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Abstract: Gum rosin is an important agricultural commodity which is widely used as a raw material
for various industries. However, gum rosin has low stability, crystallizes easily, and tends to oxidize.
This is due to carboxyl groups and conjugated double bonds in gum rosin’s structure. Therefore, to
reduce these weaknesses, it is necessary to modify the rosin compound to achieve better stability via
the esterification process. This paper surveys esterification agents such as glycerol, pentaerythritol,
methanol, ethylene glycol, polyethylene glycol (PEG), allyl group, and starch Rosin ester. The product
is used in the manufacture of pressure-sensitive adhesives, drug delivery, solder flux for electronic
devices, as a plasticizer, and as a coating agent in fertilizers. In general, the esterification reaction
between alcohols and carboxylic acids is very slow without a catalyst. Heterogeneous catalysts
have the advantage of controlling size, structure, spatial distribution, surface composition, thermal-
chemical stability, and selectivity. Among the catalysts for gum rosin esterification are ZSM-5, Fe3O4,
ZnO, Calcium, TiO2, Kaolin, and Al2O3, among others. Different catalysts and esterification agents
can produce various physical and chemical properties of rosin ester and will result in specific rosin
ester products, such as glycerol ester, pentaerythritol ester, methyl ester, glycol ester, allyl ester, and
acid starch-based rosin.
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1. Introduction

The production of sustainable materials is a highly significant problem that future
generations must address. The supply of fossil fuels for energy production and plastic
manufacturing is limited. It will be reduced during the next century. Environmental
concerns combined with the decrease of oil reserves have sparked a surge in interest in
developing green materials generated from renewable natural resources. Rosin, also known
as colophony, is a natural substance obtained from pine trees that is biodegradable and
abundant with a wide range of applications [1]. Indonesia, China, and Brazil are the
main producers of pine sap, which is used to make turpentine (resin) and gum rosin [2].
Indonesia had a total pine-based production capacity of 141.150 tons in 2022 [3].

Rosin is a compound that originates from pine trees. It is obtained after the volatile
component (turpentine) has been distilled. Rosin is translucent and its color ranges from
brilliant yellow to brown. The substance exhibits insolubility in water but is soluble
in a variety of organic solvents including alcohol, ether, acetone, benzene, chloroform,
turpentine, and others [4].

Rosin comprises a complex mixture of organic acids with large molecular weights
and neutral materials. Rosin acids are monocarboxylic acids derived from alkylated
hydrophenanthrene nuclei that form most of the rosin. Rosin has small parts that are
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not acidic or neutral. These are made up of high molecular weight aldehydes, alcohols,
esters, and hydrocarbons that have structures like the rosin acids. They may differ in
relative proportions depending on the origin of the rosin and the degree to which it has
been processed. Rosin is composed of 10% neutral and 90% acidic elements. Rosin has the
chemical reactivity of a monocarboxylic acid in general. The structures of the rosin acids
are shown in Figure 1 [5].
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Figure 1. Structure of rosin acids [5]. Figure 1. Structure of rosin acids [5].

Rosin is classified into numerous categories based on the portion of the tree from
which it is derived, namely gum rosin, tall oil rosin, and wood rosin. Gum rosin is
obtained from living pine trees, while tall oil rosin is produced as a by-product of paper
pulp. Meanwhile, wood rosin is recovered from tree stumps [6]. Rosin has a variety
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of uses, including for antifouling [7], adhesives [8], cosmetics [9], and adsorbent [10].
Because of their biocompatibility, rosin and its by-products are being investigated in the
pharmaceutical industry as an encapsulating agent for drug delivery [11]. Gum rosin is
also used in solder flux [12] and road-marking paint [2,13].

Aside from the numerous advantages of rosin, the current issue is the high content of
abietic acid in rosin, which causes a low softening point, has a brittle property, and leads to a
dark appearance. The typical abietic acid content of gum rosin in Indonesia is 30–40%. The
amount of abietic acid in gum rosin affects its quality, as it causes rosin to crystallize quickly
when it is cooled from its liquid form. Crystallization causes problems in rosin production
and industries that use rosin, and as such, abietic acid must be minimized to produce higher
quality rosin by changing the acid to a modified form that keeps the rosin stable [14].

The structure of rosin has a carboxyl group and a conjugated double bond, and those
play a big role in its reactivity. As a result, rosin is chemically modified to improve its
stability and useful characteristics. Esterification-maleation [15], hydrogenation [16], dimer-
ization [17], isomerization, and disproportionation [18] are all strategies for improving the
oxidative stability of rosin [19].

Esterification is a typical modification procedure commonly used by industry and
is a simple process (Figure 2). Rosin esters are formed when rosin is esterified with an
alcohol or polyol. Alcohols and polyols such as glycerol, pentaerythritol, etyhlene glycol
are widely used for industrial application, while PEG, methanol, allyl groups, and starch
are also being continuously improved. Esterification can reduce the acid value of rosin,
raise its thermal stability, and improve its resistance to both acids and alkalis. As a result,
the raw material’s properties allow it to be employed in more applications [20].
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Figure 2. Flowsheet of esterification of gum rosin (processed from [2,21,22]).

The esterification process is marked by a decrease in the acid value of rosin, which
enhances esterification conversion. Since rosin contains abietic acid, it will change to
rosin ester when it is esterified. The rosin ester will confirm by Fourier transform infrared
spectroscopy. Stretching O–H carboxylic acids is at a frequency of 3600–2500 cm−1 and
C=O, which is an ester group, is at a frequency of 1750–1720 cm−1.

The rosin ester product depends on the type of reactant used (Figure 3). For example,
if methanol is used as a reactant, the rosin ester can take the form of a methyl ester, which
has fuel-like properties [23]. If glycerol and pentaerythritol are used as a reactant, a solid
rosin ester will be formed with a high softening point that could exceed 100 ◦C. This
product is suitable for raw material of road marking paint [2,20]. When PEG is used in
the reaction, the rosin ester will dissolve in water and this product can be used as drug
delivery [24]. Esterification with an allyl group can enhance properties of biomass-based
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polymer material. The ester can be used as a coating or a glue adhesion agent [25]. The
product using starch can be used as food packaging [26].
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This paper reviews the esterification of rosin utilizing various reactant agents such as
glycerol, pentaerythritol, methanol, ethylene glycol, PEG, allyl groups and starches that are
often useful in industry.

2. Rosin-Glycerol

Glycerol esterification with carboxylic acids from rosin (mostly abietic acid) is a
common reaction in industry (for up to 80–90 years) [27]. Rosin glyceride is widely
employed as one of the most important rosin modification products. Rosin glyceride,
also known as gum ester, is formed when rosin interacts with glycerol. The higher the
quality of gum esters, the lighter the color. Gum esters have a refractive index of 1.545,
a relative density of 1.095, an acid value of less than 10 mg KOH g−1, and a softening
point over 80 ◦C. Gum esters are soluble in aliphatic and aromatic hydrocarbon solvents,
as well as terpenes, esters, hydrocarbons, ketones, and the majority of essential oils, but are
insoluble in water and alcohols of low molecular weight [21].

Glycerol, also known as 1,2,3-propanetriol, is a very viscous and dense polyalcohol
with strong hygroscopic properties. It finds many uses in industries such as cosmetics, food,
pharmaceuticals, and chemicals [28]. This product is obtained as a by-product of biodiesel
manufacturing [29]. Biodiesel production is still in its infancy worldwide. Meanwhile,
market prices for glycerol are declining rapidly and are over-available [30]. Its utilization is
expected to increase as glycerol-based processes.

The following is the reaction mechanism between rosin and glycerol (Figure 4). Glycerol,
which has three OH groups, allows it to react with an acid group of rosin to form three
ester groups and triggers a process of dehydration/release of water molecules. The most
common method used to produce esters is the reaction of a carboxylic acid with an alcohol
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with the release of water. Since the presence of water in the reacting mixture tends to shift the
equilibrium away from rosin ester, water was continuously removed during the reaction.
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The esterification reaction can be carried out with or without a catalyst, but the conversion
will be low if done without a catalyst (Table 1). The expected rosin ester with a low acid value
is obtained by heating the rosin with glycerol at a temperature of 250–290 ◦C.

However, the use of liquid catalysts such as H2SO4 and H3PO4 in the production of
rosin glycerides causes corrosion, is difficult to separate and is always environmentally
harmful [22,31]. Due to the widespread use of rosin ester products in manufacturing, such as
in food, medicine, printing inks and pressure-sensitive adhesives, the esterification of rosin
with alcohol on heterogeneous catalysts or solid catalysts is an important reaction for industry.

Previously, hydrothermal methods were employed for the synthesis of ZSM-5. Zeolite
catalytic performance was examined using rosin and glycerol as reagents for esterification.
The ZSM-5 zeolites that were created had a larger specific surface area and mesoporous
volume than commercial ZSM-5 zeolites, indicating a faster esterification, lower product
acid values, and increased stability. The obtained esterification percentage was 93.73% [21].

Zeolite is utilized as a catalyst in several processes because of its high activity and
selectivity. This is attributed to its excellent ion exchange performance, consistent pore
structure, acidity, and great temperature persistence. Zeolite ZSM-5 is a catalyst that may
be used for rosin and glycerol esterification processes since it its various advantages include
not being corrosive to equipment, high temperature tolerance, simplicity of manufacture,
high activity, and the capacity to be reused. Furthermore, solid granules of zeolite may be
easily isolated from the reaction mixture [21].

Several researchers modified natural zeolite with nickel metal to boost catalytic activity.
The highest conversion of 82.86% was achieved after 3 h at 240 ◦C and 11% ratio [14]. La
metal also added to the ZSM-5 zeolite [21]. Several catalysts affect rosin esterification
severity, as seen in Table 1.

La-ZSM-5 has a greater acid value and esterification rate than ZSM-5, as demonstrated
in Table 1. Catalyzing the liquid phase esterification reaction requires acidification of the
catalyst surface. Both the core of Bronsted acid and the center of Lewis acid can undergo
the esterification reaction. The esterification reaction, on the other hand, is dependent
on the Lewis acid center. Meanwhile, reaction byproducts such as ether and olefins are
primarily generated in the Bronsted acid center. Based on existing catalyst characterization,
La-ZSM-5 exhibits a higher concentration of Lewis acid sites compared to ZSM-5. As a
result, La-ZSM-5 has higher esterification catalysis activities compared to ZSM-5 [21].



AgriEngineering 2023, 5 2160

Table 1. Impact of various catalysts on the esterification process of rosin-glycerol.

Product Reaction
Time (h)

Temperature
(◦C)

Molar Ratio
(Rosin/Glycerol) Catalyst Acid Value

(mg KOH g−1)
Conversion

Rate (%) Ref.

Rosin
glyceride

3.5 269 1.32 No catalyst 66.54 58.58 [32]

3 240 11% (wt) Ni/Zeolite 33.94 82.86% [14]

1

260
1.5

(mass ratio) ZSM-5

69.72 58.99

[21]

2 38.58 77.31
4 20.90 87.71
6 13.05 92.32
8 11.08 93,48

10 10.66 93.73

1

260
1.5

(mass ratio) LaZSM-5

72.67 65.25
2 50.63 82.22
4 22.62 90.69
6 19.12 93.75
8 16.83 95.10

10 15.15 98.09

2.5 240 2 Fe3O4/MOF-5 92.6 [22]

3.5 269 1.32 ZnO 10.23 93.63
[32]

3.5 269 1.32 CO2 pressure of
3.95 MPa 8.45 94.74

The esterification reaction mechanism of rosin by glycerol using annealed Fe3O4/MOF-5
at temperatures ranging from ambient temperature to 900 ◦C was also examined [22]. Table 1
summarizes the impact of the main response parameters. In general, room temperature
annealing provided the best conditions for rosin esterification utilizing Fe3O4/MOF-5. The
development of super/subcritical CO2 and the presence of high temperature liquid water are
investigated as environmentally friendly acid catalysts in the esterification process between
rosin and glycerol [32]. Experiments with response surface methods revealed that CO2
pressure affects the yield, which is higher than that produced with a ZnO catalyst. However,
the difference is barely 1%. Zinc oxide is also a common catalyst in the rosin esterification
reaction. The abundance of oxygen vacancies on the surface of ZnO can boost the catalyst’s
Lewis acidity and catalytic activity [33].

Based on the above experiments that have been discussed and shown in Table 1,
heterogeneous catalysts ZSM-5 modified by La metal achieve the highest conversions (up
to 98%) but still require a higher reaction time.

3. Rosin-Pentaerythritol

Pentaerythritol is another polyhydric alcohol that frequently reacts with rosin acids.
This polyalcohol has four hydroxyls. The material is a colourless crystalline compound
that lacks odour and exhibits limited solubility in cold water but is readily soluble in hot
water. At 30 mmHg, it has a melting point of 260 ◦C and a boiling temperature of 276 ◦C.
Rosin pentaerythritol ester (RPE) is produced by esterifying rosin with pentaerythritol.
RPE leads rosin glycerol ester in terms of softening point [28]. RPE is also resistant to water,
alkalis, and oxidation. Therefore it can be used for paints, varnishes, as an oil lubricant
additive [34], and a pressure-sensitive and hot-melt adhesive tackifier [35].

The kinetics of esterification between two polyhydric alcohols and rosin acids, glycerol
and pentaerythritol, are also investigated. The data obtained by analyzing trends in the
initial reaction rate and estimating kinetic constants using statistical regression with integral
approach, along with microscopic observations, were utilized to construct a second order
kinetic model for pentaerythritol. The rosin-glycerol system exhibits a two-stage kinetic
model, wherein the identical approach yields a pseudo-first-order reaction at starting time
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and higher glycerol concentration and a second-order reaction for longer reaction times
and lower glycerol concentration [28].

Pentaerythritol, which has four OH groups, reacts with an acid group of rosin to form
tetraester. A kinetic model of RPE synthesis that included a sequence of events leading to the
formation of mono-, di-, tri-, and tetra-esters (Figure 5) in addition to decarboxylation of rosin
as a side reaction was provided. The reaction rates for esterification were calculated using a
second-order kinetic model. The process of decarboxylation was hypothesized to follow a
first-order kinetic order. The kinetic experiments were conducted within a temperature range
of 260–290 ◦C. Pentaerythritol to rosin molar ratio was 0.8–1.2 in moles of OH/COOH. The
model also correctly predicts the relationship between tetraester production and softening
point, with a higher tetraester indicating a higher softening point [20].
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The use of catalyst Fe3O4-supported ZnO facilitated the production of pentaerythritol
esters from rosin, resulting in enhanced stability, water, alkali, and oxidation resistance [36].
This catalyst was created to overcome the difficulties of catalyst recovery and the high
costs associated with it in the production of rosin pentaerythritol esters. According to the
results of the esterification process, Fe3O4@SiO2–ZnO has a good catalytic performance
and stability. The catalyst exhibited the potential for many reuses, with a maximum of five
iterations observed. The optimal process parameters for producing RPE were determined
as follows: zinc nitrate was used as the zinc source, with a theoretical loading of 0.45 g. The
reaction was carried out at a temperature of 250 ◦C for a duration of 5 h, with a catalyst
loading of 0.2 g. The starting materials consisted of 15 g of rosin and 0.2 g of pentaerythritol.
The acid value was 25.0 mg KOH g−1, with an 87.9% conversion rate [36].

The properties of RPE are summarized in Table 2. Based on the research above, the
use of a catalyst in the pentaerythritol reactant as a modification agent can increase the
esterification rate compared to not using a catalyst. Apart from that, the use of catalysts
can reduce the mole ratio of reactant agents.
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Table 2. Properties of rosin pentaerythritol ester.

Product Reaction Time
(h)

Temp.
(◦C) Ratio Catalyst Acid Value

(mg KOH g−1)
Soft.

Point (◦C)
Conversion

Rate (%) Ref.

Rosin (raw
material) 190 82 [20]

Rosin Pen-
taerythritol

4 260–290 0.8–1.2
(Mol OH/COOH) 100–109 76–86.59 [20]

5 250
15 g rosin, P = 1.7 g,

catalyst 0.2 g

128.6 37.7

[36]
Fe3O4@SiO2–ZnO (Zn (Oac)2) 120.0 42.0

Fe3O4@SiO2–ZnO (ZnCl2) 128.7 37.7
Fe3O4@SiO2–ZnO (ZnSO4) 71.1 65.6

Fe3O4@SiO2–ZnO (Zn (NO3)2) 25 87.9

4. Rosin-Methanol

The usage of rosin as a fuel may become increasingly popular in the future. Rosin is
a desirable source for biofuel [37,38]. Oleoresin consists mostly of rosin, which makes up
around 80% of its composition. Rosin is a solid substance composed of isomeric abietic acid.
Due to its composition, oleoresin can’t be used as a fuel in engines. Nevertheless, when
rosin is changed into methyl esters, it exhibits reduced boiling and melting points and
displays exceptional solubility in hydrocarbons [23].The process esterification is OH groups
in methyl alcohol react with an acid group of rosin to form water and methyl ester (Figure 6).
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An investigation was conducted on the esterification of rosin with methyl alcohol
utilizing acid and basic solid catalysts in the presence of different solvents [23]. The use of
a calcium catalyst material and the absence of a solvent resulted in an increased conversion
rate. The calcium-based substance was mostly calcium carbonate and calcium hydroxide,
suggesting that basic site strength can affect catalytic performance. In five reaction cycles,
a calcium-based material was utilized, and the activity was significantly reduced due to
of the leaching of many catalyst phases. The activity of Amberlyst 15 for the reaction is
absent, implying that being acidic does not stimulate the production of esters according to
heterogeneous circumstances [23].

A set of mesoporous molecular sieves was synthesized utilizing Zr-MCM-41, Mo-
MCM-41, Ti-MCM-41, and Sn-MCM-41 [39]. A group with acidic properties, such as (SO2−

4 ,
PTSA, etc.) was added to the mesoporous molecular sieves to create modified catalysts. As
a result, the PTSA/ZrO2/Mo-MCM-41 material has a mesoporous molecular sieve structure
and contains many acidic sites, as confirmed by XRD, N2 absorption-desorption isotherms,
FT-IR, and Py-IR analyses. The esterification rate was 88.2% when the PTSA/ZrO2/Mo-
MCM-41 catalyst was used to make rosin methyl ester, showing better catalytic performance.
It is stable and can be remade and used six times without losing any of its effectiveness.

A researcher also reported on the use of spent fluid cracking catalyst (SFCCR), which
is plentiful, averaging 160,000 tons per year [40]. They evaluated the process of combin-
ing rosin with methyl alcohol using subcritical CO2 atmosphere to form an ester. Non-
regenerated spent catalysts are often buried and contaminate the environment. Spent
hydroprocessing catalysts has been used in construction, ceramic and refractory applica-
tions [41]. In reality, because SFCCR is predominantly made up of silica and alumina, it
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possesses a steady molecular sieve arrangement that has a lot of surface area and might
be used as a catalytic support [42]. The findings demonstrated that CO2 functioned as an
additional catalyst, enhancing the transfer of mass and regulating the pH within the range
of 3.54 to 3.91. A conversion rate of 97% was achieved during a reaction period of 5 h at a
temperature of 220 ◦C and in the absence of a solvent.

Table 3 shows the properties of rosin methyl ester using different catalysts. Based on
the data in Table 3, the ZnO metallic catalyst in SCFRR with CO2 as an additional catalyst
can achieve highest conversion of reaction.

Table 3. Properties of rosin methyl ester.

Product React. Time (h) Temp.
(◦C)

Molar Ratio
(Rosin/MA) Catalyst Acid Value

(mg KOH g−1)
Conversion

Rate (%) Ref.

Rosin Methyl
Ester

3 64 1:748

Calcium Material (40%) 46

[23]

MgO (20%) 23
TiO2 (20%) 27

Kaolin (40%) 15
Al2O3 (40%) 23

Amberlyst 15 (40%) ~4
3.5 64 1:187 Calcium Material (40%) 55

3 180 PTSA/ZrO2/Mo-MCM-41 28 82.7 [39]

4 220

No Catalyst 55.42

[40]

CO2 66.38
Al2O3 65.52
ZnO 72.42

ZnO/SFCCR 83.28
ZnO/SFCCR + CO2 94.08

5 1:1.5 ZnO/SFCCR + CO2 97.01

5. Rosin-Ethylene Glycol and Polyethylene Glycol

Rosin ethylene glycol ester is a polymeric resin that is frequently used as a tackifier raw
material in the manufacture of adhesives, as well as a solid soldering flux and plasticizer.
Fe3O4@ZnO and Fe3O4@SiO2–ZnO catalyzed the reactions successfully [33]. The optimal
process parameters for rosin glycol esters were established to be: a theoretical load of 0.45 g
of zinc chloride as the zinc supply, a reaction temperature of 270 ◦C, a reaction duration of
5 h, and the use of 15 g of rosin, 3.2 g of ethylene glycol, and 0.2 g of catalyst. The result
of rosin ethylene glycol ester exhibited an esterification rate of 87.2% and an acid value
of 26.5 mg KOH g−1. After being reused five times, the synthesized catalyst showed no
significant decline in catalytic activity, indicating its superior stability and availability [33].
Different catalysts that affect rosin glycol esters synthesis (Table 4) were studied.

Table 4. Properties of rosin ethylene and polyethylene glycol ester.

Product React. Time
(h)

Temp.
(◦C)

Molar Ratio
(Rosin/Glycol) Catalyst Acid Value

(mg KOH g−1)
Soft.

Point (◦C)
Conversion

Rate (%) Ref.

Rosin
Polyethylene

Glycol 400

until the acid
value is
constant

220 Zinc dust (0.5%) 116.87 (brown) 52–54 30.85 [24]

Rosin
Ethylene

Glycol
Ester

5 270 - 115.6 44

[33]

Fe3O4@SiO2–ZnO (ZnAC2) 51 75.3
Fe3O4@SiO2–ZnO (ZnCl2) 26.4 87.2

(Zn (NO3)2) 154 25
Fe3O4@SiO2–ZnO (ZnSO4) 95.9 54
Fe3O4@SiO2–ZnO (ZnCl2) 33.8 83.6

Rosin
Polyethylene
Glycol 1500

5 250 1:1 ZnO (0.5%) ~52

[43]Zn dust (0.5%) ~48
SnCl2 (0.5%) ~40

9 250 2:1 ZnO (2%) 95
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Table 4. Cont.

Product React. Time
(h)

Temp.
(◦C)

Molar Ratio
(Rosin/Glycol) Catalyst Acid Value

(mg KOH g−1)
Soft.

Point (◦C)
Conversion

Rate (%) Ref.

Rosin
Polyethylene

Glycol 200

until the acid
value is
constant

240–260 Zinc dust (0.5%) 120.93 (yellow
solid) 60–65 28.67 [44]

88.19 (yellowish
red solid) 50–55 47.98

57.71 (reddish
brown solid) 45–50 65.96

Rosin is insoluble in water, but it dissolves in ether, benzene, chloroform, and alcohol.
Polyethylene glycol (PEG) is a petroleum-based polymer that represents only one group
–OH that is soluble in water. Hydrophilic polymers are used in ointments and supplements
as a base, as a plasticizer in film coating, as supplemental emulsifiers, and in electrical
applications [43].

The properties of derivatives of rosin-polyethylene glycol from rosin and PEG was
studied [43]. The target of this reaction was the carboxylic group of rosin that reacted with the
hydroxyl group of PEGs to form rosin-PEG as water soluble rosin derivatives via esterification
reaction. In this research, Zn-dust, ZnO and Tin chloride were selected as catalysts. Rate of
reaction was significantly increased by all catalysts. Due to Lewis’s acid performance, zinc
oxide proved to be the most effective catalyst as it led to the largest conversion of ester after
5 h. This finding demonstrates the effectiveness of the catalyst. The optimum reaction with
95 % conversion was achieved by a temperature of 250 ◦C, a molar ratio of rosin to PEG of
2:1, and reaction time at 9. These derivatives were completely soluble in water, and therefore
called water soluble rosin (WSR). Effects of variable reaction to conversion of esterification
reaction using ethylene and polyethylene glycol are represented in Table 4.

Bioactive agent distribution via polymeric materials has received a lot of interest.
PEGylation, the process of attaching PEG to any medication, peptide, polymer, or chemical
component, has been studied for its potential as a pharmacological aid [44]. The ester was
made by reacting to a primary alcohol, PEG 200, and rosin. The ester-adduct derivative of
rosin was formed by reacting maleic anhydride with this product. The concentration of PEG
200 in the derivative preparation was varied, while the maleic anhydride content remained
constant. The effect of these components on the physicochemical parameters of derivatives
was compared to rosin (Figure 7). These compounds were also investigated for their
capacity to release medicine in tablets and pellets. Additional studies have demonstrated
that rosin can be successfully combined with PEG 400 and maleic anhydride to create
a derivative of rosin that has been modified with PEG. The derivatives of rosin may be
utilized to create both aqueous and organic films, which can be employed for drug delivery
purposes [24].

Water soluble rosin flux (WSRF) was also synthesized from polyethylene glycol (PEG)
and rosin [12]. The flux was efficiently produced by combining rosin and PEG with a
2% ZnO catalyst, using a molar ratio rosin to PEG of 2:1, and subjecting the mixture to a
temperature of 250 ◦C for a duration of 9 h. The resulting WSRs were entirely soluble in
water. The PEG3000-rosin was used for the manufacture of the WSRFs because it had the
highest melting point (55.2 ◦C). The PEG-rosin derivatives possess the property of being
soluble in water, and when combined with a low-halide-content activator, they produce
solid soldering fluxes that exhibit satisfactory wetting ability. The fluxes were used in the
production of solder pastes, employing the Sn-3.0Ag-0.5Cu alloy, and they exhibited the
expected performance for solder paste [12].
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The usual urea is squandered because of its significant water solubility and the ability
of microorganisms to convert it, resulting in low agricultural productivity and environ-
mental damage. The scientists created a rosin PEG adduct-coated controlled release urea
fertilizer (RA-CRUF) to address these issues [45]. The synthesis process involved enhancing
the properties of the rosin adduct with maleic anhydride by manipulating the reaction
temperature, reaction time, and coating repetitions. The process of creating this product
involves the application of rosin adduct onto urea by a spraying method. The optimum
urea release rate for RA-CRUF was 510 mg L−1 when dissolved in water under 6.79 coat-
ing repetitions, a reaction period of 4.71 h, and a reaction temperature of 137.39 ◦C. The
total amount of urea released was 41.76% and 47.23% in soils with a clay loam texture,
respectively, compared to 100% and 82.6% for conventional urea. Regarding RA-CRUF’s
inquiry on the growing performance of maize plants, growth was classified as healthy with
a notable rise in chlorophyll levels. Specifically, levels reached 51.11 mg g−1 in clay loam
texture soil and 87.55 mg g−1 in loam texture soil.

The use of EG and the polymer, which can be dissolved in water, can indicate that
it will produce rosin esters which can also be dissolved in water or released in water.
Zn-based catalysts can achieve the highest conversion of up to 95% but still require a higher
reaction time. To obtains high conversion and softening points; it is necessary to also pay
attention to the PEG or EG molecular weight.

6. Rosin–Allyl Groups

Many other types of fine chemicals can be made from rosin. It is frequently utilized as
a basic material to create functional polymers. There are two methods for incorporating
rosin compounds into polymers: either by directly linking them with the polymer or by
modifying suitable rosin-type monomers through the addition of active vinyl groups [46].

The first technique was introduced for synthesizing poly(vinyl benzyl abietate) from
from poly(vinylbenzyl chloride)-sodium abietate and polymethacrylate from poly(glycidyl
methacrylate)-abietic acid [47,48]. The addition of rosin into polymer significantly enhances
mechanical and chemical qualities, including hardness and resistance to chemicals. Never-
theless, under these conditions, the rosin molecules were only attached to the surface of the
polymer instead of being incorporated into the polymer’s molecular structure.

The second route involves rosin monomers being added to vinyl groups [49]. Due to
their large molecular weight, rosin acids frequently exhibit limited reactivity. To address
this issue, allyl chloride was employed as a reactant due to its low boiling point, facilitating



AgriEngineering 2023, 5 2166

its removal after the reaction via vacuum distillation at low temperatures. This approach
helps prevent the polymerization of the product (Figure 8). The synthesis of rosin allyl
ester involved the reaction between sodium rosinate and allyl chloride as reactants. The
ester yield reached a remarkable 94.7% under ideal reaction conditions [46].
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A new reactive monomer allyl acryl pimarate was also made from natural rosin [25].
This material exhibits significant promise for utilization as both a biomass-derived polymer
substance and a valuable fine chemical, serving as a coating or adhesive agent. Recently,
a novel rosin monomer containing two allyl groups was produced using phase-transfer
catalysis and the Diels-Alder process. It was thought that adding an extra active group
(allyl) would increase the reaction’s conversion of the monomer and encourage cross-linking
between the monomers to create a mechanically stable network structure. Microwave
radiation has been employed to accelerate the process. As a photoinitiator, Michlers ketone
was utilized, and as a result, 90% of the monomer was converted [25].

A range of novel rosin additives can be generated by implementing a sequence of
adjustments. Renewable polymers may have better adhesion, impact strength, and solvent
resistance [25].

7. Enzymatic Rosin-Starch

The development of bio-based polymers to replace standard petrochemical polymers
has gotten a lot of interest in recent decades [50]. Starch is the most intriguing biopolymer
because of its low cost, availability, biocompatibility, and biodegradability. Native starch’s
use in industry has been limited due to its inherent disadvantages, such as poor surface
qualities, high hydrophilicity, and poor mechanical and thermal properties. A range of
physical or chemical changes to native starch have been made to improve starch characteris-
tics [51]. Esterification is a frequent and successful approach for customizing the properties
of this renewable resource [52].

The production of long-chain fatty acid starch esters involves the process of esterification,
where stearic acid or lauric acid is combined with maize starch in urea/NaOH aqueous
conditions [53]. An investigation of the degree of substitution (DS) of starch stearat was
0.065 and starch laurate was 0.074. The findings also indicate that starch esters exhibit
superior performance compared to native starch in terms of thermostability, emulsifiability,
transparency, freeze-thaw stability, and moisture absorption. Additionally, starch esters have
a higher glass transition temperature (Tg) within the limited degree of substitution (DS).

Following that, new methods based on the conventional approach, such as the enzyme
catalytic method, are created. Rosin acid and starch was synthesized enzymatically using
lipase by researchers (Figure 9) [26]. For pretreatment, the cassava starch was dissolved in a
NaOH/urea solution. The reactor was filled with prepared cassava starch, followed by the
addition of DMSO, rosin, and the immobilized catalyst for 1, 2, and 4 h. After reaction, the
DS ranging from 0.031–0.092 to natural starch was confirmed by FTIR. Although esterified
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starch showed low thermal stability and transparency compared to native starch, there was
a considerable improvement in hydrophobicity, viscosity, and emulsifying capabilities [26].

Furthermore, rosin acid is quite biodegradable and biocompatible. The thermal stabil-
ity and hydrophobicity of rosin acid starch have clearly increased, and it has prospective
uses in waterproof coatings and plastic materials [1]. Food and biomedical products may
also benefit from this use of rosin acid starch [26].
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