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N300peTenne 0THOCUTCS K MUPOMETAJLTYPTHH U PACKPBIBAET CIIOCO0 M IIIAK, TPUTOAHBIC ISl H3BICUCHUS
Ni u Co u3 muTHI-NOHHBIX OaTapeil uiau ux Jioma. CocTas I1aKa ONPEACIISIOT B COOTBETCTBHH C:

10%<MnO<40%;
(CaO + 1,5-Li,0)/ALO; > 0,3;

Ca0 + 0,8-MnO + 0,8-Li,0) < 60%;

(CaO + 2*-Li,0) + 0,4-MnO) / SiO; > 2,0;
Li,0 > 1%; u

AlO; + SiO, + CaO + Li,O + MnO + FeO + MgO > 85%.
OTOT cocTaB OCOOCHHO TIOAXOAWT MJIsl OTPAaHWYCHUS WM IPEAOTBPAIICHHS KOPPO3UH IICUeH,
(yTepoBaHHBIX MAarHUHCOAEPKAIINM OTHEYIIOPHBIM KHPITUIOM.
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N3o0peTenre OTHOCUTCS K MUPOMETAILTYPIHU U, Oojiee KOHKPETHO, KacaeTcsl n3piedenus Ni u Co u3 su-
TUH-MOHHBIX OaTapeil WM ux joma.

B mocnennue roxer HabmomaeTcss OeCHpereNeHTHBI POCT KOJMYECTBAa SJIEKTPOMOOWIICH, B TOM YHCIE
OJyiaroapsi HOBOMY 3aKOHOJATENLCTBY B EBponie n Kutae, mpu3BaHHOMY MOCTETIEHHO COKPATHUTh BHIOpOCHl CO,
OT CKOIUICHHH aBTOMOOWJICH M OTPaHWYHTH 3arpsi3HEHHE BO3AyXa B roponaax. Okumaercs, 4TO 3TOT POCT IIPO-
JOJDKUTCS B TEUEHHUE CIEAYIOMHNX ACCATIIICTHA. BHeapeHne 3nexTpoMoOuineli BO MHOTOM 3aBHCHT OT IIPOU3BO-
IUTETHHOCTH OaTapeil, NCHOIB3yeMBIX IS XpaHEHHS SJEKTpHUIecKoi »Hepruu. C Henbio MOMYyYeHHS MAaKCH-
MaJbHOW ITOTHOCTH SHEPTHH MPU COXPAHEHUH 3aTpaTr MoJ KOHTPOJEM, B Ka4eCTBE MPEANOYTHTEIFHOTO BapH-
aHTa WCIOJB3YIOT JUTHH-UOHHBIC aKKyMYJSITOpHBIC Oatapen. MHorue U3 3TUX OaTapeil coiepikaT KaToIbl Ha
OCHOBE IepeXxoaHbIX MeTamtoB Ni, Mn u Co, mo3ToMy BX Takke Ha3bBaroT Oatapesimu NMC. Oxunaercs, 4To ¢
POCTOM PBIHKA 3JICKTPOMOOMIBHOCTH CIIPOC HA 3TH METAJUIBI 3HAYUTEIEHO YBEIIUIHUTCS.

Copoc Ha Ni n Co MOXET axe MpeBbICUTh MUPOBBIE TIPON3BOJCTBEHHBIE MOITHOCTH. K0OaiIbT 0coOeHHO
Ba)KCH, MMOCKOJIBKY Ha TAHHBII MOMEHT €T0 MOJYYAlOT TOJBKO KaK MOOOYHBIM MPOMYKT MpH Mpou3BoacTBe Ni u
Cu. PeIHOK HHIKENs 3HAYUTEIHHO MPEBBIMIACT PHIHOK KoOanbTa. bosipmas yacte Ni uIeT Ha IPOU3BOJCTBO HE-
PrKaBeIoIIel cTai, I/Ie YUCTOTa He UMeeT OOJbIIoro 3HadeHus. OMHAKO caMH METaJUTBl MITH coequHeHus Ni
Co BBICOKOH YHCTOTHI YK€ B AeummTe. YUUTHIBas BBIIEH3IOKEHHOE, n3BiedeHrne Ni u Co u3 oTpaboTaHHBIX
JTUTAR-MOHHBIX OaTapeil Wil UX JIOMa SIBIISIETCS, TAKIM 00pa30M, IIPUBIIEKATEIEHBIM TIPEITIOKCHAEM.

CyIiecTByeT HECKOJIbKO U3BECTHBIX CIIOCOOOB MEPepadOTKH JITUTHH-HOHHBIX OaTapei, B KOTOPBIX OKCHUIBI
HUKEJS, K0OaJbTa ¥ MEIU BOCCTAHABIUBAIOT JI0 METAJUIA, M KOHIICHTPUPYIOT B (pa3e CIuiaBa IpU BBHICOKOH TeM-
neparype.

B WO02017121663 onucaHbl cocTaBbl IIUIAKOB, MOJYYEHHBIX NPOMBIIIIEHHBIM CIIOCOOOM, M PAaCKPHITO
BiustHEEe MnO Ha BA3KOCTbH [IUTAKa U M3BJICYCHUE KoOabTa. OCHOBHBIMU KOMIIOHCHTAMH IIUIAKa, OMTUCAHHBIMU B
yKazaHHOM uctounuke, sBistorcs CaO, SiO,, Al,O;, Li,O u MnO (MnQ;). OO0HapyKeHHBIC KOHIICHTPAIIH
MnO B 3THX IIIaKaX OYEHb HU3KHE, W YKA3aHHBIN BBINIC UCTOYHUK HAIMPABICH HAa OTPAHWYCHHE KOJIHMYCCTBA
MnO B nunaxe. Elwert et al. (Phase composition of high lithium slags from the recycling of lithium-ion batteries:
World of Metallurgy-ERZMETALL, vol. 65 (3), 2012, pp. 163-171) uccrnenyrot ¢a30oBblif COCTaB TPEX pas3inud-
HBIX [UTAKOB C IENBI0 Pa3pabOTKH BO3ZMOXKHBIX CIIOCOO0OB 0OOTalieHus mutaka Juisg u3Biaedenus qutus. Hu et al.
(Recovery of Co, Ni, Mn, and Li from Li-ion batteries by smelting reduction-Part II: A pilot-scale
demonstration: Journal of Power Sources, vol. 483, 2021, 229089) npemioxmin crocod nepepaboTKH JTUTHIA-
MOHHBIX 0aTapel uX IIaBKoi ¢ QurrocyronumMu qo6aBkaMu mpu Temmeparype Boimie 1500°C, B pe3ynbrare yero
MOJTy4JaroT MUTaK U cIiaB, comepkammii Ni, Co m Mn. Kak Elwert, Tax 1 Hu onmchIBaloT cOCTaBbl MIJTAKOB C
KoHUIeHTpauusiMu MnO 3HauutensHo Hike 10%.

C npyroif CTOpOHBI, COBPEMEHHBIE JUTHIH-HOHHbIE OaTaper 0OBIYHO COAEpIKAaT MOBBIIICHHOE KOJINYECTBO
Mn. D10 3aTpyaHseT 00pa30BaHUE IIIAKOB C HEOOJNBIIMMHU KOJMYECTBAMH Mn, Tak Kak IJI TOTO, YTOOBI OOJb-
nree KoauuecTBo Mn momaio B a3y ciuiaBa, a He B ¢a3y nuiaka, motpedyercs win pa30aBiste Mn, n1obaBiss
OoJpIee KOJMYECTBO (DIFOCYIOMIMX 0OABOK, WM BBIOMPATh 00JEe BOCCTAHOBUTCIBHBIC YCIOBHS U TaKHX
npoueccoB. B mepBom cirydae yBennunBaeTcst pacxox (IIIOCYIOMHNX 00aBOK U 0011ee KOINYECTBO MOIy4aeMOTo
IIiaKa, B TO BpeMs Kak BO BTOPOM CIIydae YBEIMUMUBACTCSA TPYIOEMKOCTh MOCIEIYIOMEH IHIpOMeTaLTyprude-
CKOHM 00paboTKM CIUTaBa M3-3a 0oJiee BHICOKOTO cojep)kaHus B HeM Mn. B 00oux ciydasx SKOHOMHYECKHE TI0-
Ka3aTeln CIoco0a 3HAYNTEIBHO CHU3SATCSL.

B WOI12140951, WO13080266 1 W0O20013294 mnpemioxkeHbl crmocoObl MepepadOTKH JOMa JIMTHH-
MOHHBIX Oatapeii mns m3Bnedenus Ni u Co, ¢ yaepkaHueM mpuMecei, Takux kak Fe u P, B ¢a3ze mmmaka. Xots
yKa3aHO, 9YT0 Mn MOKET OBITh OCHOBHBIM KOMIIOHCHTOM TOJYYEHHOTO IUIAKA, TPEAIOYTUTEIHHBIN AHAna3oH
WX KOHKpeTHOoe Bo3gelictBHe MnO B Takux mumakax He omnpeaeneHsl. Kpome Ttoro, B WO12140951 u
WO13080266 ocHOBHOE BHUMAaHKE YAEISAIOT JETKOIUIABKHUM IIIJIaKaM C BBICOKHM COJEPXKAHUEM JKele3a.

Vest et al. (Friedrich Slag design for lithium recovery from spent batteries: Int. Work. Met. Interact., vol. 9
(93), 2010, pp. 93-106) OMUCHIBAIOT TEOPETHUYCCKUE PACUCTHI IIITAKOB C BBICOKHM conepxkanneM MnO. Wittkow-
ski et al. (Speciation of Manganese in a Synthetic Recycling Slag Relevant for Lithium Recycling from Lithium-
Ion Batteries: Metals, vol. 11(2), 2021, p. 188) ucciemyror Ga3oBblii COCTAB Pa3IUIHBIX JTUTHHCOACPIKAIINX
NIJJAKOB, 00Pa3yIOMHUXCS MPH epepadoTKe TNTHH-HOHHBIX aKKyMYJISTOPOB.

B CN 103924088 u EP 3269832 onmcanbl criocoObI TUIABKU B BaHHE I OTPaOOTaHHBIX OaTtapelt ¢ momy-
YeHHEM cIiiaBa, cojepxaiiero Co u/wmm Ni, ¥ Taka ¢ BRICOKUM cojiepkanueM SiO, u MnO.

Hu B o1HOM M3 BBIIETIPHBEICHHBIX HCTOYHUKOB MIPEIIICCTBYIONIETO YPOBHS TEXHUKH HE PACKPHIT COCTAB
TIJIaKa 110 HaCTOSAIIEMY H300PETCHHUIO.

HecmoTps Ha To, 9TO BO BCEX BBIMICTICPCYUCICHHBIX UCTOYHHUKAX PACKPBITHI IINIAKK C OTHOCHTEIBHO OoJiee
BBICOKHM cozepkanneM MnO, B HUX He OIMCaHbl yCIOBH crioco0a Mo HacTosIeMy H300peTeHuIo, U He CO00-
IIaeTcsl 0 KaKOM-THOO BIUSHUH COCTABOB OOpa3yHOIIUXCs IIIAKOB C BBICOKUM coaepikanueM MnO Ha CTEHKH
neur. OOBIYHO CTCHKH TICYH BBINONHSIOT U3 OTHEYHNOPHOTO Kuprnmda. OCHOBHOW KOMIIOHEHT TaKOTO KHUPITHYA -
MarHuil. [IpuMepamMu Takoro KHpIW4a SBISIOTCS MAaTHHACOACPKAINUN KUpIHY (COAepiKaHUEe MarHUs OOBIYHO
Beiie 90%) WM XpoOMOMAarHueBHId Kupnu4 (conepskaHue Maraust oosraHo 50-70%). Bputo 3amedeHo, 4ro
OOBIYHBIC IITAKH BO BpeMsI pabOTHI MIEUN PACTBOPSIOT MarHUi U3 CTEHOK, YTO CO BPEMEHEM NMPHBOANUT K U3HOCY
WITA KOPPO3HUH CTCHOK MEeUr. JTO ABISAETCS MOCTOSIHHONW MPOOIIeMON, IPUBOIAIICH K BRICOKMM 3aTpaTaM Ha TeX-

-1-



047882

HUYECKOE 00CITyKHBaHUE, MOCKOIBKY HEOOXOIUMO PETYJISIPHO OCTAHABIUBATH IEYb W 3aMCHSITH OTHCYITOPHBIC
KApIHYH. DTa MpoOieMa MPOsBISIETCS elle CHIIbHEEe MPU 0ojiee BHICOKUX pabouuX TeMIepaTypax, Hampumep,
BhImre 1550°C.

Takum 00pa3oM, Ienb HACTOSIIEro M300peTeHHs - o0ecneunTh crmocod m3BiedeHus Ni u Co W3 JIMTHH-
WOHHBIX OaTapei, yBEIMIMBAIONINI MPHU 3TOM CPOK CIY)KOBI MeYH 3a CUeT PabOTHI CO CIIEIUATBHON CHCTEMOM
NIUIAaKOB ¢ BBICOKMM conepkanneM MnO wu Li,O, cocTaBiieHHOW TakuM 00pa3oM, 4TOoObl MarHMHCOAEp KAl
OTHEYIOPHBIN KUPIIIY MOABEpraJiCsi MeHBIIeH KOPPO3HH B X0/1¢ paboThL. JlocTuraemoe CHIDKEHIE U3HOCA B 3HA-
YUTEJILHOM CTEMEHN CTIOCOOCTBYET 001Iel SKOHOMUIHOCTH CIIOC00a M0 HACTOSIIIEMY H300PETCHHUIO.

CornacHo MepBOMY BapHaHTy OCYIICCTBICHUsA, cioco0 m3BiedeHus Ni u Co U3 TUTHHA-MOHHBIX OaTapei
WM UX JIOMA BKITIOYACT TAKUE CTAJTHH:

oOecnieucHue nieyu, PyTepoBaHHONH MaTHHICOIEPKAIAM OTHEYIIOPHBIM KUPITUIOM;

oOecrieueHHe MUXTHI, COJCPKAIICH UITAKOOOPA30BATEIH U TUTHH-MOHHBIC OaTapey WIH UX JIOM; H

BBIIIABKA IIUXTHI B BOCCTAHOBUTEIILHBIX YCIOBHSIX C IMOyYCHHEM CIUIaBa, COACPIKAIIETO OCHOBHYIO YacTh
Ni u Co, ¥ miaka;

1 OTJIMYAETCs TE€M, YTO IIJJAK MMEET MAaCCOBBIH MPOIICHTHBIN COCTAaB, COOTBETCTBYIOIITHIA:

10% < MnO < 40%;

(CaO + 1,5-Li,0)/A1,0; > 0,3;

CaO + 0,8-MnO + 0,8-Li,O < 60%;

(CaO + 2-Li,0 + 0,4-MnO)/Si0O, > 2,0;

Li,O > 1%; nu,

Al O3 + Si0, + CaO + Li,O + MnO + FeO + MgO > 85%.

[Tox "mutakooOpazoBaTenssMHU" TMOHUMAIOT: OJHO MM HECKOJBKO W3 YHCNA MUIAKOOOPa3yIoNIuX COSIHHE-
HuH, Hapumep, Ca0O, Al,Oz u SiO,. MoryT Takke IpHUCyTCTBOBATh JAPYTHE MUIAKOOOpa30BaTeNN, XOPOIIO U3-
BecTHbIE crniennanucTy. Lllmakoobpasyrome coeTnHEHISI MOTYT OBITh JOOABICHB! KaK TAKOBBIC WM OHH MOTYT
OBITH ITOJTyYEHHI in Situ U3 JIErKO OKUCISAEMBIX METAJUIOB, TPUCYTCTBYIONMINX B IIUXTE, TAKAX KaK aTIOMHHUH.

[Tox "nUTHH-UOHHBIMH OaTapesiMH WK WX JIOMOM" TTOHMMAIOT, HAllpUMep: HOBBIE MU 3a0paKOBaHHBIE JIH-
TUH-WOHHBIC aKKyMYJIATOPBI, OTPAOOTAHHBIC aKKYMYJISTOPHI WIH aKKyMYJIATOPBI C UCTECKITHM CPOKOM CITYXKOBI,
MPOU3BOJICTBCHHBIA JTHOO aKKyMYJISATOPHBIN JIOM, 3JCKTPOJIHBIC MaTepUANbI MM TPEABAPUTEIBHO 00paboTaH-
HBIC MaTepHaNbl OaTapeil, HApUMep, TOCIIC U3MENBUYCHUS WIH COPTHPOBKH, BKIIOYAs TaK Ha3bIBacMYHO 'dep-
Hyro Maccy". [Ipu 3ToM yka3aHHBIC TPOAYKTHI JOJDKHEI COACPIKATh 3HAYUTENbHEBIC KonmdecTBa Co n/mmm Ni.

IMox "ocHOBHOW YacThIO" AJIEMEHTa WIIA COCAMHEHUS MOHUMAIOT: O6osiee 50% (Mac.) OT COOTBETCTBYIOMIETO
KOJINYECTBA, IPUCYTCTBYIOIIETO B IIMXTE. YKa3aHHOE ONpE/IeIeHHe MOXKET BKIIOYATh JUANa30H C HIKHUM 3Ha-
4eHHeM, BBIOpaHHBIM U3 55%, 60%, 65%, 70% u 75%, u BepXHUM 3HaUeHHEM, BEIOpaHHBIM 13 80%, 85%, 90%,
95% 1u 100%.

Conepxanne MnO B I1ake WTpaeT KIFOUYEBYIO POJb B HACTOsIIEM nM300pereHuu. [l HaOmomeHus d¢-
(exta momaBieHus pactBopeHHs MgO B muTake W3 MarHUICOAEPIKaIIero OTHEYHOPHOTO KHPIHYa, KOTOPHIM
BBUIOXKECHA 11€9h, HEOOXOIMMO, YTOOBI €TI0 COoepKaHne B UTake cocTaBisuio He MeHee 10%. IlpeamoururensHo
Hanuuue 1o Mensieit Mepe 15% MnO. bonee Toro, nonesno umers cogepxkanue MnO 10-40% B oTHOCUTENBHO
HEOOJBIIIOM KOJMYECTBE MUTAKA, TOCKOJIEKY YMEHBIIICHHE 00beMa IITaka CITIOCOOCTBYET MOIABICHUIO PACTBOPE-
Ut MgO. C npyroii cTopoHbl, 1o0aBiIeHHE OOJBIIETO KOJINISCTBA (UIFOCYIOMUX T00aBOK, KOTOPOE MPUBOIUT K
YBEJIMYCHUIO 00IIero o0beMa IITaka i pa30aBIICHUIO TPOIIEHTHOTO cofepxanus MnO, yBeTUYUBACT KOJITUYCCT-
B0 MgO, pacTBOPSIONIErOCs U3 OTHEYNOPHOTO KUPITUYA, U, TAKAM 00pa3oM, OKa3bIBACT OTPHUIIATCILHOC BIIHS-
HHE.

Kpome Toro, BaxkeH BepxHUH mpezen conepkanns MnO B 1miake, TOCKOJIBKY OH CITOCOOCTBYET TOJIIEP-
JKQaHWUIO TEMIIePaTyphl IUIABJICHUS IUTaKa Ha JOCTAaTOYHO HU3KOM ypoHe. lllmaku, comepxkamue no 40% MnO,
0 HACTOSIIEMY H300pPETEeHHUIO, IIaBATCS MpHu Temnepatype Hmxe 1500°C. g monasnenus pactBopenus MgO
W3 MarHAHCOJEPIKAIIeT0 OTHEYIIOPHOTO KUPITHYA MOJIE3HBI 0oJiee HU3KHE TEMIIEpaTyphl B COYETAaHUHU C OTIpese-
neHHbIM KommdecTBoM MnO. KommdectBa MnO, mpessimarontie 40%, MOBBINIAIOT TEMIIEPaTypy IUIaBICHHS
nuiaka Beime 1500°C, ocoOeHHO B Cilydae, KOT/a IIJIaK TakKe COIACPIKUT OTHOCHTEIHHO OOJBIIHME KOJMIECTBA
Al,O3, Haripumep, 6osee 50%, 1, TakuM 00pa3oM, MEHEE TIPEATOYTHTCIBHEL.

CornacHo ApyroMy BapHaHTY OCYIIECTBICHUS HACTOSAIICTO H300peTeHus, coaepxkanne MnO B muiake co-
craBisier 30% wunu menee. [lpouenTHoe cogepxkanue Mn B HUIaKe CTaHIAPTU3UPOBAHO Kak "mpoueHT MnO".
OmHaKO TOYHAs CTEIEHb OKHCICHHU Mn B TaKWX IUTaKaX HE BCETJIA SBILICTCS YETKO ompesesieHHoH. Tak, okcu
Mmapranna ("MnO") MOXeT HpeACTaBIsATE cO00# Takke cMech MOHOBHAHOTO MnO ¢ THOKCHIOM Maprasia
MnO,. OnmHako peanoiaraeTcs, 4To J0JIsi MOHOBHAHOTO MnO 3HaYUTENBbHO MpeBbImaeT 95%, ocoOeHHO B BbI-
OpaHHBIX yCIOBUAX BOCCTAHOBHUTEIEHOW PEaKIINH.

MnO 00BYHO MMeeT 3eNeHBIH IBeT, Toraa kak MnQO, OOBIYHO MMEEeT YePHO-KOPUIHEBBIH WU YEePHO-
CephIii IIBET, YTO O0YCIOBWIIO €ro Ha3BaHWE "MapraHIeBbId YepHBINA". 3eJeHbIH [BET OYIET BUJCH JIMIIb B CIIY-
yae, eCIIi COo/Iep’KaHie MOHOBHIIOB JOCTATOYHO BEJIHKO.

CoryilacHO IpyroMy BapHaHTy OCYIIECTBJICHHS HACTOSIIIEro n300pereHus, coaepxkanue CaO B muiake co-
craBister 15% umm 6onee, npennoururensHo 20% wim 6osee.
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CornacHO IpyroMy BapHaHTY OCYIIECTBJIEHHS HAcTOSIIEro u3o0pereHus, coaepkanne CaO B muiake co-
ctaBnseT 50% wunu Meree, npeanodTutensHo 30% umu MeHee.

Munanmym CaO, coctaBistromuii 15%, coxpaHseT MUIaK JOCTATOYHO JKUAKHM M 00eCIeunBaeT JIETKOCTh
obpamenns ¢ HuM. [IpenmourutensHpl 60ee Beicokue KoimdecTBa CaO, Takue kak 20% wumm 6oJiee, MOCKONbKY
CaO crnocoOCTByeT NMOJABICHUIO PACTBOPEHHS Mg M3 MarHuiicoAepsKamero OrHEYMOpHOrO KHPIHYa, TaK Kak
Ca u Mg nMeroT cxokue XUMHYECKUe IIEHTPHI B ITake. BrImoaHeHne nporecca ¢ IpeAnoYTHTEIFHBIM BePXHIM
npenenom CaO, cocraBmsaromuM 30%, COCOOCTBYET MOAACPKAHUIO TEMIEPaTyphl IUIABICHUS IIIaKka HIDKE
1600°C. Crumkom 6onbimoe kommaectBo CaO, takoe kak Oonee 50%, 3HAYMTETHHO MOBHIMIACT TEMIICPATYPY
TUTaBJICHHS 1IUIAKA, U TIO3TOMY €T0 ClIeyeT U30erars.

Kpowme toro, 65110 3amedeno, yro momumo MnO u CaO, Li,O Taxxe nopasmnsieT pactBopenue Mg n3 mar-
HHUHCOJIEpIKalllero OTHEYIIOPHOT0 KUPIIMYa, B TO BPeMs Kak yBelMueHHe KoindecTBa SiO, OKa3bIBaeT OTpHUIA-
TeabHBINH 3 dexT. ITo orpakeno B ypaBHeHun (CaO + 2-Li,O + 0,4-MnO)/SiO, > 2,0. Oxugaercsi, 9To TpH
nepepaboTKe JTUTHI-HOHHBIX Oatapeii konndecTBo Li20 B niiake OyneT 3HAYUTEIEHBIM.

CornacHo JpyroMy BapHaHTy ocymiecTBieHus, conepxxanue Al,O; B nntake cocrasisier 50% wim MeHee,
npeanoutuTeasHo 40% mim MeHee, MOCKOJIbKY CIMIIKOM BBICOKHE KosmdecTBa Al,O; MOBBIMIAIOT TEMIIEpaTypy
TUTABJICHUS IIIJIaKa.

CornacHO JpyroMy BapHaHTy OCYIIECTBIICHHS HACTOSINEro M300peTeHus, coaepkanue Fe B mumake co-
craBisieT 25% uiu MeHee, pennouTuTesbio 10% wim MeHee.

CoryiacHO ApyromMy BapHaHTy OCYIIECTBIICHHUSI HAacTOsIIero uzooperenus, cymma Al,Os, Si0,, CaO, Li,0,
MnO, FeO u MgO cocrasnsier 90% unu 6os1ee, nmpeamnouTuteasHo 95% nnmm 6omee.

CornacHO ApyromMy BapHaHTy OCYILECTBJICHHUs HAcCTOSIIEro u3ooperenus, cootHomenue (CaO + 2-Li,O +
0,4-MnO)/(SiO; + 0,2-Al,0;) cocraBmseT >1,5.

CocraB nutaka u pabodas TeMIepaTypa SBISIIOTCS KPUTHISCKUME (GaKTOpaMH ISl CTIoco0a, pacKpbITOTO B
IaHHOM ommcaHnH. Hacrosmiee nzobperenue obecreunBaeT O6aJaHCc MEXKAY COCIMHEHHUSIMH, KOTOPHIC 3allUIa-
0T cTeHkH neun (Hampumep, MnO, CaO, Li)O), u coeJMHEHUSIMH, KOTOPhIC OTPHLIATECIHFHO BIHSIOT Ha CTCHKH
Heyu, XOTst OHH JI00 Hen3OexHs! (Harpumep, Al,O; u3 Al B cbIpbe), MO0 HEOOXOAUMBI 0 IPYTUM NMPUIHHAM
(manpumep, SiO, HE0OX0OAUM AJIsI TOHMKEHHUSI TEMIIepaTyphl IUTaBJIeHHs Iulaka). Kpome Toro, cocras muiaka
obecrieynBaeT NOAXOANIYIO TEKYUECTh JIaKa ¥ MUHHUMAJIBGHBII IIeperpeB IIaka MpHy xKeaaeMol padboueii Tem-
neparype. [IpennodruTenbHa Kak MOKHO OoJiee HU3Kast TEMIIEpaTypa, OCTaromasicsl IpH STOM BBIILIE TEMITEpaTy-
pHI TUTABJICHHUS CILIABA.

OroT 6anaHc OTpaXEeH Kak B IPEIOKEHHBIX YCIOBUAX MPOIlecca, TaK M B COCTABE CaMOro IIIaka.

CornacHo APYyroMy BapHaHTy OCYIIECTBIICHHS HACTOSAIIETO M300PETEHHS, CTAANIO TUIABKYU IIUXTHI BBHITOJ-
HSIOT TIpU TeMriepaType mo MeHbIineit mepe 1400°C, yToObl 00eCTIeYnTh TOTHOE TUTABIIEHHUE METAJLTyprUIeCKON
MUXTHI, ¥ Ha MakcUMyM 300°C BbIIIe TOYKH JTUKBHIyCA NUIAKa, TPEANOYTUTENLHO HA MakcuMyM 100°C Bbime
TOYKHM JINKBHIYCa [UTaka. HWKHUHA Tipesesn MpenoYTHTENEH sl TOTO, YTOOBI M30eKaTh Jake YaCTHIHOTO 3a-
TBEpJICBaHMUs MOJYYCHHOTO CIUIABa M IUIaka. BepXHWH mpenen mpeAmodTHUTeNieH IS TOro, YTOOBI M30exaTh
neperpeBa nuiaka. bosee BbICOKHME TeMmeparypsl COCOOCTBYIOT PacTBOpeHHMI0O Mg M3 MarHuicoJepikalero
OTHEYNOPHOTO KHpruya. TakuM o0pa3oM, JUIS CHIDKCHMS M3HOCA, a TAaKKe Ui SKOHOMHH SHEPTUH OOBIYHO
NpEeANOYTUTEIBHB! O0Jiee HU3KHE TeMneparypbl. [leperpeB mulaka oTpHIATENFHO BIUSET HA pACTBOPEHUE Mar-
HHUHCOJIEPIKallero OrHEYIOPHOT0 KUPINYa [IUIAKOM.

Omnucannoe coornomenne CaO u Li,O k Al,O; B m1ake crmocoOCTBYeT MOANEPKaHNIO TOCTaTOYHO HU3KOH
TEMITEpaTyphl TUTABIICHUS TIaKa, TpearnouTuTebao Hike 1700°C, 6onee npeanoututensHo Hmke 1650°C, eme
Oonee npeanodrutenasHo HIKe 1600°C, 1 Hanbosree mpenmoutuTenbHo Himke 1550°C.

HecmoTps Ha nx moJe3HOe BIMSHUE HA CPOK CIIY>KOBI MarHUICOAEpIKaIlero OrHeyIopHOTO KHPIIHYa, OT-
panudenue obmiero comepxanus CaO, MnO u Li,O B nurake oJuHAKOBO aKTyaJIbHO, IIOCKOJIBKY TEMIIEpaTypa
TUTABJICHUS IIJTaKa CTAaHET CIUIIKOM BbIcOoKOH, eciu CaO + 0,8-MnO + 0,8-Li,O mpesbicut 60%.

CornacHo IpyroMy BapHaHTy OCYIIECTBICHHUS HACTOSIIETO M300PETeHUS, CTa AU IUIaBKH BKIIOYAET TAKUE
TIOJ] CTa/INN:

0oTOOp 00pasia nuiaka;

oXJIKIeHUE 00pa3iia IIjlaka ¥ OlIEHHBaHKE eTo [BETa; H,

B CITy4ae eciiy oOpasell 11UTaka 3eJIeHbIH, 3aBepIICHUE CTaIUHN TUIaBKH; WITH,

B ciIydae eciii oOpasell Iulaka He 3eJICHBIH, MPOI0JDKEHHE CTa i1 IIJIaBKH 1T0CIe KOPPEKTUPOBKH YPOBHS
pO, s moctixeHus: 00Jiee BOCCTAHOBUTEIBHBIX YCIOBHUH.

ITox "orGopom oOpa3na nuiaka" MOHUMAIOT B3sTHE HEOOJBIIOro 0Opasia Ilaka U OLCHUBAHUE €0 I[BETa,
TIPY 3TOM IIPOIIECC IPOIOIIKAIOT B BEIOPAHHBIX YCIIOBHSX.

OrneHUBaHNE I[BETA MOXET OBITH JIETKO BBIIIOJHEHO BHU3yalbHO. MOHUTOPHHT W3MEHEHHS IIBETa, IO CpaB-
HEHHIO ¢ XMMHYECKUM aHAJH30M IIJIaKa, MO3BOJSET OBICTPO U 3PPEKTUBHO OMPEAETHTD, YTO IUIAK COACPIKHUT
OTIpeJIeNIeHHBI MUHUMABHBINA TporieHT MnO. Bonee toro, kak Oyzaer 6oyiee mMoapoOHO OMUCAHO HHXKE, OBLIO
3aMEYeHO, YTO 3€JICHBIN IIBET [UIaKa TaKke YKa3bIBAaeT Ha TO, 9TO OCHOBHAs yacTh Co, coepKamerocs B ChIphe,
CHIDKAeTcs, Iepexons B ciutaB. bes orpanndenus teopueit, IeHCTBUTENEHO CYUTACTCS, YTO N3MEHEHNUE I[BETa Ha
3eJIeHBIN SBISIETCS Pe3ysbTaToM BoccTaHoBieHnss MnO, mo MnO, a Takxe BOCCTaHOBJICHHSI THUIIMYHO Ooiiee
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TEeMHBIX oKcHoB, Harpumep Ni u Co.

BusyaleHBI OCMOTpP TIPEACTABISICT COOON OBICTPBIN U MPOCTOH CIIOCO0 y3HATH, CICAYET JIU CKOPPEKTUPO-
BaTh, ONTUMHU3NPOBATh W/WJIH 3aBEPIINTH IPOIECC C 33JaHHBIMHU YCIOBUAMH, YTO TIO3BOJISIET COKOHOMHUTH BPEMS
W TIPOM3BOJICTBCHHBIE 3aTpaThl. TakuM 00pa3oM, MpoBepKa IBETa SBISCTCS HANEKHBIM CPEICTBOM KOHTPOIS
BBINTOJTHEHHUS METAJUTYPTHIECKON OTIEPaITii.

B manHOM KOHTEKCTe "3eJIeHBIN" OmpeAesioT Kak IBET ¢ OTTEHKOM, SIPKOCTHIO U IIBETHOCTHIO B CIIEIYIO-
eM Jhana3oHe B cooTBeTCTBHU co ctaHaapToMm ASTM D1535-14 (2018):

Ortrenok ot 5GY g0 5BG;

Spxocth: 23; u

LBeTHOCTB: >3.

ITpumeps! 3enenoro nBeta nokazansl B "Geological Rock-Color Chart with Genuine Munsell Color Chips",
BeimymeHHoi Munsell Color B 2009 roxy.

Paboune ycnoBust BEIOMPAIOT TAKUM 00pa3oM, YTOOBI OCHOBHAs YaCTh Mn OKHUCIISIACH 10 IIJIaKa, a OCHOB-
Hast yacth Co u Ni BoccTaHaBIUBaNach 10 ciuiaBa. [[ns oOecrieueHus HAMOOINBINEH 3KOHOMHUYHOCTH TpoIiecca
NPEeANOYTUTENIBHO, YTO0BI B cIuIaBe Obu10 codpano >90% Co u Ni, 6onee npeanouTuTesnsHo >95%, u Hanboee
npeAnovYTUTeIsHO >98%. YpoBeHs pO, B criocobe MO HACTOSIIEMY M300pPETCHHIO JIETKO KOPPEKTHPYETCS IS
JIOCTIDKCHUSI TUX OJarONPHUSTHBIX BRIXOIOB.

COrIacHO pyroMy BapHaHTY OCYIIECTBICHHS HACTOSIIEr0 H300peTenns, yposersb pO, 1oBosT g0 107 >
pO, > 107", npexmourntensro 10 pO,<10®, Gonee npemmournrensro 10 pO, < 10™°, u HanGonee npeamouTH-
TeIbHO A0 PO, < 10,

TakuM 06pasoM, mpeanodTHTeNbHbIe ypoBHH pO,, coctasmstomme 107, 10 u 10?, a taxke mpenen, co-
craBistommii 1072, npencraBisior coGoii Goee BOCCTAHOBHTEIBHBIC YCIOBHS IO CPABHEHHUIO ¢ YpoBHEM pO,,
coctapsromm 107

CornacHo JIpyromy BapHaHTy OCYIICCTBIICHUS HACTOSIICIO M300pETCHHs, IBET IIIaKa - 3elieHbId. [Ipu
TUIABKE IIMXTH B BOCCTAHOBUTEIBHBIX YCIOBUAX IBET IIIaKa IO XOJy MpoIlecca OOBIYHO MEHSACTCS OT YCpPHO-
CEepoOro WM YE€PHO-KOPHUIHEBOTO JIO 3€JIEHOTO.

CornacHo IpyromMy BapHaHTy OCYIIECTBIICHUS HACTOSIICTO U300PETEHUS, IIeYb MPEICTABIACT COOO0 3IeK-
TPUYECKYIO Ieub. Vcnoap30Banne 3JeKTpHdIeckoi neun wim snekrpoayrosoit neun (EAF) obecnieunBaet 60I1b-
Y10 THOKOCTh B CiIydae, €Cliv JKeJaTeIbHbl NI He0OX0AMMBI 0oJiee BEICOKHE pabouue Temmeparypsl. Eme on-
HUM TIPEUMYIIECTBOM SABISETCA TO, YTO 3TO IO3BOJISET MOMYYaTh BRITOY 3@ CUET LIEHBI Ha AJIEKTPOIHEPTHIO B
HETIMKOBBIC TIEPHOABI WIH 32 CUET JIEKTPOIHEPTHH, TPOU3BOAUMON SKOJIOTHIESCKA YUCTHIMH UCTOUHUKAMH, Ta-
KAMH KaK MECTHBIE BETPSHBIC 3JICKTPOCTaHIINH.

CornacHO IpyroMy BapHaHTY OCYIIECTBICHHS HACTOSIICTO M300pETEHHs, TUTHICOACPKAINN MeTaJuTyp-
TUYECKHH 1IJITaK UMEET MAaCCOBBIM MPOIEHTHBIN COCTaB, COOTBETCTBYIOIIHIA:

10%<Mn0O<40%;

(CaO + 1,5-Li,0) / ALL,O3 > 0,3;

CaO + 0,8-MnO + 0,8-Li,O < 60%;

(CaO + 2-Li,0 + 0,4-MnO) / Si0, > 2,0;

Li,O > 1%; nu,

Al O; + Si0, + CaO + Li,O + MnO + FeO + MgO > 85%.

CornacHo IpyromMy BapHaHTY OCYIIECTBICHHS HACTOSIICTO W300pETEHUs, JTUTHHCOACPIKAIMNA METaILTyp-
THYCCKUH [IIAK UMEET 3CJICHBIN IIBET.

CornacHo IpyromMy BapHaHTY OCYIICCTBIICHHS HACTOSIIETO M300peTeHwus, conaepxanne MnO B nuTHiiCO-
JiepKaIeM METaJUTYPriHYecKoM Tuiake coctasisieT 30% i MeHee.

CornacHo APyroMy BapUaHTy OCYINECTBICHHS HACTOSIIET0 U300peTeHus, comepxkanne CaO B nuTHiiCO-
JIepKaIeM METaJUTYPrHYeCKOM Mutake coctaBisier 15% wmu Oonee, npeamnourutenbHo 20% wim 6oee.

CorylacHO JpyromMy BapHWaHTy OCYIIECTBIICHHS HACTOSIIEr0 M300peTeHwus, conmepkanne CaO B muTHiico-
JiepKaIieM MeTaJUTypriHdecKoM Muiake coctaBisieT 50% umm MeHee, npeamodtutensHo 30% wim meHee.

CoryiacHO JIpyroMy BapuaHTy OCYIIECTBIICHHUS HACTOAIIETO M300peTenHus, conepxkanne Al,O; B TuTHIICO-
JiepKaIieM MeTaJUTypriHdecKoM Muiake coctaBisieT 50% wunn MeHee, npeamodtutensHo 40% wim MmeHee.

CornacHo ApyroMy BapHaHTy OCYIIECTBICHHS HAacTOSIIETo n3o0pereHus, conepkanue Fe B outuiicomep-
JKaIeM MeTaJUTyprHIecKoM IIIake cocTaBisieT 25% nnn MeHee, npennourutensHo 10% wimm meHee. B murake ¢
BeICOKUM copepxkanueM FeO, conepxamem 6onee 10% FeO u, cootBeTcTBeHHO, Haxe 6onee 20% FeO, CoO He
MOJKET OBITh BOCCTAHOBJICH J0 MeTayumuaeckoro Co 6e3 mepeHoca OTHOCHTEIBHO OOJBINUAX KOJTHYSCTB METAILITH-
yeckoro Fe B a3y crmaBa. DTo 3HAYUTEIHHO YBEIMYUBACT 3aTPATHI HA JIFOOYIO MOCICAYIONIYIO THIPOMETAILTYP-
THYECKYI0 00pabOTKY MOYyYECHHOTO CIUIaBa U, CICIOBATEIBHO, MCHEE KEIaTeIbHO.

CornacHo JpyroMy BapHaHTy OCYIICCTBICHHS HACTOSIIETO W300pETEHUs, MpeiiaracTcsl MpUMEHCHUE JTU-
TUHCOAEPIKAIIEr0 METAUIYPTHIECKOTO IJIaka B Ka4eCcTBE IUIAKOOOpa3oBaTelsl B MHPOMETAILTYPTHUECKOM TIPO-
necce nepepaborku. [lomydeHHBIH MeTamuTyprudeckuii nurak coaepxut CaO u SiO, U TIOITOMY MOXKET OBITh
WCIIONIB30BaH B KAYECTBE MIJIAKOOOpa30BaTeNIsd B HOBBIX ONEPALIUIX.

CornacHo ApyroMy BapHaHTy OCYIISCTBICHHS HACTOSIIETO W300peTeHUs, MpeiaraeTcs IpuMeHeHNE JTH-
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TUHCOAEPIKAIIEro METAJUTYPIHYCCKOTO IIIJTaKa B KAYECTBE IIIAK000Pa30BaTelis B CIIOCO0E 110 TIEPBOMY BapHAHTY
OCYILICCTBIICHHS HACTOSIIETO M300PETEHUS, TEM CaMBIM YaCTUYHO WIIU MOJIHOCTBIO 3aMEHSIS IITAKOOOpa3oBaTe-
JIM Ha 3Tale [Oa9H IIUXTHI, COJIepKAIIeH MIakooOpa30BaTENH.

[ToBTOpHOE MCTIONB30BAHME IOIYIEHHOTO METALTYPTHIECKOTO MIIaKa B HOBBIX OIEpAIisIX 00ecrednBaceT
OombIIyI0 THOKOCTE B BBIOOpE paboumx yCcIOBUH, TaKMX Kak ypoBeHb PO, mporecca. Hampumep, pu UCIONB30-
BaHWHU 0oJiee OKUCIIUTENBHBIX YCIOBHM, B pe3yJIbTaTe Yero B muIak momanaet 0ombine Co w/mimu Ni, 3TH IICHHbBIE
METaJTBI He ObUIH OBl MMOTEPSIHBI, & CKOpee ObUIH Obl BOCCTAHOBJICHBI B HOBOM pa0bo4eM ITUKJIE, T1Ie, BO3MOXHO,
ObUTH OBl MCTIOB30BaHBI 00JIee BOCCTAHOBUTEIBHBIEC YCIOBHUS IS W3BJIIeUeHMs OopInero konmndectsa Co w/mm
Ni.

[Ipu MOBTOPHOM HCIIOJIF30BAaHIH 3TOI0 METAIUTYPTHUECKOrO MUTAKa B KAYEeCTBE MIIAKOOOpa3oBaTelis B HO-
BOM IIpOIecCce WM B KA4eCTBE MCXOIHOTO IUTAKA I TOTO K€ MpoIlecca CIeAyeT YYUTHIBATh, YTO IMOCTYIIA0-
npe 0atapeu WK HX JIOM MOTYT COACPIKATh JHOTIOHUATEIFHBIC KOJIMYECTBA COSAMHEHUH, TakuX Kak Al, Mn unun
Li, koTopsle MOCIie WX OKHCJICHHUS MOManyT B nutak. ClemoBaTelnbHO, COOTBETCTBYOIME KonmmdectBa AlyOs,
MnO wmm Li,O B nuake BozpactyT. HecmoTpst Ha To, uTo KosmuectBo Li,O cumraercsi MeHee KPUTHYHBIM, KO-
muaectBa Al,O3; 1 MnO oka3bIBarOT 0oJiee HETIOCPEACTBEHHOE BIUSHUE HA TEMIIEPATypy IUIaBjieHus. B mpyrom
BapHaHTE OCYIIECTBICHUS HACTOAIICTO M300PETEeHUs, MPENOYTHTENbHBIA BEPXHUH TIpenes coaepxanns MnO
cocrtaBisieT 30%, 9ToOBI 00ECTIeUNTH 3a1ac s MOCTYIUIEHUs cBexero MnO 13 HOBOM IIMXTHI.

[ToBTOpHOE HCIIOTIB30BAHNE METAJUTYPIHYECKOTO MITAKa MO0 HACTOAMIEMY H300PETECHHIO BO3MOYKHO JIUII B
OTPaHNYEHHOM YHCJIE IIUKIIOB, OJarofaps MOCTYMAIOMINM CBEKHM COCTUHEHUAM. [l ompeneneHus Toro, Bo3-
MOJKHO JIM JalbHeHIee TOBTOPHOE NCIIOIb30BaHUE MIIaKa, CIEAYeT U3yYUTh COCTAB IIJIaKa U CPABHHUTH €T0 CO
cnenu(UKaUsIMK COCTaBa, MPUBEICHHBIME B JaHHOM ONMUCaHWU. Kak MpUeMIIeMBIil JONTOCPOYHBIA BapUaHT,
BO3MOJKHA OYHCTKA M TIOBTOPHOE HCIIOJIb30BaHKE MO KpalHEH Mepe YacTH METaJUTYPrHYSCKOro IIaKa, C pas-
0aBIICHHEM €T0 CBEXKHMU IITAKO0OPa30BaTEIIIMH.

Kak ommcaHo BEINIE, IIDTAK IO HACTOSIIEMY W300PETCHHIO CIIOCOOCTBYET 3HAYMTEIHHOMY ITOAABICHHIO
pactBoperuss MgO u3 orHeynopHoro kuprnuya. OJTHAKO 3TOTO HEBO3MOKHO M30€KaTh MOJIHOCTHI0. DTO MPHUBO-
JIUT K €IIe OJHOMY IOJIOKHUTEITFHOMY TTo00ouHOMY 3¢ (deKTy npu nepepadoTke nuraka. PacrBopennsrit MgO u3
OTHEYIOPHBIX KHpIHUeH (TToydeHHBIH B pe3yabTaTe He3HAUUTENFHOTO pacTBopeHust MgO BO BpeMs MpenbIay-
IIUX MMPOIIECCOB IJIaBKK) HAKAIUTMBAETCs B IIIake, 4To B couetanuu ¢ MnO, Li,O u CaO cniocobcTByeT moiaB-
JICHHUIO JalbHEHIIe KOPPO3UH OTHEYMOPHOTO KHUPMHUYa. JTO JeNIaeT MOBTOPHOE HCIIOIH30BAHKE MOITYYEHHOTO
II1aKa 0COOCHHO MPHUBIEKATECIHHBIM.

Crnenyromue mprMepbl TPUBEICHB IS JONOJHUTEIBHONW MIUTIOCTPALlMH BapHAaHTOB OCYIIECTBICHUS Ha-
CTOSIIEr0 U300PETCHHUS.

ITpumep 1

Usmepsimu pactBopenne MgO W3 CTCHOK MarHHHMCOJEPIKAIIUX THUIJICH, ¢ MCIOIb30BAHHUEM HECKOJIBKUX
IIIAKOB C Pa3JIMYHBIM COCTaBOM. Pa3mUuHBIC COCAMHEHUS, CONEpIKAIIUECS B TUTHH-MOHHBIX OaTapesx WU HX
JIOMe, a TaKke UX oKcHbl, Takue kak FeO, Al,O;, Li,O u MnO, cootBeTcTBeHHO, IaBuin BMecte ¢ CaO u SiO,
B KadecTBe (Irocyromux 100aBok B THriie 3 MgO emkocthio 1 1. OOmiast Macca T0OaBICHHBIX OKCHIOB CO-
crapisuia 1000 . CootHomenne FeO, AlO;, Li,O m MnO BeiOupanu misi 0TOOpayKEHUSI TUITUYHOTO COCTaBa
CYIIECTBYIOMIMX JINTUH-UOHHBIX OaTtapei.

Turmm mocTeneHHo HarpeBaiu co CKOpocThio HarpeBa 150°C/a ¢ ucmonp30BaHUEM HHIYKITMOHHOM IEeYH.
ITpu moTHOM pacCIIaBICHUH [UTAKOB THUTIM BhIIEpkuBanu mpu temrepatype 1400°C, 1450°C wmm 1500°C. Ilo-
cJie 2 9 HarpeBa paciuIaBiCHHbBIE IIJIAKKA U3BIIEKAN M3 TUTJICH, U 3aKaIMBaimu Boaoi. B Tabm. 1 mpuBeaeH coctas
IIJTAKOB, TIOJTYYCHHBIX B 3TOM IpUMepe.

Tabiumna 1
CocTaB NOJYyYEHHBIX IIJIAKOB
Ilna | Temnepatyp Cocras (%) YcnoBus
K a, SiO2 | FeO [ Al203 | CaO | Li2O | MgO | MnO (CaO +2-Li20 +
°C 0,4-MnO)/SiOz
1-1 1450 15,8 3,6 | 20,5 {342 1,0 | 2,5 | 223 2,8
1-2 1450 19,7 1,6 | 18,7 [19,7] 29 | 2,3 | 353 2,0
13 1400 177 | 00| 196 |47.1] 1.0 | 19 | 127 31
1-4 1400 238 | 0,0 198 |24,7(19,8] 1,1 | 10,8 2,9
1-5 1500 192 [ 1,9] 163 [21,1]192] 0,9 | 182 35
1-6 1500 18,6 | 09| 8.8 |10,6]|294]| 1.4 | 284 43
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IIna | Temnepatyp Cocras (%) VYenosus
K a, SiO2 |FeO | Al203 | CaO | Li2O | MgO | MnO (CaO +2-Li2O +
°C 0,4-MnO)/Si0O2
1-7 1500 92 (27119 1,8 330 39 |327 8,8

Konnenrpamn MgO B yka3aHHBIX IIUTaKaX OBUTM OTHOCHTENIHbHO HeBBICOKMMH (0T 0,9% no 3,9%). Dot
pe3yIbTaT yKa3bIBacT Ha TO, 4TO pacTBopeHHe MgO M3 CTCHOK TUTIS B BRIOPAHHBIX YCIOBHAX XOPOIIO ITOJAB-
JISUTOCH.

DKCIIEPUMEHTHI BHITIOHSIA C COCTABaAMH IILTaKOB, He conmepkamuMu Ni, Co wim Cu, MOCKOJIBKY KOJHYe-
CTBO 3THX MCTAJUIOB B KOHEYHBIX IIJIAKaX OOBIYHO OYCHBb Majo W, TAKHM 00pa3oM, MO CYIICCTBY HE BIHSCT Ha
CBOICTBa IIJTaKa.

CpaBuurenbHbIi [Tpumep 2

W3mepsmu pactBoperne MgO H3 cTeHOK MarHWHCOEpKalIuX THTIICH, ¢ UCIOIh30BAaHUEM IUIAKOB C pa3-
JIMYHBIM COCTAaBOM. Pa3NMuHBIE COSANHEHHS, COlEpIKaIIUecs B TUTHH-HOHHBIX 0aTapesX WM UX JOME, a TaKKe
X okcuzpl, Takue kak FeO, Al,O; m MnO, cootBeTcTBeHHO, TuiaBuiau BMecte ¢ CaO u SiO, B xadectBe (irro-
cyromux 100aBok B Turiie 3 MgO emkocthio 1 1. Obmas Macca mo6aBIeHHBIX OKCHIOB cocTaisuia 1000 r.

Turmm mocTeneHHo HarpeBay co CKOpocThio HarpeBa 150°C/a ¢ ucmonb30BaHUEM MHIYKITMOHHOM IEeYH.
IIpu noiaHOM pacniaaBIeHUH IIIAKOB TUIIM BbLAep:kuBanu Ipu temnepatype 1400°C umu 1450°C B Teuenue 2
4. [Tocie 2 4 HarpeBa paciuiaBICHHBIC IUIAKW W3BJICKAIN U3 THTJICH, M 3aKaJHBald BoIoW. B Tabn. 2 mpuseacH
COCTaB IIUTAKOB, IMOJTyYCHHBIX B 3TOM MPUMEpE.

Tabnuma 2
CocTaB NOJYyYEHHBIX IIJIAKOB
IInax | Temmeparypa, Cocras (%) VYcenosust

°C SiO2 | FeO | Al20s3 | CaO | Li20 | MgO | MnO | (CaO +2'Li2O +
0,4 MnO)/SiO2

2-1 1450 31,0 (3,4 | 20,3 |11,5] 0,9 | 11,6 | 21,3 0,7

222 1450 271 13| 16,1 [ 93] 25 | 132 ] 30,4 1,0

2-3 1400 32,0( 0,0 | 18,2 |32,0| 0,0 | 87 9,1 1,1

ITo cpaBHenuto co nuiakamu ot 1-1 mo 1-3, ucmonp3oBanHbIME B [IpuMepe 1, B JTaHHOM IpUMepe Coaep-
xanue SiO, B IITakax JOBEIEHO /0 Oosee BBHICOKOIO YpOBHS, Toraa kKak copepkanue CaO, Li,O w/mmum MnO
JIOBE/ICHO /10 OoJiee HHU3KOTO ypoBHS. M3MepeHHbIe KoHIEHTparumu MgO B yka3aHHBIX IIUIaKaX OBUIM OTHOCH-
TeNnbHO BeICOKUMH (0T 8,7% 10 13,2%), 4TO yKa3bIBaeT HA TO, YTO B COOTBETCTBYIOIIUX IIIJIAKaX PACTBOPSIINCH
OTHOCHUTEIILHO OobITue KonmnmdectBa MgO W3 TUTIICH.

Kax u B IIpumepe 1, mmaku He conepskanu Ni, Co nn Cu.

O6cyxnenne [Ipumepa 1 u [Tpumepa 2

[Inaxu, momyyennsie B [Ipumepe 1, comepxanu merpine MgO, yeM NuIaku, moidydeHHbIe B CpaBHUTEb-
HoM [Ipumepe 2. B ycnoBusx [Ipumepa 1 Buaumoit nerpagammm MgO TUris He HaOII0gaI0Ch, TOTAA Kak B yC-
noBusx [Ipumepa 2 cTeHKH TUTIS cTaHOBWIHCH ToHbIIE. [llmaku, comepkamuye OTHOCUTENFHO HU3KHE KOHIICH-
Tparmu SiO, ¥ OTHOCHTEIHHO BBICOKHE o0mIre KoHrenTpanuu Li,O, CaO w/mmm MnO, moaaBIsiiu pacTBOPSHHE
MgO, kak nokazano B [Ipumepe 1. bonee koHkpeTHo, pactBopeHre MgO B mutake 3QQPeKTHBHO MOAABISIIOCH,
korga cootHomenue (CaO + 2Li,0 + 0,4Mn0O)/SiO, cocTaBIsiio 2 WU BEIIIE.

ITpumep 3

B meur nuamerpom 1 M, cBekedyTepOBaHHYIO XPOMOMATHHEBBEIM OTHCYIOPHBIM KHUPIIUYOM TOJNIIHHON
200 MM, 3arpyxanu 500 Kr oTpaOOTaHHBIX JUTHH-MOHHBIX aKKyMYJISTOPHBIX Oarapeil. K nuTuii-noHHbIM Gata-
pesim noGasisimu 80 kr m3BecTHAka W 20 kr mecka. TemmepaTypy BaHHBI MOJAEPXKHBaJIM Ha ypoBHe 1450-
1500°C, mo3BOJISIOMEM MOAICPKUBATEH KaK IIIAK, TAK U CIUIAB JJOCTATOYHO TCKYYHMH JIsT OOJIETYCHHS BBITYCKa
1 00pabotku. Teruro BeIAENsAIOCH 3a cueT okucieHus Al u C B 6atapesx, ¢ IpUMEHEHHEM TIOTPY)KHOTO BIyBa-
Hust O,. CKOpoCTh BIyBaHUS BBIOMpaX TaKoW, YTOOBI 00ECIIEYNTh CHIILHO BOCCTAHOBUTENBHBIE YCIIOBUS, T.C.
pO,, cocrasmsromee 10”. Jl1st KOMIICHCALMK OTEPh TEIUIaA B IeYH A0OABISIIN IPHPOLHBIL ras. [loce 1 1 Ha-
TpeBa, MOTYYCHHBIN CIUTaB M IIIJIaK pa3feisd ciIuBoM. B Tabn. 3 moka3zaH aHaan3 BXOJHOW M BBIXOIHOH ¢a3
mporiecca.
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Tabnuma 3
BxonHast v BBIXOHAs a3kl mporecca
Tlonasaemoe | Macca Cocras (%)
KOJIUYECTBO (xr) | Ni | Co | Cu | Fe |SiO2|/Ca0O| Al Li Mn C |MgO
(AL203) | (Li20) | (MnO)

Batapen 500 [26,3]7,0[123[35] - [ - | 50 | 20 | 70 |15] -
W3BecTHsIK 80 - - - - 14,8533 - - - 11,4 -
Kpemuesem 20 - - - | - |100 - - - - -
Brxon

Crnas 243 |54,3(14,1|25,0|5,5| - - - - 1,1 - -
Ilnax 3 189 |02]0,5]06 [2,5[12,7[22.8] 251) [(119) | 220 | - | 12

B xozme oOpabotku Gatapeil BUAMMOH Jierpafallii MarHUHCOEPIKallero OrHeyIopHOro KUpIHUYa He Ha-
omonanock. Konnenrpanus MgO B MoJlydeHHOM IUTaKe COCTaBHIIA TOJNBKO 1,2%, 9TO COOTBETCTBYET moTepe 2,3
kr MgO 13 OrHeynopHoOro Kupnuda, Kotopas cuuraercsi Hu3koit. Coornomenue (CaO + 2Li,0 + 0,4Mn0O)/SiO,
coctaBuio 4,3. Takum 06pazom, 3ToT nutak 3GHEeKTUBHO NPEMIATCTBOBAI N3HAIIMBAHUIO CTCHOK ICYH.

CpaBuurenbHbli [Ipumep 4

B meur nmamerpom 1 M, cBexe(dyTepoBaHHYI0 XPOMOMArHHEBHIM OTHEYIIOPHBIM KHPIIUYOM TOJIIHHON
200 MM, 3arpyxanu 500 kKr oTpaOOTaHHBIX JTUTHH-HOHHBIX aKKyMYJISTOPHBIX OaTapeil. K mutuit-noHHBIM OaTa-
pesm nmobaBmsim 50 kr m3BecTHsKa u 50 kr mecka. Temrieparypy BaHHBI MOJJIEPKHABaU Ha ypoBHe 1450-
1500°C, mo3BoJIsItoIeM MOACPKUBAThH KakK MUTAK, TAK M CIUIAaB JOCTATOYHO TEKYYHMH JJIsl OOJIEeTYCHHS BBITyCKa
u o0paboTku. Temno Beigensuiock 3a cuet okucieHus Al nu C B Garapesix, ¢ IPUMEHEHHEM MOTPYKHOTO BIIyBa-
Hus O,. CKOpOCTh BIyBaHHs BHIOMPAM TaKOH, YTOOBI 00ECIIEUNTh CHIIBHO BOCCTAHOBUTEIBHBIC YCIIOBHS, T.C.
pO,, cocraBmsomee 10°. [ KoMIIeHCaIMK MOTEPh TEIUIa B MedH J0GABIAIN NPUpOAHSIi ras. [locne 1 u Ha-
rpeBa MOJYYEHHBIH CIUIaB M IUIAK pa3lelisuln CIMBOM. B Tabn. 4 mokaszaH aHain3 BXOJHOH M BBIXOJTHOH a3
mpoliecca.

Tabnuma 4
Bxoxnas v BexogHas (as3sl mporecca
IlonaBaemoe | Macca Cocras (%)
kommaectBO | (xr) | Ni | Co | Cu |Fe[SiO2|CaO| Al Li Mn C [MgO
(Al203) | (Li20) | (MnO)
Barapeun 500 |26,3| 7,0 |12,3]3,5| - - 5,0 2,0 7,0 15 -
H3BecTHsK 50 - - - - |48 (533 - - - 11,4 -
Kpemuezem 50 - - - | - | 100 - - - - -
Boexon
Crutas 241 |54,6|14,1|25,2(5,5| - - - - 0,6 - -
Inak 4 220 (0,1 104]0,5(2,1(23,7|112,3| (21,5) | (9,8) | (19,7) | - | 9,0

Konuentpanus MgO B nomydeHHoM nutake coctasuna 9,0%, uro coorsercTByeT norepe 19,8 xr MgO u3
OTHEYNOPHOTO KUPITHYA 1, CIEJOBATENbHO, 3HAUNTEILHOMY H3HOCY CTEHOK HEYH.

Coorromenue (CaO + 2Li,0 +0,4Mn0)/SiO, cocraBuio 1,7.

IIpumep 5

B meur nmamerpom 1 M, cBexe(dyTepOBaHHYI0 XPOMOMArHHEBHEIM OTHEYIIOPHBIM KHPIIHYOM TOJIIHHON
200 MM, 3arpyxanu 500 kKr oTpaOOTaHHBIX JTUTHH-HOHHBIX aKKyMYJISTOPHBIX OaTapel. K mutuit-noHHBIM OaTta-
pesm nmobaBmsm 50 kr m3BecTHsKa u 50 kr mecka. Temrieparypy BaHHBI MOJJIEPKHABaM Ha ypoBHe 1450-
1500°C, mo3BoJIsItoIeM OIS PKUBAThH KaK IUTAK, TAK M CIUIAaB JOCTATOYHO TEKYYHMH JJIsl OOJIEeTYCHHS BBITyCKa
u o0paboTku. Temno BeigensuIock 3a cuet okucieHus Al nu C B Garapesix, ¢ IPUMEHEHHEM MOTPYKHOTO BIIyBa-
HUs O,. CKOpOCTh BIyBaHMs BHIOMPAM TaKOH, YTOOBI 00ECIIEUNTh CHIILHO BOCCTAHOBUTENIBHBIC YCIIOBHS, T.C.
pO,, cocraBmsomee 107, J{is KoMIIeHCAIMK MOTEpPh TEIUIA B MedH J0GABNIAIN NPUPOAHSi ras. [locne 1 u Ha-
rpeBa MOJYYEHHBIH CIUIaB M IUIAK pa3lelisuln CIMBOM. B Tabn. 5 mokaszaH aHaim3 BXOJHOH M BBIXOJTHOH a3
nporecca.
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Tabnuma 5
BxonHast v BBIXOHAs a3kl mporecca
[TonaBaemoe | Macca Cocras (%)
konudectBo | (xkr) | Ni | Co | Cu |Fe|SiO2{CaO| Al Li Mn C [MgO
(Al203) | (Li20) | (MnO)
Barapeu 500 |10,8|11,3|11,5|0,1| - - 6,0 4.4 99 |25 -
M3BecTHsK 50 - - - - | 48 [53,3 - - - 11,4 -
Kpemuesem 50 - - - | - | 100 - - - - -
Brxon
Crutas 164 |(32,8/32,9|33,2|10,4| - - - - 0,8 - -
Inax 5 259 10,1 1,2]0910,2{20,1(10,4| (21,9) | (18,2) | (23,7) | - | 2,8

KonnenTparms MgO B momydeHHOM mutake cocraBmia 2,8%, 9To COOTBETCTBYeT notepsm 7,4 kxr MgO u3
orueynopHoro kupnuda. Cootnomrenue (CaO + 2Li,0 + 0,4Mn0O)/Si0, coctasmio 2,8.

O6cyxnaenne [Ipumepa 3, [Tpumepa 4 u [Ipumepa 5

B Ilpumepax 3 u CpaBautenbHOM [IpuMepe 4 B medb mojaBayid Oataper B OJUHAKOBOM KOJIUYECTBE U C
OIMHAKOBBIM COCTaBOM, HO IIPH Pa3HBIX COOTHOIICHUSAX M3BECTHsKA U mecka. [lomyuennsrii [llnak 3 comepikain
CaO B 6onee BrICOKOI KoHIEHTpalmy 1 SiO, B 60J1ee HU3KO# KOHIEHTpPAIHH, 110 cpaBHeHuro co Ilnakom 4.

Cootnomenue (CaO + 2Li,0 + 0,4Mn0O)/SiO, cocrasuio 4,3 B lllnake 3 u 1,7 B lllnake 4, cOOTBETCTBEH-
Ho. B llnake 3 pactBopminock Toibko 2,3 kr MgO, torna xak B lllnake 4 pacTBOPHIOCH 3HAYUTEIHHO OOJIbILIEE
konuuectBo MgO - 19,8 kr.

B Ilpumepe 5 B meus nogasanu Gatapeu ¢ OoJiee BEICOKOH KOHLEHTpanueld Mn u Li, cobmonast mpu 3ToM
Takoe K€ COOTHOILIEHUE U3BECTHsIKA U mecka, uto U B CpaBHutensHoM [Ipumepe 4. Ilonydyennsiit lnax 5 co-
nepxait MnO u Li,O B 60tee BRICOKON KOHIIEHTpAITUH 110 cpaBHEHHIO co [1lmakom 4.

Cootromenne (CaO + 2Li,0 + 0,4Mn0O)/Si0, cocrasmsuio 2,8, mpu 3ToM B [1lmake 5 pactBopminocs 7,4 kr
MgO. Takum o6pa3om, dTOT PUMEP AEMOHCTPHPYET ToJie3HbIi d3ddekT coueranus MnO u Li,O, mpu mpouux
OJIMHAKOBBIX YCJIOBHUSAX PEAKIINH.

[Inaxu, conepsxantue SiO, B 6osee HU3KkMX KoHIeHTpanusax u Li,O, CaO u MnO B 6oJiee BHICOKHX OOIIHX
KOHIEHTPAIHAX, OONbIIE MOAXOIAT Ul NoAaBiIeHus pactBopennst MgO, kak mokaszano B [Ipumepe 3 u [Ipume-
pe 5.

IIpumep 6

B meur numamerpom 1 M, cBekedyTepoOBaHHYIO XPOMOMATHHEBBEIM OTHCYIOPHBIM KHUPIIUYOM TONIIHHON
200 MM, 3arpyxanu 500 Kr oTpaOOTaHHBIX JUTHH-MOHHBIX aKKyMYJISATOPHBIX Oarapeil. K nuTuii-noHHeIM Gata-
pesim no6asisimn 189 kr nutaka, nmoixydeHHoro B [Ipumepe 3. TemmepaTypy BaHHBI TOAJECPKUBAIM Ha YPOBHE
1450-1500°C, mo3BossIOIIeM TOACPKUBATh KaK MUIAK, TaK M CIUIAB JOCTATOYHO TEKYyUYUMH ISl OOJeTdeHUS
BBIMTyCKa B 00paboTKH. Teruro BeIesuioch 3a cueT okucieHus Al u C B GaTapesx, ¢ MpUMEHEHUEM TTOTPY>KHOTO
BayBaHus O,. CKOpOCTh BAYBaHWS BBIOUPATN TaKOH, YTOOBI 00ECTIEUUTh CHIILHO BOCCTAHOBUTEIBHBIE YCIOBHS,
T.e. pO,, cocrapmsiomee 10°. Jlisi KOMIICHCALMH TOTEPh TEILIA B IIeUr J0GABISUIE IPUPOAHBI ra3. [Tocie 1 4
HarpeBa MOJyYeHHBIN CIUIaB U MUTAK Pas3leisuid cIMBOM. B TaOi. 6 moka3aH aHaj W3 BXOJAHOW M BBIXOJHOH (a3
mporiecca.

Tabmuma 6
BxonHast v BBIX0HAs (ha3kl mporecca
ITonaBaemoe Macca Cocras (%)
KOJINMIECTBO (xr) | Ni | Co | Cu |Fe|Si02|CaO| Al Li Mn |C|MgO
(Al203) [(Li20) | (MnO)
Barapen 500 |263]7,0[1233,5] - | - | 50 | 20 | 70 [15] -

> >

InakooGpasosatens | 189 | 0,2 10,5 0,6 |2,512,7[22,8] (25,1) |(11,4)| (22,0) [ - | 1,2

Boixon
CnnaB 242 |54,2(14,1(24,9|5,6| - - - - 1,1 (- -
IIlnak 6 308 [0,2]0,5]0,71(2,8] 7,8 [14,0] (30,7) |(14,0)| (26,9) | - | 1,2

B xozme oOpabotku Gatapeil BUAMMOH Jerpafallii MarHUHCOEpIKallero OrHeyIopHOro KHpIHUYa He Ha-
6monanock. Konnenrparust MgO B 1moiydeHHOM IITaKe cocTaBHiIa TONBKO 1,2%, YTO COOTBETCTBYET MOTEPSIM
1,4 xr MgO U3 OrHeynOpHOTo KUpIN4a, 4TO SBIAETCS elle MeHblIell nerpananueii, yem B Ilpumepe 3. CootHo-
menue (CaO + 2Li,0 + 0,4Mn0O)/Si0, cocraBmio 6,8. Takum 00pa3zoM, 3TOT HuIaK 3P PEKTUBHO MPEIISITCTBOBA
U3HAIIUBAHUIO CTEHKU N€YH U3 MarHUICOAEpKaIlero OrHeyIOpHOro KUpNuya.

OOwuii BEIBO

Meramtypruieckie IUIaK| M0 HACTOSIIEMY W300pETEHHIO IPUTOAHBI VIS N3BJICUCHUS LIEHHBIX METANJIOB,
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takux Kak Ni u Co, n3 TUTHI-MOHHBIX OaTapeil WM UX JIOMa, IPH 3TOM CBOJS K MHHUMYMY pa3pylICHHE Mar-
HUMcoAepKaIUX OTHEYNOPHBIX KUPIHUYEH neun.

DOOPMYVYIJIA N30BPETEHMA

1. Cnioco6 m3Biedenust Ni u Co U3 TUTUH-MOHHBIX OaTtapeil Win X JJoMa, BKIIOYAIOIINA TaKUE CTa/IHH:

oOecnieucHue nieyn, PyTepoBaHHON MaTHHICOIEPKAIUM OTHEYIIOPHBIM KUPITUIOM;

oOecrieueHHe MIUXTHI, COJCPKAIICH UTAKOOOPa30BATEIH U TUTHH-MOHHBIC 0aTapey WIH UX JIOM; H

BBHIIJIaBKA IIMXTHl B BOCCTAHOBUTEIBHBIX YCIOBHSIX C IOJNyYCHHEM CIUTaBa, conepxainero oonee 50%
(mac.) HanmmyectByromux Ni u Co, 1 1IDTaKa,

OTJIMYAIOIIMKACS TEM, YTO [UIAK MMEET MACCOBBIA MPOIEHTHBIN COCTaB, COOTBETCTBYIOIIUI MPHUBEICHHBIM
HIDKE HEPaBCHCTBAM:

10%<MnO<40%;

(CaO + 1,5-Li0)/AL,05 > 0,3;

CaO + 0,8-MnO + 0,8-Li,O < 60%;

(CaO + 2-Li,0 + 0,4-Mn0O)/Si0, > 2,0;

Li,O2>1%; n

Al O; + Si0; + CaO + Li,0 + MnO + FeO + MgO > 85%.

2. Cnoco0 1o 1.1, oTnyaroruiics TeM, uto B mwiake 10% < MnO <30%.

3. Cmoco0 1o 1.1 wim 2, OTIuYaronmiics TeM, 9to coaepxkanue CaO B nutake coctaBisieT 15% wumu Oonee,
npeamnourutensHo 20% i 6onee, U TeM, uto copepkanne CaO B mutake cocraBisieT 50% wim MeHee, mpen-
nouytutensHo 30% mim MeHee.

4. Crioco6 mo mobomy u3 mir. 1-3, oTnudaromuiicst Tem, uaro coaepxkanne Al,Os B murake coctaBisieT 50%
WM MEHee, peAnodYTuTensHo 40% uimm MeHee.

5. Croco6 o srobomy u3 il 1 -4, oTimgaromumiics TeM, 9To cogepikanue Fe B mutake cocrasiser 25% nmm
MeHee, npeanoutureasHo 10% uim menee.

6. Crioco6 mo sroboMy u3 mir. 1-5, ommmyatonuiics TeM, uyto cymma AlyOs, Si0,, CaO, Li,O, MnO, FeO u
MgO cocrasnsier 90% wniu 6oee, mpearnoyTUTeNLHO 95% mim Ooree.

7. Croco6 1o mrobomy u3 i 1-6, oTnudaromuiicss TeM, uto cootHomenue (CaO + 2-Li,O + 0,4-MnO)/
(Si0; + 0,2-Al,05) cocraBnset >1,5.

8. Crioco6 1o roboMy u3 mit. 1-7, OTIHYArOIIUICS TeM, YTO CTAIUIO TUIABKH [IMXTHI BHIIONHSIOT MPH TEM-
nepatype no Mesbiiei Mepe 1400°C u Ha makcumyMm 300°C BblllIe TOUKU TMKBHIyca HIJIAKa, IPEATIOYTUTEIBHO
Ha MakcuMyM 100°C BbllIe TOYKH TUKBUAYCA LIIAKA.

9. Croco0 1o o60oMy 13 M. 1-8, OTIIMYAIOIIMIACS TeM, YTO CTaIus IUIABKU BKJIFOYACT TAKUE MOJICTAIUU:

0oTOOp 00pasia nuiaka;

oxXJTaXKIeHue oOpasiia 1aka ¥ OIEHUBaHKE €TO0 IIBETa; U

B CITydae, eciiy 00pasell ITaKa 3eJICHbIH, 3aBEepIIeHNE CTAINN TUIABKH; YT

B CIIyJae, eciii oOpasel] IiTaka He 3eJIeHbIH, TPOI0DKEHIE CTaINH TIaBKU TOCIe KOPPEKTUPOBKH YPOBHS
PO, s moctikeHus 0ojiee BOCCTAHOBUTEIIBHBIX YCIIOBHA.

10. Crioco6 1o mo6oMy 13 1. 1-9, oTHyaroLHiics TeM, 4To yposers pO, goBomat 1o 107>p0,>107"2.

11. Cnoco6 mo mo6omy u3 ni.9 win 10, OTIIMYAIONINIACS TEM, YTO IBET [UIAKA SBIISCTCS 3CJICHBIM.

12. Cnoco6 no mobomy u3 min.1-11, oTauyaroniuiics: TeM, 4To Iedb IPeCTaBIsIeT co00i JEKTPHIECKYTO
TeYb.

13. JIutuiicoaepkamuil METaLTyprHueCcKuil MIaK, UIMEIOLUH MacCOBBIN MPOLEHTHBIN COCTaB, COOTBETCT-
BYIOIIIUH MPUBEICHHBIM HUXE HEPABEHCTBAM:

10%<MnO<40%;

(CaO + 1,5:-Li,0)/A1,0; > 0,3;

CaO + 0,8-MnO + 0,8:Li,O < 60%;

(CaO + 2-Li,O + 0,4-MnO)/Si0O, > 2,0;

Li,O02>1%; n

Al O; + Si0, + CaO + Li,0 + MnO + FeO + MgO > 85%.

14. JIutuiiconepxamuil MeTaJTypruuecKuil mak mno m.13, omnuyaromuiica TeM, YTO OH UMEET 3€JIECHBIN
IBET.

15. Jlutuiicomep kamiuii MeTauTypruaeckuid nutak mo .13 wimn 14, otnngarontuiics Tem, aro 10% <MnO
<30%.

16. JIutuiicomepskanuii METALTyprHUeCKUi IITaK o JTF000oMy K3 Ti.13-15, oTnuJaromuiics TeM, 9To Co-
nepxanne CaO B nutake cocrasigeT 15% unm 6onee, mpegnouarurensHo 20% wiau Oolee, U IPH 3TOM COEpIKa-
aue CaO B mutake cocraBisieT 50% wuiam MeHee, mpeanouTuTensao 30% i Menee.

17. JIutuiicomepskauii METaUTyprHdecKUi IJTaK 1o JTF000My 13 T11.13-16, OTIWYArOIHKCS TEM, YTO CO-
nepxanne Al,O; B nimake cocrasiser 50% wiu MeHee, peanodTuTensHo 40% umn MeHee.

18. JInTniicopepxamuii METaUTyprudeckuii ntak no godomy u3 nm.13-17, oTnuyarommiicst TeM, 4To co-
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nepxxanue Fe B muake cocraisieT 25% uinu MeHee, npennourutesnbio 10% wiu menee.

19. IlpumeHeHne NUTHICOAEPIKAIIETO METAITYPIrHYecKOro Iniaka 1mo jgroboMy u3 mm.13-18 B kauyectBe
NIIaK000pa30BaTeNs B MHPOMETAILTYPTHUECKOM MpoIiecce mepepaboTKH.

20. TIpuMeHEeHNE JTUTHHCOMEPHKAIETO METATYPTHIECKOTO IIJlaKa Mo JroooMy 3 min.13-18 B kadecTBe
niakooOpa3oBaTelisi B criocobe 1o Jiodomy u3 1. 1-12, TeM caMbIM YaCTHYHO HJTM TTOTHOCTHIO 3aMEHSss TUTAKO-
o0pa3oBaTeny Ha dTalle IMOIavH MIUXTHI, COJepIKalleil MuIakooOpa3oBaTeIH.

@ EBpa3suiickasi naTeHTHas opraHusauus, EAMB
Poccus, 109012, Mockea, Manblit Yepkacckuii nep., 2

-10 -



	Bibliographic data
	Abstract
	Description
	Claims

