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Abstract: Bio-diesel is an alternative to petroleum-basedsfoesultant from animal fats, vegetable oils, and
used waste cooking oil including triglycerides. figasterification is the most familiar method andiseto
monoalkyl esters of vegetable oils and fats, cdtieediesel when used for fuel purposes. The usedting oils
are used as raw material, adaption of continuoassesterification process and recovery of high ityual
glycerol from biodiesel by-product (glycerol) ar@shimportant options to be considered to lowerdhst of
biodiesel. The transesterification reaction is et#d by molar ratio of glycosides to alcohol, cgdtd, reaction
temperature, reaction time and free fatty acids watker content of oils or fats. The mechanism @& th
transesterification show how the reaction occurd progresses. The processes of transesterificatitn
supercritical catalysts are also addressed.
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1. Introduction

Biodiesel has become more attractive recdigbause of its environmental benefits and thetFaattit
is made from renewable resources.Biofuels can beuged across the world using resources that aitable
locally, there by reducing foreign exchange foribgycrude oil and increases the country's econdtug! is
any material that stores energy that can laterxb@aed to perform mechanical work in a controlfednner.
This may include combustion, exothermic chemicalctiens and nuclear reactioH$ Fossil fuels are
hydrocarbons, primarily coal and petroleum formemht fossilized remains of ancient plants and arsntegl
exposure to high heat and pressure in the absehoaygen in the earth's crust over millions of year
Petroleum fuels include diesel, petrol, natural, g@sosene, gasoline eté,® Petroleum diesel, also called
petro diesel or fossil diesel produced from frawgiodistillation of crude oil at 200-3%80 at atmospheric
pressure. It contains mixture of carbon chains tyjaitally contain 8 to 21 carbon atoms per moledtlat is
like 86% of fuel mass is carbon, density is 0.83Rkand it has a heating value of 43.1MJ/kg. &issions
from diesel are 73.25¢g/MJ with 75% of saturatedrbgdrbon composition with a range ofgd,, to CisHas
with an average of GHy; ™. Fuel contains hydrocarbons. When hydrocarbon$uéh are subjected to
combustion carbon dioxide and water are liberatediycing energy. Since fossil fuels are preseriwithe
surface of earth, their usage adds carbon resiihtesthe atmosphere resulting global warming. Hosvev
biofuels are also hydrocarbons, their assimilatiorolve in carbon fixation that means hydrocarbarithin
biofuels are synthesized from carbon dioxide thailieady present in atmosphere. So, combustidmbiels
will not add any foreign carbon derivatives to thgmosphere. Hence environment friendly biofuels are
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preferred over hazardous fossil fuélls Biofuels are renewable fuels whose energy isvddrifrom carbon
fixation. Biofuels include fuels derived from biossconversion as well as solid biomass, liquidsfeid
various biogases. Biofuels are gaining increasddigp@and scientific attention, driven by factorscbuasoil
price hikes, need for energy securéipd concern over emission of green house gasesférssil fuels®.

2. Sourcesfor bio-diesel production

Biofuels may be produced from biosources like mmrganisms - methane bymethanogens, ethanol by
yeastSaccharomyces cerevisiae fermentation, transesterification oils of plantsl dats of animals to fatty acid
methyl ester§!. Biodiesel is produced by transesterification dibi oils and non-edible oils - Jatropha, palm
oil ™ soybean oif?! rapeseed oif’ palm kernel oil, coconut dit”’ Honge!*¥! and even used cooking gﬂ],

3. Bio-diesal production from vegetable oils
3.1. Literaturereview

The use of vegetable oils as alternative fuelshieas around for one hundred years when the inventor
of the diesel engine redolph Diesel first testedhpeail, in his compression-ignition

Engine.Biodiesel is better for the environment lseait is made from renewable resources and has
lower emissions compared to petroleum diesel. ltgs toxic than table salt and biodegradable stsafasugar.
Its use decreases dependence on foreign oil aridlzdes to one’s own country's economy. Biodiésehade
H:!]rough a chemical process called transesterificatthere glycerin is separated from the fat or tedge oil

Oils and fats typically contain monoglyceridegylyterides, triglycerides, unsaponified lipids drek
fatty acids. Since viscosity of vegetable oils ighler, engines designed to burn diesel fuel mayopetrate
efficiently with high viscous and poor volatile \agble oils. Vegetable oils get solidified at lowemperatures
and do not support fuel injection system of endifleSo, transesterification is adapted to convertyirigrides
to fatty acid methyl esters. Free fatty acids réadbrm glycerin (soap) which ultimately reducés tield of
biodiesel*® There are four basic routes to biodiesel produdtiom oils and fats.

1. Base catalyzed transesterification

2. Direct acid catalyzed transesterification

3. Conversion of oil into its fatty acids and theroitiodiesel
4. Non - catalytic transesterification of oils andsfat"

Transesterification consists of a number of countee, reversible reactions. Triglycerides are
converted step wise to diglycerides, monoglycerales finally glycerol liberating a mole of esteraach step.
The reactions are reversible, the equilibrium t@sards the production of fatty acid ester and efgt(fig-1).

CH,— OCOCR, CH—0H R—COOCH,

I Catalyst |
CH— OCOR, + 3HOCH, ‘_' CH—OH + R;— COOCH,

CH—OCOR, CH—OH R~—COOCH,
Triglyceride Methanol Glycerol Methyl esters
(parect oil) (alcohol) (biodiescl)

Fig. 1. : The mechanism decomposition of triglycerides (seuRef. [16])

Acid catalyzed transesterification

Carboxylic acids can be esterified by alcoholsh@ presence of suitable acidic catalyst in watee fr
conditions. The most frequently cited reagent f@ preparation of methyl esters is 5%anhydrousdgeair



T.C.Venkateswarulu et a//Int.). ChemTech Res.2014,6(4),pp 2568-2576. 2570

chloride in methanol. In a typical esterificatiormpedure, using methanolic hydrogen chloride, ihid kample
is dissolved in at least a 100-fold excess of gagent and the solution is refluxed for about twark or is
held at 50C overnight (30 minutes at %D will suffice for free acids alone)(fig-2)
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Scheme 2. Acid-catalysed transesterification of lipids.

CH30H + CH3COCI ———= HCI + CH3COOCH;,
Scheme 3. Preparation of methanelic hydrogen chloride wia acetyl chloride.

Fig.2. : Mechanism of Acid catalyzed transesterificatioougse: Ref. [17])

Free fatty acids in the oil were reduced by usiogl &atalyst. Free fatty acids reduce the yield of
biodiesel by saponification, hence acid catalyzaddesterification has an advantage of more yidtavever,
the reaction is slow that one run can take more thday*”

Base catalyzed transesterification

Esters in the presence of base such as an alcehalin form an anionic intermediate which can
dissolve back to the original ester or form the rester. The most useful basic transesterifying @gare
sodium or potassium methoxide in anhydrous methdf{bl The main advantage of base catalyzed
transesterification over acid one is that it ist fasd can be conducted at low temperatures(303-B@8id
pressure (0.1 MPa) (fig-3)
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Fig.3.: Base catalyzed transesterification of lipidsu¢se: Ref. [18])

Acid - basetransesterification

In the homogenous acid and base catalyzed tranfieate®n processes, the most commonly used base
catalysts are NaOH and KOH while acid catalystssafphuric acid and sulphonic acid. The major drasidof
base transesterification is saponification whictyrba due to the presence of free fatty acids inoihthat is
subjected for transesterification. Esterificatidriree fatty acids is possible by acid catalysisohireduces the
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soap (glycerine, byproduct) formation, ultimatelgadls to more yield of alkyl ester (biodiesel). In
transesterification process, biodiesel is proddoeah a reaction between vegetable oil, alcohohim presence
of base or acid catalyst. Methanol is most pretem&ohol because of its low cost and its physarad
chemical properties. The highest biodiesel yield wha3% weight of catalyst, 8@ and reaction time of 120
minutes. The results of acid -base catalyzed sgighshowed that biodiesel yield was improved when
compared to base catalyzed synthesis alone. Tleenkitic viscosity of acid -base catalyzed biodissg¢isfied
the standard test method for kinematic viscositg TAM D445)

Lipase mediated transesterification

Chemical production of biodiesel by transesterifa is cost effective and highly efficient but its
problem is with downstream processing which inctudeparation of catalyst, unreacted methanol, giyce
recovery, removal of inorganic salts. There mayalresk of free acid or water contamination alonghvgoap
formation makes separation process diffidtit Enzymatic approach seems to be a promising atteena
production pathway. Because it not only decredse®peration cost but also over comes problemsiassd
with chemical production of biodiesé!"! Enzymatic approach produces high purity product emables easy
separation from byproduct, glycerol. Lipases (yiaglycerol acyl hydrolase EC 3.1.1.3) are hydrialyt
enzymes that catalyze the hydrolysis and synthasi@riety of acylgecerols at interface of lipiddawater.
Lipases are produced byseudomanas aeruginosa, P. flurescens, Candida antarctica, Rhizopus oryzae,
Thermomyces lanuginosa. Transesterification reaction mixture consisted f Ippase and methanol. 86.2%
conversion of fatty acids to fatty acid methyl elfAME) within 36 hours at 4& by using 7.5 % (w/V)
lipases, molar ration of oil to methanol is 1:4

Microwave assisted transesterification

In conventional transesterification process heabhgnaterial takes place by conduction. Whereas
microwaves heat by means of thermal radiation &nsl very efficient mode of heat transfer. In miweve
assisted continuous transesterification, vegetaibland methanolic NaOH solution were fed sepayat@ 2
pumps and mixed at the tee connector at the iletaalified house hold microwave oven (800W). Reacti
time and molar ratio of the oil to alcohol were trolted via a combination of flow control valvestbie pumps.
Instantaneous heating of oil mixture by microwasemiore advantageous than conventional prolongeihjea
of 2 hours. The reaction temperature attained dutlre transesterification in microwave oven (800 /)
around 65 to 8. Microwave energy is delivered directly to thasting molecules which undergo chemical
reaction. Reaction time was reduced to 60 secoiittispalm oil, 5 to 10 minutes in case of non-edibils of
Honge and Jatropha where their respective conversi@onventional method was 1 hour and 1 to 2 our
Biodiesel produced by microwave assisted trangéségion has reduced performance due to their
comparatively high viscosity. Also smoke opacity End CO emissions increased with such[@ils

Ultra sonically assisted transesterification

Transesterification is a chemical reaction betweighycerides (oil /fats) and methanol, which form
immiscible phases when they are in a reaction Yigbsereaction takes place at contact surface dxtvoil and
methanol**#! Ultrasonic reactor drastically reduces the amatimtatalyst, molar ratio of oil to methanol 1:6,
reaction time, reaction temperature, mass transfgistance elimination and energy input for proiumcof
biodiesel. Low frequency ultra sound (28 and 40)kiere found to be more efficient, at higher fraggies the
collapse of cavitations bubbles are not strong ghda impinge one liquid to the othéf. Transesterification
reaction takes place at interfacial region of twmniscible phases (oil and methanol), which may diéeaxed
by vigorous mixing using ultra sonic waves and pices pure fuel with highest possible conversion
percentage. Previous reports shown the smalletioeatime (20-40 minutes) with 2-3times lower amtsuaf
catalyst requirements in case of ultrasonic asbkissnsesterification when compared to mechanigiaton
731" The reaction rate constants were evaluated @mtifthat rate constants are 3-5 times higher tetrof
mechanical agitatioff?. Acoustic and hydrodynamic cavitation found effeettool for intensification of
esterification of fatty acids with acid catalyst,8@,) 99.4 % conversion soybean oil to FAME (fatty acid
methyl ester) was achieved in about 15 minutesOdC4and molar ratio of 6:1 methanol to oil with 20kHz
ultrasonic frequency?®**. Lipase catalyzed transesterification activity @mted with ultrasonic irradiation.
With 8% enzyme (Novozyme 435), 3:1 molar ratio odganol to oil, power of ultrasonic assistant W0
frequency of 28 kHz, temperature 40 to°@5for 50 minutes yielded 94.86% of propyl oleatbjch is 10.43%
higher than mechanical agitation mediated trangésttion,also ultrasonic assisted transestetificareduced
amounts of lipase and reaction time. Yields of lisdl were always higher when ultrasound was §8ed
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Transesterification with different catalysts
Basic heterogeneous catalysts

Heterogeneous catalysts are environmentally bemign, corrosive, easily separable from the liquid
products, higher activity and longer catalyst lifme. Even though homogenous catalysts NaOH, KO# an
sulphuric acid, phosphoric acid, sulphonic acid rbgtiloric acid are highly reproducible, with a déf
stoichiometry and structure. The removal of conweral homogenous catalyst after reaction is tecllyic
difficult and large volumes of waste water are picet to separate and clean the catalyst and tldigiso
Therefore, conventional homogenous catalysts amgeat®d to be replaced with environment friendly
heterogeneous cataly&t§” Heterogeneous catalysts can easily be separateu reaction mixtures and
reduces environmental pollutants. Most importanpliaption is easier working up procedure. Also
heterogeneous catalysts are known for their agtivdtability, economic benefits, ease of recovend a
resistance to poisoning. They can be removed femntion mixture by coarse filtration technidiié®

Biodiesd production using super critical methanol

Catalyst mediated transesterification process ueslseparation of catalyst after the reaction.
Super critical methanol transesterification ford@sel production is carried out without catalyst anain
variable that affecting yield of biodiesel is mathkto-oil molar ratio and reaction temperature. simper
critical method, acid value and water content do lmewve a negative effect on reaction. Purificatofrihe
reaction products is simpler than in the catalypeacess and non polluting effluents are genergbegber
critical methanol method of biodiesel productionsvearried in a batch stirred tank reactor (83 mpacity)
given 72% vyield of biodiesel with methanol to altip of 45.8, temperature of 3%D for 20 minutes. Super
critical methanol method has a drawback- expersparatus which uses high temperature and pretssuie
its application in industrial producti8fi This has led to many researchers to look for waydecrease the
severity of reaction conditions. For example carepts such as carbon dioxitte propané? and hetero
geneous catalystd added into reaction mixture can decrease the tipgreemperature, working pressure and
the amount of alcohol.

Calcium oxide astransesterification catalyst

CaO generates more methoxide anions in the presdnitbe water (2.03 % water by mass) and they
act as catalyst in conversion of soybean oil tadigigel. Calcium methoxide catalyzed transestetifina
represents a result yield of 61% to 97% from 3:12dl methanol to oil molar ratios and it has gi@n%
conversion within a short reaction tiife CaO was also used for the production of biodiéseh Jatropha
Curcas oil. CaO becomes a solid super base whatedrevith ammonium carbonate solution and calcthate
higher temperature to give it a high catalytic\dtti 93% conversion was obtained when catalysadesvas
1.5%, methanol to oil molar ratio 9:1, reaction pemature 78 for 2.5 hours. Decalcination can be performed
by citric acid

Basic alkaline earth metal compounds as catalysts

Barium hydroxide, calcium methoxide, CaO and NaO¢teastudied as catalysts. Powdered catalysts
were dispersed in methanol and heated to boilimigt pd methanol and stirred intensively for 30 niigal Then
oil was poured in a thin stream. Barium hydroxiceswlightly active, calcium methoxide was medialtyive.
Tetra hydrofuran was used as additive to acceld¢hseprocess. Maximum conversion was obtained aroun
0.72 hours with Barium hydroxide, calcium methoxatel sodium hydroxide. CaO yielded 75% in 2.5 hours
reaction time with rapeseed oil. Calcium methoxiggded 98% with soybean oil when 4% Calcium mettiex
was used at 68, methanol to oil molar ratio of 1:1 and 2 howaation tim&®"

Alkaline earth metal - doped ZnO catalysts wergared by impregnation with aqueous solution of an
alkaline earth metal nitrate. Best activity wasieeéd with Sr(NQ),/ZnO. 95% conversion of soybean oil was
achieved with molar ratio of oil to methanol 1%¥2 Thirteen different kinds of metal oxides contain
calcium, barium, magnesium or lanthanum were pegpas catalysts. The calcium series catalysts shawe
high yield of methyl ester. CaMnDCaFe0s, CaZrQ, CaCeQ and CaTiQ whose catalytic basicity were
highest showed 92%, 92%, 88%, 89% and 79% of giglels respectively. BaTi)BazZrQ, BaCeQ, MgTiOs,
MgZrOs;, MgCeQ, LaZrO; and LaCe@ester yields were 1% or less. A high durabilitycafalytic activity was
found foré‘t‘?]e catalyst samples of CaZm@nd CaO-Ce@which were able to provide methyl ester yieldsatge
than 80%
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Alumina supported heterogeneous catalysts

Potassium nitrate was loaded onto alumina by impaggn from aqueous solution and calcined at
773K prior to each reaction. The chemical group® knd Al-O-K on surface were probably main actitess
87.43% conversion of soybean oil was achieved %if%0 catalyst and molar ration of 15:1, howevethier
increase in ratio yielded little improvement at igtirring speeds*”’. Alumina loaded with KI/AJO;
demonstrated superior catalytic activity with 87.4#mversion, reaction time of 8hours with 35 % 86%
conversion was obtained with KI/&); and calcined for 3 hours, methanol to oil moldiord5:1, 8 hours of
reaction time and catalyst amount 2.5%

Na/NaOH#-Al ,0s. y-Al ,0swas pretreated which was heated up t0°G2and stirred to form a white
solid in the presence of sodium hydroxide and metalium. Dessicated catalyst along with co-solvent
hexane was used to convert soybean oil in the pcesef 9:1 oil to methanol at 6WD. 5:1 molar ratio of oil to
n-hexane was most effective in conversf8hHeterogeneous catalyst Na/NaG##I ,0; showed same activity
that of homogenous NaOH, 12:1 molar ratio, readiime of 1.5 hour§® Calcined Mg-Al hydrotalcites used
as catalysts for methanolysis of soybean oil witht@ methanol ratio of 15:1, reaction time 9hours5%
catalyst and conversion was 67%

Zeolites as effective heter ogenous catalysts

NaX Zeolites loaded with 10:1 molar ratio of metblio oil, 3wt % of catalyst, reaction time of 8hsu
yielded 85.6%. The used catalyst was regenerataechfmegnating in an aqueous solution of 5% KOH stmw
84.3% conversio® Several acidic and basic solids like Zr@nO, SQ%ZzrO, KNOJKL Zeolites and
KNO3/ZrO, were used as catalysts for palm kernel oil and mocoil among their ZnO and S8Zro,
exhibited highest activity. 1wt% of S&ZrO, resulted in yield more than 90% from crude palmke oil
86.3% from crude coconut oil and reaction time dfalir. Catalyst can easily be regenerated by tibind>""
Nickle was most catalytic among several identifedfbctive metals and zeolites, more than 90% caiwver
was achieved at temperature of 1200 and 4568

Continuous heter ogeneous catalysed transesterification

The catalyst section includes two fixed bed reactoade of mixed oxide of Zinc and Aluminum and is
fed with vegetable oil and methanol at a givenorafisters and glycerol are separated in a se@lgcerol
byproduct is of high quality i.e., >98% glycefift

Cell catalyzed transesterification of biodiesel production

Transesterification was catalyzed by Lipase ingiegluction of fatty acid alkyl esters / biodies&rh
oils or fats. Lipase mediated transesterificatias more advantages in downstream processing oeenichl
conversion. However its high cost restricts its isidustrial production. Utilising whole cell hiatalyst is a
potential approach to reduce the cost of catalypase-catalyzed biodiesel producti&h Filamentous fungus
Rhizopus oryzae (R. oryzae PTCC5174) whole cells immobilised withiomass support particles (BSP) by
asceptical inoculation with spores by incubatin@®€ for 90 hours on a reciprocal shaker in basal orador
growth ofR. oryzae. After cultivation, BSP-immobilized cells were seated by filteration, washed repeatedly
and dried and then treated with 0.1 % (v/v) glutislayde solution at 2& for 1 hour, then used as whole-cell
biocatalyst for methanolysis reactiBfi Used cooking oil (UCO) pretreated by filtration wiVhatman 42 and
the filtrate was heated for 15 minutes with magnestirring apparatus that has an influence on
transesterification reactiGfl' Pretreated UCO, 3:1 molar ratio of methanol tdrothree step additions at &5
along W(i)gl]immobilised whole cell bio catalyst yled 88% conversion of free fatty acids to methytmsswas
obtaine

Conclusion

Biofuels are renewable fuels which are producetiMiyg organisms by carbon fixation. These fuels do
not influence climatic adverses like global warmthgt are caused by conventional, non-renewabiz! fiols.
Transesterification of oils and fats results in thenation of biodiesel (fatty acid methyl estdfzonomics of
biodiesel is influenced by cost of oil, transedtestion procedure and downstream processing. Hoawad
conversion of oil to biodiesel depends on transiisi#ion and it involves in production of soapdaaddition
of catalyst. Soap and catalyst are to be sepatatetitain pure biodiesel. Fuel quality may be iefloed by
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catalyst residues, methanol and soap left in bgmdlieSo, it is necessary to choose a process vihatonomic,
ecofriendly, minimal downstream processing requeet® and maximum conversion of oils to biodiesel. A
combination of microwave assisted transesterifocgti ultrasonically assisted transesterification and
heterogeneous catalyst mediated transesterificatoad give optimal in biodiesel production. Hetgeneous
catalyts can be regenerated and recycled and segdram reaction mixture by coarse filtration. Ntaxm
energy can be transferred using microwave assifii@asesterification, whereas ultrasonically asdiste
transesterification gives maximum contact betweenitnmiscible phases. Hence yields are always higfité
ultrasonically assisted transesterification. Mirdimg costs involved in transesterification finalhroduce
cheaper biodiesel.
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