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A B S T R A C T

Silica coated zinc oxide nanoparticles (Si-ZnO NPs) (7 nm thick) were synthesized successfully and melt

blended with poly(ethylene-co-acrylic acid) (PEAA resin) to improving ultraviolet (UV) shielding of zinc

oxide nanoparticles (ZnO NPs). The photostability of both the ZnO NPs and Si-ZnO NPs were analyzed by

the difference in photoluminescence (PL) and by methylene blue (MB) degradation. Photo-degradation

studies confirmed that Si-ZnO NPs are highly photostable compared to ZnO NPs. The melt blended

matrices were characterized by field emission scanning electron microscopy interfaced with energy

dispersive X-ray spectroscopy (FE-SEM-EDX). The UV shielding property was analyzed from the

transmittance spectra of UV–visible (UV–vis) spectroscopy. The results confirmed fine dispersion of

thick Si-ZnO NPs in the entire resin matrix. Moreover, the Si-ZnO/PEAA showed about 97% UV shielding

properties than the ZnO/PEAA.

� 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

Super-fine zinc oxide particles on the nanometer scale with
high transparency work as a shield against a broad range of UV
wavelengths. Being an inorganic material, ZnO has distinguished
functions in the opto-electronics, photonics and textile industries.
The semi-conducting nature, high surface to volume ratio, and high
UV absorption make nanosized ZnO suitable for solar cells [1],
light-emitting diodes [2], conducting films [3], catalysts [4,5], gas
sensors [6], photo-luminescent devices [7], anti-microbial agents
[8,9], wound dressings [10], cell labeling [11], and UV protection in
cosmetics [12]. On the other hand, due to the high surface energy
and large surface area, ZnO NPs tend to aggregate easily. Therefore,
the surface of bare ZnO needs to be modified for a better dispersion.
At the same time, the photocatalytic activity of the ZnO NPs must
be reduced to make them safer UV absorbers and also the
dispersability in aqueous media needs to be improved. Silica-based
coatings are of particular interest because of their low refractive
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index, water-compatibility, lower toxicity and ease of surface
functionalization [13].

There has been an increasing level of ultraviolet light radiation
on the Earth’s surface due to the global warming and other factors
[14]. UV rays have harmful effect on human skin. Polymers, such as
high-performance fabrics, lose strength and deteriorate after
undergoing photodegradation by UV radiation upon long time
exposure [15]. The high energy UV rays produce free radicals by
homolytic bond cleavage and thus degrade and depolymerize
polymers rapidly. Polymer degradation can be prevented by
blending it with the proper UV absorbing materials. These agents
can act in two ways: by quenching free radical produced and by
reflecting, dispersing or absorbing high energies of UV radiation.
The polymers and fabrics can be protected by filling with ZnO
nanoparticles as UV protectors to make them more photo resistant.
Zhao et al. reported that the polymer–nanoparticle melt blended
extrudes show significant reduction in photodegradation [16].
Based on this, for the first time we made an attempt to produce
efficient light shielding matrix for Nylon4 based fabrics, using
PEAA resin as an interfacial agent and Si-ZnO as fillers.

Nanoparticle-embedded polymer matrices that shield UV rays
but absorb visible light were formulated by using twin-screw
extruder. Then photoluminescence, photodegradation, morpholo-
gy (FE-SEM-EDX), acid dissolution and UV shielding activities were
investigated.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.materresbull.2013.12.004&domain=pdf
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2. Experimental

2.1. Materials

ZnO solution (30 wt% in ethanol, Advanced Nano Particles Co.,
Ltd.), tetraethyl orthosilicate (TEOS, 99.999%, Sigma–Aldrich, USA),
ethanol (99.9%, Samchun Chemicals, Korea), ammonium hydroxide
(NH4OH, 25–28%, DC Chemical, Korea), acetic acid (99.5%,
Samchun Chemicals, Korea), poly(ethylene-co-acrylic acid) (PEAA
resin, Dow Chemical Co., Ltd.), methylene blue (0.05 wt% solution
in water, Sigma–Aldrich, USA) were used as received. In house
Milli-Q water was used throughout the experiments.

2.2. Synthesis of silica coated ZnO NPs (Si-ZnO NPs)

The Si-ZnO NP hybrid was synthesized using a slight
modification of the sol–gel process reported elsewhere [17].
Briefly, 35 ml of ethanol, 15 ml of water and 10 ml of NH4OH (pH
12) were poured into a 100 ml round bottom flask with vigorous
stirring. 0.5 g of ZnO dispersion and the appropriate amount of
TEOS (30 wt% and 80 wt% to the amount of ZnO) were injected into
the reaction flask. After 10 min of the ultrasonic treatment, this
colloidal dispersion was stirred overnight for complete hydrolysis
of TEOS [18]. The solid contents were collected by centrifugation at
5000 rpm (Sigma, 2-16PK), washed subsequently with ethanol
three times, and then dried overnight in a vacuum oven at 60 8C.
The thin and thick silica coating was achieved by adjusting the
TEOS to ZnO weight ratio to 30 wt% and 80 wt%, respectively. Pure
ZnO NPs were labeled as bare ZnO NPs.

2.3. Melt blending of poly(ethylene-co-acrylic acid) with ZnO NPs

The acrylic acid contents of the used PEAA resin were
approximately 20 wt%. The ZnO and Si-ZnO NPs content in the
matrix were set at 3 wt%. For comparison purpose, samples of
unfilled PEAA processed under similar blending conditions were
used. PEAA resin pellets and powder of bare ZnO and thick Si-ZnO
NPs were dry-blended first. They were then melt blended and
extruded using a twin-screw extruder (Bautek Co., ba-11) at 180 8C
with a screw velocity of 200 rpm. These pellets were made to form
a film with a thickness of 1 mm using a press machine (Sejin
Technology Co., Ltd.) at 180 8C and 600 kg/cm2. The sample was cut
by liquid nitrogen and used for further analysis.

2.4. Characterizations

Nanoparticles were characterized by Fourier transform infrared
(FT-IR) spectroscopy (Bruker, IFS-66/S) for its chemical modifica-
tions, UV–vis spectroscopy (Varian Inc., Cary 5000) and fluores-
cence spectroscopy (Varian Inc., Cary Eclipse) for its photostability
studies, zeta potential measurements (Malvern Zeta-Sizer 3000HS)
for its electrokinetic analysis at pH 7, and high resolution-
transmission electron microscopy interfaced with energy disper-
sive X-ray spectroscopy (HR-TEM-EDX) (Tecnai G2 TF 30ST) for its
morphology changes. The nanoparticle/PEAA matrices were
characterized further for morphology studies and photoshielding
abilities by FE-SEM-EDX (JEOL Corp., JSM6700F) and UV–vis
transmittance spectroscopy, respectively.

2.5. Photostability

2.5.1. Study on PL intensity

The degree of photodegradation was assessed indirectly by
measuring the change in PL intensity using a spectrofluorometer
(Varian Cary Eclipse). Bare ZnO, thin Si-ZnO and thick Si-ZnO NPs
were exposed to the UV light (CN-6 UV lamp, 60 Hz with 365 nm)
for a maximum of 72 h, and the respective PL intensity response
was recorded every 4 h.

2.5.2. Photodegradation measurement of MB

The photocatalysts (ZnO NPs) were dispersed into a MB
aqueous solution and stirred for 30 min in the dark environment
to achieve complete physical adsorption equilibrium. Subsequent-
ly, the reaction mixture was irradiated with UV light at a maximum
of 180 min for the photodegradation study. At regular intervals, the
samples were then taken from the reaction vessel and centrifuged
quickly to avoid particle interference. The supernatant was
measured by UV–vis spectroscopy at 664.1 nm and the resulting
absorbance was measured and plotted as a function of time. The
degree of MB degradation was calculated using the following
equation [19]:

Remaining MB ð%Þ ¼ ðA0 � A=A0Þ � 100%

A0 = initial absorbance, A = variable absorbance.

2.6. Study on dissolution

2.6.1. In acetic acid solution

Aqueous acetic acid at different concentrations was used as an
acid solution medium. In 100 ml of pure water, acetic acid was
added along with bare ZnO and thick Si-ZnO NP suspensions,
separately. After stirring for 30 min, the samples were analyzed by
UV–vis spectroscopy.

2.7. UV shielding effect

The UV-shielding properties of the nanoparticles and nanopar-
ticle incorporated PEAA were compared by measuring the
transmittance spectra of the corresponding films. The melt
blended nanoparticle/PEAA matrices were cut into thin films at
required sizes and further analyzed by FE-SEM-EDX and UV–vis
spectrophotometer.

3. Results and discussion

Fig. 1 presents schematic view of the silica coating processes.
The ZnO NPs were coated with silica by TEOS through hydrolysis
and subsequent condensation in the presence of NH4OH. In this
sol–gel method, TEOS acts as a precursor and NH4OH act as the
catalyst. In the basic medium, the surface of the ZnO NPs was
coated with OH layer. When TEOS was added to the solvent–
nanoparticle mixture, the silane material began to undergo
hydrolysis to establish ZnO–Si–OH linkage on the nanoparticle
surface. In addition, a lateral polymerization reaction occurred
with the excess silane material to form a three-dimensional
siloxane bond (Si–O–Si) by leaving OH groups on the external
surface. During the overnight aging, a tight homogeneous silica
shell over the particles was formed.

Fig. 2 presents the FT-IR spectra of bare ZnO and Si-ZnO NPs. The
peaks at 1550–1700 cm�1 and 3100–3600 cm�1 can be attributed
to the hydroxyl groups of water. The Si–O–Si asymmetric
stretching vibration band of 980–1190 cm�1 was found only in
the Si-ZnO NPs spectrum compared to the bare ZnO NPs [20,21].
The Si-ZnO bond formation was confirmed by the reduction in peak
intensity at 700–750 cm�1 of Si–O–Si. This manifests the existence
of a silica layer and successfully grafted over the ZnO NPs.

The HR-TEM images (Fig. 3) of the bare ZnO, thin Si-ZnO, and
thick Si-ZnO NPs showed the clear existence of a ZnO core with
distinguishable silica shells (marked with arrows). A thin layer of
the silica shell was observed in Fig. 3(B), 2 nm in size, which also



Fig. 1. Schematic diagram of the sol–gel chemistry involved in the silica coating of the ZnO nanoparticles.
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shows an uneven covering over the core shell of the nanoparticles.
Fig. 3(C) shows the formation of a thick, uniform silica layer, 7 nm
in thickness, resulting from the high concentration of silane
material. The silica layers formed over the ZnO NPs were verified
further by the EDX and zeta potential measurements.

Fig. 3(D)–(F) presents the corresponding EDX spectra of the
bare, thin and thick Si-ZnO NPs, reflecting the chemical composi-
tion of both the core and silica shell with Zn, O and Si. Furthermore,
quantitative elemental analyses of the bare ZnO particles were
compared with that of the surface modified particles and the
results are listed in Table 1. From EDX analysis, 0.02 wt% of silica
was observed in the thin Si-ZnO NPs, whereas in thick Si-ZnO NPs
the same was 0.19 wt%. The increased Si content was responsible
for the gained silica thickness from 2 nm to 7 nm. The quantity of
the peak Si was enhanced (Fig. 3(E) and (F)), which is in good
agreement with the TEM images (Fig. 3(B) and (C)).
Fig. 2. FT-IR spectra of (a) bare ZnO NPs and (b) Si-ZnO NPs.
In zeta potential study the bare ZnO NPs showed a value of
+31.0 mV. After modification, the charge reversal became
�23.7 mV for the thin Si-ZnO particles and �43.6 mV for the
thick Si-ZnO NPs. A high negative zeta potential of the thick Si-ZnO
NP was attributed to the bulky silica layer with many Si–OH groups
at the surface.

When light was illuminated on the semiconductor (ZnO)
surface, which has photocatalytic activity, the electron–hole pair
diffused out on the surface due to the weaker bond energy. This
electron and hole interact with the surrounding oxygen or water to
produce free radicals with strong oxidization capability, which
degrades the organic compounds, such as dyes and polymers [22].
Furthermore, the photocorrosion of the semiconductor nanopar-
ticles causes photoetching of the particles to reduce the size,
increases the energy gap and allows agglomeration to form larger
particles [23]. Considering these facts, the surface of nanoparticles
was coated with silica to prevent the photocorrosion of ZnO NPs.

Fig. 4 presents the PL response of the nanoparticles after UV
light irradiation. With time, the bare ZnO NPs showed less
photostability toward light irradiation. Therefore, the PL
decreases significantly to 80% in 72 h. In contrast, thick Si-ZnO
NPs show only ca. 5% reduction in the entire exposure time. On the
other hand, the thin Si-ZnO NPs showed a slow decrease of about
50% ZnO during the entire exposure time which is faster than thick
Si-ZnO NPs. This might be due to the very thin silica shell or
incomplete silica layer, which is insufficient to prevent photo-
corrosion. These results suggest strongly that, a thick silica shell
over ZnO NPs either prevents the excited electrons from being
involved in free radical generation or photoetching after
monochromatic light exposure. Compared to the silica coated
ZnO NPs, the uncoated particles were attacked easily by strong
light due to photoetching to make it unstable [23]. Therefore,
through high energy irradiation, the photostability of semicon-
ducting nanoparticles was decreased due to an increase in surface
defects in the form of an energy gap.



Fig. 3. HR-TEM images of (A) bare ZnO, (B) thin Si-ZnO, and (C) thick Si-ZnO NPs (arrows indicating silica shell) and their corresponding elemental spectrums as D, E and F.
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In addition, the photodegradation behaviors of bare, thin and
thick Si-ZnO NPs were assessed against an aqueous MB solution.
Fig. 5 shows the relationship between the change in MB
absorbance (A0 � A) vs. irradiation time (t). The MB degradation
of 55% and 12% was observed with the thin Si-ZnO and thick Si-ZnO
NPs, respectively. These results suggest that silica coated
nanoparticles show reduced photodegradation compared to the
un-coated ZnO NPs, which is in good agreement with previously
reported results [24]. The un-coated ZnO NP under UV irradiation
caused either the migration of electrons/generated holes on the
surface or oxygen active species formed, which decomposed the
MB from blue to colorless in a quick manner. Thin Si-ZnO NPs
improved the considerable photostability but the degradation was
increased with increasing the UV irradiation time. This could be
due to the non-uniform silica layer. When the TEOS to ZnO ratio
was increased, the 7 nm thick silica shell was formed and affords
protection to the ZnO surface to avoid contact with MB. The
shielding effect of the SiO2 layer that formed on the nanoparticles
can be responsible for the inhibition of the photocatalytic activity.
The electronic bands of SiO2 are located far lower and higher in
energy than the corresponding bands of ZnO. Therefore, the SiO2

layer acts as a barrier to prevent the motion of electrons/holes
generated in ZnO on the surface [25,26]. These results suggest that
a thin silica shell would not provide better photostability, rather
Table 1
Percentage elemental composition of the bare, thin and thick Si-ZnO NPs from EDX

analyses.

Sample Bare ZnO NPs Thin Si-ZnO NPs Thick Si-ZnO NPs

Element Weight% Atomic% Weight% Atomic% Weight% Atomic%

C (K) 41.81 65.56 19.32 40.12 40.87 65.55

O (K) 19.58 23.05 24.71 38.52 18.63 22.43

Si (K) 0.00 0.00 0.02 0.02 0.19 0.13

Zn (K) 38.61 11.38 55.93 21.33 40.29 11.87
thick silica coated ZnO NPs showed strong inhibition of photo-
degradation by leaving �95% of the MB unaffected, even after
extended irradiation times. These results suggest Si-ZnO NP could
be a better photostable agent to make highly photostable polymer
matrix. Althues et al. [27] presented the UV absorption capabilities
of pure ZnO and silicon added ZnO particles. They showed that the
UV absorption significantly decreased with increasing silicon
contents. But, our synthesized Si-ZnO NPs showed superior UV
absorption as well as visible absorption functions with thick silica
shell compared to the absorption of bare ZnO NPs. We achieved
efficient UV absorption properties of ZnO with thick silica shell and
hence it could be applied as a strong UV blocking agent.

Fig. 6 shows the UV–vis absorption spectra of the bare and Si-
ZnO NPs. The concentration of nanoparticles was kept constant and
their UV–vis absorption responses toward different acetic acid
concentrations were measured (Table 2). The absorption peak at
370 nm was assigned to the characteristic band-gap peak of ZnO
Fig. 4. Change in the photoluminescence intensity difference for nanoparticle

suspensions under UV irradiation at different times.



Fig. 5. Time-dependant degradation rate of methylene blue against UV irradiation

on nanoparticles.

Fig. 6. UV–vis absorbance spectra of (Z1–Z4) bare and (SZ1–SZ4) thick Si-ZnO NPs in

the aqueous acetic acid.
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[28]. Initially, the absorbance intensity was higher without acetic
acid (Z1 and SZ1) but the absorbance intensity of the bare ZnO NPs
(Z2–Z4) decreased with increasing acetic acid concentration. This
indicates the complete dissolution of ZnO by the acid. An aqueous
solution of acetic acid might transform ZnO to the zinc acetate
complex, which does not absorb UV light. The absorbance peak was
not observed for the highest concentration of acetic acid used. Even
the densely silica coated ZnO NPs (SZ2–SZ4) recorded a similar
pattern of an absorption intensity reduction like the bare ZnO NPs.
The silica coating on ZnO has many micro- and meso-pores, and
these pores can work as direct openings for contacting acid with
the ZnO surface [29]. An aqueous acetic acid at high concentration
dissolves all the ZnO regardless of its surface coverage, either thick
or thin silica layer.

In earlier studies the outdoor efficiency of ZnO was assessed by
mixing it with a complex wood polymer lignin [30]. It was found
Table 2
Sample names, concentration of acetic acid and nanoparticles used in the dissolution s

Sample code Acetic acid Bare ZnO NPs 

Z1 None 0.002 mol (0.163 g) 

Z2 0.002 mol (0.120 g) 0.002 mol (0.163 g) 

Z3 0.003 mol (0.180 g) 0.002 mol (0.163 g) 

Z4 0.004 mol (0.240 g) 0.002 mol (0.163 g) 

Fig. 7. Schematic drawing resembling the synthesis and c
that delamination from the wood surface was decreased after UV
light and moisture exposure due to the presence of ZnO coating. It
was concluded that ZnO coating with polymer showed enhanced
photostability results which made them a preferred coating
material for outdoor applications. Thus we applied the same
hypotheses to make UV protective polymer matrix exclusively for
outdoor use.

While for making the inorganic nanoparticle incorporated
polymer fibers as UV blocking fabrics with Nylon4, we observed
that, the ZnO completely melted and dissolved in the extruder.
Hence, the PEAA resin is selected as an interfacial agent to embed
with ZnO. But the acid groups present in the PEAA resin degrade
tudy.

Sample code Acetic acid Thick Si-ZnO NPs

SZ1 None 0.002 mol (0.203 g)

SZ2 0.002 mol (0.120 g) 0.002 mol (0.203 g)

SZ3 0.003 mol (0.180 g) 0.002 mol (0.203 g)

SZ4 0.004 mol (0.240 g) 0.002 mol (0.203 g)

haracterization results of ZnO/PEAA polymer matrix.



Fig. 8. FE-SEM images of (A) PEAA resin, (B) bare ZnO/PEAA, (C) thick Si-ZnO/PEAA (insets as magnified images) and their corresponding EDX spectra as (i), (ii), and (iii).
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the ZnO to form ZnO-PEAA salt. Thus the ZnO are coated with silica
and then combined with the PEAA resin to be used as a UV blocking
polymer with Nylon4. Fig. 7 shows a schematic representation of
the synthesis of Si-ZnO/PEAA matrix and its photoshielding
abilities.

The ZnO NP content of 3 wt% was selected to PEAA resin as an
optimum concentration. Because, no NP, or a lower or higher wt%
NP used could damage the entire system upon UV irradiation and
could cause undesirable results [16,31]. Images A, B, and C in Fig. 8
show FE-SEM images of the PEAA resin, bare ZnO NPs embedded
PEAA (bare ZnO/PEAA), and thick Si-ZnO embedded PEAA (Si-ZnO/
PEAA), respectively. A difference between each sample can be
observed clearly because they are on the same scale. PEAA resin
indicates the morphology of the plain, smooth surface without any
particles. ZnO/PEAA shows the uneven attachment of bare ZnO NPs
in the resin, which have been observed as agglomerates (inset).
Fig. 8(C) and its magnified image show a highly uniform
distribution of thick Si-ZnO NPs on the entire resin surface. This
is easily distinguishable with the bright dots found on the resin
surface due to the higher atomic weight nanoparticles by photon
excitation. A complete high level dispersion of Si-ZnO resulted
from the melt blending process to yield more efficient light
shielding polymer matrix.

Here, the melt blended Si-ZnO were intercalated into the layers
of PEAA resin. The OH groups and defective bonds of silica layer in
Si-ZnO surface could form weak interaction with the carbonyl
group of PEAA to form solid-metal complex, which shield the entry
of aqueous acid. Basically, the silica particles are not disintegrated
easily by weak acids like acrylic acid. But, the result of Fig. 6 shows
that the Si-ZnO NP were completely disintegrated by acetic acid.
This was due to the direct contact of acid to the ZnO surface
through micro- and meso-pores present in the silica layer. In
contrast, while melt blending of Si-ZnO NP with PEAA such pores
were blocked thus ZnO could not come in direct contact with the
acid groups of PEAA. Hence, Si-ZnO/PEAA showed stronger stability
toward acid degradation as compare to bare ZnO/PEAA.
Fig. 8(i)–(iii) shows the EDX analyses results. The elemental
spectrum confirmed the existence of Zn for the ZnO/PEAA matrix,
Zn and Si for Si-ZnO/PEAA matrix and none for the PEAA resin
(appearance of C and O derived from the supporting substrate).

Fig. 9(i) and (ii) shows the comparative UV–vis transmittance
spectroscopy results of bare ZnO and Si-ZnO, before and after
adding with PEAA resin. As compared to the other existing UV
absorbers, our thick silica coated ZnO NPs showed the advantages
of competitive UV shielding and high visible light transmittance
ability, enhanced dispersion in PEAA resin, and protected the ZnO
from acid group degradation.

Fig. 9(ii)(a) shows the PEAA resin with high transparency
toward light. But, when the ZnO is mixed with PEAA resin there are
minor differences in the visible-light transparency but improved
UV-shielding ability was observed (Fig. 9 (ii)(b)). Approximately 4%
of the UV rays were screened by the bare ZnO/PEAA matrix but 96%
passed through the nanoparticle resin matrix, which may degrade
the co-polymer structure of the PEAA resin. Even though the ZnO
alone shows good UV shielding ability (from Fig. 9(i)(a)), when it is
mixed with PEAA resin, the ZnO/PEAA matrix became transparent
toward light. This might be due to the ZnO degradation by the acid
groups in the PEAA resin. In contrast, thick Si-ZnO NPs with a
higher silica content of 80 wt% engrafted in the PEAA resin showed
a considerable UV shielding property of approximately 97% than
the ZnO/PEAA matrix (Fig. 9(ii)(c)). At wavelengths smaller than
380 nm less transmission is observed. It could be attributed to the
semiconductor nanocrystals (ZnO), where their absorption edge is
energetically related to the band gap [27]. In the visible-light
region, the Si-ZnO/PEAA matrix maintained a reduced transparen-
cy of approximately about 50% at 800 nm compared to the ZnO/
PEAA matrix. This is based on the size of ZnO core, the larger NPs
reducing the transparency of the matrix, while the smaller ZnO NPs
in decreased amounts show better transparency with excellent UV
shielding effect. As like Si-ZnO (from Fig. 9(i)(b)), the Si-ZnO/PEAA
matrix also shows similar transmittance spectra revealing that the
Si-ZnO even after attaching with PEAA resin still maintains



Fig. 9. UV–vis transmittance spectra of (i) (a) bare ZnO, (b) thick Si-ZnO and (ii) (a) PEAA resin, (b) bare ZnO/PEAA and (c) thick Si-ZnO/PEAA matrix.
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satisfactory UV shielding property without causing any degrada-
tion to the polymer. This might be due to an increase in the silica
layer thickness around the nanoparticles can hinder the acid
dissolution of ZnO by the PEAA resin as well as the degradation of
the PEAA resin by UV rays, which makes Si-ZnO/PEAA a better UV
shielding matrix. Although this is an initial trial to control the silica
thicknesses on ZnO NP for applying in polymer matrices, further
studies will be made to optimize the parameters for effective
applications.

4. Conclusions

Silica coated ZnO NPs were synthesized using a sol–gel process
with a controllable thickness by adjusting the silane material to
ZnO NPs concentration. HR-TEM showed that the ZnO NPs were
coated with a continuous and uniform thick silica layer. In
addition, EDX, zeta potential, and FT-IR confirmed the successful
surface coating of silica over the ZnO NP. Further, PL study and MB
degradation also support that the thick silica coating effectively
stabilize ZnO from the light.

FE-SEM with EDX showed the successful formation of the Si-
ZnO/PEAA matrix after a fine dispersion of Si-ZnO NPs in the PEAA
resin matrix. The UV–vis transmittance spectra confirmed that the
Si-ZnO/PEAA showed enhanced UV shielding ability and less
visible-light transparency than the ZnO/PEAA matrix.

These results confirmed that the surface passivation over
photocatalysis enhances their photostability toward a dye solu-
tion. Simultaneously, the formation of a nanoparticle-incorporated
matrix with the PEAA resin by a melt blending process improves
the UV shielding property and it could be used for making UV
protecting fabrics with Nylon4.
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