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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
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enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
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EFFECTIVE CATALYSTS FOR THE SELECTIVE
RESTORATION OF AROMATIC 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 of hydrocarbons of the general formula R-NO;
having in their composition a nitro group directly linked to an aliphatic or aromatic radical. Depending on
the nature of 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;-NO,. 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 of 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 of a number of 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 of 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 of highly efficient and selective catalysts for the hydrogenation of aromatic nitro compounds
to the corresponding amines, since amines find wide application in the production of various dyes, drugs,
corrosion inhibitors, stabilizers, polyurethanes, antiknock additives for gasolines and motor fuels and
others. The reduction of nitro compounds can be carried out in the presence of 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 of 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 Al,Os, SiO,, CaCOs; 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 of nitrobenzene is one of the model reactions for studying the activity of samples
of potential catalysts. Most studies of the reduction of 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 of 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 of Ni with Mg or Zn, has a
much lower catalytic activity in most reactions. The skeletal nickel catalyst has a structure of metallic
nickel with crystal sizes of 4-8 nm. It varies little with prolonged storage under a 1% solution of NaOH.
The magnitude of nickel crystals depends on the leaching temperature, increasing with the growth of 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
of nickel is heavily influenced by leaching conditions, in particular temperature, which determine both the
activity of the surface and the strength of 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 of the carrier. The most common among the latter are silicon and aluminum oxides.
As in the production of Raney nickel, the production of supported nickel catalysts is determined by the
conditions of metal deposition, the reduction temperature of the catalyst, and the degree of saturation with
hydrogen. In the work [7], bimetallic Fe-Cu/SiO, systems were proposed for the process of liquid-phase
hydrogenation of p-dinitrobenzene to p-phenylenediamine.

Palladium is of particular interest for theoretical chemistry due to its position in the periodic table: it
is the only element with the electronic configuration d'’sp’, which can vary depending on the type of
chemical binding and determines the specific behavior of 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 of selective obtaining 4,4’-diaminostilbene-
2,2’-disulfonic acid (DAS) by hydrogenation of 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 of platinum and rhodium showed high selectivity during
hydrogenation during the reduction of both nitro groups and the aromatic ring in nitrobenzene using iso-
propanol and ethanol as solvents [2, 3, 8]. The role of palladium in catalytic reactions is largely
determined by the different structure of active sites on its surface. As is known, the first stage of catalytic
hydrogenation is the adsorption of hydrogen and substrates on the surface of the catalyst [9-12]. Regarding
the forms and methods of activating hydrogen on the active centers of hydrogenation catalysts in the
literature there are different viewpoints. The relative inertness of hydrogen is due to the high dissociation
energy of its molecule (432.9 kJxmol™"). The bond between the H, 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 of H,®" and H,*, whose dissociation energies (259.6 and 77.9 kJxmol”,
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respectively) is much lower than the dissociation energy of the H, molecule. On the metal surface there
are at least four hydrogen forms having different reactivity in liquid-phase hydrogenation processes:
weakly bound molecular H,**, as well as tightly atomic hydrogen: ionized H,*", H,* and unionized H
between which is set the adsorption equilibrium [13].

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

The behavior of palladium in catalytic processes is associated with different geometric structures of
the active centers of its surface. According to D.V. Sokolsky [5, 6, 13], hydrogen on the surface of 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 of the optimum catalysis in the case of catalytic hydrogenation can be solved with its preliminary
electrochemical characteristics. The measurement of the potential of the catalyst immediately gives an
answer to the question of the type of reaction. Thanks to the application of electrochemical methods,
developed by the catalytic school of D.V. Sokolsky, it became possible to determine the concentrations of
reactants on the surface of catalysts during the reaction, of particular importance in the practice of
catalytic hydrogenation has been the application of these methods to powder catalysts. The method of
liquid hydrogenation is now one of the most developed methods in the theoretical and practical relation. In
contrast, the gas-phase reduction of aromatic nitro compounds requires the use of high temperatures to
ensure the evaporation of the nitro compounds. Solvent can influence both for the rate, and the reaction
mechanism. Rate of diffusion depends on viscosity of solvent. Rates of the chemical reactions can
sufficiently change depending on the solvent nature. A high degree of 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 of 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 of XX century) the catalyst, regardless of
its composition, was used in amounts equal to or exceeding several times the amount of 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 of action during the reduction of aromatic nitro
compounds.

Despite the high cost, the catalysts based on platinum group metals are widely used in the
hydrogenation of organic compounds, in particular, for the production of aromatic amines from the
corresponding nitro compounds. A special role in this is played by the catalysts of the platinum group
deposited on various carriers [8, 14]. The reduction of 3,4-dichloronitrobenzene in the presence of 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 of 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
of 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 of the platinum group, as well as Ni or Cu. Pd-based catalysts are one of the most effective
catalytic systems for the hydrogenation of 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 of the aromatic ring, it is necessary to use Pd-systems.

To improve the processes of 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 of the directions of use
of rare and platinum metals is associated with the development of catalysts for various purposes. For
example, deep oil processing involves a variety of catalytic processes using Re, Pt, Pd-containing
catalysts. Hydrogenation in the liquid phase of 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 Gd,Os, Tb,O3, Dy>0s. It
was found that the activity of 1% Pt/Gd,O; catalyst exceeds the activity of the catalyst 1% Pt/Al,O3 by
3.5 times, and the activity of 1% Pt/Sm,0Os catalyst is higher than the activity of 1% Pt/Al,O; by 3.2 times.
Authors found that the activity of platinum-based catalysts containing Eu,Os; and SmyO; in the
hydrogenation of nitrobenzene by a potentiometric method was studied. Analysis of the products of the
hydrogenation reaction of nitrobenzene on 1% Pt catalysts containing oxides of Eu,Os3, Sm>O3 and Al,O3
as carriers by gas-liquid chromatography showed the presence of only one product, aniline, which
indicates a high selectivity of hydrogenation. Metal-containing graphene materials proved to be
catalytically active, stable and selective in hydrogenation reactions. It is of interest to obtain Pd-containing
catalysts based on nanodiamonds and amine-functionalized graphite oxide and to study their catalytic
properties in model hydrogenation reactions of 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™') as compared to
Pt/TiO, and Pt/RGO in 2.6 and 1.7 times, respectively. In addition, the catalyst can be reused for six times
without loss of activity. The authors conclude that the catalyst structure is stable. In comparison, Pt/TiO;
catalytic activity decreases by about 40% already in the second cycle, but Pt/RGO retains good catalytic
activity after three cycles of use in hydrogenation. A study of the catalytic properties of Pt/NB and Pd/ND
(ND-nanodiamonds) in the hydrogenation of 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 of reaction mixtures by gas chromatography) [16-19] (fig.1). Physicochemical analyzes of
carriers (ND, activated carbon of 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 of activated carbon (fig.2a) consists of separate graphite flakes of various forms and
the sizes.

Wz, mol/(1-sec)

8.5x10™ 6%Pd/ND
8.0x10™ 5 1 | EEEEg 10% PA/ND
7.5x10™ 4 g 15% PA/ND
7.0x107 55 15% PYND
6.5x10™ E=3 20% PUND
6.0)(10"5— I 25% Pt/ND
5.5x10™ 5
5.0x10™
4.5x10™ 4
4.0x10™
3.5x10™
3.0x10™ 5
2.5x10™ 4
2.0x10™
1.5%10™
1.0x10™
5.0x10°
0,0

]

N
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Figure 1 - Velocity of hydrogenation reaction of nitrobenzene

Comparing the results of the analysis of catalysts, it can be stated that palladium fixed to ND does
not wash off during the reaction from the carrier, whereas, in the case of Pd/C, metal losses amounted to
almost 50% of the initial content. This may be the result of 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 of Pd/ND the presence of nitrogen is fixed, while the Pd/C is not. In Pd/C part
of 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 Pdsds, and Pdsds, towards higher binding energies,
apparently due to partial oxidation of the metal centers by formation of surface complexes with charge
transfer from palladium to nitrobenzene. In addition, the nature of the carrier affects the binding energy of
the palladium electrons. In the case of ND, this value at Pdsds, level is 335.0 eV, whereas for coal it is
3353 eV.

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

Properties of 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 of the nature of the catalyst on the kinetic parameters
of hydrogenation, and also to study the effect of the substituent in nitroarenes on the rate of reduction of
the NO, group. In the hydrogenation of 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»-group is sterically more accessible for contact centers of the catalyst of 1 wt. % Pd/ND and worse for
catalyst 1 wt. % Pd/C, which can be explained by the strictly ordered nanoscale structure of ND in
comparison with activated carbon, in the structure of which there are pores of various diameters [20],
where, apparently, a part of palladium is fixed, thereby becoming inaccessible to the substrate molecules.
However, judging by the XPS data, the proportion of palladium that is not reduced does not exceed 7-9%.
The hydrogenation of nitrobenzene is most easily carried out for each of the catalysts.

RIONOQ—' _—I_I:(")'RI—ONHQ; R, =-H, -NH,, -OH, -COOF
- =0

H2 catalyst
CHQ:CH 'RQ . > CH3"‘CH2"’R2; R2 = -Cng. -CHQOH.. -COOH
CHj:(l‘."'COOH—— — CH3"(FH —COOH
CHy CHy
R3_CH=CH -COOH—— I R3_CH2_‘CH2“'COOH; R3 = -CH3_ -C6H5

Figure 3 - Scheme of substrate transformation in model hydrogenation reactions
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Conclusion. This article provides a brief overview of the studies of the catalytic reduction of aromatic
nitro compounds to the corresponding amines. Increasing attention of chemists is attracted by the
possibility of using nitro derivatives for the needs of industry and agriculture, both directly and as a
relatively cheap chemical material in the synthesis of various products with high applied value. A special
place among the chemical transformations of nitro compounds is occupied by the reduction reaction.
There is no need to dwell on the enormous industrial significance of this reaction in the aromatic series.
Studies of hydrogenation reactions of aromatic nitro compounds on nickel, copper and iron catalysts are
described. Hydrogenation of 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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APOMATTBI MOHO KOHE JUHUTPOKOCBIJIBICTAPAbI CEJIEKTUBTI
TOTBIKCBI3JJAHABIPY IbIH TUIMII KATAJIN3ATOPJIAPBI

AnHoTanusi. Makanazna apoMaTTbl HUTPO KOCBUIBICTAP/bl KaTAIU3MIK TOTHIKCHI3AAHABIPY apKbUIBI MaHBI3JIbI
apasblK JKOHE COHFBl OHIM — apaMOTaTThl aMUHJIEPAl ally KapacThIPbLIFaH. OPTYPIi alyaH CHUHTETHKAJIBIK OOSFBIII
(cyper, 0o0sily 6HEpKoCiOi, TaOWFM JKOHE CHUHTCTUKAJBIK TANIIBIKTApAsl 00syna), (HOTOXMMHUKAT, OTBIH
TYpaKTaH/BIPFBILI NI€H KOCIIa, jKaFapMaid, eCIMIIKTI XUMHSUIBIK KOPFay Kypajibl, CHHTETHKAJIBIK TaJIIBIK, COPOCHT,
JIOPLTIK 3aTTap/Ibl )KOHE T.0. ally OHIIPICIHIC KOFAphl PEAKIMUIBIK KaOlIeTiHe ColikeC apoMaTThl MOHO-, JIU - )KOHE
NOJMaMHUHAEP KeHIHEH KOJIaHbUIabl. AMMHI ajyAblH MaHbI3/bI )KOJIBIHBIH 0ipl — HUTPOKOCBUTBICTAP/Ib CYyTEKIICH
KaTaJM3aTop KaThICBIHA TOTHIKCHI3NaHAbIPpY. HUTpOKOCKUIBICTAp bl KaTaM3aiK TOThIKChI3nanabipyna KCPO, TM/]
ennepi, Peceit xone KazakcTan ranbiMuapbl yikeH yiiec KocTbl. Kasipri yakeitra kehibip enmepae TMJI-HbI Koca
aJFaH/a, HUTPOKOCHUIBICTAP/IbI EPITKIII KAaThICBIH/IA TOTHIKCHI3IaHIBIPY apKbUIbI aMHH aJly — HETI3r1 aficTep iy Oipi.
EpiTkimTepni KonmaHy HOTIKeciHAe Yaepic Oy ojiCiMEH Tuapiieyre KaparaHaa d>KeHUI jKaFaaiaa Kypenui.
HurtpokocsuibicTapapl  CYHWBIK  (ha3aga KaTadM3[OiK TOTBIKCHI3JAHIBIPFaHAA IIPOLECC TOMEH TeMIleparypana
KYPETIHIIKTEH SHEPrHsl )KYMCaITybl MEH XYHEHIH KONapbUIFBILITHIK Kayilci3airi ToMeHneii. AMUHIII OChI 9MliCTIeH
CHHTE3/Iey MaKcaTThl OHIMHIH SKOJIOTHSJIBIK Ta3a J>KOHE IIBIFBIMBI JKOFapel Oonaigsl. Makanaga CyTeKTiH
aTMocdepabIK JKoHE KOFapbl KbIChIMIIa HUTPOKOCBUIBICTAp/Ibl THAPJIEY YIIIH KaTalu3aTopIbl TaHAAYIbIH OapibIK
Moceesepl TONBIK Ka3bUlFaH. OpTYpJli TachIMalJarbluTapra (OHBIH INIHAE HaHoaiuMmasga 0ap) KOHABIPBUIFaH
najulaini, IUIaTHHA, POJAMH HETi3iHJAeri Karauu3aTrop/ia apoMaTThl HUTPOKOCHUIBICTAPIbl THAPIIEY Maceieci
KapacThIppUIFaH. MBIC KOCBUIFAaH KOHABIPBUIFAH TNaUIaJii  KaTajlu3aTopbl HETI3IHJAEri KaTajau3aTopiap
(DyHKUMOHAJABI TOI — HUTPOTONTHI THIpJEreHAe, all IUIATUHA JKOHE POIUM KOCHIHIBUIAPH — HUTPOOEH30JIIaFbl
HUTPOTONTHI JKOHE apoMaTThl CaKMHAHBI TOTHIKCBHI3AAHABIPYIA >KOFapbl CeNeKTHBTUIIK KkepceTti. JKywmbicTa
HaHOAJIMa3Fa KOHJBIPBUIFAH eJIeMi 4-5 HM TUIaTHHA JKOHE MaUIaAnid HAaHOOeJIIIEKTepl HeTi3iH/eri KaTaau3aropiap
KYMCaK Karaaia HUTPOKOCBUIBICTAPBI CYHBIK (Da3ana TUAPICY PEeakKIUsICHIHAA JKOFaphl OCICEHAUTIK KOPCEeTKEHI
aHBIKTaJIbl. MaKasa TaKkbIpbIObl FHUIBIMU KOHE KOJIAHOAIbl TYPFBIZAH 0Te KbI3BIKTHL. TeopHsUIIbIK Cypak OoWbIHINA
aJicopOIKsi, MOJIEKYJIaHBbIH PEaKUMUIBIK KaOlleTiH KBAaHTTBIK-XMMMSUIBIK TYPFBIAAH CHUIATTAy, TOTHIKCHI3aHy
MEXaHM3Mi, MEeTaIJJap/AblH JIEKTPOHIBIK KYii, apOMaTThl HUTPOKOCBUIBICTAPABIH ©3repy MPOLECiHIH XUMHU3MI KoHE
apoMaTThl HUTPOKOCBUIBICTAp/bl KaTAIM3IIK MAPJICYIiH HMPaKTHKaIbIK Macelenepi Typajibl aBTOPJIApAbIH jKa3FaH
MoalliMeTTepl eTe e3ekTi. Makana OTaHIbIK JKOHE INEeTeNIK 91eOHeTTepi Tangay Heri3iHze >Kas3blIFaH, COHBIMEH
Oipre XMMHSJIBIK KOHE XUMHSUIBIK-TEXHOJIOTHIIBIK MaMaH/BIFbIHIA OKUTBIH CTYJCHTTEpre, MarucTpaHTTapra,
JIOKTOpaHTTapFa, KaTalnu3 cajlaChIHAAFbl MaMaHAapFa naiansl 00Tyl MyMKIH.

Tyiiin ce3aep: apoMaTTbl HUTPOKOCBUIBICTAP, KAaTAIU3IIK TOTHIKCHI3IAHABIPY, apOMAaTThl aMUHJIEP, CEJICKTUBTI
KaTaus, CYHbIK (azana ruapiey.
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IOPDOEKTUBHBIE KATAJIN3ATOPBI
JJIs1 CEJIEKTUBHOI'O BOCCTAHOBJIEHUSI APOMATHYECKHX
MOHO- U JMUHUTPOCOEJUHEHUU

AHHoTanmsl. B 1aHHOM cTaThe paccMaTPHUBAIOTCS BOIPOCH! KATATUTHYECKOTO BOCCTAHOBIICHUS aPOMAaTHYECKUX
HUTPOCOSIUHEHU Ul MOJIydeHHs LICHHBIX IPOMEXKYTOYHBIX W KOHEYHBIX IPOLYKTOB — apOMaTHYECKUX AMHUHOB.
Apomarnueckue MOHO-, IU- W TOJMAaMHHBIL, OJarojaps WX BBICOKOW pEaKIMOHHOW CIIOCOOHOCTH, HIMPOKO
HCIOJIB3YIOTCA B IMPOU3BOJACTBE PA3JIMYHBIX COGJII/IHCHPIFII CHHTCTHYCCKUX KpaCI/ITeﬂeﬂ Ppa3JIMYHbIX OTTCHKOB (JIJ'IH
doTorpaduii, B JAKOKPACOYHON MPOMBIII-ICHHOCTH, JJIsI OKpPAIIUBAHKUS HATYPAIbHBIX U CUHTCTUYCCKUX BOJIOKOH),
(hOTOXMMHUKATOB, CTAOMJIM-3aTOPOB TOIUIMBA W IIOJYYEHUs IPUCAJIOK, CMA30YHBIX Macell, XMMHUYECKHX CPEICTB
3aIIUTHl PACTEHHH, CHHTETHYECKUX BOJIOKOH, COpPOEHTOB, JIEKAPCTBEHHBIX CpeACTB M T.A. Hamboiee BakHBIM
CII0cO0OM MOJTYYeHUs] aMHHOB M3 HUTPOCOCIAMHEHHH SBISETCS KaTAIUTHYECKOE BOCCTAHOBICHHE BOJOPOIOM Ha
KaTanu3aropax. boJpioil BKIag B M3yYeHHE KaTaJIUTHYECKOTO BOCCTAHOBIICHUSI HUTPOCOCIMHEHUI BHECIIH YYEHbIC
n3 CCCP, crpan CHI, Poccun n Ka3zaxcrana. B Hacrosimee BpeMsi B HEKOTOPBIX cTpaHax, Bkirouas CHI', metoxm
BOCCTAHOBJICHHSI HUTPOCOEANHEHUII B PACTBOPHUTENAX SBISECTCS OJHUM M3 OCHOBHBIX CIIOCOOOB IOTYyYEHHS aMHHOB.
brarogapst mpUMEHEHUIO PacTBOpHUTENEH, mpouecc MPOBOJUTCS B 0ojiee MATKUX YCIOBHSX, YeM HPH IapOBOM
Meroze TuapupoBaHus. Hcnonb3oBaHue >KHAKO(DA3HOTO KATaJIMTHYECKOI'O BOCCTAHOBIECHHS HHUTPOCOSIUHEHHUIT
IMO3BOJIACT IMPOBOAUTL MPOLCCC IMpPU AJOCTATOYHO HHU3KUX TEMIICpATypax, 4YTO IMPUBOJUT K 3HAYUTCIBHOMY
CHIDKEHUIO DHEpPro3aTpaT U B3PHIBOOMACHOCTH CHCTEMBI. OJTOT cHoco0 CHHTe3a aMUHOB sBIseTca Oonee
9KOJIOTUYECKN YUCTBIM, LEJICBLIC MPOAYKThI PEAKIINU, aMUHBI 06pa3y}OTC)I C A0CTAaTOYHO BBICOKHMMH BBIXOJJaMH. B
CTaThe MOJAPOOHO ONHMCAHBI BOIPOCHI BHIOOpPA KaTaIM3aTOPOB JUIl THIPHUPOBAHUS HUTPOCOSAWHEHUH NpHU
aTMoc()epHOM ¥ TOBBIIMICHHOM JaBJI€HHH BoJOponaa. ONMCHIBAIOTCS HCCIENOBaHMS pEaKIWH THAPHPOBAHUS
apOMaTHYEeCKUX HUTPOCOEAMHEHUH Ha HHKEJEBBIX, MEAHBIX M IKEJE3HbIX KaTranuzaTopax. PaccMoTrpeHo
THIPUPOBAHNE apOMAaTHYECKUX HHUTPOCOCAWHEHHMH Ha KaTalu3aTopax Ha OCHOBE NaJUIafus, IUIATHHBI, DPOJIHMS,
HAaHECEHHBIX Ha Pa3jIMYHble HOCHTEIH, BKIIIOYasi HaHOaiIMa3bl. KaTaim3aTopbl HA OCHOBE HAaHECEHHBIX MaUIaleBbIX
KaTalInu3aTopoB C J00aBKaMH MeIW II0OKAa3ald BBICOKYIO CEJICKTUBHOCTh IIPH THIPHUPOBAHHM HUTPOTPYII B
HUTPOCOEAUHEHUAX C (QDYHKIMOHAJIBHBIMH TPYNIIAMH, a ¢ 100aBKaMM IUIATHHBI M POJIUS — IPU BOCCTAHOBJICHUH U
HUTPOTPYNII, U apOMAaTHYECKOro Kojibla B HUTpoOeH3oie. B paboTax MO NPHMEHEHHIO HaHOAIMa3oB ObLIO
YCTaHOBJIEHO, YTO KaTAIW3aTOPbl HA OCHOBE HAHOYACTHII IUIATHHBI M NAJUIaUA pasMepoM 4-5 HM, 3aKpeIIeHHbIe Ha
HaHOa/IMa3ax, UMCJIN BBICOKYIO aKTUBHOCTDH B PCAKIHAX )KI/ILlKO(l)aSHOFO TUAPpUPOBAHUA HI/lTpOCOCLll/IHeHl/Iﬁ B MAT'KHX
YCI0BUAX. Tema crathu HUHTEpECHA U C Haquoﬂ, u npumauﬂoﬁ TOYCK 3pCHMUH. OmnucaHHble ABTOpaMU NAaHHBIC 110
TEOpPETHYECKUM BoIpocaM (aacopOuusi, KBaHTOBO-XUMHYECKOE OIMCAaHHE PEaKIMOHHOW CIIOCOOHOCTH MOJIEKY,
MEXaHHM3Mbl BOCCTAHOBJICHHS, 3JIEKTPOHHOE COCTOSIHIE METAJUIOB, XMMUSI IIPOIIECCOB MPEBPALIEHHs] apOMaTHIYECKUX
HUTPOCOEIMHEHHNH) M MPAaKTHUYECKUM NpoOJieMaM KaTaJMTHYECKOTO THIPHUPOBAHUS apOMaTHYECKHX HUTPOCOEIH-
HEHUH SIBIISFOTCS BeCbMa akTyalbHBIMH. CTaThsi COCTaBIE€HAa Ha OCHOBE aHaIM3a OTEYSCTBEHHOH W 3apyOeKHOI
JIMTEPATYPBI H MOXKET OBITh MOJIE3HA CIICHUATIMCTaM B 00JIACTH KaTalu3a M CTyJCHTaM, JOKTOPaHTaM, 00y4atomuMest
10 CHEIUATEHOCTSM XUMUYECKOTO ¥ XUMUKO-TEXHOJIOTHYECKOTO TPOQHIIA.

KnroueBble c10Ba: apoMaTHYeCKHe HHUTPOCOSIMHEHHUS, KAaTAIUTHYECKOE BOCCTAHOBJIIEHHE, apOMAaTHYECKHE
AMHUHBI, CEIEKTUBHBIA KaTalIu3, )KUIKO(Da3HOE THAPUPOBAHUE.
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