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This research tested the hypothesis of whether fatty acid saturation and chain length of feedstock oil has any effect on the physico-
chemical properties of synthesized kerosene-like fuel. Biodiesel was obtained from the feedstocks via transesterification and were
subjected to distillation under vacuum between 50 to 100 °C to obtain kerosene-like fuel as the final product. The heat value, flash points,
kinematic viscosity and specific gravity values were obtained and found to be within the stipulated range of fossil kerosene. The products
were analysed using infrared spectrometer to confirm the presence of the functional groups in the kerosene-like fuel produced.
Furthermore, Analysis by the elemental analyser showed that the kerosene-like fuel obtained from coconut oil has a significantly higher
heat content value (9211.9 Kcal.Kg?) than that from cashew-nut oil (5699.4 Kcal.Kg). This distinction in heat value can be ascribed to
the nature of fatty acid in the oils as coconut oil is significantly more saturated and has shorter fatty acid hydrocarbon chain length than

cashew-nut oil.
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Introduction

For many years, crude oil has been the major source of
energy worldwide. The call for a sustainable alternative can
be ascribed to many factors. Amongst these factors are that
it is non-renewable, the ever increasing demand and the
environmental impacts. In developing countries especially in
sub-Sahara Africa, kerosene is in high demand for domestic
cooking but scarcity and rising costs have not helped the
situation. Kerosene and jet fuel price fluctuations due to
social and political instability in the countries where the oil
reserves are located have prompted many countries to find
alternatives® and it is envisaged that the use of renewable
and efficient fuel will be the solution to these problems. In
terms of environmental impact, aircrafts emissions on-
ground and in-flight have raised some concerns. Emissions
of pollutants such as carbon dioxide, carbon monoxide,
hydrocarbons, sulfur oxides, sulfates, and airborne particles
have well been documented.

Various approaches have been conducted by many authors
to produce biofuel e.g., Fischer-Tropsch (FT).>* and other
methods.>” Hydrotreatment and isomerization of vegetable
oil is another option. In this process, oxygen atoms were
removed and C=C bonds are saturated by hydrogen.* The
synthesis and use of fatty acid methyl esters (FAME) as
kerosene-like fuel is another option.®*! In general, kerosene-
like fuel which constitutes the lower molecular weight
fraction of FAME can be obtained from FAME by
distillation under vacuum. Production of biodiesel from
different sources via transesterification have been reported;
sources such as chicken fat,*2 castor seed oil,*® dairy waste
scum,* and vegetable oil,>® have been used successfully to
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produce biodiesel. Vegetable oils are viable sources of
renewable fuel,'-? the biofuel produced is cleaner with less
greenhouse gases emission.

Vegetable oils are transesterified with methanol to
produce biofuel, and then subjected to fractional distillation
under vacuum. It possesses high level of lubricity and
detergency which make it possible to improve on the
performance of fossil kerosene and contribute to the
cleaning of the turbine. Although, American Society for
Testing and Materials (ASTM) has not approved FAME as a
jet-fuel blend, it specifies 5 mg kg? as the maximum
allowable level in jet fuel as the functional definition of “nil
addition”.?” However, other alternatives have a common
drawback. Unlike FAME, they do not have any oxygen in
their molecular structures. The presence of oxygen in a fuel
has two main advantages; there is a reduction of carbon
content in the fuel, thus, soot formation (emission) of the
fuel is significantly reduced,®? and secondly, aircraft’s
engine particulate matter emissions fall by almost 40 %
when jet fuel was blended with oxygenated fuels.*

A lot more effort in research is still needed in this field.
Knowledge of the chemical composition of oil and
especially the fatty acid composition in the triglyceride in oil
will be a good guide in selecting feedstock for FAME
production. Some of the key things to take into
consideration are the number of chain length and level of
saturation of fatty acid in oil; these factors can play key
roles in the properties of the formed FAME such as heating
value. In this work, kerosene-like fuel was obtained through
distillation under vacuum, at a temperature between 50 to
100 °C. Biodiesel was produced via base catalyzed
transesterification of coconut and cashew nut oils. The
effects of degree of saturation and chain length of fatty acid
were studied and also the quality of the synthesized biofuel
was verified using several tests and techniques such as
heating value, flash point, kinematic viscosity, IR
spectroscopy and GC-MS.
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Experimental

Chemicals and materials

High quality analytical grade reagents were used
throughout the process and were not purified further. Three-
neck round bottom flask (500 mL), condenser, and
thermometer were of Fisher Brand. Potassium hydroxide
and methanol were obtained from Breckland scientific
supplies.

Synthesis of biodiesel from feedstock by transesterification

A 200 mL of Coconut oil or Cashew-nut oil were
transferred into a 3-neck round bottom flask, a magnetic
stirrer was placed into the flasks and the unit pre-heated to a
temperature of 65 °C. To obtain potassium methoxide
solution, 1.73 g of potassium hydroxide and 30 mL of
methanol were mixed together in a flask. Furthermore, the
solution was stirred to have a clear soluble solution and then
added to the preheated oil. Reflux condenser was used to
recycle the methanol to avoid evaporation of any excess
methanol above 65 °C. The reaction was carried out for 60
min with constant stirring and the temperature was
maintained at 75 °C throughout the process. After 60 min,
the oil was transferred into a separating funnel and left over
night for the separation of glycerol (lower layer) from
biodiesel (upper layer).

Biodiesel was then purified by addition (with swirling) of
20 mL of warm distilled water in order to remove soap,
unreacted methanol and potassium hydroxide in the
biodiesel and then the mixture was allowed to stand to
separate into two distinct layer. The washing process was
repeated four times with different portions of 20 mL of
water. Finally, the biofuel (biodiesel) was drained into a
clean beaker and heated on a hot plate to remove moisture in
the biofuel.

Production of kerosene-like fuel from bio-diesel

A 100 mL of coconut or cashew-nut biodiesel was poured
respectively into a round bottom flask fitted to a Fisher
vacuum distillation apparatus. The distillates were collected
under vacuum from 50 to 100 °C. The yield of kerosene-like
fuel obtained from the biodiesel produced was 74.0 %
(coconut oil) and 66.0 % (cashew nut oil) respectively.

Kerosene-like fuel analysis

Kinematic viscosities of the kerosene-like fuels were
obtained by the use of 3C viscometer. 15 mL of each sample
of the kerosene-like fuel was used to obtain the viscosities at
40 °C.

The energy content was obtained by the use of Flash 2000
series CHNSO elemental Analyzer. The flash analyzer was
used to obtain gross heat value and the net heat value of the
coconut and cashew-nut kerosene-like fuel produced by
injecting the sample directly into the instrument by the use
of an auto-sampler equipped with the instrument.
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Kerosene-like fuel analysis

Nicolet IR 100 FT-IR machine was used for the purpose
of providing insights regarding the functional groups of the
products by using two drops of the kerosene-like fuel on a
KBr salt plate to obtain the functional groups present. Tag
closed cup flash point tester was used to analyzed coconut
and cashew-nut kerosene-like fuel.

GC-MS was used to determine the chemical composition
of the kerosene-like fuel produced from coconut and cashew
nut oil. Agilent gas chromatography 7890A coupled with
inert mass spectrometry detector 5975 C (MSD) was utilized.
The injection technique was split-less mode coupled with an
auto-sampler type, and injection volume of 1.0 pL.
Furthermore, other conditions of the measurement include
an oven temperature of 70 °C (hold for 1 min) with a
programming rate 10 °C min to 280 °C, at 3 mins hold. For
the MS detector, scanning range was full range scan of 50-
550 amu at normal speed. An NBS75K.L mass spectral
library was used to identify the components present in the
samples. The chemical compositions of the kerosene-like
fuel were detected as the displayed peaks of the
chromatogram and the results from data base. The molecular
weights of the components were calculated from the result
of the composition from the mass spectra.

Results and Discussion
Fatty acid composition in oil

Table 1 shows the percentage fatty acid composition in
coconut and cashew-nut 0il.3>® There is a significant
difference in their relative chain length and degree of
saturation. By comparing their relative chain length, they
both have C18 as the longest chain length but percentage of
C18 in coconut oil is approximately 9.06 % while that of
cashew-nut is approximately 64.18 % For degree of
saturation, cashew nut oil is significantly less saturated than
coconut oil. Palmitoleic, oleic, linoleic and linolenic acid
that contain unsaturated C-C bonds make up about 63.28%
of cashew-nut oil fatty acid while oleic and linoleic acids
containing unsaturated C-C bonds make up about 7.12% of
coconut oil fatty acid. These key differences can be linked to
the key properties of biofuel produced. For fossil fuels, the
shorter and the more saturated the hydrocarbon chain, the
higher the heat content tends to be.

Table 1. Coconut and cashew-nut oil fatty acid composition.

Qil Composition

Coconut 8:0 caprylic 6.21%, 10:0 capric 6.15%, 12:0
lauric 51.02%, 14:0 myristic 18.94%, 16:0
palmitic 8.62%, 18:0 stearic 1.94%, 18:1 oleic

5.84%, 18:2 linoleic 1.28%

10:0 capric 1.37%, 12:0 lauric 1.83%, 14:0
myristic 0.59%, 16:0 palmitic 28.87%, 18:0
stearic 4.06%, 16:1 palmitoleic 3.16%, 18:1
oleic 34.48%, 18:2 linoleic 4.67%, 18:3
linolenic 20.97%

Cashew
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Properties of Kerosene and Kerosene-like fuels
Heating value

The heating value content for fuel is very important as the
capacity to generate heat as a fuel is of utmost importance.
The heat values generated by kerosene-like fuel from
cashew-nut oil and coconut oil respectively under the same
set of conditions are presented in Table 2. The heating value
for kerosene-like fuel from coconut oil (9211.9 kcal kg™)
and is significantly higher than that from cashew-nut oil
(5699.4 kcal kg?), and not far from that of kerosene
(10695.3 kcal kg?). The standard higher calorific value for
kerosene is 46200 kJ kg (11034.41 kcal kg™).3! The former
observation corroborates the information in Table 1 for
fossil fuels, the shorter and more saturated the hydrocarbon
chain, the higher the heat content tends to be.

Table 2. Properties of kerosene and kerosene like fuel.

Sample  Yield SP FP @ HV KV
(%) 28°C  (keal (mm?s?)
kg1 @40°C
kerosene - 0.86 46 10695.3 2.99
coconut 74 0.87 40 9211.9 3.88
oil fuel
cashew- 66 082 38 5699.4  4.16
nut fuel

SP = specific gravity; FP = Flash point; HV = Heat value; KV =
Kinematic viscosity.

Coconut and cashew-nut kerosene-like fuel were blended
with fossil kerosene in the proportion 20% (B20) by volume
of kerosene. As illustrated in figure 1, The heating value of
the blended fuel were found to increase as a result of the
blending with fossil kerosene, which signifies that blending
of the kerosene-like fuel improves the quality of the
kerosene-like fuel and surprisingly better than the fossil
kerosene from the chart below.

Properties of kerosene and kerosene-like fuel
Kinematic viscosity

Viscosity values indicate the degree of resistance of fluid
to flow. As shown in table 2, the kinematic viscosity values
at 40 ° C obtained for kerosene-like fuel from coconut and
cashew-nut oil samples are 3.88 and 4.16 mm? s*
respectively. In comparison to kerosene (2.99 mm?s™), both
biofuel products have higher values. However, both coconut
and cashew-nut kerosene-like products met ASTM D1655
specification (<8 mm?s?) for Jet-fuel

Flash point analysis

Flash point values for fuels are very important because of
the safety issue associated with it. The value obtained were
40 and 38 °C of coconut and cashew-nut kerosene-like fuel
respectively. That of kerosene was also measured under the
same condition as the kerosene-like fuels was obtained.
These values indicate that these kerosene-like fuel products
obtained meet the flash point safety condition.
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Figure 1. Heating value of (a) kerosene-like fuel and kerosene and
(b) blend of kerosene like fuel and kerosene.

IR Spectroscopy

The IR spectra of kerosene-like fuel products obtained
from both cashew and coconut oil showed typical strong C-
H stretch and C-H bend as expected respectively at around
2900 and 1400 cm™. The C=0 (from alkyl ester) stretch at
around 1750 cm™. The C=C stretch (1650 - 1680 cm™),
typically a weak or medium signal can be observed in the
cashew-nut kerosene-like fuel spectrum but not found in the
coconut kerosene-like fuel IR spectrum. This observation is
not surprising because cashew-nut oil is relatively less
saturated than coconut oil.

Gas chromatography mass spectrometry (GC-MS) analysis

The chemical compositions of the kerosene-like fuel were
obtained from the chromatogram obtained in (Figure 2) and
the results from data base. The molecular weights of the
components were calculated from the result of the
composition of the mass spectra.

The chromatogram of kerosene-like fuel produced from
cashew-nut and coconut oil are shown in Figure 2 (a) and
(b) respectively. These peaks represent the fatty acids that
were converted to methyl esters (biofuel) as a result of the
transesterification process. For cashew-nut kerosene-like
fuel, the major methyl esters detected are octanoic acid
[caprylic], methyl ester (6.87 min), nonanoic acid
[pelargonic], methyl ester (8.35 min), decanoic acid [capric],
methyl ester (9.86 min), dodecanoic acid [lauric], methyl
ester (12.53 min), decanedioic acid [sebacic], dimethyl ester
(13.92 min), tetradecanoic acid [myristic], methyl ester
(14.79 min), hexadecenoic acid [palmitic], methyl ester
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Figure 2. GC chromatogram of the kerosene-like fuel produced
from (a) Cashew-nut oil (b) Coconut oil.
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Figure 3a. MS of oleic acid methyl ester.

(16.89) and octadecenoic acid [oleic], methyl ester (18.60
min). While for coconut oil kerosene-like fuel, the major
methyl esters detected are octanoic acid [caprylic], methyl
ester (7.87 min), decanoic acid [capric], methyl ester (10.82
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min), dodecanoic acid [lauric], methyl ester (13.58 min),
tetradecanoic acid [myristic], methyl ester (15.80 min),
hexadecanoic acid [palmitic], methyl ester (17.91 min) and
octadecenoic acid [oleic], methyl ester (17.91 min).

The significant difference in the saturation levels of olive
oil and cashew-nut oil biofuel was also reflected in methyl
esters chromatograms; octadecenoic acid [oleic], methyl
ester, the most prominent unsaturated fatty acid methyl ester
in cashew-nut oil appeared in relative abundance of 1.5 x
107 while it appeared in coconut oil in relative abundance 1
X 10°. It is also worthy to note that GC-MS data confirmed
the purity of these products; no peaks attributed to glycerol
and methanol were detected.
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Figure 3b. MS of capric acid methyl ester of kerosene-like fuel
produced from cashew nut oil

GC-MS analysis confirmed the formation of methyl esters
of the expected fatty acids. Examples are shown in Figure 3,
Figure 3(a) is that of oleic acid methyl ester while that of
capric acid methyl ester is shown in figure 3(b).

Conclusion

Kerosene-like fuel was successfully synthesized from
coconut and cashew-nut oil via alkaline based
transesterification at 75 °C. Biodiesel products were
obtained from the feedstocks via transesterification and then
subjected to distillation under vacuum between 50 to 100 °C
to obtain kerosene-like fuel as the final product with high
yields of bio-kerosene; 74 % and 66 % for coconut and
cashew nut kerosene-like fuel respectively.

DOI: 10.17628/ech.2018.7.30-35 33



Fuel from coconut and cashew nut oil

This shows the closeness of the physico-chemical
properties of the kerosene-like fuel to that for fossil
kerosene. Kerosene-like fuel obtained from coconut oil has
a significantly higher heat content value (9211.9 kcal kg?)
than that obtained from cashew-nut oil (5699.4 kcal kg™).
This can be ascribed to the nature of fatty acid in the oil;
coconut oil is significantly more saturated and has shorter
fatty acid hydrocarbon chain length than cashew-nut oil. For
fossil fuels, the shorter and the more saturated the
hydrocarbon chain, the higher the heat content. Gas
chromatography-mass spectrometer (GC-MS) analysis of
produced kerosene-like fuel confirmed the type of methyl
esters that were expected to be in the kerosene-like fuel. In
the future, possible use of their respective waste cooking oil
as feeds to produce kerosene-like fuel will be looked into,
and also taking into consideration the nature of the oil fatty
acids.

Acknowledgement

The authors would like to show their gratitude to Pipelines
and Products Marketing Company (PPMC), a subsidiary of
Nigerian National Petroleum Corporation (NNPC), Yola
branch, Nigeria for carrying out flash point analysis of the
kerosene-like fuel and also sincere gratitude goes to
Petroleum Chemistry Department, American University of
Nigeria, Yola, Nigeria for providing laboratory facility for
this research work.

References

1Biofuels International, 2010. http:// www.biofuels-news.com.

2Hileman, J. 1., Stratton, R. W., Donohoo, P. E., Energy Content
and Alternative Jet Fuel Viability, J. Propuls. Power, 2010,
26, 1184-1195. https://doi.org/10.2514/1.46232

3Gill, S. S., Tsolakis, A., Dearn, K. D., Rodriguez-Fernandez, J.,
Combustion characteristics and emissions of Fischer—
Tropsch diesel fuels in IC engines, Prog. Energy Combust.
Sci., 2011, 37, 503—-523. doi: 10.1016/j.proenq.2014.11.758

4Kinder, J. D., Rahms, The Boeing Company, www.boeing.com,
2009, (accessed October 15, 2013).

5Kotai, L., Szépvolgyi, J., Szilagyi, M., Li, Z., Chen, B., Sharma,
V., Sharma, P. K., Biobutanol from Renewable Agricultural
and Lignocellulose Resources and Its Perspectives as
Alternative of Liquid Fuels, INTECH. In Book: Liquid,
Gaseous and Solid Biofuels - Conversion Techniques, 2013,
ISBN 978-953-51-1050-7, http://dx.doi.org/10.5772/52379

6K otai, L., Szépvolgyi, J., Bozi, J., Gacs, |., Balint, S., Goméry, A.,
Angyal, A, Balogh, J,, Li, Z., Chen, M., Wang, C., Chen,
B., An integrated waste-free biomass utilization system for
an increased productivity of biofuel and bioenergy, In the
book: INTECH, BIODIESEL, 2011, ISBN: 979-953-307-
020-8. DOI: 10.5772/25544

"Koétai, L., Gémory, A., Gacs, 1., Holly, S., Sajo, 1. E., Tamics, E.,
Aradi, T., Bihatsi, L. An efficient method for the
transformation of high fatty acid containing vegetable oils to
biodiesel fuels, Chem. Lett., 2008, 37(10), 1076-1077. DOI:
10.1246/cl.2008.1076

8Dunn, R. O., Alternative jet fuels from vegetable oils. Trans.
ASAE., 2001, 44,1751-1757. doi: 10.13031/2013.6988

°Dagaut, P., Gail., S., Kinetics of Gas Turbine Liquid Fuels
Combustion: Jet-Al and Bio-Kerosene, Proc. ASME Turbo
Expo., 2007, 2, 93-101. doi:10.1115/GT2007-27145.

Eur. Chem. Bull. 2018, 7(1), 30-35

Section D-Research paper

©Korres, D. M., Karonis, D., Lois, E., Linck, M. B., Gupta, A. K.,
Aviation fuel JP-5 and biodiesel on a diesel engine, Fuel,
2008, 87, 70-78. DOI:10.1016/].fuel.2007.04.004

HWwagutu, A. W., Chabra, S. C. Thoruwa, C. L., Thoruwa, T. F.,
Mahunnah., R. L. A., Indigenous oil crops as a source for
production of biodiesel in Kenya, Bull. Chem. Soc. Ethiop.,
2009, 3, 359-370. http://dx.doi.org/10.4314/bcse.v23i3.47660

L2Alptekin, E., Canakci, M., Optimization of transesterification for
methyl ester production from chicken fat, Fuel, 2011, 90,
2630-2638. d0i:10.1016/].fuel.2011.03.042

18Hincapié, G., Mondragén, F., Lépez, D., Conventional and in
situ transesterification of castor seed oil for biodiesel

production, Fuel, 2011, 90, 1618-1623.
https://doi.org/10.1016/j.fuel.2011.01.027
4Sjvakumar, P., Anbarasu, K., Renganathan, S., Bio-diesel

production by alkali catalyzed transesterification of dairy
waste scum, Fuel, 2011, 90, 147-151. DOI:
10.1016/j.fuel.2010.08.024

15Keera, S. T., Sabagh, S. M., Taman, A. R., Transesterification of
vegetable oil to biodiesel fuel using alkaline catalyst., Fuel,
2011, 90, 42-47. DOI:10.1016/j.fuel.2010.07.046

BMorshed, M., Ferdous, K., Khan M. R., Mazumder. M. S. 1.,
Islam, M. A., Uddin, M. T., Fuel, 2011, 90, 2981-
2986.https://doi.org/10.1016/j.eqypro.2014.07.116

7da Conceicdo, L. R. V., da Costa, C. E. F., da Rocha Filho, G. N.,
Zamian, J. R., Obtaining and characterization of biodiesel
from jupati ( Raphia taedigera Mart.) oil, Fuel, 2011, 90,
2945-2949. DOI: 10.1016/j.fuel.2011.04.019

18Gerpen, J. V., Biodiesel processing and production, Fuel Process
Technol., 2005, 86, 1097-107.
doi:10.1016/j.fuproc.2004.11.005

®Knothe, G., Dependence of biodiesel fuel properties on the
structure of fatty acid alkyl esters Fuel Process Technol.,
2005, 86, 1059-70. doi:10.1016/j.fuproc.2004.11.002.

2Meher, L. C., Vidya, S. D., Naik, S. N., Technical aspects of
biodiesel production by transesterification—a review, Renew.
Sustain Energy Rev., 2006, 10, 248-68.
https://doi.org/10.1016/j.rser.2004.09.002

21Berchmans, H. J., Hirata, S., Biodiesel Production from Crude
Jatropha curcas L. Seed Oil with a High Content of Free
Fatty Acids, Biores. Technol.,, 2008, 99, 1716-21.
doi:10.1016/j.biortech.2007.03.051

2Franco, Z., Nguyen, Q. D., Flow properties of vegetable oil-
diesel fuel blends, Fuel, 2011, 90, 838-843. https://doi.org
/10.1016/j.fuel.2010.09.044

BGoodrum, J. W., Law, S. E., Rheological properties of peanut
oil-diesel fuel blends, Trans. Am. Soc. Agric. Eng., 1982, 25,
897-900. https://doi.org/10.1063/1.2964606

2Altin, R., Cetinkaya, S., Yucesu, H. S., The potential of using
vegetable oil fuels as fuel for diesel engines, Energy Conv.
Manag., 2001, 42, 529-538. http://doi.org/10.1016/S0196-
8904(00)00080-7

#Knothe, G., Van Cerpen, J., Krahl, J., The Biodiesel Handbook,
AOCS Press, Champaign, Illinois, 2005.

%\an Gerpen, J. H., Biodiesel processing and production, Fuel
Process Technol., 2005, 86, 1097-107.
https://doi.org/10.1016/j.fuproc.2004.11.005

2TASTM International, Standard specification for aviation turbine
fuel  containing  synthesized hydrocarbons, ASTM
international, West Conshohocken, P. A., 2011,7566-11.

28Barrientos, E. J., Lapuerta, M., Boehman, A. L., Quantification of
the Fraction of Particulate Matter Derived from a Range of
13C-Labeled Fuels Blended into Heptane, Studied in a Diesel
Engine and Tube Reactor, Combust. Flame, 2011, 160, 1484-
1498. DOI:10.1021/acs.energyfuels.6b00322

DOI: 10.17628/ech.2018.7.30-35 34


http://www.biofuels-news.com/
https://doi.org/10.2514/1.46232
http://www.boeing.com/
http://dx.doi.org/10.5772/52379
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6701524860&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7003419984&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602975159&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=27367947500&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6603845322&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=27467977300&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=24168022300&zone=
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6507001211&zone=
http://www.scopus.com/record/display.url?eid=2-s2.0-67650488584&origin=resultslist&sort=plf-f&src=s&st1=kotai&st2=L&nlo=1&nlr=20&nls=count-f&sid=Uk86QvI3zXUqSojZBntXsYv%3a123&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22K%c3%b3tai%2c+L%c3%a1szl%c3%b3%22+
http://www.scopus.com/record/display.url?eid=2-s2.0-67650488584&origin=resultslist&sort=plf-f&src=s&st1=kotai&st2=L&nlo=1&nlr=20&nls=count-f&sid=Uk86QvI3zXUqSojZBntXsYv%3a123&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22K%c3%b3tai%2c+L%c3%a1szl%c3%b3%22+
http://www.scopus.com/record/display.url?eid=2-s2.0-67650488584&origin=resultslist&sort=plf-f&src=s&st1=kotai&st2=L&nlo=1&nlr=20&nls=count-f&sid=Uk86QvI3zXUqSojZBntXsYv%3a123&sot=anl&sdt=aut&sl=33&s=AU-ID%28%22K%c3%b3tai%2c+L%c3%a1szl%c3%b3%22+
http://www.scopus.com/source/sourceInfo.url?sourceId=23418&origin=resultslist
http://dx.doi.org/10.4314/bcse.v23i3.47660
https://doi.org/10.1016/j.fuel.2011.01.027
https://doi.org/10.1016/j.egypro.2014.07.116
https://doi.org/10.1016/j.egypro.2014.07.116
https://doi.org/10.1063/1.2964606
http://doi.org/10.1016/S0196-8904(00)00080-7
http://doi.org/10.1016/S0196-8904(00)00080-7

Fuel from coconut and cashew nut oil

2Llamas, A., Lapuerta, M. Al-Lal, A. M., Canoira, L., Oxygen
Extended Sooting Index of FAME Blends with Aviation
Kerosene, Energy Fuels, 2013, 27, 6815-6822. DOI:
10.1021/ef401623t

300’ Neil, K., Chem. Eng. News, November 21st, 2011, 2.

3lAtabani, A. E., Mahlia, T. M. I., Masjuki, H. H., Badruddin, I.
A., Yussof, H. W. Chong, W. T. Lee, K. T., A
comparative evaluation of physical and chemical properties
of biodiesel synthesized from edible and non-edible oils and

Section D-Research paper

3Hossain, A. K., Davies, P. A., Plant oils as fuels for compression
ignition engines: A technical review and life-cycle analysis,
Renewable Energy, 2010, 35, 1.
https://doi.org/10.1016/j.renene.2009.05.009

3No, S. Y., Inedible Vegetable Oils and Their Derivatives. for
Alternative Diesel Fuels in Cl Engines: A Review, Renew.

Sustain. Energy Rev., 2011, 15, 131-149. DOL:
10.1016/j.rser.2010.08.012
Annamalai, K., I, Kanwar, P., Combustion Science and

study on the effect of biodiesel blending, Energy, 2013, 58, Engineering. CRC  Press., 2006, 2071-2. DOI:
296. http://dx.doi.org/10.1016/j.energy.2013.05.040 10.1080/00102200701259999
32Chowdhury, K., Banu, L. A., Khan, S., Latif, A., Studies on the
Fatty Acid Composition of Edible Oil , Bangladesh J. Sci. Received: 28.01.2018.
Ind. Res., 2007, 42, 311.DOI: 10.12691/plant-2-3-2 Accepted: 06.03.2018.
+
Eur. Chem. Bull. 2018, 7(1), 30-35 DOI: 10.17628/ech.2018.7.30-35 35


http://dx.doi.org/10.1016/j.energy.2013.05.040
https://doi.org/10.1016/j.renene.2009.05.009

