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Abstract:

This paper presents the synthesis and characterization of Trimethylolpropane (TMP) based biolubricant from castor oil seed.
Castor Oil Methyl Ester (COME) was synthesized at a temperature of 60 ° C, reaction time of 1 hour, molar ratio of oil to
methanol of 1:250 and 1 % wt/wt catalyst via (in situ transesterification) reactive extraction. The TMP ester (Biolubricant)
from castor oil was further subsequently synthesized at a temperature of 120 ° C, reaction time of 1 hour, molar ratio of COME
to trimethylolpropane (TMP) of 4:1 and catalyst concentration of 0.8 wt%. The TMP ester of castor oil was characterized for
its flash point, pour point, viscosity at 40 °C and at 100 ° C and viscosity index. Fourier Transform Infra-Red (FT-IR) and Gas
Chromatography-Mass Spectrophotometer (GC-MS) analysis were carried out on the Biolubricant to confirm the presence of
ester group and the composition of the synthesized lubricant. The COME yield was 98.42wt% based on the weight of the oil
seed. The transesterification of in situ derived COME with TMP yielded 96.56 wt% of the TMP ester (Biolubricant). The
characterization of biolubricant shows favourable lubricating characteristics. The presence of ester group in the resulting
biolubricant was confirmed by FT-IR analysis and the percentage of the composition of biolubricant determined by GC-MS
analysis revealed a fatty acid composition of 2.88 %, monoester of 0.63 %, diester of 1.70 % and triester (desired end product)
of 94.79 %. These FT-IR and GC-MS analysis result shows the effectiveness of the chemical modification of castor oil to
biolubricant. The result of characterization of the biolubricant compares favourably with the 1SO VG thereby establishing the
potential of the biolubricant as gear oil.
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1.0 Introduction cheap, renewable and very biodegradable when compared
Lubricating oils have found wide varieties of application in to mineral oil. It has excellent lubricity, low volatility, non-
automobile, refrigeration and compressor (Kamil and toxic and high viscosity index (Kamil and Yusup, 2010;
Yusup, 2010). A number of lubricant base oils such as Salimon and Salih, 2009). The use of vegetable oil as a
petroleum or mineral oil, synthetic oil, re-refined and lubricant base oil has is limited because of low thermo-
vegetable oil are used for the manufacturing of lubricating oxidative stability (Resul et al., 2001), poor corrosion
oil (Salimon and Salih, 2009). Synthetic lubricating oils protection and hydrolytic stability (Kamil and Yusup,
characteristically have great lubricity when compared with 2010). The presence of B hydrogen atom in the hydroxyl
petroleum based lubricants (Resul et al., 2001). However, group of the glycerol is the major cause of low thermal and
they are four to eight times more expensive than mineral oxidation stability associated with pure vegetable oil
oil based lubricants. Mineral oil based lubricants derived (Resul et al., 2001).
from petroleum are the ones in common use and they have
a global market share of 95 % (Resul et al., 2001; Amit Research has shown that a number of chemical
and Amit, 2012). modification techniques such as epoxidation, selective
hydrogenation and transesterification of vegetable oil can
Petroleum reserves are finite (Amit and Amit, 2012). be used to overcome these limitations. Transesterification
Petroleum products are also very toxic and non of vegetable oil have a more probable possibility for the
biodegradable. Vegetable oil is another example of base oil production of lubricant with better temperature
that can be used for lubricant production. Its advantage performance and appreciable fluidity (Resul et al., 2001).
over the latter base oil because it can be locally produced, This techniques help to effectively replace the hydrogen
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atom on the p-carbon structure of the oil. This
improvement brought about by change in the structure of
the oil by conversion into a new ester called the polyol
ester (PE). Common polyhydric alcohols used in the
transesterification of fatty acids methyl ester are neopentyl
glycol (NPG), pentaerythritol (PT) and trimethylolpropane
(TMP). TMP is however the most popular alcohol for
polyol ester synthesis because the resulting ester are
characterized with superior lubricating properties. TMP is
known for it high melting point and branched structure
which are vital features for biolubricant synthesis (Kamil
and Yusup, 2010). Numerous research have been
documented on the synthesis of biolubricant from
vegetable oil using TMP as a polyol (Kamil and Yusup,
2010; Resul et al., 2001; Uosukainem et al., 1998; Jose,
2011; Arbain and Salimon, 2011; Phani et al., 2013;
Mohammed et al., 2011; Ghazi et al., 2010). Nearly in all
these studies reported conventional methods of
transesterification were used for biodiesel synthesis. This
involves various stages: oil extraction, purification and
subsequent  esterification  /transesterification.  These
multiple biodiesel processing stages constitute greater than
70 % of the total biodiesel production cost if refined oil is
used as feedstock (Ponsak et al., 2012) Reactive extraction
(in situ transesterification) permits the synthesis of
biodiesel from oil bearing seed directly without prior
extraction. This technique is characterized with the
simplification of the biodiesel production technology
(Zakaria and Harvey, 2012). The process allows essentially
both extraction of oil from its seed and subsequent
conversion to take place in a just one single step with the
alcohol acting as a solvent for extraction and as a reagent
for transesterification (Shuit et al., 2010). Madankar et al.
(2013) reported the in situ transesterification of castor oil
seed and stated the methyl ester produced has appreciable
potential for biolubricant production.

Castor plant also known as Ricinus communis L. belongs to
the family Eurphorbiaceae and grows mostly in tropical
and subtropical areas. Castor plants seed contain castor oil.
The seed contains up to 55 % of the oil and can be up to 69
% when released from a peel. Castor seed contains highly
poisonous protein (ricin) (ICOA, 2013). Castor oil is
soluble in alcohol (Nurbakhit, 2012). Castor oil possesses
greater density, viscosity, ethanol solubility and lubricity
when compared with other vegetable oils. Castor oil has
been used on the manufacturing of more than 800 products,
ranging from bullet-proof glasses, contact lenses, lipsticks,
metal soaps, special engine and high rotation reactors
lubricants, high resistance plastics, and polyurethanes
(ICOA, 2013; Nurbakhit, 2012). According to Bugaje and
Mohammed (2008) castor plant is known to grow very well
across the entire northern states of Nigeria as weed. The
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authors are of the opinion that using edible oil for bio
energy generation may lead to food crises and
uneconomical.

The objective of work is to study the synthesis and
characterization of trimethylolpropane ester (TMP ester) of
castor oil. To the best of our knowledge this study is one of
the very attempts to develop a biolubricant from a typical
Nigerian Castor oil seed using an in situ transesterification
(reactive extraction) for castor methyl ester production.

1. Methodology
1.1. Materials

The castor seed was obtained from a local farm in Minna,
Nigeria. The moisture content of the seed was determined
to be 4.67 %. The seed was ground to a small particle of
0.5 mm using mortar and pestle. Oil was

Extracted from the seed using sohxlet extractor and the oil
content of the seed were determined. n- hexane and
potassium hydroxide, methanol obtained from Sigma-
Aldrich (St. Louis) and were of analytical grade

1.2. Transesterification of COME and analysis

The COME was initially synthesized according to methods
reported by Madankar et al., (2013) and Zakaria and
Harvey (2012). The production of Castor oil Biolubricant
(COB) was carried out according to the work of Arbian
and Salimon (2011). The experimental was conducted in a
two-necked round bottom flask equipped with a
thermometer and mounted on a magnetic stirrer hot plate.
The flask was fitted with Liebig condenser and 1 horse
power vacuum pump. A known quantity (20 g) of COME
was poured into the round bottom flask and preheated to
60°C, after which 2.3g of TMP and 0.016g of KOH
catalyst were added then the temperature increased to
130°C. The molar ratio of methyl ester to TMP was kept at
4: 1; reaction time at 1 hour and catalyst concentration of
0.8 % wt/wt. After the reaction time was completed, the
solution was transferred into a separating funnel and
washed with warm water containing 0.6 g of ortho-
phosphoric acid which corresponds to 10%wt/wt oil. The
resulting TMP ester then was dried over a hot plate

Result and Discussion

The sample was analyzed using FT-IR and GC-MS and
results tabulated as shown in Table 2 and Table 3. The
physio-chemical properties were also determined and
compared with other reported work as shown in Table 1



Table 1: Characterization of Biolubricant

” Proceedings of the 45™ Annual Conference of NSChE, 5™ Nov — 7 Nov., 2015, Warri, Nigeria

Properties Viscosity | Viscosity at | Viscosity | Pour | Flash Point Reference

at 40°C 100°C Index Point (°C)

(°C)
This study 45.3 9.21 191 -8 215
ISO VG 46 >41.4 >4.1 >90 -10 Bilal et al.
(2013)
ISO VG 220 >12 >4.1 >50 -6 265 (Nandor et
al., 2012)

Mineral  Qil 568 27.8 62 -4 Nandor et
based Lube al.(2012)
Synthetic 9.03 2.70 148 - 204 Nandor et
Lube al.(2012)
Fusel oil 6.30 2.28 207 -27 211 Nandor et
based Lube al. (2012)
Canola oil 40.5 7.8 204 -66 Phani et al.
based Lube (2013)
Jatropha oil 42.37 9.37 183 -3 Mohammed
based Lube et al. (2011)

The yield of the oil extracted was obtained to be 55.2%
based on weight of oil seed used while the optimum methyl
ester yield was 98.42 % with a corresponding purity of
90.05 %.The percentage yield of COB was 96.56% at the
optimum conditions; COME to TMP ratio of 4:1,
temperature 120 ° C, catalyst concentration 0.8 % w/w and
reaction time of 60 minutes.

The viscosity of the castor oil based biolubricant was
determined to be 45.3 and 9.21 Cst at 40 and 100 ° C
respectively as shown in Table 1. This result shows that
there was a remarkable improvement in the viscosity of
the castor oil methyl ester (11 cst) upon transesterification
with TMP. The value obtained shows the biolubricant
synthesized met the 1SO viscosity grade requirement and
consistent with some reported literatures (Nandor et al.,
2012; Bilal et al., 2013). The variations observed may be
attributed to differences in the fatty acid profile of the
base oil or the process conditions /catalytic modification
techniques used. The finding depict that castor polyol
ester (biolubricant) has potential application as a gear oil
in automobile as its properties conform to ISO VG 46 and
ISO VG 220 requirement for this type of lubricant. There
are three standard specification for lubricants of which
ISO Viscosity Grade (VG) 46 is one of them and it
represents over 80 % of all lubricant consumed (Bilal et
al., 2013).

Viscosity index (V1) shows the behaviour of the lubricant
at different temperature. Castor base oil synthesized
lubricant was observed to have a high VI of 191 as shown
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in Table 1. This exceptionally good VI value obtained was
higher than reported values (Mohammed et al., 2011) but
lower than the value of Phani (2012). High VI permits
lesser wear and lubricant consumption during application.
Lubricants with higher VI (>130) find a wide variety of
applications (Mohammed et al.,, 2011). The value
observed in this study fulfils the ISO VG 46 and I1SO
VG220 standard specification for light gear oil. The result
indicate that the higher the VI, the less significant the
viscosity variation of the synthesized castor base oil
lubricant with temperature from ambient temperature when
engine components are at rest to high operating
temperatures. The quality of the biolubricant synthesized
were of comparable standards with commercial lubricants.

Pour point is the property of biolubricant that determines
its low temperature usability. The castor derived
biolubricant has a pour point of -8 ° C which is an
appreciable improvement from - 4 ° C for the COME
reacted with the TMP. This improvement is one of the
properties imparted on the COME upon reacting it with a
branched polyol (TMP). Arbain and Salimon (2011) stated
that higher degree of branching of esters leads to higher
pour points which are desirable properties of a lubricant.
From the result shown in Table 1, the pour point value
recorded in this study shows close proximity to the ISO
viscosity requirement. The reported value of pour point for
the synthesized TMP ester shows its excellent low
temperature usability/performance.
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Flash point is the lowest temperature at which a lubricant consistency with the reported literature (Nandor et al.,
gives off enough vapour to form an ignitable mixture with 2012)

air. It is used as an assessment for the hazardous potential

of a lubricant. The result of the analysis in Table 1 shows 3.1 FT-IR Analysis

that the flash point of ester TMP produced was 215 °C. FTIR was used to determine the presence of ester group of
The high flash point indicates the safety of the resulting TMP  ester in  the  biolubricant  produced

ester of TMP. The value also shows appreciable
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Figure 1.1: FT-IR Result for Castor Oil Biolubricant

Table 2: FT-IR composition of biolubricant observed shift in the wavelength of 1543.1 cm™ for the
spectrum of carboxylic acid functional group to 1742.74
No. of Peaks Wave Identification cm™ for the spectrum of TMP ester. This is quite related to
Peaks  Position length the work of Arbain and Salimon (2011).
(cm™)
1 461.97 477.40 Polysulfides (S-
S Stretch) 3. 2 Result of GC analysis
2 725.26 770.59 Aromatic C-H
3 860.28 892.11 Vinylidene C-H The summary of the fatty acid composition of castor
4 1054.13 1107.18  Aliphatic fluoro oil biolubricant is shown in Table 3.
compounds (C-F
Stretch)
5 1170.83 1219.05 Aromatic C-H Table 3: Composition of castor oil biolubricant
6 1459.20 1461.13 Carbonate ion
7 1540.21 1543.10 Carboxylate Products Percentage Composition
(carboxylic acid (%)
salt) Fatty acid 2.88
8 1741.78 1742.74 Ester
9 267825  2680.18 Aldehyde Monoester 0.63

10 2853.78 2881.75 Methyl C-H

12 341315 343051  Hydroxyl group Diester 1.70
Triester 94.79
According to Coates (Coates, 2000) wavelength between
I -1

3300 cm™ - 3100 cm™ shows the presence of alcohol, the The composition of fatty acid in the biolubricant produced
non-appearance of this wavelength in this result as shown was 2.88 % which is higher than that reported by Arbain
in Table 2depicts the absence of alcohol. This is because and Salimon (2011). This may be due to difference in
the OH bond in TMP has effectively reacted with the fatty feed stock and variation in experimental conditions.
acid methyl ester to produce TMP ester. There was also an However, the fatty acid consists mainly of ricinoleic acid
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which has good lubricating properties and can however
improve the properties of the biolubricant. The percentage
of monoester (ME) is quite low (0.63) due to rapid
reaction that takes place in the conversion of ME to
diester (DE). However, the rate of conversion of DE to TE
is lower compared to that of ME to DE, thus, the
percentage of DE is higher (1.70) than that of ME. As the
reaction proceeds DE is converted to Triester (TE) which
is the desired product composition in biolubricant.
Composition of TE was 94.79 % which is higher than that
reported by Ghazi et al., (2010) at 90 % composition of
TE and lower than 98.1 % reported by Arbian and
Salimon (2011).

Conclusion

This study showed that Castor oil has the potential for the
production  biodegradable lubricant using reactive
extraction. The experimental result of biolubricant
produced show that TMP ester exhibit favourable
characteristic. FTIR analysis result shows the absence of
OH group of TMP and presence of TMP ester.
Complimentary GC-MS analysis result shows that high
value of triester (94.79 %) was obtained after chemical
modification depicting the effectiveness of the conversion
process. The TMP esters of castor oil produced shows
quantitative agreement with ISO viscosity grade
requirement and establish its potential usage as light gear
oil. The innovation in this manuscript is that it is one of the
very first attempts to study the synthesis of TMP ester of
castor oil employing in-situ transesterification for
production of COME before subsequent conversion to
biolubricant.
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