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Application of Nanotechnology in Environmental Protection

Dragana Stevié, Suncica Sukur, Suzana Gotovac Atlagic¢

Abstract: Numerous applications of nanochemistry and nanotechnology in
electronics, medicine, catalysis, and environmental protection have become
popular scientific disciplines in the last decades. Besides the presence of
nanomaterials in pharmaceutical products, textiles, food, and packaging, or its
applications in the catalysis of traditional organic synthesis at high efficiency, the
relationship between nanoscience and environmental protection stands out.

This relationship has two aspects. One aspect shows numerous possibilities of
nanomaterials applications in drinking water treatment, wastewater treatment,
gas emissions, and acceleration of anaerobic digestion in biogas production
processes from organic waste, together with others. Another aspect is the
production of nanomaterials from waste and its contribution to the valorization
and elimination of waste that can significantly contribute to the environment.

This chapter will show the tendency of nanochemistry and nanotechnology
applications in sensors, catalytic degradations of pollutants, adsorption and
filtration, and production of nanomaterials from industrial waste and the potential
risks of nanomaterials.
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18.1. Introduction

Nanosciences have an impact on various areas of technology due to the rapid
development of electronic microscopies that enabled the visualization of
nanodimenzional materials (Rodrigues et al. 2021). Nanomaterials have high
strength and durability, enhanced catalytic activity, and energy storage potential
owing to their excellent intrinsic mechanical properties and electrical conductivity.
These properties have enabled applications of nanomaterials in green
nanotechnologies, energy storage, and environment protection. High prices and
limited resources for nanoparticle (NP) production limit applications of
nanomaterials. Nanomaterials are necessary for advances in engineering,
medicine, energy storage, and environmental protection. These technologies
require funds for large-scale production and implementation of nanomaterials.
Thus, the value of nanomaterials in 2022 was about 10.89 billion US dollars,
according to the global nanomaterials market size (Nanomaterials Market Size,
Share & Growth Report). The price of nanomaterials can be reduced by reusing
waste materials such as nanoiron oxide synthesis from the mining tailings (Stevié¢
et al. 2016; Gotovac Atlagi¢ et al. 2021). Reusing waste for nanomaterials
production would reduce pollution. Developing inexpensive methods for
nanomaterials production should stimulate the rapid development of
nanotechnology.

This chapter will focus on nanomaterials in sensor technologies, catalytic
degradation of pollutants, nanomaterials production by the valorization of
industrial waste, filtration and adsorption, and potential risks.

18.2. Nanomaterials in Monitoring and Sensor Technologies

Chemical sensors can be electrochemical (amperometry, potentiometry, and
voltammetry-based) sensors, photoelectrochemical (PEC) sensors, chemosensors,
optical sensors, and mass transducers. Sensing characteristics of any of such
materials are highly dependent on a few factors: accumulation potential, time, the
concentration of the active material, scanning rate, and obligatory pH. Any of the
given factors can disrupt the morphology of the active material, desirably
changing its redox properties. Properties of the conducting materials such as
graphene or carbon nanotubes, widely studied and applied in sensor technologies
could also be modified by different techniques such as adsorption of large
polyaromatic molecules, oxidation, complexation with metals such as Zn or Al, and
many more techniques (Gotovac et al. 2007; Gotovac al. 2007; Gotovac et al. 2007;
Kukobat et al. 2019; Furuse et al. 2023).
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In attempts to overcome the robust and demanding instrumental chemical
analytical techniques, much attention is given to the PEC techniques development
(Shu and Tang 2020). These techniques are mostly relying on nanotechnologies.
Contemporary research relies highly on the rapid detection of even the traces of
chemical and biological species. To satisfy the necessity for high-performance PEC
sensoring, controlled design and synthesis of the photoactive materials are
crucial. PEC devices enable the transformation of light into electricity, along with
the interconversion of electric with chemical energy, usually explained by the
absorption PEC of the protons which have enough energy to induce electron/hole
pairs. Photogenerated carriers of charge can produce the signal to the electrolyte,
starting the redox reaction and thus energy conversion. Controlably applying
these phenomena, it is now possible to harvest energy and develop pollution
sensoring and even treatments (Chen et al. 2022). A variety of the nanomaterials
used for environmental sensoring technologies can be summarized as given in Fig.
18.1. (Yan et al. 2021).
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Fig. 18.1. Types of functional electroactive materials used in electrochemical
sensing of environmental pollutants. Edited according to the source
(Yan et al. 2021)

Cn. 18.1. Bpcme hyHKUUOHAAHUX eneKkmpoakmueHUX Mamepujana Koju ce
Kopucme y efnekmpoxemujckoj 0emekyuju 3azahusaqa ¥usomHe
cpeduHe. YpeheHo npema u3zsopy (Yan et al. 2021)

In particular, metal nanostructures produced from Au, Ag, or Pt are most valuable
in modifying semiconductors to improve light harvesting and converting ability.
On the other hand, metal oxides (TiO, ZnO, WOs3, SnO,, NiO) in combination with
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chalcogenides (CdS, CdSe, CdTe, Ag,S, MoS,, PbS) reach their best utilization
possibilities. If nanostructured, metal oxides have a large band gap rendering
them not so efficient in photon absorption. However, if combined into the
heterostructures with metal chalcogenides, which have a narrow bandgap, the
resulting materials gain increased visible light absorption and thus become more
applicable in sensor technologies.

A notable use of environmental sensoring is in pesticide sensing. For example, a
PEC sensor in the form of a low-cost electrode with good stability and catalytic
effect has been developed for detection of atrazine. Atrazine is one of the
cheapest, most available, most efficient herbicides. On the contrary, it has a large
negative impact on aquatic ecosystems (Graymore et al. 2001). The developed
electrode used tetra-ruthenate porphyrin (TRP) with tetra pyridyl porphyrin
(TPyP) coordinated to four Ru (ll) complexes in the periphery of the macrocycle,
showing electrocatalytic and photoelectrochemical properties. Differential pulse
voltammetry (DPV) applied as the measurement technique has given a linear
correlation of current response and atrazine concentration in the range of interest
(Negut et al. 2020).

Considering the nanosensors in the area of air pollution, common pollutants
including toxic gases nitrogen dioxide (NO3), sulfur dioxide (SO;), and hydrogen
sulfide (H,S) are still in primary interest. Here, carbon nanotubes as field emission
transistors show high sensitivity and a number of prototypes are being developed
(Nedelcu 2022). Multifunctionality can be a surplus. For example, recently
developed aluminum nitride nanosheets might become efficient simultaneously
in detecting SO,, NO,, NHs, and CO, gases under a gated electric field (Singh et al.
2020). With ever-increasing urbanization and pollution of the cities, yet at the
same time with increasingly demanding workspace safety standards, such multi-
sensors will be highly demanded once their efficiency is established.

18.3. Catalytic Degradations of Pollutants by Nanomaterials

Carbon materials such as activated carbon (AC), graphene, reduced graphene
oxide (rGO) and carbon nanotubes (CNTs) can be used for catalytic degradation of
pollutants due to their excellent properties and reusability (Wei et al. 2020).
Recently, CNT/Metal oxide composites have been studied for the treatment of
contaminated water. One of the most important applications of this composite is
for photocatalytic decontamination of organic pollutants in wastewaters. CNT
doped with Fe and Ni (Fe/N-CNT) is an excellent candidate for degradation of
refractory organic pollutants in various water matrices, giving excellent
performance and stability due to the non-radical pathways (Pham et al. 2021).
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New catalytic degradation technology aided with microwave-induced CNTs
(MW/CNTSs) is efficient for the treatment of organic pollutants in aqueous
solutions. MW/CNTs with CNT diameters of 10-20 nm, 20—-40 nm and 40-60 nm
can catalytically degrade methyl orange (MO), methyl parathion (MP), sodium
dodecyl benzene sulfonate (SDBS), bisphenol A (BPA), and methylene blue (MB)
in aqueous solutions (Gotovac et al. 2007; Chen et al. 2016). Polyimide-modified
carbon nanotubes (PI/CNTs), containing metal-free catalysts are promising for
organic contaminant degradation without light irradiation.
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Scheme 18.1. Scheme of the polyimide-modified carbon nanotubes induced
pollutant degradation with comparative kinetics of AO7 degradation
(Wei et al. 2020)

Cxema 18.2. LLlema pazeadre noaymaHama yereeHU4HUM HaHomybama
MOOUPUKOBAHUM MOAUUMUOOM €A YriopeOHOM KUHemUuKoM 3a
pasepadry AO7 (Wei et al. 2020)

PI/CNTs (Scheme 18.1) provide a promising metal-free catalyst for the
degradation of organic pollutants in aqueous solutions, contributing to the
development of green materials for sustainable remediation (Wei et al. 2020).
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In addition, graphene-based materials have great adsorption capacities due to the
presence of oxygen functional groups. The outstanding features of graphene and
graphene-based materials have great potential for managing environmental
pollution (Tahir et al. 2020).

18.4. Nanomaterials Produced by Valorization of Industrial Waste

In recent years, numerous studies suggest potential solutions for nanomaterials
resource availability by pointing out their production from industrial waste,
including waste originating from metal production, metal recovery from mining
tailings, or e-waste.

Processing industries are generating high amounts of by-products that are rich in
diverse metal oxides. Bauxite residue is a by-product from Bayer’s process which
contains iron oxide, hematite, usually in the highest percentage compared to
other components (oxides of Al, Si, Ca, and Ti). Considering nanotechnologies, this
material could be used as effective energy storage material, anode material in Li-
ion batteries, and other various applications. Production of spherical
nanoparticles of red mud 30-50 nm in size can be performed by ball milling for 10
h (Bhattacharya et al. 2019). Obtained nanoparticles have been proven as suitable
materials for supercapacitors with relatively high performance compared to
conventional materials. As aforementioned, bauxite residue has significant
potential as an anode material in Li-ion batteries. Applying magnetic separation,
the iron oxide can be extracted from this material and further used in the
production of a half-cell that can exhibit excellent stability and a reversible
capacity. The fabrication can be further continued with full-cell (with LiMnO, as
cathode material) that exhibit lower reversible capacity and subsequently lower
performance compared with iron oxide nanoparticles conventionally synthesized
(Suryawanshi et al. 2016). Other potential valorization methods were reviewed
along with these for other metal tailings (Gotovac Atlagic et al. 2021).

Zero-valent iron or iron oxide nanoparticles are becoming increasingly useful as
the recyclable and completely safe catalysts in the Ficher-Trops and Diels-Alder
reactions or, for example, in the growth the carbon nanotubes, as well as in
biomedical applications (Gotovac Atlagi¢ and Pavli¢ 2018). Thus, with ever-
increasing demand, methods for their synthesis from yet unrecognized recourses
such as mining tailings, which is economical, both energy and resource-wise, are
highly desirable. An example is shown in Fig. 18.2. given by present authors in the
form of the hematite core-carbon shell nanoparticles synthesized recently from
the waste from iron mine sludge (Stevié et al. 2016).
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Fig. 18.2. TEM images of hematite nanoparticles synthesized from iron waste
applying the microemulsion method (authors’ archive, previously non-
published micrographs) (Stevic et al. 2016)

Cn. 18.2. TEM cauKe HaHoYecmuuya xemamuma cUHmemu3os8aHe u3 omnaoa
Heesbes3a npumjeHoM MUKpoemyn3uoHe memooe (apxuea aymopa,
paHuje HeobjasrbeHU mukpoepaghu) (Stevic et al. 2016)

Metallic nanoparticles can also be obtained by recovering waste metals from
other unusual sources. A good example of recycling toxic metal-contaminated
sewage sludge is the removal of toxic Cu(ll) from contaminated water followed by
the production of a Cu-doped carbon electrode that can act as an effective energy
storage material (Tan et al. 2019). The applied route for Cu (Il) removal can be
significant and result in the achievement of 99%.

Another efficient application is the production of electrode material for
supercapacitor applications. Waste thermocol sheets and rusted iron wires were
used for the production of waste-derived carbon-Fes0, nanocomposite that
showed similar performance to conventional devices and can be practically
applied (Vadiyar et al. 2018). Different approaches in the treatment of waste-
rusted wires from scarp can result in the production of surfactant-free hematite
nanoparticles (Mhamane et al. 2016). After several steps of treatment, the as-
synthesized NPs were studied as Li-ion batteries material (with LiMn,0,4 as a
cathode). Further testing of performance showed that regardless of this being an
efficient recycling method and conversion pathway, this material has significantly
lower performance compared with hematite nanoparticles that are
conventionally synthesized.

E-waste recycling, so-called “urban mining”, is attracting many researchers,
considering that information communication technology generates a high
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quantity of this type of waste that has the potential to be reused in numerous
innovative ways. Discarded Zn-Mn batteries can be a resource for the production
of nano-zinc oxide (Zhan et al. 2018).

The obtained product is not yet tested for specific applications, however, so far it
has shown potential for a successful way of recycling these types of batteries.
Furthermore, “green” SisN4 nanowires can be produced using glass and polymer
shells (sources of silica and carbon, respectively) from scrap computer monitors
(Maroufi et al. 2018). Although further industry scale-up requires additional
research and testing, nanowires showed promising hetero-catalyst material
properties, i.e. photocatalytic degradation of methylene blue, as presented in the
mentioned study.

Water pollution, soil, and waste sludge are one of the most critical issues
worldwide and are a priority in all scientific agendas. Green nanotechnology
presents a plethora of promising avenues for the treatment and the use of waste
as raw materials for nanotechnologies is one of them. Such an approach matches
current trends in the valorization of zero-cost, biodegradable, and readily
available agro-industrial biowaste to produce green bio-nanocatalysts and bio-
nanosorbents for wastewater treatment (Omran and Baek, 2022).

One example related to wastewater, showing potential for biomedical
applications is producing specialized fabrics with antimicrobial properties. It
considers the synthesis of silver nanoparticles where wastewater (Parkia
biglobosa fermented-seed wastewater, PBWW) acts as a bio-reductant or
stabilizer for AgNP production (Aguda and Lateef 2021).

A “waste valorization” approach toward converting residues from second-
generation (2G) bioethanol production into nanoparticles and nanocomposite
films is presented as possible (Riviere et al. 2021). Lignin hydrolysis from 2G
bioethanol production was based on fractionation and re-assembly of the
nanoscaled components (lignin particles and lignocellulose nanofibrils). If linked,
these materials lead to nanocomposite films with low oxygen permeability as well
as antioxidant properties.

Surprisingly large is the market for the keratin, natural polymer, which is mainly
derived from waste (Fig. 18.3). Europe consumes approximatelly 600,000 tons of
keratin per year, mainly in the cosmetics industry but also increasingly in the area
of the biomedical applications (Straits Research 2023). This is a very exciting
example of the valorisation of the waste, since over 90 million sheeps and over
140 million pigs are slaughted around Europe yearly, producing large amounts of
keratin waste (pig hair and wool of lower quality, non-applicable in textile
industry).
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Fig. 18.3. Keratin waste valorisation pathways for biomedical applications
(Sharma et al. 2022)

Cn. 18.3. [lym sanopu3sayuje KepamuHcKo2 omnada y 6uomeduyuHCKe rnpumjeHe
(Sharma et al. 2022)

However, this environmental dimension is matching with present chapter since
the application of such regenerated waste keratin in biomedical applications is
defined by their nano-dimensional forms, fibers or pearls (Sharma et al. 2022).

18.5. Filtration and Adsorption as Environmental Techniques
Involving Nanomaterials

Porous nanomaterials can simply and efficiently adsorb pollutants, transferring
the active phase of pollutants from gas or liquid media to the solid adsorbent
surface. Carbon-based nanomaterials, owing to their excellent properties in
adsorption, advanced oxidation, photocatalysis, and other contaminant removal
processes, have been extensively used in environmental pollution control systems
(Mazari et al. 2021). Activated porous carbon, such as graphene nanosheets,
carbon nanotubes, and biocarbon, have been widely studied for environmental
applications in adsorption and catalysis because of their strong adsorption
capacity, low production cost, and environmental friendliness. These carbon-
based nanomaterials have excellent adsorption performance such as large surface
area and porosity, being applicable for molecular separation or adsorption.
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Recently, single-wall carbon nanotube (SWCNT) bundles were oxidized at 773 K in
an air atmosphere, giving a maximum specific surface area of 1660 m?g ' and a
total pore volume of 0.6 ml g (Furuse et al. 2023). The SWCNT bundles are
promising for the adsorption of pollutants, owing to their high porosity.

Metal-organic frameworks (MOFs) are crystalline materials with extremely high
porosity with nearly 90% of the free space and a specific surface area of ~6000 m?
gl (Zhou et al. 2012). Recently, MOFs have been carbonized, giving carbon-based
nanomaterials. MOFs have different metal ions, organic ligands, morphologies,
and structures that can be transformed into porous carbon materials of different
compositions and functions. MOFs can be modified by controlling the pore size,
forming adsorbents and molecular sieves for porous adsorbents for pollutant
adsorption. Materials with high surface area and porosity are suitable for the
adsorption of pollutants in the form of metal ions or toxic molecules from liquid
or gas phases. MOF derived from carbon-based nanomaterials is promising for the
potential reduction of metal ions (Wang et al. 2022). Also, these nanomaterials
have a high potential for applications in environmental fields (Fig. 18.4) such as
sewage treatment and harmful gas adsorption due to the low cost and easy
operation (Liu et al. 2022).
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Fig. 18.4. Application of metal-organic framework-derived nanomaterials in
environment-related fields (He et al. 2021)

Cn. 18.4. MpumjeHa HaHomamepujaaa 6obujeHux 00 MemasnHO-0P2aHCKUX
OKsUpa y obaaacmuma ee3aHuUM 3a HUeOMHy cpeduHy (He et al. 2021)
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Graphene oxide (GO) has outstanding chemical and thermal stability, forming
layered membranes. Also, GO has exhibited excellent adsorption capacities for
heavy metal ions due to its abundance of surface oxygen functional groups
including hydroxyl, epoxy, and carboxyl groups (Bagheri et al. 2017). Wang et al.
have synthesized a few layers of GO for heavy metal adsorption (Wang et al.
2018). The maximum adsorption capacity of Cd** and Co?* can reach 106.3 mg g
and 68.2 mg g}, respectively. Thus, GO can serve as a membrane and adsorbent
for organic compounds and heavy metals.

Activated carbon is a classical material that has been used as an adsorbent for
decades. Activated carbon is efficient for the adsorption of small or large organic
pollutants. Activated carbon has been widely used for the removal of phenol
through adsorption (Fernandez et al. 2003). Modification of activated carbon is
efficient for enhanced adsorption of pollutants onto the activated carbon pores
(Fig. 18.5).
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Fig. 18.5. Adsorption mechanisms of toxic metal ions on activated carbon from
water solutions. Edited according to the source (Qiu et al. 2021)

Cn. 18.5. MexaHu3mu adcopryuje moKCU4HUX MeMasnHUX jOHa Ha AKMUBHU yaasb
u3 8o0eHuUx pacmeopa. YpeheHo npema uzeopy (Qiu et al. 2021)

Mechanisms of pollutant adsorption by activated carbon include physisorption
and chemisorption (Mariana et al. 2021; Qiu et al. 2021). Activated carbon
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decorated with metal nanoparticles can be efficient for SO, conversion into sulfate
ions that are easily recoverable (Stanisavljevi¢ et al. 2019). Other surface
modification can enhance adsorptions of more chemisorption nature such as
redox reactions, precipitation, electrostatic reactions of different strength or the
surface complexation can take place.

18.6. Genie in the bottle: potential risks of nanomaterials and
nanocomposites

The above sections emphasize the ever-emerging and in some cases indispensable
applications of nanomaterials in medicine and environmental engineering.
However, like in all chemical technologies developed during the past decades after
environmental awareness became a norm, the production and application of this
group of materials has to be carefully planned and analyzed. Many reports show
that nanomaterials can be used to remove different pollutants from wastewater.
Self-toxicity of nanomaterials is an emerging issue that should be further analyzed.
Graphene-based materials and metal oxides can be toxic at high concentrations
(Kobielska et al. 2018; Ding et al. 2022). Furthermore, the toxicity of CNTs depends
on their length, surface area, distribution ratio, aggregation degree and
concentration (Jones et al. 2019). Also, the single-walled CNTs are less toxic than
the double-walled CNTs. They are associated with pulmonary inflammation,
oxidative stress, granuloma in the lungs, basic inflammation, apoptosis and
fibrosis. The toxicity of TiO, depends on its concentration and exposure time
(Takahashi et al. 2006). Therefore, research on the effects of nanoparticles on
health should be increased in all fields of nanomaterials applications. It is
important to investigate/predict the toxicity of any new nanomaterial and
propose limitation strategies. A European nano-registry presents a reliable
database on quantitative risk assasment of nanomaterials. Based on literature
research, a country-specific nano-registers can be compared, thus providing the
information on nanomaterial-containing product and defining limitation range
(Pavlicek et al. 2021). As different cell lines, culture conditions, and incubation
times are often used to assess nanomaterial toxicity, data comparison is not
straightforward, particularly to decide whether the observed cytotoxicity is
physiologically relevant. Several experimental models (cultured cells, Danio rerio
embryos, small mammals, such as mice and rats) are used for in vivo toxicity
testing. In urban environments, different particles size (including in the nanoscale
range) are produced by motor vehicles and other combustion sources. Novel
research is focused on assessing their toxic effects, leading to progressively stricter
regulations. Experimental findings suggest that fine-sized particles are more
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harmful (Barhoum et al. 2022). The numerous benefits of nanomaterials
applications surpass their potential risks that are mostly predictable and

preventable.

Future is most probably going to bring the integral European Union registry of
nanomaterials in order to take maximum controle over the environemental faith
of the nanomaterials and products containing nanomaterials. This is ever more
important with widespread applications of the nanoaditives in food or cosmetics
but even more so in products for children. At the time of present publication, such
registry is still not obligatory, with only the European Union Observatory for
Nanomaterials’ (EUON) as an informative data base about existing nanomaterials
on the EU market. However, more and more countries are introducing their own
national registries on nanomaterials and the corresponding timeline which is

continuosuly expanding, is shown on Figure 18.6.
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Fig. 18.6. Historical timeline of national nano-registries and EU regulations
relevant to nanomaterials (Pavlicek et al. 2021)

Cn. 18.6. icmopujcKku 8pemMeHCKU OK8UP HAUUOHAAHUX HOHO-peaucmapa u
pezynamuee EY penesaHmHe 3a HaHomamepujane (Pavlicek et al. 2021)

It can be seen that clearly, much attention is paid to the nanomaterials as additives
in food, application of nanomaterials in objects contacting the food, children and
infant products as the most important. Denmark is at the present time slightly
leading the way in the area of legislation, both respecting the EU
recommmendations, but also being the first one to introduce the stand-alone
registry of the substance into which the nanomaterials have to be reported.
National registries on nanomaterials are reviwed and have shown high degree of
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reliability. However, the nomenclature and the expressions, as well and sometimes
even the parameters followed differ from country to country. Thus, as with all new
areas of the applicative sciences in the past, the nanomaterial production and
application need to be thorowly examined and followed. It also has to be improved
in the future aligning with the newest findings in the biological and medical studies
of the influence of nanomaterials on living organisms. Also, in terms of definitions,
the nanomaterials continue to be reexamined and not limited to only particles
(powdered materils) or 2D and 1D materials but also widened to the “hidden”
nanomaterials. Most notably the nano term is not so often used related to the
electronics and electrical industries. However, the nano-coatings or printed circuit
boards are common in most of these products and their aging with the time and
consumtion causes the potential risk during the base material wear-out process.
Environmental feith of such layers potentially being released into the environment
during the e-waste recycling process is yet to be studied with care and hopefully be
introduced into the national and international legislations around the world.

18.7. Conclusions

All the presented examples point out stongly that the role of nanoparticles in
numerous environmental technologies is already widespread and, in some cases,
even indispensable. However, as with all new technologies throughout the history,
risks and sustainability, potential for recycling of these materials has to be always
taken into account when choosing the proper technologies. International scientific
and expert’s communities have to pursue detailed safety and longterm health effects
studies before putting new materials or composites into the widespread use. This
chapter aims to drawing attention to these emerging materials rapidly contributing to
the monitoring and resolution of environmental pollution. Finally, the production of
nanometarials from waste or secondary raw materials is an important aspect of
circular economy through the green technologies and is certainly going to bring many
new and exciting environmental solutions in the future.
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MpumjeHa HAHOTEXHONOTUje Y 3aLUTUTU }KUBOTHE CpeauHe

[OparaHa Cresuh, CyHumua Cykyp, Cy3aHa FoToBay, Atnarnh

Caxcemak

HaHoxeMuja 1 HAaHOTEXHONOrKNje, Koje ce NPUMjerbYjy Y ENIEKTPOHNLN, MEAULINHN,
KaTa/M3nM M 3aWTUTU KUBOTHE CpeauHe, MNOCTasie Cy MOMNyJiapHe Hay4vHe
OUCUUNANHE NOC/beAUX AeLeHnja ABafeceTor U MOoYeTKOM ABajeceT npsor
BMjeka. OcMm npucycTBa HaHOmaTepujana y dapmaleyTCKUM MpoM3BOAMMA,
TEKCTWAY, XpaHW, ambanaxu, WAN +HUXOBE MNPUMjEHE Y KaTaNU30Bakby
TPagMLMOHANHUX OPraHCKMX CMHTE3a Y3 MHOTro Behy epuKacHOCT, yousbmea je 1
BE€3a HAHOTEXHO/I0TMja U HAHOXEMMje Ca 3aLITUTOM XKMBOTHe cpegmHe. OBa Be3a
je aojaka. C jegHe cTpaHe, 6pojHe cy moryhHOCTM 3a NpMMjeHy HaHOTEXHO0rMja
y npeunwhasamy Boaa 3a nuhe, TpeTMaHMMa OTNALHUX BOAA, EMUCUOHUX racoBa,
ybp3aBatby aHaepobHe aurectvje y npouecuma npoussogre 6buoraca wus
opraHckor otnaga u camyHo. C apyre cTpaHe, Npov3BoAHa HAHOMaTepujana Ha
6a3n oTnaga, y3 HEroBy BanopuMsaumjy M eNMMMHaLMjy, MOXKe MHOro
OONPUHMjEeTU 3alUTUTN YOBjEKOBE OKOJIMHE.

Y o0BOM nNOrnaB/by HasHayeHe Ccy TeHAeHUWje npumjeHe HaHoXxemuje u
HaHOTEXHO/IOTUja Y CEH30PCKMM TeXHOJIoTMjama, KaTanusama, y agcopnuumjmu u
buntpaumjy M y NpomsBOAHWM HaHOMaTepujana W3 WMHAOYCTPWUjCKOr OTnaja.
Pacnpas/maHo je M o moryhum pusmumma npumjeHe U NPOU3BOAtHLE
HaHOMmaTepwjana 3a O4yBaHe XUBOTHE CpeauHe.

KroyyHe pujeyu: HaHOmaTepwjanm, HAQHOTEXHO/IOMMja, 3aLUTUTA }KUBOTHE CpeanHe
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