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In light of the growing concerns regarding the environmental impact and sustainability of
mineral oil-based lubricants, the use of biolubricants has been advocated as a renewable
alternative. The double transesterification of used chicken fat oil involves two steps of
converting the triglycerides into methyl esters (UCFME) using methanol and Magnesium oxide
Nano Particles (MgO NPs) as catalyst, and utilizing Trimethylolpropane (TMP) and MgO NPs
to produce the final biolubricant (UCFBL). This research aimed to optimize the reaction
parameters for the transesterification process involving used chicken fat methyl ester
(UCFME) and TMP using response surface methodology. A series of 20 individual experiments
were conducted, focusing on the variables of reaction temperature, time, and UCFME-to-TMP
molar ratio. Through statistical modeling, it was predicted that the transesterification process
would yield a maximum conversion rate of 97.5% under the optimized conditions of a reaction
temperature 114 °C, a reaction time 227 minutes, and a UCFME-to-TMP molar ratio 10.5:1.
Experimental results, obtained from three independent replicates conducted under these
optimal conditions, demonstrated an average yield of 98.3 % for the production of UCFBL,
which aligned closely with the model's predicted range of 98.35%. The resultant biolubricant
has remarkable lubrication qualities, such as a pour point of -5 °C, flash point of 289°C,
viscosity index of 213, and kinematic viscosities (KV) of 38.5 and 9.2 cSt at 40 and 100 °C,
respectively. These qualities revealed that the biolubricant generated fulfilled the 1ISO VG-32
criteria, making it an acceptable replacement for petroleum-based lubricants in industrial
machine applications.

1. Introduction
In response to

evolving environmental

increased lubricity, suitable viscosity, oxidative

regulations, the scientific community is developing
lubricants that exhibit improved biodegradability and
reduced toxicity. As part of this effort, traditional
mineral oils derived from petroleum are being
substituted with lubricants produced from bio-based
materials, commonly known as biolubricants. (Onuh et
al., 2017). Biolubricants are generated from renewable
sources, with characteristics such as biodegradability,
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stability, low toxicity, and thermal stability. Thus,
biolubricants are environmentally friendly because of
their capacity to naturally degrade, decrease friction and
energy consumption, offer adequate lubrication under
varying circumstances, resist oxidation, maintain
worker safety, and operate well at high temperatures
(Sanchez et al., 2013). As a result, these biolubricants
can be applied across a diverse range of industrial uses,
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such as serving as emulsifiers, lubricants, plasticizers,
surfactants, plastics, solvents, and resins (Cecilia et al.,
2020). Since vegetable oils are typically utilized in the
food chain, it is crucial to choose the beginning oil for
creating a biolubricant. The usage of these oils for
industrial purposes would lead to more speculation,
which would raise prices and exacerbate socioeconomic
inequalities (Sharma, & Sachan, 2019). Based on these
findings, using vegetable oils, which don't affect the
food chain, is the most sustainable solution.

Magnesium oxide nanoparticles (MgO NPs) are
emerged as a catalyst for their remarkable properties.
Their simple synthesizing method, large surface area
and adjustable properties make MgO NPs useful
(Ahmad & Biswas, 2023). MgO NPs have excellent
catalytic properties in oxidation, reduction, acid
reaction, organic synthesis, environmental remediation,
energy storage, and heterogeneous catalysis
applications (Amina et al., 2020; Rotti et al., 2023).
These nanoparticles have a high catalytic activity due to
factors such as large surface areas, large active sites,
basic properties that facilitate acid-based reactions,
oxidation and reduction reactions, stability that ensures
durability and reusability (Vanitha et al., 2022). Due to
the presence of bioactive compounds, leaves of
Azadirachta Indica (neem) have been studied for the
production of MgO NPs. Neem leaves contain
limonoids, flavonoids and terpenoids as reducing and
stabilizing agents (Sanjeev, 2023). Green synthesis
methods use neem leaf extracts to convert magnesium
precursors into MgO NPs. Bioactive compounds in
Neem leaves effectively reduce precursors and stabilize
nanoparticles to prevent agglomeration (Noorjahan et
al., 2015). Green synthesis offers sustainable and natural
alternatives to nanoparticle production due to its
environmental efficiency, cost-effectiveness and lack of
toxic chemicals. The chemistry of the leaves of
Azadirachta Indica, together with their bioactive
compounds, is an efficient and sustainable catalyst for
reducing and stabilizing the green synthesis of MgO
NPs for various applications (Shafiee et al., 2018).

The majority of the oils and fats used as feedstock
come from plants and animals (Keneni & Marchetti,
2017). For use in the transesterification process, these
feedstock sources are mostly biodegradable and non-
toxic compounds. A first and fundamental need in the
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development of biolubricants is choosing quality raw
materials (Kumar et al., 2017). Oil from plants is
primarily divided into edible and non-edible
(Amdebrhan et al., 2015). The production and
cultivation of feedstock are largely influenced by the
local geography. Since the manufacture of biolubricants
was mostly obtained from edible oils like safflower,
palm oil, sunflower oil, and coconut oil, etc. (Bashiri et
al.,, 2021; Alang et al.,, 2018). It is extensively
researched whether animal and plant waste products,
organic waste materials, starch, cellulosic, and
lignocellulosic may be used to produce biogas and
bioethanol (Agrawal et al., 2017; Khan et al., 2022).
However, it presented major problems with food
security and rising costs from increased consumption,
which reduced its widespread use. A viable and
affordable feedstock for the manufacturing of
biolubricants can potentially include animal fats and
used cooking oil in addition to plants (Silviana et al.,
2017). As high fatty acid concentration results in soap
generation, these waste animal fat oils with free fatty
acids are finally decreased by applying pre-treatment
procedures and the transesterification method (Shehu et
al., 2019).

Aside from MgO, several other nanoparticles have
been investigated for their potential roles in biolubricant
synthesis but have met constraints. Titanium dioxide
(TiO2) nanoparticles have photocatalytic activity,
inducing lubricant deterioration when exposed to UV
light, but they agglomerate, decreasing their dispersion
and efficacy (Sankar et al., 2015). While silver (Ag)
nanoparticles have antibacterial characteristics, their
expensive cost and probable toxicity prevent them from
being widely used. Because of their low friction
coefficients, carbon-based nanoparticles such as carbon
nanotubes (CNTs) and graphene have excellent
lubricating characteristics; nevertheless, dispersion
issues and environmental concerns limit their
widespread application (Amina et al., 2020; Wagas et
al.,, 2021). Overcoming photocatalytic activity,
agglomeration, high cost, toxicity, dispersion, and
environmental impact concerns are critical for the
effective integration of previous nanoparticles into
biolubricant manufacturing.

In general, liquid lubricants are the most widely used
kind of lubricant; they are made up of 70-99 % base
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stock and 1-30 % performance-enhancing additives
(Reeves et al., 2017). However, the base stock, which
may be prepared from waste animal fat oils, determines
the lubricant's final performance (Matiliunaite &
Paulauskiene, 2019).

2. Materials and Methods
2.1. Materials used

The major laboratory grade chemicals utilized for the
biolubricant production were waste chicken fat,
Analytical grade (AG) methanol (99.5%), magnesium
nitrate from HiMedia, Sodium hydroxide from RCI
labscan, trimethylolpropane  (TMP), potassium
hydroxide from RCI labscan, sulphuric acid from
Pharma RCI labscan, n-hexane from pure chemicals co.,
phenolphthalein indicator from Qualigens, Nice, and
Merck, sodium thiosulphate from RCI labscan, and
starch indicator.

2.2. Sample preparation

The source material for this study was chicken fat
obtained from a poultry processing plant in Deber Zeyit,
Ethiopia. The fat was first washed and cleaned with
deionized water to remove blood traces and other
impurities. The purified fat was ground using a mill
crusher, and the sample was then ready for the next stage
(oil extraction).

2.3. Soxhlet extraction of oil from UCF

The tallow was extracted from used chicken fat using
a Soxhlet extractor with hexane, as described by Gore
(2018). Hexane and the used chicken fat (UCF) were
charged into the flask at a ratio of 5:1 (v/w).
Specifically, during the extraction, 100 ml of hexane
were used for every 20 g of UCF. The extraction
procedure was performed at a constant temperature of
70 °C for a duration of 3 h, with a stirring speed of 250
rpm. Following the extraction, the hexane solvent was
recovered from the oil through a vacuum rotary
evaporator at 70 °C. The recovered solvent (hexane) was
subsequently condensed using a condenser for further
reprocessing (Azad et al., 2016).

Following the degumming procedure, the oil was
transferred to a beaker and 0.05 N NaOH was added at
70 °C. Following that, the mixture was agitated at a
speed of 200 rpm and kept at a temperature of 70 °C for
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1 h(llohetal., 2015). To remove any remaining sodium
hydroxide and to avoid soap development, the mixture
was thoroughly washed with distilled water. According
to Bankovic-llic et al. (2012), the mixture was then
exposed to a hot air drier working at 105 °C for 6 h to
eliminate any leftover moisture. The oil yield of UCF
was calculated using Equation 1.

mass of oil extracted

Oil yield (%) = x100...(1)

total mass of beef fat sample

2.4. Characterization of extracted oil

The physiochemical properties of UCF oil were
assessed through the analysis of various process
parameters, including Acid value, Free Fatty Acid
(FFA) content, Saponification value, Kinematic
viscosity, Specific gravity, and lodine value. These
parameters were determined as part of the
characterization process for the UCF oil (Abdullah et
al., 2016).

2.5. Green synthesis of MgO NPs by using
Azadirachta indica leaves for biolubricant
production

Azadirachta indica leaf extract, derived from the
neem tree, was employed as a crucial component in the
sustainable synthesis process to generate MgO NPs. The
extract was critical in the reduction of magnesium ions

(Mg?") and their conversion into MgO NPs. The

reduction process was aided by exploiting the features

of the extract, such as its hydroxyl and carbonyl groups,
enabling for the transformation of the magnesium ions
into the required nanoparticles of magnesium oxide.

This  environmentally  friendly  technique  of

manufacturing MgO NPs not only utilized the natural

qualities of Azadirachta indica leaf extract but also
created an eco-friendly way of extracting them (Wagas
et al., 2021). The Azadirachta indica extract, which is
high in hydroxyl and carbonyl groups, performed an

important dual role in the creation of MgO NPs as a

stabilizing and reducing agent. Its presence maintained

the stability of the reaction mixture and enabled
magnesium ion reduction, resulting in the successful

production of the nanoparticles. A solution of 10 mL 0.1

M magnesium nitrate (Mg(NOs)2) was combined with

40 mL of Azadirachta indica extract solution, followed

by continuous stirring for 60 min. The reaction rate was
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regulated by adding 6 mL of 0.2 M sodium hydroxide
(NaOH) drop by drop, resulting in the creation of MgO
NPs and the development of a visible precipitate as
proof of effective reduction and synthesis (Zahid et al.,
2023). Subsequently, the solution was left undisturbed
at a temperature of 25 °C. The formed precipitates were
rinsed using distilled water, and the resulting wet
precipitate was then subjected to a drying process.
Following this, the dried precipitate underwent
calcination at a temperature of 600 °C for a duration of
4 h, resulting in the production of a refined and pure
powder.

2.6. Biolubricant synthesis double

transesterification of UCFO

The biolubricant derived from UCF oil was
synthesized using a double transesterification technique.
In the first step of the double transesterification process,
the UCF oil underwent transesterification with methanol
and MgO NPs as catalyst. This reaction converts the
triglycerides present in the oil into methyl esters,
resulting in the production of used chicken fat methyl
esters (UCFME).

The UCFME  obtained from the first
transesterification was further reacted with TMP in the
presence of MgO NPs as catalyst. This second
transesterification reaction lead to the formation of the
final biolubricant known as used chicken fat
biolubricant (UCFBL) (Nwokocha & Aremu, 2017). To
carry out the two procedures, the following actions were
taken:

by

2.6.1 Synthesis of methyl ester using MgO NPs

A heating pan was used to transfer 100 mL of
purified Used Chicken Fat Oil (UCFO), which was then
heated to 500°C. 25 mL of methanol was added to a
separate beaker, followed by 0.920 g of MgO NPs. The
mixture was agitated with a magnetic stirrer until the
MgO NPs were completely dissolved. The warmed
UCFO was then transferred to a 500 mL round bottom
distillation flask, which served as the reaction vessel,
and the catalyst (1% mass UCFO) was added. The
contents of the reaction vessel were vigorously swirled
for a duration of 15 min. Subsequently, the reaction
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mixture was heated under reflux in a water bath at 70°C
for 2 h, allowing the transesterification reaction to
occur. After 20 min, the contents of the reaction vessel
were transferred into a separatory funnel, and a visible
separation of the supernatant liquid, containing methyl
esters, was observed. Overnight, the reaction mixture
were separated into two distinct layers: an upper layer
consisting of amber-colored methyl esters and a lower
layer containing impure glycerol. Each fraction was
collected separately by allowing them to flow into
labeled measuring cylinders. To eliminate water-soluble
contaminants and residual catalysts, a series of washing
processes were performed. The methyl ester was gently
shook or mixed with a small amount of distilled water
and then the layers were allowed to separate, to gently
remove the aqueous layer. This cleaning technique was
repeated multiple times until the water layer became
clear (Alang et al., 2018). The yield of methyl ester was
determined using Equation 2.

product volume

sample (UCFO)volume

x100 ...

Methyl ester yield (%) 2
2.6.2 TMP-triester (biolubricant) synthesis using MgO
NPs
In a 500-mL reaction vessel, 100 mL of UCFME
synthesized in the above procedure was heated using a
water bath to a temperature of 70°C. Subsequently, a
catalyst solution containing 0.9 g of MgO NPs was
added to the reaction vessel. After a 10 min interval, 20
g of TMP crystals were introduced to the reaction
vessel, and the reaction was allowed to proceed for 4 h
under reflux at a temperature of 100°C. Once the
reaction time elapsed, the mixture was allowed to cool
down to room temperature. The resulting mixture was
then transferred into a separatory funnel, where the
bottom viscous layer, consisting of the TMP triester
(biolubricant), was collected (Chen et al., 2019). The
overall reaction mechanism was illustrated in Figure 1
and the biolubricant yield was determined using
equation 3.

Volume of product
Volume of sample UCFME

Biolubricant yield(%) = x100%..(3)
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H,C —OCOR; CH; —OH R;COOCH;
MgO NPs
HC —_OCOR; + 3CH;0OH CH —OH + R;COOCH;
|
H,C_OCOR; CH—OH R;COOCH;
Triglyceride  Mcthanol Glyccrol Mcthylcsters
Second step
R,COOCH; OH R,O
MgO NPs
R,COOCH; + HO HO RO R;O  +3CH;OH
b
R,COOCH;
Methylester TMP TMP ester Methanol

Figure 1: Double transesterification of used chicken fat oils to obtain biolubricants

2.7. Characterization of UCFO based biolubricant
To evaluate the biolubricant, standard analytical
methods were employed to determine its physical and
chemical properties. The chemical composition of the
biolubricant was investigated using Fourier-transform
infrared spectroscopy (FT-IR) (Samidin et al., 2021).

2.8. Experimental design for the synthesis of
biolubricant

In the synthesis of used chicken fat oil biolubricant,

Stat-Ease Design-Expert-13 software was carried out

using Response Surface Methodology (RSM) with a

central composite design (CCD). This method enabled

the study of the connection between the response

variable and a specified set of experimental conditions
(Shehu et al., 2019). As shown in Table 1, the study took
three experimental conditions into account: reaction
temperature, reaction duration, and the molar ratio of
UCFME to TMP. Using the formula (2k + 2k + N), the
combination of these three elements determined the
number of experimental runs, resulting in a total of 20
experiments. Following that, the generated UCFO
biolubricant was characterized using American Society
for Testing and Materials (ASTM) standard techniques.
The overall process mechanism for double
transesterification of used chicken fat oils to obtain
biolubricants was illustrated using Figure 2.

Table 1: Independent variables and levels used for CCD for biolubricant

S/n Independent variables unit Levels

1 Reaction temperature °C 110 120 130
2 Reaction time min 150 190 230
3 UCFME-to-TMP molar ml/g 81 11:1 141
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Figure 2: Simplified block flow diagram for the synthesis of UCF based biolubricant

3. Results and Discussion
3.1. Physicochemical properties of UCFO

From the biolubricant's standard physicochemical
characteristics, the acid value of 3.9 mgKOH/g shows
that the oil has a low quantity of free fatty acids (Table
2). The percentage of free fatty acids is 1.95 %,
indicating a modest concentration of free fatty acids.
The density at 15 °C is 879 kg/m3, reflecting the mass
per unit volume of the sample at that temperature. The

saponification value of 185.5 mgKOH/g oil offers
information on the fatty acids' average molecular
weight. The iodine value of 20.3 gl./100g indicates that
the oil is highly unsaturated. The specific gravity is 0.87,
which represents the relative density of water. At 40°C,
the viscosity is 46.25 mm?s, reflecting the oil's
reluctance to flow. The oil yield is 67.8%, reflecting
how much oil was recovered from the UCFO.

Table 2: Physiochemical properties of used chicken fat oil

Physiochemical properties Unit Value
Acid value mgKOH/g 3.9
Free fatty acid content % 1.95
Density@15 °C kg/m? 879
Saponification value mgKOH/g oil 185.5
iodine value g12/100g 20.3
Specific gravity - 0.87
Viscosity (40 °C) mm?/s 46.25
Oil yield % 67.8
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Figure 3 and Table 3 show that a series of 20 tests
were carried out. These studies were carried out while
three variables were varied: reaction temperature (110
to 130°C), reaction duration (150 to 230 minutes), and
the UCFME to TMP molar ratio (between 8 and 14
ml/g). The primary goal of these studies was to create a

biolubricant, and the biolubricant produced by each
experiment was measured and documented with its
expected value. This method allowed for the evaluation
and study of the impacts of various component
combinations on the end product, making it easier to
identify ideal conditions for biolubricant manufacturing.

100 1
3 80
S 60 A
L
S 40
2
M 20 A
O a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Experimental Run
mRun mResponse Biolubricant (%)
Figure 3: Number of runs vs biolubricant yield in percentage
Table 3: Experimental result fot the synthesis of biolubricant yield
Factor 1 Factor 2 Factor 3 Response
Std Run A: Reaction B: Reaction C: UCFME-to-TMP Biolubricant Predicted
Temperature (°C)  Time (min) molar ratio (ml/g) (%) Value (%)
19 1 120 190 11 94.16 94.16
8 2 130 230 14 95.60 95.65
2 3 130 150 8 90.10 90.31
20 4 120 190 11 94.18 94.16
17 5 120 190 11 94.15 94.16
13 6 120 190 5.95 85.70 85.55
12 7 120 257.27 11 96.60 96.64
10 8 136.82 190 11 93.15 93.03
14 9 120 190 16.05 93.00 93.19
4 10 130 230 8 89.90 89.93
15 11 120 190 11 94.17 94.16
16 12 120 190 11 94.15 94.16
7 13 110 230 14 97.50 97.27
9 14 103.18 190 11 94.60 94.75
3 15 110 230 8 91.20 91.28
6 16 130 150 14 93.50 93.40
18 17 120 190 11 94.17 94.16
1 18 110 150 8 90.80 90.73
11 19 120 122.73 11 94.30 94.29
5 20 110 150 14 94.15 94.10
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3.2. Model fitting and ANOVA analysis

To achieve the maximum biolubricant content, a
three-level, three-factorial central composite design
(CCD) was chosen to optimize the transesterification
process variables. Analysis of variance (ANOVA) was
employed as a multivariate technique to identify the
optimal reaction conditions. All the 20 experimental
runs as per the design were conducted, and the results
were analyzed using multiple regression analysis. Based
on the experimental data, a quadratic polynomial
equation was derived to predict the biolubricant content.
The equation, expressed in terms of coded variables, is
presented as equation (4).

According to the model equation, the molar ratio
coefficient exhibits the highest positive value,
indicating its significant influence on the conversion
process. A positive coefficient for a model term suggests
that an increase in the corresponding variable leads to
an increase in the yield.

3.3. ANOVA for used chicken fat oil based TMP
ester yield

Tables 4 presents the results of the model summary
test and lack of fit test for the yield of used chicken fat-
based TMP ester. The selection of the highest order
polynomial was based on the significance of additional
terms and the absence of aliasing in the model. The P-
values summary indicated that a quadratic model
provided a good fit in the ANOVA, and therefore, it was
chosen as the suggested model. The quadratic model

was preferred over the cubic model due to limitations in
the number of runs available in the Central Composite
Design (CCD), which were insufficient to support a full
cubic model. A significance level of 95% was
employed, and thus, all terms with P-values less than
0.05 were considered statistically significant.

P-values less than 0.0500 indicate model terms are
significant. In this case A, B, C, AB, BC, A2 B2, C2are
significant model terms. Values greater than 0.1000
indicate the model terms are not significant.

At the Std. Dev. of 0.1485, mean of 93.25 and C.VV
(%) of 0.1592, there is reasonably close agreement
between the Predicted Rz (0.9867) and the Adjusted R2
(0.9968), with a difference of less than 0.2, indicating a
good fit of the model. The Adequate Precision, which
measures the signal-to-noise ratio, is a desirable value
when it exceeds 4. In this case, the ratio of 111.668
indicates a strong signal. These results suggest that the
model is reliable and can be utilized to explore and
navigate the design space effectively.

Figure 4 displays the normal plot of residuals and the
predicted vs actual plot. Upon observing the plots, it is
evident that the points are closely distributed along the
straight line, indicating a strong relationship between
the experimental values and the predicted values of the
response. Although some minor scatter, resembling an
'S' shape, is expected, these plots confirm the adequacy
of the selected model in accurately predicting the
response variable based on the experimental values.

Biolubricant = 94.16 - 0.5117.A + 0.6969.B + 2.27.C - 0.2312.AB - 0.0687.AC + 0.6562.BC - 0.0958.A2

+0.4611.B2-1.70.C* ...

Table 4: Fit Summary of P-values for UCF based TMP ester

Sequential  Lack of Fit p-

Source Adjusted R? Predicted R2 Remark
p-value value
Linear 0.0014 <0.0001 0.5383 0.3194 Not suggested
2FI 0.7847 < 0.0001 0.4751 0.3078 Not suggested
Quadratic <0.0001 <0.0001 0.9968 0.9867 Suggested
Cubic <0.0001 0.0076 0.9999 0.9954 Aliased
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Figure 4: The impact of process parameters on UCFO-based biolubricant

3.4. Effect of reaction temperature and UCFME-
to-TMP molar ratio

Figure 5 illustrates the combined effects of
temperature and the UCFME-to-TMP molar ratio on the
synthesis of UCF-based biolubricant, while keeping the
reaction time constant. The temperature ranged from
110 to 130 °C, and the UCFME-to-TMP molar ratio
varied from 8:1 to 14:1, with a constant reaction time of
190 min. It was observed that the conversion of
UCFME-based biolubricant remained constant as the
temperature increased, while it increased with an
increase in the UCFME-to-TMP molar ratio. However,
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when a low temperature was combined with a high
molar ratio, a yield of 85.5 wt% was obtained. A high
temperature in combination with a low molar ratio, on
the other hand, resulted in an improved yield of up to
94.17 wt%. This implies that the molar ratio of UCFME
to TMP has a considerable influence on Yyield.
Furthermore, the combination of a high temperature and
a low molar ratio resulted in a larger yield than the
reverse scenario, with an increase of roughly 11 wt%.
As a result, it can be deduced that the UCFME-to-TMP
molar ratio has a greater influence than temperature.
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Figure 5: 3D surface response plot between UCFME-to-TMP molar ratio and temperature against UCF based

biolubricant yield

3.5. Effect of reaction time and UCFME-to-TMP
molar ratio

Figure 6 shows the influence of reaction time and the
UCFME-to-TMP molar ratio on the production of a
UCF-based biolubricant while keeping the temperature
constant at 120°C. The molar ratio of UCFME to TMP
was altered from 8:1 to 14:1, and the reaction time was
varied from 150 to 230 min. The curve depicts the
interaction between the molar ratio of UCFME to TMP
and reaction time, which has a major influence on the
synthesis of UCF-based biolubricant. The yield of UCF-
based biolubricant increased with greater UCFME-to-
TMP molar ratios and longer reaction durations.
Increasing the UCFME-to-TMP molar ratio clearly
leads in a higher production of UCF-based biolubricant.
Furthermore, a greater concentration of UCFME results
in a more effective conversion of UCF into biolubricant
in a shorter period of time. The production of UCF-
based biolubricant grew from 87.5 to 93.50 wt% in this
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investigation, with the greatest biolubricant seen after
230 min of reaction time.

3.6. Effect of reaction temperature and reaction
time

Figure 7 displays the impact of reaction time and
reaction temperature on the yield of UCF-based
biolubricant, while maintaining a constant UCFME-to-
TMP molar ratio of 11:1. The reaction time was varied
from 150 to 230 min, while the process temperature
ranged from 110 to 130 °C. The plot reveals that the
quantity of UCF-based biolubricant yield increased
when the reaction temperature remained constant. This
indicates that higher reaction temperatures enhance the
yield. On the other hand, an increase in reaction time
improves the catalytic activity, particularly at lower
temperatures.
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Table 5 compares the characteristics of the UCFBL and
the 1SO-VG-32 standard for lubricants. UCFBL has
advantages that meet or exceed 1SO-VG-32
requirements. First, the pour point of -5 °C indicates that
the UCFBL remains liquid even at low temperatures,
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exceeding the standard requirement of less than -10 °C.
The flash point of 289 °C exceeds the minimum
requirement of 204°C, indicating high ignition
resistance of the UCFBL. The viscosity index of the
UCFBL 213 is high, surpassing the standard minimum
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of 90 at high temperatures. At 40 °C, the Kinetic
viscosity is 38.5 cSt, higher than the standard minimum
of 28.80 cSt, and at 100°C, the kinetic viscosity is 9.2
cSt, higher than the standard minimum of 4.10cSt.
These results show that the UCFBL has desirable flow
and lubrication properties. Furthermore, the free fatty
acid content of UCFBL is 1.95 %, which is lower than
the standard level of 2 %, indicating a good quality with
low free fatty acid concentration. Overall, UCFBL
meets 1SO-VG-32 standards and can be considered as
an appropriate replacement for petroleum-based
lubricants.

3.7. Process variable optimization

A numerical optimization technique utilizing the
desirability function was employed to determine the
optimal conditions for maximizing the production of
UCF-based biolubricant. The goal was to establish ideal
conditions for biolubricant synthesis by setting ranges
for the reaction temperature, UCFME-to-TMP molar
ratio, and reaction time, based on the specific
requirements of the biolubricant (Ocholi et al., 2021).
Using these criteria, the software performed an
optimization process and identified the potential
optimum conditions: a reaction temperature of 114 °C,
a UCFME-to-TMP molar ratio of 10.5:1, and a reaction

time of 227 min (Figure 8). Under these optimized
conditions, an average yield of UCF-based biolubricant
of 98.3 % was achieved in three independent replicates,
which closely aligned with the predicted range (98.35
%) from the model. The desirability value for these
conditions was 1.00, indicating a high level of
desirability and suitability for producing the desired
biolubricant.

3.8. FT-IR spectroscopy of TMP-triester
(biolubricant)

During the second transesterification reaction, the FTIR
spectra (FTIR-65, Perkin-Elmer) was utilized to track
the progress of the reaction quantitatively. In these
spectra, the ester carbonyl peak was the most prominent,
extending to 1734 cm™. However, this peak cannot be
utilized for reaction monitoring since the "C=0" stretch
of the ester is equally strong in both the initial
triglyceride and the fatty acid ethyl ester. To monitor the
production of biolubricant through transesterification of
oil, the intensity of the C-O-ester peak at 1177 cm™ was
employed. This peak served as an indicator of the
formation of the desired biolubricant. Figure 9 depicts
the results of the FTIR spectrum analysis of the
biolubricant derived from used chicken fat.

Table 5: physiochemical properties of used chicken fat based biolubricant

Properties UCFBL 1SO-VG-32 standard
Pour point (°C) -5 <-10

Flash point (°C) 289 > 204
Viscosity index 213 >90
Kinematic viscosity@ 40°C (cSt) 38.5 > 28.80
Kinematic viscosity@ 100°C (cSt) 9.2 >4.10

Free fatty acid (%) 1.95 <2.00
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Figure 9: FT-IR spectroscopy of used chicken fat biolubricant

4. Conclusions and Recommendations

This research demonstrated that used chicken fat can
be effectively utilized for the production of
biodegradable lubricant through reactive extraction. The
Central Composite Design (CCD) model in Response
Surface Methodology (RSM) was successfully
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employed to optimize the reaction parameters for the
synthesis of UCFBL. The study examined and
optimized the effects of the UCFME-to-TMP molar
ratio, reaction time, and reaction temperature on the
synthesis of UCFBL. The resulting UCFBL exhibited
significant lubricating properties, including a pour point
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of -5°C, flash point of 289 °C, viscosity index of 213,
and kinematic viscosities (KV) of 38.5 cSt at 40 °C and
9.2 ¢St at 100 °C. It was observed that the produced
biolubricant meets the ISO VG-32 standards, making it
a suitable substitute for petroleum-based lubricants in
industrial machine applications. Therefore, the
synthesized biolubricant can effectively serve as an
environmentally friendly alternative to traditional

deterioration, would add to a thorough knowledge of its
sustainability and eco-friendliness.
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