studies were used to describe the polymer/COEC 

nanocomposites that were created by incorporating these COEC nanoparticles at different concentrations into olive oil-based polymers. 

In accordance with normal ASTM methods, the nanocomposites were blended with mineral-based oil in varying amounts to evaluate their 

effectiveness as pour point depressants, viscosity index improvers and anti-wear additives. The results showed that adding more 

nanocomposite material greatly improved the formulated oil’s overall lubricating capabilities. 
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INTRODUCTION 

 Recent efforts have focused on developing environmen-

tally friendly lubricants that enhance efficiency, extend machine 

lifespan, reduce operational costs and improve energy conser-

vation. These lubricants form a protective film on contact sur-

faces, minimizing friction during tribochemical interactions. 

The use of oil-soluble additives as efficient friction-reducing 

and anti-wear agents has been the subject of much lubrication 

engineering study over the last few decades [1,2]. The usage 

of these compounds, however, exacerbates environmental 

problems such as pollution, toxicity and difficulties with the 

waste management. Nanomaterials are considered promising 

environmentally friendly lubricant additives and have attrac-

ted considerable research interest due to their diverse indus-

trial applications. In this context, nanolubricants have emerged 

as a rapidly growing field, offering new opportunities for 

improving lubrication performance and advancing the lubri-

cant industry [3-5].  
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 To improve the lubricating oils’ tribological performance, 

nanoparticles have been introduced [6]. The efficacy of diff-

erent inorganic origin nanoparticles as additives in different 

kinds of lubricating oils as wear-reducing and friction redu-

cing agents has been the subject of numerous studies in recent 

years [7-9]. The primary advantage of nanoparticles lies in their 

nanometer-scale size, which makes them highly suitable for 

effectively filling friction interfaces. This allows them to per-

form a variety of tasks, including acting as friction modifiers, 

anti-wear and extreme-pressure additives. Nanoparticles can 

adhere to micro-defects on friction surfaces and exhibit a self-

repairing effect, facilitated by their low melting point and high 

chemical reactivity [10]. The size, shape and concentration of 

the nanoparticle all affect its ability to reduce friction and 

prevent wear. These nanoparticles are usually between 3 and 

130 nm in size [11-13]. 

 Nanoparticles have emerged as effective alternatives to 

conventional lubricant additives due to their superior tribol-

ogical properties and eco-friendly nature, particularly under 

   

Asian Journal of Chemistry; Vol. 38, No. 4 (2026), 1065-1072 

 

 
 

https://doi.org/10.14233/ajchem.2026.35421 

 

https://orcid.org/0009-0004-2314-2260
https://orcid.org/0000-0002-3675-0490
https://orcid.org/0000-0003-3033-9120


1066 Ahungshi et al.  Asian J. Chem. 

conditions of high load, rapid sliding and severe friction [14-

17]. Furthermore, inorganic nanoparticles play a transforma-

tive role in lubrication by serving as advanced additives that 

overcome the limitations of traditional lubricant formulations, 

especially under high-load and elevated temperature condi-

tions. For instance, the anti-wear properties of paraffin oil 

were significantly improved by the inclusion of MoS2 nano-

particles [18-20]. CuO nanoparticles have demonstrate an 

excellent anti-wear and reduced friction capabilities [21], while 

CeO2 and TiO2 nanoparticles has the ability to decrease the 

friction and minimize wear when mixed with lubricating oil 

[22,23]. It is also found that CeO2 nanoparticles can prevent 

particle agglomeration and enhance the stability of nano-

particles within an organic liquid medium [22]. 

 The lubricating efficacy of copper nanoparticle additives 

is greatly influenced by their size and concentration. The 

reaction film formed by the surface modification agent, along 

with the copper deposition layer generated during friction, 

acts synergistically to enhance anti-wear properties, reduce 

friction and improve load-bearing capacity [11,24]. By filling 

in surface fissures and crevices, the lubricant with Fe3O4 

nanoparticles forms a protective layer that sticks to the steel 

friction pairs. This effect is probably caused by tribochemical 

processes taking place on the metal surface as well as mag-

netic interactions between the lubricant and the friction surface 

[25,26]. Even though a lot of research has been done on lubri-

cant additives based on nanoparticles, the majority of studies 

emphasize single-function performance and concentrate on 

the direct dispersion of nanoparticles into base oils to reduce 

wear and friction. There is limited exploration of multifunc-

tional additive systems capable of enhancing pour point (PP), 

viscosity index (VI) and anti-wear performance simultan-

eously. Most reported polyacrylate–nanoparticle systems with 

CuO additives rely on the synthetic polymers or straight-

forward physical mixing methods. While vegetable oil–based 

polymers have been widely applied as viscosity modifiers, their 

combination with nanoparticle systems has received limited 

attention. In particular, the integration of green-synthesized 

CuO nanoparticles into olive oil–based polymer backbones 

to develop multifunctional nanocomposite additives remains 

largely unexplored. Thus, keeping in mind these facts, the 

present study designs olive oil–based homopolymer and co-

polymer matrices with direct incorporation of plant-mediated 

CuO nanoparticles into the polymer backbone. This approach 

enables the simultaneous enhancement of pour point (PP), 

anti-wear performance and viscosity index (VI) within a single 

sustainable system. Such an integrated bio-based nanocom-

posite strategy represents a clear advancement over conven-

tional CuO-based and polyacrylate–nanoparticle systems, which 

largely rely on separate or physically blended components. 

 

EXPERIMENTAL 

 Olive oil containing 86% unsaturated and 15% saturated 

fatty components [27] was procured from a nearby market. 

Benzoyl peroxide (98% purity), was purchased from LOBA 

Chemie, India and purified through recrystallisation with 

chloroform–methanol solvent mixture prior to application. The 

base oil SN150 was obtained from the Indian Oil Corporation 

Limited (IOCL), Dhakuria, India. Copper(II) sulphate penta-

hydrate (CuSO4·5H2O), sodium hydroxide (NaOH) and acetic 

acid (CH3COOH) were procured from Spectrum Reagents and 

Chemicals Pvt. Ltd., Edayar, Cochin, India while chitosan was 

obtained from Sisco Research Laboratories Pvt. Ltd. Leaves 

of Elsholtzia blanda were collected from Manipur, India and 

their taxonomic identification was confirmed by Department 

of Botany, D.G. Vaishnav College, Chennai, India. 

 Synthesis of homopolymer and copolymer: Copolymer 

was synthesised using olive oil and dodecyl acrylate mono-

mers in different proportional ratios. Benzoyl peroxide (BZP) 

served as the initiator for the reaction, which was conducted 

solvent-free via free radical polymerisation. A three-necked 

round-bottom flask with a condenser, thermometer, magnetic 

stirrer and nitrogen intake was used to carry out the polymeri-

sation process. First, a set quantity of acrylate monomer and 

olive oil was heated to 90 ºC for 0.5 h. The reaction mixture 

was then kept at the same temperature for 6 h after BZP was 

added at a concentration of 1% w/w in relation to the total 

monomer content. Following completion, the mixture was 

poured into cold methanol while being constantly stirred to stop 

the reaction and cause polymer precipitation. After dissol-

ving the crude polymer in hexane, it was re-precipitated with 

cold methanol to purify it. The purified polymer was then 

vacuum-dried at 50 ºC. The same synthesis and purification 

procedures were applied for the preparation of the olive oil 

homopolymer [27,28]. The percentage yield of copolymer 

and homopolymer was 89.5 and 82.6 respectively.  

 Preparation of CuO nanoparticle using chitosen and 

plant extract: Copper oxide nanoparticles mediated by E. 

blanda–chitosan (COEC) were synthesised using a modified 

protocol [29,30]. In brief, chitosan solution was prepared by 

dissolving 1.5 g of chitosan in 100 mL of 1.5% acetic acid at 

60 ºC. Separately, 1.25 g of CuSO4·5H2O was dissolved in 

100 mL of double-distilled water. Then, a portion (60 mL) of 

this solution was mixed with 20 mL of E. blanda aqueous 

extract and stirred for 30 min. Subsequently, 20 mL of 0.6 M 

NaOH was added dropwise until the pH reached ~9. There-

after, 20 mL of chitosan solution was added gradually and the 

mixture was further stirred at 70 ºC for 3 h. A noticeable colour 

change from blue to green and finally to greenish-black 

confirmed the formation of CuO nanoparticles. The reaction 

mixture was cooled, filtered and repeatedly washed with double 

distilled water. The obtained nanoparticles were dried at 80 

ºC, yielding 80.5% and were further subjected to characteri-

sation. 

 Synthesis of polymer-Elsholtzia blanda-chitosan medi-

ated copper oxide nanocomposites (COEC): The polymer 

-COEC nanocomposites were prepared by blending the synth-

esised homopolymer and copolymer with COEC nanoparticles 

in a toluene medium. For preparation, 5 g of both the polymers 

were dissolved in toluene and specific quantities of COEC 

nanoparticles (0.01, 0.02, 0.03 and 0.04 g) as shown in Table-1, 

were incorporated under ultrasonic agitation while maintaining 

constant stirring. A semi-solid polymer–nanocomposites 

material was formed when the resultant homogeneous susp-

ension was put onto a glass plate and allowed to evaporate 

naturally. The obtained nanocomposites were subsequently 

subjected to characterisation [31]. 



Vol. 38, No. 4 (2026)  Dodecyl Acrylate Polymers with E. blanda-Chitosan-Mediated CuO NPs as Multifunctional Oil Additives 1067 

TABLE-1 

DESIGNATION AND COMPOSITION OF  

POLYMER–COEC NANOCOMPOSITES 

Designation Polymer (g) Nanoparticle (g) 

P-1/P-2 5.00 0.00 

P-1A/P-2A 4.99 0.01 

P-1B/P-2B 4.98 0.02 

P-1C/P-2C 4.97 0.03 

P-1D/P-2D 4.96 0.04 

 
 Characterization: FTIR and NMR spectroscopy were 

used to characterize the produced polymers and their comp-

osites spectrally. Using 0.1 mm KBr cells and a Shimadzu 

FT-IR 8300 spectrometer, FTIR spectra were acquired at 

room temperature in the 4000-400 cm–1 range. A Bruker 

Avance 400 MHz FT- NMR spectrometer with a 5 mm BBO 

probe and CDCl3 as the solvent was used to record the NMR 

spectra, with TMS acting as the internal reference standard. 

Using an alumina ceramic crucible in air, a thermogravi-

metric analyzer (Thermal Analysis System TGA-2, Make: 

Mettler Toledo, Temperature accuracy ±1 K) was used to 

determine the thermal stabilities of the homopolymer, co-

polymer and its nanocomposite. A heating rate of 10 ºC/min 

was maintained and the percentage weight loss (PWL) of the 

samples was recorded as the temperature increased. X-ray 

diffraction (XRD) analysis was used to analyze the CuO nano-

particles and their composite materials over a 2 range of 10º 

to 90º using a Bruker D8 Advance diffractometer (Germany) 

fitted with a 2.2 kW Cu-anode ceramic X-ray source. Surface 

morphology and elemental composition of the samples were 

analyzed using field emission scanning electron microscopy 

(FESEM). Further structural characterization, including parti-

cle shape and grain size, was performed using high-resolution 

transmission electron microscopy (HRTEM) at an accelera-

ting voltage of 200 kV, along with selected area electron 

diffraction (SAED) analysis. 

 Determination of average molecular weight by GPC 

method: A size exclusion chromatography–gel permeation 

chromatography (SEC-GPC) system was used to measure the 

synthesised polymers’ number-average molecular weight (Mn), 

weight-average molecular weight (Mw) and polydispersity 

index (PDI). A 2414 refractive index detector, a Waters 515 

HPLC pump, a 717 Plus autosampler and a 2489 UV/Visible 

detector made up the setup, which was calibrated using poly-

styrene standards. The analysis was carried out at a constant 

temperature of 30 ºC using HPLC-grade THF as the mobile 

phase at a flow rate of 1.0 mL/min [32].  

 Determination of viscosity index: The viscosity index 

(VI) represents the extent to which the viscosity of a base oil 

changes with temperature. Higher VI values indicate improved 

viscosity stability, whereas lower values reflect greater temp-

erature sensitivity. The effectiveness of the polymeric additive 

as a viscosity modifier was evaluated by determining the VI of 

paraffinic base oil at different additive concentrations, calcu-

lated according to ASTM D2270 using the method reported 

by Tanveer & Prasad [33]. 

 Determination of pour point (PP): At low temperatures, 

lubricants can lose fluidity due to wax crystallization, forming 

a gel-like structure. The pour point (PP) represents the temp-

erature at which this occurs. The effectiveness of polymeric 

additives in reducing PP was evaluated using a Cloud and Pour 

Point Tester (Model WIL-471, India) following ASTM D97, 

with additive concentrations between 1-5% (w/w).  

 Determination of anti-wear property: Using a Four-

Ball Wear Tester (FBWT) in accordance with ASTM D4172-

94, the anti-wear performance of lubricant compositions com-

prising additives at concentrations ranging from 1% to 5% 

was evaluated. In order to measure the wear scar diameter 

(WSD), a load of 392 N (40 kg) was applied for 30 min at a 

temperature of 75 ºC. The steel balls of 12.7 mm diameter 

were used in the test, and the rotational speed was maintained 

at 1200 rpm [34]. 

RESULTS AND DISCUSSION 

 Spectroscopic studies: The FTIR spectrum of the polymer 

(Fig. 1a) shows a characteristic ester carbonyl (C=O) stret-

ching band at 1749 cm–1. In the polymer/nanocomposite system 

(Fig. 1b), this peak shift slightly to 1744 cm–1, indicating 

possible interactions between the COEC nanoparticles and 

the polymer matrix. The peaks at 1471, 1465, 1272 and 1277 

cm–1 correspond to the asymmetric and symmetric bending 

vibrations of C–H bonds in –CH3 and –CH2 groups. Bands 

observed between 1166 and 1161 cm–1 are assigned to C–O 

stretching of ester groups, while peaks near 716 and 708 cm–1 

represent the C–H bending of paraffinic chains. Moreover, 

broad bands at 2931, 2846, 2924 and 2856 cm–1 are attributed 

to the C–H stretching vibrations of –CH2 groups. The absence 

of peaks in the olefinic region confirms the successful forma-

tion of the polymer structure. 

 

 
Fig. 1. FT-IR spectra of (a) homopolymer/COEC nanocomposite (b) co-

polymer/COEC nanocomposite 
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 Fig. 2 presents the 1H NMR spectra of the polymer/-

COEC nanocomposites, where spectrum (a) corresponds to 

the homopolymer nanocomposite and spectrum (b) to the co-

polymer nanocomposite. Spectrum (a) shows a broad singlet 

between  2.33 and 4.29 ppm, which is attributed to the poly-

mer’s –OCH2 protons. The methyl protons of the polymer 

backbone are visible at 0.80 ppm and the absence of any signal 

in the  5.55-7.0 ppm area suggests the absence of vinylic 

protons. The –OCH2 proton signal can be seen at  2.29 ppm in 

spectrum (b). The -hydrogens next to the ester carbonyl group 

are represented by a peak at  2.00 ppm, whereas the methyl 

and methylene protons are found between 0.90 and 1.61 ppm. 

The copolymer’s lack of vinylic protons is confirmed by the 

absence of peaks in the  5.55-7.0 ppm region, much similar 

in the homopolymer. 

 

 
Fig. 2. 1H NMR spectra of (a) homopolymer/COEC nanocomposite and 

(b) copolymer/COEC nanocomposite 

 

 Fig. 3 shows the 13C NMR spectra for the homopolymer 

and copolymer nanocomposites, designated as (a) and (b). In 

spectrum (a), carbonyl carbon is observed at 129.99 ppm, 

while other sp³ carbons appear between  68.92 and 13.86 ppm. 

In the copolymer spectrum (b), the carbonyl carbon slightly 

moves to 123.39 ppm. The sp³ carbons of the alkyl chains in 

the nanocomposites are represented by signals that appeared 

between  14.05 and 31.95 ppm. The reduced intensity of NMR 

signals in the polymer composites can be attributed to inter-

ference from microwave frequencies generated by magnetic 

components. The appearance of an additional peak is likely due 

to the presence of minor impurities. These observations are in 

agreement with the reported findings [35]. 

 
Fig. 3. 13C NMR spectra of (a) homopolymer/COEC nanocomposite and 

(b) copolymer/COEC nanocomposite 

 

 Molecular weight data analysis: To ascertain the 

number-average (Mn) and weight-average (Mw) molecular 

weights of the synthesised polymers, HPLC-grade THF was 

used in gel permeation chromatography (GPC) conducted at 

room temperature as shown in Table-2. The results indicate that 

between the two polymer samples, P-2 possesses the higher 

molecular weight and higher PDI value. Lubricant perfor-

mance is greatly influenced by the molecular weight distri-

bution, which is represented by the polydispersity index (PDI). 

By preserving thickening at high temperatures and fluidity at 

low temperatures, a moderate PDI supports an effective imp-

rovement in the viscosity index (VI) by reflecting a balanced 

chain length distribution. Shear stability, anti-wear behaviour 

and homogeneous film formation are all improved by a 

comparatively narrow distribution. Stable viscosity modifi-

cation and enhanced load-bearing performance in lubricant 

applications are facilitated by the acquired PDI values, which 

show regulated polymerisation and an appropriate chain struc-

ture. 

 
TABLE-2 

MOLECULAR WEIGHT OF THE PREPARED  

POLYMER (Mn, Mw AND PDI VALUE) 

Sample code Mn Mw PDI 

P-1 12671 13568 1.07 

P-2 16251 19869 1.22 

Note: P-1: 100% oil, P-2: 90% oil + 10% DDA, Mn: number average 

molecular weight, Mw: weight average molecular weight, PDI: 

polydispersity index, Oil: olive oil 

 

 Thermal studies: Thermogravimetric analysis of the homo-

polymer/COEC nanocomposite (a) and copolymer/COEC 
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nanocomposite (b), demonstrates distinct degradation beha-

viour as depicted in Fig. 4. Due to the removal of moisture, 

both samples show a slight initial weight loss at low tempera-

tures. At intermediate temperatures, there is a significant break-

down of the polymer backbone. Compared to (a), sample (b) 

shows a slower degradation rate and higher residual char 

formation, indicating superior thermal stability and oxidation 

resistance. Stronger interfacial contacts between the nano-

particles and the copolymer matrix, better dispersion and the 

intrinsic structural stability of the copolymer backbone are all 

responsible for the increased stability of the copolymer/ 

COEC nanocomposite. Furthermore, the thermal stability 

observed in TGA aligns with the GPC results, as a controlled 

molecular weight distribution enhances resistance to thermal 

degradation. The combined GPC and TGA findings confirm 

that the synthesized polymers and their CuO nanocomposites 

possess suitable molecular structure and thermal stability for 

the multifunctional lubricant applications. 

 

 
Fig. 4. TGA of (a) homopolymer/COEC nanocomposite and (b) copolymer/ 

COEC nanocomposite 

 

 XRD studies: The XRD technique was used to investi-

gate the crystal structure of the prepared COEC nanoparticles 

and the results are displayed in Fig. 5. The data was acquired 

spanning the 2θ range of 10º to 90º. The four most noticeable 

peaks corresponding to (110), (111), (202), (113), (311) and 

(220) were 35.5º, 38.7º, 48.8º, 61.5º, 66.4º and 68.2º at 2 

values for CuO. The face-centered cubic (fcc) structure of the 

crystallites is indicated by the peaks and the corresponding 

nanoparticle values. These peaks are very similar to the find-

ings reported earlier [36]. The presence of contaminants may 

be indicated by additional peaks in the pattern. 

 Morphological studies: The surface shape and size gene-

rated of COEC nanoparticles were examined using field 

emission–scanning electron microscopy (FE-SEM). As illus-

trated in Fig. 6a, the FE-SEM images of COEC revealed pre-

dominantly short rod-shaped structures, along with some 

spherical particles. The particle size of COEC was found to 

range between 30.76 nm and 69.08 nm. 

 
Fig. 5. X-Ray diffraction pattern of COEC nanoparticle 

 

 The TEM analysis showed that the nanoparticles ranged 

in size from 10 to 70 nm, predominantly exhibiting rod-like 

shapes with occasional spherical forms. The SAED pattern 

(Fig. 6d) displayed distinct bright concentric rings, confirm-

ing the polycrystalline nature of the particles. The calculated 

interplanar d-spacing values for COEC (6.69, 7.35 and 7.36 

nm) were consistent with reported values for polycrystalline 

CuO nanoparticles [37,38]. The relatively larger particle size 

observed for COEC can be attributed to the presence of 

chitosan, whose high viscosity promotes increased pore size 

and particle growth. Similar observations have been reported 

by Zhang et al. [39], where higher chitosan concentration led 

to increased viscosity and consequently larger particle sizes. 

 Viscosity index (VI) values: Table-3 displays the 

viscosity index (VI) values of the base oil blended with polymer/ 

COEC nanocomposites, which demonstrate better perform-

ance than the pure polymer (0%). As the amount of polymer/ 

COEC composites in the base oil increases, the VI values 

gradually increase as well. Copolymer/nanocomposites work 

better as viscosity modifiers than homopolymer/nanocom-

posite, as evidenced by the formulation containing 5% 

additive (P-2D) of copolymer/nanocomposites showing the 

most significant enhancement in VI compared to the other 

blends among the two polymers. This improvement is expl-

ained by the fact that when the additive concentration rises, a 

larger volume of polymer micelles forms in the lubricant. 

Moreover, the presence of nanoparticles encourages polymer 

chains to separate inside the matrix, increasing the volume of 

the composite as a whole. The viscosity index of lubricant 

eventually increases as a result of this increase in the effective 

volume of dispersed units inside the solution [40]. 

 Pour point depressant (PPD): The performance of 

polymer/COEC nanocomposite additives was evaluated for 

their effectiveness as pour point depressants (PPDs) in base 

oil. Table-4 shows the experimentally determined pour points 

of lubricants mixed with polymers at concentrations ranging 

from 1% to 5% (w/w). According to the findings, the copo-

lymer/COEC nanocomposite outperformed the homo-

polymer/COEC nanocomposite in terms of PPD performance 

[41]. These produced polymers demonstrated a considerable 

increase in effectiveness with polymer concentrations up to  
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Fig. 6. (a) SEM, (b,c) TEM and (d) SAED images of COEC nanoparticle 

 
TABLE-3 

VISCOSITY INDEX OF LUBE OIL BLENDED WITH ADDITIVES (HOMOPOLYMER–COEC  

AND COPOLYMER–COEC NANOCOMPOSITE) AT VARYING CONCENTRATION LEVELS 

Sample code 
Homopolymer–COEC nanocomposite Copolymer–COEC nanocomposite 

0% 1% 2% 3% 4% 5% 0% 1% 2% 3% 4% 5% 

P-1/P-2 83 87 91 98 103 108 83 89 93 99 105 112 

P-1A/P-2A 83 95 102 112 116 119 83 95 104 109 115 119 

P-1B/P-2B 83 96 107 114 120 124 83 98 107 115 123 126 

P-1C/P-2C 83 98 112 120 124 129 83 100 113 122 128 132 

P-1D/P-2D 83 100 114 124 127 134 83 102 118 126 134 138 

P-1/P-2: homopolymer/copolymer (homo/copo); P-1A/P-2A: homo/copo/0.01% COEC composite; P-1B/P-2B: homo/copo/0.02% COEC 

composite; P-1C/P-2C: homo/copo/0.03% COEC composite; P-1D/P-2D: homo/copo/0.04% COEC composite 

 
TABLE-4 

POUR POINT VALUES (ºC) OF BASE OIL BLENDED WITH HOMOPOLYMER–COEC AND COPOLYMER–COEC 

NANOCOMPOSITE ADDITIVES AT VARYING CONCENTRATIONS (0-5% w/w) FOR DIFFERENT SAMPLE CODES 

Sample code 
Homopolymer–COEC nanocomposite Copolymer–COEC nanocomposite 

0% 1% 2% 3% 4% 5% 0% 1% 2% 3% 4% 5% 

P-1/P-2 -7 -9 -12 -14 -16 -17 -7 -10 -13 -15 -16 -18 

P-1A/P-2A -7 -10 -12 -13 -17 -18 -7 -12 -12 -15 -17 -20 

P-1B/P-2B -7 -11 -14 -16 -20 -21 -7 -12 -14 -16 -18 -22 

P-1C/P-2C -7 -12 -15 -18 -21 -22 -7 -13 -15 -15 -19 -23 

P-1D/P-2D -7 -13 -15 -16 -19 -23 -7 -14 -16 -17 -19 -24 

P-1/P-2: homopolymer/copolymer (homo/copo); P-1A/P-2A: homo/copo/0.01% COEC composite; P-1B/P-2B: homo/copo/0.02% COEC 

composite; P-1C/P-2C: homo/copo/0.03% COEC composite; P-1D/P-2D: homo/copo/0.04% COEC composite 
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5% in terms of pour point reduction. This implies that the 

base oil’s paraffinic wax interacts with the polymers, causing 

the paraffinic wax crystals to shrink in size. The P-2D co-

polymer/COEC nanocomposite in particular showed improved 

PPD performance, which was probably caused by its greater 

polydispersity index (PDI). These findings is in align with the 

previously finding reports [42]. 

 Anti-wear property: Using an FBWT device, the anti-

wear and frictional properties of the lubricant formulation 

which was created by mixing the polymers in SN150 base oil 

were assessed under an applied load of 392 N, as indicated in 

Table-5. The anti-wear effectiveness of lubricant was enha-

nced by adding polymer/COEC nanocomposites, as seen by 

the blended samples’ lower WSD values. P-2D of the co-

polymer/COEC nanocomposite at 5% concentration demons-

trated the most noticeable decrease in WSD values among all 

evaluated polymers. This shows that between the two metal 

contact surfaces, the lubricant forms a strong protective layer. 

The enhanced performance is likely due to the higher content 

of polar side chains in olive oil, particularly ester carbonyl 

groups. These functional groups facilitate both chemical and 

physical interactions with metal surfaces in the contact zone, 

thereby strengthening the protective film formed by the addi-

tive molecules. 

Conclusion 

 The outcomes of this work revealed that the synthesised 

Elsholtzia blanda-chitosan-mediated copper oxide nanoparticles 

(COEC) nanoparticles can effectively serve as filler materials 

in polymer composites. Their evaluation as lubricant addi-

tives showed that copolymer/COEC nanocomposites outper-

formed the homopolymer counterparts, acting as more effect-

ive viscosity modifiers, pour point depressants and anti-wear 

agents. These findings demonstrate the potential of this appro-

ach for developing multifunctional additive systems for high-

performance lubricating oils. 
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