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Abstract: Recently, there has been a trend towards the use of modifiers
in the form of briquettes produced by pressing highly dispersed materials
with a binder. The choice of a rational composition of the briquette-
modifier will improve the properties of cast irons and steels by increasing
the assimilation of the modifying components and facilitating their
introduction into the melt. Therefore, the possibility of using briquetted
materials for modifying and alloying cast iron to improve melt quality,
considered in this paper, is relevant. A literature analysis was carried out
on the methods of producing briquettes. The influence of the main
technological parameters of briquettes production on their quality
characteristics is studied. It was found that the main limitation of the use
of briquette modifiers is their high dissolution temperature (more than
1450 °C). The paper considers the possibility of reducing the briquette
dissolution temperature by introducing the magnesium-aluminium alloy
MAGR into its composition, which helps to accelerate the dissolution due
to the internal rupture of the briquette from thermal shock. The rational
composition of the modifier, which includes nanodispersed titanium
carbonitride powder (35-40%), granular MAGR alloy (5-10%) and
dispersed cast iron chips (the rest), was determined by laboratory tests.
The proposed composition of the briquettes is appropriate in terms of the
optimum dissolution temperature (1250°C) and increasing the rate of
interaction of the briquette reagents with the melt. The experimental
briquette modifiers were tested in industrial conditions at PJSC
ArcelorMittal Kryvyi Rih. According to the results of the research, it was
found that the use of the developed briquette-modifier in the manufacture
of cast iron grinding balls increases their operational stability by 18-30%,
which made it possible to reduce the cost of ore grinding.

Keywords: briquette, cast iron, modification, nanodispersed material,
titanium carbonitride, research, temperature, composition

126



Scientific and practical journal "Economics and technical engineering"

JEL: L610

Development of briquette modifier composition to increase the stability of grinding media in
iron ore fine grinding mills

Nataliia Suslo
Assoc. Prof. PhD, State University of Economics and Technology, Kryvyi Rih, Ukraine
e-mail: suslo nv@duet.edu.ua

ORCID iD: 0000-0001-9280-6316

Yelyzaveta Huk
Assistant, State University of Economics and Technology, Kryvyi Rih, Ukraine
e-mail: huk ys@duet.edu.ua

ORCID iD: 0000-0002-8866-9467

Hanna Panchenko
Assoc. Prof. PhD, State University of Economics and Technology, Kryvyi Rih, Ukraine
e-mail: panchenko hm@duet.edu.ua

ORCID iD: 0000-0001-7565-0380

Abstract: Recently, there has been a trend towards the use of modifiers in the form of briquettes
produced by pressing highly dispersed materials with a binder. The choice of a rational composition
of the briquette-modifier will improve the properties of cast irons and steels by increasing the
assimilation of the modifying components and facilitating their introduction into the melt. Therefore,
the possibility of using briquetted materials for modifying and alloying cast iron to improve melt
quality, considered in this paper, is relevant. A literature analysis was carried out on the methods of
producing briquettes. The influence of the main technological parameters of briquettes production on
their quality characteristics is studied. It was found that the main limitation of the use of briquette
modifiers is their high dissolution temperature (more than 1450 °C). The paper considers the
possibility of reducing the briquette dissolution temperature by introducing the magnesium-
aluminium alloy MAGR into its composition, which helps to accelerate the dissolution due to the
internal rupture of the briquette from thermal shock. The rational composition of the modifier, which
includes nanodispersed titanium carbonitride powder (35-40%), granular MAGR alloy (5-10%) and
dispersed cast iron chips (the rest), was determined by laboratory tests. The proposed composition of
the briquettes is appropriate in terms of the optimum dissolution temperature (1250°C) and increasing
the rate of interaction of the briquette reagents with the melt. The experimental briquette modifiers
were tested in industrial conditions at PJSC ArcelorMittal Kryvyi Rih. According to the results of the
research, it was found that the use of the developed briquette-modifier in the manufacture of cast iron
grinding balls increases their operational stability by 18-30%, which made it possible to reduce the
cost of ore grinding.
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AHoTanisg: OcTaHHIM 4acoM HaMiTHJIacs TEHJEHIIS 3aCTOCYBaHHS MOAM(DIKATOPIB, BUKOHAHUX Y
BUTJISAI OpMKETIB, OTPHUMAaHUX  MUIAXOM IPECYBaHHS BHCOKOJMCIIEPCHHX MarepiaiiB i3
3aCTOCYBaHHAM CHOJy4YHOTo. BuOip parioHasbHOro ckiaay OpukeT-mMoaudikaTopa T03BOJIHTH
MOJIMNIIUTH BIACTUBOCTI YaBYHIB 1 CTajiei, 32 paxyHOK 301UJIbIIEHHS 3aCBOIOBAHOCTI KOMIIOHEHTIB,
mo MOAM(DIKYIOTh, a TaKOX IOJICTIIUTH iX BBEIEHHS B po3IuiaB. Tomy, po3risHyTa B poOOTi
MO>KJIMBICTh 3aCTOCYBaHHsS OpUKETOBAHUX MaTepiajiB /Uil MOAM(DIKYBaHHS Ta JETYBaHHS YaBYHY 3
METOIO MiJBHUIIEHHS SKOCTI pO3IUIaBy, € akTyainbHOW. [IpoBereHo aHami3 JiTepaTypu CTOCOBHO
croco0iB oTpuMaHHs OpukeTiB. [loCHi/KEeHO BIUIMB OCHOBHUX TEXHOJOTIYHUX HapamMeTpiB
BUTOTOBJICHHA OpHKETIB Ha iX AKICHI XapaKTepUCTUKU. BUSABIEHO, 110 OCHOBHUM OOMEXEHHSIM
3aCTOCYBaHHA OpUKeT-MOoAU(DIKATOPIB € IX BUCOKA TeMIepaTypa po3unHeHHs (Oinbme Hixk 1450°C).
Po3rnsHyTa MOXIJIMBICTh 3HWKEHHS TEMIIEpaTypy pO3UNHEHHS OPHKETY 32 paXyHOK BBEJICHHS B HOTO
CKJIaJ] MarHii-aioMiHi€BOTO cruiaBy MATp, SIKMi CTIpHsie TPULIBUIIICHHIO PO3YMHEHHS 32 PAXyHOK
BHYTPIIIHBOTO po3ipBaHHs Opukery Big TepMoyaapy. llmsaxom naGopaTOpHHMX OCHTIKEHb
BHU3HAUCHUH palliOHABHUN CKJIaa MoaudikaTopa, B SKUH BXOAWTH HAHOAUCIEPCHHUN TMOPOIIOK
kapOoHiTpuny tutany (35-40%), rpanynpoBanuii crmaB MArp (5-10%) Ta mucnepcHa 4aByHHA
CTpyXKa (pemTa). 3ampONOHOBAaHUN CKIIa] OpUKETIB € JOULUIFHUM, 3 TOYKH 30py ONTUMATBHOI
temneparypu pozurHenHs (1250°C) Ta 30inbIIEHHS MIBUIKOCTI B3a€MOJil pEarcHTiB OPHKETY 3
posminaBoM. JlocniaHi OpukeT-MoandikaTopy MpORIILIN anpoOallito B MpoMUCcIoBUX ymoBax Ha [TAT
«ApcenopMirran Kpusuit Pir». 3a pesynpTaramu AOCHIKEHHS BCTaHOBJIEHO: 3aCTOCYBAaHHS
po3po0biieHoro OpukeT-MoaudikaTopa MpH BUTOTOBIEHH] YaBYHHUX KYJIb, 1[0 MEIOTh, 30UIBIIYE iX
eKCIUTyaTaliiny criiikictb Ha 18 — 30%, L{e m03BosI€ 3HU3UTH COOIBAPTICTH TOMEINY PY/IH.
KarwuoBi ciaoBa: Opuker, 4aByH, MOAM(DIKyBaHHsS, HAaHOJUCIIEPCHUN MaTepiay, KapOOHITPHI
TUTaHY, JOCTIKEHHS, TeMIIepaTypa, CKIa

Beryn (Introduction)

VY naHuii yac BCe yacTilie BUKOPUCTOBYIOTh APIOHONMCIIEPCHI MaTepianu (HaHOMAaTepiain) JIs
JeryBaHHs Ta MOIU(IKyBaHHS PO3IUIABIB 3 METOIO MiJBUILEHHS MEXaHIYHUX Ta CIELiaJbHUX
BJIACTUBOCTEH JeTajeil MeTamypriiHoro oOnaaHaHHS (KOJMOCHMKIB, MEJIOUYMX Kylb, KOHYCIB
apobapok To1o). OCHOBHUMH MpOoOIeMaMu MPU BUKOPUCTAHHI JUCIIEPCHUX MarepiaiB y BUIVISII
Jiratyp Ta Moau(ikaTopiB € X BBEACHHS B PO3IUIaB 1 3aCBO€HHS. JIeTKi AMCIIEPCHI YaCTHHKH MPH
BBE/ICHHI IX y CTPyMiHb METally CIUIMBAIOTh HA MOBEPXHIO PO3ILIABY, TUM CaMHM HE B3a€MOJII0UU
MIOBHOIO MipOIO 3 HUM, 1110 IPU3BOIUTH /10 3HIKEHHS MoAM(DiKyrouoi abo Jieryrouoi aii Ta migBUIeHO
IXHBOI BUTpATH.

Icnye Gararo pizHuX crioco0iB BBeneHHS MonudikaTopiB y posmias (Abdelrahim et al., 2022),
HaNpHUKIa] BBEJCHHS B KiBII «I3BIHOYKOM», Y BUINIAII JPOTY 3 TOPOIIKOBUM MoaH(DikaTopom, aie
BOHM TaKOXK HE €(EKTHBHI uyepe3 3Ha4HI €KOHOMIYHI BHUTpATH, TaK SIK BUMAraloThb HEOOXiTHICTbH
BCTaHOBJICHHS JI0/IaTKOBOTO YCTATKyBaHHSI.

OcTaHHIM 9acoM HaMIiTHJIacsl TeHCHIIIsS 3aCTOCYBAaHH MOAN(DIKATOPiB, BAKOHAHUX Y BUIISII
OpHUKeTiB, OTPUMAHUX MUIAXOM NPECYBaHHS BUCOKOAMCIIEPCHUX MarepialiB i3 3aCTOCYBaHHSIM
cnionydHoro. Bubip paiioHanbHOro ckiaay OpukeT-mMoaudikaropa JA03BOIUTH MOMIMIIUTH
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BJIACTUBOCTI 4YaByHIB 1 cTasieidl, 3a paxyHOK 30UIbLICHHS 3aCBOIOBAHOCTI KOMIIOHEHTIB, IO
MOIU(DIKYIOTh, @ TAKOXK TOJIETIIUTH X BBEJCHHS B PO3ILIAB.

[TpoBenenuii orsip diteparypu (Abdelrahim et al., 2022; Burtsev et al., 2018; Imasogie 2003),
M0Ka3aB, 110 B 3AJIEKHOCTI BiJ MPUPOAM Ta BIACTHUBOCTEH MPECOBAHOTO MaTepialy MOKHA BUILTUTH
JIBa OCHOBHHX CIOCOOM TEXHOJIOTIYHUX MPOIIECiB OPUKETYyBaHHS, a CaMe: XOJOAHE OpUKETYBaHHS 3
BUKOPHCTAaHHSAM TIIOB’SI3yIOUMX MaTepianmiB abo 0e3 HHMX Ta rapsdye OpukeryBaHHs. BuOip
TEXHOJIOTIYHOTO MpOIleCy OPUKETyBaHHS BU3HAYAETHCS BUMOTAMHU JI0 OTPYAKOBAHOTO MPOAYKTY Ta
XapaKTepUCTUKAMU BHUXIAHUX MaTepiamiB. Y KOKHOMY KOHKPETHOMY BHIAJIKy ITOBHHEH
3aCTOCOBYBAaTUCSl TIpOLIEC, SIKUM, 3a0e3medye 3anaHy SKICTh OpHKeTiB (LIUIbHICTh, MIILHICTD,
cnieur(ivHi METamypriliHi BIACTUBOCTI), € HAUOUIBII TEXHOJIOTIYHUM, 31HCHIOETHCS 3 HAMEHIIIMMU
SHEPreTHYHUMH BUTpAaTaMH Ta BUCYBAE MEHIII )KOPCTKI BUMOTH JI0 O0JIaHAHHS JUIsl OpUKETYBaHHS.

dopmyBaHHs OpUKETIB 3 IpiOHODPAKIITHUX MaTepiaiiB € CKJIAIHUM KOMIUIEKCOM MEXaHIYHUX,
(G13UKO-XIMIYHUX, (DI3UYHMX MPOLECIB B3a€EMOJIi MK KOMIIOHEHTAMH, IO BXOASTH 0 CKIamy
opukery. Kpim TOro, HeoOXilHO BpaxoByBaTH NMpU3HAYCHHS OpHKETiB. Pan miTeparypHUX IKepen
(Jain et al., 2021; Kondrat’ev et al., 2014) npucBsiueHui OPUKETYBaHHIO LIIMXTOBUX MaTepiaiB 3
BiJIXO/[iB BUPOOHHUIITBA (METAJIeBa CTPY’KKa TOIIO), aJIe III0 CTOCYEThCS OPUKETIB /U1 MOIU(IKyBaHHS
PO3ILIaBiB, TO A0 HUX MPE IBIAIOTHCS BUMOTH 3BOPOTHI JI0 THX, SIK1 3asIBJICHI 0 IIMXTOBUX OPUKETIB,
a came:

- MIIHICTh OpUKeTy Ma€ OyTH JOCTAaTHBOIO JIUIE JUIsl TPAHCIIOPTYBaHHS OpUKETY;

- MOBEpPXHEBA IIUIbHICTh OPUKETY MOBHHHA OyTH BHILOIO, HIXK BHYTPIIIIHS;

- TepMiYHa MIIHICTh MiHIMAJIbHA.

Buxonsuu 3 BHIlE BUKJIQJIEHOTO, METOI0O POOOTH € CTBOPEHHS TAKOTO CKJIaTy OPHUKETOBAHOTO
Mo (iKaTopy, SKUKA T03BOJIUTH 3MEHIIUTH BUTPATH MOAU(DIKATOpa 32 paXyHOK MPUCKOPEHHS Yacy
HOro po3uMHEHHS, 301IBIINTH HOTO 3aCBOEHHS B PIIKOMY PO3IUIaBi 6€3 KOPIHHOTO Mepeo30pOoeHHs
TUTABWJIBHOT JUTGHUIN ICHYIOYMX JIMBAPHUX IIE€XIB Ta IMIJBHIIUTH MEXaHIYHI Ta eKCIUTyaTalliiHi
BJIACTUBOCTI PO3ILIABY.

Marepiaan ta metoau (Materials and Methods)

B npoueci gocumikenHs OyB MpoBEASHUN aHai3 JiTepaTypy MIOA0 ICHYIOYMX CKIIAiB OpUKeT-
MO (IKaTOPiB Ta BIIMB CKJIAJAOBUX OPUKETIB Ha X BIACTUBOCTI.

binpin pamioHaqTbHUM € MOJENIOBAHHS Ta BIANPAIIOBAaHHS XapaKTEPUCTHK 1 PEXHUMIB
OTpUMaHHs OpUKETIB B Ja0OpAaTOPHUX YMOBaX, KOJIU € MOXKIIUBICTh MPOAHATI3yBaTH pPi3HI BapiaHTH
CKJIay, 3apeecTpyBaTH HEOOXiIHI MapaMeTpu NpOIecy, YIiTKO BUAUIUTH BIUIUB OKPEMHX
TEXHOJIOTTYHUX (PaKTOPiB MpH MpecyBaHHi. CaMe Takuii mixXix po3poOiIeHo B HABYAIbHO-HAyKOBOMY
TEXHOJIOTIYHOMY 1HCTUTYTI Jlep>kaBHOTO YHIBEpCHTETY EKOHOMIKHM 1 TEXHOJOTiH mpu po3podii
TEXHOJIOT1# OpHUKeTYBaHHS IIMPOKOTO CHEKTPY ApiOHO(GPAKIIIHNX MaTepiaiB.

VY po3po0bieHiit MeToauIII MOYKHA BUUIUTH TaKi OCHOBHI €Tarlu:

* BuBueHHs (i3MKO-MEXaHIUHUX XapaKTEPUCTHK ApiOHO(pamiiHuX MaTepiaiiB Ta CKIaJIeHUX
13 HUX IITUXT.

* JlocikeHHs: TapaMeTpiB yUIUIbHEHHS! OPUKETIB.

* BuGip panioHaqpHUX TEXHOJIOTIYHUX PEXUMIB OTPUMAHHS MPECyBaHHS.

PesyabTaTn (Results)

BimomocTi mpo 0coONMMBOCTI pO3IUIABICHHS B YaBYHI OpHUKETOBAaHMX MOIU(IKATOpiB
CTAHOBJIATh BEJHMKHI MPAaKTUUHUI 1HTEpeC, 0COOIMBO BPAaXOBYIOUHM B X CKJaJi IIUPOKUI CHEKTP
KOHIIEHTpAIIi}l pi3HUX KOMIIOHEHTIB, BIIMIHHOCTEH MO IIIIBHOCTI, MOPUCTOCTI, (hopMaM 1 po3mipam
opukertiB (Jain et al., 2021; Kondrat’ev et al., 2014; Nokhrina et al., 2022; Poluboyarov et al., 2015;
Zhukov et al., 1989). OcHOBHUM HETONIKOM iX BHKOPHUCTaHHS € BHCOKa TeMIieparypa 0OpoOKu
uaByHy (1450°C) nns 3a0esmedeHHss GinbLI MOBHOI 3aCBOIOBAHOCTI MoaMdikaTropa Ta HHU3bKA
IIUTBHICTD, 1110 HE 103BOJIsiE OPUKETOBAHOMY MOJM(IKaTopy MpopearyBaru B IOBHOMY 00CsI31.

129



Scientific and practical journal "Economics and technical engineering"

3acTtocyBaHHA K OpHUKETOBAaHMX MOAM(DIKATOPIB HAa OCHOBI HAHOJMCIIEPCHUX MarepialiB
1103BOJIsiE MOAM(DIKYBAaTH YaByH MPAKTUYHO TPU Oyab-sKiil Temmeparypi posmiasy Buine 1200°C
(Nokhrina et al., 2022; Poluboyarov et al., 2015; Suslo, 2015; Ten et al., 2013).

Metoro poOOTH € CTBOPEHHS TAaKOro CKJIaay OpHKETOBaHOTO MOAU(DIKATOPY, AKUN TO3BOJIHUTH
3MEHIIUTH BUTPAaTH MoaudikaTtopa 3a paXyHOK MPHCKOPEHHS 4acy HOro po3YMHEHHS, 30UIbLINTH
HOr0 3aCBO€HHS B PIIKOMY 4aByHi 0€3 KOPIHHOTO Mepe030pOEHHs MIABMIIbHOI JUIBHUII 1CHYIOUMX
JTUBApHUX IIEXiB Ta MiABUIIATH MEXaHIYHI Ta EKCIUTyaTalliifHi BIACTUBOCTI YaBYHY.

Meta focAraeTbCsi 3aBISKM  CKJIALy PO3POOJICHOTO  KOMIUIEKCHOTO — OpHKETOBAHOTO
Mo (iKaTopy, 10 MICTUTh HAHOJUCIIEPCHUH MOPOIIOK KapOOHITPUY TUTAHY, JOAATKOBO T0AETHCS
rpaHy/IbOBaHUN MarHiii — ajtoMiHieBHH criaB MATp Ta AucIiepcHA YaBYHHA CTPYXKKa MPH TaKOMY
CIIIBBIIHOIIEHHI KOMIIOHEHTIB, % Mac.:

- kapOoHiTpun Tutany 35...40

- crutaB MArp 5...10

- YaByHHA CTPYXKa perura.

KomrmuiekcHuit OpukeToBaHUN MOIU(IKATOP TAKOXK BiPI3HIAETHCS BiJl ICHYIOUMX aHAJIOTIB THUM,
1110 HAHOJUCTIEPCHIN MOPOLIOK KapOOHITpH Ly TuTaHy mae po3mip 10...100 HM.

BBenenHs B cki1a]] OpUKETOBAHOTO MOAN(DIKATOPa HAHOJUCIIEPCHOTO MOPOILIKY KapOOHITPHILY
TUTaHy CHpHsE MOAPIOHEHHIO NEHIPUTHOI CTPYKTYPHU AyCTEHITY, TaK SIK HOro YaCcTMHHU CIIy>KaTb
JOIaTKOBUMH IIeHTpaMH Kpucramizamii. KpiM Toro, kapOOHITpUA THTaHy Ma€ caMmy BHCOKY
MmikpoTBepaicTs (32000 MIla) 3 Bitomux kap0iaiB i kapooHiTpuAiB (Jain et al., 2021).

I'panynboBaHui MarHieBo—aytoMiHi€BHM criaB MArp ckianaerbes 3 92-95% wmarsiio i
amoMiHito 5-8%. Buknukae 3miHy ¢opmu rpadity Bin rmiactuHYacToi (GopMH A0 KyISACTOT 1
CYNPOBOKY€EThCS TMHOOKOI0 Tpadituzauiero yaByHy. Kymscta ¢opma rpadity mae Menie
BiJTHOIICHHS HOr0 MOBepxHi 10 00'eMy 1 TUM caMHM BH3Haua€ HAHOUIBIIY CIIOUIHICTH METaJeBOi
OCHOBHM, a OTXe, 1 MinHicTh uaByHy. KpiM Toro, OypximBa peakiisi MarHil0 CIpHUSITHME
MIPUCKOPIOBAaHHIO PO3YMHEHHS OpPHUKETY.

YaByHHa CTpy)XKa 30UIbIIy€E KUIBKICTh ULEHTPIB (OpMyBaHHA TpadiTHUX BKIIOUCHb,
CXWJIBHICTh 110 TpadiTH3ailii, 3acBO€HHS Monau¢ikaTopa y po3IUIaBi, MiJABUIICHHS OAHOPITHOCTI
CTPYKTYpH YaBYHY, 3HAYHO IiIBUIIY€ HOTO Bary.

B naGoparopuux ymoBax OyIa MmiIrOTOBJIEHAa €KCIIEPUMEHTAIbHA MApTisi OPUKETIB.

[uxTa 11 OpUKETIB rOTYBaIACh LUIXOM 3MIIIyBaHHS KOMIIOHEHTIB Y ITHEKOBOMY 3MiIlIyBadi.
VIIiTbHEHHS NIMXTH BUKOHYBAJIOCS B YMOBAX ii MPECyBaHHS B LWJIIHAPOBIN MaTpHIll yaHCOHAMU 3
wiockuMu topigimu (puc.l) mpu Trcky no 7 Mlla. Burorosneni 6puket (puc.2) BUTPUMYBaJIU
YOPOJOBXK 6 JHIB AJs 3a0€e3MeueHHs] MPUPOAHOTO CYIIIHHS, MICHS YOTo 3/1iCHIOBABCS KOHTPOJIb iX
(b13UKO-MEXaHIYHUX Ta eKCIUTyaTal[lfHIX BIACTUBOCTEH, sIKi BKa3aHi B Ta0muili 1.

”‘\%\\\

Pucynok 1. IIpecopma: 1 — myaHcoH; 2 — uIiHApUYHA MaTpULs; 3 — mMXTa; 4 — rm'ara
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Pucynok 2. KomnakroBanuii HOpOIIOK Y BUIIISAII OPHKETIB

Tadmamus 1. Cknan i B1acTUBOCTI OpHUKETIB

Ne Ckuan Opukert - monugikaropis, BuaactuBocti Biacrusocti
m\nn % OpuKeTIiB KYJIb
Monudikarop 3 . o 5
3 5 = S g
TiCN  SiC  MArp & = 2 HRC E X
S 5 5@ 5 2
<
e o = 8 s .9
T = o, X
P o8 >) [@Ppt.]
m (] I < E‘:
s FF ok
1 Bigomuii 55 Pemira - - - 7 48 30
2 - 30,0 - 7,5 Pemira 10 2,8 49 35
3 3anpornoHoBaHUI 35,0 - 7.5 Pemrra 11 3,0 50 34
4 3anponoHoBaHUI 37,5 - 7,5 Pemra 12 3,2 51 34
5 3anponoHoBaHUI 40,0 - 7.5 Pemrra 13 3,5 53 35
6 - 42.5 - 7,5 Pemmira 15 4,0 54 32
7 - 37,5 - 4,0 Pemmira 14 3,8 52 30
8 3anponoHoBaHUI 37,5 - 5,0 Pemrra 13 3.8 50 32
9 3anpornoHoBaHUI 37,5 - 7,5 Pemra 12 32 50 34
10 3ampomnoHoBaHUM 37,5 - 10,0  Pemra 10 2,5 49 35
11 - 37,5 - 11,0  Pemra 9 2,0 49 35

lonoBHa mepeBara KOMILJIEKCHOTO OpPHKETOBAHOTO MoaM(ikaTtopa MOisrae B KiHETHLI PO
PO3YMHEHHS B YaBYHI B MOPIBHSAHHI 3 PO3UMHEHHAM TpaauLiiHuX Moaudikaropis. [Ipu BBeneHHI B
YaByH PO3JpOOIEHOr0 KyCKOBOT0 MoM(ikaTopa Ha HOro MOBEPXHI HAPOCTAE CKOPUHOUKA PO3ILIABY,
13-32 YOrO MpOLEC PO3UMHEHHS CIIOBUIBHIOETHCS, 1 JIUIIE Mics MpOrpiBaHHA (TMPOTIKAHHSI, Tak
3BaHOTO, "iHKyOariiiHoro nepioay") 4acTHHKa MOIU(iKaTOpa MOYUHAE POZUUHIATUCS Yepe3 IUTIBKY
[IJITAKOBUX 3'€7JHAHb, L0 YTBOPIOETHCS, @ 3HAYUTh 3 MEHIIOI edekTuBHiCTIO. bpukeroBanuit
Mo (iKaTop, MOTPAIISIOYN B METaJI MiIJA€THCS MUMOBUIBHOMY IPOOJICHHIO BiJl TEPMIYHOTO yAApY
Ha YaCTHHKH 3ICTaBHI 3a po3MipaMu KJIacTepHUM 3'eAHaHHSAM. TUM camMMM, IPAaKTUYHO BiACYTHIN
"inKyOariiiHuii mepion" 3acBoe€HHS MonudikaTopa i pi3KO CKOPOUYETHCS 4ac PO3UMHEHHS (TOOTO
3aCBOEHHS MOAU(DIKAaTOPa), a 3HAUYUTh, 3pOCTaE 1 eheKTUBHA JIisl HA YaByH.

3anponoHoBaHUN MOIU(IKaTOp MNPOUIIOB BHUIPOOyBaHHA B JuBapHoMy 1exy IIAT
«ApcenopMirran Kpusuii Pir» npu 06po01ii yaByHy HacTynHoro ckiany: 3,2...3,6% C; 0,8...1,5%
Si; 0,3...0,5% Mn; 0,3...0,6% Cr; 0,4...1,2% Ni; ue 6insire 0,12% P10,10% S.

Buxinauii yaByH ButuiaBnsuin B ayrosii medi JICH — 51, po3nuBanu B KOBIII, Ha JHO SKHX
MOTIEPETHRO PO3MIIyBaId MoAudikarop i3 po3paxyHky #oro Burparu 0.08% Bim macu piakoro
yaByHy. Moau}ikyBaHHs POBOAMIOCH «CEHABIU» MPOLECOM. 3 MOIU(IKOBAHOTO YaBYHY BHIIMBAIIN
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KyJal Afs JOCHIDKeHHS iX CTPYKTYpHM 1 MEXaHIYHMX BJIAacTUBOCTEH. Pe3ynbTatu HOCHiIKEeHb
npuBeneHi B Tabmui 1.

3 Tabmuui 1 BUAHO, 0 HAWOUIBII BUCOKI pe3yabTaTH OTpUMaHi mpu HasBHOCTI 35...40 %
KapOOHITpHLy TUTaHY 1 5...10% rpaHyap0BaHOTO MarHi€Bo— ajoMiHieBoro criaBy MArp (ckian
moaudikaropiB 3 - 5). Ilpu 3MeHIIEHHI KITBKOCTI KapOOHITpUAY TUTaHy (CKiaz 2) 3MEHIIYEThCS
TBEpIICTh 4aByHY. lIpu 301IbIIEHHI KIIBKOCTI KapOOHITpUAYy THTaHy (CKJax 6) MiABUIIYETHCS
TBEPIICTh YaByHY, ajie IOMITHO 3MEHIIYEThCS yIapHa CTIHKICTb.

CyKynHICTh O3HAK, SIKI XapaKTepHU3YIOTh BiIOME PillIeHHs He 3a0e3Meuyi0Th OTPUMaHH HOBUX
BJIACTMBOCTEH 1 TIIBKM HASBHICTH BIAMIHHMX O3HAK 3alPOMOHOBAHUX MOIU(DIKATOPIB, HO3BOJISIE
OTpPUMaTH HOBI BJIACTUBOCTi, HOBUH TEXHIUHUH pe3ylbTar. 3ampOlOHOBAaHUN MOIU(IKaTop MOXe
BUKOPHCTOBYBATUCSI TIPU BHUIOTOBJICHHI Kylb Ui TIPHUYO — MeETalyprifiHoro oOnajHaHHS 1
JI03BOJIUTH OTPUMATH 3HAYHUNA EKOHOMIYHUHN €(eKT.

Hanpukian, 3anmponoHoBaHUN KOMIUIEKCHUI OpuKeTOBaHM MOAN(DIKATOp BUKOPHCTOBYBABCS
IpU BIUIMBAaHHI JOCHINHOI mMapTii YaBYHHMX Kyjib, LIO0 MENIOTh, $KI EKCIUIyaTyBajHCs Ha
30arauyBanbHiil ¢adpuui HoBokpuBopizbkoro ripundo-3daradyBansHoro komOinary (HKI'3Ka) i
MoKa3anu OUIbII BUCOKY eKCIUTyaTauidHy cTiiikicte Ha 18 — 30%, 1o 103BOJMIO 3HM3HUTH
co0iBapTiCTh IOMEIY PYIH.

BucnoBku (Conclusions)

Pesynbrary mpoBeneHUX JOCTIIKEHb JO3BOJIAIOTH 3POOMTH BHUCHOBOK, IO BBEICHHS
Mo (IKaTOPiB Y PO3IUIaB HANIOUIIBHIIIE 3A1HCHIOBATH y BUIISIII OPUKETIB.

Po3poOnenuii parioHadbHUNA CKIaJ KOMIIEKCHOTO OpukeTroBaHoro monudikaropy (35...40 %
KapOoHiTpury TtuUTaHy, 5...10 % cmmaBy MArp, pemra 4YaByHHa CTpPYXKa), SKHHA JO3BOJISIE
mMoauGikyBaTu 4aByH 1pu Temreparypax Bix 1200°C ta ve morpedye 101aTKOBOTO 00aIHAHHS.

Takuii crioci® 103BOJAUTH €KOHOMI3yBaTH BUTPATH HA OTPUMAHHS HEOOXITHUX MEXaHIUYHUX Ta
EKCIUTyaTalliifHUX BIACTUBOCTEH 3aI1130-BYTJICIICBUX CILIABIB.
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