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A B S T R A C T

Based on the philosophy of Green Chemistry, in order to grant antimicrobial properties to fabrics, in this work a
100% cotton fabric was used impregnating silver (Ag) and zinc oxide (ZnO) with the addition of carbon extracted
from disused batteries, in the intuition of reuse them in a conscious and relevant way. For this, a simple and
greener chemical route that occurs at low temperatures was used, the silica-based sol-gel method, which requires
a precursor, in this case, tetraethyl orthosilicate (TEOS), and a catalyst to generate the basic hydrolysis using
ammonium hydroxide. To evaluate the durability of the coating on the fabric, it was subjected to several wash
cycles. Finally, its antimicrobial activity against fungal and bacterial strains was evaluated by the modified
standard method (DIN 53931) and the agar-based diffusion method (SN 195920–1992), respectively. The sol-gel
green method was effective for obtaining coating for the inhibition of fungal and bacterial strains. In addition,
there was a high degree of persistence of the additives after the washing cycles before the antimicrobial tests,
registering inhibition up to 20 cycles, making not only the process but also the final alternative fabric greener and
more sustainable.

1. Introduction

The development of antimicrobial textiles has been one of the most
active and important research areas in recent years, involving activities
in the discovery and applications of new agents with antimicrobial ac-
tivity, new functional fibers, new chemical finishes and nanotechnologies
[1–3]. Also, as part of a new movement related to greener and more
sustainable textile chains based on the United Nations’ Sustainable
Development Goals (UN-SGDs) [4]. Due to their highly diversified ap-
plications, such antimicrobial fabrics are expected to face anticipated
challenges for the future: from increasing, the spread of infectious dis-
eases, especially drug-resistant ones, including bacteria, viruses and
fungi, to personal hygiene problems (clothing) [5].

However, the vast majority of publications on this topic focus their
research on viruses and bacteria, in the face of this pandemic is a scenario
very good at the moment. Only some publications are about of fungi and
the use of Ag and ZnO [6,7]. Once the problem of infectious agents is
present and increasingly urgent, detailed investigations are necessary,
mainly about the less studied topics. Because to providing advances in

the development of new antimicrobial technologies, they prepare us to
face possible future crises.

Biological pollutants are very versatile and can be transported
through the air due to the formation of bioaerosols when partially or
totally disseminated. They are living organisms or agents derived from
them that manage to develop on substrates located inside buildings.
Bioaerosols are linked to diseases such as asthma, allergic rhinitis, and
infections [8]. In this sense, filamentous fungi, given their ability to grow
on various substrates, are considered among the most deteriorating or-
ganisms. Among the fungi that are generally found in the environments
inhabited by humans in urban areas are: Alternaria, Aspergillus, Clado-
sporium, Penicillium, Chaetomium, Fusarium, Trichoderma, Phaecylomices,
Aurebasidium, Phoma and Scolecobasidium [9].

Bibliographic data link them to the deterioration of the materials and
its negative effect on human health [10]. It can be said that the genera:
Aspergillus, are pathogens of animals and humans that cause a group of
diseases collectively called aspergillosis; Chaetomium, known to produce
cellulolytic compounds and Cladosporium can be isolated from the air,
soil, textiles, food, seeds, crops; being common in interior building
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environments. There are also bacteria that are dangerous pathogens, such
as spore-forming ones. They have a great importance in food, industrial
and medical microbiology.

Current advances in the field of biomedicine or biotechnology are
focused on the preparation of nanoparticles [11–13]. Its morphology
plays an important role in the resultant antibacterial activity.

It has been demonstrated that the antibacterial activity of the nano-
coatings is increased with a high surface-to-volume ratio due to the
decrease in size of the corresponding nanoparticles with antibacterial
activity [14]. Metals or metal oxides are being used successfully as such
nanoparticles with biocidal action against biological or chemical com-
pounds in textiles (natural or synthetic) [15]. Studies show their ad-
vantages when used in sol-gel matrices, such as the excellent
antimicrobial activity against bacteria, durability and stability due to the
washing cycles and the highly cross-linked silica matrix on the textile
surface, respectively [16].

The mechanism of the antimicrobial effect of Ag is not understood, it
is proposed that it disturbs the permeability of the cell membrane and the

respiration function of the cell [17,18]. The antibacterial activity of ZnO
has been addressed in different investigations, but the exact mechanism
is not fully clarified and is still controversial [19]. However, the literature
already shows that the manner in which antimicrobial agents inhibit or
kill bacteria could be associated to different biological or biochemical
aspects. These could be cell wall damage, alteration of cytoplasmic
membrane permeability, alteration of the physical or chemical sites of
proteins, inhibition of enzyme action, and inhibition of protein or nucleic
acid synthesis [20,21].

Given that the world is witnessing a crisis with devastating impacts on
the environment and society, as can be seen in the appearance of infec-
tious diseases. It is fundamental and consistent to analyze the best ma-
terials and methods to obtain the desired products in order to achieve
sustainable advances, in theory and in practice. This is not an easy task
[22–24]. To achieve this objective, the philosophy of Green Chemistry is
very well as basis, which in the early 1990s born due to the need to
reduce the negative impact of humanity on the planet [24].

Despite the benefits provided by the advancement of science and
industrial development, the environmental cost has been very high,
producing substances for which nature does not have efficient recon-
version strategies [25]. Anastas & Warner created the 12 principles of
Green Chemistry [24], which reflect more conscious ways of doing
chemistry by efficiently using raw material, eliminating waste genera-
tion, avoiding the use of toxic and/or dangerous reagents and solvents in
the production and application of chemical products, among others [26].

The growing interest and diffusion of Green Chemistry is part of an
important worldwide advance in the discussions and implementations of
new zero waste policies, which can be achieved through education for a
sustainable future, where Chemistry is re-thought within and outside the
laboratory in a context of circularity [27]. The circular model suggests a
continuous flow of materials, avoiding the generation of waste by
creating value so that they are reintroduced into the supply chain and/or
exploring new processes, which use the products in their entirety,
questioning current models [28,29]. Aligning this philosophy with the
potential of metal nanoparticles with proven antimicrobial activity, Ag,
ZnO and carbon recycled from alkaline batteries were used in this study,
treating exhausted batteries as a resource and no longer as a waste.
Batteries contain high concentrations of valuable metals, which, if
thrown away, pollute the environment. When reused, they become an
important raw material, avoiding their extraction in the mines and the
consequent environmental impact that this activity entails.

In recent decades, so-called green methods have been introduced in
order to develop and synthesize materials that serve to mitigate the
problems that society has at the health, socio-economic and environ-
mental level, one of these is the sol-gel method [30]. This opened a new
way of synthesis at low temperature, since it allows controlling the
properties of a material obtained from very pure liquid precursors [32]. It
meets the necessary characteristics to be used as an eco-compatible
synthesis, in addition to a selective oxidic network, such as an antimi-
crobial additive [33].

The term sol-gel is widely applied to describe the chemical route for
the synthesis of inorganic oxides in a relatively simple way. The sol is a
colloidal dispersion, where the dispersed phase is the dissolved substance
that is found to a lesser extent, and the dispersion medium is that where
the particles are dispersed [31]. Colloidal solutions or sols contain either
large macromolecules, molecular aggregates, or small particles. A gel is a
solid consisting of at least two phases: a solid phase that forms a network
that traps and immobilizes a liquid phase [34] formed by the gradual loss
of part of the liquid from the sol by evaporation. A polymeric gel is an
infinite macromolecular network, which is swollen by solvent, and can be
created when the concentration of the dispersed species increases. After
the sol-gel transition, the solvent phase is removed from the pores of the
interconnected network. Gelation can occur after the sol is introduced
into a container, and in this way it is possible to obtain materials with a

Table 1
Nomenclature and composition of the synthesized samples.

K3Bis K3BIZn

TEOS (mL) 34.0 34.0
Ethanol (mL) 43.5 43.5
NH4OH (mL) 23.5 23.5
H2O (mL) 10.0 10.0
AgNO3 (g) 0.4 0.4
ZnO (g) – 1.0
Carbon (g) 1.0 1.0

Fig. 1. Photographs of the fungal strains used in the assay.

Fig. 2. Scheme of the measurements obtained after incubation.
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desired shape. Alternatively, gelation can occur from rapid evaporation
of the solvent, as occurs during film or fiber preparation. The term aging
is applied to the process of change in structure and properties after
gelation.

Therefore, in this work, the sol-gel method was used to synthesize
modified silicas through the inclusion of Ag and ZnO with the addition of
carbon to later be added as antimicrobial additives to obtain antimicro-
bial fabrics – new materials that can provide solutions to the control of
diseases and deterioration produced by different infectious agents, such
as fungi and bacteria.

2. Material and methods

2.1. Sol-gel method

To carry out the synthesis of the impregnation of antimicrobial fab-
rics, pieces of fabric (4 cm � 4 cm) were immersed for 1 min, in the
mixture that was prepared. Later, they are removed and left to dry for a
week.

The general procedure for obtaining the mixture was to place a
portion of the solvent used, ethanol (CH3CH2OH, 30 mL, Carlo Erba), in a
beaker under a N2 atmosphere. Later, ammonium hydroxide (NHOH4,
23.5 mL, Anedra) was added as a catalyst, together, the TEOS precursor
(Si(OC2H5)4, 34 mL, Aldrich 98%) was incorporated. Finally, the rest of
the solvent (ethanol, 13.5 mL) and 10 mL of distilled H2O, continuing the
work under an extractor hood under controlled environmental condi-
tions. Then, carbon, extracted from disused batteries, commercial ZnO
(Merck, 99,99%), and Ag nitrate (AgNO3, Sigma-Aldrich 99.99%) were
added while stirring the mixture.

Themethodology for obtaining carbon from disused batteries is found
in the following literature: [35–37].

The nomenclature of the samples obtained (K3BIs and K3BIZn) with
the content of each compound in them can be seen in Table 1. These
impregnated fabrics were exposed against the Chaetomium globosum
(KU936228) and Aspergillus sp. strains to measure their antifungal

Fig. 3. FT-IR spectrum a) K3B; b) K3BI and c) KBZnAg.

Fig. 4. SEM micrographs of K3B sample (Magnification: 5000� (10 μm),
5000x (2 μm)).

Fig. 5. SEM micrographs of K3BI sample (Magnification: 1000� (10 μm); 5000x (2 μm) and 5000x (2 μm)).
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activity. In addition, an antibacterial test was carried out against
Escherichia coli and Staphilococcus aureus.

The different samples were characterized by Fourier Transform of
Infrared (FTIR) and Scanning Electron Microscopic (SEM) techniques.
FTIR spectrum was obtained using Bruker IFS 66 equipment (Ger-
many), pellets of the sample in KBr (Aldrich, 99 wt% FTIR purity), at
room temperature, were measured in a range between 400 and
4000 cm�1. SEM was applied to obtain different micrographs of the
solids using the JEOL equipment, JSM-6390LV (Japan), with a voltage
of 20 kV.

2.2. Wash cycles

To assess the durability of the adhesion of the additives to the fabric,
durability tests were carried out against washing. Each sample was
subjected to 1, 5 and 20 washing cycles, of 15 min each. Each cycle
consisted of placing the impregnated fabrics in a 400 mL beaker in
contact with a solution of 2 g/L sodium lauryl sulfate (Biopack) for
15 min. The tissues were rinsed, removed with forceps, placed in another
beaker with distilled water. This procedure was carried out twice; af-
terwards, each cloth was rinsed again with a water wipe, removing any
trace of soap.

2.3. Evaluation of the antifungal activity of fabrics

The antifungal activity of the fabrics treated with the modified silicas
was estimated with the bioindicators (Fig. 1): Aspergillus sp. and C. glo-
bosum (KU936228) according to the modified standard method DIN
53931 [38].

The culture medium used consists of 1 g of KH2PO4 (Anedra,
analytical reagent), 1 g of KNO3, 0.5 g of MgSO4 7H2O (Anedra,
analytical reagent), 0.5 g of KCl (Anedra, analytical reagent), 0.2 g of
glucose (Anedra, analytical reagent), 0.2 g of sucrose (Anedra, analytical
reagent) and 15 g of agar (Parafarm) per 1 L of distilled H2O. It is a less
nutritious culture medium, allowing more delicate colony growth and
easier evaluation of the antifungal activity of the fabric. 100 μL of the
previously obtained spore suspension (inoculum) were inoculated,
spread with the Drigalsky spatula to obtain a homogeneous lawn of the
strain and incubated in an oven at 28 �C for 24 h. The impregnated
fabrics were sterilized by UV radiation. It placed in the center of the
previously grown plate, working in laminar flow. Then, they were
incubated in a 28 �C oven for 14 days. After that time, the antifungal
activity was determined in terms of mycelial growth on the surface of the
cotton fibers and the intensity of sporulation. To ensure statistical val-
idity, the test was performed in triplicate.

The degree of fungal growth was ordered in degrees from 00 to 5:
(00) indicates no growth;
(0) fungal growth to the edge of the sample;
(1) fungal growth only above and below the edge of the fabric;
(2) fungal growth above and below the sample less than 25%;
(3) fungal growth above and below the sample between 25-75%;
(4) fungal growth above and below the sample greater than 75%;
(5) 100% sample growth.
The intensity of sporulation was evaluated using the following

symbols:
- clear, no mycelium;
þ weak, only mycelium;
þþ marked growth, partly spores;
þþþ strong growth, extensive spore formation.
The inoculum consists of a spore suspension of known concentration

obtained from a specific fungal culture. To obtain the inocula, 10 mL of a
solution containing 0.85% (p/v) of NaCl and 0.005% (p/v) of Tween 20
were taken, they were deposited on the corresponding cultures and, with
the help of using a loop, spores were gently removed to mix with the
solution. 5 mL of the suspension obtained were taken with an automatic
pipette and were taken to a sterile tube. The mixture was homogenized
with the help of a vortex and an aliquot was taken to determine the
concentration of the spores present. The concentration of spores (105

spores/mL) in the inocula was adjusted by means of a Neubauer chamber
and the aid of an optical microscope (OM), with which it was possible to
directly quantify the spores. After the counting chamber was seeded, the
spores present in each square were counted, an average was taken among
the 4 and this value was multiplied by the volume of the cell (0.001 cm3).

2.4. Agar diffusion method (SN 195920–1992)

To study the antibacterial efficacy of the impregnated fabrics, the
agar-based diffusion method was used (SN 195920–1992). The bacterial
strains to carry out the test were E. coli and S. aureus, selected for being
abundant in the environment and being related to pathologies that affect

Fig. 6. SEM micrographs of KBZnAg sample (Magnification: 250� (20 μm); 500x (20 μm) and 1000x (10 μm)).

Table 2
Antifungal activity of fabrics impregnated by the sol-gel method against
C. globosum and Aspergillus sp., according to the modified standard method (DIN
53931).

Sample Wash
cycles

Growth Sporulation intensity

C.
globosum

Aspergillus
sp.

C.
globosum

Aspergillussp.

Control
Fabric

0 5 5 þþþ þþ

K3Bis 0 0 2 (10%) þþ þþ
K3Bis
1�wc

1 0 2 (10%) þþ þþ

K3Bis
5�wc

5 0 2 (10%) þþ þþ

K3Bis
20�wc

20 3 (30%) 3 (65%) þþ þþ

K3BIZn 0 0 2 (10%) þþ þþ
K3BIZn
1�wc

1 0 2 (10%) þþ þþ

K3BIZn
5�wc

5 2 (25%) 2 (15%) þþ þþ

K3BIZn
20�wc

20 3 (30%) 3 (75%) þþ þþ
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human health. The composition of the agarized culture medium (MCAB)
used consists of 5 g of NaCl (Anedra, analytical reagent), 5 g of yeast
extract (Oxoid), 10 g of casein peptone (Oxoid) and 15 g of bacterio-
logical agar (Biokar) for 1 L of distilled water. Then, plates with 15 mL of
the MCAB culture medium were prepared and inoculated with the pre-
viously prepared inoculum, which was spread throughout the plate with
sterile swabs. Lastly, the treated and untreated fabrics were added. Plates
were incubated for 24 h at 37 �C [39,40].

The inoculum was made from 24 h cultures that were in an oven at
37 �C. Suspensions with physiological solution were obtained by
adjusting the turbidity to 0.5 of the Mc Farland scale (1.5 � 108 Ufc/mL)

[41]. Then a dilution was made to obtain a bacterial suspension of
1.5 � 106. Once the incubation period of the plates inoculated with the
selected strains had elapsed, the zone of inhibition (ZOI) was recorded
[42]. The results were obtained from the average of four measurements
taken in each triplicate as shown in Fig. 2. In addition, the standard
deviation between measurements was determined.

3. Results and discussion

The structural and morphological characterization was carried out
using different techniques, here we will present by means of SEM and FT-

Fig. 7. Antifungal test of fabrics impregnated with the sol-gel method against C. globosum.

Fig. 8. Images observed with a magnifying glass of the control fabric and the fabrics impregnated with the sol-gel method, tested against C. globosum.
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IR, the evolution of the additives depending on the components. The
samples K3B, K3BI (with C and Ag content) and KB5Ag5Zn (without C
content, but with Ag and OZn) will be presented as examples.

Regarding the characterization carried out by FT-IR, the bands cor-
responding to pure silica can be observed in all the samples, which are
found at 460, 800, 1080 and 1220 cm�1, respectively, as can be seen in
Fig. 3 (a, b and c). The bands at 1220 and 1080 cm�1 are assigned to the
Si–O–Si bond asymmetric stretching modes. The vibration at 800 cm�1 is
associated with the symmetric stretching of the Si–O–Si bond or vibra-
tional modes of ring structures. The band at 460 cm�1 is assigned to the
bending mode of the Si–O–Si link, although it can be associated with
defects caused by non-symmetric links. Samples containing C show the
same bands as pure silica. As long as Ag is added to the additive there is a
small shift in the bands 1220 and 1080 cm�1 assigned to the Si–O–Si
bond asymmetric stretching modes. These same bands suffer a notable
shift when the synthesis is carried out with Ag and OZn and is compared
with the samples containing C.

In the SEM micrographs (Figs. 4 and 5 and 6), it can be seen that the
particles have a mostly rounded morphology. These particles form clus-
ters of variable size due to the action of ammonium hydroxide (basic
hydrolysis), which reduces the stability of the silica obtained with TEOS
as a precursor (see Fig. 6).

As detailed in the Introduction section, the fungi that were tested
belong to the genus Aspergillus and Chaetomium globosum (KU936228),
taking into account that the last-mentioned is widely known for its
cellulolytic activity [43,44].

Chaetomium species produce ascospores, which are characteristic and
relatively easy to identify. They have spherical to pyriform (pear-shaped)
asci (spore-producing sex cells of ascomycete fungi), covered with
characteristic hairs, which may or may not be branched, wavy or spirally
wound. Asci typically produce eight cylindrical or rough-shaped asco-
spores. Ascospores are asept, smooth, dark, with variations in shape and
size, but limoniform in most indoor species, and released in a dark mass.
One of the most common indoor species is Chaetomium globosum, a

Fig. 9. SEM micrographs of the control fabric and the fabrics impregnated with the sol-gel method, tested against C. globosum.

Fig. 10. Antifungal test of fabrics impregnated with the sol-gel method against Aspergillus sp.
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hydrophilic species, which often grows in long-term water-damaged
environments; they grow on wood or paper products, related to humidity
or with high water activity.

They are common in drywall damaged by water, wood, or materials
with high cellulose content. Chaetomium spores detected indoors are
excellent indicators of moisture damage. This species is known in the
bibliography for its cellulolytic activity and is widely used for testing
fabrics.

On the other hand, Aspergillus is a filamentous fungus belonging to the
Ascomycota phylum. It is made up of septate hyaline (colorless) hyphae
and they reproduce asexually, with the formation of conidia (asexual
spore). It is characterized by the production of specialized hyphae, called
conidiophores, on which are the conidiogenic cells that will give rise to
the asexual spores or conidia. The conidiophore characteristic of Asper-
gillus, although it is a unicellular structure, has three well differentiated
parts: vesicle (swollen apical end), stipe (cylindrical section located
below the vesicle) and foot cell (final section, sometimes separated by a
septum, which joins the conidiophore with the mycelium). Con-
idiogenous cells, commonly called phialides [45], are arranged on the
vesicle. The different species differ in size, growth rate, texture (velvety,

granular, cottony) and colony color: yellowish-green (A. flavus), black
(A. niger), brown (A. terreus). The coloration appears almost always in all
aerial structures, both in the mycelium and in the conidial heads.
Aspergillus is one of the main mycotoxin-producing fungi.

Mycotoxins are secondary metabolites produced and secreted by the
fungus during the degradation process of organic matter, as a defense
mechanism against other microorganisms [46]. Aspergillus species are
able to use a wide variety of substances as nutrients due to the large
number of enzymes they produce. Several species grow on the hides and
fabrics used daily reducing their commercial value. Aspergillus niger and
other species are frequently found in food causing them to spoil. Asper-
gillus fumigatus, Aspergillus flavus, Aspergillus niger, and other species are
pathogens of animals and humans, causing a group of diseases collec-
tively called aspergilloss [47].

This section shows the values obtained from the antimicrobial fabrics
from the impregnation method used, the sol-gel method. Table 2 presents
the data of the tests of the antifungal activity of the fabrics against
C. globosum and Aspergillus sp., according to the modified standard
method DIN 53931. Previously, the growth and intensity of sporulation
was expressed as evaluated after being incubated for 14 days at 28 �C.

Fig. 11. Images observed with a magnifying glass of the fabrics impregnated with the sol-gel method, tested against Aspergillus sp.

Fig. 12. SEM micrographs of the control fabric and the fabrics impregnated with the sol-gel method, tested against Aspergillus sp.
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As can be seen both in the values presented in Table 2 and in the Fig. 7
and Fig. 10, there was no growth of fungi on the fabric for most of the
samples and a weak sporulation, being able to conclude that this method
had positive results against the evaluated fungi. Despite the washing
cycles, the growth on the impregnated fabric in the K3BIZn sample was
only noticeable for the 5th washing cycle, giving 25% for C. globosum and
15% for Aspergillus sp.

Fig. 8 and Fig. 9 show the photographs obtained from the test with
C. globosum through the magnifying glass and the scanning electron
microscope (SEM), respectively. In Fig. 8, a noticeable difference of the
impregnated fabrics with respect to the control fabric can be observed
(last photograph, third column). For Fig. 9, the SEM micrographs show
the results analyzed above, where there is no growth for the C. globosum
fungus, in some samples the growth is 0 and only the texture of the cotton
cloth used is observed.

It must be taken into account that this fungus, for Aspergillus sp,
commonly has an invasive growth and occurs on all sides of the sample
under evaluation when the inhibition is not good. This observation al-
lows us to conclude that truly acceptable results were obtained in the
tested fabrics (Fig. 10). For Aspergillus sp, the growth inhibition on the
impregnated fabrics, which contained silica with Ag and ZnO, could be

Table 3
Antibacterial activity of the fabrics impregnated by the sol-gel method against
E. coli and S. aureus, according to the agar-based diffusion method (SN
195920–1992).

Sample Wash cycles Inhibition Zone (mm)

E. coli S.aureus

Fabric
Control

0 0 0

K3Bis 0 2,1 � 0,3 2,4 � 0,2
K3Bis
1�wc

1 1,5 � 0,2 1,9 � 0,5

K3Bis
5�wc

5 1,0 � 0,2 0,9 � 0,3

K3Bis
20�wc

20 0,8 � 0,1 0,9 � 0,2

K3BIZn 0 1,8 � 0,2 2,1 � 0,2
K3BIZn
1�wc

1 1,6 � 0,3 2,1 � 0,1

K3BIZn
5�wc

5 0,9 � 0,3 0,8 � 0,3

K3BIZn
20�wc

20 0,8 � 0,1 0,6 � 0,2

Fig. 13. Antibacterial test of fabrics impregnated with the sol-gel method against Escherichia coli.

Fig. 14. Images observed with a stereoscopic microscope of the control fabric and the fabrics impregnated with the sol-gel method, tested against Escherichia coli.
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observed in more detail in the magnifying glass compared to the control
fabric (Fig. 11).

SEMmicrographs are shown in Fig. 12,which it can be seen that inmost
of the impregnated fabrics there are no specialized growing hyphae. As for
C. globosum, it can be concluded that there were better results for acid hy-
drolysis than basic, using the impregnation technique for the case of Ag.

Table 3 presents the data of the tests of the antibacterial activity of the
fabrics impregnated by the sol-gel method against E. coli and S. aureus,
according to the agar-based diffusion method (SN 195920–1992).

Previously, the zone of inhibition (ZOI) was expressed as evaluated after
being incubated for 24 h at 37 �C. It is important to note that the number
of samples tested reflected the results without mediating error in the
measurements. As well as the numerous washing cycles, that allowed
observing the adhesion of the sample to the fabric with its subsequent
evaluation.

Fig. 13 and Fig. 15 show the photographic records of the tests of the
antimicrobial fabrics obtained by the sol-gel method against E. coli and
S. aureus, respectively.

Fig. 15. Antibacterial test of fabrics impregnated with the sol-gel method against Staphilococcus aureus.

Fig. 16. Images observed with a stereoscopic microscope of the control fabric and the fabrics impregnated with the sol-gel method, tested against Staphilo-
coccus aureus.
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The images observed with a stereoscopic microscope are shown in
Fig. 14 and Fig. 16 for both E. coli and Staphylococcus aureus, in which the
interface of fabric-culture medium-bacterial growth can be clearly
observed in comparison with the control fabric.

4. Conclusions

In recent years, there has been an effort to increase research on
antimicrobial fabrics, but the vast majority of these publications focus on
research with bacteria and only a few carry out resistance tests against
fungi. However, taking into account the impact of fungal infections on
human health and their increasing incidence, such as, for example, the
group of diseases called aspergillosis – which are produced by some
species of the genus Aspergillus – added to the high health costs, studies
should also focus on this field and interest in antifungal fabrics should be
increasing, given their importance. It can be concluded, in general terms,
that the proposed objectives have been achieved, once it was possible to
synthesize antifungal materials through a green and environmentally
friendly method of simple and fast obtaining, such as the sol-gel method,
which allowed the inclusion of the biocide in oxidic matrices. In addition,
the synthesized solids could be incorporated effectively in the prepara-
tion of the antimicrobial fabrics.

The perspectives derived from this study is that these fabrics can be
used for many applications, for instance, in the health system to reduce
problems currently faced and perhaps more severe from now on – such
as, for example, hospital infections – in a way that add value to what was
considered waste. In a first stage derived from this study on antimicrobial
tissues is that they could be used in the health system, such as hospital
infections in a way that adds value to what is considered waste, such as
the C of disused batteries. This also means to adopt a broader greener and
more sustainable chemical approach in the textile supply chain,
following the UN SUSTAINABLE DEVELOPMENT GOALS (UN-SDGs). In
2015, the UN set out 17 goals that are a blueprint to achieving a better
and more sustainable future for us all, addressing the challenges our
world and the people in it face on a daily basis.
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