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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 CHs-NO:2. 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 AhO3, SiOz, 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 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 ofthe 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/SiO2 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 d10sQp0, 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 ofthe 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"1). 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 L5 and H25, whose dissociation energies (259.6 and 77.9 kJxmol"],
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respectively) is much lower than the dissociation energy of the H2. molecule. On the metal surface there
are at least four hydrogen forms having different reactivity in liquid-phase hydrogenation processes:
weakly bound molecular LL®+ as well as tightly atomic hydrogen: ionized LU 5+ H25'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 ofthe 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"J) than its migration along the surface to centers with a higher
heat of adsorption (activation energy 55 kJxg-atom"1). 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 ofthe 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 ofthe 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 Gd203, Tb203, Dy203. It
was found that the activity of 1% Pt/Gd203 catalyst exceeds the activity of the catalyst 1% Pt/Al203 by
3.5 times, and the activity of 1% Pt/Sm203 catalyst is higher than the activity of 1% Pt/AhO3 by 3.2 times.
Authors found that the activity of platinum-based catalysts containing Eu203 and Sm203 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 Eu20s, Sm20s and Al.Os
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-1) 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/TiO2
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 ofthe 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, 1wt% 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.

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 Pdsds2. 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 ofthe 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
335.3 eV.

a b
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:2 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 ofthe catalyst of 1wt. % 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.

Ht catalyst
OVCH-% CH3—CH2—-R2 L =-CMHO, -CHMOH. —COOH
CHrCl—COOH — » CH3-CH-COOH
CH; CH3
R3—-CHCH-COOH — » R3-CH2-CH2-COOH: R3=-dh -GH;

Figure 3 - Scheme of substrate transformation in model hydrogenation reactions
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Conclusion. This article provides a brief overview ofthe studies ofthe 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.

N.P. CacbikoBal H.E. MakcumoBl, A.E. EpxxaHoBl, M.C. MinmypatoBal A.T. PalibicoB],
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APOMATTbI MOHO X3HE ANHUTPOLIOCBITLICTAPAbLI CENEKTUBT1
TOTbWCbISAAHABIPY AbLL, TUIMA1KATAJIUSATOPJTAPBI

AHHOTauma. Makanaga apoMaTTbl HUTPO KOCbINbICTAPAbl KaTafM3[K TOTbIKCbI3LAHAbIPY apKblibl MaHbI3abl
apasiblK XX3He COHrbl elM - apamoTaTTbl aMUHAEPAi aly KapacTbipbinrad. OpTYpAi anyaH CUHTETUKa/IbIK 60ArbIw
(cypeT, 605ty eHepkacCibi, Taburnm >K3HE CUHTETMKAbIK TallbiKTapgbl 608yga), (OTOXMMMKAT, OTbIH
TypaKTaHAbIPrbIL NeH KOCMa, >karapMmai, eCiMAIKTI XMMUANBIK Kopray Kypasbl, CUHTETUKANbIK Ta/llblK, COPOeHT,
[ApiniK 3aTTapfbl XaHe T.6. any eHAipiciHAEe XXorapbl peakuus/biK KabifeTiHe Calikec apoMaTTbl MOHO-, AU - XK3He
NoNVaMUHAEP KeLHEeH KongaHblnaabl. AMUHAI anyfiblH MaHbI3fbl XO0/bIHbIH 6ipi - HUTPOKOCKINbLICTAPAb! CYTEKMNeH
KaTanm3aTop KaTbICbIHAA TOTbIKCbI3AaHAbIPY. HUTPOKOCHIIbICTapAbl KaTanuagik ToTbiKebi3gaHabipyaa KCPO, TM/,
engepi, Peceli x3He KasakcTaH ranbimgapbl Y/keH Yrec KOCTbl. Kasipri yakbiTTa keii6ip engepge TM/A-Hbl koca
anraHfia, HATPOKOChIbICTapAbl epiTKill KaTbICbIHAA TOTbIKCI3AAHALIPY apKblibl aMUH any - Hen3n agicTephiH Gipi.
EpiTkiwTepai kongaHy HatTwkecwpge Y[Mepic Oy agiciMeH rugpneyre kaparaHga >KeHin okargainga >xYpeai.
HuTpoKocbinbicTapapl CyMblK  (hasafja  KaTaiusgik TOTbIKCbI3LaHAbIpraHaa npouecc TemeH TemnepaTypaja
XYPETIHAIKTEH SHEPI WS XXYMCa/Tybl MEH XXYEHLL, KOMapbUIrbIWTHIK Kayinci3giri TemeHgeigi. AMUHAI OCbl 34icneH
CUHTE3[eY MaKCaTTbl eLIMHLL, 3KOMOrMANLIK Tasa >3HEe LWbIrbIMbl XOrapbl 6onadbl. Makanaga CyTeKTiH
aTMocepasiblK X3He >orapbl KbiCbIMAA HUTPOKOCHINbICTAPAbl rugpney YLiH KaTanmsatopibl TaHAayablH 6ap/bik
Mmacenenepi ToMbIK >KasbliraH. OpTYpni TacbiMangarbiitapra (OHbIH W BAe HaHoanMaszfa 6ap) KOHAbIPbLIraH
nannaguid, nnatuHa, POAMIA Hensljen KaTanu3aTopfa apoMaTTbl HWTPOKOCHINbICTapAbl TUApney Mmacenec
KapacTblpbliraH. MbIC  KOCbIITaH — KOHAbIPbUIraH nNa/afuii  KatanusaTopbl  HerisiHgeri  Kataausatopnap
(hYHKLMOHa/AbI TON - HWTPOTONTLI FMAP/EreHae, an MaaTMHa XSHe POAMIA KOCbIHAbINAPLI - HUTPOGEH30/aarbl
HUTPOTOMTbLI >K3HE apoMaTTbl CaKUHAHbI TOTLIKChI3LAHAbIPYAA >KOrapbl CeneKTUBTINIK KepceTn. >XymbicTa
HaHOoa/IMa3ra KOHAbIPbIAraH enemi 4-5 HM NnatuHa XxaHe nannaguii HaHo6enLWeKTepi Hen3wWw aen Kataamsaropniap
XKYMCaK >karfaija HUTPOKOCbIIbICTapabl CyibIK (hasafa rapney peakumsacbiHAA Xorapbl 6eNCeHAWK KepeeTKeHi
aHbIKTangbl. Makana TakbIpbl6bl IblbIMU X3HE KONAaHOa bl TyprblaH eTe Kbi3blKTbl. TeopuanbiK cypak 60liblHLLa
afcopbuus, MoneKkynaHblH pPeakuusanbiK KabineTiH KBAHTTbIK-XUMUAbIK TYpPrbldaH cunarray, TOTbIKCbI3LaHy
MexaHu3Mi, MeTanfapAbiH 3NeKTPOHALIK KYVA, apoMaTThl HUTPOKOCKINLICTapAbIH €3repy MPOLIECLULL, XMMI3MI JK3He
apoMaTtTbl HATPOKOCLINLICTApAbl KaTanv3mK rvapneyniH npakTMKasblk Macenienepi Typanbl asTopnapiblH >kasraH
M3fniMeTTepi eTe e3ekTi. Makana OTaHAblK X3He LueTengik agebueTTepai Tanjay Henswae XXasbliraH, COHbIMEH
6ipre XUMUAMBIK X3HE XUMUASMbBIK-TEXHOMOMMANBIK MaMaHAbITbIHAA OKWUTbIH CTYAEHTTepre, MarucTpaHTTapra,
[OKTOpaHTTapra, katanu3 canacbliHAarbl MamMaHgapra nainganbl 601ybl MYMKiH.

TYViiH ce3aep: apoMaTTbl HUTPOKOCLINLICTAP, KaTan3fik TOTIKChI3AaHAbIPY, apOMaTThl aMAHAEp, CeNeKTUBTI
KaTanus, cyWiblK (hasaga rugprey.

109



News ofthe Academy ofsciences ofthe Republic o fKazakhstan

J1.P. CacbikoBal H.E. MakcnumoBl, A.E. EpxaHoBl, M. C. iamypatoBal, A.T.PaiibicoBl,
E.A. Ayb6akuposl P.H. Axurynosal, A.A. batbip6aeBal C. CeHannsenaH2

1PaKynbTeT XMMUW 1 XMMUYECKOI TeXHONMorum, Kasaxckuii HauoHa/IbHbIl YHUBEPCUTET
um. anb-Papabu, Anmartel, KasaxcTa;
Department of Mechanical Engineering, DR.M.G.R. Educational
and Research Institute, University, Chennai, Tamilnadu, India

SPPEKTUBHBLIE KATA/TN3ATOPHI
ANA CENEKTVBHOIO BOCCTAHOBJ/IEHVA APOMATUYHECKUX
MOHO- N AMHUTPOCOEAVHEHWW

AHHOTaums. B faHHON cTaTbe paccMaTprBarOTCS BOMPOChI KaTa/IMTUYECKOrO BOCCTAHOB/IEHNS apOMAaTNYECKMX
HUTPOCOEAMHEHWI AN MOMYUYEHMA LEHHbIX MPOMEXYTOUHbIX Y KOHEYHbIX MPOAYKTOB - apoMaTU4ecKUX amMHOB.
ApomaTuueckve MOHO-, AW- W NoAvamMuHbl, 61arogaps MX BbICOKOW pPEaKUMOHHOM CMOCOBHOCTM, LUMPOKO
NCMO/b3YHOTCS B MPOM3BOACTBE Pa3/IMYHbIX COEAMHEHWIA: CUHTETUYECKNX KpacuTeseil pasnyHbIX OTTEHKOB (Ans
thoTorpamii, B NaKOKPacOUHOM MPOMbILL-IEHHOCTW, 419 OKpaLIMBaHWS HaTYPa/lbHbIX Y CUHTETUYECKMUX BOSIOKOH),
(hOTOXMMUKATOB, CTabWIM-3aTOPOB TOMIMBA WM MOMYYEHWS MPUCAZOK, CMA304YHbIX Maces, XMMUYECKUX CPefacTB
3alWTbl PacTeHW, CUHTETMYECKUX BOJIOKOH, COPOGEHTOB, NleKApCTBEHHbLIX CPEACTB M T.4. Hambonee BakHbIM
CMocoboM MOMyYeHWsi aMWHOB M3 HUTPOCOEAMHEHUIA ABNAETCA KaTanMTUYECKOe BOCCTAHOB/IEHME BOAOPOLOM Ha
KaTanusaTtopax. BonbLUIORA BKIag B M3y4eHWe KaTaMTUYECKOrO BOCCTAHOBNEHNA HUTPOCOEAVHEHNI BHEC/TN YYEHbIe
n3 CCCP, ctpaH CHI, Poccun 1 KasaxctaHa. B HacTosllee Bpems B HEKOTOPbIX CTpaHaX, Bkoyaa CHIT, metoq
BOCCTaHOB/IEHWSI HUTPOCOEAMHEHWNIA B PaCTBOPUTENSAX ABAETCA OAHUM M3 OCHOBHbLIX CMOCOBOB MOJTyYEHNS aMUHOB.
Bnarogaps MpPYMEHEHWNIO pPacTBOPWTENEN, NPOLECC NPOBOAWTCA B 60Mee MATKMX YCOBUAX, YEM MpU MapOBOM
MeTOde ruapupoBaHus. Lcnonb3oBaHWe XMAKO(A3HOrO KaTaMTWYeCKOro BOCCTAHOB/IEHMS HUTPOCOEAMHEHWI
MO3BO/SET MPOBOAUTL MPOLECC MPW AOCTaTOYHO HU3KMX TemmepaTypax, YTO MpUMBOAUT K 3HAUYMTENIbHOMY
CHWKEHWIO 3HeprosaTpaTr ¥ B3pbIBOOMNACHOCTM CUCTEMbl. 3TOT CMOCOO CUHTE3a amMHOB sBAseTcs 6Gonee
3KO/OTMYECKUN YNACTBIM, LiefIeBble MPOAYKTbI Peakuun, amMuMHbl 06pas3ytoTca C JOCTAaTOMHO BbICOKMMM Bbixogamu. B
cTaTbe MOAPOGHO OMMcaHbl BOMPOCHI BblGOpa KaTanM3aToOpoB ANA TUAPUPOBAHMA HUTPOCOEAMHEHWIA npu
aTMOC(PEPHOM 1 MOBBILLEHHOM [JaBneHuM Bofopoda. OMMCbIBAOTCA WCCNELOBaHWS peakuuili  rapupoBaHns
apoMaTUYeCKMX HUTPOCOEAVMHEHUI HA HWKENEBbIX, MEAHbIX W )KENe3HbIX KaTtasm3atopax. PacCMOTpeHO
rMapUpoBaHME apoMaTUYECKMX HUTPOCOEAMHEHWMI Ha KaTaiiM3aTtopax Ha OCHOBE Manfagus, NAaTWHbI, Poaus,
HaHeCEeHHbIX Ha pa3/IMYHbIE HOCUTENN, BK/IKOYas HaHOa/IMa3bl. KaTaim3aTopbl Ha OCHOBE HaHECEHHbIX MasIagneBbixX
KaTann3aTopoB C fJobaBKaMu MeAW MOKasan BbICOKYH CENEKTMBHOCTb MPU FUMAPUPOBAHWM HUTPOTPynn B
HUTPOCOEANHEHMAX C (DYHKLMOHA/IbHBIMM Tpynnamm, a ¢ jobaBkamu MAaTvHbl U POAWS - MPW BOCCTAHOBEHUN U
HWTPOrPynM, X apoMaTU4eckoro Konbua B HWUTPOGeH3one. B pabotax Mo NPUMEHEHMIO HaHOa/IMa30B 6bino
YCTaHOB/IEHO, YTO KaTan3aTopbl HA OCHOBE HAHOYACTUL, NIATUHbI U Na/iNagns pasMepom 4-5 HM, 3aKpensieHHbIe Ha
HaHOa/IMa3ax, UMe/n BbICOKYIO aKTVBHOCTb B PeakLUsaX XUAKO(a3HOro ruapupoBaHns HUTPOCOEAUHEHUIA B MATKNX
ycnosusix. Tema CTaTbyl MHTEPECHA W C HAYUHOW, 1 NPUKNAAHON TOYeK 3peHus. OnucaHHble aBTOpaMu AaHHbIe Mo
TEOpPeTMYECKMM BoMpocaM (aAcopbuusi, KBaHTOBO-XMMMWYECKOE OMMCAHWE PeakUMOHHOM CMOCOBHOCTU MOSEKyN,
MeXaHM3Mbl BOCCTAHOB/IEHWA, 3/IEKTPOHHOE COCTOSHME META/II0B, XMMMSA MPOLLECCOB MPeBpaLleHns apoMaTUYecKmx
HWTPOCOEANHEHWI) W MPAKTUYECKUM NPO6/eMaM KaTaMTUYeCKOro rMApPVMPOBaHNS apoMaTUHeCKUX HUTPOCOeau-
HEHWIA ABNAKOTCA BeCbMa aKTyanbHbiMW. CTaTbsl COCTaB/eHa HAa OCHOBE aHa/nM3a OTeYeCTBEHHOW U 3apy6eXkHOi
NNTepaTypbl U MOXET ObITb MONE3HA CreLuanncTaM B 061acTu Katanmsa u CTyfeHTam, JOKTopaHTam, 06yyatoLLmmces
MO CMEeLMaIbHOCTAM XMMUYECKOTO U XMMUKO-TEXHONOMMYECKOr0 Npotnns.

KntoueBble coBa: apoMaTMyeckme HUTPOCOEAMHEHWS, KaTa/MTUYECKOe BOCCTAHOBMEHME, apOMaTUYecKme
aMMHbI, CeNEKTUBHBIN KaTanns, XUAKOMasHoe rmaprpoBaHue.
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