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Accepted2019-03-01 SPIONSs in silica. The reaction was conducted iixed bed reactor immersed in thermostated

Available online2019-03-08 bath to maintain the temperature at 60 °C using3 (8oybean/methanol/tert-butanol) molar

palavras-chave ratios between reagents and reaction times of &@ %0 hours. The reactions were also

Reator de leito fixo conducted in Erlenmeyer incubators at Shaker utlgeisame conditions of molar ratios and
Nanoparticula temperature, with agitation of 300 rpm, samplesigevithdrawn from time to time ranging
silica o from 0.25 to 8 hours. The results showed that whemeaction was conducted in a fixed bed
Transesterificagao reactor the best conversion was achieved in batctOdours being equal to 3.18% and that
keywords when incubated in Shaker a conversion of 36.048tinurs. In this study the kinetic constant
Packed Bed Reactor was also determined from the experiments incubaa¢dShaker and proposed a
Nanoparticle transesterification process model using the ASPEN$(R) process simulator.
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NOMENCLATURE

SPIONs superparamagnetic nanoparticles of ironeoxid

Cyi concentration of each ester (i) present at thouati
[mg mLY

a; coefficient for each ester [unitless]

Apico,i
[unitless]

My mass of each ester in the sample [mg]

Vy volume of hexane used in the dilution [mL]

fa,i massraction of ester presents in the aliquot [unifles

Myjiq total mass of the aliquot used for dilution [mg]

m;, total mass of each ester [g]

Mgy mass of the methyl ester-containing phase [mg]

n;; number of mols of each methyl ester [mol]

M; molar mass of each ester [g ntol

Npproa  NUMber of mols of biodiesel obtained [mol]

X biodiesel converction [%]

M,y molar mass of soybean oil [g midl

Myj mass of soybean oil [g]

Npproa  NUMber of mols of biodiesel [mol]

1. INTRODUCTION

Most of the energy consumed in the world comes from

oil, coal and natural gas. However, these are poewable
sources and are expected to be exhausted in thdute. In

addition to being exhaustible, the largest dep@sidocated in
politically conflicting regions. In addition, fosduels are very
polluting, affecting the environment in a very agggive way,
which makes the world population seek solutionssth

problems. The search for alternative fuels has bgsning

prominence in the last decades, being motivated

environmental, economic and social factors. In taistext, an
alternative that has been highlighted is the prtdocof

biodiesel (CARVALHO, 2008; OLIVEIRA; SUAREZ;
SANTOS, 2008).

sulfonic acid, sulfuric acid and hydrochloric ackhr the basic
catalysis, alkali metal hydroxides, carbonates alkdli metal
alkoxides are used, with emphasis on NaOH and K€dite a
higher yield and selectivity were observed (KNOTHD10)
(FREEDMAN; BUTTERFIELD; PRYDE, 1986).

The most commonly used commercial technologies for

area of each peak obtained on the chromatogrédiesel production employ bases such as NaOKQd as a

catalyst, in methanol or ethanol solution. Suctcpsses require
a washing of the product with water in order to ogm the
dissolved catalyst and glycerol from the biodieseld may

suffer from separation problems due to emulsiommédion

(MACALA et al., 2008).

In heterogeneous catalysis, the transesterification
reaction can be catalyzed by a catalyst that dfierent stages
of the reactants. Several substances can be usatbhssts, for
example: niobium oxide, iron oxide (magnetite aragoemite,
used in this work), gold and silver, for examplagdaome of
these substances can be applied to the surfacanoparticles
to the great advantage the increase of the sudezs better
contact with the reactants and reuse of the catdiss process
can be carried out in a fixed-bed reactor with atlvges such
as the mechanical stability of its particles (cz8l and the
greater ease of separation of reaction productsRBES;
DIAZ, 2012).

Nanostructured materials present great promise and
opportunities for different applications, includiogtalysis, for

a new generation of materials with controlled ampdimized
properties. The nanocatalysts have complex strestaiifferent
from the most known materials, with a high surfacea in
relation to the volume, which gives them uniquepemnties,
especially reactivity (FERREIRA; RANGEL, 2009)

In recent years, catalysts are prepared in namosdo
typrove catalytic activity, so nano-forms have ghhspecific
surface area that increases the reaction rateivGaloxide by
itself is cheap, highly reactive and easily avdéaland one of
the most widely used solid catalysts for the trates#fication
reaction of different oils and fats to Biodieseln€®Oway to
improve catalytic activity is to increase its sgfiecsurface by

Biodiesel is defined as a monoalkyl ester of ndiyiraihe npreparation in its nanoform. The application ra&no

occurring lipid-derived fatty acids and can be ped along
with glycerol through the transesterification réactconsisting
of the formation of esters from a triacylglycerided a lower
alcohol as the methanol in the presence of a ctalANBING
et al., 2006; PAIVA, 2010).

catalysts based on calcium oxide (CaO) reachesedsgof
conversion greater than 90% and are produced bgraev
techniques (IVANA et al, 2017). The nanoparticlesn doe
synthesized according to the top-down techniquel are
generally prepared in the laboratory for batch potidn of

In the country, the most common biodiesel productidiodiesel by the ball milling process. The raw miatein
route involves the homogeneous catalysis in a basidium, Powder form are precisely weighed and then plaepdismtely
using soybean oil and methanol as the raw matétiever, in the ball mill and subjected to high collisioneegy coming
the need for further steps for purification of reduct in order from the balls. This process requires speed ane torobtain
to remove the remaining catalyst and salts présghe organic the required size catalyst. The nanoparticles bezacterized
phase and non-reuse of the catalyst are some of RtfeX-ray diffraction to determine the size and shay the
disadvantages of this route. As an alternative éstioned the Crystallite from the characteristic peaks of diétian.
use of heterogeneous catalysts in the productiobiafiesel (HASHMI et al., 2016).

(PRADANA et al., 2017). The performance of the bess is

- | ! > Another example of nanocatalysts is the FHDO
directly related to the nature of the acid or basitive sites.

mixed oxides, used in the production of biodiesghlyzing the

The reaction may be carried out either in acid medi Process of transesterification of palm oil, exhigt good
or in basic medium or using enzymes, homogeneous'y Catalytlc aCt|V|ty, with conversion of 92.2% tOtSaBCId methyl
heterogeneously. In acid catalysis are used, famge, esters (FAME) achieved at 5 h at 60 ° C with a redh/ oil
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molar ratio of 6: 1 being observed in a loading26D mg of
catalyst. This type of mixture of oxides showedadjcatalytic
performance in relation to the ZnO catalyst, andld¢de a
potential candidate for large scale biodiesel pectida
(MADHUVILAKKU, R. and PIRAMAN, S., 2013).

The problem of using basic catalysts is due to the
disadvantages already mentioned and adding theapild of
the occurrence of saponification, the sensitivityite presence
of free fatty acids (FFA), contamination of thedisel with the
catalyst, which restricts the use of raw matenwth a low
degree of purity, which makes the process moreresipe. The ( ; i )
use of a solid (heterogeneous) and nano-form catabpuld
make the process feasible with materials of lowtpureducing Packed bed reactor (PBR)

part of the cost of the process, and thereforeiésed, acting on
the esterification and transesterification of thesgerials, such

Peristaltic Pump

as frying oil , distilled from palm fat and animéit, which Figure 1 — Process flowsheet.
contains high amounts of free fatty acids (MANSIR, et al, 5 5 Analysis of Biodiesel Conversion by Gas
2017). Chromatography

In this context, it was proposed to study the  the analysis of the biodiesel conversion of thehylet
transesterification of soybean oil with methanothia presence ggiers samples was performed by means of gas ctugraphy
of a cosolvent using as heterogeneous catalyst @fi@gnqing Shimadzu Chromatograph (MDGC model MDGC/GC-
nanoparticles supported on silica in a fixed beact@. The (152010 with FID detector and a HT-5 column of Om8@ x 25

cosolvents are used to overcome the solubility tfiin  gng 0.1um film thickness. Table 1 shows the operating
between the reactants in the initial stages ofr¢faetion, thus .4 ditions of the chromatograph. A split of 10 waed for the
creating a single phase (KNOTHE, 2010). The reastiwere injections.

conducted in a fixed bed reactor and also in errers

incubated at Shaker. A model to describe and simulae Table 1 - CG-FID column temperature program
process was proposed using the softwiageen Plus®. Progress Temperature (°C) Hold

Start 60 1 minue
2. METHODS Ratel 25 per mintute until 180 1 minue
Rate 2 5 per minute until 250 2 minues
2.1 Biodiesel Production Process Essays Rate 3 20 per minuie until300 2 minues
Rate 4 30 per minute until 360 7 minues

The biodiesel production process was carried out m
batch, in two different ways, called kinetic testsd reactor The concentratior€,; of each esteii present in the
tests. The kinetic assays were performed in Erlgeme aliquot(maliq) was calculated by equation 1, in mg/mL. Since
incubators in Shaker, New Brunswick Scientific mod@ova A, ; is the area of the peak read on the chromatogragh,;

43. The reagents were fed in the 1:6:5 molar @ybean oil: the coefficient of the calibration curve.
methanol: tert-butanol), 3% silica supported natedgat the

amount of oil kept at 60 °C, 300 rpm of stirrin@n$ples were Cai = @i Apea,i 1)
collected at times ranging from 0.25 to 8 hourstifiged and

the upper phase was taken for the chromatograptitysis From equation 1 and the hexane volumigsised in the
which identified the formed methyl esters. dilution, the masen,; of each ester in the aliquot was calculated

by equation 2, in mg.
The reactor tests were carried out in a fixed bed),/ d g

consisting of the glass wool compacted nanocatalysing my; = Cy; Va (2)
proportions among reagents similar to those okthetic tests,
working with recirculation of the reactants (emafsiinitially The ester mass fraction present in the aliguptvas

containing soybean oil, methanol and tert-butanalycording calculated by the ratio of the mass of each estsent in the
to the scheme shown in figure 1. The whole systexrs kept in aliquotm,; by the mass of the maliq aliquot used for dilatio
thermostated bath at a temperature of 60 ° C, kgetpie fluid The calculation is represented in equation 3.

heated uniformly. A peristaltic pump Watson Marlod®0 S

was used to generate a flow from the lung vial (Bion) to the fai = % ()
reactor. This flow was fed into the fixed bed reaatontaining

the silica supported nanocatalyst and the efflueom it Through equation 3 and the total mass of the phase
returned to the lung vial. containing themne,, methyl ester present in the separation funnel,

The process was carried out in batch times ofdhd10 the total mass of each esmay in g, was calculated by equation

h. Each sample was placed in a separating funnéhatothe
heavy (Alcohol) phases, composed of glycerol antharel, Miy = faiMexp (4)
and the light phase (Oil), consisting of the metsters, were ' '
partitioned. The separated phases were sent ftysimay gas

The number of moles of each methyl ester was
chromatography.

calculated by equation 4 and the molar mass of estshMi.
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Mit (5) the fixed bed reactor (RPlug) and another reactaepresent
Mi the reactions in Erlenmeyer (Batch).

Ny =

From equation 5, the number of mols of biodieseifed 3. RESULTS AND DISCUSSION
Nbprod DY €quation 6 was calculated.

Npproa = X Nit (6) 3.1 Batch Kinetic Essays Using Soybean oil, Methahand
tert-Butanol
Taking into account that the stoichiometric rativzeen In order to determine the reaction kinetic constasing

soybean oil and methanol is 1 to 3 and the oih&slimiting  the softwareAspen Plus V1Y) Experimental Shaker tests were
reactant, the degree of conversi®rof biodiesel is determined performed under the conditions presented in iteth ZThe
by equation 7, in which theg symbolizes the mass of soybeamrlemeyer assay, because it provides greater d¢onfathe
oil fed in g andMy; is the molar mass of soybean oil in g/mol. nanoparticulate catalyst with the reagents, isteebalternative
 Tprod for the acquisition of kinetic data than the pragmbseactor.
X = 3 oil @) Using a refined soybean oil emulsion, methanoltartebutanol
Moir (the cosolvent) in a ratio of 1: 6: 5, with a ragatof 300 rpm
and a constant temperature of 60 ° C, in batchsina@ging
from 0.25 to 8 hour. The assays were performedaanadyzed
The data obtained in the kinetic tests were used itoduplicate by gas chromatography, and for eachpsa the
determine the kinetic constant of the transestetifon process average concentrations of methyl esters were aidaims well
using the tooData Fit dosoftware Aspen Plus V@@vhich was as the average yield in biodiesel production, d@snation of
also used to develop a model that represents tbeielsel time, these data are found in Table 2. The degfe& o
production process. For the simulation of the psscethe conversion of the oil phase present in each samyis
thermodynamic model UNIFAC was used and the daeab@s calculated by equation 7, witweragebeing the average degree
the APV100biodiesel, which contemplates the majasitthe of conversion of the samples. The conversion degodethe
components present in the reaction medium. Twostype samples are shown in Table 2.
reactors were studied for the transesterificatio®, to represent

2.3 Computer Simulation Parameters

Table 2 — Biodiesel converction and average convéian over the time.
Reaction Time

Sample (hours) Phase X Xaverage

1 0,25 Oil 6,41%

2 0,25 oil 75006 6,96% + 0,0077
i 0

431 8'2 8:: ;'ggoﬁ 7,74% + 0,0020

2 0,75 oil 7,43%

6 0,75 oil 8 10% 7,81% + 0,0053
i 0

; i 8:: 569231& 10,07% + 0,0020
i 0

190 § 8:: 19(39198& 10,09% + 0,0013

11 3 Qil 11,77%

12 3 oil e 15,14% + 0,048
i 0

ﬁ ?1 8:: g’gg(ﬁ; 21,91% + 0,0015
i 0

12 2 8:: ggggoﬁ 22,98% + 0,0089
i 0

15 : e 2602% 55 4505.0,0078
i 0

2 ; o] 253% 57139400051
i 0

g% 2 8:: gg?goﬁ 36,04% + 0,0522

These results were later used as input data tanothtaa  1:6:5 molar ratio soybean oil/methanol/tert-butafoisolvent)
kinetic constant and the process simulation in shéware at the respective 6, 8 and 10 hour batch times. ddwggee of
Aspen Plus VIO conversion of the samples was calculated as destciibitem
2.2. Using equations 5 and 7, it was possible toutate the
number of mols of methyl estens; (), the degree of conversion

) ) (X) of each test in the light and heavy phases (QilAloohol)

Tests were performed using the fixed bed reac&tesy 55 well as the total conversioid) calculated by summing the
as shown in item 2.1, in order to compare the tesibtained gegree of conversion of the two phases of each lsarfipe
with the Shaker tests. Three batches were perfousgd) the conyersion rates for each phase (Oil and Alcormi)réaction

3.2Packed Bed Reactor Essays Using Soybean oil, Metlwdn
and tert-Butanol



JCEC - ISSN 2527-1075.

times of 6, 8 and 10 hours are shown in Table 3.

Table 3 — Biodiesel converction in each fase and t&d,
preliminary essays.
Reaction Time

) Phase Zni’t
[ 0
©  Acohol 0000088 0.2a O%0%
[ 0
S Acohol 0000223 0ago6 5%
10 pcohol 0000248 050% 1%

The results obtained from the tests performederfiked
bed reactor were well below those achieved in tiek&r tests,
which can be observed by comparing the data predémtable
2 and 3.

Comparing the tests conducted in the reactor wind
8 hour times with the conversion values obtainethnShaker
tests, the tests performed in the reactor reachkeky 97.4%
and 95.8% lower than those performed in ShackeenBhe
longest test with 10 hour duration, best resuthareactor, the
conversion degree was 91.2% lower than the 8 hiowr assay
performed on Shaker. This fact can be justified dpme
observed factors, and described as discussed be&lwavhigh
pressure loss of the compacted system, as wdikeaf®tmation
of preferential paths, certainly limited the contéime of the
reactants with the nanocatalyst, thus reducingcttalysis of
the reaction. Another possibility raised was theklaof

0,6

Biodiesel concentration over time
0,5

0,4
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= = |
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Figure 2 - Comparison of the curve of concentratiorof
biodiesel over time for the values obtained experiemtally
and calculated by the model computacional.

In the graph, shown in Figure 2, it is possiblebserve
the concentration values of the methyl esters {bgal) as a
function of time, obtained experimentally (measirehd
predicted by the (calculated) model. When compatiiregdata
obtained experimentally with the curve of the apprate
function, obtained from the Data Fit tool, it candeen that both
have the same behavior, presenting only a smaljimaf error
and can be justified by experimental errors duthegreaction.
With this, it can be said that the model descrithesprocess

spontaneous separation between the phases causekjeb)We”-

presence of a cosolvent, which does not contriliatehe

displacement of the chemical equilibrium formedusdg the

degree of conversion obtained. Another hypothesged was
the possible dilution of the system due to the afseosolvent,

the ratio of methanol: tert-butanol used was 6:dam which

represents a volume ratio of 1:2. Although notxreenely high

proportion, there may have been a dilution of tlystemm,

making contact between the reagents and betweenahd the
nanocatalyst more difficult. This phenomenon, asded to the
others described, could have been responsibleefsults so
inferior obtained in the reactor when comparechtovalues of
reactional conversions of Shaker tests. These hgget are
corroborated by the results obtained in Shaker utide same
operating conditions, but in the absence of thesawent,

obtaining a degree of conversion of 66.37%, irsadé6 hours.
This result is higher when compared to Shaker teittsthe use
of cosolvents, see table 2.

3.3 Computer Simulation Results

From the data obtained in the kinetic assay antbjsie
Data Fit tool of Aspen Plus V10 software, the kinetic
parameters of the reaction of transesterificatibaaybean oil

It is also possible to verify that in the considktiene the
system enters in balance approximately in the tifng hours.
This effect can be explained by the presence obsoleent
which at the beginning of the reaction is interggtilue to its
ability to miscible the initially immiscible oil ah methanol.
With the advancement of the reaction and consedaenation
of the methyl esters and glycerol the reaction gerid
equilibrium. It is plausible that the cosolvent yides the
miscibility of the glycerol, disfavoring the piasteseparation
and thus not displacing the reaction towards tisé&relé product.
Consequently limiting the reaction in equilibriurhis fact is a
possible justification for the low reactive yieldshieved in the
presence of cosolvents compared to the reactionducted
without the use of this type of substance.

4. CONCLUSIONS

The Shakertests were performed under the following
conditions: 1:6:5 oil/methanol/tert-butanol molatio, 60 °C
temperature and 300rpm rotation in order to pletkfodiesel
concentration ratio formed as a function of timae3e results
were used to calculate the kinetic reaction conatamg the

with  methanol were calculated using a heterogeneoN§pen Plus V10®oftware. After obtaining the kinetic constant,

nanocatalyst. Following the steps described in@et 3, it was
possible by regression to obtain the values of kheetic
constant (k) for the direct reaction (0.0698) land for the

it was used to simulate the continuous and batocbgss.

The best condition presented in the kinetic studg also

inverse reaction of (6.810° %) . - These values are justifiedteSted in the fixed bed reactor, but the converdigree values
due to the high reaction time. It was also possiblebtain the ©OPtained were very low (3.18% in 10 h) when comgacethe

biodiesel concentration data formed over time siting the average value reached in shaker, in the time ofo@rsh
process through the softwatespen Plus V10 (36.04%). The value obtained in Shaker is abouttidtes

greater when compared to the degree of converditained in
10 h and 24 times when compared in the same tim8hof
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(1,50%). Due to the low values of the conversiomgrdes

obtained in the tests conducted in the reactorstindied times

varied between 6, 8 and 10 hours. Thus, in spitéowf a
significant increase of biodiesel yield was detdcfer the
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