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Pedepar:

1. PoboTy npucBsiueHo po3po0Li TEXHOJIOTN IepepOoOKU TEXHOTE€HHUX 3aJIMLIKIB BUPOLIYBaHHS MOHOKPHUCTAJIB Ha
OCHOBI HOAViB 11€3i10 i HATPIl0 Y CUPOBUHY BMCOKOI YMCTOTH [JI51 BUPOLIYBaHHSI MOHOKPHUCTAJIIB, IO € €KOJIOTIYHO
6e3neyHrMU. 1715 NepepoOKU TEXHOTEHHUX 3aJIMIIKIB MOHOKPHUCTAJIIB Ha OCHOBI HOOUAY LI€3il0 PO3POOIEHO METO],
6araTopasoBoi HU3bKOTEMIIEpATYpHOi Mimanoi kpuctasmizanii (FHMK) BogHMX po3unHiB Hoauay Lesito, ofep>kaHux
3 TEXHOT€HHHUX 3aJIMILIKIB, i OCIiIKEHO BIJIMB TEMIIEPaTypy Ha e(PEeKTUBHICTb OYMILEHHS PO3YMHIB Bifi JOMILIOK
JIy’)KHUX METaJliB, Tajilo, Mifi, cynbdaris Towo. [IpoBeeHHs 6araTopa3oBoi HU3bKOTEMIIEPATYPHOI MilllaHO]
KpucTanizauii po34MHiB HOOUIy Le3il0, 0 BKIII0YAE MACOBY KPUCTAi3allilo i KpUCTasi3alilo BOGHO-COJILOBO]

eBTekTuKY (BCE), € IpOoCTUM i 3pyYHUM METOIOM [JIsl CYTTEBOTO 3HMUKEHHSI KOHLIEHTPallii IPakTU4HO BCiX



TE€XHOT€HHUX JOMILIOK, Y TOMy 4ncii isomopduux (Na, K, Rb). OnHak y npoueci Kpucramiisanii MpogyKT
30arayyeThCsl JOMIIIKOIO Tajlilo, SIKUI BXOAUTD Y 3aKPUCTaIi30BaHy YaCTHHY PO3YUHY. BcTaHOBIIEHO, 1110 TIpU
nposeneHHi BHMK npu temnepartypi -14 °C gomilika HaTpilo 3aBakae e(peKTUBHOMY BUJIaJIEHHIO iHIINUX JOMILIOK 3
fonuny uesito nmpu Kpucranisauii. [Ipy 3MeHIIeHHi KoHLeHTpalii ioHiB HaTpilo 1o (5:9)-10-2 mac. % iHTEHCUBHICTb
BUTICHEHHS iHIIMX IOMIIIOK 3HaYHO 3pocTae. [IpoBeneHo ouiHKy KoedillieHTiB OYMIeHHS [IJ11 OCHOBHUX JOMIIIOK Y
npoleci Mimanoi kpucrasnizauii oguny uesito. s Na+ epekTuBHMN KoeillieHT OYUIeHHs 0 3HaX0AUThCS B MeXax
0,6-0,7 nyg nepmux TPOX LUMKIIB KpUCTali3alii, a moTiM 3HMKyeTbCs fo 0,5, BiANoBigHi 3HaYeHHs 0 4715 Kajito 0,74 i
0,5-0,53. ;151 py6inito 3HaYeHHs 0 Maike OJIHaKOBe BIIPOJOBXK ycix nukiiB BHMK i 3HaxonuTtbecs B mexxax 0,65-0,75.
s Mini 3HaveHHs 0 61M3bKe 10 OAVHUL, [AJ1s Tajliio 0>1, 110 poOUTh HEMOSKJIMBUM OUMIIEHHS PO3YMHY HOAULY 1i€e3ii0
Big pomimoxk T1i Cu xkpucranizauiiinumu metogamu. I1pu 3pocTaHHi 3HMKEHHI TemIiepaTypy B pobodiil Kamepi Bif, -
14 °C no -19 °C 3HaueHHs 0 A1 i3omopdHux nomimok (Na, K, Rb) Habnumxkaetscsa go 1(0,87-0,89) i npakTUyHO He
3aJIEXKUTD Bif, paziiycy KaTioOHy-IOMIIIKY. [y O9nIeHHS TeXHOT€HHOTO PO3YMHY HoAuay Lesito 6yso 3aificHeHo 20
LMKJIiB HU3bKOTEMIIEPATYPHOI MimaHoi kpucrasnizauii. [TounHao4u 3 13 yKIy HU3BKOTEMIIEPATYPHOI MilIAHO]
KpHucTaisalii piBeHb JOMIIIOK BaXXKMX METaJIiB, Kajilo Ta pybifilo y Hoauai 1esito ctae MeHuM Bif, Bumor TY Y
24.13.31331736-002-2004. ITicns npoBeneHHs 25, 30 i 35-kpaTHOI HU3BKOTEMIIEPATYPHOI MillIaHOI KpUCTai3auii
(HMK) 6ynu Bifi6paHi focinHi 3pa3ku CUPOBUHU — HOAUAY Liesilo i IpoBeeHe NOCIiHe BUPOIyBaHHS
MOHOKpPUCTaJIiB Hopuy 1e3ito. AHajli3 CUpDOBUHM 110KA3aB, 110 pyobifiil BUnanseTbes 3 Honumy 1esiio Kpalie, HiK
Kaiiit. [IpoBenenHs 30-KpaTHOI KpUCTali3alii ae MOXKJIMBICTb TIOBHICTIO, HM>KYE MEXKi BUSIBJIEHHS, [I030yTHCD
IOMIIKY Pybifiio, KOHIIEHTpaLis Kajilo 3HaxoauTbcs Ha piBHi 1,5:10-5 mac.%. Pospoonenuit meton BHMK nae
3MOTY IIPOBOJIUTU OYMIIEHHS TEXHOT€HHUX BOJHUX PO34YMHIB HOIUY LIE€3iI0 IO PiBHS YUCTOTH, IKUU BifOBifae
CHPOBUHI [171 OAEP>KaHHS CUMHTUIISILITHUX MOHOKPHUCTAJIIB IPY 3HAYHO GiIbIIOMY BUXO[Ii KiHIIEBOTO IPOLYKTY,
HIX IIpYU TPUKPATHINA MACOBIl KprCTaisalii 3a CTaHAaPTHOIO TEXHOJIOTIE0: icisa 20 UMKIIB HU3bKOTEMIIEPATYPHOI
MimaHoi kpucTasmizanii nmpsmuii Buxiz Csl ckinagae 53 % nmpotu 20-25 % micist TpUKpaTHOI MacoOBOi KpUCTai3allii.
Bupo6unui moxmsocTi Metony BHMK cknagators 100-150 Kr/pik oauay Le3ilo «oC. U4.» y PO3PaxyHKy Ha OJHY
MOPO3WIbHY Kamepy Tuiy «BEKO HSA 40520». BinmpauboBaHuii METO, 1a€ MOKJIMBICTD 32 J0NOMOroo 10-12
crazgiyit BHMK onepskaTu IpOAYKT, 10 BiANOBiZA€ TEXHIYHUM YMOBAM [1J11 OCOBJIMBO YMCTOTO MOIUTY 1ie3iio 3i
3HIKEHUM BMICTOM KaJiio Ta py6ifiio — JOMIIIOK, SIKi CIIPUYMHSIIOTh BJIaCHUHN palioaKTUBHUN QOH y
CLUMHTUJIALIMHMX MOHOKPHCTaNaxX. BcranoBneHo, o meton, BHMK He ae 3MOr'y OYMCTUTH 3aJIMIIKA
MOHOKPUCTAJIIB MOOUIy LEe3il0 Bif Milli Ta Ba)KKMX METAJIIB, 8 KOHLEHTPALlisl JOMIIIKY TaJlil0 HaBiTh 3pocTae. BkasaHi
IOMIIIKY 0CO6IMBO HebakaHi Py BUPOLIYBaHHI MOHOKPUCTAJIB HEAKTUBOBAHOTO Onuy 1e3ito. Po3pobieHo
CIIOCi6 BMJaZIeHHS JOMIIIOK Tajlio i Mifii 3 pO34MHIB Hoguay Lie3ilo, O4ep>KaHUX 3 BiIXOiB BUPOOHULTBA
MOHOKPHCTaJIiB Ha OCHOBI HoAu Iy 1e3il0. BiH nossirae y nonepenHiii 06po6Li TEXHOT€HHOIO PO3YMHY HOAUAY Le3ito
METaJIiYHMM MarHieM, 1o Beje 110 3HMKeHHs BMicTy nomimok T1i Cu 1o 3HaYeHb, HIKYMX 32 MeKi BU3HAYEHHS
QHATITUYHUMHU METOIAMU, OJJHOYACHO 3HMKYEThCSI BMICT iHIIMX BaXKKUX METAJIiB. Y PO3YMHI 3aJIMIIAI0THCS JIUIIE
IOMIIIKY, 10 B npoueci nogansmoi BHMK BiATiCHAIOTBECS 3 IPOAYKTY Y MATOYHUI PO34MH. ByJi0 BifpanboBaHO
TEXHOJIOTi4YHi pe>KMU 0OPOOKM PO34YMHIB 3aJIMIIKIB MOHOKPUCTAJIiB Ha OCHOBI HOAUIY 11€3il0 3 METOI0 BUIAJIEHHS
IOMIIIOK Ba)KKUX METAJIB i Tasiio. B 1abopaTopHuX YMOBax BiAIPanibOBaHO PEXUMHU OOGPOOKY PO3UMHIB 3/INIIKIB
MOHOKPHCTaJIiB Ha OCHOBI HOMy 11€3il0 MarHiem, sKi nokasasu, 1o [POTIroM ofiHiei oneparii o6pobku
LOCSITA€ThCS 4-5-KpaTHE OYMIIEHHS PO34YMHIB Bif] JOMIIIOK BaXXKUX METaJIiB. Pe3ybTaTy JOCiIKEHb BIIPOBAI)KEHO
Ha JOCJiJHOMY BUPOOHULTBI IHCTUTYTY cUMHTUIALiHUX MaTepianiB HAH Vkpainu.

2. The work is devoted to the development of technologies for the processing of anthropogenic residues of
growing single crystals based on cesium and sodium iodides into high-purity raw materials for growing single
crystals that are environmentally safe. For the processing of anthropogenic residues of single crystals based on
cesium iodide, a method of multiple low-temperature mixed crystallization (MLTMC) of aqueous solutions of
cesium iodide obtained from anthropogenic residues was developed, and the effect of temperature on the
efficiency of cleaning solutions from impurities of alkali metals, thallium, copper, sulfates, etc. was studied.
Carrying out repeated low-temperature mixed crystallization of cesium iodide solutions, which includes mass
crystallization and crystallization of water-salt eutectic (WSE), is a simple and convenient method for significantly



reducing the concentration of almost all anthropogenic impurities, including isomorphous ones (Na, K, Rb).
However, in the process of crystallization the product is enriched with an impurity of thallium, which is included in
the crystallized part of the solution. It was established that when MLTMC is carried out at a temperature of -14 °C,
sodium impurity interferes with the effective removal of other impurities from cesium iodide during
crystallization. When the concentration of sodium ions decreases to (5:9)-10-2 mas. % intensity of displacement of
other impurities increases significantly. The purification coefficients for the main impurities in the process of
mixed crystallization of cesium iodide were evaluated. For Na+, the effective purification coefficient o is in the range
of 0.6-0.7 for the first three crystallization cycles and then decreases to 0.5, the corresponding o values for
potassium are 0.74 and 0.5-0.53. For rubidium, the o value is almost the same throughout all MLTMC cycles and is
within 0.65-0.75. For copper, the o value is close to unity, for thallium o>1, which makes it impossible to purify the
cesium iodide solution from Tl and Cu impurities by crystallization methods. As the degree of supercooling of the
solution increases from -14 °C to -19 °C, the value of o for isomorphic impurities (Na, K, Rb) approaches 1(0.87-0.89)
and practically does not depend on the radius of the impurity cation. For the purification of anthropogenic
solution of cesium iodide, 20 cycles of low-temperature mixed crystallization were carried out. Starting from the
13th cycle of low-temperature mixed crystallization the level of impurities of heavy metals, potassium and
rubidium in cesium iodide becomes lower than the requirements of Technical conditions of Ukraine
24.13.31331736-002-2004. After carrying out 25, 30 and 35-fold low-temperature mixed crystallization (LTMC),
experimental samples of raw material - cesium iodide were selected and experimental growth of cesium iodide
single crystals was carried out. Analysis of the raw material showed that rubidium is removed from cesium iodide
better than potassium. Carrying out 30-fold crystallization makes it possible to completely, below the detection
limit, get rid of rubidium impurities, the concentration of potassium is at the level of 1.5-10-5 mas.%. The developed
MLTMC method makes it possible to purify anthropogenic aqueous solutions of cesium iodide to a level of purity
that corresponds to the raw material for obtaining scintillation single crystals with a much higher yield of the final
product than with three-fold mass crystallization according to standard technology: after 20 cycles of low-
temperature mixed crystallization, the direct yield of Csl is 53 % versus 20-25% after three-fold mass
crystallization. The production capabilities of the MLTMC method are 100-150 kg /year of cesium iodide of high
purity based on one "BEKO HSA 40520" type freezer. The developed method makes it possible to obtain after 10-12
stages of MLTMC a product that meets the Technical Conditions for especially pure cesium iodide with a reduced
content of potassium and rubidium - impurities that cause their own radioactive background in scintillation single
crystals. It was established that the MLTMC method does not make it possible to clean the remains of single
crystals of cesium iodide from copper and heavy metals, and the concentration of thallium impurity even
increases. These impurities are particularly undesirable when growing non-activated cesium iodide single crystals.
The research results were implemented at the experimental production of the Institute of Scintillation Materials of
the National Academy of Sciences of Ukraine.
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dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's I10-6aTbKOBI Cinnenpkuit Osner Liezapesuy
rOJIOBH pagu

Bnacue IpizBume Im's I10-6aTbKOBI Cinnrenpruii Oser Liezapesuy
rOJIOBYIOYOrO Ha 3acigaHHi

BiagmoBizasibHHU 32 MiATOTOBKY Copoxin Osekcanap BacniboBud

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




