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Tuning the Functionality of Acrylated Vegetable Oil: Impact 
on the Physicochemical Properties of the 3D Printed 
Network 

Anthony Jolly,a Ana Tanase a, Étienne Durand-Laberge a and Audrey Laventure* a

Vat photopolymerization (VP) processing, an additive manufacturing (AM) technique, relies on the photopolymerization of 
light-sensitive resins. However, most commercially available resins are petrosourced and non-biodegradable. Recent reports 
have highlighted vegetable oils (VO) as promising bio-based alternatives, although their native carbon–carbon double bonds 
exhibit poor reactivity in free-radical polymerization. This limitation has been overcome by introducing polymerizable groups 
such as acrylates. Taking into account the growing interest in VO-derived resins, developing a deeper understanding of the 
influence of the acrylate functionality on the formulation behavior and the resulting 3D printed material performance is 
critical to enable a better control over their properties. In this work, canola oil (CO), a highly available feedstock in Canada, 
was acrylated to obtain resins with functionalities ranging from 1.87 to 2.78 average number of acrylate groups per 
molecule. The resulting formulations were characterized rheologically, photochemically, and mechanically. Our results show 
that increasing the average acrylate functionality per CO molecule leads to a lower critical energy (Ec) and penetration depth 
(Dp) in the context of the resin photopolymerization. Conversely, higher functionality improved the mechanical performance 
of the 3D printed samples, with tensile modulus increasing from 9 MPa to 18 MPa. This work deepens our understanding of 
how the degree of acrylation of CO influences the properties of 3D-printed materials, enabling the establishment of 
structure–processing-property relationships leading to a more rational design of these biobased photopolymerizable 
compounds.

Introduction

New technologies, such as additive manufacturing (AM), also 
referred to as three-dimensional (3D) printing, are emerging. 
This rapidly expanding processing technique offers numerous 
advantages, including the capability to create complex shapes 
and reduce waste compared to traditional manufacturing 
processes. Among the various AM approaches, vat 
photopolymerization (VP) techniques, including 
Stereolithography (SLA), Digital Light Processing (DLP) and 
Masked Stereolithography (MSLA), rely on the 
photopolymerization of UV-sensitive resin formulations.1, 2 This 
method enables the fabrication of complex parts with a 
resolution of ~10 µm. While recent efforts have enabled the 
development of biosourced resins, most of the compounds 
entering the commercial formulations used today are derived 
from petroleum and are not biodegradable. 
The development of bio-based monomers represents a 
promising alternative.3-16 Among the various available sources, 
vegetable oils (VO) stand out as renewable alternatives to 
petroleum-based polymers, especially for VP processing as it is 
in liquid form. Composed of triglycerides, i.e. glycerol esters 

linked to three long chains of fatty acids whose composition 
varies depending on the oil source, offer several advantages, 
including biodegradability and availability, while also featuring 
functional groups suitable for functionalization.17, 18 Vegetable 
oils contain multiple carbon-carbon double bonds. However, 
these bonds exhibit low reactivity for free radical 
polymerization. The introduction of polymerizable groups, such 
as acrylate, is the most convenient way to overcome this 
obstacle. Such functional groups are most conveniently 
introduced through reacting epoxidized oil with acrylic acid.14, 

19-24 Nevertheless, a one-step reaction was introduced by the 
Zhang group, avoiding the epoxidation of the double bonds, 
reducing the number of steps and by the same time-saving 
energy.25 
These advances enable the transformation of vegetable oils into 
monomers for VP 3D printing resins. This approach represents 
an innovative and sustainable approach, paving the way for 
more environmentally friendly polymer materials. Several 
studies have demonstrated the effectiveness of vegetable oils 
in this field, especially using soybean oil.26-31 The Blasco group 
has also compared different vegetable oil sources (sunflower, 
canola, soybean, olive, and sesame oil)  and investigated their 
physicochemical properties for AM, expanding the library of 
possible vegetable oil to exploit.32 Other studies have also 
explored the potential of using waste oils for 3D printing as a 

a.Département de chimie, Université de Montréal, 1375 Ave. Thérèse-
Lavoie-Roux, Montréal, QC Canada H2V 0B3 

Supplementary Information available: 1H NMR, thermal analyses and 
additional experimental details. See DOI: 10.1039/x0xx00000x
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primary source, avoiding the use of commercial food resources 
and decreasing the amount of waste generated.33, 34 Its 
biodegradability was also measured in soil burial tests over 14 
days leading to a large weight loss (∼25%) compared to ∼2% for 
a commercial resin.34

However, the impact of the variation of the average number of 
functional groups per VO molecule on the physicochemical 
properties of the formulations and the resulting 3D printed 
samples has not been studied yet. This gap in knowledge is 
important to address as understanding these relationships 
leads to a better control to tune the properties of the resins and 
the resulting 3D printed samples. In this work, the impact of the 
systematic modulation of the average number of acrylates per 
molecule on the physicochemical properties of acrylated canola 
oil (ACO) and resulting 3D prints were studied. First, canola oil 
(CO), selected for its abundance in Canada, was functionalized 
to obtain acrylation levels ranging from an average number 
between 1.87 and 2.78 acrylate groups per CO molecule. The 
compounds were formulated into a photoreactive resin that 
was characterized by optical and rheological analyses. Their 
curing behavior, as well as the thermal and mechanical 
properties of the resulting 3D printed samples were compared. 
This study deepens our understanding of how the degree of 
acrylation influences the physicochemical properties of the CO 
molecules, thus leading to quantitative structure-processing-
property relationships that can be leveraged into rational 
design and formulation guidelines for the development of bio-
derived photopolymerizable resins.

Experimental Section
Material

Boron trifluoride diethyl etherate (BF3Et2O) was obtained from 
Millipore-Sigma. Acrylic acid (low water content, 99.5%, stab. 
with ca. 200 ppm 4-methoxyphenol) and hexane were obtained 
from Thermo Fisher Scientific. Canola oil was purchased in a 
grocery store (Montréal, Canada). Bis(2,4,6-trimethylbenzoyl)-
phenylphosphineoxide (BAPO) and MgSO4 were purchased 
from A2B Chem. NaHCO3 and NaCl were obtained from ACP 
Chemicals. Chloroform-d (CDCl3, 99.8 atoms % D) was 
purchased from Millipore-Sigma utilized as a solvent for NMR 
measurements.

Synthesis of the acrylated oil

In a 500 mL two neck round bottom flask, canola oil (100 g, 
1 equiv.),  (1 equiv = 1 molar equivalent) acrylic acid (62 to 246 
mL, 8 to 32 equiv.) and 4-methoxyphenol (46 mg) were mixed 
at room temperature for 5 min. Boron trifluoride diethyl 
etherate BF3OEt2 (10.4 mL, 0.7 equiv.) was slowly added to the 
reaction mixture at room temperature. The reaction was 
protected from light with aluminium foil to avoid 
polymerization and was then heated at 80 °C for 18 h. Once 
cooled, hexane (200 mL) was added, and the mixture was 
washed with 5% aqueous NaHCO3 solution until no more gas 
was formed during shaking (warning: it produces a lot of 
pressure when shaken in a separating funnel). The organic 

phase was washed with brine, dried over MgSO4 and the solvent 
was evaporated under. The product obtained was an orange oil. 
1H NMR (400 MHz, CDCl3) : δ (ppm) = 6.42 (m, Ha), 6.14 (m, Hb), 
5.86 (m, Hc), 5.35 (m, Hd/He), 4.96 (m, Hf), 4.31 (m, Hg), 2.72 (m, 
Hh), 2.33 (m, Hi), 1.99 (m, Hj), 1.99 (m), 1.59 (m), 1.28 (m), 0.99 
(t, J = 12 Hz).

Formulations for MSLA

MSLA formulations were prepared by mechanically mixing the 
acrylated oil with BAPO (2 wt%). The blend was mixed for at 
least 1 h at around 200 rpm. It was protected from light with 
aluminium foil to avoid undesired polymerization. 

Characterization

Nuclear magnetic resonance (NMR). 1H NMR measurements 
were recorded on a Bruker AV400 MHz spectrometer in CDCl₃ 
unless stated otherwise, using solvent peaks as internal 
standards (CHCl₃: δ: 7.26 ppm).
Fourier Transform Infrared Spectroscopy (FTIR). The Fourier 
transform infrared (FT-IR) spectra with wavelength from 4000 
to 600 cm−1 were recorded by a Nicolet 4700 
spectrophotometer under a reflective mode. The resolution and 
scanning number were 2 cm−1 and 32 times, respectively.
UV-Vis Spectroscopy. UV-Vis spectroscopy (Agilent 
Technologies Cary 60 UV-Vis) was used to investigate the 
absorption profile of the different oils. The latter were dissolved 
in chloroform at a concentration of 5.7 mM and the absorbance 
was measured in a quartz cell between 300-800 nm. 
Rheology. Rheological analyses were performed using an Haake 
MARS 60 (Thermo Scientific Instruments) rheometer. A plate-
plate (PP) geometry with a diameter of 20 mm and a 0.75 mm 
gap was used. Viscosity was measured as a function of a shear 
rate ranging from 0.1 to 90 s⁻¹ under isothermal conditions 
(25 °C).
Masked SLA (MSLA). 3D printing was carried out by using a 
Prusa SL1S printer with a 405 nm LED light source. The pixel 
resolution of the 3D printer is 2560×1620p. The prints were 
performed at room temperature with a layer thickness of 
50 μm. The exposure time and intensity were set to 20 s and 
1.2 mW·cm−2, respectively. After printing, the excess resin was 
drained from the parts and platform to be reused. The building 
platform was taken out of the printer, and the parts were 
removed carefully using a blade. The printed parts were then 
washed and sonicated with hexane. Thereafter, the objects 
were cured in a Prusa CW1S UV chamber for 30 min. Finally, the 
parts were stored protected from light. 
Cure depth measurements. Freshly prepared formulation was 
deposited inside a homemade apparatus (Figure S1). This apparatus 
was deposed onto the screen of the MSLA printer and exposed to UV 
light (405 nm) for different time. Light intensity was found to be 
1.2 mW.cm-2, on the surface area where the device was deposed. 
After the exposition, uncured ink was intensively rinsed with hexane. 
The sample was cured for 1 min in the UV chamber, and its 
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dimensions were measured using a digital calliper Mitutoyo MDC-
1”SXF with a 0.001 mm precision.

Thermogravimetric analyses (TGA). TGA were performed using 
a Discovery TGA 5500 device (TA Instruments). Samples were 
placed in an aluminium pan. The analyses were conducted over 
a temperature range of 25 °C to 600 °C at a heating rate of 
10 °C/min, with a nitrogen flow of 100 mL/min.
Differential Scanning Calorimetry analyses (DSC). DSC were 
performed using a DSC 2500 (TA Instruments). Samples were 
placed in a hermetic aluminium pan. The thermal behaviour of 
the samples was investigated by using two repeated heating-
cooling cycles between -60 °C and 100 °C at a heating and 
cooling rate of 10 °C/min. The glass transition temperature (Tg) 
was determined from the second heating curve.
Mechanical analyses. Tensile tests were performed at room 
temperature on an Instron 5565 testing machine with a 500 N 
static load cell and a crosshead speed of 1.00 mm.min−1. Type 
1BB tensile test specimens were printed with a layer thickness 
of 50 μm. Five specimens of each material were tested and 
analysed.

Results and discussion

Synthesis and characterization

Vegetable oils consist of a distribution of triglycerides, glycerol 
esters linked to three long fatty acid chains. The composition of 
these chains varies depending on the oil source, resulting in a 
mixture of different molecular structures. Consequently, the 
number of available carbon–carbon double bonds can differ 
from one batch to another, making the characterization of 
starting materials essential. Figure 1 shows the canola oil (CO) 
and acrylated canola oil (ACO) molecular structures. 1H NMR 
was used to confirm the obtention of the product, along with 
the proton identification. Proton Hi, which is linked to the 
carbonyl group in the fatty acid exhibits a distinct chemical shift 
(2.33 ppm) from other protons after the reaction. Due to its 
stability, this peak was chosen as the internal standard. The 
triglyceride form was confirmed by integrating protons Hi and 
Hg, which gave a ratio of 3:2. Equation 1 was used to calculate 
the amount of unsaturation in CO molecules, which was found 
to be 3.82. This number of unsaturation is in accordance with 
literature where values are ranging from 3.8 to 3.9 for canola 
oil.29, 32 

𝐷𝑜𝑢𝑏𝑙𝑒 𝑏𝑜𝑛𝑑 𝑝𝑒𝑟 𝑜𝑖𝑙 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 =  =  
[Ad,e-(Ag/4)] / 2

Ai
6

   (1)

where A is the integrated area of the corresponding peaks.
Having determined the average number of double bonds in the 
CO molecule, the procedure reported by Zhang et al. was 
followed, employing acrylic acid and boron trifluoride diethyl 

Figure 1. Molecular structures and 1H NMR of canola oil (CO) and acrylated canola oil (ACO). 

Tensile modulus
(MPa)

Curing BehaviorRheologyAverage
double
bond

conversion (%)

Average
acrylate

functionality

Acrylic acid
(equivalent)

Entry
R2

Dp

(mm)
Ec (mJ.cm-2)

Viscosity
at ~30 s-1

(Pa·s)
9 ± 10.9990.1757.030.9491.878ACO 1

11 ± 20.9950.1745.151.1572.1912ACO 2
13 ± 10.9980.1807.941.0652.4716ACO 3
17 ± 10.9830.1595.540.9702.6924ACO 4
18 ± 10.9900.1424.600.8732.7832ACO 5

Table 1. Physicochemical properties of oil at different amount of acrylic acid.

Figure 2. Examples of transesterification side reaction.
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etherate as a catalyst to incorporate acrylate functionalities on 
the CO double bonds.25 Despite taking precautions such as 
working in dark conditions, self-polymerization of the acrylic 
acid was occasionally encountered. To address this issue, a tiny 
quantity of an inhibitor, 4-methoxyphenol, was included, 
successfully preventing further reactions. It is also important to 
note that BF3OEt2 should be added at room temperature, not at 
80 °C, as it will cause immediate polymerization of acrylic acid.

To increase the number of acrylic functionalities per CO 
molecule, the amount of catalyst BF3OEt2 was varied. Originally 
using 0.7 equiv., 2 and 4 equiv. were also tested. Unfortunately, 
the use of higher proportions of BF3OEt2 promoted side 
reactions such as the transesterification of fatty acid chains with 
acrylic acid. Transesterification was detected on 1H NMR in the 
region of 4 to 4.5 ppm where a shift of the proton Hg peaks was 
observed (Figure 2). On the other hand, reducing the catalyst 
quantity from 0.7 to 0.35 equiv. led to a decrease in both 
transesterification and average functionality. Other groups 
have reported similar observation with changes in 
temperature.25 When the temperature increased, the amount 
of transesterification increased as well. To achieve a good 
balance between functionality and side reactions, the catalyst 
was set at 0.7 equiv. Afterward, acrylic acid was added in 
different quantities, specifically 8, 12, 16, 24, and 32 equiv. 
relative to the CO molecule. The average acrylate functional 
group for each reaction was determined using Equation 2 where 
A is the integrated area of the corresponding peaks.

Average acrylate functionality,   f̅ = 
Aa

Ai/6
               (2)

where f̅ is the average functionality, Aa and Ai are the integrated 
areas of peaks a and i, respectively.  

Figure 3Error! Reference source not found. shows how 
increasing the amount of acrylic acid influences the average 
functionality f̅, and the reaction conversion.  Increasing the 
amount of acrylic acid increases the average functionality, but 
only up to a certain plateau. The average functionality 
corresponds to 1.87 for 8 acrylic acid equiv., up to 2.78 for 32 
equiv., resulting in an average double bond conversion of 49 to 
73% respectively. These results are also shown in Table 1. 

The reaction was also carried out three times using the same 
amount of acrylic acid (16 equiv.) and yielded the same result 
each time, demonstrating excellent reproducibility. Increasing 
the amount of acrylic acid did not affect the extent of 
transesterification, as evidence by unchanged 1H NMR spectra 
in the 4.0-4.5 ppm range (Figure S2). However, it should be 
noted that a variation of the functionality was observed with a 
different reaction scale. The functionality decreased on a 
smaller scale compared to a larger one (Figure S3). We 
recognize that the reaction scale effects are typically observed 
in the opposite direction. Therefore, further investigation is 
required to elucidate this unexpected trend, especially 
regarding its implications for potential industrial-scale 
implementation, where a particular attention to agitation 
speed, impeller type, liquid level, and flask size should be made.

Characterization of the acrylated canola oil (ACO) 
formulations
FTIR analyses.
The characterization of the ACO resin was also performed 
through FTIR analysis. Figure S4A shows the ACO spectra before 
and after the UV irradiation. On ACO, the peak at 1722 cm-1 and 
1193 cm-1 are assigned to the C=O and C–O vibration in 
triglycerides, respectively. The vibrations of C=C in acrylate 
groups are observed at 1636 and 1619 cm−1 and the band at 809 
cm-1 was attributed to the cis-CH=CH group vibrations. The 
absorbance of the latter was used to follow the polymerization 
conversion values (Figure S4). In every case, conversions were 
not complete and are ranging from 73 to 82%. 

Optical analyses. The ACO oils exhibited slightly different 
colorations between themselves. ACO1 and ACO2 with a f̅ = 1.87 
and 2.19, respectively appeared lighter than the remaining 
three, i.e. ACO3, ACO4 and ACO5. This visual analysis was 
confirmed using optical characterization. The ACO samples 
were therefore analysed by UV-Vis spectroscopy by diluting 
them in chloroform (Figure S5), without any photoinitiator. 

Figure 3. Average number of acrylate functionality and 
corresponding conversion as a function of the amount of acrylic 
acid used.

Figure 4. Rheology analysis of ACO1-5. The viscosity measured as a 
function of a shear rate ranging from 0.1 to 90 s⁻¹ under isothermal 
conditions (25 °C).
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Thus, these absorbance spectra only correspond to the ACO 

compounds and are not fully representative of the absorbance 
of the formulations used to conduct the Jacobs working curves 
(vide infra).  A shoulder around 375 nm appears for the darkest 
specimens (ACO3, ACO4 and ACO5). Additionally, there was a 
decrease in the absorbance for ACO3, ACO4 and ACO5 
(7.27 x 10-2, 6.79 x 10-2, 6.27 x 10-2, respectively) at 405 nm as it 
can be seen on the spectra. ACO1 and ACO2 compounds do not 
have this characteristic shoulder at 375 nm and have almost the 
same absorbance (4.87 x 10-2 and 4.81 x 10-2, respectively) at 
405 nm. The disparity between the two groups, ACO1–2 and 
ACO3–5, may be attributed to scattering effects – yet this is a 
hypothesis that should be studied in depth in a different study.

Rheology. The viscosity of the printing material significantly 
influences the 3D printing process.35 In VP processing, the 
higher the viscosity, the longer the waiting time of the recoating 
process, and the longer the printing time. It can also cause 
jamming issues and may require special modifications to the 
printer or process to ensure optimal print quality.36, 37 In the 
case of vat polymerization printing, the targeted viscosity range 

is often between 0.2 and 10 Pa·s at the shear rate of 0.1-100 s-

1.38-40 Thus, to evaluate the suitability of the functionalized 
vegetable oils and to study the impact of the functionality on 
viscosity, a rotational viscometer was employed to measure 
their viscosity as shown in Table 1. Viscosity was measured as a 
function of a shear rate ranging from 0.1 to 90 s⁻¹ at 25 °C and 
values were reported on Table 1. The viscosity of various 
specimens stays relatively constant, ranging between 0.8 and 
1.1 +/- 0.2 Pa·s at ~30 s-1. For ACO2-5, a slight decrease in 
viscosity appears to occur as functionality increases. The 
viscosity range is in accordance with literature.32, 41 
Interestingly, all ACO demonstrate a viscosity suitable for MSLA 
printing, showing a minor reduction as the shear rate rises. This 
pattern suggests weak shears-thinning/near-Newtonian fluid 
behavior.

3D Printing using MSLA
One of the key parameters in the determination of the printing 
conditions is the minimum cure energy (Ec), which is the critical 
exposure energy required to cure the monomer resin to its gel 
point. Another important aspect is the depth of penetration 

(Dp), which represents the distance UV light can travel into the 
resin before its irradiance decreases to 1/e (about 37 %) of its 
initial value. If the Dp is too low compared to the desired 
thickness of the layers during subsequent VP printing, the bonds 
between the layers may not form properly. On the contrary, if 
the Dp is too high, the resolution can be affected.42 The 
fundamental model for describing the curing behavior in a VP 
system is given by Jacobs equation (3), also known as the 
working curve, based on the Beer−Lambert law, where Cd 
represents the depth of the cure at a given exposure E.  

𝐶d =  𝐷p𝑙𝑛
𝐸
Ec

                                        (3)

The thickness of the polymer (single layer exposure depth (Cd)) 
obtained vs. the exposure energy (E) was plotted on a 
semilogarithmic graph producing a linear dependence with a 
slope of Dp and an x-intercept of Ec (Figure 6). These values are 
also listed in Table 1. Each data point was measured in triplicate, 

Figure 6. Jacobs working curves for ACO1-5. Ec and Dp were extracted 
as x-intercept and slope, respectively.

Figure 5. Mechanical test for the different functionality. a) 3D Printed type 1BB tensile test specimens. b) Tensile modulus as a function of the average 
acrylate functionality c) Representative stress vs strain curves for ACO1-5.
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and the average value was reported in the graph. The R2 values 
of the Jacobs working curves (ranging from 0.983 to 0.999) 
show an excellent fit of the linear model.  

Values suggest the presence of two different groups, ACO1-2 
and ACO3-5, as seen in the UV-Vis analysis. Within the first 
group, AC01 and ACO2 have similar Dp, 0.175 mm and 0.174 mm 
respectively. This might be due to the fact that they have similar 
absorption values. However, for the second group, i.e., for 
ACO3-5 the absorption was previously shown to decrease with 
increasing functionality; similarly, Dp also decreases as 
functionality increases, demonstrating a simultaneous decline 
in both values. Nevertheless, Dp cannot be directly related to 
the absorption, since ACO2 and ACO3 have similar Dp, but 
different absorption. In both groups, Ec decreases from 
7.03 mJ·cm-2 to 5.15 mJ·cm-2 for ACO1-2 and from 7.94 mJ·cm-2 
to 4.60 mJ·cm-2 for ACO3-5 as functionality decreases. A high 
average number of acrylate functionalities has a higher 
percentage of available acrylic groups and therefore requires 
lower UV intensity and exposure time to photocure. These 
observations are consistent with the findings of Xu et al., who 
reported that increasing the acrylate functionality of gelatin 
resulted in a reduction of Dp from 1.9 mm to 0.61 mm in their 
system.43 The Dp values of our study, ranging between 
0.142 mm to 0.180 mm, are relatively close to the desired ones, 
considering that the layer thicknesses during subsequent MSLA 
printing are between 50 and 100 μm. 

Mechanical and Thermal Characterization

To assess how varying acrylate functionality affects the 
mechanical properties, tensile tests were conducted on five 
samples of type 1BB tensile test specimens printed from each 
ACO formulations (Figure 5Error! Reference source not 
found.a). The tensile modulus was derived from the stress-
strain curve’s slope and displayed in Figure 5Error! Reference 
source not found.b as a function of the average number of 
acrylate functionalities. As this average number rises, the 
tensile modulus doubles from about 9 MPa to 18 MPa, which 
can be attributed to an increase in the cross-linking rate. Our 
material shows a tensile modulus of 13 ± 1 MPa for an average 
number of acrylate functionalities of 2.57. This result is in line 
with the literature, which reports a tensile modulus of 13 ± 0.42 
MPa for the same acrylate functionality for CO.32  The 
elongation at break and tensile strength  of all the specimens 
are reported in Table S1. Elongations at break are relatively 
close varying between 3.1 and 4.6% and have no correlation 

with the average functionality. Ultimate tensile strength slightly 
increases from 0.26 to 0.52 MPa and could be linked to the 
increase in the average double bond conversion. Other 
researchers have noticed similar outcomes in terms of tensile 
modulus and strain for vegetable oil-based polymers.23, 32 The 
tensile modulus more than doubles when the average 
functionality increase; nonetheless, this rise is relatively small. 
In comparison, a commercial resin (Anycubic Standard Resin) 
has a tensile modulus, tensile strength and elongation at break 
of around 1700 MPa, 45 MPa and 14 %, respectively, which is 
much higher than the ones obtained with our ACOs.
However, to significantly boost the tensile modulus and 
optimize the elongation at break, alternative strategies, such as 
incorporating different monomers to form copolymers, should 
be explored. Several examples are found in the literature where 
this strategy was used, such as the group of Ostrauskaite, who 
mixed soybean oil and vanillin-based acrylate.10, 30, 44 In some 
cases, the tensile modulus even surpassed GPa such as 
polymers made from bio-based carboxylic acids with tensile 
modulus reaching around 4.5 GPa.45 
Thermal analyses of ACO1-5 (Figure S6) showed that the 
degradation temperature at 5 % of weight loss was found to be 
around 243 °C ± 10 °C. The exact temperature for each ACO is 
reported on Table S2. DSC analyses of ACO1-5 (Figure S7) 
showed glass transition temperatures ranging from -9 to -1 °C. 
The exact values are reported in Table S3. Those values are in 
the same range as different articles in literature for similar 
compounds.34, 44 

3D printing tests. Several prints were realized (Figure 7Error! 
Reference source not found.) using ACO3 as it represents the 
midpoint formulation among the five tested resins and 
therefore reflects the average material performance. It should 
be noted that all the compounds ACO1-ACO5 were printable 
using MSLA as the tensile test specimens were 3D printed. All 
3D structures were printed using a layer thickness of 50 μm. The 
exposure time was set to 90 s for the bottom layer and 20 s for 
others. The logo of our lab (Figure 7a) was printed using 
supports that left some hole at the back of the printing. 
Nevertheless, the 3D print showed good overall quality. 
Another printing, the well-known Harry Potter™ castle (Figure 
7Error! Reference source not found.b and c), was realized at a 
relatively small scale (X 25 × Y 35 x Z 17 mm). The object 
demonstrated a high printing fidelity (>98 %), as calculated 
based on the magnified views in Figure S8. However, some fine 

Figure 7. 3D printing of a) Lab Laventure logo, b) and c) Hogwarts castle.
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structures, such as the bridge pillars, collapsed during the 
washing step, likely due to insufficient rigidity of the material. 

Conclusions
In summary, we investigated how changes in the average 
functional group content of VO affect both the formulation 
properties and the performance of the 3D printed materials. CO 
was functionalized with different amounts of acrylic acid. All 
ACO formulations were printable with an excellent printing 
fidelity and exhibited suitable viscosities for MSLA. These results 
further confirm that vegetable oils are a promising alternative 
to petroleum-based resins. However, their mechanical 
performance remains lower than that of commercial 
petroleum‑based resins, highlighting the need for 
complementary strategies such as co‑monomer incorporation, 
post‑curing optimization, or crosslink density enhancement. 
Blending ACO with other bio-based monomers would represent 
a promising strategy to achieve additional changes in the final 
material properties and unlock new classes of sustainable 
materials, including shape-memory polymers, advanced 
coatings, and next-generation additive-manufacturing resins. 41, 

46-48 . 
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