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Abstract: The study evaluates five types of commercial textiles with different cotton and polyester
contents widely used in the garment industry. These textile samples have been subjected to treatment
by the exhaustion method using zinc oxide nanoparticles (NP ZnO) (textile functionalization) with the
aim of improving their efficiency in blocking UV radiation. The ZnO nanoparticles have been obtained
by two methods: The green or also called biosynthesis (using the extract of Coriandrum sativum as an
organic reducing agent), and the chemical method (using NaOH as an inorganic reducing agent).
The results related to the green method show having achieved a defined geometric configuration
with an average size of 97.77 nm (SD: 9.53). On the contrary, the nanostructures obtained by the
chemical method show pentagonal configurations with average sizes of 113 nm (SD: 6.72). The
textiles functionalized with NP ZnO obtained by biosynthesis showed a better efficiency in blocking
ultraviolet radiation (UV).

Keywords: UV-protection; ZnO nanoparticles; green synthesis; functionalized textile

1. Introduction

In recent decades, nanotechnology has deepened the level of research, in such a
way that it has come to control various properties that atoms and molecules possess,
even handling individual atoms with high precision, generating functional materials and
devices on the nanometric scale. The properties of nanomaterials are also of research
interest to scientists and researchers related to the textile industry, which has led to the use
of nanotechnology being studied with greater emphasis because textiles are considered
one of the best areas to apply nanotechnology. In this sense, it is known that fibers provide
optimal substrates based on the type of thread (material) or grammage. This is how
nanotechnology takes advantage of the mentioned textile properties [1].

Functionalized textiles have been the subject of several studies in which all are aimed at
producing fabrics with different functional performances. For example, silver nanoparticles
(NP Ag) have been used to impart antimicrobial applications [2,3], titanium dioxide to
block UV rays, and self-cleaning properties in textiles [4–6]. We have semiconductor
nanoparticles like ZnO for antimicrobial and UV blocking properties [7–9]. It should
be noted that metal oxide nanoparticles are more preferred by researchers than silver
nanoparticles, mostly due to cost issues. In addition, zinc and titanium oxides have
zero toxicity and are chemically stable when subjected to high temperatures, in addition
to having photocatalytic characteristics due to their degree of oxidation. This type of
nanomaterial has an excellent surface-volume ratio as a result of a significant increase in the
effectiveness of catalytic processes (due to their oxidation) compared to bulk materials [10].

At present, there are conventional methods of textile treatment where they tend
to provide characteristics such as water repellency, stains, and UV blocking. However,
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they often do not produce permanent effects, losing their functions after washing or use.
Nanoparticles can provide high durability for treated textiles since they have a high surface
energy that guarantees a better affinity for fabrics, thus, increasing durability for treated
textiles [11,12], since the nanoscale material is bonded to the surface of the fabric by Van de
Waals forces, which provides fastness to washing. It is known that reducing the size of the
particles to nanometric dimensions greatly changes the properties of the material.

Focusing on ZnO, currently, it is widely used due to its electrical, electronic, photo-
catalytic, optical, dermatological, and antimicrobial properties [13–19], research is focused
on preventing nanoparticle agglomeration and increasing dispersion stability [20–22]. The
applicative potential of NP ZnO is thanks to the fact that it has three advantages. First, it is
a semiconductor with a bandwidth of 3.37 eV with excitation binding energy of 60 meV.
Second, it is also a functional oxide that presents excellent photocatalytic activity. Lastly,
this is a piezoelectric whose applications are linked to the manufacture of sensors and
transducers. Furthermore, ZnO is biocompatible and comes with high biosafety, which
broadens the spectrum of biomedical applications. This is how NP ZnO are presented as
nanomaterials of high importance for future research and applications.

This is how, in recent years, research has been intensified aimed at obtaining products
that protect the skin against UV radiation, ranging from sunscreen to functionalized textiles.
However, very little is known about the true potential, and, in turn, the ignorance of this
type of material by the population and the textile industry still exists.

In the textile field, and especially in garments, there is a lack of knowledge about the
degree of sun protection, since most of them do not offer sufficient blocking action of ultra-
violet radiation, leading to the skin not being sufficiently protected despite being covered
with a garment [23]. UV protection in textiles depends on a series of variables, ranging
from the type and origin of the fiber [24], the weft, porosity, color, among others [25].

The effects of skin exposure to UV radiation range from simple cases such as low-grade
burns to erythema, pruritus, blisters, and pigmentation [26].

The main objective of this research is to provide an improvement to textiles in what
corresponds to UV protection. For this, five types of textiles are evaluated, coating them
with ZnO nanoparticles obtained by two methods, wet chemistry and green. In the latter
case, we use Coriandrum sativum extract as a reducer. Both syntheses were made from the
precursor zinc acetate.

2. Materials and Methods
2.1. Preparation of Leaf Extract

Fresh leaves of Coriandrum sativum were collected from the surroundings of the
province of Trujillo, Peru. The leaves were subjected to washing once with tap water and
subsequently three times with ultrapure water to eliminate any dust particles from the
surface that it might contain, which is followed by oven drying at 35 ◦C for 10 h. The dried
leaves of C. sativum were subjected to mechanical grinding and sieving to obtain a fine
powder. For the preparation of the extract, 5 g of dry powder were dissolved in 83.33 mL
of ultrapure water. The mixture was heated to a hotplate with stirring for 4 h at 70 ◦C.
Finally, the mixture was cooled to room temperature and filtered using Whatman filter
paper (No. 3). The remaining extract was brought to refrigeration (12 ◦C) for use in future
syntheses. The extract was used as a reducer in the synthesis of ZnO nanoparticles without
adding other chemical compounds.

2.2. Preparation of ZnO Nanoparticles by the Green Chemistry Method

A total of 30 mL of the ACS Merck zinc acetate precursor (CAS No. 5970-45-6) 0.21 M
was prepared, which is the same that was brought to a hotplate until reaching a temperature
of 70 ◦C and magnetic stirring at 450 rpm. This was followed by adding dropwise 20 mL
of aqueous extract of C. sativum under constant stirring (600 rpm). The mixture was kept
for 4 h at a constant temperature. Finally, the sample was calcined in a muffle oven for 2 h
at 500 ◦C.
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2.3. Preparation of ZnO Nanoparticles by the Wet Chemistry Method

The protocol used was based on that described by Aquino and Col. [27] with a minimal
change. A total of 15 mL of ACS Merck zinc acetate precursor solution (CAS No. 5970-45-6)
0.6 M was prepared, which was kept at 60 ◦C and stirred at 600 rpm for 5 min. In another
beaker, the Merck ACS NaOH solution (CAS No. 1310-73-2) 0.01 M was prepared, followed
by the NaOH solution, which was added dropwise to the precursor solution in a burette of
zinc acetate. This process was done with constant stirring (600 rpm) and at 60 ◦C. Once
this first process was completed, 100 mL of ACS Merck absolute ethanol (CAS No. 64-17-5)
was added by slowly dripping for 3 h. Finally, the sample was calcined in a muffle furnace
at 500 ◦C for 2 h.

2.4. Characterization of ZnO

The colloidal samples were initially characterized by UV-Vis spectrophotometry
(Hewlett Packard, 8452, CA, USA) in the range of 340–800 nm, to evaluate the presence of
optical absorbance and surface plasmon resonance peak (RPS), in addition to the evaluation
of optical transmittance in treated textiles.

The size, shape, and elemental composition analysis of the ZnO nanoparticles were an-
alyzed by scanning electron microscopy (SEM) (Tescan Vega 3 with Scanning Transmission
Electron Microscopy, STEM and Energy Dispersive Spectroscopy, EDS detectors, 4.0 uL
drop on coated cooper grid evaporated to dryness). Special emphasis has been given to the
characterization of the ZnO nanoparticles made by the green chemistry method. This is
due to the better efficiency in the results obtained from the synthesis and its influence on
the textile treatment. This is how it has also been evaluated by FTIR (Thermo Scientific,
Nicolet iS50, Germany) for this type of nanostructure.

The resistance to UV radiation of the various treated textiles was through the use
of a sensor (PCE-UV34, Germany) to evaluate the intensity of blocked UV radiation (in
mW/cm2). This evaluation was both under conditions of direct solar radiation, and
simulated UV-A radiation. For this last case, an experimental design was used based on a
closed cabin, which contained the source of UV-A radiation in the upper part (400–315 nm)
(Ultraviolet focus/365 nm).

It is worth mentioning that there are more energetic wavelengths in the UV range,
which are UV-B (315–280 nm) and UV-C (280–100 nm). However, NP ZnO do not usually
cause changes in their physical properties around these wavelengths.

2.5. Nanocomposite Coating on Cotton Fabrics

The methodology adopted for the textile treatment was the same for both the chemical
and green NP ZnO synthesis protocols. For this, the dry powder of the nanomaterial was
diluted in ultrapure water and taken to ultrasound for 30 min at room temperature. Then
it was contained in a beaker and brought to magnetic stirring (400 rpm) where the textile
samples were immersed for 1 h and kept at 70 ◦C. Finally, the textile sample was placed in
an oven at 100 ◦C for 15 min. It is worth mentioning that each textile sample was treated
under the same initial nanomaterial concentrations.

3. Results and Discussion

There is a diversity of applications that are given to organic matter in general. In
this case, the use of a vegetable with the aim of obtaining an extract rich in metabolites
that play a role as a chemical agent reducer, is considered a challenge because, from the
phytochemical and metabolomic point of view, it involves evaluating a series of agents
that generate a chemical reaction and aim to obtain nanostructures with new properties
and phenomena that are governed by some physical laws. The handling of matter at
the nanoscale from a purely chemical procedure implies greater precision and guarantee
to obtain nanostructures of homogeneous sizes with high stability and with a defined
geometric shape, which would simplify the processes. The mechanisms of reducing
conventional chemical synthesis are defined using chemical agents such as ascorbates,
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sodium citrate, sodium borohydride, among others, whose mechanism allows us to have a
rigorous control of the size and shape of the NP ZnO, generating chemical processes of
nucleation and growth.

However, this research has developed a methodology for the green synthesis of NP
ZnO with the aim of evaluating its efficiency in the functionalization of textiles in order to
improve the neutralization of UV radiation. This case of textile treatment is also evaluated
with NP ZnO made by the chemical method.

In Figure 1, the optical absorbance peaks for the NP ZnO obtained by both meth-
ods are shown. For the case of the chemical method, the typical peak of ZnO is lo-
cated at 391.9 nm/0.9962 u.a, and, for the case of the green method, it is located at
391.2 nm/0.6294 u.a. The difference is minimal in what corresponds to its projection with
respect to the wavelength, which justifies the efficiency in obtaining the ZnO nanostructure.
However, the variation is in absorbance, which is translated as the efficiency of nanoparticle
production because, based on these results, by spectrophotometry, it allows us to partially
infer that the chemical method has a better efficiency in nanoparticle production compared
to the green method where its production is reduced almost by half (based on absorbance,
since this value is closely related to production). However, this is not a limiting and/or
determining factor because the geometry achieved is of vital importance, in addition to its
size and the homogeneity of the nanostructured material.
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Figure 1. Spectrophotometry of ZnO nanoparticles synthesized by the chemical and green methods. 
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It is clear that the size of the nanoparticles obtained by the green method has an av-
erage value of 97.77 nm, (SD = 9.53), and they have a highly defined spherical geometry 
that improves their physical properties at the nanoscale. However, the nanostructures ob-
tained by the chemical method do not have a defined geometry, prevailing pentagonal 
shapes with an irregular side with an average size of approximately 113 nm, (SD = 6.72) 
(Figure 2). 

Figure 1. Spectrophotometry of ZnO nanoparticles synthesized by the chemical and green methods.

Thus, the research has obtained images by scanning electron microscopy (SEM) (for
the case of NP ZnO obtained by the green method), and images by transmission electron
microscopy (TEM) (for NP ZnO obtained by the chemical method), which show the shape
and average size of the achieved nanostructure.

It is clear that the size of the nanoparticles obtained by the green method has an
average value of 97.77 nm, (SD = 9.53), and they have a highly defined spherical geometry
that improves their physical properties at the nanoscale. However, the nanostructures
obtained by the chemical method do not have a defined geometry, prevailing pentagonal
shapes with an irregular side with an average size of approximately 113 nm, (SD = 6.72)
(Figure 2).
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Figure 2. Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) images
of ZnO nanoparticles (NP). NP ZnO obtained by the green method (a–d), NP ZnO obtained by
the chemical method (e,f) [25], and EDS spectrum of the ZnO nanoparticles obtained by the green
method (g).

The defined homogeneous shape of the nanoparticles obtained by the green method,
consolidate their physical properties, which would advance to better properties and effi-
ciency for their various applications. This is how we highlight a more in-depth study of
the nanomaterial obtained by the green method. For this, it is important to check by means
of an elemental analysis if the material obtained has the molecules of the compound zinc
oxide (ZnO), of which the result is shown in Figure 2g, thus, denoting the existence of the
element under study.

The FTIR spectrum of ZnO nanoparticles (Figure 3) shows significant absorption peaks
at 3387.8 cm−1, 1389.9 cm−1, 1074.1 cm−1, and 429.08 cm−1. The band close to 429.08 cm−1

is assigned to ZnO, while, that of 1389.9, is assigned to H-O-H.
This research is linked to functionalizing five types of textiles with ZnO nanoparticles

elaborated by the previously mentioned methods, with the aim of evaluating their efficiency
in blocking UV radiation, since various investigations already comment on the potential of
zinc oxide in UV blocking and even its potential antimicrobial properties [28–32].
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Figure 3. FTIR spectrum of ZnO nanoparticles synthesized by the green method.

The evaluation was based on control samples of the evaluated textiles (without treat-
ment), and with NP ZnO treatments obtained by the green and chemical methods. In this
case, textiles of greater demand and applications at the level of basic clothing are being
evaluated. Even at a medical level, the following occurs: textile 30/70 which corresponds
to 30% cotton and 70% polyester, which is the type of fabric that is weft and warp with
taffeta construction, 70/30 textile that corresponds to a higher content of cotton (70%) and
polyester (30%), which is the type of fabric and construction similar to the first case. The
anti-fluid textile is 100% polyester (filament) with a taffeta construction and a grammage of
114 g/m2. It is for purely medical use. Regarding the antimicrobial textile, it has a general
composition of 100% polyester with chemical treatment (not shown) with a plain weave
and under tests of its antimicrobial properties by the AATCC 100 standard. The rayon
textile is similar to fibers such as silk, wool, or cotton. Its composition is to be an artificial
cellulosic fiber of low grammage density (Figure 4).
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Figure 4. Micrographs of the textiles under study without treatment with NP ZnO. 30/70 (a), 70/30 (b), Anti-fluid (c).
Antimicrobial (d). Rayon (e). Scale bar = 20 µm.

In the micrographs shown in Figure 4, you can see the different configurations of
each textile, where its grammage is totally different in each case. The anti-fluid and anti-
microbial textiles are the most saturated. In turn, the fibers have a better fabric homogeneity.
The 30/70 and 70/30 textile samples, the grammage is intermediate, they do not have a
good alignment in their fibers, and it is also the case of rayon textile, where it is possible to
observe empty spaces between weft and warp, which makes this textile in one of the least
UV blocking. The configuration of the grammage is important in blocking UV radiation.
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However, factors such as the content of polyester intervene, being a synthetic material,
which generates internal reflections and, therefore, its ability to neutralize UV radiation
makes it minimal [33].

The optical transmittance of the textiles was performed using a UV-vis spectropho-
tometer (Hewlett Packard, 8452, CA, USA) with the aim of calculating the ultraviolet
protection factor (UPF), using the equations provided by the test method of America
AATCC 183-2004 [34].

UPF =
∑λ=400 nm

λ=280 nm E(λ)xS(λ)x∆λ

∑λ=400 nm
λ=280 nm E(λ).S(λ).T(λ).∆λ

(1)

where E(λ) is relative erythemal spectral effectiveness, S(λ) is a solar spectral irradiance
in Wm−2 nm−1, T(λ) is the average spectral transmittance of the fabric, and ∆λ is the
bandwidth in nm.

The blocking percentage for UV-A radiation (which is the case of the lamp that has
been used) (315–400 nm), is calculated using the equation below [35].

UV − A blocking (%) =
∑λ=400 nm

λ=315 nm T(λ)X∆λ

∑λ=400 nm
λ=315 nm ∆λ

100 (%) (2)

The UPF calculation (Equation (1)) aims to indicate the amount of material that reduces
exposure to UV rays, in addition to being a term applied to textiles for the previously
mentioned purposes. In the case of this research, a UV-A lamp and solar radiation are
being used. In the first case, it is adjusted to quantify it by means of Equation (2). It is
worth mentioning that, according to the ASTM standard for solar protection, only textiles
with a UPF value greater than 15 are considered to be UV radiation blocking materials.

Figure 5 shows the UPF values calculated for the different textiles evaluated based
on their respective treatments with NP ZnO by the chemical and green methods, and
their comparison based on the control sample (textile without treatment), according to the
AATCC standard 183-2004. Based on Table 1, UPF values greater than 15 have the category
of “good protection.” This is how the control sample of the rayon textile is the only one that
has a UPF value of 11.73, which implies a terrible UPF protection value. The other control
textiles have values above the minimum necessary to have a “good” category, textile 30/70
with UPF 28.21, 70/30 with UPF 32.47, anti-fluid UPF 33.21, and anti-microbial UPF 40.17.
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Table 1. Ultraviolet protection factors (UPF) rating and protection grades [30].

Protection Category UPF Rating %UV Radiation Blocked

Good 15–24 93.3–95.9
Very good 25–39 96.0–97.4
Excellent 40–50, 50+ 97.5 to 98+

However, it is noteworthy that the rayon sample has an improvement when subjected
to treatment with NP ZnO both by the chemical and green methods, reaching UPF values
of 20.87 and 20.88, respectively, becoming considered to be “good protection.”

It is also observed that, when the textile treatment is with NP ZnO obtained by the
green method, in all cases, there is an increase in the UPF value. This is possibly due to the
spherical geometry defined and observed in the SEM images. Otherwise, it happens with
textiles treated with NP ZnO by a chemical route, where, for the 70/30 and antimicrobial
cases, the UPF values decrease when compared to the control.

Figure 6 shows a comparative graph of UPF values corresponding to textiles treated
with NP ZnO by the chemical and green methods. It is observed that, in most cases, there
is an increase in protection by the textiles treated with NP obtained by a green route. These
results will be corroborated by other techniques described in the following paragraphs.
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In Figure 7, it is possible to observe the transmittances for each batch of textiles,
which ranges from the control textile (without treatment) to those with the previously
mentioned treatments. its variation is clearly notorious. The results have been arranged
in Table 2 and Figure 8. Based on these results, it is possible to obtain percentage values
regarding the variation in transmittance after treatment, obtaining that, in the case of the
30/70 textile, it has an initial transmittance value, which decreases by 18.88% when a
treatment is carried out with NP ZnO obtained by the chemical method. However, this
value decreases much more when the treatment is with nanoparticles obtained by the green
method, reaching 39.02%. For the 70/30 textile sample, the context is a little different,
since an opposite change has been seen due to the fact that the transmittance of the textile
containing chemical treatment increased by +14.73% when compared to the control textile.
This is possibly due to the fact that containing more cotton has absorbed in greater quantity
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ZnO nanostructures with a larger diameter (approximately 113 nm) and with an undefined
geometry (polygonal) (Figure 2). However, for the sample treated by the green method,
there is a reduction in transmittance by 9.42%, which would be in line with the relationship
that the nanostructure achieved by this method is smaller in diameter and with defined
spherical geometry, helping its incorporation into cotton fibers.

Fibers 2021, 9, x FOR PEER REVIEW 9 of 14 
 

nanostructures with a larger diameter (approximately 113 nm) and with an undefined geom-
etry (polygonal) (Figure 2). However, for the sample treated by the green method, there is 
a reduction in transmittance by 9.42%, which would be in line with the relationship that 
the nanostructure achieved by this method is smaller in diameter and with defined spher-
ical geometry, helping its incorporation into cotton fibers. 

 
Figure 7. Optical transmittances of different textiles treated with NP ZnO by chemical and green methods. 30/70 (a), 70/30 
(b). Anti-fluid (c). Anti-microbial (d). Rayon (e) based on your control sample (no treatment). 

70/30 30/70 Antifluid Antimicrobial Rayón

0

10

20

30

40

50

60

 NP Chemical Method
 NP Green Method

Type of textileU
V 

In
te

ns
ity

 tr
an

sm
itt

an
ce

 - 
C

he
m

ic
al

 M
et

ho
d 

(%
)

0

10

20

30

40

50

60
 U

V 
In

te
ns

ity
 tr

an
sm

itt
an

ce
 - 

G
re

en
 M

et
ho

d 
(%

)

 
Figure 8. Comparison of the transmittance (%T) of the different textiles based on the type of func-
tionalization treatment with NP ZnO by the chemical and green methods. 

For the anti-fluid textile, we observe in the micrographs that its framework is more 
orderly and denser. Despite this, the nanoparticles found spaces for their location, imply-
ing variations in their transmittance. Thus, for the sample treated by the chemical method, 

Figure 7. Optical transmittances of different textiles treated with NP ZnO by chemical and green methods. 30/70 (a), 70/30
(b). Anti-fluid (c). Anti-microbial (d). Rayon (e) based on your control sample (no treatment).

Table 2. Evaluation of transmittance (%T) in textiles functionalized with NP ZnO by the chemical
and green methods.

Transmittance (%T)

Type of Textile Sample Control Textile with NP ZnO
Chemical Treatment

Textile with NP ZnO
Green Treatment

30/70% 1.43 1.16 0.872
70/30% 0.828 0.95 0.75

Anti-fluid 0.823 0.614 0.601
Anti-microbial 0.619 0.709 0.567

Rayón 9.175 2.017 2.017

For the anti-fluid textile, we observe in the micrographs that its framework is more
orderly and denser. Despite this, the nanoparticles found spaces for their location, implying
variations in their transmittance. Thus, for the sample treated by the chemical method, their
reduction in transmittance is 25.39% and, for the green method, the reduction is 26.97%. The
antimicrobial textile in its chemical treatment had a similar behavior to the 70/30 sample
where the value increased by 14.53%, while, for the sample treated by the green method, it
decreased by 7.65%, possibly due to what was stated in the previous case. Furthermore, it
is notable that, among all the samples under study, this is the one that contributed little
to reducing transmittance, possibly due to the high content of polyester, which meant
that few nanoparticles could be incorporated into cotton fibers. In the case of the rayon
textile sample, the results are quite promising because, according to the micrographs, its
textile density is low, observing spaces that help to achieve high levels of transmittance.
However, it favors the high cotton content since it is the place where nanostructures can
easily be incorporated. This is how, for the sample with chemical treatment, a reduction of
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78.01% was obtained, whose value is identical to that achieved by the sample treated by
the green method.
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The textile samples were also analyzed under the influence of UV lamp (UV 365 nm)
and solar radiation, tested with a UV light intensity sensor (mW/cm2) (PCE-UV34, GmbH,
Germany) (±0.01%) and an experimental arrangement planned for the occasion with the
objective of obtaining congruent data.

In Tables 3 and 4, the textiles treated with the chemical and green methods are
evaluated, respectively, with the influence of the UV lamp, considering the control sample
(without treatment) as an experimental basis. In the case of textile samples with chemical
treatment, it can be concluded that the textile that has best blocked UV radiation is rayon
(46.15% better than the control), followed by the 70/30 textile. Once again, it is due to
its high cotton content, which allows a better incorporation of nanostructures. However,
anti-fluid and anti-microbial textiles did not generate change. The samples treated with
NP ZnO by the green method (Table 4) achieved a better UV blocking efficiency in the
rayon textile sample (51.92% better than the control), and, in turn, more efficient than
the textile treated by the chemical method. These results are related to those obtained
by transmittance.

Table 3. Evaluation of textiles treated by the chemical method, based on blocking the intensity of UV
radiation, provided with a UV-A lamp system, and its comparison with the control textile.

Influence with UV Lamp

Type of Textile
UV Intensity of
Textile Control

(mW/cm2)

UV Intensity Textile
with NP ZnO

Chemical Treatment
(mW/cm2)

% Decrease Compared
to the Control

30/70 0.006 0.005 16.66
70/30 0.008 0.005 37.5

Anti-fluid 0.001 0.001 0
Anti-microbial 0.001 0.001 0

Rayón 0.052 0.028 46.15
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Table 4. Evaluation of textiles treated by the green method, based on blocking the intensity of UV
radiation, provided with a UV-A lamp system, and its comparison with the control textile.

Influence with UV Lamp

Type of Textile
UV Intensity of
Textile Control

(mW/cm2)

UV Intensity Textile
with NP ZnO Green
Treatment (mW/cm2)

% Decrease Compared
to the Control

30/70 0.006 0.005 17.22
70/30 0.008 0.006 25

Anti-fluid 0.001 0.001 0
Anti-microbial 0.001 0.001 0

Rayón 0.052 0.025 51.92

Similarly, the samples were evaluated under the influence of solar radiation, where it
was possible to obtain the intensity of UV solar radiation (mW/cm2) and its comparison
with the control sample. Table 5 shows the specimens treated with the chemical method,
with the rayon textile being the one that obtained the best reduction efficiency (59.73%
better than the control). Table 6 shows the same evaluation but for the textiles treated
by the green method, where the rayon textile also managed to be among the textiles that
obtained the best UV blocking efficiency (56.19% better than the control).

Table 5. Evaluation of textiles treated by the chemical method, based on blocking the intensity of UV
radiation emitted by the sun, and its comparison with the control textile.

Influence with UV Solar Radiation

Type of Textile
UV Intensity of
Textile Control

(mW/cm2)

UV Intensity Textile
with NP ZnO

Chemical Treatment
(mW/cm2)

% Decrease Compared
to the Control

30/70 0.049 0.0425 13.26
70/30 0.052 0.049 5.77

Antifluid 0.016 0.008 50
Antimicrobial 0.012 0.0155 −29.16

Rayón 0.226 0.091 59.73

Table 6. Evaluation of textiles treated by the green method, based on blocking the intensity of UV
radiation emitted by the sun, and its comparison with the control textile.

Influence with UV Solar Radiation

Type of Textile
UV intensity of
Textile Control

(mW/cm2)

UV Intensity Textile
with NP ZnO Green
Treatment (mW/cm2)

% Decrease Compared
to the Control

30/70 0.049 0.0385 21.42
70/30 0.052 0.052 0

Anti-fluid 0.016 0.0105 34.37
Anti-microbial 0.012 0.013 −8.33

Rayón 0.226 0.099 56.19

In the garment manufacturing industry, most textiles used for this purpose provide
some protection against UV radiation, since the effectiveness of a textile against UV block-
ing is determined by several factors, such as thickness, porosity, color, and density [36–38].
Thus, to improve the UV protection properties in textiles, various researchers have been
applying nanoparticles of silicon dioxide, titanium dioxide, zinc dioxide, copper oxide, sil-
ver, and zinc oxide. Nanomaterials that are gaining considerable attention in the industrial
sector, with the aim of satisfying the growing demand for textile products with innovative
functionalities [39–43].
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Research on the functionalization of textiles with NP ZnO is based on the treatment
of pure cotton fabrics, which contributes to a better performance in UV blocking [44–46]
achieving maximum values of up to UPF 161.74, considering high concentrations of the
nanomaterial in question. However, other works with identical treatments report maxi-
mum UPF 20 values using lower concentrations of ZnO [47], and all of them using 100%
cotton textiles.

In the case of this research, using the same textile material is avoided in typical research
work because they are materials being used more in the garment manufacturing industry
due to their low cost. However, there is little information at the research level with the
textiles we are using, contributing that, despite the high content of synthetic material such
as polyester, low grammage density materials can improve their UV protection properties
using ZnO nanoparticles synthesized by a sustainable method and low cost. As seen in the
results presented, in all cases, there is an improvement in the UPF protection factor with
values between “good” and “very good” in their categorization.

The UV blocking mechanism consists of ZnO having a direct band gap of 3.37 eV
and, therefore, an improved light absorption capacity with an energy hv that coincides
with the band gap of the UV band [48]. This is how the treated textile sample remains in
contact with the ambient atmosphere. The oxygen molecules absorb the electrons from the
conduction band and generate superoxide radicals. Samples irradiated by UV light have a
mechanism where pairs of electron holes are generated from textile surfaces modified with
ZnO nanostructures. In this sense, the oxygen ions in the depletion layer absorb the holes
and release oxygen molecules because of the exposure of the textile to the atmosphere.

4. Conclusions

The study allowed evaluating the functionalization of various textiles with zinc oxide
nanoparticles obtained by chemical and green protocols (using Coriandrum sativum extract).
The green synthesis methodology achieved nanostructures with defined spherical geometry
and an average size of 97.77 nm, which allowed better adherence in those textiles with a
high cotton content. The transmittance results indicate a decrease of 78.01% for the rayon
textile treated by the green method, with this result being the best in what corresponds to
this optical property, with respect to blocking UV radiation in a similar way. The rayon
textile functionalized with the NP ZnO with chemical treatment managed to improve this
property by 59.73% for the chemical method, and by 56.19% for the green method. The other
textiles under study showed a better performance than those indicated, showing a minimal
and intermediate improvement compared to the control sample. These functionalized
textiles can be used in the manufacture of garments with efficient UV blocking.
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