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MapraHieBbIX CIUIABOB C  HCIIOJb30BaHHEM OKYCKOBaHHBIX
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KuaroueBble ci1oBa:
MapraniieBsle OKaThIIHM, (EeppocIUiaB, TEXHOIOTUIECKUE
rapameTpbl, TIIUHA, KOKC, YTOJb.

— [IponsBoacTeo MapraHIeBBIX (heppocinaBos
MpenrnoyiaraeT s HCHOJBb30BaHMS B TIPOLECCe IUIABKU
(paKIMOHNPOBAHHOW PY/IbI WIIM KOHLIEHTPATA.

[Tpu noOBIYe MapraHIEBBIX Pyl 00pa3yeTcs OOINbIIOe KOIMYECTBO MelouH ((hpakiuu MeHee 5
MM). OOpasymoinuecs B MpoIecce METALIypruyeckoro mepezena (TpaHCIOPTHPOBKa, JAPOOJICHUE,
(pakIMOHUPOBaHUWE TOTOBBIX (EPPOCIUIABOB, COOpP TMBUIM C Ta300YUCTHBIX COOPYKEHHH)
MIPOM3BOICTBEHHBIE OTXOBI TaKXKe MPEJCTaBIeHbl O4YeHbh Menkumu (paknusmu (-0,08 MM) u B
OONBIIMX KOJHMYECTBAX HAKAIUIMBAIOTCS B OTBANaX, OTCTOMHMKAX, HA MUIAMOBBIX MOISAX, 3aHUMAs
WHOTJIa O'POMHBIE TUIONIAM U BBI3BIBAS MPH STOM IIEJBIH psij MpobiaeM Kak dKOJOTHYECKOTo, TaKk U
SKOHOMHYECKOTO Xapaktepa. HemocpeicTBeHHas 3arpy3ka pyIOHOHW MeJO4YM He JKelaTellbHa [0
CIENyIOIIAM TPUYMHAM: 3HAYUTENBHBIA TIBUICBBIHOC; pe3KHe W3MEHeHHS HarpeBa II€4Yd C
HEYCTOWYMBBIM TEIUIOBBIM OallaHCOM IUIABKH; Tepepacxoi kokca u ap. [1, 2]. Pymnas menods
¢pakuun 0...10 MM, B COOTBETCTBHH C TPeOOBAHUSIMH TPOU3BOJICTBA JIOJKHA HCIOJIB30BATHCS JUIS
ANIEKTPOTEPMHUH TOJIIKO B OKYCKOBAaHHOM COCTOSIHUHM. llo3TOMy akTyanpHOW sBIsSeTCS 3aaada
KOMITJIEKCHOTO MCIIOJIb30BAHUSI MapraHIIeBLIX PYJ U BO3BPAIICHUE MEJIOYH IMPOIECCOB JOOBIYN PY/IbI
B METaJUIyprudeckoe mpousBoiactso [3, 1]. B ¢Bs3u ¢ 3TUM akTyajJbHBIMH CTAHOBSITCS PaOOTHI IO
OKYCKOBaHHUIO MEJIOYH.

TpaguMOHHO B METaJUIyprUYeCKOM MPOM3BOACTBE MEJKHE KJAacChl PyX M KOHIEHTPATOB
OKYCKOBBIBAIOT METOJIAMH arjOMepalliu, TpaHy IsIuy 1 OpukeTupoBanus [2].

Haubonee »5ddexkTHBHBIM pemeHrneM 3TOH 3aJadd  SBIAETCS MPOLECC OKYCKOBaHHUS
MapraHieBOro CBIPbS IyT€M OKaThiBaHUS. lIpakTHKa OKaTHIBAHMA HA Tapesb4aToM TPaHYJISATOpE
MOKa3bIBAET MPOCTOTY aMIapaTypHOro O(GOpMIIEHHSI U OTHOCHUTEIHFHYI0 MAaHEBPEHHOCTh TEXHOJIOTUU
OKATBIBaHUS B YCIOBUSAX (DEeppOCIUIAaBHOTO 3aBOja. MapraHieBble OKATHIIIM, IOJyYeHHbIE C
WCIIOJIb30BaHUEM B KaueCTBE CBSA3YIOLIETO BEIIECTBA - TJIMHY, BIOJHE OTBEYAIOT TEXHOJIOTMYECKUM
TpeOOBaHUSIM, IPEIBSIBIIEMBIM K IIUXTOBBIM MaTepHaaM /sl BBIIIABKH MapraHLEeBbIX CIUIABOB.
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OTpaboTKy TEXHOJIOTHYECKHX MapaMeTpoB IDIaBKK (HeppOCHIMKOMApTaHIa MPOU3BOAMIN C
WCTIOJIb30BaHUEM OKATHIIICH, MMOJIYYSHHBIX U3 MEJIOYH MApraHIICBBIX Py MECTOPOXKICHUS 3araHbIi
Kampic. [lna ynaydiieHUs] MEXaHUYECKUX CBOKMCTB MapraHLEBBIX OKATHIIEH B Kaue€CTBE CBA3YIOIIMX
BEIIECTB OBLTa MCIOJIb30BaHa KepaM3uToBas ImnHa Ca3IWHCKOTO0 MECTOPOXKIEHUS (T. AKTIOOHHCK),
XUMHYECKUN COCTaB KOTOpOH mpuBereH B Ta0u. 4. JloOaBka KepaM3WTOBOW TJUHBI MOBBIIIACT
MaKCUMAJIBHYI0 MOJICKYJSPHYI0 U KaOWUIAPHYH BIAro€MKOCTh KOMKYyeMOW INMUXTHL. [Ipu 3TOoM
yIIydIIaeTcs MoKa3aTelh KOMKYEMOCTH MIMXTHL. VICTbITaHBl TPH BHJIAa MapraHIEBBIX OKaThimieil. B
0a30BOM TEXHOJIOTHM HCIOJB30BAaHbI OKATHIIIM, TOIYYCHHBIC W3 MEJIOYM MapraHIeBOW pPyAbl H
KepaM3UTOBOH IHHKL. J[Be cepur TIAaBOK MPOBEACHBI C MAPTaHIIEBBIMY OKATHIIIAMU, COACPKAITUMHU
B CBOEM COCTaB€é KOKC M YTOJib, KOJMYECTBO KOTOPBIX PACCUMUTAHBI MO CTEXHOMETPUW JUIA
obecreveHus IPOIecCOB BOCCTAHOBIICHHS.

XHUMHUYECKUI COCTaB MCXOJHBIX IIUXTOBBIX MAaTePUAIOB M BOCCTAHOBUTEIICH TPUBEICH B
tabi. 1-3.

Tadauua 1. XuMu4yecKuil COCTaB IIUXTOBBIX MATEPUAIOB

Cogepxanue, %

HaumenoBanue Marepuaina Mnoss | Fewan | MgO | CaO | SiO, | AlLO, P S

MaprasiieBble OKaThIIIH (pyAa+TrinHa) 245 | 10,29 | 0,60 | 2,64 | 28,24 | 3,36 | 0,034 | 0,025

Maprarueseie oxaThi 241 | 944 | 091 | 3,08 | 2535| 2,56 | 0,032 | 0,021
(pynat+kokc+rinHa)

MapraniieBble OKaThIILN

238 | 809 | 093 | 29 |2557| 1,72 | 0,033 | 0,02
(pynma+kokc+yronp+rinHa)

T'nuna - 6.69 | 1,95 | 151 |55,71 | 15,41 | 0,093 | 0,38
Jomomut — 0,51 | 21,22 | 30,78 | 1,01 0,47 H.0. 0,11
W3BecThb — 0,53 0,4 0,4 93,29 | 1,42 — —

Tabauna 2. Texauuecknii cCOCTaB yrIepOAUCTHIX BOCCTAHOBUTENEH
Texuuueckuii coctas, %
AT TwW [ VE ] C,
3apUHCKHI KOKC 19,38 | 2,44 | 6,09 | 73,86
Bopmunckuii yrons | 51,38 | 0,73 | 16,99 | 30,90

Marepuainsl

Tadauua 3. XuMudecKuil COCTaB 30JbHON YaCTH YyTIAEPOAUCTHIX BOCCTAHOBUTEIICH
XumMudeckuii coctan, %

SiO, | AlL,Os; | Feysn | CaO | MgO S P

3apuHCKHI KOKC 40,59 | 14,61 | 10,25 | 1,16 | 6,08 | 0,05 0,14

Bopmunckuit 61,87 | 3453 | 1,70 | 1,78 | 0,54 | 0,096 | 0,022
yroib

Matepuansl

Ta6auma 4. XuMUYecKHHd COCTaB KepamM3uTOBOH rimHBI Ca3IMHCKOTO MECTOpPOXACHHuS (T.
AKTIOOWHCK)

Xumuueckuii coctas, %
SiO, | CaO | MgO | Al,O5 | FeO | TIIIIT
I'nuna 56,1 | 2,70 | 2,33 | 13,74 | 6,64 | 11,38

Marepuan

B Tabn. 5 NpEeACTAaBJICHBI COCTABbI KAJIOIIU OIBITHBIX 1 0a30BO}i MIIABOK.
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Tadauna 5. CocTaB MUXTHI IS BRIIUIABKH (GeppOCHIIMKOMAapTaHIia

BapuanTt | Mapranuessle | MaprasueBble OKaThIIIU MapraHuessle OKaThIIIU 3apuHCKUH Monom
TUTaBKH OKaTHIIIHN (pymatxokc+riiHa) (pyma+xokc+yroiab+TinHa) KOKC

1 20 - - 4,3 13

2 - 20 - 13

3 - - 20 13

HpI/I pacucTe MHUXTbHl MNPHUHATHI CIICAYIOLIUC KOB(I)q)I/IHI/ICHTBI nepexoa KOMIIOHCHTOB B
MMPOAYKTHI IIJIaBKU:

Tadauna 6. KoahhunnueHTs mepexoa KOMIOHEHTOB

Komnonents! | B cmaB | B mimak | B yner
Mapranery 75 17 8
Kpemnwmii 40 50 10

HccnenoBanus no BbimiaBke ¢peppocHIMKOMapraiia U3 MapraHIeBbIX OKAaThIIIECH TPOBEACHBI
B PyJHOTEpMHUUYECKOU neur MoTHOCThI0 200 KBA.

BrimnaBky ¢eppocunnkomMapraiiia BeldM HEMPEPHIBHBIM CHOCOOOM C 3arpy3Koil IIMXTHI O
Mepe MPOCaJKH KOJOIIHUKA C MEePUOJUYECKUM BBITYCKOM MeTallla U IIIaKa yepe3 Kaxable 2 yaca B
YYT'YHHbIE M3JIOKHHUIBL. MeTal U MijIak B3BELIMBAIM M 0TOMpanu npoly A XMMHUYECKOro aHalu3a.
Pe3ynbpTarhl ONBITHBIX MJIABOK IPUBEAEHBI B TA0M. 7.

B nepuon BeITuTaBKH (heppoOCHIIMKOMapraHia U3 MapraHIEeBBIX OKATHIIIEH TEXHOIOTHYECKHM
IPOLEeCC IUIaBKH MPOTEKaJl PaBHOMEPHO: LUIAKOBAHMS U 0Opa30BaHUS «CBUIIEH» HE HaOJIIOIANOCh,
IIMXTa PAaBHOMEPHO OIlyCKajach CaMOCXOJOM, I[IOCaZKa »dJIeKTpoJa Oblia TIIyOOKOH, JieTKa
OTKpBIBAJNACh JIETKO, PACIUIaB BHIXOJWJI AaKTHBHO. Bu3yanbHO OBUTIO OTMEUYEHO, YTO Pa3pyLICHHUS
OKAThIIIeH B BEPXHUX U HIDKHUX TOPU30HTAX BaHHBI IEYH He HAOIFOIAIOCh.

Konommauk paboran 6e3 cBuiel, C paBHOMEPHBIM Ta30BBIJIEIICHHEM TI0 BCei moBepxHocTH. C
MOMOIIIBI0  XpOMelb-amtoMeneBoil (XA) TepMomapsl ompefercHa TeMmIeparypa Ha KOJIONTHHUKE,
kotopas coctaBuia 600...800 °C. BricoTa c0s mUXTHI OT MOAUHKI 10 KonomHuka 550...600 mm. Ha
0a30Boii MIMXTE IOCTUTHYTA CTEICHb U3BJIeUeHUs Mapranua 77,4 % npu kpaTtHocTy nutaka 1,76.

[Ipn mepexone Ha MapraHuEBbIE OKATBILIM, COAEPKAIME B CBOEM COCTAaBE HEOO0XOIMMOE
KOJIMYECTBO BOCCTAaHOBUTENS (BapuaHTHl 2, 3), TEXHHKO-d)KOHOMHYECKHE IOKa3aTelu IIpolecca
BBIIIJIABKH (DeppOCHMIIMKOMAapraHiia CyIIeCTBEHHO YIIyUIIWINCh. TaK, cpelHie OKa3aTeNnr U3BICUCHUS
Maprasna Bospociu ¢ 77,4 % no 86,1 %, kpaTHOCTh 1IIaka ymeHblmiack ¢ 1,76 no 1,48, na 30 %
YBEJIMYMIIACh TIPOU3BOJUTENBHOCTh IMEYH. OJTO OOBICHSETCS Oojee TEeCHbIM KOHTAKTOM YacTH
BOCCTAaHOBHUTENSI C MapraHIeBOW pyAOH B OKaThIllle, YTO CHOCOOCTBYET YBENUYEHHIO 3HAYEHHS
koadduimenta monesHoro nericteus (KI1/) TBepmoro yriepona B okaThIlie ¢ HAMMEHbIIEH MTOTEepeit
MOCJICIHETO Ha yrap, 110 CPaBHEHHIO ¢ 0a30BOM TEXHOJIOTHEH.
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Tabsmua 7. Pe3ynpTaTsl ONBITHBIX JIABOK
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No XuMuueckuii aHam3 Metamia, % XuMHUecKkuii aHanu3 1uiaka, % Bec, xr
1L Mn Si P S C MnO SiO, CaOo MgO | AlL,O; | FeO P S MET. | IIaK Kparsocts | Octorrocts
1 — TpaguunoHHAs MIUXTa
4 63,43 14,62 0,121 0,030 0,9 11,3 41,15 17,4 3,02 11,7 1,99 0,67 | 05 8,4 12 1,43 0,42
5 62,84 18,87 0,135 | 0,023 1,2 10,22 40,88 18,54 2,51 9,66 1,63 02 (053] 145 | 21,9 1,51 0,45
6 62,09 17,1 0,143 | 0,037 1,09 9,33 40,44 17,5 3,07 | 11,12 1,28 | 0,186 | 0,57 5,8 8,8 1,52 0,43
7 63,64 19,8 0,134 | 0,027 0,87 10,53 41,94 18,6 5,6 11,28 | 0,45 | 0,175 0,49 3,4 13,2 3,88 0,44
8 61,99 16,1 0,129 0,016 0,97 8,11 40,39 18,2 491 | 10,23 | 2,58 | 0,027 | 0,48 7,3 3,4 0,47 0,45
2 — IlluxTta c MpUMEHCHUEM MapTaHIeBBIX OKATHIIIEH (pyaa +KoKC + IiinHa)
9 63,05 16,4 0,061 0,016 1,70 7,96 42,61 19,04 3,09 | 10,57 | 0,42 0,01 |0,617( 8,9 15,2 1,71 0,45
10 62,34 19,13 0,063 | 0,015 1,61 7,23 41,84 18,85 3,85 | 10,85 0,4 0,027 (0,624 10,7 | 10,4 1,16 0,45
11 61,76 16,95 0,068 | 0,019 1,63 8,44 41,95 18,09 3,09 | 1094 | 0,51 |0,011(0,639| 10,8 7,2 0,67 0,43
12 60,91 17,26 0,070 | 0,013 1,59 8,96 41,38 18,61 1,42 13,4 0,39 0,01 | 0,63 6,7 13,3 3,03 0,45
13 62,89 16 0,062 0,012 1,58 7,95 41,9 17,87 1,43 | 12,06 | 0,53 0,02 | 0,64 | 10,2 | 174 1,70 0,43
14 61,93 18,47 0,068 | 0,012 1,69 8,02 40,0 19,01 3,82 | 15,08 | 0,47 | 0,068 [0,637| 6,2 12,7 2,05 0,47
3 — IlluxTta c mpUMEeHEHHEM MapTaHIIeBBIX OKATHIIIEH (pyaa + KOKC + yroib + IIInHA)
15 60,88 17,62 0,036 | 0,018 1,81 7,4 39,99 | 18,46 | 2,49 11,22 0,61 0,07 (0,641 7,3 21 2,88 0,46
16 59,66 17,46 0,038 0,02 1,52 7,93 38,15 | 18,21 | 3,48 12,97 0,35 | 0,065 [0,552| 17,2 | 17,4 1,01 0,48
17 61,31 18,42 0,031 0,017 1,48 6,6 40,49 | 19,15 | 6,21 9,95 0,32 | 0,028 [0,554| 16,9 | 159 0,94 0,47
18 61,1 18,22 0,033 | 0,018 1,45 6,67 39,32 | 18,31 | 4,91 9,49 0,32 | 0,053 [0,586| 16 22,4 1,40 0,46
19 62,67 16,63 0,03 0,018 1,94 8,23 39,32 | 18,04 | 6,24 8,95 0,28 | 0,076 | 0,56 | 141 14 0,99 0,46
20 61,97 17,55 0,028 | 0,022 1,51 8,72 39,29 | 18,21 | 1,43 9,95 0,38 | 0,044 |0,521| 8,1 13,6 1,68 0,46
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[To pe3ynbraTaM MPOBENEHHBIX KPYITHOJIA0OPATOPHBIX MCIBITAHUA MOXHO CIENIATh CICIYIOIIHEe

BBIBO/IBI:

1. MapranueBbie OKaTHIIIH HUMEIOT JIOCTATOYHYI0 TEPMHUYECKYI0O MPOYHOCTh B BEPXHHUX U HHIKHUX
TOPU30HTAX MEYH.

2. Ilpu BbeltutaBKe (eppocuimKOMapraHiia ¢ MPUMEHEHHEM MapraHIEBBIX OKATHINICH HaOIIOIaeTCs
TIOBBIIIICHUE CTEIICHU U3BJICUeHU Mapranna 1o 86,1 % npotus 6a3oBoi 77,4 %.

3. IlpumeHeHWe MapraHIEBBIX OKATHINICH MPUBOJUT K CHWIKCHUIO TEMIIEpaTyphl HAa KOJOIIHHUKE C
600...700 °C mo 500...600 °C, uTo MOJIOKUTENHHO CKA3LIBAETCS HA TEILUIOBOM OalaHce IUIABKH, YTO
B KOHECYHOM HUTOTE MOXET IMIPUBECTH K IKOHOMHHU SJICKTPOIHEPTUH.

4. B menom MaprasieBble OKaThIIIN, MOJYYCHHbIC U3 MEIOYH MApTaHIIEBbIX Py, UMCIOT MEPCIEKTHBY
MPOMBIIIIICHHOTO HMCIIONB30BaHUS, T. K. 9TO CIIOCOOCTBYET BOBJICUCHHIO B TPOM3BOJICTBO MENKOM
(hpakIuu MapraHIeBO PY/IbL.

TexHOJOTHSA BBHIJIABKK CTAaHJAPTHBIX MapOK MAapraHIeBbIX CIUIABOB C HCIOJBb30BaHHEM

OKYCKOBaHHBIX MAaT€PHaJOB, MOIYYCHHBIX M3 HEKOHAWIIMOHHOTO PyIHOTO CBIphs (¢pakmum 0...5 mMm),

MO3BOJIACT MONYYUTh (epPOCHITMKOMAapraHel, OTBeHYarouui TpedoBanusaM kauectsa mo 'OCTy 4656-91.
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