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Abstract:- Biodiesel manufacture is one of the advanced 

and technical areas for researchers as it is conquering 

the world because of petroleum shortage and increasing 

rate together with the environment friendly nature. 

Biodiesel define as the mono-alkyl esters of fatty acids 

prepared through trans-esterification reaction. 

 

The use of biodiesel is increasing rapidly worldwide 

due to its positive impact on diesel engines, combustion 

processes, and pollution formation. Biodiesel is a well-

known derivative of long-chain fatty acids that can be 

obtained from renewable sources such as vegetable oils 

or animal fats. It can be effectively used in diesel engines. 

The process of preparing biodiesel from raw materials, 

such as cottonseed oil, involves the trans-esterification of 

fat, followed by biodiesel characterization testing. 

Cottonseed oil, non-edible oil, was chosen as the raw 

material for this experiment, as it does not contribute to 

food versus fuel conflict. Methanol was used as a catalyst 

in the trans-esterification process for biodiesel 

preparation. However, the optimum conditions for 

biodiesel production are suggested in this paper, a 

maximum of 77% biodiesel was produced with 20% 

methanol in presence of 0.5% sodium hydroxide.  

Furthermore, after the preparation of biodiesel, for its 

identification, numbers of test was done and the 

prepared biodiesel was verified.  

 

Keywords:- Biodiesel, Cotton-Seed, Transesterification, 

Physicochemical Properties of Biodiesel. 

 

I. INTRODUCTION 

 

The scarcity of conventional fossil fuels, growing 

emissions of combustion generated pollutants, and their 

increasing costs will make biomass sources more attractive. 

On the other hand, biomass use, in which many people 

already have an interest, has the properties of being a 

biomass source and a carbon-neutral source. Experts suggest 

that current oil and gas reserves would suffice to last only a 

few more decades. To meet the rising energy demand and 

replace reducing petroleum reserves, fuels such as biodiesel 

and bioethanol are in the forefront of alternative 

technologies. Accordingly, the viable alternative for 

compression-ignition engines is biodiesel [1]. 

World energy demand continues to rise. The most 

feasible way to meet this growing demand is by using 

alternative fuels. One such fuel that exhibits great potential 

is biofuel, in particular biodiesel. The term biofuel can refer 

to liquid or gaseous fuels for the transport sector that are 

predominantly produced from biomass. Biofuels include 

energy security reasons, environmental concerns, foreign 

exchange savings, and socioeconomic issues related to the 

rural sector. In developed countries there is a growing trend 

toward using modern technologies and efficient bioenergy 

conversion using a range of biofuels, which are becoming 

cost wise competitive with fossil fuels[2]. 

 

Biodiesels are esters of long chain fatty acids 

synthesized by the process of transesterification by reacting 

different plant sources like soybean oil [3] or other 

vegetable oil [4] or even animal fat [5] with an alcohol in 

order to produce a mono-alkyl ester. The first successful 

transesterification was performed by Patrick Duffy In 1853 

from a vegetable oil after four decades from the invention of 

first functional diesel engine [6]. Later on in 1937 a Belgian 

scientist, Chavanne patented a procedure of transforming 

vegetable oil into fuel by alcoholysis of vegetable oil with 

ethanol as a result fatty acids from the glycerol were 

replaced by alcohols [7]. 

 

Biodiesel is often blended with conventional diesel and 

distributed for retail use and ‘B’ factor is used to state ratio 

of biodiesel in any other fuel such as B100 for 100% 

biodiesel, B20 for 20% biodiesel and 80% petrodiesel, B5 

for 5% biodiesel mixed in 95% petrodiesel and so on [8] [9]. 

Only minor or no modification is required in diesel engine 

to utilize blends up to 20% biodiesel [10] but B100 may 

require certain modifications to stabilize performance and 

reduce maintenance [11]. The pure form of biodiesel i.e. 

B100 can be used or a blend of it with petroleum diesel in 

any concentration specially in engines with injection pump 

but most manufacturers set a limit of B5 to B20 [12]. 

Although few modern diesel engines are not being designed 

to burn biodiesel as fuel but a remarkable ratio of heavy 

duty engines are capable of operating with biodiesel blends 

up to B20 [9].Today, blended form of biodiesel is used in 

United States for vehicular uses [13] and in United Kingdom 

for railway usage [14]. Moreover, it is also being used as 

cleaning oil spills [15] and in generators as fuel [16]. 
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The blend ratio, quality and load conditions under 

which the fuel is combusted regulates the thermal efficiency 

of biodiesel [17] but in a study it was found that the power 

output of B40 was superior than traditional hydrocarbon-

based diesel at higher compression ratio [18]. The carbon 

emission is significantly affected by the raw material used to 

synthesize biodiesel [19] even when it is blended with 

conventional petrodiesel [20]. For example, in an 

experiment, the biodiesel manufactured from soy showed 

the highest carbon emission while that from cooking oil 

showed least emission [21]. In another study it was found 

that the blended form particularly B5, B8 and B20 which are 

regularly used in vehicles resulted in significantly reduced 

carbon emission than regular diesel [9]. 

 

The major factor behind adoption of biofuel program is 

energy security which is obtained by reducing oil-

dependence or by replacing it with locally available fuel 

sources [22]. Consequently, many nations worldwide are 

now involved in accelerating the use of biofuel including 

biodiesel as an alternate to conventional oil and fossil fuel 

and legislations and laws have been implemented by 

governments to boost renewable energy use [23]. Biodiesel 

has got better lubricant properties than fossil diesel [25]. Its 

oxygen content improves the combustion process, leading to 

a decreased level of tailpipe polluting emissions. Biodiesel 

is non-toxic and quickly biodegrades. The risks of handling, 

transporting, and storing biodiesel are much lower than 

those associated with fossil diesel [26]. The competitiveness 

of biodiesel relies on the prices of biomass feedstock and 

costs, which are linked to conversion technology [27]. 

Depending on the feedstock used, byproducts may have 

more or less relative importance. Biodiesel is not 

competitive with fossil diesel under current economic 

conditions, where the positive externalities, such as impacts 

on the environment, employment, climate changes, and 

trade balance, are not reflected in the price mechanism [24]. 

 

Gossypium arboretum L. is a shrub and commonly 

known as tree cotton which is native to tropical and sub-

tropical regions of Asia including India, Pakistan and 

Bangladesh [28].The cottonseed oil contains 70% 

unsaturated and 26% saturated fatty acids [29] and it has 

high smoke point (232 °C) similar to other long-chain fatty 

acids [30]. The high amount of tocopherols in cottonseed oil 

increases its self-life and contributes to stability [30]. 

 

Table 1 Technical Properties of Bio-Diesel 

Common Name Biodiesel 

Common chemical name Fatty acid methyl ester 

Chemical formula range C14-C24 methyl ester or C15-25H28-48O2 

Kinematic viscosity range 3.3-5.2 

Density range 860-894(kg/m3 at 288 K) 

Boiling point range >475 K 

Flash point range 430-455 K 

Distillation range 470-600 K 

Vapor pressure range >5 K 

Solubility in water Insoluble in water 

Physical appearance Light to dark yellow, clear liquid 

Odor Light musty/ soapy odor 

Biodegradability More biodegradable than petroleum diesel 

Reactivity Stable but avoid strong oxidizing agent 

 

II. MATERIAL AND METHODS 

 

 Materials 

To get better yield of bio-diesel fresh cottonseed oil is 

taken which was obtained from “Kapas Bikash 

Samiti”,Khajura, Banke. Lab grade catalyst (NaOH) which 

is made by Qualigenes and lab grade Methyl Alcohol made 

by Qualigenes was taken. 

 

 Methods 

 

 Collection and Purification of Cottonseed Oil 

The cottonseeds were collected around Khajura, 

Banke, 5th state, Nepal. Cotton was dried to obtain the seed, 

the seed was separated from the cotton and dried, undesired 

impurities were removed by hand-picking. The seed was 

prepared for extraction of oil by grinding using a grinding 

mill. The extracted oil were then filtered by using cotton 

clothes and collected in air tight container. 

 

A precise quantity of cottonseed oil was taken into the 

beaker. Taken cottonseed oil was heated up to 500 C. by 

using water bath with the help of thermometer. Specified 

amount of catalyst (Sodium Hydroxide) was measured with 

the help of digital balance and dissolved it with required 

amount of Methanol [31]. The obtained sodium methoxide 

then poured in cottonseed oil in a required ratio. The oil was 

placed in a magnetic stirrer with continuous heating in a 

constant temperature of 500 C. The reaction was allowed to 

stand for an hour and then stopped. Due to the black color in 

nature of cottonseed oil, it is allowed to stand for whole 

night. After complete separation of glycerol and bio fuel, 

obtained sample was slowly transferred into the clean and 

dry separating funnel and allowed some time for settlement. 

Furthermore, glycerol and bio fuel are separated and 

separated bio fuel was rinsed with about 50 ml of water for 

their purification. Later on excess water was removed with 

the help of separating funnel and obtained bio fuel was 

heated at 1000 C for 30 minutes to evaporate excess water 

from sample. Furthermore obtained biofuel was placed in 

the desiccators throughout a time to protect against from 
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moisture. Obtained sample was taken for the further 

physico-chemical analysis. 

 

III. EXPERIMENTAL 

 

Most of the testing was done in college laboratory 

where as some of the experiment was done in other than 

college laboratory. Preparation of biodiesel was done in the 

laboratory. Mostly all the experimental method was as such 

as it stated in the upper topic Material and Method.  

 

 Preparation of Bio- Diesel 

400 mL of cottonseed oil was taken into the beaker and 

placed in the heater having magnetic stirrer. It was heated up 

to 500 C. and regular checkup of temperature was done by 

the help of thermometer. Meanwhile 3 g of Sodium 

Hydroxide was taken in another beaker and it was mixed 

with 100 mL of Methanol and stirred until it get dissolved. 

Converted Sodium Methoxide was the slowly poured in the 

beaker having cottonseed oil. While pouring, cottonseed oil 

was continuous in its stirring position. After mixing, mixture 

of Sodium Methoxide and cottonseed oil was placed in 

continuous stirring and same amount of heat was applied. 

After mixing, it was allowed to stand for 1 hour for its 

complete reaction. Later on it was placed in separating 

funnel for the separation of prepared bio-diesel with 

glycerin. It was stand for full day and night for complete 

separation. Due to the black color in nature of cottonseed 

oil, it took almost a day for complete separation. After it was 

stand for full night, lower layer of Glycerin was get 

separated from separating funnel. Remaining bio-diesel was 

taken in another separating funnel and 50 mL of water was 

placed in bio-diesel for the purification of bio-diesel. After 

placing for some time, water was removed from bio-diesel 

and clean bio-diesel was placed into the conical flask and 

placed in the desiccators for the drying process.  

 

In the same manner, number of test was done by 

changing the ratio and their yield was measures. Later on, 

prepared bio-diesel was taken for other testing purpose. 

 

Table 2 Table Shows the Yield of Biodiesel in Different Ratio 

S. No. Cottonseed oil (%) Methanol (%) NaOH (%) % yield 

1 60 40 0.5 63.33 

2 70 30 0.5 66.66 

3 80 20 0.5 75.00 

4 90 10 0.5 58.33 

 

 Physical Appearance 

Freshly grinded cottonseed oil was black in color with 

some odor where as prepared bio diesel was dark orange in 

color with slight odor. 

 

 Determination of Saponification Value  

 

 Preparation of 0.5 M Ethanolic Potassium Hydroxide:  

5.6 gm of potassium hydroxide was taken and 

dissolved in 200 ml of ethanol [32]. 

 

 Preparation of 0.5 M Hydrochloric acid:  

8.5 mL of conc. HCl was taken and dissolved in 200 

mL of water. 

 

 Preparation of Phenolphthalein Indicator:  

1 gm of Phenolphthalein was taken and dissolved in 

100 mL of Ethanol. 

 

1 g of each sample (oil and biodiesel) was taken and 

dissolved in 25 ml of 0.5 M ethanolic potassium hydroxide 

solution, using 250 ml round bottom flask. The flask was 

heated in a heating mantle fitted with reflux for 30 min with 

occasional swirling. The resultant solution was titrated with 

0.5 M HCl using phenolphthalein indicator. Meanwhile, 

blank determination was carried out under similar 

conditions. 

 

 Determination of Iodine Value  

 

 Preparation of Wiji’s Solution:  

0.8 g of iodine trichloride was taken and dissolved in 

20 mL of glacial acetic acid. Meanwhile 0.9 g of iodine was 

taken and dissolved separately in 30 mL of 

dichloromethane. Two of the solution was mixed and diluted 

up to 100 mL with glacial acetic acid [33]. 

 

 Preparation of 0.1 M Sodium Thiosulphate:  

5 g of sodium thiosulphate was taken and mix with 100 

mL of water in 200 mL volumetric flask. 400 mg of sodium 

carbonate was taken and mixed in same flask. Dissolved all 

component and dilute up to 200 mL with water. 

 

250 mg of each sample was dissolved in 15 ml of 

carbon tetrachloride. The solution was mixed with 25 ml 

Wiji’s solution. The flask with the content was stopper and 

allowed to stand in the dark for thirty minutes at room 

temperature, to enable oxidation to take place. Then 100 ml 

of distilled water and 20 ml of 10% potassium iodide 

solution were added to the content of the flask. The resultant 

mixture was titrated with 0.1 M Sodium Thiosulphate using 

10% starch solution (weight by volume). A blank 

determination was carried out in the same manner under 

similar conditions and the reading of both test and blank was 

noted. 

 

 Determination of Acid Value 

 

 Preparation of 0.1 M Potassium Hydroxide:  

5.6 g of Potassium Hydroxide was taken and dissolved 

in 1000 mL of water. 

 

 Preparation of Phenolphthalein Solution:  

1% of Phenolphthalein was dissolved in alcohol. 
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1 g of each sample was dissolved in a 25 mL neutral 

mixture of solvent (equal volume of diethyl ether and 

absolute ethanol). The resultant oil solution was titrated with 

0.1M Potassium Hydroxide solution after the addition of 

Phenolphthalein indicator about 3 drops. The titration was 

continued until the end point was obtained. The reading was 

recorded after it appears pink color as the end point [34]. 

 

 Determination of Free Fatty Acid  

 

 Preparation of 0.1 M potassium hydroxide:  

5.6 g of potassium hydroxide was taken and dissolve in 

100 mL of water.  

 

1 g each of oil and biodiesel samples was taken in 

different conical flask and dissolved in a 25 ml neutral 

mixture (equal volume of diethyl ether and absolute 

ethanol). The resultant oil solution was titrated with 0.1 M 

potassium hydroxide solution with a phenolphthalein 

indicator added 3 drops. The titration continued until the end 

point was reached. The end point was recorded as the 

appearance of a permanent pink color [35]. 

 

 Determination of Refractive Index  

To determine the refractive index, Refractometer of 

model ZEISS ABBEREF 07 was used. Refractrometer for 

the determination of refractive index was cleaned with 

alcohol and clean cotton cloth. After drying the glass slide 

of refractrometer, a few drops of oil and biodiesel sample 

were put on the glass slide of the refractometer respectively. 

Obtained result was observed by eye lens and the centre of 

the circle was adjusted (taken down) to where it corresponds 

to the graduated scale pointed to the refractive index. Hence 

the refractive indexes of the oil and biodiesel sample were 

noted [36]. 

 

 Determination of Specific Gravity 

For the determination of specific gravity, gravity glass 

was taken and cleaned well and dried well. Firstly, empty 

gravity glass weight was measured and later on water was 

poured in gravity glass up to the brim and its weight was 

noted. Same gravity glass was cleaned and dried and the 

weight of biodiesel was observed and noted all the weight 

for the further calculation [37]. 

 

 Determination of Viscosity 

For the determination of viscosity, U-shaped 

viscometer was taken. Firstly it was cleaned and dried. 

Water was poured in the dried viscometer and its flow of 

time was measured. In the same manner, oil as well as 

biodiesel was placed in viscometer and their individual flow 

of time was measured. All the reading was noted for the 

further calculation of viscosity. 

 

 Determination of Boiling Point 

20 ml of biodiesel was poured into a beaker and placed 

in heating mantle and for the temperature reading, alcohol 

thermometer was inserted. As the temperature increases, the 

point at which the sample started boiling was recorded with 

the help of alcohol thermometer. 

 

 Determination of Cloud Point 

For the determination of cloud point, ice bath was 

prepared with the help of ice and small bucket. Prepared 

biodiesel was poured in the conical flask and placed in ice 

bath and alcohol thermometer was place in the conical flask 

for the reading purpose. After some time a cloudy 

appearance was observed in biodiesel. During that time, the 

temperature was noted [38]. 

 

 Determination of Pour Point 

50 mL of sample was taken in conical flask and placed 

in refrigerator until it get solidify. After it solidify, sample 

was taken out from the refrigerator and thermometer was 

placed inside the conical flask. When solid sample just 

started to melt then the temperature of the sample was noted 

[38]. 

 

 Moisture Determination 

For the determination of moisture of biodiesel, 

VEEGO automatic Karl Fischer titrator having model 

number of VEEGO-KF-09/0915 was taken. At first clean 

and dried beaker was taken and placed in Karl Fischer 

Titrator for the blank determination. 30 ml of dried 

methanol was taken and it was neutralized by Karl Fischer 

reagent. Later on, 1.33 g sample was taken and placed in the 

neutral methanol beaker for the titration. Titration was 

carried out by Karl Fischer titrator. After the completion of 

titration, obtained result was printed with the help of printer. 

 

 Determination of Flash Point 

For the determination of flash point PMCC Flash Point 

Tester (GD-261) was used. For flash point determination 

about 50 mL of biodiesel sample was taken and poured in a 

sample jar and was placed in a sample compartment. Power 

of flash point tester was make on and the sample was stirrer 

by the magnetic stirrer. Thermometer was placed in the 

thermometer compartment. In some interval of time, spark 

was given to the sample compartment for the checking 

purpose. The temperature at which sample get burnt when 

spark was given was noted [39]. 

 

 Instrumental Characterization (FTIR) 

For the characterization of the sample FTIR instrument 

was taken. The taken instrument was IRTracer- 100, 

SHIMADZU make. For the characterization, firstly for the 

base line correction, blank KBR disc was run and its reading 

was taken. Later on biodiesel sample was placed in the KBr 

disc pallet without any contamination and scratches. 

Prepared KBr disc was then placed in the sample 

compartment with precaution and again it was run for the 

observation of reading. After biodiesel sample, cottonseed 

oil in KBr disc was also prepared in the same manner as it 

was prepared for biodiesel and again its reading was taken. 

Finally the reading of cottonseed oil and biodiesel was 

printed for the result purpose. 
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IV. RESULT AND DISCUSSION 

 

Table 3: Comparison of biodiesel obtained from cottonseed oil and Jatropha [40] with ASTM standard 

S. No. Name of Experiment 
Biodiesel from 

(cottonseed oil 

Biodiesel from Jatropha 

(observer value) Rang(ASTM) 

1. Saponification Value (mg of KOH) 165.52 --- 150-205 

2. Iodine Value 101.68 7.64 100-117 

3. Acid Value 1.50 --- 0.2-1.5 

4. Free Fatty Acid 0.11 --- < 0.5 

5. Refractive Index 1.45 1.45 1.45-1.46 

6. Specific gravity 0.915 0.87 0.8-0.9 

7. Viscosity 5.20 4.71 1.9-6.0 

8. Boiling Point 210 --- - 

9. Cloud Point -5 --- Location dependent 

10. Pour Point -10 --- < 0 

11. Flash Point 130 --- >  120 

12. Moisture 0.0882 --- 0.05 max 

 

 Instrumental Characterization 

Infrared is a common spectroscopic technique used for 

quantitative and qualitative analysis. In the biodiesel 

measurement, the fatty acid methyl ester (FAME) has a 

characteristic absorption at 1745 cm-1 due to the carbonyl 

group. ASTM methods specify this wavelength. From a 

study, there are units that use an integration of the side 

(1750 – 1760 cm-1) of the carbonyl peak (~ 1743 cm-1). The 

peak typical of the methyl ester (OCH3) at 1436 cm-1 is very 

narrow and moves along the raw oil peak. The ester 

carbonyl group stretching vibration at 1740 cm-1 is shown by 

strong bands, esteric –COC vibration at 1171 and 1195 cm-1 

reveals medium intensity bands, and the presence of the 

(CH2) n group vibration band is seen at 723 cm-1. The 

absence of broad band at 2500-3300 cm-1 region which 

confirms the low moisture and free fatty acid content of the 

sample.  Presence of CH bond is confirmed by the sharp 

starching band at the range of 2800-3000 cm-1 (2926 cm-1). 

Similarly, IR bands in the region 1370–1400 cm for O-CH2 

groups in glycerol (moiety of triglycerides, diglycerides, and 

monoglycerides) were present in the IR spectra of crude oils 

[41]. 

 

 
Fig 1 FTIR Graph for Biodiesel (up) and Cottonseed Oil (Down) 
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Fig 2 FTIR Graph for Freshly Prepared Biodiesel Sample 

 

V. CONCLUSION 

 

This study has shown that the production of biodiesel 

can be possible from cottonseed oil which is not used in 

vegetable or eating purpose. During the preparation of 

biodiesel, both the concentration of methanol and catalyst 

(Sodium Hydroxide) is equally important most of the 

properties evaluated for the biodiesel conform to the ASTM 

standard values. It could be concluded from this study that 

the biodiesel produced from Cottonseed oil is a potential 

replacement for fossil diesel while the production and 

effective usage of biodiesel will help to reduce the cost of 

protecting the atmosphere from the hazards in using fossil 

diesel and hence will boost the economy of the country. 
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