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1. CTBOpeHHS IJIaCTMACOBUX CLUHTUJISATOPIB BEJIMKUX rabapyuTiB Ha OCHOBI IIOJIICTUPOJTY 3 OJHOPiIHUMU

OIITUYHMMMU BJIACTUBOCTSIMU

2. Production of large-size polystyrene based plastic scintillators with uniform optical properties

Pedepar:

1. Incepraris Ha 30O6YTTSI HAYKOBOTO CTyIeHs gokropa ¢inocodii 3a cnenianpHicTio 132 MaTepiano3HaBCTBO rauysi
3HaHb 13 MexaHivyHa iHXeHepid. — [HCTUTYT cuuHTUNALiNHUX MaTepianiB HAH Ykpainu, Xapkis, 2023. Juceprauis
IIPUCBSY€HA IUTAHHSIM OTPHMMAaHHS JIACTMACOBUX CLIMHTUJIATOPIB HA OCHOBI [1OJIICTUPOJIy BEJIMKUX rabapuUTiB 3
OJHOPIAHMMU ONTUYHUMU Ta CUUHTWISILIMHUMU BIaCTUBOCTIMU. CTBOPEHO MJIACTMACOBI CUUHTUJISITOPU
MiBUIIEHOI IPO30POCTi 3 ONHOPIIHUMHU ONTUYHUMU BIACTUBOCTSIMU. OTPHUMaHi IJIaCTMACOBi CLIUHTUJIATOPU
MaloTh MiHiMasIbHY KiJIbKiCTb ONTUYHUX ePEKTiB Y BUTJISI CBijlel, TeXHIYHA NOBXXUHA 3aTyXaHHS 17151 3pa3KiB
II7IaCTMACOBOT0 CLIMHTUJISITOPY Ha OCHOBI noJjlictupoJly po3Mipom 50x1000 MM ckiagae 2 : 2,3 M. TakoX, OTpUMaHi
PE3yJIbTaTU [I0KA3YIOTh ITOKPALIEHHS MiHIMAJIbHOI aKTUBHOCTI, 110 IE€TEKTYETbCS, [IPU OIIPOMIHEHHI raMa-KBaHTAMU

3 eHepriero 59,2 keB Biz mkepesia ioHi3yrouoro BunpominoBanHs 241Am Ha 30 : 35 % 1J1s1 CHUHTUIISITOPIB PO3MipOM



50x250x1000 MMm. Bu3HaueHO yMOBU 1151 OTPUMAHHS TaKUX IJIACTMACOBUX CLUMHTUIISATOPIB. TakoX Oy OTPUMaHO
I1IJIACTMAaCOBI CLIMHTUJIITOPY 3 HU3bKUM pPiBHEM BHYTPILIHIX HAIIPyKeHb 32 PaXyHOK TEMIIEPATypPHOi TEPMOOOPOOKH
Ta 332 PaXyHOK aHTHAJre3iliHOro OKpUTTs GopMU 151 NoJliMepusaliii. lle 703BosnI0 oTpruMaT OGHOPITHICTh
criazly CBITJIOBOTO CUTHAJy Ha piBHI 2 : 3 % J7151 IJIaCTMACOBOTO CLUUHTUIIATOPY po3mipom 50x1000 mm. Takox 6yi1o
OTPMMAaHO HEATPOHUYTIMBUI BEJIMKOTabapUTHUH [1JIACTMACOBUI CLMHTUIISITOP HA OCHOBI IOJIICTUPOJTY PO3MipoM
100x110 MM 3 KoedilieHTOM HEUTPOH-TaMa IUCKpUMiHalii Ha piBHi 1,9. ¥ xoxi npoBeneHHs HOCTIIKeHHS 32 TEMOIO
IYcepTalifiHoi po60TH 6yJI0 OTPMMAHO HACTYIHI pe3ysbTaTy: 1. [IpoMoiesboBaHO KOHBEKLIMHUI pyX peakuiiiHoi
Macu y rpoueci nosimepusanii ctuposy. O64ucaeHo 3a71eXHICTh MBUIKOCTI KOHBEKLIHOTO PyXy peakLifiHOi Macu
Bij, mMpuHM amnyau. [TokazaHo, mo 3mina mupuHy amnyau 3 600 mm 1o 300 MM 03BOJISIE€ 3MEHIIUTH IBUIKICTD
Pyxy peakuiriHoi macu Ha 20 %. 3MiHa mupyHy ammyau 3 600 Mm 10 60 MM [103BOJISIE BMEHIIUTY MBUIKICTb PyXy
peakuiitHoi macu B 10 pasis 2. [Ioka3aHo, 10 IpY 3MEHLIEHH] MXPUHY APy peakliitHoi macu ctupoiy 3 500 : 600
MM 710 60 : 80 MM npu rpagieHTi Temnepatyp 3 : 5 °C onTUYHA HEOAHOPIIHICTb, OLiHEHA 32 HASIBHICTIO 1ePEKTIiB y
BUIJISIAI CBislel, 3MeHIIyeTbes 3 1-i mo 5-1 kareropii, TexHiyHa NOBXMHA OCJIabJI€HHS CBIiTJIOBOTO CUTHAIY
IOBrOMIpHUX CLUMHTUIISATOPIB 3pocTae Ha 10 : 25 %. MiHimanbHa aKTUBHICTb, 1[0 J€TEKTYETHCS, IPU OIIPOMiHEHHI
IpKepeJslaMu 10Hi3yl04oro BUNpomiHioBaHHs 241Am 3 eHeprielo rama-kBaHTiB 59,2 keB ta 137Cs 3 eHeprieto rama-
KBaHTIiB 662 keB, nosinmyetbes Ha 30 : 35 %. 3. BignpaipoBaHO MeTO[, eKcIipec-TiepeBipKu sIKocTi n-TepdeHiny,
SIKMI Ha eTali JOOYMCTKY YU BXiJHOTO KOHTPOJIIO [103BOJIsSlE BU3HAYATU NIpUIATHICTD -Tepdeniny ns
BUTOTOBJIEHHS IJIACTMACOBOTO CUMHTUNATOPY. [1oKa3aHo, mo n-TepdeHin, npunatauii njs orpumanss [1C,
IIOBUHEH MAaTy IOKa3HUK KOJIbOPOBOCTI PO3IIJIaBy 3a IJIATUHO-KO0AIbTOBOIO IIKAJIO He 6isbiie 10 oguHuIb
XaiizeHa. 4. 3alpoNIOHOBAHO TEMIIEPATyPHi peKUMU TEPMOOOPOOKY 3arOTOBOK CLIMHTUJISATOPIB [JI1 OTPUMAaHHS
OJHOPiIHUX ONTUYHUX XapaKTepUCTUK. [loka3aHo, 110 B pe3yJibTaTi TepMoo6pobKky npu remneparypi 100 °C
BIIPOZAOBX 12 rOAVH HEOIHOPIAHICTb PO3IOLiNY BiTHOCHOTO CBITJIOBOT'O BUXOAY B3[OBXK I1JIACTMACOBOTO
CLUHTWISTOPY Ha OCHOBI NoJlicThposy po3mipom 50x1000 mm 3meHIyeTbes 3 10 : 18 % 1o 3 %. 5. 3anpornoHoBaHo
aHTHaJre3ifiHe IOKPUTTS HA OCHOBI NoJliTeTpadpTOpeTUIeHy BHYTPIilIHbOI [I0BEPXHi MeTaleBuX ab0 CKISIHUX PopM
1711 OTPUMAaHHS IJIACTMACOBUX CLUAHTUJIATOPIB (Y TOMY YXCJi HEUTPOHUYTJIMBUX [JIACTMACOBUX CLIUMHTUJISITOPIB 3
BUCOKMM BMiCTOM aKTHBYI0YOi I00ABKH), SIKE JO3BOJISI€ 3HU3UTH BHYTPILIHI HAaPyKEHHs1, 00yMOBJIEHI KOHTAKTHOIO
azresiero MK IIJIaCTMAaCOBUM CLUHTWISITOPOM Ta IoBepxHetlo ¢popmu 3 2,7 MIla no 0,6 MIla, mo 3meHmye
HEOJHOPIJHICTb PO3MOAiNY 3HAYEHHS BiTHOCHOTO CBITJIOBOTO BUXOMY B3[IOBXK JOBIOMIPHOIO CUMHTUIATOPY 10 3 %.
6. BusHaueHoO, 110 3pa3Ku [JIACTMACOBUX CLUUHTUISATOPIB po3mipoM 50x1000 MM 3 KaTeropiero CBiJIbHOCTI 5 Ta
piBHEM BHYTpIIIHIX HAanIpy>keHb MeHI HiK 0,55 MIla MaloTe TeXHIUHY JOBXKUHY OCJIabJIeHHS CBiTIIOBOTO CUTHANY 2,3
: 2,5 M. HaykoBi pesysabTaTy, 10 6y/1 oTpuMaHi Brepiue: 1. [IpoMozesboBaHO 3a/1€KHICTb IOBOIKEHHS
KOHBEKLIMHUX [TIOTOKIB peaKkUiflHOi Macy NPU OTPUMaHHI CUMHTUIIALIMHOI KOMIIO3ULii Ha OCHOBI IIOJIICTUPOIY Bif,
mUpUHU GOpMHU AJ181 TOoJiMepHU3allii, o J03BOJISE€ BU3HAYATH HASBHICTh OIITUYHOI HEOJHOPIHOCTI y BUTJIAT]
CBijiell B 00'eMi CHIUHTUISATOPY. 2. BU3HAU€HO YMOBU OTPUMAaHHS JOBrOMIpHUX IJIACTMACOBUX CLIUHTUJIATOPIB 6€3
cBineit. [lokasaHo, 110 IpY 3MEHIIEHH] IMPUHY MIapy peakliiiHoi Macu npu noJstiMepusaii cruposty 3 600 : 500 mm
1o 60 : 80 MM nipu rpagienTi Temmneparyp 3 : 5 °C TexHiuHa JOBXKMHA OCJIabJIeHHS CBITJIOBOTO CUTHAIY J1JIS
IOBrOMIDHUX CLMHTHUJITOPIB Ha OCHOBI nosicTuposty 3poctae Ha 10 : 25 %. 3. 3arponoHOBaHO TeMIIePaTypHi
PeXKUMU TepMOOOPOOKH IJ1s1 IOBFOMIPHHUX 3arOTOBOK IIJIaCTMACOBUX CLIMHTUIISITOPIB. BU3dHaueHo, 110 J0AaTKOBa
TEpMOOOPOOKA 3aTOTOBOK IJIACTMACOBOTO CUMHTUIISITOPY Npu TemnepaTypi 100 °C 3MeHIye HEOIHOPIIHICTh

PO3IOiy IOKAa3HMKA BilITHOCHOTO CBITJIOBOT'O BUXOAY B3[0BXK JOBIOMIPHOIO CUUHTUIISATOPY 3 18 % 1o 3 %.

2. Thesis for obtaining the scientific degree of a Doctor of Philosophy by Programme Subject Area 132 Material
Science of the Field of Study 13 Mechanical Engineering. - Institute for Scintillation Materials of National Academy
of Sciences of Ukraine, Kharkiv, 2023. The thesis is devoted to the issues of obtaining large-size polystyrene based
plastic scintillators with uniform optical and scintillation properties. Plastic scintillators of higher transparency
with uniform optical properties were developed. The obtained plastic scintillators have a minimum quantity of
optical defects in the form of striae, technical attenuation length is 2:2.3 m for samples of polystyrene based plastic
scintillators dimensions 05001000 mm. Also, the obtained results show an improvement of the minimum detection
activity during irradiation with gamma quanta with an energy of 59.2 keV from a 241Am ionizing radiation source



by 30 : 35 % for scintillators dimensions 50025001000 mm. The conditions for obtaining such plastic scintillators
were defined. Plastic scintillators with a low level of internal stresses were also obtained due to temperature heat
treatment and due to applying anti-adhesive coating to the polymerization mold. This made it possible to obtain
the light signal decay uniformity at the level of 2:3 % for a 05001000 mm plastic scintillator. In addition, a neutron-
sensitive large-size polystyrene based plastic scintillator dimensions 01000110 mm was obtained with the n/o
discrimination coefficient at the level of 1.9. During the research on the topic of the thesis, the following results
were obtained: 1. The convection movement of the reaction mass during styrene polymerization was modeled. The
dependence of the speed of the convection movement of the reaction mass on the ampoule width was calculated.
It was shown that changing the width of the ampoule from 600 mm to 300 mm allows reducing the speed of the
movement of the reaction mass by 20 %. Changing the width of the ampoule from 600 mm to 60 mm allows
reducing the speed of the movement of the reaction mass by 10 times. 2. It was shown that with a reduced width of
the layer of the styrene reaction mass from 500:600 mm to 60:80 mm and a temperature gradient of about 3:5 °C,
optical non-uniformity assessed by the presence of defects in the form of striae decreases from the 1st to the 5th
category, technical attenuation length of the light signal of long scintillators increases by 10:25 %. The minimum
detection activity during irradiation with 241Am ionizing radiation source with gamma quanta energy of 59.2 keV
and 137Cs ionizing radiation source with gamma quanta energy of 662 keV improves by 30:35 %. 3. A method of
express quality control for p-Terphenyl was developed, which, at the stage of post-cleaning or incoming control,
allows determining the suitability of p-Terphenyl for the production of plastic scintillator. It was shown that the p-
Terphenyl suitable for the production of PS must have a melt color index on the platinum-cobalt scale of no more
than 10 Hazen units. 4. Temperature regimes for heat treatment scintillator blanks to obtain uniform optical
characteristics were proposed. It was shown that as a result of an heat treatment at a temperature of 100 °C for 12
hours, the non-uniformity of the relative light output distribution along a polystyrene based plastic scintillator
dimensions 05001000 mm decreases from 10:18 % to 3 %. 5. An anti-adhesive coating based on
polytetrafluoroethylene for the inner surface of metal or glass molds for production of plastic scintillators
(including neutron-sensitive plastic scintillators with a high content of activating additive) was proposed, which
allows reducing internal stresses caused by the contact adhesion between the plastic scintillator and the surface of
the mold from 2.7 MPa to 0.6 MPa, which reduces the non-uniformity of the relative light output distribution along
a long scintillator to 3 %. 6. It was determined that plastic scintillator samples dimensions 05001000 mm with striae
category 5 and an internal stress level of less than 0.55 MPa have a technical attenuation length of the light signal
of 2.3:2.5 m. Scientific results obtained for the first time: 1. The dependence of the behavior of the convection flows
of the reaction mass during the production of polystyrene based scintillation composition on the width of the
polymerization mold was modeled, which allows determining the presence of optical non-uniformity in the form of
striae in the scintillator’s volume. 2. The conditions for obtaining long plastic scintillators without striae were
determined. It was shown that with a reduced width of the layer of the reaction mass during styrene
polymerization from 600:500 mm to 60:80 mm at a temperature gradient of 3:5 °C, technical attenuation length of
the light signal of long polystyrene based scintillators increases by 10:25 %.
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