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ABSTRACT 

The biodiesel sample was prepared from extracted soyabean oil a~ different reaction times. 
wwe . . ?- ------

Methyl alcohol with potassium hydroxide as catalyst was used for the transesterification process. 

The preliminary investigation of the soyabean oil was conducted and the acid value was obtained 

to be 3.4 mgKOH/g, viscosity at 32 DC was 35 mm2/sec, saponification value ~as 172.30 

mgKOH/gdodine value was 107.10 gramslodine/100g and pH was 4.1 The maximum yield 

Ofmethy(.~er CbiOdiese~~ed at 35 minutes ofreactio~e was C87.llc,) 'while the 
. ~ } 

minimum yield obtained at 25 minutes was (70.75g). The biodiesel produce as characterized 

~ 
for flash point which was gotten as 147°C, Viscosity 4.7 mm2 and Specific gravity 0.87 which 
~ -~~ 

fall within the range of values .expected for biodiesel. 

\ 
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CHAPTER ONE 

1.0 JNTRODUCTION 

Biodiesel is obtained from transesterification of animal fats or vegetable oils. It is a non fossil 

fuel which is clean buming biodiesel is safe non toxic, biodegradable, renewable fuel and high 

quality and can be used in any diesel motor engines with little to no modifications to the engine. 

Biodiesel is compatible with it and can be blended with petroleum diesel in any ratio and will 

reduce emission in proportion to the percentage of biodiesel used. Biodiesel fuel consists of 

methyl esters of vegetable oils and belongs to ecological fuels because of its qualitative 

compositions such as carbon 77%, hydrogen 12%, oxygen 11 % and traces of sulfur and nitrogen. 

Biodiesel as a fuel of biological origin. It is recommended by the European Union and has been 
I 

classified as the future fuel, (~ord~ et aI, 2007). 

Biodiesel may contain small but problematic quantities of water.Although it is not miscible with 

wat~r,it is like ethanol,hygroscopic (absorb water from atn.l0spheric moisture).One of the resins 

bi'Odiesel can absorb water is the persistence of mono and diglycerides left over from an 

incomplete reaction. The molecules can act as emulsifier allowing water to mix with biodieseL 

(Wikipedia. 2008)-
~ 

For engine designed to bUhl biodiesel fuel the viscosity of soyabean oil must be lowered to allow 

for proper atomization of fuel othelwise incomplete combustion and carbon build up. wiIl 

ultimately damage the engine. 

The biodiesel has the following advantages 

}> Blends of 20% biodiesel with 80% petroleum diesel can be used in unmodified diesel 

engines. Biodiesel can be used in its pure foml but many require certain engine 

l11odificalion to avoid maintenance and performance problems. 

}> Itwas stated that about·half of the biodiesel industry can use recycled oil or fats. The 

other halfbeing soybeans or rapeseed oil according to.the origil1 of this feedstock's 
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}- Biodiesel is nOll toxic, biodegradable it reduces the emission of harmful pollutants 

(mainly particulate) from diesel engine 80% less C02 emission, 100% percent sulphur 

dioxide. But emissions of nitrogen oxide (precursor o( ozone) are increased. 

}- ,Biodiesel has a highcetane number (above 100 compared to only 40 for diesel 

fuel).Cetane number is a measure of a fuel ignition quality. The high cetane numbers 

biodiesel can contribute to easy cold starting .and low idle noi~ 
-=\. 

}- The use ofbiodiesel can extend the life onhe diesel engine' because it is more lubricating 

and further more power out put are relatively unaffected by biodiesel. 

}- Biodiesel replaces the exhaust odor of petroleum diesel with a more pleasant smell of 

pop com or French fries,~ana,kCi, 1999)- .,,-

1.2 AIMS AND OBJECTIVES OF THE STUDY 

The aim of this research is to produce biodiesel which is clean buming, non-toxic,biodegradable 

and renewable fuel. 

OBJ.ECTIVES 

The work will be carried out through the following objectives:' 

• Extraction of oil from soyabean using soxhlet extractor. 

• To determine the optimum time required for the transesterification of soybean oil using 

constant rcactant ratio<lnd temperature. 

• To investigate the use of potassium methoxide for transesterification of soyabean oil. 

1.3 SCOPE OF WORK 

This work is focus on the us'e of soxhlet extraction to produce <;>il fro111 soya bean with later 

application of potassium hydroxide as the catalyst a't a temperature of JOoC and 

transesterification was carried out 
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1.4 .JUSTfFfCA TION 

These research works is of significance in the sense that biodiesel is going to be produced from 

soyabean oil arid its quality is going to be improved upon so that it could have uses in wide range 

of application. Biodiesel from soya bean oil approximately reduced the emission of hannful 

In the long run we would have a healthier environment cheaper biodiesel and more vibrant 

agricultural sector saddle with the responsibility of producing soyabean to meet the anticipated 

high demand. In essence our gross domestic product (GDP) will increased appreciably. 
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CHAPTER TWO 

2.0 LItERATURE REVIEW 

_ Soyahcans (U.S) or soybean (U.K) is speCIes of crop native to East Asia.Ancient Chinese 

document state that soyabean agriculture began during the Zhou dynasty in 664BC and was 

introduced to the Zhou heartland from the Manchurian plains (Britannica Concise Encyclopedia) 

Archaeologists recovered soya beans from a site in Jili l?rovince and dated charcoal associated 

with it to cal. 900 - 520BC. 

Reports indicate that the Eighteenth Century Missionaries retuming from china brought the first 

soyabeans to Westem Europe in the early 1700s (Britannica Concise Encyclopedia). Soyabeans 

were first introduced to the United States in 1760s where it was grown for hay. American took 

inter'est in the crop around 1952 and since then, soya beans acreage has grown tremendously. 

T?day the USA produces 83.9millions metric tons of soyabeans and this represent about 40% of 

the worlds supply (Britannica Concise Encyclopedia). In Nigeria today, it is grown in most 

northern states with Benue being the chief producer. With encouragement from the Federal 

Government in area of providing subsidy and modern agricultural inputs. Nigeria is poised to 
, . 

join the largest producers in the world (Free Soyabean Encyclopedia). 

2.2 PHYSICAL CHARACTEISTICS 

Soyabeans exist in various sizes and in several coat colors including black brown yellow and 

mottled. The seed coat of mature bean is hard, water resistance and protects the cotyledon 

hypocotyls from damage. If the seed coat is cracked, the seed will not germinate: The sear visible 

on the seed coat is called the helium. At one end of the helium is the seed coat Wllich can allow 

the absorption of water. Remarkably, seed such as soyabeans containing very high level of 

protein can undergo desiccation yet survive and receive after water absorption (Britannica 

concise Encyclopedia). 
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2.3 CHEMICAL COMPOSITION 

The oil and protein content together account for about 60% of dry soyabeans by weight, protein 

at 40%1 and oil at 20%.The remainder consist of 35% carbohydrate and about 5% ash (Britannica 

Concise Encyclopedia). 

Majority of soy protein is a relatively heat stable storage protein. This heat stability enables soy 

food products requiring high temperature cooking such as soy milk and soy flour to be made 

without destroying the protein content. 

2.4 BIODIESEL 

Biodiesel is the name for a variety of ester based fuels generally defined as the mono alkyl esters 

made from vegetable oils such as soybean oil, canola or hemp oil or sometime from animals fats 

through a simple transesterification process. This renewable source is as efficient as petroleum 

diesel ill powcring unmodified diescl engine. 

The methyl esters derived from vegetable oil (biodiesel) haye good potential as an alternative 

diesel fuel. The cetane number energy content, viscosity and phase changes of biodiesel are 

similar to those of petroleum based diesel fuel. 

, Article released by Stidham W.D and Dnzer M.F. 2007, outline that Animal and plant fats and 

oils are typically made of triglycerides which are esters of free fatty acids with the trihydric 

alcohol, glycerol in the transterification process, the alcohol is deprotonated with a based to 

make it a stronger nucleophile.Commonly ethanol or methanol are used as can be seen the 

reaction has no other inputs than the triglycerides and the alcohol. Normally this reaction will . 

proceed more quickly. It is ilnportant to note that the acid' or bas~ are not consumed by the 

transesterification reaction Thus, they are not reactants but catalyst almost all biodiesel,is 

prodt!ced from virgin vegetable oils requiring only low temperature and pressure and producing 

over 98% conversion yield (provided the starting oil is low in moisture and free fatty acids) 

(Stidham and Danzer, 2007). 
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Graboski and McCormick have summarized several experimental studies of biodieseI 

characteristics they report that the cetane number for biodiesel ranges from 45.8 - 56.9 for soya 

bcans oil mcthyl esters with an average of 50.9 In comparison the cetane index for petrolellm 

diesel ranges {i'om 40 (0 52.They imply (hat careful production control could result ill biod.icscl 

products with cetane numbers in the high end of the range whereas petroleum diesel tends 

towards the low end of the range. United State refiners lise the catalytic crackil~g and cooking 

process to increase gasolille output Ji'om oil refineries yielding high octane gasoline material but 

low cetane diesel material. The alkyl esters of fatty oils (biodiesel) produced by 

transesterification of the oil. 

A typical stoichiometry of such reaction is given as follows 

o 
1/ 

CH;-O-C -R, 
'I - 0 -

II 
CH -O-C -R2 + 3CH·;C)H ~ 

I () . 
/I 

CH2-O-C - R3 

2.2 BIODISEL PROCESSING 

o 
I 

CH 3-O-C-R1 

I 0 
. I 

CH -O-C-R" + 3 ,.-

I ? 
CH -O-C-R 3 ,3 

CH2-OH 

I . 
CH -OH 

I 
CH -OH 2 . 

The process is called transesterification similar to saponification. Saponification is soap making 

to make soap you take a transfatty acid or triglyceride (oil) and blend it with a solution of sodium 

hydroxide (NaOH or caustic soda) and water. This reaction causes the ester chains to separate 

from the glycerin these esters chains are what becomes the soap. They are also called lipids their 

unique characteristics of being attracted to polar molecules such as water on one end and to non 

polar molecules like oil Oil the other end is what makes, them effective as soap.In 

t~ansesterification caustic soda are mixed to create sodium methoxide (Na+CH30) when mixed 

in with the soybean oil this strong polar bonded chemical breaks the transfatty acid into glycerin 

and also ester chains (biodiesel) along with some soap if you are not painstaking or vigilant 

(more on that later) the esters become methyl esters 'they would be esters if reacted with ethanol 

instead of methanol. 
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-------------------'-_:..: ... -----'---_._----------------

For the trans esterification process 

Fats/oil + NaoH + H20 __ ... esters chain +glycerin 

Glycerin water soap 

Sodium methoxide 

Other important operational process of biodicscl production' involves filtering heating titration 
. 

and so on more of these PiPcedures will be discussed in chapter 3 of the work. 

2.3 BIODIESEL PRODUCTION PROCESS 

Biodiesel are commonly produced by the trans esterification of the feedstock. There are several 

Inethods for carrying out this transesterification reaction including the common batch process, 

supercritical process ultrasonic methods and microwave method (Wikipedia, 2008.) 

2.3.1 SUPERFICIAL PROCESS 

An altemative catalyst free method for trans esterification uses .superficial methanol at high 

temperatures and pressures in a continuous process in the superficial state the oil and methanol 

are in a single phase, and reaction occurs spontaneously and rapidly. The process can tolerate 

water in the feedstock fi'ee fatty acids are converted to methyl esters instead of soap so a wide 

variety of feedstoyk can be used. Also the catalyst removal step is eliminated high temperatures 

and pressures are required but energy costs of production are similar or less than catalytic 

production routes. 

2.:1.2 lJLTI~A AND HIGH SHI~AR IN LINE AND BATCH REACTORS 

Ultra and high shear ill line or batch reactors allow production of biodiesel continually semi 

continuously and in batch mode. This drastically reduces production time and increases 

pro~uction volume. The reaction takes place in the high energy shear zone of the ultra and high 

shear mixer by reducing the droplet size of the immiscible liquid such as oil or fats and 

methanol. Therefore the smaller the droplet size the larger the surface area the faster the catalyst 

can react. 
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2.3.3 ULTRASONIC REACTOR METHOD 

In the ultrasonic reactor method the ultrasonic waves cause the reaction mixture to produce and 

collapse bubbles constantly this cavitations' provides simultaneously the mixing and heating 

requir~d to carry out the esterification proces~ thus using an ultrasonic reactor for biodiesel 

production drasticully reduces the reaction timo, reaction temperature and energy input hence the 
I 

process of transesterification can run inline rather than using the time consuming batch 

processing. Industrial scale ultrasonic devices allow for the industrial scale processing of several 

thousand barrels per day. 

2.3.4 MICROWAVE METHOD 

Current research is being directed into using commercial microwave ovens into provide the heat 

, needed in the transesterification process. The microwave provide intense localized heating that 

may be higher than the recorded temperature of the reaction vessel a continuous flow process 

producing 6litres/minutes at a 99% conversion rate has been developed and shown to consume 

only one-fourth of the energy required in the batch process although it is still in the laboratory 

scale development stage the microwave method holds great potential to be an efficient and cost 

comparative method for commercial scale biodiesel production 

2.3.5 BATCH PROCESS 

In the batch process care must be taken to monitor the am~mnt of water and free fatty acids in the 

incoming biolipds (oil and fat). if the free fatty acid level or water level is too high it may cause 

problems with soap formation (saponification) and the sep~ration of the glycerin by product 

downstream Catalyst is dissolved in the alcohol using a standard agitator or mixer. The 

alcohol/catalyst mix is then charged into a closed reaction vessel and the biolipid (vegetable oil 

or animal oil or fat) is added the system from here ~n is totally closed to the temperature of the 

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

the alcohol (around 70%, 1580F) to speed up the reaction through some'systems recommend the 

reaction' take' place anywhere from room temperature. to 55°C (131°F) for 'safety reasons. 
. . 

Recommended reaction time varies from 30 min to 8 hours under normal conditions the reaction 
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rate will double with every 10° C increase' in reaction temperature excess alcohol is normally 

used to ensure total conversion of the fat or oil to its esters the glycelln phase is much denser 

than biodiesel phase and the two can be gravity separated with glycerin simply drawn off the 

bottom of the setting vessel. In some cases a centrifuge is .used to separate the two materials 

faster. Once the glycerin and biodieseI phases have been separated the excess alcohol in each 

phase is removed with a flash evaporation process or by distillation. In other 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 reused. Care must be 

taken to ensure no water accumulates in the recovered alcohol stream. The glycerin by product 

contains unused catalyst and soaps that are neutralized with an acid and sent to storage as crude 

glycerin' (water and alcohol are removed later, chiefly using evaporation to produce 80 - 88% 

pure glycerin) 

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 An alcohol catalyst and 

oil are combined in a reactor and agitated for approximately one hour at 60°C snialler plants 

often use batch reactors (W.D Stidhalll et aI, 2000)- but larger plants (> 4 million litres/yr) use 

continuous flow processes involving continuous stirred tank reactors (cstr) or plug flow reactors 

(G.assman et aI, 1996,), 

The reaction is sometimes done in two stages where approximately 80% of the alcohol and 

catalyst is added to the oil in a first stage CSTR then the product stream from the reactor goes 

through a glycerol removal step before entering a second a second CSTR the remaining 20% of 

the alcohol and catalyst are added in this second reactor this system provides a very complete 

reaction with the potential of using less alcohol than single step systems following the reaction 

the glycerol is removed from the methyl esters due to the low solubility of the glycerol in the 

esters, this separation generally occurs quickly and may be accomplished with either a settling 

tank or a centrifuge the excess methanol tends to act as a solubilizer and can slow the separation. 

However this excess methano~ is usually not removed from" the reaction'stream until after the 

glycerol and methyl esters are separated due to concern about reversing the ttansesterification 
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reaction water may be added to the reactiori mixture after the trans esterification is complete to 

improve the separation of glycerol. (W.D Stidham et aI, 2000 and T.Wimmer et aI, 1999) 

. . 
After the separation from the ~lycerol the methyl esters enter a neutralization step and then pass 

through a methanol stripper, usually a vacuums llash process or a 'falling film evaporator berore 

water washing acid is added to the biodiesc1 to neutralize any residual catalyst and to split any 

soap that may have formed during the reaction. Soaps will react with the acid to form water 

solublc salts and (I'cc ratty acids as shown in thc reaction . 

Na+ 0 --- b --- R + HCL ? ll---O---!;---R + Nacl 

Sodium soap Acid fatty acid salt 

The salt will be removed during the water washing step and 1he free fatty acids will stay in the 

biodiesel. The water washing step is intended to remove any remaining catalyst soap salt 

methanol or free glycerol from the biodiesel Neutralization before washing reduces the water 

required and minimizes the potentials for emulsion to form when the wash water is added to the 

biodiesel. Following the wash process any remaining water from the biodiesel by a vacuum flash 

process. The glycerol stream leaving the separator is only about 50% glycerol it contains some of 

the excess methanol and most of the catalyst and soap. In this form the glycerol has little value 

and disposal may be difficult. The methanol content requires the glycerol to be treated as 

hazardous waste. The first step in refining the glycerol is usttally to acid acid to split the soaps 

. into fr~c ratty acids and salts. The free fatty acids are not soluble in the 

Glycerol and will rise to the top where they can be removed and recycled the salts remain with 

the glycerol although depending on the economical compounds present some may precipitate 

out. One frequently touted option is to use potassium hydroxide as the reaction catalyst and 

phosphotic acid for Neutralization so that the salt formeq. is potassium phosphate which can be 

I 

used for fertilizer. After acidulation and separation of the free fatty acids the methanol in the 

glycerol is removed by a vacuum flash process or another tyve of evaporator. At this point the 
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glycerol should have a purity of approximately 85% and is typically sold to a glycerol refiner. 

The glycerol refining process takes the purity up to 99.5 to 99.7% Using vacuull). distillation or 

ion exchange process the methanol that is removed from the'methyl ester and glycerol streams 

will tend to collect any water that may have entered the process the water should be removed in a 

distillation column before the methanol is returned to the process this step is more difficult if an 

alcohol such as ethanol or isopropanol is used that forms an azeotrope with water then a 

molecular sieve is used to remove the water. 

2.5 PERFORMANCE AND EMISSION CHARACTERISTICS OF BIODIESEL 

One of the most important characteristics of diesel fuel is ,its ability to auto ignite a characteristic 

that is quantified by a fuels cetane number or cetane index;' where a higher cetane number or 

index means that the fuel ignites more quickly United Stat~s petroleum diesel typically has a 

cetane .number index in the low 40s and European diesel typically has a cetane index in the low 

50s 

1. Graboski and McCormick have summarized several experimental studies of biodiesel 

characteristics they report that the cetane number for biodiesel ranges from 45.8-56.9 

for soya beans oil methyl esters with an average of 50.9 in comparison the cctanc index 

for petroleum diesel ranges from 40 to 52.They imply that careful production control 

could result in, biodiesel products with cetane numbers in the high end of the range 

whereas petroleum diesel tends towards the low end of the range. United State refiners 

use the catalytic cracking and cooking process to increase gasoline output fi:om oil 

refineries yielding high octane gasoline material but low cetane diesel material. 

11. Lubricity another important characteristic of diesel fuel is a measure' of lubricating 

properties. Fuel injectors and some types of fuel pumps rely on fuel for lubrication. One 

study published in 1998 and cited by the national diesel biodiesel board, found that one 

half of samples of petroleum diesel sold did not meet the recommended minimum 

standard for lubricity .biodiesel has better lubricity than current low sulphur petroleum 

diesel, which contains 500 parts per million (ppm) sulphur by weight the petroleum diesel 

lubricity problem is expected to get worse when ultra low sulphur petroleum diesel 
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(lSppm sulphur by weight) is introduced in 2006. A 1 or 2 percent volumetric blend of 

hiodil'11l'l ill 111\\1 11l1lplll1l' polrolollill dioHtll implllveH lubricily substalltillily it should be 

noted however that the use of other lubricity additiv~s may achieve the same effect at 

lowcr cost. 

111. Biodiesel also has some performance disadvantages the pcrformancc of biodicscl in cold 

1'lIlldlllllll iii IIlilll,\'dl,v Wlllf.lV Iltilll lilill ur P\;\lrol~lIll1 c1iG~tll lIml biodiCl!:ltJl mmlCl 1)'01\) 

YlJllow grllmw iii WOI'tW tlmll Hoya beHI1 hit)diescl il1 (his regard. At low temporaturo diesel 

[ucl forms wax crystals which can clog fuel limes and filters in a vehicle fuel system. The 

cloud point is the temperature at which a sample of the fuel starts to. appear cloudy 

indicating that wax crystals have begun to form. At ·even lower tempcrature diesel fuel 

becomes a gel that cannot be pumped. The pOllr point .is the temperature below which the 

Tfuel will not flow the cloud and pour point for biodiesel are higher than those for 

petroleum diesel. 

IV. Vehicles running on biodiesel blends may therefore exhibit more drivability problems at 

less severe winter temperatures than those vehicles running on petroleum diesel. This is a 

. potential concern during the winter in much of the United States. The solvent property of 

biodiesel may be incompatible with the .seals used in the fuel systems of older vehicles 

and machinery, necessitating the replacement of those part~ if biodiesel blends are used. 

The initial used ofB20 or Bl 00 in any vehicle or machino required COl'O po\rolol1l11 diesel 

'forms deposits in vehicular fuel systems and because biodiesel can loosen those deposits 

they can migrate and clog fuel lines and filters. 

v. Another disadvantage of biodiesel is that· it tends to reduce fuel economy energy 

r'm(,II'Ih'V in pr'I'\II'llIlIv.1' 1\1' 1I1r' f\1(,ln tl\p\'II"d (,11I;!!,!!)1 t!lo\ It;! d(;llh!tll'tld 11/:\ 1?11P,.ItW UUlPIII l lIild 

\IiudiL~I'll:l1 hnrl tilloWIl 110 Nignilll)!I111 l.,I'fl'lul on the energy efficiency 01' tiny test engine 

volumetric enicicncya measlire that is marc fatl1ilial' to most vehicle lIsers lIsually is 

expressed as miles travelled per gallon of fuel (or kilometer~ per litre of fuel). The energy 

content per gallon of biodiesel is approximately 1 1 Percent lower than that of petrolellm 

diesel vehicles running on 820 are therefore expected to achieve 2.2 Percent (20 percent 

* 11 percent) fewer 1'11iles per gallon of fuel. 
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VI. About 11 percent of the weight of 13 1 00 is oxygen the presence of oxygen in biodiesel 

improves combustion and therefore reduces hydrocarbon carbon monoxide and 

particulate emissions but oxygenated fuels also tends to increase nitrogen oxide 

cmissions. Enginc tcst havc confirmed the expected increases and decreases of each 

exhaust component from engines without emission,controls biodiesel users also note that 

the exhaust smells better than the exhaust from engine burning conventional diesel. 

Vll. The increase in nitrogen oxide emissionsfrOlll biodie'sel caribe'reduced by adding cetane 

number enhancers di-tert-butyl peroxide at 1 percent or 2 ethylhexylnitrate at 0.5 percent 

can reduce nitrogen oxi.de emissions from biodiesel and reducing the aromatic content of 

petroleum diesel from 31.9 percent to 25.8 percent is estimated to have the same effect in 

the case of petroleum diesel the reduction in aromatic content can be accomplished by 

blending fuel that meets environmental protection agency specification. 

Vlll. Nitrogen oxide emission from biodiesel blends could possibly be reduced by blending 

with kerosene or' Fischer tropsch diesel kerosene blended with 40% biodiesel has 

estimated emissions of nitrogen oxide no higher than those of petroleum diesel as doe's 

fisher tropsch diesel or kerosene could be used to. reduce nitrogen oxide emissions from 

blends containing 20% biodiesel. 

. 
IX. Oxides of nitrogen and hydrocarbons are ozone precursors carbon monoxide is also an , 

ozone precursor but to a lesser extent than unburned hydrocarbons or nitrogen oxides. Air 
T 

quality modeling is needed to deternline whether the use ofbiodiesel without additives to 

prevent increase in nitrogen oxide emissions ~ill increase or decrease ground level ozone 

on balance. 

13 



2.6 STANDARDS OF VEGETABLE OIL IN BIODIESEL PRODUCTION 

TilE "ROPI~RTIES OF VEGETABLE OIL 

Property Soya bean oil Sunflower oil Rapeseed 

Density (kg/mJ) 922 933 921 

Viscosity (mil/Is) 31.7 64.1 35.9 

Cctane index 47.8 49.1 47.5 

Acid value(mgKOH/g) 2.67 3.82 2.88 

Saponification value (mgKOH(g) 169 196 177 

Iodine valu~ (g) 106 117 109 

The effects of some of these properties are discussed below 

• The acid value is also called "Neutralization number" or Acid number and it is the mass 

of potassium hydroxide (KOH) in milligrams (mg) that is required to neutralize one gram 

oJ the oil. On a general note the more the oil is used the more acidic it becomes which 

means a higher acid v~lue .The effect of this on the. biodiesel production is that more 

quantity of the base will be required to neutralize the acidic content of the oil to be 

transesterified resulting in a higher cost of production ofbiodiesel. 

• Cetane number which is a measurement of the combustion quality of diesel fuel during 

compression ignition it is a significant expression of diesel fuel quality among a number 

of other measurements that detenl1ine overall diesel fuel quality. Cetane number of a fuel 

is defined as the percentage by volume of normal cetane in a mixture of normal cetane 

and alpha methyl naphthalene which has the same ignition characteristics (ignition delay) 

as the test fuel when combustion is carried out in a standard engine under specified 

operating conditions. Generally diesel engines run well with a cetane number from 40 to . 
55 Fuels with higher cetane number which have shorter ignition delays provide more 

time for the fuel combustion process to be completed. Hence higher speed diesels operate 

more time effectively with higher cetane number fuels (Wikipedia, 2008) 
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• The iodine value is the mass of iodine in grams that is consumed by lOOg of a substance 

the higher this alue the more unsaturated fat it contains this then means that for a waste 

vegetable oil th iodine value will be lower than the range given in the figure on the table 

except for sunflower which is a used oil. 

• The viscosity can be perceived as "thickness" or resistance to flow for most vegetable oil 

the viscosity is higher than that of used vegetable oil in biodiesel production a used 

vegetable oil is often pr~ferred because of its low viscosity which is as a result of several 

uses allowing the fatty acid chain of the oil to be broken r~sulting in high free fatty acid 
I 

of the oil. The effect of high viscose oil on final biodiesel is that it makes the oil congeal 

at low temperature(pour point) this is a general problem ofbiodiesel but it is compounded 

with the use of high viscose oil so low viscose oil is often used for transesterification. 

• Saponification value is the measure of the mean molecular weight of fatty materials 

present in the oil it is expressed as the numbers of milligrams of potassium hydroxide 

required to saponites one gram of the oil. The pr.ocess of saponites is the hydrolysis of 

triglycerides into glycerol and potassium salts of. the fatty acid using a solution of 

potassium in alcohol the determination of the saponification value is a reasonably reliable 

.,.means of characterizing the fat. 

• The colour of the feedstock (vegetable oil) sometimes determine the colour of the 

biodiesel that will be obtained from the oiL this difference in colour CaIUlot be easily 

detected because no chemical change that occurs during the transesterification reaction 

affects the colour of the product the noticeable difference will be just the viscosity of 

both as discussed above. 
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2.7 PRODUCTION PROCESS FACTORS 

2.7.1 COMPLETION OF REACTION 

The most important issue during biodiesel production is the completion of the transcsterification 

rcaclion. Thc basic chemical process that occurs during the reaction is indicated by the following 

SC~lllCIH.:e or events. 

Triglyccride-~ diglyccridc-~ 1l10noglyccridc-~ glyccrof 

1 1 1 
Methyl ester methyl ester methyl ester 

, The triglycerides are converted to triglycerides, which in turn are converted to mono glycerides 

and then to glycerol each step produces a molecule of a methyl ester of a fatty acid if the reaction 

is incomplete then there will be triglycerides diglycerides and mono glycerides left in the reaction . ' . 

mixture each of these compounds still contain a glycerol molecule that has not been released. 

The glycerol portion of these compounds is referred to as bound glycerol when the bound 

glycerol is added to the free glycerol the sum is known as the total glycerol. The ASTM 

specification requires that the total glycerol be less than 0.24% of the final biodiesel product as 

measured using a gas. Chromatographic method described in ASTM D 6584 since the glycerol 

portion of the original oi I is usually about 10.5% this level of total glycerol corresponds to 97% 

reaction completion (G. V Gerpen, 1999)· 

2.7.2 FREE GLYCEROL 

Free glycerol refers to the amount of glycerol that is left in the finished biodiesel. Glycerol is 

essentially insoluble in biodiesel so almost all of the glycerol is easily removed by settling or 

centrifugation. Free glycerol may remain either as susp.ended droplets or as the very small 

amount that is dissolved in the biodiesel. Alcohols can act as cosolvents to increase the solubility 

of glycerol in the biodiesel. Most of this glycerol should be removed during the water washil1g 

process. Water washed fuel is generally low in free glycerol, especially if hot water is used for 
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washing. Distilled biodiesel tends to have 'a greater problem with free glycerol due to glycerol 

car;'y over during distillation. Fuel with excessive free glycerol will usually have a problem with 

glycerol settling out in storage tanks, creating a very viscose mixture that can plug fuel filters 

and cause combustion problems in the engine (.LV Gerpen, 1999), 

2.7.3 RI~SI()UAL ALCOHOL AND RESJDUAL CATALYST 

Since methanol (and ethanol) and alkaline catalyst are more ,soluble in the polar glycerol phase 

most ~ill be removed when the glycerol is separated from the bio diesel however the biodiesel 

typically contains 2.4% methanol after the separation which may constitute as much as 40% of 

the excess methanol from the reaction. Most proqessors will recover this methanol using a 

vacuum stripping process. Any methanol remaining after this stripping process should be 

removed by the water washing process. Therefore the residual alcohol level in the biodiesel 

should be very low. A specific value for the allowable ·alcohol level is specified in European 

biodiesel standards (0.2% in EN 14214) tests have shown that as little as 1 % methanol in the 

biodiesel can lower the flashpoint of the biodiesel from 170~C to less than 40°C. Therefore by 

including a flash point specification of 130DC the ASTM standard limits the amount of alcohol to 

a very low level « 0.1 %) residual alcohol left in the bio diesel will generally be too small to 

negatively impact the fuels perf0n11ance. However lowering the flashpoint presents a potential 

safety hazards as the fuel may need to be treated more like gasoline which also has a low flash 

point than diesel fuel. 

Most of the residual catalyst is removed with the glycerol like the alcohol remaining catalyst 

should be removed during the water washing. Although a value for residual catalyst is not 

included in the ASTM standard it will be limited by the specification on sulfated ash Excessive 

ash in the fuel can lead to engine deposits and high abrasive wear levels. The European standards 

EN 14214 places limits on calcium and magnesium as yvell as the alkali metals sodium and 

potassium (J.V Gerpen, 1999)· 
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2.8 BIODIESEL SPECIFICATION 

The standards. ensure that the following important factors in the fuel production process are 

satisfied 

• Acid value 

• Complete reaction 

• Removal of glycerin 

• Removal of catalyst 

• Removal of alcohol 

• Absence of free fatty acids 

iI Low sulphur content 
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2.11 BIODIESEL PROPERTIES 

A property of biodiesel mentioned in the following table must meet the specification mentioned 

for the property from the date mentioned for the property. 

i 

Item Properties Specification 

~"-~-.----~---

Density ~lt 50°C 860 - 890Kglm3 

2 Distillation at T90 360°C 

3 -Viscosity 3.5 - 5.0mm2/40°C 

4 Flash point 120°C(min) 

5 Copper stripper corrosion No.3max 

6 Ester content 96.5 % (r,n/m)(min) 

7 Acid value 0.80 mgKOH/g(max) 

8 Total contamination 24 mg/kg(max) 

9 Cetane number 51.0 (min) 

ro Oxidation stability 6 hrs at 110°C (min) 

(Biodiesel fact sheet, 2003)-

2.10 ENVIRONMENTAL AND SAFETY INFORMATION OF BIODIESEL" 

• Skin irritation in humans: A 24hours human patch test indicated that undiluted biodiesel " 

produced very mild irrit~tion. The limitation was less than the result produced by a 4% 

soap and water solution. 

• Biodegradability: The biodiesel degrades about four times faster than petroleum diesel. 

Within 28 days. Pure biodiesel degrades 85 to 88 percent in water. Dextrose (a test sugar 

used as the positive control when testing biodegradability) degraded at the sanle rate. 

BlendIng biodiesel with diesel fuel accelerates its biodegradability. For example, blends 

of20 percent biodiesel t;lnd 80 percent diesel fuel degrade twice as fast as diesel alone 
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Flash point: The nash point of a fuel is defined as the temperature at which it will ignite 

when exposed to a spark or flame .Biodiesel flash point is over 125"C well when above 

petroleum based diesel fuels flash point of around 58"C testing has shown the flash point 
t, 

of biodiesel blends increases. Therefore biodiesel and blends of biodiesel with petroleum 

diesel are safer to store handle and use than conventional diesel fuel (Biodiesel fact sheet, 

2003). 
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CHAPTER THREE 

3.0 RESI~ARCH METHODOLOGY 

3.1 RAW MATERIALS USI~D 

• Methanol 

• Potassium hydroxide 

• Hydrochloric Acid 

• Ethanol Potassium Hydroxide 

• Sodium Thiosulphate Solution 

• Carbon Tetrachloride 

• DAM'S Reagent 

• n-Hexane 

• Soya bean 

• Phenolphthalein Indictor 

3.2 EQUIPMENT TO BE USED 

• Grinding Machine 

• PH Meter 

• Beaker 

• Magnetic Stirrer 

• Measuring Cylinder 

• V! eighing Balance 

• Glass Stirrer 

• Viscometer 

• . Soxhlet Extractor 
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• Conical Flask 

• Water Bath 

3.3 EXPERIMENTAL PROCEDURE FOR OIL EXTRACTION FROM SOYABEANS 

(SOXIILET EXTRACTION) 

grilld soyaIH::t1l powd0r was tnllls!0rr<..:d illto a thilllble IIlld placed inside a receiver portion o/' lhe 

exlactor.250nm of n-hexane was .poured into a round boltom flask whose weight had earlier been 

taken the flask was then placed in a heating mantle. The soxhlet apparatus fixed with a condenser 

was mOllnted on the Oask. The' condenser water inlet was co;~nectbd to tap by a rubber tube and 
, 

the wilter olltlet was channeled to the sink. The set lip was held in position by a retort stand and 

the vent of the condenser was made air tight to prevent the escape of the solvent in the vapor 

state. The heating mantle was switched on and regulated to 8°C to commence the extraction 

process. The extraction was allowed to run for six hours the n-hexane was later observed to boil 

at about noe the vaporized n-hexane percolated into the thimble through. The tiny pore spaces 

to the sample the oil was extracted (leached) by the vaporized n-hexane. The n-hexane is then 

condensed through the constant flow of water into the soxhlet extraCtor. The oil extract 

containing n-hcxanc is, thcn carried down to the round bottom0ask as it reOuxes the above 

process of reflux continues until a total extraction of oil was observed. To recover the solvent the 

mixture contained in the flask was continually heated and the solvent evaporated out of the 

mixture and condensed into the thimble chamber until it remains the pure oil in the flask. The 

condensed solvent in the thimble chamber was poured into a measuring cylinder to measure the . 

solvent recovered while the flask containing the oil was also weighed to detennine the weight of 

oil. This process was repeated for five more extraction runs to obtain a reasonable quantity for 

this research work. 
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'1'1111 tllL-dllll' III' ('Ihilllni illHI 1\l1\l1~11I~ ill 1'11110 I: I hy VUhllll1:l WUrl Ill'rll Ill:llltrHIlIf,l:Id priol' III Urll:l by 

IIHi n}.-\ t:tlHlllol potllHHlIlIll hydrox idtl Hollilioll jill he preRHure ,0 r O,Jml 0 r inc! lonlol' per 100m I or I he 

IllixHIt'l:JJ2M Or~l1l1lpl~ WlIH WI3I~11 illiO 250ml Gonlonl fIU§I{ ~OI1lI ol'pn!violl§ly n@lItI'nll~~(1 mlxllW@ 

tlrlollltll\~1 IIml lHlmBll1 WIiFl mlill'l(\ III Illlt 1l11~k. A l\:iw drnp~ 011 111ll'lliolpll!lllllt:'ili iiitlil;illtlf \\!t3PtJ 

lidded Hlld Ihe ClltltClltH \VCI't~ litl'lltod IIguitlHt O.IIIII/L solution lIntil \lw indicator changes pink 

colour. 

Calculation: 

A y= S(). I () x C x V 

m 

Where; 

c= the exact concentration of hydrochloric acid 

m= the mass oftest sample 

v = Volume of ethanol potassium hydroxide solution 

3.4.2 DETERMINATION OF SAPONIFAICATION VALUE 

2g or the soyabean oil was weighed into a conical flask; 25m 1 of ethanol potassium hydroxide 

was then added by the acid of pipette. A reflux condenser was placed on the electric heater. The 

content was allowed to boil gently for 60 minutes with shaking from time to time. 1m1 of 

plWllolplltllaic:ill indicator WiI~ tllell :Idded to tho (lask lIlld the content or the na~k WliS titrated 

with O.51ll1l1, hydrochloric neil! IIlltil tho pillk cololit' 01' the indicntOl' just disnppcllrcd. The sumo 

procedure v;us used 1'01' other HUlIlplcs and blank which contain n~ sample. Two determinations 

were carried out in each test sample. 
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Inklllnliol1R: 

III 

V I'" tile volume or hydl'()(;hloric add solution used for dctcrminutiol1 

C= the exact concentration of hydrochloric acid 

m= the mass of test sample 

3.5.3 DETERMINATION OF IODINE VALUE 

2g of sample was weighed into conical flask. 20ml of carbon tetrachloride and 25m! of DAMS . 

reagent was added to the flask. Stopped was then inserted and the content of the flask was 

vigorously swirled. The flask was then placed in the dark for Ihours 30 minutes. At the end of 

{he lime, 20ml of potassium iodinc solution and 150ml of water were added. The content of each , . . , 

'~fIask was titrated with O.lmllL sodium thiosulpahte solution until' the yellow colour due to the 

iodine has almost disappeared. Few drops of starch were then added and titration continued until 

the blue colour disappears after vigorous shaking. 

Calculations; 

The Iodine value is given by the expression 12.69C VC
V

2 m 

Where; 

C= concentration of Sodium Thiosulphate used 

VI~ ~olul11e of the Sodium Thiosulphatc solution used for determination 

V2= Volume of the sodium Thiosulphate solutiOlll1Sed for detennination 

m= Illass of the test sample 
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3AA SPRCIFIC GRAVITY 

The spec; ft e gra v; I Y 0 r the 0 i \ w"S Jelerm i ned by lhe usc 0 r lhe re \"tiollsh i P bel wecn lhe wei ghl 

of I.hc oil and wei~hl of all equal volume of water:'!'hc density bottle w"S weighl cmply will' 

,veighl (Wil Ihe densily boille was ft11ed wilh oil and weighed (W2). The bottle was emptied, 

wll,hod .11<1 rinRod RBvorll1 timo, with wlllor. Ilnd Iheo filled wilh WilIer with Vohlnl. o([nlll
lO 

Ihlll 

III' Ih\~ \)"I\lld ",rip.lled (W ,). 

3.5 STUDY OF THE TRANSESTERIFICATION REACTIONS 

I OOml 0 r soya bea 11 oil is I railS ferred ill to the 1000011 beaker scrvi Ilg as the reactor. At ex.ctl y 

700C, tile potassium methoxide was added to the soyabean oil on the magnetic stirrer and heater, 

this is to enable uniform agitation and to maintain the temperature at 70°C while the reaction is 

carried out for a specified time. The amounts of reactants used are given below. 

100m1 of soyabean oil 

25m1 of methanol 

2gofKOH 

The reaction was carried out in four different batches using the same rates of reactants, at a 

temperature of 700C but with varying reaction time. Time was set at 25, 35, 45 and 55 minutes. 

The product which was weighed was transferred into a separating funnel and left for about 

16hours to al1o,,", for com P lete separation of methyl ester from by product (glycerine). 

3.5.1 SEPERATION OF GLYCERINE (BY PRODUCT) 

After ~bout 16 hours the product has formed two distinct layers. A dark brown semi liquid 

bottom layer of glycerin and top layer of methyl ester (biodiesel). These were separated with the. 

separated funnel by allowing tile glycerine to flow O\;t of the funnel. 
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'l'hll plliPWil\ til "',Ibld"g 1111) hiillilutlul Itl tn I'UIIIUVlj Imlllhiu IIIIIHll'ltltl,ti bUrlloully (1I11 n:lIIl\H\Il( of 
I 

KOH in tho form or soap (rom the biodicscl. This was done by adding distilled water to the 

J.() CIIARACTEIUZATION OF TIlI~ BIODIESEL 

The pure biodiesel obtained through the above procedure was characterized to test for the 

following fuel physical propeliies. 

3.6.1 Flash Point 

The flash point was determined using the pesky-marten equipment. The apparatus consist of a 

small cup into which the samplcs is put in the cup at regular intervals the cup was opened and 

open flame was directed into it when the vapour in the cup was able to produce a momentary 

'flame the temperature range that produced the flame is the flash point. 

3.6.2 VISCOSITY 

The common Fensky Viscometer was used to determine the viscosity of the sample. Some 

quantity of the sample was put in the viscometer so that it just conceded with the level of the 

upper mark on the viscometer. The time taken for the meniscus of the sample to fall upper 

meniscus of the bulb was noted and viscosity was calculated. 
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CHAPTER FOHn 

.... () IU:StJl,TS AND DISCtJSSION 

This chapter presents the results of the laboratory experiment conducted on sample at vnriolls 

stages or the project. Results obtained arc presented in the form oftables and variolls observation 

li'OlI1 tile stlldy conducted lire di:-lClISScd, 

4.1 RgSULTS 

Table 4.1 Result of Extraction 

Sample Amount of Weight of Weight of 
solvent dish samples 

(ml) (g) (g) 

A 150 54,56 15 

B 150 94:26 30 

C 150 98,09 45 

D 150 61.04 30 

E 150 98.09 50 

Table 4:2 Soya bean oil characteristics 

Property 

pH 

Saponification value 

Iodine value 

Specific gravity 

27 

Weight of Weight of , 
dish +oil oil 

extracted 
(g) 

(g) 

72,56 14,00 

121.26 ,. 27.00 
, 

130.09 32.00 

90.14 29.10 

138.09 40.00 

Value 

4.1 

172.30 mgKOH/100g 

107.10 giodine/lOOg 

3',4mgKOH/g 

35 mm2/s 

0.911 

% of oil 
extracted 

93 

90 

71 

97 

80 



Table 4.3 Experimental results 
25 min 35 min 45 min 55 min 

Reaction time 

Vi.,I.! IIF 1I11'IIIyl f'[1\('" he-lllI'(' wnr.:hilll!. 
n;;, 5),71 <iR5R <is.9R <i2,24 

Y kid or IIICllIylcNlel' .die!' Will-llli,lIl;!. 
'1., 54 . .:\:\ ()(), i) I M·.5"! ()O.Hf) 

TABLE 4.4 PHYSICAL PROPERTIES AND YIELD OF BIODIESEL SAMPLES 

Property Biodiesel 
Conventional diesel ASTM-D 

Viscosity 4.70mm2/s 2.96mm2/s 1.9 - 6.5 

Flash point 147°C 70°C 150°C 

Speci fic gravity 0.87 0.85 0.86 - 0.90 

Appearance 7.3 8.0 7.5 

Odour Mild odour 
Mild odour 

Flammability Non-sooty flame Sooty f'1:ame Non-sooty flame 

4.2 DISCUSSION OF RESULT 

The amount of oil extracted is shown in table 4.1 above it was observed that the amount of oil 

extracted with different sieve q:mfim1 that the rate of chemical reaction increases with increase in 

surface area. This is due to the fact that the particle size decreases the solute available for the 

solvent attach is increasing and hence more oil extracted. 

Considering table 4.2: The property of the oil is necessary in the production of biodiesel to 

detennine the nature of pretreatment needed for conversion of oil to esters. The pH of oil which 

was detennine to be 4.1 .It shows how acidic the oil is the viscosity and specific gravity of the 

oil were also detem1ine to be 35mm2/s and 0.911 respectively. The effect of this on the final 

biodiesel obtained is that it prevents biodiesel from coagulating at a low temperature. 
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Considering table 4.3, which present the cllaracteristics of biodiesel, at 25 minutes of reaction 

time, yield of methyl ester obtained before washing was 55.71% and after the washing process of 

methyl ester, the yield reduced to 54.43% it can further be said that the weight of glycerin 

obtai'ned (48.20g) as the final· byproduct, there is still some rea~ted methanol and potassium 

11Yilroxide that if 1110re time, its yield will incrcase. Also, the. 1.28% reduction in the yield aftcr 

the wa$hing process is as a result of side reactions during the transesterific~tion process, this 

soluble soap in the methyl ester was then removed during the washing 'of the methyl ester with 

water. 

At 35 minutes of reaction time, yield of methyl ester increased abruptly to 68.58% compared 

with 54.43% of the yield of 25min of reaction time. This sharp increase is as a result of the 

prolonged time of reaction, and to allow eXcess unreacted reactants to further undergo 

transesterification. This yield is the highest among three runs of the experimented carried out: 

The value then reduced to 66.81 % after washing due to the re!ll0val of soluble soap in the 

biodiesel. Variations in values obtained as compared with literature may be due to free glycerol 

which is the amount of glycerol that is left in the finished biodiesel. Glycerol is essentially 

insoluble in biodiesel so almost all of the glycerol is easily removed by setting. Free glycerol 

may remain either as suspended droplets or as the very small amount that is dissolved in the 

biodiese!, because the methanol used can act as solvents to increase the solubility of glycerol in 

the biodiesel. 

At 45 minutes of reaction time, yield obtained before washin.g of methyl ester 65.98% which is 

about ~.60% less than the yield of 35min. Also after washing, the yield is still considerably less 

than the Percentage yield obtained for 35min. The reasons for this slight decline may be because 

of the residual methanol and catalyst (KOH) since metI1anol and alkaline catalyst are more 

soluble in the polar glycerol phase most will be removed when the glycerol is separated from the 

biodiesel. 

At 55 minutes of reaction time, there is also a decline in both percentage yield bf methyl ester 

before washing with values 62.24% and 60.86% respectively. The possible reason for this drop 
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in yield of methyl ester after SSmin of reaction time could be the continuous reaction of excess 

Considcring table 4.3, the physkal properties of the biodiesel obtained from different batches are 

based on visual observations and laboratory procedures for the determination of specific gravity 

and.viscosity. The specific gravity for all samples of biodiesel was all gotten as 0.87 which is 

ill II "", 'h" ",,,II" IV i I h II", ,"II ,,111,,1 Vllh'o, ,h",,,I\,,·" ""II 1\11'11 ,ill~ I" Iho ,I ",,,1111'11. 'I'h" vi"" "il Y 
, ' " 

. value was 4.7111I11'/s which \,,\ls ill Ihe !'allgo from the literature review. The mild oilOlIi' 1I11(1 pllle 

yellow appearance oftlle biodiesel samples confirms with the expected findings. 
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CHAPTER IflVE 

1.0 CONCLUSIONS AND RECOMMENDATIONS 

1.1 CONCLUSION 

The following conclusion could be drawn from the experimental analysis and results of this 

project work 

The am'ount of oil extracted with difference sieve conforms that the rate of chemical reaction 

increases with increase in surface area. 

Methanol transesterification ~f soyabean oil for biodiesel production is another possibility of 

producing cheap altemative fossils fuels, which could reduce pollution and protect the 

environment. The methyl ester obtained through the method outlined in this work can be used as 

a fuel in diesel engines, because of its satisfying physical properties that could be compared with 

standard methyl esters. 

Biodiesel of good quality can be produced using potassium methoxide, at reaction temperature of 

700C and for 35minutes to obtain a maximal yield of methyl ester. 

1.2 RECOMMENDATIONS 

• Though it was expected that the potassium Hydroxide pellet used as a catalyst would 

.yield more biodiesel than glycerin but it did not. I would recommend that subsequent 

experiment incorporate the use of Sodium Hydroxide as a catalyst. 

• The chemical engineering departmental laboratory of Federal University of Teclmology 

Minna should be well equipped with biodiesel production facilities to enable students 

taking on this kind of project or related topic to be able to monitor the quality ofbiodiesel 

product and also that of the feedstock rather be seen as an outsider in other laboratories 

which sometimes slows the work and makes it hard for easy' monitoring. 

• This project has shown that soya bean oil can be 1 converted to wealth through the 

• production of biodiesel The use of soybean oil to produce biodiesel can only account for 
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a very low percentage of diesel consumption so farmers should be encouraged to 

concentrate on the production of non edible oils like rapese~d palm oil soybean oil, a well 

coordinated soyabean development programme should be set up in the country so as to 

fully utilize the benefit that can be derived from it. 
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APPENDIX 

EXPERIMENTAL CALCULATION 

t of the soya bean before drying 

t of soya bean after drying 

weight of the sample before the extraction 

weight of sample + dish 

amount of oil extracted 

·1 extracted 

weight of the sample before the extraction 

weight of sample + dish 

amount of oil extracted 

weight of sample before the extraction 

weight or sample -I- dish 

amount of oil extracted 

amount of sample before extraction 

weight of sample + dish 

amount of oil extracted 

amount of sample before extraction 

weight of sample + dish 

amount of oil extracted 

extracted 

35 

=500g 

=450g 

=500 - 450 

500 

=54.56g 

=68.56g 

=68.56 - 54.56 =14 

= (14/15) x100%=93.33% 

= 94.26g 

121.26g 

= 121.26 - 94.26=27 

= (27/30) xlOO%=90% 

= 98.09g 

::= 130.09g 

= i30.09 - 98.09=32 

= (32/45) x100%=71 % 

= 61.04g 

= 90.14g 
I 

= 90.14 - 61.14=29.1 

= (29.1/30) x100=97% 

= 98.09g 

= 138.09g 

= 138.09 - 98.08=40 

== (40/50) x100=80% 



Cl'mllllltioll of I.,dine vallie 

Mass of sample 
used (g) 

2.0 

titre value 

(ml) 

4.00 

25.60 

rmination of saponification value 

Mass of sample titre value 
used (g) (ml) 

2.0 4.00 

16.40 

ation of acid value 

Mass of sample titre value 
used (g) (ml) 

2.0 2.00 

titre value 

(ml) 

4.20 

25.50 

titre value 
(ml) 

3.50 

16.20 

titre value 
(ml) 

2.00 

Average titre 

value (ml) 

4.10 

25.5 

Average titre 
value (ml) 

3.75 

16.30 

Average titre 

value (ml) 

2.00 

CALCULATION OF PERCENTAGE YIELD OF METHYLESTER 

The composition of reactants for the transesterificatiori at 70°C is given below: 

Weight of methanol - 25g 

100g 

2g 

, 
So, total weight of reactant = (100 + 25 + 2) = 127g 

SAMPLE A (REACTION TIME 25 minutes) 

Wt of flat bottom flask = 180.5g 
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== 299.45g 

Wt of product + flask 

tYt~ yicld of mcthyl cstcr ?c1orc washing == 

7Q.75 x 100 
_------ ==55.71% 

127 

== 69.12g 
methyl ester after washing 

== 69.12 x 100 == 54.43% 

% yield of methyl ester after washing -
127 

SAMPLE B (REACTION TIME 35 minuteS) 

== 163.2&. 

Wt of conical flask 
== 274.68g 

Wt of product + flask == (274.68 - 163.2)g == 111.
48

g 

Wt of product 
== 24.38g 

Wt of glycerine , ==(1l1.48_ 24.38)g==87.10g 

Wt of methyl ester 

% yield of methyl ester before washing 
== 87.l0 x100 

== 68.58% 

127 

Wt of methyl ester after washing 
== 84.98g 

% yield of methyl ester after washing 

== 84.98 x 100 == 66.91% 

127 

SAMPLE C (REACTION TIME 45 minutl,!S) 

== 163.2g 

==274.45g 

Wt of product + flask 
== (274.45 - 163.2)g == 11 L25g 
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Wt of glycerin 

Wt of methyl ester 

% yield of methyl ester before washing 

Wt of methyl ester after washing 

% yield of methyl ester after washing 

= 27.45g 

= (111.25 - 27.45)g = 83.80g 

83.80 x 100 

127 

= 82.01g 

= 82.01 x 100 

127 

= 65.98% 

= 64.57% 

SAMPLE D (REACTION TIME 55 minutes) 

Wt of flat bottom flask = 1~O.5g 

Wt of product + flask = 293.30g 

Wt of product ' 

,Wt of glycerin 

Wt of methyl ester 

% yield of methyl ester before washing 

Wt of methyl ester after washing 

% yield of methyl ester after washing 

= (293.30 - 180.5)g = 112.8g 

='33.75g 

'= (112.8 - 33.75)g = 79.05g 

= '79.05 x 100 

127 

= 77.29g 

38 

= 77.29 x 100 

127. 

= 62.24% 

= 60.86% 

, , 


