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Nanoscale natural clay minerals, which include Si, O, Al, and Mg,
are a class of environmentally safe inorganic materials with unique struc-
tures and diverse morphologies, including nanorods, nanofibers, and
nanotubes. Aluminosilicatehallusite nanotubes (HNTs) are relatively new
objects of research in materials science, they have a number of environ-
mental and economic advantages compared to carbon nanotubes (CNTs),
as well as fullerene and graphene. Natural halloysites are an order of
magnitude cheaper than their synthetic counterparts. The location of hal-
loysite is quite common, for example, in the KryvyiRih region and other
places in other countries. Due to their high environmental friendliness and
bioavailability, HNTs can be used in medicine, including as drug carriers
with controlled release. HNTs can also exhibit (photo) catalytic proper-
ties, have high adsorption properties in relation to heavy metals Cu(Il),
Pb(II), Cd(II), Zn(II), Cr(IV) and Co(Il) and solutions, containing dyes,
pesticides and some other organic pollutants, as well as toxic gases (am-
monia, hydrogen sulfide). HNTs in combination with other metals, such
as Mn, Ti, acquire various practical applications. HNTs were introduced
to ensure better functional photo(electro)catalytic properties of compos-
ites that can be a substrate, especially in the case of nanotube oxide dec-
oration. For example, titanium, a white pigment, non-toxic, is included
in the list of food additives and is designated as E171. Contained in food
products: candies, cookies, cakes, chicken fillet, crab sticks, chewing
gum, chocolate products. Although the addition of titanium dioxide in
food products is permitted by many official documents, there is insuf-
ficient data in the scientific literature regarding the potential danger of
titanium dioxide to the human body.

Increased interest in TiO, is due to its high photocatalytic activity,
which allows to realize processes of destruction of organic compounds,
including ecotoxicants, into safe products. HNTs, or materials based on
them, have found many useful applications in the treatment of drinking
water and industrial wastewater. The structural features of HNTs make it
possible to obtain new composite materials based on them, such as, for
example, imohalite nanotubes (INTs) of a wide functional purpose and to
determine the physicochemical patterns of their formation.

Therefore, the relevance of the work lies in the combination of hal-
lusite nanotubes and titanium dioxide as composite materials using elec-
trosynthesis, and the analysis of the influence of the phase composition,
photocatalytic activity of the composite material on the safety of its prac-
tical use, including in the food industry.

Key words: aluminosilicates, nanotubes, nanomaterials, inner sur-
face, safety, halluasite, titanium dioxide, composites, nanocomposites,
synthesis.
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The objects of research are titanium dioxide
andhallusite nanotubes.

The aim of the research is to study the influ-
ence of the phase composition and activity of hal-
loysite and titanium dioxide on the functional prop-
erties of wastewater destruction (purification). To
determine the prospects of using nanocomposites
with hallusite nanotubes and titanium dioxide.

The main tasks of the research:

— to characterize materials using electron mi-
croscopy and quantitative photometric analysis.

— to summarize data on the influence of pho-
tocatalytic and photoelectrocatalytic properties on
the functionality of titanium dioxide and HNTs in
food products and wastewater treatment.

— comparative characteristics of various modi-
fications (rutile/anatase) of titanium oxide in elec-
trosynthesis.

Problem statement and analysis of recent
research. Today, countries with developed econ-
omies focus on the development and greening
and application of nanotechnology as a promising
industry. Every year, the amount of funding for
research and new developments increases. Nano-
products are already used in the energy, chemical
and construction industries, the production of cos-
metics, and the food industry. The introduction
of nanomaterials into medicine and pharmacolo-
gy has begun. The use of nanotechnologies and
nanomaterials in environmental protection and the
food industry is also promising.

Halloysite is an aluminosilicate, a natural,
environmentally friendly nanomaterial with the
chemical composition [Al,Si,0,(OH),-2H,0]. The
dimensions of hallusite nanotubes (HNTs) vary in
length — from tens of nm to several microns, some-
times even reaching >30 microns [1], in outer di-
ameter from 30 to 190 nm, in inner diameter — from
10 to 100 nm [2].Interlayer water is removed with
slight heating (100—120 °C), while the distance be-
tween the layers decreases from 1 nmto 0.7 nm [4].

Fig. 1. Appearance of HNTs
(hallusite nanotubes).
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The folding of halloysite into a tubular (Fig-
ure 2a) structure occurs due to the mismatch in
the rows of the tetrahedral layer of SiO, and the
adjacent layer of Al,O, with an octahedral struc-
ture [5]. As a result, a layered hallusitenanotu-
bular structure is formed, which has the formula
[ALSi,0,(OH),2H,0].

Si—O-Si groups are placed on the outer sur-
face of the nanotubes, AI-OH groups are located
on the inner surface, as a result of which positive
and negative charges appear on the outer and in-
ner surfaces, respectively, in the ratio Al:Sil:1
(Figure 2B) [6]. The surface thus represents a po-
tential area for deposition of nanoparticles [7]. It
is known that HNTs have occupied an important
niche in modern nanotechnology with applica-
tions ranging from electronics, ultralight struc-
tural materials, energy conservation, to catalysis
and electrochemistry. They reveal (photo)catalytic
properties that have not yet been sufficiently stud-
ied, especially in combination with innovative
technologies of oxide materials, and are a window
of new opportunities for the creation of functional
materials with specified properties [17].

There are two types of hydroxyl groups in hal-
loysite that maintain the shape of the nanotube:
one is internal hydroxyl groups, the other is exter-
nal HO-groups(Figure 2c).
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Fig. 2. a) chemical structure of halloysite[8];
b) structure of the halloysite layer;c) halloysite
nanotubes: on the outer surface of the AI-OH

group (green color), on the inner surface
of the Si—O—Si group (red color) [10].
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Internal HO-groups are located inside the lu-
men, and external groups are located on the edges
and corners of the tubes [3]. Due to the multi-lay-
ered structure, most of them are internal groups. The
density of surface hydroxyl groups is lower [12].

Thus, halloysite has a different composition of
internal and external surfaces. Unlike halloysite,
most of the described non-clay nanotubes, such
as carbon nanotubes, have the same internal and
external chemistry, which makes it difficult to se-
lectively modify their lumen [10]. In addition, hal-
loysite is an alternative to much more expensive
carbon nanotubes.

The advantages of halloysite are its high spe-
cific surface area (up to 100 m?/g) [5], high ion
exchange capacity, chemical and thermal stability
[1]. Halloysite is actively used as fillers of poly-
mer nanocomposites [14], highly effective sor-
bents, catalysts, sensors [9]. HNTsare non-toxic
[11], do not undergo biodegradation and are bio-
compatible, which leads to wide possibilities of
their use in medicine, cosmetology, veterinary
medicine and food additives. The outer surface
of HNTs is covered with hydroxyl groups, mak-
ing them amenable to water-phase treatment and
compatible with hydrophilic materials, as well as
with the surface of materials capable of forming
hydrogen bonds with functional groups of other
materials.

Pure titanium dioxide is a solid colorless crys-
talline substance, in a finely ground state it is a
white powder. Despite being colorless, in larger
quantities, well-purified TiO, is the most stable
(non-volatile, insoluble in acids, alkalis and solu-
tions under normal conditions) of all known white
pigments (practically does not absorb any incident
light in the visible region of the spectrum)[21].

Titanium dioxide exists in the form of sev-
eral crystalline modifications, anatase, rutile and
brookite can be found in nature. It should be noted
that brookite is almost never used industrially, and
is rarely found in nature.

The use of titanium dioxide in the food indus-
try is very wide. E171 can be used in almost any
products that require white color for an aesthetic
appearance. Here are some of the areas of use: car-
amel, chewing gum, powdered and refined sugar,
frogs' legs, chicken, pork and beef tongues, suck-
ling pigs, flour, dough, sugar glaze, jams, milk-
shakes, cottage cheese, whey, condensed milk,
any fish and sea products etc. Application in the
fish processing industry includes bleaching of all
types of fish mince, fillets, semi-finished products,
surimi, patés and other products (for example,
squid, fish waste, crab sticks etc.) Depending on
the degree of bleaching, the dosage is regulated
from 0.1 to 1% of the weight of the product [22].

We have conducted experimental research on
establishing the conditions for the electrocrystal-
lization of titanium oxides from suspension elec-
trolytes using electrolytic doping approaches for
the production of multicomponent composite ma-
terials TiO,/HNTs. The main task in the planning
of the experiment is the strategy regarding the
concentration, the nature of additives in the elec-
trolyte, its ligand composition to ensure the given
phase composition of manganese (IV) oxide, as
well as the functionality of other components.

An important task in this study is to ensure the
maximum uniform distribution of all components
with the maximum degree of homogenization,
dispersion of components and controlled agglom-
eration. For photo (electro)catalytic applications,
where the surface is involved, its maximum de-
velopment and the presence of nanotubes must be
ensured, which, according to literature data [24],
contributes to the coverage of near-surface layers
in mass (charge) transport. Aluminosilicate nano-
tubes in this sense have been relatively little stud-
ied. Photocatalytic "coupling" effects are possible
under these conditions when titanium dioxide is
combined with manganese dioxide, provided that
the band gap is much smaller.

A stable ratio of the content of ions in the an-
ode product is achieved when the ratio of the con-
centrations of the corresponding ions in the elec-
trolyte remains unchanged. Changes in the ligand
composition of the electrolyte are an additional
tool for influencing the ratio of cations in the an-
odic product, which allows to bring together/di-
lute the release potentials of the corresponding ox-
ide phases in conditions where co-crystallization
of components is possible [14].

We solved the task of electrocrystallization
of TiO,/MnO,/HNTs composites by introduc-
ingTiO,as a suspension electrolyte component.
The maximally even distribution of HNTs in the
product should ensure their introduction into the
electrolyte composition with an additional vacu-
um stage (for HNTs).

The suspension of anatase and/or rutile under
the conditions of an electrocrystallization experi-
ment in a fluorine-containing electrolyte exhibits
the ability to dissolve. Therefore, it was of inter-
est to study and use the features of this process.
Spectrophotometric methods were used for this.
Titanium (IV) forms a complex compound in an
acidic environment with the addition of hydrogen
peroxide:

TiO** + H,0, = [TIO(H,0,),]*,
colored yellow. This reaction is used in the quan-
titative photometric analysis of solutions contain-
ing titanium. The optical density of the titanium
complex solution is measured at A=400-500 nm
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[25] on a KFK-2 photocolorimeter. Similar com-
plexes are also formed when titanic acid H,TiO,
is dissolved in solutions containing H,0O,. At
pH>10, in solutions containing hydrogen perox-
ide and titanium ions, other complexes are present
— [Ti(0,),(OH),J* or [TiO(O,)(OH),]*. They are
prone to polymerization and the formation of gels
or precipitates [26].

The possibility of crystallization of oxides in
the lumen (internal space) of HNTS was consid-
ered. However, this version of ASNT interaction
with manganese dioxide was not confirmed during
further electron microscopic studies. The role of
halloysite nanotubes in suspension electrolytes
also requires detailed consideration.

Halloysite has a positively charged inner lu-
men (lumen) of the aluminate layer and a nega-
tively charged outer surface due to silanol groups.
It belongs to the number of rare nanotubes with a
different composition of the inner and outer sur-
faces. The inner space of nanotubes reaches up to
50 nm in diameter.

Material and methods of research. To in-
crease the degree of filling of the internal cavities
of the nanotubes with a composite (Mn/Ti) and
to release the cavities of the nanotubes from air,
vacuuming of the HNTs suspension in a sealed
flask, a vacuum pump VVN 1-1.5 with a power
of 5.5 kW and a residual pressure of 0.4 bar was

used (Figure 3). The use of a fluorine-containing
electrolyte helps to increase the size of the inter-
nal space of HNTs, due to the removal of the in-
ternal aluminate layer. For vacuuming, 0.1M HF
was used as part of the HNTs suspension. We have
worked out a technique for introducing nanotubes
into the electrolyte using ultrasonic treatment in
a VK-9050 ultrasonic bath with a power of 50 W
and a duration of 30 minutes, with exposure for 3
hours. under a vacuum pump.

The HNT preparation procedure included:

* 0.6 g was dispersed in 200 ml of 0.1M HbI
electrolyte using ultrasonic treatment in a VK-
9050 ultrasound bath with a power of 50 W for a
duration of 30 min;

* exposure for 3 hours under a vacuum pump;

* mixing on a magnetic stirrer and adding por-
tions of 20 ml to electrolytes Ne No 4, 5, 7, 10.

We synthesized composite materials (table 1),
to compare their characteristics, we used different
masses of TiO, when introduced into the electro-
lyte, as well as different modifications of TiO, (ru-
tile/anatase), and to compare the characteristics of
composite materials, they were introduced into the
electrolyte with/without salts (NH,),SO,and inves-
tigated three-component composites of manganese
dioxide/titanium with hallusite nanotubes, includ-
ing functionality in photo(electro)catalytic process-
es of destruction and purification of wastewater.

Table 1 — Conventional designations, composition and introduced additives in the electrolyte and characteristics
of electrocrystallization conditions containing 0,1M HF, 0,7M MnSO,

Ne Tlog/lftlle’ TiO,anatase, g/l | (HNTs) g/ | (NH,),SO,1,5mol/l | V of electrolyte, 1 | Time, min
4. 10 0,15 1,5 0,4 180

10 0,15 1,5 0,4 180
7. 8 0,15 0,4 180
10. 8 0,15 0,4 180

a

0

Fig. 3. Installation for vacuuming HNTs in electrolyte.
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It is known that HNTs have occupied an im-
portant niche in modern nanotechnology with
applications ranging from electronics, ultralight
structural materials, energy conservation, to ca-
talysis and electrochemistry. They reveal (photo)
catalytic properties that are not yet sufficiently
studied, especially in combination with innova-
tive technologies of oxide materials.

Research results and discussion. Therefore,
according to our research in a fluorine-containing
electrolyte, taking into account the dissolution ef-
fects of titanium dioxide and the corresponding
electrode processes accompanied by the formation
of Ti**, the resulting composite was not a mechan-
ical combination of two components with known
properties. The rather complex behavior of titani-
um dioxide/manganese suspension electrolytes in
a fluorine-containing electrolyte, regardless of the
phase composition (anatase/rutile), is a window
of new opportunities for the creation of functional
materials with specified properties.

Due to the multi-stage process of electrocrys-
tallization of titanium dioxide, one of the most
important problems is obtaining products with
specified properties. At the same time, the issue
of directed synthesis of oxide composite materi-
als remains open, since the influence of synthesis
parameters on the composition and physicochem-
ical properties of the resulting composites is not
sufficiently studied.

Electrosynthesis in the composition of a flu-
orine-containing suspension electrolyte with tita-
nium/manganese (IV) oxide as a result of anodic
deposition is considered. The directed introduc-
tion of NH,"cation additives into the composi-
tion of the electrodeposition electrolyte can be
the basis of the design of the oxide matrix of a
certain macro-, micro- and mesostructure. The
paper examines the influence of ammonium cat-
ion additives on the formation of not only phase
equilibria of the system, but also the interaction
of components in the formed composite. When
preparing fluorine-containing suspension elec-
trolytes, titanium (I'V) oxide of the anatase/rutile
structure, as well as titanium (IV) oxide from dif-
ferent manufacturers, were introduced. The com-
mercial photocatalyst TiO, P25 (EvonikIndustri-
als, Germany), consisting of an amorphous phase
and an anatase/rutile mixture in the proportion of
80/20, exhibits greater activity in photocatalytic
processes than pure crystalline phases of anatase
[27]. Therefore, the task of the research was to
study the properties of titanium dioxide from dif-
ferent manufacturers.

In the scientific literature, we did not find data
on the electrocrystallization of composite titani-
um oxides with halloysite. The above-mentioned

components are of interest as components of
composite materials that should exhibit improved
photo(electro)catalytic properties. Taking into ac-
count the polymorphism of the titanium (IV) ox-
ide system, which can manifest itself depending
on the cationic composition of the electrolyte and
other process parameters, it is possible to control
various phase and defect states of the product.
The synthesized series of samples contained com-
posites based on introduced halloysite with a con-
centration of 0.015 g/l and titanium dioxide 810
g/l, formed in the process of interaction with the
electrolyte and as a result of electrocrystallization
during the galvanostatic process of electrolysis of
different durations (1, 2, 3 hours).

The method of electron microscopy shows
that halloysite nanotubes are occluded by man-
ganese (IV) oxide sediment and titanium dioxide
nanoparticles actively interact with the surface of
nanotubes in the composition of three-component
composites.

The authors [15] applied anatase TiO, to the
surface of HNTs for adsorption and photodeg-
radation of methylene blue. As expected, the
HNTs/TiO, composite showed an advantage of
the dual mechanism of dye adsorption and deg-
radation compared to the adsorption method. It is
also about a significant improvement of thermal
and mechanical properties when adding hallusite
nanotubes to polyethylene products.

HNTs exhibit low electrical thermal conduc-
tivity and strong hydrogen interactions, due to
which the internal hydroxyl groups show great-
er stability than the surface hydroxyl groups.
The results of the scanning electron microscopy
analysis of the elemental composition of HNTs
indicate the presence of oxygen, aluminum and
silicon in HNTS, which is shown in the table in
Figure 4.

Research of the topology and morphology of
the surface, identification of the elemental com-
position of selected areas of the surface, their
quantitative composition, is specified in the ta-
ble. The research of microstructures and micro-
texture, orientation of crystallites was carried out
on a TescanMira 3 LMU electron scanning mi-
croscope (Figure 5) with the following technical
characteristics: spatial resolution of 1 nm (under
conditions of an accelerating voltage of 30 kV),
2 nm (3 kV); working pressure in the chamber =
9-107 Pa

Translucent images were obtained at magni-
fications up to x250,000, and electron diffraction
(ED) images were obtained using a limiting dia-
phragm with a diameter of 0.4 um. Image regis-
tration was carried out in electronic format on the
EPOM (Figure 6).
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Fig. 4.The results of energy dispersive analysis of the elemental composition
of halloysite samples, which are indicated in the Figure 1.

Fig. 5. Scanning electron microscope Tescan Mira 3 LMU.

Fig. 6. Electron microscopic image of powder particles TiO,
(P25 Evonic).
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HNTs are of special importance for nanomed-
icine and pharmaceuticals. Works [10] give an ex-
ample of the use of halloysite nanotube cavities for
loading, storage, and controlled release of medici-
nal and biocidal preparations, DNA, proteins, and
enzymes. The release rate of biologically active
substances adsorbed by HNTs into the solution is
50-100 times lower than for other nanocarriers [19].

There are various methods to functional-
ize and improve the properties of HNTs, such as
acid activation, intercalation, heat treatment, and
chemical modification [15].

Treatment with acid or alkali (Figure 7) of
HNTs (pH = 2 or 12) allows selective removal of
aluminium or silicon oxides, which helps to in-
crease the volume of the internal lumen without
changing the external diameter [10]. Such HNTs
can be used as containers of increased capacity.

Annealing of halloysite at 800 °C followed
by etching allowed the authors to synthesize new
effective adsorbents — SiO, and Al O, nanotubes
with nanoporous walls with a specific surface area
of 414 m?/g and 159 m?%g, respectively (Figure 3,
a) [20].

Halloysite has high adsorption properties in
relation to heavy metals Cu(Il), Pb(Il), Cd(Il),
Zn(II), Cr(IV) and Co(II) and solutions containing
harmful hydrocarbons (benzene), and as well as
toxic gases (ammonia, hydrogen sulfide) [12].

A group of researchers, led by Professor Gi-
useppe Lazzara (University of Palermo, Italy),
[16] use aluminosilicate nanotubes (Figure 1) in
their work and prove their significant potential
in various processes [4] by changing the surface
charge of HNTs (Figure 7) with an increase in
pH>7.

Fig. 7. a) etching of HNTs with acid [H*] and alkali [OH] [10],
0) formation of nanopores in the walls of HNTs during activa-
tion (annealing) and subsequent etching with acid [H*] and
alkali [OH"] [15].
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Conclusions. Titanium dioxide is produced
annually in big quantities, including for applica-
tions in the food industry for wastewater treat-
ment. TiO, is one of the most active photocata-
lysts that destroys organic compounds to CO, in
the presence of UV radiation. The rather complex
behavior of suspension electrolytes of titanium
dioxide/manganese in a fluorine-containing elec-
trolyte, regardless of the phase composition (ana-
tase/rutile), is a window of new possibilities for
the creation of functional materials with specified
properties.

New intelligent so-called "smart" materials
should not only additively combine the properties
of components, composites ofTiO,/MnO,/HNTS,
composition, but also provide certain synergism
of properties. Aluminosilicate nanotubes are rel-
atively new objects for research. It is shown that
halloysites have a natural origin, a unique struc-
ture and morphology, special physicochemical
properties and ecological advantages. Due to their
hollow tubular structure, different external and
internal surface charges, halloysites represent a
potential area for the deposition of nanoparticles
and provide opportunities for controlled release
and delivery of active components, nanocontain-
ers eftc.

Based on the above, we consider it expedient
to create new promising composites of transition
metal oxides with hallusitealuminosilicate nano-
tubes using electrolytic doping approaches for the
degradation of various hazardous objects.
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AJIOMOCWIIIKATHI HAHOTPYOKM rajiyasurty, sIK
iHCTPYMEHT Cy4acHMX HAHOKOMIIO3MTIB /ISl Xap4o-
BOI 0e3mexn

I'arok H.B., HexmicTpenko O.C., CenesnboBa O.0.

Hanopo3MipHi NpHpoOAHI TIMHUCTI MiHEpaH, 10
ckiany skux BXomath Si, O, Al ta Mg, Hanexars 10
KJIacy ekoOe3MeuHNX HEOpraHiyHUX MaTepiaiiB 3 yHi-
KaJbHOIO CTPYKTYPOIO Ta Pi3HOMaHITHOIO Mopdoio-
ri€o, 30KpeMa HaHOCTPUIKHIB, HAHOBOJIOKOH Ta Ha-
HOTPYOOK. AJIFOMOCHIIIKaTHI Talya3uTHI HaHOTPYOKH
(THT) € nopiBHAHO HOBHUMHU 00’€KTaMH JOCIHIIPKEHHS
B MarepiaJlo3HAaBCTBI, MAIOTh PSJ EKOJOTIYHUX Ta €KO-
HOMIYHHX TIepeBar, mopiBHIHO 3 ByrieneBnMu (BHT),
a Takox (¢ynepenoM, rpadesom. [lpuponHi ramyasuru
Ha TIOPSZOK JEHIeBIIl 3a CBOI CHHTETHYHI aHAJIOTH.
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Micns 3HAaXOKEHHS Talya3suTy IOCHTh NOIIMPEHi,
HanpuKian, y paiioni Kpusoro Pory Ta iHIIMX MicCIsiX,
B iHmmx kpainax. [HT, BHAcmiOK BUCOKOT €KOJIOTIY-
HOCTI Ta G1010CTYITHOCTI, MOXKYTh 3aCTOCOBYBATHCS Y
MEIUIMHI, B TOMY YHCH SIK HOCIT JTIKapCchKUX 3ac00iB
3 KOHTponboBaHUM BuBeAeHHSIM. ['HT Takoxx MOXyTb
BHUABIIATH (POTOKATAJITHYHI BIACTHBOCTI, MAlOTh BH-
COKi amcopOmiliHi BIACTHBOCTI IO BIAHOIICHHIO IO
Bakkux meranis Cu(Il), Pb(IT), Cd(II), Zn(1l), Cr(IV) i
Co(II) Ta po34mHIB, 110 MICTATH OAPBHUKH, IECTUIIHN
1 IesiKi 1HII1 opraHivHi 3a0pyIHIOBaY, a TAKOXK TOKCHY-
Hi ra3u (amoHiak, cipkoBomenp). [HT y moenHaHHi 3
IHIIMMHU MeTalaMu, TakuMHe K Mn, Ti, HaOGyBaroTs pi3-
HOMAHITHHMX NpakTHYHUX 3actocyBadb. | HT BBOAMIN
JUist 3a0e3nedeHHs Kpamux (yHKUioHambHUX (orto-
€JIEKTPOKATAJITHYHUX BIACTHBOCTEH KOMIO3HUTIB, LI0
MOXYTb OyTH IiJIKJIQ/IKOIO, OCOOJIMBO y BapiaHTI JeKoO-
pyBaHHS OKCHIaMH HaHOTPyOok. Hampukian, Turaw,
Oinuii mMrMeHT, HETOKCHYHHHA BXOAUTH JI0 CIIHCKY Xap-
4OBHX 100aBOK Ta mo3HaudaeThes sk E171. Mictutbes
B TIPOAYKTAX Xap4yOBOTO NMPHU3HAYCHHS: IyKepKax, Ie-
YMBi, TICTEUKaX, Kypsuux ¢ine, KpaOOBUX IMAINYKaX,
KYBaJIbHUX T'YMKax, HIOKOJIaJHUX BHpoOax. Xoda J10-
0aBKHM JIIOKCULy THTaHy B Xapu4OBHX IPOAYKTAX J03BO-
neHi O6arareMa oQIiitHIMH JOKYMEHTaMH, B HAYKOBIH
JIiTeparypi HEAOCTATHRO JAHUX MO0 MOTEHITIHOT He-
0e3MeyHOCTI IIOKCU/y THTaHY JJIsl OpraHi3My JIIOIUHH.

[inBueHwit iHTEpEC 10 TiO2 00yMOBJICHUH HOTO
BHCOKOIO ()OTOKATAITHYHOIO aKTHBHICTIO, IIIO J03BO-
JIsI€ pearni3yBaT POLEecH AeCTPYyKIii OpraHigYHUX CII0-
JyK, B TOMY YHCJIi €KOTOKCHKAHTIB, y O€3IedHi MpoIyK-
tu. 'HT, abo matepianu Ha X OCHOBI, 3HaiinuM H6arato
KOPHUCHHX 3aCTOCYBaHb B OUMIIECHHI NMUTHOI BOAM Ta
MIPOMUCIIOBUX CTIYHHX BOJ. CTPyKTYpHI 0COOIMBOCTI
I'HT n03BOINSIOTE OTPUMATH Ha X OCHOBI HOBI KOMITO-
3UIIHHI MaTepiaNy Taki sSK, HaIpUKJIal, iMOTaIiTHI Ha-
HOTpYOKH (IHT) mmpokoro ¢pyHKITiOHAIEHOTO IPH3HA-
YEeHHS Ta BU3HAYMTH (i3UKO-XIMiYHI 3aKOHOMIPHOCTI
iX yTBOpPEHHSL.

OTxe, aKTyallbHICTh POOOTH MOJISTaE B 00’ €THAH-
Hi raJya3suTHHUX HAHOTPYOOK Ta JIOKCHIY THUTaHy SIK
KOMITO3UTHUX MarepialiiB, BHKOPUCTOBYIOUH EJIEKTPO-
CHHTE3, Ta aHali3i BIUIUBY (ha30BOTO CKIIamy, (POTOKa-
TaTITUYHOT AKTHBHOCTI KOMIIO3UTHOTO Marepiaay Ha
0e3neyHiCcTh HOro NPaKTUYHOTO 3aCTOCYBaHHS, B TOMY
YHCITi B XapuoBOI MPOMHUCIIOBOCTI.

KoarouoBi cioBa: amroMocninikaTd, HaHOTPYOKH,
HaHOMATepiaiay, BHYTPIIIHSA MOBEpXHs, Oe3meka, ra-
Jya3uT, JIOKCH] THUTaHY, KOMIIO3UTH, HAHOKOMITO3HTH,
CHHTE3.
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