202092137 A2

(19) EBpa3unckoe 2 202092137 13 A2
naTeHTHOEe
Be4OMCTBO
(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CO01D 3/06 (2006.01)
2020.12.30 CO01D 5/00 (2006.01)
CO01D 5/08 (2006.01)
(22) Aara nonauu sasBku
2017.11.22
(54) CHIOCOBBI MPOU3BOJACTBA CYJIb®ATA KAJIUS U XJIOPUJA HATPUS U3
CTOYHBIX BO/1
(31) 62/432,738; 201710316634.1 (72) Waobperatens:
(32) 2016.12.12; 2017.05.08 Beccene Cebacrben (US), @3n
(33) US;CN I3unsbxaii (SG), Pux Ixeiivc, Purtod
(62) 201991436;2017.11.22 Tumoru (US)
(71)  3aseurens: (74) nNpeacrasutens:
BEOJIUSA YOTEP TEKHOJIOI/KHA3, Mensexes B H (RU)
HHK. (US) Apenes B2
(57) Ommucan crioco® MPou3BOACTBA CyNb(hara Kalus ¢ HCHOJIb30BAHUEM HCTOYHUKOB Cyib(ara HaTpus U

xyopuaa kanmus. Criocod BKIIIOYAET MpOolecC KPUCTAUIM3aMK ¢ 00pa3oBaHUEM MAaTOYHOrO pacTBOpa,
cozepxariero cynbhar, Harpuil ¥ xJ0pu. MaTodHbIi pacTBOP HAPABIIOT B MOZLYJTb H30JIALUH aHHOHOB,
T7IC TIOYJaloT 3aI€PXKaHHbII IOTOK, MJTH PETEHTAT, 000TaIleHHbIH CyTb()aToM, KOTOPBIH PEUPKYIHUPYIOT
Y YICTIOJIB3YIOT JUIsl IPOU3BOJCTBA cyiIb(dara kanus. Kpome Toro, B Moaysie H30JISILIMU aHHOHOB 00pasyeTcst
nepmear, 00e JTHEHHBIH CyIb()aToM, HO COAEPIKAINI HATPUI M XJIOPH, €TO HAPABIIAIOT B KPUCTAIUTU3ATOP
XJIOpH/a HaTpUs JUIs TIPON3BOACTBA XJIOPUAA HATPHSL.

¢V LET1T6070C



2420-565281EA/045
CIIOCOEHR! [MPOM3BOICTBA CVYIIBSATA KAJIMA UM XIJIIOPUIOA HATPUA
M3 CTOUYHBEIX BOJ

OBJIACTE TEXHUKU

Hacrosmee wm300peTeHMe OTHOCUTCA K CHUCTeMaM U crIocofoM
IPpOU3BOLOCTBa CyJibdaTa Kajud.

YPOBEHL TEXHUKU

OOmHOM M3 TPYIOHOCTEM B IPOM3BONCTBEe cCyJlbdaTa KaJusg SBJIISEeTCS
er0 OCVYIIeCTBJIEHMEe peHTabeJIbHEM U 20QeKTUMBHEIM oOpas3oM. B »ToM
CMEICJIE, 3ajada JacTo 3aKJIoyaeTCcs B TOM, Kak IPOBECTHU
peHTabelbHy 00paboTKy OCTaTOUYHOTO (EIX) pacTeBopa (oB) (TakMx Kak
MaTOUHEM pPacTBOpP, o00pal30BaBIMMCA B KpHUCTaJIM3aTope TJlalepura),
[IOJIYYEHHOT'O B IIPOllecCce IPOM3BOIACTBa CyJbdaTa Kajaudg, YTOOH
OOCTHUL IIpMeMJIeMO BHCOKOTO BEXOIa. MCIOJb30BaHMe OXJaduTeJbHOM
KPUCTaJJIN3alnun VI VCIapuTeJbHOM KpUCTaJlJIN3alnn, VHOT'Ia
IIPMMEHSEMEIX B IIPOM3BOINCTEBe CyJbdaTa KaJludg, TpebyeT OOJBIOTO
KOJIMUEeCTBa BDHEPIUM, UYTO YyIOOpOXaeT IIPOM3BOINCTRBa CyJibdaTa KaJug.

MeeTcsa noTpebHOCTE B cHocobe INpOM3BOACTBa CyJibdaTa KaJuid,
OawnileM BO3MOXHOCTL IIPOBOIUTL pPeHTabellbHyln o00paboTKy OCTaTOUHEBIX
pPacTBOPOB, O00pa3yKIMXCId B [IPOoLleCce IPOM3BOINCTRBa CylibdaTa Kajiudg.

CYIIHOCTHL M3OEPETEHVA

Hacrosmee wm300peTeHMe OTHOCUTCHA K  CIOCOOY IIPOM3BOLCTBA
cyJlbdpaTa KaJdMsa UM @ XJOopMIa HaTpUsa M3 MCTOUHMKOB, coepxammx
cyJlbdaT HaTpMa M XJOopMIO KaJluMsa. B nOpolecce NpOM3BOACTBa cyJbkdaTa
Kaausa, obpa3yeTcsa OCTATOUHHM PacTBOP, TakoM KakK MaTOUHHM pPacTBOP
KpUCTaJlJIM3aTopa TJlasepura. s V3BJIEUEHU A cyJbdaTa n3
OCTaTOYHOTO pacTeopa VICTIOJIE 3YIOT MOIYJIb V30JIAIUN AHMOHOB.
OCTaTOUHEM PacTBOP HaNpaBJgT B MOIOYJE M30JALMM aHMOHOB U
IoJydanT 3alepXaHHEM I[IOTOK, MM pPeTeHTaT, ¥ OTOWUJILTPOBAaHHLHM
IIOTOK, WJIM IIepMeaT. 3alepXaHHHM I[IOTOK, MWMJIM peTeHTaT, oboTrameH
CcyJibbaToM. OTdMUJIILTPOBAHHEI  IIOTOK, Wiy  IepMmear, (oBenHeHHBM
cyJibbaToMm) "3 MOIYJIS M30JIS1I1N AHMOHOB HalpaBJIAT B
KpUCTAJIJIM3AaTOP XJIopMIa HaTpusdg, I'IOe I[IoJy4dalnT KPUCTaJJIE XJIopuIoa
HaTpMsa. B OIOHOM M3 BapMaHTOB OCYIECTBJIEHUSA M300peTeHrSd MOIOYJIb
M30JIALIMM aHMOHOB MIpeNcTaBJIgeT COoO0O0M HaHOOMIILTPYIIYyD MeMOpaHY.

B omHOM U3 BaprMaHTOB OCYyIeCTBIIECHNA MBO@peTeHMH MCTOUYHUK



cynbbaTa, TakoMm Kak CyJgbdaT HaTpMsa, CMemMBalT C pPacTBOPOM,
comepXxaluM  KaJui, CMeChb IIOIBeprawnT I[IpollecCy  KpUucTaJlM3alumu
Jjlasepura C IIoJIyYeHMeM KPMCTAJIJIOB IJvlasepuTa. KpucTaJulel IJla3epuTa
HalpaBJIAIT B peakKTop I[oJNIyYeHMda cCcyJbdaTa Kajaud, TIIOe KPUCTaJJIE
TJjlasepuTa CMellMBalnT C MCTOYHMKOM KaJiMd, TaKMM Kak XJIOPUI KaJiud.
STO MNPMBOIOUT K OCaXIEHMI M 00pas30BaHMK KPUCTAJIJIOB CyJbdaTa
KaJju4g, KOTOPEE OTOEeJIAnT oT pacTeOpa. MaTOouHBIM PacTBOpP,
o0pa30BaBIMMCSa B KPpUCTAJJIM3ATOpPe IJlasepuTa, HalpaBJsSOT B MOOYJb
MBOJIALMM aHMOHOB, TaKOM KaK HaHOOMILTpyKmuM MeMOpaHHBM MOOYJL. B
MonyJie N3O0JIALUN aHVOHOB noJjiyyamnT 3alepXaHHHM [IOTOK, VI
peTeHTaT, OoOoOTameHHEM CyJlbdaToM. OTOUILTPOBAHHEM I[IOTOK, WM
nepMeaT, o0O0pas30BaBIMMCA B MOIOYJle M30OJALUMM aHMOHOB, COINEPXUT
HaTpUM U XJIOPUIO, €T0 HalOpaBJAKT B KPUCTAJIIM3aTOop XJIOopMIa HaTpHUH,
roe o0pasyonTcd KPMCTAJUJIH XJIopMIa HaTpus.

IpyTo¥  BapMaHT OCYIIECTBJIEHN A n3o0bpeTeHmA OTHOCUTCH K
CIIOCOOYy IMIpOM3BOILCTBa CyJbdaTa KajJauMda M3 IIO0TOKa OTXOomoB. IloTok
OTXOIOOB  KOHIEHTPUPYIT M I[IOJIy4YalT paccoJ, KOTOPEM  COLEPXUT
HaTpui, XJOPMAO M CyJbdaT. 3BaTeM, CHocoD BKJIOUYaAeT KPUCTAJIIMU3aLUIO
MUPpalOMIIMTa M3 paccojla B KpUCTaJIM3aTope MMpaluiIuTa C IIOJIYYeHMEM
KpMCTAJIJIOB MUpaluWiIMTa M pacTBoOpa KpucTallJlM3aTopa MMpabuiura.
Kpucrasiael MupabuiamnTa OTHOeJIAT oT pacTBOpa KpucTajmsaTopa
MMpabuamra. SaTeM, crioco® BRJIOUAET CMelMBaHue KPUCTAaJIJIOB
MUpabuInuTa C pPacTBOPOM, COIepXallMM KaJiMi, B peakKTope I[IOJIydeHUS
JjlazepuTa C IIOJIYYeHMeM KPMCTAJJIOB IvlasepuTa. KpuMcTaJulel IJlasepuTa
OTHEeJIAIT OT pacTBopa. 3aTeM, KPUCTaJJBE IJla3epuTa HaIpabBJAT B
peaxkTop IMOJIydeHMs CyJgbbaTa Kalusa. VMCTOUYHMK Kajiusg, TakKo¥ Kak
XJIOpUI KajJud, CMemMBawnT C KpucTaljlaMM IJlasepuTa B 2 peakTope
[IOJIYYeHUA CcyJabdpaTa KaauMd C IIOJYyYeHMeM KPUCTAaJIJIOB cyJbdaTa Kajmusa
Y pacTBOpa, COoIepXaller'o KaJMi. Kpucranyiwe cyiabdaTa KaJIMsa OTIHeJIST
OT pacTBoOpa.

OnMcaHHBI TOJIBKO UYTO cCHIoco8 TI[IPOM3BONCTBa CcyJbdaTa KaJIms
Takke BKJIOUAET QMIIbTpalMI pacTBoOpa KpUCTalliM3aTopa MUpabuimTra C
[IOJIYYEHMEM OTOMIILTPOBAHHOT'O I[IOTOKa, WM IIepMeaTa, U 3alepPXaHHOTO
[IOTOKA&, VI peTeHTaTa. Perenrar, VI 3alepXaHHBM I[IOTOK,
ofOOoTaleHHEN cyJbdaToM, PELUPKYIINPYIOT B KpMUCTaJlIn3aTop

MUpabuamTa. OTOMIIL TPOBAHHEM  [IOTOK, Wi  rnepmear, obenHeHHbBM



CyJibdaToM, HalpapJIgKRT B KpUCTAaJLIN3aTop xJiopmuna HaTpud c
[IOJIYYEHMEM KPUCTAJIJIOB XJIOpUOa HaTpUA.

Opyrre uejgmM M IpPerMylleCTBa HaCTOAmMeI'0 U300peTeHMd CTaHyT
[IOHATHH ¥ OUEBMIOHHE I[10 PaCCMOTPEeHUM HWXeCJIeOYKIel'o OIUMCaHudg U
npujaraeMelx depTexelr, KOTOpHe JIMIEL IIOACHAT M300peTeHMe.

KPATKOE OIIMCAHUE UEPTEXEN

Ha ¢ur. 1 mpencTaBJieHa cxeMma crnocoba OpoM3BOOCTBa CyJbdaTa
KaJns.

Ha o¢ur. 2 nOpencrTaBljieHa cCxeMa, I[IO0ACHARMAsS CXOOHBM CIIOCcoD
IPOMBBOACTBAa CYyJIbdaTa KajMsa, KOTOPHM, OIOHAaKO, Takxke BKJOUaeT

IIpoueccC COJIHEUWHOTI'O BHIIapMBaHMA C LO&JIBID KpPpUCTaJlJIM3alrM XJIopHrIa

HaTpuUdg.
Ha &wr. 3 T1@pencrTaBJieHa CxXeMa, [»OeMOHCTpUupylmas CIocod
MPOVBBOICTBA cynbdaTa KaJans, VHTEeTPUPOBAHHLIM B npoliecc

[IPOM3BOLNCTBA I[IOTalla HIPpM TOPHHX paboTax.

Ha ¢mur. 4 mpemcraBlleHa cxeMa IPYTOTO BapMaHTa OCyIeCTBJICHNUSI
MHTeTpaluy  clroocoba [OIpPOM3BOIOCTBAa CyJgbbdaTa KajamMsg B IOIpPOLecc
[IPOM3BONCTBA I[IOTalla.

Ha ¢ur. 5 n[OpencrTaBjieHa CcxXeMa OPYyTOoTro  aJlbTePHATUBHOTO
BapraHTa OCYIeCTBJIeHUS crnocofa OPOM3BOIACTBA KPUCTAJJIOB CyJbbaTa
KaJud U XJIOpuIa HaTpusd.

Ha bur. 6 npeacTaBJieHa cxema criocofBa IPOM3BOINCTEA
KPMUCTAJJIOB CyJbbdaTa Kajaud U XJopuaga HaTpusg C MCIOJb30BaHMUeM
KprCTa/UIM3aTopa MUpaduiarMTa IO I[IOTOKY OO peakTopa IIOJIyYeHUS
TJla3epura.

Ha &¢ur. 7 moOpemcrabBileHa CxXeMa CclIocofa IIpOM3BOICTBa CyJbbdaTa
KaJlnd U XJOpUIa HaTpUd, ABJILOIErOoCS BapMaHTOM OCYIeCTBJIeHUS,
aJIb TePHAaTUBHEM CIIOCO0Y, IIOKas3aHHOMY Ha ¢ur. 6.

Ha ¢ur. 8 mnpemcraBjieHa CcxeMa Opollecca M[OJIYUEHMS U3 yIJId
XUMUUECKUX M[IPOOYKTOB WJIM XUIKOTO TOIUIMBA, BKJIOYAKIETO O00paboTKy
[IOTOKAa CTOUHEX BOI I[pollecca MHOJIYUEHMS U3 YIJIS XUMUUECKUX
NPOOYKTOB MJIM XMOKOTO TOILIMBA U IIPOM3BOINCTBO KPUCTAJJIOB CyJbbdaTa
KaJlud U XJIOpUIa HaTpUd.

Ha omur. 9 mnpencTaBJjieHa eme oOHa CxeMa Opollecca IIOJIYUeHUS U3
YIJIS XMMMUECKMX [IPOOYKTOB MM XMOKOTO TOILJIMBA, BKJIOUAKIEIO

00paboTKy  IOTOKa CTOUHEIX BOL npoliecca [IOJIYUeHusS U3 yIJIig



XUMUU e CKUX MNPOOYKTOB WM XKUIOKOTO TOILJIMBa u [IPOU3BOLCTBO
KpUCTAJIJIOB CcyJibdaTa KaJludg M XJopula HaTpud.

our. 10 mnOpencraBjageT coboM paz0oBYID IMarpaMMy —pPasJIMUHBIX
CcoJieM, KOTOpPHE MOTYT OBTb M3BJIEUEHH IIPM IIOMOmM OIMCEBAaEMOTO
crocoba.

OIIMCAHVE IIPVMMEPHHX BAPMAHTOR OCYIECTRIIEHVA M30OBPETEHMA

Hacrosmee wm300peTeHMe OTHOCUTCHA K CIOCOOYy IPOM3BOIOCTBA
cylbdaTa kamsa. Illepen TeM, KaK OIMCHEHBATE KOHKPETHHEE BapMaHTH
OCYMeCTBJIEHUS DTOTO crnocoba, OwJIO OB IIOJIE3HO IaTbh KpaTKuUi oOmmin
oB30p mpoliecca IIPOM3BOIOCTBA cyJlbdaTa KaJu4, ABJIAIETOCS
IpeIMeTOM JaHHOTO JOKyMeHTa. ObecrneumMBalT MCTOUHMK CyJbdaTa
HaTpusa. JVCTOUHMK CyJbdaTa HaTpMA HaOpPaBJIART B KPUCTAJJIM3aTOpP
TJlazsepuTa. Ilo MOTOKY HIMXe KpUCTallJIM3aTopa IJla3zepuTa HaxXoIAaTCH
peakTop IoJydYeHMA cCyJabdaTa Kkaamda. OOoTameHHHM KajlreM pPacTBOp
HalpaBJAKRT M3 peakTopa I[IOJYUeHMS CyJbdaTa KaJlMad B KPpUCTaJIM3aTop
TJlazepuTa, I'Ie ODOoTalleHHEM KaJIMeM PacTBOP CMEemMMBalnT C MCTOUHMKOM
cyJbdaTa HaTpuU4. B KpUCTaJlJIU3aTope TJla3epuTa MIPOUCXOIOUT
KpUcTaJjlyiM3auusa IJa3epuTa M obpa30BaHMe KPpUCTAJJIOB IJla3epuTa U
MaTOUHOT'O pacTBoOpa. KpucTalJiel IJla3epuTa OTIOEJNART OT MaTOYHOI'O
pacTBOpa M HaNpPaBJLKT B HaxXOOAMMMCA HWXKe IO IIOTOKY pPeaKTop
[IOJIyyeHusd cyJbdaTa Kaiauid. VICTOUHMK XJIOpMIOa KaJiMda HallpaBJIganT B
peaxkTop IoJydeHUMdA cCcyJgbdaTa Kaaud UM CMellMBalT ¢ KpucTajljlaMi
TJjlazepuTa. B pesyJabTaTe B 2 peakTope NOJydeHMsa cCcyJabdaTa KaJusd
BHIIAAT KPUCTAJJIEL CcyJdbdaTa Kaauda. Kpucraiyel cyiabdaTa KaJlud
OTIOeJIAIT OT pacTBopa B peaKTope IMoJydeHMSa CcyJbdaTa KaJiud.

KpomMe 2TOT0O, MaTOUHHM pPacTBOP M3 KpHUCTaJJIM3aTopa ITJla3epuTa
HalpaBJIALT B MOIYJIb MBOJISLNN AaHMOHORB, TakKoM Kak MOIOyJb
HaHOQMIILTPpallMM. B MOOyJe M30JALMM aHMOHOB ofpalsyeTcsa 3alepXaHHHM
IIOTOK, oboTraleHHEN CyJIbdaToM, M IIOTOK IIepMearTa, oBenHeHHHM
cyJibdaToM. BamepXxaHHLMA IOTOK, oBoTraneHHEMN cyJibdaTom, CHOBa
HalpaBJAKT B KPUCTAJIM3ATOP IJla3epuTa M CMENMBAKT C MCTOUYHMKOM
cyJibdaTa HaTpuda U oOoTameHHHEM KaJlIMeM pPacTBOPOM M3 peaKTopa
[IOJIyYeHM S CyJbdaTa KaJlud. KpucTaJule XJopuIa HaTpusda I[IoJIydanT U3
[IOTOKa IlepMeaTa, ODeldHEeHHOTI'O CYJIbEGaTOM.

Yro KacaeTca our. 1 w® IOpencTaBJIeHHOTO Ha Heum crnocoba

IIpomM3BOoOCTEAa CYJ'[E:C_baTa KRaJin4ad, VCTOWUWHMK cynhq_)aTa HaTpMAad HallpaBJIAKT



B kpucrajumsatop 110 riazsepuTa. NVCTOUHMK CyJbdaTa HaTpUSA MOXET
OEITL pPasJIMUYHEM. B OIHOM U3 IIPUMEPOBR, MCTOUHMK CyJibdaTa HaTpUA
MOXeT IIpeOCTaBJIATE Cco0OM TIMIPOCTO KPUCTAJJIHE CyJbdaTa HaTpuUsa WK
KpUCTaJIJIH CcyJibbaTa HaTpusd, IIOJIyUeHHBEe B IIPOlleCCe BHIIE II0 IIOTOKY.
B IpyroM IpuMepe MCTOUHMK CyJbdaTa HaTpud IIpelcTaBjsgeT cobou
CEHIpYID WM pacIlllabBlieHHY [JlayfepoBy COJIb. B HEKOTOPHX CJy4dasax,
MCTOUHUK CyJbdaTa HaTPUA MOXeT IMPedCcTaBJIATE CoOOM BCTpevanmuecsd
B npupone Tylay6epoBH coJu, obpaszoBaBIMeCsH B pesyJabTaTe
€CTEeCTBEHHOTO BHIIAPUBAHUA U/UIM OXJIAXIEHMUS B COJIEHBIX O3epax. Kak
Ioka3aHo Ha  oOour. 1, MCTOUHMK CyJbdaT HaTpusa TakKXKe MOXeT
IpeICTaBJIATE COOOM paccoJ MIM CYCIeH3MI CcyJbdaTa HaTpuUA.

PacTBOpD (MHOT A VIMeHY eMBI pacTBop cyqnbbaTa KaJjaus) ,
ofoTameHHE KaJjiMeM, HalpaBJgRT M3 HaxXOOAMeToCHa HMWXe II0 IIOTOKY
peakToOpa 114 MMOJIYYEeHU S cyJbdaTa KaJn4a 1o JIMHUU 116 B
kpucrtajumszaTop 110 rimaszepura. B kpucrammszarope 110 1inazepuTa
pacTBOop cCyabdaTa KaJlusda CMellMBalnT C MCTOYHMKOM CyJbbaTa HaTpHUL.
Ecam HyXHO, HOJA BHINapMBaHMA B KpHucTajmmMzaTope 110 1TJas3eputTa
MOXeT OBTb MCIOJIb30BaH Hap. OOHUHO, B OIHOM M3 IIPMMEPOB crocoba,

KprncTajijimsaTop CIJYHKI_U/IOHMpyeT Inpn TeMIleparType, HpM@HMBMTeJ’[bHO,

40-45°C. B pesyJgbTaTe o00pa3yioTcd KPUCTAJJIE ITJla3epuTa, MaTOUHLI
pacTeBop M, I[OTEeHUMAaJIbHO, KOHOeHcaT. JIOOEM U3 paAlda M3BECTHHX
CrIOCODOBR pa3nejleHMs TBepIOoM U XKUIKOM Gas KpUCTaJlJlkl IJlazepura,
obpaszopaBmMeCcsa B KpucTaiumzaTrope 110 1JasepuTa, OTHEJISOT OT
MaTO4YHOT'O pacTBopa. OTOeJIeHHBE KPUCTAJJIE II0 JIMHMM 112 HaNOpaBJISKT
B peakTop 114 nosiydeHusa cyJjibdhaTa KaJusd.

VlicTouHMK KaJud o JimHMM 118 HanopapejgsoT B 2 peakTop 114
[IOJIyYeHrda CcyJbdaTa KaJud, I’oe MCTOYHMK KaJMsga CMelruBalT C
KpucTajlaMy  IJla3epura. BooGume, CTelleHb UMCTOTH  MCTOYHUKE,
XJopuia Kajgusa, MOXeT OHTE Takol, KaK Yy BHIOYCKaeMHX CepUMHO
IPOOYKTOR, oT CTelleHU UM CTOTH IPOOYKTOB biroTauum oo
BHICOKOUMCTOT'O XJIOpMIa Kajud WM »OaXe pPacCoJIOB CO 3HauUTeJIbHBEM
KOJIMUECTBOM IIPUMECEN, TakMxX KakK XJIOpMI HaTpu4d, COoenVHEeHUS
KaJbUMsag WIXM MaTHUSA, WIM OPpYyTMe COeIMHEHMS, KOTOPpHEe MOTYT OHTH
PEeLUPKYJIMPOBaHE M3 CYMeCTBYKMIMUX [IPOLECCOB WMJIM NPeICTaBJIATL COOOM

IIOTOKM OTXOOOB WMJIM IIPOMEIBOUWHEIE TIIOTOKI. Kak I[oxasaHO Ha q)I/II‘. 1,



MCTOUYHMK KaJiMad MOXEeT IIPelCTaBJATE COBOM paccCoJl MM CYCIeH3U
XJiopula Kajausa. Paccojs xJjopuIa Kajlud MOXeT OBTh I[IPUTOTOBJIEH C
MCIIOJIb30BaHMeM IJisg pasfabileHUA XJopKMIa KaJlusgd UYUCTOM BOOH WU
KOHIOeHcaTa. B KadecTBe aJIbTEepHATUBH, pa30aBJIeHHHM pacTBOP MOXET
OHTL IIOJIydeH KaK CMeCh UMCTOM BOIHE M JI0OOTO MaTOUYHOT'O pacTBopa,
UUPKYJUPpYyKIeTo B CHUCTeMe. B mnocjemHeM cjydae, CMECh UMCTOM BOIH
n MaTOUHOT O pacTEOpa MOXET OBITE IIOOBEPTHYTA obpaboTke,
HanpaBJIeHHOW Ha YyHaJieHMe CoJied XeCTKOCTM (KaJbUMda UM MaTHUSA) B
bopMe TI'MOPOKCUIOOB, KapOOHATOB WM CYJbBOATOB IIPM IIOMOMM OOBHUHOTO
cCMAT'UaplmeIr'o peal'eHTa, TakoIl'o KaK M3BeCTh, KaJlbUMHUMPOBaHHad Ccona
WM KayCcTHudeckKas cola.

B smwoboMm ciydae, B crnocobe, I[IOKa3aHHOM Ha ¢ouIr. 1, MCTOUHHUK
Kajusa 1o JmHum 118 HamnpasggawT B peakTop 114 nojgydeHuda cyJbdaTa
KajJusa ¥ CMellBalT B HeM C KpuUcTaljlaMM IJlazepuTa. B pe3yJbTare
cyJibdaT kKaJMsa ocaxlaeTCsa M3 pacTBopa, o0pas3ysa KpUcTallJlbl CyJbdaTa
kajma. Kpucraiuiel cyJjbdaTa Kajlusda OTOeJidnT OT pacTeopa, ojydad,
Kak TIoKaszaHo Ha o¢ur. 1, cyabdar xagmsa (Kz2S04). MOXHO 3aMeTUThH,
UTO I[IPpM BBeIeHMM MCTOUHMKA CyJgbdaTa HaTpud B KpucraimmszaTop 110
JjlazepuTa  MOXeT OoKasz3aThbCda XeJlaTeJIBHEM OI'PaHMUeHMe KOHLEHTPpalNWU
HaTpMA B peakTope I[oJydeHMa cCcyJbdaTa Kajaud IOyTeM IIoOnepXaHMA
KOHLEeHTpalMM HaTpMAd HUWXe Openejla e€I'0 paCTBOPUMOCTM. KOHeUHO, BTO
ofJjleTuaeT oOcCaxOeHMe CyJbdaTa KaJusa U3 pacTBopa B peakTope 114
[IOJIyYeHuda CyJgbdaTa KaJguga. MOXHO 3aMeTHMTh TakKXe, UTO MCTOUHUK
KaJusga MOXeT OBTb YaCTMUHO  HalpaBJIeH B peakTop IIOJIydYeHUA
TJjlazepuTa, KOoI'Da SBTO HeOoOXOoOMMO IJIA PerlyJIMPpOBaHMSA WM 3allycka
npolecca.

MaTOUHHM pacTeop, IOJIYYEeHHEN B KpUCTaJlIin3aTope 110
JjlazepuTa, HaOpaBJART [0 JiMHUMM 120 B MOLOYJIE WM30JALUUM aHMOHOB.
OYHKLIMEN MOIOYJIS M30JALUMM aHMOHOB SABJAeTCHA 3alepXuMBaHUe CyJbbdaTa
1M, B TO Xe BpeMda, I[IoJydeHHMe OQOUIIbLTpaTa WIM IIepMeaTa, KOTOPHM
obellHeH cCyJbdaToM M, B ITaHHOM KOHKPeTHOM CJjlydae, MOXeT OHTb
MCIOJIBE30BaH MOJIA I[IPOM3BOICTBA KPUCTAJJIOB XJiopMIa HaTpusa. C »Tou
IeJlbld MOTYT OBTbH MCIOJB30BAHE pPa3JIMUHEIE YCTPOMCTBA M30JALUU
aHMOHOB . B npuMepax, IIPUB O OVIMBIX B HacToAlleM OOKYMEeHTe,
IpUMeHsAeTCa MOnOyJbk 122 HaHOOMUIBTpauuM. MaTOUHHI pacTBOp U3

KpucrtajumsaTopa 110 rmjasepuTa HAOPpaBJIAOT IO JuHMM 120 B MOIOYJIb



122 HaHOQUIbTpauuM, THe oOpas’yeTcd 3alepXaHHHNM TIIOTOK M I[IOTOK
mepMeaTa. 3alepXaHHHM IOTOK oborameH cyJlbdaToM, ero o JuMHuM 124
PEeLUPKYJIUPYIOT B KpUCTaJIJIN3aTop 110 TJiasepura, roe OH,
IpeyMylleCTBEeHHO, MOXeT OHTb MCIOJL30BaH OJA [OJYyUYeHUS KPUCTAJIJIOB
TJazepuTa. IloTok 126 TIepMeaTa, KaK OTMEUeHO BuIle, OOeIHeH
cynabbaToM. B wMomysie 122 HaHOQUIBLTpalUMM MOHEL HaTpUAa UM XJopula
IpoxomaT CKBO3L MeMmOpaHH M, B KOHIle KOHIIOB, I[IOCTYIalnT B
KpUCTAaJIJIN3aTOP 128 xJjopuma HaTpud. [lepMmeaT 10 JMHUMM 126
HaIpaBJgRT B KPUCTAJJIM3aTOpP 128 XJopMIa HaTpUi, OUTAEMHN WU
IPUBOOVMEI B IeMCTBUE IapoM, I'Ie o00pas3ylTcsa KPUCTaJJIE XJopuIa
HaTpudad, KOTOPHE OTIOEJNSRT OT MaTOUHOTO pacTBOopa, OO0pasylmerocs B
KpucTaJjums3aTope 128 xjopuOa HaTpuda. Kpucrasmmszatop 128 xJjopula
HaTpusd [OPUMBOOUTCHA B OeMCTBMEe IIapoM WMJIM  CUCTeMom  MVR (c

MexXaHUUeCKOM peKOMHpeCCMeﬁ napa) n, B OIIHOM ns3 IIprMeposB,

OYVHKIMOHUPYET IIpPpKY TeMIepaType, OpUdIM3UTebHO, 60-80°C. MaTOUHLIM
pacTBop, ofpa3oBaBmMMCA B KpucTaJiM3aTope 128, no JguHum 130
HanopaBJgoRT B kKpucTajummszaTop 110 TjaszepuTa OIS [HDOCJeOyKRIeN
o0paboTKM.

Ha ¢ur. 2 nokaszaH OpyTroM croco® MNpOM3BOICTBa CyJlbdaTa Kajusd
M3 MCTOUHMKOB CyJibdaTa HaTpud M XJopHuOa KajJud. B ciydae BapuaHTa
OCyIEeCTBJIeHUI M300peTeHMus, IIoKa3aHHOTO Ha Oour. 2, IO CpaBHEHUD
co crnocofboM, I[IOKa3aHHEM Ha o¢ur. 1, KpucTajumsaTop 128 xJjopuma
HaTpusa 3aMeHeH Ha IOpyn, 0acceVH WM YCTPOMCTBO COJIHEUHOTO
BHIIapMBaHMUA. B nmaHHOM crnocobe njd I[DOJIYYeHUS KPUCTAJIJIOB XJIOpUIa
HaTpUa MCHOJb3YIT IOeMeBHEM [IpOollecC COJIHEUHOTO BHNapMBaHMA. B
3aBUCHMOCTM OT TeoTlpadMueckKoro IOJIOXEeHMs, OIpydo wuiIn 0accelH,
VCIOJIb3YEMBIM  IJIA COJIHEUHOTO BHIIAPVBAaHUA, MOXeT VICIIEITHBATH
DoJiblIie Ce30HHBEEe KoJIeOaHMsa TeMllepaTyprl. llpu Depexole OT JileTa K
3MMe MOXeT oOKazaThbCad HeOoOXOIMMOM 3aMeHa paccojla, 4YTOOHB MCKIIOUUTH
OTJIOXEHWE XJIopuna HaTpuU4, 3aTPA3HEHHOTO IOTIOJIHUTEJIE HOM
KpUCTallIM3aluel OpyTHUX COJIeM, OCOO0OeHHO IIPM HU3KOW TeMlIepaType.

B cayuyae cnocoba, TIokasaHHOTO Ha our. 2, IOepMeaT, WIK
buIbTPaT, W3 MOOYJIA WM30JSLUMM AaHMOHOB IIO JIMHMM 126 HalOpaBJIART B
npyn uiv OaccCeVH COJIHEUHOT'O BHIOaApMBaHMA. Kak ONMCaHO B OTHOIMEHUU

crnocoba, IoOKaz3aHHOTO Ha o¢ur. 1, nepmMeaT obelHeH CyJbdaToOM, HO B



OaHHOM CJIydae COIOEPXMT MOHE HaTpMad UM XJOPMI-MOHHE. B Impollecce
COJIHEUHOT'O BHIIAPMBAHUA B npyny WJIN BaccelHe KOHILIeHTpaumda
epMeaTa WM QUIbTpaTa YBeJUMUMBAETCH, B pes3yJjbTaTe UYelo XJIOpuUnl
HaTpMsa ocaxmaeTcsd U KpucTajlimMi3yeTcd. KpucTallgibl XJopuIa HaTpusd
OTOeJIAlT OT IepMeaTa WM O(uibTpaTa JOOEM M3 psada WM3BEeCTHEX
criocoBoB pas3lesyleHMAa TBepOoM U KUAOKOM (paz. KOHUeHTPUPOBAaHHBIM
nmepMmear, wiu  ouIbTpaT, no JwmHMM 140 CcHOBa  HalpaBJgLT B
KpucTajumsaTop 110 maasepuTa. B ocTajlbHOM crnoco®, IIOKaB3aHHBIM Ha
dur. 2, aHaJloTMueH crnocoby, INokKa3aHHOMY Ha ¢ur. 1.

B HeKOTOpHX CJydasax, CO CIHocoOOM IIpOM3BOOCTBAa CyJbdaTa
KaJlMd MOTYT OBTE MHTETPHMPOBAHE POICTBEHHHE WIM IOPYITMe IIPOILIEeCCH,
ABJIAOMMECS MCTOYHMKOM  KaJusd, opu  STOM, BTOPMUHASA DHepIudg,
nojlyyaeMas WJIM BHIOEJAKMAascd B OIOHOM M3 I[IPOILIeCCOB, MOXeT OHTH
MCIIOJIb30BaHa B IOpyI'OM IIpolLlecce C LeJIbk CHMWXEeHMS 5SHepro3arTpar.
[lpyMepH MHTETPUPOBAHHEX IIPOIIECCOB IIOKa3aHe Ha our. 3 m 4. Oba
npoliecca, IIOKa3aHHEEe Ha Oour. 3 m 4, OCHOBaHH Ha COEeIVMHEHUU
opolecca IIpOM3BOLCTBa CyJbdaTa KaJgud U IIpollecca IIpOMU3BOLCTBA
rmorama.

Kak nokaszsaHO Ha ¢ur. 3, CHOCOO NPOM3BOLCTBa CyJbdaTa Kajaudg,
AHAJIOTMYHEM I[OKa3aHHOMYy Ha ¢ur. 1, MHTeTrpHMpOBaH C IIPOLleCCOM
IpOM3BOACTBA IIOoTama, I'IOe MCIOJb3YyeTCcsd paccoJi, I[IOoJy4YaeMelM IIpHU
TOPHEIX paboTax. Kak mnokazaHoO Ha ¢ouIr. 3, paccoJ HalpaBJIgoT B
MHOTOCTYIeHUaTHV Muchnapureybk 150 (multi-effect evaporator - MEE).
Bo MHOTOCTYIIeHUYaTOM VcIapuTeJe 150 KOHLeHTpalumsa paccoJia
YBeJIMUMBAaEeTCsda, B IpPOllecCe MCIapeHUSa INIPOMCXOOUT KpUCTaJIM3alud U
OTHeJIeHMe OT paccojla xJjopula HaTpud. KpucTaljel xXJopuIa HaTpusid
yIaJlgoT W3 KOHIEHTPHMPOBAHHOTO paccoJla, IIoKa KOHIeHTpalMd HaTpUAd
¥ KaJusg He OpublIM3UTCHd K TOUKE HAaCHIIEeHUS.

3aTeM KOHIUEHTPUPOBAHHEIM PaccoJl HaOpabBJAgoT B cenapaTtop 152
TBepIo¥ U XUIOKOM (a3, pPacloJIOXKeHHHM II0 IIOTOKYy Hmke MEE 150. B
cemnapaTope 152 TBepmo¥ ¥ @ XMOKOM a3  OTIOEJIAT 3aTpaBOYHEHE
KpUCTAJJIEL CyJibdaTa KaJlbliMsg, B IaHHOM CcJiydae, I[IyTeM OTCTaVBaHMAg.

B KOHIEHTPMPOBAHHHM paccoJl »oBaBJILT TOUHO OIpelejIeHHOe
KOJIMUECTBO BOIOH pa30aBjiIeHMA; KOHILUEHTPUMPOBAHHEM pPaccoJl BMecTe C
BOomoOM paszbaBJeHMS OXJaXOalT B MHOTOCTYIIeHUYaTOM MCIapUTeJIbHOM

KpucTajmszaTope, Ha Oourypax o0603HaueHHOM KaK MHOTOCTYIIeHUaTHM



WCHapUTEeJIbHEY KpucTajm3aTop KC1 154, Ha paB3JMUHHX CTYIeHAaX
MHOTOCTYIIEHUYATOT'O HCIIapUTeJILHOTO KpUcrTajjamusaTopa KC1 154
obpaszyeTcd XJIOPMI KaJiMsa BECOKOI'O KadeCTBa M HM3KOI'O KauecTBa.
OCTaTOUHHM XOJIOOHEM pPaccoj, o60pa30BaBUMMCA B MHOT'OCTYIIE€HYaTOM
UCIapuUTeJIbHOM KpucTajumzaTrope KC1 154, peuupkryaupyioT B MEE 150.
PeluMpKyJIALMID XOJIOOHOTO paccojia NIpOoIoJiKaknT OO TexX II0op, IIoKa M3-3a
HakKOILJIEHVs B HeM IpuMecelM He 1noTpedyeTcs BHBeIeHMEe UYacTU
XOJIOOHOTO Ppaccojia mOJg MOONOJHUTeJbHOM ofpaboTku wuiImM s cbpoca
HaoJjiexamyuM oOpa30M.

Kpucraluiel xJjiopuha KaJiMsa HU3KOI'O KauecTBa, o0O0pasoBaBIIMECS Ha
nocJjenHen CTyIIeHU MHOT'OCTYIIEHUATOT'O VCIIapUTEJIEHOTO
kpucrtajmszaTopa KC1 154, MCHOJNB3YKOT B KaueCTBe MCTOUHMKA KaJlMd B
criocobe INIIpoM3BOLCTBAa CyJbdaTa Kaauda. OTMeTMM, UYTO KPUCTAaJJIEL
xJjiopuna KaJmsa ns MHOT'OCTYIIEHYAaTOT'O NCIIapUTEeJIEHOTO
KpucrtajmszaTopa KCI1 154 no JmHMM 156 HanpaBasgoT B OJIOK,
oBoBHAUEeHHHM Ha  QuI. 3 «paccon wiam cycrneHzsusa KClx». TaxkuMm
o0pas3oM, KpUCTaJlJbl XJOpKMIa KaJMsa, IIOJIYYEeHHEEe B MHOT'OCTYIIeHUYaTOM
MCIIapUTeJIbHOM kKpucrajumsaTope KC1 154, B HEKOTOPHX CJydadx
COCTaBJIALT BeChb Wi, 1o CymecTBY, BeChb MCTOUHMK  KaJu4dg,
HeOOXOOUMEIM HOJIS [OPOM3BOACTBAa CyJbdaTa Kajauda. B Opyrux ciydasax
KPUCTAaJIJIE xJiopuna Kajmu4g, [IOJIyYeHHEIe B MHOT'OCTYIIEHUATOM
UCIapUTEeNIbHOM KpHucTajm3aTope KC1 154, MOTYyT OPOCTO HOOIOJHATH
MCTOUHMK KaJiMsa, IIoIaBaeMelM B IIPOolleCC IMIPOM3BOACTBAa CyJIbdaTa KaJusd
M3BHE.

Kpowme 3TOTO, B rpolecce, npencraBJIEeHHOM  Ha dur. 3,
IpMMeHeHa TepMuUueckasa MuHTerpauus. lloToxk orTxomor wmu3 MEE 150 c
TeMIIepaTypol, OpudbaIM3uTeabHo, 70°C MoxeT OHTH MCIOJIBL30BAH MJIA
IpUBEeNeHVsa B IOeMCTBUEe KpUCTaJIM3aTopa 128 xJjopuIa HaTpusa. Kpowme
TOT'O, DTOT I[IOTOK OTXOLOB MOXeT OHTL MCIOJB30BaH B OBYX (MK
BoJiee) CTyneHUATON KOHOUI'ypallMy MOJA OPpUMBEeIeHMS B IOeUCTBUEe TaKxe
KpucTajmmsaTopa 110 r1miaasepuTa WM, I[IO MeHBIIeV Mepe, B KadecTBe
OOIIOJIHEHUSA K Ilapy, [IogakaeMOMy B KPUCTaJJIM3aTOp IJla3epuTa M3BHE.
OTMeTMM TIOKasz3aHHY® Ha our. 3 JUMHMD «PeKynepMpOBaHHHM Iap»,
UOYIYyHn W3 KpUcTajymmM3aTopa 128 XxJjopuOa HaTpMA B KPUCTAJJIM3aTop

110 rjaszepura.
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Crnoco®, TmoKa3aHHEM Ha oOour. 4, TakXe IOIpedcTaBRJgeT cobon
MHTETPUPOBAHHEM [IPOLIeCC, BKIOUAKINMY [IPOM3BOONCTBO CyJjbdaTa Kajusg
M IoTama. OTOT IIpOoLlecC BO MHOI'MX OTHOIEHMA aHaJIOTMUeH Ipolieccy,
Iokas3aHHOMy Ha our. 3. OOHakKo, MMeeTCsa pAl OTJMUMM. BO-IIepBHX,
KpucTajumsaTop 128  xjopula HaTpuid, VMemuUcsa  Ha - our. 3,
UCKJIIoUeH. BoO-BTOpPEIX, IepMeaT, WIM OQUIbTPaT, MOIOYJA WM30JALUUN
AHMOHOE WJIM MOOYJIA 122 HaHOOMUIbTpauuu 0o JmHuM 200 HaOpaBJISLT B
MEE 150. Kak omnmcaHo Beme, MEE 150 ofecneumBaeT IIOBHIIEHME
KOHLeHTpallMyM paccojla, I[oJydaeMoIr'co IIpM TOpHHX paboTax, U, B
OaHHOM CJlydae, IIOJIydeHMe KPUCTAaJJIOB XJiopuIa HaTpus, KOTOpHe
OTOeJIalT. B-TpeTbMX, IIOTOK OTxXOIOOB ™u3 MEE 150 mno JmHMM 202
HallpaBJAKRT B KpucTajummzarTop 110 mjazepuTa C LeJIBKD IIPUMBEeOEeHUA eI'o
B IelCcTBMe. B HEKOTOPHX CJy4dasdax, BTOPUUHOM DHepTUM, IIOoCTyHallen
n3 MEE 150, wMoxeT OHTB JOCTATOYUHO IJIA OCYIECTBJIEHMA I[Ipollecca
KPUCTaJIJIN3alun rjasepura. B OPYTUX cliydasnx, 0JIs PaboTE
KpucrajumsaTopa 110 1JylazepmuTa MOXeT TpeboBaThbCsa I[IOOBON Iapa
M3BHe, TOoTr'Da IIOTOK OTxX0omoB M3 MEE 150 0OpoCcTO HOONOJIHAET BTOT
IIOOBON DSHEPTUMM UM CHMWXaAeT SHepro3aTpaTh. HaKoHell, XOJIOOHHM PaccCoJl
(mnm Kakou—-Jjmbo IIPOMEXY TOUHLIN paccoJ, ofpaszoBaBIUIC A B
MCIIapUTEeJIbHOM KpUCTaJin3aTope) ns3 MHOT'OCTYIIEHUATOTO
UCIapUTeJIbHOTO Kpucrajmms3aTtopa KCl 154 He TOJBKO PEUUPKYJIMPYIT B
MEE 150, HO uyacTb eI'0 TakxXe HalpabjadoT 1o JuHun 204 B
kpucTtajums3aTop 110 njgaszepura.

Ha our. 5 IokasaH oIpyTon aJIb TepHaTUBHEM BapMaHT
IIPOM3BOLACTBAa CyJibdaTa KaJlusi, a TakKke XJopula HaTpusi, W3 II0ToKa
CTOUYHHIX BOJ, CoOIepXamero HaTpu M cCyJgbdaT. B 3aBUCHMMOCTM OT
cocTaBa IIOTOKa CTOUYHHX  BOI, MOXeT 0Ka3aTbCsa  BHTOIHBEM (n
ONTMMAJILHEM) MCHOJB30BaTh MOOYJIE MeMOPaHHOTO pa3nejieHus, TaKou
KakKk HaHOoOMIbTpykmas (NF) wMmembpana 13, O TIIOTOKY BHIIe IIpollecca
[IOBHIIEHVA KOHLUEeHTpauuM. EcCiIM TakKyrw HaHOQWIIETPYRIYyKD MeMOpaHy
MCIIOJIb 3Y0T, MOXET oKaszaTbCH HeoBX0OVMEM IpVMeHeHN e
KpucTajummMsaropa MupadbuiamuTa, uTO  ONMCaHO  Hajlee OJd  IOpyIux
Ipoleccoe. B uacTHOCTM, Kak I[IoOKas3aHo Ha our. 5, I[IOTOK CTOUYHEX
BOL HalpaBJgLT B MOOYJIb MeMOPaHHOT'O pas3mejleHusa. B BapuaHTe
OCYIIECTRBJIEHUA U300peTeHusd, rIoKal3aHHOM Ha  (ur. 5, nprUMeHeHa

HaHOQMUIILTpyKlasa MeMOpaHa. HanodpunbTpylmas MeMOpaHa  IIO3BOJIAET
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IOJIYUUTEL 3alepXaHHHM I[IOTOK M IIOTOK IepMeaTa. 3alepXaHHHM IIOTOK
mojamoT B MOOYJIb [IOBHIIEHM I KOHIeHTpallun, Toe IIPOUCXOIOUT
yBeJIMUeHMe KOHIEHTpaluMK paccojla. B pesyJbTaTe I[IOJyYalT II€PBHN
IIOTOK Ppaccoja, WM CYCIeH3MIO, KOTOPHMW HaIpaBJIALT B HaxXOIAMUMCA
HIMXe TII0 IIOTOKY peaKTOop IOoJIydeHMs IJla3epuTa WM KPpUCTaJlJIM3aTop
TJlazepuTa. KajguMHHEM pacTBOP, [NOCTyIalllMil C OIHOM M3 IIOCJeOy mUX
cTamui, CMemMBalT C TIIepBHM I[OTOKa paccoJjla, WIM CycleH3uel, B
peaxkTope TIOJIyUYeHM S TJiazsepuTra c oBpas3oBaHUEM KPUCTAaJIJIOB
TJjlazepuTa. B @ Tex ciaydasax, KOT'Ja MCIOJL3YIT KPUCTAJJIMU3aTop
TJla3epuTa, KaJIMMHEI  pacTBOP M IepBHM IIOTOK  paccoja, VI
CYyCIIeH3Ul, CMEMMBAT B KpHUCTaJJIM3aTope IJla3epuTa MIM B TOUKe II0
IIOTOKY  BHIIE KpUCTaJJIM3aTopa IJlasepuTa. KpucTannau  TJjasepuUTa
OTHOEeJIAIT OT KaJIUMMHOTO pacTBopa M HaOpaBJALT B HaAXOOAMMMCS HUXEe
IO IOTOKY PpeakKTop IMNoJIydeHUs cyJbdaTa Kalua. B peakTop OOJYyUYeHUS
cyJabdaTa KaJdusa I[DoNalnT MCTOUHMK KaJMd M CMemlMBalnT C KpUcTaJljlaMu
TJlazepuTa C oOpa30BaHMEM KPUCTAJJIOB CyJlbdaTa KkKalusa. MoTyT OHTH
VCIIOJIL30BAHE pPa3JIMUHEIE MCTOUHMKM KaJMdg, OOHako, B BapMuaHTe
ocymecTBJIeHMSa crnocoba, IIoKasaHHOM Ha our. 5, MCTOUHMKOM KaJud
apjdgeTca KCl. OO6pa3symomuecs KPUCTaJJIH CyJdbdaTa KaJusg OTHeJIST OT
KaJUMHOTO pacTBopa. g obecleuyeHMs MCTOUHMKA KaJMiad B pPeaKTope
IIOJIYUEeHMa TJlazepuTa WIM KpUcTajliM3aTope IJlazepuTa, B pPeakKTop
IIOJIYyUeHMsa IJla3epuTa WM KPUCTaJJIM3aTop IJla3epuTa HalpaBJIglT
KaJIMMHEINM PacTBOP M3 pPeaKTopa IIoJIYyUeHMSa CcyibdaTa Kajausg, KOTOPHIM
ofpasyeT MCTOUHMK KaJMg, MCIOJbL3YEMHM B IIpollecce.

Korma B BapMaHTe OCymeCcTBJIeHMA chnocoba, I[OKasaHHOM Ha oOur.
5, HCHoJbL3YIT peaKTop I[IOJYyUeHMsa TJlal3epuTa, KaJlMMHBIM pacTBOp U3
peaxTopa MNOJIyUeHMSa TJla3epuTa HalpaBJSaonT B KPUCTaJIM3aTop XJopula
HaATPUA, B KOTOPOM IIOJIydanT KPUCTAJIJIEL  XJIoOpUIOa  HaTpuA. B
KpUCTaJlIM3aTope XJopMIa HaTpusa ofpasyeTcd MaTOUHHM pacTBOpP,
oOeIHEeHHEM XJIOPUMIOM HAaTPMA, SDTOT MATOUHEM PAaCTBOPR PEeUUPKYJIUPYIOT
B peakKTop IoJIydyeHMS TUulalepuTa. Korma B OINMCHBAaeMHX B HAaCTOAIEM
IDOKYMEHTe IIpollecCax MCHOJB3YIT KpUCTaJJIM3aTop IJla3epuTa, BHIOIHO
pa3MecTUTh  MOOYJIb V30JIALUN AHMOHOB  MeXIOy  KpPUCTaJJIM3aTopOoM
TJlazepuTa M KPpUCTAJUIM3aToOpoM XJlopMOa HaTpua. OIHUMM HU3 IPUMEpPOB
MOOYJIS M30JALUMM aHMOHOB, KakK YyXe YyKasaHO BHIIe, ABJIAETCHS MOIOYJb

HaHOQuIbTpaummu. B JjmodoM ciydae, KoI'la B BapMaHTe OCYIIEeCTBJIEHUA
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nsobpeTeHns, IoKasaHHOM Ha OuT. b5, MOPUMEHSOT KPUCTAJJIM3aTop
TJjla3epuTa, KaJUMHE pPacTBOP, WJIM KOHLEeHTpaT, ofOpasyomuicsa B
KPUCTaJlJIM3aTope TJlazepuTa, HanopaBJIgnT B HaHOOUJIb TPYIOMM
MeMOpaHHBI MOIYJIEb, OYHKIIMOHAJILHO BKJIIOUEHHLI MeXIy
KPUCTaJJIM3aTOPOM IJla3epuTa M KPUCTAJJIM3aToOpoM XJIopuIa HaTpus. B
MOIyJie HaHOOMUIILTpaluuM WM MOIOyJle M30JAUMM aHMOHOB ofOpas’yeTcs

3alepXaHHEM IIOTOK, WJIM peTeHTaT, oforaleHHBN CyJbbOaToM, KOTOPHIM

PEeLUPKYJIUPYIOT B peaxkTop HOJIyYeHU S TJasepura. B MOIyJie
HaHO QUL TPaLnM W MoIyJie UB0JIALUN AHMOHOB oBpasyeTcd
OTOUIIL TPOBAHHEIM IIOTOK, NI nepMear, OBHBYHO, ofOeIHeHHB

cynbbaToM, KOTOPHM HaNpPabBJAT B KPUCTAIM3aTop XJopMIa HaTpuUd,
TOe IOJydalT KPpUCTAaJJIE XJIOpUIa HaTpudgd.

[IoTok IepMeaTa, OOpPas30BaBIMMCA Ha HaHOOUILTpYyKImeM MeMOpaHe
13, mrakxe nomnepeprawnT o0paboTKe C LeJbI IIOBHIEHVSA KOHLEHTpaluUM.
Ha ¢ur. 5 »5TO noOKa3aHO Kak IIOBHIIEeHMEe KOHLeHTpaluM paccoJia. llpu
3TOM TIOJIydalT BTOPOM IMOTOK paccojla. B OIHOM U3 BapUaHTOB
OCyImeCTBJIeHUA U300peTeHMs BTOPOM IIOTOK paccojla HalpaRBRJSLT B
KPpUCTAJIM3aTOop XJIOpMIa HaTpMa, I'Oe I[IoJydalT KpUCTaJUJIE XJIopuIa
HaTpusa, KOTOPHE OTIeNsanT. Kak oIMH U3 BapMaHTOB, MaTOUYHEM
pacTeop, oOO0Opas3oBaBIMMCA B peaKTope IOJyUYeHMsa IJlazepuTa, MOXeT
OBITE HallpaBJIEH B TOT Xe& KPUCTAJJIM3aTOp XJopuIa HaTpud. OOBUHO,
pacTBoOp, nonaBaeMel ns3 peakToOpa [IOJIYyYEeHU I TJlasepuTa B
KpUCTaJIM3aTop XJopMIOa HaTpMa, OTHOCUTEJIEHO ofborameH XJIOPMIOM
HaTpusg, a pPacTBOP, BO3BpallaeMel M3 KpUCTaJJIM3aTopa XJopula
HaTpMA B peakKTop I[OJYYeHMsa IJlasepuTa, OOBUYHO XapaKTepusyeTcsd
IIOHMWKEHHOM KOHIIeHTpallMel xXJopula HaTpUA.

Ha o¢ur. 6 I1oka3aH Jgpyroy crnocod ob6paboTKM IIO0TOKAa CTOUHHX
BON, CoOOepXamero HaTpulM ¥ CcyJlbdaT, B XO0Ie KOTOPOTO MIOJydalT
cyJpdaT kKaauda U XJopun HaTpud. CTOUYHEE BOIOH HAlpaBJSALT B
KOHILIeHTpaTop (TakoM Kak uchOapuTesk) 30. B KoHuUeHTpaTope 30
CTOUYHHE BOIH KOHIEHTPUPYT IO paccoja, CcolepXamero HaTpui,
XJIOpUL, CyJbdaT, a TakXe pas3JIMuHEe BTOPOCTEIEHHEE KOMIIOHEHTEH, WU
[IoJIydamnT  KOHIOeHcaT. Koumencar MoOxeT OBITE OTBEeIEH. Paccoa

HallpaBJIAKOT B OXJIaOUTeJIbHEIM KpmucTrajijim3aTop 32 M_T/[paéT/LJ'[MTa. B HeMm

paccoJ oxJlaxhawnT M IIoJIydakT KpucTaJulel MupabuimuTa (Na2304-10H20) wm
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MaTOUHEM pacTBOp MHpadbuamMTa, UYacTUUHO OOeIHeHHHM CyJbdaToM U
YaCTUUYHO OOOTAMEeHHEM XJIOPUIOM.

KpucTaJiis MUpPabUInTa OTHOeJIAT oT MaTOUHOTO pacTeopa
MUpabMIIMTa ¥ HalpaBJIAKT B peakKTop 38 I[oJiydeHMs IJlazepuTa. B HeM
KpUCTaJIJIEL MUpabuiuTa CMellMBalT C MCTOUHUKOM KaJjua. KpucTallsl
MUPaAOUIIMTa BCTYIAT B peakKLUMI C KajiMeM C ofpas3soBaHMEeM KPUCTAJJIOB
TJlasepuTa (KsNa (S04) 2) . Kasmi, CMeIIMB a eMEBI c KpUCTaJjlaMmi
MUpabuamra, MOXET IPOUCXOINTD us3 pPasJINJYHEIX MCTOUHUKOB.
OborameHHEM KaJMeM pacTBoOp IIPUCYTCTBYET B HaxXOOAMEeMCS HIWXe IIO
IIOTOKY peaKTope, KOTOpPHM, B IaHHOM cCJydae, IOpeAdcTaBJigeT coboun
peaxTop 40 mnojgyuyeHusa cyJbdaTa Kaldua. OOOTameHHHY KaJMeM pacTBOpP
n3 peakTopa 40 nojgydeHusa cyJbdaTa KajlMid PelLUpPKYJIMPYRT B pPeaKTop
38 rnoJydeHMs TIJlazepuTa M CMeNMBaknT C KpUcTallJlaMy MUpabuiamTa C
ofpas3zoBaHMeM KPUCTAJJIOB IJla3epuTa M pacTBOopa, COOTBETCTBYKIEIO,
HaopuMep, Touke (G) Ha Ga30BOV IMarpamMMme, IIpeICTaBJIeHHOM Ha Our.
9.

Kpucraiuel rJjaszepuTa OTHeJIAT OT MaTOUHOI'O pacTBoOpa peakTopa
[IOJIYYeHMA IJla3epuTa M HalpaBJAanT B peakTop 40 nojgydeHusa cyJbdaTa
kaimra. B peakTop 40 nojgydyeHuMsa CyJbdaTa Kaausga »[o0aBJIAKRT MCTOUHUK
KaJusga, TakoM Kak xJjopun Kamsa (KCl), ¥ T[OpoBOOAT pPeaKuuio C
KpucTajljlaM/ TJlasepuTa ¢ ofpasopaHueM cyJbdaTa kaima (KoSO4) wu
oforameHHOTO KaJiMeM pacTBopa, KOTOPHY HalpaBigoT M3 peakTopa 40
[IOJIyYeHuA CyJbdaTa Kajausad B peakTop 38 I[OJydeHMA IJlazepuTa. B
OOHOM M3 BapMaHTOB OCYUEeCTBJIeHUSI U3300peTeHusa, XJIOPUI KaJlud,
nodaBJgeMel B peakTop 40 nojyueHmusd cyibdaTa KaJausg, ¥VMeeT oopMy
OyJIBIIEL MJIM CYCIeH3UM. B oOHOM M3 IIPMMEPHHX CIHOCOOO0OB, HaTPUM H
cyJgsdar, BBOIVIMELIE B cocraBe njasepura, IOONEePXNBAKT B
PacTBOPEHHOM COCTOSHUM IIYTEM OTPaHMUYeHMSA KOHIEHTpaluM HaTpMA Ha
YPOBHE HMXe KOHIEHTpPAallMM HACHIEHMS IJlalepuTa, 4YTO IIOKa3aHO Kak
Touka (P) Ha ¢a30BOM IMarpaMMme, IIpeOcTaBJIeHHOM Ha our. 9.

OTuacTu OJjlaromapsa PeuMpKyJIauMy oDOTalleHHOT'O KaJlMeM pacTBopa
n3 peakTopa 40 moJgydyeHMa CyJbdaTa KaJMsa B peaKTop 38 I[IOJy4dYeHUSA
JjlazepuTa, pacTBOp B peakKTope 38 IJlasepuTa  MoOXeT oforamaTbCcd
MOHaMM HaTpUid U XJIOPUIO-MOHaMM. [Jid CHMXEeHMS KOHLEHTpaluM HaTpUsA
M XJIopMIa B pacTBOpe peaKTopa I[IOJIyYeHMA IJla3epuTa, pacTBOp K3

pearTopa 38 IIOJIYyUEeHNA JjlasepuTa HallpaBJIAKT B MCHapI/ITeJIE:HbIﬁ
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KpUCTAaJIM3aTop 36 XJopuIa HaTpMa. B HeM pacTBOpP, IMIOCTYNIMUBIMUM U3
peakTopa 38 TIOoJydeHMs IJla3epuTa, HalpeBanT U II0OJy4YalT KpPUCTAaJIJIB
xJiopuna  HaTpuL. B 1mpouecce KpUCTaJlJIM3aluy  XJiopuloa  HaTpusd
obpaszyeTcsd KOHIEHCAT WM MAaTOUHHM pPacTBOP. MaTOUHHM pPacTBOP,
IIOJIYUEHHEM B KpUCTaJlJIM3aTope 36 XJopuIa HaTpusa, obeldHeH HaTpUeM
¥ xJgopumoM. KpucTajujel XJopMIa HaTpuda OTOeJIdinT OT pacTeopa,
oBbpa30BaBmMEerocsas B KpuUcTaJiM3aTope 36 xXJopuIa HaTpUsa, pPacTBOP
PELUUPKYJIMPYIOT M3 KpUCTaJlJIM3aTopa XJopuIa HaTpusa B peakTop 38
[IOJIyYeHMsd IJla3epuTa.

Mexnoy  TeM, pacTBOop U3 KpUcCTaJlJiM3aTopa 32 wMupabuiauTa
noneepranT o0O0paboTke B MOIOyJe M30JALUM aHMOHOB MM MOIYyJIE
bunbpTpauur. B OODHOM M3 BapMaHTOB OCYMEeCTBJIEHUMSA M300peTeHud
MOOYJIbL OMJILTpaluM OpencTaBjsgeT coboy MonyJbk 34 HaHOOMILTpaluu. B
pe3yJbTaTe OQUIBTPalMM pacTBOpa M3 KpUcTallJiM3aTopa MUpadbuiInTa B
MooyJie OGUILTpaluuM ofpa3lyeTcsa IIOTOK IepMeaTa M 3alepXaHHHM IIOTOK.
OBBUHO, B MOINyJie 34 HaHOQMIIBETpaALMM 3alepXuBaeTcsa CcyJlbdaT, Torla
Kak VIOHH HaTpUA u XJIOPUI—MOHE [IPOXOOAT yepes MOIYJIb
HaHOQUIbLTpaluMu. B crnocobe, TI[IokasaHHOM Ha OuUI. 6, 3alepXaHHHM
[IOTOK PEeUUPKYJIMPYT B KpUCTallJiM3aTop 32 MupabuianTa, a IIOTOK
nepMeaTa U3 MOOYJA OUIBTpalMM HalpaBJAKRT B KpUCTalllIM3aTop 36
XJjiopuna  HaTpuAd. B SHAUUTEJILHOM  pAne BapMaHTOB  I[IPMMeHEeHMHA
MaTOUHEM PacTBOP KPpUCTaIM3aTopa MUPpaduiInTa COOepXuT cCcyJabdar,
HaATPpUM U XJIOPUIO, U »Oaxe IpyIue npumecu. OyHKUMEN MOIOYJIS WM30JISLUU
AHMOHOB MJM MOOYJIA 34 HaHOQMIBTpalUUM  ABJdeTcd 2PPeKTUMBHOE
oTmeJyleHMe CyJibdaTa OT HaTpPUa, XJopuIa U IPYIUX IIpHMeceM C TeM,
UTOOH 5OOeKTUBHEIM O00pas3OM MUCIOJB30BaATE CyJabdaT OJS IIPOU3BONCTBA
cyJabdaTa KaJmg. Tak, 3BalepXaHHHM IIOTOK, WJIM pPeTeHTaT, MOIOyJid
MU30JIALUNUN AHMOHOB, OBOBIUHO, oborameH cyJibdaToMm, u ero
PELUPKYJIVMPYRT ¥ MCIOJB3YIT IJIA TI[POM3BOICTBa CyJbdaTa Kajud.
MonyJb V30JISLUN AHMOHOB VI MOIYJIb 34 HaHOQWJIBL Tpallnu,
NIpenrnouTUTeJIbHO, oOO0ecrieuMBaeT I[IPOXOXIEHMe HaTpMad WM XJopuIa B
IIOTOK IIepMeaTa, KOTOPHM HaIpaBJAKRT B KpUCTaJIM3aTop 36 xJjJopuia
HaTpUA.

B HEKOTOPHIX BapMaHTax OCYIIEeCTBJIEHU A n3obpeTeHUs nu3
KpUCTaJIM3aTopa MUPpadbuIMTa U/WIM KpUCTaJIM3aTopa XJopuIa HaTPHUS

T/[/T/LJ'H/[ IIOTOKa rnepMeaTa MOTWYT OBITE OTBeIdeHE OOIIOJIHMTEeJIb HEIe
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IIPOMEIBOUHEIE IIOTOKM, HanpapeJisgeMee B KOHEeUHEH BeCcCTOUHLM
KpucTayumsaTop (orxomor). TakmMmM oOpa3oM STU IIOTOKM MOTYT OHTH

oBpaboTaHE OJId 3aXOPOHEHUI.

B IIprMBEeIEcHHOM BHIIE OIIMCaHNNU BapMaHTa OoCymeCTBJIEeHMA
nzobpeTeHNnd, IIOKa3aHHOTO Ha dur. 6, paccMaTpmuBaeTCcd
JCIIOJIb30BaHME peakTopa [IOJIyYeHN A TJiasepura. B BapMaHTax

oCcymecTBJIeHUsa wu300peTeHMs, I[IOoKaszaHHHX Ha o¢ur. 6, 7 m 8, Kak
BMIHO Ha UepTexax, BMECTO peakKTopa I[OoJydeHMsa TIJla3epuTa MOXeT
OHTBb MCIOJIE30BaAH KPUCTAJJIM3ATOPR IJla3epuTa C LeJbl II0JIyYeHUS
KpUCTAJIJIOB TJlazepuTa. Korma IMNIpMMEeHST KPpUCTaJJIM3aTop IJla3epuTa,
BO MHOTHMX CJIydadx ABJISEeTCA IMIPedlouTUTEJIbEHEIM oOOeclledeHVe HaJlnduusg
MOIOYJIS M30JIALUMM aHMOHOB, TaKOT'O KaK MOOYJIE HaHOQMIIBbTPaLWM, MexIy
KPUCTAJIJIM3AaTOPOM TJla3epuUTa WM KPUCTAJJIM3aTOPOM XJIopMIa HaTpUAd.
Tak, IpM OPYMMEeHEeHMM MOOYJIS HaHOOWJILTPpallMM, KaJMMHEM pPacTBOpP WU
MaTOUHEIM  pPacTBOpP, IOJIYYEeHHBI B KPpUCTaJLJIU3aTope TJIa3epuTa,
HalpaBJAKT B MOOYJIE HaHOQMIBTpalMM. B MOIOyJle HaHOQWIIETpPAaLWKU
oBpazyeTcs 3amepXxaHHbM I[IOTOK, KOTOPHM PELUPKYJIINPYT B
KPpUCTAaJIM3aToOp IJla3epuTa, M IIOTOK IIepMeaTa, KOTOPHM HaIpaBJIAOT B
KpUCTaJIJIM3aTOop XJiopuIa HaTpuia, I'Ie o00pa3ylnTCcsa KpPpUCTAJJIE XJIopUIa
HaTpuda. CymecTBEHHO, UTO 3alepXaHHBM II0TOK, PeUUMPKYJIMPYEMEM B
KpUcTaJlsiM3aTop IJla3epuTa, oboraleH cCcyabdpaToM, ToI'la KakK IIOTOK
nepMeaTa, HalpaBJIgeMBM B KPUCTaJIM3aTOop XJopMIa HaTpuid, Kak
npaBujio, obeldHeH CyJboaToM.

Ha o¢wur. 7 IIOKa3aH aJIbTepPHATUBHEI  CIIOCOoB, BO  MHOTUX
OTHOWEHUS TOHOOHEM crocoby, IoKasaHHOMY Ha ¢ur. 6. NMMmeonTcs
cllydyal, B KOTOPHX IeJlecooBpa3HO M BHIOIHO HaJIMUMe OBYX OTIeJIbHHX
VCIIapUTEJILHEX KPUCTAJJIM3aTOPOR XJIopMIa HaTpMUd. O5TO MMeeT MEeCcTO B
BapMaHTe OCYIEeCTBJIeHMS WM300peTeHMd, IIpelcTaBJIEHHOM Ha our. 7.
STOT crnocof BKJKOUaeT IOBa KpUcTalJiM3aTopa 36 m 42 xjiopuna HaTpusdg.
B 3aBUCHMMOCTM OT COCTaBa I[oOBepraeMelXx oOpaboTKe CTOUHEIX BOIN WU
paccoJjla, B UYaCTHOCTHM, €CJIM YyIeJjdeTcd BHMMaHMe OTHomeHMio Cl-/S042-
¥ OPYTVMM PaCTBOPEHHEM IIPUMMECSAM M CTEeIlleHWM UYMCTOTH CyJbdaTa KaJlifd,
MOXeT oKaszaTbCHd NIPennouYTUTEeJIbHEM VICIIOJIb 30BaHue OBYX
KPpUCTAaJIN3aToOpPOB 36 M 42 xJjopuOa HaTpud, Kak I[IoKas3aHO Ha our. 7.
B HEKOTOPEIX BapMaHTax OCVYIIECTBJIEHUA nz3obpeTeHms MOXHO

paccMaTprMBaTh MCIIOJIE3OBaHNMe MOIOYJIA HaHO(l)T/IJ'[I: Tpalunm MeXITY
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peakTopoM 38 IMOJIydeHMSa IJla3epuTa UM KpucTajm3aTopoM 42 xJjopuna
HaTpusg C leJibio IIOBHIMEHMS OTHomeHMsa Cl /S04%2° B MOTOKe, IIOCTyIIalleM
B KPpUCTAJIJIN3aTop xJiopuna HaTpuA, OoJis YyBeJIMUeHNn A ero
20PeKTUBHOCTM TI[IOOOOHO cCcrocoby, TIosaAcHAeMoMy our. 1. B5To Takxe
IPUMEHMMO MeXOy MonyJem 38 m 36 Ha ¢ur. 6.

[IpyMepHEE CHIOCOOH, IIOKasaHHEHEe Ha oOour. 1-7, MOTyT OHTBH
BCTPOEHET B MeTOOH 0OpaboTKu CTOUHHX  BOI, obpasynimuxca B
Pas3JIMUHEIX Ipolieccax. OOHMM M3 TUIOB CTOUYHHX BOII, KOTOPHE MOTYT
OBITE TIOOBEPTHYTH 00pabloTKe C MCIOJIE30BaHMEM CIOCOOOB, I[MOKa3aHHBIX
Ha our. 1-7, 4BJIAKTCS CTOYHHE BOIE [IPOLIECCOB IIOJYyUYeHUS U3 yIUld
XUMUUECKUX TMPOOYKTOB WM XUIOIKOTO TOIJIMEBa. llpUMep IOpollecca DSDTOoTo
Tuna oBpaboTKM IIoka3aH Ha ¢our. 8.

ObpatmMca K our. 8 wm 9; B Ipolleccax IIOJIYUYeHUuS U3 YIUIA
XUMHUUECKUX NPOOYKTOB WJIM XKUOKOTO  TOIJNIMBAa I[IPOU3BOOAT TakKue
NoJIe3HHEe IMIPOOYKTH, KakK, HaIpMMep, TOIUIMBa M ILJIacTuKM. OOBUHO, B
npouecce 12 TNoJydeHUS M3 yYIJIA XUMUYUECKMX I[IPOOAYKTOB WM XUIKOTO
TOIJIMBa OCYIWECTRBJLAT Tasupuraluon yoJja ¢ o0pas30oBaHMEM CHUHTEe3-—
raza. B OoOHOM U3 IIPUMMEPOER, TIasupuKalMiag UMeeT MeCcTO, Korna
[IBJIE BUOHEI YTOJIb n raszoobpa3HeEM BOIOOPOL, a Takxe
PEeLUPKYJIMPOBAHHEE IIOJIYUeHHEEe M3 YIJId XKUOIKOCTH, CMelrBamnT C
KaTaJnu3aTopoM, I[IoJiydas CHpOM Tas3. 3T0 MOXeT OCYmMeCTBJISTCS B
YCJIOBUAX  IIOBHIMEHHOTO IaBjleHusa. CHpOM Tas 3aTeM MoOXeT OHTb
[IOOBEPTHYT IepepaboTke ¢ IIOJIYUEHMEM MUCKYCCTBEeHHOTO OeH3MuHa,
OV3EeJIEHOTO TOIJIMBa WM JIPYTIUX YIUIEBOILOPOOax IMIPOOYKTOB. B OIHOM
u3 croco®oB Tasolepepab®oTKM CHPOM Ia3 IPUMBOIOAT B KOHTAKT C BOIOM
OJIA OXJIaXOeHMs Tasa. OXJakIeHUe TIO3BOJISAEeT IIOJYUUTHE IIPOOYKT,
comepxXamui Ta30BYID M XuUIkyD ¢Gasul. OT XuOokoM dasbel MOXeT OHTb
OTHOeJIeHO MacJio, B pes3yJbTaTe UYero ofpal3ynTcid CTOUHHE  BOIH
rasmuopmUralmm yIIIA. Mocae 2TOTO CTOUHHE BOIEL MOTYT OHITH
NOOBEPTHYTH 00paboTKe B CYINEPKPUTUUECKUX YCIJIOBUAX, IIPUBEOEHH B
KOHTAKT C OKUCIUTEJIAMM, TaKVMMKM KaK OoOpraHMUuecKMre BellecTBa U
aMMOHMMHEM as30T, IJA I[IOJyUeHMsa CHuHTe3-Tasa. Illocye Tasudpuralmum
IIOJIYyUEeHHEEe NPOOYKTH  MOTYT OHITH NOOBEPTHY TH OOMOJIHUTEJILHOM
obpaboTke, HaIpHUMepP, B COOTBETCTBMM C HEeKOTOPEMU Crnocodbamm
KOCBEeHHOM nepepadoTKU Yy, nocJjse rasmuoprralmm CHHTEe3-T'as3

VCIIOJIBE3YKT B CHHTE3E CDMHlepa—Tponma, [1oJjiydad IIOJIE3HEIE TIIPOOYKTEI, a
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Tarxe IIap =" XBOCTOBOM Iras, KOTOpBIﬁ MOXeT OHBTH MCIOJIb30BaH IOJIdg
BBIpaGOTKI/I SJIEKTPOSHEPI NN . B Xome IIOJIYyUeHMA M3 YIUIA XVMMYeCKUMX
IIPOOYKTOB I KMOKOIT'O TOIJIMBAa B PasJIMYHEX TOUKAX Inpounecca
o0pas3ynTCcsa CTOYHHEHE BOIH, KOTOPHE COIepXaT [MeJIOUHEE MeTaJlJIbl
(obruHO, HaTpuM), CcyabdaT ¥ xJopun. Ha cTamuy Trasuduraumm
CTOUHHE BOOH 00pal3ylnTCsa BCJENCTBME  MCIOJb30BaHMA  BOOH IJIA
BEIBeI€eHMA IIJlaKa U 30JILHOM IIBJIM M3 I‘aBI/I(]_)I/IKaTOpa, OUMCTKNM CHHTe3—
I'asa OT TBepIOEX UYWacCTHUl, M XJIOPMIOOB WM IOJIA O@paGOTKM KOHIOeHCaTa,
obpasynmerocsa IIpM OXJaxIeHUM CHHTe3-Taz3a. OOHUHO, DSTM CTOUHLHE
BOIOEI cCcoInepXaT XJIopuo, aMMMakK, IVMaHMOBEI ¥ 30JIBHYI IIBEJIb. CTOUHHEE
BOIOEI Takxe 00pas3yonTcsa B XOoIoe CHHTe3a Oumepa-Tponma, OHUM OOBHUHO
comepXaT OKMCJIEHHEEe YIJIEeBOOOPOOE M TOKCHUYHEIE MeTaJlJIEl. B PIYOAVARI7D:¢
criocobax TIMOpoBemdeHMA CcHUHTesa Jdumepa-Tponma MOTYT OOpa30BHBATLCH
CTOYHEE BOIHL, coepXxamme OpraHMYeCKNre CcCoenVHeHMn A, IOMaHWMIBL,
aMMVakK U (]_)eHOJ'IbHBIe sSarpdsHAmMe IIprMMeCH. XoT4da 3OeCk IIpMBEIOEHEI
IIPMMEPEL nepepaGOTKM YIUIA C LeJlbBI IIOJIYyYeHMA XVIMMUYEeCKMX IIPOOYKTOB
i XMIOKOI'O TOIJIMBa, ClieliraJiMCcTaM B ,JIaHHOIZ obJjiacTtu IIOHATHO, WTO
OIIMCEIBaeMBIe CIIOCOOH MOT'YT OHIT b VCIIOJIE 30BAHEL OJIA O@paGOTKI/I
CTOUYHEIX BOLO JioBoro npouoecca ITOJIYUEeHINA a3 YIJIA XVIMMUYEeCKUX
IIPOOyKTOB WJIM XMIKOI'O TOIJIMBA WJIM JIOOBIX CTOUYHEIX BOnO, CTOUYHEIX
pPaccoJioB VI TEeXHOJIOTUUECKMX pPaccoJioB OIPYTHUX IpOlleCCOB,
0CcoBeHHO, OOOTalleHHEX CyJbdaTaMM pacCoJIOB, HalpaBJISeMBX B CTOKMU
B coJlefoBuBael IIPOMBIIJIEHHOCTHA .

4dro KacaeTcs BapuaHTa oCyIeCcTBJIeHUS n300peTeHUs,
IoKkasaHHOTO Ha ¢ur. 8, CTOUHEE BOIH, OoOpal3ywnmMecs B IIpollecce
KOHBEpPCUN YIJIA C I1eJIBIO ITOJIYUEeHIM A XVIMMUe CKUMX IIPOOYKTOB WJIN
TOIIJINB, B HeKOTOPEX BapMmaHTax OoCyleCTBJIEeHMA MSO@peTeHMH
HaOpaBJAT B IIpollecc MNpelBapUTesIbHOM 00paboTkM MM B HOpollecc 18.
B xome OpelBapUTEJILHOMT oBpaboTKM 18 yoajdoT pasJiMuHEE
Sal'pAsSHAINME IIpVIMeCH, IoJId Yel'O MOXeT OBHITE MCIIOJIBE30BAaH OIOIVH WJIU
HEeCKOJIBKO TPpaOUIIMOHHEX criocobos IpelBapuUTesIbHOM obpaboTKHU.
HaanMep, InpenepaprTeJibEHaAd O@paGOTKa MOXeT BRJIIIOUATE pPeIl'yJIMPpOBaHME
PH, MeMOPaHHYI GMIIL TPaLNIo (HanpuMep, GUIIL TP AL yepes
O0PaTHOOCMOTUUECKYI MeMOpaHy) , MOHHBIM obmMeH, XUMUUECKYIO
00paboTKy, TaKyln Kak yMSTuUeHMe U/WIM OCaxXIeHMe C MCIOJb30BaHMEeM

XVIMMYEeCKMX peal'eHTOB, mjim "X COUeTaHNe. CneuMaaucTaM B OaHHOMU
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obJjacTu IIOHATHO, uTo B HeKOTOPEIX BapMMaHTaxXx OoCymeCTBJICHNA

nz300peTeHUsa IpelBapUTesSIbHYID 00pabfoTKy He IMNIPMMEeHSOT, a B 2 TeX

BapMaHTax OCYIIeCTRJIEHUS nz3obpeTeHms, roe [IpenBapuUTeJIbHY
o0paboTKy MCIIOJIb 3YIT, TWII IpedBapuUTesIbHOM o0paboTkU MOXEeT
M3MEHATLCH B 3aBUCHMOCTHA oT 3aTPA3HARINUX npuMecen,

IPUCYTCTBYIMX B BOIE.

[locyie npenBapuUTeJIbHOM 00pa®oTKM CTOUHHE BOIH HAIpPaBJISOT B
KOHIIEHTPaTOP 22. B KOHIleHTpaTope 22 YIaJIanT BOOY u,
[IOTEHUIMAaJIbLHO, HEKOTOPHE IIPUMECH, KOTOPHE MOTYT OHTb IIOOBEPITHYTH
naJlbHelmel IMepepadoTKe WM OTBeIeHH. Mexny TeM, KOHIEeHTpaluusa
OCTaBIMXCHA IIpUMecel yBeJiMuMBaeTcsd. XOoTd TIOIpM DSTOM MOTYT OHTbH
VICIIOJIL 30BaHE pPa3JIMUHHE TUIIEL KOHIIEHTPaTOPOR, B HEKOTOPHIX
BapMaHTax OCYIECTRBJIEHMS M300peTeHMSa KOHIEHTPAaTOp 22 IMIpeldCTaBJIAET

cobour VcCliapmnTeJib, IIPOOYKTOM KOTOPOI'O ABJIA€eTCA BOIa C [IOBHIIEHHOM

KOHIIeHTpaluen IpuMecen. B OPYTUX BapuaHTax OCYIeCTBJIEHUA
n3obpeTeHmUA KOHLIEHTPATOP 22 MOXeT IpenCcTaBJIgT cobon
0BpPaTHOOCMOTHUYE CKHUM MOIOYJIb , IIOCPenCcTBOM KOTOPOTO [IoJIy4anT

mepMeaT ¥ 3alepXaHHB IIOTOK, comepXamu¥ BOOY C IIOBHIIEHHOM
KOHIIeHTpalMen OpuMecel. B HEeKOTOPHX BapMaHTax OCYIeCTRBJIIeHUI
nz3obpeTeHmUs C VICIIOJIb 30BaHMEM 0BpPaTHOOCMO TUUECKUX MOOYyJieu,
mepMeaT MOXeT OHTb PeUUMPKYJIMPOBaH B IIPOLEeCcC IIOJYyYeHMS U3 YyIUld
XVMUUECKUX NPOIOYKTOB WMJIM TOILJIUB.

TUIIMUHEIM COCTaB CTOUHHX BOI Ha BHXOIEe KOHIeHTpaTopa 22
MOXeT BKJIOUATL, IIOMMMO IIPOUeIro:

HaTput (Na*): 0,1-10%, uame 5-10%

cysabdhaT (S04%27):0,1-10%, uyame 7-10%

xJjopun (Cl7):0,1-6%, uyame 3-6%

IpyTre KOMIIOHEHTH, TakMe KaK: OKCUI KPpeMHUS, OopTlaHuUuecKHue
coeIMHeHMs, KaJulM, HUTpaT, aMMmak: 1-2%

B HEKOTOPHIX BapmuaHTax OCymeCTBJIEHUS n3obpeTeHUs
KOHIeHTPUPOBAHHEE CTOUHHE BOOHE M3 KOHILUeHTpaTopa 22 HaIpabJIgoT B
opoliecc 26 yOoajJleHMsa OpTlaHMUYeCKMX  CcoeldMHeHUMN. g ynajeHUs
opTraHnYeCKUX CoOeIVMHEeHUM  MOTYT OBITE VCIIOJIL30BAHE  pas3JIMUuHbEe
CIIOCOOE, HalIpuUMep, OUIbLTpaluag, aIcopdblusa, XuMmMueckasa ob0paboTka,
OuoJgiornueckas obOpaborTka. B  OODHOM M3 BapMaHTOB OCYIECTBJIEHUA

n300peTeHUa IpollecCc 26 yIhaJleHMA OpTlaHMYeCKMX COeIMHEHMM BKJIOUaeT
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00paboTKy KOHIEHTPUPOBAHHHX CTOUHEX BOI aKTUBMPOBAHHEIM YIJIEM.
CnenMaJgMcTaM B IaHHOM oOJacTM IIOHATHO, UYTO yIaljleHMe OpTraHMUYeCKUX
COeIMHEHUM ABJIAeTCsa HeoOA3aTeJIbHEM, M eIro IIPpUMMeHeHMe 3aBUCUT OT
TOTO, KakKmue IIPpMMECH IMIPUCYTCTBYIT B CTOUHHX BOIAaX.

[locJie yInajleHMs OpTaHUUeCKMX COeIMHEeHMM CTOUHBE BOOE MOTYT
OBITE IOOBEPTIHYTH  oBpaboTke B COOTBETCTEUHU, HalpuMep, co
criocoboM, IIOKal3aHHBEM Ha O(ur. 6. B UYaCTHOCTHM, CTOUHBEE BOIH
noaBeprawnT ob0padoTke B MonyJle 30 TMOBHINIEHMSA KOHIEHTpalMM paccoa
C ULeJiblo YyImajleHVMs BOOH M, I[IOTeHUMAaJIbHO, JeTYyUMxX COoeIVMHEeHUM B
bopme KOHIeHcaTa u IOJIYyUYeH A KOHILEHTPUPOBAHHOTO paccoJa.
KoHIeHTPUPOBAHHEM pPaccoJ M3 wMonoyJda 30 TI[OBHIIEHMSA KOHILEeHTpaluM
paccoJjla HaOpaBJISRT B MOIOYJb 32 KpUCTalIM3aluM MUpabuiamTa, TIOe
ero IoaBepTranT oXJIaIuTeJILHON KPUCTAaJIIN3alun C IoJIydeHVEeM
KpUCTAJJIOB MUpabuamuTa. BaTemMm, KPUCTaJIJIH MUPadUInUTa,
ofpasoBRaBmMecsa B MOOyJe 32 KpUCTaIM3aluM MUpabuiInTa, OTIeJIST
OT MaTOUYHOTO pPacTBOpa; CHpPHE, pPaclljlaBJIeHHEe WM pPacTBOPEHHEHE
KPYCTAaJLJIE MUpaduImMTa HaOpaBJIAgOT B peaxTop 38 MIOJIyUeHU S
TJlazepuTa. B peakTope 38 MoJyueHMA TJlasepuTa I[IPOBOIOAT pPeaKlMio
MeXIy KpucTalllaMyM MUpadbuianuTa M OoOOTalleHHEM KaJlMeM pPacTBOPOM C
IIOJIydeHMeM IJla3epuTa. [Jla3epUT OTHEeJIAIT OT pacTBOopa M HalpaBJISgoT
B peakTop 40 mojgydeHusa cCyJbdaTa Kaauga. TaM ero CMemMBaKnT C
XJIOpUIOOM KaJjiMa. B pesyJabTaTe peakuuu o0pal3yoTCsa  KPUCTAaJJIE
cyJbdaTa KaJImMga U oOOoTalleHHBM HaTpMeM U XJIOPUIOM IIPOMBIBOUHEIM
noTok. KpucTajJe cyibdaTa Kaausa OTHeJIAnT OT oforaleHHOTO HaTpueM
U XJOPUIOM IIPOMEBOUHOT'O IIOTOKa. IIPOMEBOUHEI IIOTOK BO3BpalailoT B
peakTop 38 noJsiyyeHMs IJlasepuTa. IIOCKOJIBKY HaTpuUM U XJIOPUD
HakalJMBaonTC4d B KaJIMyHOM pacTBoOpe B peakToOpe IIOJIYUEeHMU I
TJjlazepuTa, BSTOT PacTBOP HaNpaBJgKRT B KpUCTalIM3aTop 36 xXJopuaa
HaTpMA. 3Iech XJOPMIO HaTpud KPpUCTaJlIu3yeTcsd, a ocTaBmIMUMCH
pacTBoOp, YyXe of0eOHeHHHM HaTpMeM U XJOPMIOM, PeLUUPKYJIMPYIT B
peakTop IIOJyUeHMAa TJlalepuTa. Mexdy TeM, I[IPOMHBOUHHEM IIOTOK U3
KpUcTaJuiM3aTopa 32 MupadbmiamTa MoOXeT OBThL OTOMILTPOBAH B MOOyJe
34 HaHOOMILTPALMM, IIPM STOM, 3BalepPXaHHBEM I[IOTOK PeLUUPKYJUPYIT B
KpUCTaJIJIN3aTop 32 MUpabuiInTa . [lepMmeaT n3 MOIYJIS 34
HaHOQUJIbLTPAllMM HANPaBJAT B KPUCTAJIM3aTop 36 XJopMIa HaATPUS WK

OTIOeJIbHEM KprCTajiMm3aTop XJIopKrIa HaTprA WIIM YaCTWMYHO C@paCBIBaIOT.
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VHOTIDa, OCTAaTOUHHM I[IPOMEBOUHEM IIOTOK M3 KpHUCTaJJIM3aTopa XJopuia
MOXeT OBTEL HalpaBJIeH B KOHEUHHM KPUCTaJJIM3aTop MOJS »aJlbHenmewn
00paboTKM ¥ BHBeIOEeHMSA 3aTpA3HAmMX IpuMeceM. Ilpu 2TOM, IIOMMMO
opodyero, MOTYyT OBTH IIOJIYUeHH IIOJIBE3YyKRIMeCcs CIPOCOM CyJbdaThH U
XJIOPUIOHL, KOTOPHE MOTYT OBITE BEICTaBJIEHE Ha Ipomaxy VI
MCIIOJIE30BAHE B IPYI'MX Ipolleccax.

[lp o0BpaboTKe CTOUHHEIX BOJI, O0pal’yloIMXCad B XOOe KOHBEPCHUMU
yIJIg, IpUMEPHHM CrIoocof®oM, IIpenOcTaBJIeHHEM Ha ¢our. 8, a TakKxe
IPYTVMMM OIIMCHBaAEMEIMM B HaCTOAMEeM OOKYMeHTe crnocofaMy, KOJIUUeCTRBO
3aTPA3HARINX opuMmecen, cOpacCHBaeMHIX B OKPYXaKIyn cpeny,
CyleCTBEeHHO  yMEHBIIEHH. BMecTO  HeNpOOYKTMBHOT'O  MCIIOJIB30BaHUA
OOoJIBIIOTO KOJMUYECTBa BOMOHE, BOOY IIOoIOBeprakT obOpaboTKe M CcOpacCHBAaKT
Oe30macHEM obpasoM. KpoMe TOTO, ONUCHBAaeMble CIOCOOH OoDecleunBamnT
IoJIydeHre M3 IIOTOKa OTXOIOOB IIOJIe3HHBX UMCTHX COJIel, KOTOpHEe MOTYT
OHTB BHCTABJIEHH Ha IIPOIaxy WJIM WMCIOJb30BaHH B JIPYI'MX IIpolleccax.
CLY| CIIOCOOH MMO3BOJIAKT OTITMMM3UPOBATH V3BJIeUEHNE coJien u
YMEHBIINTE BKCIUIyaTallMOHHBEE PacXOOH M OOBEM OTXOIOB.

[lpolleCcC KOHBEPCHUM YIUIA B XVMMHUUYECKME IPOOYKTH WM TOILIMUBA,
IoOKasaHHEM Ha o¢ur. 8, MoXeT OHTbH MOOMIUMUMPOBAH IIyTEeM BKJIOUEHUSA
OOHOTO M3 IpPOLIeCCOB, IIOKa3aHHHX Ha ¢ur. 1-4. Hanpmumep, Ha our. 9
[IoKaszaH IpollecC IOJIyYeHMSd U3 YIUId XUMHUUECKUX [OIPOOYKTOB WJIK
TOILJIMB, B KOTOPOM MCIIOJIE30BaH OCHOBHOM crnoco®, IpedcTaBJIEHHHM Ha
bur. 1 M OIMCAHHEM BHmMe. TO eCTb, CTOUHHE BOIH, ofpa3yomuecs B
XoOoe KOHBEepCHMM YIJIS B XUMUUECKMEe IIPOIOYKTH WM TOILJIMBaA, MOTYT
OHITH [IOOBEPTHY TH KOHILIEHTPUPOBaHUI c [IOJIyYEeHVEM paccoJa,
comepxamero cyJbdaT HaTpMUs. ISTOT PaccoJ, comepxamui cyJabdar
HaTpusa, MOXeT OBTb HalpaBJIeH B KpucrtalmszaTop 110 r1iasepura,
IokasaHHel Ha o¢ur. 1-4, ¥ OpencTaBJIeHHBE Ha 5STUX (UTYPax CIOCOOH
MOTYT OHITH IPMMEHEHE] oJis [IOJIYYEHU S cyJlbdaTa KaJng C
VICIIOJIbL30BaHMEM MCTOUHMKOB CyJbdaTa HaTpUda M XJopuIia KaJud.

XOoTd HacTodmMe CIOCOOB M TIIPOLECCH TIIOKasz3aHb ¥ OIIMCaHEH
OOCTATOUHO IOAPOOHO B OTHOIMEHUMM HEMHOTI'MX KOHKPETHHX IIPVMMEPHEBIX
BapMaHTOB MX OCYIEeCTBJIEHUH, crieuMaJmMcTaM B OaHHOM  oBJjacTu
cyjenyerT MTOHMMATE, uTo 2TO onmcaHme He IpenycMaTpUBaeT
OT'PaHNUeHN I CIIOCOBOB VI [IpoLIeCCOB 2TUMU BapraHTaMM

oCymeCTBIIEHNUA, IIOCKOJIBRY B OIIMCaHHEIX BapMaHTax OoCymeCTBIJIEHMA
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BO3MOXHE pPas3JIMUHEE MOOUOMKALNWM, W3IBLATHUA WM OoOaBJIeHUSd, I[I0 CYyTU
He BEIXO L AME 3a paMKM  HOBUBHEL ¥ [IPEMMYIECTE  ONMCAHHOTO
n3o0peTeHud.

[IPVMEP

B 1maHHOM IIpMMepe MCTOUYHMK CyJbdaTa HaTpud U UCTOUHUK
XJIOpMIOa Kajiud WMCIOJIb30BajiM IJIA I[IPOU3BOICTBA KPMCTAJIJIOB CyJbdaTa
Kajgusga ¥ XJopuIa HaTpMsa B COOTBeTCTEUM, HalpMMep, CO cIocobouM,
[IOKasaHHEM Ha omur. 1.

VCTOUHNK CVYIJIBOATA

lTomaua TJIayBepoBOM COJIU 2.30 m/u*
Na2S04-10H20 95,50 % BecC.
NaCl 0,14 % BecC.
CaS0a4 0,03 % BecC.
MgCl, 0,03 % BeC.
Biara 4,30 % BecC.

*TOHH B UYacC

NCTOUHMK KAJIMA

[lomaua KC1 1,1 T/u*
KC1 95,00 % BecC.
NaCl 3,70 % BecC.
MgCla 0,40 % BecC.
CaS04 0,40 % BecC.
HepacTBOpMMOE 0,50 % BeC.

VICTOUHUK Cy.J'H::C_baTa MOXeT OBTE [NOOTOTOBJIEH IIyTeM ILJIaBJIeHUI

Tylay®epoBOM coJiM (MpubIM3UTesbHO, nOpr 35-55°C) ¢ uCHOoJIL30BaHMEM
[IOTOKa OTXOLOB KpuUCTaliM3aTopa IJlasepuTa WiIM KpucTajjm3aTropa
XJIopMIOa HaTpusia. PacTBop XJopuIa KaJluad MoXeT OBThL IIOOIOTOBJIEH C
VCIIOJIE30BaHMEM UMCTOI'O KOHIeHCcaTa. B KadecTBe  aJlbTepHaTUBH,
MOXeT OBITh MCIOJIL30BaHa CMeCh UYUMCTOM BOIH M MAaTOUHOT'O pacTBoOpa.
B »TOM aJlbTepHaATMBHOM BapMaHTe IIPUMECHM MOTYT OBTh YyIaJIeHH U3
cMecHu TIyTeM noBeneHusa pH cmecum 1pgo ©Gojee, uyem 10, C LeJBD
OCaxIOeHMs CcoJIeM XKeCTKOCTHM (KaJblMa UM MaTHMA) B dopMe TUIOPOKCUIA,
KapboHaTa wIM cyasdaTa. Ilpu 5TOM, B CMeChb MOXeT OHTE »HobOaBJIeH
YMATYamni peareHT, TarKoM Kak KaycTuueckasd cona,
KaJIbIIMHVMPOBaHHasa cCcola WM U3BECTh, C ULeJyibl yIOaJleHMsa CoJien
KEeCTKOCTH . PacruiaBJIeHHYKR [Jlay0epOoBY COJIb TMOTAKRT B KPUCTAJJIM3aTOP
TJjiasepuTa u CMENMBAaKnT c PEeLUPKYJINDY € MEIM nus MOIOYJIA 122
HaHOQUIIE TpalMM MaTOUHEIM pPacTBOPOM, a Takke C pacTBOPOM KaJlii,

IIoCTyIlalVyiM V3 HaXoOAmMeI'OCHd HIMXe IIO TIIOTORY peaKTopa IIOJIyUeHIMA
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cynsbhaTa kaiamug. Ilpu mToOM, OOHUHO, 00palyeTcs, NIPpUOINU3UTEJIBHO,

1,3 T/4u kxpucCcTaJUIoB TJyaszepuTa npu 40-45°C. MaTOuHBEM pPacTBOP,
obpaszynmMics B pPeaKTope I[OJyYeHMA TJlazepuTa, OOBUHO COOEPXUT
OKOoJIO 33,5% pacTBOPEHHHX MOHHEX KOMIIOHEHTOB, IJIaBHEM o00pasoM, B
bopme xjopumoB (30 T NaCl/100 1 H20 m 11,4 T KC1/100 T H20).
CysbdaTH B MaTOUHOM pPacTBOpPe OOBUHO COCTABRJIAKLT OT, IOpuMepHO 2,4
/100 © HxO mijdg coJieln kKajamda mo 6,4 1/100 17 Hx0 mig coJiell HaTpud.
MaTOUHEIM PacTBOP, IOJIYUEHHHM B KpHCTaJJIM3aTope TJlal3epura,
HacoCOM IIOoJ IaBJIEHMEM IIOoHOalkT B MOIYJb HaHOQMIBTpaALUMM C PacxoIoM,
npubIn3nTebHo, oT 15 mo 30 T/4, OpM STOM IIepMeaT COCTAaBJISEeT OT
25 mo 50%, pabouee paBJeHMe, OOBUHO, cocTaBJsgeT oT 15 mo 40 0ap
abc. B sTOM Xe IIpuMepe, OpuMepHo, oT 0,4 mo 1 T/u BOOH
paszbaBJjieHUA no06aBJIAT B MaTOUHEBI pacTBOp KpUcCTaJlIM3aTopa
TJla3epuTa, UTOOH n3bexaThb HaCHIEHU S BCJIEICTBUE TpaamMeHTa
KOHILEHTPalUUn cynsdarTa. B MOIyJie HaHOQWJIE TpaLM OJIyJamnT
3adepXaHHEM IIOTOK, B KOTOPOM KOHIUeHTpalmud cyJbdaTa yBeJIMUeHa 1o,
npuMepHo, 3-10 ©m Ha 100 1 H20, TOrma Kak KOHLEHTpalud XJIOPUIOB
3aTPOHYTa JIMIbL He3HAUMTEeJIbHO M3-3a 50bexkTa nondpuszaumm m sdpdpexTa
IHoHHaHa B MOIOyJle HaHOQWMJIbTpPAaLWM. TUOMYHEIM I[IOTOK IIepMearTa,
IoJiydaeMell B MOOyJie HaHOQMJIbTpaluy, comepxuT MeHee 0,5 1
HakKOIIJIeHHOTO cyJibbdaTa Ha 100 r H20. IloTOK IepMeaTa HalNpaBJIAOT B
KPUCTAJUIM3ATOP XJopuOa HATPMA C PacxXoIoM OkKoJjio 7 T/4u. Ha osTOoM
CTaouMy THUIMYHOE OTHOMEeHMEe HaTpusa K KaJMl COoCTaBJIgeT, I[IPMMEPHO,
oT 2,5 mo 2,7 wn CcHMXaeTCcd IO, IIPUMEPHO, 1,1-1,3 1nocJe
KpUCTaJIIM3alun, IPMMEPHO, 0,9 T/u NaCl npu TeMIepaType B
KpYCTaJIM3aTope xJjopuma HaTpus oT 60 mo 80°C. 3ToT [OManasoH
VU3MEHAEeTCH B 3aBUCHMOCTH oT TeMIIepaTyPH], IpuMeHIeMOoM B
KpUCTaJlIM3aTope xXJopuia HaTpud. CKOpPOCThL MCIapeHMd, Boodme,
OoCTUT'aeT, IPMMEPHO, 2,3-2,6 T Ha TOHHY IIPOM3BOOMMOTO CyJbdaTa
KaJgusga. MaTouHHEM pacTBOpP, IMHOJYyUYaeMHM B KpUCTaJlJM3aTope XJopula
HATPUA ¥ PeLUUPKYJIMPYEMEM B KpPUCTaJJIM3aTop IJlalepuTa, OOHUHO
COIEepPXUT OKOJIO 35,3% pacTBOPEHHEX MOHHHX KOMIIOHEHTORB, IJIaBHHEM
ofpasoM, XJIOPUIOB (OpudiamMsurejbHO, 29,2 © NaCl/100 T H20 wu,
npubiansuresbHOo, 24,8 © KC1/100 1© H20). CyabdaTH B MaTOUHOM

pacTeoOopEe, O6paBOBaBHIeMCFI B KprucTraJljimsaTope XJIioprna HaTpuAa,
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oBruHO cocTaBJggoT 0,8-1 /100 T H20 mjasg coJjied Kajgusd M HaTpHuA.
Kpucralijiel ITUla3epuTa B pPeaKTope IOoJIydeHMA CcyJabdaTa Kajusd,

paboTawnmero, B KaueCcTBe TUIMUHOTO IIpMMepa, IpU TeMllepaType OT 25

mo 35°C, mnpeobpasywonTcs B CcyJgbdaT Kajamsa. Pacxon BOOH pasfaBJIeHUSd
MOXeT COCTaBJISTE 3-3,3 T/4U OpU YCJOBUU IIOJIYUEeHWUS, II0 CYIeCTBY,
UMCTHX KPUCTAJIJIOB CcyJbdaTa Kaausa. MaTOUHEM pacTBOp, oO0pa3yommuicsa
B peakTope IOJyUeHUs cCyJbdaTa KaJMsg, PeUMPKYJIMPYIT C pacxoIoM,
opuMepHo, 4-4,4 T/4U B KpUCTaJIM3aTop IJlasepuTa, I'Ie MHOYLMPYyeTCS
UcIlapeHne, nOpuMepHo, 1,5-1,9 T/4u Ha TOHHY IPOMU3BOOMMOTO CYJbbaTa
KaJgusga. MaToOuHHEM PacTBOpR, obpasynmuicsas B pPeaKTope IIOJIyUeHUS
cyJbdaTa kKajausda, OOBUHO COIEePXMUT OKOJO 32% PacCTBOPEHHBEX MOHHHX
KOMIIOHEHTOB, TJIaBHEM of0pas3oM, B ¢opMe xXJjopumoB (9 T NaCl/100 T
H0 m 25 1T KC1/100 1T H20). CyiabdpaTh B MATOUHOM pacCTBoOpe,
oBpa30BaBmEMCS B peaKTope TIOJydeHMsa cCcyJjabdaTa KaJusg, OOBYHO
cocraBJygT oT 2,4 1/100 1 H20 mia coJjien kayma pmo 0,9 /100 r H20
OJIsS COJIeV HaTpusd.

B IaHHOM IpMMepe IIOoIOpa3yMeBaeTCsd, UYTO IIPOUBBOIUTEIJIEHOCTD
criocoBa cocTaBJgeT OKoJo 1,25 T/u cyabdpaTa KaJIud CO CTelleHLIo
UMCTOTH, NOpMMepHO, 50-52% B IepecueTe Ha OKCHUI KaJlUd.

Hacrosmee wm300peTeHUEe, KOHEUHO, MOXeT OBTb pealjiM30BaHO
MHaue, HeXeJIM KOHKPETHO OIMCaHO B HaCTOAlleM HOOKYMEHTe, IIPpU DTOM,
He oTcTynasa oT CylleCTBeHHEX OTJINUNTEJIbHEIX ocobeHHOCTEN
nz3obpeTeHusa. IllpelcTaBJIEHHHE BapMAaHTHE OCYINEeCTRBJIEHUS M300peTeHusd
cljenyer paccMaTpMBaTh BO BCeX OTHOIMEHNAX Kak Memme
[IOSICHUTEJILHEIM, a He OTPaHMUMTEJILHEM xXapaKkTep; BCe M3MeHeHUd,
COOTBETCTBYIME 3HAUeHUI M »OMalla30HY SKBMBAJEHTOB OIpuJiaraeMom

(]_)OpMyJ'H:I MSO@peTeHMFL, CUMTATCS BKJIOUEHHBEIMM B HaCTOIIMN JOKYMEHT.
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$OPMVJIA MBOEPETEHNA

1. Cnoco® mpom3BOOCTBa CyJbdaTa KaJlusg, BRJILUAKIMM CTaIuM, Ha
KOTOPHIX &

- ofecrneurBaRT MCTOUYHMK CyJbdaTa HaTPUS;

- ofecrneurBaRT MCTOUHMK XJIOpMOa KaJudg;

- IoJIyJdamnT KPUCTaJJIEL TjaszepuTa, opu 2TOM  IOJIyuyeHNe
KPMCTAJIJIOR IJlasepuTa BRKJIOUAET IIpollecc KpUCTalIM3aluy, B XOoIe
KOTOpOoTo obOpas’yeTcsd MAaTOUHHM pPacTBOP, CcoIepXamui cyiabdaT, HaTpUM
U XJIOPUI;

- CMelMBalT KPUCTAJIJIE IJlalepuTa C MCTOUHMKOM XJIOpMIa KaJus B
peakTope IOJyUueHMI cyJbdaTa KaJdMga UM OocaxIalnT KpUCTaJJIEl CcyJbdaTa
KaJng;

- HaOpaBJIgT MAaTOUHHM pacTBOpP, CcoIepXamlui cyiabdaT, HaATPUN U
XJIOPUI, B MOIOYJIbL pasleJIeHMS AaHMOHOB;

- B MOIOyJle paslIeJileHMHA aHMOHOB I[OJyYalT 3alepXaHHBM II0TOK,
UM peTeHTaT, oOoTalleHHEM CyJabdaToM, U OTOUILTPOBAHHHM II0TOK,
WM nepMeatT, OOeIHEeHHHMW CYJbbaToM;

- PEelUMPKYJIUPYT 3alepXaHHHM IOTOK, WMJIM peTeHTaT, oboTalleHHHM’
cyJabdbaTomMm, u VICIIOJIb 3YIOT cyabdarT 3amepXaHHOT O IIOTOKA WIIN
peTeHTaTa IOJA HOPOMBBOACTRBa CyJbdaTa Kaaud; U

HaOpaBJAKT IIOTOK IIepMeaTa B KPUCTalIM3aTOop XJOopMIa HaTPUA, U
IoJIydalnT KPUCTAaJJIE XJIOopUOa HaTpud.

2. Crnoco6 1o m.l, B KOTOPOM IIPOLECC KPUCTAaJJIM3alMuM BKJIOUAET
KPUCTAaJIJIN 3 a0 TJjlasepura B KpUCTaJIn3aTope TJlasepuTa c
oOpaszsoBaHMEM KPUCTAJIJIOB IJlal3epuTa, KOTOPHEe HaOpaBJSgT B pPeakTop
cyJgbdaTa KaJIug, U TIOe B KpUCTaJIM3aTope IJlazepuTa obpasyeTcd
MaTOUHEM pPacTBOP, comepxXxamul cyibdaT, HaATPpUV M XJIOPUI.

3. Cmnocof6 mno m.2, B KOTOPOM MOIOYJIE pPa3OdeJIeHMsS aHMOHOB
COOEPXUT MOOYJIb HaHOQMJILTPAlMM, B KOTOPOM ofpal3yeTcsa 3alepXaHHBEM
IoTok, oboTrameHHHM CyJabdaToM, M IIOTOK IIepMeaTa, oOeOHeHHHM
cyJibdaToM.

4. Crnioco® mo m.l, B KOTOPOM IpPOLEecC KPpUCTaJIM3alluM BKJIOUaeT
KpUCcTaJIM3auun MUpabuiInMTa B KPpUCTaJJIM3aTope MUpabuinTa, roe
00pas3ynTCcsa KPpUCTaJJIbl MUPpabuiIrTa ¥ MaTOUYHHEM pacTBOpP, CcoIepXamun
cyabrdaT, HaATPUM M XJIOPMI,; IIPpYM 2TOM KPUCTAJJIE MUPaOMIMTa, KOTOPHE

MOTYT OBTBE B @opMe CEIPEIX KpPpHMCTAJIJIOB WJIM PpacCllJIaBJIEHHEIX B BHUIOE
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CyCIIeH3UM, WJIM B PaCTBOPEHHOM BUIe, CMEIMBAKT C MCTOUHMKOM KaJnsi
c oOpa30BaHMEM KpPUCTAJIJIOB IJla3epuTa, KOTOPHEe MCIOJb3YyRT IJA
IIPOM3BOACTRBA CyJbdaTa Kaaud.

5. Cnoco6 mNpouM3BOOCTBa CyJbdaTa KaJMsa M3 [IOTOKa CTOYHHX BOIX,
comepXamux HaTpu¥ M CcyJabdaT, BRIIOUYALINMM CTaIuM, Ha KOTOPHX :

-  HalpaBJIAKnT I[IOTOK CTOUHHEX BOL B MOOYJE MeMOPaHHOTO
pasiejyieHUa ¥ IIOJIydalT 3alepXaHHHY IOTOK M IIOTOK IepMeaTa;

- KOHIUEHTPUPYIT 3alepXaHHHEM IIOTOK C oOOpa30BaHMEM IIepBOTO
paccoJjla UJIM CYCIeH3UU;

- HaIpaBJAKT IIepBHM PacCoJl MM CYCIEeH3MID B peakKTop NOJIydeHUS
TJiasepuTa;

- CMemMBaLT KaJIMWMHEM pacTBOP C I[IepBEM PaccoJIOM WM
CyCIIeH3Mel B peakKTope IMOJyYeHMA TJla3epuTa U I[IOJIYyJalT KPUCTAaJJIH
TJlazepuTa;

-  OTHeNdanT KPUCTAJJIE TJla3epuTa UM HalOpaBJsaRT  KPUCTAJIJIH
TJlazepuTa B pPeakKTop [OoJydyeHMSA CcyJbdaTa KaJusd;

- CMemMBaKRT MCTOUYHMK KaJMsa C KpucTalllaMM IJla3epuTa C
ofpasoBaHMEM KPHUCTAJIJIOB CyJbdaTa KaJud;

- OTHEeJIAIT KPUCTAaJJIE CyJbdaTa KaJud;

Ipy 5STOM IIPM CMENMBaAHUM MCTOUHMKA Kajiusa C KpucTalljlaMu
TJlazepuTa B 2 peaKTope  IIoJiydeHMsa — cyJbbaTa Kajguda — obpasyeTcs
KaJIMMHELY pacTBOP, KOTOPHM CMelMBaklT C IIOTOKOM IIepBOTO paccoja
WM CYCIIeH3Mel B peaKTope IIoJYyUYeHMUSA IJla3epuTa;

- KOHULEHTPUPYIT IIOTOK IepMeaTa C TIOJIydeHMeM BTOPOTO IIOTOKa
paccoJjla UJIM BTOPOM CYCIIEH3UN;

- HaOpaBJIAKT BTOPOM IOTOK paccojla MM BTOPYK CYCIEH3MIO B
KPpUCTAJIMB3AaTOP XJOopuIa HaTPpUA M IPOBOAOAT KpUCTaJIM3alUin XJIopuIa
HaTpuUa; U

- OTHEeJISIT KPUCTAJIJIH XJIOpUIa HaTpUd.

6. Cnoco®6 mo m.5, B KOTOPOM B MpollecCe MOJYyYeHM’S KPUCTAJJIOB
TJlazepuTa B peakTope IOJyYeHMsa TJla3epuTa obpas3yeTcsa pacTBOp
XJopula HaTpus, ¥ CHoco® BKIKUaeT HalpaRJeHMe pacTBoOpa XJopuIa
HaTpusa M3 peakTopa IMIOJydeHMA TJlasepuTa B KpUCTaJJIM3aTop XJopHula
HaTpuUL.

7. Crioco® 1o II.5, B KOTOPOM B KPUCTAJNIM3aTOpe XJIOpUIa HaTpuUd

obpasyeTcHd KOHLeHTpaT, conepmammﬁ KaJum, u crioco® BRJIIOUaeT



26

HalpaBJieHUe, infe) MeHbIIen Mepe, yacTu KOHIleHTpaTa ns3
KpUCTaJIM3aTopa XJopula HaTPMA B peakKTop IIOJyUeHus TJlal3epuTa U
CMelMBaHMe KOHIIeHTpaTa C I[IepBHM IIOTOKOM paccoia.

8. Crnoco® mo m.5, B KOTOpPOM B IIpOollecCe IIOJIYUeHMS KPpUCTAJIJIOB
XJopuIa HaTpMd B KpUCTaJJIM3aTope XJopuIa HaTpua obpa3yeTcd
KaJIMMHBIN pacTeop, u KaJIMMHBIM pacTEOp HalpaBJIAT nus3
KprcTaJIM3aTopa XJIopuIa HaTpMsa B pPeakKTop IIoJIYUYeHMsS IJlalsepuTa.

9. Crnoco® mo m.5, B KOTOPOM MOIOYJL MeMOPaHHOTO pas3nejleHUs
opencraBiygeT cobo¥ MOOYJIbL HaHOMMUILTpalUMM, B KOTOpoM obpal3yeTcs
3amepXaHHBE IOTOK M IIOTOK IlepMeaTa.

10. Cmnocof6 no 1.5, B KOTOPOM MCTOUHMK KaJlud BkJIodaeT KCI1,
KOTOPHM CMemMBAaT C KpUcTaJlJlaMM TJlalepuTa, I[IoJIydas KPUCTaJlJIb
cyJibdpaTa KaJIu4d.

11. Crioco® info) I.5, BKJTIOY A0 NOIOKJINUeHHMe MOOYJIS
HaHOQUJIL TPAalLIUNU MexXIy peaxkTopoOM IOJIYUEeHU S TJiasepuTa u
KPUCTAJJIM3aTOPOM XJIOpUIa HATPULA;

HallpaBJieHMre KaJIMMHOTO pacTBOpa us peakTopa MIOJIyUeHU S
TJlazepuTa B MOOYJbL HAHOQUIILTPALUM;

Opu 5STOM B MOIOyJe HaHOoOuUIbTpauuu obpalyeTcsa 3alepXaHHBM
I[IOTOK, ODOTalleHHEM CYJbdaToM;

PELUMPKYJIALUMI 3BalepXaHHOT'O IIOTOKa, of0oTaleHHOTOo cCcyJbkdaToM, B
peakTop IOJIyUeHMs IJla3epuTa, TIe =BalepXaHHBM I[I0TOkK, ofoTalleHHbN
cyJibdaToM, CMemMBalnT C KaJUMHBEIM PacTBOPOM U IIE€PBBIM PAaCCOJIOM WMJIU
CYCIIeH3UEeN B peaKTope IOJYyUeHMs IJla3epuTa;

IpM STOM B MOIOyJle HaHOMMILTpaluum obpasyeTcsd IIOTOK IIepMeaTa,
O0BeODHeHHOTO  CyJbdaToM, KOTOPHM  HaOpaBJALT B  KPUCTAJJIMU3aTOop
XJopuia HaTpUsa; U

CMemmMBaHMe IIOTOoKa IepMeaTa, 00eIHeHHOTO CyJabdaToM, CO BTOPHM
IIOTOKOM PpaccoJla MJIM BTOPOM CyCIleH3ueu.

12. Cnocof® mHOpouM3BOICTBa CyJbdaTa KaJMad M3 I[I0TOKa CTOUYHHX
BOI, COIOepXalMx HaATPUM M CcyJIbdaT, BKJIOUALMUY CcTaouM, Ha KOTOPHX:

- IIOTOK CTOUHEX BOI HaOpabBJAOT B MOOYJbL MeMOPaHHOTO
pazneyieHMsa ¥ IIOJIYYalT IIepPBHM 3alepXaHHBM I[IOTOK M IIePBHM IIOTOK
mepMearTa;

- KOHLEHTPUPYIT I[IePBHM 3aldepXaHHBM I[IOTOK C o00pasoBaHMEM

IIepBOI'0 paccoJia MJIM CYCIIeH3SUNM,
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- CMemMBaKRT TIIE€PBHM pPacCOJl WJIM CYCIEH3MK C  KaJMMHBEM
PacTBOPOM, IIoJIydas CMecCh;

- HOPORBROOAT KPpUCTaJIM3alLMI0 CMECKH B KPUCTaJJIM3aTope IJlazepura
M IOJIydalT KPUCTAJJIE IJla3epuTa;

-  OTIeNglT KPUCTAJIJIEL IJlalepuTa OT KaJMMHOTO pacTBopa U
HanpapeJIART KpPpUCTAaJJIEL IJlal3epuTa B pPeakTop I[IoJydeHua cCyJbdaTa
KaJnAa;

- CMemMBalT MCTOUYHMK KaJlMd C KpucTaJllaMM IJla3epuTa C
oBpasoBaHMEM KPUCTAJIJIOB CyJbdaTa KaJusd;

- OTHEeJISIT KPUCTAJJIH CyJlbdaTa KaJud;

Opy 5STOM IIpPM CMEemMBaAHUM MCTOUHMKA KaJlusa C KpUcTaJljlaMu
TJlazepuTa B 2 peaKTope IOJIiydeHMsa  CcyJlbbaTa Kajamsa ~ obpasyeTcs
KaJIuUMHENM pacTBOP, KOTOPHM CMemMBAKRT C TIIOTOKOM IIepBOTO paccoa
WM CYCIIeH3MeM B KpUCTaJJIM3aTope ITJlas3epuTa;

- HaOpaBJSLT KaJMMWHHY pPacTBOP M3 KpUCTalIM3aTopa IJla3epuTa B
MOIOYJIE HaHOQMIBTpalLUMM UM [OOJYy4JalnT BTOPOM 3amdepXaHHHM IIOTOK,
ofoTameHHEM cCyJbdaToM, M BTOPOM IIOTOK IIepMeaTa, OOeIOHEHHHM
cyJibdpaToMm;

- PEeUuPKYJUPYIT BTOPOM  3alepXaHHBI IIOTOK, oborameHHEN
cynbbaToM, M3 MOOYJA HaHOOUILTpalUM B KPUCTAaJJIM3aTop IJlazepura;
u

- HaNpaBJgT BTOPOM INOTOK IlepMeaTa, OOeIHEHHHN CyJbdaToM, U3
MOIOYJIS  HaHOOMILTpaUMM B  KPUCTAJAIM3aTOop  XJopula  HaTpuUd, u
oJIydanT KPUCTAJIJIH XJIOpUIa HaTpUd.

13. Cmoco6 mno 1m.l2, B KOTOPOM IIEPBEM IIOTOK IIepMeaTa
HanpaBJAgRT B KPUCTAJJIM3AaTOp XJopMIa HaTpMA, B KOTOPOM o0O0pa3ylnTcHd
KPpUCTAJIJIH XJIOpUIa HaTpUL.

14. Cmoco6 mno n.l3, B KOTOPOM IIEPBEM IIOTOK IIepMeaTa
KOHLUEHTPUPYT Iepel  IIOCTYIJIEHMEeM B KpUCTAaJIIM3aTOR  XJopula
HaTpUA.

I[Io DOBepeHHOCTHU
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