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Polymer nanocomposites are an emerging technological field offering high-performance
materials with unique and innovative properties, ideal for numerous advanced applica-
tions [1]. These include, among others, high-efficiency automotive and aerospace appli-
cations, food packaging, agriculture, printed electronics, biomedical applications, drug
delivery, biotechnology, wastewater treatment, environmental protection, advanced energy-
storage systems and electronic devices, gas/liquid barriers, fuel tanks, sensors, flammability
reduction, chemical resistance, UV protective coatings, sports equipment, consumer goods,
etc. [2–7]. The final properties of nanocomposites as well as their suitable applications
directly depend on the polymer matrix used, the size and shape of the nanofillers, their
functional groups, their amounts, their dispersion into the polymer matrix, and interfacial
interactions [8]. The most effective properties are usually achieved when nanoscale fillers
are added in small amounts, ranging from 0.5 up to 5 wt%. The individual properties of
the nanofillers are also a crucial factor controlling the performance of the nanocomposites
(improved mechanical strength, toughness, thermal stability, thermal conductivity, electri-
cal properties, etc.) [9,10]. Some of these interesting applications of nanocomposites and
their contribution to the enhancement of several polymer properties have been reported in
the articles published in this Special Issue, along with descriptions of some new methods
for nanocomposite production.

The addition of nanofillers improves the properties of nanocomposites and makes
them more attractive than neat polymers. In Klonos et al.’s work, the effect of expandable
graphite (EGr) at 5–55 wt % loading in the electrical and thermal conductivity of polystyrene
(PS) and high-density polyethylene (HDPE) was evaluated [11]. From differential scanning
calorimetry, it was found that the addition of EGr in PS can impose an increase in the glass
transition temperature and a systematic decrease in the corresponding heat capacity change
due to the formation of an interfacial rigid amorphous fraction (RAF). On the other hand,
the presence of EGr in the highly crystalline HDPE matrix resulted in further elevation of
the crystalline fraction (CF). Electrical conductivity (σ) values increase as the EGr amount
increases for both matrices, up to 10−3–10−2 S/cm, resulting in a conductive percolation
threshold for electrons at >8 wt % EGr. Simultaneously, the thermal conductivity (λ) of
PS and HDPE were strongly increased, from 0.13 and 0.38 W·K−1·m−1 up to 0.55 and
~2W·K−1·m−1, respectively. As can be seen, λ was systematically higher in HDPE than in
PS, which was indicative of the additional contribution of HDPE crystals to heat transport.

In another recently published work, a face-centered cubic Ag nanoparticle (NP) was
used to prepare a printable Ag ink, which was subsequently loaded in a user fillable
pen and employed either by hand or by an in-house assembled printing machine to
fabricate surface-enhanced Raman scattering (SERS) substrates [12]. Finite difference time-
domain (FDTD) simulations showed a 155-times Ag NP electric field enhancement for
Ag nanoparticle pairs with a particle spacing of 2 nm. By comparing the SERS substrate,
made with different support matrices and fabrication methods, it was found that the
poly(ethylene terephthalate) (PET)-printed substrate shows optimal performance, with an
estimated sensitivity enhancement factor of 107. These optimized SERS substrates show
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good stability (at least one month) and have been effectively tested in the detection of
cancer drugs, including doxorubicin and metvan. Therefore, it was made clear that by
using an inexpensive PET substrate printed with the Ag NPs ink through a scalable method,
a highly sensitive, reproducible, and cost-effective method was developed to detect Raman
active analytes on substrates with long-term stability.

Instead of using polymers as matrices, nanocomposites are also produced using
nanoparticles or simple compounds. In such work, ZnO nanoparticles were mixed with
three different drugs such as chloroquine, dipyridamole, and lopinavir, and their chemical
interactions were studied by molecular docking assay [13]. From the computational study,
exergonic adsorption energies that ranged from 0.582 to 2.084 eV were obtained, which
were dependent on the drug used. Lopinavir gave a higher energy adsorption, and
a high occupied molecular orbital (HOMO) study demonstrated the electronic overlap
between the ZnO-Np and the lopinavir, rendering it the most favored composite. That is
because lopinavir contains N and O atoms on its structure, which promote binding with
Zn metal. On the other hand, the binding energies demonstrate that the ZnO–chloroquine
nanocomposite is the least favored, which can be due to the chloride group of the drug,
which can change the electronic behavior of the entire system.

Another recent work demonstrated the feasibility of covert laser readable (CLR) surface
structures as low-cost nanostructured flexible tags (n-CLRs) for tracking large-scale fabrication
products [14]. The fabrication process of n-CLRs was described in detail. It combines a single
lithography step of conventional metal coating to a single electrochemical step of template
synthesis nanotechnology under ED masks and, finally, to the production of self-organized
micro- and/or nanostructured surfaces. The study confirms that n-CLRs fulfil three rigorous
criteria: marginal cost, simple identification, and numerous adjustable parameters.

Lately, it is also very common for several nanoparticles to be added in cosmetics. In such
work, nanoadditives such as multiwall carbon nanotubes (MWCNTs), graphene oxide (GO),
and lignin (LGN), in amounts of 0.5, 1, and 2% w/v, were used to enhance the antioxidant
and UV stability of sunscreen emulsions [15]. All emulsions were prepared using the oil-
in-water (O/W) technique and were pH- and viscosity-stable up to 90 days. It was found
that emulsions containing LGN have excellent antioxidant properties, according to the 2,2-
Diphenyil-1-picrylhydrazyl (DPPH) method, due to its phenolic groups. Additionally, the
emulsions were evaluated for their ultraviolet (UV) radiation protection ability in terms of
sun protection factor (SPF). It was reported that SPF values varied between 6.48 and 21.24
while the emulsion containing 2% w/v MWCNT showed the highest SPF index. Furthermore,
UV irradiation tests showed that all emulsions exhibit great UV stability after 24 and 72 h
of exposure. The overall results presented in this work could further expand the usage of
organic additives in cosmetic applications in order to enhance some of their properties.

As described before, nanoparticle characteristics are essential to the process of tuning
the polymer matrix properties, and for this reason, their production is of high importance.
Likewise, the fabrication of different kinds of nanoparticles is also of great interest. In
this sense, a new simple method for preparing confined copper and nickel nanoparticles
by thermal treatment of their respective cations inside Mobil Composition of Matter 41
(MCM–41) hydrophobic nanopores was recently been developed [16]. Surface-modified
MCM–41 hydrophobic materials were impregnated with copper II (Cu II) or nickel II (Ni II)
aqueous solutions via a high-pressure treatment. After pressure release and washing, the
remaining metal cations, confined exclusively within the nanopores, were heated, forming
metallic nanoparticles. Fourier transform infrared (FTIR) and transmission electronic
microscopy (TEM) evidenced the identification of copper and nickel spherical nanoparticles
(NPs). Additionally, it was found via microscopy images that the NP was larger than the
pores, suggesting that the NPs pushed through the pore wall.

All of the above work verify the advantages of nanocomposites in several applications
as well as the benefits of using nanoparticles to reinforce the properties of polymer matrices.



Appl. Nano 2022, 3 162

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.

References
1. Sanusi, O.M.; Benelfellah, A.; Bikiaris, D.N.; Hocine, N.A. Effect of rigid nanoparticles and preparation techniques on the

performances of poly(lactic acid) nanocomposites—Review. Polym. Adv. Technol. 2021, 32, 444–460. [CrossRef]
2. Müller, K.; Bugnicourt, E.; Latorre, M.; Jorda, M.; Sanz, Y.E.; Lagaron, J.M.; Miesbauer, O.; Bianchin, A.; Hankin, S.; Bölz, U.;

et al. Review on the Processing and Properties of Polymer Nanocomposites and Nanocoatings and Their Applications in the
Packaging, Automotive and Solar Energy Fields. Nanomaterials 2017, 7, 74. [CrossRef] [PubMed]

3. Giliopoulos, D.; Zamboulis, A.; Giannakoudakis, D.; Bikiaris, D.; Triantafyllidis, K. Polymer/Metal Organic Framework (MOF)
Nanocomposites for Biomedical Applications. Molecules 2020, 25, 185. [CrossRef] [PubMed]

4. Kyzas, G.Z.; Deliyanni, E.A.; Matis, K.A.; Lazaridis, N.K.; Bikiaris, D.N.; Mitropoulos, A.C. Emerging nanocomposite biomaterials
as biomedical adsorbents: An overview. Compos. Interfaces 2018, 25, 415–454. [CrossRef]

5. Papageorgiou, D.G.; Chrissafis, K.; Bikiaris, D.N. β-nucleated polypropylene: Processing, properties and nanocomposites. Polym.
Rev. 2015, 55, 596–629. [CrossRef]

6. Terzopoulou, Z.; Kyzas, G.Z.; Bikiaris, D.N. Recent advances in nanocomposite materials of graphene with polysaccharides.
Materials 2015, 8, 652–683. [CrossRef] [PubMed]

7. Terzopoulou, Z.N.; Papageorgiou, G.Z.; Papadopoulou, E.; Athanassiadou, E.; Alexopoulou, E.; Bikiaris, D.N. Green composites
prepared from aliphatic polyesters and bast fibers. Effect of fiber kind on mechanical, thermal and biodegradation properties of
composites. Ind. Crops Prod. 2015, 68, 60–79. [CrossRef]

8. Papadopoulos, L.; Klonos, P.A.; Terzopoulou, Z.; Psochia, E.; Sanusi, O.M.; Hocine, N.A.; Benelfellah, A.; Giliopoulos, D.;
Triantafyllidis, K.; Kyritsis, A.; et al. Comparative study of crystallization, semicrystalline morphology, and molecular mobility in
nanocomposites based on polylactide and various inclusions at low filler loadings. Polymer 2021, 217, 123457. [CrossRef]

9. Tarani, E.; Terzopoulou, Z.; Bikiaris, D.N.; Kyratsi, T.; Chrissafis, K.; Vourlias, G. Thermal conductivity and degradation behavior
of HDPE/Graphene nanocomposites: Pyrolysis, kinetics and mechanism. J. Therm. Anal. Calorim. 2017, 129, 1715–1726. [CrossRef]

10. Tarani, E.; Chrysafi, I.; Kállay-Menyhárd, A.; Pavlidou, E.; Kehagias, T.; Bikiaris, D.N.; Vourlias, G.; Chrissafis, K. Influence
of Graphene Platelet Aspect Ratio on the Mechanical Properties of HDPE Nanocomposites: Microscopic Observation and
Micromechanical Modeling. Polymers 2020, 12, 1719. [CrossRef] [PubMed]

11. Klonos, P.A.; Papadopoulos, L.; Kourtidou, D.; Chrissafis, K.; Peoglos, V.; Kyritsis, A.; Bikiaris, D.N. Effects of Expandable Graphite
at Moderate and Heavy Loadings on the Thermal and Electrical Conductivity of Amorphous Polystyrene and Semicrystalline
High-Density Polyethylene. Appl. Nano 2021, 2, 31–45. [CrossRef]

12. Liu, M.; Bhandari, A.; Haqqani Mohammed, M.A.; Radu, D.R.; Lai, C.-Y. Versatile Silver Nanoparticles-Based SERS Substrate
with High Sensitivity and Stability. Appl. Nano 2021, 2, 242–256. [CrossRef]

13. Díaz-Cervantes, E.; Zenteno-Zúñiga, C.; Rodríguez-González, V.; Aguilera-Granja, F. Design of ZnO-Drug Nanocarriers against
the Main Protease of SARS-CoV-2 (COVID-19): An In Silico Assay. Appl. Nano 2021, 2, 257–266. [CrossRef]

14. Gravier, L.; Salvadé, Y.; Pidoux, D.; Maritz, J.; Laratta, M. Low-Cost Nanostructured Thin Films as Covert Laser Readable Security
Tags for Large-Scale Productions Tracking. Appl. Nano 2021, 2, 319–329. [CrossRef]

15. Bikiaris, N.D.; Koumentakou, I.; Lykidou, S.; Nikolaidis, N. Innovative Skin Product O/W Emulsions Containing Lignin,
Multiwall Carbon Nanotubes and Graphene Oxide Nanoadditives with Enhanced Sun Protection Factor and UV Stability
Properties. Appl. Nano 2022, 3, 1–15. [CrossRef]

16. Brodie-Linder, N.; Deschamps, J.; Bombled, M.; Pasternak, N.; Audonnet, F.; Beaunier, P.; Alba-Simionesco, C. Copper and
Nickel Nanoparticles Prepared by Thermal Treatment of Their Respective Cations Confined in Nanopores through High-Pressure
Synthesis. Appl. Nano 2021, 2, 278–288. [CrossRef]

http://doi.org/10.1002/pat.5104
http://doi.org/10.3390/nano7040074
http://www.ncbi.nlm.nih.gov/pubmed/28362331
http://doi.org/10.3390/molecules25010185
http://www.ncbi.nlm.nih.gov/pubmed/31906398
http://doi.org/10.1080/09276440.2017.1361716
http://doi.org/10.1080/15583724.2015.1019136
http://doi.org/10.3390/ma8020652
http://www.ncbi.nlm.nih.gov/pubmed/28787964
http://doi.org/10.1016/j.indcrop.2014.08.034
http://doi.org/10.1016/j.polymer.2021.123457
http://doi.org/10.1007/s10973-017-6342-0
http://doi.org/10.3390/polym12081719
http://www.ncbi.nlm.nih.gov/pubmed/32751861
http://doi.org/10.3390/applnano2010004
http://doi.org/10.3390/applnano2030017
http://doi.org/10.3390/applnano2030018
http://doi.org/10.3390/applnano2040023
http://doi.org/10.3390/applnano3010001
http://doi.org/10.3390/applnano2030020

	References

