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XJJOPHPOBAHHE COEAUHEHHH HHPKOHHS

B. H. HEVCTPOEBA, H. 4. HETO/HHA, I M. K¥3HEUOBA, B. M BHTIOT'MH

{ITpencrasaeno npod. zoxT. xum. uayk A. I'. Crponadepronm)

HeTbipexXJIOPHCTBIl MHPKOHH{ IIOJAYUalOT, B 3aBHCHMOCTH OT TEXHOJO-
rHYECKOH CcXeMbl nepepabOTKH IHPKOHOBOTO KOHIIEHTpAaTa Ha MeTaJsl, XJo-
pHpPOBaHHEM TpexX TIPOAYKTOB: [UPKOHOBOTO KOHLEHTPATa, JIBYOKHCH
LEPKOHUS, KapOuga uian KapOoHuTpuaa uupkouus {1, 2, 3, 7.

[ipsamoe xsgopupoBaHHMe LHUPKOHA B CMeCH C YIVICM BHEAPEHO B NPOU3-
BOJCTBO B OTpaHHUEHHOM Macuitabe, BCJeICTBHe psjla IIPHUHH: BBICOKOM
paboueii TeMnepaTyphri npouecca (B cpeaueM 950°), HeOOXOAHMOCTH MOCTOSIH-
HOTO TMOJABOAA TEIJa, a TaKXe 3aTpyAHeHHH B CHCTeMe KOHIEHCAllMH H3-3a
GosbiIoro KoJsmyecrsa ofpasyiolerocs xJopuaa Kpemuus. TloatomMy ump-
KOHOBBI KOHIlEHTpAT fepel XJODHPOBaHHeM pasJsaraloT Ha GoJjiee Jerko
XJOPHPYIOLIHECST COCANHEHUS UHPKOHAS (KapOux UMPKOHHSA, KapOOHHTPHI,
JAABYOKHCBH LUDKOHHS).

B nurepatype paccMOTpeHb! (DH3HKO-XHMHUYECKHE OCHOBBI H IIPAKTHKA
XJIODHPOBAHHUS 3TUX COEJHHEHUj UUPKOHHUA [4, b, 6, 7]. BcaenctBue Ttoro,
YTO B KayecTBe IOJYIPOAYKTa NMpu nepepaboTKe NUPKOHOBOTO KOHIIEHTPATA
Ha MeTaJsJs MOXKeT MOoJaydaTbCs elle XJopokuch nupkonus (ZrOCl;-8H,0),
HPEACTABJAI0 HHTEPeC H3YYHThb YCJOBHS XJODHPOBAHWS 3TOTO COSTHHEHHS.
Tem Gosiee, yTO XJOPOKHCH UUPKOHHS SIBJSETCH COCOHHEHHEM, B KOTOPOM
Ve HUMEETCsl XJOp U MeHbllle KHCA0pona. A Tak Kak X/JAOPOKHCH HHPKOHHS
mosiyuaercss Ha OoJsiee PaHHMX CTaJHsIX MepepalOTKH HHPKOHOBOIO KOHILEH-
TpaTa, ueM [ABYOKHCb UMpPKOHHs [l, 2, 4, 5], To u XJ0pHpOBaHUe ee AOJKHO
ObITb SKOHOMHYECKH 0oJiee BBITOAHBIM, UeM XJOPUPOBAHHE IBYOKHCH IH]-
KOHHSI.

Hamu 6bl0 mpoBeieHO H3yuyeHHe VCJOBHII XJIOPHPOBAHUS XJAOPOKHCH
UMPKOHHSA, ABYOKHCH HHUPKOHMSI, HMPKOHA H HHPKOHATA KAJIbUHA © 1[CALIO
BBISIBUTD BO3MOMKHBIe MPEHMVILECTBA MOJYHYEHHS TeTPaxJopHia IHPKOHHS
M3 XJODOKHCH IMPKOHHS.

MeToarka XA0PUPOBAHHSA

Xaopnporaune npoH3BOAIIOCE HA VCTAHOBKE, CXema KOTOPOH Tpes-
crasiaea ua puc. .

XJIOp NoJaydancs 10 PEAKIHU MeMJy [epPMAHFanaToM KaJdHf H KOH-
REHTDHPOBAHHON COJAHOIT KHeJ0ToH. OcCvinalics B CHCTEMe TNOTJIOTHTeJ el
¢ KOHUEHTPHPOBAHHOIT cepnoll KucaoToil. CKOpocTh ra3oBoro MOTOKA pery-
JHPOBA/Aach PEOMETPOM M BO BCEX ONLITAX TNOALePAKHBAIACH MOCTOSTHHOI,
pasioit 15 .7/vac. Xaopriporanite NPOBOAKIOCH B TpyGUaTOll 3JCKTpIHUECKON
newnt ¢ anaMerpoM paGouelt Tpvorn 25 aat. Hexotnsie MaTepuastnl, noigep-
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raBIIMeCst XJOPHPOBAHMIO, HMeJM MNOCTOSHHYIO CTelieHb JAHCIEPCHOCTH
5—3 mm. HaBecka MCXOJHOrO BellleCTBa COCTABJSIIA O & M 3arpyxasnach
HemocpecTBenno B dapdoposyo Tpy6Ky. OnpeleneHne TeMmepaTypbl XJQ-
PHPOBAHHS NPOU3BOJUAOCH C MOMOLLbIO TEPMONApbl, MOMELICHHOH B 30HY
peaKIuH. XJl0pu/iBl METAJIOB YJ1aBAUBAINCh B npHeMHoi xosbe, Haxo4s-
wekcs B Tepmoctate ¢ Temneparypoil 200—180°. O crenenu xsopHpoBaHHs
CYIWAM MO Becy NPOKaIeHHOro OCTaTKa Iocje X/JA0DHPOBaHUs H MO aHAJH3aM
Ha colemande UHPKOHUS B OCTATKe IOCJAe XJIOPHPOBAHHS H B HCXOJHBIX
BeLlecTBax.

A

U v

Prc. 1. CxeMa YCTaHOBKH IS XJOPHPOBAHHS
]—KkoJ6a nnd noAydeHHs XJaopa; 2,5—myctoll apekceas; 3,4-—apek-
ceqb ¢ HpSO, xonu; 6—peomerp;, 7-—repmonapa; 8—dappoposas
Tpy6Ka; 9 — ransBaHomerp; 10-—neunr conporupaenus; 11— Tepmo-
ciar; |2 — npueMHHK.

HoaroroBka HCXOAHOro mMarepuana AJd XJOPHpOBaHHs

Tax Kaxk B NPOMBILJIEHHBIX YCJIOBHAX XJOPHPOBaHHE, KAK MNPABHJO,
TPOBOAMTCA B IIAXTHBEIX neyax, o6si3aTelbHO MPOBOAHIOCH GPUKETHPOBAHHE
HCXOJHBIX BeLUECTB.

Mcxoanble coeguHeHHs 15 XJIOPUPOBAHHA  MOATOTOBJANNCE TPEMs
criocofamu:

1. BpukeTupoBanyie YHCTHIX COEUHEHHH HUPKOHHs: JIBYOKHCH LHPKOHHUS,
XJIOPOKHCH IUPKOHHUS, LUPKOHATA KaJbLHA.

2. bpukeTHpoRaHNe ABYOKHCH LMPKOHHA, XJAOPOKHCH LHPKOHHS, IHUPKO-
HA U NHPKOHATa KaJblHsg C APEBECHBIM YIVIeM H KaMEHHOYTOJbHbIM ITEKOM
IIPU XOJOAHOM HPeCCOBaHHWH.

3. DpukeTHpOBaHUE 3THX K€ COCJHHEHHH IUPKOHHS ¢ IPEBECHBIM yTJeM
¥ KaMEHHOYTOJIbHBIM TNeKOM Hpu ropsiueM npeccoparud. Cripble GpHKeTHb
YaCTHYHO NOJBEPTaJUCh NPSIMOMY XJOPHPOBAHHMIO, 4 UACTHUHO NpeaBapH-
TeJbHO Koxkcopaauch npu temmnepatype 800—900°C. IloayueHHble OPHKETDI
apo6usuck. JJs onbiTos npumensaacs gpakuus 5—3 mm. CocTaB LIKMXTH
ans xaopuposanust: ZrO,—609%, npepecHblit yroab —25%, nmex—15%.

Pe3y.n bTAaThl HCCJEROBAHHUSA

PeaynbraTel HcC/eIOBAHUSI TIPeACTaBJeHbl B Tabauue. XJOpHPOBaHHe
UHPKOHA MOJATBEPJHMAO JAaHHble, MojdyueHHbie AsnekcanaposeM {3]. MM xio-
pPHPOBaJICS IIMPKOH B CMecH ¢ yrieMm npu temneparype 900°C B TeueHue
6 uac. Buixon npu 3TUX ycaoBuax coctaBua 93—95%. B namem caydae
B Tedenue 1 yaca UMPKOH xJopuposajcs Ha 30%, a 3a 6 vac— una 92,60%.

Kpome Toro, Hamu OHIIM NPOBEAEHb! OMBLITH MO XJAOPHPOBAHHIO LHPKO-
Ha ¢ jlo6aBkamy yrast U xqaopHo# u3BectH, [locinenusas 6wna mo6aBaeHa
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Tabaunuya
XaopHpoBaHHe COeJHHEHHA LUPKOHHNA

CHopocTh razoBoro notoka 15 s/uac. Hexolnas HaBecKka 5 2

Coemnenns | poco O6paGotka ’l;)eaMggggua 1};?42%;?_" B;ilel\g)slr3 af{l;d (;{- B;lxqgn
HHPKOKHS : 6pHKETOB xnop;«lf:Ba- poBaus, °C p 1; mar
71510, ;ggjfl;:cm;m KOKCOBauue 5007 600° 900" | | 20
. . . . . 6 92,6
yroan, 650° . ! 8
CaZrOy — — . 900° 9
- yrofb, KOKCOB4HHE
CaQCl, 680° 909 2 10—12
210, —- — — 900 2 —
” yroas KOKCOBaHHe 4007 500° 1 85
. . . . 600 1 89
» . . . , 2 99,8
. . . » 800 I 160
" . 460 500 1 42
. . - . 600 J 1 88
- . — . 608 ) 100
» . . 800 1 10,0
ZrQCl, — — 100 600 .' ] 810
“ . — . 600 2 10
» » — 400 900 1 11,2
» yroan KOKCOR4HHE 400 500 1 52
- » » . 600 ] 97
. » » . . 600 2 100
. . . ) 800 1 100
. . — 400 500 I 67
. - . 600 1 97
" « ; . 600 2 99,4
. . J | 800 | 100

B kosmuecrse 0% or seca uupxkona. Mel nogaradqu, uro XJ0p1as u3BecThk
CMOYKeT GBITb AOTIOMHHTENLHBIM XJAOPUPYIOUIHM ATCHTOM, T. K. MoJeKysaa ee
HEeYCTOHUHRA If MPH HArpeRandu JerKo pacnajgaeTcs.

Onuithr noxazanu, uto A106apxa XMOPHO uanecTn tie ofuaerdaer XJaopH-
posamis. TosplinacTes TeMnepatypa Hauana XJOPHDOLAKNSA, a BLIXOX XJ0-
puia cocraeaser 8% 3a 1 wac peakmwu. Ocratox nocte XJAOPHPOBAHUSA
ftpercrapasner codoil IIOTHYIO CreKInyiocs aacey, TPVIHO BLIFDYX<aeMyio H3
neur. OUERHIO, B 5TOM Caydae KMCJAODOL, BbIASINIOINfics P pasfoxe-
HHH XJOPHO HM3BECTH, CHOCOGCTBYET BO3pacTaunio 0GpaTHO PeaKuHn.
XpopHeToLii Kanbuuil B YCJAOBUAX  ONbITA pacnnanastercd, cGBonakupas
KyCOUKH UCXOAROTO BemecTBa. YTl NUPKOHAT KambIs npy TeMnepartype
900°C B Teuenue 2 yac. COBEpPUIEHHO He xaopupyeresd. C noGapkoil yras
CTCMEHL XJAOPHPOBAHMA TakKe HeBenHka-—10—I12% 3a 2 waca peakuun.

Takum 06pazoM, KaK BUITHO H2 OMHITHHY JTAHHBIX, U3 H3VYACMBIX COe-
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IHHEHHH UUPKOHHA HanboJee JIeTKo XJOPHPYIOTCA ABYOKHCh H XJIOPOKHCL
LWHPKOHYSA B CMECH C yIJeM.

XJ0pHpOBAHME OKCUXJOPHAA W JBYOKHCH HHPKOHHS NPOBOAHJIOCH MpH
TPex pasHbIX Temuepartypax ¢ uHTepBajoM 100°C. Bpems mpoBefeHHS OIIbI-
Ta 6blIO BRIOpPAHO MOCTOSIHHBIM — 1,2 waca, yroOul ypo0Hee OBLIO CPABHU-
BaTL IIOJIy4eHHbIE pe3yJbTaThl.

HByokuck nupkonus Ge3 mo6aBku yris npu temnepatype 900°C eme
ie xaopupyercs. [lo nanusiv CnuiusiHa [9], HauanbHas TeMneparypa B3auMO-
NeHCTBUSI OKHCH UMPKOHHA ¢ xJopoMm nopsaaka 1000°. Job6aBka ApeBecHOro
yris 3HAUUTEeNbHO CHHXKAeT TeMnepaTypy XxJopupopanus. 3a 2 uyaca mnpH
600°C nByoKHCH IHPKOHHS ¢ 100aBKOH yr/is nmpeBpallaercsi B TETPaXJOpPHi
noNHOCTLI0. [lpeaBapuTesbHOe KOKCOBaHMe ODHKETOB OKa3blBaeT BJHSIHHE
H2 HayaJbHYIO TeMIlepaTypy B3aMMOLEHCTBUS JBYOKHCH LIHPKOHHUS C XJI0POM,
cumxkast ee ¢ 460° po 400°C. Uro KacaeTcs Bhixo/a XJOPHAA, TO, KAK BHJIHO
u3 TabJKlbl, KOKCOBaHUe He gaeT 6oJiblLOTo npenmyinecrsa. Ilpu Temnepa-
Type 600°C xJ0pHpOBaHHe KaK KOKCOBAHHBIX, TAK ¥ HEKOKCOBaHHHIX OpHKe-
TOB NpaKTHYeCKH oAuHAKOBO, [IpeuMyliecTBO KOKCOBAHHS —MPOABASIETCS
NPH 3aTpy3Ke HCXOJHBIX MaTepHaJoOB H IPH CaMOM OCYIIeCTBJEHHH Mpouecca
xnopupoBaHus. Kokcorannble 6pukeTsl GoJee npounbie. Bo BpeMsi XJ10pHpPO-
BaHHA OHY He pacceinarwTca B nopowok. HeKokcoBanHble GpPHKETH NpH
XJIODHPOBAHHHM pPaspyllaloTcs, NpHUeM IloaydaeTcs Inblieofpa3Has Macca,
KOTOpas MpH YBEJHYEHHH CKOPOCTH IOTOKAa XJOPa YHOCHTCS HM H3 30HLL
peakuuu,

XN0pHPOBaHHE XJIOPOKHCH IHPKOHHUSI B CMECH C YIJieM B OCHOBHOM
NPOUCXOJAHT TaK K€, KaK W XJOPUPOBaHHEe ABYOKHCH uupKouus. Ilpu Tem-
nepatype 600°C 3a 2 uwaca cremeHb NpeBpalleHUsT XJOPOKHCH ILHPKOHHS
B xaopun coctapaser 100%. IlpenpapurenbHoe KOKCOBAHUE H B 3TOM CJaydac
HC YBEJAHUHMBAET BLIXOAA [POAYKTA, HO TakKXe 3HAUUTEIbHO VIIPOUHSET
HCXOAHBle OPHKETLIL,

B oTinyue OT JBYOKHCH LHDKOHHSI €r0 XJOPOKHCb XJOpHpyercs 6es
Ao0aBku yras y:xke npu temnepatrype 600°C, IIparna, xJopupoBanue B Te-
ueHde 1 uaca npoxoaur Ha 8—109%. 3HaunuTe/IbHOE MOBBLIIGHHE TEMIIEPATY-
pol xsopuposanus, 1o 900° He n3MeHsieT NPaKTHYECKH [POLEHTA MpeBpa-
LICHHA  Tak 3Ke, KaK H YBeJHYCHHe BPeMeHH XJODPHPOBAaHUS IPH
reMmneparype 600°C.

Caenyer OTMETHTB, YTO TIPeBpAIleHHe XJOPOKHCH IHPKOHHS B TeTpa-
XJMOpUIA NMPOUCXOAHT OBICTpee, yeM ABYOKHCH UMPKOHHA. Ilpu rTemnepartype
600°C 3a 1 yac cTenesp XJOPUPOBAHUS JJs NePBOl cocTaBuaa 97%, a Aas
ABYOKHCH UHPKOHHA — 88%. DTH JaHHbIE MOXKHO OOGBACHHTb, YUHTHIBAY
BO3MOMKHOCTh TEPMUYECKOTO paclaja XJODOKHCH uupkoHus. Mccnenosanus-
vy Takarm [8] Geto mokasano, 4yro npu Temmepartype 400°C  XJOPOKHCD
IHPKOHHS JTOBOJBHO JeTrko pacnafaercsi 1o ypaBHEHHIO.

2ZrOCly=Zr0s+-ZrCl,.

Otcioa CTanOBHTCH MOHATHBIM CXOACTBO B YCJOBHAX XJOPHPOBaHHA
XJOPOKHCH H JABYOKHCH LHHPKOHHS. Halaogawmuecs e pasjHuusi CBSI3aHbl
¢ Havyasiom B32UMCREHCTBHA (HavaJbHble TeMIEPATYpPbl B32aUMOLEHCTBHS,
CTCHEND TPEBpallielusa HCXOAHOTO BeHlecTBa B XJOPHA 3a 1 uyac peakuuu).
B stow orHomenyn moxasatenen TOT (axT, YTO XJOPHPOBAHUE XJIOPOKHCH
unpKotitsi 6e3 n06aBKH yraa Hauuhaercs npu Temneparype 400°C, a Boixoa
TETPAXJIOPHAA OCTAeTCH NPAKTHUECKHM NOCTOSIHHLIM HE3aBUCHMO OT TeMIIC-
paTypnL 11 BDeMeHH B3aUMOJEHCTBUS.

Taxum oGpasowm, npy nepepaGoTKe HEPKOHOBOTO KOHHEHTpaTa Ha Me-
TaJljl, KOTAa B KauecTBe IOJYNPOAYKTA MOJNYYaeTcs XJOPOKHUCh HUDKOHHA,
MOJKHO NPOBOAUTL XJIODHPOBAHHE ee BMECTO ABYOKHMCH LHUpKoHMs. Tem ca-

MBIN YCTPanpsaIoreyd JONCJAHHTeNbHbIS onepalli NOJAYyUYeHUss ABYOKHCH LHPKO-
HH4 H3 ero XJIOPOKHCH.
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Boigojbi

I, MsyueHo XJopHpOBaHHe COCANHENHH HHPKOHHS — ABYOKHCH I(HPKO-
HHS, XJIOPOKHCH HHPKOHUA, [UPKOHA M HMPKOHATA KaJIbIIHS.

¥CcTanoBJeHo, YTO YCJOBHS XJIOPHPOBAHESA XJOPOKHCH LUPKOHHA MPAK-
THYECKH ONMHAKOBBLI C TAKOBBLIMH JJsl JABYOKHCH I{HPKOHHS.

2. TlokasaHno, uTo OOJIBINOE 3HAUEHHE JJIS XJAOPHPOBAHUS B TPOMBIII-
FAeHHbIX YCJOBHSIX HI'PaeT NOArOTOBKA XJOPHPYEMbIX MaTepuasnos (6puxe-
THPpOBAHHE, ]{OS(COBQHHG).
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