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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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METAL BLOCK CATALYSTS FOR COMPLEX CLEANING OF
HARMFUL EMISSIONS OF TRANSPORT AND THE INDUSTRY

Abstract. The aim of the work is the synthesis and testing of catalysts on metal block carriers in the processes
of complex gas cleaning of CO, C;Hg, NO and deep oxidation of propane-butane and CO. The active phase of the
catalysts was prepared on the basis of the compounds Pt, Pd, Ir, Au, Mn, Fe, Ni. The washcoat composition was
based on alumina and zeolites. Catalysts prepared from colloids Pt, Pd, Ir, Au, possess high activity in the oxidation
of hydrocarbons (100% in the range 573-773 K) and in the reduction reaction of nitrogen oxides - up to 67.0-69%.
Among the catalysts containing manganese in the active phase, the most active was a catalyst prepared by
introducing an organometallic compound based on polyethylene glycol into a washcoat suspension: the degree of CO
oxidation was 93-100%, hydrocarbons - up to 82-83.2% at 623 K. While studying full-size samples of catalysts
based on platinum on the stand on the basis of a diesel generator the degree of conversion of CO - 100%,
hydrocarbons - above 98-99%, nitrogen oxides - 58-63% was achieved.

Keywords: motor transport, industry, harmful emissions, catalysts on metal blocks, complex gas cleaning, deep
oxidation.

Introduction. The experience of last decades shows that the intensive economic development of
many countries, based on extensive, irrational, and often predatory use of natural resources, leading to an
unfavorable and irreversible phenomena in the environment. The poor state of water and air at the moment
is one of the global problems of today. The deterioration of the state of the environment proceeds because
of the uncontrolled production of performing business and thoughtless spending of natural resources [1-5].
The principal sources of air pollution are industrial plants and motor vehicle exhaust. The level of air
pollution due to the development of industry and transport increases in tens of times year by year. Most
industrial enterprises either do not keep records of emissions or perform it very inaccurately and tentati-
vely. In some cases, it is not known exactly which pollutants come from one or another industrial facility.
Alkanes, CO, NO, organic solvents, sulfur-containing compounds and many others belong to harmful
toxiferous emissions of the industry and motor transport and which negatively influence on human health.
Contamination of soil, vegetation, water bodies, the huge consumption of oxygen, heat radiation, the
burning of associated gas contributes to the greenhouse effect, acid rain and climate change [6-8].

There are 3 main sources of air pollution by toxic substances emitted by vehicles:

- the exhaust gases which are coming out the muffler,

- the crankcase gases coming to the atmosphere from the system of ventilation of the engine,

- the evaporating fuel getting to the environment from fuel system of the engine and a fuel tank
[9-12].
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Constantly increasing growth in car numbers is one of the reasons for the deterioration of the
ecological situation in the cities and towns. Condition of air is particularly important, because in contrast
to other factors of the external environment air comes in direct and fast contact with very large physio-
logically active surfaces of the human body. In the absence of appropriate treatment methods also many
industrial plants contaminate the air with the combustible or odorous compounds. A strong air pollution is
very noticeable to cities with a bad natural ventilation, to which, in particular, belongs a number of indus-
trial cities of Kazakhstan [7, 8]. Deep catalytic oxidation of organic compounds to carbon dioxide and
water is one of the most effective methods of fighting against of the waste gases of industry and the motor
transport. The catalysts-neutralizers of the exhaust (catalytic converter, an afterburner) are the mandatory
option for all cars in the developed countries. Today, the monolithic metal blocks are considered as the
most appropriate catalysts used for the solution of environmental problems [13-17]. High heat conduc-
tivity of metal carriers provides the good thermoregulation preventing an overheat of catalysts and inter-
facing constructional details. Plasticity, the characteristic of metals, allows to manufacture carriers in any
idle time and a form, convenient for operation, with rather high specific geometrical surface area and gas
permeability. The most typical catalysts are the three-way catalysts based on platinum, palladium and
rhodium deposited on the ceramic or the metal blocks coated with alumina. However, the high cost of
these metals and their low resistance to poisons stimulate carrying out of scientific research aimed at the
creation of more optimal from an economic and technological point of view, the compositions and
methods of preparation of the catalytic neutralizers. One of the perspective directions in this area is the
partial replacement of noble metal on the oxide component [18-21]. Application of the low-percentage
supported catalysts on the basis of the colloid metals with the chosen homogeneous particle size and with
the low content of the active phase allows obtaining such examples of catalysts which provide necessary
activity and selectivity. The use of the organometallic complexes instead nitrates and metal chlorides in
the step of preparing of the active phase of the catalyst systems makes it possible to reduce the emissions
of toxic substances formed during the preparation of the catalysts and reduce corrosion of the exploited
equipment.

The purpose of this work was synthesis and test of the efficient and stable catalysts on metal block
carriers with the reduced content of platinum metals in the active phase of catalysts for processes of
neutralization of harmful emissions of the industry and combustion gases of motor transport.

Materials and methods. In this work, the catalysts on the basis of platinum and basic metals have
been created by the technique earlier developed [22-26]. Catalysts on the basis of Pt, Pd colloids (particle
size approx. 15-25 nm) have been produced. Metal block carriers have been made of the metallic foil
(figure 1). The concentration of platinum metals was changed in the range of 0.05-0.2%. Also rare-earth
metals have been added to composition of the active phase for increasing the thermal stability of the
catalysts. The sols of metals have been supported on the block carriers. The samples of catalysts contai-
ning in their compositions Pt, Pd, Ir, Au with a low content (0.01-0.1%, on Pt basis) and 0.05 to 0.2% (on
Pd, Ir, Au basis) have been prepared. In a stage of synthesis of a washcoat alumina with a zeolite additive

Figure 1 — Catalysts on the metallic blocks for tests at the experimental stand on the basis of a diesel generator
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has been used. Different organic compounds for prevention or decreasing coagulation of the produced
colloids have been chosen. Into the aqueous solutions of stabilizers (for example, polyethylene glycol,
PEG) the necessary amount of salts of platinum metals dissolved in water was entered. By results of the
conducted experiments the important technological parameters for preparation stable colloid particles of
Pt, Pd, Ir, Au have been determined.

In the work along with the catalytic systems on the base of platinum metals, catalysts with the active
phase containing of Mn, Ni, Co, Fe have been created and examined. For their preparation formates and
acetates have been used. In the research one- and two-component catalytic systems on the basis of the
compounds of Fe, Ni, Pt, Pd, with the different additives have been created. A wet hydrogel of aluminum
hydroxide (80% humidity) was used as a binder. For preparation the such catalysts ZSM-5 zeolites with
the module 30 and NaY with the module 5.1 were applied. Procedure of deposition of the active compo-
nent have been carried with the use of a method of impregnation on a moisture capacity.

The prepared catalysts were tested in the reactions of oxidation of CO, a mixture of propane-butane
(PB), hydrocarbons (HC) and in the reaction of nitrogen oxides reduction at temperature 423-973 K.
Before testing, the catalyst sample was kept in the reactor for 30 min. in the flow of the reaction mixture at
773 K. After that, the gas temperature was reduced to given values, and the conversion of NO,, CO and
hydrocarbons was determined. The possible formation of CO in the reaction was also noticed. A charac-
teristic activity of the catalyst is the degree of initial reagent (hydrocarbon, carbon monoxide, nitrogen
oxide) conversion (o). The volumetric flow rate of the gas mixture was varied in the limits from 36, 000 to
50,000 h™".

The processes were researched in the flow catalytic installing with an integral tubular reactor type and
with optimized parameters of the catalyst bed (figure 2). In the work also has been made a stand on the
basis of the diesel generator for testing full-size samples of catalysts in the real exhaust gases (figure 3).
The samples before and after the catalyst were selected in all operating modes of the diesel engine (idle
mode-4 Kv) directly from the exhaust pipe with “OPTOGAZ-500.3” gas analyzer. Investigations have
been carried out in the load range 0-4.0 Kv. The temperature in the catalyst zone has been measured with
the help of a chromel-alumel thermocouple and IRT.

Figure 2 — Flow installation diagram:
1 - gas cylinder; 2 - pressure gauge; 3 - valve of a fine regulation; 4 - rotameter;
5 - crane; 6 - mixer; 7 - system of heating; 8 - sample of a catalyst; 9 - thermocouple; 10 - sampling; 11 - IRT

—— |4 ——
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Figure 3 — Stand on the base of diesel generator:
a — schematic drawing of the experimental installation, consisting of a diesel-generator (1), pipe for exhaust gases (2),
a reactor for catalysts’ test (3), sample of a catalyst (4), gas operated probe (5), and 6,7 - valves for sampling; 8 - a gas analyser;
b - general view of the experimental installation

Results and discussions. The tests show that the catalytic activity (efficiency) depends as on the
content of an active metal as on the method of the active metal deposition. The complexing composition
for a colloid preparation also influenced. At the identical technique of platinum introduction into a
washcoat the catalyst activity is increased with increasing of the platinum content in a range 0.05%-0.1%.
The activity of 0.05% platinum-containing catalyst was 18% (at 523 K) and 100% (at 773 K).

In table 1 the results of studying activity of the catalysts synthesized by introduction of colloids of
platinum metals to an alumina-oxide matrix by various methods are shown. It is visible, that activity
depended on the contents of active metal and a method of introduction. At an identical method of intro-
duction of platinum to the secondary carrier of the block metal catalyst (a washcoat) with increase in the
contents of platinum from 0.05 % up to 0.1 %. activity of 0.05 % of the platinum catalyst was reduced
from 100 % at 773 K up to 18.0 % at 523 K while with increase in the contents of platinum in 2 times
activity grown and was 89.3 % at 523 K and 100% at 623 K.

At transition to Pd catalysts their activity at the contents of a palladium equal of 0,1 %, below, then
platinum (NoS5 and Nol). At preparation of the colloid Pd catalyst with use in quality complex former No2
activity increases to 94.2-100% at temperatures 623-773 K.

In the process of the complex cleaning of gases (table 2) was also demonstrated the high activity by
the catalysts on the basis of colloids of palladium (with different concentrations) deposited on alumina.
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Table 1 — Influence of concentration and a method of introduction of active metal

on activity of catalysts in the reaction of HC oxidation and NO, reduction

No Catalyst The active metal Conversion, % at different temperatures, K
(metal+No of complex former) concerol/'iratlon, 773 623 523 43
1 Pt+1 0.05 100 76.9 18.09 0
2 Pt+1 0.1 100 100 89.3 10.7
3 Pt+2 0.1 100 88.0 40.0 0
4 Pt+3 0.1 100 87.3 11.5 0
5 Pd+1 0.1 92.0 82.1 6.0 0
6 Pd+2 0.1 100 94.2 11.6 0
7 Pd+1 0.05 93.0 79.2 54 0

Table 2 — Influence of concentration of palladium on activity of catalysts in the processes of HC oxidation and NOy reduction

Pd ) The degree of conversion HC/NO, gases (%) at different temperatures, K
concentration,
wt. % 773 623 523 473
0.2 100/40.8 98.0/42.6 31.5/30.4 18.0/15.6
0.1 100/38.0 60.0/23.0 21.6/18.3 13.0/9.2
0.05 100/24.8 58.0/21.0 19.2/16.8 8.0/9.4

The degree of HC conversion on catalysts containing Pd-0,2%, with a decrease in the temperature from
773 to 623 K is reduced slightly - from 100% (773 K) to 98.0% (623 K), for catalysts on the basis of 0.1%
and 0.05% Pd conversion decrease more sharply: from 100% to 60.0% (for 0.1% of Pd-contacts) and
58.0% (0.05% of Pd). For catalysts with the content of 0.2% of Pd in the field of temperatures 623-773K
conversion degree of HC was equal to 97.4-100%, and NOy - 40.8-42.6%. With decrease of content of
palladium to 0.1% an activity of catalysts is decreased, for example, at 623 K conversion degree of HC is
decreased to 60.0%, nitrogen oxides - to 23.0 %. With a decrease the content of palladium in catalysts to
0.05% are required higher temperatures (773 K) for the deep oxidation of hydrocarbons, at 523 K the
degree of hydrocarbon conversion is reduced to 19.0-25.0%, and the conversion degree of nitric oxide is
reduced slightly (to 16. 8%).

The method of introducing and the magnitude of dispersion of colloidal metal affected the activity of
the catalysts based on the colloids of Pt, Pd, Ir, Au. So, on the catalyst on the basis of Pd when using as a
complexing-PEG, the catalytic activity at change of ways of introduction is ranged between 69.0% to
94.2-100% in the temperature interval 623-773K. With increasing concentration of the metal in the
catalyst is increased its activity depending on the nature of the metal and a complexing. When the palla-
dium content 0.2% in the temperature interval 623-773K the catalyst activity was equal to is 98.0-100%
on a methane. With the reduction of the noble metal content up to 0.1% activity of the samples - by
methane is reduced to 60.02% at 623K. With the further decrease of the palladium content up to 0.05% the
total methane oxidation was carried out at a higher temperature (623-773K), and at 523K the catalyst acti-
vity was decreased to 19.0-25.0 % by hydrocarbons, for nitrogen oxides the catalyst activity was not
substantially changed. Thus, by results of the performed researches it is found that the synthesized on the
basis of colloids of noble metals (Pt, Pd, Ir, Au) catalysts have high activity in oxidizing reaction of
hydrocarbons (100% at 573-773 K) and reduction of nitrogen oxides - to 67.0-69.0%. On the catalytic ac-
tivity in reaction of the complete oxidation of the propane - butane mixture the catalysts on the basis of
colloids of noble metals form a series: Pt » Pd » Ir (Au), in the reaction of complex cleaning of exhaust
gases of the motor transport: on CO-conversion degree on all noble metals almost identical (98-100%,
depending on the process conditions), for nitrogen oxides the most efficient catalyst — on the basis of Pt.

The effectiveness of catalysts containing manganese in the composition of the active phase was
determined during the deep oxidation of CO+CH, in the temperature range 373-773 K (table 3). The con-
tent of CO in the mixture with air was 1%, propane-butane (PB) - 0.5%, the volumetric rate - 50,000 h™". It
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Table 3 — The oxidation reaction of CO (1%) and PB (0.5%) over the different manganese catalysts,
volume flow rate =50, 000 h™!

Conversion degree (%) at the different catalysts

Templegature, Manganese nitrate Manganese acetate PEG-manganese oxide
CcO PB Cco PB CcO PB
773 85.8 29.5 100 38.0 100 95.4
623 68.9 0 95.5 12.1 100 83.2
523 53.8 0 74.7 9.0 94.6 10.0

473 34.9 - 39.9 - 63.0 -

423 0.3 7.0 - 9.7 -

was established that catalytic systems, the active phase of which was prepared on the basis of manganese
nitrate and acetate, showed low activity in the oxidation of CO and oxidation of the propane-butane
mixture. The maximum degree of CO conversion was 85.8-100%, and the propane-butane mixture was
29.5-38.0% at 773 K. Adding the same compound of manganese with polyethylene glycol (PEG) contri-
buted to increasing the efficiency of the catalyst. When use this catalyst the carbon monoxide and hydro-
carbons begin to be oxidized with the sufficiently high activity at low temperatures. Thus, at 523 K carbon
monoxide is oxidized to 94.6%, and hydrocarbons - up to 83.2% at 623 K. On this catalyst 100% CO
oxidation is achieved at a temperature of 623 K, and the maximum conversion of PB (95.4%) is observed
at 773 K.

The catalyst on the basis of PEG containing 5.0% of oxide of manganese was tested in oxidizing
reaction of 1% CO and 0.5% of propylene in the air at the volume speed 35,000 h™' (table 4). At lower
volume rate of gas flow (35,000 h™") and in the presence of a propylene the catalyst begins to demonstrate
activity already at 423 K, and the complete oxidation of CO is observed at 503 K. It should be noted a
high activity of the catalyst in the reaction of propylene oxidation: at 503 K conversion degree is 86.7%
and 100% of propylene oxidation proceeds at 573 K.

Table 4 — Activity of 5% Mn-containing catalyst in the oxidation reaction of 1% CO and 0.5% propylene in the air
(the gases volumetric flow rate - 35,000 h™")

The temperature of test, Conversion degree, %

K CO propylene in air
403 5.7 0
423 443 1.7
443 89.1 33
463 98.6 18.3
483 99.4 56.7
503 99.9 86.7
523 100 96.7
553 100 99.1
573 100 100

In the case of systems on the basis of Fe, Ni, Pt, Pd with additives of zeolites irrespective of the
nature of introduced zeolite, the noticeable transformation of NOy began at temperature over 473 K,
gradually increased with increase of temperature and reached a maximum value at T=773 K. Among the
Fe-containing catalysts the biggest activity at reduction of nitrogen oxides by propylene was revealed for
the sample, modified by NaY zeolite. The catalyst with the same composition was the most effective also
for C;Hg oxidation. At 473 K the degree of C;Hg conversion on this catalyst was 35.8%, and complete
conversion is observed at 573 K. The degree of conversion of CsHg at 573 K on the catalysts of this series
decreased in the series: Fe/NaY>Fe/ZSM-5>Fe/Al,0;. Oxidation of propylene at the Ni-containing
zeolites happened, in comparison with the Fe-containing block catalysts, with lower degrees of conver-
sion: 100% transformation of C;H¢ was observed on Ni/HY catalyst only at 773 K. The other samples of
Ni-based catalysts are less active and the degree of CsHg conversion at them was little varied depending on
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the zeolites nature. Noticeable NO conversion at Ni-containing zeolites was observed at temperatures
above 473 K. Depending on the nature of the modifying zeolite activity of the Ni-containing zeolites in
reaction of reduction of NO at 573 K is decreased in the series: Ni/HY>Ni/NaY>Ni/ZSM-5.

Effectiveness of the Ni, Fe/zeolite catalysts was determined by heat stability at T=973 K during 50 h
in the gaseous environment. It is appeared that the most stable sample at all temperatures was Ni/HY, at
673 K degree of NOy conversion was equal to 67.0% and the conversion of propylene - 100%.

Activity of prepared catalysts has been defined at the experimental installation, consisting of the
diesel-generator with 4 Kv (figure 3). Dimensions of catalysts were the following: d - 30 mm, h - 90 mm,
V - 63.4 mm’. The data of experiments in the bifunctional mode at various loadings of operation of the
engine are shown in table 5. The catalyst containing 0.1% of Pt is effective already at 540 K, transforma-
tion degree of CO was 99.6 %, hydrocarbons - 80.7% and nitrogen oxides - 44.4%. When engine capacity
was increased to 3-4 Kv than conversion degree of NO, to 58-63% was reached.

Table 5 — Results of the analysis of toxic emissions on the diesel generator on the block platinum catalyst at various loads

The consumed capacity, Temperature of the exhaust gases, Degree of the exhaust gases cleaning, %
kv K Co CH, NO,
Idle motion 293 90.6 21.5 3.0
2 540 99.6 80.7 444
3 581 100 95.6 61.1
4 700 100 99.3 63.0

The prepared catalysts were examined by different physical and chemical research techniques (figure
4-6).

The study of Pt and Pd - containing catalysts for thermal stability was carried out by holding the
chosen catalyst during 5 hours at T = 673 and 773 K in the reaction gas mixture with a content of 0.5%
propane-butane with further analysis of the reaction products. Duration of the such test was 100 hours.
The catalysts obtained from Pt acetates proved to be the most stable, while those based on Pd acetates
were less stable.

X-ray phase analysis of tested catalysts has been performed on X-ray diffractometer DRON-4-0.7
with a copper anode. It was revealed scattering of the spectrum for Pt- and Pd-catalysts, and this fact con-
firmed the high dispersion of metals [26]. Catalysts have been examined on TEM on EM-125 K by the
single-step replica method (figure 4, 5). At zoom 33,000 there were found semi-transparent regions of
polymer bunches filled with dispersed particles 3 nm in size in the case of Pt-, Pd-catalysts. At zoom
62,000 times the small sparse clusters of denser particles 5 nm in size have been also revealed (figure 5).

a b

Figure 4 — TEM-images of catalysts on the base of platinum metals: a - Pt-containing catalyst, b - Pd-containing catalyst
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Figure 5 — TEM images of fragments of metal clusters:
a - Pt-particles, b - clusters of denser Pd particles 5 nm in size

The thermostability of the prepared catalysts was calculated by definition of activity of the initial
catalyst on the diesel engine - generator working under loading in 3 Kv, with the subsequent fractional
calcinations of the neutralizers at 873 K with an interval of 5 hours in the muffle furnace. During 100-hour
test the high thermostability was shown.

The characteristics of some samples of catalysts on the basis of Pt and Pd obtained with use of the
TPD NH; method are shown in table 6. The total concentration of acid sites of Pt- and Pd-promoted cata-
lysts of nickel and manganese oxides is higher than that of the initial alumino-platinum and palladium
catalysts. Pt- and Pd-containing catalysts have similar values of the total concentration of acid sites 620-
660 pmol/g, but they are characterized by different ratios of centres of different force, and it apparently
determines the differences in their catalytic properties. The catalysts based on Pt/Ni-Mn/Al,O; have a
greater concentration of strong acid sites (280 umol/g) and for Pd/Ni-Mn/Al,O; catalyst is revealed the
highest concentration of weak acid sites - 250 umol/g (figure 6).

Table 6 — TPD data of Pt- and Pd-catalysts

Pore structure of catalysts The total concentration
Catalyst sample - 3 3 oy
The specific surface area, m“/g Pore volume, cm’/g of the acid sites, pmol/g
Pt-containing 200 0.348 240
Pd-containing 205 0.356 110
Pd/Ni-Mn/Al,03 350 0.274 620
Pt/Ni-Mn/AlL,O4 370 0.290 660

It was found by the TPD method of ammonia that in case of catalysts on the basis of basic metals
introduction to the carrier of Co and Mn oxides led to small increase in a share of the retained volume of
ammonia, i.e. force of the acid centers of the catalyst is slightly increases. Possibly, activity of the oxide-
coated catalyst is influenced by the structural changes arising at introduction of oxides of cobalt and
manganese into the carrier. For catalysts based on the colloids of Pt, Pd, Ir, Au revealed high dispersion
(25.0-30.0 nm), colloids demonstrated good stability over 1-1.5 months at room temperature. XPS and EM
data showed that the platinum metals in the starting monodisperse catalysts are in an oxidized state with
uniform distribution of the metal particles on the carrier and they are characterized by high thermal
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concentration of acid centers, micromol's

0 2 10 15 catalysts

Figure 6 — Acid centres’ share for different active phases of catalysts:
A - on the basis of platinum, B - on the basis of palladium, C - on the basis of platinum, nickel and manganese,
D - on the basis of palladium, nickel and manganese; 1 - weak centers, 2 - medium centers, 3 - strong centers

stability. By the EM and RFA methods it is found that in the Mn-containing catalysts on the basis of PEG
are formed the particle which are finely divided, evenly distributed on a surface of the carrier. The cata-
lysts prepared from acetate and also on the basis of manganese nitrates, had larger particles, which causes,
may decrease the activity of manganese catalysts in hydrocarbon and CO oxidation.

Results of physical and chemical research of catalysts prepared confirmed literature data [6, 13, 14,
27-30].

Conclusion. Thus catalysts on the basis of colloids of noble metals and compounds of basic metals
on block metal carriers were prepared. Catalytic efficiency of the prepared catalysts was tested in the
reactions of complex cleaning of gases from CO, C;Hg, NO and in the oxidizing reactions of propane-
butane mixture and CO. The catalyst activity prepared with the noble metals depends on the active metal
content and on the deposition method of the active metal (complexing composition for preparing of the
colloid). The catalysts synthesized on the basis of colloids of noble metals (Pt, Pd, Ir, Au) catalysts have
high activity in oxidizing reaction of hydrocarbons (100% at 573-773 K) and reduction of oxides of
nitrogen - to 67-69%. It was found that in a series of manganese-containing catalysts the introduction of
the Mn-compound with PEG increased a catalytic activity. So, at CO is oxidized to 93-100% (at 523-623 K,
and hydrocarbons are oxidized to 82-83.2% at 623 K. On this catalyst the maximal transformation of
propane-butane mixture (95.5%) is observed at 773 K. The full-size samples of the catalysts on the basis
of platinum were tested on the stand on the basis of a diesel-generator. The degree of conversion of CO
was equal to 100%, hydrocarbons — more than 98-99%, nitrogen oxides — 58-63%.

JI. P. CachixoBa', C. Cenannsenan’, E. A. Oy6oxkipos', )K. X. Tammyxaméerosa’,
AL A. BaTblpﬁaeBal, P. H. Amnrynonal, 1. H. Kyﬁelcona3, K. O. ]J.Iapunon“,
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KOJIIK KoHE OHJAIPICTEH IIBIFAPBIJIATBIH 3UAH/IbBI
3ATTAPABI KEHIEH/I TAZAJIAYJABIH METAJLJI BJIOKTAFBI KATAJIM3ATOPJIAPBI

AnHoTanus. JKyMBICTBIH MaKcaThl MeTaJUT OJIOKTHI TACKIMAJIAFbIIITAFbl KATATH3ATOP/Ibl CHHTE3ICY JKOHE ra3-
neiH Kypambiagarsl CO, C3Hg, NO kemienai tazanaymeH npornan-0yTanipl skoHe CO TepeH TOTBIKTHIPY MPOIECcTe-
pinze ceiHay. Karanmusaropabeie Oencenni dasaceir Pt, Pd, Ir, Au, Mn, Fe, Ni KOCBUIBICTapBI HETi31H/C NaHBIHAATIEL.
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Pt, Pd, Ir, Au KomouaTapsl HETi3iHAET1 KaTalnnu3aTopiaapsl KemipcyTekrepi ToTeIKThIpyaa (100% ,573-773 K tem-
mepaTypa apaibIFbIHIA) J)KOHE a30T OKCHAIHIH TOTHIKCHI3AHy peakiusiachiHaa 67,0-69 % neifin >xorapbl OICeHITIK
kepcerTi. Katanmmzaropnap apacbiHga OipiHIIUTIK TaCBIMANJAFBII CYCICH3UACHIHA MTOIMITHICHTIINKONIb HETi3iHAeT1
METaJIOPraHUKAIBIK KOCBIIBICTBI SHTI3Y apKbLIbl JaibIHIanFaH OeceHai (a3a KypamblHIa MapraHer 0ap KaTajiu-
3arop Oencenpinik kepcerti: 623 K temneparypana CO-HbIH TOThIFY Aopexeci 93-100%, keMipCyTeKTepiH TOTBIFY
nopexeci - 82-83,2% neitin Oonnbl. [InaTiHa Heri3iHAETT KaTaIM3aTOPIbIH TONBIK OJIEM/ YIATIepiH KaOblpraibIK
nmu3senb-reneparopaa seprrerenae CO-HbIH KOHBepcus popexeci - 100%, kemipeyTektep - 98-99% xorapbl, a30T OK-
cuarepi - 58-63%.

Tyiiin ce3mep: aBTOTPAHCIOPT, OHIIPIC, 3UAHMABI 3aTTap, METAUT OJOKTBHI KaTalM3aTopiap, ra3ibl KEIICH.
Tazajiay, TepeH TOTHIFY.
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KATAJIM3ATOPBI HA METAJIJIMYECKHUX BJOKAX JJIs1 KOMILUIEKCHOM OYUCTKH
BPE/IHBIX BBIBPOCOB TPAHCITIOPTA 1 ITPOMBIIIIVIEHHOCTH

Annotanusi. Llenbio paboThl SIBISIETCS CHHTE3 M HCIBITAHUE KATAIN3aTOPOB Ha METAUIMYECKUX OJIOUHBIX
HOCHTEIIAX B Ipoleccax KoMmiuiekcHoi ounctku razoB ot CO, C;Hg, NO u riry0oKoro oKuciieHus IponaH-OyTaHa u
CO. AkTHBHYIO (ha3y KaTaJu3aTOPOB FOTOBIJIM Ha OCHOBE coeauHeHwuii Pt, Pd, Ir, Au, Mn, Fe, Ni. CoctaB nepBuu-
HOTO HOCHUTENS OBUI HA OCHOBE OKCHIA aJTIOMUHMS U LEoNnTOB. KaTannzaTopbl, MPUroTOBICHHBIE W3 KOJUTOMIOB Pt,
Pd, Ir, Au, o6nanaroT BBHICOKOH aKTHBHOCTBIO B OKHCJIEHHH yrieBojopoaoB (100% B unrepBasne 573-773 K) u B
peaxI BOCCTAHOBIICHHUS OKCHIOB a30Ta - 0 67,0-69 %. Cpenn Katanm3aTopoB, COACPKAIIUX B aKTHBHOH (ase
Maprasell, Han0oJjee aKTHBHBIM OBUI KaTaln3aTop, MPUTOTOBICHHBIA BBEICHUEM METAJIOOPTaHUIECKOTO COCIIIHE-
HUS Ha OCHOBE TOJHMATHIICHTIIMKOMS B CYCIICH3HMIO IMEPBIHYHOTO HOCHUTENS: cTeneHb okucieHus CO Opma 93-100%,
yrieBoaoposos - 10 82-83,2% mnpu 623 K. Ilpn u3ydeHnn nmomHopa3MEpHBIX 00pas3loB KAaTaln3aTOPOB Ha OCHOBE
IUIATHHBI HA CTEHJIC HA OCHOBE JN3EJIb-TCHEPaTOpa AOCTUrHyTa creneHs koHBepcun CO - 100%, yrieBonoponos -
BeImIe 98-99%, okcuaoB a3ota - 58-63%.

KiroueBble cj10Ba: aBTOTPAHCIIOPT, MPOMBIIIUIEHHOCTH, BPEAHBIE BEIOPOCHI, KATATH3aTOPHl HA METATUTHYECKIX
0J10Kax, KOMIUIEKCHAs! OUYMCTKA Ta3a, [y00KOe OKUCIICHHE.
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