
European International Journal of Science and Technology                    Vol. 4 No. 5                      June, 2015 

 

 

195 

STUDIES OF SECOND GENERATION BIODIESEL 

FORMULATED USING BINARY BLENDS OF CASTOR OIL 

WITH COTTON, CANOLA AND SOYBEAN OILS 
 

 

 

 

Flávio A. F. da Pontea, Roberta B. Vasquesa, Vanessa F. de Oliveiraa, Jackson Q.Malveirab, 

Mônica C. G. Albuquerquec,* 
 

 

 

aDepartamento deEng. Química, Universidade Federal do Ceará –UFC Campus do Pici, bl. 709 60455-760 

Fortaleza-CE,Brazil 
 

bNUTEC- Fundação Núcleo de Tecnologia Industrial do Ceará (NUTEC) 

Rua Professor Rômulo Proença, S/N - Campus do Pici - 60451-970Fortaleza-CE,Brazil 

 
cDepartamento de Eng. Mecânica, Universidade Federal do Ceará –UFC Campus do Pici, bl. 714 60455-

760 Fortaleza-CE,Brazil 

 

 

 

Corresponding Author:  

Mônica C.G. Albuquerque 

E-mail: monica.albuquerque@ufc.br 

 

 

 

 

 

ABSTRACT 

This study aimed use blends of castor oil with cotton, canola and soybean oils to produce second generation 

biodiesel. The use of these blends could reduce the cost of production, and obtain a second generation 

biodiesel that comply with the specification. The Biodiesel samples were produced from binary mixtures of 

vegetable oils in different mass ratios through alkaline transesterification using methanol and ethanol as a 

reagent. The reaction conversion analysis was evaluated using protons Hydrogen Nuclear Magnetic 

Resonance (1H-NMR). The physicochemical characterizations were performed according to ABNT NBR, 

ASTM and EN ISO standards. The proper formulation to meet the biodiesel specifications using those blends 

of biomass sources is presented and discussed. The results indicated that binary blends of vegetable oils 

may be an alternative to use less edible raw material for biodiesel production. 
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1. INTRODUCTION 

Most of all energy consumed in the world is generated from fossil fuels, such as: oil, coal and natural gas. 

However, these sources are considered nonrenewable [1]. Diesel fuel is a combustible derived from 

petroleum that has a great demand worldwide, mainly in domestic transportation and in industry. 

Nevertheless, there are many environmental problems associated by use of this fuel. The gases released of 

the diesel combustion contribute to the acid rain and the greenhouse effect [2,3].In this context, biodiesel 

appear as an alternative to replace, partially or completely, the diesel fuel in compression ignition engines. 

Vegetable oils cannot be used innatura as a fuel, it can cause several problems to engines, like: 

accumulation of material in the injection nozzle, incomplete burning, low power output and formation of 

deposits in the combustion chamber [4]. The reduction of the vegetable oil viscosity for its use as a biofuel 

in internal combustion engines can be performed using different processes. The most commonly used are: 

microemulsion with methanol or ethanol, catalytic cracking, esterification and transesterification reaction 

with short-chain alcohols [5-7]. Among these alternatives, the transesterification reaction has been the most 

used worldwide as well as in Brazil. The biodiesel obtained from the transesterification process, has 

physicochemical properties similar to those of fossil diesel. The biodiesel has some advantages such as, 

aromatics-free and sulfur-free, has a high cetane number, oxygen content and flash point. It is a non-toxic 

and biodegradable product.[8-10]. 

Eighty percent of Brazilian biodiesel is produced by vegetable oils which are used in the food industry, 

especially soybean oil due to its market availability. [11-13]. However, in Brazil has a lot of others vegetable 

oils that are not suitable for human consumption. These kinds of oils are called second-generation oils and 

may be used for biodiesel production. [14]. 

Castor oil composition is atypical when compared with most other vegetable oils. This oil contains around 

90% of ricinoleic acid in its composition, which is a hydroxylated fatty acid, that is uncommon in vegetable 

oils [15,16]. Castor oil is harmful to human health and cannot be consumed as a food [17]. The biodiesel 

from castor oil has high viscosity and density, and does not fulfill the Brazilian regulatory agency (ANP) 

specifications [18-19]. However it has other excellent characteristics such as oxidation stability. 

The high cost of biodiesel production is mainly due to the raw material used, which represents the largest 

contribution to the total cost of the process. In recent years, due to the growth of the food sector and its 

consequently competition with biodiesel production plants, the raw materials costs has increased 

significantly [20,21]. 

Technically, both the ethylic biodiesel, like the methylic biodiesel, has fuel properties similar to those of 

fossil diesel so, these are suitable fuel to partially replace the diesel fuel. In the production process, the use 

of bioethanol presents technical difficulties when compared with the methanol use. The ethanolisys reaction 

show high difficulty in the separations of biodiesel and the glycerol phases. Another trouble in this process 

is the ethanol recovery and purification, which form an azeotropic mixture with water. Environmentally, 

ethylic biodiesel presents advantages over the methylic one. Bioethanol is a renewable raw material, is less 

toxic than methanol and is produced in Brazil in large scale through sustainable and efficient processes [22]. 

An alternative to reduce the costs of biodiesel production can be the use blends of vegetable oils which are 

not used in the food industry. It can be obtained a biodiesel with lower production costs that fulfill the 

specifications. Therefore, it can decrease the use of vegetable oils that are consumed as food [23]. In this 

work we used blends of second-generation oils with edible oils intending to determine which samples adjust 

to the specification limits. Were used two production methods: ethanolysis and methanolysis by 

homogeneous catalyst. 
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2. MATERIALAND METHODS 

The alcohols (absolute methyl and absolute ethyl) and sodium hydroxide used were from Vetec. 

Cotton, canola and soybean oils were purchased in local market. The castor oil was kindly provided by the 

"Laboratório de Referência em Biocombustível Prof. Expedito José de Sá Parente", from “Fundação Núcleo 

de Tecnologia Industrial do Ceará” (LARBIO – NUTEC - BRAZIL). 

Crude Castor oil presented high levels of acidity and water content. To the transesterification 

reaction by homogeneous alkali catalyst, is required to the feedstock lower free fatty acid (FFA) content, 

acidity less than 1% and water content max of 0.06% [24]. 

 

2.1. Treatment of castor oil. 

The castor oil neutralization was conducted with the byproduct of the transesterification reaction, the 

glycerol phase. Based on the free alkalinity of this lower phase and the acidity of the castor oil, was 

calculated the glycerol required amount to neutralize the oil. Then, the glycerin phase was mixed with the 

castor oil at 80 to 100 °C under vigorous stirring, for 1 hour. The mixture was placed at rest by 24 hours for 

phase separation. After neutralization, the biodiesel was heated at 110 °C for 30 minutes to remove the 

excess of water that could be present after the separation. The castor oil presented an appropriate level of 

acidity (less than 1%) and water content less than 0.06%. 

 

2.2. Biodiesel production - Methylic route. 

The transesterification reactions were performed with methyl alcohol under magnetic stirring. 

Alcohol in excess, about 100%vol, was used in those reactions. Sodium methylate was use as a catalyst. The 

vegetable oils blends were prepared in a range between 20and 80% wtat 25 °C. The mass ratio of alcohol / 

oil / catalyst (% wt) was 20/100/0.6 respectively. 

The transesterification was carried out homogeneously in liquid phase at 25 °Cfor 40 minutes under 

intense stirring. After the transesterification, the resulting glycerin was removed by decantation and the 

resulting biodiesel oil sample was washed twice with pure water at 60°C.The biodiesel was heated up to 110 

°C for 30 minutes to remove the water that was present due to the washes. 

 

2.3. Biodiesel production - Ethylic route. 

For the transesterification reaction with ethanol, biodiesel samples were obtained from reactions 

performed in a flat-bottomed flask attached to a reflux condenser in order to prevent the alcohol evaporation. 

The mass ratio of alcohol / oil / catalyst (% wt) was 43/100/0.6 respectively. The reaction occurred for 5 

minutes, according the method described by Ferrari et al.[25], in this time it can be noted the occurrence of 

the reaction by the darkening in the reaction followed by the return to the initial coloration. The reaction was 

done at 60 °C under vigorous stirring. As in methylic route, the resulting glycerin was removed by 

decantation and the resulting biodiesel oil sample was washed twice with pure water at 60 °C-80 °C.The 

biodiesel was heated up to 110 °C for 30 minutes to remove the water that was present due to the washes. 

 

2.4. Biodiesel Characterization. 

All samples were characterized following laboratory procedures and standards indicated by ANP 

[26]. Each sample was analyzed for color determination – ABNT NBR 14483; density –ASTM D4052, 

kinematic viscosity at 40 ° C –ASTM D445, acid value–ASTM D664, iodine value - EN ISO 14111, Flash 

point –ASTM D93, water content - ASTM D 6304 and oxidative stability at 110 º C - EN ISO 14112. 
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The yield the methyl ester content in the biodiesel produced was determined by 1H NMR (300 and 

500 MHz) using the method described by Lopez et al.[27]. Similarly, the ethyl ester content in the biodiesel 

was determined by using the method described by Ghesti et al.[28]. 

 

3. RESULTS AND DISCUSSION 

Raw material physicochemical properties are shown on Table 1.It may be seen that castor oil does 

not fulfill either acidity value and water content specifications. So, it was necessary a pretreatment before 

the biodiesel production. 

Table 2 lists the properties of the biodiesel produced from the pure oils. The values shown in the 

table allowed us to observe that both density and kinematic viscosity of pure castor oil biodiesel were 

substantially higher than the Brazilian specifications limits. For pure cotton, canola and soybean oil 

biodiesel, the oxidation stability does not comply with the specification. To solve this problem, were 

produced biodiesel samples from vegetables oils blend. 

The values of kinematic viscosity at 40 °C and density at 20 °C of biodiesel samples obtained from 

oils blends are listed in Tables 3 and 4, respectively. With regards to kinematic viscosity at 40 °C and 

density at 20 °C, as can be seen in tables 3 ad 4, respectively, mixtures of castor oil up to 30%wt with canola 

and soybean oils and 20%wt with cotton oil enable the specification of the biodiesel within Brazilian limits. 

This behavior of the castor oil in the oil blend to biodiesel production can be attributed to the higher content 

of hydroxyl and usually due groups (ricinoleic acid) present in the castor oil what is not true to the other 

vegetable oils. 

However, from the results shown in Table 5, it is clear that by decreasing the mass concentration of 

the castor oil in the oils blends, the biodiesel oxidation stability decreases too. This can be justified by the 

chemical structure of the vegetable oils; once the esters produced from the oils blends with a larger 

concentration of unsaturated fatty acids are more stable than the saturated ones. The most common 

unsaturated fatty acids in the vegetable oils used in this study are: oleic, linoleic, linolenic and ricinoleic 

acids. 

Table 6 shows the main properties of methylic and ethylic esters from blends of vegetable oils, which 

had the best results for ANP specifications. It can be observed that to the oxidation stability of methylic 

esters any mixture with castor oil meets the Brazilian specifications requirements, an exception of the 

biodiesel obtained by castor and cotton oil blend (20:80). The same property, but now for ethylic esters, does 

not fulfill the Brazilian specification, excepting the castor and canola oil mixture (20:80). However, this 

problem can be easily solved using an antioxidant additive (Tert-Butylhydroquinone). Another property that 

needs an adjustment is the water content to methylic and ethylic biodiesel produced from blends of castor 

and soybean oils. In this case just need a simple dry treatment. 

 

Table 1. Properties of the vegetables oils. 

Raw Materials  Color Acidity 

(%) 

Water 

content 

(%) 

Viscosity at 40 

°C (mm2 s-1) 

Density at 20 

°C (Kg M-3) 

Cotton oil 2.0 0.11% 0.05 34.82 919.0 

Canola oil 0.5 0.12% 0.05 36.32 917.9 

Castor oil 1.5 3.74% 0.62 245.37 961.0 

Soybean oil 0.5 0.18% 0.05 31.74 919.8 

ANVISA specification Take note 0.50% 0.20 Take note 914.0 – 926.0 
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Table 2. Properties of the biodiesel produced from pure oils. 

 

Biodiesel 
Methylic route Ethylic route ANP 

specification 
Standards 

Cotton Canola Castor Soybean Cotton Canola Castor Soybean 

Color 1.0 0.5 0.5 0.5 1.0 0.5 0.5 0.5 Take note ABNT NBR 14483 

Oxidation stability (h) 2.97 3.05 25.56 3.20 2.93 2.00 13.01 3.01 6.0 min. EN ISO 14112 

Kinematic viscosity at 40 °C (mm2 s-1) 4.81 5.10 14.17 4.56 4.86 5.15 18.01 4.62 3.0-6.0 ASTM D445 

Density at 20 °C (Kg m-3) 885.1 882.4 922.2 884.7 877.8 876.7 921,1 878.2 850-900 ASTM D4052 

Iodine value (g/100g) 111.0 110.3 85.2 131.9 103.7 103.7 79.2 123.0 Take note EN ISO 14111 

Acid value (mg KOH g-1) 0.22 0.22 0.42 0.20 0.27 0.25 0.34 0.36 0.5 max. ASTM D664 

Flash point (°C) 170.2 172.4 212.2 172.0 168.1 168.1 196.2 166.1 100 min. ASTM D93 

Water content (mg Kg-1) 188.6 195.0 199.1 189.8 188.1 169.1 448.2 190.9 200 max. ASTM D6304 
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Table 3. Kinematic viscosity at 40 °C of the biodiesel produced from oil blends.  

 

% Oil volume (Castor:X) 

Methylic route Ethylic route  

Cotton Canola Soybean Cotton Canola Soybean 
ANP 

specification 

(80:20) 10.85 11.69 10.75 12.07 12.26 11.81 

3.0-60 (mm2 

s-1) 

(60:40) 8.18 8.23 7.83 8.79 9.59 8.64 

(40:60) 6.58 6.70 6.19 7.19 7.02 6.74 

(30:70) 6.40 5.96 5.65 6.53 6.26 6.17 

(20:80) 5.34 5.61 5.70 5.84 5.91 5.57 

(X) other vegetable oil (cotton, canola or soybean) 

 

 

Table 4. Density at 20 °C of the biodiesel produced from oil blends. 

 

% Oil volume (Castor:X) 

Methylic route Ethylic route  

Cotton Canola Soybean Cotton Canola Soybean 
ANP 

specification 

(80:20) 914.2 914.4 915.7 909.8 910.9 910.5 

850-900  

(Kg m-3) 

(60:40) 906.7 905.3 906.1 901.1 902.6 901.4 

(40:60) 898.9 897.2 898.6 893.9 890.7 893.1 

(30:70) 896.5 892.0 894.0 888.9 887.5 889.8 

(20:80) 890.4 888.3 891.4 886.0 882.9 885.9 

(X) other vegetable oil (cotton, canola or soybean)  
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Table 5. Oxidation stability of the biodiesel produced from oil blends. 

 

% Oil volume (Castor:X) 

Methylic route Ethylic route  

Cotton Canola Soybean Cotton Canola Soybean 
ANP 

specification 

(80:20) 16.18 18.41 10.53 8.16 9.82 9.94 

6.0 min. 

(hours) 

(60:40) 8.91 10.74 12.19 6.51 7.61 7.42 

(40:60) 7.10 11.14 7.58 4.49 9.84 6.54 

(30:70) 5.05 7.76 6.00 3.60 9.65 7.05 

(20:80) 4.75 3.90 5.72 3.03 8.54 4.21 

(X) other vegetable oil (cotton, canola or soybean) 
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Table 6. Main properties of the best ethylic and methylic esters. 

 

Biodiesel 

Methylic route Ethylic route 
ANP 

specification 
Standards castor:cotton 

(20:80) 

castor:canola 

(30:70) 

castor:soybean 

(30:70) 

castor:cotton 

(20:80) 

castor:canola 

(20:80) 

castor:soybean 

(20:80) 

Color 1.0 0.5 0.5 0.5 0.5 0.5 Take note 

ABNT NBR 

14483 

Oxidation 

stability (h) 
4.75 7.76 6.00 3.03 8.54 4.21 6.0 min. 

EN ISO 

14112 

Viscosity at 

40 °C (mm2 s-

1) 

5.34 5.96 5.65 5.84 5.91 5.57 3.0-6.0 

ASTM 

D445 

Density at 20 

°C (Kg m-3) 
890.4 892.0 894.0 886.0 882.9 885.9 850-900 

ASTM 

D4052 

Iodine value 

(g/100g) 
103.62 101.19 114.82 98.68 96.08 113.51 Take note 

EN ISO 

14111 

Acid value 

(mg KOH g-1) 
0.33 0.42 0.24 0.35 0.35 0.48 0.5 max. 

ASTM 

D664 

Flash point 

(°C) 
168.2 168.2 166.2 176.2 186.1 172.2 100 min. 

ASTM D93 

Water 

content (mg 

Kg-1) 

173.7 151.2 374.6 145.1 199.5 395.7 200 max. 

ASTM 

D6304 
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4. CONCLUSIONS 

The use of blends between cotton, soybean and canola oils (comestible oils) with castor oil, second 

generation oil, (unfit human consumption) in the biodiesel production was evaluated in this study. 

It was observed that the biodiesel synthesized from the pure castor oil had high density and high 

kinematic viscosity, being out of ANP specification. Blends of a second generate raw material (castor oil) 

with vegetable oils used in the food industry (cotton, canola and soybean) can have these properties 

improved in order to fit the Brazilian specification. The study showed that the oxidation stability of the 

biodiesel produced from cotton, canola and soybean pure oils can be upgraded by the addition of castor oil 

before the reaction. 

The use of a second generation oil blended with others vegetable oils can produce a biodiesel with 

good quality (fulfill the Brazilian specification) and decrease the use of comestible vegetable oils in this 

process. 
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