Review

An Overview of the Biolubricant Production Process:
Challenges and Future Perspectives
Juan Antonio Cecilia 1,*, Daniel Ballesteros Plata 1, Rosana Maria Alves Saboya 2,3,
Francisco Murilo Tavares de Luna 3, Celio L. Cavalcante, Jr. 3 and Enrique Rodríguez-Castellón 1
1

Departamento de Química Inorgánica, Cristalografía y Mineralogía, Campus de Teatinos, Facultad de
Ciencias, Universidad de Málaga, 29071 Málaga, Spain; jacecilia@uma.es (J.A.C.);
daniel.ballesteros@uma.es (D.B.P.); castellon@uma.es (E.R.C)
2 Campus de Sobral, Universidade Federal do Ceará, Bl.1, Sobral, CE 62.010-560, Brazil;
rosanasaboya@sobral.ufc.br
3 Grupo de Pesquisa em Separações por Adsorção, Departamento de Engenharia Química, Universidade
Federal do Ceará, Bl. 709, Fortaleza, CE 60.455-900, Brazil; murilo@gpsa.ufc.br (F.M.T.d.L);
celio@gpsa.ufc.br (C.L.C.J.)
* Correspondence: jacecilia@uma.es; Tel.: +34-952132373
Received: 24 January 2020; Accepted: 19 February 2020; Published: 25 February 2020

Abstract: The term biolubricant applies to all lubricants that are easily biodegradable and non-toxic
to humans and the environment. The uses of biolubricant are still very limited when compared to
those of mineral oils, although this trend is increasing and depends on investment in research and
development (R&D). The increase in demand for biodegradable lubricants is related to the evolution
of environmental regulations, with more restrictive rules being implemented to minimize
environmental impact caused by inappropriate disposal. This study provides an overview of the
types, production routes, properties, and applications of biolubricants. Biolubricants are classified
as either natural or synthetic oils according to chemical composition. Natural oils are of animal or
vegetable origin and are rarely used because they are unstable at high temperatures and form
compounds that are harmful to equipment and machines. Synthetic oils are obtained from chemical
reactions and are the best lubricants for demanding applications. They are obtained by various
routes, mainly by obtaining straight or branched-chain monoesters, diesters, triesters, and polyol
esters from vegetable oils. The conversion of triglyceride to esters can be followed or preceded by
one or more reactions to improve reactions such as epoxidation and hydrogenation.
Keywords: biolubricant; vegetable oil; chemical modification; physicochemical properties;
applications; future perspective

1. Introduction
The increasing global population together with industrialization and modernization has led to
an increase in energy consumption. Over the last century, societies have strongly depended on fossil
fuels, causing a progressive depletion of fuel reserves in such a way that it has been predicted that
this non-renewable energy source will be exhausted in the medium-term, thereby increasing search
and development efforts for alternative chemicals and energy sources which could replace traditional
fossil fuels. Many types of renewable energy sources, such as hydropower, geothermal, wind, solar,
or biomass energy, have been proposed as potential energy sources. Among them, biomass is the
only renewable source from which energy and chemical products can be obtained; therefore, this is
the only current alternative able to replace petroleum in the synthesis of a wide range of valuable
organic products.
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It was reported that the annual production of lubricants is 30-40 million tons; these compounds
are often used for many industrial applications in order to decrease friction and heat, protect against
corrosion and wear, transmit energy, and eliminate contaminants or sealing processes, among others
[1–3]. It was reported that about 50%–75% of total lubricant production is poured uncontrollably into
the environment [2]. About 95% of total lubricant production is petroleum-based, generally denoted
as mineral oil. These oils are composed of a complex mixture of paraffinic (linear/branch), olefinic,
naphthenic, and aromatic hydrocarbons of 20 to 50 carbon atoms. These formulations are nonrenewable and toxic in such a way that the lubricants are harmful to humans and the environment as
a consequence of their low biodegradability and high toxicity; some are even considered to be
carcinogenic. However, biolubricants display faster and easier biodegradability, thereby exerting less
adverse effects on the environment [4]. In spite of the high toxicity of the biolubricants, lubricant
discharge was also reported, causing strong contamination in air, soil, and drinking water.
Considering the annual volume of lubricants and their environmental effects, governments have
introduced strict regulations to mitigate the effects of the disposal of these lubricants [5].
In order to satisfy the new environmental regulations, the scientific community is developing
new lubricants with greater biodegradability and less toxicity [6]. In this sense, the lubricants
obtained from bio-based sources (biolubricants) have emerged as potential alternatives to replace
traditional mineral oils synthesized from petroleum [7]. Biolubricants display excellent
physicochemical properties, such as high viscosity indexes and flash points as well as good resistance
to shear and high biodegradability, in such a way that these compounds can be considered renewable
and readily biodegradable [8–10] (Table 1), allowing them to be used in various industrial
applications, including as emulsifiers, lubricants, plasticizers, surfactants, plastics, solvents, and
resins [9,10] (Table 2). Careful selection of the starting oil to synthesize a biolubricant is important,
since, in most cases, vegetable oils are used in the food chain. The use of these oils for industrial
applications could cause an increase in speculation, thereby increasing prices and social imbalances.
Considering these data, the most sustainable alternative is the use of vegetable oils, which do not
interfere with the food chain.
Table 1. Advantages of biolubricant use.

Advantages
Higher boiling point (less emissions)
Higher biodegradability (free of aromatics)
Higher lubricity
Lower volatility
Better skin compatibility
Higher shear stability
Higher tool life
Higher viscosity index
Higher safety on shop floor
Table 2. Main applications of several vegetable oils.
Vegetable Oil
Canola oil
Castor oil
Coconut oil
Crambe oil
Cuphea oil
Jojoba oil
Linseed oil
Olive oil
Palm oil

Main Applications
Transmission fluids, hydraulic fluids, penetrating oils, metal-working fluids, foodgrade lubes
Greases, gear lubricants
Engine oils
Greases, surfactants, chemicals
Motor oils, cosmetics
Greases, cosmetics, lubricants
Vanishes, paints, coatings, stains
Engine oils
Greases, metal-working fluids
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Rapeseed oil
Safflower oil
Soybean oil
Sunflower oil
Tallow oil
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Greases, hydraulic fluids, chainsaw oils
Diesel fuels, resins, enamels
Engine oils, hydraulic oils, transmission fluids, biodiesel fuel, paints, printing inks,
coatings, detergents, shampoos, pesticides
Greases, diesel fuels
Hydraulic oils, cosmetics, soaps, plastics

Despite the great potential of vegetable oils as biolubricants, they are not widely commercialized
due to their high heterogeneity and other undesirable physical properties related to poor oxidation
stability, poor low temperature properties, and poor viscosity indexes, among others [11,12].
Considering these disadvantages, the main challenge of biolubricants is maintaining consistent
chemical composition of the vegetable oils used as starting materials in order to meet final application
and performance specifications.
Viscosity is one of the key properties of a biolubricant, as it describes the internal friction within
a liquid due to molecular interactions. This parameter is in the range 30–50 mm2/s for most vegetable
oils, although castor oil displays a viscosity of 220 mm2/s as a consequence of the presence of a
hydroxyl group on the C9-carbon. This implies that vegetable oils present high lubricity, good metal
adherence, and a high viscosity index [13]. Generally, natural oils contain glycerol and polar fatty
acids with long chains, which form a triacylglycerol molecule. The presence of large amounts of
unsaturated fatty acids leads to poor thermal stability. However, other intrinsic properties, such as
the ability to lubricate metal surfaces via the fatty acids forming a monolayer film using their closely
packed polar carboxyl groups, drastically decrease friction and wear in such a way that these
biolubricants can be used as boundary lubricants [14,15] (Figure 1).

Figure 1. Molecular structure of vegetable oils and the relationships between the structure and the
physicochemical properties.

Over the last decades, the physicochemical properties of vegetable oils have been modified via
several chemical routes to improve biodegradability, thereby maintaining and even improving
specific properties various applications. In this sense, it was reported that chemical modification of
vegetable oils causes improved thermo-oxidative stability, thereby allowing their use in a wider
range of operating conditions.
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2. Classification of Biolubricants
Biolubricants can be classified according to their chemical fluid composition in natural and
synthetic oils. Natural oils are made using vegetable oils or animal fats, while synthetic oils use the
natural oils as starting materials to form more advanced biolubricants. Among them, it was reported
that ester synthesis, involving modification by microorganisms, alcohols, polyalcohols, polyglycols,
perfluoroalkylethers, and other species, are able to graft to a natural oil [16] in such a way that the
synthesized biolubricant exhibited thermo-oxidative stability, wear resistance, and lubricity
properties even greater than those exhibited by mineral oils [17]. However, synthetic esters also
display several limitations, since chemical modification raises the price of the lubricant, slightly
increases the volatility and toxicity, diminishes the friction tolerance, and the esters do not work well
with mineral oils in comparison to unmodified vegetable oils [15].
2.1. Natural Oils
As indicated above, oils obtained from vegetables, fruits, or seeds, as well as fats obtained from
animals, have been used as starting materials to obtain their respective oils through several extraction
and distillation methods [18,19]. These oils are widely available, are inexpensive, and exhibit higher
biodegradability than those obtained from mineral oils [20]. Generally, the physicochemical
properties of vegetable oils depend on the composition of free fatty acids (Table 3). Natural oils
display variable compositions, since both environmental and biological parameters strongly
influence chemical composition [21]. Nonetheless, some parameters of natural oils are generally
better than those of traditional mineral oils, as indicated in Tables 1, 2, and 4 [22–26]. However, the
use of these natural oils to synthesize biolubricants is inconsistent, since most interfere with the food
chain, thereby causing speculation regarding the prices of consumable vegetable oils and producing
increased prices and social imbalances.
Table 3. Chemical compositions of vegetable oils commonly used.
Vegetable Oil
Castor oil
Coconut oil
Corn oil
Cotton seed oil
Jatropha oil
Karanja oil
Linseed oil
Mahua oil
Neem oil
Olive oil
Palm oil
Peanut oil
Rapeseed oil
Rice bran oil
Rubber seed oil
Safflower oil
Sesame oil
Soybean oil
Sunflower oil
Tung oil

12:0
Lauric
44–52
-

14:0
Myristic
13–19
1
1.4
1
2–3
-

16:0
Palmitic
0.5–1
8–11
11–13
22–26
13–16
11–12
4–5
28
18
13.7
37–41
10–11
4–5
20–22
10
5–7
7–11
11–12
7
2.67
1

18:0
Stearic
0.5–1
1–3
2–3
2–5
6–8
7–9
2–4
23
18
2.5
3–6
2–3
1–2
2–3
9
1–4
4–6
3
5
2.4

Fatty Acid
16:1
Palmitoleic
0.3
1.4
0–0.5
1.8
0.4
0.21
0.19
0.08
0.11
0.2
0.3
-

18:1
Oleic
4–5
5–8
25–31
15–20
38–45
0.08
19.1
41–51
45
71
40–45
48–50
56–64
42
25
13–21
40–50
24
20–25
7.88

18:2
Linoleic
2–4
0–1
64–60
49–58
32–38
13–21
12–18
10–14
18–20
10
8–10
39–40
20–26
31
40
73–79
35–45
53–55
63–68
6.6

18:3
Linolenic
0.5–1
1
73–79
56.6
0.5
0–1.5
8–10
1.1
16
6–7
0.2
80.46

Others
83–85 1
9.1 (20:1) 2
-

Ricinoleic acid, 2 α-eleostearic acid.

To date, most efforts concerning natural oils have focused on understanding the
physicochemical properties of saturated and unsaturated fatty acids to be used as green solvents.
These natural oils can be used directly or as additives in some formulations depending on the
application [22]. Further, the scientific community is developing new additives to incorporate into
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natural oils in order to improve their physicochemical properties, including thermo-oxidative
stability and sliding contact, among others [25].
Table 4. Physicochemical properties of some mineral and vegetable oils.
Lubricant

Viscosity
40 °C
(cSt)

ISO VG32
ISO VG46
ISO VG68
ISO VG100
Paraffin VG45
Paraffin VG460
R150
SAE20W40
AG100
75W-90
75W-140
80W-140

>28.8
>41.4
>61.4
>90.0
95
461
150
105
216
120
175
310

Castor oil
Coconut oil
Cottonseed oil
Jatropha oil
Lesquerella oil
Moringa oil
Palm oil
Passion fruit oil
Pennycress oil
Olive oil
Rapeseed oil
Rice bran oil
Sesame oil
Soybean oil
Sunflower oil

220.6
24.8
33.86
35.4
119.8
44.9
52.4
31.78
40.0
39.62
45.60
40.6
27.33
28.86
40.05

1

Viscosity
100 °C
(cSt)

Viscosity
Index 1

Mineral oils
>90
>90
>198
>216
102
97
132
103
140
174
139
Vegetable oils
19.72
220
5.5
169
7.75
211
7.9
205
14.7
125
10.2
186
9.3
226
8.24
190
10.07
180
8.7
169
6.3
193
7.55
246
8.65
206
>4.1
>4.1
>4.1
>4.1
10
31
13.9
19.6
15.9
24.7
31.2

Pour
Point
(°C)

Flash
Point
(°C)

Oxidative
Stability
(min)

Coefficient
of Friction

Wear
(mm)

−6
−6
−6
−6
−21
−18
−48
−54
−36

204
220
226
246
195
200
244
205
228
210

1640.26
931.16
-

0.117
-

0.549
-

−27
21
−6
−21
−5
−21
−3
−12
−13
−5
−9
−12

250
325
252
186
204
228
318
252
318
316
325
252

-

0.101
0.045
0.054
0.073
-

0.601
0.857
0.769
0.585
-

5
28.27
7.5
-

Viscosity index: (<35) low, (35–80) medium, (80–110) high, (>110) very high.

2.2. Synthetic Oils
Synthetic esters are formed by chemical modification of plant-based oils or animal fats. To date,
most biolubricant studies of natural and synthetic esters focused on improving their physicochemical
properties via several chemical modification methods and different catalytic processes (Figure 2).
However, development regarding these biolubricants must continue, since they still present lessthan-ideal thermal degradation, hydrolysis sensibility, and oxidative stability as a consequence of
unsaturated vegetable oils [27]. In this sense, the main challenge facing biolubricant quality
improvement involves increasing oxidative stability and pour temperature [4]. The most promising
processes focus on the modification of unsaturated oils through chemical processes, since double
bonds are prone to reactions with atmospheric oxygen. The most common strategies to modify
vegetable oils are transesterification/esterification reactions, epoxidation, hydrogenation, and
estolide formation, among others. Generally, these methodologies improve some physicochemical
properties of synthetic biolubricants, although these chemical modifications also present a series of
disadvantages, as indicated in Table 5.
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Figure 2. Chemical modifications of vegetable oils to obtain biolubricants.
Table 5. Chemical modifications of vegetable oils.
Chemical Modification

Description

Advantages
-

Esterification/transesterification

Transformation of an
ester to another ester
with higher thermal
stability

Disadvantages

Improves thermooxidative stability

-

Improves

low

temperature

-

Selective hydrogenation

Epoxidation

Unsaturated C-C bonds,
which are interconnected
by an oxygen atom

-

Reduces degree of

-

Improves

Improves lubricity

-

Improves thermo-

-

Low

oxidative stability
reaction

-

Improves thermo-

-

Low

High

reaction

Increases pour

point

value
-

Decreases

viscosity

index

temperature
-

Isomerization reactions

temperature

oxidative stability
-

reaction

(cis- and trans-acids)

unsaturation
-

High
temperature

properties
Hydrogenation of
unsaturation and
thermochemical cleavage
of the ester

Requires feedstock with
high oleic acid content

oxidative stability
Estolide formation

Reaction between two
identical or of different
acidic molecules

-

Allows the use of
several
oils

2.2.1. Esterification/Transesterification Reactions

reaction

temperature
vegetable

-

High production cost
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Biolubricants are prone to modification in the ester moieties of triacylglycerides.
Transesterification reactions involve the glycerol moieties of the triacylglyceride being replaced by a
long and/or branched-chain alcohol, while esterification reactions involve free fatty acids of natural
oils reacting with long-chain alcohols to form their respective esters [28] (Figure 3).
Generally, esterification/transesterification reactions are carried out using mineral oils (HCl,
H2SO4, or p-toluensulfonic acid). In spite of the high yield of mineral oils, these processes also exhibit
some drawbacks related to product separation and high acid corrosivity. Considering these
disadvantages, solid catalysts were developed as sustainable alternative to carry out esterification
and transesterification reactions. These reactions take place using basic catalysts, mainly CaO,
obtaining full conversion during transesterification, although high temperatures are required to
activate the catalyst and the regeneration step. The other alternative involves using solid acid
catalysts, such as cationic exchange resins, zeolites, or oxides (Al2O3, ZrO2, TiO2, WO3, Nb2O5, Ta2O5),
which can also be sulfated to improve their catalytic activity [5,6,28].

Figure 3. Esterification of free fatty acids and transesterification of a triglyceride ester to fatty acids.

The physicochemical properties of the synthetic esters are directly related to the acids or alcohols
used in the esterification/transesterification reactions. Generally, synthetic esters present better
properties than their respective triglycerides. Thus, synthetic esters display lower temperature
properties, higher flash temperatures, lower volatility, and higher oxidative stability in comparison
with natural oils [26] (Table 6). As esters are susceptible to hydrolysis and thermal degradation, their
thermal properties can be improved by alcohol substitution with longer alkyl chains or branched
chains, such as 2-ethylhexanol, neopentylglycol (NPG), pentaerythritol (PE), trimethylolpropane
(TMP), trimethylolhexane (TMH), and trimethylolethane (TME) [29–34]. As a representative
example, the esterification of vegetable oil free fatty acids with NPG leads to a lubricant that is often
used in aircraft engines, while the esterification of vegetable oil free fatty acids with PE forms a
biolubricant that used in turbine gas [35]. Esterification with TMP generates a lubricant used in
marine engine oils, compressor oil hydraulic fluids, gear oils, and grease formulations [35]. The use
of sugars as an alcohol source also forms synthetic esters with higher lubricity, thermo-oxidative
stability, and biodegradability [36], thereby allowing applications as food additives and in the
pharmaceutics and cosmetics fields [36].
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Table 6. Physicochemical properties of vegetable oils and their respective lubricants.

Lubricant
Castor oil
Castor/TMP
Jatropha oil
Jatropha/TMP
Palm oil
Palm/TMP
Olive oil
Olive/PE
Rapeseed oil
Rapeseed/alcohols
Soybean oil
Soybean/alcohols
Sunflower oil
Sunflower/octanol

Viscosity 40 °C
(cSt)
220.6
20.94
35.4
43.9
52.4
47.9
39.62
63.08
45.60
7.8–38.2
28.86
10.3–432.7
40.05
7.93

Viscosity 100 °C
(cSt)
19.72
4.47
7.9
8.71
10.2
9.0
8.24
12.00
10.07
2.7–8.4
7.55
3.0–34.4
8.65
2.74

Viscosity
Index
220
127
205
180
186
176
190
190
180
205–224
246
45–195
206
226

Pour Point
(°C)
-27
-6
-6
-5
-2
-3
-24
-12
−31.3 to −18
-9
-12
-3

Flash Point
(°C)
250
186
325
355
318
252
325
252
-

Both esterification and transesterification reactions can proceed using acidic or basic catalysts.
Transesterification has been extensively studied at the laboratory scale under acidic conditions, but
this reaction is rarely used commercially; the base-catalyzed reaction is roughly 4000 times faster and
requires lower temperatures and reaction times than the acid-catalyzed reaction. Generally,
esterification/transesterification reactions are catalyzed by mineral acids, such as HCl, H2SO4, or
H3PO4. In spite of these catalysts displaying good conversion, these processes also present serious
disadvantages related to the corrosion of the reactor as well as the separation and purification of the
obtained biolubricants. Considering these factors, heterogeneous solid acid catalysts were proposed
as potential alternatives, and the use of ion-exchange resins or oxides, such as Al2O3, ZrO2, TiO2,
Nb2O5, Ta2O5, WO3, zeolites, or heteropolyacids, were reported as potential catalysts to replace
traditional mineral oils [32–34,37–41]. With regard to the basic catalysts used in
esterification/transesterification, most studies used alkaline or alkaline earth oxides, hydroxides,
alkoxides, or carbonates [42–44], obtaining yields higher than 98% in many cases with less catalyst
and shorter reaction times than the solid acid catalysts.
2.2.2. Hydrogenation Reactions
As indicated above, the level of unsaturation has an adverse effect on the thermo-oxidative
stability of the biolubricant. An alternative to improve biolubricant stability involves hydrogenation
using Ni, Pd, Pt, or Ru-based catalysts [45–48], although greater pressures (25–35 MPa) and
temperature conditions (250–300 °C) are required. This chemical modification causes isomerization
in the respective cis- and trans-acids, as well as decreased fluidity of the lubricant; solid lubricants or
waxes are often obtained in these situations, so the hydrogenation of the double C=C bond was not
considered to be effective regarding physicochemical property improvement [49].
2.2.3. Epoxidation and Branching Reactions
As indicated previously, the number of double bonds has an important role in oxidation process
resistance, since unsaturated molecules are prone to hydrolytic degradation [4,50,51]. Moser and
Erhan proposed an auto-oxidation mechanism of vegetable oils, as indicated in Table 7 [52], pointing
out that oxidation takes place via free radicals, which react with oxygen to generate peroxy-radicals.
The obtained peroxy-radicals react with other lipid molecules, forming hydroperoxide and other free
radicals, thereby propagating the oxidation process [53,54]. The oxidative degradation increased
viscosity, which diminishes the half-life of the biolubricant and produces increased pour temperature
of the lubricant.
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Table 7. Autoxidation mechanism of vegetable oils.

Initiation
Propagation
Branching

Termination
Peroxide decomposition
Polymerization

RH → R + H·
R·+ O2→ ROO·
ROO·+ RH → ROOH + R·
ROOH → RO +·OH
RO·+ RH + O2→ ROH + ROO·
OH + RH + O2→ H2O + ROO·
ROO + ROO·→ ROOH + O2
ROO·+ R·→ROOH
R·+ R·→ R − R
ROOH → lower molecular weight compounds
ROOH → higher molecular weight compounds

The thermo-oxidative stability and other physicochemical properties can be improved by
modifying the alkene groups and incorporating alkyl side chains [55]. In this sense, epoxidation is
another important ways of modifying -C=C- bonds to obtain biolubricants with better lowtemperature properties, higher oxidative stability, better acidity, and higher adsorption to metal
surfaces, thereby generating higher viscosity, better lubricity, a lower viscosity index, and increased
pour point [4,56] (Table 8). Generally, epoxidation of unsaturated bonds takes place via alkyl
hydroperoxides, using peroxy acids, dioxiranes, or peracids as sources [57]. In order to avoid the
corrosive nature of the reaction medium, heterogeneous solid catalysts, such as acidic ion exchange
resins or transition metal-based catalysts (TiO2/SiO2, NbVO/SiO2, polyoxomethaltes, sulfated/SnO2),
are used as sustainable alternative in epoxidation reactions [6,58–62].
As epoxidized products still display poor temperature properties, it is necessary to modify these
epoxidized compounds to improve physicochemical properties via esterification reactions or
alkylation, acylation, acyloxylation, amino alkylation, cooligomerization, enereaction,
hydroaminomethylation, or hydroformylation [24] (Figure 4). Several authors reported that these
consecutive reactions improve low temperature properties, lubricity, viscosity index, and thermooxidative stability and reduce the friction coefficient [6,28,49,55,63]. Both esterification and
acetylation reactions were carried out using homogeneous acids catalysts (H2SO4) mixed with
alcohols [55,64,65]. However, the potential corrosion of this reaction medium led to the development
of solid acid catalysts for use in these reactions, such as cationic exchange resins or sulfated-SnO2
[55,58,59].

Figure 4. Epoxidized vegetable oils used as starting reagents to synthesize biolubricants with different
physicochemical properties.

Table 8. Physicochemical properties of modified epoxidized vegetable oils.
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Lubricant
Castor oil
Epoxidized castor oil/acid
Jatropha oil
Epoxidized Jatropha oil/Formic acid
Olive oil
Epoxidized olive oil/acid
Soybean oil
Epoxidized soybean oil/alcohols
Sunflower oil
Epoxidized sunflower oil/acid

10 of 24
Viscosity 40
°C (cSt)
220.6
95.15
35.4
146.15
39.62
28.86
195.6–23.4
40.05
44.79

Viscosity 100 °C
(cSt)
19.72
16.5
7.9
10.2
8.24
7.55
16.4–20.9
8.65
8.78

Viscosity
Index
220
189
205
139
190
95–215
246
86–113
206
180

Pour Point
(°C)
−27
<−36
−6
0
−3
−28 to −11
−9
−18
−12
−9

2.2.4. Estolides of Fatty Acids
Estolides are branched esters which are formed when the carboxylic acid group of one fatty acid
links to the site of unsaturation of another fatty acid (via carbocation) to form oligomeric esters using
an acid catalyst (H2SO4) and an oxidant (HClO4). This carbocation can be subject to nucleophilic
attacks by other fatty acids to form an ester, namely, an estolide. These branched esters are more
resistant to hydrolytic degradation in comparison to triglycerides. On the other hand, it was reported
that the length of the hydrocarbon chain and the estolide number are important for the
physicochemical properties of the biolubricant, as indicated by the estolides obtained from 2ethylhexanol, oleic acid, and lauric acid [66,67].
Generally, the obtained estolide has improved lubricity, thermo-oxidative stability, and
viscosity index and a decreased pour point of the biolubricant [57,68] (Table 9). In addition, these
estolide esters are more suitable as biodegradable lubricants than current commercial estolides,
which are not used on their own but rather are mixed with other vegetable oils with different
physicochemical properties; they can also be modified to highlight any specific property [69,70].
Table 9. Physicochemical properties of estolides obtained from vegetable oils.

Lubricant
Castor oil
Estolide castor oil/2ethylhexanol/lauric acid
Estolide castor oil/2ethylhexanol/butanethiol
Olive oil
Estolide olive oil
Estolide olive oil/2ethylhexanol/linear alcohols
Estolide olive oil/2ethylhexanol/branched alcohols
Sunflower oil
Estolide sunflower oil

Viscosity 40
°C (cSt)
220.6

Viscosity 100
°C (cSt)
19.72

Viscosity
Index
220

Pour Point
(°C)
−27

51.4

9.99

183

-

56.0

10.6

144

<−54

39.62
271.8–518.6

8.24
33.5–60.2

190
168–199

-3
-

55.2–108.9

102.5–15.3

163–189

−33 to −9

62.5–209.3

11.1–29.9

149–192

−39 to −24

40.05
102.4–425.3

8.65
17.7–42.5

206
153–185

−12
-
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2.2.5. Use of Additives to Improve Lubricant Properties
The physicochemical properties of lubricants can be improved by incorporating additives in
several fields, such as resistance to oxidation and hydrolysis, viscosity, corrosion or rust inhibition,
decreased pour temperature, etc. [71,72]. In some cases, lubricant formulations present several
heteroatoms, such as metals, sulfur, phosphorus, and chlorine; however, these additives have adverse
effects on the environment due their high toxicity levels [73,74]. Layered and particulate materials,
plant-derived compounds, polymers, and ionic liquids have emerged as potential additives of
biolubricants to mediate these adverse environmental effects.
Plant-derived compounds, such as cystine schiff base ester, exhibit good properties regarding
their use as additives in anticorrosion, antiwear or antifriction processes, since the disulfide groups
(-S-S-) form a surface-complex film to protect the metal pieces in contact with each other [75]. On the
other hand, ethyl cellulose and ethylene-vinyl acetate have emerged as potential additives to modify
viscosity, since even the addition of a small amount of these compounds can double the viscosity of
a biolubricant. Similarly, these additives diminish the wear and friction of metallic pieces [76,77].
The addition of non-toxic inorganic oxides nanoparticles that form smooth, thin films, such as
ZnO, CuO, or TiO2, minimizes asperity contact and wear, due to the sheet alignment in the same
direction, thereby causing sliding [78,79] and improvement of the friction and wear properties of the
final biolubricant. Other layered materials used as additives for these applications include boron
nitride, graphene, molybdenum, and tungsten sulfides [79]. These inorganic compounds are highly
refractory, so the incorporation of “powder lubricants” extends the range of pressure and
temperature for their applications [19,23,30,80,81]. These solid biolubricants also exhibit some
disadvantages, since they can be forced out of the contact zone during dry sliding contact [82].
However, this problem can be minimized by the addition of natural oils, such as soybean or canola
oil [81], allowing them to remain in contact with the pin–disk interface without degrading over time
[70], thereby increasing friction and minimizing wear using a sustainable composite [23,30].
Ionic liquids have also shown great potential as additives in several types of sliding materials
[83,84], since they display low flammability, negligible vapor pressure, low volatility, relatively high
thermo-chemical stability [84], and interesting lubricating properties, such as high load-carrying
capacity, antiwear, and friction reduction [84,85]. However, ionic liquids, mainly polar biolubricants,
also have disadvantages related to their immiscibility, although these limitations can be solved by
incorporating the ionic liquid as an emulsion [86].
3. Physicochemical Properties of the Biolubricants
3.1. Thermo-Oxidative Stability
As indicated above, unsaturated bonds have an adverse effect on the thermo-oxidative stability
of biolubricants. However, it is possible to achieve an appropriate relationship between the behavior
of the bonds with low temperature and thermo-oxidative stability; some biolubricants with excellent
properties and a vegetable oil (sunflower, canola, or soybean) content above 80% were reported to
show these properties [49]. Thermo-oxidative stability can also be improved by chemically modifying
the vegetable oil via saturation of the –C=C– bond, thereby obtaining biolubricants that can be used
hydraulic lubricants, transmission fluids, and engine or compressor lubricants [87]. Thermooxidative stability and the viscosity index can be further improved by saturating –C=C– bonds (via
epoxidation) and then causing them to become branched. Therefore, it is possible to modulate the
viscosity by modifying the length of the alkyl chain.
3.2. Hydrolytic Stability
The resistance of biolubricants to chemical attacks, where H2O is involved as a reactant or
product, is another parameter to be considered regarding biolubricant stability. Generally,
biolubricants are formed by esters, which are prone to hydrolysis by their respective carboxylic acid
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and alcohol. Previous authors reported that saturation improved hydrolytic stability. Similarly,
saturated dicarboxylic esters were shown to be highly stable due to steric effects [82].
The hydrolytic stability of biolubricants is enhanced when short-chain alcohols are employed.
This resistance can be further improved by using branched alcohols. The use of glycerol as the alcohol
in a biolubricant results in hydrolytic stability, which is comparable to that shown in mono-esters
formed by branched alcohols. Despite the hydrolytic stability causing the physicochemical
biolubricant properties to deteriorate, this parameter is key to obtaining biolubricants with high
biodegradability and lesser negative environmental effects.
3.3. Viscosity
The viscosity is a parameter that must be considered when replacing the traditional lubricants
obtained from crude petroleum. Most biolubricants display high viscosity, and the viscosity directly
increases with the length of the hydrocarbon chain of the carboxylic acid or alcohol in ester
biolubricants. The presence of hydroxyl groups in the fatty acid or the addition of polyols via
esterification modifies the viscosity index due to increased hydrogen bonds interactions [32,39].
Viscosity is also directly related to temperature. It was reported that biolubricants with high
viscosity indexes displayed less viscosity modifications when the temperature increased.
Biolubricant branching also affects the viscosity index, since increased branching in the alcohol or the
carboxylic acid favors a lower viscosity index, whereas increased length has an adverse effect by
increasing the viscosity index [88].
3.4. Pour Point
The pour point is defined as the temperature below which the liquid loses its flow characteristics.
In biolubricants, the pour point is directly related to the viscosity index. It was reported that the
presence of ternary alcohols, such as trimethylolpropane (TMP), diminishes the pour point of the
biolubricant, although it also causes a decay in the thermo-oxidative stability of the alcohol. The use
of bigger branched alcohols, such as neopentyl polyols, has emerged as a potential alternative to
obtain biolubricants with low pour points and higher oxidative stability levels [28,29].
The presence of –C=C– bonds decreases the pour point, however, these lubricants are more
vulnerable to oxidation processes. The optimum pour point is obtained for saturated fatty acids with
short hydrocarbon chains, since an increase in the length of the carbon chain causes a higher pour
point. In plants, chains generally contain between 16 and 18 carbon atoms, indicating that the
saturation of these acids causes them to become solid at temperatures of 65–75 °C [82]. The position
of the –C=C– unsaturated bond does not seem to affect the pour point temperature. However, its
conformation slightly influences the pour point temperature, with cis-configuration chains, where
the hydrogen atoms are located on the same side, being observed to have a lower pour point than
hydrocarbon chains with trans-configuration [89].
3.5. Biodegradability
A lubricant is considered to be biodegradable when it can be broken down by enzymes in
renewable raw materials derived through aerobic or anaerobic processes by organisms or their
enzymes [90].
The biodegradability of a lubricant takes place via several steps. In the first step, the original
biolubricant disappears to form another compound that may or may not be completely biodegraded.
This primary degradation is measured by the analysis of the C-H bond through infra-red
spectroscopy [91]. Then, in the second step, the organic compound determines the degradation of the
organic compound into CO2 and H2O by biodegradation within 28 days [92].
3.6. Ecotoxicity
Ecotoxicity is an important parameter that must be controlled, since some components of
lubricant formulations are environmentally toxic and can irreversibly affect living things. Aqueous
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ecosystems are more prone to strong damage, therefore it is necessary to determine lubricant water
toxicity the potential to poison target organisms such as bacteria, algae, small fishes, or laboratory
rats. A lubricant is considered to be degradable when it is biodegradated at least 80% within 28 days
or at least 60% after 28 days. Ecotoxicity is measured using the LD50, i.e., the required dosage to kill
50% of a population. A biolubricant is not considered ecotoxic when the LD50 is above 1000 ppm [82].
4. Applications of the Biolubricants
Lubricants can be employed in both closed and open systems. In open systems, lubricants are
continuously released into the environment, while in closed systems, lubricants should be kept
insulated so uncontrolled releases cannot take place; however, mishandling or human error can cause
undesired disposal of lubricants into the environment. Considering these factors, lubricants used as
potential alternatives to traditional mineral oils must have high levels of biodegradability [93].
As indicated previously, the physicochemical properties of a biolubricant depend on its
intended application. The applications of the biolubricants are indicated in Table 10.
Table 10. Significant properties of biolubricants for several applications.
Application
Engine oil
Hydraulic oil
Compressor oil
Metalworking oil

Transmission oil
Chainsaw oil
Insulating oil

Properties
Low volatile organic compound emissions.
Good lubricity
Low compressibility
Fast air release rate
High thermal stability
Low volatility
Good antirust capacity
Good emulsifiability
Good lubricity
Good lubricity
Higher weld load
Low volatility
Higher water solubility level
High dielectric constant

Advantages
Reduces engine emissions
Improves engine performance
Better pressure transmission
Less vibration and noise
Tolerates high temperature and pressure
Less harmful mist generation
Longer tool life
Stable emulsions at high temperature
Suitable additives can be added
Less harmful mist generation
Decreases the effect of moisture on insulation strength
Better insulation properties

4.1. Engine Oils
Engine oil plays a key role in motors by diminishing friction and wear of moving pieces,
inhibiting corrosion of the engine system, improving sealing, and cooling the motor [94]. In engine
systems, lubricants must operate under severe pressure and/or temperature conditions and must be
stable to prolonged exposure of contaminating acids, which can cause progressive deterioration of
the biolubricant. Igartua et al. [95] reported that biolubricants with low sulfur and phosphorus
contents exhibited less volatility with better properties than lubricants obtained from mineral oils.
Castor, palm, and coconut oil have proven to be potential lubricant alternatives to two-stroke
engine oils [96], which may contain unburned hydrocarbons, particulate matter, CO, or CO2, which
all have adverse effects on human health [97]. Singh pointed out that the use of castor oil as a
biolubricant diminished volatile organic compounds emissions by 5%, probably because of
improvement in the lubricity [96]. Similarly, Masjuki et al. established that palm oil was a more
efficient lubricant in two-stroke engines than traditional mineral oils because it reduced CO and
hydrocarbon emissions, although higher levels of CO2 and O2 were found [98].
As indicated above, one of the main challenges of lubricants is thermo-oxidative stability. Palm
and coconut oils were found to display good performance in four-stroke engine oils, obtaining similar
values to those obtained for conventional oils. However, after prolonged use, their behavior
worsened as a consequence of the absence of additives, as well as their poorer thermo-oxidative
stability [99]. Similarly, Reddy et al. [100] also reported that palm oil was a renewable and nonhazardous biolubricant, obtaining hopeful results in four-stroke engine oils. In another study, it was
reported that a conventional diesel engine could operate with a rapeseed oil-based biolubricant–
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biodiesel combination, showing improvement in the brake’s thermal and mechanical efficiency as
well as power [101].
Nowadays, several biolubricants used as engine oils are marketed by several companies, such
as Green Earth Techologies (USA), Biosynthethic Technologies (USA), and Renewable Lubricants Inc.
(USA). The physicochemical properties, mainly the viscosity, of these oils are adapted to diesel and
gasoline engines following the International Lubricant Standards Association (ILSAC GF-5) and
American Petroleum Institute (API SN) standards.
4.2. Hydraulic Fluids
Hydraulic fluids must be devised to transfer energy/power in a hydraulic system as well as to
lubricate the system. A key parameter of hydraulic fluids is their compressibility, since the design of
a hydraulic fluid with lower compressibility improves the pressure transmission velocity, which is
directly related to a faster response and a better use of energy [102]. However, the compressibility
must be modulated, since it can dampen the autogenous pressure in some cases [103].
Vegetable oils display low isothermal compressibility and appropriate viscosity for use as
hydraulic fluids. It was reported that soybean oil displayed better power transmitting properties than
mineral oils [1,102]. In addition, vegetable oils also remove air bubbles inside the oil seven times
faster than the required standard (PN-C-96057-6) [103,104]. Several vegetable oils, such as rapeseed
oil, palm oil, moringa oil, passionfruit oil, and rubber seed oil, have shown excellent properties when
used as hydraulic oils [105–107] comparable with traditional mineral oils in all cases. Other authors
reported that esterification of vegetable oils with alcohols and acids improved hydraulic fluid
behavior due to the obtained formulation being more biodegradable and having a lower pour point,
as previously indicated [108].
Nowadays, important companies, such as Shell, Mobil, or Chevron Texaco, are marketing
hydraulic fluids and hydraulic systems using environmental friendly vegetable oils with approved
several pump test standards.
4.3. Compressor Oils
Compressor oils must maintain stability under severe conditions of pressure and temperature.
Among the parameters that compressor oils must satisfy, these lubricants should avoid corrosion of
the component, seal the compression cylinder, and regulate temperature during the compression
process [7]. The main challenge of compressor oils is related to their thermal stability at elevated
temperatures, since some CO2 or propane systems can reach about 215 °C; therefore, compressor oils
must tolerate a temperature of 250 °C, at least. It was reported that epoxidation of vegetable oils
maintains thermal stability even above 260 °C [109], indicating that these oils can be used as highly
efficient compressor oils by reaching similar temperatures as those obtained by commercial, mineralbased compressor oils, such as R-68 [110]. Despite the severe pressure and temperature conditions,
the thermo-oxidative stability of the lubricant is not important for compressor oils, since these oils
are not exposed to moisture and atmospheric oxygen. Under these conditions, compressor oils are
expected to have a lifespan of between 10 and 20 years.
The market for bio-based compressor oils is very scarce; they are intended for use in compressors
such as vacuum pumps, reciprocating compressors, centrifugal compressors, and stationary rotary
compressors.
4.4. Metalworking Oils
Metalworking oils are lubricants that are highly employed in machining processes, since they
cool and lubricate chips and edges, thereby preventing system heating. The main drawback of these
lubricants is related to their disposal; their handling can cause environmental and health problems,
particularly when inhaled [111]. It was reported that bio-based soybean oil generates a minor impact
by forming a volatile species as a consequence of the high viscosity and low volatility [112]. Syahir et
al. pointed out that use of bio-based vegetable oils as starting materials to obtain metalworking fluids
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diminished surface roughness, which resulted in decreased tool flank wear and cutting temperature
[35].
As metalworking fluid frequently works by mixing with water to form emulsions, antirust and
emulsifiability are two other parameters that should be considered. It was reported that esterification
of soybean oils improved the thermal stability of metalworking fluids, while the presence of –OH or
–SH groups improved its resistance to oxidation processes [113]. These data agreed with those
obtained by Singh and Gupta, who showed improved thermal stability of metalworking fluid by
modifying karanja oil [114]. Similarly, Lawal et al. [114] established that a lubricant obtained from
coconut oil showed excellent behavior as a metalworking fluid in milling and ferrous metal turning
operations, demonstrating an even better performance than that used for turning process of stainless
steel and better surface roughness. These authors also reported that the addition of bio-derived palm
oil to the previous metalworking fluid improved the metal removal rate during the turning process
of steel [115].
The tool wear, cutting forces, tool life, and heat transfer efficiency levels were analyzed using
several bio-based metalworking fluids, with a decrease in thrust force and an improvement in tool
line being observed in most cases [116,117]. Tazehkandi et al. pointed out that spray diffusion of biobased vegetable oil diminished the cutting fluid consumption [117].
Nowadays, biodegradable vegetable oils used as metalworking fluids are marketed together
with several additives, such as emulsifiers (sodium sulfonate, sodium oleate, or sodium carboxylate),
fungicides, antirust compounds, and antioxidants. These formulations are applied in drilling,
machining, sawing, grinding, cutting, or tapping processes. Several studies reported that the use of
these bio-based lubricants was able to increase tool life up to about 40%,while simultaneously
improving the surface finish and accuracy [35].
4.5. Transmission Oils
Transmission oils must display high viscosity, high thermal stability, and high friction resistance
and must be able to dissipate heat efficiently since these processes involve great amounts of friction.
The temperature at which a transmission engine is regulated is another very important parameter to
consider, since decreases stabilization temperatures imply decreased friction coefficients, improved
thermo-oxidative stability, allowing oils to have longer service lives, and improved process efficiency
[118].
Nowadays, the use of bio-based lubricants as starting materials for transmission oils is limited.
It was reported that the addition of tetraoleate ester was possible, although this bio-based lubricant
exhibited a higher weld load and lower wear scar diameter than commercial transmission oils
[108,119]. Currently, the few commercialized bio-based gear and transmission oils that are employed
mainly in gear in roller machinery are based on rapeseed oil.
4.6. Chainsaw Oils
Chainsaw lubricants must be renewable and biodegradable since they are often thrown to the
ground or into water during their handling [120]. Moreover, these bio-based lubricants must display
high flash point temperatures and low vapor pressures to minimize the inhalation of volatile
compounds [121]. In order to improve chainsaw oil formulations, Stanovský et al. [122] established
that less bio-based lubricants and fuels were consumed than mineral chainsaw lubricants.
The need for chainsaw lubricants with high biodegradability has led to high commercialization
of these products from several companies, mainly soybean oil and rapeseed oil [35]. The main
challenge in this field is related to the incorporation of additives, which elongate tool life and improve
performance, in order to replace traditional mineral oils.
4.7. Grease
In general, grease can be classified based on the thickener, which is between 10 wt.% and 15
wt.% of the total grease. The thickener used most often on the industrial scale is a lithium compound
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[123], but this compound presents low biodegradability; the challenge in this field, therefore, involves
the synthesis of bio-based thickeners as environmentally benign alternatives. It was reported that 12hydroxystearic acid and/or its respective alkyl-ester derivatives could become a natural alternative
due to the presence of intermolecular and intramolecular interactions, which favor its use as a
thickener [124].
Nowadays, most efforts are focused on the development of degradable greases. Several studies
reported that several compounds obtained from the biomass, such as quitin, quitosan, glycerol
stearates, sorbitan stearates, cellulose, and alkyl cellulose, reached similar rheological, mechanical, or
thermal properties to those exhibited by traditional lithium-salt greases [125–128]. Similarly, castor
oil was mixed with glyceryl sterate, glyceryl sorbitan, amd acylated chitosan, demonstrating a
decrease in the friction coefficient in comparison to the lithium–salt greases [35]. In another study, a
raw clay mineral was mixed with waste cooking oil to obtain a good thickener, since the high
adsorption capacity of the clay mineral allowed it to hold and release oil gradually, however, the
oxidative stability was low [129]. In a similar study, castor oil was mixed with several cellulose
sources (ethylated cellulose, methylated cellulose, and Kraft cellulose) as a thickener, resulting in
greases with higher decomposition temperatures than the conventional lithium–salt greases, but the
mechanical stability did not improve in all cases [130]. On the other hand, Boiko et al. [131] employed
a glycerin-based boron mixture as a grease on railway curves, obtaining a product with excellent
antiscoring and antiwear properties in comparison to traditional grease. Most bio-based greases that
are currently marketed are based on rapeseed or soybean oils using non-harmful thickeners, such as
silica or clay mineral.
4.8. Insulating Oils
Insulating fluids are usually used to prevent electrical discharge, dissipate heat, and lubricate
and insulate surfaces. These fluids must display high electrical resistivity to avoid electrical arcing.
Nowdays, traditional mineral oils are employed as insulating fluids in capacitors, bushings, or
transformers, although strict environmental regulations have led to continuous modifications of their
formulations [132].
In a study carried out with vegetable oils, Beroual et al. [133] reported that all bio-based
formulations displayed greater breakdown voltage than traditional mineral oils, since the vegetable
oils adsorbed moisture up to 30 times more than the mineral oils. On the other hand, the vegetable
oils usually displayed higher dielectric constant in comparison to the mineral oils, thereby allowing
them to be considered as sustainable insulating fluid alternatives in electrical transformers [134]. The
presence of a hydroxyl group in the C-9 position in castor oil further increased the dielectric constant
[135]. In spite of the good behavior observed in the bio-based insulating fluids, they still
demonstrated poorer oxidative degradation due to the presence of copper wires [135]. Nonetheless,
the degradation of these bio-based insulating fluids can be minimized by chemical modification of
vegetable oils via esterification/transesterification reactions or by the addition of stabilizers.
Industrially, several formulations based on canola or sunflower oils have been marketed, which
were proven to improve transformer loading by up to 20% [35].
5. Challenges and Future Perspective of Biolubricants
Biolubricants have not been strongly implanted in the market in many applications, which could
be attributed to their poor oxidative stability and their poor properties at lower temperatures. With
regard to the pour point, it is well known that the most vegetable oils solidify at about −10 °C, which
prevents their use [29]. In the case of the low thermo-oxidative stability, unsaturated vegetable oils
are prone to chemical attack, which causes modification of the physicochemical properties of the
biolubricant. The main challenge is related to the high variability and seasonality of the feedstock,
implying different chemical compositions of the starting vegetable oil. Another challenge is the
selection of the non-edible oil. Most previous studies were carried out with vegetable oils that could
interfere with the food chain, such as soybean, sunflower, rapeseed, or palm oil, since the use of these
oils could cause price speculation and social imbalances. Due to this, the cultivation of non-edible
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oils, such as jojoba oil, karanja oil, jatropha oil, and castor oil, has grown over the last few years as
sustainable alternative [35]. In recent years, microalgae has also emerged due to its high oil content,
even over 70% in some cases [136].
The future perspectives of biolubricants should focus on better lubrication properties and
nontoxicity in comparison with traditional mineral oils. Alongside strict environmental regulations,
more sustainable formulations are expected to be developed in many fields, such as engine oils,
hydraulic oils, compressor oils, and insulating fluids, among others. In order to market competitive
biolubricants, it is necessary to search for reliable and cheaper starting vegetable oils. Efforts must
also be focused on chemical modification of the starting vegetable oils to improve the final
formulation of the biolubricants.
Despite biolubricants showing physicochemical properties very similar to mineral oils in most
cases, the synthesis and use of biolubricants is relatively low compared to mineral oils. The
conversion of lubricant-synthesizing companies requires investments and time, therefore, these
companies tend to be reluctant to make changes in their production chains. Because of this,
governments must enact laws that favor the planting of crops from which non-edible oils can be
obtained. In addition, governments must act to obtain lubricants with greater proportions of biocomponents with lower degradation and toxicity levels than mineral oils.
The scientific community is currently optimizing processes to increase efficiency in the synthesis
of biolubricants. Several authors reported that the use of mechanochemical treatments [7],
microwaves [137], or ultrasound [137–139] improved process yields under mild conditions. Over the
last few years, the use of enzymatic processes has emerged as an alternative to obtain precursors or
even biolubricants at low reaction temperatures. The use of nanoparticles was shown to improve
biolubricant physiochemistry by minimizing asperity contact and wear [78,79]. However, the use of
these nanoparticles has caused controversy, as other authors reported that nanoparticles carry
potential risks of nano-object releases and highlighted the interest in the management of nano-risk at
workplaces [140]. Furthermore, several studies highlighted nano-object emissions in the field of
occupational hygiene at workplaces [141–144]. Considering the potential adverse effects regarding
the addition of nanoparticles, the use of nanoparticle-free biolubricants is a challenge when
synthesizing harmless lubricants [145].
6. Conclusions
The worldwide trend in the lubricant and base-oil market is shows increased demand for
products from renewable sources and higher quality biolubricants, which is related to the evolution
of environmental regulations, with more restrictive rules to minimize impacts caused by inadequate
disposal in the environment. The use of biolubricants is expected to reduce costs related to mineral
lubricating oils. The trend toward higher quality lubricants is mainly the result of technological
development. New equipment requires higher quality lubricants to guarantee their protection
against overheating and excessive wear of parts, for example, in new operating conditions. Synthetic
esters make up a large group of products, which can be of both petrochemical and oleochemical
origin. Due to the great interest in environmentally friendly products, synthetic esters obtained from
vegetable oils have received special attention. However, this raw material has the potential to
compete with the food industry, which has generated great efforts regarding the development of
products from sources that do not interfere in the food sector. The use of biolubricants is still very
small, but the trend is growing and depends on investment in research & development (R&D).
Biolubricants have higher quality and longer lifespans than minerals, in addition to several
environmental advantages, but the high cost of synthetic oils with renewable bases compared to
minerals prevents further accelerated growth. However, there is currently a lack of technology
capable of producing renewable lubricants at competitive costs and in the volume necessary to show
greater representation in the market. More competitive prices could be achieved when there is an
increase in scale, which depends directly on the security of the supply of vegetable oils as the main
raw material.
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