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Metal—-organic framework (HKUST-1) nanoparticles were successfully synthesized, and poly(vinyl alcohol)
(PVA)/HKUST-1 nanocomposite films were fabricated by a simple solution casting method. Our results
showed that the addition of HKUST-1 caused a remarkable enhancement in both thermal stability and

mechanical properties of the PVA nanocomposites, due to the homogeneous distribution of HKUST-1
and the strong interfacial interactions between PVA and HKUST-1. With incorporation of 2 wt% HKUST-1,
the degradation temperature of the nanocomposites was about 33 °C higher than that of pure PVA. At
the same time, the Young's modulus and tensile strength of the nanocomposites was approximately
137% and 32% higher than those of pure PVA, respectively. Moreover, the PVA/HKUST-1 nanocomposites
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also showed strikingly enhanced UV-shielding ability as well as satisfactory visible light transmittance,

which revealed that HKUST-1 nanoparticles could act as a good UV absorber in nanocomposites. This
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rsc.li/rsc-advances

1. Introduction

Since the first major success in exfoliation of montmorillonite
in nylon-6 and fabrication of nanocomposites with significant
enhancements in the tensile strength and Young's modulus,*
numerous polymer nanocomposites have been developed
through incorporating various nanofillers (e.g., carbon nano-
tubes,>® graphene,*® clay,® silica,” titania,® nanorods,” nano-
diamond,* etc.) into a range of polymers. The incorporated
nanofillers were reported to upgrade and diversify polymer
materials properties such as excellent mechanical strength and
toughness,"** high thermal stability,”® low water/gas perme-
ability,"*** good optical features,'*** flame retardancy® ultravi-
olet (UV)-shielding®® and dielectric properties.**

Metal-organic frameworks (MOFs) are a class of crystalline
porous materials with periodic network structures that are
usually formed by self-assembly of inorganic metal centers
(metal ions or metal clusters) and organic ligands. MOFs
nanoparticles have received broad attention due to their high
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work provides a novel and simple method for producing UV-shielding materials with simultaneously
enhanced thermal and mechanical properties, which have potential applications in UV protection areas.

specific surface area, tunable functionalities and convenient
synthesis, making them being used widely in gas storage and
separation,” magnetic refrigeration,” sensing,** catalysis,*
proton conduction,”** and biomedical imaging.”® Moreover,
MOFs nanoparticles possess high thermal stability, and good
affinity with polymer chains arose from the strong interaction
between the organic ligands in MOFs and polymer chains.***°
Thus, it can be expected an effective dispersion of MOFs
nanoparticles into polymers and resins, which is crucial for the
preparation and properties of polymer nanocomposites. To
date, ongoing efforts are focused on using MOFs nanoparticles
as functional fillers to construct novel polymer nano-
composites. For example, Shi et al.>* showed that incorporating
MOFs (ZIF-8) nanoparticles into poly(lactic acid) (PLA) by
solution-blending method could improve the mechanical,
flame retardant, and dielectric properties of PLA nano-
composites. Hou et al.** investigated the thermal and flame
retardant properties of the polystyrene (PS)/Fe-MOF and PS/Co-
MOF nanocomposite films. The results showed that both the
thermostability and flame retardancy were significantly
enhanced by the incorporated Fe-MOF or Co-MOF nano-
particles. Liu et al®® investigated the biocompatibility and
antibacterial properties of the poly(e-caprolactone) (PCL)/Zr-
MOF nanocomposites. The prepared nanocomposites had
good biocompatibility and antibacterial ability. E. D. Dikio
et al.** reported the fabrication of novel PVA/MOF nanofibers,
which displayed higher potential removal of Pb(u) ions than
neat PVA nanofibres. Among the several physicochemical
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properties of polymer nanocomposites, the shielding against
UV-light allows very special applications. Specifically, prolonged
exposure to UV-light can cause severe negative effects in dyes,
pigments, semiconductor devices, and polymeric materials.** In
this context, many efforts have been devoted to developing
polymer composites with UV-shielding properties, including
applications such as optical filters and protective UV coat-
ings.**%” Nevertheless, the impacts of MOF nanoparticles on
mechanical, thermal, and UV-shielding properties of polymer
composites have not yet been evaluated systematically.

Poly(vinyl alcohol) (PVA), as a kind of water-soluble and
biodegradable polymer, has been widely used not only in
scientific fields but also in industrial fields."® PVA possesses
excellent chemical stability, film formation, adhesive and
mechanical properties, low cost and widespread application,
making it a modal matrix for the research of polymer compos-
ites. In this study, copper-based MOF (HKUST-1) nanoparticles
were synthesized and applied as UV absorber in nano-
composites for the first time. PVA was selected as a polymer
matrix and blended with HKUST-1 by a solution method to
prepare the PVA/HKUST-1 nanocomposites. As shown in
Scheme 1, since there exist a great number of oxygen-containing
functional groups on the surface of HKUST-1 nanoparticles as
well as hydroxy groups in the PVA molecules, it will facilitate the
formation of a hydrogen bond between HKUST-1 and PVA, and
thus the effective dispersion of HKUST-1 nanoparticles in the
nanocomposites. In addition, not only the mechanical and
thermal properties, but also the UV-shielding capability of the
nanocomposites has been strikingly enhanced with the incor-
poration of HKUST-1.

2. Experimental section

2.1. Materials

Polyvinyl alcohol (PVA-210, M,, = 67 000) was purchased from
Aladdin Industrial Corporation (Shanghai, China). Analytical
grade reagents copper nitrate (Cu(NO3),-3H,0), triethylamine
(EtzN) and ethanol were supplied by Xilong Scientific Co.
(China). Benzene-1,3,5-tricarboxylic acid (CoH¢Os, BTC) was
purchased from HWRK Chemical Co. (Beijing, China). All the
reagents were used as received.

2.2. Synthesis of HKUST-1 nanoparticles

HKUST-1 nanoparticles were synthesized according to the
literature.*® 10 mmol Cu(NO3),-3H,0 was dissolved in 100 mL

SN
3 5.,

Scheme 1 Schematic illustration of the interactions between HKUST-
1 PVA.

HKUST1 ) Hydrogen bonding
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deionized water. Separately, 10 mmol BTC and 1.4 mL Et;N were
also dissolved in 100 mL deionized water. Then 1.5 mL of the
prepared Cu(NOj3), aqueous solution and 1 mL of the prepared
BTC-Et;N aqueous solution were respectively added into 50 mL
of 1:1 (v/v) mixture of deionized water and ethanol with
magnetic stirring, and the reaction mixture was stirred for 1 h at
room temperature. The obtained blue powder was centrifuged,
washed with ethanol for 3 times, and then dried under vacuum
for 5 h at room temperature.

2.3. Preparation of the PVA/HKUST-1 nanocomposites

PVA/HKUST-1 nanocomposite films were fabricated by a simple
casting method. First, 1.5 g PVA was dissolved in 13.5 mL
deionized water by heating to 90 °C for 2 h to prepare a 10 wt%
PVA solution. Simultaneously, the desired amount of HKUST-1
(7.5; 15; and 30 mg) was dispersed in 4 mL ethanol under
ultrasonic irradiation (40 kHz, 300 W) for 30 min. Subsequently,
the HKUST-1 suspension in ethanol was slowly added dropwise
into the PVA solution and stirred for another 1 h. Next, the
obtained PVA/HKUST-1 film-forming solution was slowly cast
onto a glass plate (125 mm x 125 mm X 15 mm) placed hori-
zontally, and dried at ambient temperature for 5 days. Finally,
the PVA/HKUST-1 films were peeled off the substrate and then
dried in a vacuum at 40 °C for 48 h to constant weight. The
thickness of the films was controlled at ~60 um by casting the
same amount (12 mL) of film-forming solution per plate. The
HKUST-1 content in the composites was 0.5; 1.0; and 2.0 wt% in
relation to PVA weight, resulting in PVA-0.5, PVA-1.0, and PVA-
2.0 samples, respectively. PVA films (without any HKUST-1)
were prepared as a control.

2.4. Characterization

X-ray diffraction (XRD) patterns were measured by Bruker D8
Advance diffractometer at 40 kV and 40 mA with Cu Ko radia-
tion. Fourier transform infrared (FTIR) spectra were measured
on a Nicolet NEXUS-470 infrared spectrophotometer using the
KBr method. The morphologies of HKUST-1 and the fracture
surfaces of PVA/HKUST-1 nanocomposites were observed using
a field emission scanning electron microscope (SEM) (SU-5000,
Hitachi) coupled with an energy dispersive X-ray (EDX) spec-
trometer. Differential scanning calorimetry (DSC) measure-
ments were carried out under dry nitrogen by a TA Q200
apparatus (TA Instruments), from 30 to 220 °C at 10 °C min .
The crystallinity (X.) of all samples was calculated as X, = AH,,/
AHy(1 — w), where AH,, is the measured melting enthalpy from
DSC, AH, is the melting enthalpy of the 100% PVA crystalline
(138.6 ] g ')*** and w the weight fraction of HKUST-1 in the
composites. Thermogravimetric analysis (TGA) was performed
with a thermal analyzer, Perkin-Elmer TGA7 (ITK Co., Ltd.), at
a heating rate of 10 °C min~' and under nitrogen flow.
Ultraviolet-visible (UV-vis) spectra were observed with a TU-1901
UV-vis spectrophotometer from 200 to 800 nm. All the above
mentioned measurements were performed on three samples of
each formulation, and the reported results are average values.
Tensile testing measurements were carried out on an Instron
1121 machine with the crosshead rate of 10 mm min~ ' at room

This journal is © The Royal Society of Chemistry 2018
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temperature according to ASTM D638. At least five samples of
each formulation were tested from which the mean and stan-
dard deviation were calculated.

3. Results and discussions

3.1. Characterization of HKUST-1

The representative XRD pattern of HKUST-1 nanoparticles is
shown in Fig. 1a. All the characteristic diffraction peaks are
consistent with previous reports,***" confirming that the
synthesized HKUST-1 nanoparticles are pure phase. Moreover,
one sharp and intense peak at about 26 = 11.6° can be observed,
which suggests high crystallinity for the synthesized HKUST-1
nanoparticles.®® Fig. 1b shows the SEM image of HKUST-1
nanoparticles. It can be seen that the synthesized HKUST-1
nanoparticles are roughly cubic in shape, with particle sizes of
approximately 100-200 nm.

3.2. Dispersion of HKUST-1 nanoparticles into PVA

To study the dispersion of HKUST-1 nanoparticles in the PVA
matrix, the morphology and structure of PVA/HKUST-1 nano-
composite films were observed by SEM. Fig. 2a shows the cross-
sectional SEM image of the PVA/HKUST-1 nanocomposite film
containing 2.0 wt% HKUST-1. It can be clearly seen that the
HKUST-1 nanoparticles are well-embedded and uniformly
dispersed in the PVA matrix without obvious agglomeration.
Fig. 2b and c exhibits the EDX mapping images of C and Cu,
respectively, demonstrating their homogeneous distribution.
This result further confirms the well dispersion of HKUST-1
nanoparticles in the PVA/HKUST-1 nanocomposite. Such
excellent dispersion could be due to the good interfacial
compatibility between HKUST-1 and PVA, and similar results
were observed for the PLA/ZIF-8 nanocomposites,** which sug-
gested a strong interaction between the filler and the matrix
polymer.

Accordingly, FTIR tests were carried out to illuminate the
interaction between HKUST-1 and PVA. Fig. 3 shows the FTIR
absorption spectra of neat PVA and PVA/HKUST-1 nano-
composites. For pure PVA, the wide absorption band at about
3347 cm ™' is arised from O-H stretching vibration of hydroxyl
group, which is sensitive to the hydrogen bond. With regard to
PVA/HKUST-1 films, the hydroxyl (O-H) peak at 3347 cm ™"
gradually shifts to higher wavenumbers with increasing HKUST-
1 content, and an approximately 14 cm ™" blue shift can be

Intensity (a.u.)
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Fig. 1 XRD pattern (a) and SEM image (b) for HKUST-1.
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Fig.2 SEM image (a) and the EDX elemental mapping images for (b) C
and (c) Cu of PVA-2.0 nanocomposite.

observed for PVA-2.0 film containing 2.0 wt% HKUST-1. This
upward shifting also suggests that there exist strong interac-
tions between HKUST-1 and PVA, which agree well with the SEM
results. The strong interactions at the filler-matrix interface are
mainly ascribed to the new hydrogen bonding formed between
the oxygen-containing functional groups on the surface of
HKUST-1 and the hydroxyl groups of PVA chains (Scheme 1).

3.3. Thermal properties of PVA/HKUST-1 nanocomposites

To understand the effect of HKUST-1 on the properties of the
matrix polymer, the thermal stability of PVA and PVA/HKUST-1
nanocomposites was examined by TGA with a nitrogen

PVA-2.0

3 3361 PVA-1.0
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o
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=
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Fig. 3 FTIR spectra of PVA and PVA/HKUST-1 nanocomposite films.
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atmosphere, and the TGA and relevant DTG curves are
demonstrated in Fig. 4. It can be found that all the samples of
pure PVA and its nanocomposites show a three-step weight loss
process, including (a) the initial weight loss occurring at about
60-150 °C, which is ascribed to the evaporation of the residual
(or absorbed) solvent; (b) the second stage observed at about
200-350 °C, which is mainly due to the thermal decomposition
of side chains of PVA; (c) the third weight loss at around 400-
450 °C, which can be related to the decomposition of the main
chains of PVA. These results are in accordance with similar
studies of Zhang et al.** reported in literature. Quantitatively,
the incorporation of HKUST-1 into the PVA matrix results in
a higher thermal stability of the composite films, as evaluated
from the onset decomposition temperature (Tonse) and the
maximum decomposition temperature (Tyax1 and Tiaxz) (Table
1). For instance, the Tonset; Tmaxi ad Tinax, Of neat PVA are 262,
320 and 421 °C, respectively, whereas with the addition of
2.0 wt% HKUST-1, Tonget; Tmaxt and Tmaxs increase to 295, 329
and 438 °C, respectively, the Tongee Of which is about 33 °C
higher than that of neat PVA. The remarkable enhancement in
thermal stability could probably be ascribed to the strong
interfacial interactions between HKUST-1 and PVA, which
impedes the elimination and oxidization of side hydroxyl
groups of PVA, thus causing a significant suppression of the
thermal degradation process.*>*

The thermal properties of PVA/HKUST-1 nanocomposites
can also be characterized by DSC measurement, as shown in
Fig. 5 and in Table 1. The glass transition temperatures (7) for
pure PVA, PVA-0.5, PVA-1.0, and PVA-2.0 films are 68.5, 69.6,
70.8, and 71.2 °C, respectively (Table 1), indicating a moderate
shift toward a higher T, with increasing HKUST-1 content. The
increase in T, could be due to the strong hydrogen bonding
interactions between HKUST-1 and PVA matrix and the rigidity
of the HKUST-1 itself, which would constrain the mobility of the
PVA chains.** Furthermore, the AH,, of PVA/HKUST-1 nano-
composites achieved from second heating process is distinctly
increased as compared with that of neat PVA, and the crystal-
lization degree (X.) of PVA/HKUST-1 nanocomposites also
increases from 17.4% to 30.3% as the HKUST-1 content
increased from 0 wt% to 2.0 wt%. This indicates that the
HKUST-1 can act as a nucleation agent and promote crystalli-
zation of PVA; thus, the X, can be improved by the incorporation
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of the HKUST-1 nanoparticles. Meanwhile, the melting
temperature (T,,) of PVA/HKUST-1 nanocomposites is higher
than that of pure PVA and increases with the increasing loading
of HKUST-1. The significant increase in T, can be related to the
ordered arrangement of PVA chains induced by HKUST-1
nanoparticles and the enhanced crystallization degree of PVA/
HKUST-1 to some extent.

3.4. Mechanical properties of PVA/HKUST-1
nanocomposites

Based on the strong interfacial adhesion between the compo-
nents, and the improved crystallinity of PVA, the mechanical
performance of PVA/HKUST-1 nanocomposites was expected to
be significantly enhanced by the well dispersed HKUST-1
nanoparticles. To verify this, the tensile tests were carried out
to investigate the mechanical properties of PVA/HKUST-1 films.
Fig. 6a shows the typical stress-strain curves of neat PVA and
PVA/HKUST-1 nanocomposite films. Compared with pure PVA,
PVA/HKUST-1 nanocomposites obviously exhibit higher
Young's modulus (E) and tensile strength (¢), but accompa-
nying the slightly decreasing of elongation at break, which can
be often observed in other filler-reinforced polymer compos-
ites.'**>** Fig. 6b represents the relationships between the E,
the o, and the HKUST-1 content of the PVA/HKUST-1 nano-
composites. It is observed in Fig. 6b that the E and o of PVA/
HKUST-1 nanocomposites have a monotonous increasing
tendency with the increase of the HKUST-1 content. For
instance, the E and ¢ of neat PVA are 0.43 GPa and 25.1 MPa,
respectively. With the addition of 0.5 wt% HKUST-1, the E and ¢
increase to 0.58 GPa and 28.5 MPa, respectively. As further
increasing HKUST-1 content to 2.0 wt%, the E and ¢ is raised to
1.02 GPa and 33.2 MPa, respectively, which is approximately
137% and 32% higher than those of neat PVA film. The
remarkable improvement in E and ¢ suggests that HKUST-1
nanoparticle is a very effective reinforcing agent for PVA
matrix. HKUST-1 has an unique surface structure and high
surface area, making possible the effective absorption and
dispersion of impact energy.*"** Moreover, the well-dispersed
HKUST-1 nanoparticles in PVA matrix and the strong interfa-
cial interactions between PVA and HKUST-1, as shown in
Scheme 1, not only can inhibit phase separation, but also
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Table1 The onset decomposition temperature (Tonser) and the max thermal decomposition temperatures of first stage and second stage (Tmaxt
and Trmaxe) for neat PVA and PVA/HKUST-1 films. Glass transition temperatures (Tg), melting temperatures (T,,), melting enthalpies (AH,,) and
crystallinity (X.) of the films®

TGA DSC
Sample Tonset (°C) Tmaxt (°C) Tmaxz (°C) T, (°C) T (°C) AHL (g ) X, (%)
PVA 262 £ 3 320 £ 2 421 £ 4 68.5 £ 0.2 173.4 £ 0.5 24.2 £ 0.4 17.4 £ 0.3
PVA-0.5 287 + 2 329 +£3 433 + 3 69.6 + 0.1 185.5 £ 0.4 32.9 £ 0.5 23.8+ 0.4
PVA-1.0 291 £1 327 £2 433 £ 3 70.8 £ 0.1 187.7 £ 0.4 36.6 £ 0.3 26.4 £ 0.2
PVA-2.0 295 + 2 329 +1 438 + 4 71.2 £ 0.2 196.2 + 0.6 42.1 + 0.5 30.3 £ 0.4

% Values were expressed as mean + standard error.

PVA-2.0

PVA-1.0

Heat Flow

100 150 200
Temperature (°C)

Fig. 5 DSC curves of neat PVA and PVA/HKUST-1 nanocomposites.

ensure an efficient load transfer at the interface. Besides the
excellent reinforcing effect of HKUST-1 nanoparticles, the
increased crystallinity X. of the PVA matrix induced by the
HKUST-1 is also beneficial to improve the mechanical proper-
ties of the PVA/HKUST-1 nanocomposites. Therefore, the
mechanical properties of PVA matrix can be remarkably
improved even by a small amount of HKUST-1 nanoparticles.

3.5. UvV-shielding performance of PVA/HKUST-1 films

UV radiation accounts for only 3% of the total solar radiation
that penetrates the earth's surface, but it can cause chemical

—PVA
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Fig. 6
nanocomposites.
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reactions, fading of certain coloring, weathering of polymers,
and even eye and skin damage.*® Therefore, UV light shielding is
one of the most important properties of polymer materials
exposed to UV light that determines their ultimate applications.
Fig. 7a displays the optical photographs of neat PVA and PVA/
HKUST-1 nanocomposites. It is obvious that the neat PVA film
is colorless and highly transparent, whereas the PVA/HKUST-1
films are light blue due to the color of the HKUST-1, and their
color gradually deepens with increased HKUST-1 content.
Meanwhile, all PVA/HKUST-1 nanocomposite films are visually
uniform and transparent. The optical properties of PVA and
PVA/HKUST-1 nanocomposite films were characterized by UV-
vis spectroscopy, as shown in Fig. 7b. For pure PVA film, the
transmittance across the visible regions (400-800 nm) is higher
than 86%. After incorporation of HKUST-1 into PVA, a gradual
decrease in the transmittance of visible light can be observed
for the PVA/HKUST-1 nanocomposite films. At the highest
loading (2.0 wt%) of HKUST-1 used in this study, the trans-
mittance at 550 nm for PVA-2.0 film is still up to 67%, revealing
a slight decrease in the light transparency compared with that
of the pure PVA film. The extraordinary optical transparency for
the PVA/HKUST-1 films could be related to the well dispersion
of the HKUST-1 in the PVA matrix (Fig. 2), which has few effects
on the transmittance of the nanocomposites.

Moreover, it is noted that neat PVA film presents little
absorbance in UV region from 200 to 400 nm, while a sharp
absorption increasing in UV region is observed when HKUST-1
nanoparticles are incorporated into PVA film, even the content
as low as 0.5 wt%. It demonstrates a promoted UV light

35k
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(@) Representative stress—strain curves, (b) Young's modulus (E) and tensile strength (s) of the neat PVA and PVA/HKUST-1
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(b) UV-vis spectra of neat PVA and PVA/HKUST-1 nanocomposite films.
UvQ).

shielding capacity by HKUST-1 nanoparticles in the spectra of
interest. For quantify the UV shielding performance, we inves-
tigated the transmittance at specific UV light wavelengths for
pure PVA and PVA/HKUST-1 nanocomposite films, and results
are shown in Fig. 7c. It shows the PVA/HKUST-1 nanocomposite
films have good absorbance of UV light at 350 nm (UVA),
300 nm (UVB), and 250 nm (UVC), and compared to pure PVA
film, PVA/HKUST-1 nanocomposite films can be considered as
potential UV-shielding materials. For instance, PVA-2.0 film can
shield about 100% UVC, 98% UVB, and 83% UVA, while pure
PVA film shields only 26% UVC, 24% UVB, and 19% UVA.
Therefore, incorporation of HKUST-1 into PVA film can be in
favor of the absorption of UV light and results in a novel
transparent material with excellent UV-shielding performance.
The UV-shielding capability of the obtained PVA/HKUST-1
nanocomposite films is much comparable to that using other
organic or inorganic UV-absorbers,***”* which demonstrates
HKUST-1 can be used as an effective UV-absorber for fabrication
of a transparent UV-shielding film.

The UV-shielding contribution for each type of nanoparticle
varies and mainly depends on its geometric shape and chemical
structure. The widely exploited nanoparticles as UV-absorbers
include inorganic metal oxide nanoparticles™ (e.g., ZnO, SiO,,

Visible light
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(a) Photographs of neat PVA, PVA-0.5, PVA-1.0, and PVA-2.0 films (placed on the paper with colored rings), from left to right, respectively.

(c) Transmittance change at specific UV light wavelengths (UVA, UVB,

TiO,, and Al,0;), graphene oxide nanosheets” and melanin
nanoparticles,”>** etc. In this work, it is interesting to observe
that the incorporation of HKUST-1 nanoparticles obviously
upgrades the UV-shielding property of PVA. There are two
factors about enhancing the UV-shielding performance of PVA/
HKUST-1 films: (a) the well-dispersed HKUST-1 nanoparticles in
matrix, which can effectively absorb UV light and rapidly
convert the photon energy of UV light into heat. (b) The strong
hydrogen interaction at the interface between the HKUST-1
nanoparticles and PVA matrix, which facilitates the formation
of a large interface and thus the inevitably scattering of UV light
at the interface. Meanwhile, the unique porous structure and
high surface area of the HKUST-1 nanoparticles is also benefi-
cial to the reflection and absorption of UV light, so the UV-
shielding property of PVA matrix can be remarkably improved
by the added HKUST-1 nanoparticles. Correspondingly, the
schematic illustration of the UV-shielding action of PVA/
HKUST-1 nanocomposite films is displayed in Scheme 2.
Remarkably, the use of HKUST-1 as UV-absorber can offer
arange of advantages when compared with other nanoparticles.
First, the geometric shape and size of HKUST-1 nanoparticles
can be regulated easily, thus their UV-shielding capacity can
eventually be modulated. Furthermore, the organic linkers in

UV light

e ARY\/
T X NN~ SAAPEN

Transparent to Visible

‘1

) UV-shielding

Scheme 2 Schematic illustration of the UV-shielding capacity of PVA/HKUST-1 nanocomposite films.
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HKUST-1 nanoparticles allow them to interact with several types
of polymers, thus resulting in nanocomposites with novel or
enhanced properties. However, it should be noted that the
photocatalytic activity of HKUST-1 nanoparticles is another
important factor for assessing their potential applications in
UV-shielding materials. Therefore, additional efforts are still
needed to better understand the UV-shielding behavior in
polymer nanocomposite materials based on HKUST-1.

4. Conclusions

Nano HKUST-1 particles were successfully prepared and then
incorporated into PVA in an aqueous solution to fabricate PVA/
HKUST-1 nanocomposites. The SEM micrographs confirmed
the homogeneous dispersion of HKUST-1 nanoparticles in the
PVA/HKUST-1 nanocomposites. Both the thermal stability and
mechanical properties of the PVA/HKUST-1 nanocomposites
were strikingly enhanced by the well-dispersed HKUST-1
nanoparticles. Moreover, PVA/HKUST-1 nano-composite films
also exhibited a significant enhancement in UV-shielding
capacity, combined with a satisfactory optical transparency at
low HKUST-1 loading, which indicated HKUST-1 could act as
a novel UV absorber in nanocomposite films. All in all, we
created novel transparent nanocomposite films with excellent
thermal stability, mechanical and UV-shielding properties by
a simple and low-cost method, which could provide valuable
insight into the rational design and fabrication of novel and
excellent UV-shielding materials.
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