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CHAPTER I 

 

INTRODUCTION 

 

As the fossil fuels are depleting day by day, there is a need to find out an 

alternative fuel to fulfill the energy demand of the world. The petroleum fuels play a 

very important role in the development of industrial growth, transportation, 

agricultural sector and to meet many other basic human needs but these fuels are 

limited. Therefore, the biodiesel is one of the alternative fuels can be used 

nowadays[1,2,3]. The main advantages of using biodiesel are its renewability, better-

quality exhaust gas emissions, it given that all the organic carbon present is 

photosynthetic in origin, it does not contribute to a rise in the level of carbon dioxide 

(CO2) in the atmosphere and consequently to the greenhouse effect [4].  

The most wildly used technique for producing biodiesel was transesterification 

using alkali (e.g. NaOH, KOH) or acid (e.g. H2SO4) as catalyst. Because of the shorter 

reaction time and lower cost of catalyst as compared with acid catalytic process, the 

alkali catalytic process has received much more attention. However, it is limited for 

its high sensitivity to both water and free fatty acids (FFA) in the raw materials. 

During the process, FFA can react with the alkali catalyst to release soap and water, 

while it does not react with acid catalyst in the acid catalytic process. The 

saponification would not only hinder separation of ester from glycerin but also leads 

to the low yield as well as the formation rate of FAME. As for vegetable oil with a 

high concentration of FFA and water, it is not suitable to adopt alkali process for 

production of biodiesel[5]. 

Two-step catalytic process combined with acid and alkali catalyst was 

developed to produce biodiesel from these oils. By using sulfuric acid as a catalyst, 

FFA is generally esterified with methanol and when the FFA concentration decreases, 

sulfuric acid is then removed. The transesterification was then completed with alkali 

catalyst. However, it still has some drawbacks: difficult recovery of acid catalyst, 

corrosiveness of sulfuric acid, and high cost of equipments required for the reaction 
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system [6]. Therefore, solid acid catalyst such as ferric sulfate is turned out to be a 

good alternative to sulfuric acid in the esterification reaction. 

 

Objectives of the research: 

 

1. To synthesize methyl ester from oilseed plants for using as biodiesel. 

2. To study the properties of biodiesel from oilseed plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER II 

 

THEORY AND LITERATURE REVIEWS 

 

2.1 Alternative renewable energy[7, 8, 9, 10] 

  

 In the industrial economy diesel fuels have an essential function of a 

developing country and used for transport of industrial, agricultural goods and 

operation of diesel tractor in agricultural sector. The high energy demand in the 

industrialized world and in the domestic sector, and pollution problems caused due to 

the widespread use of fossil fuels making it increasingly necessary to develop the 

renewable energy sources of limitless duration and smaller environmental impact than 

the traditional one. This has stimulated recent interest in alternative sources for 

petroleum-based fuels. An alternative fuel must be technically feasible, economically 

competitive, environmentally acceptable, and readily available. One possible 

alternative to fossil fuel is the use of oils of plant origin like vegetable oils and tree 

borne oil seeds. This alternative diesel fuel can be termed as biodiesel. This fuel is 

biodegradable and non-toxic and has low emission profiles as compared to petroleum 

diesel. Usage of biodiesel will allow a balance to be sought between agriculture, 

economic development and the environment.  

The advantages of using vegetable oils as fuels are:  

- Vegetable oils are liquid fuels from renewable sources.  

- They do not over-burden the environment with emissions.  

- Vegetable oils have potential for making marginal land productive by their 

property of nitrogen fixation in the soil. 

- Vegetable oil’s production requires less energy input in production. 

- The current prices of vegetable oils in world are nearly competitive with 

petroleum fuel price.  

- Vegetable oil combustion has cleaner emission spectra 

- Simpler processing technology. 
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Because the rapid decline in crude oil reserves, in many countries the use of 

vegetable oils as diesel fuels is again promoted. Depending upon climate and soil 

conditions, different vegetable oils for diesel fuels are looked into from different 

nations. For example, soybean oil in the USA, rapeseed and sunflower oils in Europe, 

palm oil in Southeast Asia (mainly Malaysia and Indonesia), and coconut oil in 

Philippines are being considered as substitutes for mineral diesel.  

 

2.2 Vegetable oil chemistry  

 

Chemically the oils/fats consist of triglyceride molecules of three long chain 

fatty acids that are ester bonded to a single glycerol molecule. These fatty acids differ 

by the length of carbon chains, the number, orientation and position of double bonds 

in these chains and the structure notation as shown in Figure 2.1. 

 

H2C

HC

H2C OCOR'

OCOR''

OCOR''' 

 

 

Figure 2.1   Structure of a triglyceride. 

 

where R’, R’’, R’’’ represent hydrocarbon chain of fatty acids. Fatty acids vary in 

carbon chain length and in the number of unsaturated bonds (double bonds). The 

structures of common fatty acids are given in Table 2.1, and fatty acid compositions 

of some vegetable oils are given in Table 2.2.  

Vegetable oils have about 10% less heating value than diesel due to the 

oxygen content in the molecule. In addition, the viscosity of mineral diesel is several 

times lower than that of vegetable oil due to high molecular weight and complex 

chemical structure in vegetable oil. Physical and thermal properties of some of the 

vegetable oils are listed in Table 2.3.  
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Table 2.1  Chemical structure of common fatty acids [9] 

 

Fatty acid Systermatic name Structure Formular 

Lauric Dodecanoic 12:0 C12H24O2 

Myristic Tetradecanoic 14:0 C14H28O2 

Palmitic Hexadecanoic 16:0 C16H32O2 

Stearic Octadecanoic 18:0 C18H36O2 

Arachidic Eicosanoic 20:0 C20H40O2 

Behenic Docosanoic 22:0 C22H44O2 

Linoceric Tetracosanoic 24:0 C24H48O2 

Oleic cis-9-Octadecenoic 18:1 C18H34O2 

Linoleic cis-9,cis-12Octadecadienoic 18:2 C18H32O2 

Linolenic cis-9,cis-12,cis-15-Octadecatrienoic 18:3 C18H30O2 

Erucic cis-13-Docosenoic 22:1 C22H42O2 

 

 

Table 2.2 Chemical composition of vegetable oils [9] 

 

 

Tr : Trace 

Vegetable      

oil 

Fatty acid composition (wt%) 

C14:0 C16:0 C18:0 C20:0 C22:0 C24:0 C18:1 C22:1 C18:2 C18:3 

Corn 0 12 2 Tr 0 0 25 0 6 Tr 

Cottonseed 0 28 1 0 0 0 13 0 58 0 

Crambe 0 2 1 2 1 1 19 59 9 7 

Linseed 0 5 2 0 0 0 20 0 18 55 

Peanut 0 11 2 1 2 1 48 0 32 1 

Rapeseed 0 3 1 0 0 0 64 0 22 8 

Safflower 0 9 2 0 0 0 12 0 78 0 

Sesame 0 13 4 0 0 0 53 0 30 0 

Soya bean 0 12 3 0 0 0 23 0 55 6 

Rice-bran 0.4-0.6 11.7-16.5 1.7-2.5 0.4-0.6 — 0.4-0.9 39.2-43.7 — 26.4-35.1 — 

Mahua — 16-28.2 20-25.1 0.0-3.3 — — 41.0-51.0 — 8.9-13.7 — 

Neem 0.2-0.26 13.6-16.2 14.4-24.1 0.8-3.4 — — 49.1-61.9 — 2.3-15.8 — 

Karanja — 3.7-7.9 2.4-8.9 — — 1.1-3.5 44.5-71.3 — 10.8-18.3 — 
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Table 2.3 Physical and thermal properties of vegetable oils [9] 

 

 

The high viscosity of vegetable oil, 35–60 cSt compared to 4 cSt for diesel at 

40 °C, leads to problem in pumping and spray characteristics (atomization and 

penetration etc.). The inefficient mixing of oil with air contributes to incomplete 

combustion. High flash point attributes to its lower volatility characteristics. This 

results in high carbon deposit formation, injector coking, piston ring sticking and 

lubrication oil dilution and oil degradation. The combination of high viscosity and 

low volatility of vegetable oils cause poor cold starting, misfire and ignition delay.  

 

2.2.1 Utilization of vegetable oil as engine fuel 

 

Vegetable oils can be used through at least four ways: dilution, micro-

emulsion, thermal cracking and transesterification. 

 

 

 

   

Vegetable 

oil 

Kinematic 

viscosity 

Cetane 

number 

Heating 

value 

(MJ/kg) 

Cloud 

point 

(°C) 

Pour 

point 

(°C) 

Flash 

point 

(°C) 

Density 

(Kg/l) 

Carbon 

residue 

(wt%) 

Ash 

(wt%) 

Corn 34.9 37.6 39.5 −1.1 −40.0 277 0.9095 0.24 0.01 

Cotton seed 33.5 41.8 39.5 1.7 −15.0 234 0.9148 0.24 0.01 

Cramble 53.6 44.6 40.5 10.0 −12.2 274 0.9044 0.23 0.05 

Linseed 22.2 34.6 39.3 1.7 −15.0 241 0.9236 0.22 <0.01 

Peanut 39.6 41.8 49.8 12.8 −6.7 271 0.9026 0.24 0.005 

Rapeseed 37.0 37.6 39.7 −3.9 −31.7 246 0.9115 0.30 0.054 

Safflower 31.3 41.3 39.5 18.3 −6.7 260 0.9114 0.25 0.006 

Sesame 35.5 40.2 39.3 −3.9 −9.4 260 0.9133 0.25 <0.01 

Soyabean 32.6 37.9 39.6 −3.9 −12.2 254 0.9138 0.27 <0.01 

Sunflower 33.9 37.1 39.6 7.2 −15.0 274 0.9161 0.23 <0.01 

Palm 39.6 42.0 — 31.0 — 267 0.9180 — — 

Tallow — — 40.0 — — 201 — 6.21 — 
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2.2.1.1  Dilution 

 
  Diesel fuels are derived from the dilution of vegetable oils with a 

solvent or ethanol. The dilution of sunflower oil with diesel fuels in the ratio of 1:3 by 

volume has been studied and engine tests. The viscosity of this blend was 4.88 cSt at 

40
o
C. They concluded that the blend could not be recommended for long-term use in 

the direct injection diesel engines because of severe injector nozzle coking and 

sticking. High oleic safflower oil was compared with blended and also tested. It gave 

pleasant results, however, its use in the long term is not applicable as it leads to 

thickening of lubricant. 

 

 2.2.1.2 Micro-emulsion 

 

A microemulsion is designed to tackle the problem of the high viscosity 

of pure vegetable oils by reducing the viscosity of oils with solvents such as simple 

alcohols. They are defined as a colloidal equilibrium dispersions of optically isotropic 

fluid microstructures, with dimensions generally in the 1-150 nm range. These are 

formed spontaneously from two normally immiscible liquids and one or more ionic or 

non-ionic amphiphile. The performances of ionic and non-ionic microemulsions 

where found to be similar to diesel fuel, over short term testing. They also achieved 

good spray characteristics, with explosive vaporization which improved the 

combustion characteristics.  

 

2.2.1.3 Thermal cracking 

 

Thermal cracking also known as pyrolysisis the conversion of one 

substance into another by means of heat or by heat in presence of a catalyst. The 

pyrolyzed material can be vegetable oils, animal fats, natural fatty acids or methyl 

esters of fatty acids. The pyrolysis of fats has been investigated for more than 100 

years, especially in those areas of the world that lack deposits of petroleum. Many 

investigators have studied the pyrolysis of triglycerides to obtain products suitable for 

diesel engine. Thermal decomposition of triglycerides produces alkanes, alkenes, aro-
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matics and carboxylic acids.  

 

2.2.1.4 Transesterification 
 
 Transesterification, also called alcoholysis, is the displacement of 

alcohol from an ester by another alcohol in a process similar to hydrolysis, except 

than an alcohol is used instead of water. This process has been widely used to reduce 

the viscosity of triglycerides.   

 

2.3 Sources of biodiesel [11] 

 

There are more than 350 oil-bearing crops identified, among which only 

soybean, palm, sunflower, safflower, cottonseed, rapeseed and peanut oils are 

considered as potential alternative fuels for diesel engines. Worldwide consumption 

of soybean oil is the highest in 2003 (27.9 million metric tons). Vegetable oil is one of 

the renewable fuels. Concerning about environmental benefits and the fact that these 

are made from renewable resources vegetable oils have become more attractive. 

Vegetable oils are a renewable and potentially inexhaustible source of energy with 

energy content close to diesel fuel. However, extensive use of vegetable oils may 

cause other significant problems such as starvation in developing countries. The 

vegetable oil fuels were more expensive than petroleum fuels so they were not 

acceptable. 

In Malaysia and Indonesia palm oil is used as a significant biodiesel source. In 

Europe, rapeseed is the most common base oil used in biodiesel production. In India 

and Southeast Asia, the Jatropha tree is used as a significant fuel source. Soybeans are 

commonly used in the United States for food products which has led to soybean 

biodiesel becoming the primary source for biodiesel in this country. 

 

2.4  Transesterification [7, 9, 12, 13] 

 

Transesterification or alcoholysis is the displacement of alcohol from an ester 

by another in a process similar to hydrolysis, except than alcohol is used instead of 

water. This process has been widely used to reduce the high viscosity of triglycerides. 
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The transesterification reaction is represented by the general equation as Figure 2.2 

 

RCOOR' R"OH RCOOR" R'OH++

catalyst

 

 

Figure 2.2 General equation of transesterification. 

 

 

In the transesterification of vegetable oils, a triglyceride reacts with an alcohol 

in the presence of strong acid or base to give a mixture of fatty acids alkyl esters and  

glycerol as shown in Figure 2.3 
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Figure 2.3 General equation for transesterification of vegetable oils. 

 

 

2.4.1    Alkali-catalyzed transesterification  

 

The transesterification reaction can be catalyzed by both homogeneous and 

heterogeneous catalysts. In turn, the homogeneous catalysts include alkalis and acids. 

Sodium hydroxide, sodium methoxide and potassium hydroxide are the most 

commonly used as alkali catalysts. Sulfuric acid, hydrochloric acid and sulfonic acid 

are usually preferred as acid catalysts. Finally, the heterogeneous catalysts include 

enzymes, titanium silicates, alkaline earth metal compounds, anion exchange resins 

and guanadines heterogenized on organic polymers. The Alkali-catalyzed 

transesterification is much faster than acid –catalyzed transesterification and is most 

often used commercially. 

The mechanism of alkali-catalyzed transesterification is described in Figure 

2.4. The first step involves the attack of the alkoxide ion to the carbonyl carbon of the 

triglyceride molecule, resulting in the formation of a tetrahedral intermediate. The 
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reaction of this intermediate with an alcohol produces the alkoxide ion in the second 

step. In the last step the rearrangement of the tetrahedral intermediate gives rise to an 

ester and a diglyceride.  
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Figure 2.4  Mechanism of base catalyzed transesterification. 

 

2.4.2    Acid-catalyzed transesterification 

 

Transesterification can be catalyzed by Brownsted acids, preferably by 

sulfonic and sulfuric acids. The mechanism of acid catalyzed transesterification of 

vegetable oil (for a monoglyceride) is shown in Figure 2.5. However, it can be 

extended to di-and tri-glycerides. The protonation of carbonyl group of the ester leads 

to the carbocation, which after a nucleophilic attack of the alcohol produces a 
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tetrahedral intermediate. This intermediate eliminates glycerol to form a new ester and 

to regenerate the catalyst. The process of transesterification is affected by various 

factors depending upon the reaction condition used. The effects of these factors are 

described below.  
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Figure 2.5  Mechanism of acid catalyzed transesterification. 

.  

2.4.3 Heterogeneous catalyst[24] 

 

Heterogeneous catalysts are potentially useful for the production of 

biodiesel and chemicals. The ability to achieve high yields of biodiesel esters without 

the need to neutralize and wash the biodiesel products helps make biodiesel 

production more attractive in countries where conservation of water resources is 

critical. Research is also ongoing to further identify nanocrystalline oxides that have 

enhanced surface reactivity that stems from reactive surface sites, such as edges, 

corners, and defect sites capable of coordinating with Lewis acids or Lewis bases. 

Example for heterogeneous catalyst : Alkali earth or transition metal oxides like CaO, 

MgO, BaO, and ZnO/Al2O3,  Alkaline metal oxides supported on zeolites and MCM-

41, Ion exchange resins such as clay minerals with acidic reaction sites, Sulfated 

metal oxides such as ferric sulfate (Fe2(SO4)3).  

The advantages of heterogeneous catalyst were reusable and do not 

form soaps, more tolerant to water and free fatty acids in the feedstock, improve 
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product yield and purity, simpler purification process for glycerol and ease of 

separating biodiesel product. 

Disadvantages of heterogeneous catalyst were require elevated 

temperatures and pressures to work well, those on solid support tend to show less 

activity than the active species in solution and there is the possibility of leaching 

which might contaminate the biodiesel. 

 

2.4.4   Effect of free fatty acid and moisture [14, 15, 16] 

 

The free fatty acid and moisture content are key parameters for determining 

the viability of the vegetable oil transesterification process. To carry the base 

catalyzed reaction to completion; free fatty acid (FFA) value lower than 3% is needed. 

The higher the acidity of the oil, smaller is the conversion efficiency. Both, excess as 

well as insufficient amount of catalyst may cause soap formation. If the oil with high 

FFA are used to make biodiesel fuel, they have to be refined by saponification using 

NaOH solution to remove free fatty acids. In the other hand, the acid catalyzed 

process can also be used for esterification of these free fatty acids. All material should 

be substantially anhydrous and triglycerides should have lower acid value. The 

addition of more sodium hydroxide catalyst compensates for higher acidity, but the 

resulting soap causes an increase in viscosity or formation of gels that interferes in the 

reaction and with separation of glycerol. When the reaction conditions do not meet the 

above requirements, ester yields are significantly reduced. The methoxide and 

hydroxide of sodium or potassium should be maintained in anhydrous state. 

Prolonged contact with air will diminish the effectiveness of these catalysts through 

interaction with moisture and carbon dioxide. Most of the biodiesel is currently made 

from edible oils by using methanol and alkaline catalyst. However, there are large 

amounts of low cost oils and fats that could be converted to biodiesel. The problems 

with processing are low cost oils and fats are that they often contain large amounts of 

free fatty acids that cannot be converted to biodiesel using alkaline catalyst. 

Therefore, two-step esterification process is required for these feed stocks. Initially 

the FFA of these can be converted to fatty acid methyl esters by an acid catalyzed 

pretreatment and in the second step transesterification is completed by using alkaline 
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catalyst to complete the reaction. 

 

2.4.5    Molar ratio of alcohol to oil   

 

From Scheme 2.3, it is necessary to use either a large excess of alcohol or 

remove one of the products from the reaction mixture continuously to shift the 

transesterification reaction to the right. When 100% excess methanol is used, the 

reaction rate is at its highest. A molar ratio of 6:1 is normally used in industrial 

processes to obtain methyl ester yields higher than 98% by weight.  

 

2.4.6 Effect of reaction time and temperature  

 

The conversion rate increases with reaction time. Freedman et al. [17] the 

reaction condition used as 6:1 molar of methanol to oil, 0.5%NaOH by weight of oil 

at 60 °C, transesterified peanut, cotton-seed, sunflower and soybean oil gave 

approximate yield of 80% after 1 min for soybean and sunflower oils. After 1 h, the 

conversion was almost the same for all four oils (93–98%). Ma et al. [18] studied the 

effect of reaction time on transesterification of beef tallow with methanol. The 

reaction was very slow during the first minute due to mixing and dispersion of 

methanol into beef tallow. From one to 5 min, the reaction proceeds very fast. The 

production of beef tallow methyl esters reached the maximum value at about 15 min. 

Transesterification can occur at different temperatures, depending on the oil used. For 

the transesterification of refined oil with methanol (6:1) and 1% NaOH, the reaction 

was studied with three different temperatures. After 0.1 h, ester yields were 94, 87 and 

64% for 60, 45 and 32 °C, respectively. After 1 h, ester formation was identical for 60 

and 45 °C runs and only slightly lower for the 32°C run. Temperature clearly 

influenced the reaction rates and yield of esters [7].  

 

2.4.7 Catalyst type  

 

Catalysts used in transesterification reaction can be classified as alkali, acid, or 

enzymes. Alkali-catalyzed transesterification is much faster than acid-catalyzed 
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reaction. In contras, acid-catalyzed transesterification reaction is suitable when a 

vegetable oil has high free fatty acid and water content. Partly due to faster 

transesterification and partly because alkaline catalysts are less corrosive to industrial 

equipment than acidic catalysts, most commercial transesterification reactions are 

conducted with alkaline catalysts. Sodium alkoxides was found to be more effective 

than sodium hydroxide and are among the most efficient catalysts used for this 

purpose, although NaOH, due to its low cost, has attracted its wide use in large-scale 

transesterification. Methanol can quickly react with triglycerides and NaOH is easily 

dissolved in it. The reaction can be catalyzed by alkalis, acids, or enzymes. The 

alkalis include NaOH, KOH, carbonates and corresponding sodium and potassium 

alkoxides such as sodium methoxide, sodium ethoxide, sodium propoxide and sodium 

butoxide. Acid catalysts usually use as sulfuric acid, sulfonic acids and hydrochloric 

acid.  

 

2.5 Advantages of biodiesel [11, 19] 

 

Main advantages of biodiesel given in the literature include:  

-  Availability and renewability of biodiesel 

Biodiesel can be made from domestically produced, renewable oilseed crops 

such as soybean, rapeseed and sunflower. The risks of handling, transporting and 

storing biodiesel are much lower than those ones, associated with petrodiesel. 

Biodiesel is safe to handle and transport because it is as biodegradable as sugar and 

has a high flash point compared to petroleum diesel fuel. Biodiesel can be used alone 

or mixed in any ratio with petroleum diesel fuel. The most common blend is a mix of 

20% biodiesel with 80% petroleum diesel, or B20 under recent scientific 

investigations; however, in Europe the current regulation foresees a maximum 5.75% 

biodiesel. 

-  Higher combustion efficiency of biodiesel 

The combustion process and decreased oxidation potential could be improved 

by oxygen content of biodiesel. Structural oxygen content of a fuel improves 

combustion efficiency due to the increase of the homogeneity of oxygen with the fuel 

during combustion. Biodiesel contains 11% oxygen by weight and contains no sulfur 



 15

therefore, the use of biodiesel can extend the life of diesel engines because it is more 

lubricating than petroleum diesel fuel. Biodiesel has got better lubricant properties 

than petrodiesel. The higher heating values (HHVs) of biodiesels are relatively high. 

The HHVs of biodiesels (39–41 MJ/kg) are slightly lower than that of gasoline (46 

MJ/kg), petrodiesel (43 MJ/kg) or petroleum (42 MJ/kg), but higher than coal (32–37 

MJ/kg).  

-  Lower emissions by using biodiesel 

Combustion of biodiesel alone provides over a 90% reduction in total 

unburned hydrocarbons (HC), and a 75–90% reduction in polycyclic aromatic 

hydrocarbons (PAHs). Biodiesel further provides significant reductions in particulates 

and carbon moNOxide than petroleum diesel fuel. Biodiesel provides a slight increase 

or decrease in nitrogen oxides depending on engine family and testing procedures. 

 Sulfur content of petrodiesel is 20–50 times those of biodiesels. Several 

municipalities are considering mandating the use of low levels of biodiesel in diesel 

fuel on the basis of several studies which have found HC and particulate matter (PM) 

benefits from the use of biodiesel. The use of biodiesel to reduce N2O is attractive for 

several reasons. Biodiesel contains little nitrogen, as compared with petrodiesel which 

is also used as a reburning fuel. The N2O reduction was strongly dependent on initial 

N2O concentration and only slightly dependent upon temperature, where increased 

temperature increased N2O reduction. This results in lower N2O production from fuel 

nitrogen species for biodiesel. In addition, biodiesel contains virtually trace amount of 

sulfur, so SO2 emissions are reduced in direct proportion to the petrodiesel 

replacement. One of the most common blends of biodiesel contains 20 vol% biodiesel 

and 80 vol% conventional diesel. The use of blends of biodiesel and diesel oil is 

preferred in engines, in order to avoid some problems related to the decrease of power 

and torque and to the increase of NOx emissions (a contributing factor in the localized 

formation of smog and ozone) with increasing content of pure biodiesel in the blend. 

Emissions of all pollutants except NOx appear to decrease when biodiesel is used. 

The fact that NOx emissions increase with increasing biodiesel concentration could be 

a detriment in areas that are out of attainment for ozone. Reductions in net carbon 

dioxide emissions are estimated at 77–104 g/MJ of diesel displaced by biodiesel. 
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These reductions increase as the amount of biodiesel blended into diesel fuel 

increases. The best emissions reductions are seen with biodiesel. 

-  Biodegradability of biodiesel 

Biodiesel is non-toxic and degrades about 4 times faster than petrodiesel. Its 

oxygen content improves the biodiesel biodegradation process, leading to a decreased 

level of quick biodegradation. In comparison with petrodiesel, biodiesel shows better 

emission parameters. It improves the environmental performance of road transport, 

including decreased greenhouse emissions (mainly of carbon dioxide). Chemicals 

from biodegradation of biodiesel can be released into the environment. With the 

increasing interest in biodiesel, the health and safety aspects are of utmost importance, 

including determination of their environmental impacts in the transport, storage or 

processing [7]. The biodegradabilities of several biodiesels in the aquatic environment 

show that all biodiesel fuels are readily biodegradable. After 28 days all biodiesel 

fuels were 77%–89% biodegraded, diesel fuel was only 18% biodegraded. The 

enzymes responsible for the dehydrogenation/oxidation reactions that occur in the 

process of degradation recognize oxygen atoms and attack them immediately.  

 

2.5.1 Disadvantages of biodiesel as diesel fuel 

 

Major disadvantages of biodiesel are higher viscosity, lower energy content, 

higher cloud point and pour point, higher nitrogen oxides (NOx) emissions, lower 

engine speed and power, injector coking, engine compatibility, high price and higher 

engine wear. Important operating disadvantages of biodiesel in comparison with 

petrodiesel are cold start problems, the lower energy content, higher copper strip 

corrosion and fuel pumping difficulty from higher viscosity. This increases fuel 

consumption when biodiesel is used in comparison with application of pure 

petrodiesel, in proportion to the share of the biodiesel content.  

 

2.6  Properties and specification of biodiesel [20] 

The characteristics of biodiesel are close to mineral diesel, therefore, biodiesel 

becomes a strong candidate to replace the mineral diesel if the need arises. The 

quality of the biodiesel was evaluated by the determinations of important properties 
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such as viscosity, flash point, density, acid value and ester content according to 

ASTM and EN standards. The values of these properties of methyl esters of these 

oilseed plants were shown in Table 2.4. 

 

Table 2.4 Specification for quality of biodiesel 

 

Property Value Method 

Viscosity at 40 °C 3-5 cSt ASTM D445 

Flash point >120 °C ASTM D93 

Density at 15 °C 860-900 kg/cm
3
 ASTM D4052 

Acid number < 0.5 mg KOH/g ASTM D974 

Ester content > 96.5 %wt EN 14103 

 

Kinematic viscosity – “the resistance to flow of a fluid under gravity”. [Equal 

to the dynamic viscosity/density.] The kinematic viscosity is a basic design 

specification for the fuel injectors used in diesel engines. Too high a viscosity and the 

injectors do not perform properly. 

The flash point is defined as the “lowest temperature corrected to a barometric 

pressure of 101.3 kPa (760 mm Hg), at which application of an ignition source causes 

the vapors of a specimen to ignite under the specified conditions of test.” This test, in 

part, is a measure of residual alcohol in the B100. The flash point is also a 

determinant for flammability classification of materials. B100’s typical flash point is 

> 200 ° C, classifying it as “non-flammable”. 

Density – “the mass per unit volume of a substance at a given temperature.” 

Acid number – “The quantity of base, expressed as milligrams of potassium 

hydroxide per gram of sample, required to titrating a sample to a specified end point.” 

The acid number is a direct measure of free fatty acids in B100. The free fatty acids 

can lead to corrosion and may be a symptom of water in the fuel. 

Methyl ester: The purpose of this EN is to determine the ester content of fatty 

acid methyl ester intended for use as pure biofuel or as a blending component for 
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heating and diesel fuels. Determination of the percentage of methyl ester of fatty acid 

present in the sample by gas chromatography with internal calibration. 

 

2.7   Literature reviews 

 

 In 2002, Antolin et al. [27] the optimization of biodiesel production of 

sunflower oil transesterification were studied. The results showed that 96% of methyl 

ester was achieved at 70°C using 0.28% w/w of potassium hydroxide as a catalyst 

with an excess amount of methanol. According to European standard, the sunflower 

methyl ester could be used as diesel fuels. 

 In 2004, Vincente et al. [28] studied biodiesel production by used different 

basic catalyst (sodium methoxide, potassium methoxide, sodium hydroxide and 

potassium hydroxide) for transesterification of sunflower oil. The condition reactions 

were used as 1% basic catalyst with 6:1 molar ratio of methanol to oil at 65 °C. All 

the experiments were carried out under the same reaction condition. Using sodium 

hydroxide, potassium hydroxide, sodium methoxide and potassium methoxide 85.9, 

91.67, 99.33 and 98.46 % yield of biodiesel were obtained, respectively. The yield of 

biodiesel from methoxide catalyst was higher because the basic methoxides only have 

the trace hydroxide ion as an impurity. In this sense, they do not produce soap through 

triglyceride saponification.  

In 2005, Mohibbe Azam et al. [21] studied fatty acid profiles of seed oils of 75 

plant species in India having 30% oil in their seed or kernel. By using fatty acid 

compositions, saponification number, iodine value and cetane number to predict the 

quality of fatty acid methyl esters of oil for use as biodiesel. The results showed that 4 

plant species including Azadirachta indica, Calophyllum inophyllum, Jatropha curcus 

and Pongamia pinnata were found most suitable for use as biodiesel.  

 In 2006, Meher et al. [22] synthesized biodiesel from Pongamia pinnata oil. 

The results showed that 97-98% of methyl ester was obtained by using the optimum 

condition, 1% KOH as catalyst, 9:1 molar ratio of methanol to oil, stirring speed of 

360 rpm at 65 °C for 2 h. 

 In 2006, Gan et al. [5] studied the esterification of free fatty acid (FFA) in 

waste cooking oil with methanol by uses Fe2(SO4)3/C (ferric sulfate/active carbon). 



 19

The results showed that 96% of free fatty acid (FFA) in waste cooking oil can be 

effectively eliminated under optimum conditions, 3%Fe2(SO4)3/C, methanol/FFA 

mole ratio 18:1 at 368.15 K. 

 In 2006, Yong et al. [6] synthesized biodiesel from waste cooking oil by two 

different processes, traditional acid (sulfuric acid) and two-step catalyzed processes. 

For traditional acid, the results showed that 90% of methyl ester was obtained by 

using 20:1 molar ratio of methanol to oil at 95
ο
C for 10 h. In contrast, two-step 

catalyzed processes gave 97.22% of methyl ester by using 2%ferric sulfate, 10:1 

molar ratio of methanol to oil at 95
ο
C for 4 h followed by alkali transesterification. 

Ferric sulfate showed good activity to catalyze the methanolysis of FFA in waste 

cooking oil, environmental friendly and easy to be separated from system. 

In 2007, Yong et al. [29] studied preparation of biodiesel from waste cooking 

oils which contain large contents of FFAs via two-step catalyzed process. The results 

showed that the conversion rate of FFA reached 97.22% when the parameters were as 

follows: 2 %wt Fe2(SO4)3 , 10:1 molar ratio of methanol to triglycerides at 95
 ο

C for 4 

h. After that the remained triglycerides were transerterified at 65
 ο

C for 1 h in reaction 

system containing 1 %wt KOH and 6:1 molar ratio of methanol to triglycerides. The 

final product after the two-step catalyzed process gave 97.02% of biodiesel. 

In 2008, Kittipong, M. [25] studied biodiesel production from 25 oilseed 

plants in Thailand. The results showed that 86.65-95.4 %methyl ester content was 

obtained by using 1%NaOH, 6:1 molar ratios of methanol to oil at 65 
ο
C for 1 h 

(transesterification reaction) and 1%H2SO4, 10:1 molar ratios of methanol to oil at 65 

ο
C for 1 h (esterification reaction) followed by transesterification reaction. In addition, 

16 plant species were found to have great potential of biodiesel and they meet the 

major specification of biodiesel standard.  

In 2010, Prafulla et al. [23] studied transesterification of waste cooking oil 

from two different processes, using ferric sulfate and supercritical methanol. The 

results showed that 96% of biodiesel conversion was obtained by using ferric sulfate 

(Fe2(SO4)3), 9:1 molar ratio of methanol to oil, at 100
 ο

C for 2 h. The 50-65%yield of 

biodiesel was obtained by using supercritical methanol in only 15 min, reaction was 

carried out at pressure of 1450 psi (100 bar) and 300 
ο
C in PARR micro-reactor. 
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Ferric sulfate showed good catalyst activity and easy recovery of the catalyst. The 

supercritical methanol method has high potential for both tranesterification of 

triglycerides and methyl esterification of high free fatty acid for petro-diesel 

substitute. 

 

 

 

 

 

 

 

 

 



CHAPTER III 

 

MATERIALS AND METHODS 

 

3.1 Materials and equipments 

 

3.1.1 Raw material  

30 oilseed plants from different parts in Thailand are listed in Table 3.1. 

 

Table 3.1 Oilseeds and sources 

Oilseeds Sources 

Basella alba Jatujak market, Bangkok; Thailand 

Brassica chinensis Jatujak market, Bangkok; Thailand 

Benincasa hispida Jatujak market, Bangkok; Thailand 

Brassica juncea Jatujak market, Bangkok; Thailand 

Brassica pekinensis Jatujak market, Bangkok; Thailand 

Caesalpinia crista Sumpeng market, Bangkok; Thailand 

Camellia oleifera Jatujak market, Bangkok; Thailand 

Cassia suratlensi Department of Forestry, Bangkok; Thailand 

Crassocephalum crepidioides Jatujak market, Bangkok; Thailand 

Citrullus lanatus Sumpeng market, Bangkok; Thailand 

Citrus maxima Khlong Toei market, Bangkok; Thailand 

Citrus reticulate Khlong Toei market, Bangkok; Thailand 

Cucurbita moschata Jatujak market, Bangkok; Thailand 

Chukrasia velutina Department of Forestry, Bangkok; Thailand 

Dalbergia oliveri Gamble Department of Forestry, Bangkok; Thailand 

Gardenia jasminodes Sumpeng market, Bangkok; Thailand 

Hibiscus sabdariffa Linn Sumpeng market, Bangkok; Thailand 

Lagenaria siceraria Jatujak market, Bangkok; Thailand 

Macadamia integrifolia Doitung, Chiangrai, Thailand 

Mimusops elengi Jatujak market, Bangkok; Thailand 

Millingtonia hortensis Department of Forestry, Bangkok; Thailand 

Millettia kangensis Craib Jatujak market, Bangkok; Thailand 

Moringa oleifera Lamk Sumpeng market, Bangkok; Thailand 

Myristica fragrans Sumpeng market, Bangkok; Thailand 
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Table 3.1 Oilseeds and sources (Continued) 

 

3.1.2 Chemicals 

 

Anhydrous sodium sulfate: analytical grade; Carlo Erba 

Carbon tetrachloride;analytica grade; Mallinckrodt  

Chloroform-D: NMR spectroscopy grade; Merck  

Dichloromethane: analytical grade; Lab-Scan 

Ethanol: analytical grade; Merck 

Glacial acetic acid: analytical grade; Merck 

Heptane: analytical grade; Merck 

Hexane: analytical grade; Lab-Scan 

Hydrochloric acid: analytical grade; Merck  

Methanol: analytical grade; Merck 

Methyl heptadecanoate: analytical grade; Fluka 

Methyl stearate; analytical grade; Merck  

Potassium hydroxide: analytical grade; Lab-Scan 

Potassium dichromate: analytical grade; Lab-Scan 

Potassium iodide: analytical grade; Lab-Scan 

Potassium hydrogen phthalate 

Sodium hydrogen carbonate: analytical grade; Carlo Erba 

Sodium hydroxide: analytical grade; ACS 

Sodium thiosulfate: analytical grade; Lab-Scan 

Sulfuric acid: analytical grade; Carlo Erba 

Toluene: analytical grade; Merck 

Wijs solution: analytical grade; Merck 

Oilseeds Sources 

Ocimum canum Khlong Toei market, Bangkok; Thailand 

Passiflora foetida Jatujak market, Bangkok; Thailand 

Phyllanthus emblica Department of Forestry, Bangkok; Thailand 

Perilla frutescens Jatujak market, Bangkok; Thailand 

Sesamum indicum Sumpeng market, Bangkok; Thailand 

Terminalia chebula Department of Forestry, Bangkok; Thailand 
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37 Components FAME standard; Supelco   

2-Propanol: analytical grade; Merck 

 

3.1.3 Equipments 

 

Fourier-Transform NMR Spectrometer: Mercury (400MHz); Varian 

Gas-liquid Chromatography; Model 3800; Varian 

Cannon Automatic Viscometer: Model CAV-3; Cannon 

Density meters: Model DMA 4500 ; Anton parr 

Mini Flash: FLA; Grabner instruments 

Rotary evaporator: Model ; Buchi 

 

3.2 Methods 

 

3.2.1 Solvent extraction of oilseed plants[25] 

 

500 ml of hexane was added to 500 g of the crushed kernel in 2000 ml of 

Erlenmeyer flask and allowed to shake overnight. The organic extract was filtered and 

evaporated to dry by rotary evaporator. The percentage of oil was determined. The 

physical and chemical properties of oils were determined according to 3.2.2. 

 

3.2.2 Determination of physical and chemical properties of crude oil 

from oilseed plants  

 

  3.2.2.1   Determination of free fatty acids contained in crude oils 

 

The free fatty acid was determined according to ASTM D 5555; 

Standard test method for determination of free fatty acids contained in animal, marine, 

and vegetable fats and oils used in fat liquors and stuffing compounds. 

To the 250 ml of Erlenmeyer flask, oil sample (1 g), ethanol (75 ml) 

and 2 ml of 1% phenolphthalein were added. The mixture was titrated with 0.25 N 
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sodium hydroxide solutions until the pink color occurred. The volume of alkali 

solution used was recorded.   

 

The percentage of free fatty acid was calculated as follows: 

 

% free fatty acids = (ml of alkali x N x 28.2) / weight of sample 

N = normality of alkaline solution 

ml of alkali = ml of sodium hydroxide solution 

 

 

3.2.2.2 Determination of the saponification value of crude oils 

 

The saponification value was determined according to ASTM D 5558; 

Standard test method for determination of the saponification value of fats and oils. 

To the 250 ml of Erlenmeyer flask, oil sample (1 g), alcoholic 

potassium hydroxide (25 ml) and 1 ml of 1% phenolphthalein were added. The 

mixture was titrated with 0.5 N of hydrochloric acid until the pink color disappeared. 

The volume of acid solution used was recorded.   

 

The saponification value was calculated as follows: 

 

saponification value = 56.1 × N × (A – B) / weight of sample 

A = titration of blank 

B = titration of sample 

N = normality of hydrochloric acid solution 

Alcoholic KOH = 40 g of potassium hydroxide  

dissolved in 1 L of ethanol 

 

3.2.2.3 Determination of the iodine value of crude oils 

 

The iodine value was determined according to ASTM D 5554; 

Standard test method for determination of the iodine value of fats and oils. 
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To the 500 ml of glass-stopper flask, oil sample (0.1 g), carbon tetra 

chloride (20 ml) and Wijs solution (25 ml) were added. Store the flasks in a dark 

place for 30 min. From storage, removed the flasks and add 20 ml of KI solution 

followed by 100 ml of distilled water. The mixture was titrated with 0.1 N of sodium 

thiosulfate until the yellow color has almost disappeared, add 2 ml of starch indicator 

solution, and continued the titration until the blue color has just disappeared. The 

volume of sodium thiosulfate used was recorded.   

 

The iodine value was calculated as follows: 

 

Iodine value = (B –S) x N x 12.69 / weight of sample 

B = titration of blank 

S = titration of sample 

N = normality of Na2S2O3 solution 

 

3.2.2.4 Determination of the fatty acid composition of crude oils 

 

  The fatty acid compositions of the oils from oilseed plants were 

analyzed by gas chromatography (GC). 

  Sample (250 mg) was dissolved in heptadecanoic solution (5 ml) (500 

mg heptadecanoate was dissolved in heptane (50 ml)) and 1 µl of solution was 

injected into using 1:100 split ratios. 

  The condition of GC used was as follows: 

Column:  ZB-Wax plus; Zebron, 30m, 0.25mm ID, 0.25µm 

Injector temperature:  240 °C 

Detector: Flame ionization  

Detector temperature: 250 °C  

Column Oven: 50 °C (hold 2 min), rate of 4 °C/min to 220 °C (hold 15 min) 

Carrier gas: N2 

Flow rate: 1.2 ml/min 

Volume injected: 1 µl 
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3.2.3 Biodiesel production 

 

  3.2.3.1   Optimization for base catalyzed process[25] 

 

-  Effect of the amount of free fatty in palm oil to palm oil methyl 

ester. 

 

20 g of palm oil with various amount of free fatty acid (1, 2, 3, 4, 5, 

and 6%wt) was added into 100 ml of round bottom flask equipped with condenser. 

After the oil was heated to 65 °C, 1%NaOH by wt. of oil (sodium hydroxide 0.2 g in 

methanol 5.79 ml) was added and then the mixture was heated to 65
ο
C for 1.50 h. The 

mixture was transferred to a separatory funnel, allowed glycerol to separate for 2 h. 

The methyl ester layer (upper layer) was washed with hot water (5 x 100 ml), dried by 

rotary evaporator. The percent conversion of methyl ester was analyzed by 
1
H-NMR. 

 

- Effect of methanol to oil molar ratio and reaction time  

 

The palm oil methyl ester synthesized following the method described 

in 3.2.3.1, by using molar ratios of methanol to oil equal 3:1, 6:1, 9:1 and 12:1, the 

reaction times equal 15, 30, 45, 60, 90 and 120 min. The methyl ester (5 mg) was 

subjected to 
1
H-NMR analysis. The calculation conversion of product was shown in 

Appendix C. 

 

3.2.3.2   Optimization for two-step catalyzed process (Acid – base 

catalyzed) 

 

- Effect of reaction time, amount of free fatty acid and amount of 

catalyst [6] 

 

20 g of palm oil with 10, 20 and 30% free fatty acid was added into 

100 ml of round bottom flask equipped with condenser. After the oil was heated to 65 

°C, various amount of ferric sulfate (1, 2, 3 and 4%wt for 10 and 20%FFA in palm 
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oil; 1, 2, 3, 4, 5 and 10%wt for 30%FFA in palm oil) and methanol (1:10 molar ratios 

of oil to methanol) was added, then the mixture was heated to 65
ο
C for 1, 2 and 3 h. 

The excess of methanol was removed by rotary evaporator, and the mixture was left 

to separate. The upper oil layer was subjected to determine the amount of FFA 

according to ASTM D 5555 and used in the second step following the method 

described in 3.2.3.1 

 

- Effect of methanol to oil molar ratio and reaction time  

 

The palm oil methyl ester with 10, 20 and 30% free fatty acid 

synthesized following the method described in 3.2.3.2, by using molar ratios of 

methanol to oil equal 6:1, 10:1 and 20:1, the reaction times equal 1, 2 and 3 h. The 

methyl ester (5 mg) was subjected to 
1
H-NMR analysis. The calculation conversion of 

product was shown in Appendix C. 

 

3.2.3.3   Synthesis of methyl ester from oilseed plants via base-

catalyzed process (FFA< 3%) 

 

The fatty acid methyl ester was synthesized following the method 

described in 3.2.3.1, using oils of 22 species with less than 3 % FFA. The product was 

characterized by 
1
H-NMR and GC techniques. 

  

3.2.3.4   Synthesis of methyl ester from oilseed plants via two-step 

catalyzed process (FFA> 3%) 

 

This process involved an esterification in first step and 

transesterification in second step.  At first step, the fatty acid methyl ester was 

synthesized following the method described in 3.2.3.2, using 8 species of oils with 

more than 3 % FFA.  The lower layer was methyl ester and unreacted triglyceride was 

used in the second step following the method described in 3.2.3.1. The product was 

characterized by 
1
H-NMR and GC techniques. 
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3.2.4 Characterization and determination of the biodiesels  

 

3.2.4.1   Characterization of the biodiesels 

 

The biodiesels were characterized by: 

 

3.2.4.1.1.   Fourier-transform NMR spectrometer (FT-NMR) 

1
H NMR spectra were recorded in CDCl3 using CHCl3 as an 

internal standard. 

 

3.2.4.2 % Ester contents 

 

       The %ester content was determined by 
1
H-NMR and GC. 

   

3.2.4.2.1.   Fourier-transform NMR spectrometer (FT-NMR) 

 

The conversion of methyl esters from oilseed plants was 

determined using 
1
H NMR. The conversion of methyl esters was calculated by 

comparing the peak area of methoxy and methylene protons using the following 

equation: 

% conversion = [(2ICH3) / (3ICH2)] × 100 

 

3.2.4.2.2.   Gas-liquid chromatography (GC) 

The fatty acid compositions and methyl esters content of the oil 

from oilseed plants were also determined by GC. 

The GC condition for the determination of methyl ester was set as 

3.2.2.4. Methyl heptadecanoate was used as an internal standard. The methyl ester 

content of biodiesel was calculated by the following equation: 

 

C = ( ∑A –Ai ) × ( Ci×Vi ) × 100 

Ai                 m 
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C    = Methyl ester content 

∑A = Total area of fatty acid methyl esters 

Ai   = Area of methyl heptadecanoate  

Ci   = Concentration of methyl heptadecanoate solution 

Vi   = Volume of methyl heptadecanoate solution 

m    = Mass of the sample 

 

The results were shown in appendix A. 

 

3.2.4.3   Determination of the properties of biodiesel  

 

The physical properties of biodiesel were determined according to the test 

methods shown in Table 3.2. 

 

Table 3.2 Test method of biodiesel fuels 

 

Property Method 

Viscosity at 40 °C (cSt) ASTM D445 

Flash point (°C) ASTM D93 

Density at 15 °C (kg/cm
3
) ASTM D4052 

Acid number (mg KOH/g) ASTM D974 

Ester content (%wt) EN 14103 

 

  

 

 



CHAPTER IV 

 

RESULTS AND DISCUSSION 

 

4.1 Solvent extraction of oilseed plants 

 

The oils from 30 oilseed plants in different part of Thailand were extracted 

from the kernel or seed using hexane as a solvent. The amount of oils were shown in 

the Table 4.1. The percent oil contents were in range of 13-69 %wt. The highest and 

lowest oil content could be extracted from Dalbergia oliveri Gamble (DO) and 

Sesamum indicum (SEI), respectively. Moreover, some oilseed plants in this study 

may be a new source of raw materials for biodiesel production because of its high 

percentage of oil content.  

 

4.2 Physical and chemical properties of crude oil from oilseed plants for 

biodiesel production  

 

 The physical and chemical properties, % free fatty acid, saponification value, 

iodine value and fatty acid profiles, of crude oil from oilseed plants were listed in 

Table 4.1.  
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Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants  

 

 SN* = Saponification values, IV*  = Iodine values 

Oilseed plants Family Codes % Oil % FFA SN IV Fatty acid composition (%) 

Basella alba Basellaceae BA 27 0.65 179.05 76.78 

C14:0(0.15), C16:0(22.47), C16:1(0.41), C18:0(4.15), C18:1n9c(44.25), 

C18:2n6t(23.54),C18:3n3(0.23), C20:0(1.12), C20:1n9(0.32), C22:0(0.63), 

C24:0(0.20), C24:1n9c(0.49), Unk (2.03) 

Brassica chinensis Cruciferae BC 44 1.44 161.23 56.29 

C16:0(1.61), C18:0(0.77), C18:1n9c(14.58), C18:2n6t(10.09), 

C18:3n3(7.05), C20:0(0.62), C20:1n9(5.74), C20:2(0.31), C22:0(0.66),  

C22:1n9(54.67), C22:2(0.64), C24:0(0.24), C24:1n9(1.48), Unk (2.18) 

Benincasa hispida Cucurbitaceae BEH 25 1.39 180.57 128.96 
C16:0(9.82), C18:0(4.96), C18:1n9c(6.40), C18:2n6t(77.06), 

C18:3n3(0.22), C20:0(0.19), C20:1n9(0.15), C20:2(0.36), Unk (1.44)    

Brassica juncea Cruciferae BJ 36 2.79 165.29 102.06 

C16:0(2.19), C16:1(0.15), C18:0(0.86), C18:1n9c(7.39), 

C18:1n9t(0.71),C18:2n6c(13.39), C18:3n3(10.13), C20:0(0.78), 

C20:1n9(4.95), C20:2(0.70), C20:4n6(0.15), C20:5(1.01), C22:1n9(50.47), 

C22:2(1.37), C24:0(0.55), C24:1n9c(1.95), Unk(2.37) 

Brassica pekinensis Cruciferae BP 26 2.17 166.56 96.36 

C16:0(1.96), C18:0(0.96),C18:1n9c(12.50), C18:1n9t(0.61), 

C18:2n6c(11.81), C18:3n3(8.01), C20:0(0.84), C20:1n9(7.20), 

C20:2(0.56), C20:5(0.99), C22:1n9(50.05), C22:2(0.84), C24:0(0.44), 

C24:1n9c(1.60), Unk (1.90)  

Caesalpinia crista Caesalpiniaceae CAC 21 1.07 173.51 125.03 
C16:0(7.91), C18:0(3.63), C18:1n9c(13.17), C18:1n9t(0.41),           

C18:2n6t (73.91), C20:0(0.26), C20:1n9(0.36), C22:1n9(0.41)       

Camellia oleifera Theaceae CAO 37 0.66 168.23 115.68 

C16:0(6.35), C18:0(2.92), C18:1n9c(13.79), C18:2n6t(58.75), 

C18:3n6(0.52), C18:3n3(15.43), C20:0(0.68), C20:1n9(0.34), C22:0(0.24), 

C24:0(0.15), Unk(0.83) 

Cassia suratlensi Leguminosae CAS 15 0.73 173.09 95.46 

C16:0(22.08), C16:1(0.22), C18:0(4.77), C18:1n9c(22.91), 

C18:2n6t(42.47), C18:3n6(0.09), C18:3n3(0.64), C20:0(1.88),  

C20:1n9(0.30), C22:0(0.95), C23:0(0.15), C24:0(0.57), C24:1n9c(0.24), 

Unk(0.47)  
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 Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued) 

 

Oilseed plants Family Codes % Oil % FFA SN* IV* Fatty acid composition (%) 

Crassocephalum crepidioides Compositae CC 37 0.70 163.30 94.00 

C16:0(1.85), C16:1(0.15), C18:0(0.82), C18:1n9c(6.98), C18:1n9t(0.90), 

C18:2n6c(12.31), C18:3n3(12.41), C20:0(0.76), C20:1n9(4.16),  

C20:2(0.72), C20:3n3(0.19), C20:5n3(1.31), C22:0(50.73), C22:1n9(0.32), 

C22:2(1.58), C23:0(0.59), C24:0 (0.64), C24:1n9(2.25), Unk(1.34) 

Citrullus lanatus Cucurbitaceae CIL 56 13.86 204.59 138.42 

C16:0(9.94), C18:0(5.94), C18:1n9c(10.97), C18:1n9t(0.49),          

C18:2n6t (71.92), C20:0(0.23), C20:4n6(0.13), C22:0(0.15), 

C22:1n9(0.15), C24:0(0.20), Unk(0.22) 

Citrus maxima Rutaceae CIM 62 2.60 194.37 97.71 
C16:0(22.49), C18:0(5.98), C18:1n9c(26.28), C18:1n9t(0.54), 

C18:2n6t(40.61), C18:3n3(3.58), C20:0(0.33), C24:0(0.18) 

Citrus reticulata Rutaceae CIR 56 0.64 176.74 95.43 

C16:0(21.17), C16:1(0.51),C18:0(4.45), C18:1n9c(19.57), C18:1n9t(1.96), 

C18:2n6c(45.96), C18:3n3(4.49), C20:0(0.52), C20:1n9(0.13), 

C22:0(0.13), C23:0(0.63), C24:0(0.27), Unk(0.14) 

Cucurbita moschata Cucurbitaceae CUM 38 5.82 173.72 99.60 

C14:0(0.13), C16:0(20.48), C18:0(8.28), C18:1n9c(20.15), C18:1n9t(0.42), 

C18:2n6c (48.01), C18:3n3(0.18), C20:0(0.43), C24:0(0.21), 

C24:1n9(0.13), Unk(0.74)    

Chukrasia velutina Meliaceae CV 33 12.01 171.25 110.11 
C16:0(8.29), C18:0(5.19), C18:1n9c(7.63), C18:1n9t(0.53), 

C18:2n6t(55.73), C18:3n3(22.22), C20:0(0.36), C20:1n9(0.22), Unk(0.32) 

Dalbergia oliveri Gamble Papilionaceae DO 13 1.40 173.28 60.44 

C16:0(11.81), C18:0(6.76), C18:1n9c(53.90), C18:2n6c(11.39), 

C18:3n3(0.59), C20:0(1.99), C20:1n9(1.63), C22:0(3.64), C22:1n9(0.28), 

C23:0(0.20), C24:0(4.45), Unk(0.57) 

Gardenia jasminodes Rubiaceae GJ 22 1.59 187.78 112.53 

C14:0(0.16), C16:0(19.71), C16:1(0.33), C18:0(3.22), C18:1n9c(0.99), 

C18:2n6c(49.89), C18:3n3(1.34), C20:0(0.41), C20:1n9(0.16), 

C24:0(0.53), Unk(23.53) 

  
 SN* = Saponification values 

 IV*  = Iodine values 
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Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued) 

 

   

Oilseed plants Family Codes % Oil % FFA SN* IV* Fatty acid composition (%) 

Hibiscus sabdariffa Linn. Malvaceae HIS 22 1.39 181.33 81.83 
C14:0(0.24), C16:0(20.16), C18:0(4.97), C18:1n9c(37.66), C18:2n6c(31.61), 

C18:3n3(0.19), C20:0(0.84), Unk(2.34) 

Lagenaria siceraria Cucurbitaceae LS 54 2.72 183.74 119.20 

C16:0(11.71), C18:0(6.48), C18:1n9c(5.51), C18:1n9t (0.31), 

C18:2n6t(74.79), C18:3n3(0.15), C20:0(0.31), C20:1n9(0.11), C20:5n3(0.10), 

C22:1n9(0.11), Unk(0.42) 

Macadamia integrifolia Proteaceae MAI 60 0.67 178.06 67.49 

C14:0(0.87), C16:0(8.39), C16:1(19.95), C18:0(3.36), C18:1n9c(55.43), 

C18:1n9t(3.25), C18:2n6c(1.47), C18:3n3(0.12), C20:0(2.45), C20:1n9(2.08), 

C22:0(0.68), C22:1n9(0.21), C24:0(0.30), Unk(1.74)     

Mimusops elengi Sapotaceae ME 22 7.85 195.70 67.81 

C16:0(11.91), C16:1(0.12), C18:0(8.55), C18:1n9c(64.24), C18:2n6c(11.85), 

C18:3n3(0.13), C20:0(1.18), C20:1n9(0.80), C22:0(0.54), C24:0(0.36), 

C24:1n9c(0.32)  

Millingtonia hortensis Bignoniaceae MH 40 2.70 175.88 54.16 

C16:0(11.32), C16:1(0.18), C18:0(9.53), C18:1n9c(67.70), C18:2n6c(3.04), 

C18:3n3(0.39), C20:0(2.97), C20:1n9(1.69), C20:5n3(3.17), C22:1n9(0.47), 

C24:0(0.94), Unk(5.90)     

Millettia kangensis Craib Leguminosae ML 31 1.35 176.48 78.40 
C16:0(5.67), C18:0(2.80), C18:1n9t(46.26), C18:2n6t(29.25), C18:3n6(0.10), 

C18:3n3(1.82), C20:0(1.17), C20:1(2.87), C22:0(7.12), C22:1(0.58) 

Moringa oleifera Lamk. Moringaceae MO 37 3.17 180.14 61.58 

C16:0(5.57), C16:1(1.16), C18:0(4.80), C18:1n9c(71.14),C18:1n9t(3.73), 

C18:2n6c(0.67), C18:3n3(0.15), C20:0(3.09), C20:1n9(2.45), C22:0(6.34), 

C22:1n9(0.16), C24:0(0.85) 

Myristica fragrans Myristicaceae MYF 42 18.62 209.54 45.13 
C10:0(0.41), C12:0(0.50), C14:0(70.17), C14:1(0.16), C16:0(7.35), 

C18:0(0.83), C18:1n9c(8.86), C18:2n6c(0.57), Unk(9.26)   
  

 SN* = Saponification values 

 IV*  = Iodine values 
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Table 4.1 Summary of physical and chemical properties of crude oils from oilseed plants (continued) 

 

  

 SN* = Saponification values 

 IV*  = Iodine values 

  

Oilseed plants Family Codes % Oil % FFA SN* IV* Fatty acid composition (%) 

Ocimum canum Labiatae OC 21 5.47 181.93 113.30 

C16:0(6.27), C16:1(0.11), C18:0(3.42), C18:1n9c(12.67), C18:2n6c(21.34), 

C18:3n3(54.52), C20:0(0.22), C20:1n9(0.15), C20:2(0.25), C23:0(0.15), 

C24:0(0.15), Unk(0.60)  

Passiflora foetida Passifloraceae PAF 23 1.38 179.66 126.16 
C16:0(10.64), C16:1(0.19), C18:0(2.45), C18:1n9c(0.53), C18:2n6c(70.84), 

C18:3n3(0.48), C20:0(0.15), C20:1n9(0.14), Unk(14.98) 

Phyllanthus emblica Euphorbiaceae PE 17 2.10 186.00 164.38 
C16:0(10.64), C18:0(6.64), C18:1n9c(11.54), C18:1n9t(0.86), 

C18:2n6c(17.10), C18:3n3(51.01), C20:0(0.22), C20:1n9(0.23), Unk(0.28)     

Perilla frutescens Labiatae PF 42 1.17 172.40 118.04 
C16:1(7.22), C18:0(2.93), C18:1n9c(14.06), C18:1n9t(0.83), 

C18:2n6c(28.03), C18:3n3(46.02)  

Sesamum indicum Pedaliaceae SEI 69 1.34 179.26 94.09 
C16:0(8.99), C18:0(5.43), C18:1n9c(40.08), C18:1n9t(0.52),C18:2n6c(43.59), 

C20:0(0.58) 

Terminalia chebula Combretaceae TC 49 30.13 185.31 91.65 
C16:0(17.28), C18:0(7.18), C18:1n9c(33.42), C18:2n6t(39.25), C20:0(1.08), 

C20:1n9(0.26), C20:2(0.17), C22:0(0.70), C24:0(0.18) 
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 From Table 4.1, the results showed that %free fatty acid were varied from 

0.64-30.13%wt, Citrus reticulata and Terminalia chebula gave the lowest and 

highest %free fatty acid, respectively. The value of free fatty acid content could be 

depended on type of plants and duration of oil storage. 

Saponification numbers were in the range of 161.23-209.54 mgKOH/g. The 

highest and lowest saponification numbers were belonged to Myristica fragrans 

(MYF) and Brassica chinensis (BC), respectively. Oils having high percentages of 

high molecular weight fatty acids will have lower saponification numbers than oils 

having high percentages of lower molecular weight fatty acids[26]. Thus, Myristica 

fragrans (MYF) oil containing 70.17 percent of myristic acid (C14:0) has high 

saponification number of 209.54 mg KOH/g. Brassica chinensis (BC) oil containing 

54.67% of erucic acid (C22:1n9), has low saponification number of 161.23 mg 

KOH/g.   

In addition, iodine values were in the range of 45.13-164.38 mgI2/g. The 

highest and lowest iodine values were belonged to Phyllanthus emblica (PE) and 

Myristica fragrans (MYF), respectively. Because iodine absorption occurs at double 

bond positions, thus a higher iodine value indicates a higher quantity of double bonds 

in the oil[27]. The result showed that most oilseed plants contained unsaturated fatty 

acid such as BEH, CAC, CIL, PAF and PE. In contrast, MYF seed oil contains mostly 

saturated fatty acids. 

According to ASTM standard, maximum value of iodine value was set to 120 

mg I2/g. Therefore the oil of 25 species including BA, BC, BJ, BP, CAO, CAS, CC, 

CIM, CIR, CUM, CV, DO, GJ, HIS, LS, MAI, ME, MH, ML, MO, MYF, OC, PF, 

SEI and TC oils could be used to produce biodiesel.  

Fatty acid profiles of these oilseed plants were determined by the comparison 

of 37 FAMEs standard. The GC chromatogram of these standards and these fatty acid 

profiles were shown in Figure A1-A31.  
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4.3 Biodiesel production 

 

4.3.1. Optimization for base catalyzed process 

 

- Effect of the amount of free fatty acid in palm oil. 

The synthesis of biodiesel from palm oil with various amount of free fatty 

acids (FFA) content (1, 2, 3, 4, 5 and 6 % wt) was investigated. The reaction 

conditions were carried out by using 6:1 molar ratio of methanol to oil, 1% NaOH by 

weight of oil at 65°C for 1.50 h. The results were shown in Figure 4.1 
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Figure 4.1 Effect of the amount of free fatty acid in palm oil. 

  

As seen in Figure 4.1, the results showed that %ester content more than 93% 

could be achieved when FFA lower than 3%. Therefore, this process was suitable to 

synthesis biodiesel from oil containing FFA less than 3%.  

 

- Effect of methanol to oil molar ratio and reaction time  

The synthesis of biodiesel from palm oil by using molar ratios of methanol to 

oil equal 3:1, 6:1, 9:1 and 12:1, the reaction times equal 15, 30, 45, 60, 90 and 120 
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min, 1% NaOH by weight of oil at 65
ο
C were investigated. The results were shown in 

Figure 4.2. 
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Figure 4.2 Effect of methanol to oil molar ratio and reaction time. 

 

From Figure 4.2, at higher molar ratio, the ester content was increased. In 

addition, %ester content of each molar ratios of methanol to oil at 15 to 120 minutes 

gave 81-84% for 3:1 ratios, 85-94.5 % for 6:1 ratios, 92-95.2% for 9:1 ratios and 95-

96.7% for 12:1 ratios. Hence, 12:1 molar ratio of methanol to oil was used to 

synthesize biodiesel in this process for 1.5 h to obtain the high ester content. 

Therefore, oilseed plants in table 4.1 including BA, BC, BEH, BJ, BP, CAC, 

CAO, CAS, CC, CIM, CIR, DG, GJ, HIS, LS, MAI, MH, ML, PAF, PE, PF and SEI 

having FFA less than 3% could be synthesized by using base catalyzed process, 

1%NaOH by weight of oil, 12:1 molar ratio of methanol to oil at 65
ο
C for 1.5 h.  
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4.3.2. Optimization for two-step catalyzed process (Acid – base 

catalyzed) 

-  Effect of reaction time, amount of free fatty acid and amount of 

catalyst. 

The conditions for synthesis of biodiesel from palm oil with various amount of 

free fatty acids content (10, 20 and 30 %wt) were investigated by varying amount of 

ferric sulfate (1, 2, 3, 4, 5 and 10 %wt) and reaction time (1, 2 and 3 h). The results 

were shown in Figures 4.3, 4.4, and 4.5. 
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Figure 4.3 Effect of reaction time and amount of ferric sulfate to palm oil having 

10%FFA (10:1 molar ratio of methanol to oil at 65°C). 
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Figure 4.4 Effect of reaction time and amount of ferric sulfate to palm oil having 

20%FFA (10:1 molar ratio of methanol to oil at 65°C). 
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Figure 4.5 Effect of reaction time and amount of ferric sulfate to palm oil having 

30%FFA (10:1 molar ratio of methanol to oil at 65°C). 

 

It could be seen in the Figure 4.3, FFA could be decreased by using higher 

amount of Fe2(SO4)3 and longer period of reaction time. To obtain oil having FFA 

less than 3%, 1%Fe2(SO4)3 for 3 h, 2%Fe2(SO4)3 for 2 h, 3 and 4%Fe2(SO4)3  for 1 h 
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must be used. Therefore, the optimal condition for synthesis of biodiesel of oil having 

FFA 10% or less was 3%Fe2(SO4)3 for 1 h. 

Similarly, the optimal conditions for synthesis of biodiesel of oils having FFA 

20% or less and 30% or less were 3%Fe2(SO4)3 for 2 h and 5%Fe2(SO4)3  for 3 h, 

respectively. 

  

- Effect of methanol to oil molar ratio and reaction time  

The conditions for synthesis of biodiesel from palm oil with various amount of 

free fatty acids content (10, 20 and 30 %wt) were investigated by varying molar ratio 

of methanol to oil (6:1, 10:1 and 20:1) and reaction time (1, 2 and 3 h). The results 

were shown in Figure 4.6, 4.7 and 4.8. 
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Figure 4.6 Effect of methanol to oil molar ratio and reaction time to palm oil 

having 10%FFA (3% Fe2(SO4)3 at 65°C). 
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Figure 4.7 Effect of methanol to oil molar ratio and reaction time to palm oil 

having 20%FFA (3% Fe2(SO4)3 at 65°C). 
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Figure 4.8 Effect of methanol to oil molar ratio and reaction time to palm oil 

having 30%FFA (3% Fe2(SO4)3 at 65°C). 

 

As seen in the Figure 4.6, FFA of oil was decreased lower than 3% by using 

6:1 molar ratio of methanol to oil for 2 h, 10:1 and 20:1 for 1 h. Therefore, 3% 

Fe2(SO4)3, 10:1 molar ratio for 1 h were found to be the optimal conditions for 

synthesis of biodiesel of oil having 10%FFA or less. 
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By using 10:1 molar ratio of methanol to oil, the optimal condition of oil 

having 20%FFA or less was 3% Fe2(SO4)3 for 2 h, whereas, oil having 30%FFA or 

less was 5% Fe2(SO4)3 for 3 h.  

It could be concluded that the optimal conditions of oils having FFA less than 

10% such as CUM, ME, MO and OC were 3% Fe2(SO4)3, 10:1 molar ratio for 1 h. 

For oils having FFA less than 20% such as CIL, CV and MYF were synthesized by 

using 3% Fe2(SO4)3, 10:1 molar ratio for 2 h. In addition, the conditions for TC oil 

which had 30%FFA was found to be 5% Fe2(SO4)3, 10:1 molar ratio for 3 h. 

 

 4.3.3 Synthesis of methyl ester from oilseed plants via base-catalyzed 

process (FFA< 3%)  

 

The methyl ester of oilseed plants having %FFA less than 3% were 

synthesized by using the method and conditions as described in 3.2.3.1. The results 

of % ester content were shown in Table 4.2. 

 

Table 4.2 Summary of synthetic results of methyl ester of oilseed plants 

 

Oilseed plants Codes % FFA % Ester content 

Basella alba BA 0.65 94.68 

Brassica chinensis BC 1.44 94.57 

Benincasa hispida BEH 1.39 95.32 

Brassica juncea BJ 2.79 94.63 

Brassica pekinensis BP 2.17 95.08 

Caesalpinia crista CAC 1.07 94.68 

Camellia oleifera CAO 0.66 96.83 

Cassia suratlensi CAS 0.73 91.17 

Crassocephalum crepidioides CC 0.70 95.10 

Citrus maxima CIM 2.60 95.01 
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Table 4.2 Summary of synthetic results of methyl ester of oilseed plants    

(continued) 

 

 

 

As discussed in 4.3.1, %ester content was effected by % FFA. Thus, oilseed 

plants with %FFA less than 3% was chosen to synthesize biodiesel via base catalyzed 

process. %ester content was in range of  91.17-96.83 %. 

 

4.3.4 Synthesis of methyl ester from oilseed plants via two-step catalyzed 

process (FFA>3%) 

 

The methyl ester of oilseed plants with %FFA less than 3 % were synthesized 

by using the method and conditions as described in 3.2.3.2. The results of %ester 

content were shown in Table 4.3. 

 

 

 

 

Oilseed plants Codes % FFA % Ester content 

Citrus reticulata CIR 0.64 95.51 

Dalbergia oliveri Gamble DO 1.40 95.31 

Gardenia jasminodes GJ 1.59 94.74 

Hibiscus sabdariffa Linn. HIS 1.39 92.06 

Lagenaria siceraria LS 2.72 96.76 

Macadamia integrifolia MAI 0.67 95.96 

Millingtonia hortensis MH 2.70 93.77 

Millettia kangensis Craib ML 1.35 92.90 

Passiflora foetida PAF 1.38 95.16 

Phyllanthus emblica PE 2.10 92.43 

Perilla frutescens PF 1.17 93.95 

Sesamum indicum SEI 1.34 96.20 
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Table 4.3 Summary of methyl ester of oilseed plant from synthesize with two-

step catalyzed process (FFA>3%)  

 

 

As discussed in 4.3.1 and 4.3.2, %ester content was effected by % FFA. Thus, 

oilseed plants with %FFA more than 3% was chosen to synthesize biodiesel via two-

step catalyzed process. %ester content was in range of 93.60-96.61 %. 

 

4.4 Characterization of the biodiesels. 

 

4.4.1 1H-NMR (Nuclear magnetic resonance) 

 

Fatty acid methyl esters of various oilseed plants were characterized by 
1
H-

NMR. The 
1
H-NMR spectra of crude oils and fatty acid methyl esters of oils of 30 

species were shown in Figures A32-A91. For the example, the 
1
H-NMR spectra of 

crude BEH oil and BEH oil methyl ester were shown in Figures 4.9 and 4.10, 

respectively.  

Oilseed plants  Codes % FFA % Ester content 

Citrullus lanatus CIL 13.86 95.83 

Cucurbita moschata CUM 5.82 93.60 

Chukrasia velutina CV 12.01 94.32 

Mimusops elengi ME 7.85 96.34 

Moringa oleifera Lamk. MO 3.17 96.56 

Myristica fragrans MYF 18.62 94.24 

Ocimum canum OC 5.47 96.61 

Terminalia chebula TC 30.13 94.20 
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Figure 4.9  1
H-NMR spectrum of crude BEH oil. 

 

 

Figure 4.10 
 1

H-NMR spectrum of BEH oil methyl ester. 

 

From Figure 4.9, the characteristic peaks of crude BEH oil were observed at 

δH 4.05- 4.35 ppm which were the protons of glycerol moiety and Figure 4.10, the 

signal at δH 3.7 ppm was the protons of methoxy group in BEH oil methyl 

ester.Therefore, 
1
H-NMR could be used to analyze two different oils with the signal at 
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δH 4.05- 4.35 ppm in Figure 4.9 was disappeared in Figure 4.10. In addition, signal of 

methoxy group at δH 3.7 ppm in Figure 4.10 was not shown in Figure 4.9.  

 

4.5 Properties of biodiesel 

 

The properties of biodiesel such as viscosity, flash point, density, acid value 

and ester content were determined according to ASTM and EN standards in Table 4.4. 

The values of these properties of methyl esters of these oilseed plants were shown in 

Table 4.4. 

 

Table 4.4 Specification for quality of biodiesel 

 

Property Value Method 

Viscosity at 40 °C 3-5 cSt ASTM D445 

Flash point >120 °C ASTM D93 

Density at 15 °C 860-900 kg/cm
3
 ASTM D4052 

Acid number < 0.5 mg KOH/g ASTM D974 

Ester content > 96.5 %wt EN 14103 
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  Table 4.5 Summary of properties of biodiesel from various oilseed plants  

 

 

Oilseed plants Codes 
Viscosity 

(cSt) 
Flash point 

(°C) 
Density 
(kg/cm3) 

Acid number 
(mg KOH/g) 

conversion  
(1H-NMR) 

Ester content 
(GC) 

Basella alba BA 4.5 >120 882.97 0.1878 94.34 94.68 

Brassica chinensis BC 5.0 >120 872.14 0.2502 94.79 94.57 

Benincasa hispida BEH 3.9 >120 881.00 0.1255 95.69 95.32 

Brassica juncea BJ 5.5 >120 858.37 0.3140 94.79 94.62 

Brassica pekinensis BP 5.2 >120 851.72 0.3144 95.24 95.08 

Caesalpinia crista CAC 3.5 >120 862.37 0.1889 94.79 94.68 

Camellia oleifera CAO 3.8 >120 880.55 0.1881 97.09 96.83 

Cassia suratlensi CAS 4.4 >120 882.81 0.3143 92.59 91.71 

Crassocephalum crepidioides CC 5.0 >120 866.95 0.1262 94.79 95.10 

Citrullus lanatus CIL 3.5 >120 880.37 0.3143 94.79 95.83 
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  Table 4.5 Summary of properties of biodiesel from various oilseed plants (continued) 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Oilseed plants Codes 
Viscosity 

(cSt) 
Flash point 

(°C) 
Density 
(kg/cm3) 

Acid number 
(mg KOH/g) 

Conversion 
 (1H-NMR) 

Ester content 
(GC) 

Citrus maxima CIM 4.1 >120 881.57 0.2524 96.15 95.01 

Citrus reticulata CIR 3.6 >120 880.01 0.1877 95.69 95.51 

Cucurbita moschata CUM 4.5 >120 882.97 0.1256 93.90 93.60 

Chukrasia velutina CV 3.9 >120 861.71 0.1888 94.79 94.32 

Dalbergia oliveri Gamble DO 4.8 >120 873.05 0.1260 95.24 95.31 

Gardenia jasminodes GJ 4.8 >120 884.27 0.4396 95.24 94.74 

Hibiscus sabdariffa Linn. HIS 4.4 >120 882.62 0.1888 92.17 92.06 

Lagenaria siceraria  LS 3.5 >120 879.95 0.2503 95.69 96.76 

Macadamia integrifolia MAI 4.3 >120 882.34 0.1890 95.69 95.96 

Mimusops elengi ME 4.5 >120 887.64 0.1879 96.15 96.34 
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  Table 4.5 Summary of properties of biodiesel from various oilseed plants (continued) 

 

 

Oilseed plants Codes 
Viscosity 

(cSt) 
Flash point 

(°C) 
Density 
(kg/cm3) 

Acid number 
(mg KOH/g) 

conversion  
(1H-NMR) 

Ester content 
(GC) 

Millingtonia hortensis MH 5.3 >120 885.84 0.4390 94.34 93.77 

Millettia kangensis Craib ML 4.6 >120 879.97 0.1252 94.34 92.90 

Moringa oleifera Lamk. MO 4.7 >120 883.75 0.3132 95.69 96.56 

Myristica fragrans MYF 3.9 >120 880.96 0.1254 93.46 94.24 

Ocimum canum OC 3.6 >120 879.72 0.1877 96.15 96.61 

Passiflora foetida PAF 3.9 >120 880.80 0.1886 96.62 95.16 

Phyllanthus emblica PE 3.6 >120 867.41 0.4404 93.02 92.43 

Perilla frutescens PF 3.2 >120 886.87 0.4383 94.79 93.95 

Sesamum indicum SEI 4.1 >120 881.49 0.1262 96.62 96.72 

Terminalia chebula TC 4.7 >120 880.74 0.1253 94.34 94.20 
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4.5.1 Viscosity 

 

From Table 4.5, the viscosity of 30 oils methyl esters of oilseed plants were in 

the range of 3.2-5.5 cSt. The viscosity of methyl esters of BJ and BP were above the 

standard values. Moreover, the results showed that the viscosity values were 

depended on chain length of fatty acids degree of unsaturation of fatty acid and 

unreacted triglycerides (including mono- and di-glycerides) [25]. For example, the 

viscosity value of PF was 3.2 cSt and the fatty acid compositions were in the range of 

C16-C18 atoms with C18:3 was the main composition (46.02%). While the viscosity 

values of BJ was 5.5 cSt and the fatty acid compositions were in the range of C16-

C24 atoms, with C22:1 was the main composition (50.47%). It could be concluded 

that oil with long chain carbon should have high viscosity. 

 

4.5.2 Density 

 

The standard for biodiesel states that the fuel should have a density between 

860 and 900 kg /cm
3
. Density is an important parameter  for  diesel  fuel  injection  

systems.  In Table 4.5, the results showed that the density values of all methyl esters 

of 30 species of oilseed plants were in range of 887.64-866.95 kg/cm
3
, which were 

within the specification limits. 

 

4.5.3 Flash point 

 

As seen in Table 4.5, the flash point of all methyl esters of 30 species of  

oilseed plants were higher than 120 °C, which was in the specification of ASTM 

standards. According to the relationship between viscosity and flash point, as flash 

point increase with viscosity. Moreover, all of seed oils have the length of free fatty 

acid chain from C12-C24 atoms, which are higher than diesel fuel (C9-C16 atoms). 

Thus, the biodiesel obtained from oil seed plants was safer than diesel fuels. 

 

 

 



 51

4.5.4 Acid number 

 

From Table 4.5, It could be seen that the acid number of all methyl esters of 

30 species of oilseed plants were in range of 0.1252-0.4404 mg KOH/g, which were 

within standard values (0.5 mg KOH/g). Therefore, the most of oils and free fatty acid 

contents were essentially converted to methyl esters. 

 

4.5.5 Methyl ester content 

 

Ester content could be calculated from 
1
H-NMR and GC. The 

1
H-NMR 

spectra of crude oils and fatty acid methyl esters were shown in Figure A32-A91, GC 

chromatogram of fatty acid methyl ester were shown in Figure A2-A31. From Table 

4.5, it could be seen that both techniques gave a similar values of ester contents, 

92.17-97.09 % (
1
H-NMR) and 91.71-96.83 % (GC).  

According to EN 14103 standard, ester content should be higher than 

96.5%wt. Therefore, biodiesel from 5 plant species including Camellia oleifera,  

Lagenaria siceraria, Moringa oleifera Lamk., Ocimum canum and Sesamum indicum 

could be fulfilled the specification of biodesel standards. 

 

 

 



CHAPTER V 

 

CONCLUSION AND SUGGESTION 

 

5.1  Conclusion 

 

In this study, seed oils of 30 species were investigated as an alternative source 

for biodiesel production. The amount of oil, %free fatty acid, saponification number 

and iodine value were in range of 13 to 69%, 0.64-30.13%, 161.23-209.54 mg KOH/g 

and 45.13-164.38 mg I2/g, respectively.  

According to fatty acid compositions, oils of these plants could be classified 

into 3 groups   

- C14 composition: MYF. 

- C16-C18 composition: BA, BEH, CAC, CAO, CAS, CIL, CIM, CIR, 

CUM, CV, DO, GJ, HIS, LS, MAI, ME, MH, ML, MO, OC, PAF, PE, PF, 

SEI and TC. 

- over C20 composition: BC, BJ, BP and CC.  

From the optimization condition for biodiesel production, either base 

catalyzed process (transesterification reaction) or two-step catalyzed process 

(esterification and transesterification reaction) were used to synthesize biodiesel of 

oils of these 30 species. 

In base catalyzed process (for oils containing FFA < 3%), the biodiesel of BA, 

BC, BEH, BJ, BP, CAC, CAO, CAS, CC, CIM, CIR, DO, GJ, HIS, LS, MAI, MH, 

ML, PAF, PE, PF and SEI oils were synthesized by using 1%wt of NaOH, 12:1 

molar ratio of methanol to oil at 65°C for 1.5 h. 

In two-step catalyzed process (for oils containing FFA > 3%) could be 

achieved by using esterification reaction followed by transesterification reaction. The 

optimum conditions of esterification reaction were found to be 3 %Fe2(SO4)3, 10:1 

molar ratio of methanol to oil at 65 °C for 1 h which were used to synthesize oils 

having 10%FFA or less such as CUM, ME, MO and OC. With the same conditions, 

oils having 20%FFA or less such as CIL, CV and MYF were synthesized for 2 h. In 
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addition, TC oil which had 30%FFA was synthesized by using 5 %Fe2(SO4)3, 10:1 

molar ratio of methanol to oil at 65°C for 3 h. The reaction conditions of 

transesterification reaction were used the same as described in base catalyzed 

process.  

 For the properties of biodiesel of 30 plant species are as follow: 

1. Viscosity: in range of 3.2-5.5 cSt. 

2. Density: in range of 866.95-887.64 g/cm
3
. 

3. Flash point: >120°C 

4. Acid number: in range of 0.1252-0.4404 mg KOH/g. 

5. Methyl ester content: in range of 91.71-96.83%. 

According to %oil content, saponification number, iodine value, viscosity, 

density, flash point, acid number and methyl ester content, the biodiesel from 15 plant 

species including BC, CAO, CC, CIM, CIR, CUM, CV, LS, MAI, ML, MO, MYF, 

PF, SEI and TC could be potentially used and they meet the major specification of 

biodiesel standards. 

 

5.2 Suggestion 

 

1. Soap could be produced by using NaOH as catalyst. Large amount of 

water was consumed to purify biodiesel which caused basic wastewater. For further 

study, heterogeneous base catalyst such as MgO and ZnO should be used as catalyst 

to decrease basic wastewater in biodiesel production. 
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APPENDIX A 

 

GC CHROMATOGRAMS and 1H-NMR SPECTRA OF 

CRUDE OILS AND METHYL ESTERS 
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Identification (Peak Name) Retention time (min) 

 C6:0 (Caproic)  8.122 

 C8:0 (Caprylic)  14.054 

 C10:0 (Capric)  20.128 

 C11:0 (Undecanoic)  23.014 

 C12:0 (Lauric)  25.782 

 C13:0 (Tridecanoic)  28.423 

 C14:0 (Myristic)  30.959 

 C14:1 (Myristoleic)  31.856 

 C15:0 (Pentadecanoic)  33.382 

 C15:1 (cis-10-Pentadecenoic)  34.256 

 C16:0 (Palmitic)  35.712 

 C16:1 (Palmitoleic)  36.292 

 C17:0 (Heptadecanoic) (Internal standard) 37.941 

 C17:1 (cis-10-Heptadecenoic)  38.509 

 C18:0 (Stearic)  40.094 

 C18:1n9c (Oleic)  40.518 

 C18:1n9t (Elaidic)  40.612 

 C18:2n6c (Linoleic)  41.480 

 C18:2n6t (Linolelaidic)  41.552 

 C18:3n6 (γ-Linolenic)  42.114 

 C18:3n3 (α-Linolenic)  42.811 

 C20:0 (Arachidic)  44.151 

 C20:1n9 (cis-11-Eicosenoic)  44.547 

 C20:2 (cis-11,14-Eicosadienoic)  45.568 

 C20:3n6 (cis-8,11,14-Eicosatrienoic)  46.248 

 C20:3n3 (cis-11,14,17-Eicosatrienoic)  46.770 

 C20:4n6 (Arachidonic)  47.150 

 C20:5n3 (cis-5,8,11,14,17-Eicosapentaenoic)  48.566 

 C22:0 (Behenic)  48.905 

 C22:1n9 (Erucic)  49.564 

 C22:2 (cis-13,16-Docosadienoic)  51.212 

 C23:0 (Tricosanoic)  52.241 

 C24:0 (Lignoceric)  56.533 

 C24:1n9 (Nervonic)  57.646 

 

 
Figure A1 GC chromatogram of 37 FAMEs standard.  
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Figure A2 GC chromatogram of BA oil methyl ester. 
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Figure A3 GC chromatogram of BC oil methyl ester. 
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Figure A4 GC chromatogram of BEH oil methyl ester. 
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Figure A5 GC chromatogram of BJ oil methyl ester. 
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Figure A6 GC chromatogram of BP oil methyl ester. 
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Figure A7 GC chromatogram of CAC oil methyl ester. 
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Figure A8 GC chromatogram of CAO oil methyl ester. 
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Figure A9 GC chromatogram of CAS oil methyl ester. 
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Figure A10 GC chromatogram of CC oil methyl ester. 
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Figure A11 GC chromatogram of CIL oil methyl ester. 
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Figure A12 GC chromatogram of CIM oil methyl ester. 
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Figure A13 GC chromatogram of CIR oil methyl ester. 
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Figure A14 GC chromatogram of CUM oil methyl ester. 
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Figure A15 GC chromatogram of CV oil methyl ester. 
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Figure A16 GC chromatogram of DO oil methyl ester. 
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Figure A17 GC chromatogram of GJ oil methyl ester. 
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Figure A18 GC chromatogram of HIS oil methyl ester. 
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Figure A19 GC chromatogram of LS oil methyl ester. 
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Figure A20 GC chromatogram of MAI oil methyl ester. 
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Figure A21 GC chromatogram of ME oil methyl ester. 
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Figure A22 GC chromatogram of MH oil methyl ester. 
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Figure A23 GC chromatogram of ML oil methyl ester. 
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Figure A24 GC chromatogram of MO oil methyl ester. 
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Figure A25 GC chromatogram of MYF oil methyl ester. 
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Figure A26 GC chromatogram of OC oil methyl ester. 
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Figure A27 GC chromatogram of PAF oil methyl ester. 
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Figure A28 GC chromatogram of PE oil methyl ester. 
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Figure A29 GC chromatogram of PF oil methyl ester. 
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Figure A30 GC chromatogram of SEI oil methyl ester. 
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Figure A31 GC chromatogram of TC oil methyl ester. 
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Figure A32 
1
H-NMR spectrum of crude BA oil. 

 

 

 

 
 

Figure A33 1H-NMR spectrum of BA oil methyl ester. 
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Figure A34 
1
H-NMR spectrum of crude BC oil. 

 

 

 

 
 

Figure A35 1H-NMR spectrum of BC oil methyl ester. 
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Figure A36 
1
H-NMR spectrum of crude BEH oil.  

 

 

 

 
 

Figure A37 1H-NMR spectrum of BEH oil methyl ester. 
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Figure A38  1
H-NMR spectrum of crude BJ oil.  

 

 

 

 
 

Figure A39 1H-NMR spectrum of BJ oil methyl ester. 
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Figure A40 
1
H-NMR spectrum of crude BP oil.  

 

 

 

 
 

Figure A41 1H-NMR spectrum of BP oil methyl ester. 
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Figure A42 
1
H-NMR spectrum of crude CAC oil.  

 

 

 

 
 

Figure A43 1H-NMR spectrum of CAC oil methyl ester. 
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Figure A44 
1
H-NMR spectrum of crude CAO oil.  

 

 

 

 
 

Figure A45 1H-NMR spectrum of CAO oil methyl ester. 
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Figure A46 
1
H-NMR spectrum of crude CAS oil.  

 

 

 

 
 

Figure A47 1H-NMR spectrum of CAS oil methyl ester. 
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Figure A48 
1
H-NMR spectrum of crude CC oil.  

 

 

 

 
 

Figure A49 1H-NMR spectrum of CC oil methyl ester. 
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Figure A50 
1
H-NMR spectrum of crude CIL oil.  

 

 

 

 
 

Figure A51 1H-NMR spectrum of CIL oil methyl ester. 
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Figure A52 
1
H-NMR spectrum of crude CIM oil.  

 

 

 

 
 

Figure A53 1H-NMR spectrum of CIM oil methyl ester. 
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Figure A54 
1
H-NMR spectrum of crude CIR oil.  

 

 

 

 
 

Figure A55 1H-NMR spectrum of CIR oil methyl ester. 
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Figure A56 1H-NMR spectrum of crude CUM oil.  

 

 

 

 
 

Figure A57 1H-NMR spectrum of CUM oil methyl ester. 



 103

 
 

Figure A58 
1
H-NMR spectrum of crude CV oil.  

 

 

 

 
 

Figure A59 1H-NMR spectrum of CV oil methyl ester. 
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Figure A60 
1
H-NMR spectrum of crude DO oil.  

 

 

 

 
 

Figure A61 1H-NMR spectrum of DO oil methyl ester. 
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Figure A62 
1
H-NMR spectrum of crude GJ oil.  

 

 

 

 
 

Figure A63 1H-NMR spectrum of GJ oil methyl ester. 
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Figure A64 
1
H-NMR spectrum of crude HIS oil.  

 

 

 

 
 

Figure A65 1H-NMR spectrum of HIS oil methyl ester. 
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Figure A66 
1
H-NMR spectrum of crude LS oil.  

 

 

 

 
 

Figure A67 1H-NMR spectrum of LS oil methyl ester. 
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Figure A68 
1
H-NMR spectrum of crude MAI oil.  

 

 

 

 
 

Figure A69 1H-NMR spectrum of MAI oil methyl ester. 
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Figure A70 

1
H-NMR spectrum of crude ME oil.  

 

 

 

 
 

Figure A71 1H-NMR spectrum of ME oil methyl ester. 
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Figure A72 
1
H-NMR spectrum of crude MH oil.  

 

 

 

 
 

Figure A73 1H-NMR spectrum of MH oil methyl ester. 
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Figure A74 
1
H-NMR spectrum of crude ML oil.  

 

 

 

 
 

Figure A75 1H-NMR spectrum of ML oil methyl ester. 
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Figure A76 
1
H-NMR spectrum of crude MO oil.  

 

 

 

 
 

Figure A77 1H-NMR spectrum of MO oil methyl ester. 
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Figure A78 
1
H-NMR spectrum of crude MYF oil.  

 

 

 

 
 

Figure A79 1H-NMR spectrum of MYF oil methyl ester. 
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Figure A80 
1
H-NMR spectrum of crude OC oil. 

 

 

 

 
 

Figure A81 1H-NMR spectrum of OC oil methyl ester. 
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Figure A82 
1
H-NMR spectrum of crude PAF oil.  

 

 

 

 
 

Figure A83 1H-NMR spectrum of PAF oil methyl ester. 
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Figure A84 
1
H-NMR spectrum of crude PE oil.  

 

 

 

 
 

Figure A85 1H-NMR spectrum of PE oil methyl ester. 
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Figure A86 
1
H-NMR spectrum of crude PF oil.  

 

 

 

 
 

Figure A87 1H-NMR spectrum of PF oil methyl ester. 
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Figure A88 
1
H-NMR spectrum of crude SEI oil.  

 

 

 

 
 

Figure A89 1H-NMR spectrum of SEI oil methyl ester. 
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Figure A90 
1
H-NMR spectrum of crude TC oil.  

 

 

 

 
 

Figure A91 1H-NMR spectrum of TC oil methyl ester. 
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APPENDIX B 

 

VALUES OF FREE FATTY ACID, SAPONIFICATION 

NUMBER, IODINE VALUE, ACID VALUE, VISCOSITY 

and METHYL ESTER CONTENT  
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Table B1 Values of Free Fatty Acids contained in crude oils 

 
 
 
 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Concentration 
of NaOH (N) 

 % 
FFA 

Basella alba  

(BA oil)  

1.0012 0.10 0.23 
0.65 

1.0027 0.10 0.23 

Brassica chinensis  

(BC oil)  

1.0253 0.25 0.23 
1.44 

1.0036 0.20 0.23 

Benincasa hispida  

(BEH oil)  

1.0087 0.25 0.22 
1.39 

1.0028 0.20 0.22 

Brassica juncea 

 (BJ oil)  

1.0006 0.40 0.22 
2.79 

1.0027 0.50 0.22 

Brassica pekinensis  

(BP oil)  
1.0138 0.35 0.24 2.17 
1.0172 0.30 0.24 

Caesalpinia crista 

 (CAC oil)  

1.0180 0.20 0.22 
1.07 

1.0125 0.15 0.22 

Camellia oleifera  

(CAO oil)  

1.0208 0.10 0.24 
0.66 

1.0172 0.10 0.24 

Cassia suratlensi  

(CAS oil)  

1.0058 0.10 0.22 
0.73 

1.0115 0.15 0.22 

Crassocephalum crepidioides  

(CC oil) 

1.0240 0.10 0.25 
0.70 

1.0111 0.10 0.25 

Citrullus lanatus  

(CIL oil)  

1.1098 2.35 0.23 
13.86 

1.1137 2.40 0.23 

Citrus maxima  

(CIM oil)  

1.0173 0.40 0.25 
2.60 

1.0158 0.35 0.25 

Citrus reticulata  

(CIR oil)  

1.0000 0.10 0.23 
0.64 

1.0397 0.10 0.23 

Cucurbita moschata 

 (CUM oil)  

1.0174 0.90 0.24 
5.82 

1.0189 0.85 0.24 

Chukrasia velutina  

(CV oil)  

1.0174 1.75 0.25 
12.01 

1.0083 1.70 0.25 

Dalbergia oliveri Gamble  

(DO oil)  

1.0100 0.20 0.25 
1.40 

1.0110 0.20 0.25 
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Table B1 Values of Free Fatty Acids contained in crude oil (continued) 

 

 

 

 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Concentration 
of NaOH (N) 

 % 
FFA 

Gardenia jasminodes 
 (GJ oil)   

1.0200 0.25 0.23 
1.59 

1.0190 0.25 0.23 

Hibiscus sabdariffa Linn.  

(HIS oil)  

1.0092 0.25 0.22 
1.39 

1.0012 0.20 0.22 

Lagenaria siceraria  

(LS oil)  

1.0168 0.45 0.23 
2.72 

1.0125 0.40 0.23 

Macadamia integrifolia 

 (MAI oil)  

1.0079 0.10 0.24 
0.67 

1.0052 0.10 0.24 

Mimusops elengi  

(ME oil)  
1.0137 1.25 0.23 7.85 
1.0110 1.20 0.23 

Millingtonia hortensis  

(MH oil)  

1.0226 0.40 0.23 
2.70 

1.0194 0.45 0.23 

Millettia kangensis Craib 

 (ML oil)  

1.0010 0.20 0.24 
1.35 

1.0009 0.20 0.24 

Moringa oleifera Lamk.  

(MO oil)  

1.0192 0.50 0.24 
3.17 

1.0107 0.45 0.24 

Myristica fragrans 

 (MYF oil)  

1.0105 2.90 0.23 
18.62 

1.0098 2.90 0.23 

Ocimum canum 

 (OC oil)  

1.0075 0.85 0.23 
5.47 

1.0071 0.85 0.23 

Passiflora foetida 

 (PAF oil)  

1.0180 0.25 0.22 
1.38 

1.0057 0.20 0.22 

Phyllanthus emblica 

 (PE oil)  

1.0010 0.30 0.25 
2.10 

1.0100 0.30 0.25 

Perilla frutescens 

 (PF oil)  

1.1182 0.20 0.23 
1.17 

1.1029 0.20 0.23 

Sesamum indicum  
(SEI oil)  

1.0157 0.20 0.24 
1.34 

1.0104 0.20 0.24 

Terminalia chebula  

(TC oil)  

1.0113 4.50 0.24 
30.13 

1.0105 4.50 0.24 
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Table B2 Saponification value of crude oils 
 

****** Xa
 was titrate with 0.46 N HCl 

 X
b
 was titrate with 0.44 N HCl 

 X
c
 was titrate with 0.49 N HCl 

X
d 
was titrate with 0.47 N HCl 

 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

SN 

Basella alba 

 (BA oil)  

1.0049 24.30 31.40 
179.05

a
 

1.0032 24.50 31.40 

Brassica chinensis  

(BC oil)  

1.0075 24.60 30.90 
161.23

a
 

1.0092 24.60 30.90 

Benincasa hispida 

 (BEH oil)  

1.0008 24.40 31.40 
180.57

a
 

1.0000 24.40 31.40 

Brassica juncea  

(BJ oil)  

1.0035 24.50 30.90 
165.29

a
 

1.0027 24.45 30.90 

Brassica pekinensis  

(BP oil)  
1.0072 26.80 33.60 166.56

b
 

1.0083 26.80 33.60 

Caesalpinia crista  

(CAC oil)  

1.0054 26.60 33.60 
173.51

b
 

1.0005 26.50 33.60 

Camellia oleifera 

 (CAO oil)  

1.0040 24.50 30.60 
168.23

c
 

1.0058 24.50 30.60 

Cassia suratlensi  

(CAS oil)  

1.0101 24.55 31.10 
173.09

d
 

1.0083 24.40 31.10 

Crassocephalum crepidioides 

(CC oil) 

1.0013 26.30 32.50 
163.30

d
 

1.0009 26.30 32.50 

Citrullus lanatus 

 (CIL oil)  

1.0040 23.30 31.10 
204.59

d
 

1.0065 23.30 31.10 

Citrus maxima  

(CIM oil)  

1.0045 23.20 30.30 
194.37

c
 

1.0037 23.20 30.30 

Citrus reticulate 

 (CIR oil)  

1.0197 24.50 31.40 
176.74

a
 

1.0100 24.40 31.40 

Cucurbita moschata 

 (CUM oil)  

1.0110 24.60 31.40 
173.72

a
 

1.0093 24.60 31.40 

Chukrasia velutina 

 (CV oil)  

1.0023 26.70 33.60 
171.25

b
 

1.0012 26.60 33.60 

Dalbergia oliveri Gamble 

 (DO oil)  

1.0102 24.80 31.50 
173.28

a
 

1.0004 24.70 31.50 
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Table B2 Saponification value of crude oils (continued) 
 

****** Xa
 was titrate with 0.46 N HCl 

 X
b
 was titrate with 0.44 N HCl 

 X
c
 was titrate with 0.49 N HCl 

X
d 
was titrate with 0.47 N HCl 

 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

  SN 

Gardenia jasminodes  
(GJ oil)   

1.0100 23.40 30.30 
187.78

c
 

1.0102 23.40 30.30 

Hibiscus sabdariffa Linn. 

 (HIS oil)  

1.0192 25.60 32.50 
181.33

d
 

1.0022 25.50 32.50 

Lagenaria siceraria  

(LS oil)  

1.0090 24.45 31.60 
183.74

a
 

1.0065 24.40 31.60 

Macadamia integrifolia 

 (MAI oil)  

1.0130 23.85 30.30 
178.06

c
 

1.0094 23.65 30.30 

Mimusops elengi  

(ME oil)  
1.0124 23.60 31.10 195.70

d
 

1.0086 23.60 31.10 

Millingtonia hortensis 

 (MH oil)  

1.0201 23.80 30.30 
175.88

c
 

1.0118 23.80 30.30 

Millettia kangensis Craib  

(ML oil)  

1.0201 24.55 31.50 
176.48

a
 

1.0198 24.50 31.50 

Moringa oleifera Lamk.  

(MO oil)  

1.0019 24.60 31.60 
180.14

a
 

1.0037 24.60 31.60 

Myristica fragrans 

 (MYF oil)  

1.0060 23.40 31.40 
209.54

d
 

1.0074 23.40 31.40 

Ocimum canum  

(OC oil)  

1.0046 24.40 31.40 
181.93

d
 

1.0100 24.50 31.40 

Passiflora foetida  

(PAF oil)  

1.0309 24.35 31.40 
179.66

d
 

1.0311 24.40 31.40 

Phyllanthus emblica  

(PE oil)  

1.0047 23.80 30.90 
186.00

d
 

1.0083 23.80 30.90 

Perilla frutescens 

 (PF oil)  

1.0100 24.50 31.10 
172.40

d
 

1.0088 24.50 31.10 

Sesamum indicum  
(SEI oil)  

1.0002 23.75 30.30 
179.26

c
 

1.0010 23.80 30.30 

Terminalia chebula 

 (TC oil)  

1.0103 23.60 30.85 
185.31

a
 

1.0090 23.60 30.85 
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Table B3 Iodine value of crude oils 
 

****** X
a
 was titrate with 0.096 N Na2S2O3 

X
b
 was titrate with 0.095 N Na2S2O3 

X
c
 was titrate with 0.100 N Na2S2O3 

X
d
 was titrate with 0.098 N Na2S2O3 

X
e
 was titrate with 0.097 N Na2S2O3 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

IV 

Basella alba  

(BA oil)  

0.1015 43.20 49.60 
76.78

a
 

0.1008 43.25 49.60 

Brassica chinensis  

(BC oil) 

0.1027 43.30 48.20 
56.29

b
 

0.1073 43.30 48.20 

Benincasa hispida  

(BEH oil)  

0.1092 37.95 49.60 
128.96

a
 

0.1114 37.90 49.60 

Brassica juncea  

(BJ oil)  

0.1682 30.25 43.60 
102.06

c
 

0.1626 30.35 43.60 

Brassica pekinensis  

(BP oil)  
0.1506 32.40 43.60 96.36

c
 

0.1458 32.30 43.60 

Caesalpinia crista  

(CAC oil)  

0.1107 36.80 47.50 
125.03

d
 

01020 36.85 47.50 

Camellia oleifera  

(CAO oil)  

0.1007 40.70 50.65 
115.68

e
 

0.1105 40.80 50.65 

Cassia suratlensi  

(CAS oil)  

0.1047 41.70 49.70 
95.46

c
 

0.1067 41.80 49.70 

Crassocephalum crepidioides 

(CC oil) 

0.1126 42.20 50.50 
94.00

e
 

0.1063 42.10 50.50 

Citrullus lanatus  

(CIL oil)  

0.1051 38.20 50.15 
138.42

a
 

0.1048 38.25 50.15 

Citrus maxima  

(CIM oil)  

0.1187 39.50 48.80 
97.71

e
 

0.1169 39.40 48.80 

Citrus reticulata  

(CIR oil)  

0.1076 40.85 49.05 
95.43

a
 

0.1013 40.90 49.05 

Cucurbita moschata  

(CUM oil)  

0.1064 40.80 49.60 
99.60

a
 

0.1089 40.80 49.60 

Chukrasia velutina  

(CV oil)  

0.1074 38.40 48.20 
110.11

b
 

0.1072 38.40 48.20 

Dalbergia oliveri Gamble  

(DO oil)  

0.1445 36.00 43.10 
60.44

e
 

0.1437 36.05 43.10 
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Table B3 Iodine value of crude oils (continued) 
 

****** X
a
 was titrate with 0.096 N Na2S2O3 

X
b
 was titrate with 0.095 N Na2S2O3 

X
c
 was titrate with 0.100 N Na2S2O3 

X
d
 was titrate with 0.098 N Na2S2O3 

X
e
 was titrate with 0.097 N Na2S2O3 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

  IV 

Gardenia jasminodes  
(GJ oil)   

0.1819 31.00 47.50 
112.53

d
 

0.1839 30.90 47.50 

Hibiscus sabdariffa Linn. 

 (HIS oil)  

0.1080 40.20 47.50 
81.83

d
 

0.1125 40.30 47.50 

Lagenaria siceraria  

(LS oil)  

0.1017 40.20 50.50 
119.20

e
 

0.1104 40.30 50.50 

Macadamia integrifolia  

(MAI oil)  

0.1066 44.20 50.15 
67.49

a
 

0.1073 44.25 50.15 

Mimusops elengi  

(ME oil)  
0.1050 43.20 49.05 67.81

a
 

0.1052 43.20 49.05 

Millingtonia hortensis 

 (MH oil)  

0.1002 44.20 48.80 
54.16

e
 

0.1081 44.25 48.80 

Millettia kangensis Craib  

(ML oil)  

0.1441 33.80 43.10 
78.40

e
 

0.1472 33.85 43.10 

Moringa oleifera Lamk. 

 (MO oil)  

0.1006 43.80 49.05 
61.58

a
 

0.1053 43.90 49.05 

Myristica fragrans 

 (MYF oil) 

0.1472 55.00 60.40 
45.13

c
 

0.1539 55.10 60.40 

Ocimum canum 

 (OC oil)  

0.1087 39.60 49.60 
113.30

a
 

0.1053 39.70 49.60 

Passiflora foetida 

 (PAF oil) 

0.1211 36.40 49.05 
126.16

a
 

0.1242 36.30 49.05 

Phyllanthus emblica 

 (PE oil)  

0.1481 41.40 60.40 
164.38

c
 

0.1449 41.45 60.40 

Perilla frutescens 

 (PF oil)  

0.1036 40.45 50.5 
118.04

c
 

0.1055 40.50 50.5 

Sesamum indicum 
(SEI oil)  

0.1047 42.40 50.65 
94.09

a
 

0.1077 42.50 50.65 

Terminalia chebula  

(TC oil)  

0.1123 41.50 49.70 
91.65

a
 

0.1134 41.60 49.70 
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Table B4 Acid value of biodiesels 
 

****** All of oils were  titrated  with 0.09 N alcoholic KOH 

 

 
 

 

Sample Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

 AV 

Basella alba 

 (BA oil)  

2.0182 0.175 0.10 
0.1878 

2.0144 0.175 0.10 

Brassica chinensis  

(BC oil)  

2.0176 0.200 0.10 
0.2502 

2.0185 0.200 0.10 

Benincasa hispida  

(BEH oil)  

2.0104 0.150 0.10 
0.1255 

2.0128 0.150 0.10 

Brassica juncea  

(BJ oil)  

2.0105 0.225 0.10 
0.3140 

2.0097 0.225 0.10 

Brassica pekinensis  

(BP oil)  
2.0084 0.225 0.10 0.3144 
2.0058 0.225 0.10 

Caesalpinia crista 

 (CAC oil)  

2.0052 0.175 0.10 
0.1889 

2.0036 0.175 0.10 

Camellia oleifera 

 (CAO oil)  

2.0157 0.175 0.10 
0.1881 

2.0125 0.175 0.10 

Cassia suratlensi  

(CAS oil)  

2.0076 0.225 0.10 
0.3143 

2.0085 0.225 0.10 

Crassocephalum crepidioides 

(CC oil) 

2.0004 0.150 0.10 
0.1262 

2.0013 0.150 0.10 

Citrullus lanatus  

(CIL oil)  

2.0075 0.225 0.10 
0.3143 

2.0093 0.225 0.10 

Citrus maxima  

(CIM oil)  

2.0005 0.200 0.10 
0.2524 

2.0013 0.200 0.10 

Citrus reticulata  

(CIR oil)  

2.0164 0.175 0.10 
0.1877 

2.0188 0.175 0.10 

Cucurbita moschata  

(CUM oil)  

2.0103 0.150 0.10 
0.1256 

2.0095 0.150 0.10 

Chukrasia velutina  

(CV oil)  

2.0076 0.175 0.10 
0.1888 

2.0051 0.175 0.10 

Dalbergia oliveri Gamble  

(DO oil)  

2.0057 0.150 0.10 
0.1260 

2.0043 0.150 0.10 
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Table B4 Acid value of biodiesels (continued) 
 

****** All of oils were  titrated  with 0.09 N alcoholic KOH 

 

 

 

 

 

Sample 
Weight of 
sample (g) 

Volume of 
titrant (ml) 

Volume of  
blank (ml) 

  AV 

Gardenia jasminodes  
(GJ oil)   

2.0105 0.275 0.10 
0.4396 

2.0097 0.275 0.10 

Hibiscus sabdariffa Linn.  

(HIS oil)  

2.0014 0.175 0.10 
0.1888 

2.0098 0.175 0.10 

Lagenaria siceraria  

(LS oil)  

2.0187 0.200 0.10 
0.2503 

2.0153 0.200 0.10 

Macadamia integrifolia 

 (MAI oil)  

2.0014 0.175 0.10 
0.1890 

2.0053 0.175 0.10 

Mimusops elengi  

(ME oil)  
2.0147 0.175 0.10 0.1879 
2.0169 0.175 0.10 

Millingtonia hortensis 

 (MH oil)  

2.0137 0.275 0.10 
0.4390 

2.0120 0.275 0.10 

Millettia kangensis Craib  

(ML oil)  

2.0136 0.150 0.10 
0.1252 

2.0197 0.150 0.10 

Moringa oleifera Lamk.  

(MO oil)  

2.0154 0.225 0.10 
0.3132 

2.0148 0.225 0.10 

Myristica fragrans 

 (MYF oil)  

2.0152 0.150 0.10 
0.1254 

2.0138 0.150 0.10 

Ocimum canum 

 (OC oil)  

2.0182 0.175 0.10 
0.1877 

2.0175 0.175 0.10 

Passiflora foetida  

(PAF oil)  

2.0064 0.175 0.10 
0.1886 

2.0098 0.175 0.10 

Phyllanthus emblica 

 (PE oil)  

2.0071 0.275 0.10 
0.4404 

2.0056 0.275 0.10 

Perilla frutescens  

(PF oil) 

2.0149 0.275 0.10 
0.4383 

2.0172 0.275 0.10 

Sesamum indicum  
(SEI oil)  

2.0006 0.150 0.10 
0.1262 

2.0015 0.150 0.10 

Terminalia chebula  

(TC oil)  

2.0137 0.150 0.10 
0.1253 

2.0152 0.150 0.10 
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Table B5 Viscosity of biodiesels  
 

****** X
a
 = constant values of no.100 of viscometer tube 

              X
b
 = constant values of no.75 of viscometer tube 

 

 

 

Sample Time 1 (s) Time 2 (s) 
Constants 

of tube 
Viscosiy 

(cSt) 

Basella alba 

 (BA oil) 
311.40 311.52 0.01434

a
 4.5 

Brassica chinensis  

(BC oil)  
345.63 345.12 0.01434

a
 5.0 

Benincasa hispida  

(BEH oil) 
271.40 271.45 0.01434

a
 3.9 

Brassica juncea  

(BJ oil) 
385.52 385.87 0.01434

a
 5.5 

Brassica pekinensis  

(BP oil)  
363.19 363.34 0.01434

a
 5.2 

Caesalpinia crista  

(CAC oil)  
464.25 464.39 0.00757

b
 3.5 

Camellia oleifera 

 (CAO oil)  
501.09 500.83 0.00757

b
 3.8 

Cassia suratlensi  

(CAS oil)  
309.85 309.01 0.01434

a
 4.4 

Crassocephalum 

crepidioides (CC oil) 
351.78 351.65 0.01434

a
 5.0 

Citrullus lanatus 

 (CIL oil) 
241.07 241.35 0.01434

a
 3.5 

Citrus maxima  

(CIM oil)  
538.61 539.01 0.00757

b
 4.1 

Citrus reticulata  

(CIR oil)  
254.19 253.72 0.01434

a
 3.6 

Cucurbita moschata  

(CUM oil)  
311.35 311.49 0.01434

a
 4.5 

Chukrasia velutina  

(CV oil)  
520.62 520.03 0.00757

b
 3.9 

Dalbergia oliveri Gamble  

(DO oil)  
332.97 332.49 0.01434

a
 4.8 
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Table B5 Viscosity of biodiesels (continued) 
 

****** X
a
 = constant values of no.100 of viscometer tube 

              X
b
 = constant values of no.75 of viscometer tube 

              X
c
 = constant values of no.150 of viscometer tube 

 

 

Sample Time 1 (s) Time 2 (s) 
Constants of 

tube 
Viscosiy 

(cSt) 

Gardenia jasminodes  
(GJ oil)   

637.80 637.84 0.00757
b
 4.8 

Hibiscus sabdariffa Linn. 

(HIS oil)  
585.69 585.21 0.00757

b
 4.4 

Lagenaria siceraria  

(LS oil)  
246.28 246.33 0.01434

a
 3.5 

Macadamia integrifolia 

(MAI oil)  
567.03 567.30 0.00757

b
 4.3 

Mimusops elengi  

(ME oil)  
594.22 594.10 0.00757

b
 4.5 

Millingtonia hortensis  

(MH oil)  
695.70 696.00 0.00757

b
 5.3 

Millettia kangensis Craib 

(ML oil)  
613.78 614.38 0.00757

b
 4.6 

Moringa oleifera Lamk.  

(MO oil)  
326.60 326.72 0.01434

a
 4.7 

Myristica fragrans  

(MYF oil)  
516.31 516.11 0.00757

b
 3.9 

Ocimum canum  

(OC oil) 
470.30 470.40 0.00757

b
 3.6 

Passiflora foetida  

(PAF oil)  
269.20 269.36 0.01434

a
 3.9 

Phyllanthus emblica 

 (PE oil)  
107.31 107.59 0.03370

c
 3.6 

Perilla frutescens 

 (PF oil)  
223.29 223.78 0.01434

a
 3.2 

Sesamum indicum  
(SEI oil)  

282.65 282.75 0.01434
a
 4.1 

Terminalia chebula  

(TC oil)  
615.85 615.41 0.00757

b
 4.7 
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Table B6 Methyl ester content of biodiesels  
 

 

 

Codes C17:0 (mg) Oil (mg) Area FAME Area Ins. %Ester 

BA 506.40 249.10 5764541 989697 94.685 

BC 496.70 273.00 10138059 1635761 94.569 

BEH 500.00 260.70 4159247 692943 95.320 

BJ 508.70 259.60 10526597 1805904 94.627 

BP 497.20 270.50 10901830 1766035 95.085 

CAC 500.00 263.00 2063049 334976 94.681 

CAO 508.70 246.60 4727804 806476 96.831 

CAS 510.30 248.16 9702915 1777118 91.711 

CC 500.00 258.30 7912616 1299445 95.104 

CIL 506.40 256.10 5924658 984132 95.831 

CIM 506.40 251.10 6283295 1068541 95.015 

CIR 500.00 251.70 3724604 637852 95.512 

CUM 500.00 249.10 3260626 572709 93.598 

CV 508.70 248.00 4928475 855149 94.323 

DO 500.00 258.00 8728303 1474875 95.310 

GJ 507.09 256.30 6607816 1108674 94.739 

HIS 510.30 244.10 958970 172427 92.061 

LS 507.09 249.70 3047926 513510 96.760 

MAI 506.40 252.30 5578028 937079 95.964 

ME 508.70 259.70 9884033 1670098 96.338 

MH 507.09 250.00 5995516 1053558 93.765 

ML 510.30 248.70 1685526 296231 92.900 

MO 506.30 253.10 7469680 1275037 96.560 

MYF 507.90 248.30 3837134 680709 94.237 

OC 500.00 251.20 4292199 729312 96.611 

PAF 500.00 259.50 3822714 637606 95.155 

PE 508.70 247.60 9849262 1740073 92.432 

PF 500.00 258.80 5349435 912453 93.947 

SEI 507.09 247.80 6756188 1145904 96.721 

TC 508.70 255.50 9819444 1713337 94.198 
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APPENDIX C 

 

CALCULATIONS 
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A.       Calculated % Methyl ester content from GC 

  % Methyl ester content from GC of BC oil methyl ester was calculated as 

follow:  

 

 

 

C = 

 

(∑A –Ai) 
× 

 

(Ci×Vi) 
× 100 

Ai   

 

m 

 

 

 

 

 

 

 

C = Methyl ester content 
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B. % precision from GC  

 

Methyl sterate (250 mg) was dissolved in heptadecanoic solution (5 ml) (500 

mg heptadecanoate dissolved in heptane (50 ml)) and 1 µl of solution was injected in 

to GC using 1:100 split ratios. The GC condition for the determination of methyl ester 

was set as 3.2.2.4. Methyl heptadecanoate was used as an internal standard. The 

methyl ester content of biodiesel was calculated by the following equation: 

 

 

 

 

 

∑A = Total area of fatty acid methyl esters 

Ai = Area of methyl heptadecanoate 

Ci = Concentration of methyl heptadecanoate solution 

Vi = Volume of methyl heptadecanoate solution 

m = Mass of the sample 

C of BC oil  = 

 

(10138059 - 1635761) 
× 

 

 (9.934 × 5) 
× 100 

1635761 

 

273.00 

       

 = 94.57%           
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% precision    =     98.77 × purity of C18 (99.5%) 

 

                                     =     99.26 % 

 

 

C. Calculated % methyl ester of transesterification from 
1
H-NMR spectrum 

 

 The % methyl ester of transesterification was calculated in following: 

 

 

            

 

ICH3    =    Integration value of the protons of the methyl esters (the  

  strong singlet), appear at δ 3.7 ppm 

ICH2     =    Integration value of the methylene protons, appear at δ  

 2.3 ppm 

 

 

 

 

 

 

 

 

 

C of Methyl Stearate = 
 (∑A –Ai) 

× 
 (Ci×Vi) 

× 100 
Ai   m 

       

 = (1756954-292380) × (10.0346×5) × 100 

  292380   254.45 

       

 = 98.77 %          

% Methyl ester     =     [(2ICH3) / (3ICH2)] × 100 
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Sample: BC oil methyl ester  

 

 

    % Methyl ester of BC oil    =    [(2×3) / (3×2.11)]  × 100 

 

                        =    94.79 % 
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D. Determine the % free fatty acid (ASTM D5555) 

  

 Reagent 

 

  1.  Ethanol  

  2.  Phenolphthalein 

  3.  0.25 N NaOH 

 

 To the 250 ml of Erlenmeyer flask, oil sample (1 g), ethanol (75 ml) and 2ml 

of 1% phenolphthalein were added. The mixture was subject to titrate with 0.25 N 

sodium hydroxide solutions until the pink color was occurred. The ml of alkali 

solution used was recorded.   

 

    The percentage of free fatty acids was calculated as follows: 

 

% free fatty acids = (ml of alkali x N x 28.2) / weight of sample 

N = normality of alkaline solution 

ml of alkali = ml of sodium hydroxide solution 

 

   

Example: 

 

% FFA of BC oil = 0.25 × 0.23 ×28.2 

  1.0253 

   

 = 1.58 % 
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E. Determination of the Saponification value (ASTM D5558) 

 

 Reagent  

 

  1.  Phenolphthalein 

  2.  Alcoholic KOH solution  

             3.  0.5 N HCl 

 

To the 250 ml of Erlenmeyer flask, oil sample (1 g), alcoholic potassium 

hydroxide (25 ml) and 1 ml of 1% phenolphthalein were added. The mixture was 

subject to titrate with 0.5 N of hydrochloric acid until the pink color has disappeared. 

Prepare a blank determination and carried out same with the sample. The ml of acid 

solution used was recorded. 

 

The saponification value was calculated as follows: 

 

saponification value = 56.1 × N × (A – B) / weight of sample 

A = titration of blank 

B = titration of sample 

N = normality of hydrochloric acid solution 

Alcoholic KOH = 40 g of potassium hydroxide  

dissolved in 1 L of ethanol 

 

Example: 

 

SN of BC oil = 56.1 × 0.46 × (30.90-24.60) 

  1.0075 

   

 = 161.37  mg KOH/g of oil 
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F. Determination of the Iodine value (ASTM D5554) 

 

Reagent  

 

  1.  KOH solution 

  2.  Wijs solution  

             3.  CCl4 

  4.  0.1 N Na2S2O3 

  5.  Starch 

 

To the 500 ml of Glass-Stopper flask, oil sample (0.1 g), carbon tetra chloride 

(20 ml) and Wijs solution (25 ml) were added. Store the flasks in a dark place for 30 

min. From storage, removed the flasks and add 20 ml of KI solution followed by 100 

ml of distilled water. The mixture was subject to titrate with 0.1 N of sodium 

thiosulfate until the yellow color has almost disappeared, add 2 ml of starch indicator 

solution, and continued the titration until the blue color has just disappeared. Prepare 

a blank determination and carried out same with the sample. The ml of sodium 

thiosulfate used was recorded.   

 

The iodine value was calculated as follows: 

 

Iodine value = (B –S) × N × 12.69 / weight of sample 

B = titration of blank 

S = titration of sample 

N = normality of Na2S2O3 solution 

 

Example: 

 

IV of BC oil = (48.20-43.30) × 0.095 × 12.69 

  0.1027 

   

 = 57.52 mg I2 /g of oil 
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G. Determination of the acid value (ASTM D974) 

 

Reagent  

 

  1.  p-naphtholbenzein indicator solution  

  2.  0.1 M Alcoholic KOH solution  

  3.  Titration solvent ( 250 ml toluene + 250 ml isopropyl alcohol)   

 

To the 250 ml of Erlenmeyer flask, oil sample (2 g), titration solvent (25 ml) 

and 0.125 ml of 1% p-naphtholbenzein indicator solution were added. The mixture 

was subject to titrate with 0.1 M of alcoholic KOH until the green color was occured. 

Prepare a blank determination and carried out same with the sample. The ml of acid 

solution used was recorded. 

 

The acid value was calculated as follows: 

 

Acid value = [(A – B) × N × 56.1] / weight of sample 

A = titration of sample 

B = titration of blank 

N = normality of alcoholic KOH solution 

Alcoholic KOH = 0.6 g of potassium hydroxide  

dissolved in 100 ml  of isopropyl alcohol 

 

 

Example: 

 

  

 

Acid value of BC oil methyl ester = [(0.20-0.10) × 0.09 × 56.1] 

  2.0176 

   

 = 0.250 mg KOH/g of oil 
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H. Determination of viscosity (ASTM D445) 

 

Viscosity is the unit specifying the resistance to flow; therefore viscosity is 

normally a specific value. 

7 ml of each sample were added into the Viscometer tube, and insert the 

viscometer into the bath. After insertion, allow the viscometer to reach bath 

temperature, Use suction to adjust the head level of the test sample to a position in the 

capillary arm of the instrument about 7 mm above the first timing mark. With the 

sample flowing freely, measure, in seconds to within 0.1 s, the time required for the 

meniscus to pass from the first to the second timing mark. The time of sample used 

was recorded. 

 

The viscosity was calculated as follows: 

   

viscosity = Ct 

C = Constant of viscometer tube (mm
2
/s

2
) 

time = measured flow times for t1 and t2, 

respectively(s) 

 

 

Example: 

 

 

  Viscosity of BC oil methyl ester = 0.01434 × (345.63 + 345.12) 

    2 

 = 4.95 cSt   
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