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IIOATOTOBKA U CIIEKAHHUE MEJRO®PPARIITNOHHOTO ORUCHO-
SEPHUCTOI'O MAPTAHIEBOTO RKOHIIEHTPATA

ITposederno ananis icrywuux memodie ozpydrxysarnns Opi6HOOUCNEPCHUX KOHUEeHMmpamis.
Pesyavmamu docaidxncenns miynocmi docaiOHux cnekie nidmeepoxcyoms NnoO3UMUEHUL
8NJAUE 3aAMIHU YACMUHU KOKCUKAQ moppom npu cniibHomy 668edeHHi 8 8uxiOny wuxmy
neped 0zpy0KysaHHaAM MOHKOOUCNEPCHUX Mapzanuesux konuenmpamis. Top eurorye
PyrKYi cnonyyHozo KomnoHenma. I1i0guujeHna NOKA3HUKI8 npoyecy i memanypeziitHol
yinHoCcmi azaomepamy o0O0YMO8JLeHO 3MiHOW Mexarizmy cnikanusa. I[e nosé'asamo 3
Pi3HOI0 peaKyiilHO0 CNPOMONCHOCMI 6Y2aeyl0 KOKCUKY | NALUBHUX CKAA006UX MeNnJo60L
Oecmpykuii mopgy. Bukxopucmanus mop@y npuzgodums 00 pPOSWUPEHHS 30HU
8UCOKOMeMNepamypHozo CNiKaHHA i 00 YmeEOpPeHHs ONMUMAALHOL Kiavkocmi pidxoi
okcudHoll (asu, axa 6epe yuacmyv Yy cMEOPeHHi documbsb MiyH020 cCneKa.

Katouosi crosa: orpy0Kyeanns, Cnikanns, mapzanyesuil KORYyeHmpam, CnoiyiHe.

ITposeden aHanus cyuecmsyruUux Memodo8 OKOMKOBAHUSL  MeLKOOUCNePCHBLX
KOHUenmpamos. Pesynvmamos.  uccnefo6aHus  NPOLHOCMU  ONBIMHLIX  CNEKO8
nodmeepx0aiom nOLOHUMELbHOe BAUAHUE 3IAMEeHb. HACMU KOKCUKA mopdom npu
COBMEeCMHOM 6600e¢ 6 UCXO00HYI wuxmy neped OKOMKOBAHUEM MOHKOOUCNEPCHbLX
mapearnyesvlx KoHuenmpamos. Topd 6vinonHsem QYHKYUI CBA3YHULe20 KOMNOHEHMA.
ITosviwenue noxasameaeili npoyecca U MeMAAAYPZULECKOU UYeHHOCMU azaomepama
00YCNO6/1€HO U3MEHEeHUeM MeXAHU3MA CNeKaHusA. Omo C683aAHO0 C PpPA3AULHOU
PEaKYUOHHOlI CcnocobHOCMbI0 Yz2aepoda KOKCUKA U MONJAUBHbLX COCMABAAIOULUX
menaogoii decmpyruyuu mopga. Hcnoavsosarnue moppa npusodum K paculuperHuro 30Hbl
BbLCOKOMEeMNEePAMYPHOZ0 CNEeKAHUA U K O00pa306GHUI0 ONMUMAJNLLHOZ0 KOIUYECMEa
HeudKoil oxcudHoll asvl, yuacmaeywuweil 6 co3danHuu 00cmamoyHo NPOYHO0z0 Cnexa.

Knawuesvle cnosa: oxomrkosarnue, cnekarue, MapeaHuessvlit. KOHUeHmpam, ceqsyrnuiee.

The analysis of existing methods for pelletizing fine concentrates. The results of the
study confirm the strength of experienced specs positive impact of the replacement of
peat coke fines when co-administered in the initial charge before the pelletizing of fine
manganese concentrates. Peat performs the function of a binder component. Improving
the process parameters and metallurgical value of agglomerate due to changes in the
sintering mechanism. This is due to the different reaction of carbon coke fines and the
ability of the fuel components of the thermal degradation of peat. The use of peat leads
to expansion of the high temperature sintering zone and to form an optimum amount
of liquid oxide phases involved in the creation of a sufficiently strong cake

Keywords: pelletization, sintering, manganese concentrate, binder.
IlocTranOBKA TPOOITEMBI

1A coBpeMeHHOr0 ITPOM3BOJICTBA MapraHIleBbIX (heppoCILIaBOB XapaKTEPHO
UCTOJIb30BaHWE PAa3JNWYHBIX BHUJOB MapraHeIlCOJeps;Kallero ChIpbs, KOTOpOe
UMeeT CJIOXKHBIIT MuHepaJiormuecKuili cocraB. Hanmume B HHX KapOOHATOB,
HETIPOYHBIX OKCHJIOB, THAPATHON W KPUCTAIJIMIAI[MOHHON BJIarM MTPUBOAUT K
IIPOTEKAHUIO SHAOTEPMUYECKUX PEaKIIUi, UYTO BHIBHIBAET IIOBBIIIIEHHBIA PACXO/[I
TEIJIOTHI U POCT ITOTPEOJIEHUA 3JIEKTPOIHEPTUU B IIPOILECCE BHITIJIIABKU.
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CHm)KeHMe KauecTBa JOOLIBaeMOM pYyALI W BOBJIeUeHHEe B IPOU3BOJICTBO
KapOOHATHBLIX PYZ IIOTPEO0OBAJIO OT oOOTraTHTesell Iepexona K 0OoJiee TIyOOKOMY
o0oTaIeHnI0o MapraHIleBOT0 CBIPbsS, UYTO CBA3AHO C WX 3HAYUTEJIbHBIM
usMesbYeHrneM. TOHKHMe  KOHIIeHTpaThl  (GJIOTAIIMOHHOTO ¥  MAaTHUTO-
TPaBUTAIIMOHHOTO OOoraIeHusI WMEIT MeJKHUH TI'paHyJOMeTpUUYecKuil cocrTas,
YTO TpedyeT IIpeABapUTEeIbHO X OKYCKOBBIBATH TeM MJIU MHBIM cmocodoom [1, 2].

I cOBpeMeHHbBIX 3JIEKTpPOIleueii, BBLIMJIABIAIONINX (eppoMapraHell, IOJsS
HMCIIOJIb30BAHUS KOTOPOTO B TIPOM3BOJCTBE CTaJU coOCTaBiadAeT oKojao 45-48%,
TpebyeTcsa XOPOIO MOATOTOBJIEHHOE OKYCKOBAHHOE ChIPhe. BOIIPOCHI TEeXHOJJOTUHI
OKYCKOBAHUS TOHKOAUCIEPCHBIX MapraHIeBhIX KOHIIEHTPATOB U IPYTHUX
TeXHOTeHHBIX MAaTepuajJOoB B JUTEPAType PAaCcCMOTPEHbI HEIOCTAaTOUHO IIOJIHO,
YTO, MO-BUAUMOMY, W SBJIAETCA IPUUMHON WX OTPAHHUUYEHHOTO KCIIOJIb30BAHUS.
IToBbIllIeHE  CTEIleHM  HMCIIOJIb30BAHUA  TOHKOAUCIIEPCHBIX  MapTraHIIeBBIX
KOHIIEHTPATOB OrPAaHWYEHO CHUIKEHUEM IIPOYHOCTU CHIPBIX OKATBIIIEH IIocjie
IIPOBEeHNsA NIPeIBAapPUTENLHOT0 OKOMKOBAHMSA BCeX KOMIIOHEHTOB WCXOTHOM
araomuxTel. (OOpasoBanHme IIPOYHBIX TpPaHyJ B MOpPolecce OKOMKOBAHUS
oImpenesigeTcA PSAIOM OITHOBPEMEHHO melicTBylomux (akTopoB. IIpexkme Bcero,
9TO T'PAHYJIOMETPUUYECKUII COCTAB MaTepHajia U ero XNMHKO-MUHepaJIornyecKas
xapakTepuctuka. OIBIT NTOKasbiBaeT, 4dYTO 3(PdeKTuBHaAss pabora Ieuei,
IIPOMBBOAINUX (peppoMapraner;, ¥ CHJINKOMAapraHell OOCTHUraeTcAd IIPU
KMCIIOJIb30BAHUM OJHOPOJHOIO II0 pasmepy cbipba. ChIpbe IOJKHO 00JaaTh
XOPOIIel ra30IPOHUIIAEMOCThIO II0 BCeil ITOBEPXHOCTHU KOJOIIU ITHUXThI.

Oco0eHHO HeKeJaTeJbHBIMU B IIIUXTe SBJIAITCA TOHKOU3MEJIbUeHHbIe
dpaxiuu, KOTOphble CHUKAIOT IIOPUCTOCTh HMINXThI, UTO IPUBOIUT K YBEJIUUYEHUIO
9HEepromoTpedJieHusI Ha TOHHY CILJIaBa, IIOBBIINIEHHOMY 3aJbIMJIEHUIO U
3amlblIeHWI0. B cBsA3W ¢ 9TUM, Y IIPOU3BOAUTEJNIEN IIPEAIIOUTEHNE WMEIOT
KyCcKOoBasg U arjioMepupoBaHHass pynabl. ToOHKoW3MeJbUeHHBbIEe (ppaKkiiuu
IIPEeMMYIIIEeCTBeHHO arJIOMEepUpPyIoTCA IIyTeM cIeKaHus. Teopusa CcIeKaHWUsd,
IpuMeHseMassi K JKeJe3HBIM pyJaM, MOJKeT OBITb HCIIOJb30BaHa U AJIA
MapraHIeBbIx pyx [3].

ARTyaJII)HOCTB HCCJIEeT0OBaHUA

Arjomepanusa 3aHsjla OJHO W3 BeAYIINX MECT CPEeIN H3BECTHBIX CIIOCO00B
OKYCKOBAHMUs, UTO OCHOBBIBAeTCA Ha HHU3KOH CTOMMOCTH  MHepejeJia.
HMcmonp3oBaHME MapraHIEBOTO arjoMepara B IIHXTe 3JIEKTPOIleueldl M3ydajioch
MHOTUMU aBTOpaMu u nMeeT 9KOHOMUYECKYIO 1eJ1ecO00Pa3HOCTb.
ITosmouTETbHBIA ONBIT MCIOJH30BAHUSA arjioMepaTa B ITPOIleccax ITPOM3BOJMCTBA
3JeKTPpo()ePpPOCILIABOB UWMeEeT U HeJOCTATKM. IIpm TpaHCIOPTHUPOBKE U
MHOTOUYMCJIEHHBIX IIEpPerpyskax arjoMepar oOpasyeT 3HAUUTEJbHOE KOJIUUYECTBO
MeJIOUH, YTO yXYyAInaeT paboTy sjiekTpomeueil. B HEKOTOPBIX paboTax OTMEYAIOT
TaKk:Ke HUB3KYI0 TEeMIIepaTypy IIJIaBJeHUA arjomMepaTra W Ba’KHOCTb YIeJIbHOTO
AJIEKTPOCOIIPOTUBJIEHUSA IMUXT €3 OKYCKOBAHHOTO MapraHercoAepsKaliero
MaTepuaJja. YBeJIMUYeHHe HPOUYHOCTH arjioMepara SABJSAeTCS OOJHUM M3 BaYKHBIX
ero CBOICTB, a KpOMe TOr0, OH JOJIXKEH 00JIaJaTh PAIlMOHAJIbHBIMU BEJIMUYMTHAMU
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OCHOBHOCTH, BOCCTAHOBMMOCTH, TeMIIepaTyp pasMsardeHus. Taxoil mabop ero
CBOMCTB OIpee/ideT IOBeJeHNe arjioMepara B (DeppOCILIaBHOMN MIeUMn.

OmeIT IIPOM3BOACTBA JKEJIE30PYAHOI'O arjoMepara IIOKas3bIBaeT, UYTO
TEeMIIEPATYPHBIA PEKUM CIHeKaHUsS OIpeaesseT BO3MOMKHOCTh MOJYUYEeHUS
arjioMepaToB C Pa3JNUYHBLIM COAEP)KAHNEeM KPHUCTAJJINYECKUX UM CTEeKJOBUIHBIX
das. Kpucraminueckne MuHepasabl o00/IaJal0T IOBBIIIEHHON MeXaHNYeCKOH
IIPOYHOCTBI0O UM BOCCTAHOBMMOCTBLIO II0 CpaBHEHHE CO CTeKJaMH I10J00HOro
XuMuueckoro cocraBa. CooTHOIIIeHNE KPUCTAINUYECKUX MATEPHAaJIOB M CTEKOJI
OymeT BJIMATHL Ha MeTaJIypruyexue cBolicTBa arsomepara. Ha cBoiicTBa
arjoMepaTra BJUSET W TaKyKe BBOJ PAa3JIUUYHBIX (PJIIOCYOINUX MT00ABOK, W IIPU
STOM IIOJYYAIOTCA AarjoMepaTrhl ¢ OTJIHYAIONIMMUCA (PU3NKO-XUMUUYECKUMU
cBoiicrBamu. IlosTomMy B paboTe cTaBuJachk 3aJavya YCTAHOBJIEHUS CBA3U
TeXHOJOTMYEeCKHUX IIapaMeTPOB IIOJyUeHWs arjoMepara B 3aBUCHMOCTH OT BHIA
(psrroca, OCHOBHOCTH M TEMIIEPATYPHBIX PEKUMOB CIIEKAHNS.

AHaimm3 JuTepaTypHBIX TaHHBIX

CHM:KeHMe TTPOM3BOAUTENHLHOCTH arjoMepaIlMOHHBIX MAIUH W yBeJuueHU’e
pacxoma TOILIMBa, HaOJI0JaeMoe IIPU HCIOJb30BaHUM B KauecTBe OJHOTO U3
KOMIIOHEHTOB MEJKOAMCIIEPCHOTO MapraHIleBOrO KOHIIEHTpaTa, B OCHOBHOM,
BBIBBAHO HECTAOUJBbHOCTHIO OKOMKOBAHUSA ATJIOIMIMXTHI. OITO MOPUBOIUT K
YMEHBIIIEHUIO IIOPO3HOCTH CJIOS IIPeIBAPUTEIbHO OKOMKOBAHHOI AarJIOMIMXTHI.
HocTu:KeHre paluOHAJBHO IIOPO3HOCTH OIpelAesideT dHeprosaTpaTbl OJIsd
co3maHMWs 3aJaHHBIX CKOpPOCTell (PUIbTpalMU Tas3oB, YAeJbHYI0 II0BEPXHOCTH
TeIJIo00MeHa B CJI0e ¥ BO MHOI'OM - YCIIEIIHOEe IIPOTeKaHWe arjoMepalllioOHHOIO
mporecca [3, 4]. O9Tu BaKHBIe, C TOUKM 3PEHUSA OPraHU3alUU WHTEHCUBHOTO
CIeKaHUs, IlapaMeTpPbl OIPENeJAI0TCA COBMECTHBIM  BJIMUSHUEM  TaKUX
XapaKkTePUCTUK AarJIOIINXTHI, KAaK ee BJIa)KHOCTb, COOTHOIIEHWE KOJIMYECTB
KOMKYVIOIIIe U KOMKyeMoii (paKIiiuii, BUJ U KOJUUYECTBO CBA3YIOIIEro, a TaK/Ke
ux (pusmuecKUMHu cBoiictBamu [3, 5, 6].

i MapraiIieBbIX Py XapaKTepeH PsAJ 0cO0eHHOCTeil cocTaBa M CTPOEHUA,
BIMUSIONINX HAa MX KayecTBO U IIOBEeJleHMWE B CJIOe CIIEKaeMOro mMarepuaJia, Kyjaa
OHU BXOJAT B KauecTBe OJHOTO M3 KOMIIOHEHTOB MCXOJHOU MIUXTHI. ITO CBA3AHO
CO CJIOKHBIM IIOJIUMHUHEPAJbHBIM COCTAaBOM DpYZ, MOPUCYTCTBUEM B HUX
MUHEpPaJoB KaK HeIPepbhIBHBIX, TaK U JUCKPETHBIX U30MOPMHBIX pPSAIOB,
HEepEeIKO BBICOKOII AMCIIEPCHOCTHIO PYJHBIX MUHEPAJOB U PA3JUUYHBIMU (hopMaMu
IIPUCYTCTBUS B PYJe BPEeIHBIX MpUMecel, npexae Bcero dochopa [1]. CHukeHHME
KadyecTBa arjiomepara 00yCJIOBJIEHO U3MeHeHueM XUMHUYECKOTO,
MUHEPAJIOTUYECKOTO u TPaHyJIOMETPUUECKOTO cocTaBa MapraHIleBbIX
KOHIIEHTPATOB.

Oco0eHHOCTBIO ITPOIecca arjioMepanuy MapraHIEeBbIX PYH ABJSAETCSA TO, UTO
OKCHJbI, TpUCYTCTBYyIomue B ucxonuoit pyge (MnOy, MnyO3, Mng0,), aBasaoTcsa
HENIPOYHBIMU W WX  BOCCTAHOBJIEHUE, KaKk  IIOKa3bIBAIOT  PACUYEThI
TEePMOJUHAMUYECKUX XapaKTePUCTHUK, HaYMHAETCsA mpu HEBBICOKUX
reMmiieparypax. OZHOPOIHBIN MO XMMHUYECKOMY COCTAaBY M IIPOYHOCTU arjoMepar
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MOJKeT OBITh TOJIyUEH TOJBbKO NPU TOYHOM [O3MPOBKE U NPU TIIATETHHOM
ImepeMeIrnuBaHUY KOMIOHEHTOB IMTUXTHI.

AKTyalIbHOCTH HCCJICIOBAHMI OKOMOBAHHUS TOHKOINCIIEPCHHIX MAaTEePHAJOB

CKOpOCTh TOpeHUs yIJaepofa B CJIOe IIMUXTHI, 3aBUCAINIAA OT YAEJbHOMR
MHTEHCUBHOCTU IOJAaYU B 30HY TOPEHUSA KUCJI0POJa, KOTOpasi, B CBOIO ouepelb,
oIpeiesigeTcsA Ta30IPOHUIIAEMOCTBIO CIIEKAEMOT0 CJI0sI, B BHAUUTEJIHHOI CTeleHUu
3aBHCUT OT IIPOYHOCTH CBIPDHIX OKaThbIleii. IloBbIllIeHMe 9TOro mOKasaTess
MOJKeT OBITh OOCTUTHYTO IHyTeM BBOJA B MCXOAHYIO ITUXTY 3(P(HeKTuBHOTO
CBA3YWOINEro. OTH (PaKTOPBI, a TaK:Ke KPYIHOCTh HCXOOHBIX YACTUIl U UX
(pUBUKO-XMMHUUYECKHe CBOICTBa, COCTaB, BUJ TOILJIMBA U €ro KOJUYECTBO, B
3HAUUTEJLHON CTEIeH! OIIPEAEJISIOT TeMIIEpaTyphbl pasMATYeHUs U IJIaBJIEHUS
YaCTUI[ MUHEPAJIHLHON OCHOBBI INMUXTHI, KOJUYECTBO KUAKOU (padbl U BPEMA €€
CYIIeCTBOBAHMA ©W B  HUTOre IIPOYHOCTH TOTOBOTO  arjgomepara u
IIPOU3BOAUTENHHOCTD arJIOMaIlIiHBI.

WsBecTHO, uTO T1polecc (POPMHPOBAHUS CBHLIPOTO OKATBIINIA 3aBUCUT
oT MHOTHUX (axTopos: MIJIaCTUYECKUX CBOMCTB cmecu, ee
JVCIIEPCHOCTH U T'PAHYJIOMETPUUYECKOTO COCTaBa, BJIAKHOCTU, BUAA CBA3YIOIINX
no0aBok u ap. [3-6]. VYBesnueHume [OOJUM TOHKOAMCIIEPCHBIX KOHIIEHTPATOB
BOBMOXKHO Ha OCHOBe JAJbHEHIIIero 5KCIePUMEHTAJIbHOTO U3yUYeHUs (HU3UKO-
XUMHUYECKOTO B3aMMOJENUCTBUA TOHKOU3MEJbLUEHHBIX YACTHUI[ C JIPYTUMU
KOMIIOHEHTaMU UCXOTHOM arJIOIMINXTHI, YCTaHOBJIEHUA ocobeHHOCTEM
(opMupoBaHUS OKAaTHIIIa IIPU BBEJEHWM B COCTAaB IMIUXTHI Pa3JINUYHBIX
CBA3YIOMIMX. OTU IIPOIECCHI OIPEAesSI0T MEXaHUUYECKYIO0 IIPOYHOCTb CBIPBIX
OKATBIIIIEN W B UTOre CIIEUEHHOIO arjoMepara.

B yBKoil BBICOKOTEMIIEPATYPHOUM B30HE TI'OpPEeHHUs, KOTopasd HHUIUUPYETCA
CXKUTAHMEM TOILIMBA B IIOBEPXHOCTHOM CJIO€, TeMIOepaTypa I[IOBEPXHOCTH
OKcuAHBIX vacTull cucreMbl (MnyOy - CaO - SiOy - Fe,Oy) BHauane gocruraer
TeMIIepaTypPhbl UX Pa3MATYEHUs U B JaJbHEHIIIeM IJIaBJI€HHS, UYTO IIPUBOIUT K
o0pas3oBaHUIO BSBKOHM IIJIaKOBOW (hasbl. JlanpHelIiee «CBSA3BIBAHMUE» YACTUI]
IIPOMICXOJUT 3a CUET POCTa 3€PeH M JaJbHEHINIero pas:KM)KeHUd MIJIaKa Ha UX
[IOBEPXHOCTHU. BBImejieHWe JIeTyuymX BeIeCcTB M3 TOILIMBa W (hJIroca, Ha YTO
ykasaHo B [4], obecmmeumBaeT IIEHHCTOE COCTOSHUE KUIKOU OKCHUIHOI (hassbl,
KOTOpOe IIepexXOJUT B TBepJoe B3a CYeT Pe3Koro oxJaxkjaamiiero sdderra
nocrymnampinero Bo3ayxa. Ilosyyaemas mpu 9TOM HIPOAYKIIUA IIPENCTABIAET
co0oil AYENCTYI0 Maccy Py/abl, CBA3aHHYIO B IIJIAKOBOII MaTPHUIIE.

Wcnonb3oBarnme TOHKOAMCIIEPCHOTO MAapTaHIIEBOrO KOHIleHTpara 2 copra B
WCXOMHOM IITUXTe IIPOMBINIJIEHHBIX CHEeKaHUi, B CBA3U C IIPAKTUYECKH HYJIEBOI
CMauYMBaeMOCTBIO BOJOM KOHIIEHTpATa ¥ YaCTUIl KOKCHUKA, MNPUBOIUT K
3HAUUTEJbHOMY PAa3pyIIeHUIO ChIPBIX OKATBINIE ¢ OoOpasoBaHWEM MEJOYHU, UTO
CYIIIeCTBEHHO CHUKAET ra3onpPOHUIIAEMOCTD CIIEKaeMOoro cJos,
IIPOM3BOAUTENBHOCTDh CIIEKATEJbHOM MAINIMHBI, a B HEKOTOPBIX CJIydYaax
IIPUBOJAUT K 3aTyxaHUIO Ipoiiecca [7].

Pagnmnuno MHeHHWEe CHeluaJiICTOB O BBHIOOPE ONTUMAJIBHON OCHOBHOCTU
arsomepara. OCHOBHOCTHP HeO(WJIIOCOBAHHBIX AarjioOMEPaTOB, IIOJIyYEHHBIX W3
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KOHIIEHTPATOB OKMCHBIX MapraHIEBBIX PYHA, COXPAHJETCS Ha YPOBHE IIPUPOIHOM
u HaxomutcA B mpexenax 0,1-0,2. [lna yaydineHusA YCJIOBUM UX BOCCTAHOBJIEHUS
IIPW BBINJIABKEe (DEPPOCIJIABOB M B TEXHOJIOTHMH IIPSIMOTO JIETUPOBAHUA CTaJH
MmaprauieMm, ocHoBHocTb (CaO+MgO/SiOy) moBwIINIalIOT IIyTEM  BBOZAA
3HAYUTEJHLHOTO KOJIMUECTBa HOOABOK IIJIAaKOOOPAl3yOIUX, HAIpHUMep, M3BECTU
mo sHauvenuit 1,3-2,5. Ilpum mnpaAMOM JierMpoBaHUM CTaJUd BTO MNPUBOAUT K
paspylieHMI0 MPOUYHBIX coeguHeHui SiOs ¢ oKcugamMm  Maprasia B
MapraHIleBOPYAHBIX MaTepuajiaX, IOBBIMIEHWI0 AaKTUBHOCTU MAapraHiia u
VCKOPEHUIO0 IIpollecca ero BoccTaHOBJeHHsA. OZHAKO MOBBIIIEHUE COAEPIKAHUSA
CaO s monydyeHUsT MaTepuaja ¢ TaKOM OCHOBHOCTBHIO IPUBOAUT K YBEJIUUYEHUIO
pacxoza dJIEKTPOPHEPTUU, HAIpumep, AoOaBKa 7 KI' M3BeCTHM HA OAHY TOHHY
CTaJ¥ CHUIKAeT TeMIepaTypy MeTajja B cTajiepa3jiuBoyHoM KoBire Ha 15C [8].

YBennueHre B MCXOTHOM INMXTE MOOJM KOHIEHTPAaTa TOHKOIUCIEPCHOM
dpaxiuu ompeneaseTcA W3 YCJIOBUUA IMOJIyUYEeHUS AOCTATOUHO ITPOYHOTO, XOPOIIIO
BOCCTAHOBHMOTO arjomepara, OINTHMHU3WUPOBAHHOTO IO KOJHUUYECTBEHHOMY U
KayeCTBEHHOMY COCTaBy. B IIpOM3BOACTBEHHBIX YCJIOBUSAX 9TO MOKET OBITH
JOCTUTHYTO 3a CYeT OJHOBPEMEHHOTO BBOJa B HCXOOHYIO AaTJIOMIUXTY
KapOOHATHOTO ¥ OKCHUAHOTO CBHIPpbSI B ONTHMAJIbLHOM KX COOTHOIIEHUH,
obecrieunBaloIeM IIOJyUYeHHe  arjoMepara ocHOBHocThbio < 1,0 mpwm
MUHUMAaJbHOM KoJuudecTBe cBoOomuoii CaO [9]. IloBbillleHME OCHOBHOCTH
arjioMepara, [0 BEJIUYWH 3HAYUTEJIHbHO ITPEBBLIMIAIONINX IIPUPOAHYIO aKTHBHOCTD
KapOOHATHBIX pyA, He JaeT IIOJOMKUTEJNbHBIX pEe3yJbTAaTOB IIPU BHIILJIaBKeE
deppomapraniia, TaK KaK  arjJioMepaT C  OCHOBHOCTbIO Oojsee 1,4
CaMOIIPOM3BOJIBHO pPAacCHIIIaeTcsA Ha BO3MyXe B TeUeHUE HECKOJIIbKUX CYTOK, a
CBEXKUU arjioMepaT IIOJIHOCTBIO paspyllaeTcsd Yy:Ke B 3arpy30YHBIX BOPOHKAaX
asnekTporeun [10].

BRCHepI/IMeHTaJIBHLIe CIICKAHHNA MapraHiieBoro arjomMepara

C mesbio 000CHOBAHUSA PAIlMOHAJIBLHOTO KOJWYECTBEHHOT'O M KaueCTBEHHOTO
coCTaBa arJIOMIMXTBhI U OIpelejieHus WX BJIUAHUSI Ha IIPOYHOCTL CBIPBIX
OKATBINIEH, OINTHMM3AI[UN TEXHOJIOTMYECKUX IIapaMeTPOB CIEeKaHWs IIMUXTHI C
Jo0aBKaMM TOHKOM3MEJbUYEHHBIX KOHIIEHTPATOB U AaJIbTEPHATUBHBIX BUJIOB
TOILIMBA HCCJEJOBAaHLI BJIMSAHNE BHAA CBA3YIOIIEro MarTepuaja Ha IIPOYHOCTH
CHIPBIX OKATBIIIEl, OCOOEHHOCTH CIEKAaHWII OIBITHBIX IIUXT M CKOPOCTHEHIE
IIOKa3aTeJ X IIpollecca arjoMepanuil, a TaK:Ke IIPOYHOCTHEIE II0OKa3aTesu
OIIBLITHBIX CIIEKOB.

OneHKa HOBOIrO CBA3YIONIEro B IMPOLECCaAX OKOMKOBAHUS

OCHOBHBIM METOJOM T'PAHYJIHUPOBAHUS MAPTraHIIEBOTO ChIPbA SABJIAETCS
OKaThIBaHMWE, IPU KOTOPOM IIPOUCXOAUT (POPMHPOBAHIE TI'PAHYJ B IPOIECCE UX
arperanuy MUJN IIOCJOMHOTO POCTA C MHOCJAEAVIONIMM YIJIOTHEHHEM CTPYKTYPHI.
Ilepen mpoBemeHuMeM wucCCIedOBaHUI, C IeJbI0 OOOCHOBAHHOTO BhIOOpa HamboJiee
3P PEKTUBHBLIX CBA3YIOINNX, YBEJUUYUBAIONIUX CJIUIIAEMOCTh YACTHUI[ MCXOIHBIX
KOMIIOHEHTOB IINMMUXThl M IIOBBIMIAION[MX IIPOYHOCTh CBIPBIX OKAThIIIe,
IIPOAHAJM3NPOBAHEI PE3YIbTATHEI MHOIOUYMCJICHHBLIX KCCJIEJOBAHUI II0 TEOPUU U
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IIPaKTUKe OKOMKOBAHUSA TOHKOW3MEJbUYEHHBIX PYAHBIX M APYTUX MaTepuajoB. B
ucciaegoBanusax [b, 6, 11-14] paccmorpeHbl TpeboBaHUA K HamboJiee YaCTO
WCIOJb3YEMBIM CBA3YMOIMUM (O€HTOHUT, TrallleHHasd W3BECTh, KaOJUH ¥ [Ip.),
KOTOpbIe 00ecIeyuBaOT JOCTATOUHYIO TEXHOJOTMUYECKYI0 ITPOYHOCTH CBHIPBHIX
OKATBINIIEN Tepen CIIeKaHWeM, [IPOAHAJU3WMPOBAHbBI UX JOCTOMHCTBA U
HeJocTaTKW. MHTepecHbBIM, C TOYKM B3PEeHUs CBOei MHOTOMYHKIIMAJIbHOCTHU,
SIBJISIETCSI MCIIOJIb30BaHMe IIPEJBAPUTENHLHO IIOATOTOBIEHHOTO Topda [15].

WsBectHo [5, 15-17] , uTo pacTBOpPUMBIE T'yMaThl 00ECIEUMBAIOT BBLICOKYIO
IIPOYHOCTh TpaHyJa. WX HaxoXAeHHe B CJ0e MEJKO3EePHUCTOr0 Marepuaa
CII0COOCTBYET 00pa30BaHUIO KOaryJIamuoHHON CTPYKTYPBHI, JIydIIei
VILJIOTHSAEMOCTH ¥ BO3PACTAHUIO IIPOYHOCTH TPaHyJa. OITO OOYCJIOBIEHO
KOJUIOMAHBLIMM CBOMCTBAMHM T'yMaTOB U PaBHOMEPHOCTBHIO pacipeneieHus B
rpaHyJIpPpyeMOM MaTepuaje, YTO IIOJIOMKUTEJIBHO OTJINYAETCA OT MCIOJIb30BAHUS
OEHTOHUTA U TPYAHOCTAMU €r0 PaBHOMEPHOTO IIEPEMEITBAHMIA.

BBemenme »sTOro mMmarepmasia, I KOTOPOTO XapaKTEePHO MHHHMAaJIbHOE
colep:KaHMe BpPENHBIX IIpUMeceil, B KauecTBe OJHOTO U3 KOMIOHEHTOB
arJIOIIUXThLI, IIPUBEJeT K HEKOTOPOMY VBEJIWUYEHHWIO IIPOYHOCTHA CBIPBIX
OKATBIIIEN, MO3BOJUT B3aMEHUTh YacTb KOKCHKA, WCIOJIb30BaTh IIPU ITOM
9HepreTUYEeCKUH IoTeHIIuas Topda (yriaepoma W TrOPOYMX Ia30B) U IIOBLICUTD
MeTaJLTyPruYecKyio IIeHHOCTb arjiomepara. Kpome TOro, Ipu ONTHUMAaJIbHOM
KoamnuecTBe cBA3yomux 5 — 10%, BBOAUMEBIX B COCTAB MCXOMHOU INIMXTHI, OHU
JIOJI2KHBI COOTBETCTBOBATh U APYTMM He MeHee BaKHBIM TpeGoBaHUAM: o0JiafaTh
BBICOKMMU aJT'€3MOHHBIMU CBOMCTBAMU, ONPEAEJAIONIMMEI IPOYHOCTh CIEILJIeHUA
yacTull. ITo obecrieynBaeT AOCTATOYHYIO XOJIONHYIO IPOYHOCTh IIPU YKa3aHHBIX
pacxozax CBA3YIOIIEro; OBICTPYIO CXBaTbIBA€MOCTh KOMIIOHEHTOB IIIMXTHI;
BHOCUT MHUHUMAaJIbHOE€ KOJUYECTBO BPENHBIX, OA/JIACTHBIX U APYTUX IIPUMeECei;
He  yXYAIlIaeT  YCJOBUH  CIEKaHUA  arjomuxThl. Topd  AOCTAaTOYHO
pacupocTpaHeHHBI MaTepuaJi, 00JaJaeT HEBBICOKOM CTOMMOCTBHIO U He TpedyeT
CJIOXKHBIX IIPUEMOB U OIIepaIluii II0 ero IMOATOTOBKE K HCIIOJIb30BAHUIO.

Ha TapenpuaTom sa00paTOpPHOM TIpPaHYJIATOPE IIPOBENEHO OKOMKOBAHUE
MCXOJHOM arJIOIIUXThI cJieaylolnero cocraBa: KoHmeHTpar (-1 mm) - 1400 r1;
Boa3Bpar (5-10 mm) - 400 r; mapranmeBas pyza (0-10 mm) - 350 r; TomamBO
(kokcuk + amTpanut) - 250 r. IIpy OKOMKOBaHMM MCIIOJIB30BAJIU PN M3BECTHBIX
cBaAsyoIuX. X KoamuectBa, BBoAuMbIe cBepx 100% 1muxTel 0e3 ydueTa BOMHI,
cocraBiasaau OKoysio 8%. Ilpu mnpoBeseHMUM pPAJA ONBITHBIX CIEKaHUHN
UCTOJIB30BaIM TOP( ruapookcuaubiit [3, 13], B3amMeH uyacTm KoKcuka. llepen
OKOMKOBaHMEM TIIPEeJBAPUTEJNILHO II€EPEMEIIAHHONW arJOMIMNXTHl BBOAWUJIMN CBEPX
100% mmuxThl 100 r BOAHI.

IIpu wmsyuyeHMuM BIUMAHUSA HA IIPOYHOCTH CBHIPHIX OKATHIINEH BBIOPAHHBIX
BUJIOB CBA3YIOIIUX IIPU IIOCTOSHHOM COOTHOIMeHUU KOKcuk/Topd (1,6:1,0)
YCTaHOBJIEHO, UTO HamboJiee KPYHHbIE YACTUIBI MCXOJHOW MIMXTHI (KYCOUKHU
MapraHIieBoi pyasl +10 MM) Ipu IPaHYAAIIUY ABJAJINCH HanboJgee BEPOATHBIMU
IEHTPaMM WX OKaThIBAHUS JIPyruMu, O0o0Jiee IUCIIEPCHBIMU, KOMIIOHEHTaMU’
UCXOMHOUN INMUXThI. JTO IMPUBEJI0O K 3HAUUTEILHOMY pPas3bpocy OKOMKOBAHHOTO
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MaTepuaja o PpaKkIMOHHOMY COCTaBy C IIpeobJaflaHMEM MEJKOU (hpaxiiuud, UYTO
MOTJIO ObI TIPMBECTHM K YMEHBIIIEHWIO MOPO3HOCTU CJIOS CIIEKAaeMOU IMUXTHI U
CHIKEHHUIO IoKasaTejell Ipoliiecca arjgomeparnuu. IlosTomy B gajibHeEHIIIEM IJIs
VJIYUIIIeHUs YCJIOBUM HAKaTbIBaHUSA MCXOAHBIX KOMIIOHEHTOB U  0OoJjee
pPaBHOMEDHOTO HWX  pacupejeleHus B  OKaThImax (KOKcuka, Topda,
TOHKOAUCIEPCHOTO KOHIIEHTPATa U CBA3YIOIIEro) WCIOJb30BAIN (PPaKIIUIO
(+8 mm). MccaemoBaHue MIPOYHOCTU OMBITHBIX OKATHIIIEH MOKABaJo CJedyIolee.
IIpouHOCTh OKATHIIIEH-CHIPIIOB IIOCJIE CYTOUHOI BBIAEP:KKU Ha Bo3xyxe (+15C)
ompenesasd MeToaoM cOpachkiBaHUA ¢ BbicoThl 300 MM 5-8 pas [13].

Crenenb OKOMKOBAaHUS MapraHIEBBIX KOHIEHTPATOB 2-TO copTa Mo
OOBIYHOI TEeXHOJIOTUM IIPU AOIIOJHUTEJIbHOM VBJIAaKHEeHUU cocTaBideT 1,62, a
IIPOYHOCTh TpaHys MeHee 1 Kr/Ha obpaser. CmexkaHuMs TaKoOro Marepuaa
IIPAKTUYECKNM He  IIPOMCXOAUT, UYTO OTPAHUYUBAET BO3MOKHOCTH  HUX
HUCIIOJIb30BAHUSA B IIIUXTE OJIA arjoMeparuu.

Hamu ycraHOB/IEHO, UTO BBOJ peareHTa TOPMPTUIPOKCUIHBLIN B KOJHUYECTBE
5% TOBBICHJI CTelleHb OKOMKoBaHus ¢ 1,62 mo 3,27. IIpu okaTbIBaHuMM Ha
TapejabuyaTOM TIPaHyJATOPE C AUAMETPOM TapejJKHM 3 M C YacTOTOM BpallleHUs
12 06/MuH ObLIA JOCTUTHYTaA IIPOM3BOAUTENbHOCTL 1,0-1,2 T/4 ¢ moayueHuUeM
IIPOYHBIX OKaThbIIeii. I'paHysbl ObLIM BBICYIIEHBI B OOBIYHBIX YCJIOBUSAX B
TedueHUu 12 dYacoB, UYTO IOBBICUJIO UX MPOYHOCTh U IIEJOCTHOCTH TIPU
IeperpysKax.

B gmaGoparopubix yciaoBusx HMeTAY peareHT TOpGTUAPOKCUIHBIN
HUCHOBITAH IIPU IIOJYUYEHUHU arjioMepaTa M3 IINXThI, COJAepIKaIleil KOHIeHTPAaT 2-T0
copra oborarmieHus MapraHmneBoil pyzabl. IlluxTa /s arJaoMepanuy COCTOsJIA:

KoHIleHTpar 2-ro copra -73,53%; xokcuk - 7,35%; PTI' (peareHT
TOPPrugpoKcusubIii) - 4,41% ; Bosspar - 14,71% . Cuexanue IpOU3BOAUIN IIPU
CJHeAYIOIINX VCJOBUAX: BbICOTa cjosA ImuXThl - 300MM; paspsikeHue -

1000 MM Boxg.cT.; BpeMs 3akuranus - 1,5 MuHH.; TeMmepaTypa 3aKUTaHUS -
12200C; Bpems cnexanus - 14,5 MUH.; MaKkcUMaJIbHAd TeMIepaTypa CIeKaHUS -
1360°0C; ycazka - 80 mMm. KauecTBo moJIyueHHOrO arjioMepaTa: BBIXOJ TOJHOTO -
81,3%; mpouHocTh Ha ynap - 3,0%; mpouHocTh Ha wuctupanme - 1,5%;
XUMUYECKNHA cocTaB TroToBOro arsomepara: Mnesy - 28,72%, S - 0,211,
C - 0,91%. Ilpu ucmoab30BaHHNK B KaduecTBe CBA3YIOIIETr0 APYTUX MaTepHaJioB
(CCB, pactBOp MyKH, OEHTOHMUT U [OpP.) BBICOKHX IIOoKaszaTesjeldl MeXaHUYeCKOU
IIPOYHOCTH W IIOBBIIIEHUS COAEP:KAHUA Mnyy HE OTMEYEHO.

Mopdosoruueckuii aHaan3 CIEUEHHON CMeCH UM MCXOAHBIX KOMIIOHEHTOB
IIPOBOAUJIN C IIOMOIILIO PACTPOBOTO 3JIEKTPOHHOrO MHUKpPocKoma NeoScope II
(bupmbr Jeol, AmoHmsA) B peKuMe BBICOKOTO BaKyyMa IIPHU YCKOPAMOIIEM
HanpssxkeHun 15 KB. Pexxum wmabaiomenusa - secondary electron image
(BTOpUUYHBIE 3JIEKTPOHBI). XapaKTEpPHBIN BUJ CTPYKTYP CMeCH OO0 CIEKaHUA u
IocJie CIIeKaHus IMoKas3aH Ha puc. 1 u 2.

Kax BugHo m3 puc. 1 Topd [OOCTATOUHO PABHOMEDPHO pacCIpeneIsaeTca
MeKJIy 3epHaMHu HCXOTHOM IMMMXTOBOM CMeCcH U CO3JaeT YCJOBUSA JJIis
OKOMKOBaHHMA MEJKOKPHUCTAJJINYECKUX (PaKIUi KOHIlEHTpata 2 copTa.
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CorstacHO pesysabraTaM @GpaxkTorpaduuecKoro aHajauW3a BBISBJIEHAa TOHKadA
CTPYKTypa m3jioMa CcIieueHHOro obpasiia (puc. 2).

)
N v

Ny N - § 1 mm
High-vacs SEI PC-std. <15 kV/ x 24 17.10.2013 000105
Pucyuox 1 — CTpyKTypa IIIHXTOBOH CMeCH Pucysork 2 — CTpyKTypa cliedeHHOH’
IJId arJioOMepaIiuy O0 cleKaHus: x24 cMmecu: x24

CTpykTypa TOBEPXHOCTH pPAa3pPYIIEeHUs XapaKTepu3yeTcs  AMOUYHBIM
MUKDPOCTPOeHMeM.  XapaKTepHbIH  peiabed)  obOpasyeTcsi  COBOKYIIHOCTBIO
oTaeabHBIX (paceTok. Takoe cTpoeHHe O0BACHAETCA TE€M, YTO IIPU AOCTHKEHUU
IIpeleIbHBIX COCTOSHUM B JIOKAJIbHBIX 00beMaX Ha yYacTKax, MIPeICTaBJIAIOIIUX
co00ii IIPensiTCTBUS  OJSI  HENpPephIBHOCTU  AedopMamuu, 3apOoKIAIOTCSA
MUKpPOIycTOThI. [Io Mepe yBeanueHus HAIPAKEHUN MUKPOIYCTOTHI pPacTyT,
CJIMBAIOTCSA, YTO IIPUBOAUT K IIOJHOMY Pas3pyIIeHUI0 ¢ o0pasoBaHUEM Ha M3JI0Me
yrayOJyieHn#I B BUAe SMOK, COEIMHEHHBIX MeXKJIy Cco00ii IIlepeMbIUYKaMuU.
Pasnuuubiii pasmep SIMOK CBHIETEJIbCTBYET O Pa3HO3€PHUCTOCTH CTPYKTYPHI,
KOTOpasgs HaAIpPAMYIO CBA3aHAa C pPas3jJUYHON [OUCIEPCHOCTHIO HCXOTHBIX
MmaTtepuasoB cMmecu. CiemyeT OXHUIaThb, YTO COJMMMKEHUE YAaCTHUIl, YBeJIUUYEHUE
ME)KYaCTUUYHBIX KOHTAKTOB KOMIIOHEHTOB, JOCTUIraeMble NPU OKOMKOBaHUU
HCXOMTHON AarJIOMMuXThl, IIPUBEAET K AaKTUBU3AIUU KX B3aUMOJEHCTBUA IIPU
CIIeKaHUU.

CnexaHue ONMBITHOTO Mapra”HimeBoro arJjaomMepara.

IIpu npoBemeHMU OUBITHBIX CIEKAHUI arjoMepaTa C WCIOJb30BaHUEM
oTceBa oboraieHus mMapraHmesoil pyabl (-1mMm) u maprasiesoit pyasl (0-10) opu
UX cooTHoIIeHuu 4:1, mpu BBeJeHUU B arJIOIMMKUXTy Topda m cmecH (KOKCHUK -+
aHTpanuT) B cootHomeKHuH (1:1,55) mosryueHsb! caenyoIiiue pe3yabTaThI.

IInss BapmaHTa C HCIOJB30BaHMEM Topda TUAPOOKCUIHOTO, YCTAHOBJIECHO
oOpasoBanme IByX 30H crekaHus. Otmeperkaioiiiee pasBuTue (IPOIBUIKEHUE)
IIePBOI 30HBLI CIIEKAaHUS, OUYEBUIHO, OOYCJIOBJIEHO 00Jiee BBICOKOM PEaKI[MOHHOM
CIIOCOOHOCTBHIO  IIUPOYTIJIEPOAa, OOpas3ymoIneroci B  IIPOIEcce  TEeIJIOBOU
JleCTPYKIIUU Topda aKTUBUPOBAHHOIO IMIPU JAHHOM COOTHOIIIEHWU BUAOB TOILIWBA
u nx PPaKIUOHHOIO COCTaBA.

Ilomo6uBIT 5(hdeKT BHepBble OBLI OOHApPY:KeH aBTopamMu paborer [12],
KOTOPBI, 1O ©WX MHEHUIO BBI3BAaH YBeJIWUEHHMEM pacxoja yrjepona,
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IIPUBOIAIIAM IPU OOIEM CHMKEHUM BEPTHUKAJBLHONM CKOPOCTHU CIEeKaHHUS K 0oJiee
OBICTPOMY TIE€pPEMEIeHNI0 30HBI BBLICOKUX TEMIIEPATYP M €€ OTPBLIBY OT 30HBI
ropeHus ToIlimBa. HamMu ycTaHOBJIE€HO, YTO BTopas B30HA CIEKaHUsd,
oOpasyrolasics Ipu TOpeHuu yrJyepojga KOKca OZHOBPEMEHHO C IEePBOM, OTCTaeT
OT Hee B CBOEM CKOPOCTHOM Pa3BUTUU.

IKCcIepUMEHTAJTbHO YCTAHOBJIEHO, UYTO B 00Jiee CKOPOCTHOH II0 CBOEMY
pasBUTUIO 30HE MaKCHUMAaJbHO HocTUraeMble TemmnepaTypbl Ha 50 - 60C Humxe,
yeM B OTCTaloleil 0ojiee BBICOKOTEMIIEPATYPHOH 30HE. ITO MPUBOAUT K
00pa3oBaHMUI0 MeXKJIYy HUMU «OydepHOii» MTOCTaTOYHO BBICOKOTEMIIEPATYPHOMN
30HBI TIOAOTPeBa IIMMXTHI, paclojarampimneiicad HHUKe B30HBI T'OPEHUSA OCHOBHOM
Macchl yriepona Kokca. CmeicTBueM sIBJseTCS M3MeHeHUe MexaHU3Ma (pU3UKO-
XUMHUUYECKUX TIpeBpallleHnil, CYIIeCTBEHHO OTJNYAIONerocsi OT IIPOIleCcCOB,
XapaKTEPHBIX OJIA CIeKaHWA IIPU BBEJEHUU B arJIOIIMXTY TOJHBKO OJHOTO BHUAA
TOILIMBA — KOKCHUKA.

IIpu wucnonwb3oBaHmm Takoil mosu Topda B O0OIMEeM KOJUYECTBE TOILIUBA
MeXaHU3M CIEeKaHusa OOyCJIOBJIEH IIPeBPAIeHUAMHN B [OBYX XapaKTePHBIX U
«OyepHOIi» 30HAX. YCTAHOBJEHO, UTO KAaXKIBIN 5JIEMEHTAPHBIA CJON IMUXTHI
P €ro CHeKaHW! IIOABEPTaeTcA IIOCJENOBATEJIbHOM TeILIOBOiI oOpaboTKe
BHayaJie B 0oJiee HUBKOTEMIIEPATYPHOII 30HE, HarpeBaloOIIlel ero 0 TeMIlepaTyphl
pasMAardyeHusi, W B JgaJdbHelmmeM (¢ HEe3HAUUTEJNbLHBIM  OTCTaBaHUEM,
00yCJIOBJIEHHBIM, B OCHOBHOM, pPAa3JIMYHOA pPEAKIMOHHONU CIIOCOOHOCTHIO
BOCCTaHOBHUTEJIEHI) B GoJiee BBICOKOTeMIIepATypHOII 30He. C ydueToM pacIIupeHus
0o0IIIeii B30HBI CIIEKAHUA OKCHUIHOT'O MaTepuasa, OJA KOTOPOTO XapaKTepHBI
IOCTAaTOYHO BBICOKHMEe TemmuepaTypbl pasmsardenus (~ 1200C), oGpasyercs
JIOCTaTOUYHOE KOJMUYECTBO JKUAKON OKCHUIHOI (aspl, KoTopad 3a 0Oojee
JUINTeJIbHOE BpeMs CBOEro CYIIIeCTBOBAaHUSA IIOJiIHee O0TeKaeT KYCOUKH
HepacIJIaBUBIIIeHCs  INUXThl. B  mocjaenyiomieM, [ocjie  HNHTEHCHUBHOTO
OXJIAKJEHUS IIOTOKOM ITPOCAChIBAEMOT'0 BO3[yXa, 9TO IPUBEJIO K YBEJIUYECHUIO
IIPOYHOCTU CIIEKA. YCTAHOBJIEHHOE IIOBBIMIEHNE IIOPHCTOCTH arJjioMepara Ha 5-
7% , OueBHMJIHO, OOBACHAETCS BBHIJEJEHMEM IIHPOTra3oB, 00pPa3yIOMIUXCA IIpU
TEIJIOBOK JeCcTPyKIuu Topda, TropeHHMe KOTOPBIX YCKOpsAeTcsa OJaromaps
HaJIMYUIO B cocTaBe Topda coOGCTBEHHOTO KUCJIOPOIA.

MoKHO IIPEeAIIoNIOKUTh, YTO HN3MEeHEeHHEeM COOTHOMIeHUS TOop(d/KOKCUK,
MOJKHO PeryJUpOBaTh IIPOTSKEHHOCTb Oy(epHOU B30HBI, YyBeJIWYWBAA WJIU
YMEHbINAasA ONepe)KeHUe IIEPBOM 30HBI, I'Jle IIPOUCXOAUT Pa3MATUYEHUSA IITUXTHI.
IIpu ompenesneHHOII, MUHUMAJIBHOU noJe Topda CJenyeT OKHIATh HaJOXKEeHUe
IBYyX 30H. B aTomM ciyuyae cmnekaHme OyAeT IPOMCXOAUTHL B OJHOW o0OIIeH
TepMHUUYECKON 30HEe. ITOT 3(PPeKT, BEPOATHO, MOMKET OBITh MSOCTUTHYT U IIPU
YMEHbIIIeHnN (PPaKkIiMOHHOTO COCTaBa KOKCUKA (0 IIpeneyioB, HEe CHUIKAIOIUX
IIPOYHOCTh CBHIPBIX TPAHYJ U [JOCTaBKY KHCJIOPOAa K «3aKOMKOBAaHHOMY»
yIJIepony), UTO IIPpUBENEeT K BBIPABHUBAHUIO PEAKI[MOHHON CIIOCOOHOCTH 00emxX
BUJIOB TOILJIVBA.

Cnenyer oTMeTHUTb, 4YTO oOpasoBaHME [JIBYX 30H MO3BOJHUT 0oJjee
3(PEeKTUBHO IPOBECTU yAajieHne cepbl. B omepe:karorneil 30He, Ille TOCTUTAIOTCS
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0oJlee HU3KHUE TeMIIepaTyphbl M Tle IPOUCXOIUT CropaHUWe MMUPOTa30B U TOJBKO
JacTU yrJjepoja KOKCHKa, BOSHUKAET 0oJiee OKMCIUTeIbHass aTrMochepa. B sroit
30He co3xaioTca 0ojee OJIATONMPUATHBIE, C TOYKM 3pPEeHUA TEePMOIMHAMUKH,
YCJIOBUS [Jisl yOaJIeHUs CYyJIb(PUAHOIN cepbl, a B APYyroii ¢ 0ojsee BBICOKUMU
TeMIlepaTypaMu — AJiA IlepeBojia B ra3oBYyi0 (asdy cyab(aTHO cephl.

Takum o0pa3oM, MOJOKUTEeIbHAs POJb Oy(epHOIl B30HBI, T'le CO3AAI0TCS
JIOCTATOUYHO BBICOKME TeMIIEpaTyphl, CBOAUTCA K PaCIINPEHUIO BPEMEHHOI'O
MHTepBaja TEePpMHUYECKON O00pabOTKM IIMUXTHI, UYTO B WUTOTe MPUBOAUT K
YBEeJIUUYEHUIO IIPOYHOCTH arjioMepara.

IIpu mnpoBemenum cumekanuit B ycaoBusax IIAO H3®P Oblium moIydeHbBI
ONBITHLIE arjsiomeparhl. HaBecka arsoromnmBa cocTaBidaa 8,5% mpu BBICOTE
croamuxTtel 340-350 MM, Temmeparypa Bsaskuranusa 1000C. Temmeparypa B
KOJLJIEKTOPE TIOJIYYHCTOTO rasa cocTaBuUJIa 120-130C. paspsKeHue
730-780 xr/m2. B pasrpysounHoifi uacTM arJIoOMallMHLI I[IHPOT arjomepara
UMeJl BHIPAsKEHHYIO 30HY TOPEeHUs Iepel] KOJIOCHUKOBOM peIIeTKOM BBICOTOU OO0
1/5 mnwumpora. Ha wm3iomMe mnwmpora arjaomepara He HAOJIOAAJIOCh OYaroB
ropeuusi. IIpousBoguTEeIBLHOCTL arJgoMalnmubl cocTtaBmyaa 60-66 T/uac, BBIXOZ
BoaBpaTta 40% .

Ta6auma 1
XUMHUYECKHUI COCTAB M IIPOYHOCTH ONBLITHBLIX arJiOMepaToOB
XuMuuecKui cocras, %
N OcHoB- IIpounocts
mpo6el | Mn SiOg CaO Fe C P HOCTD MgO
1 40.2 22.7 6.5 3.2 0.5 0.19 0.38 2.2 78.3
2 41.1 22.4 6.5 3.7 0.4 0.2 0.39 2.1 77.7
3 40.5 24.2 6.7 3.7 0.5 0.18 0.35 1.85 78.9
4 40 23.5 6.8 3.5 0.3 0.2 0.38 2 78.6
5 39.1 23.6 7.1 3.9 0.4 0.17 0.4 2.2 79.1

ITonyueHHBIA B XOJe 9KCIEPHUMEHTOB arjoMepaTr IIPHA HCIIOJb30BAHUU B
muxte 70% OKHCHO-3epHUCTOro KoHIleHTpaTta 2 coprta ¢paxkinuu 0-lvmm
VIOBJIETBOPSET TPeOOBAHUAM TEXHOJOTMUYECKOH WHCTPYKIUM U CTaHgapTa
MIPEAIPUATHAS 10 IIPOYHOCTH U XMMUUECKOMY COCTaBY.

MuHepaJIOrHYeCKHH COCTAaB MCCJEAYEMbIX arjioMepaToB.

NsBecTHO, uYTO B  (DUBUKO-XMMHUECKUX  CBOMCTBAX  arjioMepaToB
MUHEPAJOTUUYECKUH aHaan3 WUX B3aHUMaeT BeJyIllee MecTO, T.K. OTpaKaer
KOHEUHOE COCTOAHUE MpPoAyKTa cuekanusa. C aTo#l 1mesbio u3 mMpob arjioMepaToB
ObLIM WMBrOTOBJEHbI IAN(pb u aHnuMdbl, KOTOPHIE AHAJIW3UPOBAIU B
oTpasKeHHOM cBeTe. KoJnMuecTBEHHOE COJep:KaHWe MHUHEpPaJbHBIX (a3
OIleHUWBAJM  NPHUOJMIKEHHO II0 CYMMAapPHBIM  IJjomagAMm. JluarHoctTuka
MUHEPaJbHBIX (a3 NTPOMBBOAMJIACH HA OCHOBAHUU W3MEPEHUA OINTUUYECKUX
KOHCTAHT B ITPOXOJSAIIEM CBETE.

Cmpyxkmypa aznomepama ecmecmeenHHnoil ocHosHocmu (0,3 cocTouT u3
rayCcMaHWUTa, CUJINKATHOU (hasbl, CTeKJa U HEOOJIBIIIOT0 KOJUUYECTBA KPUCTAJJIOB
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KBapiia M dYacTul yriasg. laycMaHuUT KoJudyecTBeHHO mnpeobaanaer (mo 70%),
IIPUCYTCTBYEeT B BHUAE MOOBOJBHO KPYIIHBLIX KPUCTAJJIOB IIPaBUJIbHON (HOPMEI.
Yactuuao obOpasyeT TBepable pacTBopbl ¢ CaO, uYTO COmPOBOXKIaeTCSa
usMeHeHMeM (opMbI TaycMaHHTa U €ero OITHYEeCKUX cBoMcTB (puc. 3).
CunukaTtHada (asa IIpeAcTaBiieHa KPYIHBIMU Kpucrauaiaamu Tedppoura 2MnO-SiO,
u TBepmoro pactBopa c¢ 2Ca0-SiOs. CrexkmoBupnas (asa oKpallleHa B CBETJIO-
3eJIeHBIH U KeJTOBAaTO-KOPUYHEBbIE I[BETA 3a CUET IIPUMeCcH OKMCJIOB MapraHiia.

IIpu mosbimmenum ocHoBHOCcTH g0 0,6 B CTPYKType T'OTOBOTO arJjioMepara
OKHMCJIBI MapraHila IIPUCYTCTBYIOT OGOJIBINIEH UacThbi0 B BHUIE TBEPABLIX PAaCTBOPOB
CaO'Mn,03 (puc.4). B cocraBe cuamkaTHO! ¢daspl mnpeobIafal0OT TBEPABLIE
pactBopel  2MnO-SiO5-2Ca0-SiOy.  Brigenenuit  umcroro Tedpoura  He
HabJsrofanoch. BBemeHHBIN (DJIIOC MOJHOCTBHIO YCBOWJICS U BOIIEJI B COCTAaB
TBEPABIX PACTBOPOB U CUJINKATOB. KoJMuecTBO KpHUCTAIINYECKUX (a3 He
M3MEHUJIOCH.

1 — raycmanut; 2 — tedppout; 3 — TBepAbli pacTBop 2MnO-SiO2 - 2Ca0-Si02;
4 — crekyo; 5 - CaO-MnO; 6 — CaO-Mn203; 6 — CaO-Mn203

Pucynor 3 — MuHepasoruueckuii cocras Pucynox 4 — MuHepasoruueckuii cocras

arjioMepaTa eCTeCTBEeHHOM arjioMepara C IOAIITUXTOBKOM
ocuosuoctu 0,3; M3BECTHAKA, OCHOBHOCTE 0,6;
CBeT OoTpaskeHHbIi, x210 CBeT OTpasKeHHbIi, x210
BriBoaml

PesyabTaThl mcceqOBaHUS IIPOYHOCTH OIBITHBIX CIIEKOB IIOATBEPIKIAIOT
MMOJIOKUTEJbHOE BJIUSHUE 3aMEeHBbI KOKCHUKA YacThbio Topda I'MIPOOKCHUIHOTO HPHU
COBMECTHOM BBOJie¢ B MCXOJHYIO IIIUXTY IIepe] OKOMKOBAHMEM TOHKOIUCIIEPCHBIX
MAapraHIeBbIX KOHIEHTPATOB.

IloBrIleHMEe IIOKasaTejieil IIpollecca M METAJIYPIUUYeCKOH I[€HHOCTHU
aryiomepara o0yCJIOBJIEHO N3MEeHEHNEeM MeXaHNU3Ma CIIEKaHUsA, KOTOPOe CBA3AHO C
Pa3JIUYHON PEAKIMOHHOM CIIOCOOHOCTBIO YIJepoJa KOKCHUKA U TOMJIUBHBIX
COCTaBJIAIOIIAX TEIJIOBOM AeCTPYKIMM Topda, IPUBOIAAIIETO K PAaCIIMPEHUIO
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30HBI BBICOKOTEMIIEPATYPHOTO CIIEKaHWMSA ¥ K 00pasoBaHUIO ONTUMAJILHOTO
KOJHMYECTBA KUJIKOM OKCHUIHOM (pa3bl, yJaCTBYIOIIEH B CO3JAaHUU JTOCTATOUYHO
IIPOYHOTO CIIeKa.

ITesmecoo6pasHO MCIOJB30BATh KOKCHUK U MapraHIEBYIO PYAY C HECKOJbKO
O6osiee HUBKUMU mpemenamMu ¢parmnuit (-2,0 Mm) u (-8 MM) COOTBETCTBEHHO, UTO
CTaOMIMBUPYET VYCIOBUA OKOMKOBAHUS WMCXOAHON AarJIOMINUXTBI M ITOBBICUT
IIPOYHOCTDH CBHIPHIX OKATBIIIEH.

ITepcrieKTUBHLIM MOKeT OBITHL ¥ paspaboTKa KOMILIEKCHOM CXeMbI
IIOATOTOBKM  HMCXOAHBLIX KOMIIOHEHTOB ¥  IIOCJEAYIOIIEer0o OKYCKOBAHUS
arJoIINXThl Ha OCHOBE MEJIKOIMCIEPCHBIX MapraHIeBOro KOHIIEHTPaTa, OTXO/I0B
IIPOMU3BOJICTBA M3BECTU, MBIJIW ra300UYUCTKHU, Topda u crajeliaBUJILHOTO IjaMa
c TIoJyueHHWEM  JKeJe30MapraHIlleBOr0  arjioMepaTta [IJid  IIPOM3BOJCTBA
(heppoCcIyIaBOB M MCIIOJB30BAHUA B TEXHOJIOTUM NPAMOTO JETUPOBAHUA CTaJIN
MapTraHIIEM.

Takum oOpasoM, @OpU BHEAPEHUU IIPeAJaraeMbIX TEXHOJIOTUUYECKUX
pemenuii 6yaeT OOCTHUTHYTa 0oJiee BBICOKAA MOOJSA BOBJEUEHUS B IIPOM3BOACTBO
arjioMepaTta MeJIKOAUCIEPCHBIX TPYAHOYTUJIUBUPYEMBIX OTXOHOB IIpu OoJiee
TIOJIHOM (PYHKIIMOHAJIBLHOM VICIIOJIB30BAaHNU CBIPLEBOM u TOILJINBHON
COCTaBJAIOIINX BTOPUYHBIX PECypcoB 0e3 CHUIKEHUS MeTaJIyPrudecKon
IIEHHOCTH arjioMepaTa IIPU YJIYYIIeHUU dKOJOTHY IIPOMBIIIIJIEHHOTO PETHOHA.
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