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Purpose. The improvement of the processes of pollution abatement at electrode production enterprises aimed
to raise air quality and comply with the environmental standards established in Ukraine.

Methodology. The catalysts efficiency was tested in the stream of exhaust gases produced by kilns and graphi-
tization furnaces in a laboratory at temperatures from 100 to 500 °C and the volumetric gas flow rate W from 30-103
to 120 - 10° m*/m>-hr. In order to assess compliance with sanitary and hygienic standards of the area affected by the
emissions, the ground-level concentrations of pollutants were calculated using the PLEINAIR-1.25 software be-
fore and after the introduction of the catalytic purification of exhaust gases. The software works in accordance
with the document OHJ/I-86 “Method of Calculation of the Harmful Substances Concentration in the Air Pol-
luted by Industrial Emissions” and was approved by the Ministry of Ecology and Natural Resources of Ukraine.

Findings. The modeling of the pollutants dispersion in the air showed exceeding ground-level concentrations
in the residential area taking into account the initial levels of carbon monoxide, naphthalene, and phenol, which
are 1.05 MPC, 1.1 MPC and 1.14 MPC respectively. The results proved the need for measures to minimize the
emissions of these substances. We carried out comparative tests using the existing and the newly developed cata-
lysts for neutralization of the exhaust gases from the kilns and graphitization furnaces. The results of the compara-
tive tests showed that the developed catalyst cycle life is 1.6 1.7 times longer than that of the known nickel catalyst.

Application of the newly developed catalyst raised the degree of gases purification to 99.9%. The neutralization
of the waste gases vented by the kilns and graphitization furnaces using the developed catalyst resulted in the de-
crease of the ground-level concentrations of pollutants in the residential areas to the background level.

Originality. We proved theoretically and confirmed experimentally that the catalytic neutralization of carbon
monoxide and hydrocarbons by intermetallic catalysts results in the increase of environmental safety of the emis-
sions.

Practical value. The method of deactivation of the waste gases containing carbon monoxide and hydrocar-
bons emitted from the kilns and graphitization furnaces by means of the intermetallic catalysts has been developed
and recommended for implementation at the enterprise PAT “Ukrgrafit”.
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Formulation of the problem. Power plants, inter-
nal-combustion engines, and industrial plants are the
sources of the environment pollution with carbon
monoxide (CO) and hydrocarbons (C,,H,,). Chemical
and biological properties of CO and C,,H,, and their
significant volumes in gaseous emissions increase en-
vironmental hazard around the facilities emitting
them. Currently, the Ukrainian government introduc-
es standards on emissions to create the basis for the
regulation of atmosphere air pollution. The official
name of the document is “The Standards of Maxi-
mum Permissible Emissions of Polluting Substances
from Stationary Sources”. It was approved by the Or-
der no. 309 of the Ministry of Ecology and Natural
Resources of Ukraine dated June 27, 2006. The con-
centration of CO and C,,H,, in the emissions produced
by most of these sources does not meet the established
standards and is a factor of intensive deterioration of
the air quality [1]. In order to achieve the established
standards, enterprises have to optimize their techno-
logical processes, introduce re-equipment and new
technologies.

The analysis of recent researches. Electrode
manufacturing enterprises vent about 4—35 million cu-
bic meters of gases per hour. Those gases contain CO
and resinous substances consisting of a mixture of
polycyclic aromatic hydrocarbons, some of which are
carcinogenic. It is generally recognized that benzopy-
rene serves an indicator of the carcinogenic hazard of
electrodes production. Its content in the emitted aero-
sol resinous substances range from 0.8—0.10to 1-2 %.
On average, one enterprise vents about 60—80 kg of
benzopyrene per day [2].

The high environmental hazard of toxic organic
substances determines the importance of the intro-
duction of treatment technologies, which use sorp-
tion, thermal and catalytic methods [3—4].

Absorption techniques are widely used in industry
for the elimination of various impurities from gases,
including CO. However, they are inapplicable in the
case of electrodes production process due to the high
gas-flow rate, the complex technological scheme of
elimination of dust and other contaminants, high pre-
ssure and high cost.

The methods of adsorptive gas purification are
used mostly for neutralization of vapor-state impuri-
ties in the waste gases. These methods have significant
drawbacks. For instance, they are material intensive,
require large capital expenditures, and, which is the
most important, they do not provide the desired de-
gree of gas purification in some cases.

The methods of thermal afterburning of CO to CO,
at high temperatures (800—1200 °C) can be used if the
CO concentration is more than 12 %, i.e. in the case
when the CO content is above the explosion limit of
CO gas mixture. Sometimes the thermal method, even
with a high degree of oxidation of organic substances,
does not ensures the maximum allowable concentra-
tion (MAC) of carbon monoxide in the air. Therefore,
in some cases, this method is used only as the first
stage of purification.
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One of the most effective ways of abatement of CO
and C,H,, is the catalytic method. The catalytic pro-
cess of neutralization of combustion products runs, as
a rule, at temperatures above 300 °C and under short
contact times, due to the high flow rate of industrial
emissions. The main advantages of the catalytic pro-
cess in comparison with thermal afterburning consist
in its technological and operational characteristics,
namely: high efficiency and economy, the absence of
harmful side effects.

The tightening of sanitary standards on environ-
mental conditions requires searching for efficient cata-
lysts for neutralization of exhaust gases of industrial
plants [4].

For the catalytic elimination of CO and C,,H,, both
metal and oxide catalysts can be used. However, upon
utilization of the oxide catalysts, the sufficiently high
speed of the contact process can be achieved only at
relatively high temperatures (300—400 °C). The oxides
of some metals may be arranged in the following se-
quence by the specific catalytic activity value [5]

TiO, < V,05 < Cr,05 < ZnO < Fe,0; < NiO < CuO <
< Co0;0,.

The specific catalytic activity of the mentioned ox-
ides at the temperature of 300 °C differ by more than
five orders of magnitude. Oxides of cobalt, copper,
nickel and iron have the highest catalytic activity.

Metal catalysts have higher activity in the reaction
with CO and C,H, than oxide catalysts. The metals
may be arranged in the following sequence by the spe-
cific catalytic activity at the temperature of 180 °C [6]

V<Cr<Mn<Cu<Ag<Au<Fe<Co<Ni<Pd<Pt.

Among the basic metals, the highest catalytic effi-
ciency values belong to nickel, cobalt, and iron. What
is more, by the specific catalytic efficiency nickel is su-
perior to cobalt by 2.1 times and iron by 16 times. Plat-
inum and palladium have the best properties for cata-
Iytic oxidation of CO and C,,H,. However, platinum
and palladium are slightly better than nickel by the
specific catalytic efficiency: platinum is 6 times more
efficient than nickel, and palladium is 5 times more
efficient. On the other hand, nickel is much more ac-
tive than oxide catalysts. The specific catalytic effi-
ciency of nickel at the temperature of 180 °C is 3 orders
of magnitude higher than that of cobalt oxide, and
6 orders of magnitude higher than that of zinc oxide at
300 °C. Thus, as low-temperature catalysts for CO and
C,,H,, oxidation, nickel and cobalt catalysts make the
most sense. Taking into account the higher activity
and lower cost and scarcity of nickel as compared with
cobalt, the choice of nickel catalysts for commercial
use is the most rational. Thus, among the most effec-
tive catalysts are materials containing intermetallic
compounds of nickel because of the ability to transfer
active oxygen involved in the oxidation process. In this
regard, it seems promising to study the properties of
the intermetallic compounds of these metals as cata-
lysts.
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The objective. The work is intended to improve the
processes of neutralization of gas emissions at electrode
production enterprises to ensure air quality and meet
the environmental standards established in Ukraine. To
achieve the goal it is necessary to develop technical so-
lutions for the protection of atmospheric air from the
emissions containing CO and C,,H,,, and carry out its
field testing at an electrode production enterprise.

Results and discussion. To reduce the emissions
of CO and C,H,, an intermetallic catalyst has been
created. It consists of nickel and aluminum with addi-
tions of copper, cobalt and manganese. The com-
pound was produced by self-propagating high-tem-
perature synthesis (SHS). The previously made re-
searches [7, 8] showed several advantages of the porous
SHS materials in comparison to similar materials that
are synthesized by conventional methods of powder
metallurgy. First, we should highlight the high final
porosity of SHS materials, which may be higher by
15—20%. Another advantage of SHS materials is their
surface area, which is 1.5—1.7 times higher than that of
the sintered materials with the same porosity. For ex-
ample, the specific surface of the SHS-produced cata-
lyst based on the phase NiAl, is 108 m?/g, [7].

The new intermetallic catalyst passed pilot tests at
the company PAT “Ukrgrafit” because the enterprise
vents CO (=82 %) and toxic hydrocarbons (=5.5 %),
such as benzopyrene, benzene, styrene, and phenol.

The PAT “Ukrgrafit” is a leading Ukrainian manu-
facturer of graphite electrodes for electric-steelmak-
ing, ore-smelting and other electric kilns; carbon cath-
ode and anode paste for electrodes, carbon paste; lin-
ing materials (blocks) on the basis of carbon for the
enterprises of the metallurgical, machine-building,
chemical and other industries.

The industrial site of the PAT “Ukrgrafit” is a part
of the industrial unit that is located to the northeast
from the main residential area of Zaporozhye, in its
eastern part, on the left bank of the river Dnipro. Air
pollution is the main way the PAT “Ukrgrafit” affects
the environment and the surrounding residential and
public areas.

In the process of baking of extruded electrodes (the
so-called “green” electrodes), one section of the
kiln vents about 4 thousand m>/h of gas. In the process
of baking of impregnated electrodes, it vents 1.5—2.0
times less [2]. In both cases, a sharp increase in the
concentration of harmful components in the gas phase
(CO, CHy,, resinous substances such as benzopyrene)
occurs at the beginning of electrode baking. This is
caused by the release of low-boiling hydrocarbons
from the coal-tar asphalt, for example, benzene, and
by the pyrolysis reaction, when they break apart into
simpler units, which goes at relatively low tempera-
tures in the oxidizing atmosphere under the arch of the
kiln (natural gas burner).

The main toxic components released into the air
from electrodes graphitization furnaces are CO, SO,,
and resinous substances. The concentration of SO, in
the gas phase reaches 12—33 mg/m?; the concentration
of dust in the gases is 17—25 mg/m?.
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From the beginning, the CO content in the gas
phase rises progressively as the current capacity in-
creases and reaches a maximum value of 770 mg/m?>.

Starting from the 10th—13th hour of operation of
the kiln, the temperature of the gases released from the
gross mass of carbonaceous materials under the kiln
cowl reaches the CO autoignition temperature. Thus,
a considerable part of it oxidizes at the higher (upper)
levels of filling. Starting from this period, the concen-
tration of CO in the gaseous phase does not corre-
spond to the quantity of CO that is released from the
kiln as far as the temperature in the working zone of
the kiln continues to increase considerably.

The waste gases contain resinous substances during
the whole electrodes graphitization process. Their
concentration increases dramatically from 1.5—2.0 to
8—9 mg/m? during the 37th hour of operation of the
furnace when the temperature of the furnace-charge
insulation layer rises significantly.

For neutralization of the exhaust gases from the
kilns, at the plant of the PAT “Ukrgrafit”, they apply
electrical purification method. I.e. the flow of the ex-
haust gases with the rate of =40 000 in m3/h is forwar-
ded from the breeching to the C-type electrostatic pre-
cipitator, where it is cleaned from the resinous sub-
stances and then vented through the flue gas stack to
the atmosphere. In the process, the content of CO,
SO,, and NO, in the gas phase does not change, while
resinous substances concentration is reduced by
8—90 %. The advantage of this purification method is
the implementation simplicity and low cost. However,
this method has a significant drawback since it does
not allow removing all of the toxic components from
the gas (the entire quantity of CO is released to atmo-
sphere).

To date, the waste gases from graphitization fur-
naces of the PAT “Ukrgrafit” have been emitted to the
atmosphere without purification.

The pilot tests of the exhaust gases neutralization
by means of the designed intermetallic catalysts were
held in the graphitization furnaces of the PAT “Ukr-
grafit”. We tested the catalyst of known composition
(52 % Al + 48 % Ni), the catalyst containing 0.2 %wt.
of platinum spread on alumina and the new optimum
composition that we have developed, 30 % Ni +
+10% Co+ 11 % Mn +2 % Cu+47 % Al [9].

The tests of the catalysts activity were conducted
on the waste gas flow of the kiln and graphitization fur-
nace by means of the laboratory-scale plant at a tem-
perature from 100 °C to 500 °C and volumetric flow
rate W ranging from 30 - 10° to 120 - 10° m?*/m® - hr.
The concentration of hydrocarbons in the industrial
emissions was measured by gas chromatography using
the device “Crystal 2000 M”. The concentration of
carbon monoxide was measured by means of the gas
analysis instrument “Palladium-3".

The results of the tests conducted in the flow of ex-
haust gases showed that the efficiency of the new cata-
lyst proposed and the catalyst containing 0.2 %wt. of
platinum differ slightly (Fig. 1, a, ). The highest de-
gree of conversion at a lower temperature was observed
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Fig. 1. Catalytic effect of the catalysts under review:
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a — in the oxidation of CO, %, b — in the oxidation of C,,H,, %; 1 — Pt-catalyst; 2— 30 % Ni+ 10 % Co + 11 % Mn +

+2% Cu+47 % Al; 3— 52 % Al + 48 % Ni

in both cases. In the flow with W=30- 103 m3/m? - hr,
under the influence of the catalysts the degree of CO
neutralization reached 99.9 % at the temperature of
200 °C. The same degree for C,,H,, was reached under
300 °C. The catalyst with the 52 % Al + 48 % Ni com-
position showed significantly lower activity. The oxi-
dation of CO and C, H,, was carried out in the flows
with different volumetric flow rates. The results show-
ed that with the increase of the volumetric flow rate
from 30 - 10° to 120 - 103> m3/m? - hr at the temperature
of 300 °C the degree of oxidation of CO and C,,H,, de-
creases from 99.9 to 95 % in case of utilization of the
new catalyst and the catalyst containing 0.2 %wt. of
platinum. For the 52 % Al + 48 % Ni catalyst the de-
crease was from 98 to 75 %.

The catalyst with the composition of 52 % Al +
+ 48 % Ni worked stably over 450 hours, after which the
degree of gas purification reduced sharply to 85 %. The
new catalyst worked for 720 hours. The degree of purifi-
cation reduced to 99 %. Because the exhaust gases of the
graphitization furnace contain SO,, the activity of the
catalyst with the composition of 52 % Al + 48 % Ni in
the oxidation of CO and C,,H, decreased after 10—
20 hours of work due to poisoning; it appeared unstable
towards SO,. Over the new catalyst and the catalyst pro-
moted with Pt, the presence of SO, causes a significant
shift (by 200 °C) of the curves of oxidation to the higher
temperature region.

Complete oxidation of CO and 95 % C,,H,, in the
presence of SO, was observed at temperatures of
450 °C, over the new catalyst, and 400—420 °C, over
the Pt-catalyst at W =50 x 103 m® / m*® - h. The new
catalyst worked for 600 hours.

The comparison of the results showed that in the
conditions of thermal autoignition the new catalyst has
substantial advantages with respect to the contacting
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temperature since it allows for temperatures of the
process lower by =80 °C. It has 1.6—1.7 times longer
duration of operation than the catalyst with the com-
position of 52 % Al + 48 % Ni, and its catalytic proper-
ties are equal to those of the catalysts containing noble
metals. Based on the results we recommend the cata-
lyst for industrial use.

For neutralization of exhaust gases from kilns, we
recommend the two-step purification scheme, ac-
cording to which the first step is the purification of the
gas by C-type electrostatic precipitator from resinous
substances and the second step is the elimination of
carbon monoxide in the catalytic reactor (Fig. 2). We
recommend the one-step neutralization of the waste
gas in the catalytic reactor for graphitization furnaces
(Fig. 3). Each kiln and graphitization furnace needs its
own reactor.

By means of a ventilation unit, the exhaust gases
produced by kilns and graphitization furnaces are sent
to the preheater, where they are heated by the heat of
flue gases produced by natural gas burning to the tem-
perature of 200 °C to start the catalytic reaction, and
then pass to the catalytic reactor for neutralization. We
recommend using the new intermetallic catalyst with
the composition of 30 % Ni+ 10 % Co + 11 % Mn +
+2 % Cu+47 % Al [9].

The most compact and economical device is a cy-
clone-type reactor with a radial gas inlet. The catalyst
basket and the adjacent tube-type heat exchanger are
inside [10]. Between the reactor shell and the outer
shell of the catalyst basket, there is an annular channel
through which the gas flows. In such a reactor, two
processes take place simultaneously: the catalytic oxi-
dation of CO and C,H, in the catalyst bed and the
heat recovery. First, the exhaust gas flows through the
shell side of the recuperator, where it absorbs heat
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Fig. 2. Installation diagram of catalytic neutralization of kiln waste gases:

1 — kiln; 2 — electrostatic precipitator of resinous substances; 3 — ventilator; 4 — furnace-preheater; 5 — reactor;
6 — smoke exhauster; 7 — flue gas stack
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Fig. 3. Installation diagram of catalytic neutralization of graphitization furnace waste gases:

1 — graphitization furnace; 2 — ventilator; 3 — furnace-preheater; 4 — reactor; 5 — smoke exhauster; 6 — flue gas stack
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from the partially purified exhaust gas, next, to the
header and the mixing chamber, where it is mixed with
the hot flue gases fed from the combustion chamber.
The exhaust gases heated to the temperature required
for the catalytic oxidation are headed to the filling lay-
er of the catalyst basket for oxidizing CO and C,,H,, to
carbon dioxide and water. The purified hot exhaust
gases flow to the tube side of the recuperator and the
smoke exhauster removes it from the apparatus to the
flue gas stack.

The total gas flow rate through the reactor was
40000 m3/hr, the required amount of catalyst was
1.25 m? in the catalyst bed of 0.44 m height, the cata-
lyst weight was 540 kg. According to GOST 9617-67,
the diameter of the reactor is 1.9 m and the height is
3.8 m.

The capital costs of construction of such reactors
are usually 15—20 % lower. The combined reactor re-
quires the area of 60—70 m?, while industrial reactor of
the same productivity (40 000 m?/h) requires mini-
mum 120 m>.

The utilization of the new catalyst ensures com-
plete neutralization (99.9 %) of CO and C,H,, in the
kiln exhaust gas at the temperature of 300° C with the
volumetric flow rate of 32 000 h™!, which ensures low
energy consumption of the process. A higher tempera-
ture is required (450 °C) to achieve the same effect in
the neutralization of the exhaust gas of graphitization
furnaces.

In the process of purification of exhaust gas of the
kiln, the new catalyst worked for 720 hours and in the
graphitization furnace, it worked for 600 hours. When
the activity of the catalyst reduced to 95 % because of
the carburization with resinous substances, it subject-
ed to regeneration.

The catalyst with the new composition can be used
at different plants for neutralization of CO and C,,H,,.

To assess whether the air in the housing area af-
fected by the emissions of the PAT “Ukrgrafit” meets

the sanitary standards the ground level concentrations
of pollutants were measured before and after installa-
tion of the catalytic gas purification plant for kilns and
graphitization furnaces. The calculation was per-
formed using the PLEINAIR-1.25 software developed
by the SP “Interex” (Kyiv, 1994). The software works
in accordance with the document OH/I-86 “Method
of Calculation of the Harmful Substances Concentra-
tion in the Air Polluted by Industrial Emissions” and
was approved by the Ministry of Ecology and Natural
Resources of Ukraine.

The modelling of the dispersion of pollutants in the
air of the residential area, taking into account the
background level, showed the elevated surface con-
centrations of carbon monoxide, naphthalene and
phenol of 1.05 MAC, 1.1 MAC and 1.14 MAC, respec-
tively. The results proved the need for conservation
measures to minimize emissions of these substances.

Currently, according to Order no. 309, the emis-
sions of all harmful substances produced by the kilns
and graphitization furnaces of PAT “Ukrgrafit” do not
exceed norms, except for carbon monoxide. The con-
centration of carbon monoxide in the emissions 2—
7 times exceeds the norm (the maximum concentra-
tion is 1750 mg/m? while the norm is 250 mg/m?3).

After neutralization of the waste gases of the kilns
and graphitization furnaces over the developed cata-
lyst, the surface concentrations of the pollutants emit-
ted from these sources in residential areas will lower to
the background level (Table). The regulations stated in
the Order Ne 309 dated June 27, 2006, will be ob-
served.

Conclusions. The method of deactivation of waste
gases containing carbon monoxide and hydrocarbons
that are emitted by graphitization furnaces, which is
based on intermetallic catalysts, have been developed
and recommended for implementation at the enter-
prise PAT “Ukrgrafit”. The results of comparative
tests showed that the developed catalyst cycle life is

Table

The values of surface concentrations of pollutants in residential areas before and after the PAT “Ukrgrafit”
exhaust gas purification by the developed catalyst

Backeround Maximum Concentration Maximum Concentration
Short-Term Conce%ltration Including Background Including Background
Substance MAC, Concentration Before Purification | Concentration After Purification
mg/m’ mg/m? | MAC me/m’ MAC me/m® MAC
& fraction & fraction & fraction
Carbon s
monoxide 5.0 4.69 0.938 0.571 (5.26) 0.114 (1.052) 0.0003 (4.69) 7 - 107 (0.938)
Benzol 1.5 0.6 0.4 0.018 (0.618) 0.012 (0.412) 0.00003 (0.60) 2-107(0.4)
Styren 0.04 0.016 0.4 0.011 (0.027) 0.280 (0.680) 0.00005 (0.016) 0.001 (0.401)
Benzapyrene - - - 0.000010 (—) 0.990 (—) Calculation makes no sense
Naphthalene 0.003 0.0012 0.4 0.002 (0.003) 0.695 (1.095) | 0.00004 (0.0016) | 0.012 (0.412)
Acenaphthene 0.07 - - 0.063 (—) 0.902 (—) Calculation makes no sense
Phenol 0.01 0.004 0.4 0.007 (0.011) 0.740 (1.140) 0.00007 (0.0041) | 0.007 (0.407)
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1.6—1.7 times longer than that of the known nickel
catalyst. After neutralization of exhaust gases emitted
by graphitization furnaces by means of the developed
catalyst, the surface concentrations of the pollutants in
residential areas will be at the background levels. The
emissions of all contaminants will meet the standards
stated in the Order no. 309 dated June 27, 2006.
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Meta. YnocKoHaJeHHS MPOLIECIiB 3HEIIKOMKEH-
HS Ta30BUX BUKUAIB MiANPUEMCTB BUPOOHMIITBA
eJIEKTPOIiB 1151 3a0e3IeYeHHST SIKOCTi aTMOC(hEPHOTO
MOBITPs Ta HOTPUMAHHS €KOJOTIYHUX HOPMATUBIB,
BCTaHOBJIEHUX B YKpaiHi.

Metonuka. BunpoOyBaHHSI KaTajli3aToOpiB Ha
e(EeKTHUBHICTb MPOBOAUIN Y CTPYMi BilXiTHUX rasiB
rneyveil BUNaty ta rpadirauii Ha JJabopaTopHilt ycTa-
HOBLII TIpu BapitoBaHHi Temmneparypu Big 100 mo
500 °C i 06’eMHOI IIBUAKOCTI ra30BOTO MOTOKY W Bin,
30 - 10% go 120 - 10° M3/M> - ron. 1st OLIHKY OOTPU-
MaHHS$I CaHITapHO-TITIEHIYHUX HOPM Y XKMTJIOBIiH 3a-
Oy0OBi B 30Hi JIi1 BUKU/IIB 10 i MiCJIsI ycTAHOBKM KaTa-
JIITUYHOTO OYMILEHHS Ta3iB, 110 BiIXOAATh Bil Ireyeit
BUTaly Ta rpadiTailii, BAKOHaHO pO3paxyHOK PiBHS
MPU3EMHUX KOHIIEHTpaLlili 3a0pyTHIOIOUNX PEYOBUH
B aTMOC(EpHOMY TOBITPi 3 BUKOPUCTAHHSIM IIPO-
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rpamHoro komruiekey ,,JITTEHEP-1.25%, 3acHoBaHO-
ro Ha ,,MeTOIMKN PO3paxyHKy KOHIICHTpAIliii B aT-
MochepHOMY MOBITPi MKIATUBUX PEYOBUH, 110 Mic-
TITBCS Y BUKHUAAX IIPOMUCIOBUX MiAIIPHUEMCTB
(OH/1-86) i moromkeHoro 3 MiHIIpupoAu YKpaiHu.

Pe3yasraTn. MonentoBaHHS PO3CilOBaHHS 3a-
OpYIHIOIOUMX PEYOBHUH Y IOBITpPi MTOKAa3aJIo MepeBr-
IIEHHSI TPU3eMHUX KOHLIEHTPALliil Y >KMTJIOBiii 30Hi 3
ypaxyBaHHSIM (hOHY [JIsl OKCUAY BYIJIELIO, Ha(pTalliHy
i ¢peHoumy, sIKi cTaHOBAATH, BignosinHo, 1,05 TAK, 1,1
I'’IK i 1,14 TAK, 1o 3yMoBMJIO HEOOXiTHICTh MTPOBE-
JIEHHSI IPUPOJTOOXOPOHHUX 3aXOIiB 3 MiHiMi3allii BU-
KUAIB IIUX PEYOBUH. Y pOOOTi MPOBEAEHO MOPiB-
HSUTbHI BUTTIPOOYBAaHHS 3 BUKOPUCTAHHSIM PO3pobie-
HOTO Ta iCHYIOUYOro KaTaji3aTopiB AJs1 3HELIKOIKEeH-
Hd BiIXigHUX Ta3iB Bif Imedeil BUMady Ta rpadirtalrii.
Pesynbraty nmopiBHSJILHUX BUIIPOOYBaHb MOKa3alu,
110 po3poOJIeHU CKJIaJ KaTajlizaTopa Ma€e TepMiH
cayxou B 1,6—1,7 pa3u GiAbLINIA, HIX Y BiZOMOTO Hi-
KeJIeBOTO KaTaJlizaTopa. 3aCTOCYyBaHHSI pO3pO0JIeHO-
ro ckJjaay KaTajizaTopa J03BOJIMJIO TMiABUILIUTU CTY-
HiHb OYMIIeHHS Ta3iB 1o 99,9 %. Ilicnsa 3HemIko-
JIDKEHHSI TeXHOJIOTIUHUMX Ta3iB Bif Iedyeil BUMaly Ta
rpadirtanii Ha po3poOJeHOMY KaTaji3aTopi, pu3emM-
Hi KOHIIEHTpAllil BCiX 3a0pyIHIOIOUUX PEYOBUH, IO
BiAXOASATD Bill LIMX AXKEpeJI, Y XKUTIOBii 3a0ynoBi Oy-
JIyTh Ha piBHi (DOHOBUX 3HAYEHD.

HaykoBa HoBu3HaA. TeopeTMYHO OOIpyHTOBAHO
Ta eKCIICPUMEHTAJIPHO ITiINTBEPIKCHO ITiMBUIIICHHS
€KOJIOTIYHOI O€3TTEKN BUKHUIB LIJTSIXOM KATaJIITUIHO-
IO 3HEIIKOIKEHHST OKCHUAY BYIVICIIO Ta BYIJICBOIHIB
Ha iHTepMeTaigHUX KaTalizaTopax.

IIpakTnyna 3HaumMicTb. Po3po0ieHo Ta peko-
MEHIOBAaHO JUIS BIPOBAIKEHHS Ha IMiANPUEMCTBI
ITAT ,,Ykprpadit™ crnocié 3HEHIKOIXXEHHSI Ta30BUX
BUKUIIIB, IO MICTSITh OKCUJ BYIJIELIO I BYIJIEBOJIHI,
BiI meueil Bunaty Ta rpadirtallii Ha iHTepMeTaTiAHUX
KaTajiizaTopax.

KirouoBi ciioBa: eazoei eukudu, okcud gyene-
Uro, 8Yy21e800HI, 3HEUKOONCCHHsI, IHmepmMemanio-
HUll Kamanizamop

ITens. CoBepiieHCTBOBAHME ITPOIICCCOB 00E3Bpe-
JKMBaHUS Ta30BbIX BBIOPOCOB MPEAIIPUSITUI IPOU3-
BOJICTBA 3JICKTPOIOB /151 0OeCIIeYeHUsI KaueCcTBa aT-
Moc(hepHOro Bo3ayxa 1 COOJTIOACHUS 9KOJIOTUYECKUX
HOPMAaTHBOB, YCTAHOBJIEHHBIX B YKpauHe.

Metomuka. McnbiTaHusl KaTaJiu3aTopoB Ha 2¢-
(beKTUBHOCTH MPOBOAMIIM B TOKE OTXOMSIIUX I'a30B
neyei oOxura M rpadurauuyd Ha JabopaTOpHOM
YCTaHOBKE TIPU BapbUpOBaHUU TeMItepaTypsl oT 100
110 500 °C 1 06beMHOIT CKOPOCTH ra3o0BoOro rmoroka W
ot 30 - 10° mo 120 - 103 M3/M* - 4. ;1 oLleHKHM cobIOo-
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IEHWST CAaHUTAPHO-TUTUEHUYECKNX HOPM B XKUJIOM
3aCTPOIKe B 30HE ACUCTBUS BHIOPOCOB OO WM TIOCTIE
YCTAaHOBKM KaTATUTUICCKOM OYMCTKU OTXOMSIIINX Ta-
30B OT ITeueit 00Xura 1 rpacUTallK BEITIOHEH pac-
YeT YPOBHSI IMMPU3EMHBIX KOHIICHTPAIINI 3aTpsI3HSIO-
IIUX BEIIECTB B aTMOC(EPHOM BO3IYXE C UCITOJIb30-
BaHMEeM  mporpaMmHoro  komruiekca  ,ITJIE-
HBP-1.25*, ocHoBaHHOTO Ha ,,MeTomMKe pacueTa
KOHIIEHTpalUuii B aTMOCHEPHOM BO3IyXe BPEIHBIX
BEILIECTB, COAEPXKAIIUXCS B BhIOpOCaX MPOMBIIIICH-
HbIX nipennpuaTuii™ (OH-86) u cornmacoBaHHOTO C
MuHnpupoasl YKpauHbl.

PesyabraTsl. MoneanpoBaHUe pacceBaHUsI 3a-
TPSI3HSIIONINX BEIISCTB B BO3MYyXE ITOKA3aI0 IIPEBBI-
IIeHNe TTPU3EMHBIX KOHIIEHTPAIINI B JKIJIOI 30HE C
yaeToM (pOHA I OKCHIA yIiepoma, HadTaanmHa U
¢deHoma, KOTopble COCTaBJISIOT COOTBETCTBEHHO 1,05
MNAK, 1,1 TTAK u 1,14 TIIK, yTo 06ycioBuio HeoO-
XOIUMOCTh IIPOBEACHUS IIPUPOIOOXPAHHBIX MEpPO-
MPUSITUN IO MUHUMM3ALIMU BHIOPOCOB 3TUX BEILIECTB.
B paGote npoBeaeHbl CpaBHUTEbHbIE UCITBITAHUS C
HCIIOJIb30BaHUEM Pa3pabOTaHHOIO U CYIIECTBYIOLIE-
TO KaTaJIn3aTOPOB JIJIsI 00€3BPEXKMUBAHMST OTXOMSIIIIAX
ra3oB OT Ieuyeil ooxura u rpadutanuu. Pesyasrars
CPaBHUTEJIbHBIX WCIBITAHUI TTOKa3ajau, YTO pa3pa-
OOTaHHBIN COCTAB KaTaIM3aTopa MUMEET CPOK CITY>KOBI
B 1,6—1,7 pa3a GOJIbILINIi, YEM Y U3BECTHOIO HUKEJIE-
Boro karanmsaropa. I[IpumeHeHUE pa3paboTaHHOIO
coCTaBa KaTaJm3aTropa ITI03BOJMJIO TTOBBICUTH CTE-
MeHb OUMCTKHU ra3oB 110 99,9 %. [ocie o6e3BpexuBa-
HUSI TEXHOJIOTMYECKUX Ia30B OT ITeueii 00Xura u rpa-
duTanuy Ha pa3pabOTaHHOM KaTajau3aTope, MpHu-
3eMHbI€ KOHILIEHTpPAllMM BCEX 3arps3HSIOIINX Be-
LLIECTB, OTXOASIIUX OT 3TUX MCTOYHUKOB, B >KWJIOMH
3aCTpoiike OyayT Ha ypoBHE (DOHOBBIX 3HAYEHUT.

Hayuna noBusHa. TeopeTuyecku 060CHOBAHO U
SKCIIEPUMEHTATILHO TTOATBEPXKIEHO TTOBBIIIIEHNE KO-
JIOTUYECKOM 0€30ITaCHOCTH BBIOPOCOB ITyTeM KaTajIu-
THUYECKOTO 00e3BpEKMBAHUS OKCHIA YITIepoIa 1 yIje-
BOIOPOIOB HAa MHTEPMETAJUIMIHBIX KaTaIl3aTOPax.

IIpakTuyeckasi 3Ha4MMoOCTb. PazpabotaH u pe-
KOMEHIOBAaH [Jiss BHENPEHUsS Ha TIPEAIIPUSATUC
ITAO ,,Ykprpadut™ criocod o0e3BpeXMBaHUS Ta30-
BBIX BBIOPOCOB, CoAepKallluX OKCUI yIJIepona U yrjie-
BOJIOPOBI, OT Meveld obxkura u rpacduTaliiu Ha UH-
TepMeTaJIUIHbBIX KaTau3aTopax.

KiroueBble c10Ba: 2a3o8bLe b10pocyl, OKCUO yene-
pooa, yeneeo0opoovl, 00e38pedcUsanue, UHmMepme-
MannuoHbLil KAMaiu3amop
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