BecTHK AKTIOOMHCKOTO perioHaabHoro yausepcurera uMm. K. XKyb6anoa, Ne3 (69), cenrsiops, 2022
TexHHYECKHE HAYKH

TEXHUKA FbIJIBIM/IAPBI
TEXHUYECKHUE HAYKHU
TECHNICAL SCIENCES

CSCSTI 53.31.21

MECHANISM AND PROCESS OF SELF-PROPAGATING HIGH-TEMPERATURE
SYNTHESIS OF SOLID CHEMICAL COMPOUNDS

D.A.YESENGALI Ev[0000-0003-0792-0822], D KAKMYRZAY EVA[0000-0002-0087-8740],
O.V.ZAY AK | N[0000-0002-9442-5928]
K. Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

e-mail: dauralga@mail.ru

Abstract. The article presents the advantages and disadvantages of the technology of self-propagating high-
temperature synthesis (SHS) of solid chemical compounds. Reactions and products of SHS of solid chemical compounds
(carbides, nitrides, borides, oxides, etc.) are given. This method is relevant for processing dispersed waste of ferroalloy

production. When grinding large-tonnage ferroalloys, cyclone dust is formed and accumulates.

The SHS process is based on the use of various chemical compounds as the main raw material, including pulverized
waste from the production of ferroalloys. With minimal energy consumption, the SHS process allows obtaining high-
quality composite materials based on iron. The main application of the products obtained is in the machine—building
industry (abrasives, hard alloys, tool materials), use as an alloying material in the production of steel, as well as in the
production of refractory materials for metallurgical furnaces.
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Self-propagating high-temperature synthesis (SHS) of solid chemical compounds is a new
technological process for the production of materials based on the exothermic chemical reaction of
the interaction of the initial reagents in the form of gorenje. Simply put, SHS is the synthesis of
materials by gorenje. For the organization of such gorenje process, solid reagents almost always have
to be used in the form of powders. However, here gorenje is not a conventional reaction of oxidation
of powdered substances with oxygen to form the corresponding gaseous oxides, but a highly
exothermic reaction of interaction of powdered reagents with each other or powdered reagents with
liquid or gaseous reagents, for example, liquefied or gaseous nitrogen, with the formation of solid
chemical compounds. Most often, these are refractory inorganic compounds (carbides, nitrides,
borides, etc.) that do not decompose during gorenje, and materials based on them.[1]. The process of

obtaining solid chemical compounds by the SHS method has the following advantages:
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6.

Low power consumption. A little energy is needed in the SHS method to heat the ignition coil
and ignite the starting powder. Further, the synthesis process proceeds due to its own internal
heat release as a result of a highly exothermic synthesis reaction, i.e. due to self-heating. The
energy here is not consumed from the outside, but on the contrary is released inside. So then,
after synthesis, it has to be taken outside, cooling the incandescent synthesis products.

The SHS method is characterized by simple and small-sized equipment. To implement the
SHS process, there is no need for long-term high-temperature external heating, in bulky
furnaces with heating systems, heat protection and thermoregulation.

The SHS method has a high performance, where due to self-heating during combustion, very
high temperatures are reached, significantly exceeding the heating temperatures in powder
metallurgy processes, therefore the synthesis reaction rate is much higher.Gorenje.

The product obtained by the SHS method is characterized by high purity and environmental
safety. This is also due to very high synthesis temperatures compared to furnace synthesis. At
such high temperatures, harmful impurities decompose and evaporate from the product,
ensuring its increased purity and environmental safety of the SHS process.

The SHS method provides a wide range of materials: powders, porous materials, non-porous
compact, cast, composite, surfacing and coatings. This is achieved by changing the
composition of the initial powders and the conditions of their combustion. By changing them,
first of all, the gorenje temperature and pressure, we can obtain a variety of synthesis products
in a very different form. As a result, the SHS method has great flexibility, allowing you to
obtain a wide variety of products on almost the same equipment.

SHS products find practical application in many industries:

- mechanical engineering: abrasives, hard alloys, tool materials;

- metallurgy: refractories, ferroalloys;

- electrical engineering and electronics: heating elements, ferrites, superconductors, highly

conductive ceramics and adhesives, electro-conductive solid lubricants;

- chemical industry: catalysts;

- medicine: materials with shape memory, etc. [2].

The main drawback of SHS is the requirement of high exothermicity of the reaction of

interaction of the initial powder reagents, so that the reaction of the synthesis of products takes place

in the form of gorenje phenomenon, so that the initial powder can be ignited.
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Reactions and products of SHS. Mixtures of elements or their compounds are used as reacting systems
for SHS of inorganic compounds, materials and products, mainly in the form of powders capable of
releasing a large amount of heat during interaction. There are several ways: SHS from elements, SHS

with the participation of chemical compounds.

SHS of the elements is the most extensive and studied class of SHS reactions. It can be divided
into three subclasses according to the types of mixtures of elements: 1. Metals with nonmetals; 2.
Metals with metals; 3. Nonmetals with nonmetals. Reactions of synthesis from elements belong to
the category of oxygen-free gorenje. In most of them, metal is combustible, and nonmetal is an
oxidizer. Nonmetals in SHS reactions can be solid, gaseous and liquid. Reaction mixtures of metals
with solid nonmetals are prepared in the form of powder mixtures, which are then burned, realizing

the reaction of SHS of inorganic compounds of different classes:

carbides:

Ti+C — TiC, Tao = 3290K;
Ta+ C — TaC, Tao = 2570K;
borides:
Ti + 2B — TiBa, Tuo =3193K;
Ti+B — TiB, Ta+ B — TaB, Tao= 2500K;T40 = 2190K;
Mo+ 2B — MoBg, Tao = 2320K;
silicides:
5Ti + 3Si > TisSis, Tao = 2400K;
Ti + Si > TiSi, Tao = 1920K;
Mo + 2Si — MoSiy, Tao = 1920K;

In the case of gaseous nonmetals (N2, H2), metal powders are burned in the atmosphere of

these gases created in the SHS reactor, usually with increased pressure. The gas is absorbed during

synthesis by the metal powder, and the following compounds are formed:

nitrides: 2Ti + N, > 2TiN, Two =4897K;
2Nb + N> =>2NbN, T.0 = 2800K;
2Al + N, — 2AIN, T.o =3638K;
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hydrides: Ti+Hy — TiHo, Tao = 1123K;

Zr+ H2 — ZrHy, Tao = 1323K.

An example of a liquid nonmetal can be liquefied nitrogen. In this case, a cryogenic vertical
reactor in the form of a Dewar vessel with thick walls is used for conducting SHS. Liquid nitrogen is
poured into the reactor, and then a porous tablet of compressed metal powder is lowered, which must
be tested. The reactor is screwed with a lid through which a tungsten spiral passes, brought into
contact with a metal tablet. When an electric current is applied, the spiral heats up and ignites the
tablet. [3].

SHS involving chemical compounds as reagents is another extensive class of SHS reactions.
It can be divided into four subclasses: 1. chemical compounds as oxidizing agents; 2. chemical
compounds as combustible; 3. SHS with a reducing stage:

1. SHS oxides from chemical compounds. In many processes, not the elements themselves can
be used as oxidants, but their compounds: ammonia NH3, hydrazine N2H4, azides (NH4N3,
NaN3, etc.), silanes SinH2n+2, hydrocarbons and polymers of SpNm. In SHS reactions, they,
interacting with the fuel elements, give, respectively, its nitrides, silicides, borides and
carbides.
2. Chemical compounds as combustible. Not the elements themselves, but their chemical
compounds, alloys and solid solutions can be used as fuels.
3. SHS with a recovery stage. A significant subclass of SHS reactions is in which not the
elements themselves, but their oxides or other halides together with a reducing metal can be
used as both combustible and oxidizing agents. These are the so-called SHS reactions with a
reduction stage. In them, aluminum and magnesium are mainly used as a reducing metal. The
prototype of such reactions is the long-known metallothermic reactions of gorenje termites,
carried out in order to obtain melts of metals by reduction from their oxides.
Thus, the review is devoted to a new technological process for obtaining materials based on the SHS
of solid chemical compounds (carbides, nitrides, borides, oxides, etc.) during the exothermic chemical

reaction of the interaction of the initial reagents in the form of gorenje. [4].

The main purpose of SHS is the synthesis of substances and materials, the creation of new
technological processes and the organization of new technological processes and the organization of
new productions. Currently, SHS is a whole scientific and technical field that is intensively

developing.
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KATTbI XUMUSAJIBIK KOCBIJIBICTAPJbBIH O31II'THEH TAPAJIATBIH
KOFAPBI TEMIIEPATYPAJIbI CUHTE3IHIH MEXAHUW3MI )KOHE ITPOLECI

I.A. ECEHT'AJIMEB, 1. K.AKMBIP3AEBA, O.B.3ASIKUH
K. ’Kybanoe ameinoazer Axkmebe exipaix ynusepcumemi, Axkmooe, Kazaxcman

e-mail; dauralga@mail.ru

Annarna.. Makanajga KaTThl XUMHSUIBIK KOCBUIBICTAP/Ibl ©3/IHEH TapallaThIH JKOFaphl TEMIIEPaTypalibl CHHTE3
(CBC) TexHOJOTHACHIHBIH apTHIKIIBIIBIKTAPEl MEH KeMIIUTIKTepi KenripinreH. KaTrTel XUMHUSUIBIK KOCBHIIBICTAPIIBIH
peakuusapsl MeH eHimjepi (kapOuarep, HUTpHATEP, OOpHUATEp, OKCHUATEp >oHE T.0.) KenrTipiaren, Oyi omic
deppoKopsITIIa OHAIPICIHIH AUCTIEPCT] KAJABIKTAphIH OHJIEYre KaThICThl. Ipi TOHHaNBI (eppOKOPHITIIANIAPABI YCaKTay

Ke3iH,He IUKJIOH IIaHBbI nai/'ma 60J'IaﬂI)I JKOHC KHHaJIadbl.
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CBC mnpoueci Herisri HIMKi3aT peTIHAE TYpPJl XUMHSUIBIK KOCBUIBICTAapIbl, OHbIH imiHae DeppokopsiTia
OHJIIPICIHIH IIaH TOpi3Al KaIIBIKTapblH MaiianaHyra HerizJlenreH. JIeKTP dHEPrHsAChIHBIH MUHUMANIbI IIBIFBIHBIMEH
mporiecc TeMip Heri3iHzaeri >korapbl camaisl KoMIO3WIUSUIBIK MaTepHaliapIsl allyFa MYMKIiHZIK Oepeni. AJBIHFaH
OHIMIEPIiH HeTi3r1 KOJIaHbLTYEl MallliHA jKacay cajachlHa (abpa3uBTep, KaTTHI KOPBHITHANAP, aCHANTHIK MaTepHajaap),
OoaT eHIIpiCiHAE JIETipIIeyIIIi MaTepHall peTiHe, COHaii-aK METaJUTypPTAsIIBIK ITEIITep YIIiH OTKA TO3IM/Ii MaTeprangap
OHJIIPiCIHC KOJJaHBLIAIBI.

KinT ce3nep: >xorapbl Temueparypajibl CHHTE3, IUKIOH IIaHBL, JEripieyll MaTephai, JUCHepCTi KaJJIbIKTap,

IIaH Topi3i

MEXAHMUW3M U ITPOHECC CAMOPACITPOCTPAHAIOIIEI'OCA
BBICOKOTEMIIEPATYPHOT'O CUHTE3A TBEPJbIX
XUMHYECKHWX COEJJUHEHUI

. A. ECEHT'AJIMEB, 1.K.AKMBbIP3AEBA, O.B.3AAKUH
Axmrwobdunckutl pecuonanvuviil ynugepcumem um.K.JKybanosa, Akmooe ,Kazaxcman

e-mail: dauralga@mail.ru

AHHOTanusi. B crathe INpUBENCHBI NMPEHMYINECTBA M HEJOCTATKH TEXHOJOTHH CaMOpacHpOCTpaHsoIecs
BBIcOKOTeManeparypHoro cuHTe3a (CBC) TBepapix xuMudeckux coequHeHui. [IpuBenens! peakun u npoayktel CBC
TBEPAbIX XUMHUYECKUX COCANHEHNH (KapOUI0B, HUTPUIOB, OOPU/IOB, OKCHIOB U Ap.) YKa3aHHBIH METOJ aKTyaseH JUlsi
nepepabOTKM  JHUCHEPCHBIX OTXOM0B (heppOCIUIABHOTO MNpPOM3BOACTBA. [IpM HM3MeNbYeHHHM KpYITHOTOHHAXKHBIX
(beppocmiaBoB 00pa3yeTcs U HaKaIUIUBAETCs [IUKJIOHHBIE ITBUIH.

CBC nporniecc 0OCHOBaH Ha HCTIOJIb30BaHUH B KAY€CTBE OCHOBHOTO CBHIPBS PA3JIMUHBIX XUMHYECKUX COCINHEHUH,
BKJIOUasi TBUICBHHbIE OTXOJbI MPOM3BOJCTBa (heppocmiaBoB. [Ipu MuHMMalBHOM pacxoje 3iekrpodHeprun CBC
IpoLecC TO3BOJSIET MOIy4aTh BBICOKOKAYECTBEHHBIE KOMIIO3MLIMOHHBIE MaTepHajibl Ha OCHOBe »xeine3a. OCHOBHOE
NIPUMEHEHNE IIOJTY4aeMbIX IPOAYKTOB — 3TO B MAIIMHOCTPOUTENHHOW OTpaciy (aOpa3WBbl, TBEpIbIE CIUIABHI,
MHCTPYMEHTAIbHBIE MaTepualibl), HCIOJIB30BAHUE B KAaUeCTBE JIETHPYIOIIEr0 MaTephaja IpH MPOU3BOACTBE CTANH, a
TaKXe IPHU MPOU3BOJCTBE OTHEYNOPHBIX MaTEPHUAJIOB AJIS1 METAIIIYPrUUYECKUX Meuei.

KiroueBble c10Ba: BEICOKOTEMIIEPATYPHBIA CUHTE3, HUKJIOHHAS MbUIb, JETUPYIOIIUN MaTepuall, JUCIIEPCHbIE

OTXOAbI, IBIJICBUAHBIC OTXO/BbI.
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