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ABSTRACT

Biodiesdl, an alternative and renewable fuel for diesel engines, has become more attractive in recent times because
of its renewability, biodegradability, nontoxicity and carbon neutrality. Biodiesel consists of mono alkyl esters of
long chain fatty acids, more commonly methyl esters and is typically made from biological resources such as plant
seed ails, animal fats or even waste cooking oils by transesterification with methanol. Transesterification reactions
are catalyzed by acids, bases and enzymes. Heterogeneous catalysts are promising and receiving attention for the
production of biodiesel. In the present paper, an attempt is being made to review on heterogeneous catalyst used in
the production of biodiesel.
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INTRODUCTION

Biodiesel, mixture of fatty acid methyl esters (FEM is an alternative and renewable fuel for diesajines and
has been attracted in recent times due to dimimjshetroleum reserves and detrimental environmémiadcts of
petro-diesel. Biodiesel is environmental friendhge of sulfur and aromatics, and hence ideal &avily polluted
cities. It is biodegradable and non-toxic [1-3]o8iesel is produced from any fat or oil throughracess called
transesterification. Transesterification is a psscie chemistry for direct conversion of one etdesnother. Such a
process makes a synthetic methodology shorter Bgaat one step. Transesterification process isust in the
production of biodiesel. In the production of biesk!, oils and fats are transesterified with maethanthe presence
of an acid, base, or enzyme (lipase) catalystfardifatty acid methyl esters (FAME) and glycerslabyproduct
[4, 5]. Alcohols utilized for transesterificatiomqeess are generally methanol, ethanol, propamthniol and amyl
alcohol. Methanol and ethanol are used most fretfyyerspecially methanol because of its low cost & physical
and chemical advantages. This process has beetywisied to reduce the high viscosity of oils ant,fahereby
enhancing the physical properties of renewablesfteeimprove engine performance [6-8].

The conventional catalysts for transesterificatieaction are homogeneous strong bases (such d$ rakal
hydroxides and alkoxides) and homogeneous acid$ @s HSO,) [8, 9-12]. However, basic catalysts are generally
corrosive to equipment and also react with fre¢yfatid to form unwanted soap as by-products teguire
expensive separation [13, 14]. Homogeneous acalysas$ are difficult to recycle and operate at higimperatures,
and also give rise to serious environmental andos@n problems [15, 16]. Enzymes or lipases arteirady
occurring substances. They have excellent catadytiivity and stability in non-agqueous media, whiatilitate the
esterification and transesterification processrduhiodiesel production. Enzyme-based transestatifin is carried
out at moderate temperatures with high yields thistmethod cannot be used in industry today duggb enzyme
costs, and the problems related to its deactivatemrsed by feed impurities [17, 18]. Thereforeptercome all
these problems including cost, people are workimghe development of economically viable as wekesfriendly
solid catalysts for biodiesel industries.
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Heter ogeneousdly catalyzed transesterification

Heterogeneous catalysts are promising and advaniader biodiesel production because they couldgmrated in
continuous processes, could give high quality ofdpcts; they are reusable, environmentally benighae more
effective than acid catalysts and enzymes. Besithes,use of heterogeneous catalysts does not proso@ps
through free fatty acid neutralization or triglyicer saponification. They can be designed to giwghéa activity,

selectivity, and longer catalyst lifetimes [17, 28-24]. A large number of acid and base heterageneatalysts for
the production of biodiesel have been reportetiénliterature.

Karmeeet al. [25] studied transesterification ®bngamia oil at 120°C with 1:10 molar ratio of oil to methanol
using ZnO, H-Zeolite, and Montmorillonite K-10 as catalyst (81vt.% of oil) to form biodiesel. The reaction time
taken was 24 h and the conversion was 83% for Zdmldlle HB-Zeolite and Montmorillonite K-10 catalyzed
transesterifications gave low conversions of 59% 4r% respectively. Zeolite beta modified with llafeolite
beta) was investigated by Shual. [26] as a solid acid catalyst for methanolysis@fbean oil and only 48.9 wt.%
of biodiesel was obtained.

Jitputti et al. [27] compared the catalytic activities of sevaeidic and basic solids catalysts such as,Z#&DO,
SOISN0, SQ21Zr0,, KNOS/KL zeolite and KNQ/ZrO, for transesterification of crude palm kernel aitlacrude
coconut oil with methanol. Among the catalystsfateld zirconia (Zr@SQ,”), a super acid gave the highest yield
of methyl ester due to its high acid strength. Téaetion was carried out at 200 with 1 wt.% catalyst content, and
6:1 of methanol/oil ratio in a high pressure reacfdter 1 h reaction time, 90.3 and 86.3 wt.% dadthyl ester was
obtained from crude palm kernel oil and crude cotail respectively. Zirconia alone gave lower glieCrude palm
kernel oil yielded higher methyl ester than crudeanut oil due to the higher free fatty acid andeva&ontent of
crude coconut oil which reduced the methyl esteldyi

Penget al. [28] prepared and studied $0TiO,-SiO, as a solid acid catalyst for the production ofdigésel from
low cost feedstocks (50% oleic acid + 50% refinettan seed oil) with high free fatty acids (FFAs)adutoclave
reactor at 200°C with 9:1 molar ratio of methanol to oil and 3 %t.catalyst concentration. 92% FAME was
obtained within 70 min. The effect of FFA amounttbe yield of esters was studied by adding 10,580and 80
wt.% oleic acid to refined cottonseed oil underikinreaction conditions and it was observed thatEFA content
increased the yield of methyl ester and the rateestérification of oleic acid was higher than tlser of
transesterification of cottonseed oil due to thiédvesolubility of FFAs of cottonseed oil in metlohn

Kafuku et al. [29] studied production of biodiesel froihoringa oleifera oil using sulfated tin oxide enhanced with
SiO, (SOZ/SNG-Si0,) as super acid solid catalyst. The reaction paramsetudied were reaction temperature (60
to 180°C), reaction period (1 to 3 h) and methanol toratlo (6:1 to 24:1). With reaction conditions of (1%
temperature, 150 min reaction time and 19.5:1 nmethto oil ratio, the yield up to 84 wt.% dforinga oleifera
methyl esters was obtained, while catalyst conedéintr and agitation speed are kept at 3 wt.% art#38® rpm
respectively. This study presents the possibilftganverting a relatively new oil feedstodWpringa oleifera oil to
biodiesel and thus reducing the world's dependenogxisting edible oil as biodiesel feedstock.

Lamet al. [30] demonstrated SEYSn0;-SiO, as a potential catalyst using mixed methanol-athas an alternative
way to produce greener biodiesel from waste cookihgThe transesterification reaction was carrédl50 °C
using 6 wt.% of catalyst. Optimum yield of 81.4%diesel was produced with methanol to ethanol tanmiar
ratio of 9:6:1 in a relatively short reaction tim&1 h. This simple approach not only minimizes lingtation of
using ethanol in transesterification catalyzed dlidsacid catalyst, but also produces biodiesel more sustainable
and greener way.

Nakagakiet al. [31] synthesized and investigated sodium molybdaMoO,) as a heterogeneous catalyst for the
methanolysis of different types of lipids derivedrh soybean oil such as refined soybean oil (0.7Ki®¢l/g acid
value), degummed soybean oil (1.0 mg KOH/g acidiepland used frying oil (1.5 mg KOH/g acid valu€he
reaction was carried out at 66 with 54:1 of methanol/oil ratio, 5 wt.% catalyintents in 3 h. The conversion
achieved for refined soybean oil, degummed soyhshand used frying oil were 95.6, 92.6, and 94.6%v
respectively.

Serioet al. [32] examined application of vanadyl phosphat®Py as catalyst in the transesterification of saybe
oil and yielded 80% methyl ester only after 1 hctea time even though the specific surface areeatdlyst was
low (2-4 nf/g).

Ramuet al. [33] studied zirconia supported tungsten oxide€OglrO,) as a solid acid catalyst for esterification of
palmitic acid with methanol and using 5 wt.% casiy 6 h, a conversion upto 98% was obtained.
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Meleroet al. [34] investigated transesterification of refinaiod crude vegetable oils with a sulfonic acid-medif
mesostructured catalyst. This catalyst yielded fatid methyl esters over 95 wt.% for oil convensitose to 100%
under the best reaction conditions (temperature °C8amethanol/oil molar ratio 10, and catalyst logd8 wt.%

with regard to the amount of oil). In presence ofef fatty acids in the oils, the sulfonic acid-nitdi

mesostructured catalyst showed high activity towsimultaneous esterification and transesterificatidhese
sulfonated mesostructured materials are promisatgysts for preparation of biodiesel.

Garciaet al. [35] reported that sulfated zirconia, synthesizgalsolvent-free method (S-Z3Qis very active in the
transesterification of soybean oil and the estsifon of fatty acids. The conversions obtainedhim alcoholysis
catalyzed by S-Zr@under optimized conditions (12C, 1 h, 5 wt.% of catalyst) were 98.6% (methanalysind

92% (ethanolysis) with an immediate separatiorhefdlycerin. The performance of ethanolysis wasasogood as
in methanolysis due to the higher water contermtlbdnol compared to methanol.

Chenet al. [36] synthesized a solid catalyst copper vanadimsphate (CuVOP) and investigation showed theat th
catalyst is very active in the transesterificatieaction for biodiesel production from soybean ®the maximum
conversion of 65.5% is obtained at loading of 1t®4y methanol/oil molar ratio of 6.75 at 86 and reaction time
of 5 h.

Zhanget al. [37] studiedZanthoxylum bungeanum seed oil (ZSO) with high free fatty acids (FFAY foiodiesel
production by ferric sulfate-catalyzed esterifioatifollowed by transesterification using calciunidex(CaO) as a
basic catalyst. The acid value of ZSO with high HBA.02 mg KOH/g) can be reduced to less than X@g/g by
one-step esterification at 98 in 2 h using methanol to ZSO molar ratio of 40194ith ferric sulfate 9.75 wt.% of
ZS0. Transesterification of pretreated ZSO usingODCas a catalyst was optimized by Response surface
methodology, and the optimal conditions of the afalés were as follows: methanol to oil molar retib69:1,
catalyst amount 2.52%, and reaction time 2.45 hdddroptimal conditions, the conversion to biodieszched
above 96%. The results supported that vegetableitil high FFA can be used for biodiesel productinsolid
acid-catalyzed esterification followed by solid @lkcatalyzed transesterification. This study pded a friendly
method to biodiesel production from raw feedstoekh high FFA.

Brahmkhatriet al. [38] synthesized 12-tungstophosphoric acid arethao MCM-41 as a heterogeneous acid
catalyst which exhibits significant activity fordaliesel production by esterification of free fadigid, palmitic acid
with methanol. The esterification of palmitic a¢@l01 mol, 2.5 g) with methanol (0.4 mol, 16.2 mi@s carried
out at 60°C for 4 h. The catalyst shows high activity in teraf 100% conversion toward palmitic acid. Studiks®
reveal that the catalyst could be used for biodlipgmluction from waste cooking oil without any fseatment. The
catalyst can be employed for the feedstocks thatiah in free fatty acids where simultaneous FEfegfication
and triglycerides transesterification using a hmdeneous acid catalyst provides an alternativelesisigp process
for biodiesel production.

Various basic heterogeneous catalysts have beanmtedpin literature for biodiesel synthesis. Kowual. [39]
examined transesterification of edible soybeamwiih refluxing methanol in the presence of calciaride (CaO),
calcium hydroxide (Ca(OH) and calcium carbonate (CagOThe yield of FAME was 93% for CaO, 12% for
Ca(OH), and 0% for CaC@at 1 h of reaction time. CaO was used for furtiests in transesterification of waste
cooking oil with acid value of 5.1 mg KOH/g. Theeld of FAME was above 99% at 2 h of reaction tilmet a
portion of catalyst changed into calcium soap lactieg with free fatty acids present in waste coghkdil at initial
stage of transesterification. Owing to the neutiatj reaction of the catalyst, concentration oticah in FAME
increased from 187 ppm to 3065 ppm. As quality daddiesel and lifetime of the catalyst are important
considerations, the catalyst should be guarded thenmeutralizing reaction with free fatty acids.

Liu et al. [40] investigated SrO as a solid catalyst fonsesterification of soybean oil to biodiesel. BEIFface
area of the catalyst was 1.05/q1 A conversion of 95% was obtained at°65with catalyst content of 3 wt.% and
molar ratio of methanol to oil of 12:1 within remet time of 30 min. Slightly reduced yield of biedel was
observed when the SrO catalyst is subsequentledeias 10 cycles.

The TiO-MgO mixed oxide catalysts [41] prepared by the-gall method were successfully used for biodiesel
production. The addition of Ti resulted in the ditbfon of Ti ions for Mg ions in the magnesiatie¢, thus leading
to defects on the catalyst surface. These defectsnaprove the stability while maintaining an adedybe catalytic
activity. The best catalyst was determined to be MJ23, which comprised of Mg/Ti molar ratio of idacalcined
at 923 K, based on an assessment of the activitystability of the catalyst. For the MT-1-923, ttetalytic activity
decreased slowly within the reuse processes. Aftgeneration, the activity of MT-1-923 slightly reased
compared with that of the fresh catalyst due tonanease in the specific surface area and average giameter.
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The mixed oxides catalyst, TigO, showed tremendous potential in large-scabdelibsel production from waste
cooking oil.

Lingfeng et al. [42] investigated the possibility of using KFAI,O; as heterogeneous catalysts for the
transesterification of cottonseed oil with methafidgle operation variables used were methanol/olanmatio (6:1-
18:1), catalyst concentration (1-5 wt.%), tempeae{0-68°C). The biodiesel with the best properties wasiobth
using a methanol/oil molar ratio of 12:1, catalgtwt.%), 65°C temperature and reaction time (3 h), with the
catalyst KFy-Al ,0O3 (mass ratio 50.36%).

Liu et al. [43] studied transesterification of soybean oilbiodiesel using CaO as a solid base catalystiésel
yield exceeded 95% in 3 h using 12:1 molar ratienethanol to oil and 8 wt.% of catalyst at € It is reported
that the catalyst lifetime was longer than thatalcined KCOs/y-Al,Os, KFi-Al,O; catalysts. CaO maintained
sustained activity even after being repeatedly fee@®0 cycles and the biodiesel yield at 1.5 h was affected
much in the repeated experiments.

KF/ZnO catalyst [44] has been reported as soli@ lwasalyst for the transesterification of palmwith methanol to
produce biodiesel. 35 wt.% of KF was loaded on Am@ good conversions were achieved. The experimenidy
revealed that the optimum reaction conditions fansesterification of palm oil to biodiesel werethamol/oil ratio
of 11.43, reaction time of 9.72 h, catalyst amonin5.52 wt.% and reaction temperature was fixe8%tC. The
optimum biodiesel yield was found to be 89.23%.

Guominet al. [45] studied transesterification of palm oil withethanol to biodiesel over a KFAS; heterogeneous
base catalyst. The biodiesel yield reached its mari value of over 90% at the optimal condition, wiiee load
ratio of KF/ALO; was 0.331 (wt./wt.), the molar ratio of methaniblieas 12:1, the amount of KF/XD; catalyst
was 4 wt.% of oil, the reacted temperature wa¥&%%nd the reaction time was 3 h.

Tenget al. [46] investigated KREAILOs as an active catalyst to prepare biodiesel frogbean oil. The optimal
conditions of transesterification reaction werdaewed: the load ratio was 72.68% (KFeAl,Os, wt/wt), molar

ratio was 12:1 (methanol/oil), reaction temperaiuas 65°C, catalyst concentration was 2 wt.% of oil, anact@n

time was 3 h. Under these conditions, the yieltiofliesel could reach over 99%.

Sunet al. [47] studied and reported that the KF loaded opOE was an active catalyst for the production of
biodiesel from rapeseed oil. After calcination 806C for 4 h, the catalyst with 15 wt.% KF loaded amp®; was
found to be the one with highest basicity and gétahctivity for the transesterification reactiahen the reaction
was carried out in the reflux of methanol, with alan ratio of methanol/oil of 12:1, a catalyst ambaf 3 wt.% (of
oil), and a reaction time of 1 h, the conversiomagfeseed oil to biodiesel was 92.5%.

Gaoet al. [48] investigated that biodiesel can be produtedh trans- esterification of palm oil with methdmwer

KF/hydrotalcite catalyst. The effective factorsclsias KF/hydrotalcite load ratio, methanol/oil nialatio, catalyst
amount, reaction time, and reaction temperaturee Wwevestigated. When the reaction was carriecab66°C, with

12:1 molar ratio of methanol to oil, reaction timie3 h, and catalyst amount of 3 wt.% of oil, thely of fatty acid
methyl esters could reach 85%, and when the reaatés kept for 5 h, 92% yield was obtained.

Gaoet al. [49] also studied a series of solid base catsly§E/Ca-Mg-Al hydrotalcite (KF mass ratio of 100%ith
different cation ratios for the transesterificati@action of palm oil with methanol. The catalysultl yield over
90% of biodiesel in 10 min under the following réae conditions: reaction temperature, €5 methanol/oil molar
ratio, 12:1; and catalyst amount, 5% (wt.% of dlle catalyst with an optimal cation ratio (2.2:@)8vas obtained
by the central composite design method, and atdinee reaction conditions, the FAME yield could he86.6%.
This catalyst largely shortened the reaction tirhthe biodiesel production and showed a hopefulriubf the new
producing method of biodiesel.

Wanet al. [50] examined production of biodiesel from soyed by transesterification over sodium aluminasea
heterogeneous catalyst. The solid base showedddtivity for the alcoholysis of soybean oil. Theacdon was
carried out at a reflux temperature with a 12:1anaehtio of methanol/oil and 1.5 wt.% of catalyst & reaction
time varying from 10 to 60 min, in which the mettedter yield reached 82.9-93.9%. The catalytic loilita tests
showed slight decrease in activity by repeatingtamsesterification reaction for three times.

Reddyet al. [20] studied transesterification of soybean aillvmethanol to biodiesel at room temperature (23-2
°C) using polymer-supported azidoproaza- phosphataana catalyst. This catalyst was recycled 11stimkhough
its activity decreased with time.
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Kawashimaet al. [51] studied the catalytic activity of calcium desl metal oxides such as CaZi@aMnQ,
CaFe0s, CazZrQ and CaO-Ce®in the methanolysis of rapeseed oil. The authtss atudied the change of
activity on replacement of Ca with barium, magnesiwr lanthanum. The reaction was carried out ipatch
reactor at 60C with 6:1 molar ratio of methanol to oil for 10ih,which the methyl esters yield reached 79-92%. |
was found that CaZr{and CaO-Ce@show high durability, ester yields greater thafo8nd have the potential to
be used in biodiesel production processes as lyetreous base catalysts. Cajltad a base strength in the range
of 6.8-7.2. CaMn@ CaFe,0s, CaZrQ, and CaCe®had the highest base strengths, in the range fr@no 9.3.
However, the Ba, Mg, and La series catalysts shawedveakest base strengths, which were less tgarTbese
results suggest that the Ca series catalysts hghechtalytic activity for the transesterificatimaaction, but the
other catalysts have low activity.

Dossinet al. [52] investigated and reported MgO-catalyzed demterification reaction, at industrially relevant
conditions, in batch and continuous stirred tardcters. A kinetic model based on the three stejes/*Rideal’ type
mechanism assuming methanol adsorption as rateatiatag step was proposed. Two processes were ateu)l
first for transesterification of ethyl acetate wittethanol in a batch slurry reactor and secondsésterification of
triolein with methanol to form methyl oleate in antinuous slurry reactor and results were usedinwlate
biodiesel production from rapeseed oil. The sinmaiet indicate that a production of 500 tonnes medlogtate per
year can be reached at ambient temperature inch beactor of 10 fcontaining 5 kg of MgO catalyst, and that a
continuous production of 100,000 tonnes of biodigme year can be achieved at %D in a continuous stirred
reactor of 25 rhcontaining 5700 kg of MgO catalyst. The resuliidate that for both processes, a heterogeneous
magnesium oxide catalyst shows promising potefarahdustrial scale.

K,CGO; supported on MgO has been developed as the nfieef catalyst by Lianget al. [53] for synthesis of
biodiesel from soybean oil and reported 99.5% ymflbiodiesel. The catalytic activity of the,80;/MgO was
higher than that of }CO; due to the interaction between@0O; and MgO and because of the high degree of
dispersion of the active sites on the surface oDMljlaximum catalytic activity was obtained when tbading
ratio was 0.7 and maximum conversion in transditation was achieved after 2 h when operating ipetars are
set at 70°C, 6:1 methanol to oil molar ratio with catalysOD.wt.% of oil. After 6 cycles, the catalytic adtyv
decreased marginally but activity was regained a&fidcination.

Benjapornkulaphongt al. [54] investigated and compared the catalytic grenfince of AJOs-supported alkali,
alkali earth metal oxides and effect of calcinatiemperature on activity of different catalyst foansesterification
of palm kernel oil and crude coconut oil with metbh They found that Ca(N{g)/Al,O; calcined at 456C was the
most suitable catalyst giving 94.3% conversion, éeev when the calcination temperature was increated
methyl ester formation dropped due to the formatibmactive metal aluminates. On the other han8i®#Al,O3
and KNQYAI,O; improved methyl ester formation tendency at thieication temperature of above 55G but
LINO4/AI,O; catalyst was active with conversion of 91.6% a0 4& calcination and 93.4% at 55(C.
Mg(NOs),/Al,O; catalyst was not active at any calcination temjpeea(only conversion 10.4% at 480). After 3 h
of reaction time, at 60C with 65:1 molar ratio of alcohol/oil and 10 wt.%atalyst content, the maximum
conversion reached to 94.3% from palm kernel oiérelas only 85% conversion was obtained in the chseude
coconut oil due to high acid value and moistureteoinof crude coconut oil than palm kernel oil. Buten catalyst
amount was increased from 15 to 20 wt.%, the camwerof crude coconut oil also increased from 94%3.8%.
Guoet al. [55] examined the use of calcined sodium silieeg@ novel solid base catalyst in the transeistatiiin of
soybean oil with methanol. It was found that ad/ief almost 100% biodiesel was achieved using nmathi@ oil
molar ratio of 7.5:1 and 3 wt.% of sodium silicate50 °C in 60 min. The catalyst can be reuseafféeast 5 cycles
without loss of activity.

Akbar et al. [56] developed a new solid catalyst, Na/Si€r transesterification of Jatropha oil with mexbl to
produce biodiesel. Na/SjQwith a loading of 50:50 molar ratio of Na/Si caled at 600°C exhibited the best
catalytic activity for the reaction. The conversioh vegetable oil is found to be 99%. The optimuaaation
conditions are achieved at the reflux temperat@imathanol (65°C), with a 15:1 molar ratio of methanol to oil and
a catalyst amount of 6 wt.%. The catalyst showegh fctivity under mild conditions and at a relaljvehort
reaction time of 45 min.

Georgogianngt al. [57] tested Mg MCM-41, Mg-Al hydrotalcite and"Kmpregnated zirconia catalysts and found
that Mg-Al hydrotalcite was more active catalyst fimansesterification of rapeseed oil to biodieddh-Al
hydrotalcite showed particularly the highest atyiwiith conversion reaching 97%. MCM-41 also gaightyields
(87%) of methyl esters in the transesterificati@aation. Authors also compared these results witt bf
homogenous catalyst (NaOH) in the transesterificateaction under identical reaction conditions &mthd that
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the homogenous catalyst accelerated the trand&steon reaction significantly and gave the eqléwa conversion
only within 15 min.

Sreeet al. [58] demonstrated transesterification of bothbetliand non-edible oils using Mg/Zr catalyst (cgdal
ratio 2:1 wt/wt.%). The transesterification reantiwas carried out at 6& with 53:1 molar ratio of methanol to oil
and a catalyst (0.1 wt.% of oil). The conversionabbut 98% was achieved in 50 min. Insignificantrdase of
yield up to 5% was observed during transesteriboabf sunflower oil after fourth cycle. Howevehet high
transesterification activity of Mg/Zr catalyst mighe due to the presence of higher number of bataic sites. Total
basicity of catalyst was 12Q4nol/g while surface area was 47/m

Samartet al. [59] demonstrated that KI supported on mesoposdita can be used to catalyze transesterificadfon
soybean oil using methanol for biodiesel productiath the conversion close to the conventional mdth The
optimum condition was the reaction temperaturefC, 15 wt.% of Kl, a reaction time of 8 h., and dafyst
amount of 5% by weight of the oil which yielded 9@¥%nversion. The result shows that KI/mesoporolitsasis a
challenging heterogeneous catalyst for biodiesadipction.

Liu et al. [23] studied calcium ethoxide as a solid basalgst for the transesterification of soybean oibtodiesel
with methanol and ethanol. The experimental reslitaved that the optimum conditions are a 12:1 meito of
methanol to oil, the addition of 3% Ca(OgEH;), catalyst, and a 68C reaction temperature. A 95% biodiesel
yield was obtained within 1.5 h in these conditidbglso indicated that the catalytic activityazflcium ethoxide is
better than that of CaO. Besides, a 91.8% biodigséd was obtained when it catalyzed soybeanwbibdiesel
with ethanol at 75C in 3 h.

Liu et al. [60] also studied calcium methoxide as a solidebaatalyst for the transesterification of soybe#ro
biodiesel with methanol. The experimental resulieve calcium methoxide has excellent catalytic afgtiand
stability in the transesterification of soybean tmil biodiesel with methanol, and the optimal caoodi are: 1:1
volume ratio of methanol to oil, addition of 2 wt@a(OCH), catalyst, 65°C and about 2 h of reaction time and
yield of biodiesel obtained was 98%. Besides, #duycling experiment results showed it had a loriglgst lifetime
and could maintain activity even after being reuee®0 cycles.

Nd,O; loaded with KOH showed high catalytic activitiesr fthe transesterification reaction [61]. Both &gD
species formed by the thermal decomposition of édaOH, and the surface K-O-Nd groups formed by- sal
support interactions, were probably the main rea$onthe catalytic activity towards the reactidhe catalyst with
30 wt.% KOH loading on NaD; and calcined at 60U for 12 h was found to be the optimum catalysticwiyave
the best catalytic activity. When the reaction wasied out at reflux of methanol, with a molaiaaif methanol to

oil of 14:1, a reaction time 1.5 h, a reaction tenapure 60°C and a catalyst amount 6 wt.% of oil, the highest
biodiesel yield reached 92.41%.

CONCLUSION

Biodiesel is an alternative and renewable fueldiesel engines and has become more attractive@ntdéimes. The
catalysts used in the production of biodiesel aidsa bases and enzymes. From this review, itastethat the
importance of heterogeneous base catalyst for ésetliproduction is growing as heterogeneous baséyses are
more effective than heterogeneous acid catalysts emzymes. Hence, researchers should concentratthdo
development of economically viable as well as aeafily heterogeneous catalysts for biodiesel pridioic
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