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ABSTRACT 

Biodiesel  i s  an  at tractive a l terna tive to  fossi l  fuel .  I t s  portabi l i ty ,  avai labi l i ty ,  

renewabil i ty ,  h igher combustion  e f f ic iency ,  lower  su lfur  and aromatic  conten t  make  i t  an  

ideal  fuel  for use in  t ransportat ion and in  industry .  Biodiesel  can be produced from 

animal fa t  and  vegetab le oi ls  obta ined  f rom variety  of  plan ts .  The presen t  work exp loi ts  

the biodiesel  product ion from waste vegetab le  oi ls ( f ried oi l s ) and ester i f icat ion process  

study was carried ou t  for development of  the same.  The feed -s tocks used are waste 

cooking  oi l s .  Ex tensive experimentat ion was carried ou t  at  bench scale.  Transesterification 

reaction is carried out at 30, 40, 50, and 60°C with 1.5% of KOH as catalyst. Samples are taken at different 

reaction times of 0, 30, 60, 90 and 120 min. The organic layers are then analyzed by thin layer chromatography 

technique and glycerol is analyzed using sodium periodate oxidation method.  It is observed that a maximum of 

90% of conversion is obtained with waste vegetable oil at 60
o
C temperature. These  laboratory based  

solu tions can then be applied to  overcome the technica l  barr iers at  commercia l  level .  
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I. INTRODUCTION  

 

Biodiesel, an alternative diesel fuel, is made from renewable biological sources such as vegetable oils and 

animal fats. Finite fossil fuel reserves, political, economic, health and environmental (ozone depletion, global 

warming) issues and concerns have promoted biodiesel as an alternative renewable and eco-friendly fuel. 

Biodiesel has shown its ability to meet the energy demand of the world in the transportation, agriculture, 

commercial and industrial sectors.The annual world consumption of diesel is approximately 934 million tons. 

As a green renewable and potentially unlimited, biodiesel has recently come out as the superlative alternative 

fuel which can be used in compression ignition engines with minor or no modifications. The use of biofuelsin 

place of fossil fuels would slow the progression of global warming by reducing sulfur and carbon oxides and 

hydrocarbon emissions. Because of economic benefits and more power output, biodiesel is often blended with 

diesel fuel in ratios of 2, 5 and 20%. Using a mixture containing 20% biodiesel reduces carbon dioxide net 

emissions by 15.66% while using pure biodiesel makes the net emission of carbon dioxide zero variety of cheap 

raw materials, and high yields 
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Methods for product ion of  Biodiese l: Biodiesel production was carried by using different processes, 

direct use and blending, micro-emulsions, thermal cracking, and transesterification. Four main processes have 

been investigated for production of biodiesel. They are a) Direct use and blending, b) Pyrolysis, c)Micro-

emulsification  and d)Transesterification. 

Transester i fica t ion has been demonstrated as the s imples t  and most  e ff icient  route for  

biodiese l  product ion in large quant i t ies.  So , transes ter i f icat ion has become popular  and the 

production method of choice.  Transes ter i f icat ion can be  car r ied  out  by using a catalys t  or 

enzyme or  by using supercr i t ical  alcohol wi thout  catalys t .  

Methodology:In this study,Waste Cooking Oil (WCO) was obtained from local restaurants around the 

university campus. It was used as the raw material for the biodiesel production. Alkaline catalyst, potassium 

hydroxide (KOH)  was  used  in  the transesterification  processto reduce the free fatty acid, FFA, and  carrying 

out the transesterification process.The process variables areReact ion temperature ,  Ratio  o f a lcohol to  

oi l ,  Cata lys t  type and concentrat ion ,  Mixing intensi ty  and Pur i ty o freactants. 

 

II. MATERIALS AND METHODS 

 

The esterified Waste vegetable oil are being used. .Initially the crude quality of these oils are collected from the 

Hotels and mirchi vendors on the roads. Then these oils are refined and characterized for the free fatty acid 

content, the saponification value, the iodine value, and the peroxide value according to the AOCS official 

methods. The FFA content in the reaction mixture was determined by titrimetric analysis. 

Transesterification is the process of exchanging the organic group R" of an ester with the organic group of an 

alcohol. Transesterification is basically sequential reaction. The TGs are first reduced to DGs. The DGs are 

subsequently reduced to MGs. The MGs are finally reduced to fatty acid ester.The product ion of 

biodiese l  is  based on o il  and methanol.  I t  i s  c lear  tha t  1  mol t r iglycer ide  reac ts wi th 3  mol  

methanol to  produce  3 mol methyl  ester  and 1 mol glycero l .  

Further  invest igat ion indica tes that  d iglycer ide and monoglycer ide  are de tec ted as  

intermediates during the  transester i f icat ion react ion ca ta lyze d by KOH and NaOH.  

The overa l l  react ion can be d ivided into  three consecutive reversib le  react ions ( i)  a  

t r iglycer ide molecule fi rst ly reacts wi th methanol to  produce a methyl  es ter  molecule and  

a diglycer ide ( i i )  the diglycer ide produced then reacts wi th  a  methanol molecule to  

produce a monoglycer ide and  a methyl  es ter  and  ( i i i )  the monoglyceride fur ther  reacts 

wi th  one methanol to  produce methyl  es ter  and glycero l .Each convers ion step yie lds one  

FAAE molecule,  giving a total  o f  three FAAEs per  tr iglycer i de molecule as descr ibed by 

the fo l lo wing equat ions :  

 

1. Triglyceride (TG) + OH  Diglyceride (DG) + COO  

2. Diglyceride (DG) + OH  Monoglyceride(MG) + COO  

3. Monoglyceride(MG) + OH  Glycerol(GL) + COO  
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The use o f  an alcohol  resul t s  in  the des ired FAAEs and a  glycero l  byproduct  which can be  

ut i l ized in other  indust r ies.  Feedstock wi th higher  concent rat ion of Free Fat ty Acids  

(FFA's)  may pose a  problem of  soap format ion and lead  to  under  reac ted mater ia l ,  thus 

affec ting yield .Thus,  there i s  a  need to  pretreat  FFA's  before the transester i f ica t ion us ing 

one of the fol lowing methods:  (a)  ac id  ester i ficat ion (b)  ion exchan ge res ins and (c)  

extract ion wi th  a lcohol .  Al lowable FFA's  content  in  the feedstock i s  lower than 2 .5% wt  

and  the pretreatment  s tep beco mes necessary before the  transes ter i fica t ion process when 

the FFA content  i s  higher  than 2.5% wt .  

Feed stocks for biodiesel production:-The esterified Waste vegetable oil are being used. .Initially the crude 

quality of these oils are collected from the Hotels and mirchi vendors on the roads. Then these oils are refined 

and characterized for the free fatty acid content, the saponification value, the iodine value, and the peroxide 

value according to the AOCS official methods. The FFA content in the reaction mixture was determined by 

titrimetric analysis. 

 

Fig 1: Waste vegetable oilFig 2  Experimental set up 

By consider ing four  temperatures (30̊̊  C,40̊̊ C,50̊̊ C,60°C), three molar  concentrat ions  (1:3,  

1:6 ,  1 :9) .  Cata lys t  (KOH) 12 runs are per formed.  Table 3 .1  shows al l  the  poss ible  

experiments in the transester i f ica t io n op timized.  Kinetic runs of transesterification are carried out 

for two different oils over  using potassium hydroxide as the catalyst and  Sodium hydroxide as catalyst for  

2hrs at atmospheric pressure with different temperatures: 30,  40,  50,  60°C at different molar  ratios of 

methanol to oil. Transesterification reaction is carried out in 1  liter, 4  necked jacketed glass reactor  

equipped wi th a  condenser, overhead stirrer, which has a provision for tempera ture  measurement and  

sample withdrawal. The temperature in the reactor was ma inta ined by circulat ing hot  fluid through the 

jacket. The condenser temperature is maintained bycirculating chilled water. The temperature of the 

condenser is maintain between 8-10°C  to minimize the methanol loss. The rpm of the stirrer is maintained at 

300rpm. 

 

Kinetics:The study of kine tics  o f transester i f ica t ion react ion i s  carr ied  out  by co llec t ing 

the concentra t ion versus tune da ta a t  d i fferent  tempera tures (30,  40,  50 and 60°C) wi th 

di fferent  molar ratios.During the reaction the samples are taken at the following reaction times: 0, 30, 60, 90, 

120 min. The organic layers are then analysed by thin layer chromatography technique and glycerol is analysed 

using sodium periodate oxidation method. Both the layers are separated, washed and analyzed.  

Product Separation:The separation process is based on the facts that fatty acid alcohol esters andglycerol are 

sparingly mutually soluble, and that there is a significant difference in density between the methyl ester and 

glycerol phases. The presence of methanol in one or both phasesaffects the solubility of ester in glycerol and 

glycerol in ester (alcohols can actas dispersant). Separating funnelwas used to separate the products from 
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transesterification process bygravity settling. Products separation was carried out by providing a settling timeof 

lhour and the total product was separated into two layers, glycerol layer and methyl esterlayer (BD layer). 

Glycerol layer:Glycerol formed in the reaction, catalyst and unreacted methanol form a layer at the bottom of 

separating funnel, since catalyst density is high and maximum of catalyst comes into glycerol layer.There is a 

chance of methyl ester in glycerol layer because of the mutual solubility of methyl esterin methanol and TG, 

partial glycerides (DG, MG) in minute quantities.  

Methyl ester layer :Methyl ester, unreacted TG, DG, and MG come under methyl ester layer which was the 

toplayer in separating funnel during separation. Methanol, catalyst also present in smallquantities. 

Water washing for biodiesel layer:Biodiesel layer was washed to remove soap formation, FFA, methanol and 

other contaminants. Water and biodiesel have taken at equal ratios. Slightly shake the funnel to mix water with 

biodiesel if we shake rigorously then DG and MG present in the biodiesel layer will form emulsion with water. 

After settling for 30 mins the water effluent layer was separated. Then the PH range was checked for that layer. 

Washing was repeated until biodiesel comes to neutral in nature. Methanol is sparingly soluble in biodiesel 

layer, while washing it comes in to water effluents. Now we have pure biodiesel but with little moisture content, 

to remove moisture drying is carried out. After drying we can get finished product.Water washed BD layer was 

dried to remove water. Drying was done in rota vapor unit by applying vacuum for lh  and was stopped by 

observing that there was no formation of droplets in the condenser.Glycerol layer will have only 50 % glycerol 

in it, remaining is methanol, FFA and catalyst. For that biodiesel water effluents can be added to recover the 

glycerol in the biodiesel layer also. Since glycerol is soluble in water, glycerol present in the biodiesel will come 

in to water effluent. 

Products Analysis:Purified glycerol and biodiesel layers were analyzed to obtain the quantities of glycerol 

and methyl ester formed during the transesterification process. Glycerol was estimated using the AOCSofficial 

method (sodium periodate oxidation method), and thin layer chromatography (TLC) was used to analyze 

biodiesel product. 

Glycerol(Sodium periodate oxidat ion) :This method determines glycerol and other polyalcohols 

containing three or more adjacent hydroxyl groups. The glycerol reacts with the sodium periodate in an acid 

solution, forming aldehydes and formic acid. The latter is a measure of the glycerol in the sample. The sodium 

periodate method replaces the acetin method and the dichromate method because it has been found to be more 

accurate and more specific for the determination of glycerol as well as being simpler and more rapid.  

TLC Analysis:A TLC plate is a sheet of glass, metal, or plastic which is coated with a thin layer of a solid 

adsorbent (usually silica or alumina). A small amount of the mixture to be analyzed is spotted near the bottom of 

this plate.The TLC plate is then placed in a shallow pool of a solvent in a developing chamber so that only the 

very bottom of the plate is in the liquid. This liquid, or the eluent, is the mobile phase, and it slowly rises up the 

TLC plate by capillary action.As the solvent moves past the spot that was applied, equilibrium is established for 

each component of the mixture between the molecules of that component which are adsorbed on the solid and 

the molecules which are in solution. 

Measuring Rfvalues :When the solvent  front  gets close to  the top of the plate ,  the pla te  is  

removed fro m the beaker  and the posit ion of the solvent  i s  marked wi th  ano ther  l ine 

before i t  has a  chance to  evapora te . I f  one could repea t  this  exper iment  under  exact ly the  
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same condi t ions,  then the Rf values for  each component would always  be the 

same.Retent ion factor  i s  proport iona l  to  conversion and in the present  work retention 

factor  o f  methyl  es ter  component was taken as  the conversion.  

 

III.  RESULTS AND DISCUSSION  

 

Transesterification of Esterified Oil: Esterified waste vegetable  oil are  used in the present work,and it 

contains FFA less than 1% initially. And the esterified product was processed in transesterification reaction with 

KOH catalyst. Methanol was used in the reactions, hence the product formed is methyl ester. Effects of 

following variables on the conversion of reactants (FFA/TG) to methyl ester during transesterification reactions 

were studied. 

 

Fig3 : Effect of Temperature with time. 

Effect of temperature :In order to evaluate the kinetic parameters of the process, the reaction temperature is 

varied i.e. (30, 40, 50,60c) and experiments were conducted for 1 hr(with KOH as catalyst) at a stirrer speed of 

300rpm and optimizing other parameter such asCatalyst- KOH(1.5 wt%),Oil: Alcohol to oil molar ratio – 

1:3,1:6,1:9Reaction time-  60 min, 120 min 

Transesterification reaction can be written as   TG   +   3methanol  3methyl ester  + glycerol 

Esterified product of waste vegetable oil (0.998% FFA) was processed in transesterification reaction and the 

conversion of transesterification reaction was measured from TLC. The value of retention factor of methyl ester 

was taken as conversion since retention factor is directly proportional to conversion. From this data it is 

observed that 50% of total conversion is achieved within 20 minutes. And conversion increased with increase in 

reaction time up to 40 minutes after that the increase in conversion is very low. A maximum conversion of 89% 

is obtained at 60°C temperature, 1.5 wt% catalyst, and 1:6 molar ratio of oil is to methanol.From the data it is 

observed that a maximum of 90% of conversion is obtained with  waste vegetable oil  (non edible oil) at 60C 

temperature. 

Effect of temperature with  catalyst: Experiments were conducted with different temperatures(30°C, 

40°C,50°C and 60°C) at 1:3 oil to methanol molar ratio, catalyst concentration of 1.5% for 2 hrs and with a 

mixing intensity of 300rpm. The effect of temperature on conversion of FFA is recorded as a function of time 

and the 1:3 oil to methanol molar ratio,KOH catalyst for waste oildata was shown in figure. 
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Effect of oil to methanol molar ratios: Molar ratio of oil to methanol is one of the important factors effecting 

the formation of methyl ester. The stoichiometry of the reaction shows that one mole of FFA requires one mole 

of methanol to form one mole of methyl ester. 

Product Purification  

Biodiesel layer was washed to remove soap formation, FFA, methanol and other contaminants.Water and 

biodiesel have taken at equal ratios, slightly shaken the funnel to mix waterwith biodiesel .If shaken rigorously 

then DG and MG present in the biodiesel layer will form emulsion with water. After settling for 30 mins the 

water effluent layer was separated. Then the pH range was checked for that layer. Washing was repeated until 

biodiesel comes to neutral in nature.Methanol is sparingly soluble in biodiesel layer, while washing it comes in 

to water effluents.  

 

Fig4: Observations (WVO  to  Bio Diesel) 

 

IV. CONCLUSIONS 

 

Biodiesel has been processed using esterified waste vegetable oil. The study was therefore conducted using 

waste vegetable oil. The detailed parametric study of the base catalysed transesterification reactions were carried 

out experimentally to study the effect of temperature and molar ratio of oil to methanol. Transesterification 

reaction is carried out at 30, 40, 50, and 60°C with 1.5% of KOH catalyst. Also the reactions were carried out at 

different molar ratios of 1:3, 1:6 and 1:9. The results indicated that there is a strong effect of temperature and oil 

to methanol molar ratios on the reaction rate.   

Maximum conversion of 89% was obtained at 60°C with base catalyst and a maximum conversion of 60% was 

obtained with enzyme catalyst at 50°C. It is also found that 1:3 is optimum molar ratio for enzyme catalysed 

reaction and 1:6 for base catalysed reactions. Investigations were made in the present study to establish the 

kinetics of transesterification reaction. The kinetic curves of the transesterification process indicated that under 

the conditions employed, the rate of reaction was the highest during the initial stage of the reaction. The reaction 

rate increased with the increase of temperature. The experimental results indicated increasing the temperature 

increased the equilibrium conversions. The activation energies for the three reversible reactions involved in the 

reaction were calculated from the Arhenius equation and were in the range of 8-20000 J/mol for waste oil 

transesterification reaction through base catalyst. 
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