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BUKOPUCTAHHA MOJIU®IKOBAHUX I KOMIIO3UIIHHUX ®EPUTHUX
COPBEHTIB JIJIS1 CEJIEKTUBHOI'O BUJTYUYEHHS Cu?*

Axmyanvnicms memu oocnioycenns. Haoxooicenns nagimo HeeIuUKUX KilbkOCmell 8adcKux Memanie y 008Kl cma-
HO8UMb 2100aNbHY NPOONEeMY 8HACTIOOK eKOMOKCUYHOCHIE, MYyMASeHHOCMI 8AJICKUX Memanie ma 30amHocmi 00 6i0aKymyns-
yii ma 6iompancgopmayii.

Ilocmanogxa npoonemu. Heoocmamnvo ouuwyeni npomucnosi cmiuni 600U Micmams He8enuKi KIIbKOCMI 8adlCKUX Mema-
21i6 i niosueHUTl CONbOBULL BMICIM, MOMY IX He MOJICHA CKUOamu 8 NPUpOOHi NoBepXHesl 6000UMU | maka 600a He npuoamua 0o
HOBMOPHO2O BUKOPUCHIAHHS Y 80000O0POMHUX YUKILAX.

Ananiz ocmannix oocnioycens i nyonixayiii. Copbenmu 3 HAHOPOIMIPHUMU YACMOYKAMU AKMUBHOI ¢hazu 8uKopucmo-
8YI0MbCS 8 MEXHON02IAX OUUCKU 800U B0 T0HI BAIICKUX MEMAIS.

Buoinenns neoocnioxncenux wacmun 3azanvhoi npoonemu. Hedocniodcenum € numanus ceneKmusHOCMI GUIYYeHH s
ioni6 8adiCKUX Memanié 3 GOOHUX PO3UUMIS.

Ilocmanogka 3aedanns. Buguenns npoyecie copoyii ionie mioi Ha cuHmMemu4HOMY MOOUDIKOBAHOMY MacHemuUmi ma
Komnosuyitinomy copbenmi KY-2-8-vaznemum y npucymuocmi coneti s#copcmrocmi.

Buxnao ocnognozo mamepiany. I panuuna copbyiiina emuicms He MOOUPDIKOBAHO20 MazHemumy cmaHosuna 65 me/e, macHe-
muny, mMooughikosarozo miokapoamioom — 80 ye/e, komnozuyitinoeo copbenmy — 170 me/e. Ipu 3pocmanmi konyeHmpayii Kanoyiio 3
0 00 400 m/on® koegbiyienm posnodiny ionie Midi M pO3UUHOM i HEMOOUPDIKOBAHUM MASHEMUMOM 3MEHUUUECA Giblu K 6061l —3
1076 00 467, y moui uac six ona moougixosarozo —3 2182 do 165 1. Buxopucmanms komno3uyitinozo copbenmy 3abesneuysano cma-
nicmb cmynens ouucmKy 600U 6i0 iowie Midi 6 dianazoni Konyenmpayiii coneti kanvyito 0-2000 me/ONE, npu yvomy Koegitienm pos-
nooiny iouie mioi muwascs cmanum — 1150, a koegiyienm posoinenns ionie mioi i kanvyito 3pocmag 3 0,5 0o 95.

Bucnoexu 6ionosiono 0o cmammi. Copbenmu 3 akmugHoio ¢hazor mazHemumy 30amHi He MiNbKU egheKmusHo Guy-
uamu iOHU BAXCKUX Memanie 3 600U, aie Ui NpoAGIAIMb BUCOKY CceleKmugHicms 0o Hux. Moougikosanuil macnemum i Kom-
nosuyitinux copbenm y npoyecax GUIY4eHHs iOHi6 MIOi 8 KOHKYPEHMHOMY IOHHOMY cepedosulyi OYau MAno4ymausumu 00
NPUCYIMHOCI COTLell HCOPCMKOCHII.

Knrouoei cnosa: sadicki memanu; copoyis, KOMRO3UYIUHUL COPOEHM,; MACHEMUM, COi HCOPCKOCHII, CeIeKMUBHICb.

Tabn.: 5. Puc.: 3. bion.: 14.

Beryn. Butbuiicth MpOMHUCIOBUX MIANPUEMCTB Y BEJIMKUX MICTaX MalOTh YCTAaHOBKH JIO-
KaJIbHOI'O OYHUIICHHA, Ha AKHUX CTiuHI BOJU OYHUINYIOTHCA JIMIIC YaCTKOBO, 4 YAaCTKOBO OYHUIIIC-
Ha BoJa po30aBisieTbes 1 ckunaeThes. [Ipu HeeheKTUBHIN OUMCTI CTIUHUX BOJ, IO MICTSITh
BaXXKI METaJIM, OCTaHHI MOTPAIUISAIOTh Y IPUPOAHI BOJAONMHU. BUIbIIICTh 10HIB BaKKUX METaJliB
BimHOCHUTHCs A0 [-1I knacy HeGe3neku, BOHU BiPI3HSAIOTHCSA KaHIIEPOTCHHUMH, MyTareHHUMU
BJIACTUBOCTSIMHU Ta MaIOTh KyMYJISITHBHI BIacTUBOCTI [1; 2]. TokcuyHICTh MeTaly OB’ A3aHa 3
HOro BITUBOM Ha OOMIH PEYOBHH KUBUX OPTraHI3MIB 1 3J0pOB’s IIOJUHHU. BUHUKaIOTE eKoJ10-
rivHi HpO6HCMI/IZ BTpa4Ya€ThCA IPpUPOJHA 3,Z[aTHiCTL BOHOﬁM A0 CaMOOYUILICHHSA; ITIOPYIIYETHCA
(YHKLIOHYBAaHHS aKTUBHOTO MYJy Ha CTAHI[ISIX OUMCTKH MICBKUX CTIYHUX BOJI.

ITocTanoBka npodaemu. [Ipobaema ouMIlEHHS CTIYHUX BOJI BiJl BXKKHX METaJliB — 3ara-
JIbHOACPIKAaBHA, OCKUIbKU TOKCHYHI CIIOJIYKH 3 MPUTOK BCIIUKUX pi‘-IOK HCMHUHYYC NOCATHYTH
B0I03a00PIB MICT 1 HACEJIEHUX MYHKTIB, K1 Oe3MocepelHb0 BUKOPUCTOBYIOTh BOJY BIJKPHU-
THUX BOHOﬁM. TOMy JIOKaJIbHA OYMCTKA CTIYHUX BOJ IMPOMUCIIOBUX Hi,Z[HpI/IeMCTB IIOBHHHA
3HiﬁCHIOBaTHCH A0 IMPAKTHUYHO IMOBHOTO BUAAJICHHA BAXKKUX MeETaliB. 3aXUCT BOJOHOTIO Oaceli-
HY B1J1 3a0py/IHEHHS IPOMUCIOBUMHU CTIYHUMH BOJAaMM HAaWIOBHIIIE peali3yeTbCsl P BIPO-
Ba/DKEHHI 0OOPOTHUX IMKIIB BogomnocTradanHs. OHaK oprasizailisi 000pOTHOTO BOAOIOCTA-
YaHHA 3 BUKOPUCTAHHAM CTIYHHUX BOA Ha Hi,Z[HpI/ICMCTBi MOJIMBaA TUIBKH 3a YMOBHU ix
IMOOKOTO OYMINEHHS BiI TOKCHYHUX IHTPEIIEHTIB.

I[J'IH BHUAAJICHHA BaXKHUX METAJIB 3 BOJU BUKOPUCTOBYIOTBHCA p13H1 MCTOAU: MeM6paHHa
¢utbTpanis, aacopOuis, I0HHUN 0O0MIH, KOarymsuis-paoKysLis, XiMiuHe 0ca/LKeHHs, (ioTa-
11is Ta EJIEKTPOXIMIYHI METOIU. BIIBIIICTh 3 HUX € AOCUThH JOPOTUMU Ta HE3AATHUMHU BHUIATH-
TH C1IOB1 KUTBKOCTI 10HIB BOXKKUX MeTaliB. AncopOIlisi, IK BUHITOK, € Haile()eKTUBHIIIOKO Ta
IIMPOKOBKUBAHOIO 3aBISIKM OLTBIIIN MPOIYKTUBHOCTI Ta HU3bKIM BapTOCTI COPOEHTY [3].

[Ipo6nemMa y BuIIydyeHHI MATMX KUIBKOCTEH 10HIB BaKKUX METAJIIB 3 BOJM MOJSATaE Y TOMY,
110 Taki BOJM € 6araTOKOMIOHEHTHUMH 32 KaTIOHHUM CKJIaZIOM 1 MICTATb COJIl JIY’)KHUX 1 JTyX-
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HO3EMEJIbHUX METaliB, HacaMIepesa Kalblilo, Y KOHIIEHTpAIisAX, SKi y JAECATKH, a TO i COTHI
pa3iB MEePEBUILYIOTh KOHIICHTPAIll0 BXKKUX MeTaiiB. CaMe TOMy TpaauIliiiHi METOIH, SIKi BU-
KOPUCTOBYIOTBCS JUIl BUITYYEHHSI KaTIOHIB — 10HHUM OOMIH 1 3BOPOTHUH 0CMOC, — € Majioe(ek-
TUBHUMHU. 3a iX BUKOPUCTAHHS 3 BOJM BUIYYaTUMYTHCS HE TUIBKM 10HM BOKKUX METAJIB, aje
TaKOX, 1HOJI 3HAYHO OUIBIIOI MIPOIO, COJI KaJbI[ll0, MarHilo, HATPIlO, IO TATHE 32 COOOI0
3HA4HI BUTPATH HA 00CIyroByBaHHS 1 3a0€3MeUYeHHs CTaOUIbHOT pOOOTH TaKOro 00JIaHAHHSL.

AHaJi3 ocTaHHIX JocHiaxKeHb i myoOJikamiii. OcTaHHIME pOKaMHU HAaHOTEXHOJOTIl 3HAYHO
TMPUCKOPUIIA PO3BHTOK, iX TOCSITHEHHS TaKOX MOXYTh OyTH BI/IKOpI/ICTaHl y BUPILIEHH] LI€T €KO-
noriHoi npobnemu [4]. MarHiTHI HAHOYACTOYKH, MOPSA 3 IHIIMMU BHUIaMH HAHOYACTHUHOK, €
MpeIMETOM aKTUBHOTO i BCEOIYHOT0 BUBUYEHHS Y (i3ulll, Ximii, 6iosorii Ta MemuuuHi [S]. Bonu
MOYKYTb BUKOPHCTOBYBATHUCS JUIl OUMILIEHHS CTIYHUX BOJ [6] a00 KOHILIEHTPYBAaHHS MOJIIOTAHTIB
[7]. AkTyanbHOIO € po3poOKa ePeKTUBHIX MAarHITHUX COPOEHTIB Il BUJATICHHS BUCOKOTOKCHY-
HUX CHOJIYK 3 BUKOPHCTaHHSIM METOy MarHiTHo1 cenapattii [8; 9]. CTBOpeHHs1 MarHiTHUX copoe-
HTIB OOTPYHTOBAHO TEXHOJIOTTYHOIO MPOCTOTOIO MOBHOTO BUJIAJIEHHSI BIIPAIIbOBAHUX COPOEHTIB
TCIIsI HOTJIMHAHHS HUMU BUCOKOTOKCUYHMX CIIOJNIYK 3 CUIIBHO 3a0py/IHEHUX CEPEIOBHILL.

Hanokomno3utu, siki MO€HYIOTh Y co01 0COOIMBI BIACTUBOCTI CTaOUTbHUX HAHOYACTH-
HOK 1 BJIACTUBOCTI MOJIMEPHOI MaTpHIli — CTPYKTYPHY PYXJIMBICTb, BUCOKY IPOHUKHICTD 1 CO-
pOLIIiHY €EMHICTD, — € JTyXe NepCHeKTUBHUMH JUI BUJIAJIEHHS HeopraHiyHux cnodyk. [Ipouec
OTPUMAHHS TaKUX CIELIATbHUX KOMIIO3UTHUX COPOCHTIB METOJIOM XIMIYHOTO OCA/DKEHHS Ma-
THITHUX OKCHUJIIB 3aj1i3a TEXHOJIOTTYHO HeckIaaHui. [loiaiMepHi KOMIIO3UTH MOKYTh BUKOPH-
CTOBYBATHUCS JJIs1 BUJAJICHHs 10HIB MiJll i IIMHKY 3 po3BeJieHUX BoaHUX po3uuHiB [10]. IToxa-
3aHa €()EeKTUBHICTb 3aCTOCYBAHHS MAarHiTHHUX MOJIMEpIB aKpWIaMiqy 3 YaCTMHKAMU MarHe-
TUTY JIJ1s1 OYMILEHHS CTIYHUX BOJ, 3a0pyJHEHUX 10HaMH KOOasbTy 1 Hikemto [11].

HepociigxeHo 4acTHHOIO 3arajibHOI MPo0JeMH € BIJICYTHICTb JOCIIDKEHb €(DEeKTUB-
HOCTI BUJIy4EHHS 10HIB BaXXKMX METaJliB COPOEHTaMU Ha OCHOBI MAarHETUTY 3 BOJAHUX PO3YH-
HIB y IPUCYTHOCTI CTOPOHHIX €JIEKTPOJITIB, K1 MOXKYTh CYTTEBO BIJIMBATH HAa MPOIIECH KaTi-
OHHOT0 OOMIHY Ta KOMILIEKCOYTBOPEHHS.

Merta pocaigxenHs. Metoro i€l po60TH € cuHTE3 Ta MOAUQIKallisl CHHTETUYHOIO MarHe-
TUTY ¥ KOMIIO3ULIIITHOTO MarHETUT-BMICHOI'O COPOEHTY Ha OCHOB1 KaTIOHOOOMIHHOT CMOJIU ISt
CEJIEKTUBHOTO BUJIYYEHHS 10HIB BOXKKMX METAJIIB 3 BOAU Y MPUCYTHOCTI COJIEH )KOPCTKOCTI.

Martepiaau Ta MeToau aocaizkeHHs1. CUHTE3 MarHETUTY POBOJIMIIM 3a TAKOIO METOIH-
koro. HaBaxxku comneit 3amiza FeSO4-7H20 1 FeCl3-6H20 y monbHOMy cniBBinHOmIEHHI K =
[Fe(ID]/[Fe(III)] = 0,5 okpemMo pO3YMHSIIN Y AUCTUILOBAHINA BOII, 3MIIITYBAJIA pa3oM 1 IOBO-
muu 1o 06’emy 100 cv?. Tlotim npu t = 30-35 °C i nocTiiiHOMy NepeMilllyBaHHi IBUAKO JI0-
nasanmu 20%-i po3unH NaOH no BctanoBienHs 3HadenHs pH 9,5+10. Ilicng ButpumMyBaHHs
npoTsArom 20 XB CyCIeH3110 MepeuBaId B MIpHUH IIMIIIH/IP, TPOMUBAIHN AUCTHILOBAHOIO BO-
JI0I0 710 HEeUTpalbHOTO 3Ha4eHHsI pH 1 BIICTOIOBaHHSIM 1 JAEKAHTAIIE€I0 JOBOJAWIN 00’€M Cy-
ciensii 1o 100 cm®. BmicT MarneTuTy B cycnensii BusHadanu rpasiMeTpuyso [12]. Otpuma-
Hull copOeHT no3Hayennii HMM.

CunTe3y MoaM(}IKOBAaHOTO MAarHETUTY MPOBOJMIIM aHAJIOTTYHO, 3 TIEHO BIAMIHHICTIO, 1110
Tepe 1 3MillyBaHHAM PO3UUHIB coueil 3ai3a y posunn Fe'* nomasamu 20 cm® 10%-ro po3uuny
TiokapOaminy (y KiIbKocTi, mo6 cTBopuTH 2 %-y KoHIeHTpauio y 100 cM® KiHIIEBOro po3uu-
Hy). OTpumanuii copOeHT no3Hayenuiit MM.

Komnozuuiitnuii copOeHT oTpuMyBajiM 3MillyBaHHAM KaTioHITY KVY-2-8 3 po3unHamu co-
neit FeSO4-7H,0 1 FeCl3-6H20 y cmiBBigHomenHi [Fe(Il)]/[Fe(I1l)] = 0,5, mpomMuBanHsM 1 10-
naBanHsM NaOH no pH 10 3 HacTynHuM BiAMHBaHHSAM 10 HeWTpaiabHoro pH. Otpumanuii
KoMmo3uiliitHuil copoent KY2-8-M maB yopHuit Kodip.

Jnst mobynoBu 130tepM copOii cycnensii HMM 1 MM no 0,1 r nomimanu y CKJIsSHKA 3 MO-
nensHuMu posumHamu Cu?’ o6’emom 100 cM® y niamasoni KoHueHTpawiii Bim 50 10
2500 mr/mvm® mpu pH 5,5 Ta BUTpHMYBaIM B pO34KHi 4 TOIMHM IIPH MOCTIHHOMY IepeMilyBaH-
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Hi, ITiCJI 9OTO BiIIISIIM CYCIIEH3110 MATHETHTY 1 BU3HAYAIN PIBHOBaKHY KoHIeHTpamio Cu’y
pinkiii gasi pOTOMETPHUHMM METOOM 3 AieTWiauTioKapbamaroM [12]. Isotepmy cop6buii Cu®*
Ha KVY-2-8-M oTpuMyBaii B aHAJIOTIYHMX YMOBAX Yy Ha HaBaKkax copOeHTy 1 r y aiamazoHi
KOHIIEHTpaliil MeTaiy 74 10 3500 mr/m’.

Jocnimxenns BBy Ca’' (mianmason konuentpauiii 50 — 400 mr/mam®) Ha BHJIydeHHS
Cu** 3paskamu margeruty HMM i MM nposoawmi 3i 100 cM® po34uHiB Mifi 3 KOHIIEHTpAILi-
€10 50 mr/nm® HaBaxkamu 0,1 T MarHeTHTY.

Jocnimxenns By Ca®" ma Bunydenns Cu®’ xomnosuniiinum copbentom KY-2-8-M
OyJu MpOBE/IeHI Ha HaBa)Kax copOenty 1 1 31 100 ¢cM® MOJENBHUX PO3YUHIB IIPH BMICTI Mii
100 i 200 mr/am* y npucyTHOCTI KanbIito 25-2000 mr/am®. CopOeHT BUTPUMYBAIU B PO3UMHI
3 roJMHU TpU MOCTIHHOMY MepeMillyBaHHI, MICJs YOro BiIOMpanu MpoOH Al BU3HAYECHHS
piBHOBaxHOi KOHIEeHTparii Cu?’.

PesyabTatu nocaimkens. CopOliiiHa 37aTHICTh MarHETUTY BU3HAYAETHCS CTPYKTYPHUMHM
aTOMaMM KHUCHIO, sIKi BUXOJUITh Ha TIOBEPXHIO 1 YACTKOBO TpaTOBaHi y BOJAHOMY CEPEIOBHILI.
CopOr1is KaTiOHIB M/l HA TTOBEPXH1 OKCH/IIB MarHETUTY MOSICHIOETHCS 3 TOTJISITY TEOpii MoBepX-
HEBOT'0 KOMIUIEKCOYTBOPEHHSI YTBOPEHHSIM KOBAJICHTHOTO 3BI3KY 3 nmoBepxHeBUMU OH-rpynamu
(BHYTpIIIHBOC(EPHE KOMIUIEKCOYTBOPEHHS, crielu(iyHa aacopOLis) 3a TAKUMU CXEMaMU:

=FeOH + Me?*" «<» =FeO-Me" + H',

2 =FeOH + Me*" <> =(FeO)>-Me + 2H",

=FeOH + Me*" + H>0 <> =FeO-MeOH + 2H".

I30tepmu cop6uii Cu** Ha MoaudikoBaHoMy i HeMoaU(IKOBAHOMY MarHETHTI MOKa3aHi
Ha puc. 1.
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Puc. 1. 3omepmu copbuyii mioi Ha Hemooughikosanomy ma mooughikosanomy
miokapoamioom maenemumi (MM)

Kopucryrounch MeTo0M HaliMEHIIMX KBapaTiB, Oyl po3paxoBaHi i30TepMH KOe(illieHTH
Jlenrmiopa ta ®@peliniixa y diHiAHINA (Gopmi. HaiiBuiii 3HaueHHs KOE]ILIEHTIB AeTepMiHaLil
CIIOCTEPIraloThesl B pasi 3actocyBaHHs mojeni Jlenrmiopa. Monens JIeHrMiopa ocHOBaHa Ha
MIPUITYIIEHHSX, BCl aKTUBHI HEHTPU OJHOPITHOI MOBEPXHI COPOCHTY MalOTh OJJHAKOBY €HEPIii0
1 eHTaJIBIII0 COPOLL, 1 MK aICOPOOBAaHMMHU MOJIEKYIAMH, 110 YTBOPIOIOTH MOHOMOJIEKYIISIPHUIA
nrap, Hemae B3aemoii. PozpaxoBani napamerpu i3otepM Jlenrmiopa HaBesieHo B Tao. 1.
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Ta0mums 1
Iapamempu izomepmu Jlenzmropa ons copbyii Cu’* na ne moougixosaromy (HMM)
ma mooughixosanomy miokapoamioom (MM) macnemumi

Nel(11),2018

C()p6eHT am CKCII- » am CKCII- » KL am, R2
Mr/t MMOJIb-€KB/T MI/T
HMM 65 2,02 0,015 63 0,9938
MM 83 2,59 0,013 80 0,9953

Jlocmimpkenns epekTHBHOCTI BuydenHs ioniB Cu** HeMomu(ikoBanuM i MoaupikoBaHUM
TiokapOaMiloM MarHETHTOM y IpUCyTHOCTI coneli Ca®" (puc. 2) mokasanm, mo copOLiiHi
BJIACTUBOCTI HE MOJM(IKOBAHOIO MAarHeTUTY 3HM)KYIOTbCS Ha HE3HAYHY BEJIUYHMHY, a Y MO-
I1(IKOBAHOTO MAarHETUTY BOHM OYyNM KpallMMU 1 JUINAIMCA MPAKTUYHO HE3MIHHUMHU IpU
3pOCTaHHI KOHIEHTpallii Kanbiliro 10 400 Mr/v>. Po3paxoBani koedilieHTH po3MoOaUTy 1 Be-
JTUYMHU TUTOMOI EMHOCTI HaBe/IeH1 y Ta0. 2.

5 -
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Puc. 2. 3anesxcnicmo 3anuwxoeoi konyenmpayii ionie Cu’" npu copbyii

C(Ca?"), mr/am3

MOOUpiKo8aHuM ma HemMoOUDIKOBAHUM MACHEMUMOM (NOYAMKO8A
konyenmpayis Cu?™ 50 me/om’) 6io emicmy ionie Ca’*

TabGmums 2

Ilumoma copbyitina emnicms copbenmia i koegiyiecnmu poznodiny (Kd) npu pizuux
konyenmpayisx Ca’* (nouamxosa konyenmpayis Cu’™ 50 me/om’)

C Ca*, | Koed. man. cCor HMM o MM
mr/am® Ca* W & Kd Cu?* W s & Kd Cu?*
Mr/am Mr/t MI/am M/t
0 0 2,22 47,78 1076 1,12 48,88 2182
50 1 2,92 47,08 806 1,2 48,8 2033
100 2 3,64 46,36 637 1,29 48,71 1888
200 4 431 45,69 530 1,29 48,71 1888
400 8 4,84 45,16 467 1,47 48,53 1651

Takum 4MHOM, MOENHYIOUM NEpeBaru MIKPOCKOMIYHUX PO3MIPIB 4acTOUOK (epury (ma-
I0Th 3HAYHY IPUTOMY MOBEPXHIO) 1 MPUEJHAHHS J10JIATKOBUX aKTUBHUX LIEHTPIB HA MOBEPXHI
beputy, MOXKHA JAOCIATTH JOCUTh MNIMOOKOTO0 BUIYYEHHS 10HIB Mil 3 BOAHUX po3uuHiB. Koe-
¢inient posnoxiny Cu?" y sunagky HMM OyB yaBidi MeHIIMM TOPiBHAHO 3 MM i 3MeHmTy-
BaBCs OUIBIL SIK y JIBa Pa3H MpH 3pOCTaHHI (POHOBOI KOHIEHTpalii Kanblito. Ha BiaMiHy Bij
HBOT0, KOEQIIIIEHT PO3MOALTY Cu?" y Bunagky MM 31 3poCTaHHsIM KOHIICHTpAIlii KalbI[il0 10
8-MM KpaTHOT0 HaJUIMIIKY 3MIHIOBABCS MaJlo.
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[30Tepma copbuii ioHiB Mial Ha KY-2-8-M nokazana Ha puc. 3. Bona Haiikparie onucy-
eTbcss Mosienuto Jlenrmropa. Po3paxoBaHa rpaHn4Ha copOiiiiHa eMHICTh 32 Mojesto JleHr-
Miopa 175 Mr/r 6;u3bka 10 eKCepuMeHTaIbHO OTpuMaHoi 170 mr/r.
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Puc. 3. Izomepma adcopbyii Cu’* komnosuyitinum copbenmom KY-2-8-M
(nyHKmMupHa Ninis — po3paxosana izomepma 3a mooennio Jlenemopa)

3HauHe 30UTbIIIeHHS COPOIIHHOT 31aTHOCTI KOMIO3UIliiHIUM copOenToM KVY-2-8-M y mo-
PIBHSHHI 3 MarHETUTOM MO>KHA MOSICHUTH 30UTBIICHHSAM aKTHBHOI MOBepxHi nepiioro. dop-
MyBaHHs ()a3u MarHeTUTy NpU MPUTOTYBaHHI COPOCHTY Bi1OYBaeThcs B 00°€Mi Op 10HOOO-
MiHHOi CMOJIHM 3a paxyHOK B3aeMojii copOoBanmx ioniB Fe*' i Fe’" 3 rimpokcun-ionamu.
Binomo, 1o nmutoma moBepxHs Mop 10HOOOMIHHHMX CMOJ Moke focsrata 150-280 Mm%/ [13],
10 B KUIbKa pa3iB MEPEBUIIYE AHAIOTIYHY BEIMUYMHY JJIS MarHeTHTy. YTBOpEHa B MOpax
CMOJIM COpOLIIfHO aKTUBHA (pa3a MarHeTUTY BUKJIIOYAE 3 MPOLECY HAHOUIbII BY3bKi OPH 10-
HITa, COPUSAIOYH NTEPEBEICHHIO MPOLIECY NMEPEBAKHO B KIHETHUHY CTAIIIO.

IIpu cuntesi KY-2-8-M ¢a3za marHetuty ociae B MOPUCTOMY MPOCTOPI KATIOHITY Ha
rbuHil 70 50 MM [14], a yacThHA 10HIB 3aji3a, OYEBUIHO, HE MEPEXOJAUTh y MArHETHUT i
JUILAETbCA B PYXJIMBIM 10HHIA (QopMmi, NMpUETHAHIA 0 KUCIOTHUX LIEHTPIB 10HOOOMIHHOT
cmonn. Y mpucytHocTi ioHiB Ca®" y MojenpHuX po34uHax Midi micist copOuii Ha KOMIIO3H-
LIITHOMY COpOEHTI CrIOCTepiranucs 3Ha4H1 KOHIEHTpALlil 3ai3a, a MpU BUCOKUX KOHILEHTpa-
LISX METaJliB PO3YMH HAOyBaB MOMITHO PyJOTO BIATIHKY.

JInst 3HUOKEHHS, a TI0 MOXKJIMBOCTI, YHUKHEHHS necop6uii 3aniza 3 KY-2-8-M cunTe3oBa-
HUI cCOpOEHT BHCYLIYBAIM y CymHIbHIN madi npu Temneparypi 60 °C. Sk BugHo 3 tabmn. 3,
KOMIO3ULIHHUIA COPOEHT, SIKMI BUCYIIMIIM MICHS CUHTE3Y, JO3BOJISE JOCATHYTH HIDKYMX 3a-
JIMILKOBUX KOHLIEHTPALI Mifl K Y MOHOKOMIOHEHTHUX PO3YMHAX, TaK 1y MPUCYTHOCTI 10-
HiB KanbLito. [Ipu ipomy gecopOiiist 3ai3a NPUMUHSAETHCS.

Tabmuus 3
TopisHnanns copoyiinux éracmugocmetl 80102020 ma Nonepeonsvo gucyuteno2o Ky-2-8-M
(m=12V=010m CCu’ rou =100 m2/oM’)

Bucymysanns copbenry | C Ca?' o, Mr/mv® | C Cu?' i, Mr/mv® | C Ca?'yiy, Mr/mv® C Fesar, MI/mv?
Be3 BucynryBanns = 14 = 0,011
50 22 0 0,015
3 BHCYIIyBaHHAM = <0,01 = <0,01
50 <0,01 0 <0,01
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[Ipu nonaBaHH1 10 PO3YMHIB, IO MICTSTH Cu?", PI3HUX KOHIIEHTpAIiit Ca*', e(EeKTUBHICTD
BIUTYYEHHSI MiJll ONIEPEeTHHO BUCYILICHUM KOMITO3UIIITHUM COpOSHTOM HE 3HWXKYEThCs (Ta0d. 4).
Tabmuns 4
Koegiyienmu posnodiny (Kd) ma xoegpiyienmu pozoinenna Cu’™ i Ca**
(C(Cu?* nou) = 250 me/om’) npu copbyii na KV-2-8-M

Nel(11),2018

C Ca2+n0m, C Cu2+1<iﬂ‘, C Ca2+xiHA, Fe 3ar., MF/HM3 + +
Mr/ v Mr/ v Mr/ v Kd G’ Kd Ca? K posn

0 20 0 <0,01 1150 - -

25 16 0 <0,01 1463 - -
50 20 3 <0,01 1150 2400 0,5
100 22 5 <0,01 1036 1900 0,5
200 18 22 <0,01 1289 809,1 1,6
500 20 315 <0,01 1150 58,7 19,6
1000 20 861 <0,01 1150 16,1 71,2
2000 20 1784 <0,01 1150 12,1 95,0

VY nocnigax 3 BUWIy4eHHs 10HIB M1l 3 PO3YHMHIB PI3HOT KOHLEHTPALIl B MPUCYTHOCTI O/1HA-

KOBHUX KOHIIGHTpAIIH KaJIbI[I0 CIIOCTEPIraJIuCh T1 K TEHJIEHLII], SK 1 monepeanix aociuiaax. o
MEeBHOT KOHIIEHTpAIlil METaIliB KaJbIi 1 Mi/Ib BUITy4aJIUCh MOBHICTIO, MICJISI YOTO CHOCTEPIrano-
csl iX MOCTYMOBE 3pOCTaHHs iX KOHLeHTpauid (Tabn. 5). Chix BIIMITUTH, 110 BUKOPHCTAHHS
KOMITO3UIIIHHOTO KATIOHITY He 3MiHIOBajio pH ouMIIlyBaHUX PO3YMHIB, 10 BaXJIMBO IS OUMC-

HUX CIIOPpYH Yy CUCTEMax O60pOTHOFO BOJOKOPUCTYBAHHSA Ha Hi,Z[HpI/ICMCTBaX.

Tabmums 5
Bnnue ionie kanvyito na copoyiro mioi na KY-2-8-M

C Cu**you, MI/mM> C Ca®" o, MI/aM> C Cu** g, MI/mv3 C Ca" g, MI/amM? pH
0 50 0 0 6,6

10 50 0 0 6,5

20 50 0 0 6,6

50 50 1 0 6,6

100 50 20 5 6,5

500 50 36 24 6,6

OueBuHO, Npy Maux KoHnenTpanisx Cu?* i Ca>" y ix BuIyueHHi 3a paxyHOK Hecrenu(id-
HOi copOr1ii 6epyTh ydacTh KaTioHOOOMiHHI 1leHTpHu camoro KVY-2-8 y Na-dopmi. lonu mini ta-
KO’K BUJTy4alOThCSl Ha aKTUBHHX IIEHTPaX HAHOYACTOUOK MarHETUTY B IOPUCTOMY IPOCTOPi COp-
Oenry. Ilpu nocsrHeHHI CTaHy HacW4eHHs 10HOOOMIHHMX LEHTPIB CMOJM COPOLis KaJbLiifo
NPUMHHSETHCS, @ 10HU MiJIl BUIy4alOThCs JIMILIE 32 paxyHOK crienngiuHoi copOuii Ha (a3i marxe-
TUTY. TaKMM YMHOM, YCYBAETHCSI KOHKYPEHLIIsS COpOLIii BOXKKUX 1 TY>KHO3EMEIbHUX METaIIB.

BucHoBku BignoBiaHo 10 crarri. [loeanyoun nepeBaru MiKpOCKOIIYHUX PO3MIpIB Ya-
CTOYOK (hepuTy (MarOTh 3HAUYHY MPUTOMY MOBEPXHIO) 1 IPUEJHAHHS JOJATKOBUX aKTUBHUX
LEHTPIB HA MOBEPXHI (HEepUTY, MOXKHA JOCATTU JOCUTH INIMOOKOTO BHIIYyUYEHHS 10HIB MIfl 3
BOJHUX PO3YMHIB.

MonudikoBanuii TiokapOamiioM MarHeTut 1 kommno3uiiitauii copbent KVY-2-8-M y mpo-
1ecax BHJIYYCHHS 10HIB BaKKMX METaJliB HEUYTJIMBI 10 MPUCYTHOCTI COJIEH JKOPCTKOCTI 1 HE
3HWXKYIOTh CBO€1 €(DEKTUBHOCTI IPU OaraTOKpaTHOMY HAJUIMIIKY I0HIB KaJIbIIiIO.
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UDK 628.31:628.543
Oleksandr Khokhotva, Liudmyla Butchenko, Nikolai Gomelya

THE USE OF MODIFIED AND COMPOSITE FERRITIC SORBENTS
FOR SELECTIVE EXTRACTION OF Cu?**

Urgency of the research. The arrival of even small amounts of heavy metals in the environment is a global problem due
to ecotoxicity, the mutagenicity of heavy metals and the ability to bioaccumulate and biotransform.

Target setting. Insufficiently purified industrial wastewater contains small amounts of heavy metals and increased salt
content, so they can not be discharged into natural surface water bodies and this water is not recyclable in water cycles.

Actual scientific researches and issues analysis. Sorbents with nanosized particles of active phase are used in water
treatment technologies for the removal of heavy metal ions

Uninvestigated parts of general matters defining. The selectivity problem of the removing heavy metal ions from aque-
ous solutions is not investigated.

The research objective Study of sorption processes of copper ions on synthetic modified magnetite and composite
sorbent KU-2-8-magnetite in the presence of hardness salts.

The statement of basic materials. The maximum absorption capacity of unmodified magnetite was 65 mg/g, magnetite modified
with tiocarbamide — 80 mg/g, composite sorbent — 170 mg/g. With the increase in the concentration of calcium from 0 to 400 mg/dm’,
the distribution coefficient of copper ions between the solution and unmodified magnetite decreased by more than two folds — from
1076 to 467, while for the modified one — from 2182 to 1651. The use of the composite sorbent provided the constant degree of water
purification from copper ions in the range of concentrations of calcium salts 0-2000 mg/dn?’, and the copper ion distribution coeffi-
cient remained constant — 1150, and the coefficient of separation of copper ions and calcium increased from 0.5 to 95.

Conclusions. Sorbents with active phase of magnetite are able not only to effectively remove ions of heavy metals from
water, but also exhibit high selectivity to them. Modified magnetite and composite sorbent in the processes of copper ion
removal in a competitive ionic environment were less sencible to the presence of hardness salts.

Keywords: heavy metals; sorption; composite sorbent; magnetite; hardness salts; selectivity.

Table: 5. Fig.: 3. References: 14.

VIIK 628.31:628.543
Anexcanop Xoxomea, Jlroomuna bBymuenxo, Huxonati I'omens
NCITOJIb30BAHUE MOJU®UIIUPOBAHHBIX U KOMITO3UIIMOHHBIX
@®EPPUTHBIX COPEEHTOB JIJI51 CEJIEKTUBHOI'O U3BJIEYEHUSA Cu**

Axkmyansnocms memul uccnedosanus. Ilocmynnenue oadice HeOOILUUX KOTUHECTNE MAICETLIX MEMALN08 8 OKPYIHCAIO-
wyilo cpedy npedcmasnsem coboil 2n1ooanbiyio npobremy 8ciedcmeue IKOMOKCUNHOCHU, MYMALeHHOCMU MAdICENbIX Me-
Mannoe u cnocobHocmu K OUOaKKymynayuu u buompancgopmayui.
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Ilocmanogxa npoonemsl. Hedocmamouno ouuwyenHbie RPoMblULIeHHble CIOYHbIE 800bl COOepIICcam Hebonblue Konudec-
Mea MANCENbIX MEMANI08 U NOGblIULEHHOE CONeCO0epIICcatie, NOIMOMY UX Helb3sl COPACcLIBAmMb 8 NPUPOOHbIE NOBEPXHOCHIHbIE
68000eMbl U MAKAs 800A He NPU2OOHA K NOBMOPHOMY UCHOTL308AHUIO 8 B0000DOPOMHBIX YUKTIAX.

Ananuz nocneonux uccnedoganuit u nyonuxayuit. Copbenmoi ¢ HAHOPA3MEPHLIMU YACTNUYAMU AKMUBHOU (a3bl uc-
NONbL3VIOMCSL 8 MEXHOIO02UAX OUUCHKU B0Obl OM UOHOB MAJICENbIX MEMATIOB.

Buioenenue neuccnedosannsix uacmeii oouieii npoonemsl. He ucciedosan 80npoc cenekmuHOCmu u3giedenus UoHo8
MAICENBIX MEMATI08 U3 BOOHBIX PACIBOPOB.

Ilocmanoska 3adanua. Hsyuenue npoyeccos copoyuu uoHo8 meou Ha CUHMEMU4eckoM MOOUPUYUPOBAHHOM MazHe-
mume u KOMRO3UyUoHHOM copbenme KY-2-8-uacnemum ¢ npucymemeuu conetl dcecCmrKocnu.

H3znooxcenue ocnognozo mamepuana. llpedenvnas copoyuonnas emMKocms He MOOUDUYUPOBAHHO20 MASHEMUMa coc-
masnana 65 me/e, maznemuma, mMoouguyuposannoeo muoxapbamuoom — 80 me/e komnosuyuonnozo copbenma — 170 me/e.
Ipu pocme xouyenmpayuu xaroyus ¢ 0 0o 400 me/on’ kosgpuyuenm pacnpedenenus 1oHos Medu MeiNCOy pacmsopom u He
MOOUDUYUPOBAHHBIM MACHEMUMOM YMeHbuuics 6onee yem 8 08a paza — c 1076 0o 467, 6 mo epems kax 0na moouguyupo-
sannozo — ¢ 2182 oo 1651. Hcnonvzoganue KOMNO3UYUoHHO20 copbenma 0b6ecneuusano nOCMOosHCMBO CMeneHu O4ucmKiy
80061 0N 1OHOE MeOU 8 JUanasome Konyenmpayuii coneti karoyus 0-2000 me/on>, npu smom kospuyuenm pacnpederenus
uoHo8 meou ocmasanca nocmosiuuvim — 1150, a kosgpguyuenm pazoenenus uonos meou u xanvyus gospacman c 0,5 0o 95.

Bui6oowt 6 coomeemcmeuu co cmamueii. Copbermul ¢ akmusHotl ¢hazori MmazHemuma cnocoonsl He moavko g ghexmu-
6HO YOANAMb UOHbL MAICENBIX MEMANI08 U3 B00bl, HO U NPOAGIAION K HUM 8bICOKYIO cenekmugHocmy. Moouguyuposanmwiii
Maznemum u KOMROZUYUOHHBIX COPOEHM 8 NPOYeccax u3eneyeHus UOHO8 Meou 8 KOHKYPEHMHOU UOHHOU cpede Obliu Maiouy-
6CMBUMENbHBL K NPUCYIMCMBUIO COJLelL JHICECIKOCMIL.

Kniouegvie cnosa: msoicenvie Memannsl; copoyus, KOMROZUYUOHHII COPOEnm, MazHemum, CONU HCeCIKOCMI, CelleK-
MUBHOCMb.

Tabn.: 5. Puc.: 3. bubn.: 14.
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