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1. lucepTarnis npucssyeHa po3poolii HayKOBO-TIPAKTUYHUX 3aCa]] Y OCKOHAJIEHHS IIPOLIECiB pereHepatiii
raJibBaHiYHMX TEXHOJIOTTYHMX PO3YMHIB 32 JOIIOMOT'0I0 METOLly MEMOPaHHOTO eJIeKTpoJli3y. [IpoBeneHo
aHaJIITUYHUH OIJISL]l HAyKOBO-TEXHIYHOI iHpopMallii 1010 06s1acTell 3aCTOCYBaHHS Ta YMOB POOOTH MeMOPaHHUX
€JIEKTPOXiMIYHMX IPUCTPOIB. Ha 6a3i aHasi3y HayKOBUX IPKEPEJI I0Ka3aHO €(EKTUBHICTb METOY MEMOPAHHOIO
€JIEKTPOJIi3y y MpolLecax OYUILLEHHS BOGHUX PO3YMHIB Bifl MIKiIJINBUX Ta OTPYMHUX pedoBUH. [TokasaHo, 1110
NiABUILEHHS SIKOCTi Ta TEPMiHy poOOTH TEXHOJIOTTYHMX XPOMOBMICHUX rajibBaHiYHUX BaHH MO>KJIMBO 3aBISIKU
po60Ti MEMOPAHHUX €JIEKTPOXiMiYHMX IPUCTPOIB. [TossipuzaniilHIMU KPUBMMHU BCTAHOBJIEHO 3aJI€KHOCT
BEJIMYMHY CUJIA CTPYMY Bif] PiBHS IIPUKIIaAEHOI HANIPYTU J1s1 KATOLHOTO BUIIZIEHHS KaJMilo Ta LWHKY IIPY Pi3HUX
Temrepatypax. [linTBepIyKeHO METOIOM €JIEKTPOHHOI MIKpOCKOIIii 3 PYHKLisIMU peHTTeHO(a30BOro MikpoaHanansy
HagBHICTb Y KATOJHOMY OCaJli KaIMilo Ta IMHKY, HOHU IKMX 3HAXOJWJIACS B SIKOCTI JOMIIIOK B aHOJIITi. BusHayeHun
€KCIIepUMEHTaJIbHO ONTUMAaJIbHUY Jliania3oH 3HaueHb pH B Mexkax 1,5-1,8 103BoJIsle OTpUMYBATH y BUTJISA LIHHUX
MIPOAYKTIB METaJsIiuHi KaJMill Ta UMHK, SKi MOXKJIMBO BUKOPHUCTOBYBAaT/ B METAJYPrii. Y pe3yJibTaTi IPOBEIEeHNX
IOCTiIKeHb 0yJI0 po3po06JieHO J1abopaTOPHY MOJesib MEMOPaHHOTO €JIEKTPOXiMiYHOTO IIPUCTPOIO,
€KCIIEPUMEHTAJIbHO JOCIiIKEHO 3aKOHOMIDHOCTI MaconepeHocy MoHiB Zn2+ ta Cd2+ yepes KaTioHOOOMiHHY
memb6pany RALEX®CM-PES 11-66. B npoueci po60TH BUBYJIACS 3aKOHOMIPHOCTI BIIJIMBY HACTYIIHUX (PAKTOPIB HA
rpolec MeMOPaHHOTO eJIeKTPOJIi3y: KOHIEHTpallil 3a6pyIHIOI0U0ro OHY MeTally, TyCTUHU CTPyMy, TEMIIEpaTypu Ta
riIpoJHaMiYHMX YMOB IPUMEMOPaHHOI 30HU aHOJIITY. EXCliepyMeHTasIbHO BCTAaHOBJIEHO YMOBHU Pe3yJIbTaTUBHOI
pereHepallii rajbBaHiYHMX Po34MHiB. OKpeMy yBary 0yJyi0 CIIPSIMOBAHO Ha 3aCTOCYBAaHHS IPUMYCOBOTO MEXaHIYHOTO
nepeMilryBaHHsI IpUMeMOPaHHOI 30HU aHOJIITY. B pe3ysbTaTi y3arajbHeHb BCTAHOBJIEHO I'YCTUHY IPAHUYHOTO
CTPyMY [JIS1 3MOJI€/IbOBAaHMX PO34YMHIB IMacuBallii KaMi€BOro Ta IMHKOBOTO rajIbBaHiYHUX IIOKPUTTIB. BCTaHOBIIEHO
IiIBUIIEHHS BUXOAY MeTainy 10 50%, B pe3ysbTaTi IPMMYCOBOIO MEXaHIYHOTO NepeMilllyBaHHs. BHacimok
yIIOCKOHAJIEHHS BilOMOI MaTeMaTU4YHOI MOZeJi O6yJI0 BCTAHOBJIEHO KiHEeTUYHI TapaMeTpy Pe3yJIbTaTiB JOCTiIKEeHb
31 3MiHOIO KOHILIEHTpaLill 3a0pyAHIOI0YMX HOHIB BaHH I1acUBAaLill Ta 3i 3MiHOIO TiIpOAMHAMIYHMX YMOB Ta 3HANIEHO
KOHCTaHT/ MUTTEBUX MIBUIKOCTEN PEAKLiN KATOLHOIO €JIEKTPOOCAIKEHHS KaJMil0 Ta IMHKY. B pe3ysbrari
3arajibHOi MaTeMaTU4HOI OOPOOKM aHUX Pe3yJIbTaTiB eKCIIEPUMEHTIB 31 3MiHOI0 KOHLEHTpallii, [yCTUHU CTPyMY,
TeMIIepaTypU Ta Pi3HUX TiApOAMHAMIYHUX YMOB OyJM 06YH0BaHi 6araTo(pakTOpHi piBHSIHHS perpeciii
MeMOpaHHOT0 KaTOJIHOTO €JIEKTPOOCAI)KEHHSI KaJMilo Ta IIMHKY. 1715 3HaxXoIKeHHsI 6araTopakTOpHUX PiBHSIHb
perpeciit 6ys10 3acTocoBaHo nporpamy Statgraphics Centurion 18-64X. CTaTUCTMYHY 3HaUyLIiCTh 6araTopakTOPHUX
piBHSIHB perpeciii piBHsIHb OyJ10 HiaTBepAKeHO KpuTepisimu CteiofenTa, Qimepa ta Japbina-Yorcona. CTBOpeHO
IIPOMUCJIOBUI €JIeKTPOXIMIYHNI IIPUCTPIH, 110 K03BOJIsSIE €(PEKTUBHO PereHepyBaTH CKJIak, TEXHOJIOTTYHUX BaHH
racuBalliil KafiMieBUX Ta UMHKOBUX rajbBaHiYHUX MOKPUTTIB. Ha peasbHUX BUPOOHUYMX BaHHAX MacUBalliil
IIPaKTUYHO MiATBEPAKEHO af€KBAaTHICTh 6araTo(pakTOPHUX PErpeciHuX MaTEMAaTUYHUX MOJesIel
€JIEKTPOBIZHOBJIEHHS KaJMilo Ta LMHKY. B pe3ysbTaTi NIpOMUCIOBOro BIIPOBAIKEHHS Ta POOOTH MEMOPaHHUX
€JIEKTPOXIMIYHUX MPUCTPOIB KPiM e(PEeKTUBHOIO OUUIIEHHS JaHUX TEXHOJIOTIYHMX BaHH Bif ioHiB Cd2+ Ta Zn2+
IIOBENIEHO IIPOLEC pereHepauii MOHIB XpOMY IIE€CTUBAJIEHTHOrO 3 MOHIB Cr3+. EKClIepUMEHTaJIbHE NOCIiIKEHHS
IIPOLIECY QaHOJHOI pereHepatii migTeepansio OCTYIIOBE 3pDOCTAHHS KOHLEHTPALlii MOHIB XpOMY IIECTUBAJIEHTHOT'O Ta
IIOCTYTIOBE 3HWKEHHS KOHLeHTpallii ioHiB Cr3+ B BaHHAX NacuBallill TaJibBaHIYHUX TIOKPUTTIB. B pe3ynbrari
IIPOBEJEHUX JOCIiI)KEHb BCTAHOBJIEHO €(EeKTUBHICTh pereHepaliii xpomatis Ha piBHi 0,6-1,59 r/71 Ha 1oO6y B
Ipalolourx BaHHaxX nacusaiii o6’emom 15071. JloBeneHo, 1m0 po60Ta CTBOPEHUX MEMOPAHHUX €JIEKTPOXiMIiUHUX
IIPUCTPOIB 3HUKY€E HABAaHTAKEHHS HA OUMCHI CIIOPYAU rajibBaHiuHOI AibHULI. BCTaHOBIEHO 3HMKEHHSI pOOOUNX
KOHIIEHTpPALil HAaTPill IUXPOMATy B TEXHOJIOTIYHUX BAHHAX, 110 B PE3YJIbTaTi 1aJI0 3MOTY 3HU3UTH IX €KOJIOTIYHY
Hebe3neky B 3,75 pasu. Bnepiue 3aCTOCOBaHO METOAMKY PO3PaxyHKy €K0JIOr0-€KOHOMIYHOi €(pEKTUBHOCTI po60TH
IAHUX €JIeKTPOXiMIYHMX NPUCTPOIB. 3aBASIKY IPOBEAEHUM PO3paXyHKaM MIOKA3aHO Pe3yJIbTaTUBHICTb pOOOTU
CTBOPEHUX NPOMUCIIOBUX MOYJIIB €JIEKTPOXiMIYHMX B TEXHOJIOTIYHMX BaHHAX MAaCUBallii KAIMi€BUX Ta [JUHKOBUX
rajibBaHiYHUX IIOKPUTTIB. [IpOBeieHI eKCIepUMEHTaJIbHI Ta CTATUCTUYHI TOCHIIPKEHHS, @ TAKOXK BIIPOBAKEHHS
TEXHOJIOTIYHMX IIPOLECIB €JIEKTPOXIMIUHOI pereHepanii XxpOMOBMICHUX TEXHOJIOTIYHYX IajlbBaHIYHMX PO3UMHIB B AT
«Cymcpkuii 3aBog; «Hacocenepromam» (mogatku [, E, JK), 103BOJISIOTh pEKOMEHIyBATH ITOMNPEHHS] BAKOPUCTAHHS

IAHOTO METO/ly MEMOPAHHOTO eJIeKTPOJIi3y /1 pereHepallii XxpOMOBMiCHUX TEXHOJIOTTYHUX PO3UMHIB MiATIPUEMCTB



HAIIOi KpaiHu.

2. The dissertation is devoted to the scientific development and practical stays the regeneration processes
improvement in galvanic technological solutions using a membrane electrolysis method. An analytical review of
scientific and technical information on the areas of application and operating conditions of membrane
electrochemical devices were conducted. Analyzed scientific sources show the effectiveness of the membrane
electrolysis method in the purification processes of aqueous solutions from hazardous substances. Polarization
curves the dependences of the magnitude of the current on the applied voltage level for the cathodic release of
cadmium and zinc at different temperatures. The presence of cadmium and zinc in the cathode deposit, the ions of
which were present as impurities in the anolyte, was confirmed by electron microscopy with the functions of X-
ray microanalysis. The experimentally determined optimal range of pH values in the area of 1.5-1.8 allows obtaining
in the appearance of valuable products metallic cadmium and zinc, which can use in metallurgy. As a result, the
conducted researches laboratory model of the membrane electrochemical device has developed, the regularities of
mass transfer of Zn2+ and Cd2+ ions through the cation exchange membrane RALEX® CM-PES 11-66 had
experimentally investigated. In the course of work, the regularities of influence of the following factors on the
membrane electrolysis process have been investigated: concentration of polluting metal ion, current density,
temperature, hydrodynamic conditions of the anolyte near-membrane zone. Particular attention was paid to the
use of forced mechanical stirring of the membrane zone of the anolyte. As a result of generalizations, the current
limit density for simulated solutions of cadmium and zinc galvanic coatings passivations are determined. The
increase in metal yields up to 50% as a result of forced mechanical mixing. As a result of improving the known
mathematical model, the kinetic parameters of research results with changes in the concentrations of
contaminating ions of passivation baths and with changes in hydrodynamic conditions had established,
instantaneous rate constants of cathodic metals electrodeposition had found. As a result of general mathematical
processing of the experiments results from data with changes in concentration, current density, temperature, and
different hydrodynamic conditions, multifactor regression equations of membrane cathode electrodeposition of
cadmium and zinc had constructed. The statistical significance of multifactorial regression equations was
confirmed by the criteria of Student, Fisher, and Darbin-Watson. An industrial electrochemical device has been
created that allows to effectively regenerate the composition of technological passivations baths of cadmium and
zinc galvanic coatings. The adequacy of multifactor regression mathematical models of cadmium and zinc
electroreduction has been practically confirmed on real passivation production baths. As a result of industrial
implementation and operation of membrane electrochemical devices, in addition to effective purification of these
process baths from Cd2+ and Zn2+ ions, the regeneration process of hexavalent chromium ions from Cr3+ ions has
been proved. An experimental study of the anodic regeneration process confirmed the gradual increase in the
concentration of hexavalent chromium ions and the gradual decrease in the Cr3+ ions concentration in the
passivation baths of galvanic coatings. As a result of the conducted researches, the chromate regeneration
efficiency was established at the level of 0.6-1.59g /1 per day in working passivation baths with 1501 volume. It is
proved that the operation of the created membrane electrochemical devices reduces the load on the treatment
facilities of the galvanic section. The reduction of working concentrations of sodium dichromate in technological
baths was established, which as a result, allowed to reduce their ecological danger by 3.75 times. The calculation
procedure on the ecological and economic efficiency of the electrochemical devices operation has been applied for
the first time. Thanks to the calculations, the effectiveness of the created industrial modules of electrochemical in
technological baths of passivation of cadmium and zinc galvanic coatings is shown. Experimental and statistical
researches and also the introduction of technological processes electrochemical regeneration of chromium-
containing technicality galvanic solutions in JSC Sumy plant "Nasosenergomash" (appendices [I,E,K), allow
recommending to use this membrane electrolysis method for regeneration industrial chromium-containing

technological solutions of Ukraine.
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