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OBILIAA XAPAKTEPUCTHUKA PABOTbBI

Axmyanvnocms memwvi: Pa3BuTue HapogHOro xosdiictBa PecnyOnuku
TamKUKUCTAaH M €ro BBICOKHE TEMIIBI TECHO CBS3aHbl C POCTOM MOTPEOHOCTEN
MaTepHaIbHO-CBIPbEBBIX PECYPCOB, B YACTHOCTH, CBHIPbS I IPOHU3BOJACTBA
amoMuHUsT U Oopa. bop MMPOKO WUCHONB3YyeTCS B MAIIMHOCTPOUTEILHOM,
aBUALIMOHHOM M JPYruX OTpACHsAX MPOMBIINIJIEHHOCTH, a TakXKe B CEIbCKOM
XO35MICTBE.

[IpousBoAcTBO ymMCcTOro 60pa, a Takke OOPHBIX COJEH W3 OOpaTHBIX Py
npeanosjaraeT pa3padoTKy NPUHIIMIHAIBHO HOBBIX TEXHOJIOTHYECKUX CIOCOOOB,
Tak Kak 3¢hdexTuBHas nepepaboTka OOpaTHBIX PYyJ C OOJBIIMM COAEpKaHUEM
KpeMHe3EMa 1IeJIOYHBIM U KUCIIOTHBIM criocobamu He 3P peKTruBHA.

Ha npennpusartusx IIpon3BoacTBeHHOTO 00benuHeHUs «TaIKUKXUMITPOM)»
oOpa3yroTcst Oonplye KoiuuecTBa xjopa. [IpumeHenue xiopa A MOTYYCHHS
COCIMHEHU Oopa, alOMUHHUS M Keje3a U3 AaHOypUTOBOW pPYAbl MO3BOJUT
MOJYYUTh HE TOJBKO 3HAYUTEIBHBIM JKOHOMUYECKUU H(PeKT, HO U PEelIuT
HKOJIOTUYECKUE MTPOOIEMBI PETHOHA.

KomiuiekcHoe wucmosib3oBaHue  OOpaTHBIX pyA IMO3BOJUT 3HAYUTEIBHO
pacHIMpUTh CBHIPEBYIO 0a3zy pecnyOJuKH, JMKBUIMPOBATh B CPEIHEA3UATCKOM
peruoHe UMEIoIUNCA ASPUIUT TaKUX HEHHBIX MPOAYKTOB, KaK KOATYJISHTHI IS
OYMCTKH BOHbI, Oypa u ap. Pa3pabotka >()PEeKTUBHBIX XIJIOPHBIX CIOCOOOB
nepepadoTKU OOpaTHBIX PYJ 3HAYUTEIBHO PACHIMPUT CHIPbEBYIO 0azy st
IPOU3BOJICTBA OOPHBIX COETUHEHUI.

Ilenv pabomel 3akiouaeTcs B pa3pabOTKe TEXHOJIOTUH MOTYyYEHUS OOPHBIX
COCJIMHEHUM 13 OOPOCUIIUKATHBIX Py MECTOPOXKIeHUM TalKukucTana.

B cooTBeTCTBUM € MOCTAaBICHHOW II€lbI0 B JIUCCEPTAIMOHHON padoTe
pELICHBI CIENYIOLINE 3a0ayu’

—  U3yYeHbl (PU3NYECKUE U XUMUYECKUE CBOMCTBA OOPOCHIMKATHBIX PY/I;
- ¢ noMompo PO®A, JITA U XUMHUUECKOr0 aHaJM3a HCCICAOBAaHbI MCXOJHBIC

BEIIIECTBA, MOJIYIPOAYKTHI U KOHEYHBIE MPOTYKTHI;

— ompeneneHsl HauOojee paldOHAIbHBIE MAapaMeTPbl HU3KOTEMIIEPATYpPHOTO

XJIOPHOTO Pa3JIOKEHHUS;

—  UCCJENOBAHO XJIOPHOE pasloKeHWe JaHOypuTa W J1aHOYpUTOBOTO

KOHIICHTPATA;

—  H3y4YeHa KMHETHKA MPOLECCOB XJIOPHOIO Pa3iOKEHHUS;
- pa3paboTaHbl NPUHIMIHAIBHBIC TEXHOJOTMYECKHE CXEeMbl  MepepadoTKu

OOPHOTO CHIPBS U €ro KOHIIEHTPaTa METOJIOM XJIOPUPOBAHUS;

—  JlaHa CpaBHUTEJbHAs OIEHKA KHUCIOTHOTO M XJIOPHOTO Pa3JIOKEHUS OOPHOTO

CBIPbSI.

Hayunana  noeusna. Pa3paboTaHbl HOBBIE CHOCOOBI  TEXHOJOTHHU
nepepaboTKi OOPOCUIIMKATHBIX PYd M WX KOHLEHTPATOB XJOPHBIM METOJ0M
paznoxenus. McciaenoBaHa KMHETHKA XJIOPUPOBaHUS NaHOYpPUTOBOM PyJIbl U €€
KOHLIeHTpaTa. Mcrmonb3ys TMONMydeHHble KUHETHMYECKHE JaHHbIE, YCTAHOBJIIEH
MEXaHU3M MPOTEKaHUs Mpollecca XJIOPUPOBAHUS U pa3padoTaHa MPUHIMIUATbHAS
TEXHOJIOTHUYECKas cXxeMa repepadboTKu OOPaTHBIX PYI.



Ilpakmuueckan 3nauumocmso pabomot
— pa3paboTaH XJIOPHBIA CIOCOO NepepadOTKH OOPOCHIMKATHBIX PYI C
MOJTy4YeHUEM XJIOPUIO0B O0Opa, JKene3a 1 aTlOMUHUS;
— pa3paboTaHa TPUHIMIHAIBHAS TEXHOJIOTHYECKAs cXeMma MepepaboTKu
OOPOCUIIMKATHOTO CBHIPbSI XJIOPHBIM CIIOCOOOM.
OcHoeHble no0scenus, 6bIHOCUMbBLE HA 3AUUMY:
— pe3yNIbTaThl UCCIEIOBAHMS XJIOPHOTO Pa3lOKEHUsI OOPOCHIMKATHBIX PYA
Ax-ApXapcKoro MecTopokeHus: TaKuKkrucTaHa;
— pe3yNbTaThl  XJOPHOTO  PA3IOKCHHs]  OOpPOCHMJIMKATHBIX  Pyd |
TaHOYpUTOBOTO KOHIICHTPATA;
— KHUHETUKa u3BJIeYeHHs B,0, U3 cocTaBa OOPOCWIMKATHBIX PY/I;

— pe3yabTaThl HCCIAEAOBaHUS (PU3UKO-XUMUYECKUX CBOMCTB CBIpBS H
OPOAYKTOB  €ro  pa3lIoKEHUs  XUMUYECKUM,  PEHTIeHO(]a30BbIM,
G depeHnnanbHO-TEPMUYECKUM METOJIAMU;

— pa3paboTKa NPUHLIMIHAIBHOM TEXHOJOTMYECKON CXEMbl IepepaboTKu
OOpPOCHIIMKATHBIX Py XJIOPHBIM METOJIOM.

Ilyoaukayuu. Pe3ynbTaThl AHCCEPTAIMOHHON pabOThI OTpakeHbl B 12
HAyYHBIX MyOJIMKAIUAX, W3 KOTOPBIX 5 cTarel B pElEH3UPYEMBIX >KypHasax,
pexkomenioBanHbix BAK MunucrepctBa oOpa3oBanusi u Hayku Poccuiickoi
denepany, a TakkKe B Marepuaigax 7 MEXKIYHAPOIHBIX U PecrnyOTUKAHCKUX

KOH(DepeHIInH.

Anpobauusa padomwi. OCHOBHBIE PE3yIbTaThl PabOTHl OOCYKIATHCh Ha:
pecnyOIuKaHCKOM HAyYHO-TIPAKTUYECKOMN KoH(epeHIuu «l"opHble,
re0JIOTUYECKUE, HKOJIOTUYECKUE aCTIEKThI pa3BUTHS TOPHOPYAHOU

npoMbinieHHOCTH B XXI Beke», nmocesmenHon 100-nmetnto akagemuka AH PT
C.M.IOcynosoit (ymanbe, 2010); pecnybnukanckoit koHdepeniuu: «HoBbie
TEOPETUYECKUE U TNPUKIAIHbIE HWCCICIOBAHUS XHMHUU B BBICHIMX YYEOHBIX
3aBeneHusx PecnyOnuku Tamkukucran» ([dyman6e, 2010); cemunapax «2011
ron - MexayHapoaHslii ron  xumum» U «PanuanuvonHass 0€30MacHOCTH
Tamxukucrana» (Jymanbe, 2011); V MexayHaponHONH Hay4YHO-TIPAKTUYECKOU
koH(pepenumu «llepcriekTHBB TPUMEHEHHS WHHOBAIIMOHHBIX TEXHOJIOTHH U
YCOBEPIIIEHCTBOBAHMSI TEXHHYECKOTO OOpa30BaHUS B BBICIIUX Yy4YEOHBIX
3apepaeHusix ctpan CHI» (Hyman6e, 2011); pecrnyOaukaHCKONW Hay4HO-
MpakTHIecKol KoH(epeHImu, nmocBameHHon 16 ceccun BepxoBHoro CoBera u
2012 roay - rony passutus sHepretuku (Kypran-Tio6e, 2012); MexaynapoaHou
HAyYHO-TIPAKTUYECKON KoH(pepeHnn «OT Kpu3nuca K MOJCPHU3AIUU: MUPOBOU
OMBIT M POCCUHCKAs TMpakTHKa (yHIAMEHTAIbHBIX M TMPUKIATHBIX HAYYHBIX
pa3paboOTOK B  DKOHOMHKE, TIPOCKTHOM  MEHEDKMEHTE, O0O0pa30BaHUH,
IOPUCTIPYJCHIIUM, SI3BIKO3HAHUM, KYJIBTYPOJIOTH, SKOJOTHUM, 300JI0THH, XUMHH,
ouosioruu, Quiongoruu, Quiocodur, MeIUIMHE, TCUXOJOTHHU, MOJUTOJIOTHH,
COITMOJIOTHH, TPaJIOCTPOUTEILCTBE, HH(DOPMATUKE, TEXHUKE, MaTeMaTUKe, (pu3uke,
uctopun, pacrenueBoactse» (Cankt-lIletepOypr, 2014); pecmyOnukaHCKON
KOoH(pepeHIuu «SaepHo-(hu3ndeckrue METOJbl aHalu3a COCTaBa OMOJIOTUYECKHX,
re0JIOTUYECKUX, XUMHUECKUX U METMIIMHCKIX 00bekToBY ([ymante, 2014).



Bkiang aBTopa 3akiO4yaeTCsl B HAXOXKACHUU CIOCOOOB M PELICHUH
MOCTABJICHHBIX 33/1a4, IPUMEHEHUU DKCIEPUMEHTAJIBHBIX U PACUETHBIX METOJOB
JUIS  JTOCTHKEHHS HaMEUEeHHOW 1enH, oO0paboTke, aHaimm3e | 00OOIICHUU
MOJIYYEHHBIX SKCIEPUMEHTAIBHBIX U PACUETHBIX PE3yJIbTaTOB PabOThI, TAKXKE HX
nyonukanu. GopMyIHpPOBKE U COCTABIIEHUU OCHOBHBIX IMOJIOKEHUN M BBIBOJOB
JACCEPTALIUH.

Crpykrypa U 00bem guccepraumu. /[rccepranusi COCTOUT M3 BBEACHUS,
TpEX OCHOBHBIX TIJIaB, 3aKJIIOYEHUS, BBIBOJOB U CIHCKAa LUTUPOBAHHOU
auteparypsl U3 113 HanMmeHoBaHMi, n3noxeHa Ha 103 cTpaHnMIax KOMIBIOTEPHOTO
HaOopa, BKIItodaeT 24 pucyHka u 9 tadnwil.

Bo 66edenuu 060CcHOBaHA aKTyaJdbHOCTh TEMBI, COPMYIHPOBAHBI LIETU H
3a/layd XJIOPUPOBAHUS NAHOYPUTOBOM PyJbl, TAK)KE OTpaKeHA Hay4yHas HOBH3HA,
IpaKkTHUecKass 3HAYMMOCTh, MyONUKaluu, amnpodanus paOOThl, JUYHBIA BKIAJ
aBTOpa U 00BEM JUCCEPTALIMH.

B nepeoii 2nage paccMOTpeHbI UIMEIOIIMECS B JIUTEPATYPE JaHHBIE O OOPHBIX
MECTOPOXKICHUSIX, XapaKTEepUCTHKAa MHUHEpaJoB W CcBoMcTBa 3seMeHToB |IIA
IpYyMNIbl, METO/BI IEPEPAOOTKH MUHEPATIBHBIX U OOpCOAEpKAIINX Py, KUCIOTHOE
paznoxxeHue AaHOypuTOB MecTopoxkiaeHus Ak-Apxap TamkukucraHa U METOJIbI
noJsryueHus xyopuaoB 3nemeHToB |IA rpynnsl. Ha ocHoBe autepaTypHOoro o63opa
CleJIaHbl COOTBETCTBYIOILME 3aKJIIOUEHUS M OOOCHOBaHHE 10 BBIOOPY TEMBI
JTUCCEPTALIMOHHON PabOTHI.

Bmopasa cnasea TOCBAIIEHA  DKCIIEPUMEHTAIBHOM 4YacTH. B Hen
PacCMOTPEHBI METOIUKHU IKCIIEPUMEHTAa U XUMUYECKOIO aHAJIN3a, XapaKTEPUCTUKH
naHOyputa W AaHOYpUTOBOrO  KOHIIEHTpaTa MeECTOpoXAeHuss Ak-Apxap,
UCCJIEIOBAHHBIE PA3JIMYHBIMA METOAaMU XMMHUYECKUX aHalu30B. OmnpeneneHsl
XUMHUYECKUA ¥ MHUHEPATIOTMYECKUM COCTaB MCXOJHOIO JaHOypUTa U  €ro
KOHIIEHTpAara, HW3J0XKeHbl pe3ynbratl PO u  JIT aHanu3oB W I1OKa3aHbI
BEPOATHOCTH NPOTEKAHUSl PpEaKLUUU XJOPUPOBaHUS JaHOYPUTOBOM pyIbl U
KOHIICHTpATa 10 U3MEHEHHUIO BeTMYMHBI Hepruu ['nooca (AG).

B  mpempveii 2nase W3N0XEHBI PE3yNbTaThl XJOPHOTO Pa3JIOKEHHUS
UCXOAHOIO JaHOypUTa U €ro KOHILIEHTpaTa MecTopoxkiaeHus Ak-Apxap. M3ydena
KUHETUKA XJOPUPOBAHUS OOO0KKEHHOIO MCXOJHOTO NAaHOYpHUTa MECTOPOXKICHUS
Ak-Apxap 1 KOHIIEHTpaTa JaHOypuTa. Pa3zpaborana NpPUHLIHUNHATbHAS
TEXHOJIOTUYECKasi CXeMa KOMIUIEKCHOW mepepaboTKu JaHOypUTOBBIX pyI
MECTOPOXKACHUS AK-ApXap XJIOPHBIM CIIOCOOOM.

1. METOAUKA SKCIIEPUMEHTA U XUMHNYECKOI'O AHAJIN3A
1.1. XapakTepucTuKa JaHOYPUTOBBIX Py MECTOPOXKIAEHUA AK-Apxap

Ha Ttepputopun OpiBmiero CoBerckoro Coro3a HaxoJsATCS HECKOJBKO
KPYIHBIX MecTopokiaeHud Oopa. B Poccuiickoit ®enepanuu HauOOIBITHI
UHTEpEeC IMpeACTaBisieT MecTopoxkiaeHue JlaabHeropcka — OOpPOCHIIMKATHOE, B
PecnyOnuke TamkukucTaH KpyMHEHIIMM OOpPOCHIMKATHBIM MECTOPOXKIECHUEM
aBisieTcss  AK-ApXapcKoe MECTOPOKIEHUE.
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JlanOypurtoBasi pyna MecTOpoxaeHus AK-Apxap OTIHYAETCS OT APYrHX
Oopconepxkaimux pyJa (KojuleMaHUTa, YIEKCUTA, alllapuTa, UHbOUTA, NATOJIUTOB U
Ip.) CTPYKTYPOH, XUAMHUECKUM M MUHEPATOTUYCCKIM COCTABaAMMU.

B HacTosmiel riaBe paccMaTpUBAalOTCS XapaKTEPUCTUKH  HCXOIHBIX
BEILIECTB, METOAUKH 3KCIIEPUMEHTA U XUMUYECKAN aHAJIH3.

XUMUYECKMM W MHUHEPAJOTHYECKUH COCTaBbl JaHOYPUTOBOW PYIbl U
JTaHOYPUTOBOTO KOHIIGHTpaTa ONpPENesUINCh PEHTreHO(]a30BbIM, IUIAMEHHO-
dboToMeTpUYECKUM U OOBEMHBIM METOJAaMHU aHAIU30B. XHUMHYECKUNW COCTaB
TaHOypUTOBOM Py/bl U JaHOYPUTOBOTO KOHIIEHTpATa MpUBEIEeHBI B Tabnure 1.

Tadamma 1. Xumuyeckuil coctaB TaHOypUTOBOM Pyl U JTaHOYPUTOBOIO
KOHIICHTPATa
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1.2. Meroauka XMMHU4YECKOI0 AaHAJIN3A

B Hacrosiiee BpeMs HCHOJIB3YETCSI MHOXKECTBO METOAUK XHWMHUYECKOTO
aHajgu3a pas3dW4yHbIX pyHd, B JTOM IMOAPA3JAEIE HCIOJIb30BAJACh METOAMKA,
YCOBEPIICHCTBOBAaHHAS  HAaMHM MPUMEHUTENIbHO K JaHOYpUTOBOWM pyne u e€
KOHIICHTpPATY.

B macrosimeit paboTe OBUIM  KCIONB30BAHBI  CICAYIOMIUE  METOIBI
XUMUYECKOTO  aHaiu3a: IUIaMeHHass  (GOTOMETpus, IepMaHTaHATOMETPHS,
KOMIIJIEKCOHOMETPHSI, apT€HTOMETPHSL.

B ucxogHOM CBIpbE KOMIUIEKCOHOMETPUYECKMM UM BECOBBIM METOJAMU
OIIpeAciIsIn coaepkanue okcuaos Si, Al, Fe, Mg, Ca, B, P, Na, Ti, K u CO,.
Ha ycranoBke IIOM-2 wmerogoM 1uiaMeHHOM (QOTOMETpUM  ONpeessin
colepkanve menoyHbix MetauioB K m Na. ComepxkaHue XJopa ONpenessiiv
apreHToMeTpuueckuM meToaoM (metoa Dosbrapaa). OmnpeneneHue MPOBOIUIU
nyTéM CBsi3biBaHUSl Cl™ -MOHA a30THOKHUCIBIM CEpeOpOM M OTTUTPOBBIBAHUS
M30bITKA peareHTa PoJIaHUJIOM aMMHaKa B MPUCYTCTBUHU COJIEH TPEXBAJICHTHOTO
Kelesa.

1.3. IndPepenunaibHO-TEPMUYECKHH aHATH3
Hnst manOyputoBbix pya meton JTA wucnonb3oBaH i pEerdUCTpaIdH
($a30BBIX MPEBpAIICHUN W PA3JTOKEHUS HEKOTOPHIX KOMIIOHEHTOB, BXOJSIIUX B
cocTaB JaHOYpUTOBOU PY/IbI.




JTA 6s11 npoBenén na aepuparorpade Q-1000 cucremsr [aynuk-Opaeit.
OnHuM U3 BaxHBIX (pakTopoB amns nposenenus JTA sBiseTcss CKOpOCTh HarpeBa.
Hamu Obu1a ncnosp3oBaHa CKOPOCTh MOAbEMA TEMIIEpaTyphl, KOTOpasi COCTaBIIsIIA
7°C/muH.

VYCTaHOBIEHO, YTO Ha TEPMOIpaMME HCXOJHOW JaHOYpPUTOBOH pybl
umeeTcs 3aoTepmudeckuil apdext npu 780°C, KOTOpPHIH CBsI3aH, NO-BUAMMOMY, C
yJlaJIeHueM CBSI3aHHOM BOJBI, JETY4YUX KOMIIOHEHTOB M YAaCTUYHO C Pa3JIOKEHUEM
Kamputa, W mnpu SHI0IGDekT mupu 950°C, CcBA3aHHBIM C pa3’IOKEHUEM
naHOypUTOBOM PyIbl 1 00pa30BaHUEM CHIMKATOB KalbIMs U Oopa.

Ha TtepmorpamMmMe KoHIIeHTpaTa JaHOYpHUTa MpU OoJiee MEAJIEHHOW CKOPOCTH
Harpesa (5°C/mMuH) ObUTH BBISIBIICHBI HEOOINBIINE SHAOTEpMUYECKUE 3D PEKTHI TpU
860, 950 u 1020°C, npupoty KOTOPbIX TPYAHO OmpeAennuTsb. [lo-Buaumomy, npu
735°C mpoMCXOAWUT YyJAJICHUE CBSI3aHHOW BOJIBI M 3aT€M IUTaBJIICHHWE U (Pa3oBoe
npeBpalleHre KOMIOHEHTOB JaHOYPUTOBOTO KOHIIGHTpATa.

1.4. Pentrenoga3sosnlii anaan3 (PPA) 00poCHIMKATHOIO ChIPbS

[Ipu uccnenoBaHUM UCXOIHON NaHOYpUTOBOM pynbl MeTogoM PDA  ObLio
YCTaHOBJIEHO, YTO OCHOBHBIMU pyI000Opa3ylOIMMU MHHEpalaMu JaHOyputa Ak-
ApXapcKOro MECTOPOXKIEHHUs SIBISAIOTCA: KBapl, JaHOYpUT, MOHTMOPHUJUIOHMT,
JaTOJUT, MUPOKCEHBI, TpaHaT, TUAPOOOpaLUT, TUAPOCIIONa (WU TelIeHOEepruT),
KQJIBLUT U JIP.

Ha pucynkax 1 u 2 npuseaens! pe3yiabraTtel POA ucxogHoit 7aHOypUTOBOM
PYIbl U IPEIBAPUTEIBHO 000K KEHHOTO AaHOYpUTA.
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Pucynok 1. ltpux-aumarpamMma UCXOJHOTO JaHOypuTa AK-ApXapcKOro
MECTOPOXKICHHUS: MOHT — MOHTMOPWIJIOHUT, TUJT — TUAPOOOpaIUT, AaT - JATOJIHT,
I — JnaHOypuT, KB — KBapll, K — KaJbIUT, T — TpaHaT, M — IUPOKCEHbI, I —
TUAPOCITIONA.
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PucyHnok 2. [ITpux-nuarpamma naHOypuTa Ak-Apxapckoro

MECTOPOXKJICHHUS TIOCJIE MPEABAPUTEILHOIO O00XKHUTa: MOHT — MOHTMOPHWJUIOHHMT,
TUJ — ruIpoOopanuT, AaT - 1aTOJUT, 11 — JAaHOYPUT, KB — KBapIl, K — KaJbIUT, T —
rpaHar, 1 — MUPOKCEHbI, TUPOC — TUAPOCIIIOAA.

Metogom PDA Obul Takke UCCIEAOBAaH AAaHOYPUTOBBIA KOHIICHTpAT A0 U
nocie npokaiku npu Ttemmeparype 950-980°C, pe3ynpTarhl UCCIEIOBAaHUS

IIPEACTABIICHBI HA PUCYHKAX 3 U 4.
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Pucynok 3. lltpux-nquarpaMma KOHIIEHTpaTa JaHOypHTa 10 00KHUTa: MOHT
- MOHTMOPWJUIOHHUT, TU]l — TUAPOOOPALINT, AAT - JATOJIUT, 1 — JAaHOYPUT, KB —
KBapil, K — KaJIbILUT, T — TPaHaT, Il — MUPOKCEHBI, TUAPOC — TUAPOCITIONA.

W3 mTpux-guarpaMM KOHIEHTpaTa JaHOypuTa 10 oOxwura (puc.3) u
JNaHOYpUTOBOTO KOHIEHTpara mocie oOxura (puc.4) BHAHO, YTO UKW,
OTHOCSIIKECS K O0pCoIepKalIiuM, aTFOMUHUICOAEPKAILMM U KEJIE30COAEPKALUM
MUHEpajiaM, HICHTUYHBI. BBISBICHO, UYTO aTOMHUHUKCOIEpIKAIIUE MHUHEpabl
MOHTMOPHWUIOHUT ¥ THUAPOCIIONA Tocie O0XHra MpH BBICOKUX TEMIIEpaTypax,
paBHbIX 950-1000°C, npeBpamiarTcs YaCTUIHO B MYJUTHT.
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Pucynok 4. Illrpux-guarpamma KOHIIGHTpaTa JaHOypuTa MocCIe

MMpcaABaApUTCIIBHOT'O 00>KHTra: MOHT - MOHTMOPUJUIOHHUT, THUO — FI/II[pO60paI_[I/IT, Jat
- JaTOJIUT, O — ,Z[aH6ypI/IT, KB — KBapl, K — KaJIbIIUT, I' — I'PaHAT, II — IIMPOKCCHEI,
rmapoc — ruapociaroaa.

BumuMo, mpu  BBICOKMX TeMIlEpaTypax TMpPOKaJHBaHHUS IMPOUCXOIUT
TEPMOJCCTPYKIIUS MHUHEPAJIOB M KPHUCTAUIMUECKas CTPYKTypa MHHEpaIoB
nepecTpauBaeTcss U3 o-MoAuuKauuii B - win y-(GopMbl, KOTOpbIE 00JIagaroT
OoJibllIel PAacCTBOPUMOCTBIO. DTH SIBJICHUSI OCOOCHHO 4YacTO MPOSIBISIOTCS st
KBaplia, MpU BBICOKHX TEMIEpaTypax OH CIOCOOEH K IMpeBpalleHuto B OoJee
aKTUBHYI0 amMop(dHyto (popMmy, KOTOpas YaCTHUHO B3aUMOJAEUCTBYET C OKCHIOM

KaJIBIIHS.

2. XJIOPHOE PA3JIOJKEHUE JAHBYPUTOBOM PYJIbI U
JAHBYPUTOBOI'O KOHIHEHTPATA

2.1. XuiopupoBaHue JaHOYPUTOBO# MOPOAbI MECTOPOXKACHUS AK-ApXxap
I[Ipu  mepepaboTke  OOPOCHIIMKATHBIX  pPyAd  XJOPHBIM  METOAOM
peaycCMaTpuBaeTCad TMOJYYEHHE TPEXXJOPUCTOro Oopa C  MOCHEAYIOLIUM
BblielIeHHeM U3 BCl, psla LIEHHBIX MPOJIYKTOB M, B MEPBYI OYepenb, OOpHOM
KHUCIIOTBI, Oypbl U OOPHBIX YAOOpPEHUH.
OCHOBHBIMU ~ PYJ000pa3yIOUIMMH  MUHEpajaMi JaHOYpUTOBOW  pYJIbI
SBJISIFOTCS: KBapil (SiO,), MOHTMOPWUIOHHT, aatoiut (CaO-B,0,-SiO, -2H,0),

aKCUHHUT, NHUPOKCEHbl (Win Tenendeprut) (CaO-Fe,O,-2Si0,), ruapobdopauut
(CaO-MgO-B,0,-6H,0), rpaHar (3Ca0- Fe,0, -3Si0,), TaHOYpHUT
(Ca0-B,0, - 2Si0, ), ruapocitoaa U Kanbut (CaCo,) (puc.l).

Hamu u3ydeHo B3auMojeiCTBHE NaHOYPHUTOBOW TOPOABI C Ta3000pa3HBIM
XJIOPOM M YCTAHOBJIEHO BJIMSHUE PA3JIMYHBIX NAPAMETPOB HA MU3BIICUCHUE OKCHIIA

O6opa u Ipyrux KOMIOHEHTOB.
l'azoo0pasHbiit  xyop Uit pas3jioKeHUs  JaHOYpUTOBOH  MOPOIBI

HCIIOJB30BaJIM B PACUYCTHBIX OO3HMPOBKAX O6p2[30BaHI/ISI XJIOpHnaAOB aJIIOMHHUA,



xKenesza, Oopa U Kanblug. XUMUYECKUH COCTaB NaHOYpUTOBOM PY/Ibl MPUBEICH B
tabmnure 1.

Pe3ynbTaThl ONBITOB 10 XJOPHUPOBAHHUIO IOPOIBI naHOypurta 0e3
BOCCTAaHOBUTEIIS (YTJIsI) IPUBEACHBI HA PUCYHKE 5.
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Pucynok 5. 3aBUCHUMOCTb CTENeHH HU3BICHYEHHUS OKcuaoB (Fe,0,, B,O, u

CaO) oT Temreparypsl (a) U TPOAOHKUTEILHOCTU Tpoliecca (0) B mporecce
XJIOPUPOBAHUSI TAHOYPUTOBOM pyabl O€3 BOCCTAHOBUTEIIS.

Biausinue TemmepaTypbl Ha XJIOpUpOBaHUE JaHOypUTa H3y4Yald B
untepBasie Temneparypsl 200-800°C npu JIUTEILHOCTH Tpoliecca XJIOPUPOBAHUS
60 muHyT (pHc.5a). MakcumanbHOE H3BJICUYCHHUE OKCHIOB JOCTHUTACTCSA IpHU
noBblIeHUH TeMiieparypsl 10 600-750°C u cocraiuser, B %: Fe,0, —47.9; B,O, —

267 m CaO — 14.28. Ilpu nmampHEMIIEM YBEIWYEHHH TEMIIEPATYpPbI CTENIEHB
W3BJICYEHUS OKCUJIOB, BXOSIIUX B COCTaB IaHOYPUTOBOM Pyibl, CYIIECTBEHHO HE
MEHSIETCHI.

IpoxokuTensHocTh npouecca. MutepBan Bpemenu meHsuica oT 20 go
120 mun (puc.56). IlocrossHHbIMU TIapameTpamu ObUTH: pazMep vactuil - 0.1 MM,
temmneparypa - 650-750°C. MakcuMallbHOE H3BJICUCHHE OKCHJOB M3 COCTaBa
naHOypuTa HaAONIOAAETCS TMPU TMPOJOKUTEILHOCTH XJiopupoBaHus 120 MuH U
coctaryser (B %): Fe,0, — 47.96; B,0, — 30.6 u CaO — 16.75, cCOOTBETCTBEHHO,

TEMIIEpaTypa MpU 3TOM JOJDKHA coctaBisaTe He MeHee 750-800°C. Crenyer,
OTMETUTh, YTO AJTOMOCOEPKAIINE MUHEPAJIBI IIPU 3TOM HE Pa3JIararoTCsl.

2.2. XniopupoBaHue NPeIBAPUTETbHO 000KKEHHOT0 JaHOypuTa B
NPUCYTCTBUN BOCCTAHOBUTEJIS

YcTaHOBIEHO, YTO TIPU TEPMUUYECKON 00pabOTKe MHUHEpAJbl CYIIECTBEHHO
AKTUBU3UPYIOTCSL.
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Hamu nmokasano, 4To mpeaBapuTeIbHbIN 00KHAT YBETUINBACT PEAKITMOHHYIO
CIIOCOOHOCTh  TaHOYPUTOBOM TMOPOALI W TIOCIE TEPMHUYECKOH 0O0paboTKH
MPOUCXOJIUT YACTUYHOE Pa3JIoKEeHUE JaHOYypuTa:

CaO-B,0, - 2Si0, — Ca0 - B,0, + 2Si0,.

B pe3ynbrare HCClEIOBaHUI TaKXKe€ BBISBICHA 3aBUCUMOCTb  CTEIECHH
W3BJICUCHUS OKcHUga Oopa OT  COAEp)KaHWsSI  BOCCTAHOBUTENS  (YIUIf),
IPOAOHKUTEIFHOCTH TpoIlecca, TEMIepaTypsl U pa3Mepa 4acTull JaHOypUTOBOU
nopoasl. Kak moka3anu pe3ysibTaThl aHaIu3a, MOcjiae 00KUra CTENEHb U3BICUEHUS
okcuga Oopa U3 JaHOypuTa NOCTHTaeT MAaKCHUMAalbHOTO 3HAYEHHS, COCTaBJIsSS B
cpenneM 80%.

BnusHue npensapuTenbHOro 00Xura Ha XJIOpUpoBaHUE JaHOYpUTa U3ydaln
B uHtepBanax 400-800°C mpu MIMTENBHOCTH Tpolecca XjaopupoBanus 60 MUH B
MPUCYTCTBUHM BOCCTAHOBUTETIS.

Ha pucynke 6 mnpuBomsiTcs pe3yiabTaThl HCCIEAOBAHUS 3aBUCUMOCTH
CTETNICHU M3BJICYCHHS OKCHUJIOB JKelie3a, Oopa M KaJlblUs OT MPOJIOJKUTEILHOCTH
npolecca, TEeMIEPATypbl M COAEPM AHUS BOCCTAHOBHUTENS NPH XJIOPHUPOBAHUU
IpEeIBAPUTEILHO 000KKEHHOTO JaHOYypHTa.
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PucyHnok 6. 3aBUCHMOCTb CTENIEHU U3BJICYEHN OKCUAOB Fe,0,, B,0, u CaO

OT TeMmmeparypsl (a), MPOMOJDKUTETLHOCTH Tiporecca (0) ©  comepkaHUs
BOCCTAaHOBUTES (B) MPHU XJIOPUPOBAHUHU 000MOKEHHOTO JaHOYpHUTA.



Kak BugHO W3 pucyHka 6, ONTUMalbHBIMHU MapaMeTpaMH Jisi Ipoiiecca
XJIOPUPOBaHUS O000AOKEHHOTO JaHOYpuTa SIBISIIOTCA: TeMIlepaTypa Mmpolecca -
800°C, comepxanue BoccTaHoBuTens (yrisi) B mmxte 130% OT TeopeTHuecKkoro
pacuéTa Mmpu NpOJOJLKUTENBHOCTH mpolnecca 60 MuH. Pe3ynbratbl XUMHUYECKHX
aHAIM30B OBUIM TOATBEPXKJICHBI HCCJIEIOBAHMEM IITPUX-AMArpaMMbl OCTaTKa
JTaHOYPUTOBOM PYbI MOCIIE IPOBEICHUS XJIOPHOTO pa3jioKeHus (puc.7).

1,34 ke, 11, k, par
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2. 10ke
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Pucynok 7. Utpux-mumarpaMma ocTaTka JaHOypUTOBOM pyAbl IMOCHE
XJIOPUPOBAHUS: KB — KBapll, J - JAHOYpPHUT, JaT — JATOJIUT, K - KaJbIUT, II -
MUPOKCEH, TU]T - TUAPOOOPAIIUT, TUIIPOC — THUIPOCIIIO/IA, M —MOHTMOPHUJIOHUT.

BI/II[HO, YTO COACPIKAaHUC MHUHCPAJIOB ITIOCJIC XJIOPUPOBAHUA YMCHBIIACTCA, U
IMNKH, OTHOCAINHUCCA K HCKOTOPBIM MHHCPAIaM, COKPaIllarOTCH.

2.3. KuHeTuka pas3JjioskeHUsi NMPeABAPUTEIbHO 0005KKEHHOT0 JaHOypUTa
MECTOpPO:KIeHus AK-Apxap
Kunetrnka XJIOpHOTO pa3ioKeHUsT HCXOAHOM MaHOYpUTOBOM pynbl AK-
ApXapCKOro MECTOPOKIAEHUS HUCCIEN0BAIACH MOCIIE MPOKATUBAHUS IIOPOJIBI.

1
3aBUCUMOCTh CTENEHHU PA3JI0KEHUSI OKCHUJa O0pa OT BPEMEHHU U Igl— OT
-

BPEMEHU MPU XJOPHOM Pa3JIOKEHUU MPEIBAPUTEIIHLHO 000XKKEHHOro JaHOypuTa
uzyueHa B unrepnaie temnepatyp 400-800°C npu nnurtenbHOCTH mpouecca ot 15
a0 60 muHyT. Pe3ynbraThl HMCCIEAOBaHUS NPEACTaBIEHbl Ha pucyHke 8. U3
puUCyHKa 8a BHJIHO, YTO M3BJICYCHHE OKCHJA OOpa M3 COCTaBa IMPEABAPUTEIHLHO
000X KEHHON JaHOypHTOBOM pyasl Bo3pactaeTr oT 34,5 nmo 64,9%. Ilocne
MOCTPOCHUSI KUHETUYECKUX KPHUBBIX JAHHOIO Mpoliecca BHJIHO, YTO OHU HUMEIOT
napabonudeckuil xapaktep. JlaHHbIE KWHETHYECKHWE KPUBBIE MOXHO OIHUCATh
YpaBHEHHEM MEPBOTO MOPSIKA:
da /dt = K (1-a),

TJI€: O~ CTENEHb U3BJieueHus:, %0;

T — BpEeMsl, MUH,;

K - KkoHCTaHTa CKOPOCTHU Pa3JIOKEHHUSI, MUH.
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- 400°C

Pucynok 8. 3aBucMMOCTb CTENEHHU pa3iokeHus (o) okcuaa Oopa OT: a)

1
BpeMeHU U 0) Igl— OT BPEMEHU MPOILIECCA XJIOPHOTO PA3IIOKEHUS 000AKEHHOTO
-

naHOypwuTa.

Ha pucynke 806 npencrarinena 3aBucumocTh 1g1l/(1-a) ot Bpemenu. Ilpum
pPa3sIUYHBIX ~ TEMIIEpAaTypax  pPACCUYUTAHHBIE  DKCIEPUMEHTAJIbHBIC  TOUYKU
MPEJICTABIISIFOT COOOM MPSAMYIO JTMHHUIO C OTPHUIIATEIHHBIM HAKJIOHOM.

Taxxe ObLTa WCCIEOBaHA 3aBHCUMOCTH Jiorapr@Ma KOHCTAHTBI CKOPOCTH
NPOTEKaHUsI XJOPHOTO pa3lIOKEHUsT OOOXKCHHONW NaHOYPUTOBOH pyIbl OT
BENTMYMHBI a0COJIIOTHOM oOOpaTHOW TemriepaTypbel. bbim  mocTtpoen rpadux
sasucumocti IgK ot (1/T-107), mpexcrasisomuii co6oit mpsmyro auHmIo (puc.9).

Lok
0.6

B00=C

' ' ' - T r —-10°
1.0 1.1 1.2 1.3 1.4 15 T

Pucynok 9. 3aBucumocts LgK oT abcontoTHO 00paTHON Temmeparypbl
IIPU XJIOPHOM PA3JI0KEHUU 000OKEHHOI0 TaHOYypUTa MECTOPOXKAeHHS AK-ApXap.
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PaccunTaHHble TOYKM XOpOUIO YKJIQABIBAIOTCS HA TMPAMYIO JIMHUIO
AppeHuyca, MO HaKJIOHY NpsIMOM Oblla paccuuTaHa BeJIMYMHA Kaxyllencs
sHepruu aktuBanuu (E) xjgopHOTo pasnoxkenus: 000#KeHHOTo AaHOypuTa, paBHas
15,22 xJIx/monb. PaccuntanHas BenuuuHa sHeprus aktuBanuu E coBmagaer co
3HAYEHUAMHU, HalJIEHHBIMU TpaQUUECKUM METOIOM.

2.4. XniopupoBaHnue 1aHOYPUTOBOI0 KOHLIEHTPaTa

Hamm Takke w3ydeHO XJIOPHPOBAHWE MaHOYPUTOBOTO KOHIICHTpATa
MecTtopoxacHus Ak-Apxap Tamxukucrana, rae couepkanue B,O, cocTaBiseT
oonee 17 mac% (tadi.1).

JIns BBIABIECHUS ONTHMAJbHBIX MapaMETPOB IPOBEAECHUSA XJIOPUPOBAHUS
JAaHOYPUTOBOTO  KOHIIEHTpATa Oblla HCClieJOBaHA 3aBUCHUMOCTbh CTEIEHU
U3BJICYEHUS OKCHUJIOB OT TEMIIEPATYphl, MPOJOKUTEIBHOCTA Mpolecca U
KOHIICHTPAIlMM BOCCTAHOBHUTENS. Pe3ynbTaThl HCCIENOBaHUS NPUBEICHBI Ha
pucyske 10.
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Pucynok 10. 3aBucHMMOCTH CTENEHM M3BJIEUECHUS OKCHUIOB B,O,, Al,O,,
Fe,O, u CaO or Temmeparypsl (a), TpOAODKUTENbHOCTH Tiporiecca (0) u

KOHIIGHTpAIlMd BOCCTAaHOBHUTENST (B) TIpH  XJOPUPOBAHWHM JTaHOYPHUTOBOTO
KOHIICHTpATA.
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Bausinne Temmepatypbl Ha CTENEHb XJIOPUPOBAHUSI OKCUOB, BXOJSIIHNX B
COCTaB IaHOYpUTOBOIO KOHIIEHTpaTa, UCCleoBain B npenenax temneparyp 500-
800°C mpu mnmutensHocTH Tipotiecca 1 4 (puc.10a). ConeprkaHre BOCCTaHOBUTEIS
B muxTe coctaBuiio 30%, KpynmHOCTh YacTull mopoasl 1 yris 0,1 mwm.

IIpoao/KNTETBHOCTD npoiuecca. PesynbTaTh BITUSIHUSA
MPOJIOJKUTEILHOCTH TIpoliecca Ha XJIOpupoBaHue okcuaoB ( Fe,O,, B,O,, Al,O, u

CaO), BXOJAIIMX B COCTaB AaHOYPUTOBOrO KOHILIEHTpATa, PUBEJICHBI HA PUCYHKE
106. UutepBan Bpemenu meHsuicsa ot 15 1o 120 mun. [locTossHHBIMU TapamMeTpaMu
obu: pasmep wactun, - 0.1 MM, Temmeparypa - 800°C u coxaepxaHue
BoccTaHoBuTenst - 30%. Kak mokaspIBalOT pe3ysibTaThl OINBITOB, MaKCHMaJbHOE
U3BJICYEHHE OKCUIOB HAOJIIOAETCS MPU MPOAOKUTEIBHOCTU XJIopupoBaHus 60
MUH, KoTopoe cocTasisier (B %): Fe,0, — 70.54, B,0, — 36.8, CaO — 18.52 wu

AlLO, - 15.8.

Biusinue 103MPOBKH YIJisi B IIMXTe HA XJOPUPOBAHHE TaHOYPUTOBOTO
KOHIIEHTpaTa U3y4aiu BO BpeMeHHOM uHTepBasie | yac nmpu temmneparype 800°C.
Conepxxanue yrist nozupoBasioch oT 10 10 50% ot Beca muxThl. [Ipu noBbilIeHUN
KOJInYecTBa axkTuBUpoBaHHOTO yriasg oT 10 go 30% creneHb XJIOpUPOBAHUS
OKCHUJIOB aJIFOMUHUS, KaJbIusi, Oopa U jkelie3a pe3Ko MoBbIIaeTcs, Jocturas (B %):
AlLO, - 16.78, CaO —18.22, B,O, - 38.5u Fe,0, —72.4 (puc.10B).

JUis TOCTHKEHUSI MAKCUMAaJIbHOM CTETNEHU U3BJIEUYEHUSI OKCUJOB IPOBOAMNIIN
pa3joKEHUE MPEeABAPUTENBHO OOOMXKEHHOIO JaHOYpUTOBOIO KOHIIEHTpaTa
XJIODUPOBAHUEM C  J00OaBJI€HHMEM aKTHUBHUPOBAaHHOro yris. Pe3ynbTarsl
UCCIJIEIOBaHMsI TIPEICTAaBIEHbl Ha pUCyHKe 11.

[Ipu o0OpaboTke 00O0KEHHOTO  J1aHOYypUTOBOIO KOHIIEHTpaTa
XJIOPUPOBAHUEM CTETIEHb U3BJICUEHUS IOJIE3HBIX KOMIIOHEHTOB PE3KO BO3pACTAET.
Kak BunHO u3 pucyHnka 11, mpu temneparype 650°C, nmurensHocTy mporecca 60
MUH U A03UpoBKe yris 125% crenens u3pneuenus: B,0, cocrapisier 6onee 80%.

Onupasice Ha pe3yJbTaTbl MPOBEACHHBIX OIBITOB, JUIA  XJOPHOIO
pa3ioXeHus: JaHOypUTOBOIO KOHLEHTpaTa C MPEABAPUTEIbHBIM  OOKHUIOM
PEKOMEHI0OBaHbl CIEAYIOIIME ONTHMAaJbHbIE YCIOBMS: TeMIleparypa oOxura —
950-980°C npu AIUTETHLHOCTH TEPMHUYECKON 00padoTku 60 MUH; pacxoj Xjopa
300 mu1/MUH; TIPOJIOIDKUTEIBLHOCTH XJIOPHOTO pasioxkenus — 60 mun mipu 650°C;
no3upoBanue yrisg — 100-125% ot crexuoMeTpruyeckoro pacuera.

JIOCTOBEPHOCTH pe3yJIbTaTOB XMMUYECKUX aHAJIN30B IMOATBEPKIAaET IITPUX-
quarpaMMa  ocTaTka IIoclie  XJIOPUPOBAaHMS — AaHOYPUTOBOrO  KOHIEHTPATA,
IIPUBEJICHHAs HAa PUCYHKE |2, U3 KOTOPOM BHUAHO, YTO IMKH, OTHOCSIIUECH K
MKeJIe30Co/IepKallliM MUHEpaiaM: TpaHaTy M MUPOKCEHY, a Takke K JaHOypury,
UCYE3al0T, a INHUKWA, NOATBEpXKIAIOUIME HaJIWYue  KBapua, HaoOOpoT
yBeIMUMBAIOTCA. B pacTBOp mepexonsT Oop U Kene30coJepKallue MUHEpaIbl —
rpaHat, TUPOKCEHbI, THAPOOOPALUT U JaHOYPHT.
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Pucynok 11. 3aBHCHMOCTH CTENEHW W3BICUYECHHS OKCUIOB B,O,, Al,O,,
Fe,O, u CaO oT TeMmmepaTyphl (a), TPOJOLKUTEILHOCTH mpolecca (0) u

KOHIICHTPAIlMd BOCCTAHOBHTENS (B) TpU XJOPUPOBAHUHU TMPEABAPUTEIHHO
000CKEHHOTO JaHOYpUTOBOTO KOHLIEHTpATa.
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Pucynok 12. lltpux-nquarpaMma  ocTarka AaHOYpPUTOBOrO KOHIIEHTpATa
1ocJie XJIOPUPOBAHUA: KB — KBapll, 1 — JAHOYpPHUT, JaT — AATOJMUT, K — KaJbILIUT,
TUAPOC — TUAPOCIIO1a, MOHT- MOHTMOPHJUIOHHT.
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2.5. Kuneruka XJIOpHOT0 pa3Jio:KeHHs MPeABAPUTEIbHO 000KKEHHOTO
JAHOYPHUTOBOT0 KOHIIEHTPATA

Kunetuka wu3BieueHus okcuga Oopa U3 COCTaBa IMPEBAPUTEITHLHO
000XOKEHHOTO  TaHOYPUTOBOTO  KOHIIEHTpaTa TMpU  Pa3jOKEHUU  XJIOPOM
uccienoBanack B uHTepBaie remnepatyp ot 300 no 650°C B Teuenue ot 15 no 60
MUHYT. Pe3ynbTarbl KMHETUYECKHX HCCJIEIOBAHUM MPUBEIEHbI Ha pUCyHKE 13.
XapakTep KHHETUYECKUX KPUBBIX PA3JI0KEHUSI YKa3bIBaeT Ha TO, YTO Pa3jIOKEHUE
IPOUCXOJUT O4YeHb ObicTpo W npu Temmeparype 600°C B Tteuenume | wyaca
u3BjeYeHue coctaBisier 77,66%. 3a 310 ke Bpemsa mnpu Temmeparype 650°C
JIOCTUTHYTO MaKCUMaJbHOE H3BJIEUEHHE OOpa B PacTBOP, KOTOPOE COCTABIISAET
84,95%.

Hcrnonp3ys KHHETUYECKOE YPaBHEHHUE TIEPBOTO MOPSIKA, OB pacCUYUTAHBI
KOHCTAHTBI ~ CKOPOCTH  DPAa3JjOKEHUS  NPEABAPUTEITHLHOTO  O0O0XIKEHHOTO
JaHOYPUTOBOTO KOHIIEHTpATA.

N3 pucynka 13a BUOHO, YTO C YBEJIMYEHUEM TEMIEPATypbl W3BJICUYEHUE
okcuga Oopa U3 coCTaBa IMPEABAPUTEIBHO OO0O0XKEHHOTO JaHOYPUTOBOTO
KOHIIEHTpaTa pe3ko yBenuuuBaeTcsa oT 37,3 no 85,0%. Kunernueckue KpuBbie
JTAHHOTO TPOoIecca HOCAT MapadoIMYeCKHil XapakTep.

1
a% Lg —
1-a
100 0
a) w 6)
90 A
80 - 650°C 5
_—— 600°C ] 300°C
70 - 500°C
400°C
= 44 400°C
50 A
500°C
40 - 300°C
6 -
30 4 650°C 600°C
20 g.
10
v ! y 1 GMH T T T 1 T,MHE
2 0 = 0 15 30 45 60

Pucynok 13. 3aBHCHMOCTh CTENEHH pasyiokeHus (o) okcuga Oopa OT
1
BpemeHu (a) u Ig - OoT BpeMeHu (0) mpu pa3loXKeHUUu  IPeABAPUTEIHLHO
-
000KEHHOTO TaHOYPUTOBOTO KOHIIEHTpaTa XJIOPOM.
Ha pucynke 130 mnpencraBieHsl 3aBucumoctd |gl/(1-a) oT BpemeHH.

[TomydyeHHBIE B X0/1€ DKCIIEPUMEHTA IPU PA3JIUYHBIX TEMIIEPATYPAX TOYKH XOPOLIO
YKJIAIBIBAOTCA HA IPSAMOM, KOTOPasi UMEET OTPULIATEIbHBINA HAKIIOH.
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[IpendKCOHEHIHANIBHBIA ~ MHOXUTENb K, ¥ KaXylmylocs 3SHEPTHIO
aktuBaiuu (E) ompepensyii ¢ moMmouipio ypaBHeHUs: AppeHuyca rpaduyeckum
METO/IOM 10 popMyIie:

K=K, e ERT. WIIH: lg = -IgK, - L,
2,303RT
rae: R — yHuBepcanbHas ra3oBasi HOCTOSIHHAS, K/[/Momb, rpas;

T — abGcomoTHas Temneparypa, K.

Ha pucynke 14 npencraBieHa 3aBUCHUMOCTb JorapudMa KOHCTAHTBI
CKOPOCTHU MPU PA3N0KEHUU OO0O0XKKEHHOTO TaHOYpUTOBOTO KOHIIEHTpATa XJIOPOM
oT oOpaTHOI abCOMIOTHOM TemrepaTyphl. JJig onpeneneHuss SHEPTUU aKTUBAIUH
CTPOMIIH rpa¢ux 3aBucumoctu IgK,, ot (1/T-10%, KoTopblil HOCHT
NPSMOJIMHEWHBIA XapaKTep W TOYKHA XOPOIIO YKIAABbIBAIOTCS HA MPSAMYIO JIMHUIO
AppeHunyca, MO HAKJIOHY KOTOPOM BBIYMCIIEHA BEIMYMHA Ka)KyIIECWCs SHEPruu
aKTUBAIlMM  PA3JOKEHHUSI  OOOMOKEHHOrO  JAaHOYpUTOBOIO  KOHIIEHTpaTa
razoo0pa3HbIM XJIOPOM, YHCIEHHOE 3HAa4eHUE KOTOpOoM cocraBisier 16,78
KJ[>K/MOJIb.

-Lgk

0.4 -
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0.6 |

0,7 |
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0.9
1.0 4
1.1 4

LT
I

T T T LI 1

15-0 1,.2 1!4 15-6 1!8

Pucynok 14. 3aBucumocts IgK oT oOpaTHOW abCONIOTHOW TeMmIepaTypbl
OpU  XJOPHOM pa3jOKEHUU NPEIBAPUTEIBLHO OO0O0XKEHHOIO JaHOYpHUTOBOTO
KOHIIEHTpaTa AK-ApXapCKOro MECTOPOKICHUS.

2.6. Pazpa0oTka NpUHIMNIHAJIBHOH TEXHOJIOTHYECKOI CXeMbl XJIOPHOH
nepepadoTKu 1aHOYypUTa MECTOPOKIEeHUS AK-Apxap
Ha ocHoBe mpoBeAeHHBIX HCCIENOBaHUN pa3paboTaHa MPUHIMITHAIBHAS

TEXHOJIOTMYECKas cxema nepepaboTku qanOyputoBoi pybl (puc.15). CymHocThO
JAHHOTO croco0a nepepadoTKU SABISETCS MOJydeHHe OOPHOM KUCIIOTHI, XJIOPUIOB
Oopa, amroMuHus U kene3a. OCHOBHBIMU TOCJIEIOBATEIbHBIMU CTAIUSIMU JTAHHOTO
METO/Ia SIBJISTFOTCS:

- IpeIBApUTENBHBIN 00XKUT JaHOYpUTOBOM pyAbl pu Temmneparype 950-980°C no
HayaJia pa3jioKeHUs ra3000pa3HbIM XJIOPOM;

- U3MEJIbUYCHHE TaHOYPUTOBOM MOPOJIBI A0 OIpeaeaeHHoro pasmepa vactui 0,1-
0,3 MMm;
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- XJIOPUPOBAHHUC Fa3006pa3HBIM XJIOPOM B IIPUCYTCTBHUU BOCCTAHOBUTCIIA — YIIA,

- BBIACJICHHUEC M3 IWKJIa HCHHOI'O IIPOAYKTA - XJIOpHAa 60pa;

- IIPOMBIBAHHC BBIICIINBIICTOCA TBEPAOT'O OCaKa BOI[Oﬁ;

- pas3aciicCHuCM OcCalKa (bHHBTpOBaHI/IeM C HeperI/ICTaJIJII/I:%aHI/IeI‘/JI 60pHOI\/JI
KHCJIOTHI,

- CyliKka 60pHOI>i KHCJIOTBI C IIapaJZICIAbHBIM OCAKIACHUCM XJIOPHUIAOB AJIFOMHUHUA,
KaJIbII¥A U KCJIC3a.

HemencueHHEH qadbypHT Hnop

ITienEapITENEHEIR o633 HAT

OpH TelMIepaTyie I50-980°C

- -

HoopHpoBaHAT DaubyvHHETA |4—r

Hebrrounm#
W naEnuEaHEd znopuga bopa I |

I OE

IMponmeieaaa Il e memEkxa TECED TS SCTATER Teepneit

Eora l SCTATOK

Fasmenense b HIETER 0Ba HHER

!

Kprucrannmsanma HaB Oy

C}?T_T_'[Ka | OCa}KI[BHPIH HICOPpHAOOE
-
H:B s o1
Fells, Calls 1
m A1CTs

Pucynox 15. IlpuHinunuanbHass TEXHOJOTMYECKass CXeMa XJIOPHOM
nepepaboTKu JaHOYPUTOB.

BbIBO/JbI
1.Tlpu  momMommM  XUMHUYECKOTO,  JIU(DPEpeHIHATBHO-TEPMUIECKOTO |
peHTreHo(a3oBoro  METOJOB  aHalW3a  YCTAHOBJICHBI XUMUKO-

MUHEPAJIOTHYECKUE  COCTaBbl ~ HMCXOJHOTO  JaHOypuTta, JaHOYPUTOBOTO
KOHIIEHTpaTa M MPOJAYKTOB MepepaboTKU XJIOPHOTO PA3JIOKECHHUS.

2. OnpeneneHbl YCJIOBUSI  XJIOPHOTO  PAa3JIOKEHHUS JaHOYPUTOBOM  PY/bI.
VYcraHoBIEHBI HauOoJee paluoHaIbHbIE napameTpbl npoliecca:
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npeaBapuUTeNbHbIN 00kHr pu Temneparype 950°C u npoaoKuTenbHOCTh — 60
MHUH;, TeMIlepaTtypa XJOpPUpOBaHUs 000xoKeHHoro paHOyputra - 800°C,
JUIMTENILHOCTh Tporiecca — 60 MUH, cojiep’kKaHU€ BOCCTAHOBHUTENS B IIHUXTE
130%.

. OmpeziesieHbl  YCJIOBHSI XJIOPHOTO Pa3jioKEeHUs JaHOYPUTOBOTO KOHIIEHTpATa.
Halinensl onTuMasnbHbIE MapaMeTpbl IMpoliecca XJOPHOTO  Pa3NIOKECHHUS:
temrneparypa ooxura 950-980°C npu JUIMTENHPHOCTH TEPMUUYECKON 00pabOTKH
60 wmwuH; pacxox xmopa 300 MI/MUH; TPOAOHKUTEIHHOCTH XJIOPHOTO
paznoxenuss — 60 muH npu 650°C; nosupoBanue yris — 100-125% or
CTEXHOMETPUUYECKOTO pacyera.

. UccnepoBana ~ KMHETMKA  OIpoLecca  XJOPUPOBAHMS  IPEABAPUTEIBHO
000 KEHHOW TaHOYPHUTOBOM pyHbl XJOPOM U BBIYHCIICHA YHEPTUS aKTHUBAIHH
nporiecca, paBHas 15,22 k/[»k/MOJb, YTO CBUIECTEIBLCTBYIOT O €ro MPOTEKaHUH
B 1uddy3uoHHON 001acTH.

. I3yyeHa KHHETHKa pa3jioKeHUus JaHOypUTOBOTO KOHLIEHTpaTa XJIOPOM.
BrruncnenHas kaxyiuascs 3HEprusi akTuBaluuu coctaBisier 16,78 k/{x/moib,
YTO CBUAETEIBCTBYET O MPOTEKaHWU Ipolliecca B CMEIIAHHOW 00JacTH.

. PazpaboTana npuHIMNMANbHAs TEXHOJOTMYECKass CXeMa KOMILUIEKCHOM
nepepaboTKU J1aHOYpUTOBOM pPyIbl MECTOPOXKACHUS AK-ApXxap XJIOPHBIM
CIIOCOOOM.
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