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MODERN TECHNOLOGIES FOR SOLVING ISSUES
OF COLLECTIVE PROTECTION FROM CHEMICALLY HAZARDOUS SUBSTANCES
IN THE DEFENSE INDUSTRY

The process of plasma electrolytic oxidation under different conditions and the influence of certain process
parameters were studied. It has been established that almost any organic compounds can be oxidized (mineralized)
to CO2 and H20 on the surface of TiO2. In order to further capture of chemically hazardous substances, we use a
photocatalytic air purification method in which titanium oxides are used as a photocatalyst. Therefore, further work
continues on the use of oxide catalysts on titanium alloys and their subsequent installation in existing absorbent
filters of the collective protection system for stationary structures and armored vehicles for efficient neutralization
of chemically hazardous substances. Further work is being done on the use of oxide catalysts on titanium alloys with
the further improvement of the system of collective defense of stationary structures and on armored vehicles for the
effective neutralization of hazardous chemicals.
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Introduction That is why each subsequent emergency situation

Formulation of the problem. There are more than My be related to the spillage or emission of hazardous

1,5 thousands chemically dangerous objects on the terri- chemical substances into the air (hereinafter - HCHS).
tory of Ukraine, whose activity is related to the produc- Also, the hybrid challenges and the use of weapons of
tion, use, storage and transportation of hazardous che-  Mass destructions by terrorist organizations, the armed
micals, and more than 22 million people live in the ar- conflict in Syria (Fig. 2), during which chemical weapons
eas of their location. The danger of functioning of these ~ Were used, the aggravation of the situation in the East
objects of economic activity (chemically dangerous ob- ~ ©f Ukraine where a large number of chemically dangerous
jects) is related to the probability of accidental emis- enterprises are located, the violation of the UN Interna-
sions (spillages) of a large number of hazardous chemi-  tional Convention on the Prohibition of the Use
cal substances outside the objects, because many of Chemical Weapons by some states, there is a high like-
of them retain 3-15 daily supplies of chemicals [1] lihood of using sabotage and reconnaissance forces, other
(Fig. 1). illegally formed anti-state formations of committing terror-
o I ist acts and sabotage of highly toxic agents to the extent,

that makes their combat use for the purpose of defeating
manpower (population, troops) impossible [2].

For neutralization of harmful emissions on the
prin-ciple of removing toxic impurities, chemical proc-
esses are also used along with physical processes, with
the help of which the physical properties of impurities
can be varied widely (for example, to convert the initial
gaseous pollutants into compounds with a high boiling
point). In order to facilitate and further capture of

: chemically dangerous substances, we will use a photo-

: TR catalytic air purification method, in which titanium ox-

S'EN : Y o ide is used as a photocatalyst, which can efficiently neu-

B tralize (decom-pose) different kinds of toxins at high
Fig. 1. Potentially hazardous facilities in Ukraine rates of efficiency over a wide range of temperatures.
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Fig. 2. Use of chemical weapons in Syria

Analysis of recent researches and publications.
Modern industry, engineering, electronics, medicine,
chemical and biological technologies impose different
requirements for coatings on metals and alloys. Depen-
ding on the composition, coatings protect metal prod-
ucts, devices, structures from the aggressive environ-
ment, corrosion and mechanical failure, wear, tempera-
ture changes, provide a decorative appearance, improve
the adhesion of oils, varnishes, paints, polymers, allow
to obtain new properties: dielectric, semiconductor, bio-
cidal, biocompatible, hydrophobic, hydrophilic, ability
to luminescence, selective adsorption, catalysis, absorp-
tion or reflection of radiation, and many others. Studies
aimed at improving known and searching for new meth-
ods for surface treatment of metals and alloys are very
relevant [3].

Titanium alloys are distinguished by a combina-
tion of a number of valuable properties and are promis-
ing for use in many branches of modern technology, the
high cost of titanium and its alloys in many cases is off-
set by their capacity for work, and in some cases they
are the only material from which it is possible to manu-
facture equipment or structures capable of operating
under certain specific conditions.

However, there are several reasons that limit the
use of these materials, in particular, poor antifriction
properties that give rise to problems when using tita-
nium alloys in friction pairs, high chemical activity dur-
ing welding operations and many others, the effective
solution of which is possible by modifying the surface.
Therefore, the most rational approach is based on the
use of galvanochemical technologies for coating of vari-
ous composition and purpose, among which, with re-
gard to valve metals, conversion and composite are par-
ticularly attractive [4].

The influence of various factors on the photocata-
lytic activity of titanium dioxide is currently the subject
of many studies, due to the importance of this material
for environmental catalysis. The photocatalytic effect of
titanium dioxide makes it possible to conduct oxidative
destruction of most organic pollutants of the environ-

ment, as well as many pathogenic bacteria with UV ir-
radiation, at room temperature.

Positive that the use of photocatalysts based
on titanium oxide is due to the effect of photocatalytic
degradation of organic contaminants to elementary in-
organic components. It will open up prospects of using
photocatalysts based on titanium dioxide for air puri-
fica-tion.

It is known that when a photon is absorbed
by a titanium dioxide with an energy greater than
or equal to the width of the band gap, its electron from
the valence band can be transferred to the conduction
band, thus generating an electronic vacancy — a “hole”.
Electrons and “holes” migrate to the catalyst surface
where they participate in redox reactions with different
types of particles absorbed on the surface. “Holes” can
react with water molecules bound to the surface of the
catalyst to form hydroxyl radicals and proton or with
hydroxyl groups to form hydroxyl radicals OH* (Fig.
3).
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Fig. 3. Scheme of the processes proceeding
on a semiconductor particle

Electrons in the reaction with oxygen can generate
a superoxide anion radical O,.The hydroxyl radicals and
superoxide anion radicals are supposed to be the main
oxidizing agents in photocatalytic oxidation processes.
A distinctive feature of TiO, nanoparticles is the ability
to self-generate active hydroxyl groups on their surface
in an aqueous medium, which significantly improves
their sorption properties [5].

Plasma electrolytic oxidation (PEO) is also one
of the most efficient methods of surface modification,
which allows the formation of multifunctional
protective and decorative coatings. PEO coating is the
result of short-lived micro-discharges on the surface of
the material and consists of oxides of the treated metal
and components of the electrolyte. Recently PEO
coatings have been successfully used as carriers of
catalytic materials, however, the possibility of creating
in one technological cycle not only the carriers, but also
the catalytically active layers remains practically
unrealized, since during the coating process by
including electrolyte components to their composition,

139



36ipHuk Hayxosux npayb Xapxiecokoeo HayioHanbHozo yHisepcumemy Ilogimpanux Cun, 2018, 3(57)

ISSN 2073-7378

it is possible to create conditions for the formation of
simple, complex and mixed oxides and other
compounds [6].

The PEO method and the study of their functional
properties are undoubtedly promising for the formation
of coatings on titanium and its alloys, as well as metal
substrates of different kinds [7].

Successful solution of the tasks of choosing the
composition and the ratio of components of the electro-
lyte, as well as optimization of the electrolysis
parameters, create prerequisites for the development of
coating technology that has an increased service life,
chemical resistance to the influence of process media
and abrasive wear, elevated tribological characteristics
and catalytic activity in heterophase conversions.

It has already been shown that almost all organic
compounds can be oxidized (mineralized) to CO, and
H,O on the TiO, surface. If the compounds contain
nitrogen or halogen atom X, HNO; and HX will be
observed in the reaction products. The only known
compound that is resistant to oxidation when it’s
exposed to light on TiO, surface is carbon tetrachloride,
but already trichloroethylene is destructed on exposure
to light with a quantum yield greater than 1. This is due
to the fact that atomic Cl can be formed on TiO,
surface, which, desorbing from the surface, stimulates
the chain process of destruction of trichloroethylene.

In practice, any photocatalytic air purifier includes
a porous carrier coated with TiO,, which is irradiated
with light and through which air is blown.

A study of the catalytic properties of coatings with
mixed oxides in the oxidation of carbon monoxide was
conducted in [8]. The catalytic activity of mixed oxide
systems was tested in the oxidation of carbon (II) oxide
to carbon (IV) oxide on a laboratory bench in a tubular
flow reactor made of silica glass with a coaxially wound
heating coil. The reactor temperature was gradually
increased from 20 to 450 °C at a rate of 1°C/s during the
research. The CO concentration at the inlet and outlet of
the reactor was recorded using Dozor signaling-
analyzing devices (Fig. 4).
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Fig. 4. Scheme of the bench for catalytic oxidation
of carbon (IT) oxide

The catalytic activity of coatings with manganese-,
nickel-, cobalt- and iron-based mixed oxides was tested,
which showed that the ignition temperature T; corre-
sponding to the beginning of the effective catalyst op-
eration for the synthesized oxide systems is within the

range of 250-270°C, and on platinum is slightly below
200°C (Fig. 5).

The results showed that the system Ti-
nOm*MnxOy was the most effecticient one among the
mixed oxide coatings where complete conversion is
achieved at 400 C (T; 250 °C). Oxide systems Ti-
nOmeCoxOy, TinOmeNiO, TinOmeFexOy at 420°C
provide a degree of CO conversion of 68 %, 57 % and
46 % respectively. Complete conversion of carbon
monoxide on these materials is achieved at higher tem-
peratures (Table 1).
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Fig. 5. Thermograms of the degree of conversion
of carbon (II) oxide on mixed oxide coatings:
1 — TinOm'MnxOy; 2 — TinOm-CoxOy;
3 — TinOm'NiO; 4 — TinOm-FexOy

Table 1
Characteristics of the coatings with mixed oxides
Content of the -
Electrode | active compo- Degree of | Ignition
material nent conversion| temperature
X, % T;, °C
®,% wt.
Pt[117] 100
100 200
Plexp 100
I\T/III"IOS ®(Mn) =75 100 250
X7y
T.nOm
ci, 0 o(Co) =77 68 280
X~y
Ti,0m NiO o(Ni) = 3.2 57 270
glen(())m (Fe) =52 46 290
xMy

The purpose of research. It has been established
that there are no absorbent filters that can protect
against all types of HCHS, and the time of action in
insulating gas masks may not be sufficient in places of
possible contamination [9]. For this purpose, it is neces-
sary to improve the collective protection systems, sta-
tionary and in armored vehicles, using oxide catalysts
based on titanium alloys with their subsequent installa-
tion in existing absorbent filters for efficient neutraliza-
tion of HCHS.
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When a personnel enters a cloud of contaminated
air, in case of destruction of chemically dangerous ob-
jects, which contains toxic chemical compounds that are
formed in large quantities in industrial processes or with
the use of hazardous chemical substances, a collective
protection system, which protects by installing a mesh

The optimal method of air purification from HCHS
is photocatalytic air purification, where titanium dioxide
is used as a photocatalyst, which can efficiently neutral-
ize (decompose) different kinds of toxins at high rates
of efficiency over a wide range of temperatures [10].
Researches of the catalytic properties of coatings with

mixed oxides will be conducted in the reactions of oxi-
dation of sulfur dioxide, ammonia, chlorine and carbon
monoxide.

coated with titanium oxide, will be activated (Fig. 6).

Conclusion

Solving the issue of protection of armored vehicles
and stationary structures from contemporary risks that
arise in the world, with the help of photocatalytic purifi-
cation of gases, in which titanium oxide is used as a
photocatalyst, is a promising direction of development
in the defense field of the state. Therefore, the installa-
tion of mesh coated with titanium oxide in the absorbent
filters of the filter-ventilator units for armored vehicles
and stationary objects is considered in the future.

Fig. 6. Installation of mesh coated
with titanium dioxide in the collective protection system
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CYYACHI TEXHONOT I BAPILUEHHA NPOBNEM
KOJIEKTUBHOI'O 3AXUCTY BIA XIMIYHO-HEBE3NEYHUX PEYOBUH
B OGOPOHHIV MPOMUCIIOBOCTI

0O.B. I'anak, M. /1. Caxnenko, 1.O. Benoycos, O.B. Kocapes, O.B. Jlinusues

Locniooiceno npoyec niazmo6o2o enekmponimuyHo20 OKCUOYEAHHA NPU Pi3HUX YMOBAX MA GNAUSY BUSHAYEHUX napamem-
pax npoyecy. Bcmanosneno, wo Ha nogepxwi TiO2 mooxcyms 6ymu okucaeni (minepanizosani) oo CO2 i H2O npaxmuuno 6y0b-
sKi opeaniyni cnonyku. Tomy nompebyroms 600CKOHANEHHS ICHYIOUI CUCeMU KOJLEKMUBHO20 3aXUCTY, 1K CMAaYiOHapHi max i Ha
OpoHemex iyl WIsIXOM 3ACMOCY8AHHA CNOCOOY (POMOKAMANIMUYHOT OeCMPYKYii MOKCUKAHMIG I3 6UKOPUCMAHHAM 6 POl Kama-
JMUYH020 Mamepiany oOKcudie mumary, HAHECEHUX Ha Nopyeami abo mepedcesi HOCI, 3 NOOATLUUM IX 6CMAHOGNEHHAM 6 KOHC-
MPYKYito cucmem KOAEKMUEHO20 3aXUCTY PeuimKu (CimKu) 3 HaHeCeHUM Wapom KamanimuuHo2o mamepiany, wo 0yoe netimpa-
J3yeamu pisni 6UOU HEOE3NEYHUX XIMIYHUX PEYOBUH 30 PAXYHOK (YOMOKAMANIMUYHO20 OYUWEHH S NOGIMPS OKCUOAMU MUMAHY.
Tpusac nodanvuia poboma w000 BUKOPUCMAHHA OKCUOHUX KAMANI3AMOPI6 HA CNAABAX MUMAy 3 HOOANbUIUM B00CKOHANCHHAM
cucmemu KOIEKMUBHO20 3aXUCMY CIMAYIOHAPHUX CNopyo ma Ha 6ponemexHiyi o1 eghexmuenoi nHelimpanizayii nebesneynux Xi-
MIYHUX PEYOGUH.

Knrouosi cnosa: ouuwenna nosimps, nia3meHo-eNeKmporimuyHe OKCUOY8aHHA, POMOKAMANIMUUHUL MemooO, XiMiuHO-
Hebe3neuni peuogunU, OKCUO MUMAHY, CUCIEMA KONeKMUBHO20 3aXUCHY, CIMAYIOHAPHI CROPYOU, OP2aHiuHi CnoIyKu

COBPEMEHHbIE TEXHOJIOI'MU PELLEHWA NMPOBJIEM
KONNEKTUBHOW 3ALUUTLI OT XUMUYECKN-ONACHbIX BELLECTB
B O5OPOHHOW NPOMBILUIEHHOCTU

A.B. I'anak, H.JI. Caxnenko, 1.A. benoycos, A.B. Kocapes, A.B. Jlenusues

Hccnedosan npoyecc niazsmenno2o 1eKmpoiumudeckoe0 OKCUOUPOBAHUsL NPU PA3IULHBIX YCIOBUSIX U GIUSHUSL ONpeOenet-
HbIX napamempax npoyecca. Ycmarnogneno, ymo ua nosepxrocmu TiO2 mozym Ovimb okuciensl (Munepanuzosausi) 0o CO2
u H20 npaxmuuecku ntobvie opeanuueckue coeounenuss. 1109momy Hys#cOaromes 6 co8epueHCcmeo8anull Cyuecmeyrouue cuc-
membl KOJLeKMUGHOU 3auumpl, KAk CMAayUoOHApHble MaK U Ha OpOHemexHuKe nymem npumeHenus cnocoba pomoxkamanumuyec-
KOU OecmpyKyuu MOKCUKAHMOSE C UCNOTb306AHUEM 6 KAUeCmee KAMAIUmuiecko2o Mamepuaid OKCUo08 mumarnd, HaHeCeHHbIX
Ha nopucmule iU cemesvle HOCUMENU, ¢ NOCACOVIOWUM UX YCMAHOBKOU 68 KOHCPYKYUIO CUCMeM KOJUIeKMUGHOU 3aujumsl pe-
wlemxu (cemxu) ¢ HaHeCeHHbIM CI0eM KAMATUMUIecKo20 Mamepuaia, Komopbiil 6yoem Heumpaiu3o8ams paziuynsie 8Udbl Ona-
CHbIX XUMUYECKUX 8eujecme 3a cuen QomoKkamaiumuyeckol o4ucmrKy 6030yxa okcuoamu mumand. IIpooonscaemes oanvheri-
wast paboma no UCNOAL308AHUIO OKCUOHBIX KAMAIUZAMOPOS8 HA CHAABAX MUMAHA ¢ OIbHEUWUM COBEPULCHCMBOBAHUEM CUCHIe-
Mbl KOJLEKMUGHOU 3AUjumbvl CMAYUOHAPHBIX COOPYICEHUN U HA OpOHemexHuke O I(PHEeKMUSHOU Heumpaiu3ayuu OnacHblX
XUMUYECKUX 8eujecms.

Knioueswvle cnosa: ouucmka 6030yxa, Nia3MeHHO-31EKMPOIUMULECKOE OKCUOUPOBAHUE, (POMOKAMATUMULECKUL MemOO,
XUMUYECKU ONACHbLE 8eUjecmad, OKCUO MUMAHA, CUCMEMA KOLeKMUGHOU 3aumyl, CMAYUOHAPHbIE COOPYIICEHUsl, OP2AHUYECKUe
coeounenusl.
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