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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(II), 
Pb(II), Cd(II), Zn(II), Cr(IV) and Co(II) 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 TiO2 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 [Al2Si2O5(OH)4∙2H2O]. 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 оС), while the distance be-
tween the layers decreases from 1 nm to 0.7 nm [4]. 

Fig. 1. Appearance of HNTs 
(hallusite nanotubes).

The folding of halloysite into a tubular (Fig-
ure 2а) structure occurs due to the mismatch in 
the rows of the tetrahedral layer of SiO2 and the 
adjacent layer of Al2O3 with an octahedral struc-
ture [5]. As a result, a layered hallusitenanotu-
bular structure is formed, which has the formula  
[Al2Si2O5(OH)4∙2H2O].

Si−O−Si groups are placed on the outer sur-
face of the nanotubes, Al−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:Si1:1 
(Figure 2в) [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 2с).

а

 
                          b                                            c

Fig. 2. a) chemical structure of halloysite[8];  
b) structure of the halloysite layer;c) halloysite 
nanotubes: on the outer surface of the Al−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 m2/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 TiO2 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, pâtés 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 TiO2/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 ТіО2/MnO2/HNTs composites by introduc-
ingТіО2as 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:

TiO2+ + H2O2 = [TiO(H2O2)2]
2+,

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 λ=400–500 nm 
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[25] on a KFK-2 photocolorimeter. Similar com-
plexes are also formed when titanic acid Н2ТiO3 
is dissolved in solutions containing Н2О2. At 
pH>10, in solutions containing hydrogen perox-
ide and titanium ions, other complexes are present 
– [Ti(O2)2(ОН)2]

2– or [TiО(O2)(ОН)2]
2–. 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 НF 
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 НЫ 

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 № № 4, 5, 7, 10.
We synthesized composite materials (table 1), 

to compare their characteristics, we used different 
masses of TiO2 when introduced into the electro-
lyte, as well as different modifications of TiO2 (ru-
tile/anatase), and to compare the characteristics of 
composite materials, they were introduced into the 
electrolyte with/without salts (NH4)2SO4and 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 0,1М HF, 0,7M MnSO4

№ TiO2rutile, 
g/l TiO2anatase, g/l (HNTs) g/l (NH4)2SO4,1,5mol/l V of electrolyte, l Time, min

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

      
                                              а                                                                        б

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 Ti3+, 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 NH4

+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 (IV) oxide of the anatase/rutile 
structure, as well as titanium (IV) oxide from dif-
ferent manufacturers, were introduced. The com-
mercial photocatalyst TiO2 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 8–10 
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 TiO2 to the 
surface of HNTs for adsorption and photodeg-
radation of methylene blue. As expected, the 
HNTs/TiO2 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∙10–3 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 μm. 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 TiO2  
(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 °С followed 
by etching allowed the authors to synthesize new 
effective adsorbents – SiO2 and Al2O3 nanotubes 
with nanoporous walls with a specific surface area 
of 414 m2/g and 159 m2/g, respectively (Figure 3, 
а) [20].

Halloysite has high adsorption properties in 
relation to heavy metals Cu(II), Pb(II), Cd(II), 
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.

а                      

б

Fig. 7. а) etching of HNTs with acid [Н+] and alkali [ОН–] [10], 
б) formation of nanopores in the walls of HNTs during activa- 

tion (annealing) and subsequent etching with acid [Н+] and  
alkali [ОН–] [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. TiO2 is one of the most active photocata-
lysts that destroys organic compounds to CO2 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 ofТіО2/MnO2/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 etc.

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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Алюмосилікатні нанотрубки галуазиту, як 
інструмент сучасних нанокомпозитів для харчо-
вої безпеки

Гаюк Н.В., Цехмістренко О.С., Селезньова О.О.
Нанорозмірні природні глинисті мінерали, до 

складу яких входять Si, O, Al та Mg, належать до 
класу екобезпечних неорганічних матеріалів з уні-
кальною структурою та різноманітною морфоло-
гією, зокрема нанострижнів, нановолокон та на-
нотрубок. Алюмосилікатні галуазитні нанотрубки 
(ГНТ) є порівняно новими об’єктами дослідження 
в матеріалознавстві, мають ряд екологічних та еко-
номічних переваг, порівняно з вуглецевими (ВНТ), 
а також фулереном, графеном. Природні галуазити 
на порядок дешевші за свої синтетичні аналоги. 

Місця знаходження галуазиту досить поширені, 
наприклад, у районі Кривого Рогу та інших місцях, 
в інших країнах. ГНТ, внаслідок високої екологіч-
ності та біодоступності, можуть застосовуватися у 
медицині, в тому числі як носії лікарських засобів 
з контрольованим виведенням. ГНТ також можуть 
виявляти фотокаталітичні властивості, мають ви-
сокі адсорбційні властивості по відношенню до 
важких металів Cu(II), Pb(II), Cd(II), Zn(II), Cr(IV) і 
Co(II) та розчинів, що містять барвники, пестициди 
і деякі інші органічні забруднювачі, а також токсич-
ні гази (амоніак, сірководень). ГНТ у поєднанні з 
іншими металами, такими як Мn, Ti, набувають різ-
номанітних практичних застосувань. ГНТ вводили 
для забезпечення кращих функціональних фото- 
електрокаталітичних властивостей композитів, що 
можуть бути підкладкою, особливо у варіанті деко-
рування оксидами нанотрубок. Наприклад, титан, 
білий пігмент, нетоксичний входить до списку хар-
чових добавок та позначається як Е171. Міститься 
в продуктах харчового призначення: цукерках, пе-
чиві, тістечках, курячих філе, крабових паличках, 
жувальних гумках, шоколадних виробах. Хоча до-
бавки діоксиду титану в харчових продуктах дозво-
лені багатьма офіційними документами, в науковій 
літературі недостатньо даних щодо потенційної не-
безпечності діоксиду титану для організму людини. 

Підвищений інтерес до TiO2 обумовлений його 
високою фотокаталітичною активністю, що дозво-
ляє реалізувати процеси деструкції органічних спо-
лук, в тому числі екотоксикантів, у безпечні продук-
ти. ГНТ, або матеріали на їх основі, знайшли багато 
корисних застосувань в очищенні питної води та 
промислових стічних вод. Структурні особливості 
ГНТ дозволяють отримати на їх основі нові компо-
зиційні матеріали такі як, наприклад, імогалітні на-
нотрубки (ІНТ) широкого функціонального призна-
чення та визначити фізико-хімічні закономірності 
їх утворення.

Отже, актуальність роботи полягає в об’єднан-
ні галуазитних нанотрубок та діоксиду титану як 
композитних матеріалів, використовуючи електро-
синтез, та аналізі впливу фазового складу, фотока-
талітичної активності композитного матеріалу на 
безпечність його практичного застосування, в тому 
числі в харчової промисловості.

Ключові слова: алюмосилікати, нанотрубки, 
наноматеріали, внутрішня поверхня, безпека, га-
луазит, діоксид титану, композити, нанокомпозити, 
синтез.
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