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MareprajoB M TEXHOJOIMYECKHX OTXOAOB METAJUTypTUYeCKOH IMPOMBIIUICHHOCTH, ¥ MOXET OBITh
WCIIONB30BaHO B THAPOMETAIIYPIHH B MPOLIECCAX BBIMIENAYNBAHUA PY[ U TEXHOT€HHBIX MaTE€pHasIOB
JUISl M3BJIEUCHHS YEPHBIX, IIBETHBIX M OJIATOPOJHBIX METAJUIOB, a TAKXKE PEIKO3EMEIbHBIX 3JIEMEHTOB
B BOZOPAacCTBOPHMBIE KOMILIEKCHI. [IpeioxkeH crnocod nepepaboTKH METaJUICOAEPIKAIMX MaTepHasoB,
BKJTFOYAIOMINN HM3MENBICHHE HCXOIHOTO Marepuasa M oOpabOTKy €ro BBIIIETaYMBAIOLNIMM arcHTOM,
MIPUYEM B Ka9ECTBE BBIIIEIIAYMBAIOIIETO areHTa UCIIOIB3YIOT BOJLY M HACBHIIIIEHHBIH pacTBOP TEXHUIECKOM
comu xsopuna Harpusi (NaCl), koTopelii mogBepraeTcsi aHOAHO-KaTOAHOW aKTHUBALUH B CIELUAIEHOM
Momyne mpu cmiae Toka 50-60 A ¢ momydeHwmeMm: (1) ra3oKOHOEHCATHOM OKCHAAHTHON CMecH H
Bozopona; (2) uncroro runpookcuna Hatpus (NaOH), koTopslit manee KpucTaluM3yeTcs W OTJaeTcs Ha
peanu3zanyio, ganee MojyyeHHYI OKCHIAHTHYIO CMECh Ta30B IOJAIOT B PEAKTOp C BOJOH M MCXOAHBIM
MarepuanoM Uil BelIenaduBaHus. IIpomecc BhIIENaYnBaHMS OCYMIECTBISIOT NP HOPMAIbHBIX
YCIOBUSIX W TIOCTOSHHOM IIEpPEMENIMBaHMM B Te4yeHHE 1-5 9 ¢ NpUHYIUTENBHBIM OapOoTa)keM.
Bonopon u3 MoIyns akTUBAaLMM TEXHUYECKOM COJIM uepe3 CIELHAabHBIH KiIalaH OTBOAAT B KaMepy
MTUPOCHHTE3a, Ty/a K€ MOAAIOT M30BITOUHBIN XJIOpP CO CTaJUM BBIMICTAYNBAHUS (PEaKToOp), U B Kamepe
npu Ttemneparype 400°C mpouCXOmUT CHHTE3 C 0Opa3oBaHHUEM COJITHOH KHCIOTBHI, KOTOpas Iocie
pa30aBiieHUs] BOIOW YaCTUYHO TOAETCSl B PEAKTOP AJIS MOAKHCICHHS MpOoLecca BhILIETauuBaHus (st
BBICOKOKapPOOHATHBIX PyA M OTXOJOB), a YaCTHYHO YXOOHUT B TOBapHBIA HPOAYKT. I HOCTHXEHUS
TIOJTHOTHI BBIIIENIAYMBAHNS HCXOAHOTO Marephajla COOTHOIICHHE TEXHHYECKOW COMM M OKCHJAHTa K
UCXOJHOMY 00pa0aThiBaeMOMy MaTepHaiy JOJKHO COOTBETCTBOBaTh cooTHomenuto [:T:2K=0,25:1:1,5.
[Nocne BoImenadnBaHys MOTYYarOT CYCIEH3UIO, QUIBTPYIOT €€, OMydast KeK 1 000TaleHHbII MeTaJIaMu
ANEKTPOIUT. DNEKTPOIUT MOBEPTaIOT IPOIECCY IEKTPOIKCTPAKIINH C TIOyUEHHUEM LIEJIEBOTO TPOIYKTA.
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CIIOCOB IIEPEPABOTKH PY /[, TEXHOI'EHHBIX MATEPHAJIOB 1
TEXHOJIOTHYECKHX OTXO0B METAJLTYPTHYECKOM
INPOMBIIIVIEHHOCTH

H300peTeHne OTHOCUTCA K METALNIyPriH, a MMEHHO K criocobam nepepaboTku pyn,
TEXHOTEHHBIX ~ MaTepuajoB U TEXHOJOTMYECKHX  OTXOAOB  METaJIypru4ecKOu
NPOMBIIIJICHHOCTH, M MOXET OBITh KCIIOJNIb30BAHO B THUAPOMETAUIYPTHH B IpOLECCax
BBIILEIAYNBAHUS PYA U TEXHOIEHHBIX MaTepHaJiOB AJIl W3BJIEUEHMs] YEPHBIX, I[BETHBIX U
ONMaropomHBIX METAJIOB, a TaKXe PEeNKO3eMENIbHbIX 3JEMEHTOB B BOAOPACTBOPHMBIC
KOMILJIEKCBI.

H3BecTeH cnoco0 KOMIUIEKCHOM mepepaboTKH aTFOMOCHIIMKATHOTO ChIPBS, B KOTOPOM
pyAy CHEeKarT ¢ KapOOHATOM HATPUS U €KUM HATPOM, IMOJIYYCHHBIH CIIEK BBIIIEIAYUBAIOT
COJITHOKHUCJIBIM PAacTBOPOM, TMOJYYEHHYKO MpPU BbILUIENAYMBAHUM MYJBIY Ppa3iensioT ¢
MOJydYEeHHEM XJIOPUIHOTO pacTBopa MU TBepAoro ocrtarka. M3 xjopumgHoro pacrsopa
BBICISIOT OOJiee 3JIEKTPONOJIOKHUTEIbHBIE TI0 CPAaBHEHHIO C ANOMHHHEM METajulbl B
3JIEKTPOJIM3EpE C pa3[eNeHHbIM aHOAHBIM M KAaTOAHBIM MPOCTPAHCTBOM MpU KaTOAHOMN
mIoTHOCTH TOKa He MeHee 500A/m”. Tlocme wero OYHINEHHBI XJIOPUAHBIA PacTBOP
MOJBEPTralOT TEPMUYECKOH 00paboTke C MONyueHHEeM MPOAYKTA, COAEPIKAIIEero OKCHIIbI
aNIOMHUHMSI Y HATpHsl, U PAacTBOPA COJSTHOM KUCIOTHL TBepaplli OCTAaTOK BbIIIEIAYMBAHUSA
PacTBOPSIIOT B LIEJNIOYHOM PAacTBOpPE, U IMOJYYEHHBIH pacTBOP MOIABEPraloT KapOOHMU3ALUU C
HOJyYeHHEM pacTBOpa KapOoHaTa HaTpus U ocaaka aMop(HOro kpemuesema. OUHIIIEHHBIH OT
Oouee 3IEeKTPONONIOKUTENBHBIX 110 CPABHEHHIO C AIFOMMHUEM METAJIIOB XJIOPUIHBIA PacTBOP
MIOJIBEPTralOT TEPMUUECKOH 00padoTKe ¢ BBIMAPKOW PacTBOpPAa M TOJYYEHHUEM TIeKcaruapara
XJIOpUJa allOMUHUS Ha MepBoil craauu, ero mnpokaike npu 400-600°C ¢ monyueHuem
MPOAYKTA, COAEP KAIIero OKCUbl aJTFOMUHUS M HATPHsl, HA BTOPOM CTaAUU U KOHAEHcaluuen
pacTBOpa COJITHOW KHCJIOTBI M3 Ta30B TepMHuUecko oOpabotku. HcxomHoe ChIpbe
NpeABapUTEIbHO 00padaThIBAIOT PACTBOPOM COJSIHOH KHCJOTBI, TOCJIE YEro pacTBOp
OTAENSAIOT OT TBEPAOr0 OCTaTKa, KOTOPbIM NMPOMBIBAIOT BOAOH U MOAAIOT HAa CIEKaHue, a
XJIOPUIHBIN PacTBOp MepepadaThIBAIOT C MOJyUEHHEM JKelle3ocoaepskamero mpoaykra / RU
Ne2373152 C2, 20.11.2000r. /.

Henocratkamu wu3BeCcTHOro crocoda SBIAIOTCS HAIWYWE TNHPOMETAJUTYPIHH B
croco0e, YTO TUKTYET HEOOXOAUMOCTh CTPOUTENBCTBA MEeUYeH ¢ TOAIEP)KaHHEM TEMITEPATyPhbI
B SOOCO, a TaxkKe HMCIapuTesiel; UCIOJb30BAHUE CUJIBHO KOHLEHTPUPOBAHHOIO PacTBOpA

- 3 -
coistHOM Kucnotel (250 r/am’);, coorHomenue KT = (2,5-3):1, To ectb oueHb OONBLIOH



BOJ00OOPOT; HW3BJIEUEHHE MEAM B IIpoLecce COCTaBWIO 94%, W3BIIEUEHHE AParoleHHBIX
METaJUIOB HE YKa3bIBAJIOCh.

H3Becten crnoco® mnepepabOTKH OTXOAOB, COAEPIKALINX MeAb, LUHK, cepedpo u
30JI0TO, BKJIIOYAIOINMH BbIIIETAYMBAHUE MeIH, LIMHKA, cepedpa M 30JI0Ta B NPUCYTCTBUU
XJIOPCOZEPIKALIEr0 OKUCIUTENS C MOCIEAYIOIUM H3BJIEYEHUEM METAJUIOB U3 IMOJy4YE€HHOTO
pactBopa. BrelmenaunBanue Menu, [MHKA, cepeOpa W 30J10Ta B  IPUCYTCTBHH
XJIOPCOAEPIKALIETO OKHCIUTEISI IPOBOST LIEJIOYHBIMA AMMHAYHO-COJIEBBIMHU pacTBOpaMu. B
Ka4eCTBE BBILIETAYUBAIOIIETO areHTa HCIOJB3YIOT O0Jalarolie KOMIUIEKCOOOPa3yIuMu
CBOWCTBAMH ILEJIOYHbIE AMMHAYHO-COJIEBBIE PACTBOPBI, COAEPIKAIIME OKHCIUTEIb. B
KA4eCTBE OKHCIUTEIIS] UCTIONB3YIOT aKTUBHBIN XJIOP, JO3UPYEMBIH B MYJIbITY BbIIETAYUBAHHS
B BUJE TUIOXJIOPUTA JUIA TMOANEPKAHUS OKUCIUTEIBHOrO MOTEHHHaja. Takum obpasom,
HETIOCPEACTBEHHO IepeNl MoAavYeil B MaTepuall, aMMUAYHO-COJIEBbIE PACTBOPBI CMEIIMBAIOT C
PacTBOPOM THMIIOXJIOPUTOB U KOHTPOIUPYIOT HEOOXOMUMBIN IJIsl MEPEBEACHHUS METAJIOB B
pacTBOpP OKHCIUTENBHBIN MOTeHUMan. Jlajnee OTHENsIOT TBEPAYIO M KUAKYIO (a3el. 3aTem
MOJIYYEHHYIO SKHIKYIO a3y OTHpaBisiiOT Ha djiekTposkcrpakiuio / RU Ne96102649 A,
27.04.1998r. /.

OnHako  HEOOCTAaTKAMM  H3BECTHOrO  cmocola  SBJISAIOTCA  HEOOXOIUMOCTH
UCTIOJIb30BAHMSI  TUIOXJIOPUTOB, aMMHaka M COJell aMMOHHs, YTO CBSI3aHO C
JOTMOJHUTENbHBIMA 3KOHOMHUYECKUMH 3aTpaTaMH Ha HMX IOKYIIKY, JOCTABKY U XpaHEHUE,
HEOOXOIMMOCTh ~NPUMEHEHHUS  CEeJNEeKTUBHBIX, Ha KaXIbli KOHKPETHBIH  3JIEMEHT,
OpPraHUYECKUX U HEOPraHUYECKUX PEareHTOB.

Haunbonee Gnu3kuM K 3asBIsIeMOMY H300pETEHUIO, SIBJISETCS CHOCOO mepepadoTKu
METAJUICOAEPKAIMX MATepUAJIOB B TOM 4YHCIE pyH, TEXHOTEHHBIX MAaTepUANIOB |
TEXHOJIOTHYECKUX  OTXOJOB  METAJUTyPrHYECKOW  MPOMBIIIJICHHOCTH,  BKJIFOUAKOLIHHA
U3MeJIbYCHHEe HCXOAHOTO MaTepuaia U 0OpabOTKy €ro BbIENTAYHBAIOIIUM areHTOM, IPUYeM
B KauecTBE BbIIIENAYMBAIOIIEr0 areHTa UCHoJb3yioT 5-10% pacTBOp CONSHON KHCIOTBHI,
NPEABAPUTETIFHO MOABEPTHYTHIN aHOIHO-KATOMAHOW aKTUBALMH B CIIELHAIBHOM MOJYJE MPH
cune Toka 10-16A ¢ mojydyeHneM ra3oKOHACHCATHOH OKCHAAHTHOW cMmecu u Bozmopona / EA
Ne026961 B1, 30.06.2017r. /.

K  Hemocratkam  cmocoba  OTHOCATCS ~ HEOOXOAMMOCTb  HCIIOJB30BAHHUS
KOHLIEHTPHUPOBAHHBIX PACTBOPOB COJSTHON KHCJIOTBI, YTO 3HAYUTENBHO YAOPOKAET MPOLIECC
nepepaboTKH; a Takke HeOOXOAMMOCTh 3JIEKTPOAKTUBALIMYA PACTBOPOB KOHIIEHTPUPOBAHHBIX
KUCJIOT, YTO 3HAYUTEIBHO YAOPOKAET Moa0op 000pynoBaHMs

ITepen aBTOpamu crosuia 3amada pa3paboTaTh YHUBEPCANbHBIA CrOcod nepepadboTku

METAJUICOAEPIKAIIUX MaTepPHaJIOB MPUTOAHBIA Kak sl OedHbIX, TaKk W OOratbiX pya, IJis



nepepabOTKH TEXHOT€HHBIX MAaTEPHAJOB U OTXOJOB METAJUTyPrHYECKOW MPOMBIIIIEHHOCTH,
MO3BOJISIFOLUN TOBBICUTH KOJUYECTBO H3BJIEKAEMBIX B PACTBOP 3JIEMEHTOB U INPHU 3TOM
SABJISIFOLIUMCSL  JOCTATOYHO 5SKOHOMMYHBIM, a TAaK)K€ IMO3BOJSIIOIIUM COKPAaTUTb BpeMs
BBIIIEJIAYMBAHUS U IIEPEBEIECHUs LIEJIEBbIX KOMIIOHEHTOB B PaCTBOD.

Takke wnenbr0 paboOTHl SBJISAJIACH MAaKCUMallbHAs KOMMEPLMAIU3ALUS — BCEX
HOJTy4aeMbIX B MPOLIECCE 3JIEMEHTOB M OE30TXOJHOCTh MaTEPUANIOB MIPU MepepadboTKe.

[IpennoxkeH crnocod mepepadOTKH METAJUICOAEPIKAIIUX MATePHAIOB, BKJIFOYAOLIHIA
U3MeJIbYCHUE UCXOAHOTO MaTepuaia U 00pabOTKy €ro BbIIIEIaYHBAIOIIAM areHTOM, PUYeM
B KAQueCTBE BBIIEJAYMBAIOLIET0 AareHTa MWCMIOJAb3YIOT BOJY U HACBIIEHHBIH pacTBOP
TexHu4deckoil comu xyopuaa Hatpusi (NaCl), koTopslii moaBepraercsi aHOIHO-KATOIHOW
aKTHBALlUM B CIENHAJbHOM Moayse mpu cuie Toka S50-60A ¢ momydyenuwem: (1) —
ra30KOHEHCATHOW OKCHIAHTHOH CMecH W BOmopona;, (2) — 4HCTOro TUAPOOKCHIA HATPHUs
(NaOH), koTopblil nanee KpUCTAJUTM3YETCS U OTAAETCS] HA PeaM3aliio, Aajiee MOJyYeHHYIO
OKCHUJAHTHYIO CMECh ra30B MOJAIOT B PEAKTOP C BOAOW M HCXOJHBIM MAaTE€pUAJIOM AJIs
BblleaunBaHus. [Iponecc BelenaunBaHusl OCYIUECTBIISIOT MPU HOPMAJIBHBIX YCJIOBHSIX U
NOCTOSIHHOM T€PEMEIIMBAHUN B TEYEeHHE 1-5 4YacoB € MNPHHYIUTENbHBIM OapOOoTakeM.
Bonopon u3 monyns akTUBaLUMU TEXHUYECKOM COJIM 4epe3 CHEeLUalbHbIA KJAalaH OTBOIAT B
KaMepy NHPOCHUHTE3a, Tyda K€ MOAA0T H30BITOYHBIA XJIOp CO CTAAUM BBILIETAYHUBAHHS
(peaxktop), u B kamepe mpu Temmeparype 400°C MpOMCXOmUT CUHTE3 ¢ OOpa3OBaHHEM
COJISTHOM KMCJIOTBI, KOTOpasi Mmocje pa3OaBieHus BOAOH YaCTUYHO IONAETCS B PEAKTOpP MJIs
NOAKHCIIEHUs] TPOLIeCCa BbINIENAUYUBAHUS (AJs1 BBICOKOKAPOOHATHBIX Py U OTXOIOB), a
YaCTUYHO YXOAUT B TOBAPHBIA MNPOAYKT. [l AOCTHMKEHMs MOJHOTHI BbIIEIaYUBAHUS
HUCXOJHOTO MaTepuaja COOTHOLIEHHE TEXHUYECKOM COJIM M OKCHAAHTa K HCXOIHOMY
oOpabaTbiBaeMOMY MaTepUajy MOJI?KHO COOTBETCTBOBAaTh cooTHomeHuro I:T: 2K = 0,25:1:1,5.
[Tocne BbIIETaAYUBAHMS OIYYAIOT CYCIIEH3UIO, PHIIBTPYIOT €€, MoJTyyasi KeK U 00OraleHHbIH
METaJIaMH  3JIEKTPOJIUT. JNEKTPOJUT TOABEPraroT IPOLECCY 3JIEKTPOSKCTPAKLUU C
MOJIy4E€HHUEM LIEJIEBOrO MPOAYKTA.

TexHuueckuil pe3ynbTaT [OOCTUraeT 3a CYET BCEH COBOKYIMHOCTH 3asBJIEHHBIX
MPU3HAKOB.

CornacHO peJIoKEHHOMY CITIOCO0Y, HOBBIM U HEOUYEBUIHBIM SIBJISIETCSI, TO YTO:

- HachleHHbIH pacTBop conmu NaCl, ucrnonp3yeMblil B KaueCTBE BBIIIEIAYHBAIOINETO
areHTa, MNPEeABapPUTENIbHO MNOABEPrar0T AHOAHO-KATOJHOM AaKTUBALMM, B pE3yJbTaTe Yero
oOpasyercss Ta30KOHIEHCATHAas CMEeCh OKCHJAHTOB, KOTOpas NpH IOCTOSHHOHN Monade B

PE€aKTOp € NUCXOAHBIM MAaTCPHUAJIOM IMO3BOJIACT BbIIIC/IIAYUBATD I/ICXOI[HbeI MaTepual,



- BBIIENIAYMBAHNE TPOUCXOANT HACTOJBKO IIOJIHO, YTO B KA4eCTBE HCXOIHOTO
Marepuajga MOTYT ObITb HCIOJNB30BaHBI Kak OenHble, Tak M OOraTble PyAbl, TEXHOTCHHbIE
MaTepHabl, U OTXObl METAJUTY PrUYeCKON MPOMBIIIIEHHOCTH!

- U TIPOLIECCA UCTIONIB3YETCsl OObIUHAS TEXHUUECKAs! COJIb (IOMYyCKaeTCsl MPUMEHEHNE
MULIEBOW M HeO4YHIIeHHON kameHHOH conu NaCl), 4To 3HAYUTENbHO YACIIEBISIET MPOLECC
IPOU3BOACTBA U MepepaboTKH, a TAaKKe 3HAYUTEIbHBIM O0Opa3oM BIIMSIET Ha CYyMMAapHBIH
MIPOU3BOACTBEHHBIN MPOLIECC U IKOHOMUKY.

Cocrosinme u  o0pa3oBaHHME  KHUCJIOPOAHBIX  PAJAMKAIOB  TOCJIE  Tporecca
AJIEKTPOAKTUBALIMH TEXHHUYECKOW COJIM M BBIIEJIEHUS XJIOP-Ta3a B BOAHBIA PACTBOP, a TAKKE,
B CJIly4ae BBICOKOKaPOOHATHBIX MAaTEPUATOB M HEOOXOOUMOCTH HOOABJIEHUS B IPOLIECC
COJITHOUM KHCJIOTHI (0Opasyrolneiics B KaMepe MUPOCUHTE3a) IUIs MOAKUCICHUs TpoLecca U
HUBEJMPOBaHU KapOOHATHOCTU CpPEIbl, XJOPHOBATHUCTOH KHCIOTHI B BOJHBIX PaCTBOPAx
BBITJISIANT TaK:

H,O+Cl, — {(HCIO} + HCl -— 2HCI + O Ege=-2,77V

XJIOpHOBATUCTAst KUCJIOTA BeCbMa HecTabmibHa. OOpasyromuiicss pagukail KUCIopoaa
caM mo cebe olnanaer SAEKTPUIECKUM IMOTEHIHANIOM -2,77 B, 4TO MO3BONSET OKCUANPOBATH
U TEPEeBOIUTh B BOJOPACTBOPUMBIE COEIUHEHMS 30JI0TO, IUIATHHY, MAJUIQAUN, POIAMH H
ApyTue TPyAHOPACTBOPUMBIE MeTalIbl. B pesynbraTe 00pa3yroTcss XJIOPHIbl METAIIOB, B TOM
YHClie U KOMIUIEKCHI, B 3aBUCUMOCTH OT cBoux BajeHtHoctei AuCl, AuCls, CuCl, AgCl u
apyrue. B kyme ¢ mapanienpHbIMH - peakUusAMM M OOpasyIOLIMMMCS aKTUBHBIMHU
COENMHEHUSIMH M paguKajJaMd CMeCh OOJIafaeT OYeHb BBICOKMMHU OKCHAMPYIOIIUMHU
CBOWMCTBAMH.

XUMHU3M pPeaKLUi, CAEAYIOIIHIM:

NaCl + H,O —e — NaOH + 0,5H; + 0,5Cly Egoe=-2,20V;

2NaCl + 6H, O —10e — 2CIO; + 2NaOH + 5 H;, - Egoe = - 1,74 V;

2H>0 —4e — 2H, + O; maxoce 3H,O —6e — 3H, + O3 £y = - 1,60 V.

BelmenaunBanue 1o JaHHOH TEXHOJOTHH HE TPeOyeT BBICOKOH CTENEHU H3MEJbUCHUS
MarepHaja, Tak KaK CaM areHT MPeICTaBlsieT COOOW Tra30KOHACHCATHYIO cMech. IlosTomy
ONTUMAJIbHON CTENEHBIO M3MEJIbUEHHsI SABIISIETCS KPYMHOCTh MaTepuana -1mMm (Munyc 1 Mm)
80%, 3TO C OJHON CTOPOHBI MO3BOJHUT BCKPHITH OOJIBIIVIO YaCTh PYAbl H HHTEPCTUPOBAHHBIX

B HEHN OparoleHHBIX U PEIKO3EMEJbHBIX METAJJIOB, a C JPYroil ympOCTUT MPOLECC

¢unbTpanuu. PazMep YacTHIl MCXOIHOTO Marepuaja, HampuMmep s pyasl -1mm (munyc 1
mM) 80% HamHOro OoJjiee TEXHOJOTMYEH, 4YeM TPAAULMOHHAs (DJIOTAIIMOHHAS TYJIbIIA,
npeacrasisomas coboil mo mpombiuuieHHbIM craHaapram 0,074 mxm 60-80%. Taxoke

BaKHOM cTaguel siBISIeTCs npouecc NepeMEIIMBaHs, MaTCPUAJIBHOIO 1 KOHCTPYKIIHUOHHOTO
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UCTIOJIHEHHSI PEAaKTOpa, TaK Kak CpeJa OYeHb arpecCMBHa U CIOCOOHAa pPacTBOPUTH
IIPaKTUYECKU BCE METAJUIbI, B TOM YHCJIE U JIETHAPBL

JIns BbIENAYMBAHUS HCIONB3YIOT PEAKTOP, KOTOPBIA NOJDKEH OBITH BBIMOJHEH W3
¢Toporutacta, OO k€ W3 KOMOMHHUPOBAHHBIX COHABUY KOHCTPYKLHUH M3 MeTaja,
¢ropormmacta u monumepoB. BosmoxkHa u  TpamuimonHas (¢yrepoBka. JlomycTumo
npuMeHeHHe TedJIOHA W BHHWIA, TPAAWLMOHHBIX Ui MPOMBIIIEHHOCTH. [lepemernnBanme
OCYLIECTBIISIETCSl TaK)Ke KOMOWHUPOBAHHBIM CIIOCOOOM M MOXKET BKJIIOYATh. MEXAHUYECKOE
nepeMelInBaHue, adPALMOHHOE MepeMeIlnBaHie, MepeMelnBaHne 0apOOTaKHOrO THIIA,
rpeOHEBOE TepeMelIBaHue, MEePEeMEIINBAHNE CIEUATBHBIMUA TMACTOBBIMA HACOCAMH, a
TAKXK€ MPUMEHEHHe JPYrux Ccrnoco0OB M BHUIAOB KOHTAKTHOTO U OECKOHTaKTHOTO
nepeMenInBaHysl. 3a CUeT UCIOJb30BaHUS NPeBAPUTENbHON aKTUBALIMM TEXHUUECKOH COHU U
TIOJTyYeHUs] CUJIbHEHIIIeH OKCUIAHTHOW CMECH TEXHOJIOTHs He TpeOyeT HarpeBaHus peakTopa
VI CO3JaHMsI IONOJIHUTENLHOTO AaByieHus. Bech npoliecc BhlienaunBaHysi IPOBOJUTCS NPU
HOPMaJIbHBIX ycloBHsAX. Ha mpon3BoacTBo 1 Kr OKCHIAHTOB B MepecyeTe Ha XJIop, TpeOyeTcs
2,5 kBT/4, 1 3TOrO KOJMMYECTBA AOCTATOYHO AJisi BhimenaduBanus 400 - 700 xr maTepuasa B
4ac, B 3aBUCUMOCTH OT COCTaBa MaTepuasa BblllleJaulBaHMUsl.

B  kauectBe padoumx TOpPUMEPOB  MOXKHO TPUBECTH  YCTPOMCTBO  IJiA
snekTpoxuMudeckoii obpaborku Bomel (RU Ne2078737 C1, 26.05.1994r.), a Taxxe
YCTPOMCTBO 3JIEKTpOXUMHUECKOH 00paboTku Bonmocoaepskammx cpex (RU Ne2181106 C2,
10.04.2002r).

Bce BbllIeCKa3aHHOE CBUIETEIbCTBYET O TOM, YTO 3asBJEHHBIH CHOCOO SIBISIETCS
YHUBEPCAJIBHBIM, TOCTATOYHO MPOCTBIM M HAMHOrO Oojieeé 3KOHOMHYHBIM I10 CPAaBHEHUIO C
W3BECTHBIMH U3 YPOBHSI TEXHUKHU CIIOCOOAMU BBILIETIAUNBAHHSI.

Ha ¢ur.1 mnpencraBieHa TEXHONOTHYECKAs CXeMa LUKIMYHOrO JIaOOpaTOPHOTrO
nporecca, KOTopasi paCKpbITa IMO3TAITHO HUKE.

1-2. KOHUEHTpUPOBAaHHBIA PAcCTBOP COJIM M BOAbl MOCTYNAE€T B CHELHUAIBHOE
nepeMenInBaollee yCTPOMCTBO, Ie MPOUCXOIUT MONTyUYeHHe KOHLIEHTPUPOBAHHOTO BOJHOIO
oobema comu NaCl B obveme 1:1 mo momHOro mpekpaiieHus pactBopeHus conu. OO0bem
NOJIy4€HHOMW CMECH TIOCTYIAaeT B HAKOMUTENbHBIN OaK B 3aJaHHOH CKOPOCTH, TAKUM 00pa3oM
o0ecrieunBaeTCsl MOCTOSIHHOE IMOAAEPKAHWE W KOHTPOJbh KOHLIEHTPALWH U OOBEMOB COJH
nonaBaeMoil nanee B llpenBapurenbHbiii Dnekrpoxumudeckuii Moaynb (II9M) ycraHoBku
snekTpoaktuBanuu (Y3).

3-4. lanee pacTBOp KOHLIEHTPUPOBAHHON conu noctynaeTr B [IOM, rae mpoucxonur
AHOIHO-KAaTO/IHAS 3JIEKTPOAKTUBALIMS PACTBOPA COJH C BbIAEJNEHHEM OOJIBLIOrO KOJIUYECTBA

okcunantoB (takux kak Cl, Cly, Cls;, O, Oy, O3, a Takke OKCHAOB XJIOpa), PaJHKaJOB U



BoAopona. Bomopon moctymaer B kamMepy NUPOCUHTE3a COJISTHOM KHUCHOTHI. [lomydeHHbIN
kayctuk (NaOH) mocrynmaer B OTHENBHYIO €MKOCTb, TI€ KPUCTAJUIM3YETCS U OTHAETCS Ha
peanu3auuio.

5. 'a30kOHAEeHCaTHAsl CMeCh OKCUAAHTOB MOCTYIAET B PEAKTOP U HACBIIIAET XJIOPOM
Marepual, HaxXOAALIUICS B peakTope, MPU IMOCTOSHHOM NepeMelmnBaHuu. JlJid MOJHOro
yIaJIeHHsl OCTaBIIErocst U30BITOYHOTO XJIOpa, 0 OKOHYAHHUU MPOLIECCa PEAKTOP MPOAYBAETCS
Bo3ayxoM. IIporecc Bemercst B TeueHue 3-5 4acoB (MPU KOHIEHTPALMH T'a300KCUIAHTOB 10
0,5 at™m. B monaye Ha [IOM, BblleauMBaeT MOJHOCTHIO AaKe CaMble YIIOPHBIE MAaTE€PHAIbI).
M30bITOYHBIN XJIOp Yepe3 CHelHalIbHbIN KJIANaH MOCTYMaeT B KaMepy MAPOCHHTE3A.

6. B xaMepe MUPOCUHTE3a HAXOAMUTCs CIUpPAIb pa3orperas 40 TEMIEPATyphl 400C°,
YTO TPU OTPErYJHPOBAHHOHN MoOmadye XJopa, OOecreyrBaeT IMOJHOE CropaHue XJopa B
sogopone no peaxuuu Cly + Hy —-400C° —--- 2HCI. Bogopox monaercs u3 ycraHoBku I19M,
a XJIOp mocTymnaeT U3 peakropa. i HaAEKHOCTH YCTaHABJIHUBAIOTCS ClieLIUaJbHbIE Ia30Bble
OayIOHBI, Yepe3 KOTOpble MOA aTMOC(EpPHBIM AaBlieHHeM, JUOO HE3HAYUTENbHO BHIIIIE,
MOXHO OCYLIECTBJISITh HAKOIUIEHWE M I0/a4y areHToB. Takum 00pa3oM OCYINECTBIISETCS
pererepanysi H30BITOYHOTO XJIOPA B COJITHYIO KUCIOTY. Jlanee mojydeHHas: KHCIOoTa UAET Ha
NOJKUCIIEHHE TPOLecca BbIIENauuBaHus (A KapOOHATHBIX PyAd M OTXOMOB), JHOO Ha
JOOYUCTKY U peau3aluo.

7. Ilocne OKOHYAaHMS MPOLECCA BBILIENAYNBAHUSA, MAaTEepUal, CIELHAIbHbBIM HACOCOM
yepe3 KJlanaH, BbIBOAUTCS Ha (uubTpauuto. JlaHHas cUCTeMa BBINOJHEHA FEPMETHYHO BO
n30ekaHue yTeuek XJopa.

8. B mporecce gunbTpauun obpasyercst Kek U pacTBop dnekrpoura. [locne maHHbIX
onepauuii KeK BBIBOAAT B OTBaJ, JIMOO B CHELUAJbHbIE OYHKEPBI, IIe€ OH MPOMBIBAETCS
cnabbIM PacTBOpPOM ToNydeHHOro paHee kaycruka (NaOH) ans mosHONM HeHTpamu3auuu |
nepememuBaercsi ¢ 3emieil. OOeqHEHHBIH 3JIEKTPOIIUT, MOCIE MPOLECCa HJIEKTPOIN3a, Cpasy
0e3 OYHCTKM W pEreHepaluy MONAIOT B PEAKTOP BBILIENAYMBAHUS — 3THM JIOCTUTAETCS
ONTUMH3AaLMs BOAOOANAHCA W LUKJIMYHOCTh JUII BCEr0 TEXHOJOTHYECKOro MpoIecca.
CBOOONHBIN XJIOp OYE€Hb OBICTPO TEPSIET CBOK KOHLIEHTPALMIO, B3AUMOACHCTBYS C TOYBOH,
KOTOpasi Jajee MOKeT OBITh HCIOJb30BaHA B KadecTBe yaoOpeHus. PexkomeHnoBaHO
B3aUMOJIEICTBHE ¢ KapOOHATHBIMU MOPOAAMH, TAKHM O00Pa3oM HEHUTpaJIH3alusl OCTATOYHOTO
XJIOpa TPOUCXOOUT emle ObicTpee. B OTCYTCTBHM CHELMANBHBIX YCIOBUH (TIOBBIIIEHHBIX
TEMIIepPaTyp, CBEPXBBICOKOTO MAABIEHHS) XJIOp coenuHsiercs ¢ mousoil He oOpasys HCIL.
OcraToyHoro conepskaHusi CBOOOJHOIO XJOpa B KEKe, M0 TEXHOJOTHYECKHUM MapaMeTpam

3aaHHOH paboThl, He OOHAPYKEHO.



CoorHomenne  «Kugkocts:  Teepmoe», mocTynamoimee Ha  (HIBTPALIUIO
npubnusuTensHo paBHO 1:1. To ecth, mocne ¢punbTpaunuu mysapnel Ha 1 Kr K€Ka MPUXOIUTCS
ok0J10 1000 MJ1 351€KTPONTA, IPU BIAKHOCTH Keka 5%, YTO MO3BOJISIET MOJIy4aTh AOCTATOYHO
KOHLICHTPUPOBAHHBIN PaCTBOP Ha AJIEKTPOIIN3.

IIpumep NUIOTHOrO HCNIBITAHHUS NpPoLiecca corjacHo Pwur.1.

Merannconep:xamuii MaTepuan MpeABapUTENIbHO U3MENbYAIOT A0 KPYNHOCTH -1 MM
(munyc omun mutumerp) 80%. HaBecky marepuana BECOM B S5 KI' IOMELIAIOT B PEAKTOP,
CHAOKEHHBI TEPEMELTUBAIOIINM YCTPONCTBOM. B 3aBHCHMOCTH OT MHMHEpPAJOrMYeCKOro H
3JIEMEHTHOTO COCTaBa MaTepuajia, IOTOBSIT HACBIIIEHHBIN pacTBOP TEXHUYECKOH CONU B
coornowennu 1:1, To ecte Ha 1 kr NaCl — 1 1 Boxbl. {nst 5 kr mMaTepuana 1OCTaTOYHO S5 1
BOIBL, | J1 KOHLEHTPUPOBAHHOIO PacTBOpa COJM [Jsl CO3JaHUS NapLUajbHOTO JaBJICHMS
ra300KCHIAHTA, BBIAENEHHS Mopsaka 15 rp ra300KCHAaHTa M HACBHILEHHUs UM BCero odbema
Mmatepuana. Jlanee pacTBOp HACHIIIEHHOH COJNIM TOHAIOT B YO, CHAOKEHHYH AHOIHO-
KaTOJHBIMU 3JIEKTPOXUMUYECKUMU MOJYJIAMU. DJIEKTPOAKTUBALIUS NPOXOAUT NPU CHUJIE TOKA
50-60 A wu wnampspkeHun 11 B. Ilpomecc HachillleHHs Tra3oM peakToOpa pPeryJIHpyeTcs
BU3YQJIbHO, JO TOJHOTO 3amlOJHeHHs U 00pa3oBaHUs HEOONBbIIONW HM3OBITOYHOW XJIOPHOU
mankyu. Bogopon, obpasyromuiics Ha KaToae, MOCTOSHHO BBIBOAUTCS U3 MOAYJEH B KaMepy
nupocuHTe3a. OAHOBPEMEHHO C 3TUM OTKPBIBAIOT KJalaH MOJAauu 3JE€KTPOAKTUBHPOBAHHOIO
pacTBopa (OKCHAAHTA) M3 AKTUBHPYIOIIETO MOAYJS B PEAKTOP C MCXOAHBIM MaTEpHAJIOM.
CkopocTh TepeMelnBaroIero ycTpocTsa B peakrope 3amarot B 40 o6/mMuH. Marepuan
HACBIIAETCA Ta30KOHACHCATHBIM OKCUIAHTOM U INPOUCXOAUT BBILIEIAYNBAHUE METAJJIOB.
W30bITOUHBI aKTUBHBIA XJIOP W3 peakropa dYepes 3aiBIDKHON KJamaH M CeT4aThId
nojJuMepHbIil GuabTp (anst rpyOoOil OYMCTKH OT BO3MOJKHBIX MEXAHUYECKUX TPUMeceii)
NOCTyNaeT B KaMepy NMUPOCHHTe3a. B kamepe nmupocuHTe3a npu 400°C IIPOUCXOOUT CUHTE3
BOJIOpPOJIA U XJIOpa ¢ 00pa3oBaHUEM COJITHOM KHCIOThL. M3 KaMephl MUPOCUHTE3a, MO TPYOKeE,
CHHTE3UPOBAHHAsI COJITHAsI KHMCJIOTa MOCTYIAeT B MPUEMHHUK 0ObeMoM B 10 J1 HamOJHEHHBIH
BOJIOH, IJie MPOUCXOIUT OXJIAXkKIEeHUE W pa30aBJIeHHE MOJYUYEHHOW COJITHOH KHCJIOTBHI JO
HacbimeHus 10 15-20% HCI. 13 npuemHuka, 0Opa30BaBLINIICS PacTBOP COJITHOW KHUCJIOTHI,
MOJIAeTCsl B IJIACTUKOBYIO €MKOCTh HA XPaHEHHUe i JalbHEeNIIero NoJKUCIeHHUs IPOLECCOB,
abo Ha peanm3anmio. IIpoumecc BbIeTavMBaHUS MaTepHaia 3aHUMaeT oT 1 10 5 yacoB B
3aBHCHUMOCTH OT 3JIEMEHTHOTO COCTaBa Marepuaia. PeakTop CHaO)KeH KJIamaHHBIM KapMaHOM,
yepe3 KOTOpbId Kaxable 30 MuH. orOmparoT mpobbl Ha aHamm3. OKOHYaHHEM pPEaKIIH
SBJISIETCS TIEPEXOJ B PACTBOP HEOOXOAMMOI'O KOJUYECTBA LIEHHbIX KOMIIOHEHTOB. [lanee BCIO
00pa30BaBIIYIOCS CYCIIEH3HIO MEPEKaYNBAIOT HA (PHIIBTPALHIO, I7ie TIPOUCXOANT Pa3liesieHue

K€Ka M PacTBOpa 3JIEKTPOJIUTA, OOOrallleHHOro LEeHHBIMU KoMmnoHeHTamu. Ilo pesynbraTam



aHaJM3a KeK, B Cliydae HeoOXOIMMOCTH, OTIIPABJISIOT HA MPOMBIBKY. OOpa30BaBIIMICS OCIE
IIPOMBIBKH KE€Ka 3JICKTPOJIUT O6”beI[I/IH$II'OT C paHEC TIOJYyYCHHbIM O6OFaH_IeHHbIM paCcTBOPOM.
ITocne maHHOW omepanyy K€K aHAJH3HPYIOT, HEUTPANU3YIOT, MPU HEOOXOAUMOCTH, CIa0BIM
pactBopom NaOH wu ormpasnsiror B oTBasi. Mroro Ha BbeIxome mocie ¢(uibrpanum, Oe3
NPOMBIBKH, MONy4mioch 4,4 n oboraimeHHOro snektponura u 4,7 Kr keka. Jlanee pacTBop
HOAAIOT Ha 3JIEKTPOIKCTPAKLIUIO.

PactBop oOoraiieHHOro 3JeKTpoJuTa ¢ mporecca (GUIbTPALUH MOXKET ObITh
peanu3oBaH Kak MOJYMPOAYKT, JUOO MOXKeT ObIThb MOJAaH HAa JJEKTPOIKCTPAKLHUIO H
snextponus. [IpenBapurenbHO, 10 TOAAYH HA 3JEKTPOJINU3, 00bEM 3JEKTPOIUTA MOKET, a MPH
TEXHUYECKOH HEOOXOMUMOCTH W HU3KOM COJEPKAHUM MeTa/ula B HCXOJHOM MaTepuale,
JOJKEeH OBITh COKpALleH. DTO JOCTUIaeTCsl 3a CUET YAAJICHHUS] COMYTCTBYIOIIUX MpUMECel Ha
MOHHOOOMEHHBIX CMOJIaX, JTHOO ke 3a c4eT cOopa LeNIeBbIX KOMIIOHEHTOB HA HOHHOOMEHHBIX
CMOJIax, 3a CYeT BBEOEHHs B MpPOLleCC MeMOpaH wiu auadparM ¢ TEXHOJIOTHeH OOpaTHOro
0CMOCa, TaK)Ke 33 CUET MHBIX CIOCOOOB KOHLEHTPALMH PACTBOPA 3JEKTPOJIIUTA B TOM YHCJIIe
BBINIAPKM, BAaKYyYMHOHM BBIMAPKH, MPOLECCOB MUCTWUIALMM M mHpoudux. JlaHHas cucrema
JOJIDKHa 6bITb BBIMIOJIHEHA TEPMETHYHO U UMECTh XOPOILIYH0 BECHTUJIALIULO.

Hixe NPEACTABJICHbI MPUMEPBI KOHKPCTHOI'O BBIMMOJIHECHUA OIIbITOB Ha PAa3JIMYHBIX
METAJUICOAEPIKALINX MaTepHaax.

HJ’IH BCEX MaTCepUuaJioB HUCIIOJIBb30BAJICA eI[PIHbeI PEXUM BBIIICJIAYNBAHNA,
ONTHMAJIbHBIN MO pe3yJbTaTaM IMPOBENEHHBIX MPEIBAPUTEIbHBIX HCClenoBaHHi. PasHuna
YCTaHOBJIEHA JIUIIb JJI1 BPEMEHH BbILIEIaYNBAHUS, HEOOXOIUMOrO AJIsl OJIHOTO U3BJICYEHUS

OJIEMCHTOB B PpaCTBOP U 3aBUCUMOI'O OT COCTaBa MaTe€puaa.



P

NMEP 1:

bruta ucnonb3oBana cyneuaHas pyaa.

Bpems Ha Beimenaunsanue coctasuino 180 muH.

XUMHUYECKUNA COCTAB OMBITHOM PYABL

Coaep:xanue, %, T/T
Mo | Hamvenonarme | ¢ | At | AB | g0 | Ca0 | MgO | ALOs | Si0; | Segu | Ss | Swop | nnn
Kommo3urnas
mpooa
1 cymsQuanoii | 0,56 | 0,79 | 3,01 | 327 | 3,59 15,01 | 67.48 | 047 | 042 | 0,03 | 12
pYﬂBI
XUMHUYECKHAN COCTaB KEKA MOCJIE MPOLIECCA BBIIETAYHBAHHUA.
Copnep:xanue, %, r/T
Ne i/ HammenoBanue
Cu /;‘fr i};‘i’ Fe,0; | CaO | MgO | ALO; | SiO; | Seow | Ss | Sso
OcTaTouHoe
1 coﬂep”;f;iee”el‘e 0,0042 | 0,051 | 0,17 | 1,16 | 2,03 | 092 | 387 | 6528 | 023 | wu | wa
BBIIIEIIAYHBAHHS




IHPUMEP 2.

Bbia ucnonp30BaHa OKUCIIEHHAS PyAa

Bpewms Ha BpimenaunBanue coctaBuno 90 MuH.

XUMUYECKUH COCTAB OMBITHOM PYBL

Copepxanue, %, 1/T

Nen/m Hamvenosane Cu | Au, v/t | Ag, v/t | Fe,05 | CaO | MgO | ALO; | SiOs | Seom | Ss | Seor
KommosutHas mpo6a OKUCIIEHHOH

1 pYIEI 087| 102 | 3,72 | 398 | 511 | 238 | 1561|6378 |0.12| 0,11 | 0,04

XUMHUYECKHAN COCTaB KEKA MOCJIE MPOLIECCA BBIIETAYHBAHHUA.
Conepxanue, %, T/T

Ne i/ Haumenosanue ) S

f HMEHOBAHH Cu f/‘; Ag, t/1 | Fe05 | CaO | MgO | ALO; | SiO; | Seom | S5 |

| | OcTATOUHOC CONEPXAHME B KEKE | ) 135 | 031 | 014 | 147 | 212 | 089 | 539 | 62.11 | 0,01 | wu | wu

ITIOCJIC BbIICIIAYUBAHUSA
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IHPUMEP 3.

bru1 Henonb30BaH KIIMHKEP

Bpewms Ha BeimenaunBanue coctaBuio 240 MHH.

XUMUYECKUN COCTAB KIMHKEPA.

Copepxanue, %, T/T

New/n Hauvenonanme Cu | Au, v/t | Ag, 1/t | Fe,05 | CaO | MgO | ALOs | SiO5 | Seom | Ss | Seor
1 KOM““HTH”;[;’;SB‘ OKUCIICHHOM | 53 | m\o 1,16 | 4651 | 126 | 2,19 | 839 | 11,08 | 225 | 0.11 | 0,02
XUMHUYECKHAN COCTaB KEKA MOCJIE MPOLIECCA BBIIETAYHBAHHUA.
Conep:xanue, %, T/T
No it HaunmenoBanue Au . Seor
Cu F/T’ Ag, r/T F6203 CaO MgO A1203 8102 Son SS 4
1 OCTATOMHOE CONEPAAHME B KEKE | () 61> | o | 0009 | 1273 | 069 | 076 | 427 | 999 | 197 | wu | wa
IIOCJIC BhIICIIAYUBAHUA

11




INPUMEP 4.
bbby uenonp30BaHbl TPAAULIHOHHBIE TEXHOJOTHYECKUE XBOCTHI MEPEPAOOTKH TOJTUMETATITMIECKUX Py
Bpewms Ha BeimenaunBanue coctasuno 110 MuH.

XUMHYECKHHA COCTAB UCIIOIB30BAHHBIX XBOCTOB.

Coaepxanue, %, T/T

Nen/n Hamveroare Cu | Au, /1 | Ag, /1 | Fe,0; | CaO | MgO | ALO; | SiOs | Seom | Ss | Opr.

KommosutHas mpoda

Y 0,18 | 0,53 562 | 384 | 444 | 325 | 323 | 60,51 | 17.1 | w\m | 0,41
OKHCIIEHHOM PY/bI

> > >

XUMHUYECKHAN COCTaB KEKA MOCJIE MPOLIECCA BBIIETAYHBAHHUA.

Conep:xanue, %, T/T

No i/ HammenoBanue Au,

Cu | % | Ag,v/r [Fe,05 | CaO | MgO | ALOs | SiO; | Sow | Ss | Opr.

OcTaTo4yHOE conep:KaHUE B KEKE

0,001 | 0,001 | 0,049 | 1,07 | 085 | 0,7 | 0,77 | 58,13 | 149 | wu | 0,09
IIOCJIC BhIICIIAYUBAHUA
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ITpakTHyeckoe M3BJICUEHNE IIEJIEBbIX METAIIOB M3 PYAbl IO Menu, cepeOpy H 30J10Ty
coctaBuiio — 99%, 91% u 95% coorsBercTBeHHO. [loTepu ykiaapIBatlOTCsl B TEXHOJIOTHUECKHUH
perisaMeHT u OOyCJIOBJIeHbI Majiol 3((EeKTHBHOCTBIO HCIOIB30BABIIMXCS (DHIBTPYIOLINX
3JIEMEHTOB, HEJOCTATOYHBIM YPOBHEM H3MeNbyYeHMs (-3MM) MJIs MOJHOTIO BbIIIEIAYHBAHUS
3010Ta M cepeOpa B MHTEPCTULMAX, HA4YaJIOM BbINaZeHUs cepebpa B OCAIOK, MOCHE
NOHWKEHHs] aKTHBALMOHHBIX CBOMCTB 3JIEKTPOJINTA, & TAKXe BO3MOYKHOM AHAJIUTHUYECKOU
HOTrPEeLTHOCThI0. TakyKe 11t OKUCIIEHHBIX PYA ObLT UCIBITAH PEXXUM CHJIA TOKA U HANPSKEHUSI
B MoAyJisix anektpoakTuBanuu 70-80 A u 12-14B, a Bpems BblllleNlauMBaHUsl MaTepuaia Mpu

5TOM CHM3HWJIOCH 10 50-80 MuH. ¢ coxpaneHueM 3P PEeKTUBHOCTH BbIIIENIAYHBAHUS.

NPEUMYHIECTBA NPEJJATAEMOI'O CIIOCOBA.

BelmenaunBanue 1o JTaHHOH TEXHOJOTHH HE TPeOYeT BBICOKOH CTENEHU H3MEJbUeHUS
MarepHaja, Tak KaK CaM areHT IMpeCTaBisieT cOOOH Tra30KOHAEHCATHYIO cMmech. IlosTomy
ONTUMAJIPHON CTETICHBIO U3METbUEHUS SIBJISIETCS] KPYITHOCTh MaTepuaia -1 mm (MuHyc 1 Mm)
80%, 3TO C OHOW CTOPOHBI MO3BOJIUT BCKPBITH OOJBINYIO YaCTh MaTepUalia, B TOM YUCIE PYA
U HWHTEPCTHPOBAHHBIX B HUX IPArOlEHHBIX U PEAKO3EMENbHBIX METAJIOB, a C IPYrou
ynpoctut npounecc punsrpaunu. Pazmep vactun -1 mm (munyc 1 mm) 80% HamuOrO Gonee
TEXHOJIOTUYEH, YeM (PIIOTALMOHHAs TyJIbIa, MPENCTAaBJSAOLIas cOO0M MO TPaAMLIMOHHBIM
npoMeiluieHHbIM ctangapram 0,074 mxm 60-80%. Texnosorusi He TpeOyeT HarpeBaHUs
peakropa WM CO3JaHUS JOMNOJHUTENBHOTO MAaBieHHs. Bech mporecc BbllienaunBaHus
IPOBOAUTCS MPU HOPMAJIbHBIX YCIOBUsAX. Ha mpon3BoacTBO 1K OKCHIAHTOB B IepecueTe Ha
xJi0p, Tpedyercst 2,5 kBT/4, 3TOro koauyecTBa AOCTaTOYHO st BbinenaduBanus 400-700 kr
Marepuaja B 4ac, B 3aBUCHMOCTH OT COCTaBa MaTepuasia BbIIIeIaunBaHMSL.

BaXHBIM MPEUMYLIECTBOM SIBJISIETCS TEXHOJIOTMYHOCTh MPOLIECCa, MPU KOTOPOM ISt
nporecca HeoOxomaumbl Jmmb Bopa, conb NaCl wu  anextpuyectBo. B mpouecce
SJIEKTPOAKTUBALIMM HE HCIIOJB3YIOTCS PACTBOPbI  KOHLEHTPHPOBAHHBIX ~ KHCJIOT, YTO
3HAYUTENIBHO YEIIEeBIISIET CaM MPOILECC U KAYeCTBEHHO o0Jieryaer BbIOOp 000pya0BaHUSI.

BaxHeHITNM MpenMyInecTBOM SIBJISIETCSI O€30TXOMHOCTb BCETO NMPOU3BOACTBEHHOTO
UKJIa repepadoTku. AOCOIOTHO BCE areHThl, HCIOJB3YIOLIMECS WM TONYYAKOLINecs B
nporecce mnepepadoTku, JMOO BO3BPAIIAOTCS B MPOLECC, JIUOO YXOAST Ha Peau3alfio,

SBJISISICH TOBapHBIM MpoaykToM (kpuctaiuiel NaOH, koHuentpuposannas 15-20% HCI).
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®OPMYVYJIA H30BPETEHUA

1. Cnoco® mepepabOTKH Py, BKIIOYAIOIIUN HW3MEbYeHHE MaTepuaja, oOpaboTKy
BBIIEIAYMBAIOLINM areHTOM ¢ TOJy4YeHHEeM CYyCIeH3UH, (QUIBTPALUI0 CYCIEH3UU C
MOJIyYCHUEM KE€Ka U JJIEKTPOJUTAa U MOoJa4ved  IOCJIEAHEr0 Ha JJIEKTPOIKCTPAKLUIO C
MIOJIyYEHUEM  LIEJEBOr0  MPOAYKTa, OMUIUHMAIOWUIICA  meM, 4moO B KaueCTBe
BBIIIEIAYMBAIOIIET0 areHTa MCIONb3YIOT HACHIEHHbINH pacTBop TexHudeckou comu (NaCl),
KOTOPBII MOJBEPTrat0OT aHOAHO-KATOAHON 3JIEKTPOAKTHUBALMM B CIELUATBHOM MOJAYJE MPU
cune Toka 50-60 A ¢ mnoOJNydYeHHEM ra30KOHJEHCATHON OKCHUAAHTHOM CMECH U BOAOPO.A,
MOCJEAYIOUIYI0 MOAadyy OKCHUAAHTHOM CMECH OCYIIECTBISIOT B PEAKTOP C HUCXOAHBIM
MaTepUaJIOM JJIsl €r0 BBILIEJIaYUBaHUs, IPOLIECC BEAYT B T€UEHUE 1-5 4acOB MPU HOPMAJIbHBIX
YCJIOBUSAX, NPU MOCTOSHHOM MEPEMEIIMBAHUHN, MPUYEM BOAOPOI M3 MOAYJ aKTHUBALUU
COJITHOM KHUCJOTBI ~ 4epe3 CHeLUajbHbId KJanaH OTBOIAT B KaMmepy MNHPOCHHTE3a C
TeMIepaTypol B HeW 4OOOC, Kya Takke TONAIOT W3OBITOYHBIA XJIOpP CO CTaauu
BBILIEIAYMBAHUSA AJIs1 CUHTE3a COJISIHOM KHUCJIOTHI U BBEAEHHUS €€ CHOBA B MPOLIECC AKTUBALIUH,
IIPU 3TOM JAJIs1 AOCTH>KEHUSI MOJIHOTHI BBILIIEIAYMBAHUS UCXOAHOTO MaTepualia COOTHOLIEHUE
TEXHUYECKOH CONM M OKCHIAAHTa K MCXOZHOMY 00palaTbIBAa€MOMY MaTepHasy IOJLKHO
coorBeTcTBOBaTh cooTHoweHuro I:T: 2K = 0,25:1:1,5, a mocne BellenavyuBaHusl NOJYYarOT
CYCHEeH3MI0, QUIBTPYIOT €€, Mosydasi KeK U OOOrallleHHbIH MeTajulaMH 3JIEKTPOJIUT, U 3aTeM
3JIEKTPOJIUT MOABEPTatOT MPOLIECCY IEKTPOIKCTPAKLIUHU € IMOTYYEHUEM LIEJIEBOrO MPOAYKTA —
KAaTOJIHbIX METAJIJIOB UJIU UX KOMILIEKCOB.

2. Cnocob mo 1.1, omauuarowuiica mem, 4mo BHOBb CUHTE3UPOBAHHYIO COJISTHYIO
KUCJIOTY TMOJNAIOT B MPUEMHUK C BOJOH ISl OXJIAXAEHUA W TIOJYUYEHHUs] KHUCJIOTHI 10
KoHLeHTpanuu 15-20%.

3. Crocob mo 1.2, omauyarowuiica mem, 4mo TONYYEHHYIO KHUCIOTY MOAOT HA
MOJIKMCJICHUE BBIIIEIAYMBAEMOrO MaTepuaja U pacTBOpa WM K€ MOAAIT HA XPAHEHUE U
peanusanuro.

4. Cnocod mo mn.l, omiuuaruwiuiica mem, 4mo CUIa TOKa B MOAYJSIX
snexTpoakTuBaluu cocrasiser 70-80 A u 12-14B, a Bpemsl BblllleJlauMBaHUsl MaTepuaia rnpu
3TOM CHMkaetcs 70 50-80 muH.

5. Cnocob mo n.l, omauuarowuiicas mem, umo OOEHHEHHBIH SJIEKTPOJIUT, TMOCIE
mporecca 3JIEKTPONM3a, cpa3dy Oe3 O4YHMCTKM U pereHepalyd NOJAIT B PEAKTOp

BBIIICJIAYUBAHUA.
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OTYET O TATEHTHOM IIOUCKE  [lovep espasniickoif sannicu:

(crarbs 15(3) EAIIK 1 npasuso 42 [TaTeHTHOH MHCTPYKLMH K

EATIK) 202191549

A. KIIACCHDOUKALIMA NPEJIMETA U30BPETEHUA:
C22B 3/04 (2006.01)
C22B 11/06 (2006.01)

Cornacuo MexaynapoaHoi natentroit kiaccnduxaunyu (MI1K)

b. OBJIACTDb IIOUCKA:

[IpocmMoTpenHas JokyMeHTalus (cuctema knaccudukaimu v uuaexcht MIK)
C22B 3/00, 7/00, 11/00, C25C 1/00

[InexTporHas 6a3a AaHHBIX, HCTIOJb30BABILAACS TIPU NIOKCKE (Ha3BaHUE Gasbi 1, €CIIH, BO3MOXKHO, HCIIOJIb3YEMbIC TTOUCKOBBIE TEPMHHBI)
EAPATIS, ESPACENET. noHCKOBbie CHCTeMbI HALIHOHATLHBIX BEJOMCTB, OTKPbIThIE HHTCPHET-HCTOUHMKH

B. JOKYMEHTbI. CHUTAIOIHUECS PEJIEBAHTHBIMU

Kareropus*

CCblnky Ha JIOKYMEHTBI C YKA3aHHUEM, 1€ YTO BO3MOXKHO, PEACBAHTHLIX vacreit

OrtnocuTcst K myHkTy Ne

Y

EA026961B1 (TOBAPULIECTBO C O'PAHUYEHHOM OTBET-
CTBEHHOCTBIO « MHBECTULIMOHHbI ITPOMBILLIJIEHHBIH
KATIMTAJI»), 30.06.2017

cTp. 2, 3, 5 onucanus uzobpereHus

WO2011114000A1 (OUTOTEC OYJ; LAITALA HANNU et al.),
22.09.2011
cTp. 5 cTpoka 22 - c¢1p. 11 ctpoka 3, npumepsi 1, 2 onucanns u3o6-
peTeHus

RU2386706C1 (TOCYJAPCTBEHHOE OBPA30BATEJIbHOE
YUYPEXAEHUE BBICILIEIO [TPO®ECCUOHAJIBHOI'O OBPA-
30BAHUS YNTUHCKUN TOCYIAPCTBEHHbBII YHUBEPCHU-
TET), 20.04.2010

cTp. 3 cTpoka 53 - cTp. 4 cTpoka 43 onucaHus U306peTeHus

DE2807266A1 (WURZER JOACHIM ING GRAD), 23.08.1979
noceHui ab3au Ha ctp. 12 - nepsbiif aG3au Ha cTp. 14, BTOpoii a6-
3a1l Ha ¢Tp. 18 onvcanus u3obpereHus

1-5

1-5

D NOCJICAYIONIHC NOKYMEHTDI YKA3aHbl B NPOAOIKEHUN

* OCO0bIE KATErOPHH CCBIIOMHBIX IOKYMEHTOB;
«A¥ - TOKYMEHT, ONPEACISIOLINA OOLWMH YPOBEHD TEXHUKN
«D» - noxymenT, npusenenubiil B eBpasuiickoil 3as8ke

ﬂpHBeﬂeHHblﬁ JUist TOHHMaHHA 1'1306[)8'1‘61'{"5{

«E» - Gosiee pannnit nokyMeHT, HO ony6iMKoBaHHbI Ha nary nojaauu
CBPA3UHCKOM 3a8BKN WM TOCAE Hee

«O» - 10KYMEHT, OTHOCHLUMIACH K YCTHOMY PAaCKPBITHIO, IKCTIOHUPO-
BANUIO U T. 11,

"P" - NOKYMEHT. OTyONMKOBAHHbIN 10 AATHI NOMAYH €BPA3UHCKOI
3a8BKM, HO NOCIIE JATH UCMPAILWBAEMOro NPHOPHTETA"

cru

«T» - Gosiee NO3AHKI NOKYMEHT, ONYGAUKOBAHHBII NI0CIE AaTh! NPUOPHTETA U

«X» - IOKYMEHT, MMeI0iLMi HauGonee BIH3KOE OTHOLICHUE K TIPEIMETY OHCKa,
NOPOYALHH HOBH3HY MAM H300PETATENLCKUI YPOBEHD, B3ATHI B OTACILHO-

«Y» - AOKYMEHT, UMCIOILUH Hanboee BIN3KOE OTHOLIEHHE K NpeIMETY MOUCKa,
nopouaiui H300peTaTeNbekuii YDOBEHb B COYETAHHMU C IPYTUMH AOKYMEH-

TaMH TOii K€ KaTeropun
«&» - IOKYMEHT, ABNISIOLUMICS IaTEHTOM-aHAIOrOM

<Ly - JOKYMCHT, npnnenem{uﬁ B ApYrux Ueasax

Jlara nposenenus narenthoro noucka: 16/11/2021

YNosHOMOYEHHOE JHLIO:
3aMecTUTENb HaYaNbHUKA OT/IEIa MEXaHHKH.,
(PU3UKH 1 IAEKTPOTEXHUKH

M.H.

Hcynor
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