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ABSTRACT

In the recent years, the environment friendly lubricants have been using worldwide. Vegetable oils-based lubricants are
the best substitute of the mineral and synthetic lubricant. In view of this present study concerns on tribological
investigation of bitter almonds oil containing TiO, nanoparticles and Triton X-100 as surfactant. Four different volume
fractions of nanoparticles (0.01, 0.02, 0.03, and 0.04) used for nano lubricant formulation and the ratio of TiO,
nanoparticles and Triton X-100 is 2:1. The tribological investigation of formulated Bitte almond oil-based nano lubricant
on Four ball tribotester using ASTM 4172B. Bitter almonds oils containing 0.02 vol. fraction nanoparticles showed
minimum average wear scar diameter and coefficient of friction.
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. INTRODUCTION

A lubricant is a substance solid, liquid, or semi-solid that facilitates sliding motion between contact surfaces by
reducing friction. Lubricants can be categorized into mineral oil, synthetic and bio-lubricants based on the base oil used
[1]. Though Mineral oil and synthetic lubricants are cheap and have high oxidation stability, they rank very low in the
biodegradability index(BI) while bio-lubricants apart from showing high viscosity index are biodegradable [2]. Mineral
oils and synthetic oils as a lubricant are serious concerns to the environment. These have far been used as a lubricant,
predominantly in the auto and manufacturing industry, which disturbs the ecology due to harmful hydrocarbon emissions
rich in sulfur and nitrogen. The worldwide demand for lubricants rose from 37.1 million tons per year in 2003 to 38 million
tons in 2014 and is expected to cross the 40 million mark by 2023 [3]. Vegetable oils derived from plants show
characteristics of a bio-lubricant. Investigation shows that vegetable oils when taken as lubricant basestock shows poor
oxidative stability and pour point but their properties can be improved by additives that make them suitable for industries
[4]. Among additives, studies of nanoparticles like CuO, ZnDP, ZnDTP, graphenes, fullerenes, and Al,O3 in lubricant base
stock have suggested a significant effect on the thermal properties of a lubricant. The addition of nanoparticles in neem oil,
rapeseed oil, and other bio-based lubricants generally improves the friction and wear characteristics of the lubricant. As the
induction of nanoparticles in lubricant base-stock enhances its tribological characteristics and thermo-physical
significance, it becomes of utmost importance to explore bio-nano lubricants as an alternative to mineral oil. Ettefaghi et
al. investigated the effect of MWCNT in engine oil which used the ball mill method for uniform dispersion of nano
lubricant. The findings of the experiment were increments of 13.2%, 18%, and 22.7% in thermal conductivity at 0.1,0.2
and 0.5wt% concentration respectively. They concluded that viscosity, pour point, flash point didn't show appreciable at
lower concentrations but they improved as the concentration increased and were better than the base oil [5]. Asrul et al.
studied the tribological characteristics of CuO nanoparticles in paraffin. Their study indicated that the viscosity decrease as
temperature increases from 40 deg. to 100 deg. Celsius. The lowest coefficient friction of modified CuO was at 0.3wt%
concentration in sharp contrast to unmodified CuO which indicated the same at 0.1wt% concentration [6].

S. Arumgam and G. Sriram used a combination of rapeseed oil, nano CuO, and 7% diesel to study friction and
wear characteristics on piston ring and cylinder liner friction pair. The optimum concentration for least friction and wear
was determined as chemically modified rapeseed oil (CMRO) with 0.5wt% nano CuO. Also, the oxidative stability
increased two times concerning raw rapeseed oil and its pour point further decreased [7]. Dinesh et al. performed an
experiment taking mineral oil as a base oil with 0.005 wt% of MWCNT and 0.02wt% of ZnO nanoparticles. They observed
that friction and wear characteristics have enhanced showing a reduction of 15 times in wear when compared to the base
oil. Also, thermal conductivity, viscosity, and flash point showed an increment of 2.2%, 20.07% at 307 K, 6.612%
respectively [8]. Cortes and Ortega studied the tribological characteristics of coconut oil with SiO, and CuO nanoparticle
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additives using a custom-made tribotester. They were able to reduce friction force by adding nanoparticles to the bio-
lubricant. At a concentration of 1.25wt% SiO, and 0.5wWt% of CuO, the coefficient of friction declined significantly. It was
also observed that volumetric wear was reduced to a great extent by using SiO, and CuO as nano additives in coconut oil.
Similar results were obtained when the bio lubricant was changed to sunflower oil [9]. Cortes et al. found that on varying
the concentration of nanoparticles from 0.25wt% to 1.25wt%, minimum coefficient of friction was observed at 1.25wt%
for SiO, and 0.75%wt for TiO2. As for the volumetric wear it was minimum at 1.25wt% for SiO, and 1.0wt% for TiO,
[10]. Opia et al. investigated the effect of organic carbon nanotubes in rapeseed oil and compared it with mineral oil on the
apparatus high-frequency reciprocating test rig. The coefficient of friction for carbon nanotubes in rapeseed oil was lower
compared to a combination of mineral oil but the converse is true in the case of wear rate. It led them to conclude that
rapeseed oil performed better at lower working conditions (load and frequency) [11]. Along with the friction tests
dispersion of nanoparticles are also important. In his paper, Rio et al. used graphene oxide nanoparticles with ionic liquid
as a dispersant in a bio lubricant. The nano dispersion was stable for four weeks and a test was conducted on the ball on
disc arrangement. They concluded that mixing a bio lubricant BIOE with 1wt% IL and 0.05wt% graphene oxide decreased
the coefficient of friction by 34% compared to the base oil. They also found that the surface roughness of nano lubricant
was less than that of BIOE base oil [12]. Many studies in literature are related to emergence of nanoparticle as an additive
in vegetable oils due to their multifunctional advantages such as corrosion resistant, anti-wear and extreme pressure
properties. Extensive research has been published regarding tribological performance of chemically modified vegetable oil
due to their environmental benefits and compatibility. Despite various research contributions there is a lack of
implementation of optimization techniques in nano bio lubricants that is effective in reducing cost, time and money. To the
best of author’s knowledge there has been no experimental investigation on TiO, nanoparticle as an additive in bio
lubricant using response surface methodology.

1. METHODOLOGY

The Pure bitter almonds oil has been purchased from local market. The titanium oxide nanoparticles have been
purchased from HPLC Pvt. Ltd. The Triton X-100 was used as surfactant and purchased from Loba Chemie Pvt. Ltd. Four
different volume fractions of nanoparticles (0.01, 0.02, 0.03, and 0.04) used for nano lubricant formulation and the ratio of
TiO, nanoparticles and Triton X-100 is 2:1. The calculated amount of each additive is mixed in bitter almonds oil by using
magnetic stirring for 40 minutes. After that this mixture is ultrasonic bath sonicated for 30 minutes.

Figure 1: Bitter almond oil-based nano-lubricant (PBAL, PBA2, PBA3, PBA4 L to R)

The tribological properties of formulated bitter almond oil-based nano lubricant was investigated using four ball
tribotester at ASTM 4172B. The operating conditions are Load:392N, Speed: 1200, temperature 75°C, and time 01 hour.

1111, RESULTS AND DISCUSSION

The TiO, nanoparticles were characterized by using FESEM at 1,00,000 magnifications and showed in figure 2.
TiO, nanoparticles are spherical in shape and the particles size was 10-15 nm.
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Figure 2: FESEM image of TiO, nanoparticles

The anti-wear properties of formulated bitter almond oil-based nano lubricant was investigated using four ball
testers under ASTM 4172B. The operating condition are as 392N Load, 1200 rpm, 3600 sec. after the experimentation the
wear scar diameter of balls were investigated using optical microscope. Average wear scar diameter and coefficient of
friction was recorded in table 1. Bitter almond oil showed the maximum average wear scar diameter and CoF.

Table 1: Average wear scar diameter and CoF

Sr. Nano Conc. | AWSD CoF
No lubricant (%) (um) (W
1. | PBA - 620 0.08
2. | PBA1 0.01 559 0.06
3. | PBA2 0.02 519 0.05
4, | PBA3 0.03 610 0.07
5. | PBA4 0.04 600 0.06
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Figure 3: AWSD of formulated nano lubricant

(d) (e

Figure 4 Optical microscopic images of worn-out surfaces of balls under formulated nano lubricant (a) PBA (b) PBAL (c)
PBA2 (d) PBA3 (e) PBA4

Www.asejar.org 19|Page



Applied Science and Engineering Journal for Advanced Research
ISSN (Online): 2583-2468
Volume-1 Issue-6 || November 2022 || PP. 17-20 DOI: 10.54741/asejar.1.6.4

The minimum AWSD and CoF was recorded for bitter almond oil containing 0.02 vol. fraction of TiO,
nanoparticles. Figure 3. showed the average wear scar diameter (AWSD) of steel balls after the experimentation under
different nano lubricant. Optical microscopic images of ball after experimentation were presented in figure 4. Figure 4(a)-
(e) showed the optical images of balls under lubrication of bitter almond oil and oil containing 0.01, 0.02, 0.03 and 0.04
vol. fraction of nanoparticles, respectively. The AWSD was measured after taking the optical microscopic images. The
optimum concentration was 0.02 vol fraction of nanoparticles.

IV. CONCLUSION

Bitter almonds oil-based nano lubricant containing TiO, nanoparticles and Triton X-100 was successfully
formulated. Four different volume fractions of nanoparticles (0.01, 0.02, 0.03, and 0.04) used for nano lubricant
formulation and the ratio of TiO, nanoparticles and Triton X-100 is 2:1. The tribological investigation of formulated Bitte
almond oil-based nano lubricant on Four ball tribotester using ASTM 4172B. Bitter almonds oils containing 0.02 vol.
fraction nanoparticles showed minimum average wear scar diameter of 519 um and 0.02 coefficient of friction. Bitter
almond oil is a non-edible oil and it can be recommended for the lubricant formulation with TiO, nanoparticles.

REFERENCES

1. Karmakar G, Ghosh P, & Sharma BK. (2017). Chemically modifying vegetable oils to prepare green
lubricants. Lubricants, 5(4), 44.

2. J. Salimon, N. Salih, & E. Yousif. (2010). Biolubricants: raw materials, chemical modifications and
environmental benefits. Eur. J. Lipid Sci. Technol., 112(5), 519-530. doi: 10.1002/ejlt.200900205.

3. Mandakovi¢ R., & Novina B. (2015). Trends, demands and paradoxes of lubricant micro markets such as Croatia
and the surrounding countries. Croatian Society for Fuels and Lubricants.

4. Sevim Z Erhan, & Svajus Asadauskas. (2000). Lubricant basestocks from vegetable oils. Industrial Crops and
Products, 11(2-3), 277-282.

5. E. Ettefaghi, et al. (2013). Preparation and thermal properties of oil-based nanofluid from multi-walled carbon
nanotubes and engine oil as..., International Communications in Heat and Mass Transfer.

6. M. Asrul, N. W. M. zulkifli, H. H. Masjuki, & M. A. Kalam. (2013). Tribological properties and lubricant
mechanism of nanoparticle in engine oil. Procedia Eng., 68, pp. 320-325. DOI: 10.1016/j.proeng.2013.12.186.

7. S. Arumugam, & G. Sriram. (2014). Synthesis and characterization of rapeseed oil bio-lubricant dispersed with
nano copper oxide: Its effect on wear and frictional behavior of piston ring—cylinder liner combination. Proc. Inst.
Mech. Eng. Part J J. Eng. Tribol., 228(11), pp. 1308-1318. doi: 10.1177/1350650114535384.

8. R. Dinesh, M. J. G. Prasad, R. R. Kumar, N. J. Santharaj, J. Santhip, & A. S. A. Raaj. (2016). Investigation of
tribological and thermophysical properties of engine oil containing nano additives. Mater. Today Proc., 3(1), pp.
45-53. doi: 10.1016/j.matpr.2016.01.120.

9. V. Cortes, & J. A. Ortega. (2019). Evaluating the rheological and tribological behaviors of coconut oil modified
with nanoparticles as lubricant additives. Lubricants, 7(9), 76. doi: 10.3390/lubricants7090076.

10. V. Cortes, K. Sanchez, R. Gonzalez, M. Alcoutlabi, & J. A. Ortega. (2020). The performance of SiO2 and TiO2
nanoparticles as lubricant additives in sunflower oil. Lubricants, 8(1), 10. doi: 10.3390/lubricants8010010.

11. C. Opia, A. H. M. Kameil, Z. H. C. Daud, C. Mamah, M. I. Izmi, & A. B. A. Rahim. (2020). Tribological
properties enhancement through organic carbon nanotubes as nanoparticle additives in boundary lubrication
conditions. pp. 16.

12. J. M. Lifieira del Rio, E. R. Lépez, F. Garcia, & J. Fernandez. (2021). Tribological synergies among chemical-
modified graphene oxide nanomaterials and a phosphonium ionic liquid as additives of a biolubricant. J. Mol.
Lig., 336, 116885.

Www.asejar.org 20|Page


https://core.ac.uk/search?q=authors:(Robert%20Mandakovi%C4%87)
https://core.ac.uk/search?q=authors:(Bruno%20Novina)

