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Abstract - In recent years, the replacement of homogencous catalysts by heterogeneous catalysts has been
investigated as a sustainable alternative technology to obtain different products. In this context, this study
investigated the activity of the heterogeneous catalyst DAPTS-MCM-41, obtained from the reaction between
the MCM-41 molecular sieve and an organic base 3-ethylenediamine (trimethoxy) propyl silane (DAPTS) in
the interesterification reaction of palm oil and palm kernel oil blends. The catalyst was characterized by infrared
spectroscopy (FTIR), X-ray diffraction (XRD) and textural analysis (ASAP). The interesterified blends were
evaluated by fatty acid profiles (FAME) and solid fat content (SFC). The significant changes observed in the solid
fat contents of the blends before and after interesterification led to changes in physical properties due the random
distribution of acyl groups on glycerol positions. No undesirable reactions such as degradation and trans isomer
formation occurred since the fatty acid composition of the blends remained constant.

Keywords: Vegetable oils; Heterogeneous catalysis; Interesterification; Clean technology.

INTRODUCTION:

Technologies to modify oils and fats have
been intensively used in the food industry. These
technologies aim to change the physical properties of
vegetable oils to make them more suitable for various
applications, such as the production of margarine,
chocolate toppings, cookies, bakery, and ice cream,
pasta and potato chips (Gunstone, 2011; Ribeiro et al.,
2007).

Palm oil and palm kernel oil are vegetable oils
obtained from the same oleaginous plant: Elaeis
guineensis. In a global scenario, palm oil is the most
consumed in the world, with a production above 56
million tons in 2012. (USDA, 2015; Monteiro, 2014).
The use of palm oil as food corresponds to 80% of
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its world production and its consumption has grown
significantly, due to its nutritional properties, as well
as its other applications (MPOC, 2012).

Currently, the processes commonly used to
produce modified fats are chemical and enzymatic
interesterification replacing, partial hydrogenation,
which generates trans isomers. The chemical
interesterification process has low operating costs and
large scale application, but as the chemical catalyst
used industrially has no specificity, there is a random
distribution of acyl groups in the glycerol positions
during the reaction. On the other hand, enzymatic
interesterification has the advantage of increasing the
positional distribution control of acyl groups in the
final product as a consequence of the specificity shown
by enzymatic catalysts, besides the need for milder
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reactions conditions. But its use is more intended for
the manufacture of special fats, when a high selectivity
of the biocatalyst is required (Bajaj et al., 2010; Farfan
et al., 2015).

In chemical interesterification, moisture-free oils
and fats are mixed and heated in the presence of a basic
catalyst at a given temperature and for a given time.
This process promotes a change in the triglyceride
composition depending on the random rearrangement of
acyl groups in the glycerol positions, but the fatty acid

profile is preserved. At the end of reaction, the catalyst
is inactivated by the addition of water to the reaction
medium. Two mechanisms are involved in the initiation
of the chemical interesterification reaction (Figure 1):
the nucleophilic attack on the carbonyl group of the
acyl chains and the Claisen condensation, when the
base attack occurs on the a-hydrogens. Although they
are distinct, both mechanisms generate the glyceroxide
carbanion, responsible for the propagation step (random
rearrangement) (Gamallo et al., 2015).

CHEMICAL INTERESTERIFICATION - INITIATION
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Figure 1. Mechanisms for chemical interesterification: Initiation A) Carbonyl addition and B) Claisen mechanism.
Adapted from Gamallo et al. (2015).
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In the propagation step (Figure 2), the glyceroxide
anion forms a complex with a triglyceride (nucleophilic
attack) and then the complex dissociates into a novel
triglyceride while regenerating

the glyceroxide anion. The nucleophilic attack can
also occur in the anion itself, in the neighboring acyl
chains, occurring intraesterification.

Then the reaction is terminated by the addition of
water which reacts with the glyceroxide anion to yield
a partial glyceride.

In most industrial processes involving these
reactions, inorganic or organic bases are used as
homogeneous catalysts, and the use of base above the
stoichiometric amount to maintain basicity is often
necessary (Ono, 2003; Hattori, 2001).

There are some critical points in the chemical
interesterification process that should be taken into
consideration: The basic catalysts are extremely
susceptible to inactivation by water and free fatty
acids, and are affected by peroxides, carbon dioxide,
and oxygen. Thus, the oil and fat used in the chemical
interesterification must be pretreated to remove
moisture and free fatty acids. These catalysts are also
highly toxic and reactive, requiring special care in
storage and handling (Rozenaal, 1992). The separation
of the catalyst from the final product is another
disadvantage of this process. The inactivation of the
catalyst and its removal require the use of reagents
and successive washings in water, thus generating a
considerable volume of effluent to be treated.

A cleaner technology for the production of these
compounds is the replacement of homogeneous
catalysts by basic solids, which act as heterogeneous

CHEMICAL INTERESTERIFICATION - TERMINATION
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Figure 3. Mechanisms for chemical interesterification:
Termination.

catalysts. Currently, studies focused on the
development of sustainable chemistry or green
chemistry involve primarily the replacement of
homogeneous by heterogeneous catalysts. The main
advantages of heterogeneous catalysts are their easy
removal and the ability to regenerate and reuse them.
Furthermore, the fact that these catalysts are not
corrosive also represents a great advantage when
compared to the homogeneous catalysts. Many studies
on the activity of solid compounds with basic properties
in chemical reactions have been published since the
1990s, especially focused on biodiesel production
(Schuchardt et al. 1998). Among these compounds,
potassium fluoride (Corma et al., 1997), alkali metals
(Yang and Xie, 2007), zeolites (Luna and Schuchardt,
2001), amino groups stabilized on molecular sieves
(such as MCM-41 and SBA-15) (Abdullah et al.,
2009), silica gel (Cauvel et al., 1997), clays, alkali
metal carbonates, and alkaline earth metals (Corma,
1998) stand out as promising catalysts.

Among the heterogeneous catalysts, mesoporous
molecular sieves have emerged as a support for
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Figure 2. Mechanisms for chemical interesterification: Propagation.
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catalysts due to their high surface area, well-ordered
structure, and high pore volume. The MCM-41
mesoporous molecular sieve is characterized by having
mesopores (20-40 A) with a very narrow pore diameter
distribution. These structures are formed mainly of
silica and have a high specific surface area (over 1000
m?/g). Some studies have reported the possibility of
producing MCM-41 samples with well-defined and
controlled pore diameter in the range of 20-70 A only
by changing the synthesis conditions (Corma et al.,
1997). Due to its high surface area, MCM-41 can be
used as a support for basic oxides, and to anchor organic
molecules with basic properties, like amines and
quaternary ammonium hydroxide salts (Albuquerque
et al., 2008; Parida and Rath, 2009). These solids
provide basic properties and high surface area, with
great potential for use as heterogeneous catalysts. The
fact that the pore diameter can be controlled and the
possibility of introducing substances with different
levels of basicity in the MCM-41 pores may allow
adjustments to the properties of these solids and thus be
able to catalyze various types of reactions that require
distinct levels of basicity, or involve molecules with
different sizes, such as in vegetable oils. Furthermore,
due to their non-toxic nature (Hudson et al., 2008),
molecular sieves have been studied as drug delivery
systems. (Vallet-Regi et al., 2001; Piane et al., 2014;
Natarajan and Selvaraj, 2014).

Molecular sieves have been also studied as support
to circumvent problems associated with the utilization
of free lipases in interesterification reactions.
Supported lipase can be efficiently removed from
reaction products and reused, reducing production
costs. In recent studies, lipase immobilized on core-
shell structured Fe,0,-MCM-41 and on aminopropyl-
functionalized hydroxyapatite-encapsulated-y-Fe O,
nanoparticles were used as a magnetic biocatalyst for
lipid interesterification. In both studies the catalysts
showed good activity for the interesterification
reaction and easy separation from reaction products by
a magnectic field (Xie and Zang, 2016; Xie and Zang,
2017)

In this study, MCM-41 molecular sieve on which
the organic base 3-ethylenediamine (trimethoxy)
propyl silane (DAPTS) was anchored was
synthesized,. Its catalytic activity was evaluated by the
interesterification reaction of palm oil and palm kernel
oil blends. The catalyst was characterized by infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and
surface area and porosimetry analysis by gas adsorption
measurements (SAP). The interesterification reaction
of the blends was carried out in a stainless steel reactor
under reduced pressure. The reaction mixtures and
the reaction products were characterized by the fatty
acid composition (GC-FID) and the solid fat contents
(NMR).

MATERIALS AND METHODS:

Determination of the Kinetic diameter of the
reactant molecule

In this study, the kinetic diameter of two
triacylglycerols was determined by molecular
modeling: 1-palmityl-2 oleyl-3 palmityl glycerol
(POP), and 1-palmityl-2 oleyl-3 oleyl glycerol (POO).
The geometry of these molecules was optimized
through MOPAC 2005 software using the semi-
empirical methods AM1 and PM3 (Stewart, 1990).

Catalyst preparation

The synthesis of MCM-41 from a pure silica source
was based on the study of Corma et al. (1997), with
crystallization temperature and time of 150 ° C for 7
days to yield a solid with large pore size.

In a typical synthesis, an aqueous solution of
tetramethyl ammonium silicate from the reaction of
0.59% amorphous silica (Aerosil 200, Degusa) and
5.29% g of 25% tetramethyl ammonium hydroxide
solution (TMAOH, Sigma-Aldrich) was mixed with a
solution containing 2.26% cetyl trimethyl ammonium
bromide (CTABr, Vetec). Then, 2.53% amorphous
silica was added under continuous stirring. The gel
formed was placed in a steel Teflon autoclave, and
heated at 150 °C for seven days, under static conditions,
at a pressure of 5 atm. The final product was filtered,
washed and dried at 80 © C for 24 hours. The solid was
then calcined at 540 °C/6h.

For synthesis of MCM-41 with basic properties,
3-ethylenediamine  (trimethoxy) propyl silane
(DAPTS) was used as the precursor. To anchor these
substances, 4 g of previously prepared MCM-41
were suspended in 60 mL toluene. Then, 4 g DAPTS
was added under stirring and reflux for 2 hours. The
methanol formed was distilled off for 30 minutes at
105 °C. After this period, 20 mL toluene was added,
and the system was kept under stirring at 100 °C for 30
min. The product was recovered by filtration, washed
in toluene and hot deionized water, and dried at 60 °C.

Catalyst characterization

Powder XRD measurements were performed on a
Rigaku Miniflex diffractometer, over a 20 range with
Bragg-Brentano geometry using Cu Ko radiation.
The scanning of the samples was performed from
0 to 10 (20) at intervals of 0.020°, and acquisition
time of 2 s. N, adsorption-desorption isotherms at
77K were obtained using an ASAP 2020 specific
area analyzer (Micromeritics). The isotherms were
treated by the BET method for obtaining the surface
area and pore diameter, and by the BJH method for
obtaining pore volume. The FT-IR spectra of the
samples were obtained with a Thermo Nicolet 6700
FT-IR spectrometer, using the KBr cell technique and
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readings were made in the range of 400 to 4000 cm™.
MCM-41 samples were evaluated before and after
their functionalization with DAPTS.

Interesterification reaction

The refined palm oil and palm kernel oil were
supplied by Agropalma SA.

Binary blends of palm oil and palm kernel oil with
ratios of 100/0, 80/20, 60/40, 50/50, 40/60, 20/80 and
0/100 (w/w) were used as the starting oil mixture.
The blend samples were prepared after complete
melting at 70 °C, and again solidified and stored under
refrigeration.

Portions of 100 mL of the blends were dried in a
flask under reduced pressure and agitation at 80 °C
for 30 min. The interesterification was carried out by
the addition of 1.0 g of DAPTS-MCM41 previously
activated at 200°C/2h under reduced pressure. The
different blends were interesterified at 100 °C for 30
minutes under reduced pressure and agitation. At the
end of reaction, the heating and stirring were stopped,
and the reaction product was immediately filtered
to remove the catalyst and then stored at -15 °C for
subsequent analysis.

Product analysis

The fatty acid compositions of the interesterified
products were determined after complete conversion
of fat acid residues into their corresponding fatty acid
methyl esters (FAME) according to the AOAC 969.33
method (AOAC, 2002). The chromatographic analysis
was performed according to the AOAC 985.21 method
(AOAC, 2002) on a Shimadzu gas chromatograph
GC-2010 Plus equipped with an auto injector, a split
injector and a flame ionization detector (FID). 1 uL of
samples were injected onto a CP SIL-88 column (100%
cyanopropylpolysiloxane, 100 m, 0.25 mm ID and
0.20 pm film thickness) using hydrogen as the carrier
gas at 70 kPa with a split ratio of 1:50. The injector
and detector temperatures were set at 250 and 260 °C,
respectively. The oven temperature was initially held
at 100 °C for 5 min, programmed to increase to 230
°C at a rate of 5 °C/min, and then held isothermally
for another 5 min. Again the temperature was raised
to 240 ° C at 5 °C/min and held for 11 minutes. The
FAME composition was identified by comparing
the retention time of the peaks with the respective
standards of FAME. The relative FAME content
was obtained by area normalization and expressed
as a mass percentage. All samples were analyzed in
triplicate, and the reported values are the average of
three determinations.

The solid fat content was determined by nuclear
magnetic resonance (NMR) in Bruker Minispec
equipment, according to the AOCS CD-16b-93
method (AOCS, 2000), by the direct method for non-
stabilizing fats (100 °C / 15 min, 60 °C / 5min, 0 °C

/ 60 min), with serial readings, at temperatures of 10,
20, 25, 30, 35, 40, and 45 ° C, staying 30 min at each
temperature.

RESULTS AND DISCUSSION:

Catalyst characterization

The kinetic diameters obtained by minimization
of the internal energy (IE) of the POP and POO
molecules were 38.74 A and 38.08 A, respectively.
The molecular structure of POP and PPO is a relevant
factor in choosing the molecular sieve. The MCM-
41 type sieves have pore diameters ranging between
30 and 75 A, depending on the synthesis conditions.
Corma et al. (1997) obtained MCM-41 with a pore
diameter of about 66 A at a crystallization temperature
of 150 ° C for 7 days.

X-ray diffraction is the most common technique for
investigating the formation of mesoporous materials
and other porous materials. The a; values for the
calcined MCM-41 and after DAPTS incorporation
were respectively 56.97 A and 58.34 A. These similar
values indicate no changes in the hexagonal structure
of MCM-41 after DAPTS incorporation.

Figure 4A shows the XRD patterns of the calcined
MCM-41 (MCM-41), and after functionalization
(DAPTS-MCM-41), showing a characteristic profile
of this molecular sieve (Oliveira et al., 2014). Since
it is made up of amorphous silica, no peaks were
observed in regions of larger angles.

The peaks at 2.27° (high intensity with d, , = 49.34
A) and three peaks of lower intensity between 3° and 6°
are related to its well-ordered hexagonal lattice, where
a pore is surrounded by six others, thus generating its
characteristic reflections (Wang et al., 2012). In the
diffractogram shown in figure 4A, the d, , values of the
peaks with high intensity were higher when compared
with a typical synthesis of this material (150 ° C/24h)
(Corma et al., 1997). This variation may be due to
the binomial crystallization time / temperature of the
catalyst in this study (150 © C / 7 days). According to
Corma et al. (1997), long crystallization times at 150
°C can favor the increase of the MCM-41pore size.

The incorporation of DAPTS in MCM-41 did not
cause significant changes in the intensity and position
of the peaks, indicating no changes in the order of
the hexagonal lattice in the molecular sieve. Similar
results were obtained by Fasolo et al. (2006) for amine
incorporation into MCM-41 molecular sieves for
chalcone synthesis.

Anchoring of organic bases such as DAPTS occurs
through the reaction of hydroxyls from the silanol
groups present on the catalyst surface, with the alkoxy
groups of DAPTS. Figure 4B shows the FTIR spectra
of the calcined MCM-41 samples and after DAPTS
incorporation. With respect to the calcined MCM-41,
the broad band at 3456 cm™! is due to both the axial

Brazilian Journal of Chemical Engineering, Vol. 36, No. 03, pp. 1185 - 1194, July - September, 2019



1190

Ormindo D. Gamallo et al.

Catalyst Characterization
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Figure 4. A. XRD patterns of the calcined MCM-41 and MCM-41 functionalized with DAPTS. B. FTIR spectra of
calcined MCM-41 samples before and after DAPTS incorporation. C. Adsorption / desorption isotherms of calcined

MCM-41 and MCM-41 functionalized with DAPTS.

deformation of the hydroxyls of the silanol group on
the catalyst surface, and the hydroxyl groups derived
from adsorbed water in the sample, the latter confirmed
with the presence of the band at 1647 cm’, attributed
to the angular hydroxyl deformation. The vibration
modes related to Si-O-Si in MCM-41 can be observed
at 1080 cm™! (axial deformation) and 790 cm™! (angular
deformation). These signals come from the silica
on the catalyst surface. The band at 942 cm™! can be
assigned to angular deformation of defective Si-OH
groups, i.e., Si-OH groups from non-condensed silica
in the catalyst wall (material dispersed).

The FTIR spectrum for MCM-41 after DAPTS
anchoring (DAPTS-MCM-41) showed a decreased
intensity of the axial deformation band of the hydroxyl
groups due to the disappearance of the silanol groups
that reacted with DAPTS. Also two bands at 2943 cm’!

and 2878 cm™! can be seen, assigned respectively to
the axial and angular deformations of the CH, groups
from the anchored DAPTS.

The MCM-41exhibited characteristics of a type
IV isotherm (Figure 4C), according to the IUPAC
classification, which is characteristic of mesoporous
materials with a multilayer adsorption cycle, with
appearance of an inflection point from the relative
pressures (P/P)) in the range from 0.30 to 0.50,
associated with capillary condensation in the mesopores
(IUPAC, 1985). Another important characteristic of
MCM-41 is the presence of hysteresis, which is the
phenomenon of the difference between adsorption
and desorption mechanisms, that is typical of porous
materials with a narrow size distribution of cylindrical
pores and spherical particles (Schwanke and Pergher
2012).
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Figure 4C show the nitrogen adsorption / desorption
isotherms of MCM-41 and DAPTS-MCM-41. The
isotherms have the same profile as a type IV isotherm,
characteristic of mesoporous materials. However, its
textural properties showed slightly higher values when
compared to the values found in the literature, which
again may be due to the crystallization conditions of the
catalyst used in this study, which favor the formation
of MCM-41 with larger diameter pores (Corma et al.,
1997; Oliveira et al., 2014).

A significant reduction in MCM-41 textural
properties after functionalization with DAPTS was
observed. This type of variation may be due to the
anchoring on the MCM-41 surface, increasing the
wall thickness and even blocking pore access. The
loss of crystallinity or the change in molecular sieve
structure as a function of the base incorporation may
also be associated with this type of observation, but
no change was observed in the type of isotherm after
functionalization, indicating no change in MCM- 41
structure, and confirming the results obtained by X-ray
diffraction.

Product analysis

The application of heterogeneous catalysts has
many advantages in comparison to homogeneous
catalysts. DAPTS-MCM-41 could be easily recovered
from the reaction mixture, which is of interest for the
separation process. Besides, no variation was observed
in the color of the reaction mixture, as occurs in
interesterification with the conventional catalyst (Liu
and Lampert, 1999).

Table 1 shows the fatty acid composition of
palm oil and palm kernel oil blends, before and
after interesterification. The compositions of palm
oil and palm kernel oil are consistent with the
literature (Gunstone, 2011), and within commercial
specifications of the manufacturers.

The results show that the fatty acid composition
of the reaction products is very similar to that found
for the original respective blends, since no significant
changes were observed in fatty acid composition
of the samples. The same behavior was observed in
other studies of the interesterification of vegetable
oils with heterogeneous catalysts. In the study of
interesterification of soybean oil and lard blends
catalyzed by SBA-15-pr-NR,OH, Xie and Qi (2013)
obtained the same fatty acid profile of the starting
material in the final product. This result demonstrates
that no undesirable reactions such as decomposition or
isomerization of fatty acids had occurred.

The solid fat content accounts for many of the
characteristics of fat and is one of the determining
factors in the plasticity of fats. According to Lida
and Ali (1998), the fat behavior can be predicted by
assessing the solid fat content at different temperatures.
For example, a fat with satisfactory spreadability at
refrigeration temperature (characteristic for margarine
manufacturing) should contain a maximum of 32%
solids in the temperature range from 4 to 10 °C. To be
resistant to oil exudation, fat should have solid contents
less than 10% at 20 -22 °C. According to the authors,
solid fat in the range 35-37 °C confers positive sensory
properties to the product.

Table 2 shows the solid fat content of the blends,
both before and after interesterification. After
interesterification, an increase in the solid fat content
of the blends containing higher palm oil ratio (palm
oil, 80/20 and 60/40) and a decrease in the blends
with higher oil palm kernel ratio (40/60, 20/80 and
palm kernel oil) were observed. Similar results
have been reported in the literature for chemical
interesterification via homogeneous catalysis. Laning
(1985) reported an increase in the solid fat content
of interesterified palm oil due to the higher levels of
trisaturated triglycerides.

Table 1. Fatty acids (FA) composition of palm oil and palm kernel oil blends before and after interesterification.

FA (%) Palm 80/20 60/40 50/50 40/60 20/80 Palm Kernel

Cy Before - 0.8+0.0 1.2+0.0 1.7+0.1 20+0.1 26+0.0 3.3+0.0
After - 0.7+0.0 1.1+£0.0 1.5+0.1 1.9+0.0 24+0.1 33+£02

Cio Before - 0.7+0.0 1.3+0.0 1.8+ 0.1 2.1+0.1 2.7+0.0 3.4+0.0
After - 0.6+0.0 12400 1.7+ 0.0 2.0+0.0 29+0.1 33+0.1

c Before 03+0.0 10.0 £ 0.0 193406 24.6+1.0 28.9+£0.4 38.6+£0.8 482+ 1.4
12 After 0.4+ 0.0 9.7+0.5 19.5+0.7 24.4+0.7 28.6+1.1 382+1.3 487+ 1.1

c Before 1.4+0.0 44+0.0 71402 9.0+0.3 10.3 +0.4 13.2+£0.3 16.2+0,7

14 After 1.4+0.0 45+0.1 72+0.1 9.2+0.1 10.1+0.5 13.0+0.6 16.4 + 0.4
c Before  43.1+0.7 36.0+0.9 29.7+0.9 25.4+0.4 22.2+0.9 153+£04 8.4+0.3
16 After 43.6+0.2 363+1.0 300+£1.2 252406 22.5+0.7 152+0.7 8.6+0.3

C Before 47+0.2 42+0.1 3.8+0.0 3.5+0.1 35+0.1 2.9+0.0 25+0.1
18 After 48+0.0 44+0.1 3.9+0.1 3.5+02 3.6+0.1 3.1+0.1 25+0.1
c Before  40.3+04 352412 30.6+0.7 2774023 253+0.9 204+02 153405

18:1 After 405+0.8 359+1.2 30.7+0.5 27.9+0.7 255+1.1 20.4+0.8 15.0 £ 0.4
c Before 9.8+0.4 82+0.3 6.6+0.2 5.940.1 5.440.1 3.9+0.2 23+0.0
18:2 After 10.1+0.5 8.4+0.2 6.7+0.1 62+0.3 5.5+0.0 41+0.1 23+0.1

C, Caprilic acid; C,; Capric acid; C,, Lauric acid; C,, Mirystic acid; C,, Palmitic acid; C g stearic acid; C, g, Oleic acid; C,y, Linoleic acid.
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Table 2. Solid fat content of palm oil and palm kernel oil blends before and after interesterification.

T Palm oil 80/20 60/40 50/50 40/60 20/80 Palm kernel oil
(°C) Before After Before After Before After Before After Before After Before After Before After
10 47.5 52.3 51.7 56.9 55.7 56.8 58.0 57.7 60.0 58.3 64.2 60.7 68.4 66.3
20 198 338 235 38 272 412 291 356 309 339 346 317 383 314
25 10.6 20.5 11.5 18.6 12.4 21.2 12.9 223 133 17.6 14.2 12.8 15.1 9.5
30 65 128 52 79 39 6.7 33 43 26 3.8 1.3 1.1 00 00
35 3.1 5.6 2.5 4.0 1.9 2.5 1.6 1.5 1.2 1.1 0.6 0.2 0.0 0.0
40 17 3.7 1.4 2.3 1.0 1.5 0.5 1.0 0.0 0.0 0.0 0.0 0.0 0.0
45 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
For the interesterified palm kernel oil, this behavior Iso Solids Cutves
is reversed since the reaction promotes the formation of
triglycerides with intermediate degrees of unsaturation. A Before interesterification
Grimaldi et al. (2001) studied the physical properties ’
of interesterified palm oil and palm kernel oil blends 40
in the presence of sodium methoxide, and observed an 5% o
increase in the solid fat content of the blends containing < 3 \\_\\ )
at least 40% palm oil. D’Agostini and Gioielli (2002) ‘aé s -\'_H\"\‘_\_' e
studied the chemical interesterification of binary and g —— e 1w
ternary blends of palm fat, palm oil, and medium & ——20%
chain triglycerides, and found that the solid fat content N —25%
depends on the levels of palm oil, with an increase in 10 i 5020 6040 5050 4060 20580 pamtens
solid fat content with higher levels of palm oil. Blend Compositions (%)
The melting and crystallization behavior of the fat
blends is directly affected by the type of interactions
between the triglyceride molecules, leading to B. After interesterification
the formation of a solid solution when there is 40
compatibility between the components, or formation 35 o
of a eutectic system in the case of incompatibility of 0 5 tTe——
the components. In this case, the solubility in the solid g ’e - - M M "
state is not complete (Soares et al., 2009). The iso £ — S 15%
solid curves, which present a depression, are a useful g ////—‘ ——20%
tool to verify the eutectic system in fat blends. The T 25%

iso solid curves are obtained from the solid fat content
of the blends at a constant temperature (Lefebvre,
1983). Figure 5 shows the iso-solid curves of palm oil
and palm kernel oil blends, before (A) and after (B)
interesterification.

Palm oil and palm kernel oil have significant
differences in the length of the carbon chains of
the fatty acids and, therefore, different molecular
weights of the prevalent fatty acids, in addition to
having different polymorphic forms. Given these
differences, the compatibility of the crystalline lattice
of palm oil and palm kernel oil blends is difficult,
causing a softening characteristic of the eutectic effect
(D’ Agostini and Gioielli, 2002). This effect can be seen
in the results in Figure 5A in which all blends exhibited
an eutectic effect, which was almost eliminated after
the interesterification (Figure 5B), except for the 5%
iso-solid curve, evidencing the rearrangement of fatty
acids during interesterification.

The rearrangement of fatty acids in the glycerol
molecules may change the physical properties of the
interesterified product. When interesterification leads
to an increase in melting point, a significant increase

Palm 80/20 760/40 50/50 40/60  20/80 Palm Kernel
Blend Compositions (%)
Figure 5. Iso-solids curves of the blends before (A)

and after (B) interesterification.

in disaturated and trisaturated triglyceride levels is
observed due to the insertion of saturated fatty acids
in the sn-2 position of glycerol. When a lower melting
point is found after interesterification, the insertion of
unsaturated fatty acids in the sn-2 position of glycerol
is most pronounced (Silva and Gioielli, 2006). There
was a decrease in the melting point of the blends
with the increase in kernel oil levels before and after
interesterification. However, when the blends with
similar composition were evaluated before and after
interesterification, there was an increase in melting
point of the blends with higher palm oil content, and a
decrease in the blends with higher kernel oil levels. The
fatty acid composition of the blends (Table 1) shows
that, although palm kernel oil has a higher saturated
fatty acid level (about 82%), the long chain saturated
fatty acids (C16 and C18) are only 11% of the total
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fatty acids, whereas in palm oil these percentages
exceed 47%.

CONCLUSIONS

The results obtained in the characterization of
mesoporous molecular sieve MCM-41 revealed a
successful anchoring of 3-propyl ethylenediamine
groups on its surface. The fatty acid profile revealed
the maintenance of the fatty acid compositions of
palm oil and palm kernel oil, since no significant
differences were observed in the blends before and
after interesterification. This analysis also revealed
no formation of trans isomers after the reaction.
The interesterification of palm oil and kernel palm
oil blends in the presence of the catalyst DAPTS-
MCM41 provided changes in their physical properties,
minimizing the incompatibility between them,
probably due to the rearrangement of fatty acids on the
glycerol molecule. Thus, it can be concluded that the
mesoporous molecular sieve MCM-41 modified with
DAPTS has proven to be a promising substitute for the
sodium methoxide catalyst used industrially. In this
way, a cleaner technology can be employed, reducing
costs with the steps of neutralization and removal
of the conventional catalyst, as well as the costs of
wastewater treatments generated in these steps.
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