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ABSTRACT: Oleoresin is obtained via tapping of pine trees and as a by-product of Kraft
process in the pulp industry. Because of its low production cost, it is an attractive
source for biofuels. Oleoresin is composed mainly of rosin (around 80%, a solid mixture
of isomeric abietic acids), and it cannot be used directly as fuel in engines. However,
the methyl ester of rosin has lower boiling and melting points than rosin, and it is
highly soluble in hydrocarbons. Esterification of rosin with methyl alcohol was evaluated
over acid and basic heterogeneous catalysts in the presence of several solvents. In
contrast to acid catalysts, basic materials were active in the reaction. In particular,
a low-cost calcium-based material showed the best performance. A 55% conversion
of rosin with complete selectivity to methyl esters was obtained with 40% wt. loading
of the calcium-based material (respect to rosin), under mild conditions (atmospheric
pressure, 64 °C and 3.5 h) and without solvent. Other catalysts, such as magnesium
oxide, titanium dioxide, and alumina, achieved up to 30% conversion. Calcium carbonate
and calcium hydroxide were the main phases in the calcium-based material, suggesting
that the strength of basic sites can be an important property of the catalyst activity. A
calcium-basedmaterial was used in five reaction cycles, obtaining a significant reduction
in the activity attributed to the leaching of some phases of the catalyst.

RESUMEN: La oleorresina es obtenida mediante la extracción de los árboles de pino o
como un subproducto del proceso Kraft para la obtención de papel. Su bajo costo de
producción la convierte en un buen candidato para ser materia prima en la obtención de
biocombustibles. La oleorresina está compuesta por colofonia (alrededor del 80%, que
es una mezcla de isómeros del ácido abiético), la cual no puede usarse directamente
en motores de combustión. Por su parte, los ésteres de colofonia poseen menor
temperatura de ebullición y fusión, además de alta solubilidad en hidrocarburos. La
metil-esterificación de colofonia fue evaluada sobre catalizadores ácidos y básicos, y
en presencia de varios solventes. A diferencia de los catalizadores ácidos, los básicos
mostraron actividad en la reacción. Particularmente, un material cálcico de bajo costo
mostró el mejor desempeño con una conversión de 55% y selectividad completa hacia
losmetil-ésteres cargado a 40% en peso respecto a la colofonia, a condiciones suaves de
reacción (presión atmosférica, 64 °C y 3,5 horas) y sin presencia de solvente. Se encontró
que las fases principales del material cálcico fueron el carbonato e hidróxido de calcio,
sugiriendo que la fuerza de los sitios básicos juega un papel importante en la reacción.
Este material cálcico fue usado en cinco ciclos de reacción, obteniendo una reducción
significativa de su actividad en la reacción, atribuida a una posible lixiviación de algunas
fases del catalizador.

1. Introduction

Oleoresin is an organic complex mixture mainly composed
of rosin and turpentine. The main processes to obtain
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oleoresin are via exudation of pine trees and as a byproduct
of the pulp industry. Rosin is a solid mixture of isomeric
abietic acids, reaching a content of around 80%of oleoresin
[1]. Due to the low production cost of oleoresin and the
high content of rosin in oleoresin, rosin can be considered
as an attractive source for biofuels; however, its direct use
as fuel in spark and compression ignition engines is not
possible (i.e., it is a solid) and a previous transformation
is required. The main transformations of rosin reported
in the literature aimed at its use as fuel are focused on
reducing the heavy molecular weight and removing the
acid group from resin acids (i.e., thermal and catalytic
cracking, and decarboxylation) [2–5]. Usually, these
transformations are performed sequentially, starting with
decarboxylation, or simultaneously (one-pot reactions),
demanding high energy consumption, which causes a
dramatic increase in the fuel production cost.

Other transformations at mild conditions, such as
reduction and esterification, are desirable from the
environmental and economic standpoints. However, in
a previous work, we reported the drawbacks of using
rosin methyl esters as a fuel component (i.e., at high
contents), mainly due to the high propensity of the methyl
esterification product of rosin to remain as a solid [6].
Nevertheless, an application of methyl esters of rosin as a
fuel additive (i.e., concentration lower than 1,000 ppm, in
which it can be completely solubilized in hydrocarbons, as
shown for rosin-derived compounds blended with α-olefin
[7]), has been scarcely reported.

The methyl ester of rosin, also called methyl rosinate
(CAS 68186-14-1), can be produced by esterification of
rosin with methyl alcohol, and it is commercially available
with trade names such as abalyn or abalyn D-E. The
distribution of esterification products depends on the rosin
composition, which, in turn, is related to its source (i.e.,
gum rosin, wood rosin, and tall oil rosin). Rosin is mainly
composed of resin acids, namely, abietic, dehydroabietic,
neoabietic, palustric, pimaric, isopimaric, and levopimaric
acids [1]; these compounds are readily esterified by
methylation yielding products with interesting properties.
In particular, methyl abietate (CAS 127-25-3) displays
similar uses to methyl rosinate, including plasticizer, and
solvent for vinyls and cellulosic materials [8–11].

The use of homogeneous catalysts has been reported
for different esterification reactions leading to high ester
yields (e.g.,>90% of conversion of nopol into nopyl acetate
has been reportedwith sulfuric acid as a catalyst [12]). This
kind of catalyst is typically used in the esterification of rosin
and resin acids with different alcohols, particularly, Lewis
and Brønsted acids, such as acetic acid, sulfuric acid, and
p-toluenesulfonic acid. For instance, the esterification
of abietic and dehydroabietic acids in the presence of

sulfuric acid as a catalyst displayed high yield (up to
90%), but a purification by ester extraction was necessary
[13]. On the other hand, the esterification of abietic acid
with acidic functional ionic liquids (1-(3-sulfonic group)
propyl-3-methylimidazole p-toluenesulfonate) as catalyst
displayed ca. 90% conversion; similarly, easy reusability
of the catalyst was reported [14].

Most studies on heterogeneous catalysis for this reaction
have been conducted with polyols using metal oxides
such as calcium oxide, zinc oxide, magnesium oxide, and
alumina; they also include alkaline metal hydroxides such
as calcium hydroxide; metal salts such as iron choride,
calcium formate, calcium phosphonates; ionic liquids
(acidic funcionalized); and, rare metal oxides [15, 16]. In
particular, studies on the heterogeneous esterification
of rosin with methyl alcohol are scarce. Recently, ZnO
supported on a fluid catalytic cracking catalyst resid
(ZnO/FC3R) was evaluated on the esterification of rosin
with methyl alcohol under subcritical CO2 conditions;
CO2 acted as an auxiliary catalyst, improving the mass
transfer and adjusting pH to values between 3.54 and 3.91.
Conversion ca. 97% was obtained at 5 h reaction time,
220°C, and without solvent [17]. On the other hand, acidic
groups such as p-toluenesulfonic acid were incorporated
into MCM-41, achieving high activity in the esterification of
rosin with methyl alcohol, i.e., 88% conversion, at 220°C
and 5 h reaction time [18].

In this work, we evaluated different catalysts, solvents, and
reaction conditions for the heterogeneous esterification
of rosin with methyl alcohol under mild conditions.
Low-cost materials acquired in Colombia’s local market
(i.e., calcium-based material and kaolin) were tested as
catalysts of the reaction and compared to commercial
magnesium, titanium, and aluminum oxides.

2. Experimental section

2.1 Materials

Rosin (technical grade: Colophony WW®, 64-78 °C
softening point and 146-169 mg/g acid number) was
supplied by Protokimica (Medellín, Colombia). Methyl
alcohol and acetone (Ph. Eur. Reag., purity >99.0%), and
analytically pure potassium acid phthalate were purchased
from Merck. Potassium hydroxide, toluene, isopropyl
alcohol, diethyl ether, ethyl alcohol, and magnesium
oxide, all analytically graded, were acquired from JT Baker.
Analytical grade Amberlyst® 15 and dimethyl carbonate
(technical grade), abietic acid methyl ester (analytical
assay not available), and tetra-methyl-ammonium
hydroxide solution at 25 wt.% in methyl alcohol were
purchased from Sigma-Aldrich. Titanium dioxide
(Hombikat®, analytically pure) was bought from
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Sachtleben Chemie. γ-Alumina (analytical grade)
was supplied by Alpha Aesar. Kaolin, calcium-based
material, and calcium carbonate (analytical assay not
available) were acquired in the local Colombian market.

2.2 Rosin and reaction product
characterization

Rosin and the reaction products were characterized by
GC and GC-MS, based on ASTM D5974-15. Derivatization
(i.e., methylation with tetra-methyl-ammonium hydroxide
— TMAH) was necessary for individual rosin acids
identification; specifically, titration of samples previously
diluted in methyl alcohol/diethyl ether solution was
carried out with TMAH 6 % wt. titration/methylation
solution and phenolphthalein as an indicator. Likewise,
the same derivatization procedure was followed for
the reaction products. Moreover, quantification was
made by the area percent method, according to ASTM
D5974-15. GC analysis was performed in an Agilent
Technologies 7890 equipped with a flame ionization
detector (FID). A 1 µL sample was separated using an
HP-5 ((5%-phenyl)-methylpolysiloxane) capillary column
(30 m x 0.32 mm i.d. x 0.25 µm film thickness) (Agilent
J&W). Helium was used as a carrier gas with an average
linear velocity of 20 cm/s; the initial temperature (150°C)
was held for 5 min and, then, a 5°C/min heating ramp up
to 250°C (held for 10 min) was used. The split ratio, inlet
injection temperature, and detector temperature were
100:1, 300°C, and 325°C, respectively.

Additionally, peak identification was conducted by
GC-mass spectrometry (GC-MS) using an Agilent 7890
GC system coupled to Agilent 5975C VL MSD triple
quadrupole mass detector. Chromatographic conditions
were as above. Electron-impact mass spectra were
recorded every second at an electron energy of 70 eV.
Besides, Fourier-transform infrared (FTIR) spectra of
feed and reaction products were performed in a Perkin
Elmer Spectrum 65 with a horizontal attenuated total
reflectance (HATR) attachment, from 600 to 4,000 cm-1.
Finally, reaction products were concentrated by the
roto-evaporation technique using a Heidolph V-800 with
vacuum control in automatic mode.

2.3 Catalyst characterization

XRD patterns of materials were recorded by using a Bruker
D8 Advance coupled with CuKα1 radiation generated at
40 kV and 40 mA, with 2θ from 5º to 70º and a step
size of 0.05º. Fourier-transform infrared (FTIR) spectra of
catalyst fresh and after reaction were collected in a Perkin
Elmer Spectrum 65 on diffuse reflection mode (Pike)
with KBr powder. Additionally, temperature programmed
desorption of CO2 was conducted in helium flow at 50

mL/min until 850°C with a heating ramp of 10°C/min in a
Micromeritics Autochem 2920. A previous pretreatment of
the samples was performed by heating at 200 °C for 60min
with a heating rate of 10°C/min under helium flow of 50
mL/min.

2.4 Catalyst activity

The samples of rosin, methyl alcohol, and catalyst were
placed in a flask (50 mL) equipped with temperature
control, a condenser, and magnetic stirring. The reaction
temperature wasmaintained at 64 °C (reflux temperature),
and stirring at 500 rpm. Different reaction conditions (i.e.,
solvent, reaction time, reactant molar ratio, and catalyst
load) were evaluated, and the catalyst was removed by
filtration; in some cases, subsequent centrifugation was
performed.

The conversion was calculated with the acid value of
reactants and products, Equation 1 [19].

Conversion (%) = 100×
(
1− WnEster

WnRosin

)
(1)

The conversion of rosin was used as a criterion to assess
the esterification reaction. The acid value was determined
according to ASTM D465-15. The dissolved reaction
product (or rosin dissolved in methyl alcohol or isopropyl
alcohol/toluene mixture) and 4-5 drops of phenolphthalein
indicatorwas titratedwith a standard solution of potassium
hydroxide; the titration solution was standardized with
potassium acid phthalate solution. The acid number (Wn)
in mg/g was computed as shown in Equation 2,

Wn =
V · C ·MW

m
(2)

where V is the volume of potassium hydroxide used in
the titration (mL), C is its concentration (mol/L), m is the
weight of the sample (g) andMW is the molecular weight
of potassium hydroxide (56.11 g/mol).

2.5 Catalyst stability

The reusability of the catalyst was assessed by using the
catalyst in several reaction cycles under the same reaction
conditions. After each cycle, the catalyst was washed
under stirring for 1 h with methyl alcohol at 64 °C, filtered
and dried at 100 °C.

3. Results and discussion

3.1 Rosin characterization

Rosin samples were freshly broken from a larger mass to
avoid air oxidation (ASTM D5974-15). The acidity number
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Table 1 Peak identification and quantification for rosin and reaction products

Compound
tR
(min)

Concentrationa (% wt.)

Rosin
Reaction
product

Methyl alcohol 2.6 – –
Methyl pimarate 33.4 2.3 3.6
Methyl isopimarate 35.4 11.2 10
Methyl levopimarate 37.6 29.7 27.8
Methyl dehydroabietate 38.7 19.7 18.1
Methyl abietate 40.1 21.1 18
Methyl neoabietate 42.0 10.9 11.6
Others – 5.1 10.9
tR is the retention time. a Solvent-free basis

of rosin, as measured with several samples of different
weight (0.5 to 4.0 g) by using different concentrations of the
titration solution (0.08, 011, and 0.49 mol/L), ranged from
145.3 mg/g to 146.0 mg/g, with an average value of 145.6
mg/g, indicating the reproducibility and accuracy of the
acid numbers obtained by starting from different amounts
of sample. The main components of rosin were properly
separated, as indicated by thewell-defined peaks observed
in chromatograms. The components of rosin (identified by
comparison betweenmass spectra for each peak and NIST
database) and their concentration are presented in Table 1.

The concentration of rosin is similar to that produced
in Central America [20], with levopimaric, dehydroabietic,
and abietic acids as main compounds. In addition, elution
times in Table 1 are in good agreement with Hudy [21]
and Volkman and coworkers [22]. Hudy [21] used polar
and nonpolar packed columns for the separation of resin
acid esters, obtaining similar results with both columns.
Furthermore, the differences in volatility and unsaturation
of resin acid esters are the key to the separation, which
is not achieved with rosin acids without esterification.
Volkman and coworkers [22] reported a successful
separation of the main resin acids; the elution in a
nonpolar column (HP-1 methyl silicone capillary column)
followed the order: pimaric, isopimaric, levopimaric,
dehydroabietic, abietic, and neoabietic resin acid esters.

FTIR spectrum of rosin is shown in Figure 1a. The
peak at 1,275 cm-1 is assigned to the stretching vibration
of the carboxylic group (C—O bond), while bands at 1451
and 888 cm-1 can be attributed to the bending vibration
of the same group (O—H) [19]. The intense band at
1,694 cm-1 is assigned to the carbonyl structure (C=O) of
carboxyl groups [19, 23]. Additionally, the bands at 2,927
and 3,434 cm-1 can be assigned to stretching vibration
of the hydroxyl group of adsorbed water and vibrations
typical for hydrocarbons, respectively [23, 24]. These
bands have been commonly reported for rosin [25].

3.2 Characterization of the product of
esterification of rosin

The reaction product obtained with toluene as solvent
(methyl alcohol to toluene at 1:0.4 volume ratio), rosin
to methyl alcohol molar ratio of 1:186, 64°C, 3 h, and
calcium-based material loaded at 40% with respect to
rosin, was analyzed by FTIR and GC-MS (following the
same procedure than rosin characterization). Thus, the
concentration of reaction products obtained by GC analysis
is shown in Table 1 (right column). The concentration of
reaction products is similar to that of rosin, indicating
that all components of rosin are transformed into ester
products in the reaction.

FTIR spectrum of the product of esterification of rosin is
compared with that of abietic acid methyl ester (AAME
std), Figure 1b. A broad band at 3,334 cm-1 is observed for
both AAME and the reaction product, as well as for rosin
(see Figure 1a), and can be attributed to the hydroxyl group
of adsorbed water. FTIR spectrum for AAME displays an
intense band at 1,727 cm-1 assigned to stretching vibration
of carbonyl structure (C=O); the sharp peak at 1,244 cm-1

is assigned to the stretching vibration of C—O bond from
ester group [26]. Since IR spectra for methyl ester of rosin
compounds are not available in the literature, a simulation
of the molecule was carried out. The optimization of
the AAME geometry was performed using the Density
Functional Theory (DFT) with the hybrid functional B3YLP
and the electronic base 6-31G with Gaussian G09. Intense
bands at 1,727 and 1,244 cm-1 were obtained for both
elucidated and experimental IR spectra.

FTIR spectrum for reaction product in Figure 1b shows
the same bands as AAME, at 1,727 and 1,244 cm-1.
Additionally, bands at 3,670 and 3,329 cm-1, typical for
methyl alcohol (assigned to the stretching vibration of
hydroxyl group [25]), are due to unreacted methyl alcohol.
On the other hand, the presence of an aromatic ring in the
reaction product was evidenced by some typical bands.
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(a)

 

 

(b)

Figure 1 FTIR spectra of a) rosin and, b) reaction product and
commercial abietic acid methyl ester (AAME std). Reaction
conditions: 64°C, 3 h, rosin to methyl alcohol molar ratio of

1:186, methyl alcohol to toluene volumetric ratio of 1:0.4, and
calcium material loaded at 40% is weight basis with respect to

rosin

The slight peak at 3,079 cm-1 is assigned to the stretching
vibration of C—H bond. The band at 1,550 cm-1 is assigned
to the stretching vibration of C—C bond. Finally, the slight
peak at 845 cm-1 is assigned to the out-of-plane bending
of C—H bond [26]. Indeed, low amounts of methyl alcohol
and toluene are expected in the reaction product, in
agreement with the low area of the corresponding peaks.

3.3 Activity of different catalysts

Figure 2a shows the activity of calcium-based material (a
mixture of CaO, Ca(OH)2 and CaCO3), magnesium oxide,
titanium dioxide, alumina, kaolin, and Amberlyst 15® at
different loads (with respect to rosin) for the esterification
of rosin with methyl alcohol. Amberlyst® 15 does not
display activity for the reaction, suggesting that acidity
does not promote the formation of esters at heterogeneous
conditions. Conversely, the basic materials tested in this
work have a significant effect, in agreement with other
reports [17, 19]. A similar performance was displayed
by magnesium oxide and titanium dioxide; both catalysts
have the best performance at 20% catalyst load, achieving
23-27% conversion. Furthermore, conversion decreases at
higher catalyst loads, probably due to diffusional effects
resulting from the high density and high loads of these
materials [27, 28]. After an initial increase with catalyst
load, conversion with alumina and kaolin decreases until
20 % catalyst load to increase again, reaching 15 and
23% conversion, respectively, at a 40% catalyst load.
The calcium-based material outperforms all the other
materials; conversion is directly proportional to catalyst
load and reaches 46% at 40% catalyst load. The high
activity of this material would be related to its basicity
and/or the higher pH of the slurry [29].

3.4 Solvent effect

Acetone, toluene, and methyl, ethyl, and isopropyl
alcohols were evaluated as solvents in the esterification
of rosin with methyl alcohol when a calcium-based
material as a catalyst was used. As shown in Figure 2b,
a slight increase in rosin conversion (ca. 5%) with ethyl
alcohol was obtained in relation to the reaction without
solvent. On the other hand, acetone and isopropyl alcohol
displayed similar performance on the esterification of
rosin, with conversions smaller than the base case (i.e.,
no solvent). Thus, high basicity and polarity would be
desirable for a solvent in the esterification of rosin; indeed,
according to the polarity β parameter of Kamlet-Taft (EN

T ),
polarity decreases in the order methyl alcohol>ethyl
alcohol>isopropyl alcohol>acetone, whereas according
to the β parameter of Kamlet-Taft the basicity decreases
in the order isopropyl alcohol>ethyl alcohol> methyl
alcohol>acetone [30]. However, since toluene (nonpolar
solvent) displayed an adverse effect on the calcium-based
material, stability tests were performed with this solvent
(see below).

Conversions of rosin with toluene as solvent and
magnesium oxide and calcium carbonate as catalysts
are low, around 7 and 30%, respectively (see Figure 2b).
Calcium carbonate is a highly basic material with strong
basic sites [31]. On the other hand, magnesium oxide
possesses medium-strength sites attributed to the Mg
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(b)

Figure 2 Effect of catalysts and solvents on the esterification of
rosin at 64°C: a) Activity of the different catalysts without solvent
(catalyst load is respect to rosin); conversion without a catalyst is
ca. 4%; reaction conditions were 3 h and rosin to methyl alcohol

molar ratio of 1:748, b) activity of different solvents with the
calcium-based material as a catalyst, and c) catalyst activity with

toluene as solvent. Reaction conditions for tests with solvents
were: 4.5 h, rosin to methyl alcohol molar ratio of 1:187 and

methyl alcohol to solvent volumetric ratio of 1:1.76

—O pair [31]. Therefore, the combination of materials
with medium- and high-strength basicity with low-polarity
solvents appears insufficient to activate the acid groups of
rosin, and /or hydroxyl group of methyl alcohol.

A stability test of the calcium-based material with

toluene as solvent was performed. FTIR spectra and XRD
patterns for samples of the calcium-based material before
and after reaction are shown in Figure 3. FTIR spectrum
of the fresh sample of the calcium-based material, Figure
3a, depicts a sharp band at 3,643 cm-1 associated with the
stretching vibrations of OH groups of Ca(OH)2 [32] and two
bands at 1,452 and 876 cm-1 attributed to CO3

2− species
from CaCO3 [33], indicating that calcium carbonate and
calcium hydroxide are the main phases of this material.
In addition, the fact that the band at 3,643 cm-1 decreases
until it is practically absent after the second cycle of
reaction, indicates that Ca(OH)2 phase disappears from
the bulk of the calcium-based material. During catalytic
tests with calcium-based material as catalyst and toluene
as solvent, Ca(OH)2 phase may be removed from the
catalyst, affecting the quantification of the acidic number.

XRD patterns of samples of calcium-based material
at different cycles of esterification of rosin with methyl
alcohol and toluene as solvent are presented in Figure
3b. The fresh sample of the calcium-based material
shows a main peak at 25.9 °, indicating that calcite
(CaCO3) is the major phase of the material [34]. Calcium
oxide and hydroxide, represented by peaks at 2θ values
of 18, 46.8, 50.1, and 62,6 ° [34], and 28.7, 34.1, 54.8,
and 64.8 °, respectively [34, 35], would be present in
lower concentrations. Similarly to FTIR spectra, XRD
patterns of catalysts after reusing show differences
respect to fresh catalyst analysis. In particular, at
the end of the second reaction cycle, the catalyst is
composed only of calcium carbonate; the peaks of CaO
and Ca(OH)2 phases are almost absent from the sample.
The temperature-programmed desorption profiles with
CO2 for samples of calcium-based material before and
after reaction with toluene as solvent are shown in Figure
4. TPD-CO2 profile of the fresh sample displays three
peaks around 300-320, 370-400, and 700-750 °C. According
to XRD and FTIR results, these peaks can be attributed
to CaO, Ca(OH)2, and CaCO3, respectively. Therefore, the
strongest base sites in the sample of calcium material
are due to the presence of carbonate. Ca(OH)2 phase is
represented by other strong base sites (lower than that
for carbonate), and medium-strength base sites (with low
availability) are due to CaO phase.

The peak between 300 and 450 °C in the TPD-CO2

profiles decreases with the number of reaction cycles,
suggesting a reduced availability of Ca(OH)2 phase, in
agreement with the FTIR and XRD results, perhaps as a
result of the very low polarity of toluene facilitating the
dissolution of calcium hydroxide. Simultaneously, the
area of the peak at 700 °C increased, which is consistent
with the leaching of Ca(OH)2 phase. Structural changes
of calcium-based material suggest that solvent/catalyst
system toluene/calcium-hydroxide is not suitable for the
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(b)

Figure 3 a) FTIR spectra and b) XRD patterns of calcium-based
material: fresh (CM fresh), after first reaction (CM R1), after
washing treatment post first reaction (CM PT-R1), and after
second reaction (CM R2), with toluene as solvent. Reaction
conditions: 64°C, 3 h, rosin to methyl alcohol molar ratio of

1:186, methyl alcohol to toluene volumetric ratio of 1:0.4, and a
40% load of calcium-based material (with respect to rosin)

esterification of rosin with methyl alcohol. Furthermore,
the conversion of rosinwith the toluene/calcium-carbonate
system is low, suggesting that the calcium hydroxide phase
plays an important role in the esterification of rosin.

 

 

Figure 4 TPD-CO2 of calcium-based material: fresh (CM Fresh),
and after first (CM R1) and second reaction (CM R2), with toluene

as solvent

3.5 Activity of the calcium-based material
without solvent

Minor influence of the solvent on the esterification of rosin
was observed (i.e., conversion increased by 5% with ethyl
alcohol). Furthermore, avoiding subsequent separation of
solvents is desirable in a synthesis process. Thus, different
reaction times and ratios of reactants were evaluated to
obtain improved reaction conditions for the esterification
of rosin with methyl alcohol without solvent and using the
calcium-based material as a catalyst. Esterification of the
main components of rosin (Table 1) with methyl alcohol
is schematized in Figure 5. As the stoichiometric ratio of
rosin compounds and methyl alcohol is 1:1, the formation
of rosin ester would be favored by an excess of methyl
alcohol; therefore, the rosin to methyl alcohol molar ratio
was varied.

Conversion of rosin at different rosin to methyl alcohol
molar ratios without solvent is shown in Figure 6a; at 1:187
rosin to methyl alcohol molar ratio, the conversion is ca.
55%, while the other ratios tested display similar values
(ca. 45%). After an initial increase, conversion stabilizes
to ca. 45% at high reactant ratios, perhaps due to the
competition of molecules to reach the active sites on the
catalyst (see Figure 6a). On the other hand, in esterification
reactions at lower reactant ratios, dissolution of rosin
is difficult, which may explain the reduction in catalyst
activity at 1:97; therefore, experiments were not performed
at lower rosin to methyl alcohol molar ratios. Similarly,
the large variation in the conversion of rosin at 1:97 rosin
to methyl alcohol molar ratio (12.8 % standard deviation
in conversion) would be explained by this dissolution effect.
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Figure 5 Scheme of rosin esterification reaction with methyl alcohol

Figure 6b shows the conversion of rosin as a function
of time. At 1 h the conversion is ca. 40%, and a (somewhat)
constant conversion of ca. 45% is achieved after 3.5 h of
reaction, indicating that there is little gain in increasing
the reaction time. As a result of the steric effects of
tricyclic skeleton of rosin compounds, the position of
carboxyl group (located on a tertiary carbon atom) and
low molecular size of methyl alcohol with respect to
rosin, esterification reactions typically involve severe
conditions, such as high temperatures and pressures and
long reaction times, to reach high conversions [17, 18].

A 55% conversion of rosin can be achieved with the
calcium-based material as a heterogeneous catalyst at
3.5 h reaction time, rosin to methyl alcohol molar ratio
of 1:187, 64°C, 500 rpm stirring, and 40% catalyst load.
However, a separation step would be required to purify
the esters, for instance, by liquid-liquid extraction and
column chromatography, as previously reported, even for
esterification of rosin at severe conditions [13, 36].

3.6 Catalyst stability

Five reaction cycles were carried out to evaluate the
stability of the calcium-based material in the esterification
of rosin with methyl alcohol and without solvent, Figure 7.
Fresh rosin and methyl alcohol were added to the catalyst
at the beginning of each cycle to keep the samemolar ratio
in all cycles. The procedure was repeated with different
amounts of initial catalyst to analyze the reproducibility
of the experiment. Conversion of rosin decreased by ca.
50% in the second cycle, see Figure 7. A slight increase
in the conversion of rosin is observed for the remaining

cycles, suggesting that the procedure implemented to
wash the catalyst is not enough to remove the compounds
adsorbed on the surface of the calcium-based material,
but repetitive washing probably removes more adsorbed
material.

FTIR and XRD analyses were performed on the catalyst
samples in the stability tests, Figure 8. FTIR spectra of
a sample of the calcium-based material after reaction
without solvent and a sample of washed calcium material
after reaction were compared with a fresh sample, Figure
8a. Although the spectra are similar for the fresh and
used samples, some differences can be observed. The
band at 2,928 cm-1 (attributed to the carboxylic group
of rosin and carbonyl structure of ester group) is larger
for the sample of the calcium-based material after the
reaction than the other samples, which may suggest the
presence of unreacted rosin and/or rosin methyl ester on
the surface of the catalyst after the reaction. After reaction
and washing, the band of FTIR spectrum at 2,928 cm-1 is
reduced, but it is not equal to that of the fresh catalyst,
suggesting that some rosin and/or rosin methyl ester are
poisoning the material after the washing step.

No significant difference in the XRD pattern of the
calcium-based material is observed after the first reaction
cycle, see Figure 8b, whereas after five reaction cycles, an
appreciable reduction in the intensity of peaks associated
to Ca(OH)2 (17.86, 46.8 and 50.86°) and CaO phases (31.86,
34.11 and 54.37°) is evidenced, suggesting leaching of
these phases. Both the presence of some amounts of
the unreacted rosin and/or the reaction product adsorbed
onto the catalyst, and the leaching of some phases of the
catalyst, strongly affect the performance of the calcium
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(a)

 

 

(b)

Figure 6 Performance of esterification of rosin at 64 °C and
40% of load of calcium-based material with respect to rosin as a

function of a) reactants ratio (at 4.5 h), and b) time (at rosin to
methyl alcohol molar ratio of 1:523)

material. In spite of the catalyst, deactivation can be
offset by the low cost of the calcium-based material,
future works can be addressed to obtain materials with
medium-strength basic sites as a part of the structure of
the catalyst or strongly attached to the catalyst material.

 

 

Figure 7 Catalyst stability. Reaction conditions: 64°C, 500 rpm,
2.5 h, 40% catalyst load (with respect to rosin) and rosin to

methyl alcohol molar ratio of 1:187 and without solvent

4. Conclusions

The esterification reaction of rosin with methyl alcohol
without solvent is promoted by basic solids. The strength
of basic sites can be an important property of the catalyst
to reach high activity. Although calcium carbonate has
high-strength basicity, catalysts with lower strength, such
as materials with calcium hydroxide and calcium oxide
phases, showed better performance. No significant effect
was found with the tested solvents.

A sample of a calcium-based material composed mainly
of calcium carbonate and calcium hydroxide displays
high activity in the esterification of rosin. This catalyst
is a low-cost and easily affordable material, in contrast
to other complex materials reported in the literature. In
addition, other procedures have been performed at severe
conditions (temperatures>200 °C and reaction times>24
h, even at high pressure), and at these conditions, the
conversion of rosin is not complete; thus, a subsequent
separation step is necessary.

Under reaction conditions tested in the present work
and using toluene as solvent, Ca(OH)2 phase of the
calcium-based material can be dissolved into the reaction
matrix, as evidenced by FTIR, TPD-CO2, and XRD analysis,
suggesting that toluene is not a suitable solvent for
this reaction system. In addition, the dissolved species
can interact with rosin, affecting the reaction, and/or
the quantification of conversion by means of the acidic
number.
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(a)

 

 

(b)

Figure 8 a) FTIR spectra and b) XRD patterns for samples of
calcium-based material: fresh (CM fresh), and after the first
reaction (CM R1), washing (CM PT-R1), and 5th reaction cycle

(CM R5); the reaction was conducted without solvent
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