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TECHNOLOGIES FOR IMPROVING FILTERING SYSTEMS
FOR THE NEUTRALIZATION OF HAZARDOUS CHEMICAL SUBSTANCES

The analysis of existing filtering systems of the NATO and Russian Federation, which protect the personnel
and the civilian population from different types of hazardous chemical substances, is carried out. It is established
that there are no such filters that protect against all types of hazardous substances. Therefore, it is proposed
to retrofit the construction of collective protection systems on armored vehicles and stationary objects by additional
installation of a mesh coated with a layer of catalytic material that will neutralize different types of chemically haz-
ardous substances due to photocatalytic air purification by titanium oxides. Work continues on using oxide
catalysts on titanium alloys to improve the collective defense system for stationary structures and armored vehicles

for effective neutralization of hazardous chemical substances.
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Introduction

Problem statement. In modern condition of use
of weapons of mass destruction by terrorist oraganiza-
tion, the armed conflict in Syria, during which chemical
weapons were used, the aggravation of the situation in
the East of Ukraine, where a large number of chemi-
cally dangerous objects are located, violation of the UN
International Convention on the Prohibition of the Use
of Chemical Weapons by some countries, there is a high
probability of subversive and terrorist acts committed
by sabotage and reconnaissance forces with the use of
extremely hazardous substances.

There are more than 1,5 thousands chemically
dangerous objects on the territory of Ukraine, whose
activity is related to the production, use, storage and
transportation of hazardous chemicals, and more than
22 million people live in the areas of their location. The
danger of functioning of these objects of economic ac-
tivity (chemically dangerous objects) is related to the
probability of accidental emissions (spillages) of a large
number of hazardous chemical substances outside the
objects, because many of them retain 3—15 daily sup-
plies of chemicals. That is why each subsequent emer-
gency situation may be related to the spillage or emis-
sion of hazardous chemical substances (hereinafter —
HCHS) into the air [1].

Throughout his life man is constantly faced with
a significant amount of hazardous substances that can
cause different types of diseases and health disorders.
Particularly dangerous are chemicals, which, depending
on their practical use, can be divided into industrial poi-
sons that are used in production (solvents, dyes) and are
a source of threat of acute and chronic intoxications
(mercury, lead, aromatic compounds, etc.), pesticides
that are used in agriculture to kill weeds and rodents
(herbicides, rodenticides), household chemicals (food
additives, sanitation and hygiene products).

Increasing the potential danger in Ukraine can lead
to serious consequences, so it is necessary to know how
to protect ourselves from this threat [2].

Purpose of the article: to analyze the existing fil-
tering systems of the respiratory organs of neighboring
countries and develop requirements for collective pro-
tection systems that will neutralize hazardous chemical
substances.

The analysis of
publications.

AVEC CHEM s.r.o. company is a member of the
Defence and Security Industry Association of the Czech
Republic (DSIA) and Czech Health & Safety Alliance
and provides protection for rescuers, civil defense and
industrial workers in more than 40 countries. All prod-
ucts are certified according to European and NATO
standards. Filter systems protect against hazardous

recent researches and

© Galak A., Sakhnenko N., Kosarev A., Bryankin A., Linyvtsev A., 2018 135



36ipnuk Haykosux npayb Xapkiecbkozo HayionanbHozo yuigepcumemy Iosimpanux Cun, 2018, 4(58) ISSN 2073-7378

chemical substances and are divided into 5 categories
(Fig. 1): particulate, gas, combination, specialized, NBC
(nuclear, biological, chemical).

The filter canister P3 R (Fig. 1(1)) is designed for
the protection against harmful particles and biological
threats and protects against bacteria, viruses, microbes,
spores.

The police filter canister P-CAN Compact
(Fig. 1(2)) in connection with suitable respirator pro-
vides protection against solid and liquid particles, pep-
per spray (OC), smoke-producing substances, radioac-
tive particles, bacteria and rickettsia, fungi, toxins, vi-
ruses, Riot Control agents (law-enforcement), such
as bromoacetone, CS, CR, CN, CNC, CNS, CA sub-
stances, organic compounds of arsenic — diphenyldi-
chlorarsine, diphenylcyanoarsine, adamsite, diphenyldi-
chlorarsine, ethyldichlorarsine, methyldichlorarsine, and
vapours of organic substances with a boiling point
above 65° C, etc.

Table 1
List of hazardous chemical substances
No. Chemical name Designation
for

1. |2-chlorobenzalmalononitrile (tear gas) CS
2. Dibenzoxazepine (algogen) CR
3 Chloroacetophenone CN

30% solution of chloroacetophenone

. CNC

4. in chloroform
S. Bromobenzyl cyainde CA

Mixture of 23% chloroacetophenone, CNS
6 38,4% chloropicrin in chloroform
7. Cyanogen chloride CK
8. Diphenylcyanoarsine DC
9. Ethyldichloroarsine ED
10. Methyldichloroarsine MD
11. Diphenylchloroarsine DA
12. Mustard gas H
13. Sulfur mustard HD
14. T- mustard gas HN1
15. Q- mustard gas HN2
16. Nitrogen mustard HN3
17. Lewisite L
18. Phosgene HL
19. Diphosgene DP
20. Chloropicrin PS
21. Hydrogen cyanide AC
22. Arsine SA
23. Sarin GB
24. Cyclosarin GF
25. Soman GD
26. Tabun GA
27. IVA GV
28. VX VX
29. Amiton VG
30. Edemo VM

Fig. 1. NATO's filtering systems
for protection against chemicals that are hazardous

The NBC-1/SL filter (Fig. 1(3)) in combination
with a full-face mask provides reliable protection
against solid and liquid aerosols, smoke-producing sub-
stances, radioactive particles, bacteria, viruses, vapours
of organic and inorganic acids, hydroxides, organic
solvents with a boiling point above 65° C, ammonia,
amines, acid gases, agricultural chemical combustion
products, tear-producing, irritant, choking, blister and
nerve agents, e.g. bromoacetone, CS substance, organic
compounds of arsenic, phosgene, hydrogen cyanide,
cyanogen chloride, mustard gas, organophosphates —
sarin, IVA, VX and other toxic substances, e.g. ben-
zene, toluene, vinyl chloride, fluorine, hydrogen fluo-
ride, sulphur oxides, phosgene, phosphoric acid and its
organic derivatives, chloroacetic acid, nitric acid, alde-
hydes, mixtures of inorganic acids and organic sub-
stances, etc.

The NBC-2/SL filter canister (Fig. 1(4)) in connec-
tion with suitable respirator or PAPR provides protection
against solid and liquid particles, pepper spray, smoke-
producing substances, radioactive particles, bacteria and
rickettsia, fungi, toxins, viruses, riot control agents, blister
agents, chocking agents, blood agents, nerve agents, in-
capacitants, herbicides, pesticides and TIC, such as bro-
moacetone, CS, CR, CN, CNC, CNS, CA substances,
organic compounds of arsenic — diphenyldichlorarsine,
diphenylcyanoarsine, adamsite, diphenyldichlorarsine,
ethyldichlorarsine, methyldichlorarsine, mustard gas,
sulphur mustard gas, T-mustard gas, Q-mustard gas, ni-
trogen mustard gases, lewisite, mixed mustard gas, phos-
gene, diphosgene, chloropicrin, hydrogen cyanide,
cyanogen chloride, arsine, G-agents: sarin, cyclosarin,
soman, tabun, IVA, V-agents: VX, VR, VE, VG (ami-
ton), VM and toxic industrial chemicals such as: fumes of
organic or inorganic acids, hydroxides, organic solvents
with the boiling point above 65 °C, ammonia, amines,
inorganic and acid gases, agricultural chemical combus-
tion gases, other toxic substances, e.g. benzene, toluene,
vinyl chloride, fluorine, hydrogen fluoride, sulphur ox-
ides, chloracetic acid, aldehydes, etc.

The NBC-3/SL filter canister (Fig. 1(5)) in con-
nection with suitable respirator or PAPR provides pro-
tection against solid and liquid particles, pepper spray
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(OC), smoke-producing substances, radioactive parti-
cles, bacteria and rickettsia, fungi, toxins, viruses, riot
control agents, blister agents, chocking agents, blood
agents, nerve agents, incapacitants, herbicides, pesti-
cides and TIC, such as bromoacetone, CS, CR, CN,
CNC, CNS, CA substances, organic compounds of ar-
senic — diphenyldichlorarsine, diphenylcyanoarsine,
adamsite, diphenyldichlorarsine, ethyldichlorarsine,
methyldichlorarsine, mustard gas, sulphur mustard gas,
T-mustard gas, Q-mustard gas, nitrogen mustard gases,
lewisite, mixed mustard gas, phosgene, diphosgene,
chloropicrin, hydrogen cyanide, cyanogen chloride,
arsine, G-agents: sarin, cyclosarin, soman, tabun, IVA,
V-agents: VX, VR, VE, VG (amiton), VM and toxic
industrial chemicals such as: fumes of organic or inor-
ganic acids, hydroxides, organic solvents with the boil-
ing point above 65° C, ammonia, amines, inorganic and
acid gases, agricultural chemical combustion gases,
other toxic substances, e.g. benzene, toluene, vinyl
chloride, fluorine, hydrogen fluoride, sulphur oxides,
chloracetic acid, aldehydes, mixtures of inorganic acids,
and organic substances, mercury vapours, etc.

The OF-07 filter canister (Fig. 1(6)) in connection
with suitable respirator provides protection against solid
and liquid particles, pepper spray (OC), smoke-producing
substances, radioactive particles, bacteria and rickettsia,
fungi, toxins, viruses, riot control agents, blister agents,
chocking agents, blood agents, nerve agents, incapacitants,
herbicides, pesticides and TIC, such as bromoacetone, CS,
CR, CN, CNC, CNS, CA substances, organic compounds
of arsenic — diphenyldichlorarsine, diphenylcyanoarsine,
adamsite, diphenyldichlorarsine, ethyldichlorarsine, me-
thyldichlorarsine, mustard gas, sulphur mustard gas, T-
mustard gas, Q-mustard gas, nitrogen mustard gases,
lewisite, mixed mustard gas, phosgene, diphosgene,
chloropicrin, hydrogen cyanide, cyanogen chloride, arsine,
G-agents: sarin, cyclosarin, soman, tabun, IVA, V-agents:
VX, VR, VE, VG (amiton), VM and toxic industrial
chemicals such as: organic solvents with a boiling point
above 65° C, inorganic substances, acid gases, ammonia,
amines, agricultural chemical combustion products, ben-
zene, toluene, vinyl chlorine, fluorine, hydrogen fluoride,
sulphur oxides, organic phosphorous compounds,
chloroacetic acid, nitric acid, aldehydes, mixtures of inor-
ganic acids and organic substances, etc.

The OF-07M filter canister (Fig. 1(7)) in connec-
tion with suitable respirator provides protection against
solid and liquid particles, pepper spray, smoke-
producing substances, radioactive particles, bacteria and
rickettsia, fungi, toxins, viruses, riot control agents,
blister agents, chocking agents, blood agents, nerve
agents, incapacitants, herbicides, pesticides and TIC,
such as bromoacetone, CS, CR, CN, CNC, CNS, CA
substances, organic compounds of arsenic — diphenyldi-
chlorarsine, diphenylcyanoarsine, adamsite, diphenyldi-

chlorarsine, ethyldichlorarsine, methyldichlorarsine,
mustard gas, sulphur mustard gas, T-mustard gas, Q-
mustard gas, nitrogen mustard gases, lewisite, mixed
mustard gas, phosgene, diphosgene, chloropicrin, hy-
drogen cyanide, cyanogen chloride, arsine, G-agents:
sarin, cyclosarin, soman, tabun, IVA, V-agents: VX,
VR, VE, VG (amiton), VM and toxic industrial chemi-
cals such as: organic solvents with a boiling point above
65° C, inorganic substances, acid gases, ammonia,
amines, agricultural chemical combustion products,
benzene, toluene, vinyl chlorine, fluorine, hydrogen
fluoride, sulphur oxides, organic phosphorous com-
pounds, chloroacetic acid, nitric acid, aldehydes, mix-
tures of inorganic acids and organic substances, etc.

The A2B2E2K2HgNOCOSXP3 D R (Fig. 1(8))
filter canister provides protection against solid and lig-
uid aerosols, smoke-producing agents, radioactive parti-
cles, microorganisms, fibres (e.g. asbestos), fumes of
organic or inorganic acids, hydroxides, organic solvents
with the boiling point above 65 °C, ammonia, amines,
inorganic and acid gases, agricultural chemical combus-
tion gases, tear, irritant and other toxic substances, e.g.
benzene, toluene, vinyl chloride, fluorine, hydrogen
fluoride, sulphur oxides, bromoacetone, nitogen oxide,
nitrogen dioxide, carbon monoxide, phosgene, cyano-
gen chloride, phosphoric acid and its organic deriva-
tives, chloracetic acid, aldehydes, mixtures of inorganic
acids and organic substances, mercury vapours, etc.

The REACTOR P3 R (Fig. 1(9)) filter canister
is designed for the protection against mercury vapours,
radioactive iodine, organic compounds of iodine (io-
domethane), radioactive particles, etc. The filter is also
available in variant HG-REACTOR P3 R [3].

Protective filters in connection with full face
masks, half masks, respirators provide reliable respira-
tory protection against a wide range of hazardous and
toxic substances.

In the Russian Federation, filter systems, which
protect against hazardous chemical substances, are di-
vided into the following classed: anti-gas filters
Class 1,2; combined filters Class 1, 2, 3; anti-gas special
filters; anti-aerosol (or particle) filters. Class 1 anti-gas
filters are divided into six types (Fig. 2).

Fig. 2. Anti-gas filters Class 1
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The anti-gas filter A1 (Fig. 2(1)) is designed to pu-
rify polluted air from the vapors and gases of hazardous
chemicals. Both classes of filters are used only for
a volume fraction of free oxygen not less than 17 %.

The anti-gas filter B1 (Fig. 2(2)) is designed to pu-
rify polluted air from gases and vapors of inorganic
substances such as halogens, hydrogen sulfide, hydro-
gen cyanide, cyanogen chloride, carbon disulfide ex-
cluding carbon monoxide.

The anti-gas filter K1 (Fig. 2(3)) is designed to pu-
rify polluted air from ammonia and organic ammonia
derivatives.

The anti-gas filter A1E1 (Fig. 2(4)) without parti-
cle filter is designed to purify polluted air from vapors
of organic substances having a boiling point greater
than 65° C, acid gases and vapors and is used in con-
nection with a mask filter (with a full face mask).

Table 2
Characteristics of anti-gas filters Class 1
Time of protective action
on the test substance, min, not less than
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The anti-gas filter AIB1E1K1 (Fig. 2(5)) without
particle filter is designed to purify polluted air from
vapors of organic substances having a boiling point
greater than 65° C, gases and vapors of inorganic sub-
stances with the exception of carbon monoxide, acid
gases, ammonia and amines vapors.

The anti-gas filter FA-2002 (Fig. 2(6)) provides
reliable protection of the human respiratory systems
from aerosols of different nature (dust, smoke, and mist)
at their total concentration not more than 15 MPC and
at oxygen content in the air not less than 17 % vol.

Anti-gas filters Class 2 are divided into eight
types. The anti-gas filter A2 (Fig. 3(1)) is designed to
purify polluted air from vapors of organic substances
with a boiling point greater than 65° C (benzene, xy-
lene, toluene, gasoline, kerosene, halogenated organic
compounds, nitro compounds of benzene and its homo-
logues, esters, alcohols, ketones, aniline, tetracthyl lead,
phosphorus and organochlorine pesticides (OCPs).

The anti-gas filter B2 (Fig. 3(2)) is designed to pu-
rify polluted air from gases and vapors of inorganic
substances (halogens, hydrogen sulfide, hydrochloric

acid, cyanogene chloride, carbon disulfide) excluding
carbon monoxide.

- o

Fig. 3. Anti-gas filters Class 2

The anti-gas filter E2 (Fig. 3(3)) is designed to pu-
rify polluted air for acid gases and vapors (sulfur diox-
ide, hydrogen sulfide, hydrogen chloride, phosphine,
arsine).

The anti-gas filter K2 (Fig. 3(4)) without particle
filter is designed to purify polluted air from ammonia
and amines vapors.

The anti-gas filter B2K2 (Fig. 3(5)) without parti-
cle filter is designed to purify polluted air from gases
and vapors of inorganic substances, ammonia and
amines.

The anti-gas filter A2B2E2K2 (Fig. 3(6)) is de-
signed to purify polluted air from gases and vapors
of organic substances with a boiling point greater than
65°C (benzene, xylene, toluene, gasoline, kerosene,
halogenated organic compounds, etc.); inorganic sub-
stances (halogenes, hydrogen sulfide, hydrogen cya-
nide, cyanogens chloride, carbon disulfide with the ex-
ception of carbon monoxide); acid gases and vapors
(sulfur dioxide, hydrogen sulfide, hydrogen chloride,
phosphine, arsine, etc.), as well as from ammonia and
organic ammonia derivatives.

The anti-gas filter A2B2E2 (Fig. 3(7)) is designed to
purify polluted air from gases and vapors of organic sub-
stances with a boiling point greater than 65° C (benzene,
xylene, toluene, gasoline, kerosene, halogenated organic
compounds, etc.); inorganic substances (halogens, hydro-
gen sulfide, hydrogen cyanide, cyanogens chloride, car-
bon disulfide with the exception of carbon monoxide);
acid gases and vapors (sulfur dioxide, hydrogen sulfide,
hydrogen chloride, phosphine, arsine, etc.).

The anti-gas filter K2P3 (Fig. 3(8)) is designed
to purify polluted air from aerosol particles of slightly
toxic substances contained in dust, smoke or mist,
as well as from ammonia and amines.
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Table 3 Table 4
Characteristics of anti-gas filters Class 2 Characteristics of combined filters
Time of protective action on the test Breathing | Time of protective
substance, min, not less than resistance, | action on th; test Substance
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Cyclohexane at
K2 40 AlP1 160 610 70 a concentration
A2B2E2 | 35 20 40 20 of 3,5 mg /L
Hydrogen sulfide
A2B2E2K2 35 20 40 20 40 B1P1 160 610 40 at a concentration
of 1, 4mg/L
The combined filter A1P1 (Fig. 4(1)) is designed Sulfur dioxide at
I luted air f | particl £ sliehtl E1P1 160 610 20 a concentration
to purify polluted air from acrosol particles of slightly of 2,7 mg /L
hazardous substances contained in dust, smoke or mist, Ammonia at
as well as from vapors of organic substances with a |KIP1 160 610 50 a concentration
boiling point greater than 65° C (benzene, xylene, tolu- of 0,7 mg /L
ene, gasoline, kerosene, halogenated organic com- Cyclohexane at
. . 70 a concentration
pounds, nitro compounds of benzene and its homo- |, g of 3,5 mg /L
logues, esters, alcohols, ketones, aniline, tetraethyl lead, Pl 160 610 Sulfur dioxide at
phosphorus and organochlorine pesticides). 20 a concentration
The filter body is made of special plastic material of 2,7 mg /L
and equipped with a particle filter from a filter material Cyclohexane at
. 70 a concentration
and an absorbing layer (charge) from the sorbent. of 3,5 mg /L
The combined filter B1P1 (Fig. 4(2)) is designed ALBI Hydrogen sulfide
to purify polluted air from aerosol particles, slightly EIP 160 610 40 at a concentration
hazardous substances contained in dust, smoke or mist, of 1’4.mg. /L
as well as from inorganic gases and vapors (halogens, Sulfur dioxide at
. . . 20 a concentration
hydrogen sulfide, hydrochloric acid, cyanogen chloride, of 2,7 mg /L
carbon disulfide) excluding carbon monoxide. Cyclohexane at
70 a concentration
of3,5mg/L
AlBI Hydrogen sulfide
EIK1 160 610 40 at a concentration
P1 of 1,4mg/L
Sulfur dioxide at
20 a concentration
of 2,7mg /L

Fig. 4. Gas-aerosol filters Class 1

The combined filter E1P1 (Fig. 4(3)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist,
as well as from acid gases and vapors (sulfur dioxide,
hydrogen sulfide, hydrogen chloride, phosphine, ar-
sine).

The combined filter K1P1 (Fig. 4(4)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist,
as well as from ammonia and amines.

The combined filter A1EIP1 (Fig. 4(5)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist, as
well as from vapors of organic substances with a boiling
point greater than + 65 °C, acid gases and vapors.

The combined filter AIBIEIP1 (Fig. 4(6)) is de-
signed to purify polluted air from aerosol particles
of slightly hazardous substances contained in dust, smoke
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or mist, as well as from vapors of organic substances with
a boiling point greater than +65° C, inorganic gases and
vapors (excluding carbon monoxide), acid gases and va-
pors.

Table 5

Characteristics of combined filters
Breathing resis-
tance, Pa, not
more than

Substance

Filter
type

At a constant f
low rate 30 L/ min
not less than

rate 95 L / min
on the test substance, min,

Time of protective action

IAt a constant flow

Cyclohexane at
a concentration
of 17,5 mg /L
Hydrogen sulfide at
a concentration
of 7,1 mg /L
Sulfur dioxide at
a concentration
of 13,3 mg /L
Ammonia at
a concentration
of 3,5 mg /L
Hydrogen sulfide at
40 a concentration
B2K2P 260 980 of 7,1 mg /L
3 Ammonia at
40 a concentration
of 3,5 mg /L
Hydrogen sulfide at
40 a concentration
of 7,1 mg /L
Sulfur dioxide at
a concentration
of 13,3 mg /L
Cyclohexane at
35 a concentration
of 17,5 mg /L
Hydrogen sulfide at
40 a concentration
of 7,1 mg /L
Ammonia at
40 a concentration
of 3,5mg/L
Sulfur dioxide at
20 a concentration
of 13,3 mg /L
Cyclohexane at a con-
35 centration
of 17,5 mg /L
Hydrogen sulfide at
40 a concentration
of 7,1 mg /L
Mercury vapors at
a concentration
13+£1 mg/L
Ammonia at
a concentration
of 3,5 mg/L
Sulfur dioxide at
20 a concentration
of 13,3 mg /L
Cyclohexane at
35 a concentration
of 17,5 mg /L

A2P3 160 61

(e}
(98]
W

B2P3 260 980

N
(==}

E2P3 260 980 20

K2P3 260 980 40

A2B2E

2P3 160 980 20

A2B2E
2K2P3

160 980

6000

A2B2E

2K2P3 160 980 40

The combined filter A1B1E1KI1P1 (Fig. 4(7)) is
designed to purify polluted air from aerosol particles
of slightly hazardous substances contained in dust,
smoke or mist, as well as from vapors of organic sub-
stances with a boiling point greater than +65° C, inor-
ganic gases and vapors (excluding carbon monoxide),
acid gases and vapors.

Combined filters Class 2 are divided into nine
types.

The combined filter A2P3 (Fig. 5(1)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist,
as well as from vapors of organic substances with a
boiling point greater than + 65° C (benzene, Xylene,
toluene, gasoline, kerosene, halogenated organic com-
pounds, nitro compounds of benzene and its homo-
logues, esters, alcohols, ketones, aniline, tetracthyl lead,
phosphorus and organochlorine pesticides).

The combined filter B2P3 (Fig. 5(2)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist,
as well as from gases and vapors of inorganic sub-
stances (halogens, hydrogen sulfide, hydrochloric acid,
cyanogen chloride, carbon disulfide), with the exception
of carbon monoxide.

Fig. 5. Anti-gas-aerosol filters Class 2

The combined filter E2P3 (Fig. 5(3)) is designed
to purify polluted air from aerosol particles of highly
hazardous substances contained in dust, smoke or mist,
as well as from acid gases and vapors (sulfur dioxide,
hydrogen sulfide, hydrogen chloride, phosphine, ar-
sine).

The combined filter K2P3 (Fig. 5(4)) is designed
to purify polluted air from aerosol particles of highly
hazardous substances contained in dust, smoke or mist,
as well as from ammonia and amines.

The combined filter B2K2P3 (Fig. 5(5)) is de-
signed to purify polluted air from aerosol particles of
highly hazardous substances contained in dust, smoke
or mist, as well as from gases and vapors of inorganic
substances, except for carbon monoxide, ammonia and
amines.
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The combined filter A2B2E2P3 (Fig. 5(6)) is de-
signed to purify polluted air from aerosol particles
of slightly hazardous substances contained in dust,
smoke or mist, as well as from vapors of organic sub-
stances with a boiling point greater than + 65° C, gases
and vapors of inorganic substances, except for carbon
monoxide and acid gases.

The combined filter A2B2E2K2P3 (Fig. 5(7)) is
designed to purify polluted air from aerosol particles
of slightly hazardous substances contained in dust,
smoke or mist, as well as from vapors of organic sub-
stances with a boiling point greater than + 65° C, gases
and vapors of inorganic substances, except for carbon
monoxide, acid gases, ammonia and amines.

The combined filter A2B2E2K2P3 (Fig. 5(8)) is
designed to purify polluted air from aerosol particles
of slightly hazardous substances contained in dust,
smoke or mist, as well as from vapors of organic sub-
stances with a boiling point greater than +65° C, gases
and vapors of inorganic substances, with the exception
of carbon monoxide, acid gases, ammonia, amines and
mercury vapor.

The combined filter K3P3 (Fig. 5(9)) is designed
to purify polluted air from aerosol particles of slightly
hazardous substances contained in dust, smoke or mist,
as well as from ammonia and amines.

Combined filters Class 3 are divided into three
types.

The combined filter A3P3 (Fig. 6(1)) with a parti-
cle filter P3 is designed to purify polluted air from aero-
sol particles of highly hazardous substances contained
in dust, smoke and mist, as well as from vapors of or-
ganic substances with a boiling point greater than
+65° C (benzene, xylene, toluene, gasoline, kerosene,
halogenated organic compounds, nitro compounds of
benzene and its homologues, esters, alcohols, ketones,
aniline, tetracthyl lead, phosphorus and organochlorine
pesticides).

| -
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Fig. 6. Gas-aerosol filters Class 3

The combined filter B3P3 (Fig. 6(2)) with a parti-
cle filter P3 is designed to purify polluted air from aero-
sol particles of highly haza rdous  substances
contained in dust, smoke and mist, as well as from gases
and vapors of inorganic substances (halogens, hydrogen
sulfide, hydrochloric acid, cyanogen chloride, carbon
disulfide) excluding carbon monoxide.

The particle filter FA-2002 (Fig. 8) is designed
to purify polluted air from vapors of organic substances
with a boiling point greater than 65°C (benzene, xylene,

toluene, gasoline, kerosene, halogenated organic com-
pounds, nitro compounds of benzene and its homo-
logues, esters, alcohols, ketones, aniline, tetracthyl lead,
phosphorus and organochlorine pesticides); halogens,
hydrogen sulfide, hydrogen cyanide, cyanogens chlo-
ride, carbon disulfide excluding carbon monoxide, sul-
fur dioxide, hydrogen sulfide, hydrogen chloride, phos-
phine, arsine, ammonia and amine vapors [4].

Table 6
Characteristics of combined filters
Breathing resistance,
Pa, not more than | Time of
£ £ | protective
. = & s E action on
Filter = j £ .,'_l the test
type § @ § S | substance, Substance
s E = & | min, not
< é < é less than
Cyclohexane at
A3P3 280 1060 65 a concentration
of 28 mg /L
Hydrogen sulfide
B3P3 280 1060 60 at a concentration
of 14,2 mg /L
Ammonia at a
K3P3 280 1060 60 concentration
of 7,0 mg /L

The combined filter K3P3 (Fig. 6(3)) with a parti-
cle filter P3 is designed to purify polluted air from aero-
sol particles of highly hazardous substances contained
in dust, smoke and mist, as well as from ammonia and
amines.

Anti-gas special filters are divided into two types.
The anti-gas special filter SX (E2K1CO) (Fig. 7(1))
without particle filter is designed to purify the air that
is inhaled by humans from acid gases and vapors (sulfur
dioxide, hydrogen sulfide, hydrogen chloride, phos-
phine, arsine), from ammonia, amines and carbon mon-
oxide at a total concentration of no more than 0,5 % vol.
The filter is used with filtering gas masks that have no
external or “supplied” air to the mask.

Fig. 7. Special gas filters

The anti-gas special filter AX (Fig. 7(2)) without
particle filter is designed to purify the air from airborne
hazardous gases and vapors of organic compounds with
a boiling point lesser than 65 C, such as methane, eth-
ane, butane, ethylene, acetylene, etc.
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Table 7
Characteristics of anti-gas special filters
Breathmg Substance
resistance, Pa,
not more than | Time of protec-
Filter E - E - tive action on
type g E g E the test .sub-
§ 3 | § A |stance, min, not
g % g § less than
=E|sE
< <
Carbon monoxide
E2K1C 280 | 1060 20 (CO) at a. concen-
0o tration
of 6,0 mg /L
Dimethyl ether at
50 a concentration
AX | 280 | 1060 of 14,2 mg /L
Isobutane at
50 a concentration
of 14,2 mg /L

Fig. 8. Particle filters

Exposition of basic material

Based on the analysis of the resulted material it is
established that there are no such types of filters that
protect against all types of HCHS. Therefore, it is nec-
essary to formulate requirements for collective protec-
tion systems both on armored vehicles and stationary
ones, which will protect against HCHS.

It is determined in [S] that human progress is im-
possible without the use of new technologies. With the
development of technological progress and the emer-
gence of modern technologies and materials special dan-
ger today is man-made disasters, especially disasters on
chemically dangerous enterprises. At present, photocata-
lytic purification is considered to be the optimal method

of air purification, where titanium oxides are used as a
photocatalyst [6].

Increasing the effectiveness of collective protec-
tion systems from HCHS, the possibility of installing
catalytic materials for the neutralization of toxins of
different nature in the existing structure will enable to
improve the performance characteristics of FVU with-
out significant structural changes and substantial mate-
rial costs.

Promising materials that are capable of effectively
neutralize (decompose) toxins of different nature at high
efficiency performance over a wide range of tempera-
tures and corrosion resistance are heterogeneous sys-
tems of titanium alloys.

The proposed modernization approach involves the
additional installation of a grille (mesh) coated with a layer
of catalytic material in the absorbent filters of a collective
protection system on armored vehicles (Fig. 9).

Air input ‘

Mesh coated with titanium alloys

»
air output

Fig. 9. Installation of a mesh coated with titanium
dioxide in the collective protection system

Conclusion

According to the results of the analysis, it is estab-
lished that there are no such types of filters that can pro-
tect against all types of HCHS, and the time of action
in places of possible contamination in oxygen-breathing
gas masks may not be enough. The existing systems
of collective protection, both stationary and on armored
vehicles, need to be improved by using a method
of photocatalytic destruction of toxicants using titanium
oxides as a catalytic material on porous or mesh carriers,
with their further installation in existing absorber filters
for the effective neutralization of HCHS.
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TEXHONOI NOKPALLEHHS ®INTbTPYBAJIbHUX CUCTEM
ANsa HENTPANI3AUIT HEBE3NEYHUX XIMIYHUX PEYOBWH

0O.B. l'anak, M. 1. Caxuenko, O.B. Kocapes, O.B. bpsukin, O.B. JlinuBues

Ilpogedeno ananiz icHyrouux ginbmpyeanvhux cucmem 3acobie IHOUBIOYANbHO20 3aXUcmy opeanie ouxanns oepiicae HATO
ma Pociticoxoi @edepayii, Axi 3axuwjaromes 0co606uUll cK1a0 ma HaceneHHs 6i0 pizHux 6udie Hebe3neyHux Ximiunux pevosun. He
icHye makux munie ginbmpis, sKi 3aXUWAOMb i0 6CIX UOIE Hebe3neuHUX XIMIYHUX peuosuH. B cyuacnux ymosax 3acmocysanms
MEPOPUCMUYHUMU Op2aHi3ayismu 30poi Macoeoeo ypasicenns, 30potnull konguixm y Cupii, nio uac sxko2o 6yn0 3acmocoeamno
Ximiuny 36poio, 3acocmpenns cumyayii na Cxo0i Ykpainu O0e 3Haxooumscs 6eauxa KilbKiCmb HeOe3neunux XiMiuHux nionpu-
emcme, nopyuents oeskumu oepacasamu Mixcnapoonoi koneenyii Opeanizayii 06 eonanux Hayiti npo 3abopony euxopucman-
HA XiMiuHOI 30poi, iCHYE 8UCOKa GipOCIOHICMb 3ACMOCY8ANHHA OUBEPCIIHO-PO3BIOYBANLHUMU CUNAMU, IHUUMU HE3AKOHHO Ymeope-
HUMU AHMUOEPIHCAGHUMU POPMYBAHHAMU 30IUCHEHHS. MEPOPUCMUYHUX AKMI6 MA OUBEPCIll GUCOKOMOKCUYHUX OMPYUHUX peyo-
8UH 8 00CA3I, WO YHEMONCIUBTIOE iX 0OL08e 3aCMOCYS8AHHA 3 MEMOIO YPAdCeHHA JHcueoi cunu (nacenenns, eiticok). Hasedeno
pexomeHOiyil nokpawentss pobomu Ginempylouux cucmem i0 Hebe3NeUHUx XIMIUHUX PEHOBUH, 30 PAXYHOK 000AMKOB020 86e-
O€HHsl 8 KOHCMPYKYIIO DiTbmMpoGeHMUIAYIUHUX YCMAHOBOK (azpe2amis), KamanimuyHux Mamepianie Oisl 3HeuKOONCeHHs MOK-
cunie piznoi npupoou. Takuil nioxio 0ozeonums 6e3 iCMOMHUX KOHCMPYKYIUHUX 3MIH MA CYMMEGUX MAMEPIaibHuX umpam
nidguwumu exCniyamayitini Xapakmepucmuky QitbmposeHmunsyiiHux CUcCmeMm 3a PaxyHOK 000amKO8020 6CMAHOGLEHHs )
Ginemp-nocnunay pewimrku (Cimku) 3 HAHECEHUM WAPOM KAMANIMuuHo2o mamepiany i3 oxcudie mumany. Ha nosepxui TiO,
Moocyms 6ymu oxucaeni (minepanizosani) 0o CO, i H,O npakmuuno 0yob-siki opeaniuni pevosunu. /st no0anisuio2o yioeno-
6aHH5 HeDe3NeUHUX XIMIYHUX pevogun Oyde GUKOPUCIIO8YBAMUCL GOMOKAMANIMUYHUL MEMOO OYUWYEHHS. NOBIMPSl, 8 AKOMY 8
poni homokamanizamopy 6uUKOpUCmogylomvcsi okcuou mumany. Tpusac poboma w000 NOKpawenHs cucmemu KoaeKmueHO20
3axucmy CmayioHapHux cnopyo ma 6poHemanKo80i MexHiKu 3 GUKOPUCIAHHAM OKCUOHUX KAMALI3amopie Ha MUmaHosux cnid-
64X 3 NOOANLUUM YOOCKOHANEHHAM 0I5l eeKmuUGHOI Helimpanizayii Hebe3neyHux XiMiyHux peioeuH.

Knwuoei cnosa: ginompysanvua cucmema, 3acodu inOugioyanbHO20 3axXucmy, oKCuO mumawy, Hebe3neyHi Ximiuui peyo-
8UHU, 0COO08ULI CKNAO, OP2AHU OUXAHHAL.

TEXHOJIOM'MX YCOBEPLUEHCTBOBAHUA ®UINbTPYIOLLNX CUCTEM
ONA HEATPANU3ALUKU OMNACHBIX XUMUYECKUX BELLIECTB

A.B. I'anax, H./I. Caxunenko, A.B. Kocapes, A.B. bpsukun, A.B. Jlenusues

Ilposeoen ananus cywecmayiowux gurvmpyrowux cucmem 2ocyoapeme HATO u Poccuiickoii @edepayuu, komopwvie 3a-
WUWam IUYHbIL COCMAB U HACENeHUe OM PA3IUYHBIX BUO08 XUMUYECKU ONACHbIX 6eujecms. YCmanoeieHo, Yumo He cyuecmsy-
em makux QuIbmpos, 3auuyarowux om 6cex munog ompagisiowux eeujecms. Ilosmomy npeonodxceno 00060py008ams KOHC-
MPYKYUIO CUCMeEM KOJUIEKMUSHOU 3auumbl Ha GPOHemeEXHUKe U CMAYUOHAPHBIX 00BEKMO8 3a cuen OONOTHUMENbHOU YCMAHOB8KU
6 Qunemp-noznomumens peulemku (Cemxu) ¢ HAaHeCeHHbIM CloeM Kamalumu4ecko2o Mamepuand, Komopwlil oyoem Heumpanu-
308amb pasnuuHble UObL XUMUYECKU ONACHBIX 8€WeCEg 3d cuem HOmOKamatumu4eckol OUUCmKY 6030yXa OKCUOAMUu Mumand.
IIpoodondxcaemcea paboma no UCNOIL308AHUIO OKCUOHUX KAMANUIAMOPOS HA MUMAHOBLIX CHIABAX YMO Obl YAYYWUMb CUCEM)
KOJUIEKMUBHOU 3AWUUMbL HA CIAYUOHAPHBIX COOPYHCEHUAX U OPOHEMAHKOB0U MeXHUKY Oid dheKmusHoll Hetimpanuzayuu xu-
MUYECKU ONACHBIX 6eUecms.

Knroueswie cnosa: unomposanvhas cucmema, cpeocmsea UHOUBUOYANbHOU 3auunbvl, OKCUO MUMAHA, ONACHbLE XUMUYEC-
Kue 8euecmsd, TUYHbII COCMag, Opeamsl ObIXAHUA.
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