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Abstract——Main propose in this study was to ob-
tain alkyl ester from crude palm oil (CPO), using
microwaves like heating source, in a process of two
stages by means of homogeneous catalysis; the first
stage (esterification), was made using sulfuric acid
catalyst, to diminish the acid value of the ail, avoid-
ing the soap formation and facilitating the separa-
tion of the phases. The second stage (transesterifica-
tion) was made using sodium methoxide catalyst.
The behavior in the crystallization of the product us-
ing differential scanning calorimetry, cloud point
ASTM D2500 and pour point ASTM D97 was evalu-
ated. The obtained biofuels fulfill the requirements
of the American standards for biodiesel and the pro-
pose methodology for the synthesis presents envi-
ronmental advantages and of increase in the reactiv-
ity, as opposed to the traditional methods of heating.

Keywords—— Esterification, Transesterification,
palm oil, microwave, homogeneous catalysis.

I.INTRODUCTION

of transesterification using methanol is showed-ig.

1. Transesterification is a process of reversitdpsand
proceed essentially with the mixture of reagentswH
ever, the presence of a homogeneous or heterogeneou
catalyst, acid or basic, accelerates the reactiar-(
chettiet al, 2007).

The conventional techniques of synthesis for the
transesterification reactions commonly use basiodio
geneous catalysts (sodium and potassium hydroxides
and alkoxides). The use of these catalysts presrit
ronmental and technical disadvantages, becauskeof t
neutralization processes of its salts, which imtgen-
erate cost overrun on the separation and purifinabf
final product (Burt and Meuly, 1944). The use oidac
catalysts to the transesterification reduces thiblem,
but more reaction times are required.

Very few studies have been made with the aim to
obtain alkyl esters and all are obtained by homegas
catalysis (Leeet al, 1995). Yields of these reactions are
very low by the high steric hindering that presegtihe
branched alcohols. To increase the conversionhig t

Biodiesel is a mixture of mono-alkyl esters of longVork, we propose use assisted reactions by micresvav

chain fatty acids, is an alternative fuel made froen
newable sources as vegetable oils and animal lfats.

Application of the microwaves (MW) to chemical
systems represents a new method to accelerate the

and also is beneficial environmentally (Fangrui Mid
ford, 1999).

heating, which gives a low processing-time, incirgas
in the productivity, best recovery of volatile elents

In Colombia, the prospects for the production of er@Nd compounds, low contamination levels, significan
ergy sources are focused on the oil palm, where ofrocedures, small volume of reagents, and low envi-

country is the fifth world producer and sixth exjgor

this oil (Divya and Tyagi, 2006).

ronmental impact. However, microwaves do not irdera
in a similar way with all materials, and there he trisk

However, presents operating problems at low tenff €xplosions by overheating.

peratures for its high content of saturated frangithat

Microwaves are electromagnetic radiation with a

crystallize and can block the filters of the engin@ne ~frequency between 300 MHz to 300 GHz, where the

of the alternatives to reduce the flow propertiesow

most commonly used domestically and industriatha

temperatures (FPLT) of methyl esters from oil pagm ©f 2450 MHz. (Bougrin and Loupy, 2005).

use alkyl esters, obtained through of transestetitin

It was discovered in 1946 by Percy and only until

with branched alcohols, that prevent the aggloriwrat 1980 was employed in different areas of chemisitiy.

and formation of crystals of these methyl esters.

crowaves technology has many applications and is a

Alkyl esters can be produced through transesterific Promising source of development of products at $adu

tion of triglycerides, which are separated by irsitog-

ity and higher density (Marchettit al, 2007; Ma and

Hanna, 1999; Vicentet al, 2004).

Transesterification or alcoholysis is the displaeatn
of one alcohol from ester by other alcohol in aiksim
process to hydrolysis, except that is used alciisdéad

H,C—QCOR! H,C—CH R'COOCH,
catalyst 1

H(:J—OCOR2 * 3CHOH HC—CH +  R*COOCH,

C—0OCOR?® (IQ—OH R*COOCH,
H, H

Triglyceride Methanol Glycerin Methyl ester

of water. This process has been used intensivehg-to Figure 1. General reaction for the transesterificaof triglyc-

duce the viscosity of triglycerides. The generalctin

erides with methanol.
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try level, such as biodiesel. The development nbia- dicator a starch solution. The conversion perceas w
tive strategies for organic synthesis is a cenbaine of calculated respect to the theoretical glycerin ioleth
research in developing new products with pharmaceusfter saponify the oil.
cal potential (Bhattacharyya, 2005). The behavior in the crystallization of the produst
Dielectric heating can come from dipolar polarizaing differential scanning calorimetry, cloud point,
tion as consequence of the interaction of dipofeidi ASTM D2500 (2005) and point of fluency or dis-
of polar molecules with electromagnetic field. Theycharged, pour point, ASTM D97 (2005), was evaluated
produce dissipation of energy in form of heat biteag B.R
. e : . Results
tion and friction generated when the dipoles chanq:e o
their orientations by alternation of the electriiald to A esterification

high frequency (Perreux and Loupy, 2001). The decreasing in the acidity index with the tinan c
see in Figures 2 and 3, for conventional and mien®s

[1.METHODS heating respectively. The order in final aciditytaibed

A. Experimental Section for the alcohols is: methanol < isopropyl alcoholiso-

The alkyl esters production was performed usingethe butyl alcohol < 2-Butyl alcohol < isopentyl alcohol

terification-transesterification method, and thisthod- The initial value in the first 30 seconds, counted

ology consists of two phases: from the instant reach the reaction temperatureyase

Freefatty acid (FFA) egterification significant in the microwave case because exisa@n

The crude palm oil no refined, was employed to raak eIerat_ed increase of the I.ocalize_d_ temperaturel an
an esterification of FFA using alcohols as: methand'€nce in the molecular effective collisions.

(MeOH), isopropy! (IsoprOH), isobutyl (IsobuOH), 2- In_the metha_nc_)l case, the tw_o heatm_g systems de-
butyl (2-BuOH) and isopentyl (IsopentOH) alcoholscré@sing the acidity value to 1 in 60 minutes. he t
analytic grade, Merck trademark. In this processotar  Pranched alcohols, this value is reached in higinees
ratio 1:8 oil:alcohol, 2.5% 0, and stirring magnetic ©© one hour, but is lower when it is use microwaves
system with reflux were used. After that the reactis | S IS because the solvents interacting with dttia-
conducted, we make a phase separation, washing /#f increasing the rotation of dipoles, generating-
drying were carried out. The final value of acidag- tON. and dissipating energy in form of heat.

tained for this oil was 1%. On the other hand, riec- Can be seen three regimes that categorized the pro-
tion monitoring was carried out with the aim toatet 9ress of the reaction. Initially, mass transfefinsited
mine the decreasing of acidity index employing AST\MPY the low miscibility of reagents (two or threegss),

D664 (2005) norm. when is beginning the formation of the ester, thase
Transesterification
The oil obtained in the first stage esterificateithvme- . —Meon

IscbuOH
=dr=2-BuOH
== lsoprOH

isopentOH

thanol, reacts with isopropyl, isobutyl, 2-butyldaiso-
pentyl alcohols, analytic grade, and with cataty8&
H,SO, and 0.9% sodium methoxide, using 1:30 an
1:27 molar ratio oil: alcohol respectively. The erp
ments were conducted at laboratory scale employir
glass reactors of 100 mL, with reflux system, terape
ture control and magnetic stirring, the heatingesysis
through microwave radiation, using a Panasonicimult °
mode domestic oven. The furnace has a hominal pow

of 1000 W, and the power percent employed was 100¢
Sodium methoxide was obtained by reaction betwedrgure 2. Esterification of palm oil.-alcohols$0,, through

[
[SEE
| L

Acid number (KOH mg/g))

0 10 20 30 40 50 60 70
Reaction Time (min)

methanol, analytic grade, with metallic sodium. conventional heating.

The reaction begins with the mixing of reagent§ (oi
alcohol and catalyst), near to boiling point of #ieohol 75 —+—MeOH
concerned. After the reaction time elapsed, theesyss . | o
washed with water to neutral pH with the aim toogen & _ | —<l50prOH
the glycerin and catalyst and then is conducteeévans £ isopentOH
poration process to extract the excess of wategamd _% : ]
erin. 2

Monitoring the conversion percent (%convGL) in 52 k
the transesterification reactions, was conducted | § 1 \
means of determination of free glycerol, basedtan-s 0 : : : : : = :
dard AOCS Ca 14-56 (1995), for oils and fats. Thes 0 10 20 30 40 50 60 7

Reaction Time (min)

thod quantifies the mount of free glycerol obtairmd

means of the reaction with periodic acid, whichess: Figure 3. Esterification palm oil.-alcohols,$0,, microwave
is titrated with a thiosulphate solution employiag in- heating.
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—a—Is0prOH
Conventional == o MeOH
Microwave : 20% ::C;if:
Conventional Microwave 10% IsopentOH
MeOH 9,30% 49,40% §
.ISDDrOH 98’70% 62‘39% . 0 50 100 150 200 250 300 350
. = k] Reaction Time (min)
2-BuOH 96,00% 62,39%
=L 0,00 ] Figure 5. Transesterification comparison in acicdimem by

microwaves heating using different alcohols.
Figure 4. Transesterification comparison in aciddimen by ) ) ) )
conventional and microwaves heating Ascending order for the conversion reaction using

microwaves is: methanol<2-Butyl alcohol< isopropyl
alcohol< isobutyl alcohol < isopentyl alcohol (S€ig-
ure 5), where the generated effect is mainly thédua

to the increase in reaction temperature, and tleeotfis

The reasons for these facts are: alcohols with high boiling points minimize the mass
* By increasing the temperature, the viscosity#f t transfer to controlled regime and promote molecular
oil is reduced, contributing to the diffusionaltréstions  collisions more energized making the reaction nfare
by effects of viscosity of the FFA in the oil thabuld  yored (Nyeet al, 1983).
be smaller, and the homogenization process would be The disadvantage of employ acid catalysts is that i
favored. presents corrosion and environmental problems that
+ Esterification reactions that are carried out @md have decreased their use to industrial level. Hawev
microwaves are activated efficiently with shorta#en  due to its versatility in treating of FFA has begmo-
times and phase separations, decreasing by-proaidts posed as an economically viable strategy for tioely-

a reduced energy consumption. tion of biodiesel from fats with a high content FeFA

It is possible esterify free fatty acids with alotdof (Zhanget al, 2003).
high molecular weight at reasonable times, using mi  One advantage of this catalysis is the low suscepti
crowave, but they remain more expensive than methgiity to the presence of FFA in the raw matertalt is
nol, and for this reason is decided esterify witbtla- yery sensitive to the concentration of water. Canak
nol and then transesterify with other alcohols ps®® . and van Gerpen (1999), show that with 0.1% wates, t
Transesterification yield of reaction is reduced to 5%, and the react®
Acid homogeneous catalysis inhibited. An increase in the concentration of waté
The alcoholysis also can be catalyzed by hard aasds fects the transesterification more than esterificatdue
sulphuric, hydrochloric, phosphoric, and sulphoa@z to the carboxylic acid functional groups of FFAdrsct
ids. However, the reaction times are higher thenita- more easily with polar compounds facilitating tHeoa
sic homogeneous catalysis (Lotexioal, 2005; Narvaez holysis and is more critical in the acid catalytbian ba-
et al, 2007). The main advantage in the use of thé ac$ic catalysis. Water can form aggregates arountbpso
homogeneous catalysts is in the esterificatiomesf fat- diminishing its acid strength and deactivating tiag¢a-
ty acids, where no problems with of formation ofjgs.  lyst.

To achieve good yields and favor this reactionhhig  Making the dried of the esterification products o
molar ratios of oil:alcohol are used, being 30florthe FFA, the yield of acid transesterification increaseis
most common (Zhanet al, 2003). showed by the results obtained.

Comparing the reaction, between the two types of Using conventional heating, the transesterification
heating, with HSO,, we see that with five hours of re-acid medium is three times slower than reactiobasic
action, the conversion increase for the methananvh medium, as is showed in Fig. 6 for methanol. Indhse
microwaves is used, but in the other alcohols,yiekl of molecular weight higher, and branched alcohibis,
decrease, which is possible conclude that theasies- transesterification is favored for the acid mediber
fication in acid medium is not favored, becauseithe cause there is an increase in the electrophilialevih
teraction is not effective by the low polarity okdium, the basic catalysis, the nucleophilia increase,darelto
and the formation of intermediates (See Fig. 4). the high steric hindering of the alkoxides forméug
reaction is not favored. Moreover, the increaseesrc-
tion temperature favors of the alkyl esters.
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Figure 6. Transesterification comparison in acid hasic me-
dia and conventional heating.
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ods, and hence the ascending order for conversion t
glycerin is:
Isopentyl alcohol <2-Butyl alcohol < Isobutyl aladk
Isopropyl alcohol < Methanol

The main effect that influences in the conversi®n i
the overheating of the solvent. Now, as the vatuthé
loss factor or tard increases in the same order, then
there is a greater efficiency in the absorptiormagro-
wave energy and its transformation into heat, and a
though the system is kept at a range of constant te
perature varies point to point within the reactsystem.
Other effect generated is the basicity of the altex
ion, so that when the system is more basic, thinase
nucleophilic, and the reaction is more favored. rédo
over, the dipole moment presents a higher valueirand
teracts with the microwaves through rotation ofotiys
in an alternating electric field of high frequerggnerat-
ing collisions that dissipate its energy as hedie T
methoxide ion is a small group, a high concentratian
cause Claisen condensation reactions undesiralitdhwh
generate an increase in the viscosity of the prioduc

As shown in Fig. 9, at the beginning of all thecea
tions there is an increase in the conversion, fiat 80
minutes of reaction this remains almost constéuig, is

%Conv GL
8
3

H2504 (5 hours) Sodium methoxide (1 hour) 0% 4
Metanol 49,40% 99,90%
u Isopropancl 62,39% 99,87% oAl /
Isobutanol 67,39% 88,39% MiCEORiaiE
2-Butanol 62,39% 83,19%
H Isopentanol 75,00% 81,63% Conventional Microwave
MeOH 99,90% 99,90%
IsoprOH 32,41% 99,87%
Figure 7. Transesterification comparison in acid hasic me- o B A BHRS%
dia and microwaves heating. =il e =
 IsopentOH 37,23% 81,63%

In the microwave heating, the transesterificatien r Figure 8. Transesterification comparison employifierent
action is faster through basic catalysis (see Figthis alcohols and sodium methoxide as catalyst. Conveattiand
because the dipole moment of compounds is higher apssisted by microwaves systems. Reaction time, 60tes.
there is more interaction with microwaves by ratatof
dipoles and ionic movement that generate frictiod a
more effective heating, increasing the moleculdti-co o
sions and favoring the reaction rate.
Basic homogeneous catalysis.

The use of alkoxides with high molecular weightlie o //
transesterification reaction leads to low conversio .
compared with the methoxide, due to the increasbeof

100%

%ConvGL

—+—I50prOH
steric hindering which difficult the nucleophili¢tack. Is0buOH
For this reason, sodium methoxide as catalyst Her t 28001
transesterification reaction is selected. < isopentOH
There is an increase in the reaction yield when m o
crowaves are employed, as is showed in Fig. 8hik t ° © 2 * ° & & &

Reaction time (min)

figure, we can observe that with one hour of reactor
all alcohols, the conversion percent is higher t8a%,

Figure 9. Monitoring of the transesterification ¢gan using
and only methanol present similar yields in eitimath-

different alcohols and sodium methoxide as catalyssisted
by microwaves system.
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4

because initially, the catalytic specie, the meithexin-
teracts more with the MW, while in the end the aike
ion corresponding presents a higher steric hindeaimd
the reaction is difficult. To ensure a higher yijette
concentration of the methoxide, amount of alcomal a
reaction time higher, about 2 hours, are required.

Characterization of alkyl esters

The product obtained in this work consist in a $518e-
thyl:alkyl ester mixture. From thermograms in Figsir
10 to 13, can be established that the descendawy v =~

andard heat flow (W/g)

[ REIS

the crystallization temperature, Tc, is:
Methyl>Isoamyl>Isobutyl>Isopropyl>2-Butylester

Standard heat flow (W/g)

1 4000°C

v\

-257°C

Temperature (°C)
Figure 13. Cooling thermogram for 2-butyl ester.

Table 1. Flow properties at low temperature (PFBfTalkyl
esters.

BRANCHED ALCOHOLS
PROPERTY Cloud point (°C)Fluidity point (°C)
METHYL ESTER 18 12
ISOAMYL ESTER 9,0 -9,0
ISOBUTYL ESTER 8,5 -3,0
ISOPROPYL ESTER 7,0 -3,0
2-BUTYL ESTER 7,5 -6,0

a5 L L L L

B0 &0 40 20 n III'I
Temperature (°C)

Figure 10. Cooling tuhermogram for isopentyl ester.

Standard heat flow (W/g)

B0 L‘EI -ﬂ:] .J:ﬂ I‘l ?III .llll
Temperature (°C)

Figure 11. Cooling__th_e_r_mgg_r_gm__f_c_g( _i_sgpqty_l_ ester.

Standard heat flow (W/g)

Temperature (°C)

Figure 12. Cooling thermogram for isopropyl ester.

Crystallization curves for alkyl esters show two
zones corresponding to saturated and unsaturaded fr
tions. However, there are several peaks whictowvan-
lap. This is due to the different composition o time-
thyl:alkyl ester mixture.

In Table 1, shows the properties of flux at low tem
perature of alkyl esters (PFBT).

Cloud and fluidity points of each alkyl ester avev
er than those for the respective methyl ester,thisdis
explained because the branching and largest chain t
present the alcohol affect the crystalline formsreno
stable of saturated compounds present. One hypsthes
to explain physically the effect of the alkyl groapthe
alkyl esters mixtures is that these tend to forim fims
during the agglomeration or nucleation of crystatsl
the presence of alkyl branched groups affects plae-s
ing between individual molecules in the layers aagis
rotational disorder in the hydrocarbon chains theats-
lates into a crystal formation and initial packifegss
stable than in the case of methyl esters.

Respect to the flow properties at low temperatidre o
the different alkyl esters from branched alcohals be
observed that have similar points cloud. The lowest
point cloud corresponds to isopropyl esters, whigh
possible obtain a reduction of 10 Celsius degrspaet
to the value of that property for methyl esterse Bikyl
esters from branched alcohol with a higher molecula
weight (isopentyl esters) have the lowest poinflof
ency. With the substitution of the methyl group by
isopentyl group a reduction in the point of fluerafy21
Celsius degree is obtained.
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[11. CONCLUSIONS Burt, B and W. MeulyPreparation of detergentsPS

The methodology for obtain alkyl esters from crude ~ Patent. 2,360,844. October (1?4_4)'_ _
palm oil in two stages (esterification-transesteation), Canakci, M. and J. Van Gerpen, “Biodiesel productio

is a good alternative to increase the yield ingheduc- via acid catalysis,Transactions of the ASAE,
tion. 1203-1210 (1999).

The esterification stage of the FFA is favored witP'V¥& B and V. Tyagi, “Biodiesel: Source, Prododij
the use of MW due to the increase of the localieed- Composition. Properties and Its Benefit3,"Oleo
perature, produced by the rotation of dipoles. 80355' 487-502 (2096)' e )

In the basic catalysis case, the transesterifinatid: angrw,_M.A”. an_d A. M|Iford,TB|or(]j|e|seI P;%duclt'i%
stage is favored with microwaves because therspee I(?leg\gg\)/v Bioresource  Technology,70, 1-
cific and thermal effects in the reaction producamgin- :

creasing in the nucleophilia and polarity of theeime- Lee, I, LA Joh_nson and E. Hammond, “Us_e 9f
diates that interact with microwaves, while in thec- branched-chain esters to reduce the crystallization

ond case the electrophilia is increased, and oeljave temperature of biodiesel JAOCS 72, 1155-1160

thermal effects by overheating of the solvent. Lot (19?55)'\( Lu D L K s ‘ DA
: otero, E., Y. Liu, D. Lopez, K. Suwannakarn, D.A.
The alkyl esters have lower values in the flow prop Bruce and J.G. Goodwin. “Synthesis of Biodiesel

erties in cool, compared with the methyl esters;asts . . e
and good operability the isopropyl ester is recom- X'%&Céd&%g;ys'and- Eng. Chem. Red4, 5353

mended. Ma, F and M.A. Hanna, “Biodiesel production: a re-
REFERENCES view,” Bioresour. Technol70, 1-15 (1999).

AOCS Ca 14-567otal, Free and Combined. Glycerol Marchetti, J., V. Miguel and A. Errazu, “Possibletim
lodometric Method American Oil Chemists' Soci- ods for biodiesel production. Renewable and Sus-
ety. AOCS designation: Ca 14-56. USA (1995). tainable Energy,Reviews11, 1300-1311 (2007).

ASTM D2500, Standard test method of cloud point oNarvaez, P.C., S.M. Rincén and F.J. Sanchez, “iKiget
petroleum productsAmerican Society for Testing of Palm Qil Methanolysis,"JAOCS,84, 971-977
and Materials. ASTM designation: D2500. Phila-  (2007).

delphia (2005). Nye, M.J., T.W. Wilianson, S. Deshpande, J.H.

ASTM D97, Standard test method for pour point of pe-  Schrader, W.H. Snively, T.P. Yurkewich and C.R.
troleum products,American Society for Testing Frech, “Conversion of used frying oil to diesellfue
and Materials.ASTM designation: D97. Philadel- by transesterification: Preliminary testd,”Am. Oil
phia (2005). Chem. So0, 1598-1601 (1983).

ASTM D664,Standard Test Method for Acid Number oPerreux, L and A. Loupy, “A tentative rationalizatiof
Petroleum Products by Potentiometric Titration, microwave effects in organic synthesis according
American Society for Testing and Materials, to the reaction medium, and mechanistic considera-
ASTM designation: D664. Philadelphia (2005). tions,” Tetrahedronp7, 9199-9223 (2001).

Bhattacharyya, S. “Advances in organic synthesisgus Vicente, G., M. Martinez and J. Aracil, “Integrateid-
polymer-supported reagents and scavengers under diesel production: a comparison of different homo-

microwave irradiation,” Molecular diversity 9, geneous catalysts systems$Bioresour. Technol,
253-257 (2005). 92, 297-305 (2004).

Bougrin, K and A. Loupy, “Microwave-Assisted Sol-Zhang, Y., M.A. Dube, D.D McLean and M. Kates,
vent-Free Heterocyclic Synthesigdurnal of Pho- “Biodiesel production from waste cooking oil: 1.
tochemistry and Photobiology C: Photochemistry  Process design and technological assessnigiat,”
Reviews6, 139-167 (2005). resource TechnpB89, 1-16 (2003).

Received: January 13, 2009.
Accepted: November 26, 2009.
Recommended by Subject Editor: AnaLea Cukierman.

342



