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A B S T R A C T

Microbial contamination of indoor environmental surfaces is a common source for infections. Therefore, bio-
deterioration in buildings indoor materials is really important to avoid, due to the negative impact on human
health. Consequently, functionalized and sustainable materials are being intensively studied to control the mi-
crobial colonization. Firstly, it was possible to obtain silica samples by the sol-gel method with the addition of
sunflower residues in the form of ashes together with silver or copper salt to produce antimicrobials solids.
Secondly, the synthesized solids were characterized by different techniques. TEM analyses confirmed the suc-
cessful inclusion of silver and copper nanoparticles into the silica framework mainly spherical in shape, and small
size. Both silver and copper as antimicrobial agents reduce the potential for cross-contamination to occur, as it is
effective against a wide range of microorganisms, by the addition of ashes into the samples improved the anti-
fungal activity of the solids against both fungal strains tested, Chaetomium globosum and Alternaria alternata.
1. Introduction

In the contemporary world two major point are relevant enough, the
sustainability and the health care. On the one hand, the sustainability is a
topic that concerns both the agendas of politicians and the strategies of
companies and their implementation are increasingly valuated in
different process. The term sustainability itself originates in the French
verb soutenir, “to hold up or support” [1]. The Brundtland Commission
also provided the most commonly accepted definition of sustainability as
“development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [2]. Taking into
account the maintenance of the holistic, adaptive and flexible nature that
sustainability gives, it can be said that sustainability is framed as the
balanced and systemic integration of economic, social and environmental
performance within and between generations [3]. Sustainability opens
up multiple questions about, for example, what should be developed and
what should be sustained, for how long and for whose benefit [4]. The
concept of the Circular Economy has been gaining momentum since the
late 1970s. Based on different contributions, Geissdoerfer et al. [5]
defined the Circular Economy as “a regenerative system in which
resource input andwaste, emission, and energy leakage are minimized by
slowing, closing, and narrowing material and energy loops. This can be
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achieved through long-lasting design, maintenance, repair, reuse,
remanufacturing, refurbishing, and recycling”.

In relation to health care, there is a basic need in medical science to
assess the medical state of an individual. Hippocratic textbooks advised
doctors to examine their patient for “signs” to assist clinical decision-
making [6]. Health forecasting is a new area of forecasting, and a valu-
able tool for predicting future health events or situations, such as de-
mands for health services and medical care and needs. Preventive
medicine and healthcare facilitate intervention strategies, previously
informing health service providers so that they can take appropriate
mitigation measures to minimize risks and manage demand [7]. How-
ever, the interaction between pathogenic bacteria, opportunistic strains,
and harmful and beneficial microbes in hospitals and in contaminated
spaces in general, it is not understood and more research is still needed.

Some evidence has recognized microbial contamination of indoor
environmental surfaces as frequent source for infections [8,9]. Inanimate
surfaces have often been described as the source for outbreaks of noso-
comial infections, the most common nosocomial pathogens may well
survive or persist on surfaces for months and can thereby be a continuous
source of transmission if no regular preventive surface disinfection is
performed [10,11]. Therefore, new materials need to be developed to
control or prevent microbial contamination [12]. The association of an
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Table 1
Nomenclature and compositions of synthesized solids (in molar ratio).

Sample Ashes (w/w) TEOS HNO3 C2H5OH H2O AgNO3 Cu(NO3)2

S0 - 1 1.17 5 3.73 - -
SA-1 1% 1 1.17 5 3.73 - -
SA-10 10% 1 1.17 5 3.73 - -
SAAg-1-1 1% 1 1.17 5 3.73 0.008 -
SAAg-1-2 1% 1 1.17 5 3.73 0.016 -
SAAg-10-1 10% 1 1.17 5 3.73 0.008 -
SAAg-10-2 10% 1 1.17 5 3.73 0.016 -
SACu-1-1 1% 1 1.17 5 3.73 - 0.014
SACu-1-2 1% 1 1.17 5 3.73 - 0.028
SACu-10-1 10% 1 1.17 5 3.73 - 0.014
SACu-10-2 10% 1 1.17 5 3.73 - 0.028

Fig. 1. Ashes from Sunflower-seed husk.
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antimicrobial agent in an organic or inorganic matrix to be used in paints,
coatings or another material as functionalized filler is an interesting way
to achieve the mentioned problem [13]. Polymeric matrix functionalized
with an antimicrobial agent seeks to improve its performance as part of
bioactive material due to chemically stabilization that maintains its
effectiveness over time [14–16]. The sol-gel method is an effective pro-
cedure to synthesize solids with different porosity, and allows carry out
the silica synthesis at low temperatures from very pure liquid precursors.
Mainly, this method offers the opportunity to incorporate metallic
compounds by several ways, as immobilization, electrostatic interaction,
adsorption and covalent bond, by linking organic and inorganic mole-
cules in the same matrix [17–20]. In addition, the inclusion of bioactive
chemical species into the silica matrix could be achieved by impregna-
tion, dissolution or suspension into the gel [21,22].

Due to the increasing resistance against the antibiotics and also the
knowledge about the antimicrobial properties of metals with superior
characteristics such as safety, durability and heat resistance in compar-
ison with the conventional organics biocides, silver and copper salts are
being intensively studied for various applications [23–25]. In this sense,
Ag and/or Cu have been applied in several fields, such as medicine, food
industry, paint/coating technology and water treatment, among others
[26–35]. Particularly, there are in the literature some researches about
immobilization of silver [36,37] and copper in materials obtained by the
sol-gel method [38–40].

In this work, silver salt (AgNO3) or copper salt (CuNO3) were used
during sol-gel process with the goal to obtain antimicrobial functional-
ized materials. We report a simple and green way to synthesize bioactive
silica with the incorporation of sunflower ashes. The ashes were obtained
from the edible oil industrial waste [41] and was added as filler material
into the silica solids. The sunflower is widely cultivated worldwide and
Argentina is one of the most important producer countries, producing
about half of world production of sunflower seed [42]. The sunflower
husk represents a percentage by weight of 45%–60% of the seed and is
widely used for the production of feed, biomass [43], solid biofuel [44,
45], but their use as filler in materials is very scarce.

The solids synthesized was characterized using transmission electron
microscopy (TEM), scanning electron microscopy (SEM), Fourier trans-
form infrared spectroscopy (FTIR), adsorption-desorption of N2 (SBET),
potentiometric titration with n-butylamine and, the % of moisture and
zeta potential were measured.

The antimicrobial activity of the solids obtained was assessed against
fungal strains: Chaetomium globosum (KU936228) and Alternaria alternata
(KU936229), previously obtained from indoor bio-deteriorated building
surfaces [25]. These fungi were selected for their ability to grow easily on
materials and their negative impact on human health due to their ability
to produce a variety of compounds including mycotoxins, which are toxic
to mammals [46]. Infections and health problems resulted from poor
indoor environmental quality has increased the interest over time due to
increasing evidence indicating the importance of controlling the devel-
opment of biofilms in such places [25,46].

The focus of this study was to prepare new materials from non-toxic
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chemicals, by using the ‘Green Chemistry’ tools, providing solutions to
technological and ecological challenges in different areas. In this work,
one of the principles is to design a synthesis route for the production of
materials for health and the environment care.

2. Materials and methods

2.1. Synthesis of silica

The siliceous solids were prepared by the sol-gel method under a N2
atmosphere. Tetraethyl orthosilicate (TEOS) (Si(OCH3)4–98%) was used
as precursor, nitric acid (HNO3 - 65%) as catalyst of the sol-gel reaction,
whereas absolute ethanol (CH2CH3OH - 99.9%) and distilled water (DW)
were employed as solvents. The molar ratios of the reagents used in the
synthesis were 1.00:1.17:5.00:3.73 for precursor/catalyst/solvent/
water, respectively (Table 1). Obtaining with the mentioned relation
10 � 0.2 g of silica. First, the catalyst was mixed with half amount of
ethanol, then TEOS was added to the mixture and after that, silver nitrate
(AgNO3 - 99.99%) or cupric nitrate (Cu(NO3)2 - pure) was incorporated
with another half of ethanol and water. Finally, different amounts of
ashes from sunflower husk were incorporated to the synthesis (Fig. 1).
The homogeneous solution obtained was stirred vigorously for 12 h and
kept at room temperature for 7 days for gelation and drying. The
nomenclature used for the solids were: S0, for unmodified silica, SA, for
the silica modified with different concentrations of ashes (1% or 10% w/
w), and SAAg or SACu for the silica modified with ashes together with
silver salt or cupric salt (1% or 2% w/w), respectively.



Table 2
Textural properties: SBET, pore volume and pore size of the solids synthesized.

SBET
(m2/
g)

Pore
Volume
(cm3/g)

Pore
Size
(Å)

% Moisture Zeta Potential
(mV)

Ei
(mV)

S0 741.3 0.78 42.3 6.59 � 0.28 �22.5 � 4.38 104
SA-1 643.3 0.55 34.2 6.64 � 0.75 �20.8 � 4.94 104
SA-10 284.9 0.33 47.3 9.33 � 0.52 �20.1 � 5.04 266
SAAg-
1-1

672.6 0.76 45.4 5.24 � 0.79 �20.3 � 4.20 82

SAAg-
1-2

654.7 0.62 37.8 7.35 � 1.17 �22.0 � 5.20 100

SAAg-
10-
1

335.9 0.43 51.5 6.93 � 0.57 �20.1 � 4.64 207

SAAg-
10-
2

318.8 0.50 63.1 8.95 � 0.27 �22.6 � 4.10 196

SACu-
1-1

501.5 0.54 42.9 8.29 � 0.81 �18.3 � 4.79 124

SACu-
1-2

640.0 0.69 43.0 7.42 � 0.30 �18.1 � 3.46 96

SACu-
10-
1

406.9 0.48 47.1 7.37 � 0.53 �20.5 � 5.42 261

SACu-
10-
2

399.7 0.42 42.3 6.76 � 0.60 �18.4 � 5.34 205

Ashes 5 0.01 93.2 6.21 � 1.16 �24.7 � 6.38 �20
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The concentration of ashes used in the synthesis was selected ac-
cording to their volume, being 1% and 10% w/w adequate limit weigh.
In relation to silver and copper concentration, the amounts used were
selected by using previous works data [47].

2.2. Characterization of the solids

The textural properties of the solids, such as the specific surface area
(SBET), the pore volume and pore size, were determined by adsorption/
desorption in Micromeritics Accusorb 2100 equipment (USA), using N2
as absorbable gas. Before the measurement, each sample was degassed at
100 �C for 12 h.

The measurement of the % moisture was carried out employing a
BOECOMBO-35 analytical balance (Germany), 0.500mg of the solid was
weighted and, after a heating treatment of the sample at 110 �C for
90 min, the weight loss (%) was recorded as the moisture content of
samples. Each measurement was carried out by triplicate.

Zeta potential of silica particles was determined using Zetasizer Nano-
ZS90 (Malvern Instruments). The analysis was carried out at a scattering
angle of 90�, at 25 �C, using samples diluted with Milli-Q distilled water.
Five measures were performed for each synthesized sample.

The evaluation of the acidic properties of solids was carried out by
potentiometric titration with n-butylamine, in a Metrohm 794 Basic
Titrino titrator (Switzerland), with a double-junction electrode.
0.025 mL/min of an n-butylamine solution in acetonitrile (0.025 N) was
added to 0.025 g of sample, previously suspended in 45 mL of acetoni-
trile, keeping the stirring time, before to add the first drop, constant
(540 s) and a waiting time of the drop of 60 s, while stirring constantly.

FT-IR (Fourier transform infrared spectroscopy) spectra were ob-
tained using Bruker IFS 66 equipment (Germany) and pellets of the
sample in KBr, at room temperature, measured in a range between 400
and 4000 cm�1.

Scanning electron microscopy (SEM) was carried out to obtain
different micrographs of the solids, in JEOL equipment, JSM-6390LV
(Japan), using a voltage of 20 kV. Samples were supported on graphite
and metallized with a sputtered gold film.

TEM (Transmission electron microscopy) measurements were per-
formed on a JEOL (model JEM 2011) instrument, operated at an accel-
erating voltage of 120 kV. Samples were prepared by their suspension in
milli-Q water and placing 5 μL over carbon-coated copper grids, allowing
the samples to dry in a desiccator for 16 h at room temperature.

2.3. Antifungal activity

The antifungal activity of selected samples was assessed against
Chaetomium globosum (KU936228) and Alternaria alternata (KU936229)
isolated in a previous work [25]. The dilution method employed allows
us to determine the inhibition percentage of the fungal growth, by
measuring colony diameters on agar plates and assessing the effect of the
medium composition where they are growing. In order to set the con-
centration of experimental additives to test in culture media, the amount
of silver and copper in each solid was taking into account. At the same
time, plates were prepared, as controls, adding the same amount of the
solids to be test, without Ag in their composition. Petri dishes were
prepared with 15 mL of the culture media (CM agar): 2.5 g glucose,
1.25 g peptone, 0.25 g KH2PO4, 0.125 g MgSO4 7H2O, 4.0 g of agar and
up to 250 mL of distilled water.

Then, 0.001, 0.01 or 0.05% (weight/volume) of Ag or Cu was added
to the medium, in relation to the content of metal of the tested solids and,
on the other hand, the equivalent solids, without Ag or Cu in their
composition, were added in the same amount to CM-agar plates. Finally,
controls without any additive were prepared. Triplicates were set up for
each concentration, including the controls. The petri dishes were inoc-
ulated in the center with 20 μL of spores suspension (105 spores/mL) of
Alternaria alternata or Chaetomium globosum, and then incubated at
28 � 1 �C for 9 and 10 days, with the respective fungus. With the
3

obtained results, the inhibition percentage (I %) was calculated accord-
ing to the following equation (1):

Inhibition (%) ¼ [(C-E)/C] � 100where C and E correspond to the
average diameter of each fungus in the control plate and on the plate with
the tested solids, respectively. Three measurements of the fungal growth
diameter were made in each plate and standard deviation was
determined.

3. Results and discussion

3.1. Characterization of the solids

Table 2 shows the textural properties (SBET, pore volume and pore
size) and % moisture, zeta potential and acidity (Ei) values of the syn-
thesized solids. Regarding the textural properties, as it can be observed in
Table 1, the samples presented high SBET values, being the sample with
the highest superficial area the unmodified silica (741.3m2/g). The ashes
showed a very low value of SBET (5 m2/g, almost coincident with the
error of the technique) therefore, when different amounts of ashes were
incorporated in the synthesis the area of the silica decreased to 643.3m2/
g for 1% ashes and to 284.9 m2/g for 10% ashes. A similar behavior was
observed in Ag-silica and Cu-silica with different amounts of ashes; and
samples containing 1% of ashes maintain a surface area value similar to
the unmodified silica, while with 10% of ashes the surface area
decreases.

The N2 adsorption-desorption curves obtained for the synthesized
solids are showed in Fig. 2. These curves indicate that the variation in the
pore size and the surface area are consistent with the results of the curve
hysteresis, showing Type IV isotherms, with hysteresis loop H2, accord-
ing to the classification given by Brunauer et al., characterized by a wide
hysteresis loop and a pronounced plateau [48,49], characteristics of
highly mesoporous materials while H2 loop is normally observed for ink
bottled shaped pores [50].

In relation to the moisture content, it was less than 10% in all the
samples synthesized and no variation was observed with the addition of
sunflower ashes.

Zeta potential is a relevant parameter to understand the state of the
particle surface and for seeing its long-term stability. The higher the zeta
potential, the stronger the repulsion and the more stable the system



Fig. 2. Adsorption-desorption isotherms of S0, SA-1 and SA-10 samples.

Fig. 3. FT-IR spectra of ashes, S0, SA-1 and SA-10 samples.
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becomes [49]. Particles with a zeta potential between �10 and þ 10 mV
are considered approximately neutral, while nanoparticles with zeta
potentials greater than þ30 mV or less than �30 mV are considered
strongly cationic and strongly anionic, respectively. In all the synthesized
samples, stable particles negatively charged were observed.

The electrode potential difference (E) was employed to determine the
Fig. 4. FT-IR spectra of samples with silver a
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acid properties of the solids by the potentiometric titration with n-
butylamine. Initial electrode potential values (Ei) indicate the maximum
acidic force of superficial sites and this acid strength can be classified
according to the following ranges: very strong sites, Ei > 100 mV, strong
sites, 0< Ei< 100mV; weak sites�100< Ei< 0mV, and very weak sites,
Ei < -100 mV [51,52]. As shows Table 1, unmodified silica (S0) present
nd copper and 1 and 10% w/w of ashes.



Fig. 5. SEM micrographs of (a) ashes, (b) S0, (c) SA-1 and (d) SA-10 samples.
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strong acid sites (104 mV) in contrast with the sunflower ashes that show
weak sites (�20 mV). No changes in potential electrode values was
observed with the addition of ashes at a concentration of 1% wt. in the
synthesis of the solids, but when ashes were added at a concentration of
10% wt. the maximum acidic force of superficial sites was duplicated. In
general, when silver or copper was incorporated into the synthesis, a
Fig. 6. SEM micrographs and mapping of (a)
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decrease of the Ei values was observed, mainly when the concentration of
ashes was of 10% wt. This decrease could be due to the common ion
effect, and the addition of nitrate ions from the salts would produce the
suppression of the degree of dissociation of the weak electrolyte from the
nitric acid. However, the acidity obtained in all the samples should be
appropriate to be used as fillers in antimicrobial materials [47,53].
SAAg-10-2 and (b) SACu-10-2 samples.



Fig. 7. TEM micrographs of (a) unmodified silica S0 (bar: 50 nm), (b) SA-10 (bar: 50 nm), (c) SAAg-1-1 (bar: 100 nm), (d) SAAg-10-1 (bar: 100 nm), (e) SACu-1-1
(bar: 200 nm) and (f) SACu-10-1 (bar: 200 nm).
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The FT-IR spectra of the ashes, the unmodified S0, SA-1 and SA-10
samples are shown in Fig. 3 and FT-IR spectra of samples with silver
and copper and 1 and 10% w/w of ashes are shown in Fig. 4. The spectra
of the synthesized samples showed the characteristic bands of SiO2.
Around 3400 cm�1, a wide band assigned to stretching vibrations of
water molecules bonding to superficial silanol groups (OH and SiO–H)
[54,55] is observed, at 1640 cm�1 appears a band associated with the
adsorption of water in the surface and is assigned to the angular defor-
mation of molecular water (H–O–H) and finally, at 950 cm�1 is assigned
to the vibration of Si–OH bonds [56]. Those absorption bands indicate
the presence of hydrophilic silica xerogel, with high amount of molecular
water and hydroxyls groups. Also, well defined bands were observed at
1200 cm�1, 1080 cm�1 and 800 cm�1. The first two bands are assigned to
asymmetric stretching modes (Si–O) and the last one is associated to the
symmetric stretching mode (Si–O–Si) or vibrational modes of ring
structures. At lower wavenumbers, the band at 460 cm�1 corresponds to
the bending vibration mode of the SiO4 tetrahedron or symmetric oxygen
stretching vibrations of surface silanol and finally, the band around
560 cm-l is attributed to four-member siloxane rings deformation, stables
during de hydrolysis process, so them can constitute a great fraction of
the olygomeric species in TEOS systems [56].

Changes in shape and position of the peaks in the absorption bands
may be associated to structural changes, produced by different compo-
sitions of water or reagents, and leading to a variation in hydrolysis and
condensation ratios. The bands of the modified solids with the silver and
copper salts showed no significant differences in form, spectra not
shown. Neither difference was found between the spectra of solids
modified with different amounts of ashes.

On the other hand, the SEM micrographs of the ashes sample, the un-
modified silica and the samples with 1 and 10% wt. of ashes, at different
magnifications, are displayed in Fig. 5. Regarding to the modified samples,
6

with different amounts of salts or ashes, they are similar in morphology to
the unmodified silica (S0), maintaining the laminar morphology of
amorphous silica, characteristic of acid catalyzed silica [33,57]. Also, all
the particles formed are irregular in shape and structure. In relation to the
SEM-EDS and elemental analysis of the samples with Ag or Cu (Fig. 6), a
homogeneous distribution of the components in the silica matrix was
observed, with few less-concentrated areas.

The TEM images of unmodified silica and SA-10 sample (Fig. 7a and b)
show that the Si framework consists of interconnected small primary
particles result of the acid synthesis. In addition to this, in silver-silica
(Fig. 7c and d) and copper-silica (Fig. 7e and f) nanoparticles can be
clearly seen embedded in the oxide matrix being essentially spherical in
shape. In Ag-silica samples with 1% of ashes, SAAg-1-1 (Fig. 7c) and SAAg-
1-2, spherical particles with size between 10 and 100 nm and dendritic
particles like flowers are observed. It has been shown that the morphology
of crystals depends on the distance of the formation conditions from
thermodynamic equilibrium, been the spherical particles close to equilib-
rium and dendritic nanostructures away from it [58]. When ashes were
added in an amount of 10%, SAAg-10-1 (Fig. 7d) and SAAg-10-2 samples,
only spherical Ag-nanoparticles were present with small size, around
10 nm. Regarding the synthesis of silica with a cupric salt, in samples with
1% of ashes, SACu-1-1 (Fig. 7e) and SACu-1-2, copper nanoparticles sup-
ported on silica were obtained and the average nanoparticle size was
10 nm, whereas with 10% of ashes, SACu-10-1 (Fig. 7f) and SACu-10-2 the
formation of nanoparticles (NPs) were not observed.

According to Adegboyega et al. [59], metal salts in the presence of
organic acids could help the formation of silver nanoparticles due to the
reduction of ions (Agþ or Cuþ2) by the functional groups found in the
organic matter, specifically the presence of free radicals and carboxylic or
phenolic groups. But, when the amount of ashes was greater (10% w/w),
the negatively charged groups could prevent agglomeration of NPs by



Fig. 8. Fungal growth in CM-agar plates, after a week at 28 � 1 �C with and without 0.05% (w/v) of the additives.

Table 3
Inhibition percentages calculated at different additive concentrations.

C. globosum A. alternata

0.001%
w/v

0.01%
w/v

0.05%
w/v

0.001%
w/v

0.01%
w/v

0.05%
w/v

SA-1 NI NI NI 1.8 2.5 3.1
SA-10 NI NI 3.3 2.4 3.5 3.6
SAAg-
1-2

NI NI 8.8 2.8 63.0 80.0

SAAg-
10-2

10.1 97.4 100 51.8 92.9 100

SACu-
1-2

NI NI 1.9 1.6 10.1 21.1

SACu-
10-2

NI NI NI 1.3 3.1 41.7
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electrostatic repulsion and provide a better stability of the colloidal
suspension, being the nanoparticles formed smaller and even ionic silver
and ionic copper would be present in majority amount in these samples.

3.2. Antifungal activity

The antifungal activity of the additives was assessed, employing an in
vitro fungal growth inhibition assay, by measuring the colony diameters
on CM-agar over time. Fig. 8 shows selected photographic registers of the
antifungal assay with selected silica, against C. globosum and A. alternata
and Table 3 presents the inhibition percentages (%I) calculated
employing Eq. (1), for all the concentrations used.

Without the presence of silver or copper, neither the solids with 1% of
ashes nor the solids with 10% of ashes showed antifungal activity. We
found that the solids synthesized with Ag or Cu inhibited the fungal
growth and A. alternata fungus was more sensitive than C. globosum at the
concentrations used. It should be noted that the addition of a higher
amount of ashes increased the antifungal activity of the solids, especially
in Ag-silica. The solids with an intermediate concentration of Ag (0.01%)
and 10% of ashes showed a growth inhibition higher than 90% against
both fungi. In the case of C. globosum, from not being inhibited (NI) in
sample with 1% of ashes, by the adding 10% of ashes, the inhibition
increases up to 97% and, when the silver concentration was 0.05%, no
growth was observed with both fungi. Even with a concentration as low
as 0.001% of silver the silica with 10% of ashes was able to inhibit the
7

50% of A. alternata growth. This fungus is a real threat to human health
and is often found inside houses deteriorating the environmental quality
for its occupants. A possibly approach to explain these results is taking
account properties exhibited for the silica synthesized. According to the
characterization, an increase in the amount of ashes in solids led to
obtain smaller metal nanoparticles in Ag-samples and a greater amount
of silver and copper ions into the matrix. These two factors could be
affecting positively the antimicrobial activity of the solids, which is
believed is based on the combination of the action of both, ions and
particles [60]. Also, humidity is a key factor for ion transportation and
also a trigger for silver ions generation which process would be favored
by acidic environment [61]. Therefore, the conditions created in the
solids synthesized with 10% of ashes seem to be more favorable for the
antimicrobial action. Copper silica did not show such high inhibition
values as silver silica at the concentrations tested, probably due to the
fact that copper ions are less effective than silver ions, and higher con-
centrations need to be used to obtain the same antimicrobial activity.

4. Conclusions

The addition of ashes into the solids improved the antifungal activity
of the silica due to a greater amount of ionic silver and ionic copper
would be present in these samples. These results are very promising since
the ash is a waste product without commercial value that proved to be
useful in the development of new bioactive materials to prevent fungal
infections.

The use of Ag or Cu fillers results in a controlled spread of microor-
ganisms in internal environments that could improve the quality of life
and human health with the use of green chemistry principles.
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