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Abstract

Polyurethanes are renowned for their incredible versatility. They are available in various forms, such as foams, thermo-
plastics, elastomers, and paints. These polymers are synthesized from two chemical substances: isocyanates and polyols.
The increasing interest in the utilization of materials from renewable sources has spurred significant research in search of
replacements for these two substances. For instance, castor oil can be used as a substitute for polyol, in addition to being an
abundant renewable source. In this context, the objective of this study is to investigate how the variables temperature (2 °C,
24 °C, and 70 °C) and mass ratio (2:1, 1:1, and 1:2) influence the final properties of polyurethane foams. The foams were
prepared using the one-shot method under controlled agitation. The results indicated that replacing polyol with vegetable oil
was successful, as evidenced by the appearance of reference bands in the FTIR spectra. XRD and DSC analyses confirmed
the amorphous nature of the polyurethanes, and TG tests demonstrated that a temperature of 70 °C significantly reduced the
thermal stability of the foams, especially those based on vegetable sources. However, synthesis temperatures of 2 °C and
24 °C did not show considerable alteration in thermal stability. And the analysis of the effect of the sol fraction variables

demonstrated that the polyol/isocyanate ratio has a significant effect, especially in vegetable-based foams.
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Introduction

Polyurethanes (PUs) are versatile polymeric materials avail-
able in various forms, including foams, adhesives, paints,
and tapes. Among these variants, PU foams stand out, cur-
rently accounting for more than 50% of the market consump-
tion [1]. Due to their remarkable versatility, flexible foams
can find applications in the automotive industry, such as in
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seats, as well as in furniture and mattresses. Rigid foam can
be utilized for thermal and acoustic insulation, as well as in
packaging and footwear [2—4].

PU foams are synthesized through a two-step process
known as gelling and blowing reactions [2, 5]. To facili-
tate this synthesis, two primary reagents are required: iso-
cyanates and polyols [6, 7]. However, these reagents are
derived from non-renewable sources, leading to the emis-
sion of substantial amounts of carbon dioxide (CO,) into
the atmosphere. This contributes to global warming and
environmental pollution due to their low degradability [1,
8]. Furthermore, there is a growing dependence on fossil
resources, driven by the increasing price of a barrel of oil.
Therefore, it is of utmost importance to replace these materi-
als with renewable resources to mitigate their environmental
impact [1].

Hence, vegetable oils, such as castor oil extracted from
the seeds of the Ricinus communis plant in the Euphorbi-
aceae family, emerge as sustainable and economically viable
alternatives to petrochemical polyols, due to their degra-
dability and low impacts on the environment [2, 9, 10].
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Furthermore, it is a renewable resource present in several
countries with a tropical climate, which ends up boosting
its use as a raw material [2, 11], as it is considered a natural
polyol, which does not require chemical modifications to
react with isocyanate to form PUs, in addition to being a
non-edible oil, which does not affect food safety [12].

Several works in the literature use castor oil as a raw
material, along with other materials, such as glycerol and
lignin for the production of PUs, however they do not men-
tion the influence of the variables temperature and mass ratio
on the synthesis, as well as the final properties arising from
the union between only castor oil and isocyanate in the pres-
ence of these variables [13, 14].

Therefore, the present study aims to investigate the vari-
ables of temperature and mass ratio in the synthesis of PU
foams based on castor oil, as well as to evaluate which of
these variables influence the final properties of the material,
thus being able to assist in a better understanding of the syn-
thesis conditions between crude castor oil and isocyanate.

Materials and methods
Methodology

In order to evaluate the variables that influence the proper-
ties of PU foams, syntheses of 18 PU samples were carried
out using the one shot method [15], which consists of vigor-
ous agitation of the reagents inside a container, for approxi-
mately 60 s until foam formation. Samples were obtained
using commercial diphenylmethane-2,4'-diisocyanate (Rede-
lease, Brazil), commercial polyol (Redelease, Brazil) and
castor oil (QuimisulSC, Brazil). The samples were synthe-
sized at 2 °C, 24 °C and 70 °C, with the aid of a water
bath and a cooling chamber, in which the reagents were
arranged in this equipment until they reached stability at
the desired temperature and, subsequently, were synthesized
under stirring around 300 RPM under the same temperature

conditions. The synthesis temperatures of 2 °C, 24 °C and 70
°C correspond to levels (-1, 0 and 4+ 1) according to Table 1.

Thus, a 32 factorial design was performed for castor oil-
based foams using castor oil with the diphenylmethane-2,4'-
diisocyanate and another 3% design under the same condi-
tions for the control group for comparison purposes with
polyol and diphenylmethane-2,4'-diisocyanate. The exponent
is the number of variables, in this case the temperature and
the reagents. The base refers to the lower, intermediate and
higher levels, as demonstrated in Table 1. After the synthe-
ses, the samples were reserved in the laboratory for 24 h and
later characterized.

Characterization of polyurethane foams
Fourier-transform infrared spectroscopy (FTIR)

The PU foams were characterized by FTIR using the Perki-
nElmer Spectrum 65 spectrophotometer. To generate the
spectra, a resolution of 4 cm~! was used with a 64-scan
sweep.

X-ray powder diffraction (XRD)

In order to evaluate the crystalline structure of the foams,
diffractogram measurements were made with the LabX
XRD-6100 equipment, Shimadzu. The analysis parameters
were: V=40kV,1=30 mA, v=2°min, using the range of 5
to 37 degrees with Cu Ka radiation (A=0.15406 nm).

Thermogravimetric analysis (TG)

To evaluate the thermal properties of foams, thermogravim-
etry tests were carried out with the TGA/DTA equipment
model 6200 from the brand SII Nanotechnology. The analy-
sis parameters were the following: 5 mg of sample, heating
rate: 10 °C/min, temperature range from 25 to 900°C and
nitrogen atmosphere with a flow rate of 100mL/min.

Table 1 32 Factorial planning

for foam synthesis Sample Ratio Tempera- Pplyol and castor Isocyanate  Isocyanate %ndex Isocyanate ?ndex
ture (°C)  oil (g) +£0.001 (g)+0.001  for castor oil PU  for conventional
PU
1 2:1 +1 4.92 2.46 41.25 54.21
2 2:1 0 4.92 2.46 41.25 54.21
3 2:1 -1 4.92 2.46 41.25 54.21
4 1:1 +1 3.69 3.69 82.50 111.05
5 1:1 0 3.69 3.69 82.50 111.05
6 1:1 -1 3.69 3.69 82.50 111.05
7 1:2 +1 2.46 4.92 165.00 223.28
8 1:2 0 2.46 4.92 165.00 223.28
9 1:2 -1 2.46 4.92 165.00 223.28
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Differrential scanning calorimetry (DSC)

With the purpose of analyzing the thermal transitions of
the foams, DSC curves were carried out, the 1st stage being
the heating and cooling process with an isotherm of 3 min
at 110 °C and subsequent cooling to -90 °C to erase the
thermal history. The 2nd stage of heating and cooling were
considered for data collection using the DSC 25 equipment
from the TA Instruments brand. The analysis parameters
were the following: 5 mg of sample, heating rate of 10 °C/
min, temperature range from -90 to 110 °C and nitrogen
atmosphere with a flow of 50mL/min. Data were collected
using the Trios software.

Sol fraction

To determine the sol fraction of the prepared foams, approxi-
mately 0.2 g of dry sample was weighed and conditioned in
xylene for approximately 72 h at room temperature. Then,
the samples were removed and dried for 72 h at 60 °C in an
oven. The sol fraction values were determined using Eq. 1,
where m represents the initial mass of the sample and m,
represents the mass after extraction and drying.

s="1"" o 100%
- 0 (1)

Results and discussions

Foams based on castor oil and conventional foams
obtained through factorial design

Figure 1 shows the foams obtained, and it is possible to
observe that there was variation in both color and expansion.
Castor oil-based foams, synthesized at 2 °C, showed a darker

Fig. 1 Castor oil-based foams
on the left and conventional
foams on the right

color, close to the color of castor oil, which was not observed
for conventional foams. Regarding the expansion, sample 7
was the one that presented the highest volume synthesized
with excess isocyanate and at a temperature of 70 °C, both
for conventional foams and for foams based on vegetable oil.
According to Wang et al. (2022) [16] temperature drastically
affects foam formation, since a higher temperature favors an
increase in the reactivity of the polymer molecules, which in
turn end up colliding more and ends up accelerating polym-
erization and expansion responses. The result of this is a
higher polymerization rate that ends up generating foams
faster and with larger volumes [17].

Characterization by Fourier transform infrared
spectroscopy of conventional foams (FTIR)

Figure 2 presents the spectra of the 9 samples synthesized
with polyol and isocyanate. It can be observed, at approxi-
mately 3400 cm™, the OH stretching present in the samples,
which refers to the residual hydroxyl present in the polyol.
The peaks in the regions between 2932 cm™! and 2852 cm™!
indicate the presence of asymmetric and symmetric meth-
yls. The carbonyl bonds [6, 18, 19] are at approximately
1717 cm™! present in the PU. In the region of 1592 cm™"
there is the C—C stretching from the aromatic ring of the
isocyanate, while at 1524 cm™! there is the coupling of
the vibrations of the C-N group to the N-H of the group
(-CO-NH-) [18]. In the region of 1415 cm™!, there is the
presence of symmetric angular deformation in the plane of
the CH, group, in the region of 1222 cm™!, vibrations of
the C-O group are observed linked to the stretching of the
carbonyl of the urethane group and finally, in 1078 cm™" we
have the out-of-plane deformation of the C-H of the oxygen
united with the out-of-plane deformation of the O=C-O pre-
sent in the urethane group [18]. Only in samples 7, 8 and 9
was the appearance of the NCO group observed, at approxi-
mately 2270 cm™!, attributed to the remaining isocyanate
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groups that were not consumed during the reaction due to
a higher ratio of isocyanate compared to polyol for these
samples [20].

Characterization by Fourier transform infrared
spectroscopy of castor oil-based foams (FTIR)

In (Fig. 3), in relation to the FTIR spectra of the PU sam-
ples with CO, firstly, the characteristic band of the hydroxyl
groups, observed in the region of 3350 cm™!, with great

Wavenumber (cm™)

intensity, which suggests that the castor oil used contains
high amount of OH groups [18]. Then there is the pres-
ence of two bands attributed to CH; and CH, deformation at
2923 cm™! and 2853 cm™, respectively [21]. A double peak
referring to the stretching of the C=0O carboxyl group [22]
was identified at 1732 cm™! and 1730 cm™'. Next, the band
at 1595 cm™! is observed, which is related to the vibration
of the benzene ring of the isocyanate [20]. At 1510 cm™!,
vibration of the N—H group of urethane is observed [21].
It is important to highlight that there was no formation of

Fig.3 FTIR spectroscopy of
PU samples with castor oil and
isocyanate
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urea-type bonds in any of the spectra, being generally visu-
alized in the region between 1680 cm™! and 1650 cm™'. In
the region 1226 cm™! there are vibrations of the C-O bond,
related to the stretching of the carbonyl present in the ure-
thane group [23]. As observed in the spectra of Fig. 2, of the
conventional foams, the PU foam with castor oil also showed
peaks at 2260 cm™! of the isocyanate groups that ended up
not reacting due to the higher ratio of this substance in the
reaction in samples 7, 8 and 9 [24].

Another interesting characteristic observed in samples
7, 8 and 9 is that sample 7, synthesized at a temperature
of 70 °C, presented a peak at 2260 cm™! referring to the
isocyanate groups with lower intensity when compared
to samples 8 and 9 the sample that presented the greatest
expansion. These same behaviors can be observed in the
spectra of conventional foams in (Fig. 2). As pointed out by
Trovati et al. (2010) [25]. a large amount of free OH groups
contributes to a more flexible polymer structure, since the
excess of hydroxyl group ends up decreasing the degree of
crosslinking of the PU chain, therefore, it can be stated that
all 9 samples of PU with castor oil have flexible characteris-
tics. This same classification can be applied to the conven-
tional foams in (Fig. 3).

Sol fraction values

Table 2 presents the sol fraction values for conventional
foams and castor oil-based foams. It is possible to note that
the conventional foams PU 1, PU 2 and PU 3, prepared with
a 2:1 mass ratio of polyol to isocyanate exhibited higher
values of sol fraction. On the other hand, the other sam-
ples demonstrated a decrease in soluble fraction values as
the amount of isocyanate in the formulation increased. This
trend suggests that increasing the amount of isocyanate in
the formulation results in a greater crosslinking density of
the material [26].

For the castor oil-based foams, it is noteworthy that
they exhibited a significantly higher sol fraction compared

Table 2 Sol fraction values for PU foams and castor-oil based foams

Sample Sol fraction content Sample Sol fraction
(Wt%) content (wt%)
PU 1 7.40 PUCO 1 28.58
PU2 7.93 PUCO2 35.41
PU 3 24.67 PUCO3 48.83
PU4 0.78 PUCO 4 12.32
PU5 0.67 PUCOS5 5.86
PU6 12.87 PUCO6 0.09
PU7 2.12 PUCO7 3.33
PU 8 0.94 PUCO 8 3.32
PU9 0.69 PUCO9 6.05

to conventional foams, especially for the PU CO 1, PU CO
2, and PU CO 3 samples, which were prepared with a 2:1
mass ratio of castor oil to isocyanate. The data obtained
corroborates the FTIR discussions, as a higher sol fraction
indicates a smaller extent of crosslinking of the polymer
molecules, thereby reducing the degree of crosslinking
of the polymeric structure and favoring a more flexible
structure [27].

Effect of experimental variables

Using each of the experimental levels described in Table 1, it
is possible to calculate the effect of each variable by compar-
ing the levels of sample smoothness at high, medium, and
low levels (-1, 0, and + 1), corresponding to the isocyanate/
polyol ratio of 2:1, 1:1, and 1:2, respectively. To do so, the
value obtained from the response at the highest level of com-
parison, sol fraction, was added and subtracted from the sum
of the others. These studies are described in Table 3.

The Table 3 illustrates the differences between PU and
PU CO samples. The increase in ambient temperature
proved to be of limited significance, as evidenced by the
proximity of the obtained values for the temperature vari-
able at the 1 and O intervals in both cases. However, nota-
ble negative values were observed at the 1 and -1, as well
as 0 and -1 intervals, indicating that a decrease in tem-
perature leads to a reduction in the soluble fraction. Thus,
within these intervals, an increase in temperature favors a
decrease in the soluble fraction, albeit significantly only
up to ambient temperature. Furthermore, upon comparing
the magnitudes of this effect, it is apparent that PU CO
samples exhibited lesser impact compared to PU samples,
attributed to the modulus of the effect of PU CO samples
being nearly three times smaller than that of PU samples.

Regarding the polyol-to-isocyanate ratio, it was
observed that in all intervals, the effect is positive; that is,
an increase in polyol in the sample tends to increase the
soluble fraction of the material. This influence was more
pronounced in PU CO samples, as evidenced by the larger
magnitudes of the effects compared to PU samples, with
the exception of the analysis at the 0 and -1 interval.

Table 3 Table of Experimental Variables Effects

Comparison range Variable Effect PU Effect PU CO
land 0 Temperature 0.760 -0.360
Ratio 25.68 94.55
1 and -1 Temperature -27.93 -10.74
Ratio 36.25 100.12
0and -1 Temperature -28.69 -10.38
Ratio 10.57 5.57
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Characterization by X-ray Diffraction
of conventional foams (XRD)

Analyzing the XRD spectra of the conventional foam sam-
ples in (Fig. 4), it can be observed that all the samples pre-
sented a very intense peak close to 20 =20°, which is gener-
ally observed for pure PU. Furthermore, it is a characteristic
peak of materials that contain an amorphous structure [28].
All samples of conventional foams can be classified as soft,
since the amount of hydroxyls present in the polyol it con-
trols the degree of crosslinking of the polymeric chains,
therefore, a large proportion of polyol leads to a decrease
in the degree of crosslinking present in the urethane, which
ends up making the foam less rigid and also less crystalline,
thus being classified as soft. The results found corroborate
the FTIR spectra from the foam, which also classify foams
as soft [25].

Characterization by X-ray Diffraction of castor oil-based
foams (DRX)

Examining (Fig. 5), which deals with the XRD spectra of
foams with castor oil, a great similarity with conventional
foams can be noted. Only one peak was observed in all sam-
ples, intense and wide close to 20 =20° [29], also observed
in conventional samples, with a slight displacement for PU
CO 6, resulting in a value of 20.3°. This peak found indicates
the amorphous nature of PU, which is observed in other
works in the literature [30]. Samples 1, 2 and 3 could not be
characterized as they were too viscous. As identified for con-
ventional foams, foams with castor oil can also be classified

as soft, which is in accordance with the spectra obtained by
FTIR [31].

Thermogravimetry and derivative analysis
of conventional PU samples (TG-DTG)

Figure 6 demonstrates the TG and DTG curves of conven-
tional PU foams. The thermal decomposition process of PU
is divided into three stages [25, 32]: the first stage of thermal
decomposition of the rigid PU segments occurs due to the
disappearance of the diphenylmethane that is part of the iso-
cyanate, as well as the breaking of the urethane bonds, C-O,
which present low binding forces, which when decomposed
form volatiles such as CO,, amines, aldehydes, among other
compounds [33-35].

The second and third stages deal with the thermal decom-
position of the soft segments through the breaking of the
ester groups, which have greater binding strength [25, 32,
35]. It can be noticed that sample PU 1, which was synthe-
sized at a temperature of 70 °C, presented lower thermal sta-
bility than samples PU 5, synthesized at room temperature,
and sample PU 9 prepared at 2 °C, with isocyanate indices
of 54.21, 111.05 and 223.28, respectively. Therefore, it can
be seen that by increasing the isocyanate index, the foam
becomes more thermally stable [36].

At the beginning for the DTG curves, there is a discreet
thermal event around 50 °C to 100 °C due to the amount of
water present in the sample. It is possible to characterize the
three foams as being flexible, which is corroborated by the
characterizations by FTIR and XRD, since they present three
characteristic peaks of thermal degradation as demonstrated

Fig.4 XRD spectroscopy of
conventional PU samples
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Fig.5 XRD spectroscopy of
PU samples with castor oil and
isocyanate
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by Trovati et al. (2010) [25], disregarding the first peak due
to the presence of water.

According to Table 4, the three foams showed very simi-
lar thermal behavior, with the exception of PU 1, which was
synthesized at a temperature of 70 °C, with a polyol/isocy-
anate ratio of 2:1, which showed the beginning of decom-
position at 177.92 °C.

A possible explanation for the PU 1 sample presenting
lower thermal stability than the others may be related to the
content of aromatic fractions of the isocyanate, as well as the
amount of urethane bonds. This sample showed a lower ratio
of isocyanate to polyol, in addition to the influence of tem-
perature, which may contribute to a low thermal property.
Therefore, the low thermal stability of the urethane bonds
is related to the weak dissociation energies of the chemical
bonds that make up the urethane structure, resulting in a
smaller amount of crosslinks between the PU chains. This,
in turn, may lead to a lower thermal behavior of PU 1 com-
pared to other samples [37].

Table4 T, and T, values for conventional foam samples with decomposition and mass loss temperatures
1st Step 2nd Step 3rd Step

Sample T, (°C) T °C)  Massloss (%) Tyt (°C) T CC)  Massloss (%) Tt CC) Trax °C)  Remain-
ing mass
(%)

PU 1 177.92 207.50 4.89 22731 382.02 55.23 431.96 464.75 10.30

PU 5 190.75 210.24 4.14 225.74 329.51 3352 423.21 461.25 18.43

PU9 198.86 219.41 4.12 248.11 330.51 30.27 425.08 463.74 19.41
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Thermogravimetry and derivative analysis of castor
oil-based PU foams (TG-DTG)

Figure 7 illustrates the TG curves for castor oil-based foams,
which show two main stages of thermal degradation [38].
The shape of the curves were quite similar, except for the
PU CO 1 sample, which presented a much lower thermal
stability than the others. When comparing the samples with
the conventional foams, it is noted that the PU 1 sample pre-
sented similar thermal behavior, being the sample with the
lowest thermal property in relation to the others. It is impor-
tant to highlight that both PU CO 1 and PU 1 presented
isocyanate indices of 41.25 and 54.21, respectively. Low
isocyanate index values can significantly reduce the ther-
mal stability of PU, as the isocyanurate content is decreased
[39]. Thus, both foams based on castor oil and petrochemi-
cal polyol synthesized with low isocyanate indices at 70 °C
showed lower thermal stability.

It is possible noticed that for the DTG all samples pre-
sented thermal events at approximately 50 °C due to the
presence of water, as well as two main thermal degradation
stages, as stated by Javni et al. (2000) [38].

Table 5 shows the values of the thermal degradation
stages of the samples. The first step is related to the decom-
position of urethane bonds, which vary from 150 to 200 °C
[38]. The second stage is associated with the decomposi-
tion of castor oil, which contains ricinoleic acid, which may
result in the formation of 10-undecanoic acid and heptanal
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80 - o [——DTGPUCO 1 J050
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Fig.7 TG and DTG curves for castor oil-based PU foams

[32]. As observed in the conventional foam PU 1, the PU CO
1 showed low thermal stability, with the onset of degrada-
tion at approximately 151.03 °C. This may be due to the fact
that a higher temperature strongly influences the breaking
of crosslinks, which are related to low activation energies.
In this way, only the strongest bonds between the chains
remain intact, which results in a low thermal stability of the
material [40].

Thermal stability between castor oil-based foams
and conventional PU foams

It is possible to note that there was a significant difference
in thermal stability between castor oil-based foams and con-
ventional foams, which may be directly related to the tem-
perature variables and, mainly, to the mass ratio between the
reactants. The PU 1 and PU CO 1 foams, synthesized at 70
°C with a mass ratio of 2:1 (polyol/isocyanate), presented
lower thermal stability than the PU 5, PU CO 5, PU 9 and
PU CO 9 foams prepared with ratios of 1:1 and 1:2 at tem-
peratures of 24 °C and 2 °C, respectively. Furthermore, it
is worth highlighting that castor oil-based foams had low
levels of isocyanate compared to conventional foams, which
reduces the cross-linking of the polymer chains and, conse-
quently, reduces their final thermal stability [41]. However,
it is possible to find PUs derived from renewable sources
that present degradation stages between 125°C and 215°C
[42]. Thus, castor oil-based foams, despite being thermally
inferior due to the synthesis temperature and low isocyanate
content, demonstrated to be within the degradation tempera-
ture range for PUs from renewable sources.

Differential scanning calorimetry of conventional
foams (DSC)

Figure 8 shows the DSC curves of conventional and castor
oil-based foams. It can be seen that only PU 1 exhibited an
apparent glass transition temperature (Tg), at 56 °C, which
is the hard segments of the PU [43]. No B (Tp) transition was
noted at negative temperature for any of the samples, which
indicates that conventional foams PU 1, PU 5 and PU 9 did
not demonstrate cold crystallization [44].

The Tg, with positive temperature, found for PU 1 is very
close to the values found in the literature for conventional
foams, which range from 52 to 66 °C [44, 45]. Therefore,

2nd Step Remaining mass

Tonset CC) Trax °CC) Massloss (%) Typee (°C) Ty (°C)  Mass loss (%)

Table 5 Tm}Sel and T, ,, values Sample  1st Step

for castor oil-based foam

samples with decomposition

temperatures and mass loss
PUCO1 151.03 201.01
PUCOS5 161.74 189.92
PUCO9 158.96 195.59

20.94 316.67 379.99 64.96 6.12
12.32 325.78 397.74 58.77 10.52
14.47 348.18 434.79 65.55 13.83
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it is possible to state that the PU 1 synthesized at a tem-
perature of 70 °C did not present a significant difference
in Tg displacement, despite being the foam with the lowest
thermal stability, as previously discussed in Section "Ther-
mogravimetry and derivative analysis of conventional PU
samples (TG-DTG)" of the TG graph. It is important to
highlight that the absence of endothermic peaks related to
the melting of the crystalline or rigid segments indicates the
amorphous structure of the PUs, which is in agreement with
the data obtained by XRD [43].

In contrast to the conventional PUs, the castor oil based
samples exhibited different Tg values, especially the PU
CO 1, which presented a Tg of -31.79 °C, coming from
the flexible segment, since castor oil has C-O bonds [38].
This change in Tg, compared to the other samples, can be
explained by the 2:1 ratio between castor oil and isocyanate,
resulting in an excess of oil that significantly contributed to
the sharp decrease in the Tg value of the material. This effect
can lead to a reduction in crosslinking and, consequently, to
greater mobility of the material chains [46].

Unlike the conventional PU 5 which did not exhibit any
apparent Tg value, the PU CO 5 presented a Tg of 49.98 °C
close to the values reported in the literature for the rigid seg-
ment, while for the PU CO 9 sample the Tg was not observed
[44, 46, 47].

Conclusions

With this research, it was possible to identify the variables
that influence PU synthesis through factorial planning. Cas-
tor oil successfully replaced petrochemical-source polyol in
the preparation of foams, as evidenced by the characteristic
PU bands found in the FTIR spectrum. Furthermore, the

castor oil-based PU foams showed lower crosslinking com-
pared to conventional foams.

The XRD diffractograms revealed that none of the vari-
ables included in the factorial design affected the crystalline
structure of the PU foams. However, in TG tests, conven-
tional foams showed greater thermal stability compared to
castor oil-based foams, but lower thermal stability synthe-
sized at 70 °C, while samples synthesized at 2 and 24 °C
did not show significant differences in thermal stability. The
DSC tests only indicated the glass transition of the samples
related to the rigid phase, without any other associated ther-
mal event. This confirms that the materials obtained have
an amorphous structure, with the exception of PU CO 1,
which presented a negative glass transition due to the greater
amount of castor oil in relation to isocyanate. Finally, the
evaluation of the effects of the experimental variables dem-
onstrated that temperature did not have a strong influence
on the soluble fraction of the foams; however, the polyol/
isocyanate ratio presented a positive effect, with this effect
being more pronounced for foams based on castor oil.
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