ISSN 2078-774X (print) Enepeemuuni ma meniomexuiuni npoyecu i ycmamxy8aHHs.

YK 628.543 doi: 10.20998/2078-774X.2016.10.22

A. B. AHTOHOB

OYUCTKA TEIJIOCETEBOM BOJIbI JIEKTPOMEMBPAHHBIM METOJ0OM

AHHOTAITHA Paspabomana mexnonocus KOMOUHUPOBAHHO2O UHEPMHO20 AHOOA He CO0epiicaujeco 8 céoem cocmase
01a20pOOHBIX MEMANNIO8 U HAOEIICHO pabomaujezo 8 npoyecce 2NeKmMpoU3d X10puoHo-cyabhamublx pacmeopos. Ha smoti
OCHOBe pazpabomana CmeHoo8as YCMAHOBKA SNEKMPOMEMOPAHHO20 YMseUeHUus 600bl U NPOBeOeHbl e€ CMeHO06ble
ucnvimanus. Pesko cnuzunoce nompebnenue peazenmos, a snepzo3ampanmsl cocmasunu 6ce2o 1,3 kBm-u/m® obpabomannoii
600b1. Tlonyuennasn 6oda umeem xapbonammoiii unoexc 0,09 (me-oxe/om’)? u moowcem Gvimo ucnorvsoeana 011 NOONUMKU
mennocemu.

Knruesvie cnosa: memani-okcuonvlii aHoO, 31eKMPOMeMOPAHHOE YMsAcYeHUue, KapOOHamHwlll UHOeKC, 8000N0020MO8Kd,
numMamenbHas 600d, CONU HCECMKOCMU.

A. ANTONOV

TREATMENT OF THE HEATING SYSTEM WATER USING
THE ELECTRO-MEMBRANE METHOD

ABSTRACT A method was developed to make a combined inert anode of plumbum dioxide on the titanium dioxide-
manganese substrate that contains no precious metals and operates reliably during the electrolysis of chloride-sulfate solu-
tions. On this basis the test unit for the electro-membrane water softening was developed and it was subjected to the bench
tests. The technology consists in that the water passes through the cathode chambers of two-chamber membrane electrolyzer,
including the separation of settled hardness salts, additional water softening in the sodium cation-exchange unit and its neu-
tralization when it passes through the anode chambers of the electrolyzer. A number of required reagents is sharply de-
creased, and the amount of discharged mineralized drainages is also decreased, and the energy expenditures made up only
1,3 kW-h/m? of wastewater. The produced water has a carbonate index of 0,09 (mg-ekV/dm?)? and after the pH adjustment by
ammonia it can be used to feed the heating system.

Key words: metal-oxide anode, electromembrane softening, carbonate index, water treatment, feed water, and hardness salts.

BBenenue TOBKH, COCTOSIIMHA W3 KOHTAKTHOTO OCBETIMTEIIS

Bosnbinast yacte BoJi YKpanHbl XapakTepH3yeT-
Cs1 BBICOKUM II0Ka3aTeneM MHHepanu3anui. B pe3yib-
TaTe 3TOr0 YMATYCHHE BOJBI SBJISIETCS HEOOXOIUMBIM
3TaIloM B TPOIEcCe BOJOMOATOTOBKU BOJBI JUIS MUTA-
HUSA TEIUIOBBIX ceTed. BoIHO-XMMHUYECKHI pexuM
TETJIOBBIX CETeH TOJDKEH O0ECHEeYHMTh MX IKCIUTyaTa-
U0 6e3 MOBPEXKACHUH M CHIDKCHNS SKOHOMUYHOCTH,
BBI3BAHHBIX KOPpPO3WEHl CeTeBOro 00OpYAOBaHUS, a
TakKe 00pa3oBaHMEM OTIOXKEHHH M IuTaMa B 000py-
JIOBaHUM U TpyOorpoBoaax. /it BBHIMOJHEHHS 3THUX
ycloBuif mokaszarens M, — (kapOOHATHBIN HHAEKC) BO

BCEX TOYKAX CHCTEMBI JIOJKEH OBITh B Mpejeax 3Ha-
yenuii — U, < 0,5 Mr-eks/am>, 1ist 3aKpbITON cUCTe-

MBI TIpH TeMIlepaType HarpeBa ceTreBod Boabl (141-
150) °C [1].

AHAJIHU3 COCTOSIHUS BoOIIpoca

CyniecTByIOIEe B HACTOAIICE BPEMs CXEMBI
MOATOTOBKH IUTATEIBHON BOJBI JUISl TEIUIOBBIX CETEH
OCHOBaHBI Ha TPHHIMIE KOATyJSLUH, PEareHTHOTO M
XHMHYECKOTO YMSATYEHHUsSI BOIBI HOBEPXHOCTHBIX BO-
JIOEMOB TIpH 00paboTKe e€ HOHOOOMEHHBIMH CMOJIAMH
[1]. IIpuHIMTIHATEHAS CXeMa TaKoi oOpaboTKu mpen-
CTaBJieHa Ha puc. 1.

HcxomHas Boma M3 IOBEPXHOCTHOTO BOJO-
HCTOYHUKA (PEKH, 03epa MIN BOJOXPAHMIMINA) TT0Ja-
eTcss Ha 00paboTKy B OJIOK MpeABapPUTENIHLHON MOIro-

(KIT) u mexanuueckux 3epHUCTHIX GuibTpoB (PTM),
3arpy’KeHHBIX AaHTPaLUTOBOM Kpomkoi. Hemocpen-
CTBEHHO B OCBETJIMTENIb M3 COOPHUKOB C MELIAJIKOH
3M1 u 3M2 po3upyercs pacTBOp KOaryjsHTa — iKe-
JIE3HOTO KYyIopoca, U U3BECTKOBOE MOJIOKO. B3ammo-
JIEHCTBYSl CO IIETOYHOCTBIO BOABI U HM3BECTKOBBIM
MOJIOKOM, KYyIIOpOC THIpOJIM3yeTcs. 3areM o00pa3o-
BaBIIWIiCA TMAPOKCHA JIByXBAaJCHTHOTO JKele3a KHC-
JIOPOJIOM BO3JlyXa, MPOIYBAaCMBIM Uepe3 KaMepy XJIO-
Mbe00pa3oBaHMs, OKHCIETCS ¢ 00pa30BaHHMEM XJIO-
IbEB TUApoKcuaa TpéxpaneHTHoro xeneza Fe(OH);.

OnHOBpEMEHHO POUCXOANT yIAICHHE U3 BOJIBI YaCTH
BPEMEHHOW JKECTKOCTH W IIEIOYHOCTH ¢ 00pa3oBaHH-
eM ocasika kapOoHaTa KaibIusl. B HEKOTOPHIX ciydasx
IIPY 3HAYUTEIILHOM MTOCTOSHHOM XKECTKOCTU BOJBI IS
e€ YMEHBIICHUS K BOJIEe TOOABIISIOT emIé U KaJIBI[MHH-
POBaHHYIO COTY.

FeSO,+ Ca(OH), — Fe(OH),  +CaSO, J;
4Fe(OH), +2H, 0+ 0, — 4Fe(OH), 4;
Ca(HCO,), + Ca(OH), — 2CaCO; ¥ +2H, O;

CaCl,+ Na,CO; — CaCO; { +2NaCl.

OOpazoBaBiIrecs XJIOMbS OCaaKa ancopoupy-
IOT Ha CBOeH TMOBEPXHOCTU 3HAYUTCIIBHYIO 4aCTb Op-
TFaHMYECKUX BCIICCTB M CIYHIAIOTCAd B KOHUYECKOH
YaCTH KOHTAKTHOTO OCBETIIMTEIIS.
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Puc. 1 — Ilpunyunuanvnas cxema cywecmayioweli NOO20MOBKU Cemegoli 600bl.
KII — xonmaxmnuuii oceemaumens, @TM — punomp mpexciounviii mexanuueckuti; @Il- punbmp—npec,
@ Na—nampuii kamuonumosuwlii punremp, ThO-meepovie bvimogvie omxodsi; Ca(OH); — cawenasn uzgecmeo

OOpazoBaBmMiics [UIAM  OTKAYMBAIOT Ha
30JI00TBaJ] WK QUIBTPYIOT Ha (unbTp-nipecce (PII)
Y BBIBO3AT Ha CBaJIKy B BHJE KeKa.

OcBeTneHHas BOJA, JOTIOJTHUTEIEHO
¢unpTpyercss Ha 3epHHCTBIX (uibrpax OTM  ans
OTIEJICHUS] OCTAaTKOB B3BEIEHHBIX dYacTul. K

COXAJICHUIO, JlaHHAasl MpeABapUTeNIbHAs peareHTHas
o0paboTka HE B COCTOSHHU  OOCCIICYHTH
HEOOXONMMBIC MMAapaMeTpbl BOJABI UL  IOANMUATKA
TEIUIOBBIX ceTeid. [locie TmepedncIeHHBIX Omepariiii
Boga coxepxur 1,8-3,2 MT-3KB/IM>  OCTaTOYHOH
JKECTKOCTH, a ©€ KapOOHATHBIH WHAEKC COCTaBISACT
0,9-1,6 (Mr-oke/nm)?.  Takyro BOXy HPHXOIUTCS
JOTIOTHUTENFHO  TOyMST4aTb HOHHBIM OOMEHOM.
JaHHBId mpoLecC  OCYIUECTBISETCS B  HATpUH-
KaTHOHUTOBBIX (uibTpax. [lpum 3TOM U3  BOJIBI
YIAISIOTCS OCTaTKU COJIEH )KECTKOCTU M JOCTUTAETCs
HEoOX0MMOe CHIDKEHHE KapOOHAaTHOTO WMHJEKCa TpU
COXpaHCHHHM KOPPO3HWOHHOW cTadmibHOCTH. [lpm
UCUCPIIaHUN OOMEHHOW EMKOCTH CMOJIBI HATPHIA-
KaTHOHUTOBBIC (MIBTPHI pereHepupyrores (5-8) %
pactBopoM  xsopuma  Hatpusa.  OTpaOOTaHHEIH
perenepar, conepxkamuii 2/3 xmopuna Hatpus u 1/3
XJIOpUAOB Kalblds W MarHus, cOpachlBacTcs B

KaHAJIM3alMIo, W Tocie pa3daBieHUS OOUIIMMH
CTOKaMH O0BEKTa — B OKPYKAIOIILYIO CPEy.

B mpoiiecce YMSITUCHHS BOJIBI
KaTHOHOOOMEHHas cMoJa [TOCTEIIEHHO

pacTpeckuBaeTcs U u3MenpdaeTcd. IIbUTh KaTHOHUTA
BBIMBIBaeTCsl M3 (DUIIBTpa NpU B3phIxJeHnH. [loaTomy
OIMH pa3 B Trojx mpousBoautca norpyska 10 %
katnoHnTa B ¢uiabTp [2, 3]. CymecTBeHHBIMU
HEJIOCTaTKaMH OIMCAHHOW CXEMBI SBJISIOTCSI BBICOKUI
pacxon TIOBapeHHOW COJMM M KaTHOHOOOMEHHOM
CMOJNBI ¥ 00pa3oBaHHME 3HAYUTEIBHBIX O0BEMOB
MHUHEPAIN30BaHHBIX CTOYHBIX BOJ.

Bapuanrom YMSATUCHHS BOJIbI
HOHOOOMECHHBIMH CMOJIAaMH SIBJISeTCS 00paboTka ee
aHnoHooOMeHHOM cmonoit B OH™ -dopme [4]. Tlpu
3TOM, OJIHAKO, PE3KO BO3PACTACT IIEIOYHOCTH BOJIBI,

o0pa3yrorcst MUHEpaNIU30BaHHbBIE cynbhaTHO-
XJIOPHJHBIE CTOYHBIE BOABI, TIporecc Tpedyer
3HAQUMTEIBHOTO  pacxoja  €JKOro  HaTpa  Ha

pereHepanyio aHnoHoOOMeHHOH cMoibl. Kpome Toro,
MPOMUCXOIUT TIACCHBAIMS AHWOHOOOMEHHON CMOJIBI
OTJIOKEHHUSAMH Ha €€ TIOBEPXHOCTHU COJIEH )KECTKOCTH.

ean padoTbl

Hacrosmas pabora HarpaBieHa Ha pa3paboTKy
croco0a 3IIEKTPOMEMOPAaHHOTO yMSTYCHUS  BOJIBL
DJeKTpOoMEeMOpaHHBI  METOJl  YMSTYEHHs  BOJbI
SBJSCTCS  ANbTCPHATHBHBIM IO  OTHOLICHUIO K
CyIIECTBYIOIMM. JIJI1 JTOCTMIKEHHUSI TOCTaBICHHOM
LENTN HYXHO OBUTO PELINTH CIEAYIOIIUE 3a1aUH:

— pa3paboTaTh NPHHIHMIIHAIBEHYIO TEXHOJIOTHIO
nporecca;

— pa3paboTaTh  KOHCTPYKIHIO H
HOJTy4EeHHs] HEAOPOTrOro HHEPTHOTO aHO.a;

— IIPeIOTBPATUTh [IACCHBALIUIO
KaTHOHOOOMEHHOW MeMOpaHBI JJEKTpoiHM3epa B
npoliecce IepeHoca KaTHOHOB M3 aHOJINTA B KaTOJINT;

— CMOHTHPOBATb CTEHAOBYIO YCTAaHOBKY U
npoBecTH €€  WCHBITaHUS C  ONpe/elCHHEM
9HEpro3arpaT Ha IPOBEJCHUE MpoLecca.

c1ocod

HN3510:keHEe 0OCHOBHOTO MartepuaJja

[MprHIMNMAaNEHOE TEXHOJIOTHYECKOE pEIICHNE
mporecca  3JIEKTPOMEMOpPAaHHOTO yMSATUYCHHUSI BOZBI
COCTOMT B CIEAyIOIIEM: HWCXOIHas Boja U3
MOBEPXHOCTHOTO  BOJIOMCTOYHHMKA TIIOCTYMaeT Ha
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MPEeABAPUTENBHYIO ITOJArOTOBKY, 3aKJIIOYAIOIIyIOCsS B
JO3MPOBAHUM B BOAY KaJIbLIMHUPOBAHHOHN COXBI [UIS
MOJHOTO TEpeBOJa IOCTOSIHHOM IKECTKOCTH BO
BpeMeHHyl0. Kpome TOro, B BOILy [H0O3HMpyeTcs
OpraHMYecKuil  (IIOKYNISHT  KaTHOHHOTO  W/WIIK
AQHMOHHOTO psilia, KOTOPBIA BBIMONHAET (DYHKIUIO
JKEJIE3HOT'O KOaryJsiHTa — XJIONbeoOpasoBares. 3aTeM
BOJla TIOCTYyNaeT B KaTOJHbIE KaMephl ammapara
3JIEKTPOMEMOPaHHOTO YMSITYCHHS. CymHocTth
Iporecca EKTPOMEMOPaHHOTO YMSTYeHHs MTOKa3aHa
Ha puc. 2.

Kartonnas u aHO/IHas KaMepsl
3JIEKTPOMEMOPAaHHOTO ~ yMATUYUTENA  Pa3[eIsIoTCs
KaTHOHOOOMeHHOW MeMOpaHoi. [Ipm mpormryckanuu
3JIEKTPUYECKOTO TOKA depe3 ammapar IPOUCXOIHT
o0Opa3oBaHWe IIENOYM B  KAaTOJHBIX  Kamepax
yMATYUTENd W KUCIOTHI B aHONHBIX Kamepax. Ilpu
3TOM COJEp)Kallldecss B BOJE COJMH KECTKOCTH
BBHINIAJIAIOT B OCAJOK B BHJE KapOoHaTa KaibLUs U
ruapokcuia MmarHus. Kak TOKasbIBalOT pe3ysIbTaThl
UCCIICIOBaHMI [5], 3JIEKTPOMEMOPaHHOE YMSTYCHUE
BOJIBI TTO3BOJISIET JOCTHYBL INIPUMEPHO B 5 pa3 Oonee
rIyOOKOro  yAajJeHWss  CoJed  JKECTKOCTH 110
CPaBHCHHUIO C TIPUMEHSEMBIM CETOJHS pPEarcHTHBIM
(como-M3BECTKOBBIM) YMSTICHHEM.

Na®

KaTOJIUT AHONUT

Puc. 2 — Cywnocmo npoyecca 31eKmpomemopaHozo
YMAYUEHUSL B00bL

ITocite OCBETIEHHs KATOJIUT MMEET JKECTKOCTH
0,2-0,3 mr-3kB/mM°, 00IIYIO WIENTOYHOCTH Ha YPOBHE

3-5wmr-3ks/am® w  pH pasmeni  11-11,5. Jlna
HEHTpalu3alui BOIBI W CHIDKCHHS e¢ oOIien
MIEJIOYHOCTH €€ TOJalT B aHOJIHBIE KaMepbl

AJIEKTPOMEMOPAaHHOTO yMsardutens. I[lpu sTtoMm U3
BOJIBI YIAISETCS HM3IUIIHAS IEIOYHOCTh, CHIKASACH
no 0,1-0,2 mr-sks/mv®. OnHoBpeMeHHO pH BOIEI
OIyCKaeTcs 0 BeJIUUUHbI 6,8—7,2.

B mpomecce anekTpoMeMOpaHHOTO YMATYCHUS
BOJIBI gepe3 KaTHOHOOOMCHHYTO MeMOpaHy
MEPEHOCATCS BCE KAaTHOHBI, COJEpKamIuecs B
agHonmte. [1oCKONBKY B KaTOJNHTE TOCIE OCBETICHHUS
CONIEPXKUTCA HEOONBIIOE KOJIMYECTBO KATHOHOB
JKECTKOCTH, HIOCIIe/IHUE, MIePEHOCSCh qepe3
KaTHOHOOOOMEHHYI0 MEMOpaHy M3 aHOJIUTA B KATOJIHUT
OyayT oTiaraTtbCsi Ha IIOBEPXHOCTH MEMOpaHBbI,

naccuBupysi e€. Jlns mpemoTBpaleHUs IaHHOTO
SBJICHHS KaTOJMT IIOCIIE OCBETJICHUS IPOITYCKaIH
gepe3  HMOHOOOMEHHBIH  QWIBTP,  3arpyKeHHBIH

katuorutom KY-2-8 B Na™ -opme.

O0cyskaenne pe3yJbTaTOB

Croco®6  ANIEeKTPOXMMUYECKOTO  (3IEKTpO-
MEMOpPaHHOTO)  yMATYEHUS  BOABl  OTJIMYACTCS
CYILECTBEHHBIM CHIDKEHHEM UCIIOJIb30BAHUS

pearcHTOB U YMEHBIIICHUEM KOJIMUYECTBA JTUOO TOJTHOM
JIMKBUJALMEN CTOYHBIX BOA. J[aHHBIN mpolecc MOKHO
WCIIONIb30BaTh JUIA KOAryJsaiuu U 00e33apakuBaHUs
BoAbl. Ero MOXHO MOpUMEHSTh Takxke A
0e3peareHTHOrO YMSITYCHUs, OJTHAKO, MPOMBINUICHHOES
KCIOJIb30BaHUE TOPMO3UTCS OTCYTCTBUEM HEAOPOTHX
WHEPTHBIX aHOJOB, HE COJCPIKANINX OJarOpOIHBIX
METAJUIOB W MX coenuHeHnid. Hamu OpuT paspaboran
croco0 U3roTOBJICHUS KOMOMHIPOBAHHOTO HHEPTHOTO
aHoJa C TIOKPBITHEM [HOKCHIAOM IDIFOMOymMa Ha
TUTaH-IUOKCHIHOMAPIaHLIEBOM MO/JIOKKE, HE
CONIEpXKAIIETO B CBOEM COCTaBe OJIaTOPOIHBIX
METAJUIOB W HAAEXKHO pabortaromero B mporecce
ANIEKTPOJIN3a XJIOPHIHO-CYIb(ATHRIX PacTBOPOB [6].
Taroke ObuTa pa3paboTaHa IKOHOMUYHAS KOHCTPYKIIUS
OUIIOJIAPHOTO 3JICKTPOJAa C METAJOKCUIHON aHOTHON
cTtopoHoit. Ilpu 3TOM y4YHUTBIBAIM HEOOXOAUMOCTH
MUHUMU3ALMN UCTOIb30BaHMs TUTaHa B CBSI3U C €0
JIOPOTOBU3HOM.

TexHomnorus MOJIy4EHUs JJIEKTPOIOB
3aKII0Yagach B CIEAYIOIEM. THUTaHOBYIO CETKY,
MOJIYYEHHYIO0 M3 JucTa TodmuHoi 0,8 MM meTtomom
MIPOCEUYKU-BBITSKKY, TMPUBAPUBAIM K THUTAHOBBIM
KpENEeXXHbIM IIIMWIbKAaM, a 3aTEM IOKPBIBAIU CIOEM
JIMOKCUJA MAapraHua MyTeM TEPMUYECKOI0 HAHECEHMSI.
3aTeM KpemexHbIe D3JIEMEHTHI CeTKH MPOITyCKaIn
yepe3 JIMCT  JUPJIEKTPUYECKOTO  MaTrepuaia |
MPUKPEIUISIIN K JINCTYy YTJIGPOJUCTOW CTalu ¢
MIPUBAPEHHON K HEMY BBIHOCHOW CTaJbHOM CETKOM.
Mecta mpoxoja KpenexHbIX AJIEMEHTOB 4epe3 JHUCT
JIUDJIEKTPUKA TePMETU3UPOBAIIH.

[Tony4eHHYI0 KOHCTPYKIIMIO YCTaHOBJIMBAIU B
CTEHJOBYIO YCTAaHOBKY MJII 3JEKTPOXUMHUYECKOIO
HAaHECEHUs] JAMOKCHIHO-CBUHLIOBOTO TOKPBITHS Ha
TUTAHOBYI0 CETKY C  JHOKCHJHO-MapraHUEBbIM
nojacnoeM. Ilpu 3TOM KaTOIHYIO CTOPOHY 3JIEKTPOAA
3allMIIaid ~ OT  OCAXKIAEHHS  JAMOKCHJA  CBHHIA
CIIELUAJIBHBIMU U30JIMPYIOLLMMU IPOKIaJAKaMHU.

[TpuHIMNManbHas TEXHOJIOTHYECKas CcxeMma
UIEKTPOMEMOPAHHOTO yMATYEHHS BOABI NpHBEACHA
Ha puc. 3.

Hcxonnass Boja o0OpabaThIBacTCs pacTBOPOM
OpPraHUYeCcKOro (UIOKYJISHTa W, B HEOOXOIMMBIX
cydasix, JUIi  TepeBofa BCeH  KECTKOCTH B
KapOOHATHYIO, PACTBOPOM KaJbIIMHUPOBAHHOMN COJIBI.
3areM BoJa NPOIYCKAeTCsl yepe3 KaTOAHBIE KaMepbl
3JEKTPOMEMOpPaHHOTO ymsrauTelsi O. B pesynberare
3JIEKTPOMEMOPAHHOW 00pa0OTKH W3 BOJBI BBITANAIOT
XJIONBCBUIHBIC OCaJKH KapOOHAaTa KalbIUs W
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THIPOKCHAA MarHus. 3aTeM BoOJia OCBETIIETCS B
KoHTakTHOM ocBeraurene KII u  TpexcioitHOM
mexanndeckoM ¢unbtpe @TM u  OKOHYATENBHO

O®Na. Ilocie sroro BojJa HampaBiseTCs B aHOJIHBIC
KaMephl DJIEKTPOMEMOpPaHHOTO  YMSTYHTENSA, Te
MPOUCXOIUT yHaJeHHE W30BITOYHON IIEIOYHOCTH U
CHWKEHUe pH.

-
BrIxon yMATr4eHHOI BOJEL

JOyMsir4aercst B HAaTPUH-KaTHOHHTOBOM (uibTpe
BxonHasn - -
BOIA
1 |
dmoxymnasT Na:CO:
—] —ie-
-
Cl 2

_ B

®TM ©Na

@I1

Kaneiuit-marauepblit

nuraM B MPOHU3BOIICTBO
OeMeHTa

Puc. 3 — Ilpunyunuanvras cxema 1eKmpomMemoOpaHHo20 yMacueHus 600bl.
KII — xonmakmmuutii oceemaumens, @TM — ¢punomp mpexcrouinviii mexanuveckuti;, @Il- punomp—npec,
ONa—nampuii Kamuonumoswvii puabmp; D — S1eKMmpoMeMOPAHHbII YMASHUNENb,
Cl, C2 — nodzomogumenvhvie eMKOCMU O/ CMEUWUBAHUS Peda2eHmos

B cOOTBETCTBHHU C JaHHBIM ONHKCAHHEM ObLIA
M3rOTOBJICHBI M COOpaHbl CTCHIOBBIC YCTaHOBKH
AJIEKTPOOCAKICHHST METAIOOKCHIHBIX DJICKTPOIOB U
3JIEKTPOMEMOPAHHOTO yMsTYeHHs BOJABI. CTEHIOBBIH
YMATYUTETb TMPEICTaBIUT  COOOW  BYXSYCCUHBIH
MEMpPaHHbBII 3JIEKTPOSM3Ep, AHOAHBIE M KATOJIHBIC
KaMephbl KOTOPOTO ObLIH pasieneHbl
KaTHOHOOOMEHHBIMHU MeMOpaHaMu CMI 9000
npousBocTBa pupMmsl «Membrane International Incy.
B KadecTBe JJEKTPO/IOB HCIIOJIb30BAJINCh
HM3TOTOBJICHHBIC Ha CTCHI0BOI YCTaHOBKE
SKOHOMHUYHBIC  OHIONAPHBIE M  MOHOIOJISIPHBIC
9JEKTPOABl  C  META/UIOOKCHUIHBIM  IOKPBITHEM
TUTaHOBOW ceTKH. [Imomaas MeMOpaH U 3JEKTPOIOB
cocTaBiana 2 aM>. B XoJe CTEHIOBBIX HCIIBITAHHI
obpabotke T10JIBEpraiach XapbKOBCKast
BOJIOTIPOBOJIHAS BOJA, WMeBIIas pH 7,2, o0y
KECTKOCTh 6,8 MI-3KB/IM° M OOLIYIO INEIOYHOCTD
7,0 Mr-okB/oM®  (kapOoHATHBIA — wMHOEKC 47,6 (MT-
skB/nM°)?). B pe3ynbrare CTEHAOBBIX HCIBITAHUM
YCTaHOBIIEHO, YTO 0OpaboTaHHast Boma uMeeT pH 6,8—
7,2, 00IIyI0 MIETOYHOCTh U OOIIYIO JKeCTKOCTh 0,3 MT-
okB/am>. Takum 06pa3oM, KApOOHATHBIN HHIEKC BOJIBI
cocrasnser 0,09 (Mr-sks/nM’)? W nocne 100aBieHUS
aMMHaKa BOJa MOXET OBbITh KCIIOJb30BaHA IS
MOJITUTKHA TEIUIOCEeTH. [IIOTHOCTh TOKa 3IIEKTPOIIN3a
cocTaBiia 68 A/M?, HalpskeHHEe Ha sueiike — 6 B,
BBIXOA M0 TOKy Ha oOpazoBanne NaOH — 84 %.
Takum  oOpa3zoM, oOmme dHEpro3arparbl  Ha
NPOBEJCHUE  Mpollecca  YMSITYEHHS  COCTABUIIU
1,3 kBr-u/M> 06paGOTaHHOM BOMIEL

BuiBoabl

Pazpaboran cnoco6 HOJTy4eHHs
KOMGI/IHI/IpOBaHHOFO HMHEPTHOTI'O aHOoAa C IMOKPLITUEM
us3 JUOKHUIa HJ'IIOM6yMa Ha TUTaH-

JIMOKCHTHOMAPTaHIIEBOM MOIIOKKE, HE COJEPHKAILETO
B CBOEM COCTaBe OJIATOPOJIHBIX METAIOB M HAJIEKHO
paboTaIOMEro B IIPOLECCE DIEKTPOIN3a XJIOPHIHO-
cynbQaTHEIX  pacTBOpoB. Ha  oToii  ocHOBe
paspaborana CTEeHI0Bas yCTaHOBKa
3JIEKTPOMEMOPAHHOTO YMATYEHHS BOIBI U IIPOBEICHBI
€€ CTCHAOBBIE HCHBITaHUA. IIpHm  3TOM  pE3KO
CHIDKAeTCs TpeOyeMoe KOJIHMYECTBO pPEArcHToB, a
SHeprosaTrpatbl  cocTaBuid  Bcero 1,3 kBru/m?
oOpaboranHoit Bonbl. [lomydyenHas Boga umeer
kapbonartupiii ungexc 0,09 (Mr-sks/am’)? u mocie
KOPPEKTHPOBKH pH  aMMHMakoM MOXKET  OBITh
MCIIOJIb30BaHa JUISl TIOANUTKY TETJIOCETH.
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AHOTALIA Po3pobreno mexnonocito KOMOIHOBAHO20 THEPMHO20 AHOOY, WO He MICMUmMb Y C80EMY CKIA0I OIA20POOHUX
Memanié i HAOIIHO NPayloe 6 npoyeci eleKmponizy XJI0pPUoHO-cytvghamuux pacmeopis. Ha yiti ocHogi pospobneno
CMEHO08Ull NPUCMPIL eNeKMPOMEMOPAHHO20 NOM AKUWIEHHS. Md NPOBeoeHO 1020 cmenoosi eunpobosysanns. Lo pizko
suusUN0 nompeby peazenmis, a enepeosampamu ckiam ycvo2o 1,3 kBm-u/m® 06pobrenoi eoou. Ompumana éoda mac
xapbonamnuii indexc 0,09 (me-oxe/0M>)? i Moice Gymu suxopucmana Ons NIONCUGIEHHS MENIOMEPEdICL.
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