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OKHCIICHHUS OKHCIISIETCS TI0 MEHBIIEH Mepe 4acTh OT-
paboTaHHOTO pacTBOpa XJIOpHAA MeTauia, IMpUYEM,
[0 MEHBUIEH Mepe YaCTMYHO, OKUCIIEHHBIH PacTBOP
XJIOpUAA MeTajlla TONyJaroT U3 OTPabOTaHHOTO pac-
TBOpa XJIOPU/Ia METaIIa, IPHYEM OKHCIICHHAS YacTh,
0 MEHBIIEH Mepe YaCTUIHO, OKHUCIIEHHOTO pacTBOpa
XJIOpUAA METaJlJla COOTBETCTBYET IO MEHBIIECH Mepe
9acTH 10 MEHBIIEH Mepe OJHOTO OKHCIIEMOTO KOM-
MMOHEHTa OTPabOTAaHHOTO PacTBOpa XJIOpHIA MeTallia
IO dTara OKHCJICHWS, Ha BTOPOM IJTarle IOcie Tep-
BOTO 3Tama, 1o MEHBIICH Mepe YacTUIHO, OKHCIICH-
HBII PacTBOP XJIOPUAA METaJUIa YaCTHIHO THAPOIH3Y-
€T BO BpEMs 3Tama THIPONIN3a, KOTOPHIA POXOIUT B
peaxTope, py TeMIeparype THIPOIN3a, PEBbIIIaio-
meit 120°C, u npu Ha/JIe)KaIIeM JaBJICHUN THAPOIH-
3a, IPUYEeM BO BPEMs THAPOIIH3A MTOTYYa0T COJITHYIO
KHCJIOTY.
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CIIOCOB PETEHEPAIIUH OTPABOTAHHOM KHCJIOTHI B HEFOJIBIIIOM
OBBEME

YPOBEHb TEXHUKHU

[0001] [dannoe m306pereHne OTHOCHTCA K CIOCOOYy IepepaGoTKM OTpaGOTaHHOIO pacTBOpa
XJIOpHJA MeTalla € HCIONB30BAaHHEM IEPHOAMYECKOH 00paboTKH, BKIIOYAIOLIECH pa3HbIE
pabounie pexHMBbI B peaKTope.

[0002] [onomHuTenbHO, NaHHOE H300pPETEHHE OTHOCHTCH K CHCTEME JUIA MepepaboTKH
0TpabOTaHHOTO PacTBOpa XJIOPHAA MeTajlla C HCIOJIB30BAHHEM IIEPHOAMYECKON 00paboTKH,
BKJIIOYAIOLIEH pa3Hble pabodne pexKUMBI B peaKTOpe CUCTEMEL.

[0003] B psine orpacineit pOMBIIIEHHOCTH, 8 IMEHHO B METAJUTYPrHYECKON IPOMBILLJIEHHOCTH,
rajbBaHH4YECKOH IIPOMBIIIEHHOCTH H T.I., IIMPOKO HCIOJNB3YEeTCS TpaBJICHHE COJTHOMN
KHCJIOTOM Ul yAaleHHs P)KaBYMHBI M HApOCTOB (OKAQJIHHEI), NPHIANAIOMHAX K IOBEPXHOCTH
IIPOAYKTOB HJIM TOTOBBIX H3Aenuii. Hampumep, Metamwisl, Ha KOTOphIE HAHOCSAT IIOKPBITHSA,
TpeOYIOT IpeABapUTENbHON 00paboOTKHU UL yHAICHUS PXKaBYMHBl M OKAIMHEIL, IIPHUMECEH H
3arpsasHuTeneii. IIponecc TpaBnenus qaer 60NBIIOE KOJIHYECTBO OTPAOOTAHHOM KHIAKOCTH (HIIH
0TpabOTaHHOTO TPaBHJIBHOTO PacTBOPAa), COAEpKalleil pacTBOPEHHELIE COJM METALIOB XKeJe3a,
Xpoma, MeIH, HUKEJsd ¥ UHKA, 8 TaK)KEe OCTaTOYHYI CBOOOAHYIO KHCIOTYy. BrumenaunBaHue
XKENe30CoAepKaIMX PyA 4aCTO MPOBOAUTCSA C IOMOIINBIO COJIIHOH KUCIOTHL Takxke TpaBICHHIO
COJIIHOM KMCJIOTOH IOABEpPraroTCs IOJIYNPOBOAHHKOBBIE CBHHIIOBBIE paMbl. B 3THX crocobax
06paboTKH, KOHIEHTPALMS COJIAHOM KHCJIOTHI, KaK MPaBUJIO, IMOUIEPKUBAETCS B AMAIA30HE OT
12 no 18 % mo Macce. Ilo Mepe mpoBeneHHs 00pabOTKH CBOGOJHAs COJSHAS KHCIIOTa
IIPEBPAINAETCS B COJIH JKENE3a U JIPYTHE COJM METAUIOB, TAKAM 00pa3oM, IOCTENIEHHO CHHXas
BBIMBIBAIOIYI0 M TPaBIAIIYIO0 cnocoOHOCTh. CneoBaTenbHO, Kak MPaBHIO, HOOaBISIOT
CBOOOJIHYIO COJIAHYIO KHCIOTY, MO3TOMY, OOpa3yroTcs OONbIIMe KOJIMYECTBa OTpabOoTaHHOM
XHJKOCTH, COAepKamed XJIOpHA kele3a U, HeoOsA3aTeNbHO, CBOOOJHYIO COJITHYIO KHCIOTY.
OTOT OTpaboTaHHEIH PACTBOP XJIOPUAA XKejle3a COAEPIKUT XJIOPHCTOE XKeNIe30, XJIOPHOE XKeje30
WIM UX KOMOHMHaIMIO, H, HeoOA3aTeNIbHO, IPOAYKTHI peakMKi APYTHX, 00pabOoTaHHBIX COJIAHOM
KHCJIOTOH, METAVIOB, @ UMEHHO XJIOPHJIOB LIHHKA, HHUKENSd, MEOHd M T.OI., H TaKHe JXHUAKOCTH
YTWIA3BHAPYIOTCA KaK IPOMBILIUICHHBIE OTXOABL. 3a NOCIEAHAE OBl CTOMMOCTD YTHIIM3ALKH UK
nepepaboTKH TaKHX MIPOMBIIUICHHBIX OTXOOB PE3KO BO3pOCiia U COJIsIHas KHCIIOTa caMa 1o cebe
SBIIIETCS OTHOCHTENBHO noporoil. CrnemoBarenbHO, YTHIH3aIMsA OTpabOTaHHOrO pacTBOpa

XJIOpHAa XKEJI€3a TAaKUM 06p330M SIBIIICTCS HEIKOHOMHUYHOM.




[0004] TTockonbky 3TO0 TaKie NPHBOAUT K OONBIIMM mpobieMaM C OKpYXaromed cpeaoi u
3arpsA3HEHMAMH, INPEIUIOKEHBl CIOCOOBI H3BJICYCHHS COJIHON KHCIOTHEl, OKCHAA XKelle3a,
XJIOPHOTO )Kejie3a WM MX KOMOMHAUMH M3 OoTpabOTaHHOrO pacTBOpa XJopuaa xeie3a. OaHHM
TaKHUM CII0COOOM HM3BIICUEHHs ABIgeTca 00xur. OMHaKo, 3TOT CHOCO6 MPUBOAUT K MPOOIEMaM ¢
OKpYJXKaloIllek cpexod, a MMeHHO oTpabotaHHeM rasam (NOy, HCIL, Cl,, mpute u T.L.) H
BeiOpocaM CO,, W, HONOJIHHUTENBHO, MOCKOJBKY 3TOT Croco® TpeOyeT GONBIIMX KOIMYECTB
TOIUIABA, CTOUMOCTE M3BJICYCHHS COJISIHOM KHCIIOTHI SBJIE€TCS CPAaBHHUTEIBHO BHICOKOH. [pyrum
crmocoboM sBigercs cnoco® xuakodazHOro okucieHde xiopa. OHAKO, 3TOT cCImocoO, B
YaCTHOCTH, UMEET HEJJOCTATOK, KOTOPHIH 3aK/IIOYaeTCs B TOM, YTO MpPEAMNoJaraeTcs MPUMEHEHHE
razoo0pa3Horo xjopa MOJA BBICOKMM JaBJICHHEM, H, CJIE/IOBATEIBHO, TaKO€ IMPOH3BOJICTBO
TpebyeT Mep obecreueHus 6e30MacHOCTH U paboTe ¢ 060pyA0BaHHEM JUIS Ta3a MOJ BHICOKMM
JaBICHHEM M YJAJICHHA Ta3000pa3HOro XJjiopa, JONMOJHHUTEIBHO K TOMY, YTO H3BICYCHHE
OTpaHUYMBAETCA XJIOPHBIM JKEIE30M M COJIAHAs KHCIOTa MOXET He ObITh M3BiedeHa. [pyroi
cnoco6 Bxmoyaer nponecc Gpupmer PORI (Hanpumep, onucanusii B US 3 682 592 B) mim ero
BapHaHTHI, IPHYEM OTPaOOTaHHBINA PaCTBOP XJIOPH[A XKejle3a, COJAEePXKAIIHii XJIIOPHUCTOE XKeENE30,
IOJIBEPraeTCcs OKHCICHHIO JUI1 IpPEBpallleHHus XJIOPHCTOrO JKeje3a B XJIOPHOE JKele30, H
TIOJy4EeHHAs JKHAKOCTh IOABEPraeTcs THAPOJIH3Y JUIs o00pa3oBaHHs OKCHIAa JKejle3a H
H3BJICYECHHs COJIIHOM kucinoThl. Kak mnpaBuio, 3TH mpouecchl IS TOro, 4roObl OBITH
3KOHOMHYHBIMH, 00s3aTEIbHO IPEIIOJIaraloT CPaBHUTENHHO BBICOKHE KallUTAIOBIOKEHHUS,
TakuM oOpa3oM, mepepaboTku TpeOyroT OoibIIHEe KOJIHYeCTBAa OTPabOTAHHOIrO pacTBOpa
XJIopuaa Metala (Kak HpaBHJIO, IMOpAAKa HECKOJNBKHX KyOHYeCKHX METpOB OTpabOTaHHOIO
pacTBopa XJIOpHIa MeTalla B 4ac), KaKk 3TO IPOHUCXOAUT B YCTAHOBKAaX TPaBJICHHsS MeTaJLIa.
OmxHako, BO MHOTHX OTpac/iIX NPOMBIIUIEHHOCTH (4 MMEHHO TalbBAHHYCCKUX JIAHHAX IS
aetaned, MaJbIX OYKCHPHO-TONKAIOIMUX JMHHAX TPaBJICHHUS, JIMHUAX TpPaBlICHHS IPOBOJIOKH,
JIMHUAX TpaBicHUA TPYO, JIMHUAX TPaBJCHHS IJIMHHBIX H3JENUH M T.I.) 00pa3yroTCs MEHBIIHE
00beMBI  OTpabOTaHHOTO pacTBOpa Xjopuaa MeTania (WM OTpabOTaHHOrO TPABHIBHOTO
pacTBOpa), KOTOpbIE SBISIOTCSA CJIHMINKOM HEOONBINMMH JUIS CHCTEM NHPOTHIPOIH3HOH
pereHepaiuu. g Takux MEHBIIMX 06BEMOB OTPabOTaHHOTO pacTBOpa XJIOpHIAa MeTaia (Wid
oTpabOTaHHOTO TpPaBHJIBHOTO pacTBopa) mnepepaboTka OTpabOTAaHHOTO pacTBOpa XJIOpHIa
MeTajuIa (MM oTpaboTaHHOrO TPAaBHIIEHOTO PAacTBOPA), KaK MPaBUIIO, BHITOJIHAETCS C IIOMOIIBIO
00paboTKH H3BECTHIO OTpabOTaHHOTO pacTBOpa XJOpHAa MeTawia (WM O0TpaboTaHHOIO
TPaBHJIBHOTO pacTBOpa) H ¢ HCIIOJIE30BAHHUEM CBEXEH COMSHON KHCTOTEI (kaK mpaBHIIO, TAKXKE

BKJIIOYasi TPAHCIIOPTHPOBKY OTpabOTaHHOrO pacTBOpa XJOpHAa Merauia (MM oTpabOTaHHOIOo




TPAaBWIBHOIO PacTBOpa) W BHINOJHEHHE OOpabOTKH H3BECTHIO KOMIAHHEH MO mepepaboTke

OTXOHOB).

CYIIHOCTb U30OBPETEHUA
[0005] CrenosatensHo, 00BEKTOM IaHHOrO H300pETEHHs sABIAETCS CIocob H cHCTeMa I
nepepaboOTKH CPaBHHTENFHO HEOONBIINX KOJHYECTB OTPaGOTAHHOrO pacTBOpa XJIOPHAA
MeTajlla, UCIOJIb3Ys MEPHOAMYECKYI0 0OpaboTKy, TaK, 4TO COJSHYIO KHCIIOTY H3BIEKAIOT H
OKCHJI MeTajuia (KaK IPaBHIIO, OKCHJ JKeJe3a) JIETKO OTAEJSIOT OT PacTBOpa XJIOpHIa MeTalia
(kax mpaBHJIO, XJIOpHZIA Jkele3a) TaK, 4YTO 0OpaGoTKa CPaBHHTENHFHO HAMGOIBNINX 0OBHEMOB
OTPabOTaHHOTO PacTBOpa XJIOPHAA METa/Ula SBJSETCS KOHKYPEHTHO CHOCOOHOM, NpPH 3TOM
crnocob peanusyercs 3GQPeKTHBHO IPH HUCIOJIB30BAaHAM CPABHHUTENBHO HU3KHX SHEPro3aTpar
9KOJIOTHYECKHM YHCTHIM 00pa3oM, a TaKKe JAeT COJIIHYIO KHCIIOTY, H3BJIEKAaEMYIO C HajIexalrei
KOHIEHTpallMe#, JUIi HCNONB30BaHHA, HaNpUMep, INPH [OBTOPHOM [POMBIBAHMH,
BBIIIETAYMBAaHUH WK TPABICHHUH.
[0006] O6wexT maHHOrO H300pETEHHsS OTHOCHTCS K CIOCO0Y IepepaGOTKH OTpaGOTaHHOTO
pacTBopa XJIOpHJa METala C HCIOJb30BAHHEM NEPHOJUYECKOH 00paGOTKH, BKIIOYAIOIIEi
pasHeple pabounme peXHMBI B peakTope, OTPabOTAaHHOMY pacTBOPY XJIOPHAA MeETallIa,
COZICpXKAIEMY II0 MEHBLIEH Mepe OAMH OKHCIIIEMBbIH KOMIIOHEHT, CIOCO0y, coaepxalieMy
CEYIOIHUE STaMnbl:
- Ha IIEPBOM 3Tafle 0TpaboTaHHBIA pacTBOP XJIOPHIA METaJlIa ITOJIAI0T B PEAKTOP M, Iipu paborte
peakTopa B IEepBoM paGoYeM peXHME, B PEaKTOpe NPOMCXOMHMT 5TANl OKHCIEHHS IIpH
TEMIIEpaType OKHCICHHs, npeBbimaromei 90°C, 1 mpu DaBjIeHUM OKUCIIEHHS, IPEBBIIAIONIEM
0,3 MIla, npudyeM mo MeHbIIEH Mepe 4YacTh OTPabOTAHHOIO pacTBOpa XJIOPHAA MeTalia
OKHCJIIETCSE BO BpeMs 3Talla OKHCICHHS, NPHYEM MO MEHbIIeH Mepe YaCTHYHO OKHCIIEHHBIH
pacTBoOp XJIOpPHJa MeTalia MOIy4aloT U3 O0TpabOTaHHOrO pacTBOpa XJIOpPHAA METajUla, PUYEM
OKHCJIEHHasi 4acTh 110 MEHBIIEH Mepe YacCTHYHO OKHCIEHHOTO pacTBOpa XJIOpHIa MeTalia
COOTBETCTBYET IO MEHBIIEH Mepe YacTH IO MEHBIIEH Mepe OJHOr0 OKHCISIEMOro KOMITOHEHTa
oTpaboTaHHOrO pacTBOpPa XJIOPUAa METaJlIa 4O 3Tana OKHCICHHUS,
- Ha BTOpOM 3Talle, 10 MEHbIIEH Mepe YaCTHYHO OKHCJIEHHBIH pPacTBOp XJIOpHAA METaUIa IO
MEHBIIEH MEpe YaCTHYHO THAPOJIM3YETCS BO BpEMs dTalla I'MIpoJin3a, IPOXOJAIIEro B peakTope,
npy pabore peakTopa BO BTOpOM pabodyeM peXHMe, IpH TeMIIepaType THIpOJIu3a,
npeBocxoasmeit 120 °C, U npu noaxoAsineM HaBJICHHH THLPOJIM3a, MPHYEM BO BpeMs dTamna

ruaponu3a noaydarot coysHyto kucinorty (HCI) u TBepasiii okcna xenesa Fey0s.




[0007] Hcnonp3oBanne nepHOAMYECKOrO IPOIieCcca, BKIIOYAIONIETO pasHEIe paboune pesxuMEL B
OIHOM peaKTope (WM PEaKIIHOHHOM ammapare) JaeT BO3MOXKHOCTh MCIIOIB30BaTh OUH PEAKTOP
U JJI4 9Tara OKUCIIEHHs, ¥ JUIs 3Talla IHApOoJN3a; 0 JAaHHOMY H300PETEHHIO IIPENMYIIECTBEHHO
BO3MOXXHO PEreHEPHPOBATh CPaBHUTENBHO Majble KOJNHMYECTBa OTPabOTAaHHOTO pacTBOpa
Xjopuga MeTaia (MM OoTpaGOTaHHOTO TpPAaBHJIBHOTO PAacTBOpa) I[IPH  IIOHMXKEHHBIX
KalUTATOBJIOXKEHHAX (CTOMMOCTH MOHTaXa), BOBJIEYEHHBIX B OCYINECTBIECHHE OGPaGOTKH
OTpabOTaHHOIO pacTBOpa XJOpHAA MeTauia (WM OTPaGOTAaHHOTO TPABHJIBHOIO DPACTBOPA),
OCOOEHHO IO CpPaBHEHHIO C peIleHHEeM, BKIIOYAIOIIMM OTHAEIBHBEIA pPEaKTop s 3Tama
OKHCJICHHS M dTalla I'MIAPOJIH3a.

[0008] CremoBaTensHO, COrTTaCHO JAaHHOMY M300PETEHMIO MpeIaraeTcss HeGobIIoM 3aBo 110
pereHepayy COJITHON KUCIIOTHI C HCIIOIb30BaHHEM NEPHOANYECKOT0 IpolLecca A1 TOro, YTOOEI
PEreHepHpOBaTh CONAHYIO KMCIIOTY IyTeM pasnoxkeHus FeCl; B xwuaxoit ¢ase. [IpennoxeHHbIH
CHocob H CHCTeMa MMEIOT GONBIIYI0 TMOKOCTH M TAaKKe CIIOCOOHBI yTHIIM3HPOBATH MAllbIe
KOJNMYECTBA OTpabOTaHHOTO pacTBOpa XJIOpHAa MeTaia (WM OTPaGOTAHHOTO TPABHJIBHOTO
pacTBOpa) S3KOHOMHYECKH KOHKYPEHTHOCHOCOOHBIM o6pasoM. ClienoBaTensHO, CHOCOO H
CHCTeMa MO JaHHOMY H300pETEHHIO 00ECIEYUBAIOT BO3MOXKHOCTH PETEHEPHUPOBATH COJNAHYIO
KHCJIOTY TaKX€ B MaJbIX HJIM CPEIHHX YCTaHOBKAX HJIM KOMIAHMAX (OCOOEHHO [UIA meleH
YTHIH3aUMHd OTpabOTaHHOrO pacTBOpa XJIOpHAa MeTauia (WIH OTPabOTAaHHOIO TPaBHJILHOIO
pactBopa) B KoiuuecTBe MeHee, yeM 1000 mutpoB wiam 1500 nuTpoB B uac, 0coGeHHO B
nuamazone ot 100 murpos B wac 10 1000 nuTpoB B yac (wiu B auanazone ot 100 IUTpOB B Yac
no 1500 mutpoB B 9ac) oTpaGoTaHHOrO pacTBOpa XJOpHAa MeTaia (MWK OTpabOTaHHOTO
TPaBHJIBHOTO PacTBOpPA)), CJIEOBATENbHO, 00eCIe HBasi BO3MOXKHOCTE OBITh HE3aBHCHMBIMH OT
HCTOYHHKA COJISIHOM KHCJIOTHI, TAKXKE KaK M OT YTHJIHM3aHH OTPabOTAHHOTO pacTBOpa XJIOpHIA
MeTaia (WM oTpaboTaHHOTO TPaBHJIBHOTO pacTBopa). OcoGeHHOE MPEMMYIIECTBO COIJIACHO
JaHHOMY H300pETEeHHIO 3aKiFoYaeTcs B TOM, YTO HCIONB3YIOTCS  TPaJUIMOHHEIE
KHCJIOTOCTOMKHE KOHCTPYKIHMOHHBIE MaTepHalibl H pa3Mepel, TakuM o00pa3oM CHHXKas
KallMTAJIOBJIOXEHH, HalpUMep, KepaMuueckue Kiamanel DN 50 SABISIOTCS CTaH[ApPTHHIMH, a
Kepamudeckue kinanansl DN 400 Her.

[0009] Crnoco6 u cucteMy MO M300pPETEHHIO OCYLIECTBIAIOT B BH/IE aBTOHOMHOM YCTAaHOBKH,
CocOOHOH TOCHUIATh [JaHHBIE HA YCTAHOBKM aBTOMATHYECKOH CHCTEMBI YIIPaBIEHHS
IIpoIeccoM, MpH KOTopoM ofpa3yercs oOTpabOTaHHBI pacTBOp XJIOpHAa MeTalia
(oTpaboTaHHBIH TpaBHIBHBIA pacTBOp), MoIexalnuii 06paboTke. JIOMOTHATEIHHO, CHCTEMY II0
M300pETEHHIO OCYWIECTBIAIOT B Buie ISO-koHTeliHepa, T.e., ee NOCTABISIOT Ha MECTO

Ha3Ha4yeHHUs B IIpeBapUTENHHO COOpPaHHOM BHJE, B MPOIECCE YCTAHOBKH HYXKHO TOJIBKO




COCUHUTE. J[OMOJHUTENRHO, NPOBEACHHE IIpoIecca MO AAHHOMY H300PETEHHIO MOXKET OBITH
IIOJTHOCTBIO aBTOMATHU3MPOBAHO TaK, YTO TpeOyeTcs TONBKO MHUHHMYM pabodeidl CHiBI s
yIpaBieHus u o6CIy)XHBaHHUs IPOLEcca, 8 HUMEHHO B 3aBUCHMOCTH OT YPOBHS aBTOMATH3ALHH
IUIS yOpaBJIEHHs IIPOLECCOM (IOCTOSHHO) Heobxomumo oT 15 % no 50 % pabouux equHmII.
[0010] [JonomauTensHo, cmocob M cHCTeMa IO JAaHHOMY H300PETEHHIO HE TOJILKO CHHXKAIOT
KaIlUTAIOBJIOXKEHHS Ha YCTAHOBKY CHCTEMBI, HO TAalKe CHHXAIOT TpeOOBaHHS K MPOCTPAHCTBY.
Hanpumep, cucremy 1 noxagm 500 quTpoB B yac 0TpabOTAHHOIO PacTBOpa XJIOpHIA METAILIA
(a1 0TpabOTAaHHOTO TPABHIIBHOTO PAacTBOPa) yCTaHABIMBAOT B ABYX 20' ISO-KkoHTelHEpax.
[0011] B cBs3u ¢ Tem dakToM, YTO, COTTIACHO JAHHOMY H300PETEHHIO, PEAKTODP HE HCIIOIB3yeTCs
IIOCTOSHHO JJIS OZTHOTO M TOTO K€ 3Tana peakluH (HO IT0 OYepear AJIA 3Tana OKHCICHHS TaK XKe,
KaK M JUIS Tana THApOin3a), HeoOXoauMo, 4Tobbl ero obbeM WM pasMep, BO BpeMs
PeryMpoBaHusi 00BEMHOIO pacxojia 0TpabOTaHHOTO PaCTBOPa XJIOPHAA METAILNIA, 110 UIEKALIErO
06paboTke, 61T OTHOCHTENBHO GoJbIIE (TI0 CPABHEHHIO C PEAKTOPOM, CKOHCTPYHPOBAHHBIM JIJIsI
06paboTKH OZTHOTO H TOTO XK€ KOJIMYECTBA OTPabOTAHHOIO PacTBOPa XJIOPH/(a METAJIa, KOTOPBIH
HCTIOJIB3YeTCA MOCTOSHHO /I OHOTO M TOT'O XK€ 3Tala peaklyu), TakuM o0pa3oM, obecrieuuBas
BO3MOXHOCTh HCIIOJIb30BaTh PEaKTOp KOHKYPEHTHO cnoco6HbM obpazom. Kak mpasmio,
CTOMMOCTE PEaKTOPOB TPeOYEMBIX CTaHIAPTHBIX pPa3MEPOB HAXOMUTCS B OQHHAKOBOM JIHANAa30HE
U HeT OONbLIONH pa3HHIBL, €CIM OH Ha OJHH pasMep Ooiblie WM MeHbIne. B 0coGeHHOCTH,
JaHHOe H300peTeHHe IpeiaracT pelieHHe B Cllydae HEOOXOAMMOCTH HMETh (TpaBieHHE)
KHCJIOTY (B OCOOEHHOCTH, COJITHYIO KHCJIOTY), AOCTYIHYH Ui NEPBHYHBEIX IIPOLIECCOB, B
O0COOGEHHOCTH, MPOLECCOB TPABICHHA, W OJHOBPEMEHHO IIPEAINOJIATaloiee KOHIEIIIHIO
YTHJIM3allMd OTpabOTaHHOTO pacTBOpa XJIOpHAa MeTauia (KM OTpabOTaHHOTO TPaBHJIBHOTO
pactBopa). B ocoberHOCTH, M1 KOMIAHHN CpelHMX pPa3MEpOB, HAIPHUMED, YIIPABIAIOMIAX
HeOONBIIAMH TPOLECCAMH TPABJICHHS YIVIEPOAMCTOM CTANH CONITHOM KHCJIOTOH, KOJHYECTBO
BpIpabOTaHHOTO pacTBOpa XJOpHAAa MeTaula (MIM OTpabOTaHHOIO TPABHIBHOTO pPacTBOPA)
ABIBIETCS CIHMIIKOM MAJCHBKHUM JUISl YCTAHOBKHM ITHPOMETALTYPrHYeCKON CHCTEMBI pereHepanuy
COIIaCHO TPAAMIIMOHHBIM CrocobaM, IOCKOJIBKY KOHKYPEHTHOCHOCOOHOE YTIPABJICHHE TaKHUMHU
CHCTEMAaMH PEreHEpaluy C UCIONB30BAaHHEM TPAIUIMOHHEIX CIIOCO00B, Kak IpaBHio, Tpedyer
00beMOB OTpabOTaHHOTO pacTBOpa XJIOpHAAa MeTalia (WM OTPabOTaHHOTO TPABHUIEHOTO
pacTBopa) B €IUHHILY BpEMEHH 110 MEHBIIIEH Mepe 2 KyOMYECKHX METpa B Yac.

[0012] CornacHo maHHOMY M300pEeTEHHIO OTPabOTAHHBINM PAcTBOP XJIOpHAA METalUIa COAEPKHUT
110 MEHBIIEH Mepe OIHU OKHUCIIAEMBIA KOMIIOHEHT (KaK IIPaBHIIO, XJIOPHUCTOE Xene30). Bo Bpems
JTama OKUCJIEHHs (BO BpeMs KOTOPOrO peakTop paboTaer B IepBoM pabodyeM pexume) II0

MEHbIIEH Mepe OIHMH OKHCIISIEMbIi KOMIIOHEHT 10 MEHBIIEH Mepe YaCTHYHO OKHCIAETCA. TakuM




00pa3oM, ¢ IOMOIIBIO O3Talla OKMCIEHHS OTpa0OTaHHBIM pacTBOp XJIOPHAA METaLia
IPeBpaIIacTcs B 10 MEHBIICH Mepe YacTHYHO OKMCIICHHBIA pacTBOp Xjopuaa Metamia. Kak
[IPaBUJIO, BO BPEMs 3Talla OKHCIIEHHMsS 0Opa3yloTCsi HEpaCTBOPHMEIE KOMIIOHEHTHI, & HMEHHO
OKCHI XKeJe3a, KOTOPEIH OTAENSIOT, KaK IPaBHJIO, BO BPEMS ollepalii (pUIETPOBaHHA.

[0013] Ilepseii paGoumii pexHM peakTOpa IMOIIEPKHUBAECTCS NEPHOAMYECKH B TEUEHHH
OIIPEETICHHOTO BPEMEHH M MPOJYKT PEaKI[MM JTala OKHCICHHS XPAaHHTCA B IIEPBOM 3JIEMEHTE
xpaneHus. Crenom 3a paboToi peakTopa HECKONBKO pa3 (IEPHOIOB) COINACHO MEPBOMY
paboyeMy pexHMy peakTop HEKOTOpOe BpeMs paboTaeT BO BTOPOM paGoueM pexuMe, BO BpeMs
KOTOpPOrO MPOXOAMT 3Tall rHAponH3a. lIpu npoxoxkieHuM 3Tana rEaposu3a MO MEHbIIEH Mepe
YaCTUYHO OKHMCIICHHEIM pacTBOp XJIOPHAAa METalia, KOTOPBI XPAaHHTCA B IIEPBOM 3JIEMEHTE
XpaHeHus], IepepabaTeIBAIOT UL TOTO, YTOOBI M3BJEYb CONAHYIO KHCIOTY, OCOOEHHO IIOKa
NEPBBI 3JIEMEHT XPaHCHHS HE OIyCTEET MM 10 MEHBINEH Mepe He OIYCTEET 0 3HAYMTEILHOIO
YPOBHs, Kak INpaBuio, 6onee, yeM Ha 50 %, npenmoururensHo 6Gonee, yeM Ha 70 % m
npexanovTutesnbHee 6onee, yem Ha 90 % ero o6sema. Ilocie storo (1.e. mocne paGoThl peakropa
BO BTOPOM pabo4YeM pexxuMe H BBITOJHEHHUS 3Tana MHAPONA3a I [0 MEHBIIEH MEpe YaCTHYHO
OKHCJICHHOTO PacTBOpa XJIOPH/a METa/lla, KOTOPHIH XpaHHUTCA B IEPBOM 3JIEMEHTE XpaHEHHS)
peakTop cHoOBa paboTaeT B HEpBOM pabodeM peXHMeE, T.€. IS OKHCICHHS HECKOIBKO pa3
(cBexero) oTpaboOTaHHOTO PacTBOpA XJIOPH/a METAILIA, M HCIIOIB30BAHHE PEAKTOPa IIOBTOPSETCS
C YYETOM NEPHOAMYECKOH 0OpabOTKH (MM NONYNEPHOAUYECKOro Ipolecca ¢ XpaHEHHEM
06paboTaHHBIX paCTBOPOB B OT/ENBHEIX GOYKaX WM KOHTEHHEPaX MEXIy OTAeIbHBIMH 3TaNaMH
06paboTkH) 1711 0TpabOTaHHOTO pacTBOpa XJIOpH/a METAJLIA.

[0014] Jina paGorsl peakTopa B IEpPBOM paboueM pexuMe OTpaGOTaHHBIN PacTBOP XJIOpHIA
MeTa/ula IOAaoT (B IEPBOM 3Talle) B PeaKTOp M 3Tall OKUCIEHHS B PEAKTOPE NPOBOMAT IIPU
TEMIIEPAType OKHCJICHHA, npeBblmaromeii 90 °C, u npu JaBIeHUN OKHCIICHHUS, [PEBHIIIAIONIIEM
0,3 MIla. Bo Bpems 3Tama OKHCJIEHHS, [0 MEHbIIEH Mepe 4YacTh OTPabGOTAHHOIO pacTBOpa
XJIOpHJIa MeTajla OKHCiIeTcs (TakuM oOpa3oM, IO MeHbIIEeH Mepe YacTHYHO OKMCJIEHHBIM
pacTBOp XJIOpHIAa MeETajlla MONY4aloT M3 OTpPabOTaHHOrO pacTBOpa XJIOpHAAa MeTalia).
OxuciieHHas 4acTh 10 MEHBIIEH Mepe YacTHYHO OKHCIICHHOTO pacTBOpa XJIOPHAAa MeTallia
COOTBETCTBYET I10 MEHBINEH Mepe YacTH 110 MEHBIIEH Mepe OJHOTO OKHCIIAEMOr0 KOMITOHEHTa
0TpaboTaHHOrO pacTBOpPa XJIOPHA METAUIA [0 3Tala OKHUCIICHHS.

[0015] CornacHo naHHOMY H300pETeHHIO, NPEANMOYTHTENHHO, YTOOBI IIOCHE 3allOTHEHHS
peakTopa OTpabOTaHHBIM pPacTBOPOM XJIOpHJa MeTajlla M ero paboTel B mepBoM pabodeM
peXuMe, ITall OKHCICHHA HHAIIMHPOBAIH IMyTeM IOAAa4YH B PEAaKTOp KHUCJIOpOoJa IO JaBICHHEM.

HOCKOJ’IBK}’ XHMHUYCCKasd PpCaKnusA Ha JTane OKHCICHHA OacT OOIOMHHTCIIBHYIO DJSHEPIHIO,




COZIEp)KHMOE peaKTopa HEM30E)XHO HarpeBaeTcs, T.e. TeMieparypa Bo3pactaer. OmHaKo, M
TOro, YTOOBI YBENMYHTh CKOPOCTh pEakuuH (U, CJIEJOBAaTENIbHO, COKPATHTh IJIMTEIBHOCTD
nepepaboTKH) MOXXHO JONOJHHTENBHO BBOJUTEH [OMNOJHHTENBHYIO HAYaIbHYIO 3HEPIHIO.
XuMu4eckuil mpomecc B peakTope BO BpeMs OJTana OKHCIEHHMS KOHTPOJHMPYIOT mHojaveit
KHCJIOpOZIa B PEaKTop, TO €CTh, IPOLIECC OKHCICHHS OCTAHABIMBAIOT B CJIy4Yae, €CIIH
JIONIOJIHUTEIFHO BBEICHHBIA KHCIIOPOJ HE abcopOMpyeTcss WM HE pearhpyeT C COAEPKHMBIM
peakropa. Bo BpeMs jTama OKHC/IEHHs, KaK [IPaBHJIO, 0Opa3yeTcs HepacTBOPHUMEIH (TBEpIbIii)
okerp xenesa (Fey03). OcraTounslii o MEHbIIIEH Mepe YaCTHYHO OKHCIIEHHEBIH PacTBOP XJIOPHAA
Metaua (1o Gonpemei yactu FeClz-pacTBOp) HarHeTAIOT B MIEPBEIH 3JIEMEHT XpaHEHHS.

[0016] Cornacno nanHOMY H300pETEHHMIO, HPEANOYTHTENHHO, YTOOK! MpH paboTe peakTopa B
mepBoM pabo4yeM pexume, 1O MeHbIIeH Mepe YaCTHYHO OKHCJIEHHBIM pacTBOp XJIOpHAA
MeTajlla, MOJIyYCHHbIH BO BPEMS IPOXOXICHHS IEPBOTO JTala, MOJAaBalld B IEPBHIA 3JIEMEHT
XPaHEHHs, U JOIOIHUTEILHBIA OTpabOTaHHBIA PACcTBOP XJIOPHAA METaUia MOAABAIM B PEAKTOP
NICPHOIMYECKH, NPHYEM MPOJODKas IOANEPKHBATH paboTy peakTopa B IEpBOM paboueM
pexuMe MPOBOIAT NEPBBIA 3Tan (1A JONOIHHTEIBHOTO OTPabOTAHHOTO PacTBOpa XJIOpHIA
MeTajlla) W, II03TOMY, IONOIHHUTEIbHBIA 10 MEHBINEH Mepe YaCTHYHO OKHCICHHBIH PacTBOP
XJIOpH/A MeTalljIa MOTyYaloT U3 JOMNOIHUTENHFHOTO OTpabOTaHHOTO PacTBOPA XJIOPHAa METalIa,
IpHYEM II0CTIe paboThl peakTopa B IEPBOM paboueM pexuMe U 10 paGoThl peakTopa BO BTOPOM
pabodeM pexXuMe 10 MEHBIIEH Mepe YaCTHYHO OKMCIIEHHBIA pacTBOp XJopHaa MeTaana (B
OCOOEHHOCTH [JONOJHUTENBHO, TAaKXKE JOMOJHHUTEIBHEI 110 MEHbBIIEH Mepe YacTHYHO
OKHCIICHHBI pacTBOP XJIOpHJa METAJLIA) MMOJAIOT U3 IIEPBOTO JJIEMEHTA XPAaHEHHS B PEAKTOP.
[0017] TlosToMy, MpEeMMYIIECTBEHHO BO3MOXKHO OCYLIECTBHUTH IIEPHOIUYECKYIO IIEpepaboOTKy
0TpabOTaHHOTO pacTBOpa XJIOpHAa MeTala (WIH OTpa0OTAaHHOrO TPABHILHOIO pacTBOPA)
COIJIACHO JJAHHOMY M300pETEHHIO:

- Ha MEPBOM 3Tarne nepepaboTku (MM B EpBOM TOUKE BpeMeHH) (Ha4albHEIM) O0TpaboTaHHELA
pacTBOp XJIOpHIAa MeTalla IOAAIOT B PEAKTOp W INPOBOJAAT 3Tal OKUCIeHHs (mpu pabote
peakTopa B mepBoM pabodeM pexuMe), ojydas (HadalbHbIH) 110 MEHBIIEH Mepe YaCTHYHO
OKHCJIEHHBIH PaCTBOP XJIOpHJA METaJllIa, KOTOPBIHA OJJAIOT B IIEPBEIA 3JIEMEHT XpPaHEHH,

- Ha BTOpOM I3Tane IepepabOTKH (WIH BO BTOPOM TOYKE BPEMEHH), B OCOOEHHOCTH IIOCIE
pasrpy3kd peakTopa, B peakTop MOAAIOT JONOJIHHUTENBHBIM OTpabOTaHHBIM pacTBOp XJIOpHAA
METajla M IPOBOMAT 3Tall OKHCICHHA (mpu paboTe peakTopa Bce eme B IepBoM pabodeM
pexume), moiydas IONOJHHTENBHBIH IO MEHBINeH Mepe YacCTHYHO OKHCIIEHHBIH pacTBOP

XJIOopu1a Me€ralia, KOTOpBIﬁ AHAJIOTHYHBIM 06p830M IIoJar0T B l'IepBI:Iﬁ JJICMCHT XpaHCHHS;




- He 00s3aTeNbHO, Ha OJHOM HJIM MHOXECTBE IOMOJHUTEIHHOM(BIX) dTane(ax) mepepaboTKH
(WH B OXHOM WJIM MHOXECTBE TOYKE(€K) BPEMEHH), H B OCOOEHHOCTH IOCNE IEPHOIUIECKOM
pasrpy3Kd Iocje IPOBEACHHS [IEPBOTO JTala, B peakTop MOJAIOT €Ile OAWH JOMOTHUTCIBHBIA
oTpabOTaHHBIH PacTBOp XJIOpHJa MeTa/Ula M MPOBOJAT 3Tall OKHCieHus (pu pabore peakropa
aHAJIOTMYHBIM 00pa3oM BO BCE TOM JK€ IEPBOM pa60qu peXuMe), TOoJydas emle OIHH
JOMOJTHUTENBHBIA 110 MEHBIIEH Mepe YaCTHYHO OKHCICHHBIX DPacTBOp XJIOpHIA MeETalia,
KOTOPBII aHAJIOTHYHBIM 00pa30M IOJAIOT B IEPBBIA JIEMEHT XpaHECHHUS;

- Ha TpeTheM 3Tane nepepaboTKU (WM B TpeThbeH TOYKE BPEMEHH) mocie paboThl peakTopa B
nepBoM pabodeMm pexuMe W 0 paboTBl peakTopa BO BTOpoM pabodeM peXHMe IO MEHbIIei
Mepe YaCTHYHO OKHCJIEHHBIH pacTBOp XJIOpHIa MeTaula (XpaHWMEBI B IEPBOM IJIEMEHTE
XpaHeHHs) MOJAIOT (M3 MEePBOro 3IEMEHTa XPaHEHHS) B PEaKTOp, KaK MPaBHIIO, 3Ta ONepamus
[0Jaud BKIIOYAET MOJaYy B peakTop (Ha4albHOIO) IO MEHbIIEH Mepe YaCTUYHO OKHUCIICHHOTO
pacTBOpa XJIOpHJa METaJUIa H, IPEANIOYTHTENEHO JTOTOIHUTENBHO, TAKXKe JOMOTHUTENBHOIO 110
MEHBIIEH Mepe YaCTHYHO OKHCJIEHHOTO pacTBOpa XJIOPHAA MeETajula, H/WIHM eIne OJHOrO
JIOTIOJIHUTEJIBHOTO II0 MEHBIIeH Mepe YaCTHYHO OKHCIEHHOTO PacTBOpa XJIOpHAAa MeETallia,
TakuM 00pa3oM (ITOJTHOCTBIO MJIM TPAKTHYECKH IOJHOCTBIO) pasrpyas IIE€PBBIA 3JE€MEHT
XpaHEeHHS.

[0018] B konTekcTe maHHOro H300peTeHHs (HaYaIbHBIA) OTPaOOTaHHBIA PACTBOP XJIOPHAA
MeTaJUTa, MPeaIOYTHTENRHO, [0 MEHBIIEH Mepe NMPHONMA3UTENHHO (XMMHUYECKH) COOTBETCTBYET
JIOTIOJIHUTEIbHOMY OTpa0OTaHHOMY pacTBOpY XJIOpHAa MeTalla HW/WIH elme OJHOMY
JIOTIOJIHUTEJIBHOMY ~ OTpa0OTaHHOMY pacTBOpY XJIOpHJa MeTalia; pasHble TEPMHHBI
(«HayanbHBIH OTpabOTAHHEIA PacTBOP XJIOPHIA METalIay, «IOTOJHHTENBHBIH OTpaGoTaHHBIN
pacTBOp XJIOpHAA METallay, «elle OAWH JOIOJHHUTENbHBIM 0TpaOOTaHHBIH pacTBOp XJIOpHIA
MeTajlula»), OTHOCAIIHECS K OTpabOTaHHOMY pacTBOpPY XJOpHAa MeTajlla, B OCHOBHOM
UCIIOJIB3YIOTCS IS CCBUIKM Ha pa3HbIe TOYKW BO BPEMEHH, NIPH KOTOPBIX B PEAKTOP MOJAIOTCS
cooTBeTcTBYIOINHEe 00BeMBL. COOTBETCTBYIOMME 00BEMBI OTPabOTaHHOIO pPacTBOpa XJIOpHAa
METajlla, KaK IpaBujo, (HenpepsIBHO) 00pa3yIoTcs B pe3yJIbTaTe OAHOTO U TOTO K€ NEPBHYHOTO
npolecca, a HMEHHO IIPOIlecca TpaBieHWs W T.0. (Wi (0 MeHbIIed Mepe HNPHMEPHO) B
pe3ynbTaTe OMHOM M TOM e KOMOWHAIIUY MTEPBUYHBIX IIPOLECCOB, @ IMEHHO Pa3HEIX IIPOLECCOB
TPABIICHHsT HW/WIM TajJbBaHWYECKMX IPOIECCOB M T.O.), H, CIEIOBaTeIbHO, TOJIBKO
HE3HAYHTENLHO M3MEHSIOTCS B 3aBHCHMOCTH OT COIEpXXaHHS CBOOOJHOH (COJSHOM) KHCIOTHI,
BOJABI M XJIOPHJIOB MeTalla WIM JApPYrHuX cocTaBismiolmMx. OnHako, COrJlaCHO TaHHOMY
M300PETEHHIO, TAK)Ke CYLIECTBYIOT CIIy4aH, KOrZJa COOTBETCTBYIOINHE 00BEMBI OTPabOTaHHOTO

pacTBOpa XjopHaa MeTalia (T.e., HauyaJlbHbIA OTpabOTaHHBEIA pacTBOpP XJOpHIa MeETalia,



JOTIONTHUTENBHBIA OTpaGOTaHHBI PAacTBOP XJIOpHAA METAUIa U T.N.) o0pasyloTcs B PasHBIX
TOYKaX BPEMEHHU B pe3ysIbTaTe Pa3HBIX NEPBHYHBIX IIPOLECCOB (2 MMEHHO Pa3HBIX IPOIIECCOB
TPaBJICHHS, TalbBaHMYECKHX IIPOLECCOB M T.I.) H, CJEJOBATeNbHO, IOABEPraioTcs Oolee
Ba)XHBIM M3MEHEHHSM B 3aBHCHMOCTH OT OTHOCHTEIBHOTO COAEpXKaHUSA CBOOOAHOM (COJSAHOIM)
KHMCJIOTBI, BOJbI M XJIOPHIOB METaJIa MJIH JPYTUX OCTATOYHBIX COCTABIIAIONIMX.

[0019] Bo Bpems 3Tama okucIeHHA (TO €CTh, BO BpeMs paboOThI peakTopa B IEPBOM pabodyeM
PEXHME) 10 MEHbINEH Mepe YacTUYHO OKHCIICHHEIH PacTBOp XJIOPHAA MeTalIa MOJIydaloT U3
0TpabOTaHHOTO pacTBOpa XJIOpHAa MeTaUla. AHATOTHYHO (OTPabOTAHHOMY PacTBOPY XJIOpHIA
MeTala, ONMHCAHHOMY BBIIIE), TaKXKe IO MEHBINEH Mepe YacTHYHO OKHCICHHBIM pacTBOp
XJIOpHJa METaIa (XUMHYECKH) COOTBETCTBYET JOIOIHHTEIFHOMY ITO MEHBIIEH MEpe YaCTHYHO
OKHCJICHHOMY PacTBOPY XJIOpHJAa METajlla /WK €Ile OJHOMY JOIOIHHUTEILHOMY II0 MEHBIIEH
Mepe 4aCTHYHO OKHCIIEHHOMY PAacTBOPY XJIOpHJa MeTajUla; pa3Hble TEPMHUHBI («HAYAIBHBIH IO
MEHBIIEH MEpe YaCTHMYHO OKHMCIICHHBIM pacTBOp XJIOPHAA METALIa», «IOMOJHHTENIBHEBIA II0
MCHBIIEH Mepe 4YaCTHYHO OKHCJICHHBI pacTBOp XJIOpHAAa MeTallay H «eme OIUH
JOIIOJIHUTENILHBIA 110 MEHBINEH MeEpe YacTHYHO OKHCIICHHBIA pacTBOP XJIOpHAA MeETalIay),
OTHOCSINMECS K [0 MEHBINEH Mepe YaCTHYHO OKHCIEHHOMY pPacTBOpPY XJIOpHAAa METajlla, B
OCHOBHOM HCHOJB3YIOTCS JUIS CCBUIKM Ha pa3Hble TOYKH BO BpPEMEHH, MPH KOTOPHIX
COOTBETCTBYIOIIHE 00BeMBI 00pa3yloTCs B PEaKTOpe W/HIM TOJAIOTCA B IEPBBIA 3JEMEHT
XpaHeHHS.

[0020] Kak yka3aHO BbIIIE, OTpaGOTaHHEIA PacTBOp XJIOPHIA METAIA COJNEPXKHUT 110 MEHBIIEH
Mepe OAMH OKHCIIAEMbIH KOMIIOHEHT (KaK IIPaBHJIO, OKCHJ| JKeJie3a), KOTOPhId OKHCIIACTCS BO
BpEMs 3Talla OKMCIICHHS, TakuM o00pa3oM, o0pa3ys HEpacTBOPHMBIE KOMITIOHEHTHI, 2 HMEHHO
OKCHJI ’K€Jie3a, KOTOphle OTAEISIOTCA Ha JTale OKHCIeHHA (T.e., BO BpeMs paboThl peakTopa B
nepBoM paboueM pexHMe), Kak IPaBHJIO, BO BpeMs olepauvd (HIBTPOBaHHS. JTO O3HAYaeT,
YTO, KaK IIpaBWIO, AaHHBIA 00BeM OTpabOTaHHOrO pacTBOpa XJIOpHAa MeTaia obpasyer
MEHbIINI 00BEM COOTBETCTBYIOIIETO IO MEHBIIEH Mepe YacTHYHO OKHCJICHHOIO pacTBOpa
XJIOpHJia MeTalIa. B cirydae, koria nepBblid 37IEMEHT XpaHCHUS MMEET NIEPBYIO HAKOIHTEIbHYIO
€MKOCTb, COOTBETCTBYIOLIYIO IIPEAONPEACIICHHOMY KOJMYECTBY €EMKOCTEH peakTopa, BO3MOXKHO
YIIPaBIIATh PEaKTOPOM B IEPBOM paboueM pexuMe Tak, YTOObI (IIpH MyCTOM MM IPaKTHYECKH
IIyCTOM IEPBOM 3JJIEMEHTE XpaHEHHs) IO MeHblIel Mepe 00beM OTpabOTaHHOrO pacTBopa
XJIOpHJa METalla, COOTBETCTBYIOMIUN IIPENONpPEACICHHOMY KOJIHYECTBY €MKOCTEH peakropa,
(mocitenoBaTENbHO) MOJABaTh B PEaKTOpP, MPOBOAMUTH 3TAll OKUCIEHUS H COOTBETCTBYIOLIMH IO
MeEHBIIeH Mepe YaCTHYHO OKUCIIEHHBIA pacTBOpP XJIOpHa MeTallla M0AaBaTh B IEPBBIA 3JIEMEHT

XpaHeHus1 (4TO NpUBOAMT K (M0 MeHbLIEH Mepe IpaKkTHYeckw) 3¢ ¢eKTHBHOH 3arpy3ke H
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BBIIPY3K€E pEaKkTopa TO KOJIHYECTBO pa3, KOTOPOE COOTBEICTBYET, IO MEHBINEH Mepe NPHMEPHO,
IPEAONPEAECTICHHOMY KOJIMYECTBY, A0 HEOOXOMUMOCTH NEPEKIOYHTh paboTy peakTopa BO
BTOpOi pabounit pexxum.

[0021] CornacHo naHHOMY H300pETEHHUIO, JOTOIHUTEIBHO IPEANOYTHTENBHO, YTOORL:

- MEPHOTUYECKH, [10CJIE€ NPOBEICHHS IIEPBOTO 3Tama Juii OTpabOTaHHOrO pacTBOpa XJIOpHIA
MeTajlyla ¥ [0 MPOBEICHHs IEPBOrO 3Tama AJId AONOJIHHUTENHHOro OTpabOTaHHOro pacTBopa
XJIOpHJia METaJlIa,

- M, NPEANOYTHTEIbHO, OCIe paboThl peakTopa B IEpBOM paboueM pexuMe U 10 paGoThI
peakTopa BO BTOpOM pabodeM peXHMe, pPeakTop IO MeHbINed Mepe YacTHYHO pas3rpyXxad,
pasrpyxaiu IpeAOYTUTENLHO 110 MeHbIIeH Mepe Ha 50 %, pasrpyXaiu npeanouTHTeIbHee 0
MeHbInen Mepe Ha 70 %, pasrpyxann Hanbolee PeANOYTHTEIHHO 10 MeHbIeH Mepe Ha 90 Y.
[0022] TlocpesncTBoM pasrpy3KH peakTopa IOCIE 3aBEpUICHHS dTama OKHCICHHS Ui NApTHH
(peakTopa) 0TpabOTaHHOIO PacTBOpa XJIOpHa MeTalUIa (T.€., IIOCIe IPOBEJEHHs IEPBOro dTarna
Is. 0TpabOTaHHOTO PacTBOpa XJIOpHAA MeTalia, 4O paboThl PeakTopa BO BTOPOM pabouem
PEXHME) NPEUMYIIECTBEHHO BO3MOXKHO, COTJIACHO JaHHOMY H300peTeHHIO, 4ToObl 6onee MM
MEHeEE II0/IHag 1apTHA (PEeaKTop) 10 MEHBIIEH Mepe YaCTHYHO OKHUCIIEHHOTO PacTBOpa XJIOpHAA
MeTaua (a TaKkXe TBepAasd (WIH HepacTBOpHMas) 4acTh, KOTOpas, KaK IPaBMIIO, YAAIIETCS
(GuIPTPOBaHHEM) yIAIUIACh U3 PEaKToOpa Tak, YTOOLI peakTop OBLT FOTOB IPHHATH U3 MEPBOTO
3JIEMEHTa XPaHEHHs MO0 MEHbIIEH Mepe YaCTHYHO OKHCJICHHBIA PacTBOP XJIOPHIA MeTalia I
TOT'0, YTOOBI BBIOJIHUTD 3Tall THAPOM3a (U paboTe peakTopa BO BTOPOM pabodeM pexXHME).
[0023] CornacHo maHHOMY H300peTEHMIO, MPEANOYTHTEIBHO, YTOOBI OTpaGOTaHHBINA pacTBOp
XJIOpHJIa MeTajlla COAEPKaJl B Ka4ecTBE 110 MEHbINEH Mepe OAHOTO OKHCIAEMOro KOMIOHEHTA
xJiopucroe xene3o (xnopun xeinesa (II)), mpuueM oTpaboTaHHEIM pacTBOp XJIOpHIA MeTajlia
IIPEANIOYTUTENHHO colepXKUT oT 14 % mac. no 28 % Mac., npeano4TuTeNbHo 0Kojio 22 % Mac.
XJIOpHCTOTO Xxene3a (xjaopun xenesa (11)).

[0024] IlosToMy, IpeUMYIIECTBEHHO BO3MOXHO, COTJIACHO NAaHHOMY H300pETEeHHIO, YTOOEI
cnoco6 W cucreMa 1o u300peTeHHIO 3(P(PEKTHBHO NPUMEHSAIMCH JUIA TOrO, YTOOBI
nepepabaTeBalOT OTpabOTaHHBIH pacTBOp XJIOPHAA METaUIa OT MHOXECTBA pasHBIX
IIPOMBIIUIEHHBIX IMPOLECCOB, & UMEHHO Pa3IMYHBIX IIPOLIECCOB TPAaBJICHHS, TalbBAHHYECKHX
MIPOLIECCOB H T.II.

[0025] CornacHO anbTepHAaTUBHOMY BapHaHTY peaH3alM¥ H300pETEHHA, COTJIACHO AAHHOMY
H300peTeHHIO, JI0 TPOBEACHHUS IEpPBOro sTama oTpaboTaHHBIA pacTBOp XJIOpHAA MeTalia
IPOXOJUT 3Tall IPeABaPUTEIBHOTO0 KOHIIEHTPHPOBAaHHSA C 00pa30BaHHEM KOHIEHTPHPOBAHHOTO

oTpabOTaHHOTrO pacTBOpa XJIOpHAa MeTalla, IPHYEM KOHICHTPUPOBAHHEBIH OTpabOTaHHBIH
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pacTBOp XJIOpH/Ja METalla CONEPXKUT B KadecTBE MO MEHBIIEH Mepe OIHOTO OKHCIIEMOIo
KOMIIOHCHTa XJIOpHCTOe Kene3o (xyopun xene3a (II)), mpuyeM KOHIEHTPHpPOBAHHBIA
oTpaboTaHHBIH PacTBOP XJIOpH/Ia METAUIa IIPEUMYIIECTBEHHO COAEPXHT oT 22 % Mac. 10 45 %
Mac., IpearoYTUTENBHO okono 40 % Mac. xnopucroro xenesa (xmopuaa xenesa (II)).

[0026] Cornacro nanHOMY H300pETEHHIO, IO MEHBLIEH Mepe YaCTUYHO OKHCJIEHHEIM PacTBOP
XJIOpH/Ia METaJlla JOMOJHHUTENIBHO MPEAIOYTUTENLHO COAEPKUT B KAUYECTBE 10 MEHBINEH Mepe
YaCTH €ro OKHCJIEHHOM 4acTH XJIOpHoe Xxene3o (xymopun xenesa (III)), mpuuem mo menbimeit
Mepe YaCTHYHO OKHCJIEHHBIM PAacTBOpP XJIOpHJAa METajlla NPEeAHOYTUTENbHO COoAepXkuT oT 12 %
Mmac. 10 25 % wmac., npeanodruresasHo okono 20 % Mac. XJOpHOro xene3a (XJIopuaa xejesa
I1ID)).

[0027] IlosToMy, HMpeMMYINECTBEHHO BO3MOXHO, COLJIACHO INAHHOMY H300pETEHHIO, 9TOGBI
crocob U cucreMa no u3obpereHuIo 3G HEeKTUBHO PUMEHSIIKCH ISl TOTO, YTOOHI H3BIIEKATEH 110
MEHBIICH Mepe 4acTh MeTaula (B OCOOCHHOCTH, JKene3a) (B BHAE HEPacTBOPUMOrO OKCHIA
MeTauia (B 0COOEHHOCTH, OKCHIA JKele3a)) u3 o0Imero Koimdecrsa MeTauia (B OCOOEHHOCTH,
o0Imero KoM4YecTBa XKeje3a), KOTOPhIil HAXOAUTCS B OTPabOTaHHOM PacTBOpPE XJIOPH/a MeTalIa.
BemuuuHBl 1m0 MeHbINEH Mepe YacTHYHO OKHCIEHHOTO pacTBOpa XJIOPHAA METAILIa,
cogepxamero ot 12 % Mac. go 25 % Mac., mpeanouTuTensHo okoiao 20 % Mac. XJIOpHOro
xene3a (xnopuna xxenesa (III)) mpuMeHHMBI IpH YCIOBHM NMOCTOSHHOTO KOJHYECTBA XJIOpa U
TOT'0, YTO HE IIPUMEHSACTCS CIIEIMaIbHAs OIepallisl BhIIIapUBAHHA.

[0028] CornacHo maHHOMY H300peTeHHIO, OTPaOOTAHHBIA PACTBOP XJIOPHAA METALIA TAKXKE
JOIIOJTHUTEJIBHO MPEANIOYTUTENFHO COAEPXKUT, KpOMe TI0 MEHBINeH Mepe OXHOrO OKHCJISEMOTro
KOMIIOHEHTa, CBOOOHYIO COJIIHYIO KHCIIOTY.

[0029] IlosToMy, mpeHMMyIIECTBEHHO BO3MOKHO, COTJIACHO JAaHHOMY H300PETEHMIO, YTOOBI
crnoco6 H cucreMa mo u300peTeHHI0 3¢ (eKTHBHO MPHMEHSTHCH UL TOrO, YTOOBI M3BJIEKATH
0TpabOTaHHYIO COJNAHYIO KHCIOTYy W3 OTpabOTaHHBIX XHIKOCTEH, B 0COOEHHOCTH TPaBHJIBHEIX
pacTBOPOB, pPa3HBIX MPOMBILUIEHHBIX IIPOLIECCOB, 8 HMEHHO Pa3iIMYHBIX MPOIECCOB TPaBICHHUS,
rajJlbBaHU4YECKHX MPOIECCOB U T.II.

[0030] CornacHo mpeAmOYTHTENIFHOMY BapHaHTy peali3allidl JAaHHOTO H300peTeHns,

- TeMIepaTypa OKUCIICHHS, IIPHMEH’IeMas Ha MEpBOM JTame (3Tall OKHUCIIEHHS), paBHAa HIH
npespnmaer 110 °C, u paBHa wmu He mnpeBbimaer 250 °C, NpeamnoYTUTENHHO paBHA HIIH
mpeemmaeT 130 °C, u paBHa wiu He npeBbimaer 200 °C, npeamodTuTeNbHEE paBHA HIIH
npespimaeT 140 °C, u paBHa uinn He npesbinaer 170 °C, Haubosnee npeanOYTHTENEHO paBHA

iy npesbimaet 145 °C, u paBHa wim He npessinaet 1550 °C, u/mm
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- TeMmeparypa THIpOJiN3a, NPUMEHseMas Ha BTOPOM JTale (3Tal THApONH3a), PaBHA MIH
npebimaer 130 °C, m paBHa win He npespimaeT 300 °C, npeAnoOYTHTENBHO paBHA HIIH
npesbimaer 150 °C, u paBHa wim He npeBblmaer 230 °C, mpeamodrdTenbHEE paBHA HIIM
npessimaer 160 °C, u paBHa win He npesbnnaet 180 °C, HanbGornee mpeamoOYTHTENLHO paBHA
wm npesbmaet 165 °C, u paBHa uimn He npebimaet 175 °C.

[0031] CornmacHo maHHOMY H300pETEHHIO, TaKMM O0pa3oM, NPEUMYIIECTBEHHO BO3MOXHO
IIPOBOJMTE CIOCOO 1O HM300peTeHHI0 3¢ PEeKTHBHBIM, 3Hepro3(dexKTHBHEIM H ONEPAaTUBHBIM
obpazom.

[0032] CornacHO IXOHOJHUTEIBHOMY IPEANOYTUTEFHOMY BapHaHTy pealu3alldd JaHHOTrO
H300peTeHus,

- [aBlleHHE OKHCIICHHS, NpHUMEHIeMOe Ha IepBOM OJTame (3Tal OKHCICHHS), PaBHO HIIH
npessnuaer 0,3 MIla, u paBHo wiu He npeBbimaer 1,2 Mlla, npeIIOYTHTENBHO PaBHO HIIH
npesbimaer 0,6 MIla, u pasHo umm He npessimaer 1,0 Mlla, npennouruTensHee paBHO MM
npesbimaet 0,7 MIla, u paBHO win He npessinaeT 0,9 MIla, nHanbosee npeANOYTHTENBHO PaBHO
uny npessinaet 0,75 MIla, u paBro wim He npeBsimaet 0,85 MIla, u/nmm

- JaBjieHHe THIpOJN3a, NPHMEHAeMOe Ha BTOpPOM OJTame (JTal THAPOJIH3a) PaBHO HIIH
npesbimaer 0,05 MIIa, u paBHO Wi He npeBbimaer 1,2 MIla, npeaioYTHTENBHO PaBHO HIIH
mpepbimaer 0,08 Mlla, u pasHo win He npessinaer 0,8 MIla, npeanodruTensHee paBHO HIIH
npepbimaer 0,09 MIla, u paBao wiu He npesbimaer 0,5 Mlla, HauGonee npeaNOYTUTEILHO
paBHo uiau npessinaet 0,095 MITa, u paBHo wim He nipeBbimaet 0,2 MlTa.

[0033] CornacHo JgaHHOMY HW300pETEHHIO, OJTall KOHIEHTPHUPOBAaHHA M  HarpeBaHH
OpEANOYTUTENLHO IPOMCXOAMT BO BpeMs dSTala THAPONH3a, [I0OKa B peakrope He Oyner
JIOCTHTHYTa TOYKa KMIIEHHs pacTBopa. [Tocie 3Toro pacTBop MOCTENEHHO BhINapuBaroT. O1HAKo,
yroGBl IOAAEPXKUBATh ONTHUMAIBHBIE YCIIOBHS THAPOJM3a B PEAaKTOPE, IPEAIOYTHTEIIHHO
HOCTENEHHO AOOABISATH IT0 MEHBIIEH Mepe YaCTUYHO OKHCIICHHBIH PacTBOpP XJIOPHIA METaJlIa U3
IEPBOro 3JEMEHTa XpaHeHHs. Bo BpeMs NpOBEJECHHs 3Tala MMAPOJH3a 00pasyloTCs COJsHas
KHCJI0Ta (M ee mapsl) 1 okcuz xenesa (Fe,03), u, TakuM 06pa3oM HCIOIB3YIOT 10 MEHBINEH
Mepe YacTHYHO OKHCJICHHBIM pacTBOp XJIOpHIAa MeTallla, II0Ka HE OMyCTEET MEPBLIA JJIEMEHT
xpanenus. ComepxuMoe peaxTopa B 3TOT MOMEHT IOJAIOT B IEPBLIA 3JIEMEHT XpaHEHHd,
II03TOMY PEaKTOp OIIyCTOIIAETCS, YTOOBI OBITH TOTOBBIM K IIPOBEICHHIO 3Talla OKHACJICHHsI HOBOH
HapTHH OTpabOTaHHOTO pacTBOpa XJIOpHIAa METalIa.

[0034] CornacHo nmaHHOMY H300pETEHHIO, TakMM O0pa3oM, MPEHMYINECTBEHHO BO3MOXHO
IPOBOJUTL CIOCO6 MO H300peTeHnI0 3P HEKTHBHBIM, SHEPro3(QGEKTHBHLEIM M ONEPATHBHBIM

obpazoM.



13

[0035] lannoe m306percHHME TakKe OTHOCHTCS K CHCTEME Ui mepepaboTKH OTpabOTaHHOIO
pacTBopa XJOpHAa MeTalla ¢ HCIOIb30BAaHHEM IIEPHONUYECKON MepepabOTKH, BKIIOYAIOIIEH
pasHble paboune peXXHMBI B peaKTOpPe CHCTEMEI, K OTpaGOTAHHOMY PacTBOpPY XJIOpHA METAILIA,
coJiepKaIeMy 10 MEHbIIEH MEpEe OJMH OKHUCIAEMEIH KOMIOHEHT, K CHCTEME, BKIFOYAIOIIEH TI0
MEHBIIIEH Mepe peakTop, NpHYEeM CHCTeMa CKOHCTPYHpPOBaHA TaK, YT0 peakTop paboraer B
IIEpBOM pabodeM pexuMe U BO BTOPOM pabodeM pexHMeE M TaK, YTO:

- 0TpabOoTaHHBIH PacTBOP XJIOPHAA METAIA MOJAIOT B PEAKTOP MEPHOAMYECKH M, IIPH paboTe
peaxkTopa B EpBOM pabodYeM pexHMe, B peaKTOpe IPOXOJUT 3Tall OKHCICHHUS TIPH TEMIIEPATYpPE
okucieHus, npespmaromei 90 °C, u npu gaBneHun okucienus, npesbimaromeM 0,3 MIla,
IpUYeM IO MEHBIIEH Mepe 4acTh OTpabOTaHHOIO pacTBOpa XJIOPHIA MeETalla OKHCIISETCS BO
BpeMs 3Tara OKHCJIEHHS, 10 MEHBIIEH Mepe YaCTHYHO OKMCIIEHHEIH pacTBOp XJIOPHIA MeTajlla
HOTYy4YaroT M3 OTpabOTaHHOIO pacTBOpa XJIOPHAA MeETala, IMpHYEM OKHCJIEHHAs 4YacTh IO
MEHBIIEH MEpe YaCTHYHO OKHMCIEHHOTO pacTBOpa XJIOpHIa MeTajlia cooraercmyé*r 10 MEHbIIEH
Mepe 4YacTH 10 MEHBLIEH Mepe OJHOr0 OKHCIIIEMOTO KOMIIOHEHTa OTpabOTaHHOro pacTBOpa
XJIOpHJIa METaJlIa JI0 dTana OKUCIICHHS.

- 110 MCHBIIEH MEpPEe YaCTH4YHO OKHCICHHBIH pacTBOp XJIOpPHAa MeTaula [0 MEHbIIeH Mepe
YaCTUYHO FHIPOJIM3YET BO BPEMs 3Tala rHAPOIN3a, KOTOPLIH MPOXOJUT B peakTope MpH paboTte
peakTopa BO BTOPoM paboueM pexxuMe, IpH TEMIIEpaType THApoIIn3a, npessinaromei 120 °C u
OpY HaUICKAIEM MAABICHHHM THAPOJIM3a, NPHYEM BO BpeMsA JTama THAPOJIH3A IOJydYaroT
cosaHyio kucioty (HCI) u TBepayro 3akuch xene3a Fe,03.

[0036] CornacHo naHHOMY H300pETEHHIO, TakMM OOpa3oM, NPEHMYINECTBEHHO BO3MOXKHO
IPEJIOKUTE CHCTEMY (MM 00pabaThIBaIOIIyIO CTaHIHIO), KOTOpas TpeOyeT CpPaBHHUTEIHHO
HH3KHX 3aTpaT Ha MOHTAX, a TaK)ke NOHWXXEHHBIX 3aTpar Ha o0cnyxuBaHue. CoriacHoO JaHHOMY
A300pETEHHIO, IPEUMYIIECTBEHHO BO3MOXKHO COBMECTHTH IIPEUMYIIECTBA CTPYHHOTO TPAaBJICHHA
U TpaBJIE€HHs IOrPYy)KCHHEM H MHUHHMH3HPOBATH PUCK IepeTpaBa. J[OMOJHHUTENbHAS BHIr0Ja
3aKJIIOYaeTCd B TOM, YTO OTpaboTaHHAsi KMCJIOTa B TaKOH CHCTEME MMEET TaKoe KayecTBO, YTO
MOXeT ObITh oOpaboTaHa Ha 3aBoAe IO percHepanud 0e3 IOMOJHHTEIBHBIX HHBECTHIIHH,
YYHTBIBas1, B 4aCTHOCTH, KoHIeHTpanuio FeCl; B Takoit oTpaboTaHHO# KucIoOTe.

[0037] CormacHo mnpPeANOYTHTENFHOMY BapHAaHTy peald3alii [AaHHOrO H300pereHHs, B
0COOEHHOCTH, 110 OTHOLIECHHIO K CHCTEME TI0 H300PETEHHIO, CACTEMA JOMOTHATENFHO COIECPIKHUT
MEPBBIH JIEMEHT XpaHEHHUs, IPHYEM CHCTEMa CKOHCTPYHpOBaHa Tak, 4To, mpH paboTe peakTopa,
IUKIMYECKH, B NIEPBOM pabouyeM pexuMe, 0 MEHbIIEH Mepe YaCTHYHO OKHMCICHHBIH pacTBOp
xsopuza Metaiwa (30), nosy4eHHbIH BO BpeMsl paHee IPOBEJEHHOrO NEPBOTO JTala, MONaloT B

IepBbIii 3sieMeHT XpaHeHHs (210), W JOMONHUTENBHBIA OTPabOTaHHBIH pPAacTBOp XJIOpHIA
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MeTaJlIa IOJIA0T B peaKTOp IMEPUOAMIECKH, IPHIEM, IOIEpKUBas paboTy peakTopa B IIEPBOM -
paboueM pexuMe, NONOJHHUTENBHBIH IO MEHBIIEH Mepe 4YaCTHYHO OKHMCJICHHBIH DacTBOp
XJIOpH/Ia METAJUIA TIOIYYaloT U3 JAOIOJHATENBHOTO OTpab0TaHHOTO PAacTBOpa XJIOpHIA MeTallia,
IpPHYEM CHCTEMA CKOHCTPYHPOBaHA TaK, 4TO Iociie paboThl peakTopa B IEepBOM pabodeM
peXHMe H OO0 paboThl peakTopa BO BTOPOM pabodeM pexume, 110 MEHBIIECH Mepe YaCTHIHO
OKHCJICHHBIH pacTBOp XJOpHJa MeTalla, B OCOOCHHOCTH JOIOJHHUTEILHO, TaKXKe
JIOTIOJTHUTEIbHBIN 1T0 MEHBINEH Mepe YaCTUYHO OKUCIICHHBIH pacTBOP XJIOpHIA METalIa [IOJJAK0T
U3 NIEPBOTO AJIEMECHTA XPaHEHUs B PEaKTOP.

[0038] CormacHo mIPeANOYTHTENPHOMY BapHAHTY pEaIM3allid JaHHOrO H300peTeHus, B
0COOEHHOCTH, IO OTHOIIEHHIO K CHCTEME 110 U300PETEHHUIO, CHCTEMA JOIIOJHUTEIBHO CONEPKHUT
BTOpPOH dJIeMEHT XpaHEHHS, IPHYEM CHCTEMa CKOHCTPYHpPOBaHA TaK, 4YTO, BO BpeMs JTala
THIpPOJIN3a, JONOJIHUTENBHBI OTpabOTaHHBIM pacTBOp XJOpHAAa MeTauia (M3 IMEPBHYHOIO
Ipolecca) MOJAIOT U XPAHAT BO BTOPOM JIEMEHTE XPaHEHHUS.

[0039] ITocpencTBOM yCTaHOBKH BTOPOTO 3JIEMEHTa XpaHEHWS A XpaHEHUS OTpabOTaHHOIo
pacTBOpa XJIOpHAA MeTaUla IPEHMYIIECTBEHHO BO3MOXHO, HECMOTpA Ha cmocob6 110
u300peTenno, paboraromuit (WM CcHCTEMy 0O u300peTeHnIo, paboTaolly1o) COrjacHo
MEPUOAMYECKON mepepaboTKe, MPOU3BOAMTHL OTpaboOTaHHBIM pacTBOp XJIOpHIAa MeTaja
HEIPEPBHIBHO U XPAaHUTh BO BTOPOM 3JIEMEHTE XPAHEHHS.

[0040] CornmacHO mNpPeANOYTATEILHOMY BapHAHTy pealH3alMd [JaHHOTO H300peTeHHd, B
OCOOEHHOCTH, II0 OTHOIIEHHIO K CHCTEME 110 M300pEeTEeHMIO, MEPBHIA 37EMEHT XPaHEHUS HMEET
MEPBYIO HAKOIHMTENLHYIO EMKOCTh, @ PEAKTOP HMEET BTOPYIO HAKOIUTEIBHYIO €EMKOCTh, IPHYEM
OTHOULIEHHE IIEPBOM M BTOPOH HAKOIMTEIBHBIX e€MKOcTeH Oonee, yeM 2:1, MpeanmoYTHTENHLHO
Gonee, yeM 3:1, mpexnoururesnsHee Gomee, yeM 5:1 U Hambonee MpeANOYTHTENBHO boliee, YeM
10:1.

[0041] CornacHo DaHHOMY H300pPETEHHIO, TaKUM OOpaxoM, MPEHMYINECTBEHHO BOXMOXHO
n3berath TeX HM3MEHEHHMH B pabodyeM peXHME peakTopa, KOTOphle HEOOXOIMMO BBIIOJHATH
CJIMIIKOM 4YacTo. B ciydae, Korja nepsas HAKONMTENBHAS EMKOCTh COOTBETCTBYET IIPHMEPHO 5-
KPAaTHOM BTOPOH HAKONHUTENbHOM €eMKOCTH, BO3MOXHO NOEPKHBATh paboTy peakTopa IpH 1o
MeHBIIEH Mepe NATH MapTHSIX OT ero 3()eeKTHBHOro o6beMa (Ul MEpBOro paboyero pexuma,
T.€., 3TAla OKHCIIECHMs), TIOKA IEPBBIA 3JIeMEHT XpaHeHUs He Gyzer 3anmonHeH. Clle0BaTeIBHO,
yeM B OosblIeH CTENEHH YBEIHMYMBAETCS IIE€pBas HAKONMHTENbHAs E€MKOCTh (OTHOCHTEIHHO
3¢ dexTHBHOrO 00BeMa peakTopa OTHOCHTENIBHO IIEPBOTO paGoyero pexuMma), TeM MeHee JacTo
HEOOXOIMMO IPUMEHATh M3MEHEHHs pabodero pexxuMa peakropa. JTO TaKKe MoJpa3yMeBacT,

YTO COTJIACHO JAHHOMY H300peTeHHto, 3¢ eKkTHBHBIH 00B5E€M peakTOopa H, CICIOBATeNILHO, €TI0
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pasMep (HO TaKKe pa3Mep HACOCHOTO OOOpYNOBaHHMS MM T.IL.) BO3MOXHO MacIITaGHpOBaTh
COTrJIaCHO MOTPEOHOCTAX NEPBUYHBIX IPOIECCOB.

[0042] CornmacHo eme OXHOMY MONONHHTENHHOMY BAPHAHTY pEATM3alUM H300pDETEHHS, B
OCOOCHHOCTH OTHOCHTEIBPHO CHCTEMBI II0 H300PETEHHIO, CHCTEMa CKOHCTPYHPOBaHa TaK, YTOOBI
00pabaTeIBaTh KOJNHMHYECTBO OTPabOTAHHOTO pacTBOpa XJIOPHAA MeETala paBHOE HIH
npesbinatomee 10 n/yac u paBHoe m He mnpeBbimaromee 5000 j/4ac, MPeaIOYTHTENHLHO
COOTBETCTBYIOLIEE paBHOMY HJIM IpeBblnatomeMy 30 j1/9ac 1 paBHOMY WM He MPEBHIIAIOMEMY
3000 n/4ac, mpeamoYTHTENEHEES COOTBETCTBYIONIEE PABHOMY WM IpeBbIIaromeMy 60 n/9ac u
paBHOMY WM He npeppimaromeMy 2000 n/gac, HauGonee NPEAOYTHTENFHO COOTBETCTBYIOIIEE
paBHOMY Wi npeBbimaromeMy 100 si/g9ac 1 paBHOMy HiH He npeBsimaiomemy 1500 1/gac.
[0043] CornacHo naHHOMY H300pETEHHMIO, TaKHM O00pa3oM, NPEHMYIIECTBEHHO BO3MOXKHO
IPOBOJUTh PETEHEPALHIO COJISHOM KHCIOTHI TaKXe JUIS IMPOLECCOB, JAIOIIHX CPaBHUTEIHHO
HebobIre 06BEMBI B €IHHHUIY BPEMEHH.

[0044] Otu um npyrue XapaKTEepHCTHKH, NpPH3HAKM M IPEMMYIIECTBA JaHHOTO H300peTCHHA
CTaHYT OYEBUAHBIMH H3 CIIEAYIOIIEr0 [AETAIbHOTO OINHMCAHUS BMECTE€ C MpPHJIAracMbIMH
rpaguyecKUMH MaTepHallaMH, KOTOpble H300paXaloT, B KAa4eCTBE NpPHMEpPA, IPHHIMIIBI
n3o0perennsa. OnucaHWe NPUBOINMTCA TONBKO JUIs OpuMepa Oe€3 OrpaHHYeHHs o00beMa
m3obperenns. McxomHele QuUrypsl, NpUBENEHHBIE HHXE, OTHOCATCA K IPHJIAraeMbIM

rpagpuYecKuM MaTepHajIaM.

KPATKOE OITMCAHUE 'PAOUYECKUX MATEPUAJIOB

[0045] Ha ®ur. 1 cxemarHdecku H300paxkeHa CHCTeMa IO JaHHOMY HM300PETEHHIO VIS
nepepaboTKu 0TpabOTaHHOTO PacTBOpa XJIOpPHUIA MeTallia ¢ UCHOJIB30BAHHEM IIEPHOIMIECKOM
nepepaboTKH, BKIIOYAIOIIEH pa3Hble pabodne pEeKUMBI PEaKTOpa CHCTEMEI, IPHYEM CHCTEMA

COJIEPXHT PEaKTOp, MEPBBIH JJIEMEHT XPaHEeHHS, a TAKKe BTOPOM 3JIEMEHT XpaHEHHS.

[MOAPOBHOE OITMCAHUE

[0046] JlanHOoe wu300peTeHHE OMHMCHIBAIOT II0 OTHOINEHHIO K OIpEAeiIeHHBIM BapHaHTaM
peanu3alud H300peTeHHS W C CCBUIKOM Ha OIpeJelieHHble rpaguyeckue MaTepHalbl, HO
n300peTeHHe OrpaHMYHMBaeTCs HE HMMH, a TONbKO (opMmynoi wu3zobperenus. OnHcaHHEBIE
rpadudeckie MaTepHallbl SBISIOTCA TOJNBKO CXEMAaTHYECKHMH M HE OrpaHHYMBAOIMMH. B
rpapuueckHxX MaTepHaliax pa3Mep HEKOTOPBIX 3JIEMEHTOB SBISETCH YBEIMYEHHHIM H HE

IIpUBONATCA B MaciTabe ¢ HIUIFOCTPAaTUBHBIMH LETIAMH.
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[0047] B cuyuae, koraa HCIONB3yeTCS HeoIpeleleHHas (opMa CYIIECTBUTEILHOTO B
€IMHCTBEHHOM YHCJI€, OHA TAKXKE BKIIOYAET MHOXECTBEHHOE YHCJIO 3TOTO CYLIECTBHTEIBHOTO,
€CJIH TOJIBKO CHEIMATIFHO HE YTBEPKAAETCS YTO-IH00 HHOE.

[0048] HomoaHuUTENBHO, TEPMHHEI IEPBBIN, BTOPO#M, TpeTHii M T.I. B OomHcaHHH M (opMyie
M300peTeHHs] MCIONB3YIOTC M OTJIMYMS aHAIOTHYHBIX 3JIEMEHTOB M HE00sA3aTeNIbHO I
ONHCAaHUS IOCIENOBATENIFHOTO WM XPOHOJIMIHYECKOro mnopsaka. IIoHATHO, 9TO0 TEpMHHEI,
UCIIOJIb3yeMbIE€ TAKHM 00pa3oM, ABJSIOTCA CHHOHHMAaMH B MOAXOAAIMX 00CTOATENBCTBAX H, YTO
BapHaHThI peaTH3aniy H300pETEHNs, ONUCAHHBIE B JAHHOM TEKCTE, MOTYT IPOBOJHUTCS B IPYTHX
MOCJIENOBATENILHOCTAX, YEM ATO OMUCAHO MK H300PaXKEHO B JaHHOM TEKCTE.

[0049] Ha ®ur. 1 cxemarnyecku u3obpaxena cucrema 100 mo maHHOMY H300pETEHMIO NI
nepepaboTKi OTpabOTaHHOTO PacTBOpa XJIOpHAA METaJUIa C MCIOIb30BAHHEM IIE€PHOIHMYECKOR
nepepaboTKH, BKIIOYAIOMEH pasHble paboume pexuMmbl peakropa 200 cucremsl 100, mpuyem
cucreMa 100 cogepxut peakrop 200, mepBblit 351eMeHT XpaneHus 210, a Tak)ke BTOpOH 2JIEMEHT
xpadenus 220. B tumoBom npumepe corinacHo @ur. 1 cucrema 100 comepuT KpoMe peakTopa
200, mepBoro 3neMenTa xpaHenus 210 u Broporo 3neMeHTa xpaneHus 220, IepBbId [apoOBOH
Kianad 121 (mpeamoyYTHTENFHO aBTOMaTHYECKUH IMapoBOM KiIamaH), BTOPOH INapoBOH KilamnaH
122 (mpeAmoOYTHTENHHO ABTOMATHYECKMM I[MapOBOM KjamaH), IMTAaTeNbHbIH Hacoc 123,
¢uneTpyromuit smemMedT 124, HHPKYIANMOHHBIM Hacoc 125, ¢uusTpanuonHBIH Hacoc 126,
OXJIAXIAFOIHH 31eMeHT 127 (WM XONOMWILHHUK), HarHETaTeNIbHBIA KiianaH 128, koHAeHcaTop
129 U eMKOCThb JUIS XpaHEHHs pereHepHpoBaHHOM KUCIOTHL 130 (TpeTwil 3JIEMEHT XpaHEHHS
130), wumerommii BbIXOJHOe OTBepcTHEe 131, COEIWHEHHOE ¢ TEPBHYHBIM IIPOLECCOM,
TPeOYIOIUM CBEXYIO (WM pereHepHpoBaHHYIO) KucioTy. Peaktop 200 comepXHT BXOIOHOE
oTBepcTHe M Kuciopopa 132 u ¢misTp (Wnmm QuibTpyrommii sneMeHT 124) conepxkammit
BBEIXOJJHOE OTBEpPCTHE JUIa Kuciopoma 133. B THIOBOM BapHaHTe peajM3alldl H300peTeHMs
cornacHo Pur. 1 cucrema 100 Taxke COMEPXKUT HarpeBaTENBHbIA MOJYJIb, KOTOPBIH CIIocO6EH
obecrieunTs JONOJHHTENBHOE HarpeBanue conepxumoro peakropa 200. HarpeparenbHbii
MOZYJIb CONEPKUT JONOJHHUTENBHBIN Hacoc 134 u HarpeBarenbHbIH dneMeHT 135. Comepxumoe
peakropa 200 HarHeTarOT, IO MEHBIICH MEpE YaCTUYHO, C MIOMOIIBIO JOMOJHUTEILHOTO Hacoca
134 B HarpeBaTenbHBIM 31eMeHT 135, HarpeBalOT B HarpeBaTeNbHOM dneMeHTe 135 u mocne
3TOTO HOBTOPHO BBOAAT B peakTop 200 (cTpeska, 0603HadeHHas KpyroM ¢ nosuimed 7).0OnHaxo,
HarpeBare/IbHBI MOAYJb HE 00f3aTeNbHO IpEJIaracTcs HJIM YCTaHaBIMBAacTCA KaK 4acThb
cuctemsr 100. ITocpefcTBOM JONONHMTENHHOrO HArpeBaHHs coiepxumoro peakropa 200 ¢
IOMOIIBIO HArpeBaTeNbHOrO 3TeMEHTa IPEHMYIIECTBEHHO BO3MOXHO COKDAaTHTh BpeMs,

TpebyeMoe IUIs MOJHOro IpoBeleHHs peakuud B peakrope 200, B 0COGEHHOCTH peaKIMH
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IEepBOro (OKMCIMTENBHOTO) 3Tala, B OCOOCHHOCTH O OTHOIIEHHIO K HayalbHOH (ase 3Tama
OKHCJICHHS, T.€., COIJIACHO AIbTEPHATHMBHOMY BapHaHTY pEalH3alli¥ JaHHOTO H3006peTeHHs,
9Tall OKHUCJIEHHS MPOBOJAT IPH BKIIOYEHHOM BO BpeMs HayajibHOW (aswl dTalma OKHCIEHHS
HarpeBaTeIbHOM MOJyle (KOTopas 3aHHMaeT, HanpuMmep, ot 10 % mo 70 % o6iero BpeMeHH,
TpebyeMoro i NPOBEICHHS 3TaNa OKHCICHAS) U Ha IPOTSHKEHUH OCTABIIEroCs BPEMEHH 3Tama
OKHUCJIeHHA (II0C/Ie HadalbHOH (pa3bl) HarpeBaTENBHbIN MOIY/Ib BEIKIIOYEH (IIOCKOJIBKY peaKiusl
cama 110 cebe o6pasyer JOCTATOYHO TEILIOTHI).

[0050] Ilepseri anmement xpaneHus 210 mpexacrasiser coGoit emxocTh s xpanenus FeCls,
HCTIONB3YEMYIO /I XPaHEHUS 0 MEHbIIEH MEpe YacTHYHO OKHCIEHHOI'O pacTBOpa XJIOpHIa
metayuia 30. Bropoi snemeHT XpaHeHus 220 mpenctaBiseT coGod €MKOCTb IS XPaHEHHs
0TpaboTaHHOM KHCIOTEHI, T.€., 6yf1>¢epHyro €MKOCTh Il XpaHEHHs OTpabOTaHHOro pacTBOpa
xnopuna Metawia 10 B TeYeHHM MHTEPBATIOB BPEMEHH, IIPH KOTOPEIX peakTop 200 HCIOIB3yIOT
BO BTOpOM paboueM pexuMe.

[0051] Crnoco6 no u306peTeHHIO IPOBOAAT cienytomum obpasoM: OTpaGOTaHHBIA pPacTBOp
xnopuna Metaa 10 (momydeHHOTo B pe3ynbTaTe IEPBUYHOTO HPOLEcca, HE H306PaXEeHHOro Ha
®wr. 1) NoJalOT MITH HAKAIUTHBAIOT BO BTOPOM 3jieMeHTe XpaneHus 220 (cTpenka, 0603HaueHHas
Kpyrom ¢ nosunuei 1). B mepBoit Touke Bpemenu npeamnonaraercs, 9ro peakrop 200 paboTaer B
nepsoM paboueMm pexume (Oymayum Gonee wim MeHee mmycTbiM). HaudanbHsli oTpaGoTaHHBLH
pacTBOp xyopHaa Metamia 10 wim ero 4acTe mojaroT (Yepe3 MUTATENbHBIM Hacoc 123) u3
BTOpOro 3neMenTa xpaHeHus 220 B peakrop 200 (crpenka, 0603HAUYEHHAs KPYrOM C IO3UIHEN
2). Jlna npoBeleHHs dTana OKHCICHMs Ui (Ha4yaJbHOTr0) OTpabOTaHHOro pacTBOpa XJIOpHAA
Metamia 10 k orpaGoranHOMy pactBOopy Xsopmaa Meraiuia 10 B peakrope 200 moGaBisior
KHCIIOpoJ| (Yepe3 BXOIHOE OTBEpCTHE Ui Kuciaopoia 132).9To mpMBOAWT K TOMY, YTO IIO
MEHBIIEH Mepe 9acTh OTpabOTaHHOTO pacTBopa Xjopuiaa Metaia 10 sBISeTCS OKUCIIEHHOM,
CIIeIOBATENBHO, MOMYYaloT (HAadaJbHBIN) [0 MEHBIIEH Mepe YaCTH4YHO OKHCIICHHEIM pacTBOp
xyopuja Merajuia 30 U3 (HayanbHOr0) OTPaOOTAaHHOrO PacTBOpa XJjopuaa Metauia 10, mpu sToM
OKHCJIEHHAs 9acTh II0 MEHBINEH Mepe YaCTUYHO OKUCIIEHHOTO pacTBopa xjopuaa Metauia 30
COOTBETCTBYET IO MEHBINEH Mepe 4acTH MO MeHbIIeH Mepe OJHOTO OKHCISIEMOro KOMIIOHEHTa
oTpaboTaHHOrO pacTBOpa Xjopuzaa merawia 10 no stama oxucienus. Ilocne 3Tama OKHCIEHHS
HEpacTBOPHMBIE 4acTH (0Opa3oBaHHbIC B XHAKOCTH B peaktope 200) oTUIBTPOBBIBAIOT C
oMol GuiIbTpyromero sneMeHta 124 (Brimodaromnero (GUIBTPallHOHHBIA Hacoc 126 u
OXJIXJAIOIUN 3ieMeHT 127), yaansioT u3 (QuibTpyromero 3jneMeHTa 124 uepe3 BBIXOZHOE
oTBepcTHE Ui KHuciaopoxa 133 M NOJMYYEHHBI IO MEHBLIEH Mepe YacTHYHO OKHCIICHHBIH

pacTBop Xxjopuma Metauia 30 momaloT B TepBBIM 3neMeHT XxpaneHHs 210 (crTpenka,
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0603HaYcHHAd KPYTOM ¢ HO3MIMed 3), mpH 3TOM, TakuM o6pa3oM, omycromaerca peakrop 200.
Taknm obGpaszom nepepabarbiBaeTcs mepBas MM HadalbHas MOPHHS OTPabGOTAaHHOTO pacTBOpa
XJIOpA/ia MeTalljla, €CliM TOBOpUTh 00 3Tame okucnenus. Kax mpaBuiio, mporecc mpoaosDKaroT,
1I0/1aBas JIONOJIHUTENBHEIN O0TpaboTaHHEIH pacTBOp Xyopuaa Metauia 10' U3 BTOporo sneMeHTa
xpanenus 220 B peakrop 200 (crpenka, 0603Ha4YeHHast KPYTOM € MO3ULHKEN 2) W aHAJIOTHIHBIM
00pa3oM BBIIOJHSS 3Tall OKUCIICHHUS, CIIEOBATEIbHO, MOMyYas JOMOJHATENBHBIN 10 MEHBIIEH
Mepe 4aCTHYHO OKHMCJIEHHBIM pacTBOp Xjopuaa Meraia 30' (a Taioke yJainsisi HEpacTBOPHMBIE
YacTH Yepe3 BBIXOAHOE OTBEPCTHE U Kuciaopona 133), mpu 3TOM HONOTHHUTENBHBIA YaCTHYHO
OKHCJICHHBIH pacTBOp XJiopHaa Metaia 30' aHaJIOTMYHO MOJAIOT B HEPBEIM JJIEMEHT XpaHEHHSA
210 (cTpenka, o603HaueHHas KpyroM c nosunueit 1). [Tocne pasrpysku peaktopa 200 mporecc
JOIMOJIHUTENILHO MPOJOJKAIOT, NojaBas (oauH Wi Oonee pa3) eme OJUH JOIMOJTHHTEIHHEIHA
0TpabOoTaHHbIH PacTBOP XJIOPHAA METAIIA U TIOJIyYas eme OAUH JOTOIHUTENbHEIH 110 MEHBIIEH
Mepe YaCTHYHO OKMCIICHHBIA PacTBOpP XJIOpHIA METajlIa [10Ka MEpPBBIA 3JIeMeHT XpaHeHus 210
HC HAIOJHMUTCA 10 MEHBINEH MEpe YaCTHYHO OKMCIIEHHBIM PacTBOpPOM Xiopuja mertauia 30.
3arem peaktop 200 pabGoTaeT Bo BTOpoM paGodeM pexuMe, IPH ITOM IPOXOJHT ITAll
THIPOJIM3a: 10 MEHBIIEH MEpe YaCTUYHO OKHCIICHHBIH pacTBOp Xiopuaa merawia 30 (6o
[I0JIaBacMBIA U3 IEepBOro 3neMeHTa xpaneHus 210 (cTpenka, 0603HaYeHHAs KPYIoM € IIO3HIUEH
4), m160 OCTAaTOYHBINA MO MEHBIIEH MEpe YaCTUYHO OKHCIICHHBIA PAacTBOP XJIOPHA METALIA U3
HOCJIEAHEH TOPIHH, II0y4eHHOH Ha epBoM 3Tane (CTpesika, 0003Ha4eHHas KPYTOM C IMTO3UIHei
5)) mo MeHbIIEH Mepe YacTHYHO THAPOIU3YET BO BpeMs dTama rujapoimsa. Peakrop 200
paboTaeT Bo BTOpoM paboyeM pexuMe IPH TeMIIEpaType THApoIn3a, npepbimaromeit 120 °C, u
IIpY HaJJIeXalleM JaBlIeHUH ruapommsa. TakuMm obpasom obpasyercs coistHas kuciiota (HCI) (u
[I0JlaeTCs 4Yepe3 HarHeraTelnpHbIH KianadH 128 u xonpeHcarop 129 (crpenka, o6o3Ha4YeHHAsA
KpPYroM C MO3UIHel 6) B eMKOCTh XpaHEHHUS pereHepupoBaHHOM KUCIOTH 130 (TpeTHii 35eMeHT
xpaHeHus 130); oTTyna pereHepHpOBaHHYIO KHCJIOTY BO3BPAIIAIOT Yepe3 BBIXOJHOE OTBEPCTHE
131 B mnepBuuHBIA mponecc, Aaromuii orpaboTaHHBIH pacTBop Xnopuzaa Metawia 10) u
obpasyercs TBepablit okcuy xene3a Fe,0; (M ymansgercs depe3 BeixoaHoe oTBepctre 133). Oty
OIlepalHIo MPOAOIDKAIOT MOKa NEpBBIA 3eMeHT XpaHeHus 210 He crader mycThiM. Bo Bpems
pabotei peakropa 200 Bo BTOpoM pabodeM pexuMme o0O0pasyeTcs IOMOJTHHUTEIHHBIA
0oTpaboTaHHBIA pacTBOp Xjopuaa MeTaula 10, KOTOPBIH XpaHHTCA WM HaKaIUTMBAeTCS BO
BTOPOM 3JIeMeHTe XpaHeHHs 220, TakuM o0pa3oM, onepalus NOBTOPSETCS CHOBA.

[0052] Omnucanme cmocoba Mo H300pPETEHHIO W CHCTEMBI MO W300pETEHHIO B IIpEIBIAYINEM
naparpade OTHOCHTCA K OTpabOTaHHOMY pacTBOpy Xjopuaa Mertawia 10, uMeromeMy

OTHOCHMTEJIFHO HA3KYIO KOHIICHTPAIIUIO, KaK mpaBmiio, oT 14 % Mac. 1o 28 % mac. mo MeHbIeH
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MEpe OJHOTrO OKHCIIeMOro KoMmnoHeHTa. CoriacHO ajJbTEpPHAaTHBHOMY BapHaHTy peald3allid
NaHHOTO H300peTeHHs, BMecTO 06pabOTKM OTPaGOTaHHOIO pacTBOpa XJopHaa Meramwia 10 ¢
HOMOIIBIO Ccrocoba Mo HM300PETEHHI0O M B CHCTEME MO H300PETEHHIO, KOHIEHTPHPOBAHHBLA
OTpabOTaHHEIH pacTBOp Xjnopuaa Meramia 20 (MMeromHil Gojee BHICOKYIO KOHIIEHTPAIHIO II0
MEHBIIEH MEPe OJHOrO OKHUCJIIEMOr0 KOMIIOHEHTa) 06pabaThBalOT COTIaCHO TOMY XK€ CIOCo0y
B peakrope 200. Kax mpasuio, mepBHYHBIE Npouecchl (Haromue OTpabOTaHHBIA pPacTBOP
xnopuzga Meraia 10) He o6pa3syloT KOHIIEHTPHPOBAHHBIA OTPaGOTAHHBIA PAcTBOP XJIOpHAA
Meraiuta 20 (uMeronwi Takyro 6ojiee BBICOKYIO KOHIIEHTDAIMIO [0 MEHBIIEH MEpe OJHOIO
OKHCIIIEMOr0 KOMIIOHEHTa), CIICIOBaTENbHO, OTpaboTaHHBIA pacTBOp Xiopuaa Mmeramia 10,
oOpasyromuiici B BOCXOASIIEM IpoIecce, - MOABEPraeTcs JTaly [pPeABAPUTETHHOTO
KOHLEHTPAPOBAHMSI, JAIOLIEMY KOHIIEHTPHPOBAaHHbIH OTPabOTaHHbINA PacTBOP XJIOpHIA MeTaLia
20. OnHako, 3TOT 3Tal IPEABAPHTENFHOTO KOHIIEHTPHPOBaHUS He u300paxeHn Ha ®ur. 1. Kak
IPaBUJIO, KOHUEHTPUPOBAHHBIM OTpaboTaHHBIH pacTBOp Xyopuaa Metauia 20 COAEPKHT B
Ka4yeCTBE II0 MEHBINEH MEPE OJHOIO OKMCIAEMOTO KOMIIOHEHTa XJIOPHCTOE JKele30 (XJIOPHI
xenesa (1)) npu koHIEeHTpauy MpeanoYTATENBHO OT 22 % Mac. 10 45 % Mac.

[0053] M3 BbIme H3JIOKEHHOrO OMHCAHUA CIEMYET, YTO, COINIACHO JAHHOMY H300PETEHHIO,
pereHepanus COJSIHOM KHCIIOTHI BBINOJIHACTCS INMEPUOAMYECKM B JIBA 3Tala, BKIIOYas 3Tall
OKHCJIEHHS M 3Tan ruaponusa. Ha stane oxucieHus oTpaGOTaHHBINA pacTBOP XJIOpHAA MeETa/lia
(w oTpaboTaHHBIH TPaBUJIBHBIA PacTBOp) OKHUcisercs KuciaopoxoM (02) ¥ IpeBpamaercs B
FeCl; (t.e., o MeHbIIEH Mepe YaCTHYHO OKHCJIEHHBIH pacTBOp Xjopuaa Meramwia 30). Oror
TEXHOJIOTMYECKUH 3Tall IOBTOPSIOT M IIO MEHBIIEH Mepe YacTHYHO OKHCIICHHBIH pacTBOp
xnopuna Metaina 30 (FeCls) xpansar B 6yddeproit emxocTu (TiepBbIii 351eMeHT XpaneHus 210).
IMocne sroro, pabounii pexxum nepexioyarotr u FeCl; pasnaraior myreM HarpeBaHMs pacTBOpa
J0 ONpeNENeHHOH TeMIepaTypsl (TeMIeparypa THApoiu3a). B pesyisTare 3TOro mpomecca
pasnoxenus obpasyercsa consHas kucinora (HCI) m oxcun xenesa. Perenepupoannyio HCI
KOHJICHCHPYIOT M HCIIOJIb3YIOT MOBTOPHO, OKCHJI JKe€jle3a OTAEIIOT KaK MOOOYHBIA MPOXYKT.
CornacHO JaHHOMY M300pETEHHUIO, JUIA ATana OKUCIICHHS M 3Talla THAPOJIH3a UCIIONIB3YIOT OMUH
H TOT Xe cocyhd, T.e. peakrop 200. DTOT mMOAXOX YCHEIIHO CHHXAET IIPOCTPAHCTBEHHBIM
TpeOOBaHHs, KANHWTATOBIOXKEHHS H IO3BOJISET OOCITYXHBAaTh CETMEHT PHIHKA, KOTODHIH B
JaHHbIH MOMEHT HE MMEET JOCTYIa K CHCTEME pereHepanuu 0TpaboTaHHOrO pacTBopa XJIOpuaa

MeTajuia (Wi oTpaboTaHHOTO TPABHILHOTO PacTBOPA).

CCBUIOYHBIE ITO3ULINN

1 nmoaaya OTpaGOTaHHOI“O pacTBOpa XJIOpHIa METAJLl1Ia BO BTOpOﬁ 3JIEMCHT XpaHCHHUSA
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1oxava oTpaboTaHHOTO PacTBOPa XJIOPHIa METAIIA B PEaKTOP

nojaya o MEHBIIEH MEPE YaCTUYHO OKHCJICHHOI'O pacTBOpa XJIopHaa METajlia B nepan‘fI

JJICMCHT XpaHCHHUA

4
5

6
10
20
30
100
121
122
123
124
125
126
127
128
129
130
131

o/ia4ya 110 MEHbBIIEH MEPEe YaCTUYHO OKHCIIEHHOTO PacTBOpa XJIOPUAa METAJLIA B PEAKTOP
1oJjavya 1o MEHbIIEH MEPE YaCTHYHO OKHCIEHHOIO pacTBOpa XJIOpH/Ia METAUIA B PEaKTOp
BBEIXOJHOE OTBEPCTHE PETEHEPHUPOBAHHOM COJITHON KHCIIOTBI
oTpabGoTaHHBIN pacTBOP XJIOpHIA MeTaIa

KOHIIEHTPHPOBAHHBIN OTpaOOTaHHEIH pacTBOpP XJIOpH/a MeTa/lIa

IT0 MEHBIIEH Mepe YaCTUYHO OKHUCIIEHHBI pacTBOP XJIOpUAa METaJla

cucTreMa

HIEPBBIN IIAPOBOM KianaH

BTOpO# IIapOBOH KJlanaH

IIUTaTENIbHBIN Hacoc

¢unsTpyromuit sneMeHT

IUPKYJIHOHHBIN HacoC

($uNbTpallMOHHBIH HACOC

OXJIAXKJAIOLIUH 3JIEMEHT

HarHeTaTelbeHBIM KilanaH

KOHJICHCATOP

€MKOCTh XpaHEHHUS pereHepHPOBAaHHON KHCIOTBI/TPETHH 37IEMEHT XpaHEHHS

BBIXOHOC OTBEPCTHE, COCAHHCHHOC C TICPBHYHBIM IIPOIICCCOM, TpeGYIOIIIHM

CBEXYIO/pEreHepHPOBaHHYIO KHCIIOTY

132
133
200
210
220

BXOJHO€ OTBEPCTHE I KHCIIOPOaa
BBIXOJJHOE OTBEPCTHE ISl KUCJIOpOia
peakTop

HEPBEIH dJIEMEHT XpaHEHHS

BTOpOﬁ JJICMCHT XpaHCHUA
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®OPMYVIJIA U3OBPETEHUS

1. Crioco6 mepepaboTku oTpaboTaHHOro pacrteopa xuopuaa Meramia (10), comepiamero mo
MCHBIIEH Mepe OIUH OKHCIEMBIH KOMIIOHEHT, C IepHOIuYecKoil 0O0paGoTKO#M NpH pasHbIX
pabounx pexumax B peakrope (200), BKIIOYAIOMIHUI CIIENYIOIIHE ITAMBL:
- Ha IepBOM 3Tane 0TpaboTaHHEIH pacTBOp xyopuaa Meramia (10) mogatot B peakrop (200), B
KOTOpPOM MPOBOJUTCA OKHCJICHHE IIPH TEMIIEpAType OKUCIEHHs, npessmnatoeit 90 °C, u mpu
JaBJICHHH OKHCIIeHHs, npepimnaromeM 0,3 MI1a,
IIpUYEM 110 MEHBIIEH Mepe YacTh 0OTpabOTaHHOTO PacTBOpa XJIOPHIa METallIa
(10) oxucnsercs Bo BpeMs 3Tara OKUCICHHUS,
TIPH 3TOM 10 MEHBLIEH MEPE YaCTHYHO OKUCIICHHBIH pacTBOp XJopuaa metauia (30)
IIOJIy4aroT U3 0TpaboTaHHOTO pacTBOpa XJjopuaa Metawia (10),
H OKHCIICHHAs 4acCTh 110 MEHBIIECH Mepe YaCTHYHO OKHMCIICHHOTO PacTBOpa XJIOpHAa
Metaimia (30) cOOTBETCTBYET MO MEHBIIEH Mepe YacTH II0 MEHBINEH Mepe OJHOro
OKHCJIIEMOT0 KOMIIOHEHTa 0TpaboTaHHOro pactBopa xjopuzaa merawia (10) mo srama
OKHCJIEHHS,
- Ha BTOPOM 3TaIll€ [10 MEHBIIEH Mepe YaCTHYHO OKHCJICHHBIH pacTBOp XJopuaa Metamia (30) mo
MEHBIIEH Mepe YaCTH4YHO THApPOJHM3YyeTCs BO BpeMs JTala IMApOJiH3a, KOTOPHIH IIPOXOJHT B
peaxtope (200) B To Bpems, kak peakrop (200) paGoraer Bo BTopoM paboueM pexmMe, NPU
TEMIepaType ruapoiusa, npesbnuaromei 120 °C u npu HamiexameM JTaBICHHH THIPOJIU3a,
MIPHYEM BO BpeMd dTalla FHAPoIM3a noaydaroT consHyto kucnoty (HCI), (30) u TBepayro 3akuch
xesesa Fe»0;.
2. Crioco6 1o n. 1., B KOTOPOM HCIOJIB3YIOT JOMOJIHHUTENLHO MEPBBIA dNIeMeHT XpaHeHus (210)
H, B TO BpeMs Kak peakrop (200) paboraer B mepBoMm paboueM pexxuMe, IO MEHBIIEH Mepe
YaCTHYHO OKHCIECHHBIH pacTBOop xiopuna Mmetaiuia (30), momydeHHBIE BO BpeMms paHee
IIPOBEJIEHHOI0 NEPBOTO 3Tala, [OJAIOT B NEPBBIM 37ieMeHT xpaHeHHus (210), a 1onmOITHUTENBHEIH
oTpaboTaHHbIH pacTBop Xyopuaa Metauia (10") moxarot B peaktop (200) neproandecky,
IpuyeM nponoinkas paboty peakropa (200) B mepBoM paboueM pexXuMe IPOBOIAT
MIEPBBIA 3Tall ¥, IO3TOMY, NONOIHUTEILHEIN 110 MEHBIIEH Mepe JaCTUYHO OKHCIICHHBINH
pactBop xjopuaa Meramuia (30') moiydaroT W3 OOIMOJHHTEIBHOIO OTpabOTaHHOrO
pactBOpa xsopuaa Metayuia (10"),
npuyeM B peakTop (200) MexX Ty MEPBEIM M BTOPHIM PEXMMOM €ro paGoTHI MOJAOT U3
MepBOro 3jieMeHTa xpaHeHus (210), riiaBHBIM 00pa3oM AOMOIHUTENBHO, 110 MEHBIIEH

Mepe 4YacTH4YHO OKHMCJIEHHBIH pacTBop Xiopuga Metamwia (30), , a Takxe
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JIOTIOTHHUTEBHELA 110 MEHBIIEH Mepe YaCTHYHO OKCHJICHHBIH pacTBOp XJIOpHAA MeTalia

(30".
3. Criocob o m060My U3 NPEAIIeCTBYIOLIMX
IIyHKTOB, OTIMYAIOIIANACS TEM, YTO:
- IEePHOJTHYECKH, IIOC/I€ NMPOBEJEHMsI IIEPBOTO dTala Uil OTpabOTaHHOrO pacTBOpa XJIOpHIA
MeTaJlla U 0 MPOBEIEHHA NEPBOr0 3Tama A AONOJIHMUTEIBHOrO OTpabOTaHHOTO pacTBOpa
XJIOpH/ia MeTajlla M, MPEANOYTHTENBHO, Mociae paborsl peakropa (200) B mepBoMm pabodeM
pexxume u 10 pabotsl peaktopa (200) Bo BropoM pabouem pexume, peaktop (200) mo MeHbIIeR
Mepe YacTHYHO pasrpy>KaroT, pasrpyXaloT NPEANOYTHTENFHO IO MeHblned Mepe Ha 50 %,
pasrpy>KaroT MpeAmoYTHTENbHee N0 MeHbed Mepe Ha 70 %, pasrpyxaorT HauGojee
TIPEIITOYTHTENBHO 10 MeHbIIeH Mepe Ha 90 %.
4. Coco6 mo mo6oMy U3 IPENIIECTBYIOIMHX IYHKTOB, OTIMYAIOIIHIACS TeM, 9TO OTPaGOTaHHbIHA
pacTBOp XJIOpH/a METalla CONEPXHT B KadecTBe IO MEHBIIeHf Mepe OTHOr0 OKHCIIEMOTO
KOMIIOHEHTA XJIOPHCTOE xene3o (xaopun xenesa (II)), npryeM otpaboTaHHEIM pacTBOp XJI0pUaa
MeTalla IPeANOYTHTENLHO CoIepkuT oT 14 % Mac. 1o 28 % Mac., nIpeanoYTHTENBHO OKOJIO 22
% Mac. xopucToro xenesa (xnopuua xenesa (II)).
5. Cnoco6 no mo6oMy U3 IPEAMIECTBYOMMX TYHKTOB, OTIMYAIOIIMICA TEM, YTO IO IPOBEACHHS
epBoro Jrama oTpaboOTaHHBIR pacTBOp xyopuaa Mertamwia (10) mpoxomutr 3Tanm
IIPEABApHTENBHOIO KOHICHTPUPOBaHUS ¢ 00pa3oBaHHEM KOHIEHTPUPOBAHHOIO OTPaOOTaHHOIO
pactBopa Xxjopuia Metauia (20), mpHYeM KOHIEHTPHPOBaHHBIA OTPaOOTAHHELA pPacTBOP
xjnopuga Meramna (20) comepXHT B KayecTBe II0 MEHBIIEH Mepe OJHOIO OKHCJISEMOIo
KOMIIOHEHTa XJIOpHCTOE xXene30 (xmopun xkenesa (II)), mpudyeM KOHLEHTPUPOBAHHBIH
orpaboTaHHBIH pacTBOp Xnopuaa Meraiuia (20) IpeHMyIECTBEHHO COAepXHuT oT 22 % Mac. 10
45 % Mac., IpemoYTHTENLHO 0KoJ10 40 % Mac. XJIOPHCTOro xene3a (xopuaa xenesa (I1)).
6. Croco6 no moboMy U3 MPEAIIECTBYIOMMX IyHKTOB, OTIMYAIOIIHKCS TEM, YTO II0 MEHbIIEi
MEpE YaCTHYHO OKMCIICHHBIH pacTBOp Xjopuaa Metauia (30) conep)kuT B Ka4ecTBe IO MEHBIICH
MEpEe YaCTH €ro OKHCICHHON d4YacTH XJopHoe ene3o (xmopun xenesa (III)), mpuuem mo
MEHBIIEH Mepe YaCTUYHO OKHCIICHHBIN PacTBOP XJIOpHAa METAJUIA MPEAIIOYTHTEIHHO COAECPKHUT
or 12 % mac. o 25 % wmac., npeanodrutensHo okono 20 % Mac. XJIOpHOro kene3a (Xiopuaa
xenesa (II1)).
7. Cnioco6 no mo6oMy U3 NPeAINEeCTBYIOMUX TYHKTOB, OTIHYAOIMIUACS TeM, YTO OTpaboTaHHBIH
pacTtBop xinopuaa merauia (10) comepXHT KpoMe MO MEHBIIEH Mepe ONHOI'O OKHCIISIEMOTO

KOMITIOHCHTa CBO6OIIHYIO COJIMHYKO KHCJIOTY.
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8. Cnoco6 o moboMy U3 NPENIECTBYIOMNX yHKTOB, OTIHYAIOIIMACA TEM, 9TO TEMIIEpPATypa
OKHCIJICHUs, IpUMEHAeMas Ha IEpBOM dTane, paBHa Wik npesbmuaetr 100 °C, u paBHa WM He
npeseimaer 250 °C, mpeamodrHTensHO paBHa Wi mpeBbimaer 130 °C, m paBHa MM HeE
npessinaer 200 °C, mpeamodrnrensHee paBHa WiH npeBbimnmaer 140 °C, ¥ paBHa MM HeE
npessimaer 170 °C, nanbonee npenovTHTENFHO paBHA WM npesbimaer 145 °C, u paBHa WiIH
He npesbimnaeT 155 °C u/UIH IIpHYEeM TeMIlepaTypa THApPOJIK3a, IpUMeHseMas Ha BTOPOM JTaIle,
pasHa wiH npeppinaer 130 °C, u paBHa nin He npessimaer 300 °C, npeAnoOYTHTENRHO paBHA
w npesbimaer 150 °C, u paBHa mim He npesbimaer 230 °C, npeamodTHTeabHEE PaBHA HIH
npessinaer 160 °C, u paBra nin He npepbinuaer 180 °C, HauGosee NPEANOYTHTENLHO PaBHA
um npessnnaet 165 °C, u pasHa win He npesbimaet 175 °C.

9. Cooco6 mo moOoMy M3 NIpeAIECTBYIOMMX IYHKTOB, OTIHYAIOIIANCS TEM, YTO IABJICHHE
OKHCJIEHUs, IPUMEHSAEMOE Ha ME€PBOM 3Tamne paBHO MM npessinnaer 0,3 Mlla, u paBHO WiIH He
npeseimaer 1,2 MIla, npeanoururensHo paBHO i mpebimaer 0,6 MIla, 1 paBHO WM He
npesbinaer 1,0 Mlla, npeanourutensHee pasHo win mpesbunaer 0,7 MIla, u paBHO WM He
npessimaet 0,9 MlIla, ran6osee npeanoYTHTENEHO paBHO Wik npesbimnaet 0,75 MIla, u paBHO
i He npesbimaet 0,85 MIla, n/unu npuyeM naBieHHe THAPONN3A, IPUMEHIEMOE HA BTOPOM
sTane paBHO wmiM npesbmmaer 0,05 MIla, m paBHo wim He mpeBbmmaer 1,2 Mlla,
IPEANOYTHTENFHO paBHO Mk npesbimaer 0,08 MIla, u paBuo wmm He mpessmmaer 0,8 Mlla,
npeanoYTHTENbHee paBHO MM npesbmmaet 0,09 Mlla, u paBHo wim He npessmmaer 0,5 Mlla,
Haubosiee NMPEANOYTUTENPHO paBHO Wik npeBbimaer 0,095 Mlla, v paBHO WM HE IPEBHINAET
0,2 MI]a.

10. Cucrema (100) mis nepepaboTku oTpaboTaHHOrO pacTBopa xyopuaa merawia (10),
CoJiepKalllero IO MEHBIIEH Mepe OIUH OKHCIAEMBIH KOMIIOHEHT, C IepHOJHYECKOM
nepepaboTKOH, BKIIIOYalome# pasHeie paboume pexxumbl B peakrope (200) cucremsr (100),
npuyeM, cucteMa (100) comepxut mo MeHbIei Mepe peaktop (200), ¥ CKOHCTpYHpOBaHA Tak,
yto peakTop (200) pabGoraer B nepBoM paboyeM pexxuMe ¥ BO BTOPOM paGodeM pexxuMe , a:

- oTpaboTaHHEI pacTBOp XxJIopuaa Metaiuia (10) mogarot B peakrop (200) mepHoIHIECKH H, IPH
pabore peaktopa (200) B mepBoM paboueM pexume, B peakrope (200) mpoxomurt 3ram
OKMCJICHHsI IIpH TeMIlepaType OKuciieHHs, npeBpmnaomei 90 °C, u npu IaBI€HUH OKHUCICHHS,
npesbiaromeM 0,3 Mlla, mpudyeM mo MeHbIIEH Mepe 9acTh OTpabOTaHHOTO PacTBOpa XJIOpHAA
Metayia (10) okucnsiercs BO BpeMs 3Tana OKHCIEHHS, IIPH 3TOM [0 MEHBIIEH Mepe YacTUYHO
OKHCJIEHHBIH pacTBOp xJjopuzaa Merana (30) moiyyaroT B3 OTpaboOTaHHOrO pacTBOpa XJIOpHIa
Metauia (10), mpuyeM OKHCIIEHHas 4acTh IO MEHbIIEH Mepe YaCTHIHO OKHCICHHOIO pacTBOpa

xyopuza Metawia (30) COOTBETCTBYET IO MEHBIIEH Mepe YacTH M0 MEHbBIIEH Mepe OIHOIo
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OKHCJIIEMOT0 KOMIIOHEHTa OTpaboTaHHOro pactBopa xiopuaa MeTtamna (10) mo artama
OKHCJICHHA H

- IO MEHBIIEH MEpe YaCTHYHO OKHMCICHHBIH pacTBOp xynopuaa Metawia (30) mo MeHbineit Mepe
YaCTHYHO THAPOJIM3YET BO BpeMs 3Talla IMApoim3a, nmpoxoasmero B peakrope (200) B To BpeMs
Kak peakTop (200) paGotaer Bo BTOpoM pabGoueM pexuMe, NMpH TeMIeparype THAPOJIH3a,
npespinaromei 120 °C 1 npu HajuiexxameM AaBICHHH THAPOJIM3a, IPHYEM BO BpeMsA 3Tama
ruaponmsa noiydaror cossinyro kucnoty (HCI) (30) u tBepayto 3akucs xenesa Fe,03.

11. Cucrema (100) mo n. 10, oTnmyaromascs TeM, YTO HOMOJHHTEIBHO COAEPKUT IEPBBIA
sneMeHT XxpaHeHus (210), u ckoHCTpyHpoBaHa Tak, 4TO BO BpeMs paboTel peaktopa (200),
O0COOCHHO IIEpHOAMYECKOH, B IEpBOM paboyeM pexuMe II0 MEHBIIEH Mepe YacCTHYHO
OKHCJIEHHBIH pacTBOp xyopuza merawia (30), moyrydeHHBI BO BpeMsi paHee IPOBEAECHHOTO
IIEPBOTO 3Tamna, IMOAA0T B IEPBHIH dNeMeHT XpaHeHus (210) ¥ JONONHUTENBHBIH 0TpabOTaHHBIN
pactBop xnopuga Meraiuia (10') nogatot B peakrop (200) neprHoauyecku, mpHyeM, MPOAODKAL
paGoTy peakropa (200) B mepBoM paboueM pexXuUMe, NOIOJHUTENBHBIA MO MEHbINEH Mepe
YaCTHYHO OKHCIICHHBIH pacTBOp xuyopuaa Metauia (30') momyyaror M3 JOHOJHHUTEIHHOTO
oTpaboTaHHOTO pacTBopa Xnopuaa Metayua (10"), mpuuem cucrema (100) CKOHCTPyHpOBaHa Tak,
yro B peaktop (200) Mexay mepBbIM H BTOPBIM PEXHUMOM €ro paboThl MOAAIOT M3 MEPBOTO
aneMeHTa xpaHeHus (210), rmaBHBIM 00pa3oM IOMOJHHUTENIBHO, 10 MEHBINEH Mepe YaCTUYHO
OKHCJIEHHBI pacTBOp xjopuaa metamia (30), a Taxke JONOJHUTEIBHBIA IO MEHbHIEH Mepe
YaCTUYHO OKCUJICHHBIH pacTBOp xyopuaa Metaiuia (30').

12. Cucrema (100) no mobomy u3 mm. 10 unu 11, KoTOpas HOMONHHUTENILHO COHEPIKUT BTOPOMH
anemeHT XpaHeHus (220), npuueM cucteMa (100) ckoHCTpyHpOBaHA Tak, YTO BO BpeMs dTamna
TH]pOJIN3a, JOTONHHUTENBHBIA 0TpaboTaHHbIH pacTBOp Xinopuaa Metamia (10) moparor U XpaHaT
BO BTOPOM 3JIeMEHTe XpaHeHus (220).

13. Cucrema (100) mo mobomy u3 mm. 10 unm 12, oTnnyaromascss TeM, 4TO IEPBBIA 3JIEMEHT
xpaHeHus (210) uMeeT NEpBYI0 HAKOMHUTENBHYHO eMKOCTh M peaktop (200) mmeeTr BTOpYIO
HaKOIHMTEIBHYIO €MKOCTh, IPUYEM OTHOIICHHE IEPBOM M BTOPOI HAKOMHTENBHBIX €MKOCTEH
Gonee, yeM 2:1, mpeamourtuTelibHO Oonee, yeM 3:1, mpemmoutuTensHee Oonee, yem 5:1 u
Hamboee npeamouTuTesbHO Gonee, yem 10:1.

14. Cucrema (100) mo ymo6omy u3 nm. 10 wm 13, oTimuyaromasics TeM, 9YTO CKOHCTPYHpOBaHa
Tak, 4T00BI 0OpabaTHIBAIOTH KOJMYECTBO OTpaboTaHHOro pacTtsopa xiopuma Meramia (10)
paBHOe wid mpeppimaiomee 10 /gac W paBHoe u He mnpesbmmaromee 5000 1n/gac,
IPeANOYTUTENHFHO COOTBETCBYIOIIEE PABHOMY WJIH NpeBbimaroieMy 30 j1/9ac 4 paBHOMY HIIH HE

npesbimaromemy 3000  /uac, IpeANOYTHTENBHEE COOTBETCBYIONIEE PABHOMY  HJIH
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npessnnaromemMy 60 /4ac M paBHOMy WiaM He mnpeBpimaromemy 2000 1/gac, HambGoiee
IPEANOYTHTENFHO COOTBETCBYIOIIEE PABHOMY HIIH IpeBHnnaromeMy 100 j/4ac U paBHOMY HIIH

He npespimaromemy 1500 n/gac.
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