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ABSTRACT

Lubricants have been applied in numerous industrial fields, as they help reduce friction and
heat generated when operating machines and also protect metallic parts in corrosive
environments. In some applications, especially in marine, these greases need to be biodegradable,
or they get accumulated and can be harmful to aquatic life. To address this matter, modified
vegetable oil was used instead of persistent mineral oil. Also, in submerged conditions, polyurea
grease outperforms traditional lithium grease as the latter is more susceptible to water washout.
So, in this paper, the polyurea thickener was synthesized in-situ in biodegradable modified
vegetable oil by using methylene diphenyl diisocyanate and amines as precursors. The fabricated
grease chemical properties were determined by FTIR, and its tribological characteristics were
studied by dropping point, penetration, and four-ball test. Results showed that polyurea grease
has high operational temperature (dropping point at 278 °C), excellent pumpability (penetration
275 mm™), and offers great wear resistance (wear load 233 kg).
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1. INTRODUCTION

Vegetable oil-based lubricants offer good anti-wear, anti-friction, and extreme pressure
properties comparable to mineral oil-based lubricants, as well as possess biodegradability.
Therefore, bio-lubricant has been studied extensively and gradually applied to replace the latter,
as rapeseed oil [1] or other plant oils [2] were used instead of mineral oils.

However, along with superior lubricating properties, vegetable oils suffer from several
drawbacks: poor thermal and oxidation stability, partly due to the presence of beta-hydrogen
atom in the glycerol molecule, which is thermally unstable and prone to oxidation [3]. These
disadvantages are major obstacles to the widespread application of vegetable oils, but can be
addressed by replacing glycerol structure with a more resistant branched polyol such as
trimethylolpropane (TMP). This method was proven to improve the stability of palm oil [4],
rapeseed oil [5], palm kernel oil [6] and camelina oil [7]. The substitution of polyol groups in
vegetable oils was carried out by transesterification, which usually requires two steps. In the first
step, vegetable oils were methanolized with alkaline catalyst to obtain methyl ester carboxylic
acid (MECA). In the second stage, the transesterification of MECA with TMP is a relatively
slow reaction, requiring strong catalysts such CHsONa or K,COs at elevated temperatures to
proceed. Among viable catalysts, sodium methoxide provides a higher product yield, but is
caustic, toxic, flammable, and highly reactive toward the water. So in this paper, potassium
carbonate was used instead because of its relatively low cost and easier of handling.

Besides base oil as the main component, grease also contains thickeners, an essential
ingredient that can form a structural framework and regenerate bonds after mechanical processes.
Among several candidates, polyurea which can be synthesized by a reaction between a
diisocyanate and an amine, is one of the best choices for making grease thickener. Due to the
popularity of soap grease, polyurea grease is still accounting for a relatively modest proportion,
but in many areas, the use of this grease is irreplaceable [8]. Owing to a high dropping point,
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around 270 °C, polyurea grease is capable of working over a wide temperature range. With its
high specific load capacity, high resistance to hydrolysis, oxidation, chemical agents, and
contains no metal ions which can catalyze oxidation reactions, polyurea is widely used as a
thickener in many specialized greases [9].

The type of amine can greatly affect the characteristics of the grease, due to the compatibility
of base oil with the hydrocarbon group attached to the nitrogen [10]. In this work, polyurea
greases were prepared in-situ using methylene diphenyl diisocyanate (MDI) and various amines
of different categories in the base oil medium. The final products were then tested for their
lubricating properties.

2. EXPERIMENTAL

2.1. Materials

Canola oil, Sodium hydroxide NaOH 96%, Acetone CH3CHO 99.5%, Ethanol C;HsOH 98%,
Trimethylolpropane (TMP) CH;CH,C(CH,OH); 98%, Methylene diphenyl diisocyanate (MDI)
CisH10N202 98%, Dodecylamine CHs3(CH2)11NH2 99%, Cyclohexylamine CgHiiNH. 99%,
aniline CeHsNH2 99%. Methanol CHsOH 98% and Potassium carbonate K>COs.

2.2. Experiment preparation
2.2.1. Instrumentation

The modified canola oil was characterized by Fourier transform infrared (FT-IR) using
Tensor 11 with a scan range of 400 - 4000 cm to identify the functional groups. Proton nuclear
magnetic resonance H-NMR was used to learn the structure of the TMP-oil. The kinematic
viscosity, density and flash point (open cup) were determined using ASTM D445, ASTM D1298
and ASTM D92, respectively.

The synthesized grease was dissolved in acetone to isolate the polyurea thickener, which was
then analyzed by FT-IR. The dropping point, penetration and extreme-pressure properties of
lubricating grease were determined by ASTM D566-20, cone penetration ASTM D217 and four-
ball method ASTM D2596-02, respectively.

2.2.2. Synthesis of TMP-modified canola oil (TMP-CA)

In the first step, canola oil was treated with methanol in the presence of NaOH catalyst. In a
typical procedure, 1 g NaOH was completely dissolved in 100 mL methanol, then 200 g canola
oil was added. Due to the miscibility between the oil and the solvent, a clear, homogeneous
solution was obtained. The mixture was then transferred to a double-layer flask, stirred under
ultrasonication while maintaining the temperature at 40 °C for 1 hour. The reaction mixture was
extracted by glycerol, washed several times using 5% NaCl solution at 75 °C until neutralized.
Excess methanol was removed by vacuum distillation.

In the second stage, 200 g MECA from the previous step was put in a three-neck round
bottom flask and was heated to 70 °C, then 28.2 g TMP was added under stirring to obtain a
homogeneous solution. 2.27 g potassium carbonate was slowly added to the flask and the whole
mixture was heated to 130 °C under a vacuum for 2 hours. The reacted solution was then diluted
with acetone, catalyst and excess TMP was separated by centrifugation. The final product was
obtained by removing acetone and MECA using vacuum distillation at 60 °C and 180 °C,
respectively.

2.2.3. Synthesis of canola oil based polyurea grease

Vegetable oil based polyurea grease was synthesized in-situ by the following procedure. MDI
and amines were first dissolved in the modified canola oil (20% wt). Then, oil solution of the
diisocyanate and each amin was mixed at proportion so that MDI/amine ratio was 1:2 to form
diurea. Because isocyanate and amine groups react vigorously with each other, the mixture
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thickened immediately as amine was introduced to the MDI solution, so strong stirring was
needed to avoid grease inhomogeneity. The reaction was kept at 60 °C for 30 minutes, then
heated to 180 °C for 2 hours. Finally, a suitable amount of TMP-canola oil was added so that the
thickener content was 10%.

3. RESULTS AND DISCUSSION

3.1. Synthesis of TMP-modified canola oil

'H-NMR magnetic resonance spectroscopy was used to determine the presence of protons in
modified canola oil (figure 1). It can clearly be seen that in the *H-NMR spectra, methyl (-CHs)
peak at 0.90 ppm and methylen (-CH2-) peak at 1,35 ppm belong to both TMP and fatty acids
from canola oil. Peak of -HC=CH- at 5.40 ppm and peak of -CH,CH=CHCH.- at 2.05 ppm are
respectively from proton adjecent to the double bond and from methylen group near the double
bond of the unsaturated fatty acids. Peak of methylen group attach with carboxylic group -
CH2C=0 of TMP can be seen at 2.35 ppm. Finally, the peak at ~4,00 ppm with high intensity
belongs to the proton of methylen group that bound to the oxygen of carboxylic acid group on
TMP molecules (CH20), proving that the transesterification was nearly complete. The weak
signal at 3,45 ppm from —CH,-OH indicated the presence of a small amount of TMP diester as
the hydroxyl group was not fully reacted. Also, a minor signal at 3,67 ppm of methoxyl group in
MECA showed that the excess methanolized canola oil was not completely removed.
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Figure 1. *H-NMR spectrum of TMP-canola oil.

FT-IR spectrum of modified canola oil was shown in figure 2. The peak at 3006.92 cm™* and
at 2924.28 cm* belonged to the stretching of the C-H bonds attached to single bond and double
bond, respectively. The C=0 stretching peak of ester can be seen at 1742.95 cm™. The weak
peak at 1654.42 was from the stretching of disubstituted C=C bond having cis-configuration,
which was belonged to the double bond in oleic acid, the main composition of canola oil. The
peak at 3535.10 cm* was attributed to the vibration of ~OH group on unreacted TMP molecule.
The existence of this peak indicate that glycerol was succesfully substituted by TMP. The peak
intensity was low showed that the transesterification reaction was almost completed. This result
agree with 'H-NMR analysis.

The TMP-modified oil samples after synthesis have been determined some properties such as
density, viscosity, freezing point and flash point, the results are shown in table 1. These
characteristics are similar to the respective properties of mineral oil, especially the viscosity
value; so it can be used to make grease at equivalent quality.
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Figure 2. FT-IR spectra of TMP-canola oil.
Table 1. Physical properties of TMP-modified canola oil.

Density, g/mL at 15 °C, ASTM 1298 0.9188
. L . 40°C | 41.35
2
Kinematic viscosity, mm?4/s, ASTM D445 100°C | 889
Freezing point, °C, ASTM D97 -16
Flash point (open cup), °C, ASTM D92 251

3.2. Synthesis of polyurea grease

Polyurea thickener was separated after dissolving the oil with acetone. From FT-IR result, the
vibration at 3328.9 cm? is attributed to the —NH- group, and the signal at 1631 c¢cm™ from
oscillation of —CO- in urea bond. It can also be seen that the stretching vibration of isocyanate
group —N=C=0 at 2275-2250 cm* does not appear, indicating that MDI was completely reacted.
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Figure 3. FT-IR spectra of polyurea thickener.
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As mentioned above, monoamine plays a crucial role in the fabrication of polyurea grease.
Depending on whether the amine is aromatic, aliphatic or cyclic, the functional group on the
polyurea surface will be that corresponding type. These groups directly affect the compatibility
of the thickener with the oil medium. The physical properties of polyurea grease at 10 %
thickener from different monoamine were shown in table 2.

Table 2. Characteristics of polyurea grease from different amines.

Amine Dropping point, °C, Penetration, mm?, Wear load, kg,
ASTM D566-20 ASTM D217 ASTM D2596-02
Dodecyl amine 278 275 233
Aniline 260 244 194
Cyclohexyl amine 270 262 224
Dodecyl amine +
Cyclolzexyl amine (1:1) 262 254 205

Visually, samples made of aliphatic and cyclic amine give the product a high degree of
homogeneity, which is reflected in the absence of turbidity in the product. This is because the
dodecyl and cyclohexyl chains are well compatible with the oleates in vegetable oils. In contrast,
because there are no aromatic hydrocarbons in the vegetable oil, the phenyl moiety of aniline is
not compatible. As a result, the aniline sample is cloudy and separates the oil after a while.
Sample from mixed amines has similar properties but due to different reaction rates of amines
with isocyanate groups (cyclohexylamine reacts faster than dodecylamine due to less bulkiness),
the control of the composition and structure of polyurea is very difficult, which causes the
resulting product to be cloudy.

The results showed that all samples had high dropping point values, above 260 °C. A
relationship between thickener-oil compatibility and grease properties was also revealed: turbid
(low compatibility) samples have lower dropping point values. For the other two samples,
dodecylamine-derived thickener with a longer carbon chain has better oil holding capacity and
thus has the highest dropping temperature value.

The penetration value allows a relative assessment of the thickener's thickening ability. The
results showed that the aniline-based grease had the lowest penetration value, followed by
cyclohexylamine and dodecylamine, respectively.

From the four-ball machine experiment, it can be seen that the anti-wear property of polyurea
grease follows the same pattern as the dropping point value. Inhomogeneous samples have a
rather low weight load while dodecylamine with the best compatibility provides the highest wear
resistance. Considering no anti-wear additive was used, the value of 233 kg can still be improved.

4. CONCLUSIONS

The canola oil was successfully modified using TMP through two steps procedure. The FTIR
and NMR showed that the glycerol was almost completely replaced by TMP. The modified oil
has technical parameters comparable to commercial oil. Results showed that the grease made
from synthesized oil and dodecylamine-based polyurea thickener has better properties than
grease using different types of amines. At a very high dropping point of 278 °C, the grease can
work at a much higher temperature range than traditional lithium grease. The high penetration of
275 mm™ indicated that the grease has good pumpability. Also, four-ball test showed that non-
additives sample having good anti-wear property at 233 kg wear load.
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TOM TAT
Nghién ctru ché tao m& bdi tron polyurea phan hity sinh hoc tir diu thye vat bién tinh

Cdc chat béi tron hién tai dang dwoc sir dung pho bién trong rat nhiéu nganh cong
nghiép do kha ndng lam giam ma sat ciing nhuw nhiét sinh ra khi vdn hanh thiét bi, dong
thoi bdo vé cdc chi tiét kim loai khéi méi trwong c6 tinh an mon. Trong mot $6 1ng dung,
dac biét la trong hang hai, cac loai m& boi tron can phai ¢6 kha ning phan huy sinh hoc,
néu khong ching sé tich tu va gdy hai cho moi truong nudc. Pé gidi quyet van dé nay, dau
thuee vt bién tinh dwoc sir dung thay thé dau khodng trong thanh phan ché tao ma. Hon
nita, trong diéu kién bi ngam dwdi nuwée, mé poliurea hoat dong tot hon mé liti truyén
thong do mé liti dé bi rira tréi. Do do, trong nghién citu nay, chdt lam ddc poliurea dirgc
ché tao truc tiép trong dau thiee vit bién tinh c¢é kha nang phdan hiy sinh hoc, sir dung tién
chat la methylene diphenyl diisocyanat va cdc amin. Tinh chdt héa hoc ciia mé tao thanh
dwoc xac dinh bdng FTIR, kha nang boi tron dwoc danh gia qua nhiét do nho giot, do lun
kim va phirong phdp bon bi. Két qua cho thdy mé poliurea cé nhiét g lam viée cao, kha
néing bom va kha ndng chéng mai mon tot.

Tir khoa: M§ poliurea; Phan hity sinh hoc; Chét bdi tron; Dau thyc vat bién tinh.
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