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Pedepar:

1. Y BCTyni HaBeIeHO aKTyaJIbHICTh TEMH, Jle OOIPYHTOBAHA €KOJIOTiYHA i EKOHOMIUHA AOLINbHICTh pereHepatii
Kapb6iny kpeMHilo (SiC) 3 KpeMHiBMiCHUX BiIXOJIiB Ta OUYMIIEHHS IPOMUBHUX PO34YMHIB IIPOLIECy pereHepatlii Bif
ioHiB Baxkkux meTaiiB. CpopMoBaHO MeTy i 3a71a4i JOCiI)KeHb, BUBHAUEHO HAYKOBY HOBU3HY Ta IIPaKTUYHE
3HAUEHHS OJlep’KaHUX Pe3yJbTaTiB. Y epIIOMy PO37iJi aKIIeHTOBAHO yBary Ha HeGe3[eYHOMY 1J1s1 IOBKIJIJIsl BILJIUBI
ToKcn4YHUX Baxkkux metais (Fe(IlI), Cu(Il), Zn(II), Pb(Il), Cd(Il)), npoBeneHo aHai3 iCHYyI0OYMX METOMIB OUNIIEHHS
BOJM BiJ, i0HIB BAXKKUX METAJIIB 3 MilCYMKOBUM IOPiBHSIHHSIM Pi3HUX CII0CO6iB. [[pyBeieHO KDUTUYHUM aHali3
METO/IiB PO3[iJIEHHS Ta OCAIP)KEHHSI CYCIIeH3ill 3 BUKOPUCTAHHSIM (JIOKYJISIHTIB i3 BUSIBJIEHHSIM IIepeBar
BMKOPHMCTaHHSI OCTaHHiX. [IpoaHani3oBaHO MOXOAKEHHS Pi3HUX BUiB KDEMHIIBMICHUX BiIXOiB, ix MepepooKu Ta
yrumnizanii. HaBeieHo TeXHOJIOTiYHI BUMOTHY IO/I0 XiMiYHOTO Ta IPaHyJIOMETPUYHOIO CKJIAZiB Kapbily KpEMHIIO 3

METOIO IT0OaaJIbIIOTO 10ro BUKOPUCTaHHS. 3aHpOHOHOBaHO METO[, BUJIYyTOBYBAHHS BAXKKNX MeTasIiB 3



KPEMHIIBMIiCHHUX BiIXOZiB XJIOPUAHOIO KACJIOTOIO Ta OOIPYHTOBAHO €(PEKTUBHICTb 3aCTOCYBAHHS
nosirekcameTtusneHryaHinuny (II'MI) gx grokysnsHTa. Takum YMHOM, 3aIIPOTIOHOBAHO KOMILJIEKCHUH MiXif, 1010
perenepauii SiC 3 KpeMHIMBMIiCHUX L1IaMiB, SIKWI1 Iepefioadae: — NJOCSITHEHHS TEXHIYHUX BUMOT 00 XiMi4HOTrO i
IPaHyJIOMETPUYHOTO CKJIaZliB pereHepoBaHoro SiC, HeoOXigHUX AJ1s I0JANbIIOro BukopucTtanHs SiC B
MeTaJyprilHUX BUPOOHULTBAX; — OYMILEHHS OJlep>KaHUX IPOMUBHUX PO34MHIB Npouecy pereHepaii SiC Biz, ioHiB
BaXXKMX METaJliB peareHTHO-(PJIOKYJISILiTHUM METOLOM 3 BUKOPUCTAHHSIM TiIPOKCUIY Kajbliiio Ta (GJIOKYJII0I0YUX
BnactuBocteil [ITMI gyis cegumenTauii i QinbTpyBaHHS riJpOKCUIiB METAIB-TIOJIOTAHTIB. Y Ipyromy po3zii
IIPEICTaBIEHO METOAUKY €KCIIEPUMEHTY, ONKC €KCIIEPUMEHTAIbHO-JIA00PAaTOPHUX YCTAaHOBOK, BUKOPUCTaHI
marepiany, obsagHaHHS, ¥ XiMiYHI peakTUBU [1J1s1 OUNLIEHHS IPOMUBHUX PO3YMHIB KMCJIOTHOI BiIMUBKY IIPOLIECY
pereHepallii kKap6iny KpemHio. Y TpeTboMy PO37ii HaBeJeHO Pe3yJIbTaTH AOCIiIPKEHHS], SIKi XapaKTepu3yloTh
B32€MO/IiI0 iOHIB MeTaiB-11osoTaHTiB 3 [II'MI. BukopucTtaHo meTtog, noJsiporpadii, B mpo1ieci SKoro A0CIiIKeHO
BinHOBneHHs ioHiB Cu(Il), Zn(II), Pb(II), Cd(II) 3 po3uunis 6e3 III'MI Ta B #ioro npucyTHOCTi. BcTaHOB/IEHO, 10
nosstporpadysanHs cuctemu Pb(I)-TI'MI' ta Cd(II)-TITI'MI BuKjuKae jyuiie 3HWKEHHS] TPAHUYHOTO CTPYMY
BiZJHOBJIEHHS BiJ[TOBiJHAX aKBaKOMILJIEKCIB, 3CyB [IOTE€HLialy HaIliBXBUJIi IPOLIECY BilHOBJIEHHS HE
CIIOCTEpPIraeTbCsl. 3MEHILIEHHS 3HAYE€HHS TPAaHUYHOTIO CTPYMY BiJHOBJIEHHSI MOXKE CBiTYUTHU PO B3aemogito Cd(Il) ta
Pb(II) 3 TII'MT" 3 yTBOpEeHHSM BaKKOPO3YMHHUX CIIOJIYK, SIKi Y4aCTi B IIpOLieCi BiHOBJIEHHS HE TPUHMAIOTh.
Bussneno, o nosnsiporpadiyHe BinHOBIeHHS UMHKY i3 cuctemu Zn(II)-TI'MT ta kynipymy i3 cuctemum Cu(Il)-TTTMTI
BiZIOyBa€eThCS i3 3HAYHUM HETaTUBHUM 3CYyBOM MOTeHLiany HaniBxBuii (- 660 mB) nisa Zn(II)-TITMTI i (-181 MB) nys
Cu(I)-IIT’'MT’) B nopiBHsHHI 3 KaTogHUM BigHOBIEeHHAM Zn(II) i Cu(ll) 3 akBakoMILIEeKCiB. Jl0 TOTO X, pi3Ke 3HI>KEHHS
nuysiiiHoro cTpymy BigHOBeHHS cniosyk tuny Zn(II)-TI'MT i Cu(II)-TII'MTI npu 36inbumeHnHi konuenTpauii [TI'MT,
CKOpilll 32 BCe, BKasye Ha IepexiJi MaJIOPO3UNHHUX CIIOJYK B ocall. TaKM YMHOM, BUSBJIEHO YTBOPEHHS
MaJIOPO3YMHHUX KOMIIJIEKCHUX crioyyk tuny [MeOH-TITMI [+ g Cu(Il) i Zn(II) ta B3aemogmito Pb(1I) i Cd(II) 3 TI'MT
3 YTBOPEHHSIM BaXXKOPO3YMHHUX rifpokcocoseit Tuny [MeOH-TII'MI'|CL. JocnimkenHs meTonoMm pH-meTpii 3MiHU
pH cepenoBuia cyMii po3urHis coseit mertaniB-nosoTtanTis (Cu(ll), Zn(1I), Pb(Il), Cd(Il)) 3 pozunHom III'MI"
[I0Ka3asny 3MeHIleHHs pH pearyiodoi cucremMy, 10 HiATBEPIKYE B3a€MOIII0 iOHIB METaJIiB 3 IyaHigMHOBOIO IPYIIOI0
[II'MI 3a paxyHOK 3aMmiieHHs ioHy rigporeny (H+) Ha rigposizoBanuiil ioH metany (Me(OH)+). YTBOpeHHsI XiMi4HOTO
3B'13Ky Mix Fe(III) Ta [ITMI" gocimkeHo MeToioM crieKTpodoToMeTpii. BUCHOBKU PO B3aeMOJIit0 i0HIB MeTaliB-
IIOJIIOTAHTIB, OTPMMAaHUX MeTojamu nossiporpadii, pH-meTpii, cnekrpogoTomeTpii 06rpyHTOBaHO 4~
CIIEKTPOMETPUYHUMU JocigkeHHaMu Me-TII'MI-arperartis. [1inTBepayKeHO YTBOPEHHS MaJIOPO3YNHHUX
komiuiekcHux cronyk Fe(IIl), Cu(Il) i Zn(II) 3 TI'MT i criostyk Pb(1I), Cd(II) 3 TII'MT o Tumny BaXKKOPO3YMHHUX
rizpokcocoJieil. 3 MeTOoI0 BUSIBIIEHHS JOLiNbHOCTI BUKopUucTaHHs [II'MI" ik QJIOKyNISIHTY JOCTiI’KEHO BILJIUB 103U
[NI'MI" Ha WBUAKICTb CEIMMEHTALii MiIPOKCUiB METAJIiB-TI0JIIOTAHTIB, BCTAHOBJIEHO PAL[iOHAJIbHI KOHLIEHTPALLil
[IT'MI'((5,2:7,8) Mr/nm3) 17151 IpoLiecy ceguMeHTalii rigpokcumis. IIpoBeneHnii ceiMMeHTaLiHHNI aHaIi3 CyCIeH3il
rinpoxcuzis Fe(III), Pb(II), Cd(Il) cBigunTh Ipo YKpyNHEHHs arperaris rifpokcupis y npucytHocti III'MT B (1,5:2,5)
pasu. 3a JaHUMU CEAMMEHTALIMHUX JOCIIIKEHb, B IIPOLEC] IKMX CIIOCTEPIrasoCh IPUCKOPEHHS CEAMMEHTALl y

npucyrtHocTi [II'MI, po3paxoBaHo MiHiMaJIbHI Ta MAKCMMaJlbHi 3HaY€HHS PafiyCiB 4aCTMHOK CyCIIe

2. The introduction provides the general description of the ecological and economic feasibility of silicon carbide
(SiC) regenerating from silicon-containing waste and purification of washing solutions of the regeneration process
of heavy metal ions is substantiated. The research’s purpose and tasks are formed, the scientific novelty and the
practical significance of the obtained results have been determined. The first part focuses on the hazardous effects
of toxic heavy metals (Fe (III), Cu(II), Zn(II), Pb(II), Cd(II)), conducted an analysis of existing methods of water
purification of heavy metal ions with a summary of different ways comparison. A critical analysis of separation and
deposition methods of suspensions using flocculants is presented with the advantages in latest researches. The
origin of various silicon-containing wastes, their processing and utilization are analyzed. The technological
requirements for the chemical and granulometric composition of silicon carbide for further use are given. The
method of leaching heavy metals from silicon-containing waste with chloride acid is proposed and the efficiency of
using polyhexamethyleneguanidine (PGMG) as a flocculant for the reagent-flocculation method of washing
solutions cleaning from leaching is substantiated. Thus, a comprehensive approach is proposed for the SiC



regeneration from silicon-containing cuttings, which involves: - technical requirements attainments for the
chemical and granulometric composition of regenerated SiC required for the further use of SiC in metallurgical
industries; - purification of the obtained rinsing solutions of the SiC regeneration process from heavy metal ions
by the reagent-flocculation method using calcium hydroxide and the flocculation properties of PGMG for
sedimentation and filtration of metal hydroxides-pollutants. The second part presents the experimental methods,
the experimental and laboratory plants description, used materials, equipment, and chemical reagents for washing
solutions cleaning of leaching of the silicon carbide regeneration process. The third part presents studies results
characterize the interaction of metal ion-pollutants with PGMG. A method of polarography was used in which the
recovery of Cu(II), Zn(IIl), Pb(II), Cd(II) ions from solutions with and without PGMG was investigated. It has been
established that Pb(II)-PGMG and Cd(II)-PGMG polarization causes only the corresponding aqua complexes
limiting current of recovery reduction, there is no shift in the half-wave potential of the recovery process.
Reducing the value of the limiting recovery current can indicate the Cd(II) and Pb(II) with PGMG interaction to
form difficult soluble compounds that do not take part in the recovery process. It was found that the zinc
polarographic restoration from the Zn(II)-PGMG system and the compartment with the Cu(II)-PGMG systems
occur with a significant negative shift in the half-wave potential (-660 mV) for Z (II)-PGMG and (-181 mV) for
Cu(II)-PGMG) compared with cathode reduction of Zn(II) and Cu(II) from aqua complexes. In addition, a sharp
decrease in the compounds of type Zn(II)-PGMG and Cu(Il)-PGMG diffusion current with an increase in the PGMG
concentration, most likely, indicates the low soluble compounds transition into the precipitate. The soluble
complex compounds of the type [MeOH-PGMG]+ for Cu(Il) and Zn(II) formation and the interaction of Pb(II) and
Cd(II) with PGMG with the formation of [MeOH-PGMG]C1 slurry soluble hydroxosalts was found. Investigation by
pH measurement method of changing the pH of the medium of a mixture of solutions of metal-pollutants (Cu(Il),
Zn(II), Pb(II), Cd(Il)) with a solution of PGMG showed a decrease in the pH of the reacting system, which confirms
the metal ions interaction with guanidine group of PGMG by replacing the hydrogen ion (H+) with the hydrolyzed
metal ion (Me(OH)+). The chemical bond formation between Fe(llI) and PGMG was investigated by
spectrophotometry. Conclusions on the interaction of metal ion-pollutants, obtained by polarography methods,
pH measurement, spectrophotometry, are substantiated by IR-spectrometric studies of Me-PGMG-aggregates.
The complex compounds formation of Fe(III), Cu(Il) and Zn(II) from PGMG and compounds of Pb(II), Cd(II) with
PGMG as hydroxyls has been confirmed. To find out the feasibility of using PGMG as a flocculant, the study of the
dose of PGMG influence on the rate of sedimentation of metal hydroxides of pollutants was carried out, and the
concentration optimum of PGMG ((5,2 : 7,8) mg/dm3) was established for the deposition proc
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