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Abstract

This paper presents the investigation of the effect of electron radiation or the combined
action of this radiation and triallyl isocyanurate (TAIC) on the structural, thermal, and
mechanical properties of epoxy resin filled with a fraction of dust fibers (DFs) from recycled
wind turbine blades. The resin containing 20 wt% of DF was irradiated with doses of 40,
80, 120, and 160 kGy. The results showed that electron radiation had only a slight effect on
the properties of the studied composite, mainly on its glass transition temperature. More
significant changes were observed with the combined action of radiation and TAIC. The
main effect that occurred after the TAIC addition was the plasticization of the polymer
matrix. With its participation, the glass transition temperature, thermal stability, and the
hardness of the material and its flexural modulus were significantly reduced. The degree of
change in these properties was regulated by the radiation dose. Furthermore, no significant
changes in the composite structure were observed after radiation treatment, while the
introduction of TAIC into the polymer matrix caused the formation of gas cells, probably
due to the partial decomposition of TAIC.

Keywords: epoxy resin;, wind turbine blade; fiber; triallyl isocyanurate; composite;
radiation treatment; electron beam; recycling

1. Introduction

Wind farms represent one of the most widely utilized sources of renewable energy.
They are characterized by various valuable advantages. Firstly, they produce clean energy
and do not emit greenhouse gases or other air pollutants. Secondly, wind is an infinite
source of energy, which means that such power plants can operate for many years without
the need for additional fuel. Moreover, once they are installed, operating costs are relatively
low. Finally, wind power plants can also be built in a variety of sizes, from small turbines
installed on the roofs of houses to large wind farms that are efficient sources of energy. Wind
power plants also have some disadvantages. In particular, they require strong and constant
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wind to generate energy. They can also negatively affect the environment, especially if they
are built in protected areas or inhabited by wild animals. However, their main disadvantage
is the problem of recycling them after their useful life. The rapid expansion of the wind
energy sector results in a growing number of modern turbines being manufactured, which
simultaneously increases the volume of composite waste requiring appropriate recycling or
disposal. This problem primarily concerns wind turbine blades (WTBs), which are typically
decommissioned after 20-25 years due to material aging or mechanical damage, such as
delamination [1,2].

The utilization of decommissioned WTBs in secondary applications is one way to
properly manage them. To achieve this, they must be recycled to obtain appropriately
shredded fractions of WTBs. Such actions have numerous benefits, especially in the context
of environmental protection and sustainable development. By proceeding in this way,
it can be said that wind energy can then become fully clean energy. Currently, many
works are underway regarding the use of various types of WTB recycling. These include
mechanical recycling [3-5], thermal treatment methods [6], chemical recovery processes [7],
and hybrid (thermochemical) recycling approaches [8]. However, mechanical recycling is of
the greatest importance. It is relatively inexpensive, and it also uses well-known machines
and equipment for processing and recycling plastics. Its use also allows for the obtaining
of shredded WTB fractions of different particle sizes, which can then be used in various
applications, examples of which are presented in subsequent sections of this article. As a
result, new semi-finished products and products with relatively good functional properties
can be obtained.

One of the industrial sectors utilizing shredded or crushed WTBs is the woodworking
industry. Appropriate fractions of WTBs are used in the production of particleboards, as
well as paints and varnishes to protect wood from UV radiation [9]. Hybrid composites
containing both WTB fractions and natural fibers from the processing of pine wood are
also known [10]. A popular area of application for appropriately shredded WTB waste
is also plastics processing, where certain WTB fractions are used as reinforcing agents in
polymer composites. The smallest particle fractions are also applied to enhance the PLA
fibers [11]. Moreover, recycled WTB materials are used in manufacturing infrastructure
elements such as railway and subway sleepers, yard rails, jersey barriers, bollards, and
utility poles [12]. Other utilization areas include the production of composite resin-based
acoustic barriers [13], resin panels, and resin-based floor tiles [14]. In addition to the
woodworking industry and polymer applications, WTB waste has also found extensive
applications in the construction industry. It utilizes various WTB fractions to reinforce
concrete [15-17] or asphalt mixtures [18]. Another area of application for WTB waste is
geopolymer composites [17]. One more area of WTB applications is architecture, road
construction projects, and manufacturing of geotechnical blocks, floating platforms, and
observation towers [19]. In their case, larger WTB elements are often used, not necessarily
crushed into appropriate fractions. Among the numerous applications of WTB waste, two
areas are currently of primary importance. The first refers to construction, mainly the pro-
duction of appropriate modified concretes and asphalts. The second is associated with the
production of resin-based composite materials, typically utilizing the same thermosetting
polymer matrix.

A significant problem with WTB recycling is also the proper utilization of a certain
amount of dusty fraction generated during this process. It is often not homogeneous
and therefore characterized by variable parameters. This fraction may contain different
proportions of fibers and resin, and the fibers themselves may have different structures.
One way to utilize this type of waste is to use it as a reinforcing phase in epoxy resins;
this approach is in line with one of the main trends in the use of WTB waste [20,21].
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The composites obtained in this way, subjected to additional modifications, can gain
new and valuable properties. To modify them, radiation treatment can be used, as well as
promote crosslinking agents such as triallyl isocyanurate (TAIC). In both cases, i.e., radiation
treatment and radiation treatment combined with the action of the allylic compound,
TAIC, the properties of epoxy composites containing the dust fraction of WTBs should
be improved. The application of radiation treatment using, for example, high-energy
electron beams, should cure the resin and improve its mechanical and thermal properties.
In turn, the presence of TAIC should favorably affect the adhesion at the matrix—filler
interface and promote crosslinking. It is also worth noting that by using irradiation,
processing time and costs can be reduced while meeting the high requirements for high-
performance composite structures. This is the main difference between this technology
and the thermal curing process. In addition to shorter curing times, it is also important
to increase production flexibility as well as reduce thermal stresses and volatile organic
compounds (VOCs) [22-25].

Studies on the effects of radiation on epoxy resins are quite well known in the available
scientific publications [26-33]. However, the effect of the electron radiation or its combined
action with TAIC on selected properties of epoxy composites containing a dust fraction
derived from mechanically recycled WTBs has not been reported. This fact prompted
the authors of the present paper to carry out research focused on developing such epoxy
composites and comparing the properties of irradiated composites containing 5 wt% of
triallyl isocyanurate (TAIC) or without this agent. The analyses included the examination
of the following properties: thermal, mechanical, and structural.

2. Methodology
2.1. Materials

The experimental investigations were performed using the following materials:
(i) epoxy resin (EPO)—Epidian 5 (Organika-Sarzyna, Nowa Sarzyna, Poland), synthesized
on the basis of bisphenol A (BPA), with an epoxy number ranging from 0.48 to 0.51, viscosity
of 20,000-30,000 mPas, and a density of 1.15 g/cm?; (ii) curing agent—triethylenetetramine
(Z21) (Organika-Sarzyna, Nowa Sarzyna, Poland), exhibiting an initial boiling point of
275 °C and a density of 0.98 g/cm3; (iii) triallyl isocyanurate (TAIC) (Sigma-Aldrich GmbH,
Germany), applied in liquid form, with a density of 1.16 g/cm?® and a melting temperature
in the range of 23-27 °C; and (iv) dust fraction (DF) derived from shredded wind turbine
blades (WTBs) (Figure 1), characterized by a particle size below 1 mm. The DF contained ca.
49% alkyd resin matrix and ca. 50% glass fibers, while the moisture content was minimal,
at 0.3%. The DF was characterized by the onset temperature of thermal degradation (Tgs)
of the resin matrix at ca. 292 °C, corresponding to a 5 wt% mass loss.

2.2. Apparatus

In order to prepare, modify, and investigate the studied composites, specialized
instruments were used. The mixing of the composite components was carried out using
a mechanical stirrer type Disperlux (ProLab, Gliwice, Poland). The irradiation of the
epoxy/DF composites was performed using a linear electron accelerator type Elektronika
10/10 (Institute of Nuclear Chemistry and Technology, Warsaw, Poland) with an electron
energy of 10 MeV and a beam power of 10 kW. The thermal properties of the materials were
determined with a differential scanning calorimeter type DSC 1 STARe System (Mettler
Toledo, Greifensee, Switzerland), while their thermal stability was measured using a
thermogravimetric analyzer type 209 F1 Libra (Netzsch, Selb, Germany). The morphology
of the fracture surfaces and the interfacial adhesion between composite components were
examined using a scanning electron microscope type Hitachi SU8010 (Hitachi, Tokyo,
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Japan). The specific density of the composites was measured with a helium pycnometer type
Ultrapycnometer 1000 (Quantachrome Instruments, Boynton Beach, FL, USA). Changes in
hardness were evaluated using a Shore D hardness tester type D (Zwick, Ulm, Germany),
while the mechanical properties under static three-point bending were tested with a tensile
testing machine type TIRAtest 27025 (TIRA Maschinenbau GmbH, Schalkau, Germany).
Finally, the impact strength was determined using a pendulum impact tester type IMPats-15
(ATS FAAR, Novegro-Tregarezzo, Italy) in accordance with the Izod impact method.

SEM 15.0kV LM(UL)

Figure 1. Image of shredded WTB dust fraction.

2.3. Sample Preparation

In this study, two types of composite materials were manufactured. In the first step,
the epoxy resin was thoroughly mixed with the curing agent Z1 at a weight ratio of 12:100
(Z1:EPO). In the second step, 20 wt% DF was added before the resin became fully cured,
obtaining in this way the first composite (E). The second composite (ET) was obtained by
adding 5% TAIC to the first composite before its curing. All components were mixed in
a reactor using a mechanical stirrer operating at 1000 rpm for 10 min. Next, the obtained
mixtures in the liquid state were degassed. In the final step, the epoxy composites were
cast into a Teflon mold with dimensions of 10 mm x 4 mm x 80 mm and allowed to cure
at room temperature (25 °C) for 24 h.

Both composites (E and ET) were subjected to electron irradiation at doses of 40, 80, 120,
and 160 kGy. The irradiation process was performed using a linear accelerator generating a
scanned electron beam with an energy of 10 MeV and a power of 10 kW. The maximum
single irradiation dose was limited to 40 kGy due to the temperature increase observed
in the material, which reached approximately 4-7 °C for each 10 kGy dose. Because
higher single doses lead to significant heating of the samples and may induce additional
structural changes, the total irradiation doses were achieved by multiple exposures of
40 kGy. The time intervals between each dose fraction were determined based on the
time needed to cool samples down after absorbing a 40 kGy dose. Dosimetry was carried
out using a graphite calorimeter according to ISO/ASTM 51631-20el. During irradiation,
all samples were placed in aluminum containers forming single layers of up to 5 mm in
thickness. The containers were transported on a conveyor belt moving at a constant speed
of 0.2 m/min beneath the accelerator scanner. The conveyor speed was adjusted according
to the radiation dose absorbed by the modified polymer material. Irradiated samples
were denoted as E40, E80, E120, E160, ET40, ET80, ET120, and ET160, where E means
epoxy/DF composite, ET, epoxy/DF composite containing TAIC, and the numbers indicate
the appropriate dose. Non-irradiated reference samples were denoted with symbols EO
and ET0. The symbols and composition (wt%) of the studied composites are summarized
in Table 1.
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Table 1. Symbols and compositions of studied composites.
Composite E Composite ET
Dose [kGy] EP5/Z1 + DF EP5/Z1/DF + TAIC
(4 to 1 Ratio by Weight) (19 to 1 Ratio by Weight)
0 EO ETO
40 E40 ET40
80 E80 ET80
120 E120 ET120
160 E160 ET160

2.4. Research Methods

DSC measurements were conducted under a nitrogen atmosphere with a flow rate
of 60 mL/min. The samples were sequentially heated from 20 to 220 °C at a rate of
10 °C/min, annealed at 220 °C for 3 min, cooled to 20 °C at 10 °C/min, and reheated to
220 °C at the same rate. The first and second heating cycles were used to evaluate the
thermal properties of the tested samples. Samples of approximately 5-6 mg were taken
from the central part of the bar-shaped specimen core for analysis. Thermogravimetric
(TG) measurements were conducted within the temperature range of 30-900 °C under a
nitrogen atmosphere at a heating rate of 10 °C/min. Samples of approximately 10 mg were
placed in open platinum crucibles. The preparation of samples for TG was analogous to
that for DSC measurements. The surface morphology of specimen fractures and phase
boundary adhesion was examined using scanning electron microscopy (SEM) with a
secondary electron (SE) detector at an accelerating voltage of 15 kV. Fracture surfaces
were obtained by immersing the samples in liquid nitrogen for 15 min, followed by brittle
fracture. Prior to observation, all samples were sputter-coated with an 11 nm layer of gold.
Density was determined using the pycnometric method in accordance with the PN-EN ISO
1183-3:2003 standard. Ten independent measurements were performed for each sample.
Hardness was determined by the Shore method following the PN-EN ISO 868:2005 standard.
Measurements were taken at three points on four randomly selected specimens, and the
final value was calculated as the arithmetic mean of twelve individual measurements.
Flexural modulus (E¢), flexural strength (oq), and deflection (s) were determined using a
three-point bending test at a deflection rate of 5.0 mm/min, in accordance with the PN-EN
ISO 178:2011 standard. Five measurements were conducted for each sample. The impact
strength (ajn) was assessed following the PN-EN ISO 180:2023 standard. For each material,
ten specimens were tested, and the average values were calculated.

3. Results and Discussion
3.1. DSC Analysis

The DSC results are shown in Figure 2 and summarized in Table 2. Figure 2 shows
only example DSC curves, i.e., for samples E0, E160, ETO0, and ET160. The curves of the
remaining samples have a similar shape, so they are not shown. In Table 2, there are values
of the glass transition temperature determined in the first (Tg1) and second (Tg2) heating
cycle, the crosslinking temperature (T ), and the enthalpy (AH) of this process.
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Figure 2. DSC results for EO, E160, ET0, and ET160 samples: (a) first heating; (b) second heating.

Table 2. Phase transition temperatures and enthalpy of the studied samples.

Sample Ty [°Cl Ty [°Cl T, [°Cl AH [J/g]
EO 59.6 98.6 109.5 312
E40 60.7 118.9 110.5 35.8
E80 62.2 119.1 112.2 30.5

E120 62.6 120.6 110.1 29.1
E160 633 120.6 111.0 325
ETO 58.5 93.4 114.6 26.0
ET40 59.8 983 114.9 25.7
ET80 61.1 100.4 116.2 243
ET120 61.7 102.9 116.8 29.7
ET160 62.1 104.5 116.8 26.0

In Figure 2a, a large enthalpy relaxation peak is visible in the range of ca. 63-67 °C.
Before reaching the minimum temperature of this peak, a glass transition occurs at a
temperature ranging from 59 to 63 °C. This temperature is about 35 °C higher compared
to the curing temperature (25 °C), which usually occurs in this type of material. This
difference indicates that the resin, after curing at room temperature, will undergo further
and slow curing over time due to the continuous reaction in the glassy state. Figure 2a also
shows that after exceeding the Tg value, a broad exothermic peak immediately appears,
indicating further crosslinking reactions until the complete curing of the resin. This peak
reaches its maximum in the temperature range of 110 to 117 °C. This reaction is associated
with additional segmental mobility of the macromolecules, as a result of which the resin
should continue to cure with increasing temperature. Importantly, the presence of such
residual exotherm also indicates incomplete resin curing.

In Figure 2b, only the glass transition (Tg) is visible at a temperature in the range of ca.
100-120 °C. The 20 °C difference results from the use of different radiation doses. The lack
of residual exotherm and almost twice as high Tg, values compared to Tg; values indicate
complete curing of the resin. Therefore, based on the comparison of the DSC results from
the first and second heating cycles, it can be stated that the resin was not fully cured at room
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temperature. Furthermore, the applied radiation did not significantly affect the increase in
the degree of its curing.

The data in Table 2 also indicate that with increasing radiation dose, Tg; increased by
a maximum of about 34 °C for both E and ET type samples. In contrast, T increased by a
maximum of 22 °C for E-type samples and by 11 °C for ET-type samples. It can be concluded
that although radiation did not significantly affect the glass transition temperature of the
material cured at room temperature, it had a significant impact on the glass transition
temperature of the fully cured material. Moreover, the TAIC used in the study did not affect
the crosslinking of the investigated resins. The compound rather showed a clear plasticizing
effect; therefore, the glass transition temperatures of the ET-type samples were lower than
those of the E-type samples. From a practical standpoint, using a 25—-curing temperature
for the studied material will result in an under-cured metastable network. If this type of
material is exposed to temperatures higher than ca. 60 °C during use, post-curing can
occur, and the properties would change. For the samples studied, the DSC method showed
increases in Ty associated with post-curing (from ca. 60 to ca. 120 °C) [34].

3.2. TG Analysis

The TG curves of E and ET type samples are shown in Figure 3. Numerical values
of mass loss temperatures 1% (T1e,), 2% (Ta9,), 5% (T59,), and 10% (T1¢%), as well as the
maximum decomposition rate temperature (Tmax.), are summarized in Table 3. It follows
from Figure 3 that all samples had the same thermal stability. The temperature of their
maximum decomposition rate was in the range of ca. 368-375 °C. Significant changes
can only be observed by analyzing the temperature values at mass losses from 1 to 10%.
This is especially visible when comparing the temperature values of type E samples with
the corresponding type ET samples. The differences in these temperatures are shown
in Figure 4. From the data compiled in Table 3 and in Figure 4, it follows that samples
containing TAIC had significantly lower values of mass loss temperatures in the range from
1 to 10% compared to samples without this compound. The differences in temperature
Ty9, were even more than 100 °C, and for higher mass losses, they decreased, i.e., they
were 10-36 °C for 5% mass loss and 2-8 °C for 10% mass loss. The largest differences
(observed for T,9,) may result from the fact that TAIC begins to decompose at a temperature
of ca. 150 °C. Therefore, the highest rate of its decomposition was observed at temperatures
ranging from 216 to 248 °C (Table 3).

Table 3. Summary of numerical values of temperatures for 1, 2, 5, 10% mass lost and Tmax. of the
studied samples.

Sample T19, [°C] Ta9, [°C] Ts9, [°C] Tqo [°C] Tmax. [°C]
EO 266.1 317.3 339.0 349.8 374.1
E40 259.2 314.2 337.8 348.4 375.7
E80 257.0 313.3 337.1 348.7 372.0

E120 248.7 309.6 336.3 348.3 372.4
E160 246.2 310.5 336.6 348.2 370.1
ETO 172.6 216.9 303.1 341.8 368.4
ET40 172.7 217.3 305.8 341.2 374.9
ET80 169.7 216.5 308.9 341.9 367.7
ET120 171.7 220.9 310.0 340.2 371.6

ET160 190.1 247.9 326.3 345.9 369.1
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Figure 3. TG results for samples of types E (thermogram above) and ET (thermogram below).
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Figure 4. Differences in temperatures Tye,, Tpo,, T5e,, and Tyge, between samples of types E and ET.

It is noteworthy that the values of Ty, as well as Tse, and partially Tygo, of ET-type
samples, increased with increasing radiation dose, which indicates partial crosslinking
of the material in the presence of TAIC. The maximum increase was 31 °C for Ty9,. This
statement does not apply to E-type samples, for which the increase in radiation dose did not
affect their thermal stability, especially in the range of mass loss below 10%. Importantly,
the TAIC decomposition observed in the TG investigation indicates that it participated in
the crosslinking of the resin only to a minimal extent. The predominant amount of this
compound, which did not form crosslinking bonds, exhibited only a plasticizing effect. This
statement is consistent with the results of DSC studies, where a significant decrease in the
Tg values of samples containing TAIC was observed. Furthermore, a similar plasticizing
effect was also observed and confirmed in other studies [35,36].

3.3. Microscopic Investigations

Microscopic examinations of the samples, presented in Figure 5, exhibit brittle fracture
behavior with a distinct dispersed phase. They show a continuous polymer matrix, in
which there were glass fibers and resin particles derived from the milling of wind turbine
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blades. Generally, the structure of all samples was the same, and the adhesion at the phase
boundary was very good. No free spaces between the polymer matrix and the dispersed
phase were observed. The only difference that could be observed between the structure
of E- and ET-type samples was the presence in the latter of a small number of round and
shallow indentations (marked with arrows). These are probably closed gas cells formed as
a result of the partial decomposition of TAIC during the exothermic resin curing process.
Another reason for their occurrence could be insufficient degassing of the resin before
curing. Their diameter was ca. 30-70 um. The presence of this type of cells had to be
related to TAIC because this type of indentation was not observed in the structure of E-type
samples. In addition, other types of indentations with a regular shape and diameter were
visible in the structure of both types of samples. These were craters in which the fibers
were originally located. The observed craters did not represent material defects but rather
replicas of the opposite fracture surface of the sample. Moreover, based on the SEM images,
no effect of electron radiation on the structure of individual samples was found.

Figure 5. SEM analysis of the studied samples.

3.4. Density

Density studies were performed due to the results of microscopic observations. The
indentations visible in the SEM images of ET-type samples were confirmed by the reduced
density values of these samples (Figure 6). All ET-type samples exhibited significantly
lower density compared to E-type samples. The largest difference was observed between
samples E and ET irradiated with a dose of 40 kGy. Importantly, no effect of electron
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radiation on changes in the density values of E- and ET-type samples was found. The
density of E and ET samples was ca. 1.21 and 1.15, respectively. The results indicated
that the density values of the individual E-type samples were not significantly different
from one another, as confirmed by their confidence intervals. The same applies to ET-type
samples. Thus, it was confirmed that radiation does not affect the decomposition of TAIC
in the resin. Therefore, the indentations visible in the SEM images of the fracture surfaces
of ET-type samples result from the reasons described in Section 3.3.

12 ®E BET
1.20
1.18
1.16
1.14
1.12
1.10

d [g/em?]

[

i
i,

e

0 80 1
Dose [kGy]

S
N
[}

0 160

Figure 6. Density (d) of the studied samples.

3.5. Mechanical Properties
3.5.1. Hardness

The plasticization effects of the resin by TAIC, as demonstrated in the thermal analysis,
should be visible in the hardness test of the obtained materials. The performed measure-
ments (Figure 7) clearly indicated the occurrence of this effect. The lowest hardness was
exhibited by the ET0 sample (hardness value 75.7). Its hardness value increased rapidly
with increasing radiation dose. However, even the highest dose did not cause a large
enough increase in the hardness of the ET0 sample to make it harder than the correspond-
ing sample without TAIC. With increasing radiation dose, the hardness of the E-type
samples also increased, but this increase was slow and very small. The maximum hardness
value (almost 80) was observed in the E160 sample. However, due to the relatively large
confidence intervals observed in Figure 7, it cannot be conclusively stated that the radiation
treatment influences the hardness of these samples. The greatest difference in hardness
of the samples occurred between the non-irradiated samples E and ET. Furthermore, the
data in Figure 7 show that as the dose increased, the differences in hardness between the
E and ET samples decreased and, for the highest doses (120 and 160 kGy), did not differ
significantly from each other.

81 'SE ®mET
18 8 B
§ 77
=
~ 75
o
57
7]

71

0 40 80 120 160

Dose [kGy]

Figure 7. Hardness of the studied samples.
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3.5.2. Three-Point Bending

The results of the mechanical properties determined from the static three-point bending
tests are presented in Table 4. Relations of o = f(s) for E0, E80, E160, ETO, ET80, and
ET160 samples, concerning the static three-point bending tests, are illustrated in Figure 8.
The courses of the remaining samples are similar to those presented and are not shown here.

Table 4. Test results of mechanical properties during static three-point bending.

Sample o [MPal s [mm] E¢ [MPa]
EO 52.5 2.01 4039
E40 54.3 2.05 3976
E80 57.1 2.16 3979
E120 54.0 2.02 3951
E160 52.3 1.99 3757
ETO 50.7 2.22 3687
ET40 48.9 2.17 3762
ET80 53.1 2.33 3764
ET120 52.4 2.15 3817
ET160 51.7 1.98 3888
d 60 b G
—E0 ——ETO0
50 | ——E80 50 | ——ETS80 /
40 —E160 40 —ET160
E <
S 30 < 30
° 20 20
10 10
0 0
0 1 2 0 1 2
s [mm] s [mm]

Figure 8. Relationship ¢ = f(s) for samples EO, E80, E160 (a) and samples ET0, ET80, and ET160 (b).

It follows from Table 4 that the flexural strength of samples containing TAIC was
lower compared to those without TAIC. This is related to the plasticization effect, which
was discussed earlier. Furthermore, with an increase in the radiation dose to 80 kGy, the
values of opy increased. Their maximum values were 57.7 MPa and 53.1 MPa for E80
and ET80 samples, respectively. Further increase in the dose caused a decrease in oy,
which was mainly due to the earlier breaking of the sample in the rectilinear area [ = f(s)].
Thus, doses of 120 or 160 kGy reduced the deflection (s) values of the studied samples
compared to those irradiated with 80 kGy. It can be said that the samples became more
brittle, which was also confirmed in dynamic mechanical tests (Figure 9). The flexural
modulus of E-type samples practically did not change under the influence of radiation
and was ca. 4 GPa. Only the E160 sample was characterized by a slightly lower value of
modulus (3.8 GPa), which may result from the occurrence of the radiation degradation
process of the resin. All ET-type samples had lower modulus values compared to most
E-type samples, which is a result of matrix plasticization. The non-irradiated sample ET0O
was characterized by the smallest modulus value (below 3.7 GPa). In the case of ET-type
samples, the plasticization effect clearly decreased with increasing radiation dose. This is
clearly visible in Figure 8b, where the individual curves had different slope angles. This
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indicated a decrease in the amount of plasticizer, which, partially, under the influence of
radiation, should form crosslinking bonds.
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Figure 9. Izod impact strength (ajn) of the studied samples.

3.5.3. Izod Impact Strength

The results of the Izod impact strength investigations are presented in Figure 9. The
studies indicate that the ajn values of most E and ET type samples did not differ significantly
from each other. Minimal difference is observed only between samples E40 and ET120.
Furthermore, all samples exhibited a similar impact strength of ca. 2 k] /m?2. Thus, these
were quite brittle materials, and electron radiation and TAIC did not affect changes in their
impact strength. From the studies presented in Figure 9, as well as previous studies, it
follows that the investigated samples broke quite easily, regardless of whether they were
subjected to static or dynamic loading.

4. Conclusions

Studies on the radiation treatment of an epoxy resin composite containing 20 wt%
dusty fiber fractions indicated several important issues. First of all, electron radiation
had a small effect on the changes in the properties of the investigated composite. With
increasing dose, its glass transition temperature, hardness, and partially flexural strength
(up to 80 kGy) slightly increased, i.e., by 3.7 °C, 1.2, and 4.6 MPa, respectively. Greater
changes in the properties of the composite were observed after adding TAIC. It demon-
strated good plasticizing effects, which allowed for the observation of a decrease in the
values of some parameters, such as glass transition temperature (by 1.1 °C), initial decom-
position temperature of the material (by 35.9 °C), hardness (by 2.8), or flexural modulus
(by 352 MPa). However, under the influence of electron radiation, this compound only
slightly promoted the crosslinking of the resin. It still exhibited a plasticizing effect even at
the highest radiation doses. Importantly, it was found that various doses could be used
to regulate the degree of plasticization of the investigated composite, and thus some of its
properties. Furthermore, the use of recycled wind turbine blade fibers in such a modified
material is one way to manage waste from used wind turbine blades.
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