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Orot oruer Ob1 moaroronieH dkcnepraMmu OO0 «UI' «MHpoMaiiH» HCKIIOYUTENBHO B 1emsiX MHpopMarmu. Coaepxaiiascs B HACTOSIIEM OTYETE
uHbopMmays ObUIa MOIydeHa W3 HCTOYHHMKOB, KOTOpBIE, IO MHEHHIO SKCIepToB MH(oMmaiiH, SBIAIOTCS HaAeKHbIMH, onHako Mupomaiin He
rapaHTHPYeT TOYHOCTH H IOITHOTHI HHPOPMAIHH JUTs JIFOOBIX esnelt. MIHdoMaiiH NpIIoKHT Bce BO3MOXKHBIE YCHIIUS, YTOOBI IPOBEPUTH TOCTOBEPHOCTD
MMEIOIIMXCS CBE/ICHHUIT, oKa3aTenel 1 MHQOpMAaIiy, COAEPIKAIMXCS B HCCIEI0OBAHUH, OAHAKO KITHEHTY CIIEYeT YUUThIBaTh HAIMYHE HEYCTPAHUMBIX
CIIOXKHOCTEH B IIpoliecce MOoNydeHus] MHGOpPMAIMH, 3a4acTyl0 Kacalollelcsl HEeHpo3padHbIX M 3aKPBITHIX KOMMEPUYECKHX OIepaluil Ha pBIHKE.
HccnenoBanue MOXET COflepkaTh JaHHBIE 1 HHGOOPMAIHIO, KOTOPBIE OCHOBAHbI HA PA3JIMYHBIX MIPEIIOI0KEHHIX, HEKOTOPHIE N3 KOTOPBIX MOTYT OBITh
HETOUHBIMH WM HEHONHBIMH B CHIIy HalM4us W3MEHSIOIIMXCS U HEONpeleNeHHBbIX coObITUH U (axkTopoB. Kpome Toro, B psame ciydaeB u3-3a
HOTPEIIHOCTU P OKPYIJICHUH, Pa3IuuUil B ONpEAeNeHHAX, TEPMUHAX U HX TOJIKOBAHHSAX, 4 TAK)KE HCIONIB30BAHUS OOIBLIOTO YHUCIA UCTOYHHKOB,
JTaHHBIE MOTYT II0Ka3aThCsl IPOTUBOPEUNBBIMU. VH(OMANH NpeanprHsIT Bce MephI Ul TOTO, YTOOBI HE JOIYCTHTh OYEBHIHBIX HECOOTBETCTBHM, HO
HEKOTOpBIE U3 HUX MOTYT COXPaHSThCA.

Mudopmanus, npencrasieHHas B 9TOM OTYETe, He JODKHA OBITh HCTOIKOBAHA, IPSIMO HIIM KOCBEHHO, KaK HH(pOpPMAIUs, CoAepKaIas peKOMEHAAIHI
110 UHBECTHIMSIM. Bce MHEHHS M OLICHKH, COZICpIKaIliecs] B HACTOSIIEM MaTepHalle, OTpakaloT MHEHHE aBTOPOB Ha JICHb ITyOJIMKAIUH M MOIEKaT
u3MeHeHuto 0e3 mpeaynpexaeHus. MHpomaliH He MPOBOAUT KaKylO-JIMOO MOCIETYIOIIYI0 paboTy MO OOHOBJICHHIO, JIOTIOJIHEHUIO M MU3MEHEHHIO
COZIeprKaHus HCCIEAOBAHUS ¥ IIPOBEPKE TOUHOCTH JAHHBIX, COAEpKaMXcsl B HeM. MIH(oMaiiH He HeceT OTBETCTBEHHOCTD 3a KaKHe-TH00 YOBITKU M
yuiepO, BO3HMKINNE B pe3ylbTaTe HCIIOIb30BAHUS JIFOOOH TpeTheil CTOpOHOW WH(OpPMAIWH, COIEpIKAIleHCs B HACTOAIIEM OTYeTe, BKIIOYAs
OITyOIMKOBaHHbBIE MHEHUS WIIH 3aKIIOUEHNs], a TAKOKe IOCIEICTBHS, BEI3BAHHbIE HEIIOIHOTOHN IIPeICTaBICHHOI HH(OPMAIIHH.

DTOT AOKYMEHT WM JIF00asi €ro 4acTh HE MOXET PACIpPOCTPaHATHCS 0e3 MUCbMEHHOro paspemeHus MHpomaiH 11b0 THpaXUpOBAaThCS JTHOOBIMH
crioco0amu. 3aka3yvK MMEeT MPaBo IPOBOAUTH AyAUT (IKCIIEPTH3Y) MCCIEAOBAHUI PHIHKOB, IOMYYCHHBIX OT VICTIONHUTENS TOJIBKO B KOMIAHUAX,
UMEIOIINX YICHCTBO AaCCOLMALMKM IPOMBIIUICHHBIX MapkerogoroB [IPOMMAP  (http://www.prommar.ru) WM CHIaMH SKCIIEPTHO-
ceptuukannoHHoro cosera acconmauun [IPOMMAP. B npyrux ciydasx OTHpaBKa HCCIEIOBaHMH Ha ayIuT WIM SKCIEPTH3Y TPETbUM JIHIAM
CYHTaeTCs] HapyLICHHEM aBTOPCKUX IIPaB.

Copyright © OO0 «HUI" « Hnugpomaiiny.
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AHHOTAIUA

Hacrosmmii  oT4eT sBISIETCS TPETbUM W3JaHHEM HCCICAOBAHHUS PpHIHKA
METaJUTMYeCKOro Kanblusa B Poccuu u mupe.
Momnutopunr peiaka Beaercs ¢ 2011 roaa.

Ieab ucciae0BaHUA — aHAJIUN3 POCCUMCKOTO PhIHKA METAJUTMYECKOTO KaJIbIIHSL.
O0LEKTOM HCCIAEA0BAHNSA ABIISIETCSI KAJTbIIUU METAJUINYECKUH.

JlanHast paboTa SBIACTCS KaOuHemHbIM ucciedosanuem. B kadecTBe
WCTOYHUKOB WH(GOPMAIIMK UCIOJIb30BaHbl naHHble Poccrata, ®enepanpHOU
TaMOKCHHOU CIy)kObl P®, CTaTUCTUKU KEIE3HOJOPOKHBIX TNEPEBO30K PO,
['ocymapcTBeHHOW TaMOXEHHOW Ciy)O0bl Ykpawmasl u Kazaxcrana, 0a3bl TaHHBIX
UNdata, Trade Map, a Takke MmaTepuajbl OTpacieBOH W PETHOHAILHOM IIPECCHI,
TOJIOBBIX U KBAapTaJIbHBIX OTYETOB SMHUTEHTOB IIEHHBIX Oymar, WHTEPHET-CalTOB
MIPOU3BOUTEIICH U TOTpEOUTENEH Kanbius, 0a3bl JaHHBIX «HDOMaNHY.

XponoJsiornueckue pamku ucciaegoanusi: 2002-2022 rr.; nporuosz — 2023-
2030 rr.

I'eorpadpus wucciaenoBanusi: Poccuiickas ®Denepanusa — KOMIUIEKCHBIN
NOoAPOOHBIN aHaliM3 pPbIHKA; MUPOBOW PBIHOK — OOIIME CBEACHUS O JUHAMUKE M
XapaKTepUCTUKAX PHIHKA.

OTt4eT cocTouT u3 7 yactei, coaepxkut 103 cTpaHuIlbl, B TOM ducie 22 TaOHITHb,
23 puCyHKa B 2 TIPHIIOKCHUS.

B nepBoii ri1aBe oTyeTa ONMMCAHBI TEXHOJOTHH IMPOU3BOJACTBA METAIINYECKOTO
KaJIbliug B Poccun 1 Mupe M OCHOBHOE CBIPbE ISl €T0 MPOU3BO/ICTBA.

Bropas rnaBa oTyeTa MOCBSIICHA XapaKTEPUCTHKE TEKYIIETO COCTOSIHUS
MHPOBOIO pbIHKa MeTaumueckoro kameuus B 2002-2022 rr. B stom paznene
NIPUBEACHBl JAHHBIE O MHMPOBOM IPOM3BOJACTBE KaJbLHs, OCHOBHBIX CTpaHax-
IIPOU3BOJMTEISAX, KPOME TOI0, NPHUBOJUTCA KpaTKas XapaKTepUCTUKA MHUPOBOIO
HKCIOPTA-UMIIOPTA METANIMYECKOTO KaJIbLIUs U ero noTpedieHus B Mupe. Takxke qaH
0030p MUPOBBIX SKCIOPTHBIX U UMIIOPTHBIX 1IEH HA METAITTMYECKUN KaJIbLIUM.

Tperbs rinaBa oT4yeTa MNOCBSAIIEHA MPOU3BOJICTBY METAIUIMYECKOTO KaJbLUS B
Poccun. B aToM pa3zaerne nmpuBeneHa CTaTUCTUKA BBITYCKA JaHHOM npoayKunu B 2002 -
2022 rr., a Takxke MpelNCTaBICHB JaHHBIE 00 00BEMax BBIMYCKa METATHYECKOTO
KaJIbLIUS OT/ACJIbHBIMU NPEINpUsATUsIMU. Takke B 3TOM TlaBe aHAJIM3UPYETCS TEKYIIee
COCTOSIHME BEIYIIMX UIPOKOB Ha PhIHKE Kalblugd B Poccun, paccMOTpEeHbI TPOEKTHI
CO3JaHMsI HOBBIX IIPOU3BOJICTB.

B 4erBepToOii rnaBe aHANM3UPYIOTCS BHELIHETOProBbie onepauun ctpan CHIT
(Poccun, Ykpaumnbl, Kazaxcrana) ¢ MertauinueckuMm Kanbiiuem B 2002-2022 .
[TpuBenensl ganHble 00 00BEMaxX 3KCHOPTa W UMIIOPTAa M3y4yaeMOW MPOAYKLIHMH B
HaTypaJbHOM H JCHEKHOM BBIPQKEHUHU, OLICHEHbl pEruOHalbHAas W TOBapHas
CTPYKTypa MOCTaBOK.
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IIgTas rnaBa oTyeTa MOCBSIIEHA AaHAIU3Y I[IEHOBON KOHBIOHKTYpPHI pPbIHKA
MeTaJlTn4eckoro Kaibliusgs B Poccuu. B 3TOoM pasznene paccMoTpeHa JuMHAMUKa
AKCIIOPTHO-UMIIOPTHBIX 1I€H HAa MeTaUIMYecKui kanpuuii B 2002-2022 1.

B mecroii rnmaBe oTyeTa, MOCBAIIEHHONW MOTPEOJIECHUIO METALINYECKOTO
KaJIbIUS, TPUBEACH OalaHC IPOM3BOJICTBA-TIOTPEOSICHUS JaHHOW MPOAYKIIMU B
Poccun B 2002-2022 rr. OneHeHa JUHAMUKA «BUIUMOIO» IOTPEOJICHUS
METAJJTHYECKOT0 Kajbliusl. Takke B JaHHOM paszjieie ONMKMCaHbl OCHOBHBIC OTPACIIH
NOTpeOICHUS KalblUs M TIpUBeAcHa WHGOPMAIUS O KPYMHEHIINX MPeanpUsITHSIX -
NOTPEOUTENSIX.

CeabMmasi, 3aKiOYuTEIbHAS TJaBa OTYETa TMOCBAIIECHA MPOTHO3Y Pa3BUTHS
peiHKa MeTayumdeckoro kKambimsi B Poccum B 2023-2030 rr. IlpuBenaeH mporHos
NOTpeOJICHUS U3y4aeMO MPOAYKIIMU, OCHOBAHHBIM Ha MPOTHO3€ Pa3BUTHUSI OCHOBHBIX
NOTPEOISIOIUX OTPACIIEH.

B  npwioxkenmu npuBefeHa  KOHTakTHas  WHGOpMAIMS  OCHOBHBIX
MIPOU3BOJIUTEIICH U IMOTPEOUTEIEH MeTaITHYecKoro Kauplus B Poccun.

[eaeBast ayAuTOPUA UCCICIOBAHUSA:

- YYACTHUKH PHIHKA METATUYECKOTO KaJIbIUs — IPOU3BOIUTEIH, TOTPEOUTENH,
Tpeuaepsl;

- IOTEHUHAJIbHBIE NHBECTOPHI.

[Ipemraraemoe uccaea0BaHUE MPETCHAYET HA POJIh CITIPABOYHOTO TIOCOOUS IS
CIIy’)k0 MapKeTWHTa W CICIHAIMCTOB, MPUHUMAIOIINX YIPABICHUYECKHE PEIICHUS,
paboTaIMNX HA PHIHKE METAITMIECKOTO KaJIBITUs, TTOPOITKOBOM MPOBOJIOKH.
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BBEJAEHUE

Kanmpumii — menoyHosemenbHbli MeTal. OH OTHOCUTCS K YHCIY CaMbIX
pacIpocTpaHeHHbBIX B MPHPOIC JICMEHTOB, 3aHNMas nsitoe Mmecto (tocie O, Si, Al u
Fe). Ero cogepxanue B 3eMHOM Kope cocTasisieT 3,25% 1o macce.

B nauane XX Beka MacmTaObl IPOU3BOJCTBA METAUINYECKOTO KaJIbLUs ObUIN
HEBEJIMKH, TAK KAK OH NIOYTH He Haxoawa npuMeHeHus. B CIIIA no BTopoit MupoBoi
BOMHBI MOTPEOHOCTH B KaJbIMHU cocTasisia Bcero 20-25 1 B rof, B ['epmanuu — okoJ1o
10 1. TIlo3gnee, Kkorma BBIICHWIOCH, 4YTO KaJbLUM SBISETCS  XOPOLIUM
BOCCTaHOBUTEJIEM, 00BEMBI €r0 MTPOU3BOJICTBA CTAJIU PACTH.

NHTepec Kk  Kaimbuio BO3pOC B Hadaje CTAHOBIICHUS  ATOMHOM
IPOMBIIUIEHHOCTH, KOIJla BBICOKOYMCTBIA KaJbLHUWA CTajdl MCIOJIb30BAThCA JUIA
MOJIYYEHUS SIACPHO-YUCTOIO ypaHa.

C pa3zBuTHEM aTOMHOM IIPOMBINUIEHHOCTH K Hayainy 60-x rr. XX Beka MUpOBOE
MIPOM3BOJCTBO KajblMsl cocTaBisuio yxke okoiao 100 Tt B rox. K 80-m romam
IPOU3BOJACTBO JOCTUIIO 2 Thic. T B roi. Ilo ouenke skcneproB «HHpomaitn», B
HACTOSIIIIEE BPEMSI MUPOBOE IMPOU3BOJCTBO METAJUIMUECKOr0 KaJdbLUs HAXOIUTCSA HA
ypoBHe 40-45 ThIC. T B TOJ.

Ceiliuac KaJbLM HCIIOJB3YETCA KAaK BOCCTAHOBUTENb B XHUMHYECKOU H
METAJITyprUYeCKON MPOMBIIIJIEHHOCTH, KaK PacKUCIMUTEIb U JlecylbdaTtuzarop npu
NOJIy4EHUH psAJa CIUIAaBOB M CIELHMAIBHBIX CTajed, B aKKyMYJATOPHOU
IPOMBIIUIEHHOCTHU MIPU U3TOTOBJIEHUH CBUHIIOBBIX MOJIOKHUTENbHBIX TUIacTHH. Kpome
TOTO, KaJbLUH IPUMEHSIOT IIPU OYMCTKE CBUHIA U OJIOBA OT BUCMYTA.

VYyuthiBass OOJBLUIYI0O BOCCTAHOBUTEIBHYIO CIIOCOOHOCTh KaJIbLIMS, €ro
NPUMEHSIOT MPHU MPOU3BOJCTBE PEIKUX METAJUIOB, TAKUX KakK: TUTaH, LUPKOHMIA,
TaHTaj, HUOOUH, XpoM, Lie3uil, pyOuIuid, ypaH, TOpUN U ApyTHE.
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1. TexHoJsorus IHOJYYCHHHA U OCHOBHO€ ChIPb€ VI IIPOU3BOACTBA
METANIMYECCKOTI0 KAaJbIINUA

1.1. TexHOJIOTHSA MOJYYEHHUSI METANIHYECKOT0 KAJIbIIUS

B mpomiom Beke, B koHIEe 40-X rofoB, KOTJa HavyalloCch OypHOE pa3BUTHE
aTOMHOW TPOMBIIINIEHHOCTH, BCTaJ BOIPOC O HEOOXOJUMOCTH TMOJY4YEHUs SEpPHO-
YUCTOTO KaJbIUS.

B Hame#i ctpane u 3a pyOeXoM OBLTH MPUHSTH PAa3IMIHBIC TEXHOJIOTHUCCKHE
CXEMBbI TMOJYYEHUS METAUIMYECKOr0 KaJbIUs: SJEKTPOJU3 XJIOPUCTOrO KaJbIUs,
METaJUIOTEPMUYECKOE BOCCTAHOBIIEHUE OKCU/IA KaJIbLH.

B kaxagoM wu3 93TUX JBYX CHOCOOOB €CThb CBOU TIOJIOKUTENbHBIE U
OTpHULIATEIbHBIE CTOPOHBI.

Onexmponrumuyeckuii cnoco6 OCHOBAaH HA JJIEKTPOJUTUYECKOM BBIICICHUU
KaJIbIUS U3 XJIOPUJA HA MEAHO-KAJIbIUEBOM KaTOJAE C MOCIEAYIOMIEH TUCTUILISIUEN
KaJIBIUS U3 3TOTO CILIABA.

J1J1s1 37IEKTPOIM3HOTO METOIa IPEUMYIIIECTBAMH SIBJISIIOTCS BBICOKUH BbIXO/T (70-
80%) u uucrota mpoaykTa (cBbiie 99%), rIaBHBIM HEIOCTAaTKOM — OOJIbIIas
DHEProeMKOCTh. (Xema BIEKTPOJUTUYECKOrO TOJYYEHUs KaJIbLUs SBISIETCS
MHOTOOTIEPAIIMOHHON U AKOJOTHYECKH HeOe30MmacHor. B TexHomoruu ucnoyib3yercs
00JIBIIIOE KOJUYECTBO PearcHTOB U MaTepuaioB (Tabmuma 1).

Taoauna 1. CpaBHI/ITeJIbHLIe nmoxKa3aTeJid MoJIy4€eHUS METAJTIUICCKOIo
KaJbIOHUSA 3JECKTPOJIUTUHICCKUM U AJTIOMUHOTEPMHYECCKHUM cnocodoamMu

CraTbu pacxoaa DJIeKTPOJIN3 AJIIOMMHOTEpPMHS
Cr10c06 nosyders AIIEKTPOIIUTUIECKOEC B Ka4ECTBE BOCCTAHOBHTCIIs
Bhsienienue Ca 3 xyopuaa Al unu Si
O00x:KeHHast U3BECTh, KI/T Ca 2,19 2,28
CopepxaHue KaJIbIUs B U3BECTHSKE, % 92 98
Onextposneprus, KBr-u/t Ca 21070 8000-9000
Al-opomiok, xr/t Ca - 550-600
Brixon kanenms, % 70-80 55-72
Uwncrora npoaykra (comepxanue Ca), % cBbIe 99 98,4-99,8
Uwncno paboTaronux (YCIOBHO) 100 35-40
Brixon TBepAbIX 0TX00B (YCIOBHO) 100 50
["a30BbI€ BEIOPOCHI XJI0p HET
3aHnMaeMsble maomaan (yCIoBHO) 100 33
Croumocts 1 Tounsl (B T. 4. HIC), $* 8680 3350

* - 0annvie Ha 2018 2.

Hcmounuk: 00630p HayuHO-mexHUYecKol 1umepamypol

[Ipu ucnonas30BaHUU cnocoba memaniomepmuu B Ka4yeCTBE BOCCTAHOBUTEIIS
MOKET MPUMEHITHCSA ATFOMUHUN WIM KPEMHUU. B COOTBETCTBUM C 3TUM IPOLIECCHI
PA3AEISAIOTCS HA ATFOMUHOTEPMUYECKHE U CHIIMKOTEPMUYECKHE.

Cxema METaUIOTEPMUUYECKOTO BOCCTAHOBJICHHMS  Oojee  «TuOKas» U
DKOJIOTUYECKH MEHEE onacHasi. JloCTOMHCTBO METAIUIOTEPMUYECKOTO METO1A — MAJIBIN
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pacxoj; dJIEKTPOIHEPTUU M OTCYTCTBHE BPEIHBIX BHIOPOCOB, HEIOCTATOK — OoJjiee
HU3KUM BBIX0J (55-72%). HecMoTpst Ha OTMEUEHHBIN HEJOCTATOK, HA JAHHBIH MOMEHT
JUACPOM B MHPOBOM ITPOHM3BOACTBE METAJUIMYECKOTO KaJIBIUS SBIISICTCS HMCEHHO
AIOMUHOMEPMUYECKUU CnocoO, HEe UMEIONUNA HU Ta30BBIX, HH XUIAKUX BPEIHBIX
BBIOPOCOB, UTO HEMAJIOBAKHO B DKOJIOTHYECKOM TLIAHE.

Uucrora METAUIMYECKOTO  KAJIBIHMS, ITOJYYCHHOTO  ATFOMHUHOTECPMHUYCCKUM

BOCCTAaHOBJICHUEM, HaxoauTca Ha ypoBHE 98,4-99,8% Ca, a 3JIEeKTPOIUTHYECKUM — JI0
99,9% Ca (tabnwia 2).

Tab6auuna 2. [IpuMepHbIii COCTAB IPAHYJIMPOBAHHOIO0 KAJIbIHSA, 0J1Y42€eMOI0
3JIEKTPOJUTHYECKHM U AJTIOMHHOTEPMHUYECKHM CIIOCO0AMU

CocraB Inekmpoaumuueckuii Anomunomepmuueckuil
Ca 99,0-99,9 98,4-99,8
Al 0,012 0,410
Ba 0,0002 0,0046
Cu 0,007 0,004
Fe 0,0036 0,0070

K 0,003 0,003
Mg 0,0005 0,1700
Mn 0,0026 0,0490
Mo <0,0003 0,0076
Na 0,0100 0,0088
Ni 0,0003 0,0012
Sr 0,0063 0,0150

Si 0,016 0,052
Zn <0,0010 0,0016

Hcmounux: 0630p HayuHO-MeXHUYeCcKou Jumepamypbl

B mnactosimee BpemMs B MHUpe OOJBIIMHCTBO NPEANPUSTHN HCIONB3YET
ATIOMUHOTEPMHUYECKHI CIOCO0 TIONYyYEeHHs] METATMYeCKOro Kanbiua. OJHaKo
poccuiickuii «YUenenkuii mexanuueckuid 3aBom» (r. I['masos, Pecn. Yamyprus)
MIPOU3BOAUT KaJbLMUN AJIEKTPOJIU3HBIM METOAOM. KuTalckue npou3BOAUTENM, paHee
TAK)X€ WCIOJIB30BABIIME JJIEKTPOJIM3, B HACTOAILIEE BpeMs IIEPEXOIAT Ha
METAJJIOTEPMHUYIECKHIA crtoco0 (Tadmmma 3).

OCHOBHOM TpPUYMHON MepexoJa Ha HOBBIM CMOCOO0 MPOW3BOACTBA SIBUIACH
SKOHOMHUSI: CTOMMOCTh | T Kajblusd TIPU ATIOMUHOTEPMHUYECKOM CIIOCO0E
MPOM3BOACTBA 3HAYMTEIBHO HIKE, 4YeM Tpu 3JaekTposm3e. Kpome Ttoro, s
UCIIOJB30BaHUs B METAJUTYPrUYeCKOM MPOMBIIIIIEHHOCTH (OCHOBHOM MOTPEOUTEH
METAJTTHYECKOTO KaJbliHsl) HE TpeOyeTCs KalabI[Uid BBICOKOM YHCTOTHI.
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Tab6auna 3. Crnoco0bl MOJIy4YeHUs] MeTAJUIHYECKOT0 KaJAbIHsl HEKOTOPbIMH

MHUPOBBLIMH IIPOU3BOJIUTC/ISAIMHA

DJIeKTpo- AJIFOMUHO-
o . | MoOIIHOCT®,
[Ipennpustue Crpana JIMTUYECKUN TEPMHUYECKUI
TBIC. T
croco0 c1roco0
Poccus +
Poccus +
Hebi Changhong Magnesium Co., +
Ltd
Hebi Haideli Metal Products Co.,
+
Ltd
Hong Rui Group Kuraii +
Baotou Jinghua Calcium Metal +
Industry Co., Ltd
Hebi Xianglong Coloured Powder N
Co., Ltd
Minerals Technologies Inc CIIA +
Timminco Ltd Kanana +
H. 0. — Hem OaHHbIX
* - UHBECMUYUOHHBIN NPOEKM
Hcmounuk: oannvle « Angomatiny
INFOMINE Research Group www.infomine.ru; e-mail: info@infomine.ru; Ten. +7 (495) 988-11-23 12
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3J1el<mp0ﬂumultea<uﬁ cnocoo noJiyuenua nemaitu4eCKo2o Kajibyusi

BJIGKT]:’)OJII/ITI/ILIGCKOG MOJIYUYCHUC MCTAJUIMYCCKOIO KajJlbluA COCTOUT U3
QJICKTpPOJIN3a PACIUIABJICHHOI'O XJIOPpUCTOTO KaJdbOUA C <OKUAKHM KaToaAOM) C
HOCJIC,ZIYI-OHleﬁ ,ZII/ICTI/IJIJISIHHGﬁ KaJIbIIHUA U3 ITOJIYYCHHOT'O MCAHO-KAJIbIIUCBOI'O CILJIaBa.
TexHonorn4yeckas cxema 3Toro Imponcecca rnmpeacraBJICHa Ha PUCYHKC 1.

Pl/lcyHOK 1. Texnojioruyeckasi cxema Mmpou3BoaACTBA METAJLJIMIECCKOI'O
KaJbIUA 3JEKTPOJIUTHICCKUM crnocooom

Vexogroe copee (oboxxerHas usBecms)

Ocmpbid nap l

‘ 7 ‘ [aweHue ‘

WzBecmroBoe ‘
MOJIOKO T6. ocrmamok

‘ Ha 30XO0pOoHeHUe

] f

‘Z‘NpueomoéﬂeHue paboyed cmecu ‘

Pabouasa cmech

|

‘3‘ Xnopupoba+Hue

Ocmpoid nap ‘
HCl, BaCl, Pacmbop Call, [lap
E— [

6 amm.

4 Owyucmka om npumeceld U
aspyweHue eunoxaopumob

Pacmbop CaCly Keku
¥

HQ_3axopoHeHue
‘5‘ YnapubaHue ‘

KoHu. pacmbop CaCl, [llap
!

B amm.

‘6‘ Cywka ‘

Cyxou CaCl, [rc
e

— 11 i

‘ 7 ‘ 2nekmponus ‘
‘ ‘ ‘ 8 ‘ [oineynabrubarHue
Unam boeamuod Cu—Ca Xnop— BosgywHaa ‘ ‘
cnsgb cMecoH KpynHasa noib  Meakas noib
¥
‘ 9 ‘ [lepennabka waama ‘ 70‘ LJucmunnauusa ‘
bEegHod CQu—Ca cnnab  LUnak EegHod LlucmunnupobarHHbt
$ Cu—Ca cnaab Kabyud Omxogsl
[
8 omban
‘ 77 ‘ [Tepennabka ‘

MoHonumHeld kanbyud Omxogol
‘ Boga mexHuyeckas

‘ 75‘ parynayusa ‘ ‘ 72‘ [aweHue ocmamkob ‘

[a361  M3BecmkobBoe monoko

LpobreHka Kycku Omxogsl ‘
lpaHynupobaHHbId
Kasbuud

8 ammocpepy

Hcmounuk: 0630p HayuHO-mexHUYecKol 1umepamypol
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JlaHHast TEXHOJIOTUYECKAsI CXeMa BKITIOYAET B ce0s Tpu mepeena:
— ToJy4eHue 0€3BOJHOTO XJIOPHUIA KaIbITHS;
—  DJIEKTPOJIM3 PACIUIABICHHOTO XJIOpUIA KaJIbIIUS C IMOJIy4eHUEM 00TraToro
Cu-Ca cmnasa;
— muctwiuisinuss  Ca wu3  Goraroro Cu-Ca crmutaBa ¢ MOCHEAYIOIIUM
TIOJIYYCHUEM TPaHyJIMPOBAHHOTO KaJIbITH.

TexHosnoruyeckas cxema MoJy4eHHUsl MOPOIKa XJIOpH/Ia KaJbIMsl OCHOBaHA Ha
merone mnonydenus CaCl, B mpoliecce yimaBiIMBaHUS W3BECTKOBBIM MOJIOKOM
ra3oo0pa3HOro Xjopa, MOCTYHAIOUIer0 W3 AJIEKTPOJM3HOTO  OTHCNIEHUs, C
MOCJEAYIONINM MOTYYEHUEM KOHIIEHTPUPOBAHHOT'O PACTBOPA XJIOPHU/IAa KaJbIH.

TeXHUYEeCKUN XJIOPUCTBIA KaJbIIUKA BBIAECISACTCS W3 PACTBOPOB C IIECTHIO
MOJIEKYyJIaMUd BOJbI, B TaKOM BHUJE OH HENPUTOJEH [JIsl DJIEKTpoju3a U TpeOyeT
oOe3BokuBaHus. [lpy mnpokanMBaHUM MIECTHUBOAHBIA  XJOPUCTHIM  KaJlbLUN
MOCTENIEHHO TEPEXOAUT B YEThIpeX, JABYX-, OAHOBOJHBIN u Oe3BomHbil CaCly,
MOJIy4a€MbIHd B BUJIE IIOPUCTOM MACChI C KPUCTAIUIMYECKOU CTPYKTYPOM.

[Tonoxenue  kamplud B psAy — HampsbDKeHUM — cpend  HauOouiee
AIIEKTPOOTPUIIATEILHBIX AJIEMEHTOB OOYCIOBIMBAET HEOOXOAUMOCTHh MPUMEHEHUS
IIPU BJIEKTPOJIU3E UCXOJHOW COJIM BBICOKOW YHUCTOTHI. B 3JEKTpONUTE HE HOIKHO
COJZIEpKAThCS 3aMETHBIX KOJINYECTB MOHOB 3JIEMEHTOB 0oee
ANEKTPONOJIOKUTEIBHBIX, UYeM KaJblUi, KOTOPBIC MPHU IIEKTPOJIN3E BBIICISIUCH OBl
Ha KaToJ/I€ paHblle KaJIbLMS U 3arpsA3HsUIM Obl TAKUM 00pPa30M MOIYYaeMbIil METaJLI.
[TosTOMYy MPOU3BOJCTBO XJIOPUCTOTO KaJbLMS OCOOOW YUCTOTHI, MTPUMEHSEMOrO B
IpolLecce dJIeKTponu3a, pernamentupyerca TY 2096-50 no conepxaHuio MPUMECEN:
CaCl, — He Menee 92%; SO4* — ne 6onee 0,06%; Fe — ne 6onee 0,004%; 11e10UHBIX
MeTasutoB 1 Maraus — He 6oiee 0,15%; Baru rurpockonuueckoi — He 6omee 5,0%.

HcxoaHbIM ChIpREM [JI1 TIOJIYYEHHs TOPOIIKA XJIOPUIA KaldbLUS CIY>KUT
000CKEHHAs U3BECTh, KOTOpasi MOCTyINaeT Ha onepanuio ramenus. [Iponecc ramenus
U3BECTHU COCTOUT B TOM, YTO OKCHUJ| KaJIbLIMsl, IPUCOEINHSS BOAY, IEPEXOIUT B TUAPAT
KaJIbIIUA.

Bony nonarT ¢ nu30bITKOM, YTOOBI TIOJIYYUTh U3BECTKOBOE MOJIOKO. [list Gomee
(G ()EKTUBHOTO TallleHHs] PEKOMEHIYETCS NPUMEHSTh TOpsA4Yyl0 Boay. XOTS C
MOBBIIIEHUEM TEMIIEpaTypbl pPAaCTBOPUMOCTh THAPOKCHAA Kalblisl B BOJE
YMEHBIIIACTCS, 11 YCKOPEHUs TMPOIecca TaleHUs] MPUMEHSIETCS MOJOTPEB MYJIbITbI
OCTpbIM MapoM. ["anienre n3BecT MpoBOUTCS B OapabaHHBIX racurensix 00bemom 50
M. Temmeparypa npouecca cocrapiser 70-75°C.

Ha oneparnuto npurotoBieHust pabodeit cMecu MoCTynaeT U3BECTKOBOE MOJIOKO
C Olepaliy TalleHusl ¥ OTNepalliy TallleHus OTXOJ0B, a Tak’Ke 000POTHBIE PACTBOPHI
CaCl; ¢ omneparyu pa3pyIieHUs THIIOXJIOPUTOB.

[Tonyuyennas padouas cmech (CaCl, = 120 r/m u CaO = 160 r/m) HanpaBiseTcs
Ha omepaunuio xJjopupoBanusd. Onepanus XJIOPUPOBAHUS 3aKIIOUAETCS B MOTYYCHUN
pacTBopa XJIOPUCTOTO KaJbliMsl, COJEpKallerocss B HM3BECTKOBOM MoOJoke. B
pe3yibTare dyero mosydaercs pactBop cocraBa CaCl, = 450 r/n u CaO = 6-20 1/,
KOTOPBIM 3aT€M HUJIET HA OIEPALINIO Pa3pyIICHUsI TUTTOXJIOPUTOB.
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[Tpouecc mpoBoasaT B abcopOepax Mo MeToxy HpPOTHBOTOKAa. B mpomecce
pacTBOpeHus XJiopa B BOJIE MPOUCXOIUT €ro TUAPOIU3 ¢ 00pa30BaHUEM COJSIHON M
XJIOPHOBATUCTOM KUCJIOT, KOTOPbIE 3aT€M HEHTPAIU3YIOTCS THIPOKCUIOM KabITHS.
OOpa3oBaHKe XJIOPUCTOTO KAJIBIUS U TUIOXJIOPUTA KaNbLUs OyaeT MPOUCXOAUTH 110
TEX TMOp, ITOKa B PaCTBOPE HAXOAUTCS TUAPOKCU]] KAJIBLIHUSI.

Cl, + H,O — HCIO + HCl1
2HCI + Ca(OH), — CaCl; + 2H,0
2HCIO + Ca(OH), — Ca(ClO), + 2H,0

Takxke Ha XJIOpUpPOBaHME MOJAETCA XJOP C ONEpaluu BJIEKTPOJIM3a.
Temmneparypa nporecca 50-60 C. 3a xonmnentpamueir CaCl, cneast mo u3MeHEHHUIO
KHCJIOTHOCTH (BoJopoaHoro nokasarens pH) pactBopa. OcrarouHasi KOHLIEHTpaUus
runoxyopura kanbips Ca(OCl), = 100 /1. YcBoenue mynbiioit xjaopa gocturaet 99%.

Ounctka OT TMpUMEcCEd MPOU3ZBOAMUTCS IMPU HArPEBAaHUU pPacTBOpA MO
temriepaTypbl 85-90°C B cTraimbHOM, PyTEepOBAaHHOM AMa0A30BOM IIUTKONU PEAKTOPE C
nmporneyiepHol  Memankod. BhHawane pactBop oummarT ot cyibdaros. Jls
cBsi3piBanms HOHOB SO4%” B BUJIE HEPACTBOPUMOM COJIHU, B PACTBOP BBOISAT XJIOPUCTHIN
Oapuii. 3aTeM pacTBOp MOJOTPEBAIOT OCTPhIM MapoM 10 70-75°C u 100aBISIOT K HEMY
U3BECTh-MYIIOHKY JIJISi HEMTpaau3aluu CBOOOTHON KHUCIOTHI U OCAXKICHUS MarHus,
kKeJesa, ATFOMUHUS B BUJIE UX THAPOKCHUIOB.

MgCl, + Ca(OH), = Mg(OH), + CaCl,
2FeCl; + 3Ca(OH); = 2Fe(OH); + 3CaCl,
2AICI; + 3Ca(OH); = 2AI(OH); + 3CaCl;

[Tpomecc OYMCTKM OT MpUMeEced MPOBOAAT B CIAOOIIEIOUYHON cpeae Ipu
pH = 7-8, nomyudaemotii 3a cuet uzobiTKa CaO.

Pazpyiienne runoxJiopuToB MPOUCXOIUT MPHU BBEACHUU B MPOLIECC OCTPOTO
napa. [lynena HarpeBaetcs 10 70-80°C, B pe3ysbTaTe 4Yero NpoMCXOAUT pa3pylIeHUE
TUIOXJIOPUTOB, UYTO MPUBOIUT K 06pazoBanuio CaCly u Os.

[Tocne m3pacxonoBaHUs TUAPOKCHIA MOCTYMNAIOMIUA XJIOp THUAPOIUZYETCS C
obpazoanrem HCl u HCIO; co3maercst cmabokucias cpefa CyCIEH3HH, B KOTOPOM
TUTIOXJIOPUT KaJIbLIMS OKUCTISIETCS XJIOPHOBATUCTON KUCIIOTOM B XJIOpAT KaJIbIIUSI.

Ca(ClO), + 4HCIO = Ca(ClOs), + 4HCI

ConsHast KHCIIOTa TaKKe pearupyeT C TUITOXJIOPUTOM KaJlbIHs ¢ 00pa30BaHHEM
XJIOPHOBATUCTOMW KHMCIIOTBHI U XJIOPHCTOTO KaJIbIIUs. XJIOPHOBATHUCTAsl KHCIIOTAa CHOBA
pearupyeT ¢ TUMOXJIOPUTOM Kanblus. Jjis mpemoTBpalieHus o0pa3oBaHus XJiopara
KaJIbIUS B OOJBIIMX KOJWYECTBAX B M3BECTKOBOE MOJIOKO JOOABISIOT MHUPOIO3HUT
(MnQOy).

Jnst  pazpymieHuss 00pa3yromierocss THUIOXJIOPUTAa KalblMsl B IMPOIECCE
abcopOmmu B pabouyio cMech J0OABISIOT KAaTATUTHYECKYI0 CMECh, COCTOAIIYIO 3
XJIOPUCTBIX coyieid. XJIOp B MPUCYTCTBUU KaTaln3aTopa MOTJIONMIAETCS N3BECTKOBBIM
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mosiokoM. Karamuzarop mpu temmeparype 80°C momaBisieT peakiuio oOpa3oBaHUs
THITOXJIOPUTA KAJIBIHS, C TIEPEBOIOM MOCIEIHEr0 B XJIOPUCTHIN Kanbimid. [Ipu sToM
BBIICTISICTCS  KUCJIOPOA. PaspyllieHuWe THUIOXJOpUTa TPOUCXOAUT TOJIBKO B
CJIa0OIIEIOYHOM Cpefie.

2Ca(OH)2 +2Cl, = CaCl, + Ca(OCl)z + 2H,0O
Ca(OC')z = CaC|2 + 0,
2Ca(OH), + 2Cl, =2CaCl, + O, + 2H,0

[Tonyuyennsiii pactBop CaCl, moctymaer Ha onepauuto ynapusanus. Llenbro
JAHHOW OIepalvu SBJISIETCS YMApUBAaHUE BOJABI C MOCIEAYIOIIMM TOBBIIICHHUEM
KOHIIEHTpAIMU XJIOpUcTOoro Kanepius 1o 700 r/n. YnapuBaHue MpoBOISAT B IEHHOM
cKpyOOepe.

[Tocne ynapuBanust pactBop, conepsxaiuit 10 700 r/n CaCl,, Bo B3BeIIEHHOM
COCTOSIHUU BBITIAPUBAETCS B PACHBUIUTEIBHBIX CYIIMIKAX TOPSYUM BO3IYyXOM, MpU
temrneparype okoyio 300 C. Cymka DpOUCXOAUT 3a CYET CONPUKOCHOBEHUSA
PacCIbUIEHHOTO PACTBOPA XJIOPUCTOTO KAJIBIUS C TOPSIYUM BO3TYXOM.

[Ipu sToM obpasyrores cyxue kpuctaiibl CaCly, U IpOUCXOIUT UX pasrpy3ka
4yepes3 CHeualibHOE OTBEPCTHE B HMKHEN YAaCTH CYIIWIKU. Tak Kak MpoLecc BEAeTCs
OY€Hb UHTEHCUBHO, TO MPOUCXOUT 3HAUUTEIIbHOE IMbUieoOpa3zoBanue. Memnkas blIb
yJIaBIUBACTCS B IUKIOHAX. M3BECTHBI PacHbUIMTENbHBIC CYIIUIKU, MO3BOJISIONIUE
MOJIy4aTh FPaHyJIMPOBAHHBIE COJIM, YTO CHUIKAET MOTEPH U YIYUIIIaeT YCIOBUS TPY/a.

[Tonyuennsiit CaCly mng anexTposinza, UMEET cleayromuii coctaB: Fe — He
oosee 0,005%, CaO — ne 6onee 0,011%, MgO — ne 6onee 0,02%, Biaru — He Oosee
5%. Takoli cocTaB XJIOPUCTOTO KAJIbIIHS BIIOJHE IPUEMIIEM JIJIsl DJIEKTPOJIH3A.

[Tomyyenue OOratoro MeAHO-KaJbIMEBOTO CIUIaBa OCYIIECTBISAECTCA METOJO0M
ANEKTPOJIM3a XJIOPUCTOTO KaJbLHUS C <OKHAKUM KAaTOJIOM». DJEKTPOJIM3 BEHETCA B
pacrutaBe coneit CaCly, u KCl, nmocnenHiow 100aBistoT s CHIDKEHUS TEMIIEPaTyphI
IJIABJICHUS DJIEKTPOJIUTA U YBEJIMUEHHUS SJIEKTPOIPOBOTHOCTH.

[Iporiecc ocyIIecTBISETCS B AJIEKTPOIU3epax (PUCYHOK 2), PEICTaBIISIONINX
co00# CTalbHBIC BAaHHBI MPSMOYTOJILHON (DOPMBI, MPU ATOM CaMa BaHHA SIBIIAETCS
kKarogoM. Jlyis coxpaHeHUs TEIUIOBOTO pPaBHOBECHS BaHHA CHapyku (yTepoBaHa
OTHEYTMOPHBIM MIAMOTHBIM KHUPIUYOM M 3aKJII0YCHA B METALIMYECKUN KOXYX IS
NpUJaHUs € MEXaHUYECKOM MPOYHOCTH. AHOJOM [IJIi BAHHBI CIy)KaT TMAaKeThl U3
rpadUTOBBIX OJIOKOB, KOTOpPHIC KpEMSTCS HaJ TMOBEPXHOCTbIO Karoja. AHObI
KPETISITCS K METAJUIMYECKOM TpaBep3e, MOABEM U OIYyCKaHHWE KOTOPOU OCYIIECTBIISIETCS
MOABEMHBIM MeXaHU3MOM. [lo/1Bo/I TOKa K aHOAaM MPOU3BOISIT IIPU TTOMOIIM THOKUX
MEJIHBIX TTaKeTOB (ILIUH ), TPUKPEIUICHHBIX K TPaBep3e.

Brinenenue ra3oo0pa3Horo xjiopa Ha aHoJiax TpeOyeT HaJeKHOTO YIIOTHEHUS
u3 acOeCTOIEMEHTHBIX TUTHT. Yepe3 BepTUKAIbHBIC Ta30XObl, PACTIOIOKEHHBIE TI0
TOpIIaM BaHH, XJIOp TMOCTyMaeT B COOpHBIM KaHal, 3aTeM B alOcopOepwl, Te
yJIaBJIMBAETCS HU3BECTKOBBIM MOJIOKOM. TOK MOJABOAUTCA K aHOJaM IOCPEICTBOM
TUOKUX IIMH, TPUKPETUIIONINXCA HAKIaKaMU K TpaBep3e. Takke ¢ TOMOIIbI0 THOKUX
IITMH TOK MPOBOJUTCS K TOPIIaM BaHHBI.
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Pucynok 2. Jdnexrposausnas BanHa (50 kA)

Hcmounuk: 0030p HayuHO-MeXHUYECKOU Tumepanmypol

B snextponuzep mnomaercs cyxoit CaClp, OemHblii cIuilaB ¢ onepaiuu
JTUCTHUISIIIAH | C OTIEPAIMy MEPETUIaBKH IIIamMa Iocie ieKTponu3a. CriaB CoAepKUT
30-40% Ca u 60-70% Cu. IInoTHOCTS CrsIaBa MPEBBIIAECT MIOTHOCTH JIEKTPOJIHUTA,
Onmarogapss 4yeMy OH HaxXxOAWTCS Ha JHE BaHHBI M HE BCIUIBIBAET B IMPOLIECCE
anekTponu3a. Temmneparypa anekrtponuta 660-715°C. IloBbllieHHEe TemmnepaTypbl
AJIEKTPOJIUTA HEXKEJAaTeNIbHO, TaK Kak MpPU OTOM METAUIMYECKUN  KaJbIIHi,
HAXOJISAIIUINCS B CIJIaBE Ha JIHE BaHHBI, HAUYMHACT PACTBOPSITHCS B DJICKTPOJIUTE, a
OCHOBHOM LI€JbI0 JAHHOIO Iiepenesa sSIBIsSeTcs IMOJydeHHe OoraTtoro MeIHO-
KaJIbI[UEBOr0 CIUIaBa, SIBJSIOLIETOCS MCXOJHBIM NPOAYKTOM JUIsl TOCJENYOIEH
oTepaly JTUCTHUIUIAINNA KaTbIIHS.

[lonmxkenne TemmepaTypbl TakXke HEXKENaTeNIbHO, TaK KaK TpU OTOM
yXYAIIAeTcsl KMHETHWKA Tpolecca: 3amemisaercs aud@y3us Kaiablusl B KaTOTHBIN
MEIHO-KaJIbIIMEeBBIN CIUIAB.

Ha xarome mnpoucxomut BoccranoBnenue Ca?* m  00pa3zoBaHME MeEIHO-
KaJbI[MEBOTO CIIJIaBa, a Ha aHOJIE OKHUCIIAETCS XJIOP.

Ha xatome: Ca?* +2e- =Ca°
Ha anone: 2Cl—e- =CI,°

B pesynbrare mporiecca modydaeTcsi OOTaThlii MEIHO-KaJbIIMEBBINA CILIAB,
KOTOPBI OTOMPAIOT BAKyyM-KOBIIIOM, WMEIOIIUM MIECTh 3arpy304HBIX CTAaKaHOB,
KOTOPBIE 3aTE€M OTIIPABIIAIOT HA ONEPALUIO0 TUCTUILIALINH.

ConepxaHue KalbIlusg B 0OraToM MEIHO-KaJbIIMEBOM cIuiaBe 62-65%,
nepeo0oraiieHne CrjiaBa KajJbliMeM Bbie 65% TPUBOAUT K HAPYIICHUIO
HOPMAJILHOTO peXuMa palboThl dJekTposms3epa. Korma yaenpHas IUIOTHOCTD
nepeoOoraieHHoOro CrjiaBa CTAaHOBUTCSI PAaBHOW WJIM MEHBIIE YACIbHOU MJIOTHOCTH
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AIIEKTPOJIUTA, OH BCIUIBIBAET HA MOBEPXHOCTh U cropaer. OTXOoAA1IMe ra3bl COAepKar
0,7-0,8% (00beMHBIX) XJI0pa, UX TEMIEpATypa MOCIe AEKTpoan3a cocrapisaer +250-
350°C. OHu HanpaBIAIOTCS HA ONEPALUIO XJIOPUPOBAHUSL.

Ha onepanuio mnblieylaBivBaHHs B LMKIOHAX MOCTYMAKOT ra3bl M MbUIb C
omepalnuu ynapkd U cymkd. Ha BbIXoAe C omepanuu MONMYy4YarT NbUIb PAa3TUYHOU
KPYITHOCTH.

KpynHas nbU1b 10 COCTaBy OTBEUAET TPEOOBAHUSAM JICKTPOJIM3a U TO3ITOMY OHA
HaITpaBJISIETCS Ha ONEPALMIO ANEKTPOan3a. Menkas nblib UAET 0OpPAaTHO Ha OIEPALUI0
yHapKky B TIEHHBIN CKpyOOep.

Onepanus neperiaBKy ujIaMa CIIyKUT JIJIsl CHIDKEHUS IOTEPh MEIH U KaJIbLUs.
Ha onepauuio mocTymaer muiam IOCIE 3JEKTPOJIN3a, COAEPKAIIMNA JOCTATOYHO
00JBpIIOE KOJMYECTBO Kaiblud. Onepanus MneperiaBKi NpOBOAUTCS B 3JIEKTPONEYU
npu Temneparype paBHoil 950-1050°C, Bpems mpouecca 2-2,5 yaca. B pesynbrate
MEperUIaBKyi TMOJy4YaroT O€IHbIA METHO-KaIbIIUEBbIM CIUIaB, KOTOPBIA SIBIISAETCS
OOOpOTHBIM MPOJAYKTOM U HAIpaBisIeTcs Ha D3JEKTPOJU3, 4YTO JeNaeT LHUKI
IIPOU3BOJICTBA 3aMKHYTBHIM, 1 YMEHBIIAET NOTEPU KAJIBLHUSA, U DIEKTPOIUT, KOTOPBIN
HaIIPaBJISIETCS B OTAEJICHUE YJIABIMBAHMS XJI0Opa HA PACTBOPEHHUE.

JUJis BbIIETICHUSI KaJIbLIKs U3 O0raToro MeIHO-KalblMEBOIO CIUIaBa IPOBOAUTCS
ornepanys AUCTUWIIALMU. ITO MPOUCXOAUT Oaronaps 00IbILION pa3HUILIE B JaBICHUU
1apoB KaJbIUsA U MeIU (TIPU OJMHAKOBOW TeMIIepaType).

Ha nannyro onepanuio noctynaer 0oraTblii MeIHO-KaJIbLIUEBBIN cIiaB 65% Ca
1 35 % Cu, ¢ onepaunu 35ekTponu3a. [Ipyu IMCTUIIALMT Kb TAKKE MPOUCXOIUAT
€ro OYMCTKA OT MPUMECEH JKeJe3a, ATFOMUHUS U KPEMHHUS, TaK KaK MPU OJIMHAKOBOU
TEeMIIepaType JaBJIEHUE UX MApOB 3HAYUTEIBHO HIKE, yeM Kaiiblins. Cle10BaTenbHo,
IpU JUCTWUISIUMU KaJIbLUS YIOMSHYTBIE NMPUMECH OCTAIOTCA MOYTH MOJHOCTHIO B
MEJHO-KaNbIMEBOM ciuiaBe. OTAeNeHne KalbLUsl OT IEI0YHBIX METANIOB M MAarHus
TPYAHO peain30BaTh, TAK KaK 3TH METAJLJIbI IO CBOUM CBOMCTBAM OJM3KU K KaJIbLIUIO.
JlaBieHus mapoB 3TUX METAUIOB OJIM3KM K JABJIEHUIO MApPOB KaJlbLUs WM Jlaxe
IIPEBOCXOMAT €TO.

JAUCTAIITAIMST  OCYIIECTBIISIETCS B BAaKyYyMHOM PETOPTHOM SJIEKTPONECYH.
Arperar coctout u3 3aekrponeun II-1 maxTHOro TMna, peTopTsl ¢ XOJIOAUIBHUKOM,
KPBIIIKK PETOPTHI, 3arpy304YHOr0 CTakaHa W IMPUEMHOIO LWIMHIApa-KOHAEHCATOpa.
MoriHocTh 25ekTporneun — 45 kBT. [Iporecc unet npu temneparype 1150-1200°C.

[TonydeHHBIN B pe3yJsibTaTe MUCTWUIALMM KaJbLUHUK MOCTYIIAET HA ONEPALUIO
neperiaBki. OCHOBHOM LENBIO ATOM ONEpalvy SIBISETCS IOJIYYEHHE KaJIbLMS B
KOMITakTHOM Buje. IlnaBka mpoBonutcs B atMocdepe aproHa Mnpu OCTaTOYHOM
NaBJeHUH, paBHOM 20-25 MM PT. CT. (pUCYHOK 3). AproH npu nepernsaBKe CIyX HUT B
KauecTBe 3alIUTHOW aTMocdepbl, TaKk Kak KaJbLMM SBISETCA OYEHb AKTHUBHBIM
METaUIOM W TpH TMeperjlaBKe Ha BO3AYyXe NpPH BBICOKMX TEMIlepaTypax OH

B3aMMOJICHCTBYET C KUCIOPOJOM U a30ToM. [Ipoliecc TuraBku HIET Ipy TeMIepaType
940-1080°C B Teuenue 60-110 MuHyT.
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PI/ICYHOK 3. YcraHoBka JJIA MMOJYYCHHA MOHOJIUTHOTO KAJbIIUA
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1 — kpvruxa pemopmui; 2 — pemopma, 3 — 6aKyymuwlil uliane; 4 — anekmponedv, 5 — npuemMHbli
yununop, 6 — Kpwvluuka Koumetinepa, 7 — Kowmelnep, 8 — uznoscnuya, 9 — menescka, 10 —
saxkyymuwiil Hacoc, 11 — cmonop; 12 — cmompogoe oKHo.
Hcmounuk: 00630p HayuHO-MeXHUYECKOU Tumepanmypbl

3aTeM MOHOJMTHBIN METAJUIMYECKUM KaJbLIUM HANPaBIAETCA HA TPAHYISLHUIO.
[enpro onepauuu SBISETCA MOJYYEHHE TPAHYIMPOBAHHOIO KaJblUsA, APOOJICHKH U
KYCKOB, KOTOpPBIE SBJISIIOTCS TOBAapHOM MNPOAYKUMEN. ['paHymsinuuio NOpoBOIAT B
rpaHyJsiTope B aTMocepe aprosa noj; BaKkyyMoM.

Cxema AIIEKTPOIIUTUYECKOTO IIOJTYyYEHUS KaJIbIUsA ABJISCTCS
MHOTOOTIEPAIIMOHHON U AKOJOTHYECKH HEeOe30MacHON. B TeXHOIOrHM UCIoib3yeTcs
00J1b1110€ KOJTMYECTBO PEAreHTOB U MaTepUaJIOB.

OnHAaKO 3JEKTPOIUTUUYECKUN CIIOCOO XapaKTepU3yeTCsl MEHBIIUMHU MOTEPSIMU
Kaiblusa. Kpome TOro, nocturaercs XOpollee paslelIeHHe Kalblus U MEOu B
pe3ynbTaTe OONBIION PA3HOCTH B JIETYYECTH 3THUX METAJIOB B PACIIABIEHHOM
COCTOSIHUU. beHbI MeTHO-KaIbIMEBBII CIUIAB SBISETCA OOOPOTHBIM MPOAYKTOM U
HaIlpaBJIETCS. HAa DJJEKTPOJW3, 4YTO JENAeT LMK IPOU3BOACTBA 3aMKHYTBIM,
YMEHBUIAET MNOTEPU KaJblUsi U HE TpeOyeT BBEACHUS KAKUX-TUOO JOMOJHUTEIbHBIX
omnepanui 1Jisi U3BJICUCHHS KAJIBLMS U3 METHO-KaIbIMEBOTO CILUIABA.

HecmoTps Ha onmMcaHHbIE MPEMMYLIECTBA JJIEKTPOJUTHYECKOTO METOJA
MOJYYEHHS] METANIMYECKOTO KaJbIUs, B HACTOAILIEE BPEMSI, B CBS3U C YMEHBIICHUEM
NOTPEOHOCTH B BBICOKOYMCTOM KaJbI[MM, BCE MHUPOBBIE NPOU3BOAUTEIN CTaJH
UCIOJIb30BaTh METAIIOTEPMHUECKUN CIIOCO0, I/1€ B KAUeCTBE BOCCTAHOBUTEISI MOKET
HCIOJIb30BaThCS ATIOMUHUM Win kpeMHuil. ckmouenuem sBisitoTcss AO «Henenuxuit
MexaHudeckuit 3aBony (r. ['maszos, Poccus) u Baotou Jinghua Calcium Metal Industry
Co., Ltd (Kurait).
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2. KpaTkasi XapaKTepuCcTHKA MUPOBOI0 PbIHKA METANJIMYECKOr0 KAJbIHUs

2.1. MupoBoe npou3BoJACTBO MeTAJINYeCKOro kaiabuus B 2002-2022 rr.

B cBsm3u ¢ Tem, 4yTo oduImanpHas CTaTUCTHKA MHUPOBOTO IPOHM3BOACTBA
METaJUTMYECKOTO KaJIBIUS OTCYTCTBYET, 00BEMBI MUPOBOTO BBITYCKa METaJlJla MOYKHO
OIICHUTh TOJBKO 1O JaHHBIM 3apyOC)KHBIX TMEPUOAMYCCKUX HW3JIaHHWA, WHTEPHET-
WUCTOYHUKOB, a Takke Ha ocHoBe 0a3wl jgaHHbiXx UNdata mo skcmopry-ummopty
IPOAYKTA.

B nHacrosiiiiee BpemMsi MUPOBOE MPOU3BOJCTBO METALUTUYECKOTO KaJbIIHs, IO
oreHke dkcrepToB «MHbomaitH», HaxoauTcs Ha ypoBHE XX ThIC. T B TO/I.

KpymnHeimum npou3BoAuTeIeM, Ha OO0 KOTOPOTO MPUXOAUTCS 0KoJio XX%
OT BCEro MHPOBOTO BBITyCKa METAUTMYECKOTO KalbIusl, sBisgercs Kwurail.
OctaBumecss XX% npuxonsarcs Ha Poccuto u CILIA (pucyHok 6).

Pucynok 6. CTpyKTypa MHPOBOT0 MPOU3BO/ACTBA METAIMYECKOT0 Kb
10 CTpaHAM-NPou3BOaAUTEsAM, %0

Hcmounuk: oyenka « Mngpomatiny

Kumaii aBnseTca KpyImHEUIIUM MHUPOBBIM MPOU3BOJUTEIIEM METAJUTUUYECKOTO
KaJIBITUS, €70 MPOU3BOIUT OOJIBIIIOE KOJTMYECTBO KOMIIAHUM. BOJIBIITMHCTBO KUTAMCKHUX
MPOU3BOAUTENIEH TTOMUMO METAJNIMYECKOTO KaJIbI[Ms BBITYCKAIOT TAKXKE CIUIABHI Ha
OCHOBE KaJIbI[MS W OPOIIKOBYIO TPOBOJIOKY ISl METAJUTYPrHUH.

Kanpumii kak 3JIeMEHT COAEPKUTCA TOIBKO B KUBBIX CYIIECTBAX, HO €T0 PY/IbI
B U300MJINH, U OCHOBHBIMH JJOOBIBAEMBIMU PYyIaMU SBJISIOTCS KaJIBIUT, TOJTOMHUT, TUIIC
Y aHTUJPUT. YeThIpbMSI OCHOBHBIMHM CTPAHAMHU, PACIIONATralOIIMMHU MOIIIHOCTSIMM JIJIsI
MIPOM3BOJICTBA KAJIBIIMSI B MPOMBINUICHHBIX MaciiTabax, siBisitoTcs Poccusi, Kutaid,
CIIOA u ®panuus. Poccuiickuii 3aBoj; O IPOU3BOACTBY Kanblus npousBoauT 4000
TOHH B roJi. OCHOBHOM NPOU3BOANTEINb, KUTail, 3HAUUTENHHO YBETUYHII IPOU3BOJCTBO
KaJIbIUSl 3a TOCJIEIHHE 5-6 JEeT B CBSI3M C YBEJIMYECHUEM YHCIIA KOMIIAHUH,
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MPOU3BOJIAIINX ATIOMUHOTEPMUUYECKUIN KaJIbIIMH, a TaKKe 2 KOMIAHUW, KOTOpPBIE
MPOU3BOJAT JICKTPOJIUTHUECKUN Kanblui ¢ 1960-X rogos.

ITo nanueiM The Minor Metals Trade Association (MMTA), B HacTosiiiee BpeMs
B Kutae exxerogno npousBoautcs 35-40 ThIC. T METAITMYECKOTO KaJIbIIHSI, P ATOM B
nocieaHue 5-6 JieT MPOM30IIeN 3HAYMTENbHBI pOCT €ro BhIMycka. M3 maHHOTO
KojimyecTBa MeTayuia XX ThIC. T MPOUZBOIUTCSA JJICKTPOITUTHYECKHM CIOCOOOM,
OCTaBIIIEECAd KOJIMYECTBO — MO METAIOTEPMHUUECKOM TEXHOJIOTUHU. OCHOBHBIMU
pernoHaMu MPOM3BOJICTBA Kablius B Kutae sBisitoTcs mpoBuHIMKA Shanxi, Henan u
Bnytpennss Monrosnus.

Kpynuenmmmy Npou3BOAUTENSIMUA METAUIMYECKOTO Kanbuusg B Kutae, mo
ouienke «ubomaitny, BISIOTCS:

— Natural Power Metal (Gumei RD, Shanghai);

— Hongrui Group (Luoxiu RD Minhang District,Shanghai);

— Baotou Jinghua Calcium Metal Industry Co., Ltd (Southern Part of
Jiuyuan Industrial Zone, Baotou, Inner Mongolia);

— Hebi Haideli Metal Products Co., Ltd (Henan, Hebi city);

— Hebi Xianglong Coloured Powder Co., Ltd (Henan Province, Hebi City);

— Hebi Changhong Magnesium Co., Ltd (Qibin District, Hebi City);

— Yibin Nuclear Fuels Factory (Yibin, Sichuan).

Natural Power Metal

Kommnanus Natural Power Metal 6p1u1a ocHoBana B 2006 r. B [1lanxae. ITo onenke
skcniepToB «MHpomaitn», Ha ceroansmHuii neHb Natural Power Metal sBisgercs
KPYIHEHIIMM MPOU3BOIUTENEM MeTammyeckoro kainblus B Kurtae. Natural Power
Metal Bxirouaet 4 punmana, 6 MPOU3BOACTBEHHBIX MPEIIPUATHH, & TAKIKE CKITAJICKUE
MOMEIICHHS, TO3BOJIAIONIME  PEaTU30BbIBATh  MPOAYKLHMIO 1O  Pa3IUYHBbIM
HaIpaBJICHUSM.

OCHOBHBIMHM BHJAMU BBIITYCKAa€MOM MPOIYKLUH SIBJISIOTCS. KaJbIMA B KyCKax
(pasmepom 30-200 mm), B rpanynax (pasmepom 0-2, 0-3, 0-6 MMm), a Taxke CIUIaBbI Ha
ocHOBe KaJibIusl. 110 JaHHBIM KOMIIAaHUK, MOLITHOCTH MO MPOU3BOACTBY METAJUTUMUECKOTO
KaJbLHs COCTABIIET 6 ThIC. T B roa. Kpome TOro, npeanpusTue OCyIecTBISET BBITYCK
MOPOIIKOBOW MPOBOJOKH (MOIIHOCTh Mpou3BOACTBA — 20 ThIC. T) U APYTUX CIUIABOB
(MOIIHOCTH TIPOU3BOJICTBA — 3 THIC. T).

[Mponykmms Natural Power Metal umeer ceprudukar 6e30macHOCTH KauecTBa
ISO9001 u skcmopTtupyercs Bo MHorue crpaHbl EBpormbl, KOro-Bocrounoit Asum,
Snonuto, Kopero, Amepuky, ABCTpaJInio U Jp.

Hongrui Group
Komnanus Hongrui Group, co3nannas B [llanxae B 1996 r., siBisieTcst OTHUM U3
KPYIHEUIINUX IPOU3BOAUTEIIEN METAIUIMYECKOro Kanbluss B mupe. llo maHHBIM
Hongrui Group, mo o6bemMaM MPOMU3BOACTBA OHA 3aHUMAET BTOPOE MECTO B A3HH.
OCHOBHBIMM BHJIaMH BBIITYCKa€MOUW MPOJIYKINU SIBJISIIOTCS KYCKH, TPaHyJbl, a
TAK)K€ CIIaBbl HA OCHOBE KaJIbLUs. MOIIHOCTBH 110 BBIITYCKY METAJUIMYECKOTO KIS
COCTaBJISIET S THIC. T B T'OJI, CIJIABOB — OKOJIO 1 ThIC. T. Takxke NpeanpusITie eKeroIHO
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