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Elmi istigamat

< Polimer matrisali smart-hibrid-nanokompozit materiallarin alinmasi, onlarin tGstmolekulyar
va struktur qurulusunun kicik-bucagli neytron sapilmasi (Small-Angle Neutron Scattering
SANS) metodu ila 6yranilmasi,

¢ Suratli neytronlarin va ionlasdirici y-radiasiyanin polimer nanokompozit materiallarin
struktur qurulusuna va xassalarina (elektrofiziki va termofiziki) tasirinin tadqiqi

“* Magqnit-ferrit asasli radar-absorbsiyaedici polimer kompozit materiallar (RAM): (CofFe,O,,
NiznFe,O,, CuZnFe,O,, SrFe,,0,,, SrO-5m,0,-2C0,0,, WS,, MoS, ) va Graphene
nanoplatelets, Cox-divarli Carbon nanoborulari (multi-walled >98% carbon basis, O.D. x L 6-
13 nm x 2.5-20 um).

¢ Nanodispers dolduruculu (Samarium (lll) oxide (Sm,0;), Dysprosium(lll) oxide (Dy,0;), B,C)
yuksak effektivli radiasiya-muhafiza izolyatorlari.

¢ Polimer materiallar: PVDF (Poly(vinylidene fluoride) Mw ~534,000, UHMWPE Polyethylene
Ultra-high molecular weight, average Mw 3,000,000-6,000,000)



Elmi Problemler

< Nano doldurucunun polimer matrisada dispersiya mexanizmlari va onlara nazarat,
doldurucu anizatropiyasi, polimer-nanodoldurucu qarsiligh tasiri

¢ Polimer-doldurucu fazalarasi proseslarin tabiati, fazalararasi effektlar, onun makroskopik
xususiyyatlara tasiri vo dielektrik relaksasiya mexanizmlari

*¢* Polimer matrisada va iki fargli doldurucunun sathinda yik migrasiyasi va yigilmasi
proseslarini basa dismak Uclin coxlu sayda arasdirmalara ehtiyac var. Perkolyasiya haddi
(b.) v kompozitlarin mikrostruktur xtsusiyystlari arasindaki korellyativ alaga

¢ Polimer nanokompozitlari Gictin nazari va modellasdirma imkanlari



Dissertasiya isi ilo bagl foaliyyat

DISSERTASIYA MOVZUSU

QAMMA SUALARLA MODIFIKSASIYA OLUNMUS POLIETILEN/METAL OKSID, (nano-ZrO, vo
nano-Si0,) KOMPOZITLORIN STRUKTURU VO DIELEKTRIK RELAKSASIYA PROSESLORI
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Nanokompozit tabagalarin hazirlanma proseduru ve komponentlari
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[BR-2M reaktoru vo onun asas spektrometrlori

Orta giic, MWt B 2
Yanacaq PuoO,
Yanacaq kasetlorinin say1 69
Maksimum yanma, % 9
Impuls tezliyi, Hz 5; 10
Impulslarin yarim
eni, us: 200*
siiratli neytronlar 340

termal neytronlar
Firlanma tezliyi, dovr/daq:

asas reflektor 600
komakci reflektor 300
Fon, % 7.5%

Moderatorun sathinda
termal neytron selinin
sixhgi: ~10'3 n/cm?-s

- orta zaman ~ 1016 n/cm?-s

- maximum
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IBR-2M Spektrometrloar:
Diffraction: HRFD, RTD, DN-12, DN-6, SKAT-EPSILON, FSD
Small-angle scattering: YuMO
Reflectometry: REMUR, REFLEX, GRAINS
Inelastic scattering: DIN-2PI, NERA
Nuclear Physics: ISOMER, KOLHIDA
Irradiation Facility

http://finph.jinr.ru/en/facilities/ibr-2/instruments B AN



YUMO spektrometrinin asas hissalori vo texniki parametrlori
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Small angle X-ray scattering (SAXS) technique

Moscow Institute of Physics and Technology
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lonlagdirici y- radiasiyanin YSPE+%ZrO,, nanokompozitlarin strukturuna tesirinin kigik-bucagli neytron (SANS)

sapilma metodu ile analizi
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HDPE 5%Zr0O;

AFM images of pure HDPE and HDPE+%ZrO,

polymer nanocomposite films
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SEM images of pure HDPE and HDPE+%ZrO2 polymer nanocomposites.

Nanocomposites, Romanian Journal of Physics, 2019, Vol. 64, 5-6, 603, pp. 1-8. Imp Factor 1.460, Q2 (SJR 0.77).

Influence of Gamma Irradiation on The Morphological Properties of HDPE+%ZrO, Polymer




Polimer nanokompozit tabagalords kicik-bucagli sopilmo
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Nano-SiO, vo nano-ZrO, zarraciklorinin SANS vo SAXS spektrlori
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Nano-SiO, va nano-ZrO, zarraciklorinin struktur morfologiyasi
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Nano-SiO, vo nano-ZrO, zarraciklorinin polimer matrisanin kristal strukuruna tosiri
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SANS studies of HDPE+%ZrO, polymer nanocomposites
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Gorulacak islarin plani

< UHMWPE/PVDF/B,C/WS, kompleks nanokompozit tobagolorinin struktur vo
radiasiya-miihafizo xiisusiyyatlorinin (qamma siialar1 vo siiratli neytronlar E ~ 9.2 -
1017 N/cm?) tadqiqi;

% Ferrit osashi radar-absorbsiyaedici polimer nanokompozitlorin (RAM) (CoFe,O,,
NiznFe,O,, CuZnFe,O,, SrFe;;0,5, SrO-Sm,0;:2C0,0,,) struktur vo maqnit
xassoalorinin niiva-fiziki metodlarla tadqiqi

¢ Cox-divarli karbon nanoborular1 (multi-walled >98% carbon basis, O.D. x L 6-13 nm
x 2.5-20 um) vo (drafen nanolévholori daxil edilmis polimer smart-hibrid
nanokompozitlorin alinmasi vo siiratli neytron siialanmasmin bu nanokompozitlorin
struktur va xiisusiyyatlori ilizorindo tasirinin niive-fiziki vo spektroskopik iisullarla
Oyronilmasi;



Diqqoatinizo goro Tosaokkurlar!!!



YSPE+%ZrO, va YSPE+%S10, nanokompozitlorinin Lazer-Raman
spektroskopiyasi ilo tadqiqi
Y |

|

-

% Lazer monboayi He-Ne 632.8 nm (red line) 9 mW
% Resolution 1.5cmt

% Spectral interval 50 — 4000 cm-?

s Temperature oblasti 10 K- RT

%+ Pressure range 0-30GPa

% Objectives 10x, 20x, 50x, 100x

s Detector Multichannel CCD detector

s Aksesuar Motorized XY mapping stage

)
0’0

Niimunoalor Kristal, porosok, maye, nazik tobaqo




3D Raman mapping on HDPE/ZrO, polymer nanocomposite thin films

A=6328 nm 12%12 um
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ﬂepCI'IEKTMBbI npumeHeHNAa HaAHOKOMMNO3UTHbLIX MOJIUMEPHbIX MaTepmnaios

HaHOKOMIIO3UTBl — TeTepOreHHbIe, OOBIYHO, TBEPJbIE MaTepualibl, B KOTOPBIX pa3Mep 4YacTull XOTs Obl OIHOW u3 (a3 uiu pasmep
npociorku Mexay dacturiamu MeHee 100 HanomeTpoB. IlomnMepHble HAHOKOMIIO3UTHBIC MaTepHalibl (OPMHUPYIOTCS MyTEM CMEIISHUS
HAIOJHUTENEH, UMEIOIINX HAHO-PA3MEPHOCTh U TEPMOPEAKTUBHBIX WUJIM TEPMOIIIIACTUYECKUX MOJIMMEPOB.

B xauecTBe HAMOJHHUTEICH HCITOIB3YIOT:
»  gHa”oTpyOku (nanotubes);
= BoJIoOKHa, ctep:kuu (fibers, rods);
"  HaHOYACTHIIBI U JIp.

[Ipenmy1ieCTBEHHBIE CBOMCTBA IMOJMMEPHBIX HAHOKOMIIO3UTOB!
" [IOBBILICHHBIE IIPOYHOCTH U KECTKOCTH;
" nedopmManMoOHHas TEIIOCTORKOCTD;
" YCTOWYMBOCTH K FaMMa U YJIbTPa(UOIETOBOMY U3IIYUEHUIO;
" TEIUIOBAS U AJIEKTPUYECKAsi TPOBOJAUMOCTb.

MoTuBHI k O0JIee IAPOKOMY HCIIOJIb30BAHUIO IIOJITMMECPHBIX MAaTCPHUAJIOB.

* CHWIKCHHUE MACChl KOHCTPYKIIUH;

* YBEJIWYECHHUE CPOKA IKCILTYaTallHH;

* MOBBIIICHUE CTOMKOCTH K arpeCCUBHBIM BO3JCHCTBUSIM,;
* YBEJIMYEHUE NU3HOCOCTOMKOCTH

Kpome Toro, moaumepsl MO3BOJISIFOT CO3/1aBaTh HA UX OCHOBE HOBBIE CHCTEMBI U U3/ICIIHS
KOTOpBIE OyyT 00J1a/1aTh 3apaHee 3aJJaHHBIMU U HEOOXOAMMBIMU CBOMCTBAMU.



* YIYYIIEHUE SKCIUTYATAIIMOHHBIX CBOMCTR:

- IPOYHOCTb,
- IJIACTUYHOCTb,
- TEPMOCTOMKOCTb,
- CHUDKEHUE TOPHOYECTH,
- YCHJICHUE OMOJIOTHYE€CKON aKTUBHOCTH HWJIM OMOCOBMECTUMOCTH
- TEIJIONPOBOIHOCTb,
- MAarHUTHBEIE,
- JIICKTPUYECKUE
- OIITUYECKUE CBOMCTBA U MIP.
* YIYUYlLIEHUE TEXHOJIOTHYECKUX CBONCTB

* VYiCLIEBICHUE MaTepuraia



ana noayvyeHmnAa KOMNO3anNUumMoOHHbIX NOZTUMEPHbBIX HAHOMATEPUA/TOB UCMNOJTb3YIHOT
KaK TpagnunoHHblIE, TaK U HETPAANLUUNOHHbIE METObI.

- CMelleHMe HaHOHAMNOMHUTEeNA W MNOPOLIKOODOPasHOro noaumepa C NOCAeAYIOLWUM
npeccoBaHNEM;

- BBeeHMEe HAMNONHUTENA B pacnaaBAeHHbIN noanmep (3KCTPY3MOHHbIN meToa);

- cmeweHne auncnepcmn 4acCctuy HanoaHUTenda € pacrsopom noanmmepa C ﬂ,aﬂbHel‘/JILUMN\
BblMapUBaHNEM PaCTBOPUTENA,

- noAumepusaums in situ (HanonHUTeNb AUCNeprupyeTcs B MOHOMepe, a 3aTem
NpoTeKaeT NoAMMepm3aLma, COBMECTHO C 3aXBaYeHHbIMW HaHOYaCTULAMM);

- TEMNAATHbIN (MaTPUYHbIN) CUHTES;
- 30/1b-Fe/1b NPOLLEeCC;

-RoaryimposaHune pacreopa noammepa C BBedeHHbIM B HEro Hano/IHUTENEM MNyTem
U3IMeHeHNA XUMHNYECKOIo COCTaBa,

- 3J'IEKTpOXMN\M‘-IeCKIAI\;1 meTtoa v 4p.




The DSC results of HDPE/ZrO, nanocomposite films

Filler

o 0 — 0% ZrO: T - melting temperature, Al Content
= — 1% Zr0, content®, oes Tm°C  T,°C AH,, Jg' l,nm X, %
%_ 4 - '%5(%())Zr02 . . vol. % ? %
2 5 _;802 é:gz T. - crystallization temperature, 0 KGY
Tl 0 0.0 1333 1182 1747 720  59.6
AH,,, -enthalpy of melting, 1 5.7 1329 1179 1641 810 594
5 238 1327 1178 1335 880  59.8
. 10 39.7 1322 1173 1089 801 617
I - lamellar crystal thickness 20 507 1313 1168 778 928 659
0 kGy
6 XC - degree of Crysta”inity_ 0 0.0 131.9 115.7 186.6 8.12 63.7
0 130 130 140 1 5.7 131.3 1149 1752  6.04 634
T, °C 5 238 1305 1142 1489 1080 66.7
T 6 — %20, 10 39.7 1305 1147 1238 823 701
£ — 1% 7O, 20 5.7 1292 1152 9365  8.03  79.3
2 41 — 5% 210,
- — 10% Z0s 0 00 1303 1129 1953  8.09  66.7
r 2 20% 210 1 57 1208 1137 1666 828  60.3
= 5 238 1289 1128 1432 721 641
10 39.7 1278 1140 1356 929 7638
20 59.7 1262 1135 1134 722 961
500 kGy
0 0.0 1295 1107 1944 830  66.3
1 5.7 127.4 1130 1808 650 654
5 238 1266 1135 1614 590 723
10 39.7 1261 1138 1242 583 703
20 59.7 1243 1128 72.3 541  61.2




The TGA/DTG results of HDPE/ZrO, nanocomposite films

" £ ] dm - weight The characteristics of the thermal decomposition
é:jz:; %-10— IOSS’ content , content @, dm, % Tonset’ oC Tend' ocC T o e
£ 0] 0 kGy s vol. 9%  mass. % P
= = Tonset — onset e
L e A —HDPE+10:A,Zr(Z)2 temperature of 0 0.0 -98.7 467.0 495.0 485.5
o1 horeanzmo, R D decomposition 1 5.7 -95.2 4633 4958 4851
) ’ 5 23.8 -75.9 4687  497.2 486.6
350 400 450 500 — 550 400 450 500 . 550 10 39.7 -60.0 454 .1 484 .9 475.3
= o T o T4~ end 20 59.7 412 4494  481.0 473.8
g E g temperature of 100 kGy
_'Ea-so- E’m'_ therma/ O OO '996 4549 4879 4760
i S . 1 5.7 -94.2 4542  486.6 475.0
= ] decomposition, 5 238 764 4559 4842 4748
10 39.7 -61.1  461.8  480.5 4743
Toeak — DTG 20 59.7 -40.2 4683  476.1 4735
i * temperature. 300 KGy
s = - g 0 0.0 -98.8  456.7  480.4 474.2
b = ol 1 5.7 -048 4561 4842 4737
£ ] £ % -5 - 5 23.8 76,1 4492 4825 4733
S ] peg 4 10 39.7 -60.6 4719 4783 4726
21900 kGy £ o Wmema, | ) 59.7  -407 4560 4775 4721
b S . 500 kG
] e, = 0 0.0 -98.8 4445 4789 464.7
o] Zhoeiro — 1 5.7 -93.6 4573 4834 473.4
5 23.8 76,5 4575  476.7 472.8
| | | | e 10 39.7 -50.8 4624 4737 472.1
" g™ * Absorbed dose, kGy] 20 59.7 -40.6 4533  466.6 471.3




