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ABSTRACT 

 

Biodiesel is regarded as a realistic alternative to the conventional diesel fuel due to its renewability and environmentally 

friendly attributes. Development of biodiesel from cottonseed oil could boost economic growth and its renewable nature 

could lead to sustainable energy development This paper presents the work carried out on the characterization of 

biodiesel produced from cottonseed oil using three different catalysts in order to determine the yield of biodiesel 

obtained using each of the catalysts and the reasons for the differences/variations in the properties of the biodiesel 

produced. The cottonseed oil biodiesel was produced via transesterification with methanol and catalyst. The reaction 

conditions employed were; methanol to oil molar ratio of 6:1, catalyst concentration of 1 wt. %, reaction temperature of 

65oC and 1hour reaction time. The catalysts used were; NaOH (as homogeneous catalyst), CaO (as heterogeneous 

catalyst), and Nano-CaO (as heterogeneous nano catalyst) with each of the catalysts used to produce single biodiesel 

sample. The Nano‐CaO catalyst was prepared by calcination of ball‐milled chicken eggshell waste and it was 

characterized using SEM and XRD. The crystalline size of the Nano‐CaO catalyst was found to be about 30nm. The 

biodiesel samples produced were denoted according to the type of the catalyst used for its transesterification, i.e. B-

NaOH, B-CaO and B-Nano-CaO, for NaOH, CaO, and Nano-CaO catalysts, respectively. The samples were 

characterized to determine their physico-chemical properties. The characterization results showed that Nano-CaO 

catalyst gave the highest biodiesel yield (99%) followed by CaO (96.5%) and NaOH (94%) after transesterification 

reaction of the esterified cottonseed oil with methanol. The results further showed that the properties of the B-CaO, and 

B-Nano-CaO biodiesel samples were similar (with negligible variation) and they differ from that of B-NaOH with 

reasonable margin. It was suggested that the differences were as a result of the purification steps undergone by B-NaOH 

biodiesel sample which was not done in the case of B-CaO, and B-Nano-CaO biodiesel samples. 

Keywords:   Biodiesel, Cottonseed oil, Transesterification, Homogeneous catalyst, Heterogeneous catalyst. 

1  INTRODUCTION 

Diesel fuel is the most popular fuel used in the area 

of transportation, power generation, agriculture etc. 

[1]. Various studies have predicted the date of the 

global peak in oil production between 1986 and 

2035 [2]. As the demand for these fuels is 

increasing, it could lead to the depletion of limited 

petroleum reserves and unavoidably increase the 

price of petroleum products. Other problems 

associated with the use of the fossil fuels are the 

environmental concerns such as global warming 

and environmental degradation due to the emission 

of harmful gases during combustion. Thus, these 

problems have raised significant interests in the 

development of alternative fuels for internal 

combustion (IC) Engines such as biodiesel. 

Biodiesel is a realistic alternative fuel, derived from 

vegetable oil or animal fat and can be used directly 

or blended with petroleum diesel at any percentage 

without engine modification [3]. They are regarded 

as economically feasible, renewable, and could 

provide a feasible solution to the twin crises of 

fossil fuel depletion and environmental degradation 

[4]. Biodiesel production could also help in regional 

development, social structure and provision of long-

term energy security [2]. 

The use of edible vegetable oils and animal fats for 

biodiesel production has recently been of great 

concern because they compete with food materials. 

There are more than 350 oil bearing crops that have 

been identified, among which only sunflower, 

soybean, cottonseed, mango seed, rapeseed and 

peanut oils were considered as potential feedstock 

for biodiesel production [5]. Hence, the use oils 

such as cottonseed oil, which are not edible, will be 

significant as vegetable oil for biodiesel production 

[6]. 

Cottonseed oil is a vegetable oil extracted from the 

seeds of cotton plants of various species, mainly 

Gossypium hirsutum and Gossypium herbaceum, 

which are grown for cotton fibre, animal feed, and 

oil. While propagation of the cotton plant is driven 

by demand for fibre to make cloth, the seeds of the 

cotton plant are also valuable. Oil extracted from 

the seeds is used for human consumption and the 

residual meal is fed to livestock. Lately, cottonseed 

oil demand in the food industry is diminishing 

because of the health problems linked to its 

consumption. Cottonseed oil is considered to be the 

only important oil in the human diet that contains 

cyclopropene fatty acids. Such cyclopropene fatty 
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acids (as sterculic acid) when fed at 5% of dietary 

energy to rats, caused death and at the 2% level, 

caused disturbances of reproduction, and there has 

been concern about these effects in Humans [7]. 

Although there has been no evidence that 

consumption of cottonseed oil in manufactured 

products has any harmful nutritional effects, but 

some reported imbalance between the percentage of 

omega-6 fatty and omega-3 fatty acid content of the 

cottonseed oil is regarded as harmful, unless 

supplemented elsewhere in the diet [8]. For this 

reason, cottonseed oil has huge capability for 

biodiesel production. 

The biodiesel can be produced by either blending of 

crude oils, micro-emulsions, pyrolysis or 

transesterification. Transesterification is the most 

popular method of producing biodiesel [9]. 

Transesterification is the chemical reaction that 

involves tri-glycerides and alcohol in the presence 

of a catalyst to form esters and glycerol. The 

alcohols that can be used in the transesterification 

process are methanol, ethanol, propanol, butanol 

and amyl alcohol. Methanol is most frequently used 

because of its low cost and its physical and 

chemical advantages [9]. The catalysts used in 

transesterification may be acidic, enzymatic or 

basic [10].  

The selection of catalyst is based on free fatty acids 

(FFAs) content of the vegetable oil. FFAs are 

organic acids which are defining constituents of 

oil/fats. If the FFA value of a feedstock is greater 

than 0.5%, acid-catalysed transesterification is 

preferable. This is because if base catalyst is used, 

the reaction will partially be driven to 

saponification, where the alkali catalyst will react 

with the free fatty acids to form soaps. Soap 

resulting from saponification creates difficulty in 

separating the biodiesel from the by-product 

(glycerol) which consequently reduces the ester 

yield [9], [11]. But perhaps, the use of the acidic 

catalysts aside requiring higher temperature and 

longer reaction time, also cause unfavourable side 

reactions like product contaminations [12]. 

Therefore, it is mostly adopted as a pre-treatment 

step, with moderate reaction conditions (relatively 

lower temperature and pressure), then followed by 

base-catalysed transesterification to obtain the final 

product (biodiesel). This method is termed as two-

step transesterification process [13], 14]. There are 

two main types of base catalysts used for the 

transesterification of cottonseed oil, namely; 

homogeneous and heterogeneous catalysts. 

Homogeneous alkaline catalysts are most 

commonly used for biodiesel production from 

cottonseed oil. The most common basic catalysts 

are potassium hydroxide (KOH), sodium hydroxide 

(NaOH), sodium methoxide (NaOCH3) [12]. An 

advantage of homogeneous catalyst is that it mixes 

into the reaction mixture, allowing a very high 

degree of interaction between the catalyst and the 

reactant molecules. Disadvantages of homogeneous 

catalysis are the recovery of the catalyst used in the 

transesterification reaction and considerable volume 

of wastewater discharged from the process utilized 

to refine the dissolved alkali hydroxide from the 

biodiesel produced [15]. Gopal et al., [6], and 

Lebnebiso et al., [14] carried out similar research 

works on the transesterification of cottonseed oil 

using two step catalytic processes. They first step 

utilized acid catalyst (H2SO4) to reduce the free 

fatty acids present in the raw cottonseed oil and the 

second step utilizes base catalyst (NaOH) to 

produce methyl ester. Gopal et al.,[6] obtained a 

biodiesel yield of 93% in 60 minutes using 

methanol to oil molar ratio of 6:1 while Lebnebiso 

et al., [14] obtained a biodiesel yield of 66.4% in 30 

minutes using methanol to oil molar ratio of 6:1. In 

another study, Shyam et al. [16] utilized KOH 

catalyst for the transesterification of cottonseed oil 

and obtained a biodiesel yield of 76% in 60minutes 

using methanol to oil molar ratio of 6:1. 

Despite the long history of application of 

homogeneous catalysts in biodiesel production, the 

utilization of heterogeneous catalysts provided a 

solution for most of environmental and economic 

drawbacks of homogeneously catalysed process. A 

heterogeneous catalyst can be easily separated and 

reused. In addition, the use of heterogeneous 

catalyst in biodiesel production makes it possible to 

simplify the transesterification process by omitting 

some sections (washing and drying) from the whole 

process [17]. Some examples of these 

heterogeneous catalysts are alkali and alkali earth 

oxides, alkali and alkali earth carbonates, basic 

zeolites, etc. Although there were few literatures 

available regarding the use of heterogeneous 

catalysts for the transesterification of cottonseed oil, 

but it shows huge prospect in providing better yield 

than the homogeneous counterpart. From the few 

literatures available, Anastopoulos et al., [18] used 

CaO loaded with LiNO3 as a heterogeneous catalyst 

for the production of cottonseed methyl ester and 

obtained the yield of 97.3% in two hours. The 

achievement of these great biodiesel yields in 

addition to their reusability showed that the 

heterogeneous catalyst could be used for 

commercial production of biodiesel.  
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However, the recent development on the 

preparation of heterogeneous catalysts for biodiesel 

production is by further breaking them into Nano 

particles in order to increase their activity and 

consequently to enhance the biodiesel yield. By 

definition, a Nano catalyst is a substance or material 

with catalytic properties that has at least one Nano 

scale dimension, either externally or in terms of 

internal structures [19]. Nano catalysts have a 

higher surface area which gives more room for 

reactions to occur and therefore, higher biodiesel 

yield could be achieved. Just like any other 

heterogeneous catalyst, Nano catalysts can also be 

separated and reused with more retention of 

catalytic activity than their bulk counterparts [20]. 

Mandeep and Amjad [21] studied the behaviour of 

Lithium ion impregnated calcium oxide as nano 

catalyst for the biodiesel production from Karanja 

and Jatropha oils. They found out that 1.75-Li-CaO 

(i.e. CaO impregnated with 1.75 wt. % Li) took 1 

and 2 hours for the complete transesterification of 

Karanja and Jatropha oils respectively, and this 

results in achievement of greater than 99% 

conversion of oils to fatty acid methyl esters. 

Considering these achievements of obtaining higher 

yield, there is a need to carry out the 

transesterification of cottonseed oil using a Nano 

catalyst in order to achieve high biodiesel yield. 

The various characteristics of cottonseed oil 

biodiesel which have been investigated by previous 

research works were cetane number, calorific value, 

flash point, viscosity, pour point among others. 

However, the value of these properties differs as 

observed from different literature which is contrary 

to the popular belief that the physical and chemical 

properties of biodiesel from the same feedstock 

should be in close range irrespective of the 

production methods and conditions employed 

during the production, Ude et al [22]. For instance, 

Ude et al. [22] found the kinematic viscosity 

(mm2/s) at 40oC to be 5.6mm2/s using CaO and 

MgO as solid based catalysts for the 

transesterification of refined cottonseed oil, 

Vinukumar [23] obtained 5.2mm2/s using NaOH as 

catalyst for the transesterification of cotton seed oil, 

and Anil et al. [24] obtained 2.04mm2/s using 

NaOH as catalyst. This is as a result of using 

different catalyst. Although, according to ASTM D 

6751-02 standards, the kinematic viscosity at 40oC 

should be within the range of 1.9-6.0mm2/s, but 

wide margin of 2.04mm2/s to 5.6mm2/s should not 

be ignored considering that viscosity is a key fuel 

property that influences the atomization of a fuel 

upon injection into the combustion chamber. 

Another example is the cetane number, Vinukumar 

[23] found the cetane number to be 51 using NaOH 

as catalyst for the transesterification of cotton seed 

oil; Siva et al. [25] successfully obtained the value 

of the cetane number of the cottonseed methyl ester 

to be 53 using sodium methoxide as catalyst, and 

Lebnebiso et al. [14] also found the cetane number 

to be 46 using two step catalytic processes in 

transesterification of the cottonseed oil. 

However, these variations were not limited to 

viscosity and cetane number, but likewise all other 

important fuel properties such as density, calorific 

value etc. one of the suspected reasons for these 

variations in properties might be the type of catalyst 

used for the transesterification as observed. The 

suspicion was motivated by the results of the 

research conducted by Shankar et al. [26] on 

biodiesel synthesis from cottonseed oil using 

homogeneous alkali catalyst and using 

heterogeneous multi walled carbon nanotubes. They 

found the viscosity of the biodiesel produced to be 

2.975mm2/s and 2.496mm2/s; density of 0.898 g/cc 

and 0.963 g/cc using NaOH (homogeneous catalyst) 

and multi walled carbon nanotubes (heterogeneous 

catalyst) respectively. Although, the authors did not 

specify the reason for the difference in the 

properties but, one may assume that it was because 

of the use of different catalyst for the biodiesel 

production.  

The current research was focused on the production 

and characterization of biodiesel from cottonseed 

using three different catalysts (NaOH, CaO, and 

Nano-CaO). The results of the research could help 

in determining which category of catalyst will give 

highest yield and it could also help in finding out 

more significant reasons for the variations in 

properties of the biodiesel from cottonseed oil. 

 

2  EXPERIMENTALS AND METHODS 

2.1  Materials  

Cottonseed oil, chicken eggshell, methanol, 

sulphuric acid, sodium hydroxide, calcium oxide, 

characterization reagents, G Cussons P6310 bomb 

calorimeter set, Pensky Martens flash point tester, 

digital weight balance, Brookfield synchro-lectric 

viscometer, Porcelain cylindrical Jar ball mill, 

Nabertherm laboratory furnace (30oC-3000oC), hot 

plate with magnetic stirrer, Carl-Zeiss MA-10 series 

scanning electron microscope, PANanlytical 

Empyrean X-ray diffractometer, laboratory oven, 
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thermometer, pipette, burette, tripod stand, 

measuring cylinder, beaker, round bottom conical 

flask, separating funnel, and reflux condenser. 

2.2  Methods 

Sodium hydroxide (NaOH), and bulk calcium oxide 

(CaO) solutions were obtained as pure analytical 

grade reagents and therefore, they do not need 

further processing but the Nano calcium oxide 

(Nano-CaO) was not available in analytical grade, 

and so, it was synthesized by high-energy ball 

milling followed by calcination method, following 

the procedure reported by Huda et al. [27] and 

Elaheh and Asadollah [28]. The chicken egg shells 

were collected and washed several times with 

distilled water to remove impurities and then dried 

in a hot air oven at 120oC for 5 hours to completely 

remove moisture [27]. The dried egg shells were 

milled to fine powder of uniform sizes with the ball 

mill for 3h. The milled, egg shells were then 

calcined in a furnace at 900oC for 2 hours. The 

product obtained (Nano-CaO) was characterized 

using scanning electron microscope (SEM) and X-

RAY Diffraction (XRD). 

2.3  Biodiesel Production 

Raw cottonseed oil has high free fatty acids (FFAs) 

value of about 5 wt. % [14]. However, when a raw 

material (oil or fats) contains a high percentage of 

free fatty acids (greater than 1wt. %), during 

transesterification, the alkali catalyst will react with 

the free fatty acids to form soap. Therefore, prior to 

the transesterification reaction, the acidic feedstock 

(containing high amount of FFAs) should be pre-

treated (esterification or alcoholysis) to inhibit the 

saponification reaction [6], [13], [14]. Therefore, 

due to this factor, the biodiesel production was 

carried out in two stages; 

2.3.1  Esterification Stage 

It was done in this research to reduce the FFAs 

level of the raw cottonseed oil. The esterification 

was carried out in a 1500ml two necks round 

bottom flask as a batch reactor placed on a hot 

magnetic stirrer and a magnetic bar inserted into the 

flask. A thermometer (to measure temperature) was 

also inserted into the flask and a reflux condenser 

(to condense the methanol back to the batch reactor) 

was attached to the flask. The reaction was carried 

out using crude cottonseed oil with methanol and 

concentrated sulphuric acid (H2SO4) as the catalyst. 

The cottonseed oil was taken in litres and preheated 

to 35°C. 100ml of methanol was added to each litre 

of the heated oil (Using 12:1 methanol to oil molar 

ratio). It was stirred for ten minutes (methanol is a 

polar compound; oil is strongly non-polar; hence, a 

suspension will form). 1ml (1 wt. % of oil) of pure 

sulphuric acid (H2SO4) was added for each litre of 

oil using a graduated dropper. The compound was 

stirred and the temperature was maintained at 40°C. 

The acid value of the compound was determined at 

every 30 minutes until it dropped to 0.8 mg/g in 2.5 

hours. Heating was stopped and the mixture was 

stirred for another hour. The mixture was allowed 

to settle for eight hours in a separating funnel to 

remove some traces of glycerine, unreacted 

methanol and chemical water [6]. After the 

purification, the amount of esterified oil obtained 

was on an average of 983ml per 1litre of the raw 

cottonseed oil used, and this indicates an average of 

98% conversion of the raw cottonseed oil to ester 

(esterified oil). 

2.3.2  Transesterification Stage 

It was carried out using the same setup as the 

esterification. The reaction was carried out with 

methanol to oil molar ratio of 6:1, catalyst con-

centration of 1wt. %, reaction temperature of 65oC 

and 1hour reaction time. These reaction conditions 

were regarded as the best conditions for the 

production of biodiesel [22], [29]. Since both the 

homogeneous and heterogeneous catalysts were to 

be used for the transesterification reaction, then 

there exist some few differences in the production 

steps.  

Using the Homogeneous catalyst (NaOH), one litre 

of the esterified cottonseed oil was precisely 

measured and transferred to the batch reactor and 

then preheated to a temperature of 65oC. 290ml of 

methanol and 9.2g of NaOH were mixed together in 

a conical flask and stirred vigorously until the 

NaOH was completely dissolved. The mixture was 

then poured into the reaction flask containing the 

preheated oil and then stirred continuously with the 

magnetic stirrer while maintaining the temperature 

at 65oCfor 1hour. After one hour, heating and 

stirring were stopped, and then the mixture was 

poured into a separating funnel and allowed to settle 

for 8 hours. After the settlement for 8 hours, two 

major products were obtained, the esters (biodiesel) 

and the glycerol. The glycerol phase was much 
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denser than the biodiesel phase and settled at the 

bottom of the separating funnel, allowing it to be 

separated from the biodiesel phase. The biodiesel 

was then collected and washed several times with 

warm distilled water at 60oC to remove impurities 

and traces of catalyst. The biodiesel was further 

heated in an oven at 100oC for 30 minutes to 

remove traces of unreacted alcohol and water [6], 

[14], [30]. After the purification stages, the amount 

of biodiesel sample (Denoted as B-NaOH) 

obtained, was on an average of 941ml per litre of 

the esterified cottonseed oil used, and this indicates 

94% conversion of the esterified cottonseed oil to 

biodiesel. 

Using the heterogeneous catalysts (CaO and Nano-

CaO), the transesterification of the cottonseed oil 

was similar to the one conducted using the 

homogeneous catalyst (NaOH), but this time, the 

purification steps (washing and drying) were 

skipped after the transesterification because the 

solid heterogeneous catalyst (different phase with 

the reactants) was observed to settled at the glycerol 

layer. The biodiesel samples (denoted by B-CaO 

and B-Nano-CaO) were then separated from the 

glycerol (which contains unreacted methanol and 

glycerine). After the separation, the amount of 

biodiesel samples (Denoted by B-CaO and B-Nano-

CaO) obtained were 965ml and 992ml per litre of 

the esterified oil used for B-CaO and B-Nano-CaO 

respectively. These values represent 96.5% and 

99% conversion/yield of the esterified cottonseed 

oil to B-CaO and B-Nano-CaO biodiesel samples 

respectively. 

2.4  Characterization of the Catalyst, Cottonseed oil 

and the Biodiesel Samples 

The characterization of the cottonseed oil and the 

biodiesel samples were done in accordance with 

recommended American society of testing and 

materials (ASTM D-6751) at the Department of 

Chemical Engineering, Ahmadu Bello University, 

Zaria Nigeria and the National Geological Survey 

Agency of Nigeria (NGSA). 

3  RESULTS AND DISCUSSION 

3.1  Characterization of the Nano-CaO catalyst 

The Nano-CaO catalyst was characterized using 

Scanning Electron Microscope (SEM) and X-ray 

Diffraction (XRD). The Scanning Electron 

Microscope (SEM) image and X-Ray Diffraction 

(XRD) patterns of the Nano-CaO catalyst are 

shown in the Figures 1 and 2 respectively. 

 

 

Figure 1:  SEM image of Nano-CaO catalyst at 1500x magnification 
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Figure 2:  XRD Pattern of Nano-CaO Powder Surface 

From the SEM images presented in Fig. 1, it can 

be seen that the calcined eggshells typically 

comprise of irregular shape of particles. The 

XRD analysis was performed at 2θ ranging from 

4.0131o to 74.9931o with Cu radiation 

(λ=0.154056nm) and two-theta step of 0.026 at 

18.87 s per step. From Fig. 2, the XRD intense 

peaks at 2θ of 18.11, 34.12, 47.13, and 50.85 

correspond to d-values of 4.90, 2.63, 1.93, and 

1.80 respectively, of Calcium Hydroxide 

(Portlandite) (JCPDS-82-1690). This means that 

the calcined eggshell (CaO) has absorbed some 

moisture upon storage, and precaution was taken 

during biodiesel production by further heating at 

400oC for 1hour prior to use [31]. The particle 

size of the calcined eggshells was determined 

from the XRD data using Sherrer’s Equation and 

it was found to be about 30nm. The catalyst was 

denoted as Nano-CaO. 

3.2  Characterization of the biodiesel samples: 

Table 1:  Physico-Chemical Properties of the Biodiesel Samples as Compared to Petro-

Diesel and ASTM D6751 Biodiesel Standard 

PROPERTY B-

NaOH 

B-CaO B-Nano-

CaO 

Petro-

diesel 

ASTM 

D6751 

Percentage yield (%) 94 96.5 99 - - 

Density (g/ml) 0.8320 0.8655 0.8670 0.8250 0.83-0.88 

Kin. Viscosity@ 40oC 

(cSt) 

3.00 3.65 3.65 2.25 1.9-6.0 

Pour point (oC) -6 -8.5 -8.6 -20 - 

Cloud point (oC) 3 10 10 - - 

Flash point (oC) 155 175 178 70 130  (min.) 

Iodine Value (g/100g) 61.9272 72.0792 71.4440 38.0000 - 

Saponification Value 

(mg/g) 

193.96 200.98 202.38 - - 

Peroxide Value (mEq/g) 0.25 0.27 0.27 - - 

Cetane Number 60.5062 57.2391 57.1942 49.0000 47 (min.) 

Calorific value (kJ/kg) 37412 37870 37907 42500 - 

 

 Percentage Yield and Physical Appearance: B-

NaOH sample appeared to be lighter in colour 

than the other samples. The colour of a biodiesel 

is very important as it is also one of the 

determinants of the oxidative stability of a 

biodiesel; the darker the colour, the more stable 

the biodiesel [32]. From Table 1, the percentage 

of the biodiesel yield was determined by 

comparing the weight of the layer of biodiesel 

with the weight of esterified cottonseed oil used. 

Nano-CaO catalyst gave the highest percentage 

yield (99%) followed by CaO (96.5%) and NaOH 
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(94%) and this evidently showed that the Nano-

CaO catalyst being relatively of smaller particle 

sizes (with large surface area), resulted in a rise 

in the number of catalytic active sites [15]. This 

large number of catalytic active sites gave more 

room for the reactants to interact and 

consequently resulted in higher yield of the 

desired product (Biodiesel). 

 Density: Fuel injection equipment operates on a 

volume metering system, and hence, a higher 

density for biodiesel results in the delivery of a 

slightly greater mass of fuel [33]. From table 1, 

the densities of all the biodiesel samples fall 

within the ASTM biodiesel standards and are 

found to be higher than that of the petro-diesel. 

 Kinematic Viscosity: Viscosity is an important 

property of biodiesel since it affects the 

operation of fuel injection equipment. From 

table 1, the kinematic viscosities (at 40oC) of the 

B-NaOH, B-CaO, and B-Nano-CaO biodiesel 

samples were found to be 3.0 cSt, 3.65 cSt, and 

3.65 cSt respectively, which fall within the 

ASTM biodiesel standard. 

 Pour Point and Cloud Point: Both the pour point and 

cloud points are useful measures of the fuel handling 

and storage properties, most especially in cold 

weather. From table 1, the pour points of the B-

NaOH, B-CaO, and B-Nano-CaO biodiesel samples 

were found to be -6oC, -8.5oC, and -8.6oC 

respectively. On the other hand, the cloud points of 

the B-NaOH, B-CaO, and B-Nano-CaO biodiesel 

samples were found to be 3oC, 10oC and 10oC 

respectively. This indicates that B-NaOH 

(homogenous catalysed) has higher pour point and 

lower cloud point than B-CaO and B-Nano-CaO 

(heterogeneous catalysed). 

 Flash Point: Flash point (FP) is an important 

factor to consider in the handling, storage, 

and safety of fuels. From table 1, the flash 

points of the B-NaOH, B-CaO, and B-Nano-

CaO biodiesel samples were found to be 

155oC, 175oC and 178oC respectively and 

these values conforms to ASTM D6571 

biodiesel standards. These high flash point 

values of the biodiesel samples also showed 

that they are safe to be handled and stored. 

 Cetane Number: The cetane number is a 

dimensionless descriptor of the tendency of 

the fuel to self-ignite when the fuel is 

injected into the combustion chamber. From 

table 1, the cetane numbers of the biodiesel 

samples were 60.5062, 57.2391, and 57.1942 

for B-NaOH, B-CaO, and B-Nano-CaO 

respectively. The values obtained indicate 

that B-NaOH has the highest cetane number 

due to its lower iodine value and 

saponification value. Hence, the cetane 

numbers of all the biodiesel samples con-

forms to ASTM biodiesel standards. 

 Calorific Value: Calorific value represents 

the amount of heat emitted by burning a unit 

quantity of a fuel and indicates the available 

energy in the fuel. The higher the calorific 

value, the greater the energy contained in the 

fuel. From table 1, the calorific values of B-

NaOH, B-CaO, and B-Nano-CaO bio-diesel 

samples obtained were 37412kJ/kg, 

37870kJ/kg, and 37907kJ/kg respectively. 

The calorific values of the biodiesel samples 

are lower than that of petro-diesel due to 

their relatively higher cetane number. This 

was because calorific value of a fuel is 

inversely proportional to its cetane number 

[34]. 

From the characterization results however, it 

could be observed that the properties of the B-

CaO, and B-Nano-CaO biodiesel samples were 

similar (with negligible variation) and it differs 

from that of B-NaOH with reasonable margin. 

That was not a surprise because the B-CaO, and 

B-Nano-CaO bio-diesel samples were produced 

using the heterogeneous base-catalysed 

transesterification process which was done with 

the omission of the purification steps utilized 

during the homogeneous base-catalysed 

transesterification process (adopted for B-NaOH 

production). The purification steps which include 

washing the biodiesel with distilled water and 

drying, was believed to have further reduce the 

fatty acid and moisture content of the biodiesel. 

This belief is supported by the fact that water is 

among the products of transesterification 

(although in relatively little amount) [35], and it 

will be difficult to completely separate it from the 

products by the use of a separating funnel. 

Therefore, omission of the purification steps 

could lead to increase in water content of the 

biodiesel which in turns, increases the density as 

observed from the results. Furthermore, the 

omission could also be the reason for the increase 

in the iodine value (IV) and saponification value 

(SV) the B-CaO, and B-Nano-CaO biodiesel 

samples which showed that they have more 

unsaturated fatty acids and higher molecular 

weight than the B-NaOH biodiesel sample. The 

relatively higher unsaturated fatty acids of the B-

CaO, and B-Nano-CaO, resulted in their 

relatively lower cetane numbers and relatively 

higher viscosities. This is because low cetane 

number is associated with highly unsaturated 

fatty acids, so also viscosity increases with 

increase in length of the fatty acid chain [33], 

[36]. 
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4  CONCLUSION 

The biodiesel production was carried out by 

transesterification reaction of the esterified 

cottonseed oil with methanol using sodium 

hydroxide (NaOH) catalyst, calcium oxide (CaO) 

catalyst and nano calcium oxide (Nano-CaO) 

catalyst for B-NaOH, B-CaO and B-Nano-CaO 

biodiesel samples respectively. The reaction 

conditions employed were; methanol to oil molar 

ratio of 6:1, catalyst concentration of 1 wt. %, 

reaction temperature of 65oC and 1hour reaction 

time. Nano-CaO catalyst gave the highest 

percentage yield (99%) followed by CaO 

(96.5%) and NaOH (94%) after 

transesterification reaction of the esterified 

cottonseed oil with methanol. The yield obtained 

using Nano-CaO catalyst showed that the use of 

Nano catalyst improved the transesterification 

efficiency of the cottonseed oil by obtaining 

biodiesel yield close to theoretical value. The 

characterization results showed that B-CaO and 

B-Nano-CaO biodiesel samples possess similar 

properties (with negligible differences) while the 

properties of B-NaOH biodiesel sample differs 

with reasonable margin as it has the lowest 

kinematic viscosity, lowest density and highest 

cetane number compared to the other biodiesel 

samples. These differences were suggested to be 

as a result of the purification steps utilized in the 

production B-NaOH which were omitted during 

the production of B-CaO and B-Nano-CaO 

biodiesel samples. These purification steps were 

believed to have further reduced the fatty acid 

content and moisture content of the B-NaOH 

biodiesel sample. 
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