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ABSTRACT

Due to the awareness of adverse effects of comvettfuels to environment and the frequent risermde oil’'s
price , the need for sustainable and environmeinélly alternate source of energy has gained irtgrare in
recent years. Biodiesel is proved to be the beptacement for diesel because of its unique prag=etike
significant reduction in green house gas emissioms)-sulfur emissions, non-particulate matter plhts, low
toxicity and biodegradability. This paper reviews tpretreatment step, the physical and chemicapgnties of
waste cooking oil, Esterification, Transesterificat and production of Biodiesel from waste coolaildoy various
methods and catalysts reported so far. The fachffiescting the process parameters reported are stlidind the
point of interest focuses on their Alcohol to odltio, Reaction temperature, Catalyst both qualitatiand
quantitative scope. The optimum condition is ingestd and the exhaust emissions of Biodiesel agtdofeum
diesel are compared.

Keywords: Biodiesel, Esterification, Transesterification, FEM(Fatty Acid Methyl Ester),FFA (Free Fatty
Acid),WCO (Waste Cooking Qil),WVO (Waste Vegetabl#), WFO (Waste Frying oil).

INTRODUCTION

21% century has been facing many problems like eneugtainability, environmental problems and rising! f
prices. Conventional fuels are known for pollutiig by emissions of sulfur dioxides, carbondioxidearticulate

matter and other gases. This has resulted to ipetdeesearch in alternate fuels and renewable sadirenergy [1-
7].Moreover, energy consumption of the world isremereasing, this has caused the fuel resourcésdiisv The

transport sector worldwide has considerably in@dake fuel consumption reaching 61.5% of the ta&specially

in the last decade[8].Recent research expectdhtbamount of petrol in the world can be used ryefial next 46

years. Hence, interest in research for an effecidstitute for petroleum diesel is increasing Rrrently , India
produces only 30% of the total petroleum fuels neglifor its consumption and the remaining 70%mnmparted,

which costs about Rs. 80,0000 million per yeais Bvident that mixing of5% of biodiesel fuel tethresent diesel
fuel can save Rs.40, 000 million per year [10]. —

Over last few years, Biodiesel(fatty acid methyiees) has become the part of the equation inlf#89’'s as the
effects of global warming began to get politicakrmawledgement, because of its benefits over petroldiesel like
significant reduction in greenhouse gas emissiam;sulfur emissions and non-particulate mattéiutants, low
toxicity, biodegradable and is obtained from reabl® source like vegetable oils, animal fat etcR,211-
15].Biodiesel is superior to fossil diesel fueltérms of exhaust emissions, cetane number, flastt aod lubricity
characteristics, without any significant differerioeheat of combustion of these fuels [16]. Morep\@odiesel
returns about 90% more energy than the energyighatized to produce it [5]. Biodiesel mixed witdonventional

670



Mohammed Abdul Rageeb and Bhargavi R. J. Chem. Pharm. Res., 2015, 7(12):670-681

diesel in some proportions can be used to run aisfireg conventional compression ignition enginel aoes not
require any modifications to be done to the ength&l]Due to benefits like renewable in nature, low cast
green house gas reduction potential, biodiesebigadays incorporated all over the world especiialgeveloped
countries like USA, France, Brazil in different pootions with diesel. It is also estimated thatignchn supplement
41.14% of its total diesel fuel consumption, ifgesces like waste cooking oil and other bio wastese used as
raw material for biodiesel production [10].

Biodiesel can be processed from different mechasism

Some of them are

1. Direct use or blending in diesel fuel, 2. Mienmulsions in diesel fuel, 3. Thermal cracking ofetble oils and
4. Transesterification[6]. In this review, transestcation is focused.

Transesterification is the most common procest)igiprocess an ester compound is exchanged blgamohin the
alkyl group[11,17].Biodiesel can be defined asyfattid methyl esters (FAME) derived from the Trastegfication
of triglycerides (vegetable oils or animal fatsttwalcohol and suitable catalyst [1,2,8,11,13].d#sel is used as
mix constituent of petroleum diesel in proportidas running a diesel engine, since using neat leieeli has some
engine issues[17,18]. Production rate, yield, pobdwality were the key performance indicators sssé. Biodiesel
can be produced from different triglyceride soursash as vegetable oils (that can beedible, ndoledrr waste
oils), animal fats (mostly edible fats or wastesfaind microalgae oil [8,12]. The crops identiffed biodiesel are
corn, sunflower, palm, olive, canola, soybean, rapé peanutsoils, and animal-based lipid (e.g.ebl®].Waste
animal fat is also is identified to be a good feeds for biodiesel. Economic feasibility of biod&slepends on the
availability of low-cost feed stocks [19].The kegsiie for large scale application of biodiesel asmpgared to
petroleum diesel is the high cost of biodiesel alhis mainly concerned with cost of feedstock a#sboth the
edible and non-edible oils are limited . Moreovehas been reported that nearly 70-95 % of thal fmtoduction
cost is related to the cost of raw materials. Tigssie can be overcome by the use of WASTE COOKING O
(WCO)as raw material which can effectively reduwe feedstock cost to 60-70% .Likewise, the costatédlyst also
affects the overall production cost. Several studiave been made to use waste materials for lotvoztalyst
preparation to develop sustainable biodiesel pribaluprocess [5,13].

2. WASTE COOKING OIL (WCO)

Waste cooking oil refers to the used vegetabl@bihined from cooking food. Repeated frying forgamation of
food makes the edible vegetable oil no longer blatéor consumption due to high free fatty acid Affeontent

[10]. Waste oil has many disposal problems likeawaind soil pollution, human health concern antudisince to
the aquatic ecosystem [8,10], so rather than disgasand harming the environment, it can be usedn effective
and cost efficient feedstock for Biodiesel prodowtias it is readily available[1,3, 5,8 ,10, 13,14,20].

Furthermore, Animal fats with high acid value amadidontaining floating sludge discharged in watgstams are
subject to environmental concern due to their lighutant potential and it is a challenge for wastter treatment
plants to purify it. Therefore, conversion of lowadjty lipid-rich sources from slaughterhouses intommercial
grade biodiesel is an opportune strategy for migimgi environmental damages while it can help meethe

energetic challenge[19]. WCO collected can alsoudex to prepare soaps and additive for lubricatihf].Many

researchers have successfully converted used \getainto biodiesel[2].

Vegetable oil contains saturated hydrocarbonslytagides) which consist of glycerol and ester$atfy acids [8].
Used vegetable 0il(UVO) is a by-product from hotédst food restaurants and shops selling fratet by-product
of an operating vegetable oil refinery[11].For $egvbetter quality food, they usually throw this st&a cooking
without any treatment [2,4]. In some places, UC@nfrrestaurants were re-used by street sellersytthéir food
,this waste oil is termed as second —used coadiingan also be utilized by converting to biodigZeDistillate

that is produced by deodorization of palm oil (DDR®also a promising and cost effective feedsf@®}. Infact,

using waste vegetable oil reduces the need fatidsel-producing crops and the competition witbdf@,5,14].
UCOs have different properties from those of rafirend crude vegetable oils [3].The chemical andsiulay
properties of WCO are different from those of freshsince some changes due to chemical reactiswch as
hydrolysis, oxidation, polymerization, and matetiansfer between food and vegetable oil occumdutine frying
process .The typical chemical and physical charaties of WCO are shown in Table 1 .The usual esldor
Properties like density, kinematic viscosity, sdfioation value, acid value and lodine value arewgh in the
table.[8].
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Table-1 Main propertiesof WCO [8]

Property Units Value
Density g/cm 0.91-0.924
Kinematic viscosity (4%C) | mnt/s 36.4-42
Saponification value mgKOH/g  188.2-20f
Acid value mgKOH/c | 1.32-3.€
lodine number g/100g 83-141.5

The properties of WCO can change depending orfrilrey conditions, such as temperature and cookimg.
Indeed a vegetable oil subjected to thermal stsesh as during frying can completely vary its cheahiand
physical original characteristics [8]. The cookipgcess causes the vegetable oil, Triglycerideréalbdown to
form, Diglycerides, Monoglycerides, and free fadiyids (FFAs)[14].The amount of heat and water @ fitying
increases the hydrolysis of triglycerides, therefrcauses a growth of the Free Fatty Acids (FFAghe WCO.
[3,8]. Moreover, because of oxidation and polymaibn reactions, there is an increase in the gisc@nd the
saponification number of the WCO when compared whth original oil .Furthermore the transport of raaand
heat between the frying food and the vegetableaslirs and causes a higher content of water inM8© .During
the transesterification reaction, the presence akwin the WCO samples often lead to hydrolysisengas high
FFA content and high saponification number can lead saponification reactions. Both hydrolysis and
saponification reactions cause low biodiesel yialtd high catalyst consumption[8].The information the
physical-chemical properties of the many biodieselrces available is a key issue to decide on imargs for the
development of crop production, processing, qualitytrol, and engine adequacy[17].

In a study on the fatty acid profiles [2] , it wasncluded that the vegetable oil contains acide lkyristic
(Tetradecanoic), Palmitic(Hexadecanoic), Steari©@adecanoic), Oleic , Linolenic, Arachidic andhet special
fatty acids. Among these oleic and linolenic wetentified to be in major amounts.The most used tedde oils for
frying purposesare generally olive, sunflower arghrut ones. As for these oils, the fatty acid casitjpm is
dominated by oleic and linoleic fatty acids in agtdi to smaller quantities of stearic and palmétids [2,8].

Another study [9] concluded that to obtain a lreyield of product ( above 90%) , the concentratiofh palmitic,
oleic and linoleic acids should be about 37, 50 &48% v/v and moreln terms of concentrations oflydgride,
diglyceride and monoglyceride, an investigationvehohat used a WCO with FFA (wt/wt%) 8.42 and Acalue
(mg KOH g% 16.6 , had Triglyceride concentration (%) of 84Diglyceride concentration (%) of 7.0
Monoglyceride concentration (%) of 0.3 [14]. THearacteristics of second UCO were found to havélaiity to
UCO but the FFA value is found to be higher in #egzond UCO [3].As the time spent for the fryingadlfis
increased, the product yield is decreased [9].

3. TRANSESTERIFICATION OF WASTE COOKING OIL
In transesterifcation reaction, the triglyceridengmnent of oil reacts with the alcohol in the prese of NaOH or
any other catalyst to give ester and glycerol asvshin the scheme -1 [7].

In general, there are three systems of transastgiifn with vegetable oil or an animal fat as artstg material,
they are homogeneous ,heterogeneous systems ayrdatitz based on the catalyst employed in the p2ddVvVO

is reacted with alcohol, In most of the cases maths used because of better efficiency[ 1-1822]L However
ethanol and isopropyl alcohol can also be usedarkthis used for animal fats [19].It has been rigmbrthat,

transesterification process depends upon sevarahpeters which are reaction temperature and presgaction
time, rate of agitation, type of alcohol used armlanratio of alcohol to oil, type and concentratiaf catalyst used
and concentration of moisture and FFA in the feédlbe optimal values of these parameters lardelyend on the
physical and chemical properties of the feedstalcfopattaining higher conversion [3,8]
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Where, R is long chain hydrocarbons.
Sheme-1 A schematic representation of the transesterification reaction[7]

The majority of biodiesel today is produced througtmogeneous alkali-catalysed transesterificatibredible

vegetable oils [ 1,2,3,6,7,9,11,12,18,24]. Homogesecatalysts are those which are soluble duriegréaction,
they may be liquid or gaseous. They are of twosypAcidic and Alkaline. Acidic catalysts like,80, are used
widely for Esterification[7,11] while Alkaline cdists like NaOH and KOH are used for Transestetfan

[1,2,3,7,9,15,18]. The advantages of homogenoualysé are (i) ability to catalyze reaction at loweaction

temperature and atmospheric pressure; (ii) higlvexaion can be achieved in less time, (iii) avaiigb and it is

economical [3]. This process enables a good progluglity and a relatively shorter reaction time][IBe effective
use of Alkaline homogenous catalyst is limitedydor refined vegetable oil with less than 0.5%tFFA or acid
value less than 1 mg KOH/g. [3]. Moreover, the sapan of these catalysts after the reaction ismeted, requires
the washing of biodiesel with water which mightsuk in loss of Fatty acid alkyl esters, energystonption and
generates large amount of waste water. This alseases the overall biodiesel production cost &alyst is

difficult to recover and catalysts may cause reactorosion [5].The triglyceride and alcohol shoblel anhydrous
and a Low free fatty acid (FFA) content of raw niateis required to avoid the soap production( lkakne catalyst
consumption) and low product yields [7,12].

Heteregeneous catalysts are the solids and arkilimsaluring the reaction .Most of them are Meaizides like
KBr/CaO, chitosan,SrFe204/Si02-SO3H and catalysiveld from chicken bones[5,15,16,22]. From economic
point of view, Heterogeneous (solid) catalysts @eferred over homogenous as they can be reudkenv, aabetter
separation and better quality of the final prodd@kSolid base catalysts are considered to bemjsiog catalysts

for transesterifiaction as they have advantageh s easy separation of catalyst from reactionturéx can
tolerate high FFA, no washing is required, easgnegation, less corrosive character of the prodowt,in cost and

it is a more environment friendly approach[21].Heee there are also some disadvantages of theogeteeous
catalysts like they require extreme reaction comadst (higher temperature and reaction times arergdy used)

for preparation compared to homogeneous procegscadleinations temperature for catalyst obtainechfchicken
bones is 90UC[5]. Homogeneous catalysts might be needed to Hagacterized by sophisticated equipment’s
techniques like Fourier Transform Infrared specetm (FTIR), X-ray Diffraction (XRD) and Scanningdgtron
Microscopy(SEM) techniques [5,16] . Furthermore,thmds like Response Surface Methodology (RSM) using
Central Composite Design (CCD) were employed talystthe effects of process variables on the reaction
yield[16].Solid acid catalysts like zeolites, mixegides, sulfated zirconia and ion exchange resinight be very
interesting for the production of biodiesel fronedstocks with high FFA contents, but still theitity is low as it
depends upon the reaction conditions and higheruamof catalyst consumption compared to homogeneous
catalysts.. Furthermore in some of the cases, $oapation is also seen using heterogeneous catalydt
purification is still required in most of the cagesensure the required quality of fuel[12].

Enzymatic catalysts are becoming one of the mosinjzing catalysts for the biodiesel production. yiean
tolerate high FFA and simultaneous Esterificatiod dransesterification takes place in these reactimzymatic
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catalysts are known for being cost effective catalyshorter reaction time and lower reaction teatpee ,However
they need more amount of catalyst and productieldys less compared to homogeneous and heteroge [2@].

4. ESTERIFICATION OF WCO

Most biodiesel specifications impose an upper lianitthe FFAs content as FFA scan cause depositemgide
damage .Esterification can be used to convert fsRo biodiesel and reduce the FFA as shown iemseh2. In
this reaction , fatty acid reacts with alcohollie presence of catalyst to give fatty acid alkyegBiodiesel).[14].

o Catalyst 0
R,—/< + RY OH —J/——> R1-{ + HO
OH O—R2
Free Fatty Acid Alcohol Fatty Acid Alkyl Water
(FFA) Ester (Biodiesel)

Scheme-2 Schematic representation of the eterification reaction [14]

The aim of esterification step is to minimize tredavalue of WCO. Usually the esterification presés an acid
catalysedhomogeneous process in which acids suchsufghuric acid, hydrochloric acid, butyl-methyl
imidazoliumhydrogensulfate(BMIMHSO4) and sulfoniccich are usually selected as the traditional acid
catalyst[7,8,11].However some Heterogeneous citaliike SrFe204/Si02-SO3H also shows good catalyti
activity for esterification and can be very easigparated after the reaction using magnetic figk.

Acid value of the oil is determined by the titratiof mixture of oil with ethanol and diethyl eth@r1l) against
KOH using phenolphthalein as indicator . It is cédted by the formula Acid value =56.1*CV/m; whiéis the
volume of KOH (mL)Cis the concentration of KOH (M) ANIn is the weight of oil sample (g).[9].This titration
method followed official methods AOCS Cd 3d-63 ah8TMD-664 [6,9] .Based on acid value, the catalgst
selected. For FFA less than 1%, the feedstoclbeamansesterified with an alkali catalyst withany pretreatment
step[3].

Results from an investigation [11] shows that maximconversion is obtained at 2% v/uw3®©, The main
inhibitor in the completion of esterification re@et is equilibrium as the reaction is reversibledRcing water by
preheating in an oven can minimize the FFA[11,18.Tmain parameters affecting Esterification reactiwe
identified to be Alcohol to methanol ratio, Catdlyand its amount used and the reaction tempe(@tir,14,18]

5. BIODIESEL PRODUCTION PROCESS

Biodiesel production can be done both in batcheseald in continuous scale . Since, the batch qualeess is
simple , inexpensive and required less skilled woskMost of the Industries prefer Batch scale petidn. There
are many methods in which Transesterification carcdrried out. Among them the lab scale batch oeastmost
commonly used .

Pretreatment of WCO

Before proceeding for the reaction, Pre- heatingibis done at 5C and 1 atm Pressure and incase of used oil a
titration is done to determine the amount of catahequired for the reaction as well as the amaintatalyst
required to neutralize the FFAs. Now the oil igefied to remove any chunks of food particles passhe oil
through a cotton cloth. The preheating depend$enype of oil used for the reaction whether freshised [1].

5.1 Lab scale Batch reactor method

These reactors mostly employ round bottom flaskhv@itnecks or 2 necks with a magnetic stirrer ameflax
condenser. This type of reactor is used in labaegdor the preparation of biodiesel .Figure-1w8bothe Three
necked round bottom flask which is connected withdenser , thermometer and Erlenmeyer [3].
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1. Reactor

2. Magnetic hot plate
stirrer
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Figure 1: Transesterification batch reactor [3]

After the titration that determines the amount atiatyst required for the reaction, the catalyshised with alcohol,
this is mixed with oil in the reactor and continstyustirred. Once the reaction is completed, thepct formed is
of two layers which was separated by separatingéifih,2,9]. The upper layer is Biodiesel and loveayer is
Glycerol. After this separation, the produced bésel is washed with water to remove unreacted alcahd
catalyst[1-3]. The water present in the product lsamemoved by reacting with MO, [5].In most of the cases the
reaction temperature maintained is between 55°% @Sing methanol as alcohol [1-5,9-12,14-19,21 53,2
reaction temperature of 3D is used for ethanolysis of animal fat [19].

It was reported in a study [1] that 80 % yield dobdiesel can be obtained from WCO with methanabitaatio of
6:1, NaOH 1%wt/wt as catalyst , and 60 + 1 °C terapge for 1 - 3 hours by continuously stirring380 rpm.in a
lab scale batch reactor.

Another investigation

Another investigation [2] used WFO from fritter lsgg) shops as a raw material and obtained a yiER48&0o using
methanol to oil ratio 15:1, NaOH (0.5-1 % wt/wt)5&'C for 1-1.5 hours . It was also concluded that loamount
of catalyst can lead to unreacted product and highreunt results in the soap formation. The finaldpict yield is
strongly dependent on the component free fattysagidsent in the feed.

In an investigation [3] ,second used cooking oikvelected as feedstock and a maximum yield of692.Was
obtained with of methanol to oil molar ratio 6.18KOH 1% wt/wt as catalyst at 66 in a batch scale three
necked round bottom flask. Kinetic reaction of setased cooking oil for transesterification wasedetined to be
k = 0.0251exp(-15.29/RT) ditfmol.min).The biodiesel product obtained was oénsity 877 kg/my Viscosity
Kinematic 4.971 m#is, Flash Point 180.% and Pour Point % .

In another study [5] heterogeneous catalyst derifretin chicken bones calcined at §00was used for
Transesterification of WCO and a product yield 8{38% was obtained when 5% wt/wt catalyst was weitiul
methanol to oil ratio 15:1 at 6% for 4 hours in a 3 necked round bottom flask. Talyst was found to have
good catalytic activity, could be recycled foridhé and can tolerate moisture and high FFA.

A glycerol enriched catalyst was used in an ingasion[12] for production of biodiesel from WCO casoybean
oil. It was concluded that using CaO, glycerol amethanol at a mass ratio of 1:1.6:13.4 as catady€.4% wt/wt
with 7:1 methanol to oil molar ratio under ambiatrosphere during 2 h at®&obtained a good quality product
(EN 14214). It was also mentioned that catalystatbe reused fro 4 times .

Waste animal oil was converted to biodiesel inrarestigation[ 19] with a conversion of 83% at’G@with 7:1
ethanol to fat molar ratio and 0.96 wt.% KOH asabyet for 30 minutes in a tubular glass reactorawnded with
thermostatized bath and equipped with a mechasioaihg. The biodiesel formed was by elution tingb a silica
gel column under vaccum.
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An investigation [21] on Alkali metals (Li, Na, ark) supported by rice husk silica as catalystsrfathyl esters
production was conducted and a conversion of 9B%% in 1hour was obtained using 3% catalyst ,arethto oil
molar ratio 9:1 at areaction temperature &¥®5

It was also concluded that the catalyst is abl®lerate free fatty acid uptol.25w/w % and moistowatent up to
1.75wiw %.

A feedstock which is a distillate that is produdgddeodorization of palm oil (DDPO) was utilizeda study [23]
for biodiesel production using a catalyst prepdredn a waste material, Amazon flint kaolin. A cension of
92.8% was obtained at 16Cfor 4 hours with methanol molar ratio of 1:60 wBBb6 wt/wt of solid catalyst
activated with sulfuric acid.

5. 2 Pilot Scale Reactor method

A pilot scale plant is used to process around it@8slof biodiesel. In an investigation [8], agpikcale plant was
used for the production of biodiesel and the patarmseaffecting the reaction were studied namelyctiea
temperature, type and quantity of alcohol usedtatigh rate, catalyst type, and original oil chaeastics. An
optimization process was carried out to obtaineddydf 94.3% biodiesel with density of 0.875 gfamsing UVO
with 3% FFA with methanol to oil molar ratio @:1 and catalyst NaOH with concentration of 0.5%vaeif.

Figure-2 and Figure-3 shows the layout and phajdy of pilot plant. As shown in scheme-4, a pptant is

composed of stainless steel reactor jacketed ofliidd8 capacity R1. WCO is filtered through filtELbefore it is
loaded to the reactor, this process is an autorpaticess. Catalyst and reagent are placed intaanks, D1 and
D2, and are automatically moved to the reactor deipg on the volume and the FFA percentage. Thdymed

biodiesel is passed through an ionic resin fil2iif-order to remove residues of waste materialveastes resulting
from the reaction are removed from the bottom @f thactor. All parameters are monitored by a coenmed

system with a touch screen interface.

Figure-2 Pilot Plant layout [8]

Methanol Sodio
Hydroxide
D1 D2
{re) e
Lc
Hot water
WCOo
R1 )
Biodiesel
E1 ; F2
Glycarol | /' Cold water Biodiesel

5.3 Bubble column reactor method
This type of reactor is very useful for conversfomm low value alcohol and low-value lipids intcodiesel. Hence,
potentially lowering the feedstock cost and thedpiation cost.

A bubble column reactor was used in an investgalb] and a conversion of 95% was achieved is than 2
hours with a low quality vegetable oil containiniglter content of water and FFA and Methanol tonadlar ratio
of less than 3:1 at a temperature of 120 °C andiemtipressure. The bubbling alcohol vapor through reactor
was at dlow rate of 0.034 moles of alcohol per mole of FRAkKe oil present per minute into liquid.
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Figure-3 Pilot plant for biodiesel production [8]

Figure-4 shows a schematic representation of albudabumn reactor showing bubbling action of reaetod water
and methanol transfer between liquid and vapor @hBsibble column reactor is jacketed with glaskiroo.
Reactor is operated typically at a temperature2®f 4C and 180 ml of feedstock lipid. The top of #tolumn is
exposed to the atmosphere to allow alcohol andniatbubble through the reactor to exit into a funo®d where
experiments are performed. Sulfuric acid was miwéti small volume of alcohol to make a catalytitusion. This
solution is added to the reactor at the top byréstadtic pump during théirst 5 minutes of the reaction. The heat
exchangers are used for vaporizing methanol .Theggypumps are used for pumping alcohol.

lipids Methanol vapor
_______ -
Q Free fatty | )
g on 2cid (FFA) [~
|
i 1
Hop e
H-c~0 Rising 1
H Bubble RO
Methanol == 1o
o 1
- 1
I Acid Catalyst I g
1
i

=

o ' O
Fatty Acid Methyl O
Ester (FAME) o0 w‘q
+ o :O l pump pump
Wo | Olo Sampling T
Liquid
Methanol
lipids

Figure-4 Schematic of reactor showing bubbling action of reactor and water and methanol transfer between liquid and vapor phase [6]
5.4 Microwave Technique

In this method, the heat supplied to the reacSosupplied by Microwave oven. Figure-5 shows teeup of the
micro wave reactor.
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Figure-5: Schematic diagram of the microwave acceler ated reaction system. (a) Condenser pipe; (b) display panel; (c) control panel; (d)
reaction chamber switch; (€) main switch; (f) magnetic stirring knob; (g) infrared temper ature measur ement. [13]

b

water out
q —
4] ]
. —C
water in 1=

7z
¢
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A study [11] compared traditional heating estedfion (THE) with microwave assisted esterificat{MAE) using
cation ion exchange resin particles (CERP)/PESytatanembrane and concluded that MAE needs leastion
time, lower reaction temperature, less energy améd methanol additive. The FFAs conversion reachiéd%
under the optimal conditions of reaction tempematf °C, methanol/acidified oil mass ratio 2.0:1,catalyti
membrane (annealed at 13Q) loading 3 g, microwave power 360W and reactionetof 90 min. Thus,
manufacturing biodiesel using microwave resulta fast, green way , easy and effective route wdtlaatages of a
short reaction time, a low methanol/acidified oi#ss ratio, an ease of operation, reduced energuogtion and
all with lower production cost. In this processtdiegeneous catalysts can be used to overcoméditEsming of
liquid acid catalyst .

5.5 Electrolysis method

Feedstcoks with high water content can be diractld in this method where the hydrolysis of watearede and
cathode takes place. The photographic images ofrelgtic cell and the apparatus used for biodiggetuction is
shown in Figure-6 . The photograph shows thatettaee to graphite electrodes separated by a destaint5 mm.
The reactants are filled in the electrolytic —assisell.

Figure-6 Photograph images of electrolytic cell (A) and designed apparatusfor biodiesel production (B) [13]
DC power supply

'\4; Anode & Cathode

A i >
> (graphite electrode)
P———]
) Electrolytic
. glass reactor
J e
L .
e Biodiesel *9 Chitosan
LR J ©

Magnetic stirrer
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An investigation[13] on use of Chitosan (Organaatie catalyst ) for Biodiesel was analyzed usklgctrolysis
method. A conversion of 59.1% was obtained fromabmbined use of electrolysis process and 10 B6sdn
applied in 4 h. he reaction mixture containing usedking oil, methanol, Tween 80, chitosan, deiedizvater and
NaCl as a supporting electrolyte was filled in #lectro —assisted cell. The molar ratio of methanobil was
adjusted to 24:1 and co-solvent to methanol to1@0 NaCl concentration was 0.56% wt/wt. Electsid was
carried out at room temperature using a constathg® of 18 V (DC). The reaction mixture was a@githtising a
magnetic stirrer.

6. Purification of Biodiesel

Once the reaction is completed, the mixture of pobds transferred to a Separating funnel wherentibgure is
allowed to settle down at room temperature [1-9,82,9] or centrifuging [5,18]. The mixture is seqtad to 2
layers in most of the cases[1,2]. When ionic ligsidised as catalyst , the product formed was lay&s [18]based
on the catalyst used. The upper layer is alwaydiésel and the lower layer is glycerol. This sapan is based on
density difference. Biodiesel is separated andhe@sby distilled water or ethyl acetate for remogélminor
impurities[ 1,2,9,14]. The washed biodiesel wastdrkd&o remove any moisture present [2] It can aismated with
NaSO,to remove water to yield the biodiesel which ig#ow liquid[9] .

In an investigation [24] it was reported that aftee separation of glycerol from biodiesel, theifieation of crude
biodiesel( methyl esters) using activated carboodyced from spent tea waste can result in higiedd wf product
and better fuel properties compared to the coneeati methods of water washing and use of silica gel
Furthermore, this the spent activated carbon caedpenerated and reused.

The ASTM standards for the produced Biodiesel &i@vs in the table-2 [1].Biodiesel produced fronrioas
methods should be in its limits.

Table2: ASTM STANDARDS[1]

Property Standard valug units
Density 0.87 glcc
Viscosity 1.66.5 mnT/s
Cetane indox >47 No units
Carbon residue(100% sample) 0.050 Wit%
Acid Value 0.50(max) Mg KOH/g

7. Engine emissions fuelled with biodiesel from waste cooking oil

In the current scenario, biodiesel has been idedtiis a potential alternative fuel for Cl Diesebine as its use
can cut down the fossil fuel consumption as welleagine out emissions. Many researchers haveestui the
emission characteristics of biodiesel and conclutterl benefits of Biodiesel[4,10,17,25].The ideabsdil fuel
characteristics include good fluidness in the eagiperating temperature range, contamination-freeveax-free,
easy ignition, clean, and efficient combustion[17].

An investigation[4] done on the combustion chanasties of Engine fuelled with Biodiesel showed tthhe
biodiesel provided significant reductions in COdamburned HC, but the NOx emission was increaBeitliesel
has a 5.95 % increase in brake-specific fuel comsiam due to its lower heating value.

It was reported [10] that biodiesel shows similaamcteristics to that of diesel. The brake thereféitiency,
carbon monoxide, unburned hydrocarbon and smokeitggae observed to be lower in the case of WCadliesel
blends than diesel. But specific energy consumpimhoxides of nitrogen of WCO biodiesel blendsfaumnd to be
higher than diesel.

Another study[17] reported that Fuel blends withtaf20% waste cooking oil biodiesel or 35% casibbiodiesel
concentration in diesel fuel will meet present $ipeations for biodiesel density and kinematic wisity. Fuel
density and viscosity increased with increasingdi@sel concentration in the diesel-biodiesel blemtile fuel
sulfur content was reduced.

Another investigation[25] analyzed the performaaocel emission characteristics for diesel enginetljout any
modifications) using different blend fuels suchld¥s (100%diesel fuel), JB5 (5% jatropha biodiesal 86% DF),
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JB10 (10% JB and 90% DF) and J5W5 (5% JB, 5% wambd&ing oil and 90% DF). It was reported that exdtau
emissions of JB5, JB10 and J5W5 had reductionGn €O and CO2 emissions compared to that of DF.réédse
NO, emissions for all fuel blends was increased comptreDF. Furthermore, .In comparison with the didgel,
blend fuels produced lower sound levels due to nfaators including increase in oxygen content, otidm in the
ignition delay, higher viscosity, lubricity etc.

CONCLUSION

Biodiesel is an effective alternative fuel for centional diesel and can be directly used as fuel diesel engine
without any modifications to the engine. It hasnymaositives like high biodegradability, reductiongreen house
gas emissions , non-sulfur emissions , non-pagteumatter pollutants, low toxicity, excellent lidity and is
obtained from renewable source like vegetable aifémnal fat etc. Transesterification is the mosnhomn method
for biodiesel production. Waste cooking oil is astceffective and promising feedstock . WCO witghter FFA
content results is decrease in the overall yieldthis case, esterification is to be done befor@n3esterification
.Homogeneous catalysts like NaOH and KOH are knéavnhaving less reaction time and moderate reactio
conditions but oils with high FFA may result in apoformation which reduces the overall yield anel thcovery if
catalyst is difficult. Heterogeneous catalysts haetter separation and better quality of produdt they have
extreme reaction conditions. For carrying Transdgtation, batch reactors are preferred over gamius because
of easy assemblage , maintenance, inexpensiveeasydto design . Obtaining higher yield of proddepends
upon the quality of oil used. The parameters afiigathe reaction were identified to be methanaditanolar ratio,
the catalyst used and its amount and the reactimpérature . The produced biodiesel mixed with @ridgns of
petroleum diesel (B20 : 20% biodiesel and 80% patira diesel) showed significant reduction in CO, @
smoke emissions .
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