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Coceoko A.O. KOMIUIEKCHE O4YMINCHHS CTIYHMX BOJI IPOMHCIOBUX
BUPOOHUIITB 3 BUKOPHUCTAHHAM HaHOCOpOeHTIB. — KBamiikaiiitna HaykoBa mpars
Ha MpaBax PyKOIHCY.

Huceprariss Ha 3700yTTS HAyKOBOrO CTyImeHs JokTopa (dutocodii 3a
cnenianbHicTIO 192 «byniBHULITBO Ta KBUIBbHA 1HX)eHepis» (19 — ApxiTekTypa Ta
OyniBHULTBO). — KWuWiBChbKMI HalllOHAIBHUN YHIBEpCUTET OydiBHUUTBA 1
apxiTeKTypu MiHicTepcTBa OCBITH 1 Hayku YKpainu, Kuis, 2025.

Huceprariitna po6oTa MpUCBSIYEHA TOCTIHKEHHSIM 3 PO3POOKH KOMILIEKCHOT
TEXHOJIOT1l OYHWIIEHHS PIAKAX TalbBaHIYHUX BIAXOMIB JiHIT IMHKYBaHHS 1
yTUII3aIii BiANpalbOBaHUX IPOAYKTIB BOJIOOYMIICHHS SK HAIOBHIOBaYa B
OyniBenbHUX MaTepianax. Lle mocsraeTbes NUISIXOM MOKPAIIaHHS SIKOCT1 OYUIIICHHS
IPOMUBHUX CTiYHMX BOJ, SKi MICTATh i0HM Zn®* 3 BUKOPHUCTaHHAM 3aIli30BMICHUX
COpOCHTIB, OJIEp)KAHUX 3 OYMIICHHS BIANPallbOBAaHUX PO3UMHIB TPaBJICHHS CTall
MeTO/I0M (hepUTH3aIlii.

CriuHi BOAM TaJIbBAaHIYHOI'O BHUPOOHUIITBA BIIHOCITHCA 1O HAHOUIBII
HEOE3MEeYHUX PIOKUX BIIXOMIB TMPOMHUCIOBUX MIAOPUEMCTB. Y 3B’S3KYy 13
PI3HOMAHITTSIM XIMIYHOI'O CKJIaJly, BIIACTUBOCTEN 1 BUTPAT CTIYHUX BOJ, HEOOX1AHO
nependayaTH Ha TaKUX IIANPUEMCTBAX BUKOPHUCTAHHS CIELIAIbBHUX METOJIB, a
TaKOX CIOPYJl 3 TOINEPEAHbOI0 Ta TMOBHUM OYHINECHHSIM IUX BOJ BiJ PI3HUX
3a0pynHioBaviB. Haitbinbmmii 06’ eM BUpOOHUIITBA TaTbBAHOTIOKPHUTIB MPHUIIAJIA€ HA
JiHI0 MuHKYBaHHA, a came 40 + 50 %. B pe3ynbTrari 13 HEIOCTaTHRO OYMIIICHUMHU
raJIbBaHIYHUMU CTIYHHUMH BOJAMH B BOJHI O00'€KTH IIOPOKY MOTPAILIAIOTH THUCSYI
TOH BHCOKOTOKCHYHMX BaXKUX METaliB, 30KpeMa 10HIB ILHHKY, L0 3HA4YHO
YCKJIQJIHIOIOTh €KOJIOTIYHY CUTYallil0 B KpaiHi.

OmuuM 13 cnoco0iB  BUPIMICHHS €KOJOTIYHUX TpoOJieM € IIHPOKE
BIIPOBAI>)KEHHS O€3BIAXOTHUX METOIB, 30KPEMA, SIKl IPYHTYIOThCS Ha IIOBTOPHOMY
BUKOPUCTAaHHI OYMIIEHUX KOHILIEHTPOBAaHUX 1 MPOMHUBHUX BoA. OKpIM LbOTO,
aKTyaJIbHUM € MTUTaHHS 3a1100iranHs 0€3MOBOPOTHIN BTPATi IHHUX BAXKKUX METAIIIB

Ta TOBEPHEHHS 1X Y BUPOOHHUIITBO y BUTJISA/I TOBAPHOI MPOAYKIIIi.



Tomy Ha 4aci BceOiuHE MOCHTIKEHHS €KOHOMIYHO €(DEKTUBHOTO OUYHUIICHHS
rajbBaHIYHUX BIIXOJIB, IO 3a0e3reuye HEOOXIMHUM e(PeKT OUYMIICHHS BOIU BiJl
10HIB BaXKKHX METAIIB Ta O€3MEUHY YTHII13aI[1I0 BIIXOIIB.

VY nepiomy po3iijii MpoBEICHO aHai3 CTaHy MUTaHHS TOBOHKCHHS 3 PIAKUMHU
BIIXOJlaMU TaJIbBaHIYHUX BUPOOHHUIITB, SKI MICTATh TOKCHYHI CIIOJIYKH 10HIB
BXKMX METaJiB, 30KpeMa IHMHKY. PO3rIsSHYTO OCHOBHI BWIH, CKJaJ Ta METOIM
OUMILIEHHSA CTIYHUX BOJ TajbBAHIYHUX BHUPOOHHUIITB, IO YTBOPIOKOTHCA MPHU
IPOBEICHHI TEXHOJIOTYHHUX MPOLECIB, 3B’ A3aHUX 3 NPOMHUBKOIO JETale Mpu ix
00poO1ll TEXHOJOTTYHUMH PO3YMHAMHM TAa HAHECEHHI TaJIbBaHIYHUX MOKPHUTTIB.
[Tokazano, 1m0 B 3B’S3Ky 3 IIKIJJUBOIO JI€I0 HAa HABKOJUIIHE  CEPEIOBHIIE
0COOJIMBO CIMOJYK IIMHKY Ta IHIIMX BAXKKUX METAJiB, JO E€KOJOTIYHOI Oe3mexu
rajbBaHIYHUX BUPOOHUIITB CTABJISITHCS IIJIBUIIICHI BUMOTH.

311iCHEHO, TCOPETUYHHUM OIJISI OYMINCHHS NMPOMUBHHMX CTIYHHUX BOJ BiA
CIIOJIYK IIMHKY COPOLIMHUMHU MeToAaMHu. [IepCrieKTHBHUM HANPSIMKOM JOCHIKEHb
€ BHUKOPDHCTaHHS MAarHiTHMUX COpPOEHTIB Ui BHIJIyYEHHS 3a0pyAHIOBayiB 3
IIPOMHCIIOBUX CTIYHUX BOA. Y 3B'SI3Ky 3 IIMM Ha BHPOOHMIITBAX aKTyaJIbHOIO
po0JIEMOIO € He Jule epepoOKa TEXHOJIOTTUHUX PO3YUHIB, alle TAKOXK OUMIIICHHS
IIPOMHUBHUX BOJ 3 METOI0 BIJIYYCHHS 3 HUX 10HIB MeTay, YTHJII3aIlil0 CaMOro
MeTally, IOBEpPHEHHS OUMIIICHOI BOJM Y BAPOOHMIITBO Ta 3a100iranHs 3a0py IHEHHIO
HABKOJIMIITHBOTO TIPUPOTHOTO CEPEIOBHIIIA.

VY apyromy po3aini HaBeACHI METOIMKHA OTPUMAHHS MarHiTHHUX COPOIIHUX
MarepiajiiB 3 OCaJliB OYHIIEHHS BiANPAIlbOBAHUX CIPYAHOKHUCIUX PO3YHHIB
TpaBJICHHS CTal (PepPUTHU3AINHUM METOJIOM Ta BiJIXO/1B METaI000pOOKH CTaJIeBUX
BUPOOIB METOJIOM €JIEKTpoepo3iiiHoro aucnepryBaHHs. [IpencraBieHo 00’€kTH
JOCJTIIDKEHHS, 1110 BKJIFOYAIOTh B ce€0€ BUJI Ta CKJIa/l CTIYHUX BOJI. Y PO3ijI1l OIUCAHO
METOJIMKH MPOBEJICHHS COPOIIMHOT0 OUUIIIEHHS CTIYHUX BOJ MPHU PI3HUX 1X YMOBaxX
npoiiecy. KpiMm Toro, BukiiaieHo (pi3uko-XiMidHi METOU JOCTIIXKEHHS OTPUMaHUX
COpOLIMHUX MaTeplaiiB 1 KUIbKICHOTO aHali3y BUMIPIOBAHHS BMICTY 10HIB BaKKHX
METATIB y pO34YMHAX CHEKTpoPOoTOMETpHIHHM MeTonoM. [IpuBeneHo mepermik

PUIIAJIIB, KOTPl BUKOPUCTOBYBAIKCS B TPOIEC JOCIIHKCHb.



Tperiii po3ain pobOTH TPHUCBIYCHO AOCHIHKCHHIO  (EepPUTH3AIIHHOTO
OUMIIEHHS BIIPAIIbOBAaHUX PO3YMHIB TPABJICHHS CTaJEBUX BHUPOOIB, K1 MICTSThH
ionn Fe?*, 3 MeTOr0 OTpHMaHHA 3aIi30BMICHHX OCAIiB, IO IIPU MOAJIbIIIN 06po0Li
3aCTOCOBYIOTBHCS SIK COpOIIiiiHI MaTtepiaii. B poOOTI BUKOHAHO JAOCIIKEHHS 1100
yAOCKOHAJIEHHS MPoIiecy pepuTH3allli, HUITXOM BU3HAYEHH S HAMKPAIol IIBUIKOCTI
aepartlii peakIiifiHOT CcyMilli KHCHEM IMOBITPS MNpU PI3HUX crocobax akTUBAIlli
peakIiiHoil cyMill. Sk mokaszajiu pe3yiabTaTh €KCIEPUMEHTIB, 110 CTOCI0 aKTUBALlil
peakiiitHoi cyMiml 1 IBUJKICTh aepalili KUCHEM MOBITPSI BIUIUBAE HA €(DEKTUBHICTD
BUJIYYEHHsI 10HIB 3aji3a 3 pPO3YMHY Ta CTPYKTypy ocany. Hailkpamii pe3yiapTaTu
BMJIyYEHHs 10HIB 3al1i3a CIIOCTEPIraloThes IMpU MBUAKOCTI aepauii 0,06 am3/c Ta
TPUBAJIOCTI TPOIECY B 75 XB 3 TEPMIUHOIO aKTUBAIlEI0 peakiiiHoi cymimi. [Ipu
IIbOMY 3aJIMIITKOB1 KOHIIEHTpaIlli Fe**" B po3uuHi micis dhepuTr3allii csarae 3HaUYCHHS
B 0,08 Mr/nM 3 cTynienem ouneHHs 99,99 %. OuunieHa cTiuHa BoJa Py aKTHBALlii
peakiiiinoi cymimn (eputuzariero B 75 °C, eIeKTpOMarHiTHOW IMITYJILCHOIO Ta
yJIBTPa3BYKOBOIO BIAMOBIJIa€ BUMOTaM I'PAaHUYHO JOMYCTUMUX KOHIIEHTpAIliil 10H1B
3aii3a JUisl il MOBTOPHOTO BHUKOPUCTAaHHS Ha TralbBaHIYHOMY BUPOOHHUIITBI B
IPOMHUBHHUX ONEpalisix Ta JO3BOJIAE€ CKHAAHHS 1i B LIEHTpaJbHY KaHaI3alldHy
MEPEXKY TSI MOAANBIIOT0 OUYUIIEHHS Ha 3aralbHOMICHKHX OYMCHUX CIOPYIax.

[TpoBenenuit sxicHuit (a30BUN CKIIaJ 3pa3kiB (PEpUTHU3ALIMHUX OCAaJliB
MIATBEPKYE HASABHICTH (PEpOMArHITHUX KPUCTATIYHHX (a3 OKCOTIIPOKCHIIB 1
okcuiB 3aiiza. KinmbkicHu# (a3oBuii aHAI3 MOKa3aB PO BILIUB MIBUAKOCTI aeparrii
1 crmoco0y aKkTHBAIIil peakIiitHo1 CyMillll Ha CKJIaa ocaaiB. Pe3ynbratu mociiaKeHb
TaKOX JIEMOHCTPYIOTh, III0 AaKTUBAllis PEaKIiiHOi cyMilll yJIbTpa3ByKOM B
MOPIBHSHHI 3 €JEeKTPOMArHITHOK IMMIYJIbCHOK AaKTHBAIIE€I0 CIOBUIBHIOE IMPOIEC
Tpancopmarii a3z B ocamax. AkTuBaiis mnporecy ¢epuruzamii npu 75 °C
IPU3BOJUTH A0 OTPUMAHHS OKCUAHOI (ha3u, M0A0 OTpUMaHH MakcuMaibHoro 100
% BMICTy XIMIYHO cTilikoi okcuaHoi a3u FesO4. dazoBi mocmimxeHHs A00pe
KOPEJIIOIOTh JAaHUMHM XIMIYHOTO aHaI3y OYMIIEHOI CTIYHOI BOAW. K mokazanu
pe3yNbTaTu OCHIIKEeHb, ()a30BI MEPETBOPEHHS (EPUTHUX CIONYK B OCail Ta iX

CTIHKICTH B JIy’)KHOMY CEPEIOBHII BILTUBAIOTH HA BMICT 3aJMIIIKOBUX KOHIIEHTpAIliit



10HIB 3aimi3a B po3unHi. lle miaTBepKy€eThes poriecoM TpaHnchopMalrii HECTIHKIX
npomikHux (a3 y-FeOOH Ta 8-FeOOH y O6inbm criiiky FesOs mpu pizaHX
criocobax akTuBarlii hepruTHU3aliii.

UeTrBepTrii po3ail  poOOTH TPHCBAYCHUN  JIOCTIDKEHHIO  OYMIIECHHIO
IMPOMUBHHMX CTIYHUX BOJ, SKI MICTSTh 10HU IUHKY COPOIIHHMUMHU METOJIaMH.
3111iiCHEHO MOPIBHSIHHS €(EKTUBHOCTI BUIIYUEHHS 10HIB BaXKKUX METAJIB 3 CTIUHOI
BOJAM PI3HUMH TUIIAMH COPOLIMHUX MaTEPialliB, IK MIHEPAJIbHOTO MOXOIXKEHHS, TaK
1 Mar"HiTHUX COpOEHTIB OTPUMaHMX B JA0OpPaTOPHHX yMOBax. Pesymnbratn
JIOCTDKEHb TOKa3alu, 10 HailepekTuBHIimE cebe TMpOSIBUB MAarHiTHUN
BHCOKOJHMCIEPCHUN  COPOCHT  OTPUMAaHMH  METOAOM  CIIEKTPOEPO31HHOIO
nuctniepryBanHs. [Ipote et copOeHT 3a0pyaHIOE OUHIIIEHY BOJy 10HAMH 3aiii3a J0
xoHIeHTpanii 0,36 Mr/aM3, mo nosicHeThes Horo GazoBuM ckiagoM. s iHmuX
3aCTOCOBAaHUX MAarHITHUX COpPOEHTIB BMICT 10HIB 3aji3a B OUYHIIEHIH BOAl OyiH B
mexax 0,01 + 0,04 mr/mm®.

JInst mocArHeHHs TOTPIOHOT SKOCT1 OYUIIIEHHS CTIYHUX BOJI BiJ] 10HIB IIUHKY B
NoJaNbIIIA poOOTI JOCHIIKYBaJIM 3aCTOCYBaHHsSI COpOEHTIB ocaliB (pepuTusallii
pizHOTO (Pa30BOro CKJIAAy BiJl OKCOTIIPOOKCHUIIB 10 OKCHJIB 3alli3a MPU PI3HUX
yMoBax copOiii. BukopuctanHsa yiabTpa3ByKy B Mporeci copOuii 10HIB LUHKY
MOPIBHAHO 3 MEXaHIYHUM TepeMinryBaHHsIM B 800 00/XB MiABHUIILYE X BUITYUCHHS 3
po3unHy B cepenabomy Ha 10 %. Ane Taka oOpoOka po3uuny, skuii Mmae pH 5,6, He
JOCSITAE€ThC SIKICTh OYMINEHOT BOJH, 3rigHo Bumoram ['JIK momo BMICTY i0HIB
[IUHKY JJIs1 TIOBTOPHOTO ii BUKOPHCTAHHS Ha TallbBAaHIYHOMY BHPOOHUIITBI. 31
30uThIIeHHIM BeninunHU pH cTiuHoi Bosu 3 5,6 1o 8,0 3pocTae CTymiHb BUITYyUYEHHS
10HIB 1MHKY. Cepej JAOCHIDKEHUX 3pa3KiB Hailkpally copOILiiHy 37aTHICTh Mae
3pa3ok, ¢azoBuii ckiag sikoro 61,3 % 3-FeOOH Ta 38,7 % Fe3O4. 3acTocyBanHi
1ILOrO COPOEHTY 3MEHINYE KOHIEHTpALilo i0HIB LIMHKY B 10 2,4 Mr/am3, cTyminb
ouninieHHs1 po3unHy 92,0 %, 1o He BiamoBigae BkazaHum Bule Bumoram ['JIK.
JocnipxeHHs: 0y 30cepePKeH]l Ha BUBUEHI COPOLIIITHOI 34aTHOCTI 3pa3Ka, SIKUl
MICTUTh (pa3y MArHeTUTy, TaK SIK MPOLEC OTPUMAHHSA WOro € HaAIMHUM Ta

ctabutbHuM. Haitbinbma copOriiiiHa 31aTHICTh MAarHETUTOM JIOCATHYTa TpHU



BennunHi pH 10 Ta BuKopucTaHHi yiabTpa3BykKy. [Ipu 1iboMy KOHIIEHTpaIlisl 10HIB
IIMHKY B OYMIIEHOMy po3uuHi csarae 0,31 wmr/mm® i3 cTymeHeM OYMIIEHHS
IIUHKBMICTHOTO po3unHy 98,9 %. OuwuiieHa TakuM YHHOM BOJa BIATIOBIJA€E
BUMOTaM IIIOJI0 i TOBTOPHOTO BUKOPHUCTAHHS Ha TaJlbBaHIYHOMY BHPOOHUIITBI B
IPOMHUBHHUX OIEpallisiX Ta CKUIY B IEHTPAJbHY KaHAII3AI[lHHYy MEPexy st
MO/IaJIHIIIOTO OYHUIIEHHS Ha 3aralIbHOMICHKUX OYHCHHUX CIIOpYyax.

B upoMy po3aiii Takox MpOBEAEHI CTPYKTYPHI JOCIIKEHHS BIIPAllbOBAHUX
COpOEHTIB Ha OCHOB1 MarHeTUTy. Pe3ysibTaTu €1eKTPOHHOI MIKPOCKOITIi 3aCBIAUMIIN
BXO/DKCHHSI 10HIB LIMHKY B CTPYKTYpy COpOEHTY y BUTISAI (epuTy LHMHKY Ta
Maretuty. lle miATBEpIKYeThCS TAKOXK JaHUMHU PEHTIeH(IIyOpPECIEHTHOT
CIEKTPOCKOIIIi, IO MTOKa3aJId Maike B JIB14Ul OUTHIIINIA BMICT 10HIB IIMHKY B 3pa3Kax
BIJIMPAIIbOBAaHUX COPOCHTIB OTPUMAHUX IPH J1i YIABTPA3BYKY MOPIBHSHO 3 3pa3KOM
OTPUMAHUM IIJISTXOM MEXaHIYHOTO MEePEeMIITyBaHHS.

Y m’stomy po3aiii poOOTH TOKa3aHa MOXIJIMBICTH IMOAAIBINOI yTHITI3AI]
BiZIIPallbOBaHUX COPOCHTIB, SIK YaCTHHY HAMOBHIOBAaYa B CKJIAJi MOPOIIKOBUX
nakop@apOoBux MaTepianax. Pe3ynbTaTu mpoBeleHUX AOCIIKEHb MOKa3aju, 1110
BUKOPUCTAaHHS BIANPALbOBAHUX COPOEHTIB B LIJIOMY CHPHUSIOTH MIABUIICHHIO
KOPO311HOT CTIMKOCTI MOKPUTTS 3 €KPAHYIOUHUM 3aXHCTOM BiJl €JIEKTPOMArHiTHOTO
BUIIPOMIHIOBaHHSI XBHWJIb. KOpo3iiiHa CTIMKICTh MOKPUTTA Bianosigae kmacy C4
(BUCOKHUI) TIpH 3a0e3IeueH] cepeTHbOTro Kinacy aqoBropiunocti (M) Big 7-mu 1o 15-
TH POKIB.

3a pesynbTaramMu BCIX JOCTIIKEHb PO3p00JieHA KOMIUIEKCHA TEXHOJIOTIsS
OUMINICHHS TaJIbBAaHIYHUX CTIYHUX BOJ JIiHII IIMHKYBaHHS, ska 3abe3leunsia B
MOPIBHSHHI 13 TPaAUIIHHONW: ToBepHEHHS 10 80 % OYMINEHOT BOJU B CHUCTEMY
000pPOTHOT0 BOJIONOCTAYaHHS MiANPUEMCTBA; 3MEHILIEHHSI HETaTUBHOTO BIIMBY Ha
HABKOJIMIIHE CEPEOBUIIE B PE3YJIbTATI BUCOKOTO CTYIEHS BUIYYEHHS 10HIB 3aii3a
Ta UMHKY 3 TOKCUYHHUX BIIXO/IB; OTPUMAHHS €KOJOIYHO O€3MEeUHUX NPOAYKTIB 1X
OUMILIEHHA MNPUUHATHUX [0 YyTWI3alli; MOXJIMBICTh BHUPILMICHHS MpoOiIeMu
OJIHOYaCHOI'0 OYHMIIEHHS BUCOKOKOHUEHTPOBAHMX 1 MPOMUBHHUX CTIYHHUX BOJ, BiJl

CIIOJIYK BaXKUX METaJliB; HEBUCOKA COOIBAPTICTh OUUIIEHHS; €HEPTroe(hEeKTUBHICTh



Ta PECypCOOIATHICTh MPOIECY; 3MIWCHEHHS aBTOMAaTUYHOTO PpETyJIOBaHHS
Ipo1EeCy.

PobOora 6631’[006pe,HHI>O [IOB’sA3aHa 3 INIAaHAMHU Tematukun KuiBcbkoro
HaI[IOHAJIBHOTO YHIBEPCUTETY OYIIBHUIITBA 1 apXITEKTypH, sika BUKOHYETHCS Ha
3aMOBJIEHHsT MiHicTepcTBa OCBITM 1 Hayku Ykpainu (Ne mgepkpeectpartii
01230101948 «CtBOpeHHS TEXHOJOT1i KOMIUIEKCHOI MepepoOKH 3alli30BMICHUX
CTIYHMX BOJ 3 YTWJII3AII€0 BIAXOAIB B €KPaHYIOUHMX MOKPUTTAX JJISl BIICHKOBHX
00’exTiB»). OTpUMaHi pe3yiabTaTH HayKOBOi poOOTH OYJI0 BIIPOBAKEHO B pOOOUNIA
npoekt TOBAPUCTBO 3  OBMEXEHOIO  BIAITOBIJAJIBHICTIO
«JIAKOBEP» m. Kuis.

Kui04yoBi cjioBa: ranbBaHiIvHI BIAXOAH, TPABUIIbHI PO3YHHHU, POMHUBHI CTIYH1
BOJIM, BOXXKH METAJIU, MArHITHI COpOCHTH, MarHeTuT, depuTusailis, yabTpa3ByK,
yTHITI3a11is, TOPOITKOBI (papOu.

ANNOTATION

Sosedko A.O. Complex treatment of industrial wastewater using nanosorbents.
— Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 192 "Construction and civil engineering" (19 - Architecture and
construction). - Kyiv National University of Construction and Architecture of the
Ministry of Education and Science of Ukraine, Kyiv, 2025.

The dissertation work is devoted to research on the development of a
comprehensive technology for the purification of liquid galvanic waste from the
galvanizing line and the utilization of waste water treatment products as a filler in
building materials. This is achieved by improving the quality of the purification of
washing wastewater containing Zn2+ ions using iron-containing sorbents obtained
from the purification of spent steel pickling solutions by the ferritization method.

Wastewater from electroplating production is one of the most dangerous liquid
wastes of industrial enterprises. Due to the diversity of the chemical composition,
properties and flow rates of wastewater, it is necessary to provide for the use of

special methods at such enterprises, as well as facilities with preliminary and



complete purification of this water from various pollutants. The largest volume of
electroplating production falls on the galvanizing line, namely 40 + 50%. As a result,
thousands of tons of highly toxic heavy metals, in particular zinc ions, enter water
bodies every year with insufficiently purified electroplating wastewater, which
significantly complicates the environmental situation in the country.

One of the ways to solve environmental problems is the widespread
implementation of waste-free methods, in particular, those based on the reuse of
purified concentrated and washing waters. In addition, the issue of preventing the
irreversible loss of valuable heavy metals and their return to production in the form
of marketable products is relevant.

Therefore, a comprehensive study of cost-effective treatment of galvanic waste
Is needed, which provides the necessary effect of water purification from heavy
metal ions and safe disposal of waste.

The first section analyzes the state of the issue of handling liquid waste from
galvanic production, which contains toxic compounds of heavy metal ions, in
particular zinc. The main types, composition and methods of treating wastewater
from galvanic production, which are formed during technological processes
associated with washing parts during their treatment with technological solutions
and application of galvanic coatings, are considered. It is shown that due to the
harmful effect on the environment, especially of zinc compounds and other heavy
metals, increased requirements are placed on the environmental safety of galvanic
production.

A theoretical review of the treatment of washing wastewater from zinc
compounds by sorption methods is carried out. A promising area of research is the
use of magnetic sorbents for the removal of pollutants from industrial wastewater.
In this regard, the urgent problem in production is not only the processing of
technological solutions, but also the purification of washing waters in order to
extract metal ions from them, the utilization of the metal itself, the return of purified
water to production and the prevention of environmental pollution.

The second section presents methods for obtaining magnetic sorption materials



from the sediments of the purification of spent sulfuric acid solutions for steel
pickling by the ferritization method and waste from metalworking of steel products
by the method of electroerosion dispersion. The objects of research are presented,
including the type and composition of wastewater. The section describes the
methods for carrying out sorption treatment of wastewater under various process
conditions. In addition, physicochemical methods for studying the obtained sorption
materials and quantitative analysis of measuring the content of heavy metal ions in
solutions by the spectrophotometric method are presented. A list of devices used in
the research process is provided.

The third section of the work is devoted to the study of ferritization purification
of spent solutions for pickling steel products containing Fe2+ ions in order to obtain
iron-containing precipitates, which are used as sorption materials in further
processing. The work has carried out research on improving the ferritization process
by determining the best rate of aeration of the reaction mixture with air oxygen for
different methods of activation of the reaction mixture. As the results of the
experiments showed, the method of activation of the reaction mixture and the rate
of aeration with air oxygen affect the efficiency of iron ion extraction from the
solution and the structure of the precipitate. The best results of iron ion extraction
are observed at an aeration rate of 0.06 dm3/s and a process duration of 75 min with
thermal activation of the reaction mixture. At the same time, the residual
concentration of Fetotal in the solution after ferritization reaches a value of 0.08
mg/dm3 with a degree of purification of 99.99%. Purified wastewater upon
activation of the reaction mixture by ferritization at 75 °C, electromagnetic pulse
and ultrasonic meets the requirements of maximum permissible concentrations of
iron ions for its reuse in galvanic production in washing operations and allows its
discharge into the central sewage network for further treatment at citywide treatment
facilities.

The qualitative phase composition of samples of ferritization sediments
confirms the presence of ferromagnetic crystalline phases of iron oxohydroxides and

oxides. Quantitative phase analysis showed the influence of the aeration rate and the



method of activation of the reaction mixture on the composition of the sediments.
The results of the studies also demonstrate that activation of the reaction mixture by
ultrasound in comparison with electromagnetic pulse activation slows down the
process of phase transformation in sediments. Activation of the ferritization process
at 75 °C leads to the production of an oxide phase, with a maximum content of 100%
of the chemically stable oxide phase Fe304. Phase studies correlate well with the
data of chemical analysis of treated wastewater. As the results of the studies showed,
the phase transformations of ferrite compounds in the sediment and their stability in
an alkaline environment affect the content of residual concentrations of iron ions in
the solution. This is confirmed by the process of transformation of unstable
intermediate phases y-FeOOH and 6-FeOOH into more stable Fe304 with different
methods of ferritization activation.

The fourth section of the work is devoted to the study of the purification of
washing wastewater containing zinc ions by sorption methods. The efficiency of
extracting heavy metal ions from wastewater by different types of sorption materials,
both of mineral origin and magnetic sorbents obtained in laboratory conditions, was
compared. The results of the studies showed that the most effective was the magnetic
highly dispersed sorbent obtained by the method of electroerosion dispersion.
However, this sorbent contaminates the purified water with iron ions to
concentrations of 0.36 mg/dm3, which is explained by its phase composition. For
other applied magnetic sorbents, the content of iron ions in the purified water was
within 0.01 + 0.04 mg/dm3.

To achieve the desired quality of wastewater purification from zinc ions, in
further work, the use of ferritization sediment sorbents of different phase
composition from oxohydroxides to iron oxides under different sorption conditions
was investigated. The use of ultrasound in the process of sorption of zinc ions
compared to mechanical stirring at 800 rpm increases their extraction from the
solution by an average of 10%. But such treatment of the solution, which has a pH
of 5.6, does not achieve the quality of purified water, according to the requirements

of the MPC regarding the content of zinc ions for its reuse in electroplating



production. With an increase in the pH of wastewater from 5.6 to 8.0, the degree of
extraction of zinc ions increases. Among the studied samples, the best sorption
capacity is the sample with a phase composition of 61.3% 6-FeOOH and 38.7%
Fe304. The use of this sorbent reduces the concentration of zinc ions in up to 2.4
mg/dm3, the degree of purification of the solution is 92.0%, which does not meet
the above-mentioned requirements of the MPC. The studies were focused on
studying the sorption capacity of the sample containing the magnetite phase, since
the process of obtaining it is reliable and stable. The highest sorption capacity of
magnetite was achieved at a pH of 10 and the use of ultrasound. At the same time,
the concentration of zinc ions in the purified solution reaches 0.31 mg/dm3 with a
degree of purification of the zinc-containing solution of 98.9%. Purified in this way
Thus, the water meets the requirements for its reuse in electroplating production in
washing operations and discharge into the central sewage network for further
treatment at citywide treatment facilities.

This section also includes structural studies of spent magnetite-based sorbents.
The results of electron microscopy showed the inclusion of zinc ions in the structure
of the sorbent in the form of zinc ferrite and magnetite. This is also confirmed by the
data of X-ray fluorescence spectroscopy, which showed almost twice the content of
zinc ions in samples of spent sorbents obtained under the action of ultrasound
compared to the sample obtained by mechanical mixing.

The fifth section of the work shows the possibility of further utilization of spent
sorbents as part of the filler in powder paint and varnish materials. The results of the
conducted studies showed that the use of spent sorbents generally contributes to
increasing the corrosion resistance of the coating with shielding protection against
electromagnetic radiation waves. The corrosion resistance of the coating
corresponds to class C4 (high) while ensuring the average durability class (M) from
710 15 years.

According to the results of all studies, a comprehensive technology for cleaning
galvanic wastewater from the galvanizing line was developed, which, compared to

the traditional one, ensured: return of up to 80% of the treated water to the



enterprise's circulating water supply system; reduction of the negative impact on the
environment as a result of a high degree of removal of iron and zinc ions from toxic
waste; obtaining environmentally safe products of their purification acceptable for
disposal; the possibility of solving the problem of simultaneous purification of
highly concentrated and washing wastewater from heavy metal compounds; low cost
of purification; energy efficiency and resource efficiency of the process;
implementation of automatic process control.

The work is directly related to the plans of the subject of the Kyiv National
University of Civil Engineering and Architecture, which is being carried out by order
of the Ministry of Education and Science of Ukraine (state registration number
0123U101948 "Creation of technology for complex processing of iron-containing
wastewater with waste utilization in shielding coatings for military facilities™). The
results of the scientific work were implemented in the working project of the
LIMITED LIABILITY COMPANY "LAKOVER", Kyiv.

Keywords: galvanic waste, pickling solutions, washing wastewater, heavy
metals, magnetic sorbents, magnetite, ferritization, ultrasound, recycling, powder

paints.
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