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WEARFIRMNESS THERMITE CAST IRON
Zhiguts Yuriy, Lazar Vasil, Hom'ak Bogdan

3HOCOCTIMKICTH TEPMITHOI'O YABYHA
Kuryn 10.1O., JIazap B.®., Xom'sk b.41.

The present paper the basic solutions to the problem of obtaining wearfirmness thermite cast
iron examined the use of thermite cast iron, the benefits of combining thermite steels with
metallotermic methods of getting is showed. The advantages of metallotermic synthesis methods
include: autonomy of processes, independence of energy sources, simplicity of equipment, high-
performance process and easy transition from experimental research to industrial production. The
need to developed the technology of synthesis wearfirmness thermite cast iron, as a result of
aluminothermic reactions and establishment of technological features’ of synthesis it all led. At the
first phase of the study of chemical composition of the synthesized wearfirmness thermite cast iron
is determined. In continuation of studies microstructure, mechanical and technological tests were
performed. Technological features of the synthesis process and the impact of components
exothermic reaction were revealed. The result of comprehensive research was the development of
fusion technology wearfirmness thermite cast iron “OH-1", “OH-3", “UYX4I'7]]”, “UIX3T/]",
setting of the charge for the synthesis of the specified cast iron, revealing the microstructure and
mechanical properties of thermite steels, the research of technological properties of steel, namely
the casting of properties and effects on the structure of individual alloying elements. In addition, the
authors have set the limits and boundaries of creep for thermite cast iron and their dependence on
temperature.

Keywords: metallothermy, mechanical properties, thermite, wearfirmness cast iron.

B oaniti pobomi poszensawymi ocHO6HI piuieHH npoOieMu 3HOCOCMIUKOCMI MepMimHO20
YABYHY 3 BUKOPUCTNAHHAM MEPMIMHO20 YA8VHY, NOKA3AHO nepesazu NOEOHAHHA MePMIMHUX cmanel
3 MemanomepmiuHumMu memooamu ompumanus. Ilepesazu memoodie memaniomepmiuno2o cunmesy
BKIIIOYAIOMb. AGMOHOMHICb NPOYECI8, HE3ANeHCHICMb Odicepell eHepeii, npocmomy 001a0HAHHS,
BUCOKONPOOYKMUBHULI Npoyec ma JNecKuti nepexio 6i0 eKCnepuMeHmanibHux O00CHi0NHCeHb 00
NPOMUCTI08020 8UpobHUYmMEa. Bce ye npusseno 0o nHeobxionocmi po3pobKu mexHonozii 3HOueHHs
MiYyHOCMI MEepMIMHO20 Ya8YHY 6 pe3yibmami auloMOMEPMIYHUX peakyii ma 6CMAaHOGIeHHS
MexHoN02IuHUX ocobausocmeti cunmesy. Ha nepwomy emani Oocniodicenus XimiuHo2o cknady
CUHME308aHOI 3HOCOCMIUKOCMI BU3HAYAEMbC MEPMIMHUL 4A8YH. Y NPOO0BIHCEHHI 00CNI0NCEHb
MIKPOCMPYKMYPU BUKOHAHI MeXAHIYHI ma mMexHOI02iuHi eunpoOysanHs. Buseneno mexnonociuHi

22



Mixxnaponuuii HaykoBuit xypHan «OCBITA I HAYKA». Bumryck 24(1) 2018

ocobausocmi npoyecy cunmesy ma 6NAUE eK30MepMiuHOoi peakyii Komnonenmie. Pezynbmamom
KOMNIEKCHO20 00CHIONHCEeHHs 6)1a pO3pOOKA MEXHON02i MePMOSOePHO20 CUHMESY 3HOCOCMIUKOCMI
mepmimnozo uasyny “OH-17, “OH-37, “UYHYX4I'7]]", “HUYX3T/H”, ecmanosnrenns sapsody ons
cuHme3y 3Aa3HAYEHO20 YAGVHY, BUAGNEHHS MIKPOCMPYKMYPU MAd MEXAHIYHUX 61ACMUEoCcmell
MepMImHUX cmanet, OO0CHIONCEHHS MEXHONO02IYHUX GLACMUBOCmel Cmaii, a came GIOIUBAHHS
gnacmugocmel ma 6NAUSY HA CMPYKMYpPY OKpeMmux Jne2ylouux enemenmis. Kpim moco, asmopu
BCMAHOBUNU MeJHCT MA KOPOOHU NOB3YHOCMI O]l MEPMIMHO20 YABYHY MaA IX 3ANedCHiCmb 6i0
memnepamypu.

Knrwouoei cnoea: memanomepmis, MexamiuHi 61acmueocmi, mepmim, 3HOCOCMIUKICHb
YaGyHY.

That is why the synthesis of materials on the basis of metallothermic processes as well as the
investigation of the influence of new technological methods of getting metal on microstructure,
chemical composition, mechanical properties of manufactured castings got great practical
importance. Metallothermic reactions further and further become of great appliance in science and
technology. Under the lack of energetic and raw basis, of special melting and cast equipment such
technological processes of creating the materials become economically expedient, and their usage in
already existed methods of casting production e.g. in technique of producing steel and cast iron
castings with thermite addition greatly rises the efficiency of production. Creating of the alloys on
the basis of combined metallothermic processes allows getting materials with new technological
properties the study of which has both scientific and practical importance.

While organizing the process of synthesis of steels and cast irons classic [1] thermite
reactions based on oxidation of aluminum and renovation of iron are used:

Fe,O,+ Al—> Fe + Al,O,.

The task was to work up the method of calculating of burden composition on the basis of
stoichiometric relationship of reaction components with the introduction of suitable coefficients
taking into account the component activity and the coefficients of its adoption by metal. The
method allows to establish the composition of metallothermic burdens and to calculate adiabatic
temperature of its combustion. The main condition of the process is the necessity to have real
temperature of burden combustion higher than the temperature of slag melting [2, 3] (for Al2Os
2400 K). The main structure components in thermite cast irons that influence greatly the wear
resistance are the carbides. First of all, these are cementite and more wear resistanceable carbides
Cr, W, Mo, Ti and others.

If we assume that synthesized thermite cast irons of carbide class have one-type phase
composition, then to determine its ware resistance will be possible using the scheme: the more is
their hardness, the more is the wear resistance. But while investigating the components of the
structure and their influence on wear resistance it is necessary to use the principle of Sharpi-
Bochvar, and, taking into account the necessity to shape the construction part the technological
form (we mustn't forget that the rise of hardness leads simultaneously also to the deterioration of
machining by cutting). Wear resistance of synthesized cast irons under abrasive wear resistance
depends on microhardness, form, replacement and quantity of structural components.

The grey cast irons iS most convenient to get by metallothermic or combined
(metallotherming) methods because of the high temperature within the zone of reacting of the
components that leads under synthesis of alloys in conditions of micromelting to fast cooling and
that in its turn gives the speeds of cooling higher than the critical ones and simultaneously
martensite or needle-shape microstructure. These are the structures that are of the highest wear
resistance. Grey thermite cast iron is being manufactured very well by cutting, much better than
chilled and white cast irons. The burden composition for synthesis, chemical composition and
components of the burden for getting wear resistant thermite cast iron and its mechanical properties
are shown in table 1 and 2 (tempering was being done under 550°C during 12 hours). Within cast
irons 1, 2 martensite is formed just during metallothermic melting without certain
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temomanufacturing which is furthermore connected with replacement of critical point regarding
alloying of Ni. Cast irons 4, 5 (table 2) contain great amount of austenite but after tempering we get
the structure of martensite of tempering with hardness being 280-310 HB. Cast iron 3 is being got
with substantial chilled layer of material. Martensite in grey cast iron is being got without additional
thermomanufacturing (tempering) and this effect decreases with the increasing of mass of the
burden for melting [4]. In fact, it gives the possibility for thermite micromelting to decrease greatly
the content of alloyed elements (Mn and Mo) not making tempering cracks while doing this.

Table 1
Chemical composition of the burden for synthesis of grey thermite cast iron
Ferrosiliciu | Ferro- . Ferroalu-
Ne E(I)t\a;;rgrde ercent | M manganese N(;W der Ferrochrome minium
POWET, p (®C 75) (®Mu75) | P thermite
1 4,0-4,2 1,6-2,0 1,3-1,6 4,2-4.8 0,4-1,1 FeCr the rest
2 4,0-4,2 3,3-3,8 1,0-1,5 4,045 0,7-1,4 FeCr the rest
3 4,0-4,2 1,6-2,0 3,8-4,3 4,853 0,9-1,6 FeCr | the rest
4 4,0-4,2 1,6-6,0 4,0-4,3 5,5-6,1 - the rest
5 4,0-4,2 2,0-2,7 4,351 5,5-6,0 0,7-1,4 FeMo | the rest
Table 2
Chemical composition and hardness of martensite grey cast iron
Element content, per cent HB
In
Ne . . After
C Si Mn S P Ni Cr and Mo alslé)a);gd tempering

1 30-32 | 12-15 | 10-12 | <0,05| <0,1 | 4248 | 0,3-08Cr | 390-430 -

2 3033 | 2528 | 0,711 | <0,05| <0,1 | 40-45| 05-10Cr | 370440 -

3 3032 | 12-15| 2,732 | <0,1 | <0,1 | 4853| 0,7-1,2Cr 270 390400

4 30-32 | 1,2-15 | 3,032 | <0,1 | <0,1 | 5561 - 280-292 -

5 3,033 | 1520 | 3238 | <0,06| <0,1 | 556,0| 0,5-1,0Mo | 290-310 -

Wear resistance of manufactured cast irons may be compared using table 3. Cast iron
manufactured by thermite method may to some extend be classified as a grey iron not lower than
«CY 30», and after tempering in cast irons 4 and 5, the limit of tension strength has been established
at the level not less than 500 MPa.

Table 3
Wear resistance of special cast irons
Ne| Thermite material Copd|t|onal value of
resistance

1 | Carbon steel (analogue of steel «Y8») 100

2 | Thermically manufactured thermite alloyed cast iron 85

3 | Martensite thermite cast iron 50

4 | Alloyed Mn and Mo martensite cast iron 40

Table 3 data witness the increasing of conditional resistance for martensite thermite cast
irons and rather great increasing for thermically manufactured cast iron. Pearlite matrix of such cast
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iron contains carbides Cr and Fe. Using roentgenostructural analysis method in the structures of
these cast irons carbides FesC and (Fe,Cr)sC as well as carbides (Fe,Cr)Cs and others were
detected, that provides the hardness of ~ 15000 MPa. Microhardness of carbides (FeCr)sC — HV
10000-10500 MPa, (FeCr);Cs and (Fe,Cr)23Cs 14500-17500 MPa. Chemical composition of
burden and composition of ingots, the properties of some marks of thermite cast irons are shown in
tables 4, 5 and 6.

It is necessary to mention that mechanical properties of thermite cast iron are better than the
properties of highly-chromium cast iron because of additional microalloying by aluminium, which
must be introduced into the burden composition.

Table 4
Chemical composition of burden for synthesis of grey thermite cast iron
Electrode | Ferrosili Ferroma Ferrochromium Feroalu
. g Powder (@X 100A); O

Mark powder, | cium nese Ni. B. Cu Ferrotitanium minium

percent | (®C 75) (®MH 75) (®Tw 055A) thermite

“On-1” 2,6-3,1 1,6-2,4 0,2 0,1-0,4 - The rest

“On-3” 2,6-3,1 1,3-2,0 0,7-1,3 0,1-0,4 2,0-2,6 FeTi The rest

“NMUX4T7]1” | 2,6-3,1 2,0-2,6 8,0-10,0 >0,8Ni, Cu | 10,0-12,9 FeCr | The rest
Table 5

Chemical composition and the properties of medium alloyed thermite cast irons

Element content, per cent Mechanical properties
Mark . .
C Si Mn |S P Ccr |Ni |B Ti |cu | ou Hard-ness
MPa MPa
@ " 25— | 1,2- B B 01-| B 550- 47-52
Oou-1 30 |18 >0,1 101 |01 04 230 10 HRC
B " 25- | 1,0- | 0,5~ 0,1- | 0,7- 210- 580— 47-52
on-3 30 |15 |10 01 101 1- - 04 |09 | 250 700 HRC
B .| 3,0-1]15 | 60- 3,5- 500-
NUX4T7]Q 35 |20 |75 0,05 | 0,1 45 >0,5 | — - >0,7 | 175 370 550HB
“ . | 25-110- |05 2,0- | B 0,5- | 0,5~ 500-
WAXSTA 30 |15 |10 005 0.1 3,0 09 |09 250 510 570HB

Within cast irons with a considerable content of manganese disregarding high temperatures
of synthesis one can see the aggravation of fluidity under the keeping of shrinkage within the range
of 1,6-2,2 per cent. One must bear in mind that the treatment of cast irons with high content of
chromium is complicated though it is on satisfactory level.

Table 6
Mechanical properties of thermite highly-alloyed cast irons

Mark cast irons HRC cu, MPa
“N4xX12M” 65-67 670
“NUX12I'5” 64-66 680
“NUYX28H2” 53-57 620
“NUX2H4” 60-62 660

Cast irons «MMUX15M3», «MUX12M» and «MUX12I'3M» are annealed (for getting the
structure of grain perlite) with further hardening. Cast irons «MUX28H2M?2» and « TUX12I'5» with
the structure of alloyed austenite are hardened in an open air and « ITUX28H2» are treated under the
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medium-temperature tempering. High speed of cooling under getting of not big castings or the
castings with wall thickness to 25-30 mm allow to get at once austenite-martensite structure. In
other cases, the loading into furnace after hardening of casting at temperature 950°C, endurance 2—3
hours and cooling together with furnace or hardening in an open air is used. The probability of
graphitization of castings under synthesis of alloy by aluminothermic way decreases considerably
because of considerable gradient of temperatures and high speed of heat abstraction, i.e. getting of
martensite structure under casting goes considerably simpler.

Thus we may make a conclusion that aluminothermic ways can be used for producing of
special thermite alloyed cast irons expect for high-chromium cast irons during the synthesis of those
the problems of technological character appear. Other types of special cast irons have in some cases
even better properties than in cast irons produced by ordinary methods. Designed compositions of
thermite mixtures are also suitable for technology of thermite casting additives of high-temperature
gradient.
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COEPUUYECKHUHN ONTORJIEKTPOHHBIN CEHCOP JJ1s1 U3BMEPEHUSI
KOHIEHTPAIIUU METAHA B BO3AYXE
KaGamuii B. H., Xomsk B.41., ITuteoBka O.1O.

SPHERICAL OPTOELECTRONIC SENSOR FOR MEASUREMENT OF METHANE
CONCENTRATION IN AIR
Kabatsiy Vasyl, Khomyak Bogdan, Pityovka Oksana

Ilpeonooicena KOHCMpPYKYUs  ONMOINEKMPOHHO20  cencopa e2aza Ha meman (CHa)
yuumslearouiasi ocobennocmu CNeKmpalbHblX XapaKkmepucmux ucmovYHukoe u npuemHUKos
CpeaHeZO UK-ouanaszona cnekmpa. Iloxazana 6o3modicocms UCNOAL308AHUS ONnMmMoO3JIEKMPOHHO2O
cercopa ons uzmepenus xonyenmpayuu CHs 6 ouanazone 0-3 06.%. MunumanvHo uszmepenuas
KOHYeHmpayusi 2casa 6 603())/)(8 ocparudueaenics nojlbKo ONMHOULeHuem CMZHaJZ/LLtyM u cocmasejiiem
200-250 ppm.

KuaroueBbie cioBa: HK-uznyyenusi, ONmMo3NeKmMpOHHbIE CEHCOpbl, (DHOMONPUEMHUKU,
Ol’lm03]l€Kmp0HHblZZ CeHCop, 2A3.
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