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CHAPTER I 

INTRODUCTION 

1.1 Background 

Biodiesel is a viable source of energy alternative to petroleum-based diesel fuel in 

the foreseeable future. As an alternative fuel, biodiesel can be used in neat form or 

mixed with petroleum-based diesel. Biodiesel, as an alternative fuel, has many merits. It 

is derived from a renewable, domestic resource, thereby relieving reliance on petroleum 

fuel imports. It is biodegradable and non-toxic. Compared to petroleum-based diesel, 

biodiesel has a more favourable combustion emission profile, such as low emissions of 

carbon monoxide, particulate matter and unburned hydrocarbons. Carbon dioxide 

produced by combustion of biodiesel can be recycled by photosynthesis, thereby 

minimizing the impact of biodiesel combustion on the greenhouse effect. Biodiesel has a 

relatively high flash point (150 °C), which makes it less volatile and safer to transport or 

handle than petroleum diesel. It provides lubricating properties that can reduce engine 

wear and extend engine life. In brief, these merits of biodiesel make it a good alternative 

to petroleum based fuel and have led to its use in many countries, especially in 

environmentally sensitive areas.  

Thailand development strategy on alternative energy from 2008 to 2022 is to 

achieve 20.4% proportion of alternative energy use in 2022 with 4.50 ml/ day, increasing 

from the existing 1.4 ml/ day in year 2008, for biodiesel equals to 1,416 ktoe against 

13,684 ktoe total renewable energy demand, 112,046 ktoe total energy demand (Table 

1.1). In the plan, biodiesel will be produced from oil palm, Jatropha, used vegetable oil 

and DME. However, most of the oil for biodiesel production will be from palm oil. The 

current status of palm oil plantation in Thailand (as of 2008) produces 9.264 million tons 

palm oil from the total producible 2.87 million rai out of the total plantation area of 3.63 

million rai.  
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Table 1.1 Development strategy on alternative energy from 2008 to 2022 
   

 
 

Biodiesel is usually produced by the tranesterification of vegetable oil or animal fat 

with short chain alcohol (Zullaikah et al., 2005). The reaction is commonly carried out in 

the presence of homogeneous base or acid catalysts. Alkali process can achieve high 

purity and yield of biodiesel product in a short time but it is very sensitive to the purity of 

reactants, the starting material (oil or fat) must be dried (moisture level < 0.06%) and free 

of fatty acid (FFA) (< 0.5%). The presence of minor amount of FFA and moisture in the 

reaction mixture produces soap, which lower the yield of ester and renders the separation 

of ester and glycerol by water washing difficult. FFA also consumed the catalyst and 

reduced catalyst efficiency (Zullaikah et al., 2005). The alternative is the acid catalyzed 

process, in which acid catalyst such as H2SO4 and HCl is used. Acid catalyzed process 

does have advantages such as reduced purification costs as no soap is produced and is 

therefore suitable for biodiesel production from oil with high FFA, however the reaction is 

much slower than the alkali process (Mohamad et al., 2002, Zheng et al., 2006). A two-

step transesterification process in which acid catalyzed process is followed by alkali 

catalyzed process, has been developed to improve the yield of biodiesel for used oil with 
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high FFA content (Wang et al., 2007). Although shorter reaction time is needed, no 

recovery of catalyst and high cost of reaction equipment were still the main 

disadvantages of this process. In the homogeneous transesterification with liquid 

catalysts, recovery of the catalyst was not possible. Heterogeneous catalyst can therefore 

be used, nevertheless, there still appear to be some problems with this technique and 

finding a suitable catalyst that is active, selective, and stable under the process 

conditions is the major challenge (Kiss et al., 2006). 

Alternatively, tranesterification using enzyme catalyst such as lipase can also 

convert oils and fats into methyl esters (Fukuda et al., 2001). The important barrier for 

using enzyme catalyst is that the price of enzyme is much higher than price of acid or 

base catalyst result in higher production cost of biodiesel. 

However, the alkali catalyzed process with low FFA which is the widely used 

process for biodiesel production will be selected for the study to evaluate the potential 

improving in reaction time, reaction temperature by using various suitable cosolvents.   

Boocock et al. (Boocock et al., 1996) have developed a novel technique for 

accelerating the transesterification reaction rate. During its early stages, the 

transesterification reaction is limited by the low solubility of the alcohol, especially 

methanol, in the oil. Boocock (Boocock et al., 1998) proposes the addition of a cosolvent 

to create a single phase and this greatly accelerates the reaction so that it reaches 

substantial completion in a few minutes. The technique is applicable for use with other 

alcohols and for acid-catalyzed pretreatment of high free fatty acid feed stocks. The 

primary concerns with this method are the additional complexity of recovering and 

recycling the cosolvent although this can be simplified by choosing a cosolvent with a 

boiling point near that of the alcohol being used. Additional concerns have been raised 

about the hazard level associated with the cosolvents most commonly proposed, 

tetrahydrofuran and methyl tertiary butyl ether. 
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1.2 Objective of the Research 

To investigate the appropriate conditions and type of cosolvent required for the 

production of biodiesel from palm stearin via alkali catalyzed transesterification, with 

cosolvent, process in a laboratory scale batch reactor by:  

1. Studying the effect of various cosolvents to reaction time at various reaction 

conditions. 

2. Proposing a suitable cosolvent with  potential improving reaction result for 

biodiesel production 

1.3 Scope of the Research 

1. Determine the effect of each cosolvent on conversion and reaction time for alkali 

catalyzed process of palm stearin – methanol tranesterification. 

2. Determine the above effect by varying the reaction temperature and reaction 

time. 

3. The study will be done at atmospheric pressure for the reaction conditions. 

4.  Detailed Scope 

a. Transesterification of palm stearin with methanol and KOH in the 

laboratory scale. 

b. Determine the effect of cosolvent type (THF, MTBE and DEE) on the 

conversion for transesterification of palm stearin to biodiesel. 

c. Determine the effect of reaction time (5 - 15 min.) and temperature (55 – 

60 °C) on the conversion for transesterification of palm stearin to 

biodiesel. 

d. Determine the effect of stirring speed (200 -550 rpm) on the conversion 

for transesterification of palm stearin to biodiesel. 
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1.4 Benefit of the Research 

Improvement to achieve and economy of biodiesel production process via the 

appropriate cosolvent in alkali catalyzed process with the optimum reaction condition 

which shall result in:- 

1. High yield 

2. Fast reaction 

3. Less energy as the reaction conditions can be kept at atmospheric pressure 

and low temperature with less reaction time   

1.5 Research Methodology 

1. Study the previous researches and theory relevant to biodiesel production via 

transesterification. 

2. Set up laboratory equipment and chemicals for the experiment. 

3. Analyze chemical properties of raw material. 

4. Carry out the experiments. 

5. Analyze percentage of produced methyl ester using gas chromatograph. 

6. Conclude the experimental result. 

 



 

CHAPTER II 

THEORY AND LITERETURE REVIEW 

2.1 Biodiesel as Alternative Engine Fuel 

Biodiesel is defined as fatty acid methyl or ethyl esters from vegetable oil or animal 

fats when they are used as fuel in diesel engine and heating system. In this context, 

Biodiesel shows the following general advantages (Vicente et al., 2004)  

1. It is biodegradable and non- toxic, assuring safe handing and transport.  

2. It does not contain sulfur or aromatic compounds and thus it contributes to the 

reductions of the diesel engine exhaust emission level.  

3. It comes from renewable source such as vegetable oil.  

4. It can be produced domestically, reducing a country’s dependency on foreign 

fuel. 

2.2 Chemical Foundation of Biodiesel Making  
Chemically, biodiesel is a mixture of fatty alkyl esters, or esters formed by fatty acids 

and an alcohol. Alkyl esters are commonly made from vegetable oil through a chemical 

reaction called transesterification. Although this process has had long use in making 

detergents, the resulting compound was first used as a diesel fuel by Austrian 

researchers around 1980.  

Biodiesel is fuel made from fat. It can be produced from vegetable oil or animal fat. 

Either virgin vegetable oil or waste vegetable oil (WVO) can be used to make quality fuel. 

Fats are converted to biodiesel through a chemical reaction involving alcohol and a 

catalyst.  

2.2.1 Chemical Building Block (Turner T. L., 2005) 

It is instructive to think of the chemistry of biodiesel in terms of the building blocks 

that comprise the larger molecules involved in the biodiesel-making reactions.  
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Fatty acids are a component of both vegetable oil and biodiesel. In chemical 

terms, they are carboxylic acids of the form 

 

Fig. 2.1 Molecular structure of an idealized fatty acid  

Fatty acids which are not bound to some other molecule are known as free fatty 

acids. When reacted with a base, a fatty acid loses a hydrogen atom to form soap.  

 

Fig. 2.2 Molecular structure of soap  

Chemically, soap is the salt of a fatty acid.  

The structures of fatty acids shown in this section are highly idealized. Real fatty 

acids vary in the number of carbon atoms, and in the number of double bonds. Glycerol, 

a component of vegetable oil and a by-product of biodiesel production, has the 

following form:  

 

Fig. 2.3 Molecular structure of glycerol 
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Alcohols are organic compounds of the form R-OH, where R is a hydrocarbon. 

Typical alcohols used in biodiesel-making are methanol, ethanol, 1-propanol, and 1-

butanol:.  

 

Fig. 2.4 Molecular structure of methanol, ethanol, 1-propanol, and 1-

butanol.  

Of these, methanol is the most commonly used to make biodiesel. Since ethanol is 

easily obtained from plant sugars, while methanol is commonly produced from natural 

gas, using ethanol makes for a more sustainable fuel. Ethanol is harder to use because 

it forms emulsions easily, making the separation of end products more difficult. This is 

especially true if the oil source is WVO.  

Transesterification is sometimes called alcoholysis, or if by a specific alcohol, by 

corresponding names such as methanolysis or ethanolysis.  

Chemically, biodiesel is a fatty acid alkyl ester:  

 

 Fig. 2.5 Biodiesel molecules. Above is a methyl ester; below, an ethyl 

ester.  
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An ester is a compound of the form:  

 

Fig. 2.6 Form of the ester compound.  

The biodiesel ester contains a fatty acid chain on one side, and a hydrocarbon 

called an alkane on the other. Thus, biodiesel is a fatty acid alkyl ester. Usually, the form 

of the alkane is specified, as in “methyl ester” or “ethyl ester”.  

Vegetable oil is a mixture of many compounds, primarily triglycerides and free fatty 

acids. A triglyceride is a tri-ester of glycerol and three fatty acids:  

 

Fig. 2.7 Molecular structure of triglyceride.  

Virgin oil contains a low percentage of free fatty acids. Waste vegetable oil 

contains a higher amount of FFA’s because the frying process breaks down triglyceride 

molecules.  

Petroleum diesel and biodiesel are both mixtures of organic compounds. The 

idealized petroleum molecule is cetane, a pure paraffin. Compared to cetane, alkyl 

esters are somewhat longer, and more importantly, contain two oxygen atoms.  
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Fig. 2.8 Cetane molecule, above, versus ethyl ester, below  

Since combustion is an oxidation reaction, the heating value of cetane, which 

contains no oxygen atoms, is higher than that of biodiesel. For this reason, diesel 

engines running biodiesel experience a loss of power on the order of 5%.  

2.2.2 Palm Oil  

Palm oil can be derived from two parts of the fruit of the oil palm, from the pulp and 

kernel. Palm kernel oil contain high content of saturated fatty acids (85 – 90%) which is 

not suitable for the use as food due to healthy problem concerns and normally it will be 

used as a feedstock for producing soaps, washing powders, personal care products, 

and biofuel. Crude palm oil or oil from pulp contain saturated fatty acids (palmitic and 

stearic acid) 50%, unsaturated fatty acid (oleic acid) 40%, vitamin A and E. Crude palm 

oil is typically in a mixed liquid and solid at room temperature. Using of crude palm oil 

for biodiesel production can reduce fractionation cost. However, fractionation of crude 

palm oil yields palm olein, which is typically used as cooking oil, and palm stearin which 

is normally used as a feedstock producing soap, magarine, etc. When consider their 

properties, palm kernel oil and palm stearin is suitable to be used as a feedstock for 

biodiesel as they are not suitable for food like other oils and can alleviate over supply 

problem.  

Table 2.1 and 2.2 show properties of free fatty acids and Iodine value and fatty 

acid composition of typical palm oil.    
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Table 2.1 Properties of free fatty acids (Knothe, 1996) 

 

Table 2.2 Iodine value and fatty acid composition of typical palm oil (Phisamai, 2001) 

 
  

2.3 The Production of Biodiesel 

The most common way to produce biodiesel is by transesterification, which refers 

to a catalyzed chemical reaction involving vegetable oil and an alcohol to yield fatty acid 

alkyl esters (i.e., biodiesel) and glycerol (Fig. 2.9). Triacylglycerols (triglycerides), as the 

main component of vegetable oil, consist of three long chain fatty acids esterified to a 

glycerol backbone. When triacylglycerols react with an alcohol (e.g., methanol), the 

three fatty acid chains are released from the glycerol skeleton and combine with the 

alcohol to yield fatty acid alkyl esters (e.g., fatty acid methyl esters or FAME). Glycerol is 
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produced as a by-product. Methanol is the most commonly used alcohol because of its 

low cost and is the alcohol of choice in the processes developed in this report. In 

general, a large excess of methanol is used to shift the equilibrium far to the right (Fig. 

2.9). 

 
Fig. 2.9    A schematic representation of the transesterification of triglycerides 

(vegetable oil) with methanol to produce fatty acid methyl esters 

(biodiesel). 

Transesterification reactions can be alkali-catalyzed, acid-catalyzed or enzyme-

catalyzed. The first two types have received the greatest attention. As for the enzyme-

catalyzed system, it requires a much longer reaction time than the other two systems. To 

date it has only been carried out on the laboratory scale. 

Most current biodiesel research concentrates on the alkali-catalyzed technology 

carried out on a bench scale. Apart from the bench-scale research, the alkali-catalyzed 

process for biodiesel production has been applied industrially. A commercial continuous 

alkali-catalyzed transesterification process to produce methyl esters on the industrial 

scale under high pressure (90 bar) and at high temperature (240 °C) was demonstrated 

by Kreutzer (1984). However, high energy consumption, a significant increase in 

equipment cost and process safety issues related to, for example, high pressure and 

high temperature, could make this process prohibitive. Krawczyk (1996) presented a 

flow diagram for producing biodiesel via transesterification on the industrial scale. The 

process mainly consisted of a transesterification reactor, a methanol/glycerol distillation 

column and a methyl ester distillation column. Aside from the flowsheet, no detailed 

description of the process was provided. A continuous deglycerolization process to 

produce biodiesel from refined rapeseed oil by alkali-catalyzed transesterification at 
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ambient pressure and 65–70 °C was introduced by Connemann and Fischer in 1998. 

They noted successful commercial applications of this process in Europe. One limitation 

to the alkali-catalyzed process is its sensitivity to the purity of reactants; the alkali-

catalyzed system is very sensitive to both water and free fatty acids. The presence of 

water may cause ester saponification under alkaline conditions. Also, free fatty acids 

can react with an alkali catalyst to produce soaps and water. Saponification not only 

consumes the alkali catalyst, but also the resulting soaps can cause the formation of 

emulsions. Emulsion formation creates difficulties in downstream recovery and 

purification of the biodiesel. Thus, dehydrated vegetable oil with less than 0.5 wt.% free 

fatty acids, an anhydrous alkali catalyst and anhydrous alcohol are necessary for 

commercially viable alkali-catalyzed systems. This requirement is likely to be a 

significant limitation to the use of waste cooking oil as a low-cost feedstock. Usually the 

level of free fatty acids in waste cooking oil is greater than 2 wt.%. In 1986 Lepper and 

Friesenhagen recommended a pretreatment step to reduce the free fatty acid content 

via an esterification reaction with methanol in the presence of sulfuric acid catalyst. 

Glycerine was employed as a liquid entraining agent to purify the refined oil. After such 

a treatment, the oil phase, having a low level of free fatty acids (less than 0.5 wt.%), was 

subjected to the alkali-catalyzed transesterification. 

Acid-catalyzed system, despite its insensitivity to free fatty acids in the feedstock, 

acid-catalyzed transesterification has been largely ignored mainly because of its 

relatively slower reaction rate. 

A simple production flow chart along with a short explanation of the steps involved 

in the process is shown below. 
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Fig. 2.10    Biodiesel production process 

The base catalyzed production of biodiesel generally occurs using the following 

steps: 

Mixing of alcohol and catalyst. The catalyst is typically sodium hydroxide (caustic 

soda) or potassium hydroxide (potash). It is dissolved in the alcohol using a standard 

agitator or mixer. 

Reaction. The alcohol/catalyst mix is then charged into a closed reaction vessel 

and the oil or fat is added. The system from here on is totally closed to the atmosphere 

to prevent the loss of alcohol. The reaction mix is kept just above the boiling point of the 

alcohol (around 160 °F or 82 °C) to speed up the reaction and the reaction takes place. 

Recommended reaction time varies from 1 to 8 hours, and some systems recommend 

the reaction take place at room temperature. Excess alcohol is normally used to ensure 

total conversion of the fat or oil to its esters. 

Care must be taken to monitor the amount of water and free fatty acids in the 

incoming oil or fat. If the free fatty acid level or water level is too high it may cause 

problems with soap formation and the separation of the glycerin by-product 

downstream. 
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Separation. Once the reaction is complete, two major products exist: glycerin and 

biodiesel. Each has a substantial amount of the excess methanol that was used in the 

reaction. The reacted mixture is sometimes neutralized at this step if needed. The 

glycerin phase is much more denser than biodiesel phase and the two can be gravity 

separated with glycerin simply drawn off the bottom of the settling vessel. In some 

cases, a centrifuge is used to separate the two materials faster. 

Alcohol Removal. Once the glycerin and biodiesel phases have been separated, 

the excess alcohol in each phase is removed with a flash evaporation process or by 

distillation. In others systems, the alcohol is removed and the mixture neutralized before 

the glycerin and esters have been separated. In either case, the alcohol is recovered 

using distillation equipment and is re-used. Care must be taken to ensure no water 

accumulates in the recovered alcohol stream. 

Glycerin Neutralization. The glycerin by-product contains unused catalyst and 

soaps that are neutralized with an acid and sent to storage as crude glycerin. In some 

cases the salt formed during this phase is recovered for use as fertilizer. In most cases 

the salt is left in the glycerin. Water and alcohol are removed to produce 80-88% pure 

glycerin that is ready to be sold as crude glycerin. In more sophisticated operations, the 

glycerin is distilled to 99% or higher purity and sold into the cosmetic and 

pharmaceutical markets. 

Methyl Ester Wash. Once separated from the glycerin, the biodiesel is sometimes 

purified by washing gently with warm water to remove residual catalyst or soaps, dried, 

and sent to storage. In some processes this step is unnecessary. This is normally the 

end of the production process resulting in a clear amber-yellow liquid with a viscosity 

similar to petrodiesel. In some systems the biodiesel is distilled in an additional step to 

remove small amounts of color bodies to produce a colorless biodiesel. 

In the case of using waste vegetable oil (yellow grease) as a feedstock, free fatty 

acids (FFA’s) may pose a problem. A free fatty acid is one that has already separated 

from the glycerol molecule. This is usually the result of the oil breaking down after many 

cycles of use. FFA’s create 3 major problems.  
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• More catalyst will need to be used leading to higher cost  

• Soap (fatty acid salt) is formed, making washing the finished product more 

difficult.  

• Water is formed which will retard the main reaction  

• The FFA’s are not converted into fuel, reducing the yield  

Fig. 2.11 shows the reaction of FFA’s and the catalyst NaOH.  

 
Fig. 2.11 Formation of soap 

When the oil has less then 2.5% FFA, the problems listed previously are negligible 

by using the single step (transesterification) only. Others have reported good results up 

to 4% FFA.  

2.4 Variable Affecting Transesterification and Esterification 

The process of transesterification is affected by various factors depending upon 

the reaction condition used. The effects of these factors are described below (Meher et 

al., 2006). 

1. Effect of free fatty acid and moisture 

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; a 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. 

Ma et al. (Ma et al., 1999) studied the transesterification of beef tallow catalyzed 

by NaOH in presence of free fatty acids and water. Without adding FFA and water, the 
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apparent yield of beef tallow methyl esters (BTME) was highest. When 0.6% of FFA was 

added, the apparent yield of BTME reached the lowest, less than 5%, with any level of 

water added. 

 
Fig. 2.12 General equation for transesterification of triglycerides. 

 

 
Fig. 2.13 Mechanism of base catalyzed transesterification. 
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The products were solid at room temperature, similar to the original beef tallow. 

When 0.9% of water was added, without addition of FFA, the apparent yield was about 

17%. If the low qualities of beef tallow or vegetable oil with high FFA are used to make 

biodiesel fuel, they must be refined by saponification using NaOH solution to remove 

free fatty acids. Conversely, the acid catalyzed process can also be used for 

esterification of these free fatty acids. 

The starting materials used for base catalyzed alcoholysis should meet certain 

specifications. The triglycerides should have lower acid value and all material should be 

substantially anhydrous. 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 as well as 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. 

 

 
Fig. 2.14 Mechanism of acid catalyzed transesterification. 

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 
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be converted to biodiesel. The problems with processing these 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 catalyst to complete the reaction. Initial process 

development was performed with synthetic mixture containing 20 and 40% free fatty 

acid prepared by using palmitic acid. Process parameters such as molar ratio of alcohol 

to oil, type of alcohol, amount of acid catalyst, reaction time, free fatty acid level were 

investigated to determine the best strategy for converting the free fatty acids to usable 

esters. The work showed that the acid level of the high free fatty acids feed stocks could 

be reduced to less than 1 % with a two step pretreatment reaction. The reaction mixture 

was allowed to settle between steps so that the water containing phase could be 

removed. The two-step pretreatment reaction was demonstrated with actual feedstocks, 

including yellow grease with 12% free fatty acid and brown grease with 33% free fatty 

acids. After reducing the acid levels of these feedstocks to less than 1%, the 

transesterification reaction was completed with an alkaline catalyst to produce fuel 

grade biodiesel. 

Investigation of the negative influence of base catalyzed transesterification of 

triglycerides containing substantial amount of free fatty acid has been carried out by 

Turck R. in 2002. Free fatty acids react with the basic catalyst added for the reaction 

and give rise to soap, as a result of which, one part of the catalyst is neutralized and is 

therefore no longer available for transesterification. These high FFA content oils/fats are 

processed with an immiscible basic glycerol phase so as to neutralize the free fatty 

acids and cause them to pass over into the glycerol phase by means of monovalent 

alcohols. The triglycerides are subjected to transesterification, using a base as catalyst, 

to form fatty acid alkyl esters, characterized in that after its separation, the basic glycerol 

phase produced during transesterification of the triglycerides is used for processing the 

oils/fats for removal of free fatty acids. The minimum amount of catalyst required for this 

process was calculated, relative to 1000 g of the oil to be processed, as a function of 

the acid value and the mean molar mass of the oil/fat. 
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2. Catalyst type and concentration 

Catalysts used for the transesterification of triglycerides are classified as alkali, 

acid, enzyme or heterogeneous catalysts, among which alkali catalysts like sodium 

hydroxide, sodium methoxide, potassium hydroxide, potassium methoxide are more 

effective. If the oil has high free fatty acid content and more water, acid catalyzed 

transesterification is suitable. The acids could be sulfuric acid, phosphoric acid, 

hydrochloric acid or organic sulfonic acid. Methanolysis of beef tallow was studied with 

catalysts NaOH and NaOMe. 

Comparing the two catalysts, NaOH was significantly better than NaOMe. The 

catalysts NaOH and NaOMe reached their maximum activity at 0.3 and 0.5% w/w of the 

beef tallow, respectively. Sodium methoxide causes formation of several by-products 

mainly sodium salts, which are to be treated as waste. In addition, high quality oil is 

required with this catalyst. This was different from the previous reports in which ester 

conversion at the 6:1 molar ratio of alcohol/oil for 1% NaOH and 0.5% NaOMe were 

almost the same after 60 min. Part of the difference may be attributed to the differences 

in the reaction system used. 

As a catalyst in the process of alkaline methanolysis, mostly sodium hydroxide or 

potassium hydroxide have been used, both in concentration from 0.4 to 2% w/w of oil. 

Refined and crude oils with 1% either sodium hydroxide or potassium hydroxide 

catalyst resulted successful conversion. Methanolysis of soybean oil with the catalyst 

1% potassium hydroxide has given the best yields and viscosities of the esters. 

Attempts have been made to use basic alkaline-earth metal compounds in the 

transesterification of rapeseed oil for production of fatty acid methyl esters. The reaction 

proceeds if methoxide ions are present in the reaction medium. The alkaline-earth metal 

hydroxides, alkoxides and oxides catalyzed reaction proceeds slowly as the reaction 

mixture constitutes a three-phase system oil–methanol-catalyst, which for diffusion 

reason inhibits the reaction. The catalytic activity of magnesium oxide, calcium 

hydroxide, calcium oxide, calcium methoxide, barium hydroxide, and for comparison, 

sodium hydroxide during the transesterification of rapeseed oil was investigated. 
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Sodium hydroxide exhibited the highest catalytic activity in this process. The degree to 

which the substrates were reacted reached 85% after 30 min of the process and 95% 

after 1.5 h, which represented a close value to the equilibrium. Barium hydroxide was 

slightly less active with a conversion of 75% after 30 min. Calcium methoxide was 

medially active. 

The degree to which the substrates were reacted was 55% after 30 min. Eighty 

percents after 1 h and state of reaction equilibrium (93%) was reached after 2.5 h. The 

rate of reaction was slowest when catalyzed by CaO. Magnesium oxide and calcium 

hydroxide showed no catalytic activity in rapeseed oil methanolysis. 

Acid catalyzed transesterification was studied with waste vegetable oil. The 

reaction was conducted at four different catalyst concentrations, 0.5, 1.0, 1.5 and 2.25 

M HCl in presence of 100% excess alcohol and the result was compared with 2.25 M 

H2SO4 and the decrease in viscosity was observed. H2SO4 has superior catalytic 

activity in the range of 1.5–2.25 M concentration. 

Although chemical transesterification using an alkaline catalysis process gives 

high conversion levels of triglycerides to their corresponding methyl esters in short 

reaction times, the reaction has several drawbacks: it is energy intensive, recovery of 

glycerol is difficult, the acidic or alkaline catalyst has to be removed from the product, 

alkaline waste water require treatment, and free fatty acid and water interfere the 

reaction. Enzymatic catalysts like lipases are able to effectively catalyze the 

transesterification of triglycerides in either aqueous or non-aqueous systems, which can 

overcome the problems mentioned above. In particular, the by-products, glycerol can 

be easily removed without any complex process, and also that free fatty acids contained 

in waste oils and fats can be completely converted to alkyl esters. On the other hand, in 

general the production cost of a lipase catalyst is significantly greater than that of an 

alkaline one. 

3. Molar ratio of alcohol to oil and type of alcohol 

One of the most important variables affecting the yield of ester is the molar ratio of 

alcohol to triglyceride. The stoichiometric ratio for transesterification requires three 

moles of alcohol and one mole of triglyceride to yield three moles of fatty acid alkyl 
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esters and one mole of glycerol. However, transesterification is an equilibrium reaction in 

which a large excess of alcohol is required to drive the reaction to the right. For 

maximum conversion to the ester, a molar ratio of 6:1 should be used. The molar ratio 

has no effect on acid, peroxide, saponification and iodine value of methyl esters. 

However, the high molar ratio of alcohol to vegetable oil interferes with the separation of 

glycerin because there is an increase in solubility. When glycerin remains in solution, it 

helps drive the equilibrium to back to the left, lowering the yield of esters. The 

transesterification of Cynara oil with ethanol was studied at molar ratios between 3:1 and 

15:1. The ester yield increased as the molar ratio increased up to a value of 12:1. The 

best results were for molar ratios between 9:1 and 12:1. For molar ratios less than 6:1, 

the reaction was incomplete. For a molar ratio of 15:1 the separation of glycerin is 

difficult and the apparent yield of esters decreased because a part of the glycerol 

remains in the biodiesel phase. Therefore, molar ratio 9:1 seems to be the most 

appropriate. 

The base catalyzed formation of ethyl ester is difficult compared to the formation of 

methyl esters. Specifically the formation of stable emulsion during ethanolysis is a 

problem. Methanol and ethanol are not miscible with triglycerides at ambient 

temperature, and the reaction mixtures are usually mechanically stirred to enhance 

mass transfer. During the course of reaction, emulsions usually form. In the case of 

methanolysis, these emulsions quickly and easily break down to form a lower glycerol 

rich layer and upper methyl ester rich layer. In ethanolysis, these emulsions are more 

stable and severely complicate the separation and purification of esters. The emulsions 

are caused in part by formation of the intermediates monoglycerides and diglycerides, 

which have both polar hydroxyl groups and non-polar hydrocarbon chains. These 

intermediates are strong surface active agents. In the process of alcoholysis, the 

catalyst, either sodium hydroxide or potassium hydroxide is dissolved in polar alcohol 

phase, in which triglycerides must transfer in order to react. The reaction is initially 

mass-transfer controlled and does not conform to expected homogeneous kinetics. 

When the concentrations of these intermediates reach a critical level, emulsions form. 

The larger non-polar group in ethanol, relative to methanol, is assumed to be the critical 

factor in stabilizing the emulsions. However, the concentration of mono- and di-
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glycerides is very low, then the emulsions become unstable. This emphasizes the 

necessity for the reaction to be as complete as possible, thereby reducing the 

concentrations of mono- and di-glycerides. 

4. Effect of reaction time and temperature 

The conversion rate increases with reaction time. Freedman et al. transesterified 

peanut, cotton-seed, sunflower and soybean oil under the condition of methanol–oil 

molar ratio 6:1, 0.5% sodium methoxide catalyst and 60 °C. An approximate yield of 

80% was observed 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. 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 rate and yield of esters. 

5. Mixing intensity 

Mixing is very important in the transesterification reaction, as oils or fats are 

immiscible with sodium hydroxide–methanol solution. Once the two phases are mixed 

and the reaction is started, stirring is no longer needed. Initially the effect of mixing on 

transesterification of beef tallow was study by Ma et al. No reaction was observed 

without mixing and when NaOH–MeOH was added to the melted beef tallow in the 

reactor while stirring, stirring speed was insignificant. Reaction time was the controlling 

factor in determining the yield of methyl esters. This suggested that the stirring speeds 

investigated exceeded the threshold requirement of mixing. 
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6. Effect of using organic cosolvent 

The methoxide base catalyzed methanolysis of soybean oil at 40 °C (methanol–oil 

molar ratio 6:1) shows that to form methyl esters proceeds approximately more slowly 

than butanolysis at 30 °C. This is interpreted to be the result of a two phase reaction in 

which methanolysis occurs only in the methanol phase. Low oil concentration in 

methanol causes the slow reaction rate; a slow dissolving rate of the oil in methanol 

causes an initiation period. Intermediate mono- and di-glycerides preferentially remain in 

the methanol, and react further, thus explaining the deviation from second order 

kinetics. The same explanations apply for hydroxide ion catalyzed methanolysis.  

In order to conduct the reaction in a single phase, cosolvents like tetrahydrofuran, 

1,4-dioxane and diethyl ether were tested. Although, there are other cosolvents, initial 

study was conducted with tetrahydrofuran. At the 6:1 methanol–oil molar ratio the 

addition of 1.25 volume of tetrahydrofuran per volume of methanol produces an oil 

dominant one phase system in which methanolysis speeds up dramatically and occurs 

as fast as butanolysis. In particular, THF is chosen because its boiling point of 67 °C is 

only two degrees higher than that of methanol. Therefore at the end of the reaction the 

unreacted methanol and THF can be co-distilled and recycled.  

Using tetrahydrofuran, transesterification of soybean oil was carried out with 

methanol at different concentrations of sodium hydroxide. The ester contents after 1 min 

for 1.1, 1.3, 1.4 and 2.0% sodium hydroxide were 82.5, 85, 87 and 96.2%, respectively. 

Results indicated that the hydroxide concentration could be increased up to 1.3 wt%, 

resulting in 95% methyl ester after 15 min. Similarly for transesterification of coconut oil 

using THF/MeOH volume ratio 0.87 with 1% NaOH catalyst, the conversion was 99% in 1 

min. 

A single-phase process for the esterification of a mixture of fatty acids and 

triglycerides were investigated. The process comprises forming a single-phase solution 

of fatty acids and triglyceride in an alcohol selected from methanol and ethanol, the ratio 

of said alcohol to triglyceride being 15:1–35:1. The solution further comprises a 

cosolvent in an amount to form the single phase. In a first step, an acid catalyst for the 

esterification of fatty acid is added. After a period of time, the acid catalyst is neutralized 
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and a base catalyst for the transesterification of triglycerides is added. After a further 

period of time, esters are separated from the solution. 

An improved process was investigated for methanolysis and ethanolysis of fatty 

acid glycerides such as those found in naturally occurring fats and oils derived from 

plant and animals. The processes comprise solubilizing oil or fat in methanol or ethanol 

by addition of a cosolvent in order to form a one-phase reaction mixture, and adding an 

esterification catalyst. The processes proceed quickly, usually in less than 20 min, at 

ambient temperatures, atmospheric pressure and without agitation. The co-solvent 

increases the rate of reaction by making the oil soluble in methanol, thus increasing 

contact of the reactants. The lower alkyl fatty acid monoesters produced by the process 

can be used as biofuels and are suitable as diesel fuel replacements or additives. 

2.5 Biodiesel Production Using Cosolvent 

A number of studies on preparation of biodiesel from vegetable oils have been 

reported using a variety of oils, alcohols, different catalysts, and reaction conditions. For 

alkali catalyzed process, Aracil et al. (Aracil et al., 2005) used different basic catalysts 

(sodium methoxide, potassium methoxide, sodium hydroxide and potassium hydroxide) 

for transesterification of sunflower oil. The biodiesel purity near 100 wt.% was obtained 

for all catalysts. However, biodiesel yields near 100 wt.% were only obtained with the 

methoxide catalysts. Although all the transesterification reactions were quite rapid and 

the product achieved nearly 100% methyl ester concentrations, the reactions using 

sodium hydroxide turned out the fastest. Another example on alkali process is that of 

Meher et al., (2006), in which the transesterification of karanja oil with methanol was 

carried out using alkaline catalyst in a batch type reactor. At 65 °C, with a molar ratio of 

1:6 of the karanja oil to methanol, using KOH as catalyst, the 97% conversion to methyl 

esters was obtained after 3 hrs. Although high purity and yield of biodiesel can be 

achieved in a short time with the alkali process. However, it is very sensitive to the purity 

of reactants. For example, the starting material (oil or fat) must be dried (moisture level 

<0.06%) and free of free fatty acid (FFA) (<0.5%). The presence of minor amount of FFA 

and moisture in the reaction mixture produces soap, which lower the yield of ester and 
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renders the separation of ester and glycerol by water washing difficult. FFA also 

consumed the catalyst and reduced catalyst efficiency (Zullaikah et al., 2005).  

Boocock et al. (Boocock et al., 2004) have developed a novel technique for 

accelerating the transesterification reaction rate. During its early stages, the 

transesterification reaction is limited by the low solubility of the alcohol, especially 

methanol, in the oil. Boocock proposed the addition of a cosolvent to create a single 

phase, and this greatly accelerates the reaction so that it reaches substantial 

completion in a few minutes. The technique is applicable for use with other alcohols and 

for acid-catalyzed pretreatment of high free fatty acid feed stocks. 

2.6 Cosolvent Selection 

The first consideration of cosolvents for the transesterification shall be inert to the 

reaction and have a boiling point lower and near to the boiling point of methanol to 

simplify the solvent recycle by flashing them out of the product at the boiling point of 

methanol.    

The second consideration is that the selected cosolvents shall be soluble in both 

methanol and triglyceride. Due to methanol is a polar substance while triglyceride which 

contains a long chain alkyl (hydrocarbon) group is non-polar, hence they are immiscible. 

So, the selected cosolvents which can be solute in both methanol and triglyceride shall 

have both polar and non-polar parts in their molecules. 

Table 2.3 summarized the properties of cosolvents selected for the study. 

Fig. 2.15 shows molecular structure of THF, MTBE and DEE from the left to right 

respectively. It can be seen that all these cosolvents have both polar part (at hydrogen 

atom) and non-polar part (at Oxygen atom). MTBE and diethyl ether have lower boiling 

point than the melting point of palm stearin which requires higher reaction temperature. 

However, these cosolvents were selected due to they have either lower or close boiling 

point to that of methanol, soluble in both methanol and triglyceride and the reaction will 

be carried out in a closed reactor. The boiling point of the solution will also be raised by 

the high content of both methanol and the non volatile triglyceride. 
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Table 2.3 Properties of selected cosolvent 

Chemical Formula Molecular 

Wt 

Density 

(g/ml) 

Solubility in 

Water (20 

°C) 

Boiling 

Point (°C) 

THF C4H8O 72.11 0.88 Soluble 67 

MTBE C5H12O 85.15 0.74 26 g/l 55.2 

DEE C4H10O 74.12 0.71 69 g/l 34.6 

 
Fig. 2.15 Molecular Structure of Tetrahydrofuran, MTBE and Diethyl Ether 

2.7 Reaction Conditions for the Study 

KOH was the selected catalyst due to its high catalytic activity, relatively cheap 

price and the washing water from biodiesel product can be used as a fertilizer. Catalyst 

concentration will be fixed at 1 wt% KOH to oil which has given the highest yields and 

viscosity of esters in methanolysis as suggested in the literature review in Section 2.4.2. 

Excess methanol of 6:1 mol ratio of methanol to oil was selected for the study 

which will yield maximum conversion for methanolysis as described in the literature 

review in Section 2.4.3. 

From the study of biodiesel production from palm stearin using THF and hexane 

as a cosolvent (Veerapol et al., 2008) found that at 0.2 mol ratio of cosolvent to methanol 

yields the highest methyl ester content, hence in this study the mol ratio of solvent to 

methanol will be fixed at 0.2.              

 



 

CHAPTER III 

RESEARCH METHOLOGY 

3.1 Experimental 

The palm stearin oil was transesterified in the presence of methanol with cosolvent 

using homogeneous base catalyst (Potassium hydroxide) in a laboratory scale. 

3.2 Experimental Equipment 

1 Beaker 600 ml. 

2 Stick glass 

3 Spatula 

4 Water Bath 

5 Tree blade paddle 

6 Variable speed motor 

7 Funnel 

8 Thermometer 

9 Hotplate 

10 Weight Scale 

11 Gas Chromatograph 

3.3 Chemical 

1. Methanol, Analytical grade : Merk 

2. Potassium hydroxide, Analytical grade : Carlo Erba 

3. Tetrahydrofuran, Analytical grade : QReC 

4. MTBE, Analytical grade: Carlo Erba 

5. Ether, Analytical grade: J.T.Baker 

6. Sulfuric acid, Analytical grade : J.T.Baker 
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3.4 Raw Material 

Palm stearin used in the experiment was obtained from Olene Co., Ltd. 

3.5 Research Procedure 

3.5.1 Analyze chemical properties of raw material for  

1. Free fatty acid content 

2. Iodine value 

3. Moisture content 

4. Slip point 

5. Free fatty acid composition in accordance with AOAC969.33, AOAC991.39 

(2005) 

Properties of palm stearin were provided with the palm stearin by Olene Co., Ltd. 

except item 5 was analyzed by Thailand Institute of Scientific and Technological Research 

(TISTR).  

3.5.2 Experimentation steps 

1 Heat the palm stearin to a temperature of approximately 120 degree Celsius 

for 60 minute in order to remove the impured water (100 g). 

2 Mix methanol with potassium hydroxide at 60 degree Celsius (23.07 g 

methanol with 1.0 weight percent of Potassium hydroxide to methanol). 

3 Mix cosolvent with palm stearin at the required reaction temperature (0.2 mol 

percent of cosolvent to palm stearin, 55 and 60 degree Celsius) 

4 Heat or cool the methoxide obtained from step 3 to the required reaction 

temperature. 

5 Pour the methoxide obtained from step 4 into the mixed oil and cosolvent in 

step 3. and stir at 200,250,400 and 550 rpm. Start counting the reaction 

time. 
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6 Terminate the reaction using sulfuric acid to neutralize the un-reacted base 

catalyst and to reduce soap produced from sponification of free fatty acids 

and base catalyst  

7 Pour the product into a funnel and leave it until methyl ester and glycerol is 

completely separated (3 hours). 

8 Check the upper layer, methyl ester, of the separated product to remove the 

un-reacted excess methanol and cosolvent by distillation at a temperature 

approximately 100 degree Celsius.  

9 Wash methyl ester with distillated water to remove the excess base catalyst, 

methanol, cosolvent and glycerol. 

10 Pour methyl ester and water into a funnel and leave it until methyl ester and 

washing water is completely separated. 

11 Wash methyl ester until the washing water is neutralize (pH7). 

12 Remove washing water by heating the methyl ester at a temperature of 

approximately 120 degree Celsius for 1 hour duration. 

13 Filter the methyl ester using filter paper no.1 and keep the sample for the 

analysis of ester composition by gas chromatograph. 

3.5.3 Analyze percentage of produced methyl ester using gas chromatograph. 

The content of fatty acid methyl ester (FAME) in product was analyzed by a GC-

2010 gas chromatography (Shimadzu). Its column is SGE, BP20 GC capillary column 

(30m x 0.32mmi.d. x 0.25μm film thickness) capable to maintain temperature in the range 

of 20 – 250 degree Celsius. The temperature of the injector and the flame ionization 

detector (FID) was 210 and 250 ˚C, respectively. The chromatographic conditions are 

summarized in Table 3.1 below:- 
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Table 3.1 Chromatographic conditions  

 
 

The ester content of fatty acid methyl ester is determined in accordance with 

EN14103:2003 (Fat and Oil Derivatives – Fatty Acid Methyl Ester (FAME) – Determination 

of ester and linolenic acid methyl ester contents) using methyl heptadecanoate (C18H36O2) 

as an internal standard and use normal heptane as a solvent. Appendix B shows how to 

determine FAME content from gas chromatograph in accordance with EN 14103. 

Appendix E contains GC result for the products. Gas chromatography of the products 

was carried out by Scientific and Technological Research Equipment Center 

Chulalongkorn University.   

 



 

CHAPTER IV 
RESULTS AND DISSCUSION 

 

4.1 Raw Material Properties 

4.1.1 Physical and Chemical Properties 
Table 4.1 shows the analyzed properties of palm stearin used in the experiments.  

Table 4.1 Properties of palm stearin used in the experiments 
 

Properties  Palm stearin 

Free fatty acid (%) (as plamitic acid)     0.04 

Moisture content (%)       0.03 

Peroxide value (meq O2/kg)      0.57 

Slip point (oC)        54 

Iodine value (g I2 / 100 g oil)      82.86  

 

4.1.2 Fatty Acid Content 
Table 4.2 shows the composition of palm stearin feedstock used in the experiments 

which were analyzed by Thailand Institute of Scientific and Technological Research using 

AOAC 969.33, AOAC 991.39 (2005) analytical standard with Gas Chromatography. The 

result shows that major fatty acid component of palm stearin is 63.7 wt% Palmitic acid 

(C16:0)  and 24 wt% Oleic. The total percentage of saturated fatty acid is 70.7 wt% and 

the remaining 29,3 wt% is unsaturated fatty acid. From the analyzed fatty acid content, the 

average molecular weight of palm stearin can be calculated as 831.98 g/mol.  
 

 

 



 

33 
 

Table 4.2 Fatty acid contents in palm stearin used in the experiments 
 

Fatty acid composition (wt%) Molecular Weight % By Weight 

C12:0 Lauric acid  200  0.3 

C14:0 Myristic acid  228  1.2 

C15:0 Pentadecanoic acid  242  0.1 

C16:0 Palmitic acid  256  63.7 

C17:0 Margaric acid  270  0.1 

C18:0 Stearic acid  284  4.9 

C20:0 Arachidic acid  312  0.3 

C24:0 Lignoceric acid  368  0.1 

Saturated   70.7 

C16:1 Palmitoleic acid  254  0.1 

C18:1 Oleic acid  282  24 

C18:2 Linoleic acid  280  5 

C18:3 α-Linolenic acid  278  0.1 

C20:1 Gondoic acid  310  0.1 

Unsaterated   29.3 

Total fatty acid composition   100 

Molecular weight   831.98 

 

4.2 Effect of Speed 
Mixing is very important in the transesterification reaction, as oils or fats are 

immiscible with sodium hydroxide–methanol solution. Once the two phases are mixed and 

the reaction is started, stirring is no longer needed. Initially the effect of mixing on 

transesterification of beef tallow was study by Ma et al. (Ma et al., 1999). No reaction was 

observed without mixing and when NaOH–MeOH was added to the melted beef tallow in 

the reactor while stirring, stirring speed was insignificant. Reaction time was the controlling 

factor in determining the yield of methyl esters. This suggested that the stirring speeds 

investigated exceeded the threshold requirement of mixing. 
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This research studied for the optimum speed using 6:1 constant molar ratio of 

methanol to oil, 1 wt% of potassium to oil, 60 °C and 10 minutes reaction time with varying 

stirring speed of 200, 250, 400 and 550 rpm. The paddle used in the experiments is three 

blade paddle, 5 cm diameter and 2.2 cm blade diameter. The beager is 9 cm diameter, 13 

cm height with 3.0 cm chemical level in case of the reaction without cosolvent and 4.0 cm 

chemical level in case of using cosolvent. Distant between blades to bottom of the beager 

is 1.5 cm. The experimental results are shown in figure 4.1. 
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Fig. 4.1  Effects of stirring speed on wt% of methyl ester yield for the reaction with and 

without tetrahydrofuran cosolvent 

 Reaction Condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 60°C, 10 minutes, 0.2 mol% 

THF/ MeOH  

Figure 4.1 shows that increasing of stirring speed will increase methyl ester content 

in the product due to increasing stirring speed resulting in smaller droplet size diameter of 

methanol from blade shearing. This will increase reaction surface for methanol, catalyst 

and oil resulting in faster reaction rate. In case of the reaction with tetrahydrofuran 

cosolvent, the highest content of 98.7 wt% methyl ester occurs at 550 rpm stirring speed. 

However, increasing of stirring speed from 250 rpm to 550 rpm enhances only 1.1 wt% 

additional methyl ester content for the reaction with tetrahydrofuran cosolvent whereas the 

reaction without cosolvent enhances 4.6 wt% methyl ester content from the same speed 

increasing. 



 

35 
 

It can be concluded that the optimum speed to obtain ester content meeting with 

biodiesel standard, i.e. 96.5 wt% minimum is 250 rpm for the reaction with THF and 400 

rpm for the reaction without THF. 

From accuracy/ error analysis in Appendix C shows that if the different of methyl 

ester content from the different experiment conditions is less than 0.81 wt% (98.96 – 

98.15), the result can be considered that these conditions yield the same methyl ester 

content, hence it can be considered that there are no differences of methyl ester content 

from the reaction with and without THF at 550 rpm. So, at 550 rpm the effect of mixing 

overcomes the effect of cosolvent.    

4.3 Effects of Reaction Temperature and Time 
Transesterification reaction of vegetable oil using alkali catalyst will be performed at 

the temperature near to the boiling point of alcohol. Methanol has a boiling point of 64.7 °C 

at atmospheric pressure, so the reaction temperature should not be greater than this 

temperature. While the freezing point of palm stearin is 54 °C, so the experiment must be 

done between 55 to 60 °C. 

In this research the experiments were carried out at 6:1 constant molar ratio of 

methanol to oil, 1 wt% of potassium hydroxide to oil, 55 and 60 °C, 5, 10 and 15 minutes 

reaction time and 250 rpm stirring speed. 

4.3.1 Transesterification reaction without cosolvent 
The experiment result for the reaction without cosolvent is shown in Figure 4.2. 

From the above figure, methyl ester contents in the product from gas 

chromatography analysis are:- 

1) At 55 °C reaction temperature and 5, 10, 15 min. reaction time gave 90.2%, 92.5%, 

93.2% methyl ester content, respectively.  

2) At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 92.0%, 93.5%, 

94.3% methyl ester content, respectively. 

 

Figure 4.2 shows that wt% methyl ester formed from the reaction at 60 °C is greater 

than at 55 °C due to higher reaction temperature giving higher reaction rate. 
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Fig. 4.2  Effects of reaction temperature and time on wt% methyl ester in the reaction 

without cosolvent 

 Reaction Condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 250 rpm 

4.3.2 Transesterification reaction with tetrahydrofuran cosolvent 
In case of using tetrahydrofuran as a cosolvent at the same reaction condition 

resulted in higher wt% methyl ester content in the product as per figure 4.3. 

From Fig 4.3, methyl ester contents in the product from gas chromatography 

analysis are:- 

1) At 55 °C reaction temperature and 5, 10, 15 min. reaction time gave 93.9%, 95.7%, 

96.3% methyl ester content, respectively.  

2) At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 95.2%, 97.6%, 

98.3% methyl ester content, respectively. 

Figure 4.3 shows that wt% methyl ester formed from the reaction at 60 °C is greater 

than at 55 °C due to higher reaction temperature giving higher reaction rate. 
However, using THF as a cosolvent gave a higher methyl ester content in the product compared 

to the reaction without cosolvent at the same reaction time due to THF enhances the miscibility of 

methanol and oil to become a homogeneous phase resulting in a high reaction rate and the reaction 

will be in equilibrium faster. 
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Fig. 4.3 Effects of temperature and time on wt% methyl ester in the reaction with THF 

cosolvent 

 Reaction Condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 250 rpm, 0.2 mol% THF/ 

MeOH 
 

4.3.3 Transesterification with MTBE cosolvent 
In case of using MTBE as a cosolvent at the same reaction condition resulted in the 

same trend but less effective than tetrahydrofuran as per figure 4.4. 

From the above figure, methyl ester contents in the product from gas 

chromatography analysis are:- 

1) At 55 °C reaction temperature and 5, 10, 15 min. reaction time gave 88.9%, 92.3%, 

92.9% methyl ester content, respectively. 

2)  At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 93.0%, 94.9%, 

96.1% methyl ester content, respectively. 
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Fig. 4.4 Effects of temperature and time on wt% methyl ester in the reaction with MTBE 

cosolvent 

 Reaction Condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 250 rpm, 0.2 mol% MTBE/ 

MeOH 

4.3.4 Transesterification with DEE cosolvent 
In case of using Diethyl Ether as a cosolvent at the same reaction condition resulted 

in the same trend but less effective than tetrahydrofuran as per figure 4.5. 

From Fig 4.5, methyl ester contents in the product from gas chromatography 

analysis are:- 

1) At 55 °C reaction temperature and 5, 10, 15 min. reaction time gave 92.6%, 93.2%, 

94.5% methyl ester content, respectively.  

2) At 60 °C reaction temperature and 5, 10, 15 min. reaction time gave 92.8%, 94.0%, 

96.3% methyl ester content, respectively. 

 



 

39 
 

92.6 93.2
94.5

92.8
94.0

96.3

80

85

90

95

100

0 5 10 15 20
Reaction time (minute)

Me
thy

l e
ste

r c
on

ten
t (%

)

55 degree Celsius

60 degree Celsius

 

Fig. 4.5 Effects of temperature and time on wt% methyl ester in the reaction with DEE 

cosolvent 

 Reaction Condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 250 rpm, 0.2 mol% DEE/ 

MeOH 

 



  

CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

1. Addition of cosolvent into the reaction mixture making oil miscible with 

methanol. Because the mass transfer in the one-phase reaction is superior to 

that in the two-phase reaction, due to an increase in the contact surface, the 

production rate of methyl ester by the one-phase reaction increases. Therefore, 

the initial addition of a cosolvent enhances the miscibility of oil to methanol and 

reduces the time required to form the one-phase system. 

2. Using tetrahydrofuran as a cosolvent resulted in higher methyl ester content 

than diethyl ether in which diethyl ether cosolvent gave higher methyl ester 

content than MTBE cosolvent. The maximum methyl ester content obtained from 

the alcali-catalyzed transesterification of palm stearin and methanol (1:6 molar 

ratio) without cosolvent using 1 wt% KOH and 250 rpm stirring speed was 94.3 

wt% at 60 °C reaction temperature and 15 minutes reaction time while the 

reaction at the same condition with 0.2 mol % tetrahydrofuran, DEE and MTBE 

cosolvent gave methyl ester content 98.3, 96.3 and 96.1 wt% respectively.  

3.  In this study, the experiments to observe the effects of stirring speed also had 

been carried out by varying stirring speed from 250 to 550 rpm using 6:1 molar 

ratio of methanol to palm stearin oil, 1 wt% KOH, 60 °C and 10 minutes reaction 

time, found that the maximum methyl ester contents for the reaction with and 

without tetrahydrofuran cosolvent were 98.7 and 98.1 wt%, at the maximum 

stirring speed of 550 rpm, respectively. However, increasing of stirring speed 

from 250 rpm to 550 rpm enhances only 1.1 wt% additional methyl ester content 

for the reaction with tetrahydrofuran cosolvent whereas the reaction without 

cosolvent enhances 4.6 wt% methyl ester content from the same speed 

increasing. It can be concluded that the optimum speed to obtain ester content  
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meeting with biodiesel standard, i.e. 96.5 wt% minimum is 250 rpm for the 

reaction with THF and 400 rpm for the reaction without THF. 

4. From accuracy/ error analysis in Appendix C shows that if the different of 

methyl ester content from the different experiment conditions is less than 0.81 

wt% (98.96 – 98.15), the result can be considered that these conditions yield 

the same methyl ester content, hence it can be considered that there are no 

differences of methyl ester content from the reaction with and without THF at 

550 rpm. So, at 550 rpm the effect of mixing overcomes the effect of 

cosolvent. 

5. It also observed that increasing the reaction time (upto 15 minutes) and 

reaction temperature (upto 60 °C) also resulted in higher methyl ester content 

in the product. 

6. To obtain methyl ester content meeting with biodiesel standard (96.5 wt% 

minimum) for the reaction without cosolvent the reaction time must be more 

than 15 minutes for for 250 rpm 60 °C or the stirring speed must be 400 rpm 

minimum for 10 minutes 60 °C. 

7. The conditions to obtain methyl ester content meeting with biodiesel standard 

(96.5 wt% minimum) for the reaction with cosolvent at 250 rpm are 

7.1 10 minutes at 60 °C  or more than 15 minutes at 55 °C for THF 

cosolvent 

7.2 More than 15 minutes at 60 °C  DEE and MTBE cosolvent 

5.2 Recommendations 

1. The addition of diethyl ether to the reaction as a cosolvent can improve the 

reaction rate and methyl ester content but with less efficiency than 

tetrahydrofuran. However, due to the fact that diethyl ether is cheaper than 
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tetahydrofuran, the comparative economics study between tetrahydrofuran 

and diethyl ether is recommended.  

2. In order to obtain methyl ester content to meet with the biodiesel standard, i.e. 

96.5 wt% minimum, it was found that even using tetrahydrofuran the reaction 

temperature shall be more than 55 °C at 15 minutes. However, the current 

study on the effect of cosolvent was done at fixed 250 rpm, 6:1 mol MeOH/ 

Oil and 1 wt% KOH, so further study by increasing stirring speed, methanol to 

oil molar ratio or catalyst concentration is recommended. 
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APPENDIX A 

REACTION CHEMISTRY CALCULATION 

Palm Stearin Molecular Weight Calculation 

 

3 Fatty Acids + Glycerol    Triglyceride + 3 Water 

From Triglyceride formation reaction, the molecular weight of triglyceride can 

be obtained from the following equation:- 

MWTG  = 3 Ravg + 38 

Ravg  = ∑ [%FAN x MWn] 
       100 

Where 

MWTG is average molecular weight of triglyceride 

Ravg is average Molecular weight of fatty acid less COOH 

%FAN is %wt of each fatty acid in palm stearin 

MWn is Molecular weight of each fatty acid 

RAVG = (0.003x200) + (0.012x228) + (0.001x242) + (0.637x256) + (0.001x270) + 

(0.049x284) + (0.003x312) + (0.001x368) + (0.001x254) + (0.24x282) + (0.05x280) + 

(0.001x278) + (0.001x310) = 264.66 g/mol 

 



   

47 
 

MWTG = (3x264.66) +38 

 = 831.98 g/mol 

Table A1 Chemical and physical properties 

Chemical Density (g/ml) Molecular Weight 

Palm stearin 0.86 831.98 

Methanol 0.79 32.04 

Tetrahydrofulan 0.88 72.11 

MTBE 0.74 88.15 

Diethyl Ether (DEE) 0.71 74.12 

Methanol Quantity Calculation 

The experiment used palm sterain 100 g 

Molar ratio of methanol to oil is 6 

Palm stearin 100 g equals to 100/831.98 = 0.120 mol 

Hence, methanol used is 6 x 0.120 = 0.72 mol or 0.72 x 32.04 = 23.07 g 

or 23.07/ 0.79 = 29.20 ml 

Catalyst Quantity Calculation 
The experiment used 1 %wt catalyst to palm sterain 

Hence, catalyst quantity used is (1/100) x 100 = 1 g 

Moisture Quantity Calculation 
Palm sterain contains 3 %wt  

or palm stearin 100 g contains moisture (3/100) x 100 = 3 g 
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Tetrahydrofuran Quantity Calculation 
Methanol used in the experiment is 0.72 mol 

Used 0.2 molar ratio of tetrahydrfuran to methanol 

Hence, tatrahydrofuran used is 0.2 x 0.72 = 0.144 mol  

or 0.144 x 72.11 = 10.38 g or 10.38/ 0.88 = 11.80 ml  

MTBE Quantity Calculation 
Methanol used in the experiment is 0.72 mol 

Used 0.2 molar ratio of MTBE to methanol 

Hence, MTBE used is 0.2 x 0.72 = 0.144mol  

or 0.144 x 88.15 = 12.69 g or 12.69/ 0.74 = 17.15 ml  

DEE Quantity Calculation 
Methanol used in the experiment is 0.72 mol 

Used 0.2 molar ratio of DEE to methanol 

Hence, DEE used is 0.2 x 0.72 = 0.144 mol  

or 0.144 x 74.12 = 10.67 g or 10.67/ 0.71 = 15.03 ml  
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APPENDIX B 

DETERMINATION OF METHYL ESTER CONTENT 

Analysis of Methyl Ester Content in the Product 

Methyl ester content in the product is determined from gas chromatograph in 

accordance with EN 14103: 2003 using methyl hetadecanoate (C17:0) as an internal 

standard and uses normal heptane (n-C7H16) as a solvent. Methyl ester content is 

calculated using the following formula: 

100
)(

x
m
xVCx

A
AA

C EIEI

EI

EI∑ −
=  

Where 

∑ A  is the total peak area from methyl ester in C14 tothat in C24:1 

AEI is the peak area corresponding to methyl heptadecanoate 

CEI is the concentration, in mg/ml, of methyl heptadecanoate solution being used 

VEI is the volume, in ml, of the methyl haptadecanoate solution being used 

m is the mass, in mg, of the sample  
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APPENDIX C 

ANALYSIS OF EXPERIMENTAL ERROR 

In order to check the accuracy/ error of the experimental result, three samples 

were tested at the same reaction conditions, i.e. 6:1 mol MeOH/ Oil, 1 wt% KOH, 60 °C, 

10 minutes, 550 rpm, with 0.2 mol% THF cosolvent. The results are shown in the figure 

below.  
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Fig. C1 Methyl ester content from the three experiments at the same reaction conditions 

Reaction condition: 6:1 mol MeOH/ Oil, 1 wt% KOH, 60 °C, 10 minutes, 550 rpm, without 

cosolvent 

From the above results 

- average methyl ester content is 98.65 wt% 

- maximum methyl ester content (from experiment no. 3) is 98.96 wt% or 

+0.31% error from the average value 

- minimum methyl ester content  (from experiment no. 2) is 98.15 wt% or  

-0.51 % error from the average value 

It can be concluded that if the different of methyl ester content from the 

different experiment conditions is less than 0.81 wt% (98.96 – 98.15), the result can be 

considered that these conditions yield the same methyl ester content.     
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APPENDIX D 

BOILING POINT ELEVATION OF MIXTURE 

The solution of two or more components with different boiling point will have a 

bubble point which can be calculated from the thermodynamics equilibrium between 

vapor and liquid phases with the criteria on equality of temperature in both phases, 

equality of pressure in both phases and equality of fugacity of each component in both 

phases. In order to simplify the calculation we will apply Roualt’s law which is based on 

the assumption that the vapor phase behaves as ideal gas and liquid phase is an ideal 

solution, i.e. gas component fugacity is equals to its partial pressure and liquid 

component fugacity equals to its mole fraction multiplied by its vapor pressure.  

P = x1 p*1 +   x2 p*2   

x2 = 1 - x1 

Vapor pressure is dependent on temperature, we will use Antoine equation for the 

correlation of pressure and temperature. 

 p* = 10^(A – B/(t+C)) 

Where p* is vapor pressure in mm Hg 

 T is temperature in degree C 

Upon substitution we arrive at the following expression 

 P = x1 * 10^(A1 – B1/(t1+C1)) +   x2 * 10^(A1 – B1/(t1+C1)) 

From the experiment by Joshua H. et al (Calvin College Engineering – 2008) Antoine 

coefficients for soy oil, which will be used for the calculation as the data for stearin is not 

available, are A = 11.4785, B = -708.72 and C = -167.48. 

From Lange’s Handbook of Chemistry 15th Antoine coefficients for diethyl ether are A = 

6.92032, B = 1064.07 and C = 228.80. 

In the experiment we used 0.2 mole ratio for diethyl ether to methanol, 6:1 mol ratio of 

methanol to stearin (0.14 mol DEE in 0.12 mol stearin) and P = 1 atm. By trial & error we 

found that bubble point of the solution is 95.1 degree C.    
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APPENDIX E 

EXPERIMENTAL DATA 

1. Experimental Data 

Reaction Condition Sample No. Cosolvent 

Speed (rpm) Temperature (oC) Time (min) 

S01 - 200 60 10 

S02 - 250 60 10 

S03 - 400 60 10 

S04 - 550 60 10 

S05 THF 200 60 10 

S06 THF 250 60 10 

S07 THF 400 60 10 

S08 THF 550 60 10 

S09 - 250 60 5 

S10 - 250 60 15 

S11 - 250 55 5 

S12 - 250 55 10 

S13 - 250 55 15 

S14 THF 250 60 5 

S15 THF 250 60 15 

S16 THF 250 55 5 

S17 THF 250 55 10 

S18 THF 250 55 15 

S19 MTBE 250 60 5 

S20 MTBE 250 60 10 

S21 MTBE 250 60 15 

S22 MTBE 250 60 5 

S23 MTBE 250 60 10 

S24 MTBE 250 60 15 
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Reaction Condition Sample No. Cosolvent 

Speed (rpm5) Temperature (oC) Time (min) 

S25 ETHER 250 60 5 

S25 ETHER 250 60 10 

S27 ETHER 250 60 15 

S28 ETHER 250 60 5 

S29 ETHER 250 60 10 

S30 ETHER 250 60 15 

S31 THF 550 60 10 

S32 THF 550 60 10 
 

2. Gas Chromatography Analysis for Methyl Ester Content in Product 
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