
News o f the Academy o f  sciences o f  the Republic o f  Kazakhstan

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 
SERIES CHEM ISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.71
Volume 4, Number 442 (2020), 104 -  111

UDC 542.941.4; 547.546 
IRSTI 31.21:6115.17

L. R. Sassykova1, N. E. M aximov1, A .Y.Yerzhanov1, M. S. Ilm uratova1, A.T.Raiyssov1,
Y. A. A ubakirov1, R.N. Azhigulova1, A.A. Batyrbayeva1, S. Sendilvelan2

1Faculty of Chemistry and Chemical Technology, Al-Farabi Kazakh National University, Almaty, Kazakhstan; 
2Department of Mechanical Engineering, Dr. M.G.R Educational and Research Institute, University, Chennai, India.

E-mail: larissa.rav@mail.ru, narimaksimov@gmail.com, arman689396@gmail.com, ilmuratova97@mail.ru, 
araiyssov2014@gmail.com, miral.64@mail.ru, razhigulova@gmail.com, batyrbaeva_aigul@mail.ru,

sendilvelan63@gmail.com.

E FFE C T IV E  CATALYSTS FOR THE SELECTIVE  
RESTORATION OF ARO M ATIC MONO- AND DINITRO COMPOUNDS

Abstract. This article discusses the issues of catalytic reduction of aromatic nitro compounds to obtain valuable 
intermediate and final products-aromatic amines. The most important method for producing amines from nitro 
compounds is catalytic reduction with hydrogen on catalysts. The article describes in detail the choice of catalysts for 
hydrogenation of nitro compounds at atmospheric and high hydrogen pressure. Studies of hydrogenation reactions of 
aromatic nitro compounds on nickel, copper and iron catalysts are discussed. Hydrogenation of aromatic nitro 
compounds on catalysts based on palladium, platinum, and rhodium deposited on various carriers, including 
nanodiamonds, is considered. Catalysts based on supported palladium catalysts with copper additives showed high 
selectivity in the hydrogenation of nitro groups in nitro compounds with functional groups; and with the addition of 
platinum and rhodium, during the reduction of both nitro groups and the aromatic ring in nitrobenzene. In the works 
on the use of nanodiamonds, it was found that catalysts based on platinum and palladium nanoparticles of 4-5 nm in 
size, fixed on nanodiamonds, were highly active in liquid-phase hydrogenation reactions of nitro compounds under 
mild conditions. The data described by the authors on theoretical issues and practical problems of catalytic 
hydrogenation of aromatic nitro compounds are very relevant. The article is based on the analysis of domestic and 
foreign literature and may be useful to specialists in the field of catalysis.

Keywords: aromatic nitro compounds, catalytic reduction, aromatic amines, selective catalysis, liquid-phase 
hydrogenation.

Introduction. Nitro compounds are derivatives o f hydrocarbons o f the general formula R-NO2 

having in their composition a nitro group directly linked to an aliphatic or aromatic radical. Depending on 
the nature o f the hydrocarbon radical “R”, nitro compounds are divided into aliphatic and aromatic. The 
simplest representative of nitro compounds of the aliphatic series is nitromethane, chemical compound 
with the formula CH3 -NO2 . Aliphatic nitro compounds are divided into primary, secondary and tertiary. 
Compounds containing several nitro groups, when heated or detonation decompose with an explosion, 
therefore many of them found application as explosives. Nitro groups (especially in symmetric trinitro 
compounds) greatly increase the ability of a carbon atom located in the ortho position to nitro groups to 
oxidize. The most important property o f the nitro group is its ability to be reduced to an amino group. 
Amines find wide application in the production of various dyes, drugs, corrosion inhibitors, stabilizers, 
polyurethanes, antiknock additives for gasolines and motor fuels and others [1-4]. Amines are organic 
compounds that are derivatives of ammonia, in the molecule of which one, two or three hydrogen atoms 
are replaced by hydrocarbon radicals. A typical representative o f a number o f aromatic amines is aniline.

In the last 30-40 years, the processes of catalytic reduction of aromatic nitro compounds by hydrogen 
to amines have practically superseded all other methods for the production o f aromatic amines in large- 
tonnage plants.
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Catalysts for nitro  compounds hydrogenation. One of the topical areas is the development and 
investigation o f highly efficient and selective catalysts for the hydrogenation o f aromatic nitro compounds 
to the corresponding amines, since amines find wide application in the production o f various dyes, drugs, 
corrosion inhibitors, stabilizers, polyurethanes, antiknock additives for gasolines and motor fuels and 
others. The reduction o f nitro compounds can be carried out in the presence o f both homogeneous and 
heterogeneous catalysts. Solid phase heterogeneous catalysts are widely used in industry. This is due to 
the difficulty in isolating and regenerating a homogeneous catalyst. Heterogeneous hydrogenation 
catalysts for aromatic nitro compounds [5] can be divided into the following groups: 1) catalysts 
containing nickel, copper and noble metals, including blacks; 2) heterogeneous catalysts on a fiberglass 
woven matrix; 3) heterogeneous catalysts on a metal-polymeric matrix. An important role as a part o f the 
catalyst is played by the carrier. Carriers for catalysts use various carbon carriers: activated carbon, carbon 
fiber, nanodiamond, fullerene black, as well as various oxides such as AhO3, SiO2 , CaCO3; polymeric, 
fiberglass and other matrices. Recently, carbon nanomaterials have been used as a catalyst carrier: 
fullerenes and fullerene black, carbon nanotubes and nanofibres, nanodiamonds and graphene materials. 
Particular interest is given to nanodiamonds (ND) and graphene-like materials. ND have unique 
properties: high strength, high specific surface with different functional groups located on it, which can be 
easily modified.

The hydrogenation o f nitrobenzene is one o f the model reactions for studying the activity o f samples 
o f potential catalysts. Most studies o f the reduction o f nitro compounds, as shown by the analysis of 
patents and literature data, are carried out using nickel catalysts [6]. The most common catalyst for the 
reduction o f various objects, including nitro compounds, is currently Raney nickel. Skeletal nickel catalyst 
was developed by M. Raney in 1924-1925. Raney Nickel, obtained from alloys o f Ni with Mg or Zn, has a 
much lower catalytic activity in most reactions. The skeletal nickel catalyst has a structure o f metallic 
nickel with crystal sizes o f 4-8 nm. It varies little with prolonged storage under a 1% solution o f NaOH. 
The magnitude o f nickel crystals depends on the leaching temperature, increasing with the growth o f the 
latter. This is very important, since for each hydrogenated compound there is an optimal crystal size, 
which, for example, for the reduction of NB is 5.9 nm, for phenol hydrogenation - 3.0 nm. The reactivity 
o f nickel is heavily influenced by leaching conditions, in particular temperature, which determine both the 
activity o f the surface and the strength o f hydrogen retention.

The supported catalysts are widely used in processes with both a mobile and a stationary catalyst bed. 
A very important role in their performance (running time, longevity, activity, mechanical strength, etc.) is 
played by the nature o f the carrier. The most common among the latter are silicon and aluminum oxides. 
As in the production o f Raney nickel, the production o f supported nickel catalysts is determined by the 
conditions o f metal deposition, the reduction temperature o f the catalyst, and the degree o f saturation with 
hydrogen. In the work [7], bimetallic Fe-Cu/SiO2 systems were proposed for the process o f liquid-phase 
hydrogenation o f p-dinitrobenzene to p-phenylenediamine.

Palladium is o f particular interest for theoretical chemistry due to its position in the periodic table: it 
is the only element with the electronic configuration d10s0p0, which can vary depending on the type of 
chemical binding and determines the specific behavior o f this metal. It was shown that catalysts based on 
deposited palladium catalysts with copper additives have shown high selectivity in hydrogenation of 
nitrogroups in nitro compounds with functional groups. Thus a catalyst with composition 
Pd-Cu(9:1)/sibunit, Pd-Cu(8:2)/sibunit was active in a case o f selective obtaining 4,4’-diaminostilbene- 
2,2’-disulfonic acid (DAS) by hydrogenation o f 4,4’-dinitrostilbene-2,2’-disulfonic acid (trans-DNS) in 
water. DAS can be used to produce phosphorescent whiteners for fibers and paper. Catalysts based on 
supported palladium catalysts with the addition o f platinum and rhodium showed high selectivity during 
hydrogenation during the reduction o f both nitro groups and the aromatic ring in nitrobenzene using iso- 
propanol and ethanol as solvents [2, 3, 8]. The role o f palladium in catalytic reactions is largely 
determined by the different structure of active sites on its surface. As is known, the first stage o f catalytic 
hydrogenation is the adsorption o f hydrogen and substrates on the surface of the catalyst [9-12]. Regarding 
the forms and methods o f activating hydrogen on the active centers o f hydrogenation catalysts in the 
literature there are different viewpoints. The relative inertness o f hydrogen is due to the high dissociation 
energy o f its molecule (432.9 kJxmol"1). The bond between the H2 atoms can be weakened by donor- 
acceptor coordination with a metal in which hydrogen can act as both a donor and an electron acceptor to 
form charged particles o f Ш 5+ and Н 25", whose dissociation energies (259.6 and 77.9 kJxmol"1,
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respectively) is much lower than the dissociation energy o f the H 2 molecule. On the metal surface there 
are at least four hydrogen forms having different reactivity in liquid-phase hydrogenation processes: 
weakly bound molecular Ш®+, as well as tightly atomic hydrogen: ionized Ш 5+, Н25" and unionized H 
between which is set the adsorption equilibrium [13].

The values o f adsorption, charges, binding energies and the ratio o f different forms o f hydrogen 
depend both on the nature and dispersity o f the catalyst, and on the nature o f the solvent. In addition to 
these forms, dissolved hydrogen is present in the volume of the metal, which penetrates into the crystal 
lattice o f palladium through sites adsorbing weakly bound molecular forms (adsorption heat of 
7 kJxg-atom"1). Calculation o f the thermal effects o f all stages o f hydrogen sorption based on the results of 
the microbalance experiment showed that the dissolution o f hydrogen in palladium is energetically more 
favorable (activation energy 15 kJxg-atom"1) than its migration along the surface to centers with a higher 
heat o f adsorption (activation energy 55 kJxg-atom"1). During dissolution, a multicenter bonding of 
hydrogen to palladium can take place, in particular, in the case o f the Pd/Al2O3  catalyst, up to 5 hydrogen 
atoms can be adsorbed on one Pd atom.

The behavior o f palladium in catalytic processes is associated with different geometric structures of 
the active centers o f its surface. According to D.V. Sokolsky [5, 6, 13], hydrogen on the surface o f metals 
exists in a “predissociative form”, in which the H-metal bond is stronger than the H-H bond. The results of 
quantum chemical calculations, which were carried out later, are consistent with this statement. The 
choice o f the optimum catalysis in the case o f catalytic hydrogenation can be solved with its preliminary 
electrochemical characteristics. The measurement o f the potential o f the catalyst immediately gives an 
answer to the question o f the type o f reaction. Thanks to the application o f electrochemical methods, 
developed by the catalytic school o f D.V. Sokolsky, it became possible to determine the concentrations of 
reactants on the surface o f catalysts during the reaction, o f particular importance in the practice of 
catalytic hydrogenation has been the application o f these methods to powder catalysts. The method of 
liquid hydrogenation is now one o f the most developed methods in the theoretical and practical relation. In 
contrast, the gas-phase reduction o f aromatic nitro compounds requires the use o f high temperatures to 
ensure the evaporation o f the nitro compounds. Solvent can influence both for the rate, and the reaction 
mechanism. Rate o f diffusion depends on viscosity o f solvent. Rates o f the chemical reactions can 
sufficiently change depending on the solvent nature. A high degree o f chemo-, regio-, stereoselectivity of 
catalysts in the reactions of hydrogenation is very important. Catalysts based on metals of the platinum 
group: metal black and supported catalysts have found wide application for the production o f amines. 
Catalytic systems based on platinum group metals deposited on various sorbents reveal higher activity and 
stability than nickel catalysts. In the earliest works (50-70 years o f XX century) the catalyst, regardless of 
its composition, was used in amounts equal to or exceeding several times the amount o f hydrogenated 
nitro compound. It should be noted that the black metal due to their properties, did not find practical 
application in the production of amines. At the same time, platinum metals deposited on various carriers, 
even at low contents, show high activity and selectivity o f action during the reduction o f aromatic nitro 
compounds.

Despite the high cost, the catalysts based on platinum group metals are widely used in the 
hydrogenation o f organic compounds, in particular, for the production o f aromatic amines from the 
corresponding nitro compounds. A special role in this is played by the catalysts o f the platinum group 
deposited on various carriers [8, 14]. The reduction o f 3,4-dichloronitrobenzene in the presence o f iridium 
and platinum catalysts was studied and it was established that the limiting stage of the process is the step 
of converting the corresponding arylhydroxylamine into an amino compound. The orders o f the reaction 
along the substrate and hydrogen are calculated, and the optimum process conditions are determined.

Platinum and palladium catalysts deposited on coal showed high activity and stability in the reduction 
o f nitrobenzene, nitroanilines, p- and o-nitrophenols and other nitro compounds with various substituents. 
Palladium-containing catalysts differ significantly in properties from catalytic systems based on other 
metals o f the platinum group, as well as Ni or Cu. Pd-based catalysts are one o f the most effective 
catalytic systems for the hydrogenation o f double (also conjugated) and triple bonds. In cases where it is 
necessary to hydrogenate only nitro groups in aromatic nitro compounds, without affecting the double 
bonds o f the aromatic ring, it is necessary to use Pd-systems.

To improve the processes o f organic and inorganic synthesis, catalysts based on rare-earth elements 
are increasingly being used. Rare-earth elements are used as an active phase, promoting additives, and
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their oxides are used as a carrier. In some works [14, 15] it is pointed out that one o f the directions o f use 
of rare and platinum metals is associated with the development o f catalysts for various purposes. For 
example, deep oil processing involves a variety o f catalytic processes using Re, Pt, Pd-containing 
catalysts. Hydrogenation in the liquid phase o f nitrobenzene, o-nitroanisole, p-nitrotoluene, p-nitrophenol, 
chloronitrobenzene, 1,3,5-trinitrobenzene in Pd and Pt catalysts with rare earth metal oxide additives was 
studied. The highest process speed was detected using catalysts with additives Gd2O3, Tb2O3, Dy2O3. It 
was found that the activity o f 1% Pt/Gd2O3 catalyst exceeds the activity o f the catalyst 1% Pt/Al2O3 by 
3.5 times, and the activity o f 1% Pt/Sm2O3 catalyst is higher than the activity o f 1% Pt/AhO3 by 3.2 times. 
Authors found that the activity o f platinum-based catalysts containing Eu2O3 and Sm2O3 in the 
hydrogenation of nitrobenzene by a potentiometric method was studied. Analysis o f the products o f the 
hydrogenation reaction o f nitrobenzene on 1% Pt catalysts containing oxides o f Eu2 O3, Sm2 O3 and Al2 O3 

as carriers by gas-liquid chromatography showed the presence of only one product, aniline, which 
indicates a high selectivity o f hydrogenation. Metal-containing graphene materials proved to be 
catalytically active, stable and selective in hydrogenation reactions. It is o f interest to obtain Pd-containing 
catalysts based on nanodiamonds and amine-functionalized graphite oxide and to study their catalytic 
properties in model hydrogenation reactions o f compounds with different chemical bonds (nitro group, 
> C = C <and > C = N- bonds) and also to compare the obtained characteristics with the catalyst on 
activated carbon prepared by a similar procedure. The Pt/TiO2/RGO catalyst in the hydrogenation of 
nitrobenzene without a solvent showed high selectivity and activity (TOF = 59,000 h-1) as compared to 
Pt/TiO2 and Pt/RGO in 2.6 and 1.7 times, respectively. In addition, the catalyst can be reused for six times 
without loss o f activity. The authors conclude that the catalyst structure is stable. In comparison, Pt/TiO2 

catalytic activity decreases by about 40% already in the second cycle, but Pt/RGO retains good catalytic 
activity after three cycles o f use in hydrogenation. A study o f the catalytic properties o f Pt/NB and Pd/ND 
(ND-nanodiamonds) in the hydrogenation o f NB showed that the catalysts have high activity and stability, 
as well as selectivity: aniline is the only reaction product (no by-products formed, which was confirmed 
analysis o f reaction mixtures by gas chromatography) [16-19] (fig.1). Physicochemical analyzes of 
carriers (ND, activated carbon o f M200 grade) and catalysts based on them (1 wt% Pd/Nd, 1 wt% Pd/C) 
by SEM, energy dispersive X-ray spectroscopy (EDX) were carried out, as well as the XPS. The structure 
of the used carriers was used by the SEM method: M20 activated carbon (fig.2a) and ND (fig.2b). In fig. 
2b it is visible that the structure of ND represents fractal system with various size of separate grains 
whereas the structure o f activated carbon (fig.2a) consists of separate graphite flakes o f various forms and 
the sizes.

Figure 1 - Velocity of hydrogenation reaction of nitrobenzene

Comparing the results o f the analysis o f catalysts, it can be stated that palladium fixed to ND does 
not wash off during the reaction from the carrier, whereas, in the case o f Pd/C, metal losses amounted to 
almost 50% of the initial content. This may be the result o f the participation of nitrogen-containing groups
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of ND (amino or amide) in the process of palladium fixation. Indeed, in the XPS spectra before and after 
the reaction in the presence o f Pd/ND the presence o f nitrogen is fixed, while the Pd/C is not. In Pd/C part 
o f the metal (7-9%) is in places inaccessible to the reductant and therefore remains inactive. After the 
reaction in both catalysts, the main peaks shift both Pd3d5 /2 and Pd3d3/2 towards higher binding energies, 
apparently due to partial oxidation o f the metal centers by formation o f surface complexes with charge 
transfer from palladium to nitrobenzene. In addition, the nature o f the carrier affects the binding energy of 
the palladium electrons. In the case o f ND, this value at Pd3d5 /2 level is 335.0 eV, whereas for coal it is
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Properties o f 1 wt. % Pd/ND and 1 wt. % Pd/C were studied in the hydrogenation reactions of 
nitrobenzene and its para-substituted analogues (p-nitroaniline, p-nitrophenol, p-nitrobenzoic acid), as 
well as cyclohexene, hexene-1, allyl alcohol, acrylic, methacrylic, crotonic and cinnamic acids (fig.3). The 
proposed substrates differ in the nature and location of the groups being reduced, which makes it possible 
under comparable conditions to trace the influence o f the nature o f the catalyst on the kinetic parameters 
of hydrogenation, and also to study the effect o f the substituent in nitroarenes on the rate o f reduction of 
the NO 2 group. In the hydrogenation o f nitrobenzene and its para-substituted analogs (p-nitroaniline, 
p-nitrophenol, p-nitrobenzoic acid), 1 wt. % Pd/ND is more active than 1 wt. % Pd/C. Apparently, the 
NO 2-group is sterically more accessible for contact centers o f the catalyst o f 1 wt. % Pd/ND and worse for 
catalyst 1 wt. % Pd/C, which can be explained by the strictly ordered nanoscale structure o f ND in 
comparison with activated carbon, in the structure o f which there are pores of various diameters [20], 
where, apparently, a part o f palladium is fixed, thereby becoming inaccessible to the substrate molecules. 
However, judging by the XPS data, the proportion o f palladium that is not reduced does not exceed 7-9%. 
The hydrogenation o f nitrobenzene is most easily carried out for each o f the catalysts.

335.3 eV.

a b

Figure 2 - SEM image of activated carbon M200 (a) and ND (b)

O V C H - %
H t catalyst

CH3-CH2-R2; Щ = -C4H0, -СНлОН. -COOH

CHrC-COOH — ►CH3-CH-COOH
CH3

I
CH;

R3-CHCH-COOH — ►  R3-CH2-CH2-COOH: R3 = -Cl h -C6H;

Figure 3 - Scheme of substrate transformation in model hydrogenation reactions
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Conclusion. This article provides a brief overview of the studies o f the catalytic reduction o f aromatic 
nitro compounds to the corresponding amines. Increasing attention o f chemists is attracted by the 
possibility o f using nitro derivatives for the needs o f industry and agriculture, both directly and as a 
relatively cheap chemical material in the synthesis o f various products with high applied value. A special 
place among the chemical transformations o f nitro compounds is occupied by the reduction reaction. 
There is no need to dwell on the enormous industrial significance o f this reaction in the aromatic series. 
Studies o f hydrogenation reactions o f aromatic nitro compounds on nickel, copper and iron catalysts are 
described. Hydrogenation o f aromatic nitro compounds on catalysts based on palladium, platinum, and 
rhodium deposited on various carriers, including nanodiamonds, is considered. Data interpretation was 
carried out using materials published in domestic and foreign sources.
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АРОМАТТЫ МОНО ЖЭНЕ ДИНИТРОЦОСЫЛЫСТАРДЫ СЕЛЕКТИВТ1 
ТОТЬЩСЫЗДАНДЫРУДЬЩ ТИ1МД1 КАТАЛИЗАТОРЛАРЫ

Аннотация. Макалада ароматты нитро косылыстарды катализдж тотыксыздандыру аркылы манызды 
аралык жэне сонгы ешм -  арамотатты аминдердi алу карастырылган. 0ртYрлi алуан синтетикалык боягыш 
(сурет, бояу енеркэсiбi, табиги жэне синтетикалык талшыктарды бояуда), фотохимикат, отын 
турактандыргыш пен коспа, жагармай, есiмдiктi химиялык коргау куралы, синтетикалык талшык, сорбент, 
дэрiлiк заттарды жэне т.б. алу ендiрiсiнде жогары реакциялык кабiлетiне сэйкес ароматты моно-, ди - жэне 
полиаминдер кещнен колданылады. Аминдi алудын манызды жолынын бiрi -  нитрокосылыстарды сутекпен 
катализатор катысында тотыксыздандыру. Нитрокосылыстарды катализдiк тотыксыздандыруда КСРО, ТМД 
елдерi, Ресей жэне Казакстан галымдары Yлкен Yлес косты. Казiргi уакытта кейбiр елдерде ТМД-ны коса 
алганда, нитрокосылыстарды ерiткiш катысында тотыксыздандыру аркылы амин алу -  непзп эдiстердiн бiрi. 
Ерiткiштердi колдану нэтижесшде YДерiс бу эдiсiмен гидрлеуге караганда женiл жагдайда жYредi. 
Нитрокосылыстарды суйык фазада катализдiк тотыксыздандырганда процесс темен температурада 
жYретiндiктен энергия жумсалуы мен жуйенщ копарылгыштык кауiпсiздiгi темендейдi. Аминдi осы эдiспен 
синтездеу максатты ешмнщ экологиялык таза жэне шыгымы жогары болады. Макалада сутектiн 
атмосфералык жэне жогары кысымда нитрокосылыстарды гидрлеу Yшiн катализаторды тандаудын барлык 
мэселелерi толык жазылган. 0ртYрлi тасымалдагыштарга (онын ш вд е  наноалмазда бар) кондырылган 
палладий, платина, родий непзщдеп катализаторда ароматты нитрокосылыстарды гидрлеу мэселес 
карастырылган. Мыс косылган кондырылган палладий катализаторы негiзiндегi катализаторлар 
функционалды топ -  нитротопты гидрлегенде, ал платина жэне родий косындылары -  нитробензолдагы 
нитротопты жэне ароматты сакинаны тотыксыздандыруда жогары селективтiлiк керсетп. Жумыста 
наноалмазга кондырылган елшемi 4-5 нм платина жэне палладий нанобелшектерi непзщдеп катализаторлар 
жумсак жагдайда нитрокосылыстарды суйык фазада гидрлеу реакциясында жогары белсендшк керсеткенi 
аныкталды. Макала такырыбы гылыми жэне колданбалы тургыдан ете кызыкты. Теориялык сурак бойынша 
адсорбция, молекуланын реакциялык кабiлетiн кванттык-химиялык тургыдан сипаттау, тотыксыздану 
механизмi, металдардын электрондык кYЙi, ароматты нитрокосылыстардын езгеру процесшщ химизмi жэне 
ароматты нитрокосылыстарды катализдж гидрлеудiн практикалык мэселелерi туралы авторлардын жазган 
мэлiметтерi ете езектi. Макала отандык жэне шетелдiк эдебиеттердi талдау непзшде жазылган, сонымен 
бiрге химиялык жэне химиялык-технологиялык мамандыгында окитын студенттерге, магистранттарга, 
докторанттарга, катализ саласындагы мамандарга пайдалы болуы мYмкiн.

ТYЙiн сездер: ароматты нитрокосылыстар, катализдiк тотыксыздандыру, ароматты аминдер, селективтi 
катализ, суйык фазада гидрлеу.
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ЭФФЕКТИВНЫЕ КАТАЛИЗАТОРЫ 
ДЛЯ СЕЛЕКТИВНОГО ВОССТАНОВЛЕНИЯ АРОМАТИЧЕСКИХ 

МОНО- И ДИНИТРОСОЕДИНЕНИЙ

Аннотация. В данной статье рассматриваются вопросы каталитического восстановления ароматических 
нитросоединений для получения ценных промежуточных и конечных продуктов -  ароматических аминов. 
Ароматические моно-, ди- и полиамины, благодаря их высокой реакционной способности, широко 
используются в производстве различных соединений: синтетических красителей различных оттенков (для 
фотографий, в лакокрасочной промыш-ленности, для окрашивания натуральных и синтетических волокон), 
фотохимикатов, стабили-заторов топлива и получения присадок, смазочных масел, химических средств 
защиты растений, синтетических волокон, сорбентов, лекарственных средств и т.д. Наиболее важным 
способом получения аминов из нитросоединений является каталитическое восстановление водородом на 
катализаторах. Большой вклад в изучение каталитического восстановления нитросоединений внесли ученые 
из СССР, стран СНГ, России и Казахстана. В настоящее время в некоторых странах, включая СНГ, метод 
восстановления нитросоединений в растворителях является одним из основных способов получения аминов. 
Благодаря применению растворителей, процесс проводится в более мягких условиях, чем при паровом 
методе гидрирования. Использование жидкофазного каталитического восстановления нитросоединений 
позволяет проводить процесс при достаточно низких температурах, что приводит к значительному 
снижению энергозатрат и взрывоопасности системы. Этот способ синтеза аминов является более 
экологически чистым, целевые продукты реакции, амины образуются с достаточно высокими выходами. В 
статье подробно описаны вопросы выбора катализаторов для гидрирования нитросоединений при 
атмосферном и повышенном давлении водорода. Описываются исследования реакций гидрирования 
ароматических нитросоединений на никелевых, медных и железных катализаторах. Рассмотрено 
гидрирование ароматических нитросоединений на катализаторах на основе палладия, платины, родия, 
нанесенных на различные носители, включая наноалмазы. Катализаторы на основе нанесенных палладиевых 
катализаторов с добавками меди показали высокую селективность при гидрировании нитрогрупп в 
нитросоединениях с функциональными группами, а с добавками платины и родия -  при восстановлении и 
нитрогрупп, и ароматического кольца в нитробензоле. В работах по применению наноалмазов было 
установлено, что катализаторы на основе наночастиц платины и палладия размером 4-5 нм, закрепленные на 
наноалмазах, имели высокую активность в реакциях жидкофазного гидрирования нитросоединений в мягких 
условиях. Тема статьи интересна и с научной, и прикладной точек зрения. Описанные авторами данные по 
теоретическим вопросам (адсорбция, квантово-химическое описание реакционной способности молекул, 
механизмы восстановления, электронное состояние металлов, химия процессов превращения ароматических 
нитросоединений) и практическим проблемам каталитического гидрирования ароматических нитросоеди
нений являются весьма актуальными. Статья составлена на основе анализа отечественной и зарубежной 
литературы и может быть полезна специалистам в области катализа и студентам, докторантам, обучающимся 
по специальностям химического и химико-технологического профиля.

Ключевые слова: ароматические нитросоединения, каталитическое восстановление, ароматические 
амины, селективный катализ, жидкофазное гидрирование.
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