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Abstract
Biodiesel fuels were prepared from vegetable oil soybean and studied through viscosity, pour
point, flash point and Fourier Transform Infrared (FTIR). The crude soybean oil was purified,
trans-esterified and nanoparticles were dispersed in the trans-esterified oil with concentration
ranging from 0.25% to 1.0% in 0.25% interval. Fourier Transform Infrared spectra (FTIR) was
used to examine the structures of the samples, The viscosity, pour point and the flash point were
studied. It was found out among other things that the optimal biodiesel volume was obtained at a
temperature of 80 ºC and a time of 63 munities, also it was found that small amount of
CuO(0.25%) nanoparticles in the oil could improve the physical properties of the fluid. The
nanofluid with 0.25% concentration of CuO appears to have optimum physical property.
Key words: FTIR,Pour Point, Soybean Oil, Transesterification.
Introduction
Lubricants are being utilized in all sectors of industry for lubricating their machines and materials.
Reports indicate that nearly 39 million metric tons of lubricants were used globally in 2017, with a
projected increase of 1.2% over the next decade [1]. Approximately 85% of lubricants being used
around the world are petroleum-based oils. Enormous use of petroleum based oils, created many
negative effects on environment. The major negative effect is particularly linked to their
inappropriate use, which results in surface water and groundwater contamination, air pollution, soil
contamination, and consequently, agricultural product and food contamination. Stronger
environmental concerns and growing regulations over contamination and pollution will increase
the need for renewable and biodegradable lubricants [2].
An annual growth rate of 7–10% for environmentally favorable lubricants is expected on the
market over the next few years compared to a rate of only 2% for the overall lubricant market [3].
Vegetable oils are a viable and renewable source of environmentally favorable oils. The vegetable
oils provides qualities desirable in a lubricant. Long, polar fatty acid chains provide high strength
lubricant ﬁlms that interact strongly with metallic surfaces, reducing both friction and wear. The
strong intermolecular interactions are also resilient to changes in temperature providing a more
stable viscosity, or high viscosity coefﬁcient. The entire base oil is also a potential source of fatty
acids. But the oxidative stability, freezing point and viscosity of the oil were the primary obstacle
to the industrial application [4-16].
The addition of nanoparticles into a lubricating oil is expected to enhance significantly the
oxidative stability, reduces the friction coefficient and increases the load-bearing capacity of the
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friction parts in mechanical systems. A variety of mechanisms have been proposed to explain the
lubrication enhancement of the nanoparticle suspended lubricating oil (i.e., nano-oil), including the
ball bearing effect [5], protective film mending effect and polishing effect . These mechanisms can
be mainly classified into two groups. The first is the direct effect of the nanoparticles on lubrication
enhancement. The nanoparticles suspended in lubricating oil play the role of ball bearings between
the friction surfaces. In addition, they also make a protective film to some extent by coating the
rough friction surfaces [6]. The other is the secondary effect of the presence of nanoparticles on
surface enhancement. The nanoparticles deposit on the friction surface and compensate for the loss
of mass, which is known as mending effect. And also the roughness of the lubricating surface is
reduced by nanoparticle-assisted abrasion, which is known as a polishing effect.
However, paper wishes to investigate the effects of CuO Nano particles on rheological properties
of biodiesel extracted from soy bean. The addition of small amount of CuO Nano particles in
biodiesel is expected to bring about boost some of the physical properties of the biodiesel.
Materials and Methods
Materials
Chemicals
The materials and reagents used in carrying out the research are as follows: crude soy bean oil
(Azadirachta indica), 8 % sodium hydroxide (NaOH), 64 % citric acid (C6H8O7, purity: 99.7 %),
silicon (SiO2) reagent, activated carbon, acetone, and distilled water (H 2O).
Equipment
The equipment’s used in carrying out this study are: magnetic stirrer with thermostatically
controlled rotary hot plate (IKA C-MAG HS10), Brookfield Digital viscometer
{Brookfield,RVDV-I}, thermometer, measuring cylinder, Cheng Sang Vacuum oven (MA 0-30L),
Digital weight balance (AND model GT2000 EC), beaker, 24 cm filter paper, funnel, Digital stop
watch, sampling bottles, spatula.
Methodology
Sample Purification
The crude soy bean oil was purified, through the following procedure;200 ml of the crude soy bean
oil oil was measured using measuring cylinder; the oil was pre-heated to 70 oC using hot magnet
stirrer with thermometer. 1.5 ml citric acid was measured and added to the heated oil sample and
continuously heated and stirred for 15 minutes at 70 oC. 4 ml of 8 % NaOH (by dissolving 8 g
NaOH in 100 ml of distilled water) was then be added to the oil and continuously heated and
stirred for 15 minutes at 70 oC. The mixture was then transferred to the vacuum oven where it was
heated at 85 oC for 30 minutes. Then the mixture was taken back to hot magnetic stirrer and heated
to 70 oC after which a 2 g of silicone reagent was added while it was being heated and stirred for
30 minutes. Then the temperature was increased to 85 oC and 4 g of activated carbon was added to
each 100 ml of the oil sample, heated and stirred for 30 munites. Then the mixture was separated
using filter paper.
Trans-esterification
60g of the crude soy bean oil was measured in 250ml of conical flask and was heated and stirred to
a temperature of 80, 70, 55, 40 and 32 ℃ respectively on a hot magnetic stirrer plate, 0.6g of
NaOH was measured using the electronic weight machine and allowed to dissolve in 21ml of
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methanol and then allowed to heat for 80,63, 60 and 57 minutes respectively with the stirrer on the
hot magnetic plate. After uniform stirring and heating on the hot magnetic plate. Each sample was
then poured into the separating funnel through a glass funnel and separated. The mixture was
allowed to cool for about 40 minute. Afterwards, it was observed that they separated into two
liquid layers. The upper layer is the biodiesel and the lower layer is triglycrol fatty acid. The
biodiesel was then separated from its byproduct. The effect of reaction time and temperature ware
analysed.
Nano-fluids Preparation
The CuO Nano-particles powder was purchased from Sky Spring Nano materials, Inc., U. S. A, the
size of the nano-particles is 10-20nm and the surface was modified with Epoxy Group and it’s
dispersible as mentioned by the company. Nano-fluids are prepared by two step process. The
volume concentration of 0.25%, 0.5%, 0.75% and 1% of powdered nano-particles trans-esterified
crude soy bean oil was made respectively. To make the nano-particles more stable and remain
more dispersed, each sample was stirred for 3-4 hours using magnetic stirrer, then the samples
were taken for analysis.
Viscosity
Viscosity was measured using Brookfield viscometer in a speed range of 50 rpm with spindle size
of 2 since a small quantity of the sample is to be measured. The following are the detailed
procedure for viscosity measurement;the sample was poured into a beaker, the spindle was fixed
and the machine was started, the angular speed was selected on the viscometer and the viscosity
was read and recorded the same procedure was repeated for the purified and trans-esterified soy
bean oil.
Pour point
Using an improvised method, the experimental procedures of pour point measurement for both
crude and purified oil are enumerated below;The cylindrical test tube was filled with the soy bean
oil to a specific level mark (5 ml). The test tube was clamped with a wooden clamp carrying the
thermometer then placed in a bath of crushed ice (ice bath) and allowed to cool at a specified rate
interval of 3 ºC for flow characteristics the lowest temperature at which the movement of the oil is
observed within 5 s is taken as pour point on the thermometer. ASTM 1999, D 97. The same
procedure was repeated for the purified neem oil.
Flash point
The flash point for both crude and purified neem oil was also measured;
A 100 ml conical flask was filled to a specific mark level (10 ml) with crude soy bean oil and
heated at 14 t0 17 ºC / min (25 to 30 ºF / min) on the hot plate until the temperature is 56 ºC (100
ºF) below the expected flash point, the rate of temperature changes was then reduce to 5 to 6 ºC
/min (9 to 11 ºF/ min) and the test flame was applied for every 2 ºC (5 ºF) until the oil burn for at
least 5 s. The flash point was taken at the lowest temperature when an application of the flame test
caused the vapor above the sample to ignite. ASTM 1999, D 92. The same procedure was repeated
for the purified and trans-esterified oil.
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Pour point, Flash Point and Fire Point Result of Soy Bean
Pour point; the pour point of lubricating fluid gives an indication of the temperature below which
it may not be possible to pour or remove the oil from its container. It was found that found that the
pour point of the crude is 10 ℃ while that of the purified oil is 9℃, and Trans – esterified is
8℃, consequently the pour point Trans - esterified (0.25w% CuO) is 5℃. This implies that the
Trans - esterified (0.25w% CUO) is 5℃ oil has lower pour point due to the removal of gums in
form of phospholipids from the crude oil , its well known that lubricating fluid with low pour point
is better especially in a cool whether condition.
Flash point; The flash point test is sensitive in the study of lubricating fluid, because its gives the
an indication of the flammability of an oil. They may also be used to provide a quantitative
indication of contamination with more flammable materials. the flash point of both the crude,
purified, Trans – esterified and Trans - esterified (0.25w% CuO) oils are 167 ℃, 125 ℃, 119 and
134 ℃ respectively. the higher temperatures of the purified oil indicate .its usefulness for
lubrication and it may be as a result of removing the flammables materials from the crude oil.
Results and Discussion
It was found that some variables effect the production of biodiesel from vegetable oils, the
variables are: (1) free fatty acid and moisture content for based catalyst transesterification, free
fatty level should be less then 3% and water free. (2) reaction time and temperature. The citric acid
used during the purification was convert the free fatty acid into insoluble salt while the based
sodium hydroxide was added to convert the insoluble salts into soluble one finally the heating
process was done to evaporates all the water moisture in the samples
During the transesterification, different reaction time and temperature ware used in order to obtain
the optimal temperature and time for the biodiesel production. The results are summarized in a
table 1 and 2.
Time variation (min)
80
63
3
Biodiesel volume (cm ) 24.5
25.1
Table 1: Volume concentration yield for time variation

60
24.3

Temperature variation (ºC)
80
70
55
3
Biodiesel volume (cm )
27
25.2
22.1
Table 2: Volume concentration yield for temperature variation

57
20.7

40
15.2

32
17.5

Based on the above result it was clearly indicated that, the optimal volume of biodiesel was
obtained at 63 min and 80 ºC
So also, Figure 1 presents the plots of viscosity versus temperature of soybean oil. As expected, the
viscosity decreased with the temperature. It can be noted a pseudoplasticity, followed by a
Newtonian behavior at lower temperature. Nevertheless, it is worth to point out that the extent of
pseudoplasticity decreases with the increase in temperature. The viscosity of crude samples has
higher viscosity than the pure and transesterified biodiesel. High viscosity of crude soybean oil is
due to high molecular mass and large chemical structure. The viscosity of pure vegetable oils is
10–15 times greater than the viscosity of diesel. Transesterification of oils produces esters with a
viscosity of approximately twice that of diesel. Vegetable oils have high molecular weights in the
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range 600–900, which are three or more times higher than diesel fuels [15]. Free fatty acids or
compounds with hydroxy groups possess significantly higher viscosity [16]. Similar result was
obtained by Geng et al., [17].

Figure 1: Graph of Viscosity versus Temperature of Soybean Oil
Good heat transfer and fluid flow are characteristics of insulating fluid, as a result of low viscosity
which necessitated the additional study of this physical property. To be assured of the effective
cooling of transformer cores and windings, capacitors, regulators, pumps, etc. The viscosity of the
oil was systematically studied as shown in Figure 2. From the Figure, it is observed that the
viscosity is decreasing with increase in temperature. The viscosity of the nanofliud containing
0.25% nano particles oil was observed to be lower than that of transesterified. After adding the
nanoparticles above 0.25% the viscosities were found to increases with an increase in temperature.
Similarly, the percentage concentration shows a significant effect in the enhancement of the
viscosity of the fluid.
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Figure 2: Graph of Viscosity versus Temperature of CuO Nano -Soybean fluid
The FTIR analysis is employed in order to identify the presence of CuOnanoparticles in the based
trans-esterified castor oil, the FTIR spectra of all the samples were obtained using SHIMADZU
FTIR-8400S Spectrophotometer at National Research Institute For Chemical Technology
(NARICT) Zaria. It is an established fact that the fundamental vibrations of solids particle
(fingerprint) are localized in the low frequency region (<1200 cm-1) of the midrange (400-4000cm1
) of the infrared spectrum. So the FTIR spectra of purified neem and nano-fluid are presented
below.
The FTIR spectra shown in Figures 3- 6, displayed the typical bands that exist in natural esters.
The band with a peak at 2924 cm-1 describes C-H stretching. The bands with peaks at 1674 cm-1
and 1033 cm-1 are vibration of C=O and C-O. These are typical bands that describe esters. The
bands with peaks at 1442 cm-1 and 840 cm-1 are due to methylene scissoring and rocking. The
addition of CuOnanoparticles is expected to change the FTIR spectra of the fluid. Meanwhile no
visible change was observed when the concentration of the nanoparticle in the fluid was 0.25%and
0.5%, a band was observed around 864 cm-1.

Figure 3: FT-IR Spectra of crude soy bean oil

Figure 4: FT-IR Spectra of purified soy bean oil

16

International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com

International Journal in Physical and Applied Sciences
Volume 06 Issue 06, June 2019 ISSN: 2394-5710 Impact Factor: 4.657
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

Figure 5: FT-IR Spectra of purified soy bean oil

Figure 6: FT-IR Spectra of 0.25% nanoparticles concentration in castor oil

Figure 5: FT-IR Spectra of 0.5% nanoparticles concentration in castor oil
Conclusion
The results shows that the samples has viscosity lower than conventional insulating fluid. Just like
most insulating fluids, the dynamics viscosity decrease with increase in temperature. The addition
of nanoparticles (0.25w% CuO) resulted in decrease in viscosity. The viscosity change may have
contributed to the observed increase in with temperature. The Trans - esterified nanofluid with
(0.25w% CuO) appears to be more suitable for insulation as the sample was observed to have
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lowest pour point of 2℃and higher flash point of 145℃. This is due to the removal of gums in
form of phospholipids from the crude oil. Hence, therefore, the result of the study shows that the
trans-esterified nano fliud castor oil with 0.25% oil is potential candidate for the production of
lubricating fluid.
Acknowledgement
The authors would like to acknowledge the financial support of Tertiary Education Trust Fund
(TETFund) for sponsoring this research and Directorate for Research and Development KUST
Wudil, for facilitating the process of accessing the research grant.
References
[1] Garba, Z.N., Gimba, C.E. and Emmanuel, P., 2013. Production and characterisation of biobased
transformer oil from Jatropha Curcas Seed. Journal of Physical Science, 24(2), p.49.
[2] Shameer, P.M. and Ramesh, K., 2018. Assessment on the consequences of injection timing and
injection pressure on combustion characteristics of sustainable biodiesel fuelled
engine. Renewable and Sustainable Energy Reviews, 81, pp.45-61.
[3] Annamalai, M., Dhinesh, B., Nanthagopal, K., SivaramaKrishnan, P., Lalvani, J.I.J.,
Parthasarathy, M. and Annamalai, K., 2016. An assessment on performance, combustion and
emission behavior of a diesel engine powered by ceria nanoparticle blended emulsified
biofuel. Energy conversion and management, 123, pp.372-380.
[4] Prabu, A., 2017. Nanoparticles as additive in biodiesel on the working characteristics of a DI
diesel engine. Ain shams Engineering journal.
[5] Sierra, M.J., Tamayo, K., Herrera, A.P., Ojeda, K.A. and Sanchez, E.L., 2018. Environmental
Assessment of Biodiesel Improved with Nanoparticles.
[6] Özgür, T., Özcanli, M. and Aydin, K., 2015. Investigation of nanoparticle additives to biodiesel
for improvement of the performance and exhaust emissions in a compression ignition
engine. International journal of green energy, 12(1), pp.51-56.
[7] Knothe, G., 2006. Analyzing biodiesel: standards and other methods. Journal of the American
Oil Chemists' Society, 83(10), pp.823-833.
[8] Amanullah, M., & Al-Tahini, A. (2009). Nano-Technology- Its Significance in Smart Fluid
Development for Oil and Gas Field Application. SPE Saudi Arabia Section Technical
Symposium and Exhibition, 1–12. https://doi.org/http://dx.doi.org/10.2118/126102-MS.
[9] Belnou, F., Goeuriot, D., Goeuriot, P., & Valdivieso, F. (2007). Nanosized alumina from
boehmite additions in alumina porcelain. Part 2: Effect on material properties. Ceramics
International, 33(7), 1243–1249. https://doi.org/10.1016/j.ceramint.2006.03.03.
[10] Fox, N. J., & Stachowiak, G. W. (2007). Vegetable oil-based lubricants-A review of
oxidation.
Tribology
International,
40(7),
1035–1046.
https://doi.org/10.1016/j.triboint.2006.10.001.
[11] Ho, C. Y., Yusup, S., Soon, C. V., & Arpin, M. T. (2016). Rheological Behaviour of
Graphene Nano-sheets in Hydrogenated Oil-based Drilling Fluid. In Procedia Engineering
(Vol. 148, pp. 49–56). https://doi.org/10.1016/j.proeng.2016.06.490.
[12] Holland, D. M., Borg, M. K., Lockerby, D. A., & Reese, J. M. (2015). Enhancing nano-scale
computational fluid dynamics with molecular pre-simulations: Unsteady problems and design
optimisation.
Computers
and
Fluids,
115,
46–53.
https://doi.org/10.1016/j.compfluid.2015.03.023.
[13] Lawal, S. A. (2013). A review of application of vegetable oil-based cutting fluids in
machining non-ferrous metals. Indian Journal of Science and Technology, 6(1), 3951-3956.

18

International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com

International Journal in Physical and Applied Sciences
Volume 06 Issue 06, June 2019 ISSN: 2394-5710 Impact Factor: 4.657
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

[14] Nagendramma, P., & Kaul, S. (2012). Development of ecofriendly/biodegradable lubricants:
An overview. Renewable and Sustainable Energy Reviews, 16(1), 764-774.
[15] Ragab, A. M. S., & Noah, A. (2014). Reduction of Formation Damage and Fluid Loss using
Nano-sized Silica Drilling Fluids. Petroleum Technology Development Journal, 2(December
2007), 75–88.
[16] Siniawski, M. T., Saniei, N., Adhikari, B., & Doezema, L. A. (2007). Influence of fatty acid
composition on the tribological performance of two vegetable‐based lubricants. Lubrication
Science, 24(2), 101-110.
[17] Qi, D. H., Geng, L. M., Chen, H., Bian, Y. Z., Liu, J., & Ren, X. C. (2009). Combustion and
performance evaluation of a diesel engine fueled with biodiesel produced from soybean crude
oil. Renewable Energy, 34(12), 2706-2713.

19

International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com

