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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PyOpHK: 87.33.35

Tema gucepranii:
1. ExosioriyHa 6e3mneka IpoleciB BUIy4eHHSs PalioHYKIIiZiB 3 PilKUX PaiioOaKTUBHUX BiIXOJiB IPUPOIHUMHU Ta

MoIU}piKOBaHMMHU COPOEHTAMU

2. Ecological safety of processes of removing radionuclides from liquid radioactive wastes by natural and modified
sorbents

Pedepar:

1. Inceprarnis Ha 30,00YTTsI HAYKOBOTO CTYIEHS KaHJWUJATa TEXHIYHUX HayK 3a creuianpHicTio 21.06.01 - exosioriyHa
6esneka. — JlepskaBHa €KOJIOTiYHA aKafleMisl MiC/IIAUIITIOMHOI OCBITH Ta ynpasiiHHg, Kuis, 2021. [IpoBeneHo
BMBYEHHS €KOJIOTIYHOi 6€3I1eKU [IPOLeCiB BUIYIeHHs PaLiOHyKIIiiB 3 3a0pyIHEHMX PO3YMHIB. 17151 BOCHiIKEeHb
BUKOPHMCTOBYBAJIN MOZEJIbHI PO3YMHU TPAITHUX BOJ, ATOMHUX €JIEKTPOCTAHIil. BCTaHOBJIEHO, 1O B IIPOLEC]
IEeCTPYKIii 030HOM OpraHiYHMX KOMIIOHEHTIB PilKMX pafioakTUBHUX BinxofiB (PPB) cyTTeBO 3HUKY€EThCS BEJIMUMHA
PH, sk Hacimok 3HMWXKY€EThCS ePeKTUBHICTb JecTpyKuii. Llel nporec BindyBaeThCs B [1Ba €TaNu: MBUAKUHI Ta

NoBiNbHUN. BudHaueHo, mo HalBuIa ePeKTUBHICTD NeCTPYKLii opraHiuHux KoMrIoHeHTiB PPB mocsraetscs rpu



MIOCTIMHOMY IIiIJIyTOBYBaHHA PO34MHY Ta yTpUMaHHi 3HayeHb pH Ha piBHi 11 - 12 oz, ¥ ipoeci 030HyBaHHSA
YTBOPIOIOTHCS OCAIU TiIPOKCUIB Ta OKCUIB METaliB, Ha ITOBEPXHI SIKUX Bif0yBaeTbCs dikcallis panioHyKJIiniB 3a
PaxyHOK CIliBOcaJkKeHHs Ta abcopouii. 3a Bcima napaMmeTpamu cepeJ, LOCiIP)KeHUX COPOEHTIB HalbiIbLI
edexruBHMMU o0 Sr, Co, Mn € MmogudikoBaHuii cogow 6eHToHiT [1BA-20, a mono Cs — Jy>kHO-MOAU(PiKOBAHUI
LeOJIiT, TOOTO MoaudiKallisi 6EHTOHITIB Ta LI€OJIITiB HATPieM 3HAYHO MiABUILYE CTYMiHb COPOLIi HyKIiAiB. Onep>kaHo
HOBI J]aHi, 1110 CTyMIiHb COPOLii IPaKTUYHO He 3aJIeXXUTh BiJ] I04YaTKOBUX 3HaYyeHb pH po3unHy, a COpOEHTH MaIOTh
BUCOKY OydepHY 37aTHICTb. Y [UHAMIYHUX YMOBAxX €(PEeKTUBHIIIMM COPOEHTOM € JIy>KHO-MOAM(IiKOBaHUI LI€OiT.
Iyt eoJIiTiB xapaKTepHa BUCOKA CEJIEKTUBHICTD o0 137Cs no BimHomeHHO 10 40K, 10ro XiMiyHOro aHasory.
Po3paxoBaHO napameTpu aieKBaTHOCTI MAaTeMaTUYHUX MOJiesiel, BU3HAUYeHO, 10 COpOLiliHa MOZesb «KIHETUKU
CKJIaJHUX XIMIYHMX NIPOLECiB» 17151 BCiX pociimpkenux panionykiuizis (137Cs, 90Sr, 60Co, 54Mn) € Haii6inbiu
aJIeKBaTHOIO Ta YHiBEpCaJIbHOIO Mozesuo. [TogaHo pekoMeHaalii oA0 po3poOKU cxeMU ounileHHs PPB misxom
BUJIyY€HHS Pa/liOHYKJIiJIiB, 3aITPOIIOHOBAHO KOHLIENTYyaJIbHYy 0JI0K-cXxeMy ounieHHs1 PPB. Kio4oBi cioBa:
€KOJIOTi4uHa 6e3Iiexa IPOoLeCiB, pilKi palioakTHUBHI BiIX0, TEXHOTEHHI palioHYKJIiM, cOpOLis pafioHyKIIiziB,
(disuKo-xiMiuHi GOpPMU PaliOHYKIITiB, 030HYBAaHHS, AECTPYKLisl KOMIIJIEKCOYTBOPIOBAYiB O30HOM.

2. The dissertation is submitted to the degree of Doctor of Philosophy in Technical Sciences by spatiality 21.06.01 -
Ecological Safety. - State Ecological Academy of Postgraduate Education and Management, Kyiv, 2021. The
dissertation is devoted to the study of the ecological safety of processes of removing radionuclides from
multicomponent solutions. It is established that in the process of the destruction of organic substances -
components of liquid radioactive waste (LRW) by ozone, a significant drop in pH value takes place as a result of a
decrease in the destruction efficiency, and the process of the destruction of organic components occurs in two
stages: fast and slow. It is determined that the highest efficiency of the destruction of organic components of LRW
is achieved with constant alkalization of the solution and keeping the pH values at 11-12 units. It is shown that in
the process of ozonation, precipitates of metal hydroxides and oxides are formed, on the surface of which
radionuclides are fixed due to co-precipitation and adsorption. Thus, in the result of ozonation, the concentration
of Mn2+ decreases by 94.3%, Co2+ - by 6%, the activity of 137Cs reduces by 26%, 90Sr - by 15.7%. It is found that in
all parameters (degree of sorption, rate of establishment of sorption equilibrium, the prevalence of strongly fixed
forms of sorption - acid-soluble and residual) Na-modified sorbents are the most effective among the studied
sorbents: relative to 90Sr, Co2+, Mn2+ - Na-modified bentonite of the Cherkas’ke deposit PBA-20 (maximum
sorption degree of 90Sr - 85%, Co2+ - 99%, Mn2+ - 99%); relative to 137Cs - an alkali-modified zeolite of the
Sokyrnyts’ke deposit (the degree of 137Cs sorption - 99%). I.e. industrial modification of bentonites with soda and
laboratory modification of zeolite with alkali (NaOH), significantly increases the degree of sorption of the studied
radionuclides in comparison with their natural Ca-forms. It is determined that the sorption equilibrium upon
adsorption of Co, Mn, Cs from the model LRW is established within from one to seven days, Sr - from two to
fourteen days, the degree of sorption is practically independent of the initial pH of the solution, and the sorbents
have a high buffering capacity. It is determined that it is more appropriate to use an alkali-modified zeolite as a
sorbent under dynamic conditions. It is found that zeolites are characterized by high selectivity for 137Cs
concerning its chemical analogue - 40K. It is shown that preliminary ozonation of the solution for 2 hours
effectively destroys the organic components of LRW in such a way that the degree of sorption of the studied
radionuclides is only 2 - 3% lower from the solution after ozonation in comparison with the control solution, which
did not contain organic components. The adequacy parameters (MAPE, MPE, R2, R2adj, o2, F, BIC, AIC) of
mathematical models are calculated, and it is determined that the sorption model of the kinetics of complex
chemical processes of all studied radionuclides (Co, Mn, Cs, Sr) with the most effective sorbents (PBA-20 bentonite
and alkali-modified zeolite) is the most adequate and a universal model among those presented. Recommendations
on the development of a scheme for LRW treatment by extracting radionuclides are presented, a conceptual block
diagram of LRW treatment is given. Key words: ecological safety of processes, liquid radioactive waste,
technogenic radionuclides, sorption of radionuclides, physicochemical forms of radionuclides, ozonation,
destruction of complexing agents by ozone.
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