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Abstract

Castor oil was used as a starting material for obtaining bio-lubricants via some chemical transfor-
mations. Thus the oil was firstly epoxidized by peroxy formicacid, prepared in situ, in the presence
of ambrilite as a catalyst. The epoxide obtained was subjected to base-catalyzed transesterification
with methanol/NaOH followed by ring opening with alcohol (2-ethyl-1-hexanol) to give the corre-
sponding diol. Finally, the latter diol was acylated using acetic anhydride in pyridine, whereby the
acylated product was isolated.

The structures of the products of the different steps were illustrated from their spectral data (FT -
IR) and (!H-NMR). The reological and tribological properties of the compounds obtained were
evaluated to confirm their suitability as bio-lubricants.
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1. Introduction

Lubricants used globally are commonly made from petroleum, coals or natural gases [*-2],
Due to their wide utilization, there is the need to search for alternative sources for producing
lubricants. As a result of the long-term pollution effects associated with mineral oil-based
lubricants on the environment, and the expected depletion of petroleum reservoirs all over
the world in the future there is a need for cheap and renewable feedstock for the production
of biodegradable lubricants 31,

There are many alternatives to petroleumbased lubricant, such as synthetic or animal fat
lubricants. However, lubricants derived from vegetable oils have received greater attention
due to their favourable and acceptable physical properties. Among the advantages of bio-
based lubricants is their high lubricity, as well as, much lower coefficient of friction compared
with petrobased lubricants. Furthermore, bio-based lubricants have high flash points, which
make them effective in high temperature environment to impede evaporation or dissipation [4-6,

Bio-lubricants also have relatively stable viscosity indexes, so that they are useful over a
large range of temperatures. In addition, bio-based lubricants are generally derived fromveg-
etable oils, and its processing involves a clean and pollution free method, as well as, being
rene-wable. Finally, the non-toxic and biodegradable nature of bio-based lubricants ensures
easy disposal in the environment, unlike petroleum based lubricant. These properties make
bio-based lubricants an attractive alternative to petroleumbased lubricants [71,

Vegetable non-edible oils have some undesired characteristics, particularly a poor re-
sistance to high temperatures and limited use in low temperatures range because of solidifi-
cation, which prevents their use, in their natural state, in many areas of lubrication. Also,
Vegetable oils are prone to oxidation, i.e. have low oxidation stabilities due to the presence of
allylic hydrogens in theiralkyl chains. Various techniques have been applied to overcome the
potential problems produced by vegetable oil, such as blending with other diluents such as (1)
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polyalphaolefins, (2) chemical modification such as esterification, transesterification, (3) epoxi-
dation.

The objective of this work is to shed light on the potential of vegetable non-edible oil in the
automotive sector [8-91,

Better performances are instead obtained fromesters produced by epoxidation reaction, in
which a peracid is used for oxygen transfer to the double bonds in the fatty acid chains [10-11],
The peracid is usually formed in situ from hydrogen peroxide and acetic or formic acid,
addressing almost all of the above-mentioned principles of green chemistry. Furthermore,
fewer coloured epoxidation products are obtained which is indicative of the mild process conditions
[12-141 Fatty acids (with long chain), derived from oils, and mono-functional or poly-functional
bio-based alcohols. The performance of esters depends on their chemical structure and, as a
result of using alcohols and/or fatty acids which differ in their molecular weights and/or func-
tionality (di, tri, tetra), the synthesis can be directed to obtain products with characteristics
oriented to different performances (viscosity, viscosity index, pour point). For this reason,
research on these products continues, and new syntheses are continually proposed both in
open and patent literature 151,

In the present work epoxidation of castor oil in the presence of mixed catalyst Amber-
lite/HCOOH/H20,, followed by transesterification of the product using methanol was per-
formed. Ring opening of the products obtained by 2-ethyl-1-hexanol then finally acylation of
the product using acetic anhydride afforded acylated castor oil derivatives. The structures of
the prepared compounds were confirmed using Fourier transforminfrared spectroscopy (FT -IR),
proton nuclear magnetic resonance (*H-NMR). Finally, the rheological and tribological proper-
ties of the products by modular compact rheometry (MCR) were carried out.

Evaluation of the prepared acylated castor oil derivatives as bio-lubricants was performed
by measuring the viscosities and pour points of the prepared compounds.

2. Experimental
2.1 Epoxidation of castor oil

The reaction was carried out in three necked-round bottomed flask equipped with a me-
chanical stirrer, efficient condenser, and thermometer. Epoxide was derived by in-situ epoxi-
dation reaction using H.O. as oxygen donor and HCOOH as an active oxygen carrier in the
presence of ion exchange resin (Amberlite IR 120). The experiment was designed at the fol-
lowing molar ratio castor oil: formic acid (88%): H.O. (30%) was (1:0.5:1.5) and ion ex-
change resin Amberlite IR 120 weight percentage (15%). The reaction was maintained with
vigorous stirring (1000+ rpm) at 60°C for 15 hrs. Finally, the solvent and trace water were
distilled by rotary evaporatorto yield the product (EC,), with designation shown in Table 1.

2.2. Transesterification of the product obtained

Transesterification of the epoxidized non-edible oils with methanol canbe carried out using
both homogeneous (acid or base). Methanol is used due to their low cost and physical and chemical
advantages. The transesterification reaction occurs between alcohol adsorbed on catalyst and
ester of the reactant. Homogeneous catalysts such as sodiumhydroxide, potassiumhydroxide,
and sodium methoxide formed an alkoxide group on reaction with alcohol. The transesterifi-
cation reaction was thereafter carried out by using methanol to oil molar ratio (8:1), at 60°C
for 4 hrs to yield of product (EC;) with designation shown in Table 1.

2.3. Ring opening of the obtained products

Epoxides are highly reactive towards acids and alcohols to give diols and polyols products.
So 35 gm of the product (EC;) was treated with 1.630 mL of H,SO4 as catalyst and toluene as
solvent and 9.604 ml of 2-ethyl-1-hexanol over 4 hrs at 110°C. The reaction was left overnight
then the product was washed with brine water and dried over Na,S0, [16-171, The excess sol-
vent was removed with a rotary evaporator to give the product (EC3) with designation shown
in Table 1.
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Table 1. The designation of prepared compounds

Abbreviation Prepared compounds Abbreviation Prepared compounds
EC1 Epoxidized castor oil EC3 The diol
EC2 Transesterifized EC1 EC4 Acylated pdoduct

2.4. Acylation of the obtained products:

To a stirred solution (0.09 mol) of product (EC3), acetic anhydride (0.36 mol) was added,
4-dimethylaminopyridine (0.87 mol) and 150 mL of xylene were added. The obtained suspen-
sion was stirred and heated to 140-150°C for 8 h. Then, the product was distilled at 140-
160°C to eliminate solvent then the product was extracted by ethylacetate. The product was
washed with brine and dried overaqueous Na.SO4o0vernight, and finally, the solvent was re-
moved by rotary evaporator toyield the target product (EC:) with designation shown in Table 1.

3. Characterization of the prepared compounds

The prepared compounds were characterized by using FT -IR, Model Type ‘NicoletiS10 FT-
IR Spectrometer. The sample prepared as a disk. Room temperature, DTGS detector, 4 cm
spectral resolutions. Maximum speed: 40 spectra per second at 16 cm™ resolution [*8], The
prepared compounds were characterized by 'H-NMR spectroscopy. Using 'H-NMR type [300
M.Hs. spectrophotometer W-P-300, Bruker].

3.1. Evaluation of the prepared products as bio lubricant

Viscosity indices (VI) of the products were measured according to ASTM D2270-87. The
kinematic viscosities of the tested compounds which were determined at 40°C and 100°C.

The pour points of the prepared compounds were measured according to the ASTM-9787.
The instrument used for measuring the pour points was the Cold Filter Plugging Point Auto-
matic Tester (CFPPA-T), model 1st CPP97-2 (France).

The flash points of the prepared compounds were determined using a Cleaveland open cup
tester conforming to ASTM D92-12b.

TGA experiments were carried out using Simultaneous Q- 600 DSC/TGA (USA). The exper-
iments use a 0.01 g polymer sample, at a heating rate of 10°C min! from 25°C to 600°C and
under a flowing (25 ml min'!) nitrogen atmosphere.

3.2. Measuring rheological and tribological properties by modular compact rheometry
(MCR)

Different reological and tribological tests were employed for the prepared compounds as
illustrated in Figs. 8, 9. These tests were performed using a ball-on-three-plates tribometer
(tribology measurement cell, Rheometer MCR502, Anton-Paar GmbH, Stuttgart, Germany [1°])
Fig. 1 and 0.9 ml of each sample. Each measurement started with a conditioning run followed
by the measurement of Stribeck curves at temperatures (80°C) and loads (10 N). Stribeck
curves generally describe the friction coefficients of lubricated systems as a function of sliding
velocity, contact pressure, or viscosity.
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Fig. 1. Rheometer MCR502 component
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4. Results and discussion

In the last decades, there is an increasing concern in finding substitutes for petroleum
refinery products. This is due to two reasons: first, the expected depletion of petroleum res-
ervoirs in the future; second, petroleum products and their wastes, being hon-biodegradable
represent environmental petroleumdue to the toxicity of most of their components. Vegetable
oils, being renewable and biodegradable sources, represent suitable candidates for this pur-
pose. Although vegetable oils suffer from the disadvantages of being susceptible to oxidation
due to the presence of allylic hydrogen in their backbone, this problem could be overcome by

using suit

able doses of antioxidant additives.

It is hoped that this investigation will be a contribution to this trend. Thus castor oil was
used as a starting material to obtain some bio-lubricants via the chemical transformations
illustrated by scheme (1).
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The products obtained were characterized by spectral tools (FTIR and *H-NMR). Evaluation
of the rheological and tribological characteristics of these compounds was also performed.

4.1. Spectral characterization
4.1.1. The infrared spectra (FT-IR)

The infrared spectrum of castor oil is given in Fig. 2, showed the following: The hydroxyl
(OH) bands appearclearly near to 3436 cm!as broad bands. C-H of alkanes in the range of
2855 cmt and 2925 cmt. C=0 appears at 1744 cmt.C-O appears at 1166 cmt. CH of CHs
group appears at 1462 cm™ and 1362 cmt. CH of CH. group appears at 1462 cm™ and 1376
cml. C=C of alkene appears at 1650 cml. =CH appears at 3008 cmt. C=O0 of ester appears
at 1744 cml,

The infrared spectrum of product (EC:) is given in Fig. 3, showed the following: The disap-
pearance of C=C of alkene and also for =CH band, and appearance of epoxide band at 859
cml, C=0 appears at 1741 cmt. The hydroxyl (OH) bands appear clearly nearto 3453 cm'?

as broad bands, C-H of alkanesin the range of 2855 cm! and 2928 cmt. C-O appears at 1173
cmt. CH of CH, group appears at 1462 cm* and 1438 cm'™.
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Fig. 3. The infrared spectrum of compound (EC1)

The infrared spectrumof product (ECs) is given in Fig. 4, indicates the following: The disap-
pearance of epoxide band, and appearance of hydroxyl (OH) bands appears clearly near to
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3456 cmt. C=0 appears at 1741 cml. C-H of alkanes in the range of 2856 cm'! and 2928
cml, C-Oappearsat 1172 cmt. CH of CH, group appears at 1438 cmtand 1372 cml.

The infrared spectrumof product (EC.) is given in Fig. 5, showed the following: Thereis no
band for hydroxyl (OH) nearly due to acylation reaction. C=0 appears with at 1740 cm™*. C-H
of alkanes in the range of 2856 cm* and 2928 cm*. CH of CH. group appears at 1462 cm
and 1373 cm'l.
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Fig. 4. The infrared spectrum of compound (EC3)
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Fig. 5. The infrared spectrum of compound (EC4)

4.1.2. The nuclear magnetic resonance spectra (*H-NMR)

The 'H-NMR spectra of products (EC: — EC4) are illustrated: The *H- NMR spectrum of castor
oil which illustrates the appearance of the CHs terminal at 6-0.96 ppm, -CH-OH protons at &-
3.5 ppm, =C-H protons at 8-5.5 ppmand methylene (CH.) protons at 6-1.3 ppm.

The 'H-NMR spectrumof product (EC:) which illustrates the appearance of the CHs terminal
at 6-0.96 ppm, -CH-0OH protons at 6-3.5 ppm, epoxy protons at -3.2 ppm, methylene (CH>)
protons at 6-1.3 ppmand disappearance of =C-H protons at 6-5.5 ppm.

The *H-NMR spectrum of product (EC4) which shows the appearance of the CH; terminal at
0-0.96 ppm, the disappearance of -CH-OH protons at 6-3.5 ppm and disappearance epoxy
protons at 6-3.2 ppm.
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4.2, Evaluation of the prepared compounds

From comparison of the viscosity index value of castor oil with that synthesized compounds
shown in Table 2, it is evident that the viscosity index for castor oil (221) is lower than acylated
transester of treated castor oil (EC4) with value (232) which implies that the synthesized com-
pounds show better bio-lubricant properties compared with castor oil.

Low temperature studies showed that most vegetable oils undergo poor flow and solidifi-
cation at -18°Cas they have a tendency to formmicrocrystalline structure at low temperature.
The pour point should be low enough to ensure that the bio-Ilubricant is pump-able when the
equipment is started at extremely low temperatures. So, comparing pour points of the syn-
thesized compounds with the value of castor oil it was found that there is a clear pour point
improvement for the product (ECs) with value -27°C.

Table 2. Physicochemical properties of synthesized castor oil and its acylated derivatives

Properties Stjg_?_;rd C%sitlor (PErg (lj) (PEr(c:) g) (PErg (31) Prod (EC4)
Viscosity index D2270 221 175 187 193 232
Flash Point , °C D 92 255 240 267 282 300
Pour Point , °C D 97 -18 -9 -15 -21 -27

Flash point is useful in determination the volatility and fire resistance of a bio-lubricant and
also for determination of transportation and storage temperature. So, it must be high enough
to allow for safe operation at maximum operating temperature. From the results, it is evident
that the product (ECs) has a value of 300°C which is necessary for most demanding applications.

The thermal stability of the prepared compounds was investigated, Figs. 6, 7, both integral
is shown. It was found that the primary degradation occurs at 300°C, while the complete
degradation occurs at 500°C. This confirms the suitability of the prepared compounds as bio-
lubricants.

T T T
200 400 600 800 100
Exo Up Temperature (*C)

Fig. 6. TGA Curve of compound (EC3)

The most important rheological parameters for lubricants is viscosity as it also affects the
tribological properties like friction betweeninteracting surfaces and wears. In the steady-shear
test, shear rates from0 to 120 s ! at Fig. 8 were applied to the bio-lubricant. It was found
that castor oil and its derivatives exhibit a Newtonian flow and by increasing shear rate, dy-
namic viscosity is nearly constant which is an advantage.
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Fig. 8. Shearrate versus shear stress for castor oil, product (EC3), product (ECs) and conven-
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Fig. 9. Coefficient of friction (COF) versus sliding velocity for castor oil, product (ECs), product
(ECs) and conventional synthetic oil
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Stribeck curve shownin Fig. 9 has three types of lubricant conditions which are a boundary,
mixed and hydrodynamic lubricant [2°1, In the middle between mixed and hydrodynamic lub-
ricant condition, there was an elastohydrodynamic lubricant which is the friction coefficient
decreasing during the increasing of the parameter. Acylated castor oil showed low friction
coefficient at 80°C compared with castor oil and conventional synthetic oils.

5. Conclusion

Castor oil can be used, after some chemical transformations, as a suitable candidate for
obtaining environmental friendly bio-lubricants. Saturation of double bonds of castor oil gives
products less susceptible to oxidation than the oil itself, i.e. having more oxidation stabilities.

Chemically modified castor oil products were given excellent results as rheological and
tribological properties. Being a non-edible oil, castor oil can be used as a source for obtaining
bio-lubricants without causing any nutritional problems
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