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Abstract

In this study, the acid-alkaline transesterification of refined coconut seed oil (RCOSO) to fatty acid
methyl ester was followed by the production of a trimethylolpropane-based thermosensitive biolubricant
using potassium hydroxide, and its physicochemical characteristics were evaluated. The American
Standard Test for Materials (ASTM) was employed to ascertain the biolubricant's pour point and index of
viscosity, which were found to be -4 °C and 283.75, respectively. The opposite connection between
lubricant viscosity and temperature was shown by the measured viscosities at varied transesterification to
be transformed into biodiesel. Following this, a biolubricant was created by further
transesterifiedtemperature. The ester group is verified by comparing the Fourier Transfer Infra-red (FTIR)
spectra of the biodiesel and the biolubricant between absorption bands (1755.07-1737.21 c¢m-!). Gas
chromatographic data shows that sweet almond oil contains 71.725 % unsaturated fatty acids for use as a
biolubricant, 53.478 % more unsaturated fatty acids than saturated fatty acids, and 9.52 g iodine per 100 g
of oil sample more than unsaturated glycerides. At 31.44 and 45.93 %, respectively, linoleic acid made up
the majority among the fatty acids in the oil and synthetic biolubricant. In addition, palmitic, linoleic, and
oleic acids were present in the biolubricant and coconut oil. The biolubricant's characterization results
correlated highly with the 1ISO VG-32 standards, suggesting that it has the capacity to serve as light gear
oil.

Keywords: Biolubricant, biodiesel, transesterification, vegetable oil, viscosity.

Introduction

The fast-growing energy demand resulting from an
ever-increasing commercial industry, as well as the
expansion of energy demands are all significantly
reliant on petroleum-based energy. On one hand,
there are products that are restricted, and on the
other, there is a population. Industrialization is
growing at a rapid pace, putting further strain on
energy supplies. Products made from petroleum are
fuels and lubricants are the primary sources of
energy for these industries. All of these petroleum-
based lubricants are hazardous and non-renewable,
and they constitute the primary source of
environmental pollution'. We can expand the

number of potential sources to include a renewable
and environmentally friendly alternative to
petroleum-based products.

The right lubricant can help you boost the durability
of mechanical parts, their usability, and their
dependability. Lubricants are used in almost every
industry that requires manual or automatic
machining procedures in either an open or closed
system application. There are benefits to using
lubricants, but there are also drawbacks. These
lubricants contribute to environmental pollution
through lubricant loss due to evaporation and spills
every year, which is significant enough that it
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cannot be avoided 2. The discipline of bio-lubricants
is among the most crucial that offers easy, toxic-
free, and renewable products with the potential to
serve as a substitute product to save the
environment while also meeting the demands of
modern industry to minimize friction and wear to
increase the flexibility of components that are in
close proximity to one another.

To overcome these environmental losses, if we are
to survive, it is necessary to discover a practical
solution for these lubricants that is biodegradable,
non-harmful to the environment, and recyclable,
obtained from renewable and environmentally
friendly sources. Vegetable oils, for example, have
suitable lubrication properties, such as a high
viscosity index, corrosion resistance, oxidation
stability, and so on. The molecule of triglycerides is
practically all vegetable oils have the same basic
makeup structure, and poly-saturated fats are all
types of fat. Natural fatty acids in plants are classed
as fatty acids. Vegetable oils are prepared to make
them suitable for use in engines and equivalent to
traditional lubricants 2.

Plants and animals serve as feedstocks in the
production of bio-lubricants, while vegetable oils
and other sources are also used, as well as a variety
of other agro-residues *. The viscosity index of seed
oils can be quite high ®®. Vegetable oils have an
elevated flash point when compared to mineral oils,
which is considered a significant feature.

Materials and Methods

Ingredients and Reagents Collection

We bought coconuts from Markets in Kwara State,
Nigeria. Chemicals and reagents such as sodium
chloride, sodium hydroxide, potassium hydroxide,
chloroform, sodium thiosulphate, anhydrous
methanol, hydrochloric acid, sulphuric acid,
trimethylolpropane (TMP), glacial acetic acid, wij’s
reagent, isopropyl alcohol (IPA), phenolphthalein,
activated charcoal, and sodium hydroxide were
obtained from Sigma Aldrich. The instruments used
were GCMS-QP2010 plus, Pour Point Analyzer
(SETA — LEC Cloud and Pour Point Refrigerator),
FTIR Spectrophotometer (FTIR-8400S, Shimadzu,
Japan), Brookfield® (Synchro-lectric Viscometer:
RVT) and Multiflash Flash Point Tester (Model:
34000), and Oil Bath (HAAKE FISON: DC3000).

Extraction from Coconut Seeds and Refinement
The husk of the coconut was removed and then it
was grated to a smaller size. The coconut was

Biodegradable vegetable oils are non-toxic and
sources of energy that are lessen reliance on fossil
fuels and petroleum fuels from other countries are
vegetable oils that provide a number of benefits.
Many vegetable oils have drawbacks, such as
limited oxidative stability in their natural state.
They have enough oxidative stability to be used as
lubricants’.

Due to its qualities coconut can be utilized as a
lubricant and transformer oil. Due to its high
viscosity, it is used as a biodiesel feedstock.
Coconut trees are uncommon in dry areas because
without regular irrigation, plants cannot grow. Most
of these trees can be found in tropical regions.
Because of their light weight, buoyancy, and strong
water resistance, coconut tree fruits have evolved to
travel great distances on sea currents 8°. Coconut oil
doesn't oxidize readily since it contains a lot of
saturated fatty acids of 91%, which makes it. Many
people in Southern India use coconut oil to lubricate
their scooters and rickshaws. There is evidence that
using this coconut oil can increase gas mileage,
engine  power, and overall performance.
Furthermore, when burned, coconut oil emits less
smoke'®!, This study aims to produce bio-lubricant
utilizing a two-stage transesterification reaction
from the coconut seed oil, investigate temperature
effects, and ascertain the synthetic bio lubricant
physical and chemical characteristics and compare
them to the ISO VG standards.

soaked and the coconut milk was strained using a
sieve to get as much of the shredding out as
possible. The milk was frozen for 24 hours. The
frozen potion of the oil was skimmed and boiled to
evaporate the water content of the milk, leaving the
crude coconut seed oil (COSO).

Conversion to Biodiesel

Alkali catalysis is a good method for producing the
coconut seed oil methyl esters (CSMEs) based on
the quantities of water and free fatty acid (FFA) in
the outgoing coconut oil. A two-stage process with
intermediate methanol addition was used, similar to
Mustapha et al. 1#*%o increase methanolysis yields.
Table 1 provides a summary of the operating
settings that were used for this study. The stirring
parameters for the initial reaction phase and catalyst
were permanently set to 500 rpm and NaOH,
respectively. This process for methanolysis fulfilled
the prior description. However, we were able to
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meet these limits while achieving the other
important  methanolysis  reaction  parameters,
including temperature. High yields and low cost
biodiesel were created, depending on the ratio of
methanol to oil, the mass concentration of the
catalyst, and its mass fraction. It was also examined
in this context whether crude glycerol waste from
earlier biodiesel production cycles could be used
again.

Each methanolysis process was performed in a flask
with a spherical bottom with three necks that also
had a magnetic stir bar, a sample outlet, a reflux
condenser, and a thermometer. The 100 g of COSO
was weighed and heated to the necessary
temperature in the dried reaction flask. The
experiment's specified amounts of methanol and
sodium hydroxide (NaOH) were combined
simultaneously in another flask, dissolved in 128.56
mL of methanol, and heated to the experiment's
temperature prior to being included in the COSO; it
is taken into consideration to have started at this
point. Phase separation was then applied to the
methanolysis product after it had been vigorously
agitated and given the time needed for the reaction
to occur at room temperature. A sufficient value for
the reaction time was chosen to get the highest
conversion in 50 min. Methanolysis was observed
off-line at a particular sample frequency using gas
chromatography-mass  spectrometry  (GCMS-
QP2010). By using GC-mass spectrometry tools
and conducting sample analyses, the COSMEs were
initially found#°, The methanolysis byproduct was
then put through a separating funnel following the
reaction. The upper phase, which was mostly
consisting of COSMEs with some residual
glycerides and after the bottom phase, which
included the injected and liberated glycerol with
entrained COSMEs, was removed initially, some
glycerol was then removed.

The leftover methanol in each phase was then
evaporated at 50°C in order to further separate the
glycerol from the COSMEs*™ . The yield of the
methanolysis and separation fractions was then

CH,0OH
H3CHZC—(‘3—CH;_OH + 3CH30—&—R
CH,OH
Trimethylpropane-TMP

Methyl esters
(Biodiesel)

Note: R = alkyl group

calculated from the recovered COSME fractions,
and the remaining fraction was used to produce
biolubricants.

Synthesis of a Biolubricant

The conversion of all methyl biodiesel into
biolubricant via transesterification reactions took
place in a flask with a circular bottom and three
necks, a temperature gauge that regulates
temperature, a magnetic stirrer device and a
sampling outlet. With a second thermometer on top
and a Liebig condenser attached to it on the side, it
was used in place of the reflux condenser. This was
then linked to two flasks for collecting distilled
methanol, a vacuum take-off adapter for coupling to
the vacuum pump, and a three-way valve. For bulk
reasons, the Liebig condenser was cooled using a
recirculating silicon oil bath at 0 °C, whereas the
two collection flasks were chilled with an ice bath.
A dried reaction flask was filled with the refined
COSMEs of 20 mL, which were then weighed into
the flask and heated to the required temperature.In a
separate flask, 5 mL of methanol was combined
with 0.3 g of NaOH to create the catalyst's active
species. This mixture was then heated to the
experiment's temperature previously to being added
to the COSMEs. The reactive distillation unit was
then connected to the vacuum pump by switching
the three-way valve. A dose of 1.0 g of
trimethylolpropane (TMP) was added to the
mixture. The reaction was monitored offline by GC-
MS at a predetermined sampling frequency for the
duration of the experiment, which was carried out at
70 °C for two hours following an initial sampling
with a response time of four minutes at 10-min
intervals. At this point, the response was said to
have begun at time zero. Similar to COSMEs, the
coconut  biolubricant (COBL) was initially
identified by GC-MS and FTIR, and details relevant
to the apparatus and sample analysis are provided in
Fig.1

CH,OCOR

\
Catalyst HaCH,C—C—CH,OCOR

\
CH,OCOR

TMP triesters
(Biolubricant)

Figure 1. Synthesis of biolubricant
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COSMEs' Purification and Biolubricant

Batch bubble-washing was used to refine the crude
COBL, first with a 4 wt. % solution of citric acid
and subsequently with distilled water at 35 °C and 1
atm. Washing solution and esters were put in a
separating funnel, with the volume proportions
being 1/3 and 2/3, respectively. Purification batches
were conducted until the aqueous phase was clear.

Determination of Temperature on Biolubricant
Viscosity

The viscosity of the synthetic biolubricant was
determined at 30, 40, 60, 80, and 100 °C. The

Results and Discussion

Coconut Qil's Attributes and Evaluation

Table 2 displays the values of the crude oil's
characteristics. The physical-chemical
characteristics of unrefined coconut oils were

sample was first transferred to a 100 mL beaker.
The biolubricant's temperature was raised to the
required amount by heating on a heating mantle
while swirling continuously. The sample's degree of
viscosity was ascertained by turning on the
Brookfield® (Synchro-lectric Viscometer: RVT)
and letting it run until a stable reading was
achieved.

comparable to the values recommended!®?? for
rubber and linseed oils. To avoid excessive oil
saponification, the FFA level in the oil must be
reduced to 1% or less via esterification.

Table 2. The physical-chemical characteristics of unrefined crude and refined coconut oil

Coconut Oil Xi .
Crude Coconut Refined imenia Jatropha ”
. . . . . americana 122 ASTM
Physicochemical Properties Oil Coconut Qil seed 0il2 oil
(COS0) (RCOSO0)
Yield (%) 13.7% 72% - - 46-55
Colour Gold Colorless Brown Yellow Amber
Specific gravity(g cm-3, 30 0.957-
°C) 0.940 0.94 0.93 0.98 0.968
Density at 40°C (g/cm?®) 0.937 0.937 0.88
Viscosity (cp, 40 °C) 3.73 4.3 - 1.9-6.0
Acid value, (mg/KOH) 2.24 5.6 £0.019 19.18 1.0 04-4.0
Saponification,(mg/KOH) 230 181.14 185.0 175187
lodine value, (12/100g) 6.0 9.52+£0.01 136.2 188.0 82— 88
Peroxide value, (Meq O2/kg) 3.89 - - 10
%FFA 1.13 2.82 9.54 0.5 03-1.0
Average moIeCl_Jllar weight 24635 i i
(gmol™)

Biodiesel and BiolubricantMain Performance
Properties

Viscosity is a key component of lubricating oil, as
demonstrated in Table 3 evaluates a material's flow
resistance at a given temperature. The biolubricant's
viscosity was 31.46 ¢St at 40 °C and 8.88 cSt at
100°C, respectively. This figure exceeds the ISO-
specified limits for the viscosity grade of light gear
oil, which are 28.8 and 4.1 cSt, respectively.
Previously, palm oil-based trimethylolpropane
(TMP) esters were synthesized, and the effects of
composition on pour points, viscosity, and viscosity
index of the high oleic content palm oil-based TMP
esters were also evaluated. Compared to coconut

oil-based TMP esters, there were variations in the
viscosities and viscosity index values of high-oleic
palm oil-based TMP, in the region of 50 cSt and
199, respectively?®. The created biolubricant seems
to have a greater viscosity index (VI), suggesting
that it works well over a wide temperature range. It
is conceivable to connect the attraction that exists
between liquid molecules with the temperature-
dependent reduction in viscosity. The viscosity
index, which is a dimensionless quantity, shows
how kinematic viscosity and temperature interact
with a product. A viscosity index of 130 is ideal for
use in a variety of engines because viscosity lowers
as the index rises and vice versa.
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Table 3. Properties of Coconut biodiesel and biolubricant

) Biodiese Cocon ‘]athrozga Sesame 1SO ViSCOSity Gl’ades
Properties | ut Lube L ube2*

Lube ube 46 32 68

Flash point (°C) 130 200 5 - 220 204 250
Pour point(°C) -8 -6 -7 -12 -10 -6 <-10

our point(*
V'Scoiétgt)“o C, 3502 3146 5517 3543 >414 <288 614
Viscosity 100 °C, >

o) 1000  8.88 10.96 793 241 241,
ASTM D2270 2011 28375 19522 206 =90 =90  >198

Viscosity index

The number that was discovered is appropriate for
ISO VG220 and ISO VG46 light gear oil.

Additionally, as demonstrated in Table 3, it has a
greater viscosity index than biolubricants made
from other vegetable oils, like sesame and jatropha.
The capacity of a lubricant to be used at low
temperatures is determined by its pour point. The
coconut-based biolubricant has a pour point of -6
°C. This value fell under the 6 °C gear oil
temperature limit of ISO VG 32 standards. This
outcome illustrates that coconut biolubricant may
function at lower temperatures without clogging the
filter. To determine a lubricant's flammability, look
at its flash point.  The coconut oil based
biolubricant has flash point value (200 °C) that
exceeds the equivalent biodiesel's 130 °C value by a
significant margin®. The chemical alteration of
basic oil is what causes this raised flash point. The
final temperature range, which falls between 204

50
40
30
20
10

0
0 20 40

Viscosity, cst

and 250 oC, is well within the ISO VG 68 and I1SO
VG 32 standards. The results are almost in line with
the claimed 262 °C for the neem oil biolubricant, as
reported in Table 3. Coconut oil-based lubricants
were particularly safe to use and store because they
weren't manufactured with methanol.

Temperature Effects on the Viscosity of Coconut
oil

The various viscosity grades that ISO demands are
listed in Table 3. The main grading criteria are the
pour point and viscosity index. At 30, 40, 60, 80,
and 100°C, the measured viscosities were 41.69,
31.46, 22.30, 11.60, and 8.88cSt, respectively. As
seen in Fig. 2, the opposite connection between
lubricant viscosity and temperature was observed.
The estimated viscosity index was employed to
ascertain the viscosity grade

60 80 100 120

Temperature, oC

Figure 2. lllustrates the impact of temperature the COBL viscosity.

As temperature rises, a cohesive force that attracts
the lubricant's molecules to one another weakens,
reducing the lubricant's viscosity® . The minor
decrease in viscosity with rising temperature may
be caused by the lubricant's extraordinarily high
viscosity index. This variation also reveals the
amazing stability of the synthetic biolubricant over

such a large temperature range, which makes it
appropriate for use as motor 0il?’
Analyses Using Fourier Transform Infrared
(FTIR)

In the transmittance versus wave number plot of the
infrared radiation spectrum, the bond vibration
energy varies horizontally. The peak graphs in Fig.
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3 demonstrate low transmittance and strong
absorption with the horizontal wave number rises as
we turn to the left. Peak-less areas show that
photons are not absorbed at that frequency,
indicating that the molecule doesn't have that
particular bond there. Findings from the FTIR
analysis of the chemical composites RCOSO in Fig.

-80000 -
-60000 -
-40000 -

-20000

Absorbance

20000 -

40000

T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm-1)
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-80000

-50000 —‘
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20000

Absorbance

3a, COSME in Fig. 3b, and COBL in Fig. 3c are
respectively shown. The crucial IR peak locations
for RCOSO and COSME were revealed by the
FTIR spectroscopy data, demonstrating that
chemical changes were causing the fingerprints to
appear between 500-4000 cm™.

50000 - [B]

= v
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g &£
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Figure 3. FTIR spectra of A: RCOSO; B: COSME; C: COBL

In 1385.16 cmispectral, glycerol group O-CH, of
mono, di, and triglycerides were found in Fig. 3a%
The 3600-3200 cm-* was the alcohol O-H stretching
vibration at3412.15 cm were observed. The C-H:
spectral was found at 2865.17cm? and in a
comparable FTIR observation?, Mustapha et. al.'?
determined that the C-H was an aliphatic stretching
vibration of 2913.91-2882.17 cm*. The FTIR bands
of C=0, C-O-C and C-O were observed at 1712.11,
1215.68 and 1115.69cm?, respectively'?. The
region of the IR spectrum in COSME of 1666.69
cmicm™ indicates the existence of an ester carbonyl
group with associated C-O bend of 1100.82 cm™and
C-O-C at 1220.86 cm™. The COBL sample revealed
a novel ester linkage bond (C-O-C). Absorption
band of C=0 at 1705.19 cmis visible in the FTIR
spectra of COBL and these absorption bands were

used to show the presence of ester group in COBL
with the C-O (1105.40 cm™) and C-O-C (1210.11
cm1)stretching vibrations in the ester. Furthermore,
the hydroxide group peak in RCOSO was measured
at 3412.15 cm-! as illustrated in Table 3a was
disregarded in COSME in Table 3b*. This shows
that the transesterification to fatty methyl esters
were almost completed. The COBL was formed in
Table 3c.

Evaluating Free Fatty Acids

To measure free fatty acids, gas chromatography
mass spectrometry (GCMS) analyses were utilized.
Coconut oil was chosen for GCMS analysis for fatty
acid profile evaluation due to the high lubricating
capabilities discovered in synthetic biolubricant
research. In Table 4, coconut oil's fatty acid content
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before it was esterified into a biolubricant is

displayed through GC-MS analysis.

Table 4.Fatty acid and esters content in coconut oil and biolubricant in wt. %

Refined Coconut oil (RCOSO)

Coconut biolubricant (COBL)

Saturation Area
Fatty acid (wt. %)
Glutamic acid  CsHgNO4 6.284
Luaricacid  CioH2402 9.800
Dodecanoic acid
dimethyl ester C14H2604 3.753
Tridecanoic acid  CizH2602 5.123
Brassylic acid  Ci13H2404 45.812
Oleic acid C18H3402 29.228
Total fatty acids 93.716
Total unsaturated FFA 78.793

Saturation Area

Fatty esters (wt. %)

Methyl octanoate CoH350- 5.298

Methyl decanoate C11H202 8.024

Luaric acid methyl ester Ci13H2602 23.982
Myristic acid methyl

y estgr CisH3002 16.411
Palmitic acid methyl

e act est)e/r C17Hu0> 15.812

Methy! eladiate C19H360> 16.195

Methyl stearate Ci9H350- 7.141
(E)-pent-2-en-3-yl

acetate C7/H1,02 1.570

Others 5.566

Total Triester 94.434

Total unsaturated FA 17.765

The GC-MS data shows that RCOSO includes
17.76% more unsaturated fatty acids than
biolubricant of 78.193%, including dodecanoic acid
dimethyl ester, brassylic acid, and oleic acid.The oil
has higher iodine content because unsaturated
glycerides have a reduced capacity for iodine
absorption of 9.52 g of iodine per 100g of sample.
This oil is appropriate for the creation of

Conclusion

Positive outcomes were obtained using the two
pathways that were explored in this work for using
COSO as biolubricant (COBLs) or an energy carrier
(COSMEs) via conversion of COSMEs. The alkali
technique was chosen even though it is based on
homogeneous catalysis for the conversion of COSO
into COSMEs, leading to the intriguing possibility
of the inexpensive synthesis of a 100% renewable
biodiesel. First and foremost, this alternative's
biodiesel key characteristics are its straightforward
operating parameters of 60 °C, atmospheric
pressure, a molar ratio of 1:6 between oil and
methanol, at 50-minute runtime.

Furthermore, an acceptable biodiesel content of
96.5 wt. % was achieved, and the resulting
COSMEs met the fundamental biodiesel
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