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AHHoTanus. B ctathe noxpoOHO paccMOTpeHbl MeMOpaHHbIE NpoLecchl 00pabOTKM CIOXKHBIX cHcTeM — oOpaTHblii ocmoc (OO) u
MeMOpaHHbIif anexTpoauanus (3/1). B HacTosmee BpeMs pa3paboTKa TEXHOIOTHIl OYMCTKH MPOMBIIUICHHBIX CTOYHBIX BOJ BBI3BIBACT OOJIBIION
HHTEpeC y MHOTHX HcclieoBareneil. DTo CBA3aHO ¢ TeM, YTO MHIeBas, GpapManeBTHYECKas 1 XMMHUYECKasl IIPOMBIIIICHHOCTh IPHOOPETAIOT
Bce Oouiblliee 3HAYEHHE B HAILEH JKU3HHU, OJHOBPEMEHHO YCYryOysisi OJHY M3 CaMbIX CEPbE3HBIX JKOJIOTMYECKHX MpOoOJeM — 3arps3HeHHue
OKpY’Karolleil cpesibl NPOMBILIIEHHBIMH CTOYHBIMH BOJAMH, KOTOPBIE COIEPXKAT BPEIHBIC BEIIECTBA B BHICOKMX KOHIEHTpanusx. JlaHHas
paboTa MOCBsIILIEHA aHAIM3y HOBOW TEXHOJIOTMH M3BJIEYEHHUS CIOXKHBIX KOMIOHEHTOB U3 IPOMBILIUICHHBIX CTOYHBIX BOJ, 00BEAMHSIOIIECH
oOpatHblii ocMoc U anekTpoauanu3. CuctemMa 0OpaTHOro ocMoca - 3TO yIpaBiisieMble JaBlIeHHEM MeMOpaHHbIE MPOLEcChl pazieneHus. B
OTJIMYME OT HMX, CHCTEMa O3JIEKTPOAMAIM3a NPEICTAaBIAET COOOI 3IEKTPOXUMHUYECKUH IMPOLEecC, KOTOPBI OOBIYHO HCIOJNB3YeTCs B
NPOMBIIUIEHHOCTH IPY HOPMajJbHOM aTMocdepHoM naBieHuu. OIHAKO MOJOOHBIE MEMOpaHHBIE MPOLECCHl HMMEIOT CYIIECTBEHHBIN
HEJI0CTaTOK — paboune MeMOpaHbl 3arPsA3HSIIOTCS B3BEIICHHBIMH BEIIECTBAMH, HAXOSIMMHCS B CTOYHBIX BOJIAX, U TEPSIIOT CBOIO aKTHBHOCTb.
CretoBaTenpHO, JUIS HOJJICP)KAHUsSI aKTHMBHOCTH MEeMOpaH B TE€UEHHE JJIMTENbHOrO BPEMEHH HEOOXOquMa IpeaBapuTeibHas o0paboTka
CTOYHBIX BOJ] IIyTEM yIaJICHUS B3BELICHHBIX BEIECTB. AHAIN3 N3BJICYCHHBIX KOMIIOHEHTOB OTKPBIBAET HOBBIE IEPCHEKTUBbI IS pEKyIepaluu
NPOMBIIUIEHHBIX CTOYHBIX BOJ. CyIECTBYET HIMPOKUH CIEKTP METOJOB HpeaBAPUTENBHOH 00padOTKM BOA Ui 0OpaTHOrO ocMoca U
9NEKTPOAHANIN3a. BasKHBIM NPOIIECCOM OT/ACNCHUSI OPIraHMYECKUX M HEOPTaHUUECKUX COSTMHEHUH CTOUHBIX BOJ SIBIACTCS YIbTPa(UIbTPALUSL
(Y®) ¢ nocnenyrommnm o0paTHbIM OCMOCOM. B CTaThe paccMOTPEHBI HEKOTOPhIC U3 YKAa3aHHBIX METOAOB. B 3akiroueHue clieyeT OTMETUTh,
YTO HIEKTPOMAIN3 IEMOHCTPUPYET 3aMedaTesbHble TEXHHYESCKHE IPEUMYLIeCTBa IpH 00paboTKe KOHIIEHTPUPOBAHHOTO pacTBopa nocie OO.
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Abstract. The article discusses in detail the membrane processing of complex systems, reverse osmosis (RO) and electrodialysis (ED) membranes.
Currently, the development of industrial wastewater treatment technologies is of great interest to many researchers. This is due to the fact that the
food, pharmaceutical and chemical industries are becoming increasingly important in our lives, while exacerbating one of the most serious
environmental problems, environmental pollution from industrial wastewater, which contains harmful substances in high concentrations. This study
is devoted to the analysis of a new technology for the extraction of complex components from industrial wastewater, combining reverse osmosis
and electrodialysis. Reverse osmosis systems are pressure controlled membrane separation processes. In contrast, an electrodialysis system is an
electrochemical process that is commonly used industrially under normal atmospheric pressure. However, such membrane processes have a
significant drawback, the working membranes are contaminated with suspended substances in the wastewater and lose their activity. Therefore, to
maintain the activity of the membranes for a long time, it is necessary to pre-treat wastewater by removing suspended solids. The analysis of the
recovered components opens up new perspectives for the recovery of industrial wastewater. There is a wide range of methods for pretreatment of
water for reverse osmosis and electrodialysis. Ultrafiltration (UF) followed by reverse osmosis is an important process for separating organic and
inorganic compounds from wastewater. This article discusses some of these methods. In conclusion, it should be noted that electrodialysis
demonstrates remarkable technical advantages in the treatment of concentrated solution after RO.
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Brenenne MOJIYYEHHUST BOJIbI, HEOOXOAUMOMN JIJIs1 SKOHOMHYE-

B HacTosIee BpeMsi HeXBaTKa BOJBI CTaja CKOT'O pa3BHTHS. KOJHYECTBO BOJE KaK MPOMBIIII-

r100abHOM 1podeMoit. [ToBropHOE Mconp30BaHNe JICHHOTO, TaK W OBITOBOTO HA3HAYCHHs HMEeT

BOJIbI, OYMCTKA CTOYHBIX BOJ U ONPECHEHHUE COJIe- Oobliiee 3HAYEHHE C YYETOM LENEH yCTONYNBOTO

HOM BOJIBI SIBJISIIOTCS BaYKHEHIIIMMH HAITPABICHUSIMHI passurs [1]. TToepxHocTs 3emm npumepHo Ha 71%
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MOKpBhITA BOJAAMH OKEaHOB, MOpEH, a Takxke
npaaMu. OJTHAKO TOIBKO OKOJI0 3% BOJIBI SIBIISIETCS
MPECHON M IPUTOAHON It UThs [2]. Muposoe
moTpebIeHHe BOJBI 3HAYMTELHO BO3POCIO, YTO
MPUBENO K 3HAYUTEIIEHOMY POCTY JIOJM HACEINCHWS,
MPO’KUBAIOIIETO B PalflOHAX, MCIBITHIBAIONINX He-
xBaTKy BoJibl, ¢ 14% B 1900-X rogax 10 mpuMepHO
58% B 2000-X rogax. [1o nanapiM BecemupHoit op-
ranuzaiun 3apasooxpaneans (BO3), B Hacrosiee
BpeMs okojio 2,1 MmuIMapaa dYeloBEeK B MHpE
WCTIBITHIBAIOT HEXBATKY YHCTOW MUTHEBOHW BOJIBI,
a x 2025 rofy MoIOBIHA HACEIEHUST 3eMJTH, TIO TIPOTHO-
3aM, OyJIeT KUTh B paiioHax ¢ eurmroM Bospl [3].

CrpemMHTENBHBIA POCT TPOM3BOJCTBA B IO-
CIIE/THVE IECSTIIICTHS BBI3BAJ CEPhE3HBIC N3MCHCHHS
B OKpy»Karolieu cpene. Pa3Butrue npoMblITIEHHO-
CTH TIPHBEJO K 3arpsA3HCHUI0 BOJHBIX PECYPCOB
TOKCUYHBIMU 3arpS3HUTEISIMUA, TAKUMH KaK HOHBI
TSAXKCIIBIX MCTAJIJIOB, IHUTATCIBHBIC BCHICCTBA
u kpacutenu. JloOblua u mepepadoTka IOJIE3HBIX
HCKOMAEMbIX, METAJUTyPrUYeCKOe MPOU3BOJICTBO
3arps3HSIOT OOJBIINE 00BEMBI BOJIBI TOKCHYHBIMH
TSOHKEITBIMU METaJUIaMH, KOTOpPBIE BECbMa CTOWKH
W HE Pa3araroTcsl B MPUPOJIE, YTO OKa3bIBAeT He-
OJarompusATHOE BO3ACHCTBHE Ha OKPYKAIOIIYIO
cpeny. ITosTromy HeoOxomuma TInATenbHas 0Opa-
0OTKa TaKMX CTOYHBIX BOJ Mepe]] COPOCOM B OKPY-
Karonyo cpeay. TpaauiuoHHo st 3G HEKTUBHOTO
u 6BICTpOFO YAQJICHUA 3arpsA3HAOmUX BCHICCTB
HCIOJIB3YIOTCA TAaKHME METO/Ibl, KaK XHUMHWYCCKOC
OCaXJICHHE, KOAryJIsIIus, OCaXICHHe, acopOorus,
BOCCTaHOBJICHHE, OKHUCIICHUE, SKCTPAKIIHS PACTBOPH-
TeIeM, MEKTPOIUTHYUECKAS SKCTPAKITHS, HCTIAPEHYE,
WOHHBIA 00MeH, auanus, anekrpomuanmu3 (D),
MeMOpaHHbIE MPOIECCHI U T. JI. DTH METOJIbI Xapak-
TEPU3YIOTCS BBICOKOH CE0ECTOMMOCTBIO, & TAKIKEe
OrpaHUYEHHOW HO0CTYMHOCTHIO [4]. PaccMorpum
0COOEHHOCTH HEKOTOPBIX METOJOB OUHUCTKH BOJIbI
0oJiee moapoOHO.

0O030p HauboIee pacnIpPpoOCTPaAaHEHHBIX METO0B
OYHCTKHU BOJ PA3HOTO HA3HAYEHHS

[IpenBapurensHast 00pabOTKa CTOYHBIX BOJ,
OCHOBaHHasl Ha TPAJULUOHHBIX METO/AaX, OYEHb
Ba)KHA JJIs1 YAAJICHUS B3BELICHHBIX TBEP/BIX YACTHI
W PYTUX KpyMHBIX yacTuil. Ha pucyHke 1 nokasaHo,
YTO B TMOCIE/HEE JECATHICTHE OTPOMHBINA HCCIIE0-
BaTeNIbCKUI WHTEpEC TPEACTABISIIOT MEMOpaHHbIC
npoLecchl, Takue Kak Mukpodmibrpanus (M)
u ynerpadunerpanus (YP). Tem He menee, 0e3-
YCIIOBHO, CYyIIIECTBYET HACTOATENIbHASI HEOOXOAUMOCTD
Iepexoja K COBPEMEHHBIM METOAaM IpeaBapu-
TEIPHOW 00paboTKM MeMOpaH, 3aMCHSIIOITAM
TpaJAHUIIHOHHBIC METOBI [3].
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= Koarymamaa/ Enoxynanua | Coagulation Flocculation
M® / MF
AKTHEHPOERHHEIH yroik / Activated carbon
m X nopapoeanse [ Chlorination
= OzoEHpoEanEe [ Ozonation
u DunrTpanns 9epes necok / Sand filtration
B [uraduTop 00pazoBaHEd HAKHIH HIH oTIoxeHHH / Scale inhibotor
B PHIETpaNHA PACTEOPEHERIM BO3IyvXOM / Dissolved air filtration
Pucynok 1. TexHOMOTHE IPEABAPUTEIHHON 00pabOTKI
mepesl HMCIOJIb30BAaHHEM OOpaTHOTO OcMoca, TpHMe-
HSEMBIC B IOcieauee aecsaruierne [3]
Figure 1.. Pretreatment technologies before using RO
in the last decade [3]

B pab6ote Eisenberg T. u Middle Brooks E. [5]
ommcaHa 00pabOTKa THUTHEBOH BOABI OOPATHBIM
ocmocom (OQ), mokas3aHo, 4YT0 OOpaTHBI 0CMOC
3¢ (eKTUBHO yanseT MUPOKUN CIIEKTP 3arps3Hs-
formx Bemects. Odegaard H. u Koottatep S. [6]
YCTaHOBWJIM, YTO TYMHHOBBIE U (pyJIbBHHOBBIC
BEIIIECTBA, KOTOPBIC SIBISIFOTCS TPE/IIICCTBEHHUKAMU
TPHTaJIOMETaHa, B 3HAYMTEIILHOM CTETICHH YIAJISIOTCS
MeMmOpanamu obpatHoro ocmoca. Clair ¢ cotp. [7]
OOHapyXWIIKH TpeBocxoaHoe yraneHue (> 95%)
PacTBOPEHHOI0 OPraHMYECKOT0 YIIIepo/ia U3 PUPOI-
HBIX BOJ C momoribio memopan FT30. Sorg u ap. [8]
MOKa3aJiv, YTO CUCTEMa 0OPATHOTO 0OCMOCa MOXKET
3} (HEKTUBHO YIATATh U3 3arPSI3HEHHON BOIBI PAJIHIA.
Taylor u ap. [9] oOHapyxuin, 4TO MEeMOpaHbI 00-
paTHOro oOcMoca MOTYT OBITh HCIOJIB30BAaHBI
it ynaeHuss 96% pacTBOPEHHOTO OPraHU4ECKOro
yriepoaa, 97% ugera, 97% noteHumana obpazoa-
HUsl TpuragometaHa u 96% oOmieil >KecTKOCTH.
Tan L. u Sudak R. [10] uccienoBanu pa3Hbie THITBI
MeMOpaH 00paTHOrO ocMoca W OOHAPYKHUJIH, YTO
BCE OHHM CHOCOOHBI NMPUEMJIEMO YIAJISATh LIBET M3
MO/3EMHBIX BOJ JIaK€ B TCUCHHE [UINTEIBHOTO
HepHo/Ia SKCILTyaTaIHH.

C apyroii CTOpOHBI, JIEKTPOIUATIN3 OTIPEIe-
JSIeTCST KaK IMpoIecC MEMOPAaHHOTO pasJesIeHUs,
KOTOPBIH HCIOJIb3yeT Pa3HOCTh 3JICKTPUUICCKUX
TIOTCHIMAJIOB B KAYeCTBE JBYIKYILIECH CHIIBI JUIA Tie-
peHoca MOHOB U3 PA3TMYHBIX PACTBOPOB C IIOMOIIBIO
NOJIYTIpOHHIIaeMbIX MeMOpaH. Kpome Toro, 3iek-
TPOJIMAIH3 — 3TO AIEKTPOXUMHUUECKHH IpoIecc,
NPOTEKAOUIMN MPU HOPMAIBHOM aTMOC(hHEepHOM
naBieHnd. B ommane ot cucteM 00paTHOTO ocMoca,
Opu dJEeKTpoauain3e TpeOyeTcs TOJNBKO Hacoc
HHU3KOT'O JaBJICHUS JUIS IUPKYJISINH.
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B pa6ote Audinos [11] paccMoTpeno yaane-
HUEC MOHOB IIMHKA W3 TaJbBaHUYECKUX CTOYHBIX
BOJA C IIOMOIIBIO DJIEKTPOAHAIn3a. Scarazzato
u 11p. [12] UCIBITHIBAINA TEXHOIOTHIO DIIEKTPOIHA-
nau3a st 00pabOTKM MOJETBHBIX CTOYHBIX BOJ
W3 BaHHBI MEeTHEHUS Oe3 ruanumaoB. Lu u ap. [13]
HCTIONB30BAI JIBYXCTYIIEHUATYIO CHCTEMY JIEKTPO-
JCUOHU3AIWY JUTSl U3BJICUCHUST U3 T'aIbBAaHUYECKUX
crounbix Box Ni’+ m Bomel. ABTOPHI JOOHIUCEH
94% ynaneHus MOHOB HUKENS Ha IIEPBOW CTaIHH
u 96,7% Ha BTOpOIi cTaguu, uto cocTaBisieT 99,8%
uspneuenus Ni%*. Kpome Toro, Tran u ap. [14],
OLICHWJIM KOMOMHHUPOBAHHYIO CHCTEMY, KOTOpas
COYETAaeT KPUCTAIUTU3AIMIO M DIICKTPOIUATN3
Ha OMMONAPHBIX MeMOpaHax, oHa ObUIa co3JaHa
oI yaaJl€HUusA HWOHOB KajlbLWA W HUKEJIA B IIPO-
1ecce HUKSITUPOBAHUS.

Psn uccnenoBateneil yka3plBatOT Ha TO, YTO
O/1 sBisieTcst OMHOM U3 HanOoJee MePCIIeKTHBHBIX
TEXHOJIOTHH 00pabOTKH KOHIICHTPUPOBAHHOTO
pactBopos mociae OO [1, 15]. Onnako momoOHBIX
WCCIICIOBAHUN  HEJIOCTATOYHO, W HEOOXOJIUMO
JanbHeilllee U3ydyeHue NeTaneil aToro mpouecca
C YYETOM IOJHOTO TIOHUMAHUSI BIUSIHHS SKCILTyaTa-
IMOHHBIX MAapaMETPOB U TPAHCIIOPTa HEOpraHhde-
CKUX M OPraHUYECKHX COCIAMHEHHI Yepe3 MeMOPaHBI.
Kpome Toro, obpazoBanue ocajka Ha MeMOpaHax
W MX 3arpsS3HCHHE OCTAIOTCS TMOTEHIHMATbHBIMH
MPENSTCTBHAMU B 5TOM Tiporiecce. Jlanee paccMoTpum
1eJIeCO00Pa3HOCTh JJIEKTPOIUATIM3HOTO pa3jese-
HUS, KOHIEHTPUPOBaHHOTO pacTBope mocie OO
ISl yMEHbIIICHUsT 00beMa cOpoca COJICHO# BOJIbI
W COBEPIICHCTBOBAHUSI OOIICH pereHepaluy BOIbI
C IIEJIBI0 MONYYCHUST OOOPOTHOM BOJBI IS TPO-
MBIIIJICHHBIX HYXKI.

Oo0patHbIii ocMoc

ITpouieccel MEMOPAaHHOTO pa3ieNeHust — OTHN
13 HanOoJiee BaXKHBIX CPeIy MPOMBIIUICHHBIX TPO-
LIECCOB pa3eNieHus. BriepBbie B MPOMBIIIICHHOCTH
MeMOpaHHBIE TIPOIIECCHI MOJT JABJICHUEM OBLITH UC-
nonb3oBaHbl B 1960-X romax mpH  ONpecHEHWH
BOJIbI 0OpaTHBIM ocMocoM [16]. YcranoBku oOpat-
HOTO OCMOCa YacTO NMPUMEHSIOT Ha XUMHYECKUX
3aBOJIaX W MAlIMHOCTPOUTEIBHBIX MPEINPHUSITUSX.
B Hacrosiiee Bpems 3TOT MeMOpaHHBIN mpolecce
HaXOJIUT UIMPOKOE NMPUMEHEHUE NP ONPECHEHUH
MOPCKOW | CIaOOMHHEPAIN30BAHHOW BOJIbI, MPU
OYHMCTKE OBITOBBIX U IMPOMBIIUIEHHBIX CTOYHBIX
BOJI, IPH KOHLEHTPUPOBAHUH MHILIECBBIX MPOIYK-
TOB, IIPOM3BOJCTBE CBEPXYHCTONH BOIBI JUIS
HOJYTIPOBOJHUKOBOH TPOMBIIUICHHOCTH, W TIPH
BOCCTaHOBJICHUH BKHBIX MATEPHUAJIOB B XUMHYECKON
U He(YTEeXMMHUUYECKOH MpOMBIIUICHHOCTH [17].
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Kpome Toro, oOpaTHbIii OCMOC TOJIy4YHJ TOBCE-
MECTHOEe MpU3HAHHE KaK B OYMCTKE BOJBI, TaK
U B ee onpecHenuu [18].

OO0paTHbIi 0CMOC — TO YIPaBISEMBIN TaBIIe-
HHEM MEMOpPaHHBII TPOLIECC pa3leseHus], KOTOPBII
[IMPOKO MPUMEHSIOTCSA B MPOMBIILIeHHoCTH [19].
MemOpaHbl O0OpaTHOTO OCMOCAa MOTYT OBITh
HCTIONIB30BAHbl  JUISI 00ECCONMBAHUS U yIAJICHUS
PacTBOPEHHBIX OPraHMYECKUX BEIIECTB MPH OJIHO-
BPEMEHHOM CHIDKCHHH OOIIET0 OpPTraHn4ecKoro
yriiepo/ia, XUMUYECKOT0 TIOTPEOICHHsT KUCIOpOoia
(XTIK) u 6HOJIOrM4ecKOoro MOTPEOIEHHs KHCIIO-
pona (BIIK) [16]. Kpome Toro, o6paTHbIH 0cMOC —
MHTEPECHBIH MpOLEeCcC, MOCKOIBKY OH IPOCT, MO-
KeT OBITh MCIOJb30BAH ISl PELICHHS ITHPOKOTO
CIIEKTpa 33/1a4, SKOHOMUYECKH KOHKYPEHTOCTIOCOOCH
1 He Hy)KaaeTcs B m3MmeneHusx ¢assr [20]. OmHako
B IPIMEHEHHH OOPAaTHOrO OCMOCa CYIIECTBYIOT
Y HEKOTOpbIe HepocTaTku. OIMH U3 HUX — HE00XO0-
JUMOCTh OYHCTKU KOHIIEHTPHPOBAHHBIX CTOYHBIX
BOJI M3-32 MX BBICOKOH COJICHOCTH. TpaauimoHHO
KOHIIEHTpaT OOpaTHOTO oOcMoca cOpachIBaeTCs
B MIPUPOJIHBIA BOjioeM (c pasbaBieHreM wiu Oe3
pa30aBiieHNs], B 3aBUCHMOCTH OT MECTHBIX TIPABUII
cOpoca, uToObl H30€XaTh JeTpagalidl BOIHOTO
o0ObekTa) WM BbIIapuBaeTcs. IlepBblii  crmocod
HE SIBJISICTCS. DKOJIOTHYECKH YHUCTBIM, a BTOPOM
npoliecc BecbMa 3aTpaTeH (KOTaa Uil BbITApUBaHHs
UCTIONIb3YETCS TPAAUIIMOHHBIA UCTOUHHK YHEPTHH,
NOTCHIIMAIBHO eIle MEHEe HKOJOTUYECKH YH-
ctoiit) [17]. TloaToMy [uist perieHus 3THX npodiem
HEO00XO0JMMO KOMOWHHPOBaThH OOpaTHBI 0OCMOC
C IPYTHUMH TE€XHOJIOTHSIMHU.

B ommune ot MemOpaH i MUKpO(UIBTpa-
IIMA U yIbTpadrIbTpanun MeMOpaHbI s 0OpaTHOro
ocMoca — 3TO MeMOpaHbI, KOTOPbIE MMEIOT Tope
C HaMMEHBIIUM pPa3MepoM. DTO MPOIIECC, YIPaBIIs-
embriit gainernem (ot 20 mo 80 MIla), yaansier u3
pPacTBOPOB MeNbyalIie 3arpsi3HEHHUsT U OJTHOBa-
nentHeie woHbl (<350 [la) [21]. Beuto mokasaHo,
YTO ITa TEXHOJIOTHS yI00HA U MOXKET 00ECIICUHTh
BBICOKYO 3()(EKTUBHOCTD Y/IAJICHUS IPH OYHCTKE
HIMPOKOTO CHEKTPa CTOYHBIX BOJ, XOTS W MMEET
OYEeHb CTpPOTHME TPeOOBAHUS K MOCTYHAOIICH
Ha OYMCTKY BOJE B OTHOLICHWH KOHLECHTPAIMU
B3BCIIICHHBIX BEIIECTB, BOJOKOH M MAaCIISTHHUCTBIX
KOMITOHEHTOB [22, 23]. MemOpaHbl, HCHONB3Ye-
MbI€ B yCTAHOBKE OOpAaTHOrO OCMOCA, TO3BOJISIIOT
yIep)KUBaTh OPraHUYECKHE COCAMHECHUSI U HOHBI.
KpymnHble KOMIOHEHTBI OYyIyT YAepKHBaThCs,
HO MX YIQISIOT BO BpeMsl TPEIBAPUTEIILHON 00pa-
OOTKH, TIOCKOJIBKY OHH MOTYT CEpPbE3HO 3arpsi3HUThH
YCTpPOHCTBO 0OpaTHOrO ocMoca [24]. B Tabmure 1
NPUBECHBI IPEUMYILECTBA ¥ HEIOCTATKH IIUPOKO
UCIIONIb3YEMbIX TPAJUIIMOHHBIX METOJOB IIpeIBa-
PUTETHHOU 00pabOTKH ¢ TIpeaiaracMbIMUA YCOBEP-
HICHCTBOBaHHUAMM [3].
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TaOnuua 1.
OOmIenpUHSATEIE METOIBI IPEIBAPUTEITLHOM 00PaOOTKH BO JIJIsl OOPaTHOTO OCMOCA, UX MPEUMYILIECTBA, HEMOCTATKH U MpeiaracMble YCOBEPIICHCTBOBAHUS [3]
Table 1.
Common conventional reverse osmosis pretreatment techniques and their advantages, disadvantages and suggested improvements [3]
Meton IIpenmymiecTa Henocratku IIpennaraemplie yCOBEpILICHCTBOBAHHS
Technique Advantages Disadvantages Suggested improvements

Koarymsiuus/
hroxkymnsus
Coagulation/
flocculation

3HAYUTETHHO YAAISIET KOJJIOUAHbIE U TBEpbIe
YacCTUILIBI.
KonTponupyert opranndeckoe, KOJIOUIHOE U
O6roobpacranue.
Significantly enhances the removal of colloidal and
particulate matters.
Controls organic, colloidal and biofouling.

HepenosHpOBKa KOaryJistHTOB U (bIIOKyII}IHTOB MOXXET OKa3aThb
BpEIHOE BO3JEHCTBIE HA MEMOPAHBI.
KaHHepOFeHHLIﬁ IIOTEHIKA]I MOHOMEPOB, UCIIOJIb3YEMbIX IJIsA
CHUHTE3a CUHTCTHUCCKUX OPraHuYCeCKUX KOaryJsiHTOB.

He >¢dexrrBer B MHrHOMPOBaHMH OPraHUYECKOro 00pacTaHusl.
Overdosing of the coagulants and flocculants can cause
detrimental effects on the membranes.
Carcinogenic potential of the monomers used for the synthesis of
synthetic organic coagulants.

Not effective in inhibiting organic scaling.

Hcnonbp30BaHUE YKOJIOTHYECKH YUCTHIX TIPUPOAHBIX
KOAryJISIHTOB JUIsl CHIKEHHSI BPEIHOTO BO3AECUCTBUS
CHHTETUYECKHUX MOJIMMEPOB Ha OKPYKAIOLLYIO Cpeny.
YCOBepLLleHCTBOBaHI/Ie ABTOMAaTHU3UPOBAHHOI'O MOACINPOBAHUA
Y BHEJPEHHUE MEPETOBBIX TECTOB ISl OBICTPOTrO
MIPOrHO3UPOBAHUS U3MEHEHHH MOCTYMAIOMIe MOPCKON BOJIBL.
Use of environmentally friendly, natural coagulants to reduce
the detrimental ecological impact of synthetic polymers.
Improvements in automated modelling and incorporation of
advanced tests for a prompt prediction in fluctuations of
incoming seawater.

XnopupoBaHue
Chlorination

DddexTrBHOE NE3MHPUIMPYIOIIEE CPEACTBO JUIS
YHUYTOXKCHUS MUKPOOPIraHU3MOB U JAPYTrUux
GakTepuil.

OcabisieT HenpUsTHBIN 3amax.
Effective disinfectant for destructing
microorganisms and other bacteria.
Reduces odor.

Db beKTUBHOCTD XJI0pa B IE3aKTUBALIUY IPOCTEHIINX U
OHOCIIOP HEBCJIUKA.
TNonuamuHpie MeMOpaHbI 0OPATHOTO OCMOCA YYBCTBUTEIBHBI K
BO3/ICMCTBUIO XJIOPA.
TIpumMeneH#e XIOpUPOBAHHSI COMPOBOKAAETCS 00pa30BaHUEM
KaHIEPOr€HHBIX TUOYTHI(TATATOB.
The effectiveness of chlorine in deactivating protozoa and
endospores is poor.
Polyamide reverse osmosis membranes susceptible to attack by
chlorine.
The use of chlorination is accompanied by the formation of
carcinogenic dibutyl phthalates.

Hcnonp3oBanue ANOKCH/IA XJIOpa BMECTO CBOOOIHOrO XJIOpa
IUTSL CHIOKEHHSI A0y T TanaToB.
Pa3paboTka HOBBIX YCTOMYMBBIX K XJIOPY MEMOpaH 00paTHOro
ocMmoca.
Use of chlorine dioxide instead of free chlorine to decrease the
dibutyl phthalates.
New developments are necessary for chlorine resistant reverse
osmosis membranes.

DunbTpanus
Filtration

CriocoGHOCT (GUIBTPOBATH BOAY C BBICOKOM
MYTHOCTBIO M B3BCIICHHBIMU TBEPABIMHA
BEIIIECTBAMM.

CDI/IJ'ILTpaI_[I/IH Ha MHOTOCJIOMHBIX JUDJICKTPUYICCKUX
TOHKOIUIEHOYHBIX (PUIbTpax obecrneynBaeT
JITTATENBHBIA IEPUOJT M BRICOKYIO CKOPOCTh
(bunbTpanum.

Hamnopasie GuabTpsl 1 HEOONBIIMX YCTAHOBOK
06paTHOFO OoCcMoOcCa MOpCKOﬁ BOJBI 3aHUMAKOT MaJIo
MeECTa, JICTKH 1 6I>ICTpLI B YCTaHOBKC.
Ability to filter water with high turbidity and
suspended solids.

Filtration on multilayer dielectric thin film filters
provides a long period and high filtration rate.
Pressure filters for small seawater reverse 0smosis
plants take up little space, are easy and quick to install.

UyBCcTBUTENbHA K N3MEHEHHSIM MOCTYIAIOMICH BOJIBL.
MHaeke IIOTHOCTH B3BEIIEHHBIX YaCTUL] B €AUHHULIE 00BEMA
BOJBI MOXET BApbUPOBATHCA HAa HECKOJIBKO €AMHHUL] BO BpEMS

[[BETEHHSI BOJOPOCICH U 3arpsi3HEHUsI HEPTHIO.

He s¢dexrrBHa my1st HHTMOMPOBAHISI OPrAHHYIECKOrO ¥ GHOOOpaCTAHMSL.
OunprpoBanHas aumetmwihopmamus (JIM®D) Mmopckas Boaa
MOJKET UMETh BBICOKHI TIOTEHIUAJI 3arpA3HECHUA IJIA
KapTPHUKHBIX (UIBTPOB, KOTOPBIC MOTYT HYXKIATHCS B 3aMCHE
Kaxkaple 2—8 Henens.
HeontummsupoBanssiii JIM® MoxeT NIpUBECTH K YacTOH
XUMHYECKOH OUMCTKE MCM6paH 06paTHOI‘O OoCMoOcCa.
Sensitive to feed water changes.

The density index of suspended solids per unit volume of water can
vary by several units during algal blooms and oil contamination.
Not effective for inhibiting organic and biofouling.
Dimethylformamide (DMF) filtered seawater may have high
fouling potential for cartridge filters which might need
replacement every 2—-8 weeks.

Non-optimized DMF may lead to frequent chemical cleaning of
reverse 0smosis membranes.

Onrumusanus aumerwidopmamun (M), kotopast Ho3BossieT
CHHU3HUTD SKCIUTYaTaUMOHHBIC U DOHEPIr€TUYCCKUE 3aTPaThl U
YBEJIMUUTB CPOK CIIYKObI KApTPHIPKHOTO (HIIBTpA.

Just IM® nomkHBL OBITH YCTaHOBJICHBI HAJJIC)KAIIE
KOHCTPYKTHUBHBIC U DKCIITyaTallHUOHHBIC TapaMETPhbI B
OTHOIIICHHY OPTraHUYECKOT0 U OM000OpacTaHus.
Optimization of dimethylformamide (DMF) which can reduce
operational and energy costs and increase the cartridge filter
lifetime.

A proper design and operational parameters should be
established for DMF in relation to organic and biofouling.
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He BbI3BIBaET HpO6J’ICM CO BKYCOM HJIM 3aI1aXxOM.
Does not cause taste or odor problems.

O30HUpOBaHNE
Ozonation

O0pazoBanue OpomaTa, U3BECTHOI'O KaHILIEPOTreHa, B BOJIAX,
coziepKaIiux Opomu/I.
JI0JKHO BBITIOJHATBHCS HA MECTE M3-3a MPOOJIEM C XPaHEHUEM.
TpyaHO KOHTPOJIUPOBATE.
Formation of bromate, a known carcinogen, in waters containing
bromide.
Needs to be produced on-site due to its storage problems.
Difficult to monitor.

OGH.II/IpHLIe HUCCJIEAOBAHUS B obnactu TNIepeaOBbIX METOA0OB
030HHPOBAHMS, TAKUX KaK JJIEKTPOIIEPOKCOH, U BHIOOP
KaTOAHBIX MaT€pUajoB Il MAKCUMaJIbHOI'O yaaJICHUS

OPTraHUYECKOro yIrjiepoja.
Extensive research in the areas of advanced ozonation methods
such as electro-peroxone and
their selection of cathode materials to maximize organic carbon
removal.

CB0OOAHBIE XUMUYECKHUE TEXHOIOTHH.
B03MOXXHOCTE MCITOJIE30BaHUS B BEICOKO
JAUCIICPCHBIX TBEPABIX pacTBOpax.
Free-chemical technique.

Ability to be used with high suspended solid
solutions.

VabTpa3Byk
Ultrasound

BrIcokast CTOMMOCTB.
TpeGOBaHI/ISI K OXJIAKACHUIO.
High cost.

Cooling requirements.

CoueraHue ylbTpa3ByKa C JPYTHMH METOIaMH MO3BOJISIET
IIOBBICUTH 3(1)(1)8KTI/IBHOCTL TEXHOJIOTHYECKOr'o mpouecca u
CHHU3UTDH SHEPro3aTpaThbl.

Combination of ultrasound with other techniques to increase
process efficiency and lowering energy demands.

Db dexTrBeH npu 1e3aKTUBALMHN CIIOP.
Huskas croumMocTs.

Jlerko peanu3oBatsb.
Effective in deactivating spores.
Low cost.

Easy to implement.

HU3IIy4YeHue
Ultraviolet light
radiation

VYnerpaduoneroroe

SIBnsercs MYTarcHoM.
Cnaboe paccesiHue CBETa B BOJIC.

Paspymae'r KpYHNHBIC OPTaHUYECKUE MOJICKYJIbI 10 OPraHuYeCKUuX
KHUCJIOT C ITOCJICAYIOIIUM 06pa30BaHI/ICM OHOIICHKH.
Mutagenic activity.

Low performance in light scattering water.

Breaks down large natural organic matter into organic acids for
subsequent biofilm formation.

UyBCTBUTEIBHOCTH MUKPOOPTaHM3MOB K yabTpaduoery
TpebyeT 0co00ro BHUMAHUSL.

Coueranue Y @-u3nyyeHus ¢ ApyruMHU TPaJULUOHHBIMHU JUIS
00paTHOTO 0OCMOCa METOJaMU TPeOyeT MPOBEACHHS
JOIIOJTHUTCIIBbHBIX TCXHUKO-3KOHOMHYCCKHUX 000CHOBAHUI.
The sensitivity of microorganisms to ultraviolet light requires
special attention.

Combining UV radiation with other conventional RO methods
requires additional feasibility studies.

Tabnuua 2.

[poMbIiIeHHOE IPUMEHEHHE TPAAUIMOHHOrO deKTpoauanu3a [31]

Industrial applications of conventional electrodialysis [31]

Table 2.

IIpoMenieHHOE PIMEHEHNE YCTpoicTBO KamMephbl U TEXHOJIOTMYECKHUI MPOIIECe Craryc npuMeHeHust OrpaHuyeHus Kirouesbie npOiemsl
Industrial applications Stack and process design Status of application limitations Key problems
o KonrenTparwst mogaBaemoit
OrnpecHeHue c1a00MUHEPaIN30BaHHOM BOIBI LLO;E I;ITI/IH HgHOB
Brackish water desalination TInéHo4HOe TeueHune, CII0KHOE YCTPOUCTBO KaMepHI, Concentration of feed and ions CromMocTs
o0paTHast MOJSIPHOCTh
TTOATOTOBKA BOIIBI TSl KOTIIOB Sheet flow, tortuous path stack, reverse polarity Kg\gr%’:fccigfe Iﬁggfg&gﬁggﬁggf Cost
Boiler feedwater production Product water quality and costs
O4YHCTKA CTOYHBIX U TEXHOJIOIMYECKUX BOI ArmapaT C IJICHOYHBIM PEKUMOM TCUCHUS, OZIHOHaHpaBHeHHBIﬁ CaoiicTBa MeM6paH OGpacmHHe MeM6paH
Waste and process water treatment Sheet flow stack, unidirectional Membrane properties Membrane fouling
N CenextuBHOCTH MeMOpaH 11 | OOpacranue MeMOpaH,
AnnapaT C INICHOYHBIM PEKUMOM TCUYCHUS HJIH CII0’KHOC YCTPOUCTBO KOMMCp'—ICCKOG
HeMHHepaJ'H/BaHHﬂ THIIEBBIX NIPOTYKTOB KaMEpBI OHHOHaHpaBHCHHBIﬁ (I/ICHI)ITaTe.]'II)HHﬁ HepI/IO,H) CTOUMOCTBH TI0TEPS NNPOAYKTa
Demineralization of fi I , A - - - Membrane selectivity an Membrane foulin
emineralization of food products Sheet flow or tortuous path stack, unidirectional Commercial (trial period) embra eczta;tesct ty and € prtc))czij‘uti Igszs g
ITpousBoxacTB .
HOBI;(I));IH%JE:CO?M Ammapar ¢ INICHOYHBIM PEKIMOM TEUCHHS, OJHOHATIPABIICHHBII Kommepueckoe CronmocTsb O6pacranue MeMOpaH
- heet flow stack, unidirectional mmercial Membrane foulin:
Table salt production Sheet flow stack, unidirectional Commercia Cost embrane fouling
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BoJbIIMHCTBO KOMMEPYECKNX KOMIIO3UTHBIX
MeMOpaH OOpaTHOTO OcMoca CO3IaHbl Ha OCHOBE
MOJIMAMUAA, B TO BPEMsl KaK BO3MOXKHO NPHMEHE-
HHE U JPYTUX KOMIIO3UTHBIX MeMOpaH (Harpumep,
CyIb(pUPOBaHHBIA TOIUCYITB(OH) [25]. 3apsnkeHHbIC
MOJIMMEPHbIE MEMOpaHbl HMIPAIOT Ba)KHYIO POJb
B Pa3lIeJIEHUH KUAKOCTEH, OUUCTKE BOJBI, PEKyIIe-
panuMu OTXOJOB, OYHUCTKE IMPOMBIIIJICHHBIX MpPO-
IOYKTOB, IIPOM3BOACTBE BO30OHOBIISIEMOI SHEPrun
u coxpaHenun 3Hepruu [26]. Kpome Toro, ToHKO-
IUIGHOYHBIE KOMIIO3UTHBIE MEMOpaHbl 00paTHOTO
O0CMOCa Ha OCHOBE apOMaTH4ECKUX IOJUAMUAOB
LIMPOKO HCIIOJIB3YIOTCA B 00JAaCTH ONPECHEHMS
MOPCKOH BOJIbI U OYMCTKU CTOYHBIX BOJ Ojaronaps
UX OTHOCHUTEIFHO XOPOIIeH XMMUYECKOH CTa0ITh-
HOCTH 1 BBICOKOH CIIOCOOHOCTH yIANATh IPUMECH
W3 BOZABI TAKUE NPUMECH, KaK COJIM M PACTBOPEHHbIC
OpraHuvecKue coeauneHus [27].

JJ1eKTpOaANAIN3

OJEeKTPOANaIN3 — 3TO MPOLECC HIEKTPOXH-
MHYECKOr0 pa3AejCHusl, B KOTOPOM 3apsDKECHHBIC
MeMOpaHbl MPUMEHSIOTCS IS OTJENICHHST MOHOB
13 CMEIIaHHOTO BOAHOT'O PacTBOPa MO/ IeHCTBUEM
Pa3HOCTH SMEKTPHIECKUX MOTEHIMANOB. OH MOTyuHII
LIMPOKOE NPUMEHEHUE HE TOJIBKO MPH ONPECHEHUH
MPUPOAHBIX BOJ, OIIPECHEHUH COJIEBBIX PACTBOPOB
Y TIPOW3BOZICTBE TIOBAPEHHOW COJHM, HO M TP pa3fe-
JIEHNUH OPraHIMYECKHX KUCIIOT M MX COJIEH B Iporieccax
Ouopasnenenus [2]. DIeKTpoaraIi3 UMEET s rpe-
HMYILECTB, TAKUX KaK BBICOKAs CTEHEHb U3BJICUCHHS
BOZBI U BBICOKHIT K03(durmeHT onpecHenus. Kpome
TOTO, €ro NPUMEHEHHE B IIPOMBINIICHHBIX Mac-
mrabdax ObUIO OrPaHUYEHO HM3-32 OrPAaHHYCHHOTO
BBIOOpa MOHOOOMEHHBIX MEMOpaH, 4TO MPUBOTUT
K BBICOKOMY 3HEPronoTpeOyieHHI0. DTO CBS3aHO
CTeM, YTO HCIIOJb3yeMble BHauajle MOHOOOMEHHBIC
MeMOpaHbI ObLIH T€TEPOreHHBIMH, 00J1a1al0IUMU
BBICOKHM TUTOIIAAHBIM COTTPOTUBIICHUEM U TUIOXOH
MEPM-CEJIEKTUBHOCTHI0. OH HE SIBJIAETCSA SKOHOMU-
YECKH KOHKYPEHTOCIIOCOOHBIM IO CPaBHEHHIO
C IpYTUMH TEXHOJIOTUSIMU OIPECHEHMS, TaKUMHU
Kak 00paTHBIH 0CMOC, MHOTOCTYIICHYATHIH METOJ
MI'HOBEHHOTO BCKHUITAHHS M METOJ MHOTOCTYTIeHYa-
Toro ucnapenus. OHAKO ¢ pa3BUTHEM T'OMOTCHHBIX
MeMOpaH yKa3aHHbIE BBIIE HEJOCTATKH B OOJBIICH
CTENeHHU ObUTH ycTpaHeHsI [1].

Bornee Toro, MHOrME Hcce0BaTEN! COOOLIAIOT,
yro D3]] sBNsieTcst 0JIHOM U3 HaUOoee IIEPCIIEKTHBHBIX
TEXHOJIOTHH  00pabOTKM  KOHLEHTPHUPOBAHHBIX
pactBopoB [28]. Tak, B XUMHUYECKOH H MHIIEBOU
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NPOMBIIIICHHOCTH  AJICKTPOAMAIN3  HCIIOJIB30-
BAJICS U151 KOHIICHTPUPOBAHHS PACTBOPOB C LIENBIO
M3BJICUCHUS IICHHBIX COJIEH WM PACCONBHBIX IIPO-
JYKTOB H TOJTyYEHHsI XUMHYIECKUX MPOLYKTOB [29].
B OCHOBHOM 3IIEKTPOAMAIN3 HMCHONB3YeTCS ISt
ONPECHEHMs COJICBBIX PACTBOPOB, TaKHX Kak
cnaboMuHepanm3oBaHHas Boga. Ho Bce Ooubiree
3HA4YEHHE PHOOPETAOT ¥ IPYTHe 00IacTH ITpUMEHe-
HUS, TaKWe KaK OYMCTKA HMPOMBIIUICHHBIX CTOYHBIX
BOJI, ICMUHEPAIN3AIMsl MOJIOYHOH CHIBOPOTKH U
o0e3BokuBanue GpykToBbIX cOKOB [30].

HexoTopbie 13 HanboI1ee BayKHBIX MPOMBIIIIICH-
HBIX TPUMEHEHNH TPaJWIHOHHOTO 3JIEKTPOIHAIIN3a,
a TaKKe KOHCTPYKIIUSI KAMEPhI U CXeMa TeXHOJIOTHYe-
CKOT'0 Ipoliecca, a TAKKE OCHOBHBIC OrpaHUYCHHUS
nepeurciieHb B Tabnuie 2[31].

Kpome Toro, mpoeKTHpoBaHKeE U SKCILTyaTaIs
TpoIIecca EKTPOIHaIn3a OCHOBAHbI HA KOMITICKCE
(PMKCHPOBAHHBIX U IEPEMEHHBIX TAPAMETPOB, TAKHX
KaK YCTPOMCTBO KaMepbl, KOHIIEHTPALUS CHIPBS U
HPOJIYKTa, CBOKCTBA MeMOpaH, CKOPOCTh IIOTOKA, ILIOT-
HOCTb TOKa, CKOPOCTb BOCCTAHOBJICHUSI 1 T. 1. [32].

DJNeKTpOaNaNn3aTop  BKIIOYAET B ceOs
MOHOOOMEHHBIE MeMOpaHbl (KaTHOH- ¥ aHHOHOO-
MEHHbIC), MPOKJIAJKU U Mapy SJIEKTPOAOB (aHO[
¥ Katoy). MeMOpaHbl ¥ IPOKJIaJIKK PACIIOIararoTes
MEXIy JIBYyMs dNeKTpoaMu. J{iist pasneneHuns moTo-
KOB KOHIICHTPATAa U pa30aBIEHHOTO PacTBOPA MY
MeMOpaHaMH YCTaHaBJIMBAIOT IIACTHKOBBIE Cerapa-
Topbl. [IpuHIMINMaNbHAs cXeMa YCTpOMCTBa JJIeK-
TpOJMATH3aTOpa MpUBeAeHa Ha pucyHke 2 [33].
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PucyHok 2. YcTpoiicTBO 3JIeKTpoinan3aropa
Figure 2.. ED cell setup

HpOGKTHpOBaHl/le CHUCTEMBI

Ha Omnok-cxemax B Tabmuie 3 TpHUBEIEHBI
HEKOTOPbIE aCIEeKThl IPOSKTHPOBAHUS MPOIECCOB
00paTHOro ocMoca/ JIEKTPOAHATIN3a. ITH CXEMBI
WICHTHYHBI JIJIsI TPOMBIIICHHBIX | JIA00paTOp-
HBIX TIPOIIECCOB.



Dxybapu M.K, u op. Becmuux BTYHIIL, 2020, IIT. 82, Ne. 4, C. 227-235

post@uestnik-vsuet.ru

Taonuna 3.

HpI/IHHI/IHI/IaIIBHLIC CXEMbI YCTAHOBOK, COUYCTAIOIIUX ITPOLECCHI O6paTHOFO OCMOCa U JJICKTpOaAraInN3a

Table 3.

Schematic diagram of the installation of RO / ED processes

brok-cxema

Cchlka

Mopckast Boga
Seawater

epyeat |
ermite | S— |
/
(—[_.
IIirraronminit
pesepeyap
Feed tank

O@dpaTHBIil 0cMOC
~ 200 PSI
Reverse osmosis
200 PSI

" Konuenrtpar
~_ —= Concentrate

[34]

DaexTpoanamns
100 map siueex
Electrodialysis
100 cell pairs

iR

Pesepeyap
ans cbopa
¢uaeTpaTa
(mepmeara)
Permeate

collection
tank

Pesepsyap ¢
odpadaTeiBae
MBIM

pacTBOpoM

Sample
processing
tank

s

Pesepsyap
ans
pacmpeeeHns
KOHIEHTpaTa

[35]

IpexBabuTebHas Iorpyaernas
0TOpaKoBKa

Prescreening Submerged

Bxoa cToYHBIX BOO

3 obpadoTk:
Waste water inlet

Biological treatment

A’{ i

>

Osonuposanie
Ozonation

Buoaormyeckas Y 1ETPAdEALTpammS

ultrafiltration

| ®uabTp GesonacHocTH
Safety filter

DIeKTpoaHATIE
Electrodialysis

JByXCTYneHYaThlil
obpatHbiii ocyoc lepmear OO aan
Two-stage EILTPANHE
Reverse ozmosis RO Permeate

for infiltration
- > -

Konuerntpar 00
RO Cl::ll):entrate

(1

Cyecureas
Mixing vessel

)

S

KonuesTpar B KaHaa ‘

Concentrate to canal Pd

A

CxeMa npouecca BOCCTAHOB.JIEHHS KoHIeHTpaTa OO0
Proposed process for RO concentrate recovery

B nccnenoanmu Vetter ¢ cotp. [34] nokazana
0azoBast TexHoJNormueckast cxema rnporecca OO/,
Ota Onok-cxemMa MACHTHYHA ISl pealbHBIX | J1a00-
paTopHbIX ycioBuid. CHcTeMa MPUCOCTUHSICTCS
K pe3epByapy ¢ MOpckod Bogoi. OHa BKIIOYAET
B ce0sl KaK MPOIIECCH TIEKTPOINATH3a, TaK H MPO-
neccel obparHoro ocmoca. [Ipu 3ToM cHauana
JUISL aHAJIA3a OTOMpPAICh 00pas3ilbl CBEXEH MOp-
CKOW BOJIBI. 3aTeM MOpCKas BoJia NepeKavynBaiach
B pe3epByapbl. OfHaKO BO BpeMsi NEpPEKadyKH W3
pe3epByapoOB-HAKONHTENEH B pe3epByap CHUCTEMBI
OO/3]] MopcKkylo BoAy MpenBapuTesIbHO 00pada-
THIBAJIM Yepe3 MOJUIPONMICHOBbIE (QUIIBTPHI IS
yIaleHus] TBEPAbIX YacTUIl. YENbHAs JIEKTPOIpO-
BOAHOCTb M3MEPSLIACh HEMOCPEICTBEHHO € MOMOLIBIO
MOPTATUBHBIX TEPMOKOMIICHCHPOBAHHBIX KOHIYKTO-
MeTpoB. TOK ¥ HamlpshKeHWE, MPUIIOKEHHBIE K 2JIeK-
TPOANAIN3ATOPY, COOTBETCTBOBAIM IPUMEHSEMBIM
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WCTOUHMKaM muTanus. Kpome Toro, pacxom Bombl
OIpeeNsyICsS BOIFOMOMETPHUYECKH.

Gurtler ¢ cotp. [35] onmcanu 6a30ByI0 TEXHO-
JIOTUUECKYI0 cxeMy cBszaHHOH cuctembl OO/O]1.
Bruto mokazaHo, 4To MOpCKasi Bojia MOKET OBbITh
nepepaboTana B pe3epByape, KOTOPBIH COETWHEH
Yepe3 3aropHbIe KIIAaHbl ¢ HACOCAMH, TTOJAI0IIMH
Bony kak Bcucremy OO, Tak uBcuctemy O/l
3aropHble KIAMaHbl PETYJIUPYIOT MOJAady BOJIBL.
Bo Bpemst HauasbHOM (a3l DJ1 00pasel] UPKYIUPo-
BaJI TOJNBKO BcHcTeMe D)1 wau B 00eMX CHCTEMax.
Bospems OO/3]] daser obpasen IHpKyIHpOBaT
B 00eux cuctemax — OO u D/1. Bo Bpems 3akmoun-
TeapHON (a3er D]] oOpa3zer MUPKYIUPOBAT TOIBKO
B cucreme OJI. Kpome Toro, Bo Bpems a3bl
O0/3]1 cuctema OO HaxoAMIIaCh IO/ TaBICHUEM
JUIsL  yJaJIeHUsT BOJBI, KOTOpas IOjaBaliach
B COOpHBIN pe3epByap mis ¢puibrpara. OunbTpar
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cobmpaay ¥ MOBTOPHO MCITOJIB30BAIH IS pa30aB-
JIEHUS] KOHIIEHTPUPOBAHHBIX PACTBOPOB, MPHUTO-
TOBJICHHUS PEAreHTOB U JIp.

B uccnenosanuu Zhang u ap. [1] otmeuero
CYILLECTBEHHOE YITy4lIeHHE Ka4ecTBa BOAbI, 00pado-
taHHO# B mpotiecce OO, ecmu koHueHTtpar ot OO
o0pabaTbIBaTh Ha ANEKTPOAMATN3ATOPE M MPOIYKT,
T. €. 00eCCONICHHBI PacTBOp OT J/I, MOBTOPHO BBO-
JMTH B IpoIiece OHoTornIeckoi ounctky. IIpemarae-
Masi TpoLIelypa MoKa3aHa Ha OJIOK-CXeMe: KOHIEHTpaT
OO mocTtynaer B CMECUTENBHBIN COCYA C KHCIOTOM
IUISl yAaneHnsl OcajKa, 3aTeM OH IepeKayrBaeTcs
B QJIEKTpoAMann3aTop st obeccommBanmst. [Ipomykr
OJ1 (pa30aBieHHBI) O30HUPYETCS TIepe]] TOBTOPHBIM
BBE/ICHHEM B MPOIECC OHMONOTMYECKONW OUYHCTKH.
3/1-paccon (KOHIIEHTPAT) CMEIIMBACTCS C KOHIICH-
TpaTOM OT YJIbTpPaQHIbTPAMH B COOTBETCTBUH
C HOpMaTUBaMu U C6paCI>IBaCTC5[.

Takum 00pazoM, TSt OYUCTKH ITPOMBIILIEHHBIX
CTOYHBIX BOJl B TEXHOJIOTHYECKOM TIpOIIecce Cie-
nyet oobenuaaTh OO u D/]. Oxunaercs, 9To 3TO
MO3BOJIUT 3HAYUTEILHO TMTOBBICUTE 3(D(HEKTUBHOCTD U
CKOPOCTb PEKYIEpald MPOMBIIUICHHBIX CTOYHBIX
BOJI TTOCJIC TIPEBAPUTEIBHON 00pabOTKH CTOYHBIX
BOJI 110 TPAJAULIMOHHON MEMOPaHHOW TEXHOIOTHH.

post@uestnik-vsuet.ru

3aKkioueHne

Jlns onpecHeHHsT MOPCKOM M COJIOHOBATOU
BOZbI, OYMCTKU OBITOBBIX M IIPOMBIIUICHHBIX CTOY-
HBIX BOJI IIMPOKO MPUMEHSETCS TEXHOJIOTHUS 00paT-
HOro ocmoca. [mst rex ke menel mpuMeHseTcs
U 3JIeKTPOJUAIN3, MPEUMYLIECTBAMH KOTOPOIO
SIBJISIFOTCS BBICOKAsl peKyIepanys BOAbI U BBICOKas
cKopocTh onpecHenus. [lokazana 1enecooOpazHOCTb
ncronbp30Banus D/ mist 06padoTku crokoB OO.

ITockobKy NPOW3BOIUTENBHOCTE IIPOLIECCOB
OO u D]] 3aBUCHUT OT COCTaBa CTOYHBIX BOJI, 3THM
TporieccaM TPEIIECTBYET MpeABApUTEIbHAST OUMCTKA,
OCHOBaHHAs HA TPAAUIMOHHOM MEMOPaHHOM paszie-
JieHny. BakHbIM MeTOOM yAaneHusi OpraHM4ecKuX
Y HEOPTaHWYECKUX COEIMHEHUH M3 CTOYHBIX BOJ
SIBISIETCS YIBTPA(QUIBTPALFS C TOCTEAYFOIIAM 00paT-
HBbIM OCMOCOM H 3JIeKTpouann3oM koHueHTpara OO.
OTH METO/IbI TO3BOJISIOT CYIIECTBEHHO 3KOHOMUTh
MIPUPOJIHBIE PECYPCHI, BO3BpPAIAs B CUCTEMY OYH-
LIEHHBIE IPOMBILIICHHBIE CTOUYHBIC BOJBI.

JloCcTHKEeHNI0 MAaKCUMAIIBHOM PEKYIIEPALIUU
CIOCOOCTBYIOT TaKHE SKCIUTyaTallHOHHBIC ITapa-
METPHI, KaK IJIOTHOCTh TOKA, PEKUM pabOThI, THII
MeMOpaH M UCXOIHBIN COCTAaB CTOUHBIX BOJ.

References

1 Zhang Y., Ghyselbrecht K., Meesschaert B., Pinoy L. et al. Electrodialysis on RO concentrate to improve water recovery
in wastewater reclamation. Journal of Membrane Science. 2011. vol. 378. no. (1-2). pp. 101-110.

2 Mohammadi T., Kaviani A. Water shortage and seawater desalination by electrodialysis. Desalination. 2003. vol. 158. pp. 267-270.

3 Anis S.F., Hashaikeh R., Hilal N. Reverse osmosis pretreatment technologies and future trends: A comprehensive review.

Desalination. 2019. vol. 452. pp. 159-195.

4 Thagci B.S., Gashi S.T. Reverse Osmosis Removal of Heavy Metals from Wastewater Effluents Using Biowaste Materials

Pretreatment. Pol. J. Environ. Stud. 2019. vol. 28. no. 1. pp. 337-341.

5 AI-Jlil S. Performance of Nano-Filtration and Reverse Osmosis Processes for Wastewater Treatment. Materials and

technology. 2017. vol. 51. no. 3. pp. 541-548.

6 (degaard H., Koottatep S. Removal of humic substances from natural waters by reverse osmosis. Water Research. 1982.

vol. 16. no. 5. pp. 613-620.

7 Clair T., Kramer J., Sydo M., Eaton D. Concentration of aquatic dissolved organic matter by reverse osmosis. Water

Research. 1991 vol. 25. no. 9. pp. 1033-1037.

8 Sorg T., Forbes R. Chambers D. Removal of radium-226 from sarasota county, fla., drinking water by reverse osmosis.

Journal AWWA. 1980. vol. 72. no. 4. pp. 230-237.

9 Taylor J., Thompson D., Carswell J. Applying membrane processes to groundwater sources for Trihalomethane precursors.

Journal AWWA. 1987. vol. 79. no. 8. pp. 72-82.

10 Tan L., Sudak R. Removing color from a groundwater source. Journal AWWA. 1992. vol. 84. no. 1. pp. 79-87.
11 Audinos R. Improvement of metal recovery by electrodialysis. Journal of Membrane Science. 1986. vol. 27. no. 2. pp. 143-154.
12 Scarazzato T., Buzzi D.C., Bernardes A.M., Romano Espinosa D.C. Treatment of wastewaters from cyanide-free plating

process by electrodialysis. J. Clean. Prod. 2015. vol. 91. pp. 241-250.

13 Lu H., Wang Y., Wang J. Recovery of Ni2+ and pure water from electro- plating rinse wastewater by an integrated two-
stage electrodeionization process. J. Clean. Prod. 2015. vol. 92. pp. 257-266.

14 Tran A.T.K., Mondal P., Lin J., Meesschaert B. et al. Simultaneous regeneration of inorganic acid and base from a metal
washing step wastewater by bipolar membrane electrodialysis after pretreatment by crystallization in a fluidized pellet reactor. J. Memb.

Sci. 2015. vol. 473. pp. 118-127.

15 Korngold E., Aronov L., Daltrophe N. Electrodialysis of brine solutions discharged from an RO plant. Desalination. 2009.

vol. 242. no. (1-3). pp. 215-227.

16 Li N.N., Fane A.G., Ho W.S.W., Matsuura T. Advanced Membrane Technology and Applications. Hoboken, NJ, John

Wiley & Sons. Inc, 2008.

17 Ghernaout D. Reverse Osmosis Process Membranes Modeling — A Historical Overview. Journal of Civil, Construction and

Environmental Engineering. 2017. vol. 2. no. 4. pp. 112-122.

18 Malaeb L. Ayoub G.M. Reverse osmosis technology for water treatment: State of the art review. Desalination. 2011. vol. 267

no. 1 pp. 1-8.

19 Niewersch C., Rieth C., Hailemariam L., Oriol G.G. et al. Reverse osmosis membrane element integrity evaluation using

imperfection model. Desalination. 2020. vol. 476. pp. 112-122.

20 Angi A.E., Alkhamis N., Oztekin A. Numerical simulation of brackish water desalination by a reverse osmosis membrane.

Desalination. 2015. vol. 369. pp. 156-164.



Dxybapu M.K, u op. Becmuux BTYHIIL, 2020, IIL. 82, Me. 4, C. 227-235

post@uestniR-vsuet.ru

21 De Morais Coutinho C., Chiu M.C., Basso R.C., Ribeiro A.P.B. et al. State of art of the application of membrane technology
to vegetable oils: A review. Food Research International. 2009. vol. 42. no. (5-6). pp. 536-550.

22 Lee K.P., Arnot T.C., Mattia D. A review of reverse osmosis membrane materials for desalination—Development to date
and future potential. Journal of Membrane Science. 2011. vol. 370. no. (1-2). pp. 1-22.

23 Bodalo-Santoyo A., Gomez-Carrasco J.L., Gomez-Gomez E., Maximo-Martin F. et al. Application of reverse osmosis to
reduce pollutants present in industrial wastewater. Desalination. 2003. vol. 155. no. 2. pp. 101-108.

24 Urtiaga A.M., Pérez G., Ibaiiez R., Ortiz I. Removal of pharmaceuticals from a WWTP secondary effluent by
ultrafiltration/reverse osmosis followed by electrochemical oxidation of the RO concentrate. Desalination. 2013. vol. 331. pp. 26-34.

25 Drioli E., Giorno L. Membrane Operations: Innovative Separations and Transformations. Weinheim, Wiley-VCH Verlag

GmbH & Co. KGaA, 2009.

26 Kingsbury R.S., Wang J., Coronell O. Comparison of water and salt transport properties of ion exchange, reverse osmosis,
and nanofiltration membranes for desalination and energy applications. Journal of Membrane Science. 2020. vol. 604. pp. 117998.

27 Liu M., Yu C., Dong Z., Jiang P. et al. Improved separation performance and durability of polyamide reverse osmosis
membrane in tertiary treatment of textile effluent through grafting monomethoxy-poly(ethylene glycol) brushes. Separation and

Purification Technology. 2019. vol. 209. pp. 443-451.

28 Sakar H., Balcik Canbolat C., Karagunduz A., Keskinler B. Sulfate removal from nanofiltration concentrate of alkaloid
wastewater by electrodialysis. Desalination and Water Treatment. 2015. vol. 46. pp.1-12.

29 Bond R., Batchelor B., Davis T., Klayman B. Zero Liquid Discharge Desalination of Brackish Water with an Innovative
Form of Electrodialysis: Electrodialysis Metathesis. Florida Water Resources Journal. 2011. pp. 38-42.

30 Strathmann H. Membrane Separations | Electrodialysis. Encyclopedia of Separation Science. 2000. pp. 1707-1717.

31 Strathmann H. Chapter 6 lon-Exchange Membrane Processes in Water Treatment. Sustainability Science and Engineering.

2010. vol. 2. pp. 141-199.

32 Lee H.-J,, Sarfert F., Strathmann H., Moon S.-H. Designing of an electrodialysis desalination plant. Desalination. 2002.

vol. 142. no. 3. pp. 267-286.

33 Ben Sik Ali M., Mnif A., Hamrouni B., Dhahbi M. Desalination of brackish water using electrodialysis: Effect of
operational conditions. Journal of Materials Protection. 2009. vol. 50. pp. 141-146.

34 Vetter T., Perdue E., Ingall E., Koprivnjak J. et al. Combining reverse osmosis and electrodialysis for more complete
recovery of dissolved organic matter from seawater. Separation and Purification Technology. 2007. vol. 56 no. 3. pp. 383-387.

35 Gurtler B.K., Vetter T.A., Perdue E.M., Ingall E. et al. Combining reverse osmosis and pulsed electrical current electrodialysis for
improved recovery of dissolved organic matter from seawater. Journal of Membrane Science. 2008. vol. 323. no. 2. pp. 328-336.

Caenenus 00 aBTopax

Moxammen K. [:ky6apm acrnmpant, kadenpa TeXHOIOIHYECKHX
TIPOLIECCOB, allapaToB U TeXHOC(EepHO Ge3omacHoCTH, TaMOOBCKui
rOCYJapCTBEHHBIA TeXHHYECKUil yHuBepcuteT, yi. CoBerckas, 1006,
r. TamGoB, 392000, Poccusi, mohammedgader1983@gmail.com
https://orcid.org/0000-0002-8070-9647
Hanexna B. AnekceeBa 1011eHT, Kadeapa TEXHOIOTHYECKHX IIPO-
LIECCOB, aNINapaToB W TeXHOC(epHOH Oe3zomacHOCTH, TaMOOBCKwHit
rOCYIapCTBEHHBIM TeXHUYECKHi yHUBepcuteT, yi. Coserckas, 106,
r. Tam6oB, 392000, Poccus, alexejewa.nadja@gmail.com
https://orcid.org/0000-0002-9335-0477
Mapus 10. BanaganoBa crapmmii mpenonasarens, kadempa
MIPOMBINUIEHHOH 3KOJIOTHH, O00OpYJOBAaHHS XHMHUYECKHX U
He(TEXMMHUYECKUX TPOU3BOJCTB, BOPOHEKCKHMI rocymapcTBeH-
HBIl YHUBEPCUTET MHIKEHEPHBIX TEXHOJIOTHH, Np-T PeBomormy, 19,
r. Boponex, Poccust, mariya_balabanova@mail.ru
https://orcid.org/0000-0002-7126-2863

Bxkaan aBTopoB
Bce aBTOpPLI B paBHOP’I CTEINICHU NTIPUHUMAJIN YUaCTHUE B HAITUCAHUU
PYKOIIIICH U HECYT OTBETCTBEHHOCTb 3a IUIaruaT
Konpaukr nnrepecon

ABTOpBI 3asIBISIOT 00 OTCYTCTBHH KOH(JIMKTAa HHTEPECOB.

Information about authors

Mohammed Q. Gubari graduate student, technological
processes devices and technosphere safety department, Tambov
State Technical University, Sovetskaya Str., 106 Tambov,
392000, Russia, mohammedgader1983@gmail.com
https://orcid.org/0000-0002-8070-9647
Nadezhda V. Alexejewa associate professor, technological
processes devices and technosphere safety department, Tambov
State Technical University, Sovetskaya Str., 106 Tambov, 392000,
Russia, alexejewa.nadja@gmail.com
https://orcid.org/0000-0002-9335-0477
Maria Yu. Balabanova senior lecturer, industrial ecology,
equipment for chemical and petrochemical plants, \Voronezh State
University of Engineering Technologies disabled, Revolution av, 19,
Voronezh, Russia, mariya_balabanova@mail.ru
https://orcid.org/0000-0002-7126-2863

Contribution
All authors are equally involved in the writing of the manuscript
and are responsible for plagiarism
Conflict of interest
The authors declare no conflict of interest.

Moctynnma 12/11/2020

MocJe peqaxuuu 20/11/2020

IMpunsaTa B meuats 30/11/2020

Received 12/11/2020

Accepted in revised 20/11/2020

Accepted 30/11/2020

235



