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In this study, biodiesel (methyl ester) was produced from Castor Oil (Ricinus communis L.) (CO) using 
sodium hydroxide (NaOH) and methanol (CH3OH) by the two-step transesterification method. Nine dif-
ferent fuel blends (2, 5, 10, 20, 30, 40, 50, 60 and 75% by volume blending with diesel) were prepared. 

The density values of Castor Oil Biodiesel (COB) and its blends were measured at the temperature range 
from 0 to 93°C in steps of 5°C and the kinematic viscosity values of COB and its blends were measured at 
the temperature range from 30 to 100°C in the steps of 5°C. The results showed that the density, kinematic 
viscosity, calorific value, flash point, pH, copper strip corrosion and water content of COB are 932.40 kg.m-3, 
15.069 mm2.s-1, 38.600 MJ.kg-1, 182°C, 7, 1a and 1067.7 mg.kg-1, respectively. The density and kinematic 
viscosity of fuel samples decrease as temperature increases; and also these properties decrease as a result 
of the increase in the amount of diesel in the blends.
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En este estudio, se produjo biodiesel (metil éter) a partir de aceite de ricino (Ricinus communis L.) 
(CO, de sus siglas en inglés) utilizando hidróxido de sodio (NaOH) y metanol (CH3OH) a través 
del método de transesterificación en dos pasos. Se prepararon nueve mezclas diferentes (2, 5, 10, 

20, 30, 40, 50, 60 y 75% dependiendo del volumen de la mezcla con biodiesel. Se estimaron los valores 
de densidad del biodiesel de aceite de ricino (COB, de sus siglas en ingles) y sus mezclas en un rango de 
temperatura de 0 a 93°C en intervalos de 5°C y también se estimaron los valores de viscosidad cinemática 
de COB y sus mezclas dentro del rango temperatura comprendido entre 30 y 100°C en intervalos de 
5°C. Los resultados mostraron que la densidad, la viscosidad cinemática, el valor calorífico, el punto de 
ignición, pH, la corrosión de la franja de cobre y el contenido de agua del COB son 932.40 kg.m-3, 15.069 
mm2.s-1, 38.600 MJ.kg-1, 182°C, 7, 1a y 1067.7 mg.kg-1, respectivamente. La densidad y la viscosidad 
cinemática de las muestras de combustible disminuyen a medida que aumenta la temperatura; y también 
estas propiedades disminuyen como resultado del aumento en la cantidad de biodiesel en las mezclas.

Palabras clave: Aceite de Ricino, Transesterificación, Propiedades del Combustible, Biodiesel, Densidad, Viscosidad 
Cinemática.

Neste estudo, o biodiesel (metil éter) foi produzido a partir do óleo de rícino (Ricinus communis L.) 
(CO, por suas siglas em inglês) usando hidróxido de sódio (NaOH) e metanol (CH3OH) através 
de um método de transesterificação de dois passos. Foram preparadas até nove misturas de 

combustível diferentes (2, 5, 10, 20, 30, 40, 50, 60 e 75% por volume de mistura com o diesel). Os valores 
de densidade do biodiesel de óleo de rícino (COB, por suas siglas em inglês) e as suas misturas foram 
calculados dentro do rango de temperatura de 0 a 93°C no passo de 5°C e os valores de viscosidade 
cinemática do COB e das misturas foram calculadas no rango de temperatura de 30 a 100°C no passo 
de 5°C. Os resultados demonstraron que a densidade, viscosidade cinemática, valor calorífico, ponto 
de fusão, PH, corrosão da faixa de cobre e conteúdo de água do COB eram de 932.40 kg.m-3, 15.069 
mm2.s-1, 38.600 MJ.kg-1, 182°C, 7, 1a e 1067.7 mg.kg-1, respectivamente. Os valores de densidade e  
viscosidade cinemática das amostras de combustível diminuem na medida em que aumenta a temperatura; 
e também essas propriedades diminuem em decorrência do aumento na quantidade de diesel nas misturas.

Palavras-chave: Óleo de rícino, Transesterificação, Propriedades do Combustível, Biodiesel, Densidade, Viscosidade cinemática.
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1. INTRODUCTION

Since the beginning of civilization, human beings are 
struggling for making progress in almost all domains 
of our life as a means to fulfill bare necessities like 
shelter, food, clothing and energy, etc. In addition 
to environmental and socio-economic concerns, the 
increasing gap between energy demand and supply 
coupled with the focus of limited fossil fuel resources 
and price inflation, have led researchers to develop 
biodiesel as an eco-friendly alternative to diesel fuel 
(Mumtaz et al., 2012). The requirements for diesel fuels 
include the ability to flow in the fuel feed system and 
to lubricate fuel injection pumps and fuel injectors. The 
viability to use vegetable oil as a diesel fuel was first 
demonstrated in 1895 by Rudolph Diesel, who operated 
a diesel engine with peanut oil. It was later verified that, 
in order to improve vegetable oils capacity to be used as 
a diesel fuel, it was necessary to remove glycerol from 
their molecules. Finally, biodiesel is obtained after the 
glycerol removal (Valente et al., 2010).

Biodiesel is defined as the mono-alkyl esters of 
vegetable oils or animal fats. Vegetable oils and fats 
as alternative engine fuels are all extremely viscous 
with viscosities ranging from 10 to 17 times greater 
than petroleum diesel fuel. Biodiesel is produced by 
transesterifying the parent oil or fat to achieve a viscosity 
close to that of diesel. The chemical conversion of the 
oil to its corresponding fatty ester (biodiesel) is called 
transesterification. The purpose of the transesterification 
process is to lower the viscosity of the oil (Demirbas, 
2007).

There are more than 350 oil-bearing plants identified 
(with thousands of sub-species) that could be used to 
grow a new crop of fuel every year. The productivity 
of perennials is higher; they avoid erosion and can also 
be cultivated in mountain areas. Some species can be 
harvested more than once a year. The fuel potentialities 
of many vegetable oils were considered as early as 1939 
(Salvi & Panwar, 2012; Jahirul et al., 2013). Table 1 
shows main feedstocks of biodiesel production.

The production of biodiesel using non-edible crops, 
inappropriate for human consumption due to the 
presence of toxic compounds, has been researched over 

the last few years. Among the most studied crops are: 
jatropha (Jatropha curcas), karanja (Pongamia pinnata), 
castor (Ricinus communis), coriander (Coriandrum 
sativum), tobacco seed (Nicotiana tabacum), rubber 
(Hevea brasiliensis) and wild mustard (Brassica juncea) 
(Dias et al., 2013).

CO (castor bean, castor, castor oil plant, ricin, 
higuerilla, mamona, mamoeira, palma christi) is a 
member of the tropical spurge family (Euphorbiaceae) 
and can nowadays be found naturalized and cultivated in 
all temperate countries of the world. Castor is originally 
a tree or shrub that can grow above 10 m high, reaching 
an age of about 4 years. At present, the cultivated 
varieties grow to a height of 60-120 cm in 1 year, and 
several meters in perennial cultivation. Castor grows in 
the humid tropics to the subtropical dry zones (optimal 
precipitation 750-1000 mm, temperature 15-38°C) and 
can be also cultivated in southern Europe (Scholz & 
Nogueira, 2008). 

CO, extracted from the seeds of Ricinus communis 
L., is viscous, pale yellow, non-volatile and non-drying 
oil (Hincapié, Mondragón & López, 2011). CO presents 
between 80-90% of ricinoleic acid (12-hydroxy-9-cis-
octadecenoic acid). Such unique composition brings a 
disadvantage for its use for biodiesel production, since 
its viscosity is about 7 times higher than the one of 
other vegetable oils. Because CO is highly hygroscopic, 
water content might also be higher than desirable. To 
overcome such issues, its use in mixture with diesel has 
proven effective, namely in a 10% blend, to comply with 
specifications in standards (Dias et al., 2013). 

Conceição et al. (2007) have stated that the oil ratio 
of CO plant changes at 47-49% range and its biodiesel 
cost is lower, in comparison with other plants. They 
found COB’s viscosity value as 13.75 mm2.s-1 (at 40°C), 
sulphur value as 0.0001%, density as 0.9279 g.cm-3 (at 
15°C), ASTM colour as yellow, flash point as 120°C 
and copper strip corrosion value as 1.

In their study compiling the characteristics of CO, 
Scholz and Nogueira (2008) determined density as 
950-974 kg.m-3 (at 15°C), flash point as 229-260°C, 
kinematic viscosity as  240-300 mm2.s-1 (at 40°C), net 
calorific value as 37.2-39.5 MJ.kg-1, water content as 
0.15-0.30% and iodine number as 82-90 g.Iodine 100.g-1.
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Table 1.  Main feedstocks of biodiesel production (Demirbas, 2008a, Demirbas 2008b, Kafuku & Mbarawa, 2010; Karmakar et al., 2010; Singh 
& Singh, 2010; Kibazohi & Sangwan, 2011; Lin et al., 2011; Shahid & Jamal, 2011; Atabani et al., 2012; Borugadda & Goud, 2012; Balaji & 
Cheralathan, 2013; Saxena, Jawale & Joshipura, 2013; Issariyakul & Dalai, 2014).
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Albuquerque et al. (2009) have produced biodiesel 
from castor, soybean, canola and cotton oil, and studied 
the fuel characteristics. They reported COB’s specific 
weight as 920, kinematic viscosity as 13.5 cSt (at 40°C), 
iodine index as 85.2, acid value as 0.42 mg KOH.g-1, 
free glycerol as 0.015 %m.m-1 and combined glycerol 
as 0.018 %m.m-1.

Berman, Nizri and Wiesman (2011) produced biodiesel 
from CO, by using methanol and potassium hydroxide 
(KOH) through a single-stage transesterification 
process. They concluded COB’s cetane number (48.9), 
cloud point (-14°C), oxidation stability (44 h at 110°C) 
values met ASTM D6751 standards, while kinematic 
viscosity (at 40°C) and distillation temperature (15.17 
mm2.s-1 and 398.7°C respectively) values did not meet 
the standards.

Valente et al., (2011) have produced biodiesels 
from frying oil and CO at 6:1 methanol to oil molar 
ratio, 0.5% of NaOH and 60°C reaction temperature, 
and they mixed these biodiesels with diesel fuel, at a 
ratio of 25, 50 and 75% to analyse density, kinematic 
viscosity, distillation temperature and sulphur contents. 
As a result, 35% COB concentration in diesel fuel met 
EN 14214 for biodiesel density, kinematic viscosity and 
distillation temperature at 90°C.

Knothe, Cermak and Evangelista (2012) showed that 
refined CO’s kinematic viscosity (at 40°C), oxidative 
stability (at 110°C) and acid values were 256.69 mm2.s-1, 
74.80 h and 0.323 mg KOH.g-1 respectively. Analysing 
the fuel characteristics of COB, cetane number as 37.55, 
kinematic viscosity as 14.82 mm2.s-1 (at 40°C), oxidative 
stability as 5.87 h (at 110°C), yield point as -20°C, acid 
number as 0.148 mg KOH.g-1, lubrication as 186 μm, 
density as 927.7 kg.m-3 (at 15°C), water content as 640 
mg.kg-1, phosphorous value as 0 mg.kg-1 and sulphur 
value as 0.2 mg.kg-1.

In their studies analysing the physico-chemical 
characteristics of biodiesels produced from jatropha and 
CO, Okullo et al., (2012) indicated COB’s kinematic 
viscosity as 17.10 mm2.s-1 (at 40°C), flash point as 
178°C, acid value as 2.11 mg KOH.g-1, cloud point as 
-13°C, density as 910 kg.m-3 (at 15°C) and calorific 
value as 29.60 MJ.kg-1. In their studies optimizing 
biodiesel production from CO, Dias et al. (2013) 

reached maximum productivity at 73.62% for 6:1 
methanol to oil molar ratio, 1% of KOH, 65°C and 8 h 
reaction conditions. Following the optimization studies, 
they found the acid value was between 0.92-1.87 mg 
KOH.g-1, kinematic viscosity value was between 18.3-
60.9 mm2.s-1 (at 40°C), flash point was between 165-
186.5°C and copper strip corrosion value was class 1.

In this present work, biodiesel from CO was 
produced via the two-step transesterification method. 
Methanol was used as an alcohol and NaOH was used 
as a catalyst. Different kind of blends, such as B2, B5, 
B10, B20, B30, B40, B50, B60, B75 and pure COB, 
were prepared. Then, fuel properties of COB and its 
blends with diesel fuel were determined. Additionally, 
the density values of COB and its blends were measured 
at the temperature range from 0 to 93°C in the steps of 
5°C and the kinematic viscosity values of COB and its 
blends were measured at the temperature range from 
30 to 100°C in the steps of 5°C. This study is aimed 
to identify the effect of temperature and biodiesel 
concentration on the density and kinematic viscosity 
of biodiesel blends as well as to develop a correlation 
for biodiesel concentration, temperature, density and 
kinematic viscosity. 

2. MATERIALS AND METHODS

Biodiesel Production
In this study, CO was purchased from a local oil 

plant. Ultraforce Euro Diesel was supplied from a petrol 
station for experiments. The experiment was performed 
in a laboratory scale apparatus. Biodiesel was produced 
from this vegetable oil by means of the two-step 
transesterification process. In this reaction, methanol 
and NaOH were used as an alcohol and a catalyst. The 
chemicals (methanol and NaOH), which were used 
during the experiments, were taken from Merck. The 
details of the transesterification process used in this 
experiment are shown in Figure 1.

For the first reaction, methanol (75% of oil) and 
NaOH (50% of oil), which is 150 mL of methanol 
and 1.75 g NaOH, were resolved in a magnetic mixer, 
obtaining methoxide. This mixture of methoxide was 
added to the 1000 mL CO mixed at 55°C, which is the 
best reaction temperature (the best esters yield). For the 
mixing, the circulation rate was set to 1000 min-1 and 
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the mixture was mixed for 90 min. Later on, the mixer 
and heater were switched off. After waiting for 2 h for 
glycerol to subside, glycerol was removed (Figure 2). 
Later on, we proceeded to the second stage.

For the second reaction, methanol (25% of oil) 
and NaOH (50% of oil), which is 50 mL of methanol 
and 1.75 g NaOH, were resolved in a magnetic mixer, 
obtaining methoxide. The crude biodiesel, whose first 
reaction was attained, was heated up to 55ºC again by 
starting mixing and was submitted to reaction for 60 
min. Then, the mixer and the heater were turned off. 
The resulting mixture was left to rest and glycerol was 
removed. The temperature of the crude biodiesel was 
increased up to 75ºC and methanol was removed. After 
waiting for 15 hours for glycerol to subside, glycerol 
was taken. Meanwhile, the pH value of the biodiesel was 
measured and repeatedly washed with distilled water 
until neutralization. It was submitted to a wash-off using 
the douching method (Figure 3).

The aim of the wash-off is to remove alcohol which 
does not get involved in reaction, remaining fatty acids, 
Na+, K+ ions, catalyst substance and glycerol which 
could have remained during separation. While washing, 
the temperature of biodiesel and distilled water was 55ºC 

Figure 1.  Flow diagram of biodiesel production process.

Figure 2.  Glycerol formation after first reaction.
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and a total of 200 mL of distilled water was used in the 
process. After the washing process, it was rested for 12 
h for water to subside. The subsided water was taken 
using a separating funnel. The washed biodiesel was 
taken to a magnetic mixer with heater again and was 
heated up to 120ºC which is where water goes beyond 
biodiesel. For biodiesel, drying was made at 120ºC for 
2 h. Thus, biodiesel was produced from CO.

Preparing the Fuel Blends
Biodiesel can be used on its own, or by mixing it 

with diesel at any rate. Much of the world uses a system 
known as the “B” factor to state the amount of biodiesel 
in any fuel mix (Aksoy, Baydir & Bayrakçeken, 2010a; 
Aksoy, Baydir & Bayrakçeken, 2010b). For example, 
fuel containing 20% biodiesel is labeled B20. Pure 
biodiesel is referred to as B100. However, two special 
blends are important. These are B2 and B20 fuels. B2 is 
preferred for improving lubrication, while B20 mixtures 
are preferred for better lubrication as well as decreased 
exhaust emissions. On the other hand, B100 provides 
both benefits, and can replace diesel, as long as it can be 
found cheap and at sufficient quantities (Sekmen, 2007; 
Eryilmaz, 2009). Blends of 20% biodiesel with 80% 

diesel can generally be used in diesel engines without 
modification. Also pure biodiesel (B100) can be used 
in diesel engines but may require certain modifications 
to avoid maintenance and performance problems. The 
common international standards for biodiesel are EN 
14214 and ASTM D 6751 (Demirbas & Demirbas, 
2010).

When blending diesel and COB, first 98, 95, 90, 80, 
70, 60, 50, 40 and 25% diesel was put in a glass beaker, 
then 2, 5, 10, 20, 30, 40, 50, 60 and 75% biodiesel were 
added, respectively. The blend was tested to become 
homogenous first with laboratory type IKA brand Yellow 
line OST basic model mixer at 1500 min-1, then with 
Yellow line brand DI 18 basic model homogenizer at 
24000 min-1, for 7.5 min each, for a total of 15 min. 
Following this, B2, B5, B10, B20, B30, B40, B50 and 
B75 mixtures were acquired.

Measurement Procedure of Fuel Properties 
Important physical and chemical properties such as 

density, kinematic viscosity, flash point, water content, 
calorific value, pH and copper strip corrosion of diesel, 
CO, COB and COB-diesel blends were determined and 
presented in this study. Table 2 shows the apparatus used 
in this study to measure and to perform this analysis. 

Fatty acid composition of CO and COB were analyzed 
by gas chromatography-mass spectrometry (GC-MS). 
GC-MS analysis was performed on an Agilent 6890N 
Network GC system combined with Agilent 5975C VL 
MSD Network Mass Selective Detector. The GC-MS 
conditions were; column, DB Waxetr, is 60.0 m x 0.25 
mm x 0.25 µm; oven temperature programed as the 
column held initially at 60°C for 1 min after injection, 
then increased to 185°C with 1°C.min-1 heating ramp for 
10 min and increased to 200°C with 5°C.min-1 heating 
ramp without hold; injector temperature is 250°C; carrier 
gas is He; inlet pressure is 25.36 psi; linear gas velocity 
is 7 cm.sec-1; initial flow is 0.3 mL.min-1; split ratio is 
30.0:1 and injected volume is 1.0 µL.

3. RESULTS AND DISCUSSIONS 

The fuel properties of diesel, CO, COB and its 
blends with diesel fuel are given in Table 3. When the 
fuel properties of alternative fuel -biodiesel of CO- 
obtained as a result of transesterification were analyzed 

Figure 3.  Biodiesel washing using distilled water.
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according to EN 14214 standard, and B2, B5, B10, B20, 
B30, B40, B50, B60, B75 fuel blends were analyzed 
according to EN 590, density, kinematic viscosity, 
calorific value, flash point, water content, copper strip 
corrosion analyses revealed values within limits up to 
B20 fuel blends. A cetane number is a characteristic of 
fuel that shows the ability of self-ignition in the cylinder 
of a diesel engine. The cetane number depends on fuel 
composition and influences the start of a diesel, the 
beginning of the combustion process, equal operation 
of a diesel, and the emission of exhaust gases. Cetane 
number (ignitability in diesel engines) of COB (80.2) 
is higher than standard diesel fuel (54) within in the 
standard values (Ozcanli et al., 2012). As well as COB-
diesel fuel blends such as B2, B5, B10 and B20 can be 
used in diesel engine without any modification. 

The composition and physico-chemical properties 
of oils have been found to vary depending on the plant 
location and the agricultural practices applied on the raw 
materials (Okullo et al., 2012). The composition of the 
raw material and biodiesel can be inferred by its fatty 
acid composition, analyzed by gas chromatography, as 

Table 2.  The apparatus used to measure the fuel properties.

presented in Table 4. The obtained results match the 
composition expected according to the literature. 

Temperature dependent density and kinematic 
viscosity of CO, rapeseed oil, soybean oil (Esteban et 
al., 2012) and diesel were shown in Figure 4. When 
compared, the density and kinematic viscosity of CO 
were higher than for the other vegetable oils. Densities 
of fatty acid methyl ester (FAME) with similar number 
of carbon atoms increase with an increased number of 
double bonds (for instance, ρC18:3 >ρC18:2 >ρC18:1 >ρC18:0) 
(Ramírez-Verduzco, 2013). Knothe (2005) showed that 
the kinematic viscosity of biodiesel is influenced by 
structural arrangement of organic compounds present 
in the raw material. As can be seen in Table 4, CO and 
COB have approximately 90% ricinoleic acid, so the oil 
and biodiesel show more viscosity as compared to other 
oils and biodiesels.

With two step transesterification method, CO was 
transformed to biodiesel. Therefore, the density and 
kinematic viscosity of CO was decreased from 964.37 
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Table 3.  Fuel properties of Diesel, CO, COB and its blends with diesel.

Table 4.  Fatty acid composition (%) of CO and COB.
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kg.m-3 to 928.67 kg.m-3 at 15°C and from 241.465 
mm2.s-1 to 15.069 mm2.s-1 at 40°C, respectively. Prior 
literature reported the density and the kinematic 
viscosity of CO and COB as shown in Table 5. Empirical 
and literature results indicate that, COB does not 
meet the density and kinematic viscosity standards. 
Seed and oil productivity, oil acid composition and 
oil-fuel relations are characteristics affected by type 
and ambient conditions (Eryilmaz et al., 2014a). With 
transesterification method, the density and kinematic 
viscosity values decreased about 4.35% and 94.02% 
(Asmare & Gabbiye, 2014), 3.07% and 94.26% 
(Conceição et al., 2007), 2.63% and 90.00% (Sreenivas, 
Mamilla & Sekhar, 2011), 3.01% and 96.65% (Goswami, 
2011), 0.52% and 92.76% (Shrirame, Panwar & 
Bamniya, 2011), 3.54% and 94.26% (Chakrabarti & 
Ali, 2009), 4.90% and 95.37% (Panwar et al., 2010), 
respectively. We found out these ratios to be about 3.70% 
and 93.76%, respectively.  The density and kinematic 
viscosity of COB exceeds the maximum specifications 
in standards, so that would only be possible to blend 
these esters with diesel fuel.

The density is specified in EN 14214 with a range 
of 860-900 kg.m-3 at 15°C and in EN 590 with a range 
of 820-845 kg.m-3 at 15°C. Figure 5 shows the density 
variations of diesel, COB, B2, B5, B10, B20, B30, B40, 
B50, B60, and B75 at a temperature range of 0 to 93°C. 
The densities of samples vary in the range of 822.43-
902.11 kg.m-3 and higher than those of diesel fuel. As 
the density of COB is approximately 1.13 times higher 

than density of diesel fuel at 15°C, for the densities of 
B2, B5, B10, B20, B30, B40, B50, B60, and B75 are 
approximately 1.00, 1.00, 1.01, 1.02, 1.04, 1.05, 1.07, 
1.08 and 1.10 times higher than density of diesel fuel in 
the same conditions, respectively. The maximum density 
values of each sample were measured at 0°C. In all 
cases, the density of biodiesels and its blends decreases 
as temperature increases; and also density decreases 
because of the increase in the amount of diesel in the 
blends. The blends with COB concentration up to 20% 
(for EN 590) could be acceptable.

Prediction of density and kinematic viscosity 
of biodiesel and the mixture of diesel fuel, which 

Figure 4.  Temperature dependent density and kinematic  
viscosity of CO.

Table 5.  Density and kinematic viscosity of COs and COBs.
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reduces time and workload at the same time, will 
allow preparation of the correct blending ratio for the 
diesel engines. A possible method for predicting the 
density of the biodiesel blends should be given by 
Ramírez-Verduzco et al. (2011), Rodenbush, Hsieh 
and Viswanath (1999), Esteban et al. (2012) at fixed 
concentration.

Where T is the temperature in °C, A and B are 
the adjustable parameters. Empirical equations for 
density prediction (Equation 1) of diesel, biodiesel 
and its blends related to blending ratio at different 
temperatures are given in Table 6. In Equation 1, 
the coefficient of determination (R2) is 0.9999 which 
indicates a very close match as compared to the 
measurements. Figure 6 shows those experimental and 
predicted density values of fuels. Error and percent 
relative error for density of biodiesel blends with these 
equations were shown in Figure 7.

For the remaining properties Kay’s mixing rule is 
used:

Where φB is the property of the blend and φi is the 
respective property of the ith component. Using volume 

Figure 5.  The variations of density of COB and its blends at different 
temperatures.

Table  6.  First order polynomial equations (Equation 1) for the density 
of test fuels (0-93°C).

Figure  6.  Experimental and predicted density values of fuels.
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fraction instead of molar fraction, Equation 2 for a 
binary mixture takes the form of an arithmetic volume 
average:

Where ρ is the density of the biodiesel blend, 
ρ1 and ρ2 are the density of the pure biodiesel and 
diesel in kg.m-3, respectively. V1 and V2 are the 
volume percentage of the pure biodiesel and diesel, 
respectively (Benjumea, Agudelo & Agudelo, 2008; 
Al-Hamamre & Al-Salaymeh, 2014; Eryilmaz, 2012; 
Eryilmaz et al., 2014b). Error and percent relative error 
of the fuel blends calculated from Kay’s mixing rule 
is given in Figure 8. It is interesting to note that the 
lower blend ratio fuel exhibited greater average error 
of the experimental values. Therefore, with the increase 

Figure 7. (a) Error and (b) percent relative error for density calculation with Equation 1 of biodiesel blends. 

Figure 8. (a) Error and (b) percent relative error for density calculation with Equation 3 of biodiesel blends.  

in temperature, linearly decreasing characteristics of 
density became more dramatic for lower biodiesel 
blends and thus the model predictions has an slightly 
higher average error.

Figure 9 shows the kinematic viscosity variations of 
diesel, COB, B2, B5, B10, B20, B30, B40, B50, B60, 
and B75 at a temperature range of 30 to 100°C. The 
kinematic viscosities (at 40°C) of COB are 5.74 times 
that of diesel fuel, whereas the respective kinematic 
viscosity of COB was obtained to be 2.75 times that of 
diesel fuel by increasing temperature to 100°C.

To estimate the viscosity values of the mixtures, the 
equation suggested by Arrhenius and determined by 
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Figure 9. The variations of kinematic viscosity of COB and its blends 
with diesel fuel at different temperatures.

Figure 10. A plot of ln(η) versus x (biodiesel content). 

Table 7. Linear regression for kinematic viscosity prediction of biodiesel related to blending ratio.

Grunberg and Nissan has been used (Eryilmaz, 2012).

Where ηb represents the kinematic viscosity of 
blends at certain temperatures, η1 and V1 represents 
the kinematic viscosity of the first fuel used in the 

blend and the volumetric mixture rate, η2 and V2 the 
kinematic viscosity of the second fuel used in the blend 
and the volumetric mixture rate. A plot of ln(ηb) versus 
x (blend ratio) (Figure 10) should give a straight line 
that can be analysed using linear regression to confirm 
the correlation from calculation of the slope is equal 
to  ln(ηbiodiesel/ηdiesel) and intercept is equal to ln(ηdiesel).
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Table 7 shows the linear fitting of biodiesel kinematic 
viscosity values versus blend ratio. R2 values ranges 
from 0.9957 to 0.9989 and these formulas can be used 
to predict kinematic viscosities of COB and its blends 
with diesel fuel. Besides, for confirmation of this 
correlation, we calculated ln(ηbiodiesel/ηdiesel)  and ln(ηdiesel). 
After comparing the intercepts and slopes of those linear 
regression and ln(ηbiodiesel/ηdiesel) and ln(ηdiesel), both of 
them proved to match each other. 

Error and percent relative error of the fuel blends 
calculated from Equation 4 is shown in Figure 11. The 
errors are ranged between -0.01-0.08 and the percent 
relative errors are ranged between 0-20.

Kinematic viscosity depending on the temperature 
change can be found using Andrade equation (Esteban 
et al., 2012; Ramírez-Verduzco et al., 2011; Rodenbush 
et al., 1999; Eryilmaz, 2012; Kimilu, Nyang’aya & 
Onyari, 2011; Tat & Van Gerpen, 1999; Yuan et al., 
2005; Yuan, Hansen & Zhang, 2009; Kerschbaum & 
Rinke, 2004; Aksoy et al., 2014). 2 and 3 constant 
Andrade equations are;

where A, B and C are constant coefficients for 
the fluid, η is kinematic viscosity and T refers to the 
temperature. 

Aksoy, Yabanova & Bayrakçeken (2011) and Aksoy 
et al., (2014) suggested equations for estimating the 
viscosity for biodiesels. These equations are:

In these equations T is temperature and A, B and C 
are constants.

The correlation coefficients of the Equations 5, 6 and 
7 for each fuel sample were given in Table 8, and error 
and percent relative error were shown in Figure 12. As 
can be seen in Figure 12, Equation 6 yields excellent 
results and minimum errors; however Equation 7 shows 
the lowest agreement with experimental values. Figure 
13 shows the experimental and predicted kinematic 
viscosity values of fuel. The whole set of experimental 
results, including those for density and  kinematic 
viscosity are shown in Annex A and Annex B.

4. CONCLUSION 

 CO can be used as a biodiesel feedstock with its high 
oil content (40-55%) and its non-edible characteristics. 
In the present work, methyl ester was derived from CO 
and density, kinematic viscosity, water content, flash 
point, pH and copper strip corrosion properties of CO, 
COB and its blends with diesel fuel have been outlined. 
Fuel blends with up to 20% COB concentration in die-
sel fuel will meet present specifications for biodiesel 
density, kinematic viscosity, water content, flash point 

Figure 11. (a) Error and (b) percent relative error for kinematic viscosity calculation with linear regression of biodiesel blends. 
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Figure 12. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5, (b) Equation 6, (c) Equation 7. 
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Figure 13.  Experimental and predicted kinematic viscosity values of fuels.

and copper strip corrosion. It was not possible to ob-
tain a product conforming EN 14214 and EN 590, as 
expected, mainly due to the high density and kinematic 
viscosity. The density and kinematic viscosity of COB 
and its blends with diesel fuel decrease as temperature 
increases; and also density and kinematic viscosity de-
crease because of the increase in the amount of diesel in 
the blends. The results obtained are valuable to continue 
studies regarding both the use CO in Turkey and the 
application of CO for biodiesel production.
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NOTATION

CO        Castor oil

COB        Castor oil biodiesel

FAME        Fatty acid methyl esters

NaOH        Sodium hydroxide

KOH        Potassium hydroxide

GC-MS      Gas chromatography-mass spectrometry

A, B, C       Adjustable parameters

ρ        Density, kg.m-3

T        Temperature, °C

R2        Coefficient of determination  

φB        Property of the blend

φi        Respective property of the ith component

V        Volume percentage

xi        Molar fraction of the ith component

x        Blend ratio

n        Number of component

η        Kinematic viscosity, mm2.s-1

ηb        Kinematic viscosity of the blend, mm2.s-1
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    ANNEX A

Table A1. Experimental and calculated densities, errors and relative errors using Equation 1 of fuels at different temperatures. 

Table A1. Experimental and calculated densities, errors and relative errors using Equation 1 of fuels at different temperatures. (Cont.)
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Table A1. Experimental and calculated densities, errors and relative errors using Equation 1 of fuels at different temperatures. (Cont.)

Table A1. Experimental and calculated densities, errors and relative errors using Equation 1 of fuels at different temperatures. (Cont.)
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Table A2.The measured and calculated density values using Equation 3 and errors and relative errors. (Cont.).

Table A2. The measured and calculated density values using Equation 3 and errors and relative errors. 
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Table A2.The measured and calculated density values using Equation 3 and errors and relative errors. (Cont.).

Table B1.The measured kinematic viscosity values, the calculated kinematic values with Equation 4, errors and relative errors between the measured  
and calculated kinematic viscosity values.

    ANNEX B
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Table B1. The measured kinematic viscosity values, the calculated kinematic values with Equation 4, errors and relative errors between  
the measured and calculated kinematic viscosity values. (Cont.).

Table B1.The measured kinematic viscosity values, the calculated kinematic values with Equation 4, errors and relative errors between  
the measured and calculated kinematic viscosity values. (Cont.).
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Table B2. The measured and calculated kinematic viscosities using linear regressions, errors and relative errors.

Table B2. The measured and calculated kinematic viscosities using linear regressions, errors and relative errors. (Cont.).
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. 
 

(a)

Table B2. The measured and calculated kinematic viscosities using linear regressions, errors and relative errors. (Cont.).
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(a)

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(a)



124 CT&F - Ciencia, Tecnología y Futuro  -  Vol. 6  Num. 1      Jun. 2015

OSMAN GOKDOGAN et al.

124

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(a)

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(b)
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(b)

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(b)
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(b)

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(c)
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(c)

Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(c)
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Table B3. Error and percent relative error for kinematic viscosity of biodiesel blends (a) Equation 5 (b) Equation 6, (c) Equation 7. (Cont.). 
 

(c)


