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Abstract 

This study compares the chemical modification and polymerization behavior of canola, 

carinata, and crambe oils to evaluate their suitability as renewable building blocks for 

polymer synthesis. The vegetable oils were characterized in terms of fatty-acid composi-

tion and oxidative stability, and the data showed distinct profiles: canola with 0% erucic 

acid, carinata around 42.08%, and crambe reaching 56.25%, differences that end up influ-

encing how each one responds during the modification steps. Epoxidation and acrylation 

were confirmed by 1H NMR, 13C NMR, and FTIR-ATR, mainly through the disappearance 

of the olefinic peaks and the appearance of oxirane- and acrylate-related signals (some of 

them quite clear, others less pronounced). After acrylation, the oils were subjected to so-

lution polymerization, forming bulk crosslinked materials, whose properties reflected 

their original fatty-acid profiles: the canola-based polymer reached the highest glass tran-

sition temperature (Tg), 47.73 °C, followed by the carinata-based polymer (Tg = 41.86 °C), 

while the crambe-derived polymer, with lower functionality due to its high erucic acid 

content, showed a much lower Tg of 20.26 °C. Altogether, these differences highlight how 

variations in fatty-acid composition subtly shape the efficiency of functionalization and 

the architecture of the resulting networks. The polymers obtained here point to potential 

uses in renewable coatings, thermoset resins, and other applications that depend on bio-

based crosslinked materials. 

Keywords: vegetable oils; canola; carinata; crambe; chemical modification; polymers;  

solution polymerization 

 

1. Introduction 

Brazilian agribusiness has increasingly shown interest in the development of new 

crops, due to the agricultural aptitude of the country for the expansion of the cultivation 

of native and exotic species, to meet diverse market demands [1]. Oilseed species of the 

Brassicaceae family, canola (Brassica napus), carinata (Brassica carinata), and crambe 

(Crambe abyssinica), although they have their own characteristics, share a high oil content 
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and growing interest in the domestic agricultural scenario, mainly as a second-season 

crop. Moreover, their oils and co-products have the potential for various commercial ap-

plications [2]. 

The polymerization of vegetable oils is known to be a more sustainable alternative to 

those derived from petrochemical sources [3]. The study and characterization of polymers 

produced from vegetable oils enable the development of technologies capable of improv-

ing their performance according to the final application [3]. Thus, the different fatty acid 

profiles of the above-mentioned oilseeds are remarkable assets to several industrial appli-

cations because bio-based polymers obtained from them will result in distinct products 

that are able to achieve diversified demands. 

With the advent of World War II, there was an increased demand for lubricants for 

steam-powered warships and merchant ships. This factor was fundamental to the expan-

sion of rapeseed cultivation in Canada [4]. In this period of expansion of rapeseed, several 

varieties were developed for specific purposes. Varieties were developed from different 

species such as Brassica napus, B. rapa, B. oleracea, B. juncea, and B. carinata [5,6]. 

Among the varieties developed, there was great interest in the cultivars that had a 

low percentage of erucic acid and glucosinolates. Canola (Brassica napus L. var. oleifera) 

cultivated in Brazil and other regions of the world is the result of the hybridization of two 

rapeseed variants to B. oleraceae and B. juncea [6]. 

The variant known as B. Carinata, or Ethiopian mustard, arose from the hybridization 

of the variants B. oleracea and B. nigra. Carinata oil is predominantly rich in erucic acid, 

which makes this oil a desirable industrial feedstock for producing biobased materials. 

Other characteristics, such as low demand for water and good adaptability in relation to 

different climates, make its cultivation attractive. The oil extracted from carinata is not of 

interest to the food industry; however, in the southeastern United States, carinata has been 

used primarily as a winter crop alternative for biofuel production [7]. 

Crambe (Crambe abyssinica) is an unconventional oilseed that also belongs to the Bras-

sicaceae family. The oil extracted from crambe contains approximately 50 to 65% of erucic 

acid, so it is not recommended for human consumption [8]. Due to its composition, this 

kind of oil is suitable for the plastics, lubricants, and biodiesel industries. 

From its oil, erucamide is also obtained, a substance resulting from the condensation 

of the carboxylic acid group of erucic acid with ammonia, which is used in the preparation 

of cosmetics and in several industrial segments as a sliding additive [9]. 

Accelerated solvent extraction (ASE) is a versatile process that combines high pres-

sure and high temperature, using organic or aqueous solvents to achieve exhaustive and 

highly efficient extraction. The elevated temperature decreases the viscosity of the analyte, 

allowing better interaction with the solvent. Meanwhile, the high pressure allows the or-

ganic solvent used to remain in its liquid form even at temperatures above its boiling point 

[10]. Both parameters provide other characteristics that enhance the interaction of the sol-

vent with the matrix, resulting in a method that, when compared to the classic Soxhlet 

method, has some advantages, such as the shorter extraction time, lower solvent con-

sumption, and less waste generated [11]. 

Polymers obtained from vegetable oils are of increasing interest because they may 

have similar characteristics to polymers of petrochemical origin and can become a sus-

tainable alternative to replace them [12]. In order to enhance the applicability of vegetable 

oils in the field of polymerization, their reactivity can be increased, leading to more effec-

tive consumption during polymerization. The introduction of new reactive functional 

groups to the molecule, endowing the resulting molecule with additional functionality 

that favors its polymerization via the free-radical route, can be regarded as an efficient 

approach. In this way, fatty acids that have unsaturation in their chains become more apt 

to form building blocks well-suited for undergoing polymerization [13]. 
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Considering the agronomic relevance, distinct fatty acid profiles, and growing indus-

trial interest in canola, carinata, and crambe oils, particularly due to their high erucic acid 

content and non-food applications, this study explores their potential as renewable feed-

stocks for polymer synthesis. After extraction and physicochemical characterization, the 

oils underwent targeted chemical modification through epoxidation, followed by acryla-

tion, aiming to introduce acrylic acid moieties and enhance their reactivity for free-radical 

polymerization. The modified oils were then subjected to solution polymerization, and 

the resulting polymers were thoroughly characterized to assess their viability as sustain-

able alternatives to petrochemical-based materials. This study compares the chemical 

characteristics of canola, carinata, and crambe oils to evaluate their suitability as renewa-

ble raw materials for the development of bio-based polymeric materials. 

2. Materials and Methods 

The canola and carinata grains were provided by the Advanta company, and the 

crambe grains were provided by Cooperativa Agrícola do Rio Preto—COARP, Planal-

tina/DF, Brazil. 

2.1. Oil Extraction 

The oils were extracted using the same procedure for the three species: canola, cari-

nata, and crambe. Initially, the grains were ground (IKA A11—IKA Brasil, Campinas, São 

Paulo, Brazil) and classified on a sieve (850 μm aperture, 20 mesh, stainless steel), and 

then taken to an oven at 60 °C for 24 h to reduce the moisture present in the grains. 

The oils were extracted using an accelerated solvent extractor (ASE) (Thermo Scien-

tific Dionex ASE350 — Thermo Fisher Scientific Inc., Waltham, MA, USA). The extractor 

cells were prepared with a cellulose filter at their base and filled with previously ground 

and dried grains up to the recommended height. The organic solvent used was hexane. 

The equipment parameters were set to the following configuration: 70 °C, heating for 15 

min, 5 cycles, rinsing with 100% volume, and a 30 s purge. The resulting mixture of oil/sol-

vent went through an evaporation process in a water bath at 45 °C to separate the hexane. 

The extracted oil was then weighed and stored at −4 °C until characterization, chemical 

modification, and polymerization. 

The oil content of the grain samples was determined using Ankom XT15 equipment 

(ANKOM Technology, Macedon, NY, USA) [14]. The ground sample was previously 

weighed and sealed in chemically inert filter bags. Extraction took place by direct contact 

of the solvent (petroleum ether) with the sample under pressure and at high temperature 

for 2 h. This extraction is considered exhaustive and therefore provides the parameters for 

calculating the oil content as shown in Equation (1): 

Oil content (%) = 
(SMdry + FB) −  (SMdelipidated+ FB) 

SMwet
·100 (1) 

where SMdry corresponds to the dry sample mass, SMdelipidated is the delipidated sample 

mass, SMwet stands for the initial wet sample mass, and FB is the filter bag. 

To calculate the mass balance of process yields, the extraction efficiency of the oil 

obtained from the ASE was also calculated. This calculation considers the total content 

given by Ankom and the quantity obtained in the ASE, as shown in Equation (2): 

Extraction efficiency (%)= 
Mass of extracted oil

pre extraction sample mass·oil content
·100 (2) 
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2.2. Characterization of the Vegetable Oils 

The oils extracted from the grains were characterized using compositional and spec-

troscopic analyses, including oxidative stability, fatty acid profiling, Nuclear Magnetic 

Resonance (NMR), and Fourier Transform Infrared (FTIR) spectroscopy. 

2.2.1. Oxidative Stability 

The oxidative stability analyses of the oil samples were performed in accordance with 

ISO 6886:2016 using the Metrohm oxidation stability analyzer model Rancimat 873, which 

measured the induction period (IP) of 3 g of oil sample heated to 110 ± 0.1 °C at an air flow 

of 20 L·h−1 [15]. The induction period was determined by obtaining the time-conductivity 

curve and projecting the intersection on the time axis. The induction period was expressed 

in hours (h). 

2.2.2. Fatty Acid Compositional Profile 

The analysis of the fatty acid compositional profile of canola, carinata, and crambe 

oils was performed by using extraction and methylation directly in the whole grain sam-

ple; therefore, the extracted oil was not used. For direct determination in the matrix, the 

grains were homogenized (IKA A11—IKA Brasil, Campinas, São Paulo, Brazil) and dried 

at 105 ± 3 °C for 1 h, and 50 mg of the sample proceeded to the oil extraction step with 

hexane at 90 °C for 90 min. After the oil extraction, the experimental protocol followed the 

method according to ISO 12966-2:2017 [16]. The separation and identification of the fatty 

acid esters were performed in a gas chromatograph, coupled to a flame ionization detector 

(DIC) (Shimadzu, GC2010—Shimadzu do Brasil Comércio Ltda., Barueri, São Paulo, Bra-

zil) using the SLB-IL111 column (100 m × 0.25 mm, 0.2 μm Supelco, Bellefonte, PA, USA). 

2.3. Polymerization 

Before starting the polymerization, it was necessary to modify the vegetable oils by 

modifications in their fatty acid chains. Therefore, as they all have a high fraction of un-

saturated fatty acids in their composition, the oils first underwent an epoxidation, with 

the intention of forming the epoxide ring. Then the acrylation process took place, which 

consists of using acrylic acid to promote the ring opening of the epoxidized fatty acid, 

leading to the formation of acrylate fatty acids that are promptly polymerizable through 

the free-radical polymerization process. 

The epoxidation and acrylation procedures were performed in the same way for the 

three evaluated oils under study, adapted from the procedures and proportions used by 

Neto et al. [17] and described below. For the proper characterization and monitoring of 

the processes, 13C NMR and FTIR-ATR analyses were performed using the same condi-

tions as the analyses performed in the characterization of the oils. 

2.3.1. Epoxidation 

Starting with the epoxidation step, 20 g of each oil was weighed and added to 180 

mL of toluene in a three-mouthed flask. Next, 11.86 g of formic acid was added, and the 

system was kept under reflux and stirred at 1200 rpm. An amount of 50 mL of hydrogen 

peroxide (35%) was added slowly over 50 min. The mixture was then left under vigorous 

stirring and reflux for 24 h. Washing was then carried out to separate the organic phase 

using a separating funnel. After that, 150 mL of a saturated sodium bicarbonate solution 

was added, divided into three intervals, followed by 150 mL of deionized water, also in 

three intervals. 

Magnesium sulfate was added to the already separated organic phase, and the solu-

tion was left to stand for 12 h. Finally, the solution was filtered and roto-evaporated to 
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remove the toluene present (Solution 1). Figure 1 shows the mechanism of epoxide for-

mation from the unsaturation of the fatty acid. As vegetable oils are composed of a few 

fatty acids, it is understood that the epoxidation reaction occurs in both monounsaturated 

and polyunsaturated fatty acids, despite the different composition in the studied oils. 

However, it is known that in the composition of canola oil, oleic acid is the majority, while 

in carinata and crambe oils, erucic acid is predominant. 

 

 

Figure 1. (A) mechanism of formation of performic acid; (B) mechanism of formation of epox-

idized fatty acid; (1) formic acid; (2) performic acid; (3) epoxide. 

2.3.2. Acrylation 

The acrylation mechanism of the epoxidized fatty acid is illustrated in Figure 2. The 

acrylation step began with Solution 1 under stirring, in which acrylic acid was added in a 

ratio of 2:1 (acrylic acid: epoxidized product) and approximately 400 ppm of hydroqui-

none. The solution was then allowed to stir at 100 °C for 6 h. Then, the organic phase was 

separated with the aid of the separation funnel, adding 300 mL of diethyl ether in three 

intervals and 150 mL of a saturated sodium bicarbonate solution, also in three intervals. 

In the separated organic phase, magnesium sulfate was added and allowed to stand for 

12 h before starting filtration. It was then evaporated for the removal of the diethyl ether. 

With the obtained product, it was possible to start polymerization. 

 

Figure 2. Mechanism of acrylation of epoxidized fatty acid: (3) epoxidized fatty acid, (4) acrylated 

fatty acid. 

2.3.3. Solution Polymerization 

The polymerizations were carried out in a 50 mL round-bottom flask with 50% mon-

omer using toluene as solvent and 1% benzoyl peroxide as initiator in relation to the 
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monomer. The solution was purged with nitrogen gas under magnetic stirring and heated 

at 85 °C in an oil bath for 4 h. The temperature and reaction time were selected based on 

preliminary trials showing that these conditions afforded complete formation of a fully 

crosslinked bulk material with no remaining liquid phase. After the reaction period, 2 

drops of a 3 g/L hydroquinone solution were added, and the resulting material was dried 

at 60 °C in an oven for 24 h. For the proper characterization and monitoring of the pro-

cesses, 13C NMR and FTIR-ATR analyses were performed using the same conditions as 

the analyses performed in the characterization of the oils. 

2.4. Characterization Techniques 

2.4.1. Thermogravimetric Analysis (TG) 

Thermogravimetric analysis (TG) seeks to monitor the mass variation in the analyte 

as a function of temperature. The analysis was performed using a Shimadzu DTG-60H 

with about 10 mg of sample in a platinum crucible, with a heating rate of 10 °C·min−1 and 

under a nitrogen atmosphere with a flow rate of 30 mL·min−1. 

2.4.2. Differential Scanning Calorimetry (DSC) 

The behavior of the products obtained at the end of the polymerizations was studied 

by differential scanning calorimetry (DSC). DSC curves were determined using a Shi-

madzu DSC-60 instrument, with approximately 7–8 mg of sample, in a temperature range 

of −80 °C to 200 °C. The heating/cooling rate was 10 °C per minute under a helium atmos-

phere with a flow rate of 30 mL·min−1, in which the glass transition temperature was ob-

tained in the second heating ramp. 

2.4.3. Nuclear Magnetic Resonance (NMR) 

Nuclear Magnetic Resonance (NMR) 600 MHz of 1H and 13C was performed on crude 

oil samples and during the modification steps to monitor the results. It was used as a sol-

vent, deuterated chloroform (CDCL3). The spectra were obtained using a Bruker Ascend 

600 (14 T) spectrometer equipped with a 5 mm probe operating at 600 MHz. 

2.4.4. Fourier Transform Infrared (FTIR) Spectroscopy 

Fourier Transform Infrared (FTIR) spectroscopy was performed using the equipment 

Alpha II (Bruker Optik GmbH, Ettlingen, Baden-Württemberg, Germany), equipped with 

an attenuated total reflectance accessory [18]. The spectra were acquired with a resolution 

of 4 cm−1, using 32 scans for the samples and 32 scans. The attenuated total reflectance 

(ATR) mode was selected to enable direct analysis of the oils and intermediates without 

additional sample preparation. 

3. Results and Discussion 

3.1. Characterization of the Oils 

 Canola, carinata, and crambe oils were extracted in batches. The physical aspects re-

lated to canola, carinata, and crambe plants, as well as their seeds and the extracted oils, 

can be observed in Figures S1–S3, respectively. For all three oils, a mass balance was made 

to determine the percentage yield of the extraction, as can be seen in Table 1. The percent-

age oil content is shown in Table 1, and the data obtained are in accordance with those 

found in the literature [2,7,8,19]. 

  



Processes 2025, 13, 3901 7 of 14 
 

 

Table 1. Extraction yield, oil content, and oxidative stability. 

Sample Extraction Efficiency (%) 
Oil Content (%) 

(m/m) 

Oxidative Stability 

Time (Hours) 

Canola 34.43 37.40 8.66 

Carinata 33.41 35.38 9.61 

Crambe 37.89 35.13 25.46 

3.1.1. Oxidative Stability of the Vegetable Oils 

The oils from the species in this study have a high percentage of unsaturated sub-

stances in their composition, which favors the oxidation of the oils and consequently af-

fects their quality and the quality of their by-products [20,21]. Thus, the oxidative stability 

of the oils extracted from canola, carinata, and crambe was assessed, with the value ex-

pressed in hours, which represents the oxidation time until the oil begins to be considered 

rancid or begins to show characteristics such as darkening, increased viscosity, foam for-

mation, and smoke [20]. The data obtained is shown in Table 1. 

All oils analyzed have a high percentage of unsaturated fatty acids in their composi-

tion (Table 2). From the data obtained, it was possible to observe that the oxidative stabil-

ity of crambe oil stands out in relation to the other oils under study, managing to stay up 

to 25.46 h under constant heating without its compounds starting to oxidize. 

The increased oxidative stability of crambe oil can be attributed to its high erucic acid 

content and to the presence of natural antioxidants such as γ-tocopherol and β-sitosterol, 

which reduce the susceptibility to lipid peroxidation [22]. 

3.1.2. Fatty Acids Profile 

The results obtained in the chromatograms (Figures S4–S6) were expressed in relative 

percentage of fatty acids in the sample, and the data are organized in Table 2. The values 

obtained are in accordance with the range of values found in the literature [7,23]. 

Table 2. Fatty acids profile. 

Fatty Acid Canola Carinata Crambe 

Caprylic 0.06 ND ND 

Capric 0.01 ND ND 

Lauric 0.19 0.10 0.10 

Myristic 0.11 0.08 0.09 

Palmitic 4.50 3.00 1.86 

Palmitoleic 0.20 0.11 0.13 

Stearic 1.71 0.91 0.87 

Oleic 62.11 9.96 17.58 

Linoleic 20.23 17.85 7.93 

Linoleiladic 0.03 ND ND 

α-Linolenic 9.74 19.99 9.31 

γ-Linolenic 0.04 0.05 ND 

Arachidic 0.61 0.78 0.96 

Godoic ND ND ND 

Arachidonic 0.01 0.01 ND 

Eicosapentaenoic 0.18 0.59 0.69 

11,14-Eicosadienoic 0.13 1.08 0.24 

Behenic 0.34 0.72 1.87 

Erucic ND 42.08 56.25 

13,16-Docosadienoic 0.03 1.35 0.56 

Clupanodonic 0.01 0.01 ND 
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Nervonic 0.18 0.59 0.69 

∑ Unsaturated Fatty ac-

ids (%) 
92.82 94.42 94.23 

3.2. Chemical Structural Modification 

The infrared analysis (FTIR) was performed between the modification steps and the 

initial oil, so it was possible to compare and confirm the epoxidation and acrylation of the 

oil. Figure 3 shows the spectrum corresponding to canola oil, the spectrum corresponding 

to oil after epoxidation, and the spectrum after the acrylation step. 

 

Figure 3. FTIR spectra of canola oil, epoxidized canola oil, and acrylated canola oil. 

A vegetable oil is composed mostly of esters derived from glycerol; these have sev-

eral types of fatty acids in their composition, which is a characteristic of each plant species. 

Therefore, the spectrum obtained by FTIR analyses is a portrait of the different composi-

tions and is not just a single molecule. 

When analyzing the spectrum referring to canola oil, it is possible to identify the 

presence of the characteristic bands of carboxylic acid in the regions of 1739.49 cm−1, re-

lated to the stretches ν(–C = O). The region where it was expected to point out the peak, 

referring to the C = C bond, does not present itself in a pronounced manner. 

Epoxidation can be identified in the spectrum by the presence of the absorption range 

that occurs at 880–805 cm−1, referring to the -C-O-C bond, and it is possible to identify its 

presence at 844.68 cm−1, confirming that there was the formation of the oxiranic ring. 

Acrylation can be confirmed by comparing the FTIR spectrum for the epoxidized oil 

with the FTIR spectrum for the acrylated oil, where the presence of the vinyl –C = C bond 

refers to the acrylate group at 1635 cm−1, 1731.44 cm−1, corresponding to the carbonyl 

stretching signal (–C = O). In addition, the band at 844.68 cm−1 is no longer identified in 

the spectrum [17]. 

The 13C NMR analysis (Figure 4) was performed to confirm the formation of the epox-

ide. Thus, it is possible to identify the signals that indicate the –C = C bond in a spectrum 
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referring to the double bonds of the fatty acid chains of canola oil in the region of 130 ppm. 

These same signals are no longer seen after epoxidation in Figure 4B. Confirming that the 

double bonds between the carbons have been broken. In addition, signs in the region of 

50 to 80 ppm concerning the formation of the epoxide (C–O bond) appeared. Signals be-

tween 170 and 180 ppm refer to carboxylic acid. 

 

Figure 4. 13C NMR (A) canola oil, (B) epoxidized canola oil, (C) acrylated canola oil. 

The 13C NMR was also carried out to confirm the acrylation process, as can be seen in 

Figure 4C. It was possible to observe that the signals referring to the double bond (–C = C) of 

acrylic acid are present in the 130 ppm region, which were not present in the 13C NMR spec-

trum of the epoxidized oil. Signals relating to carboxylic acid are also present in the 170 to 180 

ppm range [24]. The modifications carried out on carinata and crambe oils were confirmed 

(Figures S7–S12), and the polymerization step was subsequently performed. 

3.3. Polymers 

The polymerization under these conditions led to the formation of bulk crosslinked 

polymers, with no visible residual liquid phase. The polymer formed from acrylated can-

ola oil had a slightly translucent appearance, yet with a faint yellowish hue, as shown in 

Figure S13. From the thermogravimetric analysis (Figure S14), it was possible to observe 
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that the material begins to suffer constant mass losses from 213 °C, becoming more intense 

from 300 °C, and with greater mass loss at 333.94 °C. The DSC (Figure S15) corresponds 

to the second heating ramp. From the analysis, it was possible to determine the glass tran-

sition temperature of the product at 47.73 °C (midpoint). 

It was possible to perform the FTIR of the sample, as can be seen in Figure 5. The 

carbonyl stretch can be observed by the signal at 1731.79 cm−1. It is still possible to observe 

the presence of the signal referring to the -CH2 bending vibration at 1459.24 cm−1. In addi-

tion to the group -C–O stretch at 1164.80 cm−1. The presence of bands in the region of 1000–

1300 cm−1 is related to the ester group. Another point worth mentioning is the marked 

reduction in the vinyl C=C absorption around 1635 cm−1 [17]. This band is characteristic of 

the acrylate groups before the polymerization, and its disappearance after the reaction 

indicates that the double bonds were consumed, which is a strong indication that 

polymerization did occur. Thus, it is possible to define the polymer produced from the 

acrylated canola oil monomer as a polyester, since in its spectrum were identified signals 

referring to the bond C=O and C–O. 

 

Figure 5. FTIR-ATR spectrum of the canola acrylated monomer and canola polymer. 

From the carinata polymer (Figure S16), thermogravimetric analysis (Figure S17), it 

was possible to understand the degradation of the polymer compound formed. The De-

rivative Thermogravimetric Analysis (DTG) curve allows events to be distinguished more 

clearly, so it was used to identify mass loss events more precisely. The first mass loss event 

occurred in the 150 to 200 °C range and was related to the degradation of the compound’s 

smaller chains. The second and main mass loss event occurs between 300 and 500 °C. The 

DSC (Figure S18) corresponds to the second heating curve. From the analysis, it was pos-

sible to determine the glass transition temperature of the product at 41.86 °C. 

The FTIR analysis of the carinata polymer (Figure S19) shows that the stretching of 

the carbonyl can be observed by the signal at 1729.85 cm−1. It is also possible to observe 

the presence of the -CH2 bond bending signal at 1458.16 cm−1. As well as the C–O stretch-

ing band at 1162.88 cm−1. The marked reduction in the vinyl C=C absorption around 1635 

cm−1 indicates that the double bonds were consumed, which is a strong indication that 
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polymerization did occur [17]. The presence of bands in the 1000–1300 cm−1 region is re-

lated to the ester group. It is therefore possible to define the polymer produced from the 

carinata oil monomer as a polyester, since signals relating to the C=O and C–O bonds were 

identified in its spectrum. 

For the crambe polymer (Figure S20), TG, DSC, and FTIR analyses were carried out 

on the polymeric material formed (Figures S21–S23). From the thermogravimetric analy-

sis, it was possible to observe that the material begins to suffer constant mass losses from 

250 °C onwards, becoming more intense from 350 °C onwards. The mass loss becomes 

more intense at 410.47 °C. The glass transition temperature of the product determined by 

DSC was 20.26 °C. 

Finally, the FTIR analysis of the crambe polymer formed indicates the presence of the 

stretching of the carbonyl can be observed by the signal at 1737.84 cm−1. It is also possible 

to observe the presence of a signal related to the bending of the -CH2 bond at 1460.36 cm−1. 

As well as the stretching of the –C–O group at 1162.88 cm−1. The presence of bands in the 

1000–1300 cm−1 region is related to the ester group. The marked reduction in the vinyl C = 

C absorption around 1635 cm−1 indicates that the double bonds were consumed, which is 

a strong indication that polymerization did occur [17]. It is therefore possible to define the 

polymer produced from the crambe oil monomer as a polyester, since signals relating to 

the C=O and C–O bonds were identified in its spectrum. 

In general, the behavior observed for the polymers obtained follows what has been 

reported for materials derived from chemically modified vegetable oils, such as those pre-

pared from acrylated epoxidized soybean oil. Studies have shown that oils with higher 

unsaturation and a greater incorporation of acrylate or epoxy groups tend to form more 

tightly crosslinked networks, which usually results in higher glass transition tempera-

tures, although the exact magnitude of the effect may shift slightly depending on the mon-

omer structure and the polymerization conditions used in each case [25]. Similar relation-

ships between functional group content, network rigidity, and Tg were also noted in more 

recent work involving modified soybean oil acrylates for additive manufacturing [26]. 

These patterns align well with our findings, since canola and carinata oils, both richer in 

polyunsaturated fatty acids, produced polymers with comparatively higher Tg values, 

while the polymer derived from crambe oil, dominated by long-chain monounsaturated 

erucic acid, showed a much lower Tg, consistent with the formation of a less densely con-

nected network. 

It is important to highlight that the present study did not include purification steps 

or quantitative determination of residual monomer after polymerization, which inher-

ently limits the extent to which conversion and network formation can be assessed with 

full rigor. Although the formation of fully crosslinked bulk materials with no remaining 

liquid phase suggests high monomer conversion under the selected conditions, comple-

mentary analyses such as solvent extraction tests or quantitative residual monomer meas-

urements would allow a more precise evaluation of the extent of reaction and network 

integrity. Likewise, the acrylic acid-to-epoxide ratio (2:1) employed during the acrylation 

step was selected based on conditions commonly reported in the literature but was not 

systematically optimized within this study. Since acrylation efficiency was evaluated 

qualitatively rather than quantitatively, the influence of different acrylic acid ratios on the 

degree of functionalization and, consequently, on the thermal, mechanical, and structural 

properties of the resulting polymers remains an open question. For these reasons, future 

work should incorporate systematic optimization of the acrylation conditions, including 

variation in the acrylic acid excess, alongside quantitative analyses of functional group 

incorporation and monomer conversion, to better elucidate structure-property relation-

ships in these bio-based polymer networks. 
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4. Conclusions 

The growing demand for sustainable materials with a lower environmental impact 

has fueled the development of alternatives to the petrochemical industry. In this context, 

vegetable oils have emerged as a promising renewable feedstock, primarily due to their 

broad availability, low cost, high biodegradability, and remarkable chemical versatility. 

Through this study, it was possible to characterize and describe the composition of 

oils extracted from canola, carinata, and crambe. The chemical modifications applied to 

these oils, specifically the epoxidation and acrylation reactions, were successfully per-

formed and confirmed through analytical techniques. 

Based on the experimental data obtained in this work, these vegetable oils demon-

strate remarkable potential for applications in the biopolymer industry. The monomers 

derived from canola, carinata, and crambe oils formed bulk crosslinked bio-based poly-

mers under the selected conditions. 
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