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Abstract: Although N,N-diethyl-3-methylbenzamide (DEET) remains the most effective repellent
against mosquitoes and ticks, concerns about skin irritation, rashes, and neurological problems in
children have driven the search for natural alternatives. The aim of this research was to develop,
manufacture, and test prototype stickers derived from invasive plant species in Europe. These
labels contained a coating with encapsulated repellents made from essential oils to protect against
mosquito bites and similar blood-sucking insects. Six samples of invasive plant species in Europe
such as Japanese knotweed (Fallopia japonica), goldenrod (Solidago gigantea), and black locust (Robinia
pseudoacacia) were coated with two essential oil mixtures (of geranium, lavender, and eucalyptus) and
were encapsulated on solid carriers for prolonged evaporation. Analysis of the structural properties
(weight, thickness, density, and specific volume) were carried out on the coated label samples.
Analysis of surface properties (roughness and porosity), capillary absorption, and a comparison
of time and evaporation of essential oils were also carried out. Scanning electron microscopy was
performed on the samples and the solid carrier with different mixtures of essential oils. The Japanese
knotweed sample, coated with a blend of geranium, lavender, and eucalyptus essential oils, showed
the highest efficacy and stability.

Keywords: essential oils; encapsulation; invasive plant species; label materials; natural insecticides

1. Introduction

Label stickers in which the essential oils of various fragrances are bound to porous
carriers in the coating layer improve conventional label stickers and add a new function to
them, while, at the same time, representing a new product. Such label stickers would be
used for functional or protective purposes, such as preventing unwanted odours in food, as
product odour samples on sales packaging, as repellents, and to provide antimicrobial or
fire protection. Repellent labels become effective when they are affected by physical forces
from the outside or when a coating is applied to them that contains porous carriers with a
repellent substance that repels mosquitoes.

In the fight against mosquitoes, there are many repellent products that come from
graphic materials and application methods, including wristbands, tattoos, and stickers.
Today’s mosquito repellent labels are made from rubber, ammonium benzoate, zinc oxide,
and synthetic adhesive [1–4]. The paper industry has started to use invasive alien plants to
produce alternative forms of labels, as they are a growing environmental problem and have
a significant impact on human health, directly threatening and affecting habitat structure,
soil abiotic properties, and geomorphological processes, thereby significantly altering the
chemical composition of the soil. Researchers working on alternative sources of cellulose
fibres have found that invasive alien plants can be useful for the production of paper and
labels [5–10].

The impact of invasive, non-native plants is the most conspicuous of all, as they form
dense stands that radically change the appearance of the landscape in a short time [11].
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Other plants cannot thrive due to the lack of light, as the dense growth causes shading of the
lower layers. The habitat of native species shrinks, as some invasive non-native plants even
secrete chemical substances into the soil. The dense growth of invasive plants can be found
in open areas, forest clearings, along roads or railway lines and along watercourses [11,12].
They make it difficult to rejuvenate the tree species and, thus, forest regeneration, so that
the seeds of the tree species cannot thrive in the shade of the non-native plants. In the
coming decades, invasive alien species will have an even greater impact on the appearance
of our forests. Due to global and local impacts, there is an increasing need for action, early
detection, awareness, and rapid response, which is crucial to prevent the further spread of
invasive alien species [13,14].

In recent years, plant-based insecticides have become increasingly popular as an
alternative to synthetic chemical pesticides, as they are said to pose a lower risk to the
environment and human health. N,N-diethyl-3-methylbenzamide (DEET) is the most
commonly available repellent, especially against mosquitoes and ticks [15,16]. However,
research has reported cases of skin irritation, rashes, and some cases of neurological
problems in children, following the use of DEET. For this reason, consumer interest in
natural, alternative repellents is growing [17]. Chemical pesticides help to repel insects
by confusing their sense of smell. The mosquito is first attracted to the carbon dioxide
we exhale, and then, sensing the lactic acid on our skin, it targets a specific spot. If these
odours are masked by another odour, it misses its target and moves on [18]. Normally,
insect repellents work by forming a vapour barrier that prevents arthropods from coming
into contact with the skin [19]. Botanical repellents contain essential oils (EOs), which
are complex mixtures of volatile compounds isolated from a variety of plants. These
properties repel a variety of insects, with certain compounds being the basis for commercial
repellents [20]. Most plants contain compounds that they use in defence against attacks by
herbivorous insects [21]. These chemicals can be divided into several categories, including
repellents, toxins, and growth regulators. These examples can be categorised into five main
chemical categories [22], as follows:

– Nitrogen compounds (mainly alkaloids),
– Terpenoids,
– Phenols,
– Proteinase inhibitors, and
– Growth regulators.

The primary function of these compounds is defence against herbivorous insects,
but many are also effective against mosquitoes and other blood-sucking insects [23,24].
Studies [22,23] have even shown that linalool has the same effect on mosquitoes as DEET.
According to the study of Mishra et al., linalool, a monoterpene compound, is often used as
the main component of the essential oils of various aromatic species [23]. In fact, linalool
is often used as an active ingredient in common insect repellents [24]. In a study from
Ogilvie-Battersby et al., geraniol, the active component of geranium essential oil, was found
to be even more effective than other repellents [25]. Longer-lasting retention was achieved
through the encapsulation of geraniol compared to similar systems, allowing its use as an
insect-repellent coating or its incorporation into various carrier solutions for application as
area treatments.

Some monoterpenes such as alpha-pinene, eucalyptol, eugenol, limonene, terpinolene,
citronellol, citronellal, camphor, and thymol are common components of many essential
oils that have a mosquito-repellent effect [26]. EOs are a natural alternative to conventional
insect repellents. Each oil consists of different active ingredients, so it is not possible to
use all oils to repel the same pests. Combinations of two or three EOs are the most effec-
tive [20,26–29]. Despite their effectiveness, EOs are only effective against mosquitoes during
their evaporation period, which is relatively short. To ensure a longer release, the essential
oil can be embedded in porous carriers that slow down the evaporation of the repellent
and, thus, prolong the repellent effect [6,17,30,31]. From the study by Chattopadhyay et al.,
polymer patches based on essential oils were found to be an environmentally friendly,
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acceptable, and safe alternative to synthetic mosquito repellents and offered comparable
protection against Ae. (S) albopictus mosquitoes [32].

This research aimed to pioneer the development of labels derived from invasive plant
species in Europe, with coatings of essential oils firmly bound to porous carriers to protect
them from mosquitoes and other blood-sucking insects. This study was the first time
that paper from invasive plant species was used as a base material for repellent labels. In
addition, the research focussed on identifying the most effective combination of repellent
labels with paper from invasive plant species and specific essential oils. Comprehensive
evaluations were conducted to assess the release and repellent effect of each combination
of essential oils and to investigate the compatibility of the coating with different invasive
plant species substrates.

2. Materials and Methods
2.1. Materials

For the production of labels, different materials have been used. Labels were pro-
duced from base paper from invasive plant species (Japanese knotweed (Fallopia japonica),
goldenrod (Solidago gigantea), and black locust (Robinia pseudoacacia)). Coating solutions
were made from essential oil, transparent base material—carrier for a prolonged release of
essential oils—and base coating solution.

(a) Paper from invasive plant species

For the production of repellent labels, three different types of paper from invasive
plant species that differ in their raw material composition were used. Three paper samples
from different invasive alien plants with a grammage of 90 g/m2 and a thickness of 0.5 mm
were tested, namely Japanese knotweed (Fallopia japonica), goldenrod (Solidago gigantea),
and black locust (Robinia pseudoacacia) (Pulp and Paper Institute, Ljubljana, Slovenia).

(b) Essential oils

Six different essential oils that are the most effective in the fight against mosquitoes
were used (Table 1). Two combinations of essential oils (EOs), containing three different
oils that complement each other, were included. The two blends were created based on
different levels of each essential oil in [%]. The manufacturer of all six essential oils is Favn,
d.o.o., Grosuplje, Slovenia.

Table 1. Used essential oils and their main components.

Type of EO Main Components

BIO
Citronella

32.2%
citronellal

19.5%
geraniol

8.5%
geranyl
acetate

8.2% citronellol
5.3%

citronellyl
acetate

Other < 5%

Lemongrass 41.8%
geranial 31.8% neral 5.5%

geraniol Other < 5%

Peppermint 36.9%
menthol

26%
menthone 6.8% cineole 5% menthyl

acetate Other < 5%

Geranium 32.3%
citronellol

13.4%
geraniol

7.09%
citronellyl

formate

6.36%
isomenthone Other < 5%

Lavender 42.7%
linalool

36.9% linayl
acetate Other < 5%

Eucalyptus 83.2%
eucalyptol Other < 5%

The EO mixture was prepared as follows. The first mixture (hereafter, M1) contained
essential oils of citronella, lemongrass, and peppermint, while the second mixture (M2)
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contained essential oils of geranium, lavender, and eucalyptus. Table 2 shows the content
of each essential oil in each blend.

Table 2. EO mixtures and the proportions of each EO.

EO
Mixture

Proportion [%]

Citronella Lemongrass Peppermint Geranium Lavender Eucalyptus

M1 60 30 10 / / /
M2 / / / 45 45 10

(c) Transparent carriers for EOs

Transparent carriers were used for the prolonged release of essential oils from the
labels. The following porous material was used due to its ability to absorb and vaporise
liquids over a longer period: SYLOID®XDP 3100 (W. R. Grace & Co.-Conn., Columbia, MD,
USA).

(d) Coatings

The invasive plant species paper samples were coated with a coating containing 15%
transparent carriers, mixed with an 80% mixture of essential oils. A special coating on top
of the EO and porous carrier was used from Papirnica Vevče (Ljubljana, Slovenia), which is
shown in Table 3.

Table 3. Basic properties of the coating.

Coating Properties

Brand name Niklaselect
Pre-coating Filmpress [6 g/m2]

Coating Blade coater [12 g/m2]
Dry matter Filmpress 61% in Blade Coater 68%

Viscosity (b100) PP 350 mPa.s in TP 900–1000 mPa.s
Purpose of the coating Label paper

2.2. Methods

The preparation of the EO mixture was initiated and the first blend (M1) consisted of
the essential oils of citronella, lemongrass, and peppermint, whereas the second blend (M2)
comprised essential oils of geranium, lavender, and eucalyptus.

The dispersion of the porous carrier and essential oils was subsequently prepared.
Porous carriers (SYLOID® XDP 3100) were mixed with mixture M1 and M2. Filled porous
carriers, constituting 80%, were prepared in the following manner:

– a total of 6 g of the porous carrier, SYLOID® XDP 3100, was added to the beaker,
– M1 and M2 essential oils were prepared and 4.8 g of the essential oil mixture was

added to the beaker with the porous carrier,
– the contents of the beaker were mixed.

The mixed contents were added to the industrially prepared coating mixture of Papir-
nica Vevče d.d. (Slovenia), incorporating the added porous carriers M1 and M2, comprising
15% of the mass of the coating mixture.

2.2.1. Coating Procedure

Coating was carried out at a temperature of 23 ◦C and a relative humidity of 48%. The
samples were manually coated using the K Hand Coater, brand RKPrint (RK PrintCoat
Instruments Ltd., Royston, UK). The paper samples of invasive plant species in A4 format
were coated with the coating mixture in a single pass using a number 1 coating stick,
resulting in a coating thickness of 6 µm.
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The coated samples were subsequently dried at room temperature (23 ◦C) and in air
for 5 h and were then utilised for further analysis. Table 4 presents the coated samples, the
paper base, the type of transparent carrier, and the mixture of essential oils used for each
sample.

Table 4. Coated samples, type of the base material, and used blend of EOs.

Sample Type of Paper Type of Transparent
Carrier EO Blend

S1 Black locust SYLOID® XDP 3100 M1
S2 Japanese knotweed SYLOID® XDP 3100 M1
S3 Goldenrod SYLOID® XDP 3100 M1
S4 Black locust SYLOID® XDP 3100 M2
S5 Japanese knotweed SYLOID® XDP 3100 M2
S6 Goldenrod SYLOID® XDP 3100 M2

2.2.2. Thermogravimetric Analysis (TGA)

The weight loss of a transparent carrier sample with 80% pore filling with essential
oils was measured using TGA. A sample heating program was employed, with heating
from 30 to 95 ◦C at a rate of 20 ◦K/min, followed by an isothermal phase of 30 min and
reheating from 95 to 250 ◦C at 20 ◦K/min. The measurement was conducted in a nitrogen
atmosphere with a flow rate of 50 mL/min. The test was replicated for the completed labels
and a comparison of the time and evaporation rate was made for the individual mixtures.

2.2.3. Analysis of the Release of the Repellent at 0% Humidity

A portion of the prepared mixture of essential oils and transparent carriers was placed
in a desiccator with 0% moisture content. The samples were subjected to drying for 24 h
and the mass was monitored at specified time intervals (15 and 30 min and 1, 3, 6, and
24 h). At the designated times, the sample was taken out of the desiccator and its mass was
ascertained. In this manner, the profile of essential oil evaporation from the carriers was
determined.

2.2.4. Analysis of the Material Properties

The material properties such as grammage (according to standard ISO 536:2019),
thickness (according to standard ISO 534:2011, https://www.iso.org/standard/53060.html,
15 May 2024), density (according to standard ISO 534:2011, https://www.iso.org/standard/
53060.html, 15 May 2024), specific volume (according to standard ISO 534:2011, https:
//www.iso.org/standard/53060.html, 15 May 2024), roughness and porosity—Bendtsen
method (according to standard ISO 8791-2:2013, https://www.iso.org/standard/5126
5.html, 15 May 2024), Klemm capillary rise method (according to standard ISO 8787,
https://www.iso.org/standard/16211.html, 15 May 2024), and surface characterisation,
using a scanning electron microscope (SEM) Jeol JSM 5610 (JEOL, Tokyo, Japan) were
analysed.

3. Results and Discussion

Table 5 shows the raw material composition of the tested samples. The values for the
cellulose fibre content of non-indigenous plants, eucalyptus, and unbleached conifers are
shown. The composition of the individual paper samples influenced the further tests and,
consequently, the selection of the best combination in terms of mosquito defence.

https://www.iso.org/standard/53060.html
https://www.iso.org/standard/53060.html
https://www.iso.org/standard/53060.html
https://www.iso.org/standard/53060.html
https://www.iso.org/standard/53060.html
https://www.iso.org/standard/51265.html
https://www.iso.org/standard/51265.html
https://www.iso.org/standard/16211.html
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Table 5. Composition of used papers from invasive plant species.

Sample
Composition [%]

Fibres of Invasive
Plant Species Eucalyptus Unbleached

Conifers

Japanese knotweed 35–40 36–38 26–28
Black locust 45 30 25
Goldenrod 52 24 24

Based on the measurements and calculations of the properties, the test methods have
been divided into the following two groups:

– Release of essential oils bound to porous carriers
– Basic, surface, and structural properties of used materials.

3.1. Release of Essential Oils Bound to Porous Carriers and Release of the Repellent at 0%
Humidity

The evaporation rate of the combinations of essential oils with TGA was measured
and compared with the evaporation rate of essential oils on an 80% filled carrier—SYLOID®

XDP 3100—under certain conditions. The difference between the tested samples is pre-
sented in Figure 1.
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Figure 1. The sample mass reduction according to analysis time.

The greatest proportion of mass reduction was observed in mixture M2 (Figure 1),
where a 56.04% decrease in the initial mass was noted throughout the test, while the
decrease in mass was less pronounced in mixture M1, with only 27.36% of the initial
mass evaporating. It can be concluded from the tests that, under the same conditions,
certain essential oils (geranium, lavender, or eucalyptus) evaporate faster in M2 than
in M1. Sample M1, composed of citronella, lemongrass, and peppermint essential oils,
experienced an evaporation of 17.313 mg of the initial mass (63.470 mg) during the test,
while M2 evaporated 40.801 mg of the initial mass (72.743 mg), signifying a 27% higher
evaporation compared to M1. When testing the samples on an 80% filled SYLOID® XDP
3100 carrier, a decrease in the mass fraction of essential oils was observed. The mass fraction
of M1 decreased by less than 1.75%, whereas the mass fraction of M2 decreased by 19.24%.
These results lead to the conclusion that the M1 blend exhibits greater durability under
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specific conditions. Additionally, the results indicate that utilising a solid carrier allows for
a reduction in the evaporation rate by nearly 20%.

The release of the repellent mixture at 0% humidity over a period of 24 h is shown in
Table 6. In the absence of humidity (0%), the repellent mixture was released more slowly
than at the specified temperature tested using TGA. The release of the repellent increases
with time (Figure 2).

Table 6. Results of the repellent release at 0% humidity from 0 to 1440 min (24 h).

Release of the Repellent at 0% Humidity [g]

EO Mixture/Time 0′ 15′ 30′ 60′ 180′ 360′ 1440′

M1 20.863 20.821 20.790 20.779 20.737 20.698 20.454
M2 21.179 21.171 21.164 21.069 21.052 21.012 20.823
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Figure 2. Time course of mass loss during the release of the repellent in 24 h.

Over a period of 24 h, 2.0% of the repellent was released by M1, while 1.7% of the
repellent was released by M2. It is inferred that the impact of the absence of moisture in
the air on M1 is greater than that of M2, suggesting that M2 incorporates essential oils
with a slower release rate than M1 in the absence of humidity. In contrast to the TGA tests,
where temperature exerted a more pronounced influence on the repellent release in M2,
the opposite effect is observed here.

3.2. Results of Material Analysis

The results of the grammage, thickness, specific volume, and density of the samples
are presented in Table 7. The standards for the production of the analysed papers on the
pilot paper machine of the Institute for Pulp and Paper (ICP) in Ljubljana, Slovenia were
adhered to, in terms of the basis weight for all examined label sticker samples. The highest
weight variations were observed in samples S2 and S4, exhibiting a coefficient of variation
ranging between 4.8 and 5.5%. Following coating, the primary fibre samples of acacia paper
S1 and S4 demonstrated the highest basis weight, ranging from 159 to 164 g/m2, with a
coefficient of variation between 3.2 and 4.8%. Conversely, paper samples derived from the
primary acacia fibre exhibited the lowest weight, ranging between 112 and 115 g/m2. The
basis weight experienced an increase with coating, considering the base basis weight of
the uncoated papers was 90 g/m2. This fulfils the fundamental objective of coating the
paper, promoting greater uniformity, and consequently facilitating the easier evaporation of
essential oils. The variation in thickness is increased with each of the refinement processes.



Coatings 2024, 14, 642 8 of 14

The greatest thickness was measured for samples S1 and S4, where the average thickness
ranged between 0.315 and 0.318 mm, with a coefficient of variation of 2.6% for S1 and 4.3%
for S4. The thinnest sample, S2, exhibited an average thickness of 0.161 mm, accompanied
by a coefficient of variation of 5.6%. The thickness is primarily influenced by the base of
the coated paper, with similarities observed in the values of the same base for S1 and S4, S2
and S5, as well as S3 and S6.

Table 7. Basic properties of paper samples (average values—x, standard deviation—Sx, and coefficient
of variation—CV).

Sample Statistics Grammage
[g/m2]

Thickness
[mm]

Specific
Volume
[cm3/g]

Density
[kg/m3]

S1
x 159.1 0.3 1.9 501
Sx 5.0 7.5 0.1 17.0
CV 3.18 2.68 3.40 3.48

S2
x 112.5 0.2 1.4 700
Sx 6.2 0.1 0.1 64.0
CV 5.51 5.58 9.10 9.24

S3
x 123.8 0.2 1.5 669
Sx 2.8 0.1 0.1 226.0
CV 2.33 3.48 4.76 33.74

S4
x 164.9 0.3 1.9 525
Sx 8.0 0.0 0.1 37.0
CV 4.87 4.31 6.91 7.12

S5
x 115.7 0.2 1.4 705
Sx 2.3 0.1 0.1 16.0
CV 2.06 1.50 2.35 2.37

S6
x 125.9 0.2 1.5 671
Sx 2.2 0.1 0.1 12.0
CV 1.76 1.72 1.81 1.81

The value of the specific volume is decreased by coated papers in comparison to
uncoated papers, as the reduction in the free volume in the material is influenced by them.
The highest deviation of the specific volume is observed for sample S2, with 9.1%; for
sample S4, the coefficient of variation is 6.9%; as well as sample S3, with 4.7%. An increased
degree of inhomogeneity is indicated by these deviations, given that the coefficient of
variation for the other samples (S1, S5, and S6) ranges between 1.8 and 3.4%. The effect of
increasing the density of papers is achieved through finishing processes. Higher values
for the density of the analysed samples are also anticipated, due to the refinement. The
highest average value, 705 kg/m3, is observed in S5, while the lowest is found in S1, with
a value of 500 kg/m3, which also possesses the highest average thickness of 0.318 mm.
The most calculated constant density values are exhibited by samples S1, S5, and S6, with
their coefficient of variation ranging between 1.82% and 3.48%. The highest deviation is
observed in Sample S3, with a coefficient of variation of 33.75%.

The highest roughness values for coated and uncoated samples are samples S1 and
S4 (on the A side), at 1101 and 1065 mL/min for coated samples and 2646 mL/min for
the uncoated sample, as shown in Table 8. Samples S1 and S4 are based on black locust
paper, with the highest basis weight values. The uneven basis weight distribution affects
the roughness. The average roughness values for coated samples (S2, S3, S5, and S6 on
the A side) are between 362 and 462 mL/min, while the values for uncoated samples vary
between 1100 and 1096 mL/min. Based on these results, it can be concluded that the
coating process enabled us to reduce the roughness of all samples analysed by more than
50%. Like the roughness, the air flow through the paper (porosity) was also reduced in
the coated samples. The average values of the coated samples are between 41 mL/min (S2
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on the B side) and 262 mL/min (S1 on side A), while the values for uncoated samples are
between 350 (S2 on side B) and 2350 mL/min (S1 on side A). As a result of the elaborate
processes used to finish the paper, the air permeability through the material decreased to
94.6%, which means that, by reducing the porosity, we increased the release time of the
essential oils from the coating itself.

Table 8. Results of roughness and porosity—Bendtsen method for coated and uncoated samples
(average values—x, standard deviation—Sx, and coefficient of variation—CV).

Coated Samples Uncoated Samples

Roughness
[mL/min]

Porosity
[mL/min]

Roughness
[mL/min]

Porosity
[mL/min]

A
Side

B
Side

A
Side

B
Side

A
Side

B
Side

A
Side

B
Side

S1

x 1102 2627 262 240
Japanese
knotweed

x 2646 2593 2350 2420

Sx 107 183 50 63 Sx 124 221 235 271

CV 9.73 6.98 19.19 26.35 CV 4.68 8.51 10.01 11.19

S2

x 419 1137 47 41

Black locust

x 1196 1297 318 318

Sx 26 104 9 12 Sx 96 149 26 22

CV 6.11 9.15 18.60 30.31 CV 8.05 11.46 8.10 6.92

S3

x 362 808 84.4 80

Goldenrod

x 940 997 1505.2 1480

Sx 72 129 15 12 Sx 86 186 96 50

CV 19.95 16.01 18.19 14.43 CV 9.18 18.66 6.41 3.36

S4

x 1065 2559 225 242

Sx 107 207 30 27

CV 10.07 8.08 13.13 11.19

S5

x 459 983 53 48

Sx 45 125 6 10

CV 9.87 12.70 11.73 20.37

S6

x 463 729 86 80

Sx 68 125 19 11

CV 14.58 17.10 21.74 13.54

The structural properties also included analysing the capillary absorption capacity,
which was used to determine the amount of water absorbed in the samples based on the
capillary forces in the samples. The differences between the samples are shown in Figure 3.
The maximum capillary absorptivity was achieved by sample S4, namely 46 mm, with a
coefficient of variation of 21.8%, while the largest coefficient of variation was for sample S3,
namely 42.9%. The lowest capillary absorption was achieved for sample S2, with 5 mm. A
lower capillary absorption is the result of the surface finishing of the coated paper.
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Figure 3. Capillary absorption capacity of labels according to Klemm method on coated samples.

The structural properties that were analysed with a scanning electron microscope
(SEM) showed that the samples are quite different, especially with regard to the uneven-
ness of the surface and the proportion of air bubbles. The SEM images of the samples at
100×magnification (Figure 4) show that samples S1 and S2 have a more uneven surface,
i.e., greater roughness, which can be confirmed using Bendtsen roughness measurements
(Table 7). When magnified from 1000×, it can be seen that the coating contained a consider-
able amount of air bubbles, which left open spaces during drying and thus increased the
number of pores, which results in a greater permeability to the air flow. This agrees with
the results of the porosity measurements according to Bendtsen (Table 8).
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Figure 4. SEM micrographs of the surfaces of the investigated papers (S1–S6) at 100× and 1000×
magnification.

Figure 5 shows SEM images at 1000×magnification of samples with different satura-
tion (10, 15, and 20%) of the solid support with the M1 mixture. We can see the differences
(the number of white “dots”) between each saturation, which represent the percentage of
solid carrier content (Figure 6). The differences in the number of air bubbles can also be
seen. The SEM images also show that the coating covers the solid carriers and these are not
particularly noticeable, which also allows for a longer release of the essential oils.
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Figure 6. SEM micrographs of the surfaces of the SYLOID® XDP 3100 support, without EOs and with
M1 and M1, at 1000×magnification.

4. Conclusions

The increasing interest in mosquito repellent products with biologically active ingredi-
ents, particularly those based on essential oils, has led to a growing market for alternative
options. This study aimed to contribute to sustainable product development by addressing
the issues of harmful waste and invasive alien plants. The coated samples, utilising two
different essential oil blends (M1 and M2), demonstrated distinctive features, with M2



Coatings 2024, 14, 642 13 of 14

exhibiting a notable 19.2% prolongation in evaporation when using the porous carrier
SYLOID® XDP. Thermogravimetric analysis confirmed that the evaporation rate could
be slowed down, particularly for M2. The release of repellent at varying humidity levels
indicated the potential for long-lasting efficacy under certain conditions. However, no
conditions achieved a 50% reduction in evaporation. The properties of the final labels,
influenced by substrate characteristics, revealed that the Japanese knotweed base yielded
the best results. Increasing the concentration of solid carriers enhanced surface filling and
extended effectiveness, although it presented challenges in the coating process due to the
binding of the liquid part to solid carriers and the presence of dry pigments. This study
provided a viable example suitable for the market, aligning with consumer preferences for
alternative mosquito repellent options. The use of repellent labels derived from invasive
plant species not only addresses environmental concerns related to invasive species, but
also offers a sustainable product to the market.
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