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Abstract— The effect of pre-blending used cooking oil with 

rapeseed oil and post-blending of rapeseed biodiesel with used 
cooking oil biodiesel on the key properties of final fuel 
products was studied. Furthermore, the prepared individual 
biodiesels from rapeseed oil and used cooking oil, as well as 
those from pre-blending and post-blending processes, were 
analysed in accordance to EN14214 standard methods to 
determine the characteristic fuel properties such as FAME 
compositions, kinematic viscosity, density, flash point, cold 
flow properties, acid number, and thermal stability. It has 
been found that post-blends had a more positive impact on the 
key properties of biodiesels than pre-blending strategies of 
biodiesels. This effect was mainly dependent on the proportion 
of blending in weight percentages. 

Keywords—Used cooking oil, rapeseed oil, 
transesterification, pre-blending and post-blending biodiesel, 
kinematic viscosity, cold flow properties, and thermal stability. 

I. 	  Introduction	  
The biodiesel industry is an emerging and important 

provider for the demands of transportation, industrial 
processes and domestic consumption with the attraction of 
being eco-friendly, biodegradable and readily available. The 
level of biodiesel production has been increasing over the 
last ten years, reflecting a rapid rise in demand due to global 
industrialisation, coupled with recognition by countries with 
no oil fields of the need for a strategic and alternative source 
of energy [1, 2]. This has made biofuels, such as biodiesel 
an attractive alternative [3-6]. Around 10% of the aggregate 
diesel consumption in the European Union can be replaced 
by biodiesel [1, 7]. Unlike petrodiesel, biodiesel satisfies the 
1990 amendment to the Clean Air Act, on account of almost 
zero emissions of sulfur oxides [8-11]. However, some of its 
physicochemical properties have proved a major drawback 
to its usage. Furthermore, the cost of biodiesel has been a 
big issue in its bid to make commercial gains and 
secure universal acceptance [2, 7, 12-14]. 

The compatibility of biodiesel in conventional diesel 
engines without the need of further modifications has 
increased its potential usage. It boasts similarities to 
petrodiesel and its oxygen content of just 11-15% in the 
molecular structure hastens the combustion process in 
compression ignition engines [12, 15]. This has made 

biodiesels accountable for almost 80% of the EU’s biofuel 
production [16]. Compared to petrodiesel, biodiesel has the 
advantage of a lower sulfur and poly aromatic hydrocarbon 
content, better lubricity, higher cetane number and flash 
point [7, 17]. However, the cold flow properties and 
kinematic viscosity of biodiesel have been a major setback 
in securing widespread usage [15, 18-20]. To overcome this 
major setback, several methods have been suggested 
including: winterization, blending with other fossil fuels, 
modification of the transesterification process and addition 
of specially designed additives etc [18, 21, 22]. The 
increasing demand for biodiesel in commercial quantities 
due to its numerous benefits, has seen the emergence of a 
number of standards in some countries to guarantee that 
product quality is never compromised, thereby earning the 
confidence of customers. Some of these standards include; 
European Norm (EN 14214) and the American Society for 
Testing and Material (ASTM D 6751) [13]. 

Biodiesel is produced from edible oils, non-edible oils 
and animal fats. Several methods and techniques have been 
employed in the production of biodiesel, such as pyrolysis, 
dilution, microemulsion and transesterification [12, 23]. 
Transesterification is a reaction of triglyceride molecules 
with alcohol (preferably methanol because of its relatively 
low cost) in the presence of a catalyst [23]. The resultant 
product is fatty acid methyl esters (FAME) and glycerol as a 
by-product [23]. Alkali-catalysed transesterification process 
is the most adopted technique and has been used in the 
industrial production of biodiesel [1, 12]. The main purpose 
of the transesterification reaction is to reduce the viscosity 
of vegetable oils as this poses a problem if used directly in 
diesel engines [24]. Despite the vast knowledge that has 
been accumulated over the years regarding 
transesterification, the yield of biodiesel has been found to 
be greatly influenced by several factors that have yet to be 
fully analysed [25]. The amount of biodiesel yield is largely 
dependent on process parameters such as; reaction time, 
reaction temperature, type and amount of catalyst, stirring 
rate and mole ratio. 

This research work was carried out with the aim of 
comparing the effect of pre-blending commercially 
available rapeseed oil with locally-sourced used cooking oil 
and the post-blending of rapeseed biodiesel with used 
cooking oil biodiesel in different weight percentage 
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compositionsportions. The comparison is focused on the key 
properties of the obtained biodiesel fuels, in particular 
thermal stability, cold flow properties, kinematic viscosity 
and flash point. 

II. EXPERIMENTAL	  
A. Materials 
Commercially available rapeseed oil purchased from a local 
supermarket and used cooking oil collected from Newroz 
restaurant in Leeds, UK were used as feedstocks.  
Potassium hydroxide purchased from Fischer Chemical was 
used as catalyst for transesterification. Methanol (≥99.9 
purity) and toluene (≥99.8 purity, GC) were obtained 
commercially from Sigma Aldrich and used without further 
purification. While other materials including sodium 
sulphate anhydrous were purchased from VWR 
International Ltd. 

B. Pre-treatment of used cooking oil 
For a successful homogenous alkali catalysed 

transesterification process and high FAME yield, used 
cooking oil has been treated to remove impurities by 
filtration process and heated to 100oC in order to minimise 
the potential of effect of moisture in the transesterification 
process. 

C. Transesterification 
The transesterification was performed in a 1.0 L batch 

reactor equipped with a reflux condenser. 0.333% of KOH 
pellets to feedstock oil sample with an excess volume of 
methanol were charged into the reactor. The mixture was 
agitated and heated by using an automatic hotplate-magnetic 
stirrer until the catalyst pellets were completely dissolved in 
the methanol. This was followed by pouring feedstock oil 
sample within 5:1 molar ratio of methanol to oil into the 
reactor and heated to 60oC for 2 hours. The mixing during 
reaction was maintained under stirring rate at 1200 rpm. 
After the fixed time, the mixture was poured into a 
separating funnel and allowed to cool down to ambient 
temperature. The crude methyl ester layer was separated by 
gravity and located in the upper layer. The glycerol and 
undesired products in the lower layer were decanted. Excess 
unreacted methanol was recovered from the crude methyl 
ester by distillation process. Each crude biodiesel was then 
washed several times with hot water until the washings were 
found to be neutral when tested with phenolphthalein 
indicator. Anhydrous sodium sulphate was added to get rid 
of any moisture that could be left after washing in the crude 
methyl ester. Lastly, the mixture was filtrated through a 
Whatman filter paper № 1 in order to separate biodiesel 
from traces of sodium sulphate before conducting further 
analysis. 

D. Blending process 
The obtained biodiesels from individual commercially 
available rapeseed oil and locally used cooking oil were 
post-blended in different weight proportions as follows: 

100% rapeseed biodiesel: 0.0% used cooking biodiesel; 
25% rapeseed biodiesel: 75% used cooking biodiesel; 50% 
rapeseed biodiesel: 50% used cooking biodiesel; and 0.0% 
rapeseed biodiesel: 100% used cooking biodiesel. Biodiesel 
produced from rapeseed oil was chosen as a base for mixing 
with biodiesel from used cooking oil due to it having some 
of the best properties and being the cheapest commercially 
available in comparison to the other vegetable oils. 

In case of pre-blending process, transesterification was 
carried out with the same process conditions of individual 
biodiesel production, however, commercially available 
rapeseed oil (RSO) and locally used cooking oil (UCO) 
were pre-mixed before pouring into the batch reactor in 
different weight proportions as follows: 100% rapeseed oil: 
0.0% used cooking oil; 25% rapeseed oil: 75% used cooking 
oil; 50% rapeseed oil: 50% used cooking oil; and 0.0% 
rapeseed oil: 100% used cooking oil. 

E. Analytical methods 
The obtained biodiesels were analysed to determine the 

fuel characteristics according to ASTM [26] and EN [27] 
standards. 

FAME compositions of the mono and blended biodiesel 
fuels determined by gas chromatography (GC) equipped 
with a mass spectroscopy (MS) instrument (Perkin Elmer 
Clarus, UK). The pycnometeric method was used as a 
precise procedure to determine the density of biodiesel 
samples at 15oC. Viscosities of mono and blended biodiesels 
were measured using Bohlin-Gemini 150 rotary rheometer 
(Malvern, UK). The kinematic viscosity of biodiesel 
obtained by divided the dynamic viscosity at 40oC with its 
density at the same temperature. Flash point of all biodiesel 
samples were measured by an auto ramp closed cup flash 
point tester (Setaflash series 3, England) equipped with a 
coolant block unit. The acid values of biodiesel samples 
were measured in accordance to the titration method as 
prescribed in ASTM standard [28]. The cold flow properties 
of all biodiesels were determined by differential scanning 
calorimetry (DSC 1, Mettler Toledo, UK) equipped with an 
intracooler system (Huber TC45), while thermal stability of 
mono  and blended biodiesels was measured by 
thermogravimetric analyser (Mettler Toledo, UK) equipped 
with water jacket circulator (Julabo F250, UK). 

III. Results	  and	  discussion	  
A. FAME compositions 

The final product analysis of the transesterification 
process is an important quality control of biodiesel fuel 
because of the potential presence of contaminants with 
FAME such as free and total glycerol, remained catalyst, 
unreacted methanol, and free fatty acids. In the literature, 
different analytical tools have been applied for analysing 
biodiesel fuels, some of which are: thin layer 
chromatography [29]; gas chromatography [30-32]; 
thermogravimetric analysis [33]; high performance liquid 
chromatography [34, 35]; nuclear magnetic resonance [36]; 
flow injection analysis [37]; and near infrared spectroscopy 
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[38, 39]. In the present study, biodiesel products from 
individual oil samples, pre-blended rapeseed oil with used 
cooking oil and post-blended of rapeseed biodiesel with 
used cooking biodiesel were analysed and FAME quantified 
by GC-MS modified procedure of EN 14103 standard [40]. 

The FAME composition results for obtained biodiesels from 
mono oil samples, post-blended of rapeseed biodiesel with 
used cooking biodiesel, and pre-blended of rapeseed oil with 
used cooking oil are presented in Table I. 

TABLE I.  FAME COMPOSITIONS FOR OBTAINED FUELS 

Biodiesels % of individual FAME in prepared biodiesel fuels 
C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C21:0 C22:0 C22:1 C24:0 C24:1 

Rapeseed biodiesel (RBD) 0.07 7.09 0.24 2.48 63.39 18.78 1.67 1.02 2.31 0.22 0.68 1.49 0.20 0.37 
Used cooking biodiesel (UCBD) 0.10 7.30 0.30 2.50 61.09 17.90 5.21 0.80 2.20 0.50 0.50 1.10 0.10 0.30 

Pre-blended 25wt% of RSO with 75wt% of UCO 0.14 9.09 0.31 2.96 54.63 26.08 1.55 0.85 1.82 0.47 0.63 1.01 0.19 0.27 
Pre-blended 50wt% of RSO with 50wt% of UCO 0.12 8.33 0.28 2.70 56.15 27.02 0.94 0.77 1.48 0.26 0.55 0.98 0.16 0.26 
Pre-blended 75wt% of RSO with 25wt% of UCO 0.13 8.37 0.29 2.90 55.60 25.31 1.45 0.89 2.18 0.44 0.69 1.28 0.19 0.29 

Post-blended 25wt% of RBD with 75wt% of UCBD 0.07 8.25 0.35 2.70 63.22 18.31 1.71 0.99 2.02 0.14 0.61 1.15 0.19 0.31 
Post-blended 50wt% of RBD with 50wt% of UCBD 0.00 7.60 0.28 2.41 64.10 18.34 2.18 0.87 1.87 0.20 0.60 1.09 0.15 0.31 
Post-blended 75wt% of RBD with 25wt% of UCBD 0.07 8.42 0.30 2.81 64.89 14.97 2.39 0.98 2.60 0.10 0.78 1.23 0.18 0.28 

 

The major fatty acid methyl esters in all produced 
biodiesels are palmitic acid methyl ester (C16:0), stearic acid 
methyl ester (C18:0), oleic acid methyl ester (C18:1), linoleic 
acid methyl ester (C18:2), linolenic acid methyl ester (C18:3), 
gadoleic acid methyl ester (C20:1), and erucic acid methyl 
ester (C22:1). The percentages of FAME in the prepared 
individual biodiesels as well as those from pre-blending and 
post-blending processes are mainly dependent on the type of 
feedstock and proportion of blending in weight percentages. 
Generally, there are three main categories of fatty acid 
methyl esters that can be present in biodiesel fuels, these 
being saturated FAME (Cn:0), mono-unsaturated FAME 
(Cn:1), and poly unsaturated FAME (Cn:≥2). As can be seen in 
Table I, pre-blending processes have affected on the 
percentage of individual FAME. However, post-blending 
processes have slightly affected on the composition of 
obtained biodiesel fuels. 

B. Kinematic viscosity 
The kinematic viscosity of biodiesel fuel is indicated by 

the ability of biodiesel fuels to flow. Vegetable oils can be 
used as fuel for combustion engines but their viscosity is 
much higher than usual petrodiesel. Viscosity is a most 
important property of biodiesel since it affects the operation 
of fuel injection equipment, particularly at low temperatures 
when the increase in viscosity reduces fuel fluidity [41]. 
High viscosity leads to poorer atomisation of the fuel spray 
and less effective operation of fuel injectors [42]. Generally, 
biodiesel fuel with low kinematic viscosity is easier to 
pump, atomise, and forms finer droplets in the engine. In 
this study, the viscosity of mono-biodiesels was lower than 
the viscosity of biodiesels obtained from blending process 
(Figure 1). The kinematic viscosity of pre-blended RSO 
with UCO biodiesels ranged between 5.3094 mm2.s-1 and 
6.4358 mm2.s-1, whilst for post-blended binary biodiesels 
ranged between 4.7772 mm2.s-1 and 4.8561 mm2.s-1. The 
results of post-blended binary biodiesels show there was no 
effect on the kinematic viscosity of obtained biodiesels; 
however, the pre-blending RSO with UCO increased the 
kinematic viscosity of produced biodiesels in different 

percentages as shown in Figure 1. This could be explained 
by due to the presence of water having negative effects on 
the quality of obtained fuel – the hydrolysis of biodiesel 
being followed by the formation of FFAs and soaps which 
increases the molecular weight of obtained fuel, therefore 
increasing the kinematic viscosity. Besides, the viscosity 
value changes in direct proportion to increasing the longer 
carbon chains and the degree of saturation The kinematic 
viscosity values of biodiesels obtained from pre-blended 
rapeseed oil with used cooking oil samples in different 
weight percentages were slightly higher than the acceptable 
limits within ASTM and EN biodiesel standards; however, 
it is lower than that reported by other researchers [43]. 
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Fig. 1. Effect of blending on the kinematic viscosity of biodiesels 

C. Acid value 
The acid numbers of biodiesel samples, expressed as 

being the amount of KOH per one gram of sample used to 
describe the free fatty acid content in biodiesel, were 
measured in accordance to the colour indicator titration 
method as prescribed in [28, 44]. Free fatty acid is one of 
the most crucial properties for biodiesel because biodiesel 
fuel containing high free fatty acid can cause diesel engine 
corrosion. 

International Scientific Journal 
Environmental Science 
http://environment.scientific-journal.com



Generally the acid value of used cooking biodiesel is 
slightly higher than rapeseed biodiesel due to the higher 
content of free fatty acid in the used cooking oil compared 
to the rapeseed oil. The high acid values represent the high 
level of FFAs present in the vegetable oils thus increasing 
the likelihood for corrosion caused by increased filter 
plugging potential of an engine. As observed from Figure 2, 
the acid numbers of biodiesels from post-blended of UCBD 
with RBD were slightly lower than biodiesels obtained from 
pre-blended RSO with UCO for the percentages of less than 
75%. This could be explained by due to the inefficient 
conversion of free fatty acid in used cooking oil to the 
corresponding methyl ester products and the formation of 
free fatty acid when the trace amount of water with catalyst 
present in biodiesel caused fuel hydrolysis [45]. However, 
the acid values for all prepared biodiesels are acceptable 
compared to that reported in the literature by other 
investigators [46]. 
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Fig. 2. Effect of blending on the acid value of biodiesels 

D. Density 
Density is of importance in that it defines the mass of 
biodiesel per unit volume of biodiesel. The density values of 
biodiesels from pre-blended RSO with UCO in different 
weight percentages vary between 893.5 Kg.m-3 to 897.14 
Kg.m-3 while biodiesels obtained from post-blended RBD 
with UCBD were between 890.75 Kg.m-3 to 891.21 Kg.m-3 

due to distinct fatty acid compositions [47]. Results indicate 
that the density values of the biodiesels considerably 
decrease in the transesterification process because of the 
separation of glycerol molecules from the crude vegetable 
oils which is important for the injection of fuel in engine. 
The effect of post-blending on the density of produced 
biodiesels was fairly constant; however, pre-blending 
increased the density of synthesised biodiesels as shown in 
Figure 3. A possible reason for this increase may be 
formation of fatty acid salts after storage which increased 
the molecular weight of the fuel products. The density of 
biodiesel obtained from pre-blended 75% of UCO with 25% 
of RSO is the highest as existence of long chains and 
unsaturated chains significantly affected the properties of 
synthesised biodiesels as presented in Table I. 
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Fig. 3. Effect of blending on the density of biodiesels 

E. Flash point 
The flash point is a very important factor of biodiesel 

samples in considering safe storage, transportation and 
handling of fuels. It is defined as the lowest temperature at 
which the vapour of the fuel sample can flash for a short 
time under specified test conditions of test [48]. It can be 
seen from Figure 4, the minimum flash point of obtained 
biodiesel is 178oC, thus could be explained that the 
produced biodiesels do not contain unreacted methanol, as 
flash point value is inversely proportional with the fuel’s 
volatility [45]. The flash point value in the current study for 
used cooking biodiesel is very close to that reported by 
previous researchers [43]. The flash point of produced 
biodiesels from pre-blended rapeseed oil with used cooking 
oil ranged between 183oC and 185oC, whilst for post-
blended RBD with UCBD ranged between 178oC and 
183oC. This could be explained by the effect of the ratio of 
fatty acid methyl ester compositions in produced fuel. This 
is because the flash point of biodiesel decreases relative to 
the higher content of linoleic acid methyl ester as shown in 
Table I. The flash point of mono-unsaturated FAME, such 
as oleic acid methyl ester, is higher than poly unsaturated 
FAME, such as linoleic acid methyl ester, because poly 
unsaturated FAME has a lower molecular weight than 
mono-unsaturated FAME [49]. However, the values of the 
flash point from all prepared biodiesel samples have met 
ASTM and EN standards. 
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Fig. 4. Effect of blending on the flash point of biodiesels 
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F. Cold flow properties 
The cloud point is defined as the temperature at which a 

haze or cloud of first few crystals start to become visible 
while the lowest temperature at which the biodiesel flows is 
the pour point. The cold flow behaviour is a very important 
property for biodiesel as biodiesel performs poorly in cold 
weather and ceases to flow efficiently. This might cause 
incomplete combustion, poor fuel atomization, fuel injector 
problems, and deposit formation. On cooling biodiesel 
below a certain temperature, crystals form due to clogging 
of the molecules [50]. The cold flow properties are affected 
mainly by the fatty acid composition of biodiesel [51].  

From the results presented in Figure 5A, it can be 
observed that post-blended biodiesels lowers thecloud and 
pour points by 1-4°C compared to the corresponding RBD 
and UCBD because the cold flow properties change with the 
chain length of saturated and unsaturated FAME, which 
mainly depends on the degree of unsaturation and 
orientation of the double bonds [52, 53]. Hence, the cloud 
and pour points of biodiesels are largely dependent on the 
fatty acid compositions of the feedstock. In case of 
biodiesels obtained from pre-blended RSO with UCO in 
different weight percentages, cloud and pour points slightly 
changed. Figure 5B shows the obtained results of cloud and 
pour points for pre-blended biodiesels. At every blended 
level it is observed that the cloud and pour points of 
obtained blends are higher than that of post blended RBD 
and UCBD. This is because higher melting point 
components in the FAME nucleate at low temperature 
causing solid crystals to grow and form interlocking 
networks. 
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Fig. 5. Effect of blending on the cloud and pour points of biodiesels 

G. Thermal stability 
According to the literature [54, 55], biodiesel is 

susceptible to oxidation processes due to oxygen reacting 
with the double bonds present in FAME, following a free 
radical mechanism that starts with the abstraction of 
hydrogen atom, known as autoxidation. Therefore, 
manufacturers have been adding antioxidant additives in 
order to control oxidation stability of the fuel. Figure 6 
shows the thermal stability results for all samples. It can be 
seen there is a slight mass gained at the beginning of 
oxidation. This is most probably due to the formation of 
hydro-peroxide. 
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Fig. 6. Effect of blending on the thermal stability of biodiesels 

Pre-blending process shows high thermal stability of 
obtained biodiesels from RSO with UCO in different weight 
percentages than post-blending process, thus could be 
explained by due to different FAME compositions as shown 
in Table I. 

IV. Conclusions	  
• The availability of the cheapest feedstock in biodiesel 

production has been a fundamental issue. Sources 
show that feedstock represents 75% of the overall cost 
of biodiesel production. The use of mixing virgin 
vegetable oils with waste cooking oil in different 
portions might a useful way to reduce production 
costs. However the viability of such feedstocks and 
effect of methods of preparation of the product on the 
final product properties should be investigated. 

• Post-blending process improved the acid value, flash 
point, and cold flow properties of obtained biodiesels 
depending mainly on the percentage of blended. 

• Pre-blending process also lowered the cloud and pour 
points by 2-5 °C compared to the UCBD. All prepared 
biodiesels by pre-blending process were thermally 
more stable than biodiesels obtained from mono 
sample oils and post-blended binary biodiesels.  

• It is important to mention that there was no effect on 
the kinematic viscosity, thermal stability and density of 
obtained biodiesels from post-blending of RBD with 
UCBD in different weight percentages; however, all 
the fuel products met the established EN 14214 
standard. 

(A) 

(B) 
 

International Scientific Journal 
Environmental Science 
http://environment.scientific-journal.com



Acknowledgment	  
JG thanks the Kurdistan Regional Government (KRG) for 
funding. The authors thank Prof. Kevin Roberts at Leeds 
University for access to the TGA and DSC in his lab. We 
also would like to acknowledge the ERI at Leeds University 
for allowing us to use the Analytical lab. 

References	  
[1] Santacesaria, E., et al., Main technologies in biodiesel 

production: State of the art and future challenges. 
Catalysis Today, 2012. 195(1): p. 2-13. 

[2] Diya’uddeen, B.H., et al., Performance evaluation of 
biodiesel from used domestic waste oils: A review. 
Process Safety and Environmental Protection, 
2012. 90(3): p. 164-179. 

[3] Saxena, P., S. Jawale, and M.H. Joshipura, A Review on 
Prediction of Properties of Biodiesel and Blends of 
Biodiesel. Procedia Engineering, 2013. 51: p. 395-
402. 

[4] Gürü, M., et al., Biodiesel production from waste 
chicken fat based sources and evaluation with Mg 
based additive in a diesel engine. Renewable 
Energy, 2010. 35(3): p. 637-643. 

[5] Bernal, J.M., et al., Supercritical synthesis of biodiesel. 
Molecules, 2012. 17(7): p. 8696-719. 

[6] Torres-Jimenez, E., et al., Physical and chemical 
properties of ethanol–diesel fuel blends. Fuel, 
2011. 90(2): p. 795-802. 

[7] Hoque, M.E., A. Singh, and Y.L. Chuan, Biodiesel from 
low cost feedstocks: The effects of process 
parameters on the biodiesel yield. Biomass and 
Bioenergy, 2011. 35(4): p. 1582-1587. 

[8] Falahati, H. and A.Y. Tremblay, The effect of flux and 
residence time in the production of biodiesel from 
various feedstocks using a membrane reactor. 
Fuel, 2011. 

[9] Saloua, F., C. Saber, and Z. Hedi, Methyl ester of 
[Maclura pomifera (Rafin.) Schneider] seed oil: 
biodiesel production and characterization. 
Bioresour Technol, 2010. 101(9): p. 3091-6. 

[10] Misra, R.D. and M.S. Murthy, Blending of additives 
with biodiesels to improve the cold flow properties, 
combustion and emission performance in a 
compression ignition engine—A review. Renewable 
and Sustainable Energy Reviews, 2011. 15(5): p. 
2413-2422. 

[11] Hoekman, S.K., et al., Review of biodiesel composition, 
properties, and specifications. Renewable and 
Sustainable Energy Reviews, 2012. 16(1): p. 143-
169. 

[12] Atadashi, I.M., et al., The effects of catalysts in 
biodiesel production: A review. Journal of 
Industrial and Engineering Chemistry, 2013. 19(1): 
p. 14-26. 

[13] Uzun, B.B., et al., Biodiesel production from waste 
frying oils: Optimization of reaction parameters 
and determination of fuel properties. Energy, 2012. 
44(1): p. 347-351. 

[14] Santori, G., et al., A review analyzing the industrial 
biodiesel production practice starting from 
vegetable oil refining. Applied Energy, 2012. 92: p. 
109-132. 

[15] Bhale, P.V., N.V. Deshpande, and S.B. Thombre, 
Improving the low temperature properties of 
biodiesel fuel. Renewable Energy, 2009. 34(3): p. 
794-800. 

[16] Smith, P.C., et al., Improving the low-temperature 
properties of biodiesel: Methods and 
consequences. Renewable Energy, 2010. 35(6): p. 
1145-1151. 

[17] Atadashi, I.M., et al., Production of biodiesel using 
high free fatty acid feedstocks. Renewable and 
Sustainable Energy Reviews, 2012. 16(5): p. 3275-
3285. 

[18] Bi, Y., D. Ding, and D. Wang, Low-melting-point 
biodiesel derived from corn oil via urea 
complexation. Bioresour Technol, 2010. 101(4): p. 
1220-6. 

[19] Chastek, T.Q., Improving cold flow properties of 
canola-based biodiesel. Biomass and Bioenergy, 
2011. 35(1): p. 600-607. 

[20] Jin, F., et al., Partial hydrothermal oxidation of 
unsaturated high molecular weight carboxylic 
acids for enhancing the cold flow properties of 
biodiesel fuel. Fuel, 2010. 89(9): p. 2448-2454. 

[21] Sern, C.H., et al., The effect of polymers and surfactants 
on the pour point of palm oil methyl esters. 
European Journal of Lipid Science and 
Technology, 2007. 109(4): p. 440-444. 

[22] Hamada, H., et al., Effects of polyglycerol esters of fatty 
acids and ethylene-vinyl acetate co-polymer on 
crystallization behavior of biodiesel. European 
Journal of Lipid Science and Technology, 2010. 
112(12): p. 1323-1330. 

[23] Sharma, Y.C., B. Singh, and S.N. Upadhyay, 
Advancements in development and 
characterization of biodiesel: A review. Fuel, 2008. 
87(12): p. 2355-2373. 

[24] Basha, S.A., K.R. Gopal, and S. Jebaraj, A review on 
biodiesel production, combustion, emissions and 
performance. Renewable and Sustainable Energy 
Reviews, 2009. 13(6-7): p. 1628-1634. 

[25] Sinha, S., A.K. Agarwal, and S. Garg, Biodiesel 
development from rice bran oil: Transesterification 
process optimization and fuel characterization. 
Energy Conversion and Management, 2008. 49(5): 
p. 1248-1257. 

International Scientific Journal 
Environmental Science 
http://environment.scientific-journal.com



[26] ASTM-D6751, Standard Specification for Biodiesel 
Fuel Blend Stock (B100) for Middle Distillate 
Fuels. 2012: p. 1-11. 

[27] EN-14214, Automotive fuels. Fatty acid methyl esters 
(FAME) for diesel engines. Requirements and test 
methods. 2009: p. 1-15. 

[28] ASTM-D974, Standard test method for acid and base 
number by colour-indicator titration. 2012: p. 1-7. 

[29] Freedman, B., E. Pryde, and T. Mounts, Variables 
affecting the yields of fatty esters from 
transesterified vegetable oils. Journal of the 
American Oil Chemists Society, 1984. 61(10): p. 
1638-1643. 

[30] Freedman, B., R.O. Butterfield, and E.H. Pryde, 
Transesterification kinetics of soybean oil 1. 
Journal of the American Oil Chemists’ Society, 
1986. 63(10): p. 1375-1380. 

[31] Wawrzyniak, R., W. Wasiak, and M. Frackowiak, 
Determination of methyl esters in diesel oils by gas 
chromatography-validation of the method. 
Chemical Papers-Slovak Academy of Sciences, 
2005. 59(6B): p. 449. 

[32] Dauqan, E.M., et al. Fatty acids composition of four 
different vegetable oils (red palm olein, palm olein, 
corn oil and coconut oil) by gas chromatography. 
in 2nd International conference on chemistry and 
chemical engineering, IACSIT Press, Singapore. 
2011. 

[33] Chand, P., et al., Novel characterization method of 
biodiesel produced from soybean oil using 
thermogravimetric analysis. An ASABE meeting 
presentation, paper number: 084515, 2008: p. 1-10. 

[34] Holčapek, M., et al., Analytical monitoring of the 
production of biodiesel by high-performance liquid 
chromatography with various detection methods. 
Journal of chromatography A, 1999. 858(1): p. 13-
31. 

[35] Chattopadhyay, S., S. Das, and R. Sen, Rapid and 
precise estimation of biodiesel by high 
performance thin layer chromatography. Applied 
Energy, 2011. 88(12): p. 5188-5192. 

[36] Neto, P.R.C., et al., Quantification of soybean oil 
ethanolysis with 1H NMR. Journal of the American 
Oil Chemists' Society, 2004. 81(12): p. 1111-1114. 

[37] Pinzi, S., et al., Flow injection analysis-based 
methodology for automatic on-line monitoring and 
quality control for biodiesel production. 
Bioresource technology, 2009. 100(1): p. 421-427. 

[38] Pilar Dorado, M., et al., Visible and NIR Spectroscopy 
to assess biodiesel quality: determination of 
alcohol and glycerol traces. Fuel, 2011. 90(6): p. 
2321-2325. 

[39] Pinzi, S., et al., Near infrared reflectance spectroscopy 
and multivariate analysis to monitor reaction 

products during biodiesel production. Fuel, 2012. 
92(1): p. 354-359. 

[40] EN-14103, Fat and oil derivatives. Fatty acid methyl 
esters (FAME). Determination of ester and 
linolenic acid methyl ester contents. 2011: p. 18. 

[41] Boshui, C., et al., Effect of cold flow improvers on flow 
properties of soybean biodiesel. Biomass and 
Bioenergy, 2010. 34(9): p. 1309-1313. 

[42] Rashid, U., et al., Jatropha curcas seed oil as a viable 
source for biodiesel. Pakistan Journal of Botany, 
2010. 42(1): p. 575-582. 

[43] Cetinkaya, M. and F. Karaosmanoglu, Optimization of 
base-catalyzed transesterification reaction of used 
cooking oil. Energy & fuels, 2004. 18(6): p. 1888-
1895. 

[44] EN-14104, Fat and oil derivatives-fatty acid methyl 
esters (FAME): determination of acid value. 2003. 

[45] Atabani, A.E., et al., A comprehensive review on 
biodiesel as an alternative energy resource and its 
characteristics. Renewable and Sustainable Energy 
Reviews, 2012. 16(4): p. 2070-2093. 

[46] Phan, A.N. and T.M. Phan, Biodiesel production from 
waste cooking oils. Fuel, 2008. 87(17-18): p. 3490-
3496. 

[47] Alptekin, E. and M. Canakci, Determination of the 
density and the viscosities of biodiesel–diesel fuel 
blends. Renewable Energy, 2008. 33(12): p. 2623-
2630. 

[48] EN-22719, Methods of test for petroleum and its 
products. Petroleum products and lubricants. 
Determination of flash point. Pensky-Martens 
closed cup method 1994: p. 16. 

[49] Saravanan, S. and G. Nagarajan, Effect of single double 
bond in the fatty acid profile of biodiesel on its 
properties as a CI engine fuel. International 
Journal of Energy & Environment, 2011. 2(6). 

[50] Bezergianni, S. and A. Dimitriadis, Comparison 
between different types of renewable diesel. 
Renewable and Sustainable Energy Reviews, 2013. 
21: p. 110-116. 

[51] Rajagopal, K., et al., Cloud point of biodiesel and 
blends. Journal of Chemical, Biological and 
Physical Sciences (USA): An International Peer 
Review E-3 Journal of Sciences: Section C: 
Physical Sciences. Available online at 
www.jcbsc.org, 2012. 2(4): p. 1998-2003. 

[52] Knothe, G., Dependence of biodiesel fuel properties on 
the structure of fatty acid alkyl esters. Fuel 
processing technology, 2005. 86(10): p. 1059-
1070. 

[53] Soriano, N.U., V.P. Migo, and M. Matsumura, 
Ozonized vegetable oil as pour point depressant for 
neat biodiesel. Fuel, 2006. 85(1): p. 25-31. 

International Scientific Journal 
Environmental Science 
http://environment.scientific-journal.com



[54] Pullen, J. and K. Saeed, An overview of biodiesel 
oxidation stability. Renewable and Sustainable 
Energy Reviews, 2012. 16(8): p. 5924-5950. 

[55] Dunn, R.O., Effect of antioxidants on the oxidative 
stability of methyl soyate (biodiesel). Fuel 
Processing Technology, 2005. 86(10): p. 1071-
1085. 

 

International Scientific Journal 
Environmental Science 
http://environment.scientific-journal.com




