VK 628.16(08)

KPU/KAHOBCBKA 4. I1., acn.; TOMEJISA M. ., a.1.1., npo¢.; PATOBEHYUK 4. B., K.T.H., CT. BUKJI.
HaujonanpHuii TexHiuamii yHiBepcuter Ykpainn «KuiBebkuii nostitexniuyamii incturyt iMeni Irops Cikopeskoro»

BE3BIAXOJHA TEXHOJIOI'TA OYUCTKH
BUCOKOMIHEPAJII3OBAHUX BO/l 3 OTPUMAHHAM KOAT'YJIAHTY

Y cmammi  poszenamymo ma npoananizosano - cnocodu  ereKmpoximMiuHo2o  06e38i0X00H020  OUUEHHS
8UCOKOMIHepanizo8anux 600. Ha Oymky excnepmis, y Ha036U4aliHO He3A008iIbHOMY CMAHI nepedysams mauice 8cCi
piuxu Yrpainu. Lle ocobrueo cmocyemvcs manux pivox. Taka cumyayis NOSCHIOEMbCS He Tuie MAoK iX OOHICMIO,
a Ul 306Cim BIOCYMHbBOIO iX 0X0pOHOIO. Benuuesna 3a0pyoHeHicms nosepxHesux 6000UM HAULOT 0eparcas nog 13and i3
NPOMUCTIOBUMU CKUOAMU, WO MICIAMb Y COOI 8aANCKI Memanu, paoioHyKaiou, Himpamu, gpocpamu, Hagpmonpodykmu
mowo. Kpim npomucnogozo 3a0pyouenns 3Ha4HOi WKOOU AKICHOMY Ma KilbKICHOMY CMAHY NOBEPXHESUX 8000UM
3as0ae 6ydienuymeo I'EC ma 600ocxosuuy, 8 pe3yibmami 4020 3MIHIOEMbCS PEHCUM PIUOK, SMEHULYEMbCS B0000OMIH,
CMBOPIOIOMbCA 3ACMIIHI 30HU, WO 8 pewmi pewm npu3go0ums 00 empamu 30amuocmi camoouuwamucs. Taxooc
CLi0 3a3HAYUMU, 00CUMb NAAYIBHUL CMAH NIO3eMHUX 8000UM, 36I0KU 8 OCHOBHOMY 8i00y8acmbvcs 3abip 600U 0
CNOXCUBAHHA HACENEHHAM V MALeHbKUX Micmax ma cenax. /[o niozemMHux 800 i3 36a1uwy NOMpPAniaoms NPOMUCIO8]
ma nobymosi 8i0xo0u, maxkoxc y pasi OypinHs ceeponosun, npu OyOienuymei mempo mowo. Beruuesnuii necamugnutii
8NIUE HA CMAH NIO3eMHUX 800 YUHUMb OLILHICMb CIIbCLKO2O 20CHO0APCMEd, 8 HACIIOOK Y020 CNOCMEPieacmvcs
NOHAOHOPMOBe 3a0pYOHeHH 800 NeCMUYUOamu, Himpamuumu, gochamuumu, karitnumu 0oopusamu mowo. Tomy
NUMAHHA OHUWEeHHS 3a0PYOHEHUX 600 € HAO36UUAIIHO AKMYANIbHUM NUMAHHAM, MOMY W0 ye Hece 8 coOi cumyayiio i3
300p08 sm Hayii ma nooeti 6 3azarom. Ocobauso, cmopona 6e36i0X00HOI MEXHONO2I OUUCMKU 600 € BANCTUBOIO [
maxkoxc akmyanvhor. Aoxce 6e36i0X00HI MEXHONO02I] — Ye BeIUUESHUT CNEeKMP MOICIUBOCMEN Y NPOMUCIOB0CI 3
BUCOKUM PIBHEM NPUOYMKY, a 20]I08HE, OXOPOHOI HABKOIUUHBO2O NPUPOOH020 cepedosuwya. be3sioxooni mexnono2ii
OUUCMKU 3AOPYOHEHUX 8OOOUM NEPemeopioe Cam Npoyec OHUCMKU Y NPUOYmKOSUll npoyec, aoxice NapaieibHo
MEXHON02IsA 003608€ OMPUMAMU YIHHUL RPOOYKM, KOMPULL MOJCHA BUKOPUCHIOBYEAMU Y DI3HUX 2ANY35X HAPOOHO20
2ocnooapcmaa.

Enexmpoximiunuii memoo ouuwjenns 6i00y8aemvbcsi 3a pAXYHOK NepeHeCceHHs IOHI8 eneKkmponimy  Kpizb
CenekmugHi [OHO0OMIHHI Membpanu nio Oiero pisnuyi nomenyianie. Ili0 uac Hawoeo excnepumMeHmanrbHO20
00CiONCEHHS 8 TAOOPAMOPHUX YMOBAX, MU BUKOPUCHOBY8AU O8I IOHOOOMIHHI MeMOpanu, a came, KAMiOHOOOMIHHY
— MK-40 ma anionoobminny — AB-17-8. Kamionui memopanu micmsamos He2amusHoO 3apsao0diceni (DYyHKYIOHATbHI 2pynu,
NPOMUIOHAMU AKUX € KamiOHU. Bonu nponyckaroms kamionu, a anionu 8i0umosxyomscs i He NPOXo0samb uepes HuX.
Anionni membpanu mimsamo Qikcoeami QYHKYIOHANbHI 2pYNU NOZUMUEHO 3APIONCEHI, NPOMUIOHAMU SIKUX € AHIOHUL.
Anionni membpanu 8i0wmMoBxXylomes i He HPONYCKAIOMb KAMIOHU, a nponyckaiomsv auionu. Taxooic, 8 saxocmi
e1eKmpo0ié UKOPUCTNOBYBANU NAACUHKY 3 HEPHCABIIOUOI CIANI AK KAMOO ma 3ani3Hull aH0O0, KOMpuil 8 pe3y1bmami
npoxodacenns npoyecy posuunascs. Inowa enexmpoodie cknadana Sk=Sa=0,12 om®. Cuny cmpymy mpumanu Ha pini
1 A. B kamoowuiit obracmi sacmocosysanu 0,05 H pozuun NaOH, 6 cepedniii pobouiit obracmi 3acmocogysanu po3uun
NaCl, a ¢ anooniti obnacmi — niokucieHuil po3uun XA0pudy HaAmpilo. 3anPOnoOHOBAHUTI MEMOO eneKmpooianisy,
00360/19€ ompumamu 08d YIHHUX KOMHOHEHMU, W0 HA CbOLOOHIWHIL OeHb NIOKPeCcae Cy4acHicms ma
6e36i0xo0nicmb mexnonoeii ouucmku, a came — NaOH konyenmposanuii ma FeCls. Cnio 3asnauumu eadxciugicme
OMPUMAHHSL MAKO20 KOMROHEHmMY, 5K 3anizoemichuil koazyasinm FeCls, kompuil éuxopucmosyemocs Ha niocomoguux
CcmMaodisax oyuujeHHs 800U OJid NUMML [ 20CHOOAPCLKUX NOMPeD, a MAKONC y THWUX 2any38X NPOMUCTIOBOCHI O/
3HE3APAdICeHHs HeYUCmom, npu nieMeHmayii MKAHUK ma y npoyecax 6ueomosients apoysanvhux pewosun. Ha
mepenax Ykpainu, FeClz sax i 6invwicme peacenmis 015 6000niocomosKku ma 60000YUCHIKU BUSOMOGISEMbCA MA
peanizyemucs 3a ni08UWEHOI0 YiHO0, WO POOUMb HAULY meMY 00CAI0IHCEHHA uje Dilbule aKmyaibHOK Ma eKOHOMIYHO
ooyinbHow. B pesynomami nposedenns excnepumenmy 80anocs oocsemu 13-mu i0comKo8020 po3uumy Koa2yiaHmy
FeCls, wo € xopowum noxasnuxom.

Jlana idess ma HAnpsIMOK OYUCMKU 600U O00360J5€ GNPOBAONCYSAMU OE36I0X00HI MexHON02ll, Wo 0ae 3mMo2y
supiwyeamu noogitine 3a80aHHsL 0XOPOHU HABKOIUUHBLO2O NPUPOOHO20 Cepedosulyd.

Knrwouoei cnosa:enexmpodianis, Koazyisium, 6UCOKOMIHepanizoeami, 6e38i0X00HI mexHoN02il, enekmpoaizep, Kamoo,
amoo.

© Kpuxanosebka 4. I1., l'omenst M. 1., Pagosenuuk . B., 2019

IMocranoBka npodaemu. [IpodiiemMa ounIeHOT MPUPOIHOT BOAM € aKTYaJILHOIO JUISl HAIoi Kpainu. [lykxe Manuii
BiJICOTOK BOAM € MPHUAATHUM ]ISl IUTTS, OUTBIIICTH JDKEpEN HE BiMOBIAAIOTh KOJAHUM HOpMAaTHBaM SKOCTi. Tomy
Maiike BCIO BOAY, KOTpa 3a0MpaEeThCs 3 MOBEPXHEBHUX a00 MiA3EMHUX JDKEpes HeoOXiqHO ounmmaTH abu BOHA cTaja
MPHUAATHOIO JUIS CTIOKMBAHHS HACEIICHHSM.

AHaJi3 nmonepenHix gociaigkenn. Ciix 3a3Ha4UTH, 0 B YKpaiHi iCHyE BeJnue3Ha mpobjema 3 OYHIICHHIM
MIaXTHUX BOJ, KOTPi MaIOTh BUCOKHIA CTYMiHb MiHepamizamii [1].



Hapa3si, nmpu aemidepaizallii maxTHUX BOJ TOPSJ 3 PEareHTHHUMH, 0apoMEeMOpaHHUMH Ta 10HOOOMiHHUMH
METOIaMU, JIeAalli TOMYJISPHIIIOTO 3aCTOCYBaHHS HA0YBAIOTh €IEKTPOXiMiuHI MeToH [2,3]. ['0710BHOIO BiAMIHHICTIO
Ta MepPeBarol0 Cy4acHOTO METOJY €NEKTPOIiai3y € He JUlIe ehEeKTUBHE OUUIICHHS 3a0pyTHEHNX MiHEpaTi30BaHUX
BOJ, a i OTPUMAaHHS KOPHUCHHUX PEYOBMH B PE3yNbTaTi peamizamii mporecy. AKe BaXKIHBHM 3aBIaHHAM OXOpPOHU
HaBKOJIMIITHBOTO TPUPOJHOTO CEpeAOBHINA € pPO3poOKa Oe3BIAXOMHMX TEXHOJOTIH, KOTpi MpPH BIPOBAIKEHHI
nepeadavyaoTh He JHIIE 3MEHIIICHHS aHTPOIIOT€HHOTO HAaBaHTA)KCHHS Ha JOBKIUIA, a 1 OTPUMAaHHS KOPHCHUX YHCTHX
OPOAYKTIB, KOTPI B MOAAIBIIOMY MOXYTh BUKOPHCTOBYBATHCH B PI3HUX TEXHOJIOTTYHUX Tpoliecax [4].

3arajabpHOI0 HAYKOBOIO NMPOOJIEMOIO € CTBOPEHHS TaKMX ONTHMAIBHUX TEXHOJOTIH, IPH SKUX Ha BUXOAL Oyxe
OTpUMaHa HE JIMIIEe OYMIINEHa BOJa, a I[IHHUH 1, TOJIOBHE, NPOAYKT 3 BUCOKMM HonutoM. Ha choropni mutaHHs
e(EeKTHBHOTO BUKOPHCTAHHS IPUPOTHUX BOAHHX PECYPCIB 3BOATHCS 10 PO3POOKH OE3BIAXOMHUX TeXHOMOTIH [5].

Mero enexTpoziaiizy - L€ eNEeKTPOXIMIYHMI METOJ] OYMIIEHHS BOJM 3a PaxyHOK IIE€pEHECEHHs 10HIB
EJICKTPOJIITY KpPi3b CEJICKTHBHI 10HOOOMIHHI MeMOpaHH Mij Aiero pizHuLi noteHuianis [5]. IIpu npoBeneHHi nmporecy
eJIEKTPOMiali3y aHIOHU PYXalOTHCS B CTOPOHY aHOIY, a KaTIOHH PYXalOThCSA B CTOPOHY KaToOAy, IPU HbOMY aHIOHU
MOJKYTh TPOHUKATH JIMIIC Yepe3 aHiOHHI MeMOpaHH, a KaTiOHH — JMIIe 4depe3 KaTioHHI MeMOpanm. OOpoOka
MiHepali30BaHUX BOJ 3a JIOTIOMOTOI0 €IIEKTPOIiali3y JO3BOJISIE NOCATTH 3HECONeHH Boau B 30Hax [, II ra V. B 30Hax
IT i IV BinOyBaeThCs HaKONMMYECHHS (KOHIIEHTPYBAaHH:) PO3UHHIB coueit (puc. 1).

B pesynbraTti mpornecy enekrpoaianizy NaCl Ha anoni OyayTh MPOXOANUTH TaKi IPOLIECH:

40H —48 -0, +2H,0
4H,0+48 — 20, +4H"
2ClI"-2g »Cl, T

BinmoBigHO Ha KaToi OyIeMo CIOCTEepiraTi Taki OCHOBHI IPOIIECH:
2H" +28 > H, T
2H,0+28 > H,+20H"

B anopHili 001acTi 32 paXyHOK NPOLIECIB OKUCIICHHS BiJOYyBa€ThCsl yTBOPEHHS KUCIIOTH, a B KATO/IHIH 32 paXyHOK
MPOLIECIB BiJIHOBJICHHS BiOYBa€ThCsl yTBOPEHHS Jyry. [Ipu 3minlyBaHHI pO34YHMHIB 13 KaTOAHOI Ta aHOTHOI 30HH
MOXHa JOCATTH 1X HedTpamizauii. 3a BiacyTHOCTI MeMOpaH B3araili e()eKT OYMIIECHHs BOJIM Oyne HiBEIIOBATHCS 3a
paxyHOK TypOyJICHTHHX MOTOKIB IepeMinryBaHHs [S].

HeBupilieHor0 4YacTHHOK HAyKOBOI MPOOJIEMH 3aCTOCYBAaHHS CICKTPOXIMIYHMX METOMIB € MaJHid BUXIi[
KOPUCHOTO MpOIYKTY IIPH 3acTOCYyBaHHI O€3BIAXOAHOTO €JIEKTPOMAIIi3HOTO OYMILIEHHS 3a0pYAHEHHX BOJI.
BpaxoByroun HeOOXiIHICTE TOCTIHHOTO BUKOPUCTaHHA SIEKTPUIHOTO CTPYMY B IPOLIEC] €IEKTPOIiai3y, HeBHCOKHIMA
BUXIiJl KOPUCHHX CIIOJYK €KOHOMIYHO CTPHMYE 3allPOBaKCHHS NICKTPOXIMIYHMX METOIIB B IMPOKE 3aCTOCYBAHHSI.
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Puc. 1 — Cxema enektpoaiajizy

MeTo10 pod0TH € CTBOPEHHS O€3BIIXOHIX TEXHOJIOT1H OUHMIIIEHHS BUCOKOMIHEPaJi30BaHUX BOJ| 3 OTPUMAaHHIM
3aJ1i30BMICHOTO KoaryinsiHty, a came FeCls. OtpumaHMii KOarylsHT IIMPOKO 3aCTOCOBYETHCS NPU OYHMIICHHI Ta
BOJIOMIATOTOBII B YKpaiHi, 1110 Hece 3a CO00I0 EKOHOMIYHO BUTiHE MiATPYHTTSI.

Bukian ocHoBHoro marepiany. CydacHuii ctaH rigpocdepu B OiNBIIOCTI KpaiH CBITY 3 KOXHHM POKOM
BHKJIMKA€E Bce OibIlIe 3aHETIOKOEHHS, 0COOIMBO cepel (PaxiBIIiB y Ii ramy3i. YKpaiHy 1€ CTOCYEThCS TaKOX. SIKIo
OinbITi yacTKW 3a0pyIHEHD BiITIISIFOTHCS Bl BOJHOTO CEPEIOBHINA TOCUTH MPOCTO MPOIECAMH BiJICTOIOBAHHSIM Ta
(hiTpTpyBaHHI, TO PO3UNHEHI CIIOYKH MOKYTh TPHBAJIUH 4ac mepe0yBaTH y BOJi, IPOXOANTH depe3 HalfMeHIIIi TopH,
OTBOpH, HE 3aTPUMYBATHCh (QUIBTPYIOUMM MaTepiajgoM. BunaneHHs po3duHeHHMX 3a0pysAHIOBadiB B 0OaraTbox
BHUIAJIKaX € JOCUTh CKJIATHUM 3aBAaHHM [6].

[puponHi Ta CTIYHI BOAM MiIAIOTHCS MOMEPETHII 00pOOIIi 3 METOrO BUAATICHHS 3a0pyaHeHb. CydJacHi TeXHOJOTIi
OYMIIICHHS BOJJM BUKOPHUCTOBYIOThH 6araTo nporecis (BiZ GiIbTpyBaHHS i IO 3BOPOTHROTO 0cMocy) [7,8]. Ane HaitOibII
3aCTOCOBYBAHHUM € BCE JK TaKHW METO/ BiZICTOIOBaHHSI, KOTPHUIA JIOCUTH JIETaJIbHO BUBUYEHHH. B mpomuciioBnx mMacmrrabax
HaJIaroJDKCHNI BUITyCK HEOOXiJHOro OO0JiaJHAHHS Ta YCTaTKyBaHHSA. TOMYy Ba)XJIMBHM Ta aKTyaJIbHUM HarpsMKOM
HAYKOBHX JIOCIIIJPKEHb CHOTOJICHHS € pOo3po0Ka JOMOMDKHUX peareHTiB I iHTeHCH(iKaIlii MpoeciB BiICTOIOBaHHS, a
came OCBITJICHHS Ta 3HWKECHHS CTYTICHIO KaJJaMyTHOCTi OYHMIIyBaHHUX BOJ [9].



TakuM yuHOM, OE€3BiIXOIHI TEXHOJIOTIl €NEKTPOXIMIYHOTO OYMINEHHS 3a0pyJHEHHMX BOJOWM 3 OTPHUMAHHSIM
3JTI30BMICHHX KOAryJISTHTIB € TyKe aKTyaJIbHUM 1 BaYKJIMBUM HAIIPSIMKOM.

Ilim bac mpoBeACHHA HAIMUX JOCHIMKEHb TPOIEC EJICKTPOoMianizy 3IiHCHIOBAIM y TPhOXKaMEPHOMY
enekTpoizepi (puc.2).
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Kt — kamoo i3 neparcasitouoi cmani; An — 3anisnuii anoo, A — anionoobminna memopana MA-41,
K — kamionoobminna memopana MK-40

Puc. 2 — TppoxkaMmepHuii enexkTpo.izep

B sxoCTi KaToly BHKOPHUCTOBYBAJM IIACTHHY 3 HEpP)KaBilOYOl CTaili, a B SIKOCTI aHOJYy — 3aJIi3HY IUIACTHHY.
[Inoma enektponin ckmagana Sk=Sa=0,12 am®. Ilpouec enekrpomnisy mpoBogunu npu cumi ctpymy 1 A. Cyts
EJIEKTPO/I1aI3HOTO 0E3BiIXOTHOTO OYMILEHHS IOJIArae B MEepeMillleHHI 10HIB MiJ| JI€I0 CHIM CTPYMY B KaTOIHY Ta
aHO/IHY 00J1acTi, 1110, B CBOIO YEPTy, IIPU3BOINTD 10 OUMILCHHS BOAU B Cepe/iHiil 00acTi enexTponizepa.

B katomuy obnacts BBomuau 0,05 H posunn NaOH, B cepennro kamepy — po3uun NaCl, a B anoany obnacts —
MiAKICICHAN pO3YHH XJIOpHUY HaTpito (Tadm. 1).

3a 10NOMOTOI0 XJIOPHOTO 3aJ1i3a MOXKHA JOMOITUCS e()EeKTUBHOI'O OUHMIICHHS BOIY | BUAAIUTH 3 Heil HEPO3UHHHI
(TIpakTHYHO TOBHICTIO) i po3uuHHI (Onmu3pko 1/4 wactmam) nomimkw. [loTpamisioun B BOAy, BOHO 3a0e3medye
peaxiiro rigpomi3y. B pe3ynsTaTi Boja OUMIAETHCS Bl OPTaHIYHAX i HEOPTraHIYHUX PEYOBHH.

B mporieci npoBeeHHS eKCIEPUMEHTAIBHOTO AOCIIKEHHS Yepe3 0JHAKOBI MPOMIXKKHM Yacy B KaTOIHiH obmacTi
BU3HAYAJH JIY)KHICTh, B CEpEIHIH 00JIaCTi — BU3HAYAIH KOHICHTPAIIO XJIOPHUI-IOHIB Ta IIy>KHICTb. A B aHOIHIN
obuacTi, B KOTpii BifOyBa€ThCsl PO3UMHEHHSI 3aJ1i3HOTO aHO/y — BU3HAYAIM KOHIEHTPAIIIIO 3alli3a (POTOMETPUIHUM
meronoM Ta pH. IlepiognyHo B KaToHi# 00J1aCTi PO3UUH JIyTy 3aMiHIOBAIN HA HOBHH.

[lepcriekTiBa 3acTOCyBaHHS 3alPONOHOBAHOTO METOJIY IOJSArae B TOMY, IO HpPU 3aBeplieHl mpolecy
eJIeKTPO i3y OTPUMYEMO J1Ba IIIHHUX MPOAYKTH — NaOH, KOTpHii KOHIIEHTPY€ETHCS B KaToaHii obsacti ta FeCls —
BIZIOMHH Ta IIMPOKO BUKOPUCTOBYBaHMH KOATYJISTHT a aHO/HII 001acTi.

3aBIKH  MOXIHMBOCTI 3a0e3ledeHHs TMporecy Koarymsmii (OCa/pKeHHS JOMINIOK) OKCHI — 3alliza
BUKOPHCTOBYETBCS:

®  Ha HIATOTOBYMX CTAJiSX OUYMILCHHS BOJM JUIS MUTTS i TOCIONAPCHKUX MOTPeO;

e B IIpOIIECi BUTOTOBICHHS (papOyBaIbHUX PEUOBUH;

®  TIpU MirMeHTarii TKaHWH;

e B IIPOIIECi 3HE3apAKEHHS HEYHCTOT.

BucnHoBku. B pesynbrari NpoBEINCHHS EKCIEPUMEHTAIbHUX JOCIIDKEHHS IPOILECy eJeKTpoAianizy OyIo
JIOCJTIJPKEHO 3aKOHOMIPHOCTI oTpuManHs xjopuay 3aiiza (I1I) ra konuentpyBanss NaOH 3 BUcoko MiHepanizoBaHUX
MO/ICTIbHUX PO3UYHHIB.

IMokazaHo, 110 3a 12 roIMH NPOBEACHHS EKCIIEPUMEHTY MOXKHA OTPUMATH PO3YHH KOAryJISIHTY 3 KOHIICHTpAIli€lo
Fe3* 45 r/nm°, o BiANOBiIa€ TPUHAALATH BificoTkoBOMY po3unHy FeCls. Ananizyioun oTpuManuii pe3yibTaT MOKHA
CTBEPKYBATH, IO Lie JOCTATHHO eEeKTUBHUH BUXill KOPMCHHX MPOIYKTIB Ipu 06’emi sueiiku 100 cm® Ta cumi
ctpymy He Outbmie 1 A. TIpu 3acTocyBaHHI JaHOT TEXHOJIOTIT OYMCTKH BOJH Pealli3yeThcs OE3BiIX0IHA CXeMa, sKa €
0e31eyvHoi 11 NPUPOTHOTO CEPEIOBHINIA.

Ta6auus 1 — Pe3yabTaTn eKcnepuMeHTAIbHUX JI0CTiAKeHb NPOLecy eJIeKTPoAiatizy

N ¢ | oGacTe Il o6imacTn 1l o6imacte
H/I_I x;s Jlyxuicts, | JIyxHiCTD, Cl, Cl, Fe, Fe®*, mr- pH LA | UB
Mr-exB/nm3 | Mr-exB/nm® | Mr-ex/mm3 | mr/am3 Mmr/am3 eKxB/nm°
0 0 52 0,73 3400 120700 --- --- 1 0 0
1 60 300 60 3000 106500 8100 435,48 2,08 1 15
2 120 1150 75 2250 79875 14800 795,6 2 1 10
3 180 1500 150 1700 60350 16750 900 2 1 10




4 240 310 225 1566,6 55616,6 20000 1075,26 0,79 1 10
5 300 850 250 1225 434875 21500 1155,9 0,7 1 10
6 360 1000 180 525 18637,5 24000 1290,3 1 1 10
7 420 700 70 200 7100 30800 1655,9 1,4 1 50
8 480 800 25 7 248,5 34000 1827,95 0,836 1 50
0 0 53 0,73 3400 120700 34000 1827,95 0,836 0 0
9 60 700 50 3200 113600 35000 1881,72 2 1 15
10 | 120 1175 75 2300 81650 39000 2096,77 1,7 1 10
11 | 180 250 130 1833 65083 42000 2258 1,55 1 10
12 | 240 1150 155 1475 52362,5 45000 2419,3 0,633 1 10

IlepcnekTHBY MOJANBIIMX AOCTiAXKEHb

B monanpnioMy aBTOpaMH IUIAHYETHCS JOCITIIKYBATH OYMIICHHS BUCOKOMiHEpaIi30BaHUX BOJ 3 OTPUMAaHHAM
YHCTOr0 KoaryisHTy Oinbmoi koHnetpamii (6impme 13 %), po3poOka enekTpomizepiB st peasizamii
JIOBFOTPHUBAJIOr0 OE3MepepBHOIO MPOIECY EICKTPOITI3Y.
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Kryzhanovskaya Ya. P., Homelia M. D., Radovenchik Ya. V.
INSUFFICIENT CLEANING TECHNOLOGY HIGH-MILLED WITH RECEIVING KOAGULIANT

The article considers and analyzes the methods of electrochemical non-waste cleaning of highly mineralized waters.
According to experts, almost all the rivers of Ukraine are in an extremely unsatisfactory condition. This is especially
true for small rivers. This situation is explained not only by their small wateriness, but also by their lack of protection.
The huge pollution of the surface water of our state is connected with industrial discharges containing heavy metals,



radionuclides, nitrates, phosphates, petroleum products, etc. In addition to industrial pollution, significant damage
to the quality and quantity of surface water bodies causes the construction of hydroelectric power stations and
reservoirs, resulting in a change in the regime of rivers, decreases in water exchange, stagnant zones are created,
which in the end leads to loss of self-cleaning capacity. It should also be noted that the ponding state of underground
water bodies is rather cryogenic, where the main source of water is collected for consumption by the population in
small towns and villages. Underground water from landfills includes industrial and domestic waste, also in the case
of drilling, at the construction of the metro, etc. A huge negative impact on the state of groundwater affects agriculture,
resulting in excessive pollution of water with pesticides, nitrates, phosphates, potash fertilizers, etc. Therefore, the
issue of cleaning up contaminated waters is a very topical issue, because it carries the situation with the health of the
nation and people in general. Particularly, the side of the waste-free water treatment technology is important and
also relevant. Indeed, waste-free technologies are a huge range of opportunities in a high-profit industry, and most
importantly, environmental protection. Non-waste technologies for cleaning of contaminated reservoirs turn the
process of cleaning into a profitable process, because in parallel the technology allows obtaining a valuable product,
which can be used in various branches of the national economy.

The electrochemical purification method is due to the transfer of electrolyte ions through selective ion exchange
membranes under the influence of the potential difference. During our experimental study in laboratory conditions,
we used two ion exchange membranes, namely, cation exchange - MK-40 and anion exchange - AB-17-8. Cationic
membranes contain negatively charged functional groups with cations counterions. They miss cations, and anions
repel and do not pass through them. Anionic membranes label fixed functional groups positively charged, with
counterions of which are anions. Anionic membranes repel and do not allow cations, but pass anions. Also, electrodes
used a plate of stainless steel as a cathode and an iron anode, which as a result of the process was dissolved. The
area of the electrodes was Sk = SA = 0,12 dm3. The current strength was kept at 1 A. In the cathode region was used
a 0.05 N solution of NaOH, in the middle working area was used a NaCl solution, and in the anode region was used
an acidified solution of sodium chloride. The proposed method of electrodialysis, allows you to get two valuable
components, which today emphasizes the current and no waste of the technology of purification, namely - NaOH
concentrated and FeCl3. It should be noted the importance of obtaining such a component as a ferritic coagulant
FeClI3, which is used in the preparatory stages of drinking water purification and economic needs, as well as in other
industries for decontamination of impurities, with pigmentation of tissues and in the processes of manufacturing of
coloring agents. In Ukraine, FeCI3, like most reagents for water treatment and water treatment, is manufactured and
sold at an elevated price, which makes our research topic even more relevant and economically feasible.

As a result of the experiment, it was possible to achieve a 13 percent solution of FeCI3 coagulant, which is a good
indicator. This idea and direction of water purification allows us to implement waste-free technologies, which allows
to solve a double task of environmental protection.

Key words: electrodialysis, coagulant, highly mineralized, non-waste technologies, electrolyzer, cathode, anode.
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