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DEVELOPMENT OF CATALYSTS FOR NEUTRALIZING
TOXIC NITROGEN OXIDES IN GAS EMISSIONS
OF NITROGEN ACID PRODUCTION

Introduction. Reducing nitrogen oxides (NO,) emissions from industrial plant is one of the most important environmental
issues. Selective catalytic reduction (SCR) of NO_is the main way to neutralize NO_emissions, the effectiveness of which is
determined by the activity of catalysts that need to be improved.

Problem Statement. SCR NO_ with ammonia using aluminum-vanadic catalyst (AVC-10) is the main method for
neutralizing toxic NO, in gas emissions from nitrogen industry plants. However, this catalyst contains toxic vanadium and
does not meet present-day requirements for degree of purification from NO, and decomposition of residual NH,. Therefore,
it is very important to develop and to implement a technology for manufacturing vanadium-free catalysts to neutralize NO,
in gas emissions and for their further use in industry, which will help improve the environment condition.

Purpose. To develop and to implement technology fundamentals for producing a highly active aluminum-copper-zinc
catalyst for SCR NO_with ammonia to neutralize NO, emissions in nitric acid production.

Materials and Methods. Aluminum-copper-zinc catalysts are prepared by impregnating y-Al,O, granules (grade A-1)
with solutions of copper and zinc nitrates. The activity of catalysts is determined in a flow-bed reactor equipped with a gas
analyzer.

Results. A technology for preparation of nanophase aluminum-copper-zinc catalysts with a crust structure of the active
layer for selective reduction of nitrogen oxides in gas emissions of nitric acid production has been developed. The technology
ensures the localization of copper oxide in the surface layer of carrier granules, which causes a high activity of catalysts
based on this technology as compared with conventional catalysts.

Conclusions. The technological process of designed catalyst production has been worked out under conditions of
Katalizator Additional Liability Company, Kamianske (Dnipro Oblast). Tests carried out using a pilot plant at operating unit for
light nitric acid production at Ostchem have showed that the designed catalyst ensures reducing the amount of residual
nitrogen oxides in purified gas down to 0.001—0.002 vol. % and removing almost all ammonia from the gas.

Keywords: nitrogen oxides, selective catalytic reduction, oxide aluminum-copper-zinc-containing catalyst, and copper
oxide.

Reducing the atmospheric pollution with to- | tion standards (EU Commission Implementing
xic emissions from industry and vehicles re- | Decision 2017/1442) that have significantly tigh-
mains one of the most important environmental | tened the harmful substance emission restraints
protection problems, as evidenced by the intro- | should be implemented by 2021. To integrate into
duction of stringent requirements for emissions | the European community, Ukraine shall tighten
in the EU Member States and the European Eco- | the requirements for toxic gas emissions into the
nomic Area (EEA). New atmospheric air pollu- | atmosphere at the legislative level. The develop-
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dustrial exhaust gases, harmonize them with the
European standards and create knowledge-in-
tensive production.

Nitric acid production is a multi-tonnage pro-
cess of chemical industry, which encompasses the
ammonia oxidation with air on a platinum cata-
lyst to NO and its subsequent oxidation to NO,
while cooling. The resulting technological gas is
adsorbed with water in an oxygen-containing
medium with the formation of nitric acid. Since
one of the three NO, molecules involved in the
formation of nitric acid is again reduced to NO, it
is difficult to achieve a complete transformation
of nitrogen oxides into acid, which results in the
necessity to neutralize residual nitrogen oxides [1].

There are various techniques for purifying nit-
rous gases from nitrogen oxides, but in the in-
dustry, the widespread ones are absorption and
catalytic methods. The absorption methods are
based on the interaction of nitrogen oxides with
aqueous solutions of alkalis. The formed nitrous
oxide salts are used in industry and agriculture.
The disadvantage of these methods is a low deg-
ree of gas purification, which does not meet the
sanitary norms for emissions of nitrogen oxides
into the atmosphere, the need for using large pro-
duction equipment, as well as additional techno-
logical and transportation costs for processing
the resulting solutions. Therefore, mainly the
catalytic methods are used neutralizing nitrogen
oxides on industrial scale. In practice, it is advi-
sable to use reducing gases and catalysts with a
lower ignition temperature. This enables to in-
crease the oxygen content in the initial gas mix-
ture and to carry out the process in one stage. The
highest degree of reduction of nitrogen oxides to
nitrogen is achieved in the absence of oxygen in
the gas mixture reacting with reducing agent.

Selective catalytic reduction (SCR) of nitro-
gen oxides in the case of a high amount of exces-
sive oxygen with the use of nitrogen-containing
compounds (NH,, (NH,),CO) as reducing agents
is an efficient and environmentally acceptable
way of abating NO_in gas emissions from nitro-
gen plants, trucks, and diesel-electric aggregates.

The peculiarity of this reaction is the addition of
ammonia in amount that is close to stoichiomet-
ric value and sufficient for complete conversion
of NO_. The SCR process has been used for se-
veral decades to reduce the content of nitrogen
oxides in emissions from industrial and power en-
gineering plants [1].

Currently, in Ukraine, foreign-made block ca-
talysts — the oxide (VWAI, VWTi, CeWTi, Mn-
WTi) or the zeolite (copper, iron or cobalt-con-
taining zeolites deposited on a cordierite matrix)
ones — are used to reduce nitrogen oxides in die-
sel exhaust fumes [2]. The technology for produ-
cing these catalysts is the manufacturer intellec-
tual property that has a significant share in the
added value of their products.

Granulated aluminum-vanadium catalyst
(AVC-10) that was designed and introduced in-
to practice in the USSR has been used on indust-
rial scale for purifying the emissions from nitric
acid production by the SCR method with ammo-
nia. Its disadvantage is the use of highly toxic,
not easily available, and expensive vanadium com-
pounds and insufficient catalytic activity for de-
composing/combusting residual ammonia.

The world scientific community has been do-
ing research to replace vanadium as main compo-
nent of the catalysts for SCR of NO_with ammo-
nia in order to convert NO_ into other less toxic
substances. The use of metal-containing zeolites,
including, Cu, Fe-, and Co-VEA, is of particular
interest [1, 3]. The activity, selectivity, and ther-
mal stability of Fe- and Cu-exchange zeolites as
commercial catalysts for neutralizing NO_ emis-
sions of diesel engines have been widely studied
[4]. However, the zeolite catalysts have both ad-
vantages (high activity, selectivity) and disad-
vantages (high cost, no production of VEA zeo-
lite in Ukraine, peculiarities of the formation of
massive catalysts and complexity of their use in
the existing industrial plants) that have prevent-
ed their use at domestic enterprises.

Combinations of cerium, tungsten, iron, man-
ganese, and other oxides are promising for prac-
tical application [4]. The cerium-based catalysts
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can be an alternative to the conventional V,O.-
WO, (MoO,)/TiO, catalysts for purifying the
emissions from stationary power stations due to
their non-toxicity and high oxygen storage capa-
city in SCR of NO_ with ammonia [5, 6]. Among
various cerium-based composite oxide catalysts,
CeO,-WO, and CeO,-MoO, have better proper-
ties, including a high activity and selectivity
(about 100% for N,), a wider working tempera-
ture range (250—400 °C), and a higher resistance
to the action of H,O and SO, [7].

An important task is also to replace the high-
temperature reduction of nitrogen oxides with
methane, based on the palladium-containing cat-
alyst APC-2 (that has been used so far for purify-
ing the exhaust gases emitted by heavy-tonnage
aggregates AK-72 at domestic nitric acid produc-
tion enterprises) by the SCR with ammonia. In
UKL-7 aggregates, nitrous oxides are abated by
the selective reduction with ammonia, based on
a vanadium-containing catalyst (AVC-10) (va-
nadium oxide: 12—15 wt%, manganese oxide on
y-ALO,: 1.0%). However, inasmuch as the AVC-10
is toxic and exhaust gas purification is inadequate,
it should be replaced by an environmentally safe,
cheaper and more effective catalyst.

Katalizator, ALC, has proposed to use an alu-
minum-copper-zinc (ACZ) catalyst that does not
contain any highly toxic components, in the cur-
rent production. However, a high degree of re-
duction of nitrogen oxides and oxidation of re-
sidual ammonia can be achieved only in the case
of a high content of copper oxide (about 14 wt%),
which significantly affects its cost and, conse-
quently, competitiveness in the market.

The purpose of this research is to develop and
to implement the technological principles for the
production of CuO-ZnO/Al O, catalysts for the
selective reduction of nitrogen oxides with am-
monia, which are characterized by a higher activ-
ity, selectivity, and a lower content of high-value
components, as compared with domestic and for-
eign analogs.

The aluminum-copper-zinc catalysts are pre-
pared by impregnating aluminum oxide granules
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y-Al,O, (grade A-1) with solutions of copper and
zinc nitrates, based on the moisture content. The
modified catalysts are made using solutions of
iron, manganese, cerium nitrates or zirconium
oxychloride. The crust-type ACZ catalysts are
prepared by impregnating aluminum oxide gran-
ules with the mentioned solutions adding ammo-
nia in amount required for hydrolyzing salts only
in the near-surface layer of the carrier. The sam-
ples are kept at a room temperature, dried at
110—120 °C, and treated with heat at 400—750 °C.
The content of the components in the catalysts is
given in terms of oxides.

The phase composition of catalysts samples is
determined by X-ray diffraction analysis (XRD).
The diffraction patterns are obtained using
BRUKER AXS GmbH D8 ADVANCE (Germany)
diffractometer in monochromatic (nickel filtered)
CuKa-radiation.

The microanalysis (semi-quantitative local de-
termination of the chemical composition at points
located at a 10 um diameter circle) and mapping
of the distribution of certain elements of the sam-
ple surface are made by the energy-dispersive X-
ray spectroscopy (EDXS) method using an add-
on (Bruker, Germany) to the Tescan high-emis-
sivity scanning microscope (Czech Republic).
The samples are prepared by applying a powdered
catalyst to a carbon-based adhesive substrate.

The valence state of the catalyst active compo-
nents is studied by the X-ray photoelectron spec-
troscopy (XPS) method. The source of mono-
chromatic X-rays is AlIKa (1486.6 ¢V), the inter-
nal standard is the energy of C 1s electron band
(284.7 V). The samples are prepared by applying
a powdered catalyst to an indium foil with subse-
quent injection.

The catalytic properties have been studied in a
flow-type quartz reactor in which 1.6 cm? cata-
lyst (granules having a diameter of 2—3 mm) is
loaded. The reaction mixture composition is as
follows: 0.15% NO, 0.195% NH,, 5% O,, the rest
is argon and nitrogen. The flow rate of the gas
mixture is 400 cm?®/min, the volumetric flow rate
is 15000 h=' (the volumetric flow rate in the man-
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ufacturing conditions is about 7500 h—'). The ini-
tial mixture and the reaction products have been
analyzed using a gas analyzer ANKAT-410 (Anal-
itpribor, Russia) equipped with electrochemical
cells to measure the content of nitrogen oxides
(NO,NO,, ppm) and ammonia (NH,, mg/m?).
An industrial catalyst sample provides a 98%
conversion of nitrogen oxides in the manufactur-
ing conditions, at a volumetric flow rate of 7500
h~'; when tested in the laboratory conditions, at a
higher volumetric flow rate (15,000 h="), such in-
dicators have not been reached because of a high-

er load. The studies under such conditions have
enabled to expand the scale for assessing the dif-
ferences in the activity of ACZ catalysts as com-
pared with the commercial ones. The results of
laboratory studies of the activity of ACZ catalyst
used in industry and the catalysts designed while
implementing the project are given in Table 1.
The studies of ACZ catalysts with a copper
content from 10 to 14 wt% (Table 1, samples
2—4) have shown that with an increase in the
copper content, the conversion of ammonia in-
creases from 87.7% to 98%, at 330 °C, although

Table 1
ACZ and Cu0O-ZnO/AlO, Catalyst Activity at a Volume Velocity of 15000 h—"
Conversion
No. Catalyst T,°C
NO, % NH,, %

1 | Commercial ACZ(14% CuO-4 %Zn0O/Al0,) 300 91.3 83.6
330 914 95.6
2 | 10 % CuO-5 % ZnO/ALO, (650 °C)' 300 90.2 77.6
330 91.6 87.7
3 | 12% CuO-5% ZnO/AL0O, (650 °C) 310 91.7 90.4
330 92.3 92.3
4 | 14 % CuO-5 % ZnO/Al0, (650 °C) 305 94.1 97.2
330 92.0 98.0
5 | 10 % CuO-5 % ZnO/ALO, (750 °C) 310 93.5 90.5
330 94.4 95.3
6 | 14 % CuO-5%Zn0O/Al0, (750 °C) 310 95.0 98.8
330 92.0 98.0
7 | 14 % CuO-5% ZnO/Al0, (Al(OH),/750 °C) 310 97.0 86.7
330 96.9 94.3
8 | 1% Fe,0,/12% CuO-5% ZnO/AlLO, (650 °C) 300 95.9 84.7
330 96.4 97.0
9 | 1% Mn,0,/12 % CuO-5% ZnO/Al 0, (650 °C) 300 95.4 85.6
330 95.5 96.4
10 | 1% Ce0O,/12 % CuO-5 % ZnO/AlL,0, (650 °C) 300 94.4 88.0
330 94.4 97.5
11 | 1% Zr0,/12 % CuO-5 % ZnO/Al,0, (650 °C) 300 93.9 87.5
330 93.7 98.1
12 | 10 % CuO-ZnO/ALO, (0.5 wt% NH,OH)? 300 94.4 85.4
330 94.5 97.4
13 | 10 % CuO-ZnO/ALO, (1.0 wt% NH,OH)* 300 91.1 82.2
330 91.8 93.7
14 | 10 % CuO-ZnO/ALO, (1.2 wt% NH,OH)* 300 93.7 81.0
330 94.0 94.5

! Catalyst heat treatment temperature. 2 Simultaneous soaking with solutions of zinc and copper nitrates in the presence of
ammonia hydrate. ? Sequential soaking by zinc nitrate solution with further treatment with heat and copper nitrate solution

in the presence of ammonia hydrate.
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the degree of conversion of nitrogen oxides re-
mains almost unchanged. The activity of ACZ
catalysts has been established to significantly in-
fluence their heat treatment temperature at the
stage of preparation. Thus, an increase in the heat
treatment temperature from 400 °C to 750 °C
contributes to growing catalyst activity: the con-
version of NO at a temperature of 330 °C in the
presence of a catalyst containing 10% CuO and
5% Zn0O/Al0,, which has been treated is 91.6 %,
at 650 °C, and 94.4%, at 750 °C; in the presence of
a catalyst containing 14% CuO and 5% ZnO/
AL O, treated at 400 °C, the conversion is 81%
and 92%, at 650—750 °C.

Fig. 1 shows diffraction patterns of samples of
catalysts containing 14% CuO and 5% ZnO/AlO,,
treated at different temperatures. As the heat
treatment temperature increases, so does the deg-
ree of crystallinity of the components. The ref-
lexes typical for CuO (35.4 °C, 38.7 °C) are ob-
served only for the sample treated at 400 °C. The
other reflexes typical for copper oxide have not
been reported, whereas the intensity of the refle-
xes typical for copper and zinc aluminates increa-
ses. However, in the case of industrial catalyst, a
significant amount of CuO (reflexes at 35.4 °C,
38.7 °C) has been observed, as some part of cop-
per unevenly contacts the surface of aluminum
oxide without the formation of copper aluminate.

According to the results of the catalyst surface
composition analysis, which has been made by
the EDXS method (Table 2), the catalyst con-
sisting of 14% CuO and 5% ZnO-Al,O, and the

20 25 30 35 40 45 50 55 60 65 70 75
20,°

Fig. 1. Diffraction patterns of 14 % CuO-5 % ZnO/ALO,,

catalyst heated at different temperature (7 — 400 °C; 2 —

650°C;3—750°C;4—750°C (2—3 mm fraction impregnated

with ALO,) and commercial catalyst (5), mheated at 650 °C)

industrial ACZ catalyst composed of 14% CuO
and 4% ZnO-Al,O, have the same content of the
elements.

The analysis of Cu 2p and Zn 2p XPS spectra
of ACZ catalysts (Fig. 2) shows that copper and
zinc in the catalyst are in the 2+ oxidation state,
which coincides with other data [8—10]. Redu-
cing the binding energy of O 1s and Al 2p elect-
rons for the catalysts produced in laboratory con-
ditions may indicate that copper and zinc alumi-
nates are formed during the preparation of the
catalyst [11].

Thus, the difference in the activity of the ACZ
catalyst in the manufacturing and laboratory
conditions may be explained by the fact that the
larger part of copper is concentrated in the cata-

Table 2

Chemical Analysis of Catalyst Surface by the EDXS Method

Component content
Catalyst Element
Unnormalized, wt% Normalized, wt% Normalized, % atom.

14 % CuO-5 % ZnO-AlLO, Cu 9.26 20.26 10.33
Al 32.47 71.06 85.36
Zn 3.97 8.68 4.30
Commercial ACZ catalyst Cu 9.38 20.14 10.25
(14 % CuO-4 % ZnO/Al,0,) Al 33.26 71.38 85.56
Zn 3.95 8.47 4.19
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lyst near-surface layer that is the most accessible
in the course of the catalytic reaction.

If to prepare the catalysts the powdered alumi-
num hydroxide is used instead of A-1 (y-AlLO,)
carrier, the activity of the obtained samples is
higher than in the case of the catalysts based on
y-Al,O, extruded granules (Table 1, sample 7).
This may be caused by a more even distribution
of active components throughout the catalyst
volume. A high activity of the sample prepared
using AI(OH), as an aluminum oxide source
opens the way to simplify the manufacturing pro-
cess of the ACZ catalysts, in particular, to reduce
the number of heat treatment stages by avoiding
the heat treatment of aluminum hydroxide to
form the oxide, since in this case it is possible to
extrude the hydroxide with active components.
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Fig. 2. XPS-spectra of catalysts based on Cu 2p (@), O 1s (b), Zn 2p (¢), Al 2p (d):

% Zn0O/AlLO,; 2 — 10 % CuO-5 % ZnO/AlLO,; 3 — commercial

ACZ catalyst consisting of 14 % CuO-4 % ZnO-A‘1203

The increase in ACZ catalyst activity can be
achieved by introducing modifying additives, in
particular, iron or manganese oxides (Table 1,
samples 8—11). In the case of these catalysts, NO
conversion is higher than in the case of the samp-
le containing the same amount of copper and
zinc oxides and even in the case of the sample
containing 2% more CuO. In addition, the intro-
duction of additives of iron, manganese, cerium,
and zirconium oxides contributes to an increase
in the ammonia conversion as compared with the
sample having the same content of copper and
zinc oxides.

Based on the studies of ACZ catalysts, one can
conclude that the major part of the active cata-
lyst component should be concentrated in the
near-surface layer. Therefore, further research is

ISSN 2409-9066. Sci. innov. 2019, 15(1)
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Fig. 3. Analysis of copper content in ACZ catalyst (10 % CuO-5 % ZnO/Al0,), prepared with the use of impregnation
solution containing 0.5 wt% ammonia hydrate (sample 12): @, ¢ — microphotograph of crust-type granular catalyst; b, d —
results of chemical analysis of granule depth by the EDXS method

focused on reducing the copper content in the
catalyst by preparing a crust-type catalyst, in
which the active component is concentrated on
the outer surface of the granules. The results of
studies of the crust-type catalysts in the process
of selective catalytic reduction of NO with am-
monia (Table 1) have shown that the addition of
ammonia hydrate to the solution of zinc and cop-
per salts contributes to the obtainment of more
active catalysts (sample 12) as compared with

ISSN 2409-9066. Sci. innov. 2019, 15(1)
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the samples impregnated with aqueous solutions
(sample 6). It should be noted that an especial in-
crease in the catalyst activity has been reported
in relation to the ammonia conversion in the SCR
process.

The 0.5wt% ammonia hydrate (NH, - H,O)
added to the solution for simultaneous impregna-
tion with zinc and copper salts is the maximum
permissible amount. An increase in the content of
the substance in the solution leads to the setting
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a b

Fig. 4. Photographs of extrude granules of the commercial
catalyst (a) and the designed crust-type ACZ catalyst (b)

of zinc hydroxide. For the sequential impregna-
tion (firstly, with a solution of zinc salts (without
ammonia), and then with a solution of copper ni-
trate), the ammonia content in the solution may
increase to 1.2 wt% (sample 14). Any further in-
crease leads to the setting of copper hydroxide.
The complete conversion of copper hydroxide
into a solution of copper ammonia is achieved
only by adding a significant amount of ammonia
water, resulting in a significant (or several times)
decrease in the copper concentration in the solu-
tion. However, it should be noted that only in-
creasing ammonia content from 1.0% to 1.2%
(samples 13 and 14) leads to a significant increase
in the catalyst activity.

The simultaneous impregnation of aluminum
oxide with zinc and copper salts enables obtain-
ing a more active catalyst (sample 12). This may
be explained by synergistic interaction of copper
and zinc compounds, which is achieved at the si-
multaneous uniform formation of common ox-
ides.

Table 3
Chemical Analysis of ACZ Surface Layer Prepared
with an Ammonia Hydrate Content of 0.5 wt% in the
Solution for Impregnation by the EDXS Method

Content
Element Unnormalized, Normalized, Normalized,
wt% wt% % atom.
Cu 9.85 21.73 11.06
Al 32.35 71.42 85.56
Zn 3.10 6.85 3.38

Fig. 3 illustrates the results of the study of dis-
tribution of active components on the diameter
of the crust-type catalyst pellet prepared with an
ammonia hydrate content of 0.5 wt% in the solu-
tion for impregnation. Proceeding from the above
data, it can be concluded that copper is found
mainly in the near-surface layer of catalyst pel-
lets.

The results of analysis of a 1 mm thick surface
layer of ACZ catalyst prepared with a content of
ammonia hydrate of 0.5 wt% in a solution for im-
pregnation (sample 12) by the EDXS method
are presented in Table 3. One can see that when
applying the salts of active components on alumi-
num oxide granules from ammonia solutions it is
possible to localize the active component mainly
in the near-surface layer.

Thus, the use of technique for preparing ACZ
catalysts by impregnating aluminum oxide gran-
ules with zinc and copper salts in the presence of
ammonia hydrate enables to obtain samples hav-
ing activity that are comparable to that of the
catalysts containing 40% more copper oxide. This
result is achieved due to the active components,
in particular, copper oxide, localized in the near-
surface layer, which form a crust-type catalyst
(Fig. 4).

Table 4 shows the results of laboratory studies
of a pilot batch of crust-type catalyst containing
10% CuO-4% ZnO-Al,O, prepared using the
proposed method. This catalyst has a high acti-
vity, ensures both an adequate level of NO purifi-
cation and decomposition of residual ammonia, in
industrial conditions (volumetric rate is 7500 h—,
NO content is 0.1%). In addition, its activity ex-
ceeds that of an analog containing 14% CuO. It
should be noted that the ratio NH,/NO = 1:1.2
the NO conversion goes beyond 99%. The further
increase in the excessive amount of ammonia does
not lead to any growth in this indicator. Conse-
quently, the use of developed technique for man-
ufacturing ACZ catalyst enables reducing the
content of copper in its composition and the ex-
cessive amount of ammonia for effective selective
catalytic reduction of nitrogen oxides.

ISSN 2409-9066. Sci. innov. 2019, 15(1)
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The technique developed in the laboratory for
the production of structured aluminum-copper-
zinc catalyst with an adjustable thickness of the
active layer has been elaborated and tested in in-
dustrial conditions.

To test the trial batch of the catalyst, a reactor
prototype has been manufactured based on the
terms of reference for the design a pilot plant for
testing a granular and structured ACZ catalyst
on the exhaust gases of a nitric acid production
unit. Diia Research & Innovation Corporation,
LLC (Kamianske, Ukraine) has elaborated the
technical and the design specifications. For man-
ufacturing a pilot batch of crust-type catalyst for
selective catalytic reduction of ammonia nitro-
gen oxides, Catalysis and Ecology Enterprise of
the Pysarzhevskyi Institute of Physical Chemis-
try of the NAS of Ukraine has developed techno-
logical regulations and an ad hoc procedure for
preparing a trial batch of granulated and struc-
tured aluminum-copper-zinc (ACZ) catalysts.
The technology for the production of structured
ACZ catalyst has been finalized at the facilities of
Katalizator Company and approved for the future
practical use, which has been certified by the rel-
evant document.

The developed catalyst has been tested in com-
mercial conditions using a pilot plant installed on
an operating unit for manufacturing light nitric
acid, at one of Ostchem companies. The catalyst is
loaded into a reactor prototype, and the charac-

teristics of exhaust gas purification from nitrogen
oxides and residual ammonia conversion have be-
en studied under conditions identical to the oper-
ating parameters of the purification unit of nitric
acid plant, namely:

+ volumetric rate of gas flow through the catalyst

bed: 7000—8000 h—;

+ temperature of the gas mixture before the cata-
lyst bed: 320—350 °C;

+ NH,/NO ratio in the gas mixture before the ca-
talyst: 1:1.2—1.3;

+ thickness of the catalyst bed: 800 mm.

The results of ACZ catalyst tests on the ex-
haust gases from the industrial plant are given in
Table 5.

From the given data it is possible to make a
clear conclusion that the developed catalyst sig-
nificantly improves the indicators of catalytic
reduction of nitrogen oxides as compared with
both domestic and foreign analogs. Also, an es-
sential advantage of the proposed catalyst, as
compared with all known analogs, is the almost
complete absence of reactive ammonia in the pu-
rified gas. This is explained by the fact that for the
effective implementation of the process on the
developed catalyst, the NH,/NO ratio in the re-
action medium, which ensures the concentration
of nitrogen oxides in the purified gas being lower
than the sanitary norms (0.001—0.002 vol.%), is
less than in the case of other catalysts. Ammonia
that has not reacted in the target process is al-

Table 4

Specifications of the Pilot Batch of 10 % CuO-4 % ZnO/Al,O,
Catalyst (volumetric rate = 7500 h1)

Conditions Conversion, % Residual content, ppm

NO, vol. % NH,, vol. % NH,/NO T.°C NO NH, NO NH,
0.15 0.195 1.3 300 99.7 90.6 4 85
315 99.6 97.2 6 26
330 99.4 100 9 0
0.15 0.18 1.2 300 99.6 95 5 44
315 99.6 100 5 0
330 99.6 100 5 0
0.10 0.12 1.2 300 99.9 100 2 0
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Table 5
Conditions and Analytical Results of the ACZ Catalyst Trial Batch Tests on a Prototype Plant
with the Use of Exhaust Gases from a Nitric Acid Production Plant
Exglsust Volumet- AIE;ZO_ ffl?fec;‘sttszcgl S}P:Srfes;:lrkc;;/t:l& Gas mixture composition, vol.% Purifica:
. icoc;nsﬁ?:lg/_h richrite, COIE?;IITP_ oo | o B ef(’)r‘e the| After the Before the reactor NH’S /Nox After the reactor tiﬁgir(;)m
: nm*/h reactor | reactor | Ny [ NO, ratio NH, | NO.
420 6700 240 31533520 8.2 8.1 0.133 | 0.102 1.30 0.00 |0.0013 98.7
420 6700 250 316 {335 19 8.2 8.1 0.139 | 0.110 1.26 0.00 |0.0012 98.9
430 6900 245 | 317 33720 8.2 8.1 0.136 | 0.100 1.24 0.00 |0.0010 99.0
450 7200 260 3201340 | 20 8.2 8.1 0.144 | 0.120 1.20 0.00 |0.0011 99.0
440 7100 255 322342120 8.2 8.1 0.142 | 0.110 1.29 0.00 |0.0010 99.0
440 7100 255 3201340 | 20 8.2 8.1 0.142 | 0.112 1.27 0.00 |0.0011 99.0
430 6900 255 32334421 8.2 8.1 0.142 | 0.110 1.29 0.00 |0.0018 98.4
425 6800 258 32213421 20 8.2 8.1 0.143 | 0.120 1.19 0.00 |0.0015 98.7
420 6700 260 320340 | 20 8.2 8.1 0.144 | 0.125 1.20 0.00 |0.0020 98.1
450 7200 258 320|340 20 8.2 8.1 0.143 | 0.118 1.22 0.00 |0.0018 98.5
450 7200 258 319339120 8.2 8.1 0.143 | 0.115 1.24 0.00 |0.0020 98.3
435 7000 250 32113411 20 8.2 8.1 0.139 | 0.110 1.26 0.00 |0.0018 98.4

most completely decomposed in the case of this

catalyst.

Hence, implementing the catalytic reduction
of nitrogen oxides by ammonia on the developed
catalyst enables to solve the following problems
at once:

+ to halve the concentration of nitrogen oxides in
gas emissions, as compared with the known do-
mestic and foreign analogs;

+ to reduce ammonia consumption for purifying
the exhaust gases by 8—10%;

+ to minimize (to remove almost completely) the
content of ammonia residue in the purified gas.
The mentioned above allows us to recommend

the developed catalyst and the new technology

for the purification of gas emissions for a wide
introduction. First of all, this applies to nitric
acid production plants, where the problem of pu-
rifying the exhaust gases from nitrogen oxides
is particularly important as the content of harm-
ful impurities after purification by the previous-
ly known methods exceeds the permissible stan-

dards.
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Thus, in the course of the project implementa-
tion, the composition and method for the prepa-
ration of ACZ oxide catalyst to be used in selec-
tive catalytic reduction of nitrogen oxides with
ammonia have been optimized, which ensures a
proper purification from nitrogen oxides and fur-
ther decomposition of residual ammonia.

The activity of ACZ catalyst has been estab-
lished to depend predominantly on the content of
copper oxide in its composition. A high activity is
ensured by 10 wt% content. The highest conver-
sion of nitrogen oxides has been found to be ac-
hieved by simultaneously impregnating the alu-
minum oxide carrier with copper and zinc salts,
which, according to the results of physical and
chemical studies, is caused by the formation of
complex oxide compositions heating the catalyst
mass.

A technique for preparing the crust-type struc-
tured nanophase ACZ catalysts for selective re-
duction of nitrogen oxides in gas emissions from
nitric acid production plants has been developed.
It ensures the localization of copper oxide in the
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near-surface layer of granular carrier, which re-
sults in a higher activity of the catalyst prepared
by the proposed method, as compared with the
conventional catalysts.

The new technology enables to reduce the con-
tent of CuO in the ACZ catalyst from 14% to 10%
without any loss of the reagent activity. When
using the developed catalyst to ensure a proper
purification from nitrogen oxides, the ratio NH,/
NO = 1:1.2 is optimal. It is lower as compared
with that for the known commercial catalysts.
This enables to reduce the ammonia consumption
for purifying the exhaust gases in the nitric acid
production industry. The introduction of addi-
tive promoter (iron, manganese, cerium or zirco-
nium oxides) to the catalyst can increase its ac-
tivity.

Technological regulations have been devel-
oped, a technological process has been elaborated,
and a trial batch of crust-type structured cata-
lysts for selective reduction of nitrogen oxides

has been manufactured. The developed catalyst
has been tested on a pilot plant installed on an
operating unit of light nitric acid production
plant at one of Ostchem companies. The tests have
shown that the performance of proposed catalyst
in terms of catalytic reduction of nitrogen oxides
significantly exceeds that for both domestic and
foreign analogs, as this catalyst provides reducing
the content of residual nitrogen oxides in purified
gas down to 0.001—0.002 vol.%.

The authors express their gratitude to engineer
M. Kurmach (Pysarzhevskyi Institute of Physical
Chemistry of the NAS of Ukraine, Kyiv) for his
help in studying the catalyst samples by physico-
chemical methods as well as to PhD 1. Khalakhan
and PhD K. Veltruska (Surface Science Laboratory
of the Charles University in Prague, CERIC-ERIC,
Czech Republic), for their assistance in the studies
by the XRD and by the CEM/EDXS and XPS met-
hods, respectively.
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PO3POBKA KATAJIISATOPIB JIJI1 SBHEITKOUKEHHSA
TOKCHMYHUX OKCUAIB A3OTY BTA3OBUX BUKNIAX
BUPOBHUIITBA A3OTHOT KUCJIOTU

Beryn. 3umkennsa piBHs BUKMAIB okcufis a3oTy (NO ) IpoMucIOBUMH IAIPUEMCTBAMU 3aJIMIIAETLCS OAHIEIO 3
BAXJIMBUX NPoOJIeM 3aXHCTy HABKOJIHMIIHLOTO cepeiosuiina. OcHoBHUM criocobom suerkokenns Bukmnais NO_ e nporiec
cenektuBHOTO KatasmituyHoro BiguosseHHst (CKB), edekTuBHICTD SIKOTO BM3HAYAETHCS AKTUBHICTIO KaTaTi3aTopiB, sKi
noTpebyI0Th BIOCKOHATEHHSI.

IIpodaemaruxa. CKBNO, amoniakom 3 Bukopucranusam karaiisaropa ABK-10 € ocHOBHIM CIIOCOOOM 3HEITKOKEHH
ToKcuyHuX croayk NO_ y rasoBux BUKMIAX IIAIPHEMCTB a30THOI IPOMUCJIOBOCTI. 3asHayeHMI KaTasisaTop MiCTUTL B
CBOEMY CKJIaJi TOKCHYHMII BaHaiiil i 3a piBHem oumcTku Big NO, Ta poskaagannsam saiuinkosoro NH, me Biamosizae
cydacHuM canitapauM BuMoram. OTike, BKJIMBUM € PO3POOJIEHHS Ta arrpodallist TEXHOJIOTIT BUTOTOBJIEHHsT Ge3BaHaIi€B-
MX KaTaJIi3aTopiB /ISl JAHOTO TIPOIIECY.

Mera. Po3poOka Ta BIIPOBA/KEHHSI TEXHOJOTIYHUX 3acal] BUTOTOBJIEHHS] BUCOKOAKTUBOIO aJTIOMO-MiJIHO-IIUHKOBOTO
(AMII) karanizatopa CKB NO_ 11T 3HENTKOKEHHsT BUKW/IIB Y BUPOOHUIITBI a30THOT KNCTIOTH.

Marepiamu it Mmetogn. AMII kartasmizaTopu roTyBajn HUIXoM nmpocodyenns rpany’ y-Al,O, (mapkn A-1) pozunna-
MU HiTpaTiB Mi/li Ta IIUHKY. AKTUBHICTh KaTaJai3aTOPiB BU3HAYAJIM B OCHAIIEHiIT Ta30aHAMi3aTOPOM YCTAHOBII TTPOTOY-
HOTO THITY.

Pesyabsrat. Po3po6iieno TexHosorio npurotyBants Hanodaszaux AMII katanisaTtopiB i3 «CKOPUHKOBYIO» CTPYKTY-
poto akrueHoro mapy aas CKB NO_ B rasoBux BHKHIAX BHPOOHHIITBA a30THOI KHCJIOTH, siKa 3abesredye JIOKasisaIiio
OKCHIy MiAi B TIPUIIOBEPXHEBOMY IHapi IPaHyJM-HOCISA, 10 OOYMOBJIIOE BHINY aKTHBHICTb, MOPIBHSHO 3 iCHYIOUMMU
KaTasizaTopamu.

BucHoBku. BiznpaiboBano TeXHOJIOTTYHUIT Tpoliec BUTOTOBJIEHHS po3pobienoro AMIL kararizatopa B ymoBax Tosa-
PHCTBO 3 I0/IaTKOBOIO BinoBinambhicTio «KaTtamizatop», M. Kam’sincbke ([lHinporerposcbka 06.1.). BunpobysanHs Ha 10-
CJTIIHO-TIPOMUCJIOBIH YCTaHOBII Ha AII0YOMY arperaTi HEKOHIIEHTPOBaHOI a30THOT KUCJIOTH XoaauHTy «Ostchem» mokasa-
JIM, IO po3pobJieHuil KaTasizarop 3abe3nevyye 3HIKEHHST 3a/IMITKOBUX OKCH/IIB a30Ty B O4MIeHOMY Ta3i g0 pisrs 0,001—
0,002 % 006. i npaKTUYHO MOBHY BiICYTHICTb aMOHIaKY.

Knwouosi cnosa: oxcuan a3ory, CeJTeKTUBHE KATAJTITUIHE BiIHOBJIEHHS, OKCUAHUI aliOMO-MiTHO-IINHKOBUH Karta-
JTi3aTOP, OKCHJT MifTi.

C.A. Conosves, I[1.1. Kupuenxo, H.A. Ilonosuu, O.B. Jlapuna
WNucruryT pusmueckoit xumuu nm. JI.B. [Incap:keBckoro HAH Yxkpawsr,

npocn. Hayxu, 31, Kues, 03028, Ykpauna,
+380 44 525 6670, +380 44 525 6590, soloviev@inphyschem-nas.kiev.ua

PASPABOTKA KATAJIN3ATOPOB JIXI OBE3BPEKIVIBAHA
TOKCHMYECKUX OKCIJIOB ASOTA BTTASOBBIX BBIBPOCAX
[MTPOM3BO/ICTBA ABOTHOW KMCJIOTHI

Baenenue. Crmkenne ypoHs BBI6pocoB okenyoB azoTa (NO ) TPOMBINIIEHHBIMI MPETIPHATUSME OCTAeTCs OJTHOM 13
BKHBIX TTPOGJIEM 3aIUThI OKPYsKatolieil cpezibl. OCHOBHBIM criocobom obe3BpexkiBanus BoiGpocos NO_ siBiisiercst mporiece
CeJIEKTUBHOTO Katanutuieckoro Boccranosienns (CKB), addekTuBHOCTD KOTOPOTO ONpe/esisieTcsi aKTHBHOCTBIO KaTaIu-
3aTOPOB, KOTOPBIE HYKIAIOTCS B COBEPIIEHCTBOBAHIH.

IIpodaemaruxa. CKB NO_ammuakoMm ¢ ucnosbzoBannem katanusaropa ABK-10 sBiisgercst ocHOBHBIM c1ioco60M 00e3-
BpeskuBaHns TOKCHYHBIX NO_ B Ta30BbIX BHIOPOCAX TPEANPUATHII A30THOI IPOMBINITIEHHOCTH. YKa3aHHBIH KaTaansaTop
COZIEPKUT B CBOEM COCTaBE TOKCUYHbII Banaauii u 110 yposio ounctkn or NO_u pasnosxkenuem octarodnoro NH, ne coot-
BETCTBYET COBpeMeHHbIM TpeboBatusiM. Cire[0BaTesIbHO, BAJKHBIM SIBJISIETCS Pa3paboTKa U arpodaliisi TEXHOJIOTUH U3TrOTOB-
JieHust Ge3BaHa/[MeBUX KaTaIU3aTOPOB JIUISL TAHHOTO TIPOIIECCA.

Iexs. PaspaboTka u BHejpEHIE TEXHOJIOTUYECKUX OCHOB M3TOTOBJIEHNS] BBICOKOAKTUBHOTO aJIIOMO-ME/Ib-IIMHKOBOTO
KaTalM3aTopa CeJIEKTUBHOTO BOCCTAHOBJIEHNSI OKCH/IOB a30Ta aMMHAaKOM JIIst HeifTpasinsarun BoiopocoB NO_ B nmpons-
BOJICTBE a30THOI KUCJIOTBI
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Marepuaiist 1 Meroabl. AMII kaTanmusaTopsl roTOBUIN 11yTeM nponutku rpamy y-Al,O, (Mapku A-1) pactBopamu
HUTPATOB MEH U IUHKA. AKTUBHOCTb KaTaJU3aTOPOB ONPE/IENSIIN B YCTAHOBKE TIPOTOYHOTO THITA OCHAIIEHHYIO ra3oaHa-
JIN3aTOPOM.

Pesyabrarbl. PaspaGoratna TeXHOJOTHS IIPUTOTOBJIeHNs HaHO(asHbIX AMII KatasnsatopoB ¢ «<KOPOUKOBON» CTPYKTY-
poit akrusmoro ciios a1 CKB NO_ B razoBbix BbIGPOCAX IPOU3BOJCTBA A30THOM KHCJIOTBI, KOTOPask 00€CIeUnBACT JIOKAIH-
3alMI0 OKCU/IA ME/IM B IPUIIOBEPXHOCTHOM CJIOE TPaHYJIbI-HOCUTEJIS, YTO 00YCIOBJIMBAET BHICOKYIO aKTUBHOCTD 110 CPaBHe-
HUIO C CYIECTBYIONIMMU KaTaIN3aTOPAMH.

BoiBoabl. OTpaboTaHO TEXHONOIMYECKUI MPOIece M3roToBAeHUs paspabotanHoro AMII karanuzaropa B yClIOBUSIX
o011ecTBa ¢ I0NOJHUTEIbHOI OTBeTCTBEHHOCTHIO «Karanuzarops, r. Kamenckoe (/Inenpomnerposckas 06.1.). cibiranus Ha
OTIBITHO-TIPOMBITIIJIEHHOH YCTAaHOBKE Ha JIEHCTBYIONIEM arperate MpoM3BOJICTBA HEKOHIIEHTPUPOBAHHOM a30THOM KUCJIOTHI
xosaunra «Ostchem» mokasasu, 4to paspaboTaHHbIN KaTagusatop oOecrieynBaeT CHUKEHE OCTATOUHBIX OKCUIOB a30Ta B
ounteHHoM rase 110 yposHs 0,001—0,002 % 006. u npakTHYeCcKu MOJHOE OTCYTCTBIE aMMHUAKa.

Kntwouesvie crosa: OKCUIBI a30Ta, CEIEKTUBHOE KATATUTUIECKOE BOCCTAHOBJIEHIE, OKCH/IHBIN aT0MO-MeIHO-T[HHKO-
BBII KaTaJIu3aTOP, OKCUJT MEJIN.
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