Energies2008§ 1, 79-92; DOI: 10.3390/en1020079

energies
ISSN 1424-8220
www.mdpi.org/energies

Article

Esterification of Oleic Acid for Biodiesel Producton Catalyzed
by SnCh: A Kinetic Investigation

Abiney L. Cardoso, Soraia Cristina Gonzaga Neves aMarcio J. da Silva *
Departament of Chemistry, Federal University ofoéig, Vicosa, Minas Gerais, Brazil, 36570-000.
* Author to whom correspondence should be addregsddail:silvamj2003@ufv.br

Received: 5 August 2008; in revised form: 16 Seip¢er®008 / Accepted: 17 September 2008 /
Published: 24 September 2008

Abstract: The production of biodiesel from low-cost raw matksr which generally
contain high amounts of free fatty acids (FFAsa igaluable alternative that would make
their production costs more competitive than petrol-derived fuel. Currently, the
production of biodiesel from this kind of raw maaés comprises a two-stage process,
which requires an initial acid-catalyzed estertiiwa of the FFA, followed by a base-
catalyzed transesterification of the triglycerid€emmonly, the acid $50, is the catalyst
on the first step of this process. It must be shalyever, that major drawbacks such as
substantial reactor corrosion and the great gaoaraf wastes, including the salts formed
due to neutralization of the mineral acid, are tiggaand virtually unsurmountable aspects
of this protocol. In this paper, tin(ll) chloridehgdrate (SnGl2H,0), an inexpensive
Lewis acid, was evaluated as catalyst on the etisisaf oleic acid, which is the major
component of several fat and vegetable oils fee#stoTin chloride efficiently promoted
the conversion of oleic acid into ethyl oleate timamol solution and in soybean oil samples,
under mild reaction conditions. The SpCétalyst was shown to be as active as the mineral
acid HSQ,. Its use has relevant advantages in comparisomirteral acids catalysts, such
as less corrosion of the reactors and as well aglimg the unnecessary neutralization of
products. Herein, the effect of the principal pagters of reaction on the yield and rate of
ethyl oleate production has been investigated. tiinmeasurements revealed that the
esterification of oleic acid catalyzed by Sp@H,O is first-order in relation to both FFAs
and catalyst concentration. Experimentally, it wasfied that he energy of activation of
the esterification reaction of oleic acid catalybgdSnC} was very close those reported for
H.SO,.
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1. Introduction

Biodiesel is a suitable substitute for petroleumia®l diesel. It is biodegradable, almost sulfusles
and a renewable fuel, though still not producedehyironmentally friendly routes. This alternative
fuel consists of methyl or ethyl esters, a restikither transesterification of triacylglycerideB3) or
esterification of free fatty acids (FFAs) [1]. Biedel fuel has become more attractive becauses of it
environmental benefits, due to the fact that plamd vegetable oils and animal fats are renewable
biomass sources [2]. Currently, most of the bicglieomes up from transesterification of edible
resources such as animal fats, vegetable oils,eard waste cooking oils, under alkaline catalysis
conditions [3-5]. However, the high consumptioncatalysts, the formation of soaps, and the low
yields, make biodiesel currently more expensiva ghetroleum-derived fuel [6].

The common processes of biodiesel production fromdost raw materials use mineral acids as
catalysts, owing to the high amounts of FFAs tHabsé resources contain, which make the
manufacture of biodiesel from these feedstocksnmatible with alkaline catalysts [7]. Thus, two
alternative approaches are normally used. Theifigttwo-step process, which requires an initiad-a
catalyzed esterification of the FFA, followed bhase-catalyzed transesterification of the TG. Sgcon
a one-step process that only uses an acid cathbtssimultaneously promotes both esterificatiod an
transesterification reactions [8]. It must be sdidwever, that major drawbacks such as reactor
corrosion and substantial generation of by-prodantswastes, including the salts formed as a re$ult
the mineral acid neutralization, which must be dssgal off into the environment, are negative and
virtually unsurmountable aspects for the minerad-@atalyzed process [9].

1.1. Homogeneous catalysts based on Brgnsted faci#$-As esterification reactions.

The alkaline catalysts show high performance fdaioing vegetable oils with high quality, but a
guestion often arises; that is, the oils contagmificant amounts of FFA which cannot be converted
into biodiesel but rather give a lot of soap. Ateadative way of processing these vegetable oite is
use a Brgnsted acid catalyst. Currently, the csiiynore used in biodiesel production are the acgan
acids, such as the derivates of toluenesulfonid aod, more often, mineral acids such aS®i.
However, this latter process gives rise to probldimised to the corrosive action of the liquid acid
catalyst and to the high quantity of by-productsrfed. In addition, the fact that homogeneous acids
such as sulfuric acid need long reaction times,entbhan the alkaline catalysts, becomes a serious
problem. These problems can be minimized by usehigh catalyst concentrations. A further
complication of working with high amounts of acidtalyst becomes apparent during the catalyst
neutralization process, which precedes productragpa. Since CaO addition during neutralization is
proportional to the concentration of acid neededhe reactor, high acid concentrations lead to
increased CaO costs, greater waste formation agttehproduction costs. Thus, we can be conclude
that the main drawback of the pre-esterificatiorthod consists in the necessity to remove and to
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neutralize the homogeneous acid catalyst from th&fter pre-esterification [8, 9]. Actually, a D00
ton/year biodiesel plant co-produces 2,000 ton/yefartCaSQ [8], with the sulfuric acid being
neutralized with CaO. A solid acid catalyst coudd liminate these problems, but nowadays the
proposed catalysts have not yielded satisfact@ylt® and much greater research efforts are ramgess
[8-10]. Moreover, the necessity to eliminate thetawdormed in FFA esterification still remains
because the presence of water may to contributthdoleaching of the catalyst [8-10]. Another
drawback of heterogeneous catalysis is the negegsit drastic reaction conditions. Thus, the
environmental aspects of biodiesel production hmeen assuming significant importance. The effluent
generated in the catalyst neutralization proceasésthe biodiesel co-products must be discarded in
the environment causing great environmental imgaat.these reasons, the alternative use of Lewis
acids as catalysts for that process has been thleofseveral discussions and will be addressed on
next section.

1.2. Environmental benefits of use of Lewis acidalgats for Biodiesel production from FFA
esterification reactions.

A great-advantage with acid catalysts is that ttaay produce biodiesel directly from low-cost lipid
feedstocks, generally associated with high FFA eotrations (low-cost feedstocks, such as used
cooking oil and greases, commonly have FFAs levef86). However, the acid-catalyzed conversion
of low-cost feedstocks leads to the formation ghgicant quantities of water, which has a negative
effect on biodiesel production since water can blyde the ester products, producing (again) FFAs.
Though ester hydrolysis can occur under either acidbase catalysis, acid catalysis is generally
believed to be more tolerant of moisture and higl Fevels in the starting feedstock and, hence emor
suitable for low-grade fats and greases.

The biodiesel manufacturing process has to accempthe reduction of environmentally
undesirable products, provoked by conventionallyitaprocesses [10]. The extensive demand for
cleaner methodologies has forced the chemical tngis search for environmentally-friend acidic
catalysts. A notable example are the solid acidg. [These solid catalysts, which normally present
Lewis acidity, are easily separated from the reactnedia and are potentially less corrosive to the
reactors [12-15]. However, their use usually regjgirastic reaction conditions, i.e. high tempeesdur
and elevated pressure. Thus, the development ernative catalysts for the esterification of FFAs,
based on the Lewis acids, which operate under pulwditions of reaction and are less corrosive,
rather than traditional Brgnsted acids, is onehefmain challenges to be overcome. Moreover, this
technology could thus allow the production of bes#il at more competitive costs, in processes of
lower environmental impact [16].

The use of Lewis acids in organic synthesis, egfigcin catalysis, is one of the most rapidly
developing fields in synthetic organic chemistrys Pesult, atalysts based on metal salts such as
aluminium, titanium and tin halides are widely use@everal synthetic methofis7]. Conversely, the
use of catalysts based on metal complexes as mareh earth metal triflates and metallocene
compounds has been also developed [18]. Recehdyde of both types of catalysts, i.e. metal salts
and metal complexes in esterification and transiéission reactions for biodiesel production has
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been described. For instance, Di-Serio and co-wsrkave reported the use of carboxylic salts of
metals such as Cd, Mn, Pb and Zn for the producifdniodiesel from vegetable oil containing high
amounts of FFA [19]. However, among the metals Iksewicids with more applicability on
esterification reactions, those containing tin rhbtve been more extensively explored [20-22]. For
instance, Otera and co-workers have reported tleeessaful use of distannoxanes as catalysts in
esterification reactions of several organic subssr§3]. In addition, other organotin compoundshsu
as BuSn(O)OH have shown high catalytic activity][Zdonversely, although the catalytic activity of
some tributyltin alkoxides is recognized, the figadld of the process proved to be disappointing].[2
Recently, the use of metal complexes with the pgrdigand (3-hydroxy-2-methyl-4-pyrone) as
catalysts in soybean oil methanolysis under homegeas conditions was described by Ziani and co-
workers, and resulted in a high yield of fatty acieethyl esters (FAME) [25, 26]. Despite the
successful use of these catalysts, their applicabdoiodiesel manufacturing is restricted duehteirt
cost and delicate conditions of synthesis. Moreotregse catalysts are active only for methanolysis
reactions. In view of that, replacing the corrosivgiid catalysts by alternative Lewis acid cattdys
might be the lead for the development of an inneeaechnology for biodiesel production [26].

In this work, the use of SNEPH,O as catalyst for the ethanolysis of oleic acidépand added to
soybean oil) was evaluated. The investigation desdrherein involves the correlation between key
parameters of reaction such as catalyst and fatty @ncentration, as well as the influence of the
molar ratio FFA/ethanol and the temperature uperethyl oleate production.

2. Experimental Section
2.1. Chemicals

All the chemicals were purchased from known chehgoapanies. They were used without prior
purification, unless otherwise stated. Ethanol \pasified twice by distillation over phosphorous
pentoxide. The Sngl2H,0O was purchased from Sigma-Aldrich (Milwaukee, Wahd sulfuric acid
(H2SOy, 98 %wt) from Quimica Moderna (Sao Paulo, SP, Braklexane and chloroform were
purchased from Vetec (Sao Paulo, SP, Brazil). Téie acid and their ethyl ester were purchased from
Quimica Moderna (Séo Paulo, SP, Brazil).

2.2. General reaction procedure

The reactions were carried out in a 50 mL thredke@glass flask equipped with a reflux condenser
and a thermometer. All catalytic tests were perfmnmn triplicate. In the catalytic runs, excess of
ethanol was added to the reactor containing the FFérder to drive the equilibrium towards the
formation of ester and for becomes the reactioe rait dependent of the concentration of this
substrate. In a typical run, ethanol solution (110 @20 mmol) and oleic acid (1 mmol) was heated to
the reflux temperature followed by addition of SpEH,O (0.01 to 0.4 mmol).
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2.2.1. The SnGlcatalystversusH,SO,

Catalytic runs with sulfuric acid were also carrmat for comparison purposes with the latter since
this is a common homogeneous catalyst used in dauof related investigations. The sulfuric acid
and tin chloride concentrations used were 0.1 amt fAmol respectively. The reaction was
continuously monitored by GC analysis of aliquatisein at regular intervals of 30 minutes. The yields
for those catalytic processes were obtained by medrthe GC peak areas of the ethyl ester in
comparison with the corresponding calibration cukernatively, aliquots from the reactions were
titrated against an alcoholic solution of KOH, amgiia monitoring at short intervals of timea(10
min). The amount of KOH to neutralize the residiady acid and the acid catalyst (SpGF H,SOy)
was taking in account to calculate the concentnadiothe ethyl oleate in solution. Although nedbigi
hydrolysis of FAEE may take place in these reastidhe results were satisfactorily reproducible and
were in accordance with those obtained by CG.

2.2.2. Esterification of soybean oil with high amtsiof oleic acid

Soybean oil (3.26 g) containing 5 and 10% w/w ol was prepared manually by mixing oil and
oleic acid. Ethanol (120 mmol, 10 mL) containingChnwas then added to the reactor and process
started and maintained at reflux temperature. Th&anratio soybean oil:catalyst was maintained at
100:1. The reactions were carried out in a 50-mediecked glass flask equipped with a reflux
condenser, a conventional thermometer and a magsigtier. Samples regular time intervals were
taken and the residual oleic acid was determinedtitiation with an alcoholic solution of KOH
(similarly to item 3.2.1.). The experiments werefpened in triplicate

2.3. Kinetic measurements

Two procedures have been used herein to evaluateftbct of the catalyst and the oleic acid
concentrations on the reaction rate. For the fattg, the molar ratio between ethanol, oleic acid a
SnCh has been preserved to 120:1:0.1. For the catagdt,the molar ratio ethanol: oleic acid was
maintainedconstant, i.e. 120:1. The catalyst concentratiors wange of 0.01-0.4 mmol. In both
procedures, the residual acid was titrated agaimstlcoholic solution of KOH 0.01 mol*ito follow
the progress of the reaction.

2.4. ldentification of the reaction products

The reaction products were isolated by a columoroatography (silica) using a 1:1 CH@kxane
mixture as eluent. The analysis by GC-MS were edrout in a Shimadzu GC 17A gas chromatograph
coupled with a MS-QP 5050A mass spectrometer Stimgdokyo, Japan) with a DB5 capillary
column (30 m length, 0.25 mm i.d., 0.25 mm filmcHtmess) and helium as the carrier gas at 2 mL/min.
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The temperature program was as follows: 80 °C fanir, 10 °C/min up to 280 °C and holding time
of 5 min. The GC injector and MS ion source tempees have been in the range of 250 to 260 °C.

The MS detector has operated in the EI mode aW/7@ih a scanning range of 50 to 501r.

3. Results and Discussion

3.1. General aspects

The ethanolysis of FFA is a typical reversible azadialyzed reaction that produces ester and water
as by-product:

RCOOH + CHCH,OH RCOOGICH; + H,0

In this work, first the esterification of oleic dcwith ethanol in the absence of the acidic catalys
(SnCb- 2H,0 and HSO,) was conducted. This produced no significant wedfl ethyl oleate, in spite
of the high molar ratio of ethanol/fatty acid used, 120:1, (see Experimental for full detailsery

low conversions of oleic acid into ethyl oleata.(12%, see Figure 1) occurred, even after more than
12 hours of reaction.

Figure 1. Trend of conversion of oleic acid into ethyl oleate
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Conversely, in the presence of Sp@huch greater yield (>90%) with a high selecti\(#p3%, see
Experimental) were obtained after 12 hours of ieacfThus, these results are evidence that thesexce
of ethanol has no significant effect on the yieldhe reaction rate.

In all catalytic runs the ethyl oleate yield incsed as the reaction time increased. However, when
the reaction time goes beyond 12 hours, the esiacemtration remains almost invariable. The
catalytic tests were performed in triplicate, wethmolar ratio fatty acid: catalyst (100:1). It i®mh
mentioning that these conditions were not optimiwedchieve higher yields at shorter reaction times

However, they providen adequate methodology to evaluate the catalytivigctof SnCh-2H,O on
these reactions.
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3.2. The SnGlcatalyst versus $$Q;: A comparative study

The performance of both acids catalysts was oudsignas shown in Figure 2, where the kinetic
curves are presented. Note that the reaction yietitease steadily, reach the maximum valgas90
%) after a reaction time @f. 120 minutes and thus stay almost invariable aftetsva

The two acidic catalysts have different structueesl acid character and certainly, different
mechanisms of action. In spite of that they dispthguite similar activities, as can be confirmedhsy
attainment of comparable ethyl oleate yields aivargreaction time (Figure 2). Note that reaction
yields have increased steadily to a maximum valueao90 %, in approximately 120 minutes after
setting up the reaction. The monitoring of reactimnperiods higher than 120 minutes reveals that t
yields of both remained invariable after this tiras,can be observed by data of Table 1.

Figure 2. Ethanolysis of oleic catalyzed by BrgnstedB,) and Lewis acids (Sngl
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Table 1. Conversion and selectivity of ethanolysis of olaicid catalyzed by Sng&l

and HSQ, -2

. SnCl, H,SO,

Time ; - . .
(h) Conversion Selectivity Conversion Selectivity

(%) (%) (%) (%)

0 0 0 0 0
1 62 92 65 90
2 93 94 92 89
4 90 95 94 87
6 90 93 95 89
8 91 93 94 88

! Conversion and selectivity were determined by Gélyaes;
2 Reaction conditions as described in section 2.2.1.
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3.3. Ethanolysis of oleic acid catalyzed by SHELO: kinetic studies
3.3.1. The effect of oleic acid concentration

Literature data have attributed a first order deljgeice on fatty acid concentration in the majorfty o
esterification reactions [27]. From this standpgintthis present case we can assume that equhtion
could be used to describe the substrate concemtradiriation with relation to time:

Ln [oleic acid] = -kt + In [oleic acidj (2)

Thus, to obtain kinetic information, i.e. the reastorder in relation to the oleic acid concentrafi
plots of In[oleic acid] versus time were thus bddt each acid-catalyzed process (Figure 3 presents
only the data of ethanolysis of the oleic aciddatalyzed).

Figure 3. Arrenhius plot of oleic acid concentration as fumetof time for ethanolysis
catalyzed by SnGl
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The resulting data fit a first order kinetic belavilt is important to mention that a high molar
excess of ethanol in relation to oleic acid (12GvBs used to assure that the ethanol concentration
would remain essentially constant during the reactiourse (see Experimental). As displayed in Table
2, the high correlation coefficients of the reswgtiinear equations obtained are indicative of ftat
that there is a first order dependenence for bsttriéication reaction catalyzed by sulfuric acrdldin
chloride. From the angular coefficients of suchatouns, the rate constantg @nd then the half-life
times (t1/2 =k/0.693) for each process was thus obtained.

Table 2 The effect of substrate concentration on the etlyais of oleic acid catalyzed

by SnC}.
-
Catalyst Linear Equation 2 R?
(min)
H.SOy In[oleic acid] = -0.0035%-2.4414 206 0.9850

SnChb In[oleic acid] = -0.00278t-2.3155 249 0.9700
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3.3.2. The effect of SngRH,O concentration

The effectiveness of the catalyst Spn@HO has been investigated over a broad range of
concentrations but only the significant results sinewn in Figure 4. To control the accuracy of the
kinetic data related to the residual concentradiboleic acid, it has been essential to maintagabid-
catalyzed process distant from the equilibrium f@si In view of that, the kinetic measurementsehav
been carried out within two hours of reaction. Rartore, since the GC column used herein (DB5
capillary) is not appropriate to analyze fatty acithe concentration of the residual oleic acid was
determined directly from the reaction medium vtaation with an alcoholic solution of KOH (more
details are described in Experimental Section).[28]

Figure 4. Effect of the concentration of Snc2H,O catalyst on the ethanolysis of
oleic acid
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For to calculate the initial rate, only the firstterval of thirty minutes was taken into account,
because in this period the dependence in relatiasletic acid concentration is of pseudo-zero order.
This statement is not completely true, becauséaisitime interval the substrate oleic acid is [dlsti
consumed. However, this effect is minimized becahbsenitial concentration of oleic acid used was
higher in relation to the other experiments. Thugh a relatively acceptable error, we assume that
only the tin chloride concentration is ranging iack run. Another important aspect is that
chromatography analyses showed that the oleiciggitbstly converted into the ethyl ester (ca.>90%)
in all catalytic runs. The initial Sngtoncentration in each reaction varied from 0.0860nmol. The
oleic acid load employed was 1 mmol and a largesxof ethanol was used. As a general tendency,
an increase in the catalyst concentration causednganovement in the ethyl oleate yields at any
reaction time. Low molar ratios between the ol@icl@nd SnCGl (1:0.01) afforded approximately 24%
of ethyl oleate after two hours of reaction. Howe\tbke use of high molar ratio (1:0.4) for the same
reaction interval has revealed a significant yielttease (up teca. 90%). The results shown in Figure
4 are concomitant with the linear correlation shawfigure 5.

The increases of the catalyst concentration haiegable effect on the conversion rate of thecolei
acid into ethyl oleate. This fact can be attributedhigher number of molecules of substrate aatiyat
by polarization of the carbonyl, in presence of’Sratalyst. Thus, the nucleophilic attack by ethanol
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becomes more favorable and consequently, a in@easehe formation of ester was observed. The
angular coefficient of the curve obtained is suggef a first-order dependencea( 0.87), in relation
to catalyst concentration (see equation 2 and Eigur

In [SNCh] = - 5,58 — 0.87 In (initial rate) R=0.9784 (2)

Kulkarni and Sawant have found a second-order kimate in the esterification of lauric acid with
castor oil relative to the same catalyst, Sn@B]. However, the reaction conditions in theindst,
including temperature and the substrate, wererdiftefrom those described in this work.

Figure 5. Plot linear of In [SnC] (effect of the concentration of SHE2H,O catalyst on
the ethanolysis of oleic acid).
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In reaction rate

3.3.3. The effect of temperature on the ethanolyksaeic acid SnGlcatalyzed

It was verified that the temperature noticeablget both reaction rate and conversion of oleid aci
into ethyl oleate. For instance, at room tempeeat@ven for longer time reactions, only low
conversions was obtained. However, at temperatyped 45°C, occurs a significance increase of the

initial rate of reaction, and consequently, highersversions were reached.

Figure 6. Effect of the temperature on the ethanolysis oca@eid catalyzed by Sngl
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Table 3 shows the values for the rate constanbltained at each temperature (see Figure 6).
Expectedly, the increase in the reaction tempegatas caused a corresponding improvement on the
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reaction rate, especially at range of 4525 From of the resulting data shown in Table 3,dleve of
the Figure 7 was constructed and employing a linegression method, the angular coefficient (-E/ R)
of the curve obtained allow us to calculate thévatibn energy of this process.

Table 3 Linear equations for the decrease in oleic acittentration as a function of time
and the respective values of &d K.

Temperature In([oleic acid]/[oleic acid],) = -kt Linearity CzoeffC|ent
(°C) R
35 —3.0892 x16.t -0.9090
45 —4.2939 x 168t -0.9547
55 —-9.7396 x 16t -0.9762
65 -1.6522 x 18t -0.9938
75 —2.1535 x 18t -0.9701

a

Rate constant for ethanolysis of oleic acid catdyby SnGlat each reaction temperature.

Figure 7. Linear plot of In K versus 1/T resulting from edfieation of oleic acid catalyzed
by tin chloride.
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An activation energy of 46.69 kJ.molvas determined This value is approximately sintitathose
found by Berrios and co-workers in the kinetic stoflthe HSOs-catalyzed esterification of free fatty
acids in sunflower oil [28]. These researchers tbualues of 50.74 Kj.mdi and 42.76 kJ.mdlin
reactions where the catalyst concentration wag/offd 10% w/w respectively. Note that, in spite of
these relatively similar results, the ratio betwdles oleic acid and catalyst in our experiments was
different those described by them (10:1), even tfog two acidic catalysts with such different
structures, i.e. pO, and SnGJ,

3.3.4. Esterification of soybean oil with high amtsiof FFA catalyzed by Sngl
Esterification reactions were carried out at refltemperature, with the soybean oil having

approximately 5 and 10 %w/w of additional oleiccaaind with the molar ratio soybean oil:catalyst
being maintained at 100:1 (more details in the Exrpental).
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It should be noted that the SaChtalyst also showed a high activity on the etham of soybean
oil with high amounts of oleic acid (Figure 8). Tahloride efficiently lowered the acid value inteosgt
time interval ¢a. 120 min) under mild reaction conditions. Previgusie have found that no
transesterification product was detected underethesnditions (data no shown). However, an
important result is that although the medium wasdiffierent viscosity and polarity compared to
previous experiments described here, the catalgtigity of tin chloride remained unchanged and was
not affected by the presence of soybean oil. Tait fs indicative of the potential activity of tin
chloride in the esterification reactions of raw aratls with high amount of fatty acids.

Figure 8. Esterification of soybean oil with high amounts oleic acid catalyzed

by SnC}.

704

5% oleic acid in soybean oil
10% oleic acid in soybean oil

60

501 .
404 om

3094 °

conversion (%)
| ]

20 i f....
0=

0

T T T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700 800
time (min)

4. Conclusions

The authors think that even if biodiesel is nottibtal solution to any energy crisis, it certairgyan
important component of a combined strategic apprdacdecrease our current dependence on fossil
fuels.In these sense, the development of alternativdysttafor making biodiesel production more
efficient and more environmentally benign assumesrategic importance. In this paper, we have
evaluated the catalytic activity of the Sp@H,O in homogeneous phase in the esterification of FFA
for biodiesel production, as an alternative to wudf acid. Tin chloride efficiently promotes the
esterification of oleic acid in ethanol solutionsdain the presence of soybean oil. The high yields
achievable under mild reaction conditions are couadga to those obtained with a common acid
catalysts such as sulfuric acid ,&0,). Therefore, SnGlis a potential catalyst for the production
biodiesel from low-cost raw materials, which cuthgnhave higher amounts of FFAs. Kinetic
measurements revealed that the acid-catalyzedfestigon is first-order relative to the concentoat
of both oleic acid and the SnCIThe advantages of this protocol are the use @vaiiable low-cost
catalyst, which is easy to manipulate and potdptieass corrosive. In addition, studies of the rexred
and reutilization of the Snglin consecutive catalytic processes are being dpeel in our labs. The
results of this work suggest SnG@ls a promising acid-catalyst for the productiomiotiiesel, in lower
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environmental impact processes. As a final remark, believe that the application of SpGan
potentially promote a reduction of the costs reldtebiodiesel production.
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