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Abstract: Bio lubricants derived from biomass can lessen the carbon footprint of production, 

lubrication, and energy production. When nanoparticles (NPs) additives are used, the performance 
improvement from the usage of bio-lubricant is more pronounced. This brief review highlights the 
key characteristics of current bio lubricants and the argument for utilizing sustainable bio lubricants 
that may be produced from agricultural feed stock with the potential to replace conventional mineral 
oil products. There is a need to shift to waste-derived oils and conduct research on alternative sources 
of bio-products to address the challenges of the lubricant/food competition, even though existing 
studies on bio lubricants have primarily focused on the use of vegetable oils and some non-edible 
oils. Most NPs additives combined with bio-lubricant, according to the literature, have the potential 
to reduce wear and friction. Furthermore, it was discovered that the NPs mechanisms during 
operations were responsible for the friction and wear reduction from nanofluids application. As a 
result, sliding contact was converted to rolling, and tribo-film was formed, separating the sliding 
bodies from direct contact. However, there are several complex problems related to bio-lubricant that 
should be handled before fulfilling the lubricating need. More thorough research was required to 
analyze crucial characteristics such viscosity, flash point, thermo-oxidative and storage stability of 
the oils, techno economics, and sustainability, which will be the focus of future work to resolve these 
problems. 

 
Keywords: bio lubricant; nano-additives; base stock; biodegradability; vegetable oil; nanofluid 

stability 
 

1.  Introduction 
In tribology, lubrication is regarded as technique that 

involves using a lubricant between two moving surfaces in 
close proximity to reduce wear on either one or both of 
them1-3).The pressure (or load) created between the 
opposing surfaces is relieved by the lubricant. In addition 
to serving as an anti-friction medium, lubricant also 
promotes fluid motion, upholds dependable machine 
operations, and minimizes frequent failure4,5). Lubricant 
can be liquids, semi-solids like grease and solids, including 
coatings and particles. The key roles of lubrication in 
sliding contact are to: (a) reduce wear and minimize 
overheating the surfaces; (b) preserve the surface from 
corrosion by lowering oxidation and (c) act as a sealant 
against dust, debris and water. Although employing 
lubricants is not foolproof for total removal of wear and 
heat in contacts, it has however shown acceptable 
capability in bringing it to its barest minimum3,4,5). 
Primarily, purposes of lubricants, according to Minami6-7) 

are to reduce friction, clean and cool the contacting 
surfaces. 

In the industrial and transportation sectors, the world 
relies entirely on materials made from fossil fuels, such as 
petroleum and petrochemicals. These products have the 
potential to adversely affect the environment due to some 
inherent toxic constituent and their non-degradability 
coupled with disposal challenges. As a result, researchers 
have suggested the replacement of petroleum-based 
mineral lubricants with bio-lubricants for lubrication8) to 
mitigate the associated environmental consequences. Some 
functional bio solid and liquid fuels, methanol, bio-oil, bio 
chemicals, and biomass are just a few examples of the fuels 
that may be produced from solid and liquid wastes and 
biomass. Bio-lubricants are renewable and biodegradable 
in addition to having promising lubricating qualities over 
conventional lubricants. Bio-lubricants usually have their 
origin from vegetable oils, plant polymeric carbohydrates, 
and wax esters. 

The process of making bio lubricants requires a 
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transesterification reaction, in which an ester and an 
alcohol are combined to create another ester by exchanging 
their alkyl groups. Vegetable oils are trans-esterified to 
produce fatty acid alkyl esters with various alcohol chain 
lengths9). Mineral acids and bases are typically used to 
catalyze the process, and the resulting fatty acid alkyl esters 
can be used as fuel, biodiesel, and lubricants. Based oil and 
additives that improve the oil's characteristics make up the 
basic components of a lubricant. The base oil to additives 
ratio in lubricant is typically 9:16). Conventional lubricants 
employ synthetic base oils including hydrogenated 
polyolefins, esters, silicones, and fluorocarbons, while bio 
lubricants use vegetable oils, as illustrated in Table 1. The 
use of vegetable oils has also drawn interest as base oils 
due to their renewability and environmental concerns. 
Triacylglycerols (98%), sterols (0.3 %), diglycerols (0.5%), 
free fatty acids (0.1 %) and tocopherols (0.1 %) are the 
main components of vegetable oils [14]. Three hydroxyl 
groups that have been esterified with fatty acid carboxyl 
groups make up the triglyceride structure. The 
triglycerides' high molecular weight contributes to their 
high viscosity and viscosity index. 
 
2.  Why Bio-lubricant 

The concept "bio lubricant" refers to all lubricants that 
are quickly biodegradable and safe for people and the 
environment13). Even though their use is still quite limited 
compared to mineral oil-based lubricants2), they represent 
attractive possibilities because they are renewable and 
produce no greenhouse gases at all. The phrases mineral oil, 
base stock, and base oil are just a few of the crucial ones to 
comprehend14). The liquid by-product of crude oil 
distillation known as mineral oil is hydrocarbon.   No 
matter the source of the feedstock or the location of the 
producer, base stock is typically developed through a single 
process with the same specifications (API 1509 2005)15). A 
pure oil is a single type of base stock or a mixture of several 
base stocks that is used to formulate lubricants. 

In comparison to other lubricants, bio lubricants have 
been said to have superior lubricity and to reduce friction 
coefficient, frictional forces, and wear16). Vegetable oils are 
thought to be particularly efficient lubricants because they 
naturally possess great tribological characteristics. 
Vegetable oils' hydrolytic and thermal stability, however, 
has been reported to be worse than that of conventional 
mineral oils and must be improved17). Shah et al.14), 
emphasized the importance of base oils and sustainable 
lubricants in terms of both the economy and the 
environment. Fuel efficiency must be improved because 
roughly 66% of fuel energy is wasted on the environment 
through thermal, frictional, transmission, and other 
components. Therefore, sustainable bio lubricants must be 
developed for tribological advancement. According to 
estimates, using superior lubricants in the production, 
transportation, energy production, and residential sectors 
might result in yearly GDP savings of more than 1%14). 

The chemical alteration of vegetable oils to create a  

 
substitute for petroleum-based components is another 
intriguing study area18,19). Through a four-step catalytic 
process, bio lubricants can also be made from used cooking 
oil and cyclic oxygenates. Some experts have noted that  
viscosity is the most significant characteristic of lubricants 
since it controls the degree of friction between two 
surfaces13,20). Higher viscosity lubricants have lower wear 
rates and a higher viscosity ratio, which reduces wear20). 
Vegetable residual oils used to make eco-friendly 
multipurpose lubricating greases have been examined, and 
it has been found that their tribological performance is 
superior to that of commercial grease21). It has been 
demonstrated that while choosing a stern tube lubricant, the 
operating shear rate of the ship should be considered22) by 
examining the rheological and wetting behavior of 
Environmentally Acceptable Lubricants (EALs) for use in 
stern tube seals23). By using a heterogeneous base catalyst 
of CaO and ethylene glycol (EG) and trans-esterifying fatty 
acid methyl esters (FAMEs), researchers created eco-
friendly ethylene glycol di-esters (EGDEs) as bio 
lubricants from a variety of bio-oils24,25). 

Additionally, bio lubricants can be made by trans 
esterifying 2-ethyl-1-hexanol, 1-heptanol, and 4-methyl-2-

Table 1. Various base stock lubricants and their sources 
S/N Base 

Stock 
Source Ref. 

1 Base 
stock of 
Mineral 

oil 

Crude oil after solvent 
refining, catalytic dewaxing, 
hydrotreatment and 
hydrocracking: likely 
naphthenic, aromatic, paraffin 
in nature, categorized in API 
Group I, II and III oils 

 

10,11) 

2 Base 
stock of 

Re-
refined 

oil 

Refined petroleum after 
removal of volatile and 
insoluble constituents and 
contaminants via acid/clay 
treatment. Belonging to API 
Group I, II and III oils 

 

10,11) 

3 Base 
stocks 

of 
Syntheti

c oil 
 

Obtained from petroleum 
crude oil after chemical 
modification via hydrotreating 
and hydro-processing. Belong 
to API group IV and V oil 

10,11) 

4 Base 
stock of 
Biomass 

Obtained from plant and 
animal-based oil like 
vegetable oil, lipids and oils 
derived from agro-residues 
and waste via thermo-
chemical and catalytic 
processing  

10,11) 
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pentanol with methyl esters from castor and rapeseed oils 
using titanium isopropoxide as a catalyst18). Thus, the goal 
of the current study is to fill a gap in the body of knowledge 
about bio lubricants. This mini review has four main goals. 
First is overview of the importance of lubricants on sliding 
contact. Second is necessity of replacing fossil lubricant 
source with bio-lubricant due to their environmental 
friendliness when compared to conventional mineral 
lubricants. Thirdly, nanoparticles preparations, stability 
mechanism, nano-particles behaviors in bio-lubricants and 
lastly, challenges and opportunities of bio-lubricant in 
tribology were clarified. 

The development of bio lubricants from non-vegetable 
oil and non-edible are demonstrated in Fig. 1. Although the 
base bio-lubricant had certain desirable qualities, it lacked 
some qualities leading to its subpar performances; as a 
result, needful improvements are implemented by adding 
appropriate nanoparticles as additive. The advantages and 
disadvantages of the use of bio-lubricants are listed in 
Table 2. 

Fig. 1: Life cycle of bio base lubricants1) 
 
Contrasting the physiochemical characteristics of 

different oil lubricants. The kinematic viscosity values of 
mineral oils with hydrocarbon bases are high (40–150 cSt) 
1), and those obtained from the decomposition of 
polyethylene or polypropylene are considerably higher 
(200–700 cSt), as can be shown in Table 3. When high 
molecular weight polymers break down at low 
temperatures or for insufficient amounts of time, waxy 
compounds with carbon chains longer than 30 are more 
likely to develop, which tends to make the mixture more 
viscous. 

The viscosity can be reduced to levels comparable to 
those of conventional oils obtained from both edible and 
inedible seeds, though, after catalytic upgrading. The 
viscosity of the oil tends to be reduced due to the creation 
of aromatic hydrocarbons such as ethylbenzene, benzene, 
toluene, xylene and other alkyl benzenes during catalytic 
treatment employing acidic catalysts such as zeolites. 

Although biomass-derived pyrolysis bio-oil has a low 
viscosity and is oxygen-rich, it cannot be used as a bio 
lubricant27). It has also been demonstrated that the poor 
viscosity of some oil samples, which is normally in the 
range of vegetable oil bio lubricants, may be produced by 
co-pyrolyzing polymers/plastics with biomass and then 
subjecting the mixture to catalytic treatment. 

The techniques used in the creation of vegetable 
lubricants have significant impact on their properties, 
particularly on their bonds27). Hence, it is imperative to 
deploy the right strategy to avoid weakening the internal 
molecular structure. The viscosity, flash points, thermo-
oxidative stability and other anticipated lubricant qualities 
are impacted when the bonds are too weak to endure the 
effects of operational stress on their properties. Further 
enhancement in the performance of bio lubricants requires 
sustained research and development to upgrade their 
frictional load bearing capacities from their physio-
chemical properties point of view. Modifications in their 
molecular structures by esterification, hydroxylation, 
epoxidation and additives inclusions are quite apt until 
better formulations of nano bio lubricants are established. 

 
Table 2. Pros and cons of bio-lubricants1,12,26) 

S/N Pros Cons 

1 Biodegradability is high 

(as they are free of 

aromatics) 

Poor oxidation stability of 

pyrolysis bio-oils. 

2 High boiling point (lower 

emissions) 

Vegetable oils have higher 

melting points. 

3 High viscosity index Higher extent of upgradation 

required for thermochemically 

derived base stocks. 

4 Lesser number of 

contaminants 

High acidity of pyrolysis bio-oils. 

5 Longer tool life High cost. 

6 High lubricity Several vegetable oils are edible 
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3.  Nano-particles additives 

Nanoparticles are made up of metal, metal oxide, 
supplied, nanocomposites, carbon nanoparticles, and group 
of rare earth elements, based on their chemical makeup28-

32). The common elements used in nano-additives 
formulations are presented in Fig. 2. Metal-containing NPs 
are the focus of most studies and make up 72% of reviews, 
according to Ijaz et al33). 

Studies on carbon NPs, nanocomposites, and rare earth 
group, on the other hand, only made up 7%, 6%, and 7% 
of the total. 

NP additives are formulated based on the foundation for 
lubricant modification, thus mostly applied extreme 
pressure reduction, anti-friction, antioxidant and anti-
wear33,34). 

Three categories such as operational, economic, an 
 

 
Table 3. Physio-chemical properties of edible, non-edible, Synth etic/mineral and Pyrolysis-derived oil 

  

Ref. Oil Oxidation Stability 
383 K, h 

Density at 298 
K (kg/m3) 

Cloud 
Point (K) 

Kinematic Viscosity at 
313 K (cSt) 

Flash Point 
(K) 

Edible oils 
43) 
44) 
45) 
46) 
47) 
48) 

Sunflower 0.9 878 276.42 4.45 525 
Palm 4.0 875 286 5.72 438 
Peanut 2.1 890 278 4.92 450 
Rice bran 0.5 880 278 4.95 591 
Soybean 2.1 885 274 4.05 598 
Linseed 0.2 890 269.2 3.74 451 
Coconut 35.4 805 273 2.75 598 
Rape seed 7.5 880 269.7 4.45 525 
Olive 3.4 892 NR 4.52 591 

Non-Edible oils 
43) 
44) 
45) 
46) 
47) 
48) 

Jatropha 2.3 878 NR 4.82 4.9 
Rubber seed 
oil 

NR 870.9 NR 31.4 NR 

Castor 1.2 15.25 259.5 15.25 533 
Mahua NR 850 NR 3.40 483 
Karanja 6.0 918 282 4.80 423 
Neem 7.2 885 287.5 5.20 317 

Synthetic and mineral oil 
49) Neat mineral 

oil 
NR 880 NR 62.9 497 

44) ISOVG100 NR NR NR 90 519 
44) ISOVG32 NR NR NR 28.8 477 
44) ISOVG46 NR NR NR 41.4 493 

44)50) SAE20W40 NR NR NR 105 473 
Pyrolysis-derived oils 

51) PI–biomass 
mixtures 

NR 880-892 NR 4.1-7.5 NR 

51) PS–biomass 
mixtures 

NR 1096-1192 NR 2.0-2.75 NR 

52) Biomass NR 1100-1300 NR 13-80 323-373 

53) Rice straw NR 777-847 NR 34.7-39.6 387-390 

54) PS NR 1100 NR 1.4 375 
54) Catalytically 

upgraded oil 
from PS 

NR 979 NR 1.63 350 

51) LDPE NR 856 NR 476.6 NR 
51) PI NR 841 NR 6.4 NR 
53) Bagasse NR 813-893 NR 28.8-31.2 382-385 

-256-



Nano Bio-Lubricant as a Sustainable Trend in Tribology Towards Environmental Stability: Opportunities and Challenges 

environmental impact, can be used to highlight the 
advantages of nano-based lubricants additives35,36). 

Friction reduction will enhance machine and 
equipment performance while also reducing wear, which 
can lower the frequency of maintenance37,38). Good 
lubricity has economic advantages in that it reduces fuel 
consumption and lengthens the life of the machinery. 
Less often occurring downtime reduces production 
losses. It has been demonstrated experimentally that 
adding nanoparticles to different oils or lubricants has 
good tribological properties, with environmental benefits 
such as increased fuel efficiency and a decrease in 
emissions and particulate matter39,40). Additionally, nano-
lubes are frequently created using non-toxic, eco-friendly 
ingredients1,41,42). Figure 2 clearly presents the 

pronounced key nano-additives in the market and their 
producers. Different techniques for nano particle (NP) 
additives to work are possible. The protective layer 
effect56), colloidal effect, small-size effect, rolling 
effect39) and third body effect are the methods through 
which oils with nano-additives minimize friction and 
wear under sliding lubrication57). Soft nanomaterials, 
which radically flex underload and to adapt surface 
velocity differences primarily by sticking to surfaces and 
shearing in the bulk media, operate as a cohesive third 
body which develops between two surfaces to minimize 
wear and friction58). Granular NPs are hard, cohesion-
free particles with adequate spherical shape maintenance 
under stress and the ability to handle surface velocity 
changes by sliding and roll at low shear rates 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Key Nano-lubricant additives and their producers34) 

 
4.  Nanofluids preparations  

The most typical approach for producing nanofluids is 
a two-step process. In this procedure, nanoparticles (NPs) 
like; nanotubes, nanofibers and other nanomaterials are 
first created as dry powders using physiochemical  
Processes7,60). Again, a way of reducing agglomeration of 
nanosized particles into fluid is through application of 
high-intensity magnetic mixing machine, ultrasonic 
agitation or homogenizer machine. Fig.3 shows the link 
between the particles and the mixing enhancements to 
minimize particle agglomeration within the base lubricant. 
Another way to stop nanoparticles from aggregating is to 
add a dispersion because it establishes continuity between  
 
 
 
 
 

 

Fig. 3: Two-step Technique of formulating nanofluids55) 
 
the particles and base fluids by acting as a bridge. 
Enhancing the immersion of nanoparticles, dispersants 
reduce the surface tension of base fluids. Since nano 
powder synthesis procedures had been scaled up to levels 
of commercial formulation, the two-step technique is 
considered as the most cost-effective method to 
developing nanofluids in a large scale61). 

 
 

WS2 Diamond Boron MoS2 Copper 

• Nanomate
rials Ltd. USA 
• N1 
Technologies Inc., 
USA 
• Miller oils 
ltd, UK 

• Nanotech 
lubricants LLC USA 
• Adamas 
Nanotechnologies, Inc, 
USA 
• Chevron, 
Technology Ventures 
LLC, USA 

• NT 
Nanotechn
ology 

AG, Germany 
• DRD 

Additives 
LLC, USA  

• N-
Nano-Mech, 
Inc, USA 

• AB Nano 
Technologies oy, 
Finland  

Nanopartic

Base fluid 
Direct Nanofluid 

Mixing enhancement 

Mixing enhancement 
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NPs have a propensity to assemble into larger particles 

due to their large surface area and surface activity. The use 
of surfactants is a crucial strategy to improve the stability 
of nanoparticles in fluids as demonstrated in Fig. 3. 
However, a major worry is the surfactants' ability to 
function at high temperatures, particularly in high-
temperature applications. Numerous cutting-edge 
methods, like the one-step technique62), have been created 
by the nanofluids manufactures due to the challenges in 
formulating stable nanofluids under the two-step method, 
thus making researchers extend into more depth on 
another approach called one-step method which seems 
more standardized with better results. 

Eastman et al.63) created a one-step physical vapour 
condensation approach to create nanofluids of 
Cu/ethylene glycol to minimize the aggregation of NPs. 
The creation and dispersion of the fluid's particles take 
place concurrently in the one-step process. This approach 
avoids the drying, storing, transportation, and dispersion 
of nanoparticles, which minimizes the agglomeration of 
nanoparticles and increases fluid stability64-66). The one-
step procedures can produce nanoparticles that are 
uniformly dispersed and can be maintained in a stable 
suspension in the base fluid. Creating nanofluids with 
various dielectric liquids in the vacuum-submerged arc 
nanoparticle synthesis system (SANSS) is another 
effective technique for achieving homogeneous 
nanofluids67-69). The variable thermal conductivity 
characteristics of the dielectric liquids have a significant 
impact on and dictate the distinct morphologies. The 
produced nanoparticles have morphological shapes that 
resemble needles and are polygonal, square, round, and 
square-like. The technique does a good job of preventing 
unwanted particle aggregation. Apart from application of 
surfactant in reducing the nanofluid agglomeration, 
surface modification has an excellent response in 
improving the homogeneity of nanofluid for tribological 
enhancement70-72). 

Functionalization can change the surface of 
nanoparticles73,74). Long-term stability is simply obtained 
by mixing functionalized nanoparticles with the basic 
fluid. Wang et al75) created a practical approach for surface 
functionalization of gold nanoparticles, replacing the 
original pure DNA with mixed DNA/PEG polymers with 
functionalization illustration presented in Fig. 4(a). It is 
polymeric in nature and has the ability to raise the base 
lubricant's viscosity. Only a small amount of DNA was 
needed in comparison to pure DNA alteration to get the 
same result. Using an ultra-sonicator to disperse the 
surface-modified ceria (CeO2) nanoparticles in methanol, 
created a stable methanol-based CeO2 nanofluid76). 
Similar investigation was conducted on methanol 
synthesis from CO/CO2 on Cu/CeS2, yielded good results 
in terms of active sites for the direct hydrogenation with 
improved outcome77). By using amide functionalization, 
Alzatecarvajal et al78), modified graphene oxide and 
nanodiamond, with recommended results. The process 

involved solvent-free gas-phase treatment and made use 
of aromatic and aliphatic amines. There is some molecular 
breakage caused by van der Waals forces during the nano-
lubricant treatment, which results in the creation of 
homogeneous solutions. In the absence of a dispersant, 
Pati et al79) described a straightforward procedure to create 
stable Fe3O nanofluid. In the study, Fe3O NPs were 
prepared first through separation and purified with 
acetone and water, then soaked in NaOH solution and 
dried at 150 °C for 30 minutes. Then dried powder was 
sonicated for 30 minutes after dispersing in water. The 
images of the solutions stabilities at different time interval 
as illustrated in Fig. 4(b) (a–e), with sample A and D 
placed under 0, 1, 4, 24 and 48hrs during formulation 
mixing method. 

 

 
Fig. 4 (a and b): Illustration of gold nanoparticles Surface 

modification (4a)75); and nanofluid stability without and with 
mixing technique79) (4b), nanofluids prepared with sample A (0 
ppm) and D (500 ppm) after different time intervals; (a) 0hr (b) 
1 hr (c) 24hrs (d) 48hrs and (f) samples A and D under mixing 

technique. 
 
5.  Stability of Nanofluids 

Due to the tendency of nanoparticles to attract one 
another due to their high surface energies, stability is the 
most important issue for nanofluids60). The electrical 
double layer repulsive force and the van der Waals 
attractive force are the two forces that interact with 
nanoparticles, respectively, according to the DLVO 
hypothesis. Hamaker's formula, which is represented by 
the equation (1) provides attractive potential energy. 
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𝑉𝑉𝐴𝐴 =  
𝐴𝐴𝑟𝑟

12𝐻𝐻
                           (1) 

Where VA is the attractive potential energy; A is the 
Hamaker constant. Repulsive potential energy is provided 
by equation (2) in the absence of direct electrical double 
layer contact between two particles. 

𝑉𝑉𝑅𝑅 =  
64𝜋𝜋𝜋𝜋𝑛𝑛𝑜𝑜𝑘𝑘𝑘𝑘𝛾𝛾2

𝐾𝐾2 exp(−𝐾𝐾𝐻𝐻)           (2)  

The upshot of the two conflicting forces is the stability 
of nanofluids. The nanofluid is in a relatively stable 
condition when the repulsive force outweighs the 
attractive force and can do so during the collision process 
due to Brownian movement80,81). Several surfactants, 
including SDBS, SDS, and CTAB, can prevent the 
aggregation of dispersed nanoparticles in nanofluids 
based on steric repulsion. The surfactants possess 
hydrophilic heads and hydrophobic tails which make them 
perform. The hydrophobic head stretches out into the 
nanofluids, while the hydrophilic tail forms a lengthy loop 
that adheres to the surface of nanoparticles82,83). Sterically 
stabilized nanofluids maintain their dispersion and 
viability for a long time as a result. Because of the 
adsorption of ions, the nanoparticles in nanofluids carry 
some charge during electrostatic stabilization. 
Nanoparticles are surrounded by an electrical double layer, 
which produces a repulsive force that balances the 
attraction force between the particles. 

 
6.  Mechanism of Nanoparticles 

It was shown that adding different nanoparticles 
improved the tribological properties of the lubricants. 
Alves et al.,8,84) described four particle mechanisms as 
follows: (a) roll between friction surfaces and change 
sliding friction to rolling friction (rolling effect); (b) 
polish the contact surface and reduce surface roughness 
(polish effect); (c) form physical films and account for 
mass loss (healing/repairing effect); and (d) form a 
protective film between the friction pairs (protective 
effect). Figure 5 shows various nano-mechanisms for 
friction and wear reduction such as protective layer, as 
well as the effects of repairing, polishing, and rolling. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 5: The four NPs Mechanism in tribology for lubricant 
enhancement; (a) rolling effect; (b) polishing effect; (c) 

protective or tribo-film formation; (d) mending effect60,85,86). 

Researchers have posited various mechanisms 
processes for various types of nanoparticles60,85). Zhou et 
al.87), created LaF3 nanoparticles and coated them with an 
organic material that contains phosphate and Sulphur 
(LaF3-DDP). The LF3-DDP particles have the structure of 
hexagonal possession by LaF3 capable of rolling between 
the sliding contact, thus reducing body-body contact 
leading to friction reduction. During the surface 
examination, it was found that the chemical reaction 
between sulphur and phosphate and the deposition of LaF3 
nanoparticles produced the efficient tribo-film88). Ye et 
al.,89) on their analysis, they used the sol-gel method to 
produce modified TiO2 nanoparticles with tetrafluoro 
benzoic acid surfaces. The TiO2 nanoparticle with liquid 
paraffin at the rubbing surface was found to increase the 
tribological properties of the nanofluid because of a 
coating of nano-TiO2 content on the rubbed surface. The 
lowest worn scar diameter (WSD) was found to be 0.25 
wt.%89).  

Rapoport et al.90) claim that inorganic fullerene (IF), 
such as WS2 and MoS2 nanoparticles, reduce friction 
when added to paraffin oil through the third body method. 
Under difficult contact conditions, IF nanosheets 
delaminate and form a third body with the oil and wear 
debris. The outcome demonstrated wear reduction in the 
asperities, owing to the frictional properties 
enhancement90). Peng et al.91) evaluated the tribological 
properties of diamond and SiO2 nanoparticles in liquid 
paraffin. The change in WSD with respect to surface 
roughness was discovered to be least noticeable for nano-
fluids. This is primarily due to the presence of these 
nanoparticles, which will polish the rubbed surface92). 
Owing to the nature of the used lubricant, the sliding 
contact observed smoother while the wear scar appears the 
same during the operation3,30,93). 

Quihong and Xifeng59) found that the synthesized 
copper nanoparticle in SF15W/40 lubricating oil produced 
a protective layer or self-repairing layer that decreased 
shear stresses and partially repaired worn surfaces, 
boosting tribological properties. Jiao et al.94) claim that 
when an aluminum oxide/silicon dioxide (Al2O3/SiO2) 
composite nanoparticle with lubricant reaches the friction 
surface, sliding friction transforms into rolling friction. 
After modification, the additive possesses an elliptical 
form with particles that are 70 nm in size. It can easily 
penetrate between contacts and dissolve more quickly in 
base lubricant. This is due to the rolling impact that the 
absorbed nanoparticle has on the rubbing surface. 
Al2O3/SiO2 composite nanoparticles at 0.5 weight percent 
were shown to have a 50% reduction in friction 
coefficient94). According to Yu et al.,95) research on 
surface-modified Yttrium oxide nanoparticles may have 
entered the micro-cracks existing on the worn surface 
under the lubrication of liquid paraffin, where the organic 
and inorganic groups in the nano-fluid had generated a 
protective covering. The differences in the performance of 
these nanoparticles 
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7.  Nanoparticles as Additives in Vegetable 

Oil 
As stated in section 2, vegetable lubricants are obtained 

from different animals, fish and agricultural feed stocks. 
Based on their physiochemical characteristics, they are 
considered biodegradable, renewable and 
environmentally friendly, thus proposed by researchers as 
alternative products to mineral/petroleum lubricants 
which are associated with some toxic constituents96). 
Researchers presented that vegetable lubricants have a 
compatible affinity with nano-additives, resulting in 
improved tribological properties2,8,96,97). In addition, it has 
little effect on the environment in terms of pollution 
compared to petroleum counterpart. Another area of 
tribological investigation presented that application of 
base vegetable lubricant and bio-additive yielded 
excellent compatibility, tribological performance with 
good environmentally friendly response26,49). 

Opia et al.,4) investigated on the tribological 
performance and behavior of organic formulated 
Eichhornia Cracipess carbon nanotubes (EC-CNTs) in 
vegetable rapeseed oil using high frequency reciprocating 
rig (HFRR) and uni-directional tribo-meter. The EC-CNTs 
is an organic formulated additive with amphipathic 
properties capable of forming tribo-film during 
lubrication. The performance of the operation yielded 
enhanced results under 1wt% EC-CNTs than other 
concentration, compared the base repassed oil. The 
investigation further revealed that EC-CNTs blended 
rapeseed oil was performed better on HFRR mode than 
unidirectional operation due to high agglomeration of 
nanoparticles and starvation4) of lubricants at the contact 
point. The particles accumulations on the various testing 
orientations leading to different levels of film formation 
for the low COF under HFRR and high COF generation 
under unidirectional mode due to low film formation are 
presented in Fig. 6 and Fig. 7, respectively. Another 
investigation was conducted using organic formulated 
Eichhornia crassipes carboxymethyl (EC-CMC) polymer, 
application of surfactant on EC-CMC polymer together 
rapeseed oil98). Surfactant increases the solubility of the 
nano lubricant. The outcome of the result was 
recommendable, suggesting the good compatibility of the 
formulations, similar functional groups possessed by the 
vegetable oil and the bio-additive99,100). 

 
Fig. 6: Nanoparticle accumulations at the contact zone under 

reciprocating orientation4) 
 
Tribological analysis was conducted by Thottackkad et 

al.,101) using CuO NPs mixed with coconut oil. The results 
showed that a concentration of 0.34 % by weight of CuO 
nanoparticles was the best for achieving the lowest wear 
rate and friction coefficient. While the surface roughness 
decreased when the nano-additive was added, the 
viscosity and fire point increased101). 

 
Fig. 7: Nanoparticle accumulations and lubricant starvation 

at the contact zone during unidirectional orientation 4). 
 

Alves et al,8), demonstrated the rise in friction 
coefficient and the presence of abrasive wear on the worn 
surface rendered both the nanoparticles of zinc oxide and 
copper oxide ineffective as an anti-wear additive for 
soybean and sunflower oil. Chemically altered rapeseed 
was given a TiO2 nanoparticle and microparticle addition 
was argued by Arumugam and Sriram102). When compared 
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to TiO2 microparticles, TiO2 nanoparticles were shown to 
have improved lubricating properties102,103). With 
nanoscale TiO2 and 6.9 % with micro TiO2, the friction 
coefficient of chemically treated rapeseed oil was lowered 
by 15.2% and 6.9%, respectively102). 
Rapeseed oil with hollow spherical MoS2 precipitated in 

nano TiO2 has better tribological properties than the 
sample with MoS2 alone, according to Xu et al.104). The 
well-distributed hollow spherical nanoparticles in the 
nanofluids affect the friction mode because they have the 
ability to change from sliding to rolling friction. Friction 
is reduced by the hollow sphere additive's fractional 
exfoliation, which permits sufficient deformation and the 
creation of a third body for contact separation. On the 
work carried out by Boshui et al.105), when compared to 
the unmodified nanoparticle and base oil, it reported that 
stearic acid-modified Cerium Borate (CeBO3) 
nanoparticle improved the anti-wear and anti-friction 
capacity of rapeseed oil. Reporting to other conducted 
analysis, CuO and MoS2 nanoparticles' impact on 
enhancing the anti-wear and extreme pressure properties 
of chemically altered palm oil was studied by Gulzar et al 
106). These nano-additives had increased the tested 
qualities by 1.5 times, according to the data. In 
comparison to CuO, MoS2 nanoparticles showed superior 
characteristics and dispersion stability106). 
In the analysis conducted by Rani et al.107) using TiO2, 

CeO2, and ZrO2 nanoparticles, blended to rice bran oil. 
The findings indicated that 0.5wt.% CeO2 and 0.3wt.% 
TiO2 respectively showed the highest reduction in friction 
coefficient and wear. Suthar et al.108) conducted 
investigations on Al2O3 nanoparticles blended with jojoba 
oil at a concentration of 0.1 wt.%, the least amount of 
friction and wear was achieved. Rajubhai et al.,109) 
conducted tribological analysis on copper nanoparticles 
blended with Pongamia oil, discovered that 0.075wt.% of 
copper nanoparticles was the ideal concentration based on 
the least amount of wear and friction. Again, copper and 
h-BN nanoparticles were added to epoxidized olive oil 
during tribological investigatory work by Kerni et al42). 
The outcome observed that certain lubricant properties 
like wear volume and COF improved after adding 0.5 
wt.% nano-additives. 
Kumar et al110), investigated tribological performance of 

CuO nanoparticles in canola oil using 0.1 wt.%, which 
yielded the lowest friction coefficient and lowest specific 
wear rate. Brassica and palm oils were combined with 
CuO and TiO2 nanoparticles with idea of knowing their 
tribological behaviors and was conducted by 
Rajaganapathy et al111). When compared to other nano-
lubricants created, palm oil containing 0.5 wt.% CuO 
nanoparticles had the lowest COF and specific wear rate.  
Similarly, Singh112), observed that minimum friction 
coefficient and wear rate for castor oil mixed with TiO2 
nanoparticles occurs at 0.2 wt.%. In the study carried out 
by Zaid et al.113) using TiO2 nanoparticles, it improved the 
lubricating properties of jojoba oil. The outcome revealed 
that the COF and wear scar were lowered under 0.3 wt% 

TiO2 nanoparticles were added to jojoba oil. 
Rastogi et al114) conducted a tribological test and 

Jatropha oil was incorporated with SiO2 nanoparticles. 
After the addition of 0.6wt.% nanoparticles, it was found 
that the COF and wear loss was lowest. The tribological 
properties of modified desert date oil containing copper 
nanoparticles were studied by Singh et al115). The 
tribological results of the bio-lubricant formulation 
improved when copper nanoparticles were added up to a 
maximum of 0.9 wt.% introduced SiC nanoparticles in 
various amounts after chemically altering moringa 
Oleifera oil through two-step transesterification. At 0.5 
wt.% SiC nanoparticle, the COF and wear was found to be 
the lowest. 
When lubricant additives of silicon dioxide (SiO2) and 

titanium dioxide (TiO2) nanoparticles were studied by 
Cortes et al116), for their effects on the tribological and 
rheological properties of sunflower oil. The outcomes 
showed that the type and concentration of the 
nanoparticles utilized affect the rheological properties. 
The friction coefficient and wear volume loss were 
respectively reduced by 93.7 and 70.1 %, and 77.7 and 
74.1 % by TiO2 and SiO2 nanoparticles116). Halloysite 
nano-clay was tested by Sneha et al117) as anti-wear 
additive in base rice bran oil and turmeric oil. When 
compared to other nano-clay concentrations, the 
tribological results of rice bran oil with 0.1 wt.% 
halloysite nano-clay revealed the lowest friction 
coefficient and wear scar diameter (WSD) (0.072, 0.531 
mm). The WSD decreased to 0.491 mm by the addition of 
1.5 wt.% turmeric oil as an antioxidant ingredient in rice 
bran oil with halloysite nano clay117). Supporting the 
mechanism of NPs in reducing friction and wear, Zhou et 
al.,118) revealed that COF substantially reduced through 
application of FeS NPs with excellent wear protection 
when used under dry sliding conditions. The behavior of 
the FeS NPs on the sliding material surfaces, illustrating 
the sulfur (S) atom diffusion resulting in friction reduction, 
thus illustrated in Fig. 8. 

 

Fig. 8: Behavior of FeS NPs through diffusion Mechanism 
into the sliding substrate118) 

In boundary lubrication conditions, Alves et al., 8) 
studied the tribological behavior of vegetable oil-based 
lubricants (sunflower (SFO), soybean (SBO) with 
Soybean nanoparticles of oxides (CuO, ZnO). The 
findings demonstrated that the tribological properties of 
traditional lubricants can be greatly enhanced by 
nanoparticles. The worn surface has developed a smoother, 
more compact tribo-film, which is what has caused the 
wear and friction to be further reduced. When coupled 
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with mineral oil, ZnO exhibits outstanding efficacy in 
reducing friction and wear, even though the base oils, 
soyabean and sunflower, show lesser COF reductions 
when compared to synthetic oil (SO) and mineral 
lubricants, as shown in Fig. 9. Formation of good tribo-
film was observed under mineral base oil with ZnO than 
other base lubricants used. 

Refined, Bleached and Deodorized Palm Stearin, a 
refined form of palm oil, was tested for viability119) when 
employed as a lubricant in a forward strain extrusion 
process. The solid fraction is produced by fractionating 
palm oil during crystallization at a regulated 
temperature, known as RBD palm stearin. Reduced 
extrusion load and superior surface finishing are two 
benefits of using RBD palm stearin. Again, Tiong et a120), 
conducted tribological performance on refined, bleached, 
and deodorized (RBD) palm stearin (PS). Fatty acids 
efficiently increased the presence of lubricant film in 
additive-free refined, bleached, and deodorized (RBD) 
palm stearin (PS), resulting in a lower coefficient of 
friction (COF) than additive-free paraffinic mineral oil 
(PMO). Similarly, refined, bleached, and deodorized 
(RBD) palm olein's friction and wear performance was 
studied by Ing et al121) and Zulhanafi & Syahrullail122). In 
comparison to paraffinic mineral oil, RBD Palm Olein has 
demonstrated a lower COF. 

The performance of stamping oil, hydraulic oil, 
jatropha oil, RBD palm olein, and palm fatty acid distillate 
under high pressure circumstances was studied by 
Syahrullail et al123). In the analysis, jatropha oil showed 
the lowest and best results, followed by RBD palm olein 
and palm fatty acid distillate in terms of WSD and COF. 
Due to the inclusion of anti-wear additives, stamping oil 
demonstrated the lowest COF and wear scar diameter. 
Supporting the presentation, according to Golshokouh et 
al9), jatropha oil and palm fatty acid distillate (PFAD) 
performed better than mineral oils. Jatropha and PFAD 
oils demonstrated lower and best friction torque against 
mineral oil and hydraulic oils, thus revealed that Jatropha 
oil exhibited optimal shear stability in protecting substrate 
against wear. Based on the recommended performance of 
nano-lubricants in operation. Table 4, summaries some of 
the results from the use of nano-bio lubricants. 

 
 

 

 

 
Fig. 9: COF against time for the various lubricants 

incorporated with additives: (a) mineral oil, (b) synthetic oil, 
(c) sunflower oil and (d) soybean oil 8) 

 
8.  Challenges and Future of Vegetable 

Lubricants 

Though bio lubricants exhibit food tribology features 
including lubricity at moderate temperature with other 
properties justifying their popular recommendation for the 
replacement of fossil sourced lubricants. However, there 
are associated property drawbacks which limit the wider 
applications of the group in all areas of lubrication. The 
performance limitations of biobased lubricants were 
observed to be to be inherent properties from the base 
source, thus necessitating further modifications by 
inclusion of suitable additives to upgrade their tribological 
properties. Challenges associated with the use of bio- 
lubricants are quite mane, but the important ones are listed 
as follows.  
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8.1.  Weak Oxidation and Thermal Stability 

The poor oxidation nature of vegetable lubricants is a 
big concern in lubricant formulation. Since base stocks 
constitute 90% of the entire lubricant, they are employed 
in analyzing features like high biodegradability, low 
volatility, low acid content, high solvency etc., for optimal 
response to additives and working systems. Thermal 
stability is the resistance to molecular breakdown at high 
temperatures in the absence of oxygen, whereas oxidation 
stability, in the application working conditions of 
lubricants, is the resistance of a lubricant to chemical 
breakdown at high temperatures in the presence of oxygen. 
According to this justification, lubricants that oxidize 
quickly have inadequate oxidation stability and must be 
upgraded to endure usage-related situations. Again, low 
oxidation stability is a problem for vegetable lubricants, 
which are primarily made of polyunsaturated oils. The 
oxidation and thermal stability of vegetable oil are 
reduced because of problems with double bonds from 
fatty acids and alcoholic components, as well as strong 
linoleic contents. When creating bio-lubricants, the proper 
additives are required to address these issues. 

 
8.2.  Competition and high cost among lubricants and 

food 

Food and energy (for biofuel and lubricant products) are 
in competition with one another, particularly in the field 
of edible vegetable oil. Currently, some nations are fully 
reliant on foreign nations for their ability to have edible 
and non-edible vegetable oils, thus making the product 
scarce and expensive in the market. 

Industrial sector in India consumed 16.6 million tonnes 
of vegetable lubricants each year, the majority of which 
were imported, raising the price of the commodity on the 
market125). Vegetable lubricants are in great demand as the 
globe transitions to a sustainable economy. According to 
research, the cost of bio lubricants is 30–40% higher than 
the cost of traditional lubricants126). The government 
should participate in extensive farming practices to 
produce a significant amount of vegetable oil in a variety 
of kinds as a means of resolving the issue. 

Research into various vegetable products, including 
edible and non-edible vegetable lubricants, is necessary to 
prevent these competitions and the high cost of vegetable 
lubricants. To combat scarcity, governments’ support is 
crucial in cultivation and manufacturing of vegetable 
lubricants to supplement efforts of individual operators. 
Adequate funding would encourage farmers to increase 
cultivation and manufacturers support for improved 
machinery to produce in surplus quantity.  Having a 
sustainable cycle of production would prevent the food 
component from being endangered. In addition, advances 
have been made toward treatment of used lubricants by 
enhancing the degraded properties, as well as blending 
petroleum and vegetable counterparts in order to reduce 

the amount of each product in use. Promoting increased 
cultivation of edible and non-edible vegetable oil crops 
towards preventing the challenges associated with 
lubricant/food competition. 

Further research and development on the potential 
methods of developing bio-lubricants from both edible 
and non-edible vegetable oil crops should be funded. The 
approach will further strengthen their adaptation for bio 
lubricants without adversely affecting their usage as 
source of food. 

 
8.3.  Poor low temperature and hydrolytic properties  

Low temperature is what causes cloudiness, poor 
flowability, and precipitation17). Many vegetable 
lubricants exhibit the features as described. Because these 
oils include ester functionality groups, they are vulnerable 
to hydrolytic breakdown and can become contaminated 
with water in the form of emulsion. Many vegetable oils 
have precipitation at low temperatures, which might 
impact lubrication during use, according to studies.  

For instance, according to research on their low 
temperature features. However, a high ester group content 
makes vegetable lubricants vulnerable to hydrolytic 
degradation124). As a result, during preparations, it was 
necessary to avoid contaminants such water in the form of 
an emulsion. Once more, vegetable lubricants do a poor 
job of protecting against corrosion, especially in a humid 
environment. In the presence of oxygen and moisture, 
hydrogen atom is easily removed from the molecular 
structure, which causes the esters to break down into acid 
and olefin.  
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Table 4: Summary of some results from the use of nano-bio lubricant 

N/S Base lubricant and nano-
additive 

Tribological test 
used 

Results Ref. 

1 Palm oil + TiO2 NPs additives Four ball testers 
ASTM D4172 

Results show that for both 40°C and 100°C of lubricant with 
0.1wt. % of the TiO2 nano additives produced the lowest 
COF and wear scar diameter, the viscosities of samples 
increased as the weight percentage of the TiO2 nano-
additives increased. 

127) 

2 Modified bio-lubricants + MoS2 
NPs and CuO NPs 

 Four ball testers 
ASTM D4172 

Compared to CuO nanoparticles, MoS2 nanoparticles 
displayed improved AW/EP characteristics. Agglomerates 
might be reduced more easily with the addition of a 
surfactant containing 1 wt.% of oleic acid. 

106) 

3 Bio-lubricants + Ti2 and SIO2 
NPs 

Four-ball tests 
and piston ring–
cylinder liner 
sliding tests 

 The results revealed that the nano-lubricants improved 
load-carrying capacity, anti-wear behavior, and friction 
reduction capabilities as well as noticeable dispersion 
performance without a surfactant. 

128) 

4 Soyabean oil, mineral oil, and 
additives suitable for use in 
sliding bearing is describe 

Viscosity test 
ASTM D 445, 
Flash test ASTM 
D92-12b., Pour 
point test ASTM 
D97-12,  

Observations on pour point, flash point, and viscosity index 
show promising properties for use in a wider temperature 
range. 

129) 

5 Lubrication of refined, bleached 
and deodorized (RBD) palm 
stearin + Zinc 
dialkyldithiophosphate (ZDDP) 
additive 

Pin on disk tribo-
tester ASTM G99 

The results reveal that when RBD palm stearin stands alone, 
it has higher COF and WSD than that of SAE 40. 

130) 

6 Palm oil blended a phenolic 
antioxidant yielded better 
lubrication at higher 
temperatures 

Four ball testers 
ASTM D4172 

Results discovered that a uniform mixture of tertiary-butyl 
hydroquinone and palm oil had good antioxidant qualities 
by reducing lubricants degradation leading to decrease on 
wear and friction. 

131) 

7 Vegetable oil (GN, CNT, GO) + 
graphene nanosheets (GN), 
carbon nanotubes (CNT), and 
graphene oxide (GO) 

Four ball testers 
ASTM D4172 

In terms of enhancing the tribological properties of 
vegetable oil, the results showed that the addition of 50 ppm 
GN has the most beneficial effects. 

132) 

8 TMP ester + TiO2 NPs friction 
and wear reduction 
characteristics 

Four ball testers 
ASTM D4172 

Comparing the TMP ester with and without the addition of 
TiO2 nanoparticles at 160 kg, the COF was lowered by 15% 
and the wear scar diameter was reduced by 11%, 
respectively. 

133) 

9 Modified Jatropha-based 
(MJO+AIL10% and 
MJO+PIL1%) in metalworking 
fluid  

Four ball testers 
ASTM D4172 

Enhanced corrosion inhibition, outstanding friction 
reduction, reduced worn surface area, good surface polish, 
and better tapping torque efficiency were all displayed by 
MJO+AIL10% and MJO+PIL1%. 

134) 
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9.  Bibliometric Review 

9.1  Method 

The data used in bibliometric analysis were collected 
from Scopus database135). Material search was conducted 
from start of review till 15th April 2023. Theme of 
Boolean strings considered were “biolubricant”, “nano-
bio lubricant”, bio lubricants OR bio-lubricant, 
“Biolubricant AND Biolubricants and prospects”, “bio 
lubricants and challenges”. Characteristics of relevant 
publications were analyzed using Microsoft excel and 
frequency was analyzed using Bib-excel136). Co-
operational network diagram was developed with VOS 
viewer application software137). Publications related to the 
Boolean strings theme were 467 documents with year 
filter range from 2015-2023. Further filtering and 
exclusion unrelated disciplines like arts and commerce left 
the document in the year range at 306. 
 
9.2  Total number of publications 

A total of 467 published documents related to the 
Boolean strings filtering set between 2015-2023 
consisting of articles, conferences proceedings and letters 
on bio lubricants and related strings as mentioned in the 
above section. Numbers of publications found in the eight-
year search period was low. This may be due to the fact 
the research into bio lubricants and nano bio lubricant is 
still a fledging adventure in Tribology and environmental 
concerns. Figure 10 showed the list of ten (10) affiliations 
with highest publications. The number document as 
shown by Fig. 10 indicated increasing affiliations’ 
interests from Universiti Teknologi Malaysia leading with 
25 documents to APJ Abdul Kalam Technology 
University India which is the 10th affiliation with 7 
documents shown in Fig. 10 portrays that the trend is 
promising. Figure 11 also presented the number of related 
documents published yearly within the search period. The 
chart revealed an upward trend for research interest. This 
trend suggests great potential in nano bio lubricants. 
 

 

Fig.10. Documents per affiliation for 10 most published 

Fig.11. Documents by year 
 
9.3  Documents per subject area 

Figure 12 shows the number of documents by subject 
area. Researchers’ contributions in different subject areas 
revealed that studies were highest in the field of 
Engineering with 24% of the relevant documents from the 
field of Engineering. This development is probably due to 
the increased desire for greener technology and quest for 
biodegradable lubricants. Material Science was closely 
next to engineering with 23.2% suggesting that research 
in engineering has significant influence on materials 
hence, research for improved technology would attract 
research in materials knowledge, methods, design and 
selection for improved performance. Physics/astronaut 
was 3rd with 11.3% while energy was 4th with 10.3%. The 
implication of this was that more researchers in different 
subject areas are exploring the opportunities and 
potentials of nano bio lubricant while Chemical 
engineering was 5th with 8.4%; Chemistry 6th with 8% 
followed by Environmental Science was 7th with 5.6%, 
Biochemistry 8th with 2.3%; earth and planets was 9th 
with 1.5% and others subject areas are left with mere 1.6%. 
The development also underscores the significance of the 
chemistry behind formulation and application of bio 
lubricant. The various interests shown by these subject 
areas point to the increasing concerns for environment 
which can be enhanced with improved technology as very 
vital to sustainable growth in which lubricant and 
lubrication tech improvement is a crucial component. 
 
9.4  Documents per year by source 

Figure 13 showed document count per source per year 
and cite score view for the 10 sources with highest count. 
The figure showed Proceedings of the Institution of 
Mechanical Engineers Part J Journal of Engineering 
Tribology having the highest count of 6 documents in 
2021; Biomass conversion and biorefinery has 5 counts in 
both 2020 and 2021; Lecture notes in Mechanical 
engineering recorded 5 counts in 2022. Generally, 
research contribution from the remaining sources showed 
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consistent interests that suggest there are gaps and 
opportunities from engineering aspect to materials and 
methods as well as environmental concerns. Meanwhile, 
more interest is necessary in the environmental field to 
throw more light on the opportunities of bio lubricant 
towards preserving the ecosystem. 
 

 

Fig. 12: Documents by subject area 

 

 
Fig. 13: Documents per year by source 

Figure 14 showed the analysis of contributions of 
different types of documents in which research articles 
were the largest portion of 75.2%, conference papers 
covered 16.1% while review papers got 6.8%. Others are 
data paper and short surveys which amounted to 0.3% 
each. The implication is that research interests are high 

and that researchers are making efforts to intensify studies 
on bio lubricant. On contribution by countries, India has 
the highest number of documents which was 140 as shown 
in Fig. 15. This number was followed by Malaysia with 
58 documents while China is third on the list with 22 
documents. This indicated that Asia is taking the lead in 
their research contributions because these three leading 
contributors are from Asia continent. Perhaps because 
Malysia is predominantly one of the largest producers of 
palm oil. Figure 15 further showed contributions of 
Australia, Italy, Spain, Indonesia, Mexico, Canada and 
United Kingdom with contributions respectively between 
8 and 16 documents published within this study. India, 
Malaysia and China have shown significant contribution 
as shown, Australia and Europe also made significant 
impart. Unfortunately, African countries contribution did 
not appear within he first 15 countries to make the 
documents appear. Perhaps, studies in region may reveal 
more knowledge about nano bio lubricants and the 
concomitant merits and demerits. 
 
9.5  Contribution of authors 

Figure 16 showed the contributions of prominent 
researchers in the field of lubrication. Documents by 
authors were compared and the authors with highest 
document were Rani S. and Singh Y with 13 documents 
each while Samion S. and Shankar S. were both having 12 
documents each on the topic. This was followed by Kalam 
M.A, Pramanic A. and Singlar A with 10 documents each 
while Arumugam S., Masjuki H.H. and Nithyaprakash R. 
were shown to contribute 8 documents each. 
Figure 17 presents the keywords co-occurrence using 

Vos viewer bibliometric mapping138). It indicated the trend 
and knowledge structure of the research field. The links 
strength was mapped through co-occurrence of the 
keywords. The keywords are presented by nodes linked 
together by array of lines. The minimum threshold 
frequency of 5. If two keywords in a sentence are related 
by co-occurrence, the literature predominantly includes 
bio lubricant, bio-lubricant, nano additive, friction, wear, 
lubricant, coefficient of friction, epoxidation, chemical 
modification, biodegradable, mineral oil, nano particles, 
biodiesel, boundary lubrication, viscosity, rheology. This 
co-occurrence of keywords indicates the causes, effects, 
methods, opportunities, challenges and possible research 
interest available around the bigger nodes in the keywords. 
It is a pointer to the crosslink in the future research areas 
around the bio lubricant which could be further explored. 
Table 5 further explained the highest occurrence and total 
strength of the keywords “bio lubricant” as 49 and 37 
respectively, indicating vast research interest and 
publications. It also showed least occurrence in the 
keyword “boundary lubrication” total strength and 
occurrence of 10 and 5 respectively, indicating minimum 
research interest suggesting researchable gaps. Number of 
authors that made the threshold of being cited at least 
twice was equal to 10. 
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Fig. 14. Documents by type 

 
Fig. 15: Documents by country. 

 
Fig. 16. Documents by author 

 

Table 5. Keyword co-occurrence 

Keywords Clusters Link Total 
strength 

occurrence 

lubrication 6 9 18 12 
Boundary 
lubrication 

4 7 10 15 

Bio lubricant 4 20 49 37 
Bio lubricant 5 7 7 6 
Palm oil 1 10 25 18 
COF 2 12 18 12 
Nanoparticle 3 14 28 15 
Biodegradable 1 7 14 7 

 

 

 
Fig. 17: Keywords co-occurrence 
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10.  Conclusion 

As replacements for petroleum-based lubricants, bio 
lubricants have become more popular because of the need 
to prevent climate change. The lubricant industry is 
moving toward the use of biodegradable, environmentally 
friendly lubricants derived from renewable sources 
because of growing awareness of environmental issues. 
Bio lubricants made from sustainable resources have a 
negligible effect on the environment. The government's 
restrictions on the use of mineral lubricants as well as the 
availability, renewability, and ecologically favorable 
characteristics of bio lubricants all have an impact on their 
use. Vegetable oil-based bio lubricants with comparable 
performance can take the place of petroleum-based 
lubricants in industrial applications, reducing the need for 
nonrenewable resources and expanding market 
opportunities. 

Base bio lubricants provide excellent lubricity, low 
volatility, high viscosity index, high flash point, and 
minimal evaporative loss52, 139). Base bio lubricants are 
readily available, non-toxic, renewable, biodegradable, 
and sustainable19, 26, 129). Additionally, bio lubricants have 
better lubricating properties and stick to metal surfaces.  
due to the presence of their polar ester group98). Mineral 
oils can be mixed or substituted with base bio lubricants 
to lessen reliance on nonrenewable oil supplies. The focus 
is on the study and creation of base bio lubricant additives 
to lessen wear and friction in tribological systems. Since 
bio lubricants have poor cold flow characteristics and 
minimal oxidation stability, these drawbacks can be 
improved by adding additives or chemical modifying the 
bio lubricants. 

It could be necessary to moderately upgrade oils made 
from agricultural waste to lower the fuel's oxygen 
concentration. Usually, catalysts are used in a hydrogen 
environment to accomplish this. Although this is a well-
known technique, it is required to carefully hydrogenate 
and hydro-deoxygenate materials to modify the 
characteristics of bio lubricants. There are few studies on 
the stability of current bio lubricants made from waste and 
from vegetable oil. According to literature, a fundamental 
analysis of nanofluids stability, oxidative stability, 
hydrolytic stability, and thermal stability is not sufficient 
thus needs more research as to ascertain the appropriate 
application of bio-lubricants. The formulations of bio 
lubricants need to have their biodegradability and 
ecotoxicity thoroughly evaluated, established by the 
specialist. Better emphasis is required for comprehensive 
comparative research examining the benefits and 
drawbacks of various bio lubricants for a range of 
applications. 

Research into various vegetable products, including 
edible and non-edible vegetable lubricants, is necessary to 
prevent competition and the high cost of vegetable 
lubricants. Similarly, governments should enhance 
funding for research and development, making cultivation 
of edible and non-edible vegetable oil crops attractive to 

farmers and ease the production procedures. This will 
contribute meaningfully towards preventing the 
challenges associated with lubricant/food competition. 
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