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ABSTRACT

Biodiesel is derived from renewable sources arsigihificantly reduces atmospheric emissions. It banobtained by
several processes, such as alcoholysis. In thik,veidiesel was produced through alcoholysis efdufsying oil from a catering
business. An experimental factorial design was @selithe reaction products were analyzed throughcgeomatography (GC),
horizontal attenuated total reflection Fourier sfanm infrared (HATR/FT-IR) spectroscopy and explory analysis with
principal component analysis (PCA) and hierarchidabter analysis (HCA). Under the conditions amati; a high degree of
conversion to methyl ester was found. As shown BYR/FT-IR, the maximum conversion was obtained whenexperimental
conditions had the temperature ( 50 e 60°C), largaetalyst concentration (0,6 e 1,2%) and a 1:8amptoportion of oil to
methanol. It was possible to discriminate, throwglemometrics analysis, four groups in the propcsquerimental factorial

design and determine the better condition for taseli production from used frying oil.

Keywords: biodiesel, used frying oil, GC, HATR, chemometrics.

1 Introduction

Alcoholysis is the replacement of the alkyl grodmo ester
by another one through the interaction between the
triacylglycerol of oils (or fats) and alcohol. Withethanol,
the reaction can be referred to as methanolysie Th
methanolysis of vegetable oils for production oftimyé
esters occurs in the presence of catalyst. Théysatzan be
basic, acidic, or enzymatic depending on the stantgerial
and needed conditions [1-5].

For the transformation of frying oil and othersoil
with high free fatty acid content, acid catalysis i
recommended [6-7]. In the present work, sodium matte
was used as a catalyst. This is a high performaatayst
and prevents saponification as secondary reac@nthe
other hand, with basic catalysts, the processsigfand the
reaction conditions are moderated [8].

The general starter materials are seed oils sach a
sunflower [9], soybean, ricinus, and rapeseed §tGnimal
fats [11]. Currently the use of waste oils and fétis
biodiesel production is extensively studied [1,14- The
use of waste oil is of great environmental impacggronce
it can reduce the impact caused by that oil disead also
by planting oleaginous. The oleaginous planted aneght
be smaller if there is a more integral exploitatiohthe
extracted oil. Therefore we consider that the leeel
production of frying oil is less impacting than tbee of
new oils, however, the used method for the conearsito
ester should be optimized as well as analyzed sétreral
analytical techniques.

Nevertheless, it is necessary to consider thausee frying
oils have properties different from those onesefifhed oils.

The high temperatures of cooking processes andvéter
from the food promote the hydrolysis of triglycesgdand
increase the free fatty acid content in the oilsdl the
stability of the mixtures and increasings in theop&e
value, the viscosity, iodine value, saponificatiaiue, and
density are different when refined and crude oiks ased.
[14-17]
Wang et al. [18] have produced biodiesel from fgyiail
with high acid content using acid catalyst ,8ay),
proportion of 10:1 between methanol and oil ancs@néed
an alternative method that consists in a two-stegthod:
reaction catalyzed by ferric sulfate (2.0%) andofokd by
alkali (KOH) transesterification. The authors halowed
advantages from alternative method of no acidiceveater,
high efficiency, low equipment cost, and easy recpwf
catalyst compared with the limitations of acididlwednt.
Likewise, other researchers have highlighted thiit wacid
catalyst it is necessary higher temperature andyelon
reaction time [2, 11, 16-17]. When the frying oilepents
low acid index it is possible to use the alkaliatgdis [5].

In relation to biodiesel analysis, several physica
chemistry methods [19] such as gas chromatograph2d-
21] and high performance liquid chromatography ased
[22]. The analysis of biodiesel can also be acc@hpt by
spectroscopy. Often, the spectroscopy is done in
combination with multivariate data analysis [16, 23-24].

Spectroscopic methods have been increasingly used
to replace classic chemical ones. Infrared spemms is
one method that has had its use increased dug ltawitcost,
shorter time of analysis, non-destructiveness,
requirement of small quantities of sample, in &dditto
accuracy and reliability when associated with chexivic

and
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methods [25-28]. Moreover, FT-IR coupled with horital
attenuated total reflectance (HATR) accessory sfiapl
many of the sample handling problems commonly
associated with infrared analysis, and it is rgadihenable

to routine quality control applications [9].

Many of the published papers were devoted to the
measurement of reflected light from the samplesqusi
accessories for attenuated total reflection (ATR9-B6].
HATR is a well-known technique that produces goadliy
and highly reproducible spectra when good contact i
established between the sample and the interriactahce
element (IRE) [27-28].

In a recent work, chemometrics were used for
quantification of biodiesel blends using principamponent
regression (PCR), partial least square (PLS) angrahe
network (NN) [37]. In addition to that, PCR and L
regression were used to determine water and mdthano
biodiesel samples with smaller validation and preoin
errors [24].

In association with chemometric tools such as
principal component analysis (PCA) or hierarchiclaister
analysis (HCA) methods, vibrational spectroscopyvjutes
both qualitative and quantitative information [38The
advantage of using principal components scores @A
is that such a method displays the clustering médion of
chemical species from multiple wavebands [39].

Spectroscopy  analysis  with  pre-processing
techniques for the application of principal compuine
analysis (PCA) and hierarchical cluster analysi€Ajwere
used in this study to evaluate the infrared specfa
biodiesel and the reaction conditions for biodiesel
production with high conversion using experimental
factorial design. The samples analyzed by HATR/FhEh
PCA or HCA were compared with the conversion degree
determined by gas chromatography analysis.

2 Materials and Methods

2.1Chemicals

Ethyl acetate, n-hexane, and dichloromethane were
obtained from Merck (Germany) and used as receidd.
the chemicals were analytical reagent grade andl use
without any pretreatment. The methyl ester starslded
above 99% purity) for GC were palmitic (hexadecanoi
acid), stearic (octadecanoic acid), oleic (cis-8adecenoic
acid), linoleic acids (cis-9,cis-12-octadecadiencicid)
(Supelco, Bellefonte, PA), and methyl heptadecanoat
(intern standard) (Sigma,USA). The catalyst sodium
methoxide was donated by Basf (Germany). Silicafigeh
Vetec (RJ, Brazil) was used as an adsorbent. Téxa finging
oil was donated by the catering business (Pratto FRiA.,
Santa Cruz do Sul, RS) that supplies meals to tistnbsses
of the region. The sample volume (10 L) was mixdufrem
5 industrial frying pans and the sample consistsfrgimg
soybean oil. The oil's acid index was analyzed Hy33-63
official methods of the American Oil Chemist’'s Setyi
(AOCS) and the used frying oil presented a low actkx
(0.4 mg NaOH 9).
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2.2 Biodiesel production

The used frying oil (50 g), catalyst and methanol
were placed in a round-bottomed flask equipped vaith
reflux condenser and a thermometer. After the r@acthe
formed methyl esters were separated from the ghydey
settling for 3 h in separation funnel. The methstees were
purified by successive rinses with distilled wedad dried at
110°C. The methanolysis was carried out in the itimmd
described in Factorial Experimental Design pregérite
Table 1. The transesterification experiment condgiwere
based on the necessity to use alcohol excess ersible
reactions.

2.3 Gas Chromatography (GC)

For the GC analysis, o clean up was accomplished
with 100mg of the sample, in a glass column (200mm
5mm) with 0.5 g of silica (70-230mesh). The methgter
elution was with 2 mL of the hexane-ethyl acet&B-5%).
The extract was diluted until 5 mL of n-hexane vatuL of
internal standard (1.S.) of 100 mg'L

The gas chromatograph was a Varian GC model
3300 (Kyoto, Japan) fitted with a flame ionizatidatector
(FID). The column used was a ZB-5 polydimethyl silne
fused silica open tubular column with 5% phenylup® (30
m x 0.25mm x 0.25 pum). The initial temperature \8ASC
(0.2 min), increasing by 8°C minto 140°C (2 min),
followed by a 8°C mitt increase to 270°C, and maintained
there for 2 min. The injector was warmed to 2508aq the
detector was set at 280°C. The quantification was
accomplished by intern standardization.  Methyl
heptadecanoate was the intern standard (I.S.) used.

2.4. Spectroscopic analysis

A Nicolet Magna 550 FTIR spectrophotometer with
a 4 cm-1 resolution and 32 scans was used for the
measurement of biodiesel samples as obtained.rifitiedte
spectra were recorded by applying the biodieselpgamn
the surface of a Pike horizontal attenuated ta#éctance
(HATR) sample-handling accessory with ZnSe crystal.

2.5 Multivariate analysis

Spectra data were treated with multiplicative
scattered correction (MSC) technique before a é&irth
multivariate analysis.

Data treatment in Pirouette® 3.11 software by
Infometrix was carried out through the principahymonent
analysis (PCA) and hierarchical cluster analysi€&} The
program was run on an IBM-compatible Intel Pentidm
CPU 3.00 GHz and 1 Gbytes RAM microcomputer.
HATR/FTIR spectra of the 17 the biodiesel samplesnf
used frying oil were treated.

3 Results and Discussion

3.1 GC analysis

The main compounds in the fatty acid methyl ester
(FAME) of frying oil were: palmitic (C16:0); steari
(C18:0); oleic (C18:1) and linoleic (C18:2) esteFtirough
GC, it was possible to obtain conversion resultse Total
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methyl esters in each condition of the experimefatetorial
design were quantified, as shown in Table 1. Ins¢he
analyses, it was necessary to accomplish the alpafor
removal of the residual acylglycerols present i thaction
products and to avoid the errors in GC analysis.

It was possible to observe that with 1:8 proposion
oil-methanol it occurs maximum conversion with skeral
catalyst quantities and shorter temperature withh 2f
reaction. Similar results were obtained with larger
temperature and quantities of catalyst. The exparim
involving 1:4 (oil-methanol), 1,2%wt of catalystda0°C
of temperature had a good conversion but theseesadne
not enough for biodiesel production.

The advantage of using less time and more catalyst
is the possibility of obtaining lower productionsto

Table 1- Experimental factorial design of the methanolysisthe used
frying oil with methanol and sodium methoxide astab@st and the
conversion results.

= o g < 5 c

5 2 = S .55 2
£ 5o s = = SEg 55
5 s 2< 2 S 3%v =2
g £ S s =90k 5

i e § & 85 8

1 50 1 06 14 76
2 60 1 0.6 1:4 48
3 50 3 0.6 1:4 38
4 60 3 06 14 62
5 50 1 12 14 86
6 60 1 1.2 1:4 93
7 50 3 12 14 83
8 60 3 12 14 83
9 50 1 0.6 1:8 86
10 60 1 0.6 18 79
11 50 3 0.6 18 100
12 60 3 0.6 1:8 83
13 50 1 12 18 83
14 60 1 12 18 90
15 50 3 1.2 1:8 76
16 60 3 12 18 100
17 55 2 0.9 16 72

3.2 HATR/FTIR/PCA analysis

The regions of the HATR/FTIR spectra with more
important information were selected for multivagiat
analysis with PCA and HCA. The selected regionsewer
within the ranges of 649 — 1,816 ¢rand 2,788 — 3,037 cm
! as shown in Figure 1. In the spectral regionsyethis
chemical information from formed methyl esters and
residual acylglycerols that did not transform dgrithe
methanolysis of the used frying oil [40].

The principal signals of the methyl esters were
uC=0 in 1750-1725 cthanduO-C-C in 1160-1050 cih
The acylglycerols present similar signals but wamall
displacements that can be differentiated througle th
multivariate analysis technique.
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Figure 1- Selected regions of the HATR/FTIR spectra of kégdl samples
obtained through methanolysis of the used frying oi

PCA was performed on the reflectance spectra of
the 17 samples (51 spectrum) that were obtainethén
reaction as experimental factorial design. Thosalyaes
were done using the autoscaled spectral data, wah
intensity value was subtracted by the intensityage value
and divided by the standard deviation (Pirouettd 32006).
After the preliminary analysis, the best conditidos data
treatment were found and the principal componeRiS) (
were calculated. Three outliers were detected antbved,
they correspond respectively to spectrum 1, 3 a&nd 4

With PCA it was possible to describe 85.8% of the
data with two principal components which presert8B%
and 12.6% of the total variance with the first aetond
principal components, respectively. Each calculafe@
explains the individual contribution to the totalriance.

The scores plot in Figure 2 shows four groups. The
first group (A) contains the samples of lesser eosion as
determined by gas chromatography.

When the reactions resulted in low conversion, the
experiment had been performed with the least molar
concentration of catalyst and the least methanopgntion
as factorial experimental design.

The samples of group D that correspond to the
major concentration of the catalyst and major matha
proportion were the ones that presented high ceiosmer
according to chromatography analysis results.

The experimental conditions used in groups B and
C resulted in a similar conversion (Table 1), alidjo the
principal component two of scores graphic of thguFé 2,
as well as dendrogram of the Figure 3, have inditahat
the groups have presented differences concernirgotmal
composition. It is noteworthy that the group B expents
were accomplished with the largest quantity of ¢chealyst
and the smallest proportion of methanol; such aasin
leads to the existence of secondary reactions siiggested
that secondary reactions have not occurred in thepgC
experiments. The products from secondary reactiams
responsible for the separation of groups B and C.
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Figure 2 — Scores 2D plot of the PCA (PC1xPC2).

Similar reaction results were obtained in another
work [41] with different experimental conditionsing the
same catalyst. Bournay et al [42] in the alcohalyi pure
sunflower oil, obtained yields of 96% using an aldbhol
molar ratio of 1:6 and 0.5 wt % of the same catallysthat
work, the formation of sodium soaps was preventetithe
glycerin obtained was limpid and colorless. Howewenen
these advantages are associated with a satisfactory
experimental factorial design and a rapid analyséethod,
the results will be more important for the biodieselustry
because of the minor cost achieved and reductioaaattion
time and analysis.

Likewise, the use of HATR/FTIR with multivariate
analysis is an improvement upon previously obtaiesdilts
in biodiesel production from pure vegetable oilwaste oil
as the used frying oil. The use of HATR/FTIR with
multivariate analysis allows for determination othiah
conditions among the different experiments presamilar
results, making it possible to rationally decide lwadiesel
production based on the least cost and highestecsion.

In the experimental factorial design, other varabl
besides the quantities of catalyst and alcohol vstudied.
According to the PCA result, the temperature arattien
time were not determining factors in increasing the
conversion degree of the used frying oil into bésail.

3.3.HATR/FTIR/HCA analysis

As mentioned above, the influence of the catalyst
concentration and alcohol/oil molar ratio in biczké
production allowed for the identification of four
discriminated groups. The HCA confirmed the samer fo
groups (Figure 3). Moreover, the dendrogram shiwasthe
products formed in groups B, C, and D are more lammi
among themselves than to group A. The greatestasityi
was found between groups B and C, confirming theesa
conversion degree.
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Figure 3 - HCA dendrogram of HATR/FTIR data of 1ibgucts of used
frying oil methanolysis in Table 1.

The HATR/FTIR/HCA developed for the chosen
experimental factorial design proved that some gxpntal
conditions are determining factors in reaching high
conversion in biodiesel production by methanolysisised
frying oil.

4 Conclusions

During the last decade, many authors have used
multivariate analysis to study the reactions ugimg signal
from FTIR. This analysis method is rapid withouguging
clean up, and it allows for the analysis of mixture

Based on the experimental factorial design
conditions, it was possible to identify the deterimg
variables for total conversion of the triacylglyokof the
used frying oil in methyl esters, as being the éatg
proportion oil-methanol (1:8), the least catalystantity
(0,6%wt), the lowest temperature (50°C) and largesttion
time (3h). With smaller proportion oil-methanol:4},
larger catalyst quantity (1,2%wt) and higher terapae
(60°C) it is also possible a high conversion, hosvethat
conversion is not enough for the biodiesel proaurcti

Through the experimental factorial design followed
by HATR/FTIR using PCA or HCA, the experiments were
grouped according to the different conversion degre
potentializing such technique in replacement of @@ one
in the monitoring of new experiments conducted Birailar
way. Besides that the results of multivariate asialfrom
spectrum of the final composition of each experimen
confirmed the same performance for each planningjest.

However, although best conversion occurred in the
conditions described above, the multivariate anslys
showed that it is still possible to propose newegkpents
that explore time and temperature reduction aiméd a
minimizing cost.

For the used frying oil biodiesel production
monitoring the association of the experimental deat
design with spectroscopy analysis (HATR/FTIR) folexl
by multivariate analysis (PCA or HCA) is a fastegn
destructive alternative that can be implementednrine
way.
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PRODUGAO DE BIODIESEL DE OLEO DE FRITURA
USADO: PLANEJAMENTO EXPERIMENTAL E
ANALISE MULTIVARIADA

RESUMQ Biodiesel é derivado de fontes renovaveis e

reduz significativamente as emissdes atmosféritade ser

obtido de diversos processos, como a alcoolise.teNes

trabalho, o biodiesel foi produzido através da alise do
Oleo de fritura usado de indUstrias de alimenta¢dim
planejamento experimental foi utilizado e os produtle

reacdo foram analisados por cromatografia gaso$d) (C

espectroscopia na regido do infravermelho com édesde
reflexdo total atenuada horizontal (IV-HATR) e aseél
exploratéria por andlise de componentes princiffRA3A) e
analise hierarquica de grupos (HCA). De acordo &sm
condicdes analisadas obteve-se alta conversdao wmres®s
metilicos. Por IV-HATR, a conversdo méaxima foi atvaela
em condi¢cBes experimentais de temperatura ( 50°€)60
concentracdo de catalisador (0,6 e 1,2%) e a 1@@ldedo

molar entre 6leo e metanol. Também foi possivel
discriminar por andlise quimiométrica, 4 grupos no
planejamento experimental e determinar as melhores

condi¢gBes para a producao de biodiesel de Oleciteaf
usado.

Palavras-chave:biodiesel, 6leo de fritura usado, CG, HATR, quimédria
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