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Po3po0s1eHO TEXHOJIOTIYHY cXeMy OYHMIIEeHHsI CTiYHUX BOJ Bin ¢ocdaris 3a ronmomororo
3aCTOCYBAHHSl BiINpPanbOBaHOT0 cOPOEHTY, Y sIKOMY OOMiHHIi KaTioHM 3aMmilleHi ioHamu
KYNpyMy, XpoMy a00 NIHHKY. 3anpomoHOBaHO cmoci0 pereHepauii Ta TOBTOPHOIO
3aCTOCYBAHHA BilMpPalbOBaHOTIO LEOJIITY.

Kurouogi ciaoBa: ¢ocdaru, criuni Boau, momudikoBani copoeHTH, TEXHOJIOTIYHA cXeMa.

The technological chart of wastewater treatment from phosphates by application of
exhausted adsorbent in which exchangeabble cations are substituted by the ions of copper,
chrome or zinc is projected . The method of regeneration and repeated application of the
wor ked zeoliteis offered.

Key word: phosphates, wastewaters, modified sorbent, process flow diagram.

IMocTanoBka npo6JiemMH i ii 3B 130K 3 BaXKJIMBUMH HAYKOBUMH M NPAKTHYHUMH 3aB/IaHHSIMH.
TexHOMOrIYHI POIIECH OYMILIEHHS CTIYHUX BOJ BiJl HEOPTAHIYHHIX 3a0pYIHEHb YACTO YCKIIAJHIOOTHCS (HPaKTOM
HAsBHOCTI y CTIYHMX BOJIAaX KUIBKOX PEUOBHH, sIKI MOKYTh YCKJIAQJHIOBATH IPOLIEC aICOPOLIHHOr0 OYHIIICHHS
BoAM. YacTo caMe Taki MpHYMHHA BU3HAYAIOTH HEOOXITHICT 3aCTOCOBYBATH MOIM(iKoBaHi copoeHTH. ChOroHi
¢dochatn € yn He HaHEOE3MEUHININM KOMITOHEHTOM, IO CIPHYHHSIE TMOTIPIICHHS SIKOCTI MPUPOIHHUX BOJI.
BpaxoBytoun Te, 10 aacopOLiiHI TEXHOJIOrT YMOXKJIMBJIIOIOTh BHJIyYaTH HaBiTh CIIIZIOBI KOHIIEHTpAIl
3a0pyTHEHb, BXKIIMBUM € IiI0Ip CEJIEKTHBHOTO cOpOEHTY Juist orimHaHHs (ocdat - ioHa. [Ipupoani neonity,
30KpeMa KIMHONTUIIONIT PI3HMX POMOBHII, J00pe 3apeKOMEHAyBaiM ceOe sSK 10HOOOMIHHI Marepiajiv Ta
COpOCHTH IS OYMIICHHS NPUPOJHUX 1 CTIYHMX BOA. KJIMHONTHIIONIT 3aCTOCOBYIOTH JUIS JI€3aKTHBAIIil
pamioakTuBHMX criuaux Box Bim 137Cs, 90Sr, 60Co, 144Pr, 144Ce (npm 1bOMy OOMIHHA €MHICTP
KIMHONTHJIONITY 1070 BaykkuxX MeraiiB y 30 pasiB Builia 3a ioHooOMiHHI cMonn) [1, 2].

Merta podoTH. 3anporOHYBaTH 3aCTOCYBaHHS BiIPaIbOBAHOIO IICONITY, B SIKOMY YaCTKOBO YH
MOBHICTIO 3aMillleHO OOMIHHI KaTiOHM Ha i0HW METaJliB, 3IaTHUX yTBOPIOBATH Hepo3umHHI Gocdatu. s
MTOCTaBJICHOTO 3aBJaHHS MOXKHA 3aCTOCYBaTH BIANpPAIlbOBaHI COPOCHTH, BUKOPHMCTAHI ITiJ] YaC OYMIICHHS
CTOKIB TaJbBaHIYHUX MIAMPHEMCTB.

AHaJi3 oCTaHHIX XOCHiIKeHb Ta myoOuaikamiii. s OYMINEHHSA CTIYHMX BOJ ITPOMHCIOBHX
MiANpUEMCTB Bia GocdaTiB HEOOXITHUN KOMIUIEKCHUH miaxia. Sk OyJio cka3aHO BHILE, CTIYHI BOJAX MAlOTh
pi3HMI XIMIYHUH cKiax. Alle )KOACH 3 METO/AIB HE Ja€ 3MOTH IMOBHICTIO BUIY4UTH (ochaTH i3 cTiuHoi
Boau [1]. HallnpuiHATHIIINM 3 TOYKK 30py TEXHOJIOTII Ta pecypco30epexeHHs € BUiayueHHs Gocdatis 3a
JIOTIOMOT00 TIpUpoaHuXx copOentiB [2]. Jns Bunyuenns dochar-ioHa A0BOTI epEKTUBHUMH € ICOJITH,
MPOTE BCTAHOBJICHO, IO TOrJWHAHHSA (ocdaTiB BiAOyBa€TbCS 3a MEXaHI3MOM XeMOCOpOIlii micis
CIIBOCA/KEHHSI BUBLIBHEHHUX 32 PaxXyHOK 10HHOTO OOMiHYy KaTioHa ¢ocdarHoi conli Ha OOMiHHI KaTiOHH
neomity — Ca2+ ra Mg2+, 3a cxemoro:

CL(Na), +nMé&" ® CL(ME")"+(Nd); ()
CL(M€&*)*n +H,PO, ® CL(MeH,PO,). . )
OTxe, YTBOPEHHS HEPO3YMHHHX COJeH (ochaTHOI KUCIOTH 3a0e3neuye ePeKTHUBHE BUIAUICHHS

dbocdar-iona [2, 3, 4].
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Excnepumentanshi aocaimkenns. Ilin gac ancop6uii docdatie Ha MoaudikoBaHOMY COpOEHTI
MOTJIMHAETBCS 3,5 Mr-eKB./T 4 conyk dochopy y nepepaxyHky Ha P,Os, Ha mpupogaomy 0,2 Mr-eks./T
are. P205 3a To4aTKOBOI KOHIeHTparii (ocdariB y pozunni 0,5 r/m, mo cBimunts mpo eheKTUBHICTH
MoandikoBaHOTO cOpOeHTY [3] (pUCYHOK).

OCHOBHI BHUMOTH, SIKI CTaBJIATHCS 10 CXEM OUMIICHHS CTIYHHUX BOJ i3 3aCTOCYBaHHSM (Di3MKO-
XIMIYHUX METOJIB OYHMIICHHS — ©(EKTUBHICTh OYMIICHHS 1 €KOHOMIYHICTH MPOEKTIB KaHaIi3allliiHHX
OYUCHHUX CIOPY/, BIAMOBIAHICTS CYYaCHUM BHMOI'aM OXOPOHH JOBKI/IIA.
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Texnonociuna cxema adcopoyitino2o suyyenHs pochamie Moougpikoeanum copoeHmom.

1-1 — suxiona 60oa na ouuwenns; 1-2 — 6ooa nicis ouuweHHs: Ha CKUOAHHSL A0 NOBMOPHE UKOPUCTIAHHSL,
1-3 —600a; 2-1 —mynosa sooa; 3-1 —ywinvrenuii ocad; 4-1 — neywinonenuii ocad;, 5-1 — NH4,OH; 6-1 — NaOH,;
7-1 — amiauna eooa; 8-1 — amiauno-nosimpsna cymiut; 9-1 — Clp; 10-1 —ocao; 11-1 — nosimps; 1, 14 — epamu;
2 —nickoenosmosay; 3 — promamop; 4 — Ginemp 3 niwganum i Kepam3umosUM 3a8aHmMaNiceHHaIm; 5 — peszepeyap

Ginemposanoi 6oou; 6 — nosimpooyska; T — adcopbep 3 yeonimosum 3asanmasicennsm; 8, 20 — smiuysau,

9 — eumpammui 6axu peacenmie; 10 — pesepsyap 3 piokum xaropom; 11 — konmaxmuuil pezepsyap; 12 — pesepsyap ons
300py npomushoi 600u Girempie; 13 — ocadoywineniosau; 15 —yenmpugyea;, 16 — mpancnopmep; 17 — 6yuxep
ocaoy; 18 — pesepsyap ons NH,OH; 19 — 6ax iokozco nampy; 21 — siocmitinuk; 22 — epadupns; 23 — abcopbep;

24 — bynxep 3 amiaunoio 800010; 25 — pesepgyap 3 6000i0; H1-6 —nacoc

Byau po3poGeHi KOMIUIGKCH OYMCHHX CHOpya mnpomyktuemictio 10 Tc. mM° Ha 106y i3
3aCTOCYBaHHAM (Di3MKO-XIMIYHMX METOMIB TJIMOOKOrO OYMINEHHS MOOYTOBMX 1 OJIM3BKHX 3a CKJIAJIOM
3a0pyqHEHb MPOMHUCIOBUX CTIYHHMX BOJ, BKJIIOYAIOYHM OYMIICHHS Bif (OCHOPHHX CIONYK, 338 TaKHX
BUXIIHMX JaHUX 1 BUMOT'.
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— KOHIIEHTpAIlisA 3a0pyAHEHD, 1[0 TTOCTYIAIOTh Ha OYMIIEHHS CTIYHUX BOJ 38 BCK  opy — 10 500 mr/m,
3a XCK — 700 mr/m, 3a 3aBucinumu peuoBuHamMu — 500 mr/m, 3a 3arameaum dochopom — 20 mr/m, 3a
3arajbHUM a30ToM — 50 mr/;

— KOHIICHTpAIlis 3a0pyIHEHb OYMIIEHUX CTOKIB HE MOBHHHA repeBHIyBaTh 3a BCK oy, 1 3aBUCTMU
peuoBunamu — 8mr/in, XCK — 50 mr/i, 3aramsaum dochopom — 20 mr/i, 3araasHEM a30ToM — 25 Mr/i;

— KOHIIEHTpAIlist 3a0pyAHEHb, 1110 TOCTYIAlOTh Ha OUHINeHHs cTivnnx Box 3a BCKir, — mo 500 mr/,
3a XCK — 700 mr/i:

— 3a 3aBHCIMMH pedoBrHamu — 500 mr/,

— 3a 3araneHuM (ochopom — 20 mr/,

— 3a 3ara’abHuM a30ToM — 50 Mr/i.

Konrentpaiiiss 3a0pyJHEHb OYMINEHUX CTOKIB HE MOBMHHA repeBuiyBatu 3a bCKn i 3aBucianMu
peuoBunamu 8 mr/ir, XCK — 50 mr/x:

— 3aranpHuM dochopom — 20 mr/i.

Onuc Texnosoriunoi cxemu. Criuna Boaa mocrymnae Ha rpatu (1), 1e BiZOyBaeThCs OUYMIIEHHS Bij
rpyOOMMCIIEPCHIX YacTHHOK po3Mipamu 1:107M. 3 MeTOI0 3aXMCTy TOHKOUIAPOBHX BiACTIHHMKIB Ta
3aBaHTa)KeHHs (DUIBTPIB BiJ KOJNbMATAIlii BETMKUMH YaCTUHKAMU I'paTH, 3alIPOCKTOBAHI y JBa MOCIIO0BHI
cryneni. Ha meprioMy cryrieHi BCTaHOBIIGHI BEpPTHKAIbHI IpaTu 3 mpo3opamu 16 MM, Ha JpyroMy CTYyIIeHi —
CaMOCKHIAJIbHI CTpyHHI rpatu 3 npo3opamu 10 mM. TToTiM y TaHTeHIianbHOMY TTiCKOBIIOBIIOBadi (2) Boza
OUMINAETHCA Big APIOHOAMCIIEPCHHX wacTHHOK posmipamu 1:10° — 1:10°m. Ilicms momepeaHsoro
BHJIQJICHHST YaCTHUHOK, SKi OCIJar0Th y IOJI CHJI TpaBitallii nmepeadadaerscs (uoranis y duoTamiiiHoMmy
amapari (3). Leif MeTo1 1a€ 3MOTY OYHCTHTH CTiuHy BOAY Bix acTHHOK posmipamu 1-10° — 1:107 m, mo
3IIHCHIOETHCS 32 JOMIOMOTOIO TIOBITPSI, SIKE MOJA€ThCs 13 moBiTpoAyBKH (6). ILITyuHO CTBOpEHHI Y piiKOMy
CEPEIOBUII BUCXIJHHMIA IMOTIK Ta30BHUX IMyXHUPINB 3aXOIUIIOE 1 BITHOCHUTH 3 COOOI 10 MOBEPXHI PiAMHU
YaCTUHKH KUPY, CYCIEH3ii, yTBOpIOOYH map MiHd. [liHa BUAASETHCS 3 MOBEPXHI PIMHHA HA TOAANBILY
00pOOKY.

[IpoBeneni qocmipKeHHs MOKa3ay, Mo el MeTo nae edeKT ountieHHs Bin xxupiB Ha 90-95 %, Bin
3aBuciux pedoBux — 90-96 % [31].

CTivyHi BOAM y MPOLIECI OCBITIICHHS 3BUIBHAIOTHCS HE TUIBKU BiJl OCIAaF0UMX 3aBUCIIUX YACTHHOK, ajie
1 BiJl KOJIOITHUX 3a0py/IHEHb, @ TAKOXK BiJl YACTHHU PO3UMHEHUX OPTaHIYHUX 3a0pyIHEHb.

3 ¢noraTopa Boza 3a qonoMoror Hacoca Hy momaeTbes Ha GiTbTPH 3 MIMAHUM 3aBaHTAXKEHHSIM, SIKI
MpHU3HAYCH] JUTS 3aTPUMaHHsI TUIACTIBIIIB 1 3QJIMIIKOBUX 3a0pyaHeHb. Hampsmok ¢inbTpaliii 3HU3Y BBEpX,
MpOoMHBKa (GiTBTPIB BOMOMOBITPsiHA. OYHICHHS CTOKIB BiJl pO3UMHEHUX OPTaHIYHHX CIIONYK TependadeHe
Ha (UIbTpax 3 KepamM3HTOBUM 3aBaHTaxeHHsM (4). [l cTBOpeHHsS y 3aBaHTa)KCHHI aepOOHHUX YMOB i
CTiiiK0i O10JMIOTIUHOI TUTIBKK CTIYHY BOIY HACHUYIOTh MOBITPSM 32 JOIOMOTrOM0 MOBITpOoayBKH (6) HUIsIXOM
aepalli€ro BEpXHbOIo IIapy BOAM HaJ 3aBaHTaxxeHHIM. CrcTeMa aepailii BAKOHAHA 3 MOJIICTHIICHOBUX TPYO
3 OTBOpaMH, HampaBlIeHUMH Bropy. Ilicis QinbTpiB 3 MOPHCTHUM 3aBaHTAXKECHHSIM BOJa CaMOILTUBOM
MOCTYTIAE ¥ pe3epByap Bia dimsrpoBanoi Boau (5).

Jlist 3HrDKeHHs KoHIeHTparii ¢ocdhatie xo I'JIK= 4 Mr/m Boga caMOIUTMBOM IIOCTYIIA€ B agcopbep
(7), 3aBaHTa)XCHHH KIMHONTHIONITOM. SIK 3aBaHTaXEHHS 3aCTOCOBYEThCS MOAMGIKOBAHHIA IICOIT.
Moaudikalito 3a1HCHIOITE Mepel TEXHOIOTIYHUM IPOIIECOM OYHIIEHHS KyIpyM cylibdaroMm. Y Hamomy
BHUIIQ/IKy TIPOIIOHYETHCS 3aCTOCOBYBATH BiAMPAIlbOBAHUI COPOEHT MICJIsI OYUIICHSI BOAW BiJl 10HIB BaXKKHX
MeTaiB, HAIIPHUKIAJ, CTIYHMX BOJI FaJIbBAHIYHHX IexXiB. Po3Mip ¢pakitii po3apoOieHoro neoity moBUHEH
cranoButd 1-2 wmm. IlIBuakicte dimeTpyBamHs — 5 M/rox; BHCOTAa mapy 3aBaHTaXeHHS — 1,5 M.
Tpusamicte pobotn (IABTPIB N0 BHBEACHHS Ha pereHepaiilo — JopiBHIOE 5, 7 ni6. Dinprpamis
3IIHCHIOETHCS 3BepXy BHU3 [32].

Je3iHdexiis ounIneHol BoAu mnepeadadeHa pigkuM XJiopoM. Po3paxyHkoBa 103a aKTHBHOTO XJIOPY —
3 r/v®. Xnopra Boma momaethes 3 pesepByapa (10) i uepes ButpatHi pesepByapu (9) y 3mimysau (8).
3ne3apakenHs BinOyBaeThes 20 xB. Boja caMomimBoM ToOCTyrae y KOHTAaKTHHI pe3epByap i Moxke OyTh
CKHHYTa Yy BOJOMMHIIE a00 OBTOPHO BUKOPHCTAHA JUIs IIPOMHCIOBHX wineit [31].
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B mporteci po6oTH ancopOIiiHOT YyCTaHOBKH, 10 BXOJAUTH J0 TEXHOJOTIYHOI CXeMH, BiIOyBa€ThCS
HACHYCHHS aKTUBHHMX [EHTpiB 1eonmity ¢ocharamu, MmO NPU3BOAUTH JO TPOCKAKYBaHHS
3a0pyTHIOBILHIX PEYOBHH. J{J1s1 BiTHOBIIEHHS COpPOIIHHIX BIACTHBOCTEH LIEOMITY HEOOXIHOIO YMOBOIO €
pereHepailisi COpOCHTY.

3aBaHTa)KEHHsSI 10HOOOMIHHUX (iNBTPiB, 110 BHYEpHalo oOMiHHY 3aaTHICTh, pereHepyroth 10 %
pozunnom NH4OH, nBiui nmpomyckarodu HOro yepes Iap 3aBaHTaXEHHS 3a JIOIOMOrow Hacoca Hs, micns
BOTO COPOSHT MOXKE TTOBTOPHO BUKOPHCTOBYBATHUCS JUIS OUYHILEHHS CTIYHMX BOJ| FJIbBAaHIYHUX II€XiB, a
po3unHHI hochaTh MOKYTh YTHUITI30BYBATHUCS, HAITPUKIIA, IS CLIBCHKOTOCIIONAPChKUX TOTPEO.

[Mpurorysauus po3unny NH4OH 3aiiicHiooTs y pesepByapi (18):

CUHPO, +2NH ,OH ® Cu(OH), ™ +(NH ), HPO, .

[lepen pereHepalliero 3aBaHTaKEHHS (UIBTPIB PO3MYIIYIOTH 3BOPOTHHUM IOTOKOM BOAM, a IICIA
pereHepaiiii BiAMUBarOTh (UIBTPOBAHOK BOJIOK0, sKa TMOAAETHCS i3 pe3epByapa (25) nacocom He. Jlis
BIHOBJICHHS 1 IIOBTOPHOI'O BHKOPHUCTAHHS BIANPAIbOBAHOTO pEreHEpalliifHOro po3dnMHy #Horo
ATy kHIOI0TE  KaycTuunoro comoro (NaOH), ska mamxomuts i3 Gaka (19) y smimysau (20) mis
nepeMilllyBaHHsl, Ta MOAAI0Th y BiZICTIHHUK perenepariiitnoro ocanay (21). I3 3minryBauya pozuna NH,OH 3a
nomomororo Hy moctynae ua rpatu (14), me Bix HBOTO BiAIingeThes ocax kapoonaty kxanbitito, Mg(OH), i
Cu(OH); ta sxuii mogaroTh Ha teHTpruyru (15) mis 06podKu pa3oM 3 ocamoM 3 ocamoyininpHioBaya (13).
[Ticok 3 mickoyIniIbHIOBaYa epiiiTaMu momaeThess y OyHkep mus micky. Ocanx 3 ocajoyiliibHIOBa4Ya
3HEBOJIHIOETCS HA IEHTPU(YTax Ta nogaeThes y oynkep (16).

BiacrostHuii po3udH COJIi MMOMA€ThCS Ha BEHTHIATOPHY TpamupHio (22), 1e 3 HBOrO BHAAISIETHCS
amiak. BinpHMIA Bill aMiaky pO34YMH MOBTOPHO BHKOPHUCTOBYETHCS JUIsS pereHeparlii KITMHONTHIIONITOBOTO
3aBaHTa)KCHHs, @ aMiaK MOTJIMHAETHCSI BOJIOIO B abcopOepi (23). Amiauna Boja 30upaetbes y Oynkepi (24) i
3a moTpedu nopaethes y (18) s mpuroTyBaHHsS pereHepaliitHoro po3umHy.

MynoBa Boaa BiJ ocaJOyIliIbHIOBaYa, 3JMBHA BOAa Bix OyHKepiB, gyrar Big meHtpudyr i Boma
micyst mpoMuBanHs GinbTpiB 3 Oaka (12) mogaThCs B TONIOBHY CIIOPYLY.

BucHoBok. 3anmpornoHoBaHO po3po0JIeHy TEXHOIOTIYHY CXEMy OUYHUIIEHHS MOOYTOBHX CTIYHUX BOJI
Ta OJIN3BKKX 3a XIMIYHUM CKJIaJOM MPOMHUCIIOBUX BOJ Bia (hocdartis, sKa CKIAAAE€ThCSA 13 TAKUX CTaIii:

— OYMILICHHS CTIYHMX BOJ Bijl rpy00- Ta APIOHOAMCIIEPCHUX YaCTHHOK;

— ¢uroranist 3 mogaNsIIMM QUIBTPYBaHHSIM KOJIOITHUX PO3UUHIB 1 afcopOiis HoHiB docdopy;

— 3HE3apayKEHHS OUMILIEHO1 BOJM,;

—nepepoOKa ocay, 1o € OO0IYHUM IPOILYKTOM I[LOI'0 TEXHOJOTIYHOTO IPOIIECY.

Kpim Toro, B TEXHOJNOrYHOMY TIpoIieci epeadayeHi craii pereHepallii BiAnpas0BaHUX COPOCHTIB.
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