ITPEBO/J] HA PE3IOMETATA OT IIYB/IMKAITUUTE

3A YYACTHUE B KOHKYPCA 3A JOLHEHT
Ha
1. ac. A-p Esrenu Ilonos

1. Q. Xu, E. Popov, T. Troev, J. Zhang, Y. Dai, Positron lifetime calculation of vacancy clusters in
tantalum containing hydrogen and helium, Journal of Nuclear Materials, Volume 506, Pages:
71-75, 2018.,

(CpoTBetcTBa Ha B1)

Abstract: Tantalum (Ta)-cladded tungsten (W) is predominantly used in a spallation target to obtain
a high yield of neutrons. Investigation of changes in the mechanical properties and evolution of
microstructures in Ta under irradiation of high-energy neutrons is essential to maintain the safety of
the target of the spallation neutron source. In this study, the effects of helium (He) and hydrogen
(H) on the positron lifetimes of vacancy clusters were examined. The calculation results indicate
that the positron lifetime of perfect Ta is 118.3 ps and the positron lifetime is 216.5 ps when single
vacancies exist. The positron lifetime increases with increase in the number of vacancies in the
vacancy cluster. The positron lifetime of single vacancies decreases to 191.7 ps when the vacancy
contains an H atom, whereas it decreases to 158.6 ps when the vacancy contains a He atom. This
shows that the effect of He on positron lifetime change is larger than that of H.

M3uncisiBaHe HA BPeMeTO HA )KMBOT HA MO3UTPOHUTE B K/TBCTEPH OT BaKaHI[UM B TaHTAJI,
Ch/bp Kalll BOAOPOJ U Xe/Tuil

Pestome: Bondpam (W), 06BuT B TanTasn (Ta), ce n3osi3Ba MpejMHO B MUIIIEHH 3a CITajaliys C e
TIOCTUraHe Ha BUCOK JI0OMB Ha HeyTPOHU. M3ciieZiBaHeTO Ha POMEHUTe B MeXaHUUHUTe CBOMCTBA U
eBOJTIOIIMSATa HA MUKPOCTPYKTYypaTa Ha TaHTaJla TPy 00/TbUBaHe C BUCOKOEHEPTHMHU HEYTPOHHM € OT
CBIIIeCTBEHO 3HaueHue 3a TMo/AbpykaHe Ha 6e301acHOCTTa Ha MUIIIeHaTa B U3TOYHMKA Ha HEYTPOHH,
paborTel Ha TIPUHIUIA Ha CrajalysaTa. B HACTOSIIOTO M3C/eBaHe e TMPOYYeHO B/IMSHUETO Ha
xenusi (He) u Bogopoza (H) BbpXy BpeMeTO Ha ’KMBOT Ha MO3UTPOHUTE B KAbCTEPU OT BaKaHLMMU.
Pe3ysitaTuTe OT W3uMC/IeHMsTa TOKa3BaT, Ye BPEMETO Ha ’KMBOT HAa MO3UTPOHWTE B HjeaneH
kpucran ot Ta e 118,3 ps, a npy Ha/Muve Ha eJVUHUYHU BakaHLuu TO e 216,5 ps. Bpemero Ha
JKUBOT Ha TIO3UTPOHWTE HapacTBa C yBeJW4YaBaHe Ha Opos Ha BakKaHIMWTe B KiabcTepa. [lpu
eIMHAYHUTE BaKaHLMM BpPEMETO Ha JKMBOT Ha IO3UTPOHUTe HamansBa g0 191,7 ps, koraTo
BaKaHLIMATA CbbpKa BogopojeH atom (H), u go 158,6 ps, korato chabp)ka xenueB atom (He).
ToBa nokasBa, ue BIMsIHAETO Ha He BBbpXy MpoMsiHaTa BbB BPEMETO Ha JKMBOT HA MO3UTPOHUTE €
T10-CUJTHO OT TOBa Ha H.

2. Samir F. Samadov, Nguyen V.M. Trung, Alexander A. Donkov, Aleksey A. Sidorin, Oleg S.
Orlov, Ertugrul Demir, Oktay A. Samedov, Sakin H. Jabarov, Nguyen V. Tiep, Evgeni P.
Popov*, Matlab N. Mirzayev, Investigating the impact of gamma irradiation and temperature
on vacancy formation and recombination in ZrB, ceramics using positron annihilation
spectroscopy, Journal of Nuclear Materials, Volume 599, (2024), 155242
(CpoTBetcTBa Ha B2)

Abstract: In the presented work, the mechanism of evolution of defects in the crystalline structure
after irradiation with 1500 kGy and 3000 kGy absorption dose at room temperature in a “Co
gamma source was studied, using 43 nm sized ZrB, crystals. The crystals were characterized by a
purity of 99.9%, a powder density of 0.23 g/cm3, a specific surface area of 80 to 120 m2/g, and a
hexagonal P6/mmm spatial structure. The dose rate applied was 6.05 Gy/s, with 1.17 and 1.37 MeV



energy lines. The effect of particles resulting from the decay of *Na radioactive isotope B with an
activity of 10.5 pCi, as well as gamma quanta with an energy of 1.27 MeV, on the core and valence
electrons and vacancies in the crystal structure was studied using Positron Annihilation Lifetime
Spectroscopy (PALS) and Doppler broadening analysis methods. Additionally, the changes in the S
and W parameters, which characterize the distribution of defects within the volume of the ZrB,
crystal, were studied using the Doppler broadening method. For unannealed material, the positron
lifetime 1, component varied between 17412 ps and 181+1 ps. After annealing, the positron lifetime
component 1, was decreased from 290+3 ps to 226+3 ps, and the intensity component I, increased
from 17.49% to 40% depending on the radiation dose. The calculated values of the positron lifetime
T for one boron vacancy from ABINIT and MIKA packages were found to be 172 ps and 145 ps,
respectively. The material was observed to satisfy the necessary functional conditions at gamma
doses not exceeding 3000 kGy.

M3cieBaHe Ha BIIMSIHUETO HAa raMa-o00,rbUBaHeTO U TeMIeparypara BbpXy 00pa3yBaHeTo U
PeKOMOHHANUATA Ha BaKaHUM B ZrB, KepaMHKa ype3 CIeKTPOCKONHUS HA MO3UTPOHHA
aHUXU/IALMA

Pestome: B HacrosijaTa paboTa e wu3cjaeBaH MeXaHW3MBT Ha €BOJIIOLUS Ha JedeKkTure B
KpHCTa/iHaTa CTPYKTypa cjiefi obbuBaHe ¢ rorbjaHatv 103U oT 1500 kGy u 3000 kGy mipu craiiHa
Temrieparypa ¢ usnonsBade Ha *°Co rama-u3TouHuK u ZrB, kpucramm ¢ pasmep 43 nm. Kpucranmre
ce xapakTrepusupaTt ¢ uuctora 99,9%, mibTHOCT Ha npaxa 0,23 g/cm3, crierjiryHa NOBBPXHOCTHA
oy ot 80 mo 120 m?/g ¥ xekcaroHa/siHa MPOCTPaHCTBeHa CTPykKTypa P6/mmm. IlpunokeHaTa
MOIIHOCT Ha fo3arta e 6,05 Gy/s, ¢ eHepruiiHu jvHuu oT 1,17 u 1,37 MeV. Upe3 metogute Ha
CHIeKTPOCKONMSI Ha BPEMETO Ha JKMBOT Ha mno3uTpoHHa aHuxunatma (PALS) u aHanu3 Ha
JIOTUIEPOBOTO  pas3lliMpeHre e W3C/eJBaHO0 BB3/eCTBUETO HA YaCTULUTe, TonydyeHH Tpu [
pasnaziaHeTo Ha paguoakTuBHUsA n3oTon 22Na (c aktuBHOCT 10,5 pCi), KaKTO U Ha ramMa-KBaHTUTeE C
eHeprusa 1,27 MeV, BbpXy sipeHUTe U BajleHTHUTE eJIeKTPOHM U BaKaHLMUTe B KpUCTa/HaTa
CTPyKTypa. loIb/IHUTEHO, Upe3 MeTo/ja Ha /I0IJIEPOBOTO paslivpeHue ca U3C/e/iBaHu [IPOMeHuTe
B mapamerpute S W W, XapakTepu3upally pasmnpezeneHHeTo Ha fAedekture B obema Ha ZrB,
kpucrtana. IIpu HeoOpaboTeHUst (HeOTTpsST) Marepyan KOMIIOHEHTHT Ha BpeMeTO Ha >KUBOT Ha
TIO3UTPOHUTeE T; Bapupa Mmexay 174+2 ps u 181+1 ps. Ciiep, oTrpsiBaHe KOMIIOHEHTBT Ha BPEMETO Ha
JKUBOT T, HamasisiBa oT 290+3 ps Ha 22613 ps, a MHTEH3UTETHUAT KOMIIOHeHT I, HapacTBa OT
17,49% Ha 40% B 3aBUCHMOCT OT pajMalldOHHaTa fo03a. V3uncieHuTe CTOMHOCTA Ha BPeMeTO Ha
JKUBOT Ha TIO3UTPOHUTeE T 3a e/lHa BaKaHL[Us Ha 6op, mosyueHu upe3 copryepHute naketd ABINIT
u MIKA, ca cvorBetHO 172 ps u 145 ps. YcraHOBeHO e, ye MaTepUasbT OTrOBaps Ha
HeoOX0UMUTe eKCII0aTalliOHHU U3UCKBaHUS TIpU rama-/[03u, HeHagpuiiaBaiy 3000 kGy.

3. Abiyev, A.S., Samadov, S.F., Mirzayev, M.N., Huseynov, E.M., Sidorin, A.A., Orlov, O.S.,
Samedov, O.A., Aliyev, Y.I., Huseynov, H.J., Popev, E.. Defect formation analysis in gamma-
irradiated titanium nitride nanocrystals: predictions from positron annihilation studies, Journal
of Nanoparticle Research, 26, 156 (2024),

(CpoTBetcTBa Ha B3)

Abstract: The study investigates the effect of gamma radiation on defect formation in 20 nm
titanium nitride (TiN) nanocrystals through positron annihilation lifetime (PALS) and Doppler
broadening spectroscopy (DBS) studies. PALS studies were performed at atmospheric pressure, and
DBS studies were performed under high vacuum conditions of 10—9 Torr. Gamma irradiation of the
samples was performed in MRX-25 gamma device using 60Co isotope with 1.27 MeV energy at
absorption doses of 50, 200, 900, and 3500 kGy. Two lifetime components were observed in the
PALS results. Under the influence of gamma radiation, t; increases from 170 to 179 ps, and T,
increases from 325 to 398 ps. As the radiation dose increases, the intensity corresponding to the
short lifetime component I; increases (from 75.6 to 81.2%), and I, decreases (from 24.4 to 18.7%).



PALS calculations were performed using the MICA package and a lifetime of 171 ps was
determined for the 1Ti vacancy. With the help of Doppler broadening spectroscopy, information
about the change and type of defects in the TiN nanocrystal along the volume was behavior of by
studying S and W parameters. The results showed that the functionality of the material is optimal at
gamma radiation doses not exceeding 3000 kGy.

AHanm3 Ha o0pa3yBaHeTo Ha ie)eKTH B HAHOKPHUCTA/IM OT TUTAHOB HUTPH/|, 00/, THUEHH C
ramMa-rbueHue: MPoOrHo3U Bbh3 0CHOBA HA M3C/Ie/|BaHUSA Upe3 aHUXW/IAlUA Ha NO3UTPOHU

Pestome: B HacToAloTO WH3C/leBaHe ce pasliexja BJ/WSHWETO Ha raMa-bueHHUeTO BBbpXY
obpa3yBaHeTo Ha /leheKTH B HaHOKpUCTaaM OT TUTaHOB HUTpHUZA (TiN) c pasmep 20 nm, kKato ce
M3I10J/13BaT METO/IUTE 38 U3MepBaHe Ha BpEMETO Ha JKMBOT NpU aHUXuauys Ha no3utponu (PALS)
U crnekrpockonus Ha [oruiepoBo pasimmpenve (DBS). M3mepBanusita nmo metosa PALS ca
NIpOBeJieHH TIpU aTMoc(epHO HassraHe, a Te3u 1o Metoza DBS — BbB BakyymHa cpefja C HajisiraHe
1072 Torr. 'ama-ob1puBaHETO HAa 0Opa3LMTe € U3BBPIIEHO C IMOMOIITAa Ha raMa-ypesoa MRX-25 u
V3TOUHKMK Ha u3oton *°Co (eHeprus 1,27 MeV) nipu norsaHaTti fo3u ot 50, 200, 900 u 3500 kGy.
B pesynrature or PALS u3sMepBaHuATa ca yCTaHOBEHU [JBa KOMIIOHEHTa Ha BPEMETO Ha KUBOT.
[Tox BB3/€HCTBUETO Ha raMa-/IbYeHUeTO CTOMHOCTTA Ha T; HapacTBa oT 170 Ha 179 ps, a Ta3u Ha T,
— ot 325 Ha 398 ps. C yBesnmuaBaHe Ha [j03aTa Ha OO/’bUBaHe MHTEH3WUTETHT, CHOTBETCTBALL Ha
KOMIIOHeHTa C KpaTtko Bpeme Ha xuBoT (I;), ce mnoBumasa (ot 75,6 Ha 81,2%), Aokaro
UHTeH3uTeThbT |, HamansBa (0T 24,4 Ha 18,7%). V3uncnenusita no metoga PALS ca HaripaBeHU C
nomowira Ha co¢pryepHusi naker MICA, kato e ompezeneHo BpeMe Ha »UBOT OT 171 ps 3a
BakaHLMsl B TUTaHoBara mnogpenietka (Ti-BakaHuus). Upe3 crnekTpockomnusita Ha [lomniepoBo
pasiliMpeHue e TojsiyuyeHa HWH(OpMalusi 3a TMpOMeHUTe U BUAa Ha JedekTutre B obOema Ha
HaHOKpucTaiuTe TiN Bb3 OCHOBa Ha aHa/Iu3 Ha napameTtpute S U W. Pe3syiartature IokasBaT, ue
MaTepuabT 3ara3Ba ONTUMAaTHU (YHKL[MOHAJHU XapaKTepUCTUKU TPHU J03M Ha raMa-o0srbuBaHe,
HeHazpuiaBaiu 3000 kGy.

4. D.Neov, L.Slavov, A.A. Donkov, M.N.Mirzayev, E.Popov, E.Demir, K.Siemek, N. Djourelov,
V.A.Turchenko, Z.A.Sharipov, P.Horodek, A.l.Beskrovnyi, A.H.Valizade, O.A.Samedov,
A.Vladescu, K.Krezhov, I.Felicia, Structural study of W2B obtained via me chanical alloying
of W, B.,C, TiC and graphite before and after He ions irradiation, Nuclear Materials and
Energy, Volume 31, June 2022, 101201,

(CpoTBetcTBa Ha B4)

Abstract: Elemental powders of W, B4C, TiC and C (graphite) in percentage weight ratio of W-6 wt
% B4C-2 wt% TiC-1 wt% C are used as precursors in mechanical alloying process aimed at
producing tungsten-based material. The composition of the obtained material is nearly single-phase
W:2B (~98%) with small additions of WB and TiC (<2%), unveiled by XRD analysis. Irradiation
with 2.5 MeV helium ions to a fluence of 5.0 x 10% ion/cm? was performed and the induced
radiation damage was assessed. The XRD data unveiled reduction in size of the grains from 300 nm
to 260 nm upon the irradiation. It is observed that the irradiation had negligible effect on the W.B
phase content, while the WB phase content increased by 0.74% and TiC phase content decreased
with 0.71% upon irradiation. Raman spectral analysis showed that not only graphite’s carbon is
affected by the irradiation, but also the titanium bonded carbon in TiC underwent changes, resulting
in development of non-stoichiometric TiC. Positron annihilation spectroscopy is employed for
investigating the presence of intrinsic defects and their evolution upon irradiation. Based on the
analysis of all the obtained results, we contemplate that the detected WB phase most probably
belongs to the grain boundaries of W>B grains. The irradiation to a fluence of 5.0 x 10*° ion/cm® did
not cause chemical interaction of tungsten boride phases with the carbon species of the material,
which would have resulted in the appearance of new phases.



CTpyKTypHO H3c/ie/BaHe HA W,B, mosryueH upe3 MexaHn4Ho jierupane Ha W, B,C, TiC u
rpacdur, npeau U wie] o0TbUBaHe C Xe/THeBH HOHH

Pe3tome: Enemenrtapuu npaxose ot W, B,C, TiC u C (rpadur) cbC CbOTHOLLEHWE Ha TerJI0OBUTE
riporjeHTd W — 6 ters. % B4C — 2 Tersn. % TiC — 1 tern. % C ca M3Mmo/i3BaHU KaToO U3XOJHU
MaTepya/M B IIpoljeca Ha MeXaHW4HO JlerMpaHe 3a Il0/lyyaBaHe Ha MaTepua/l Ha OCHOBaTa Ha
BosippaM. CbCTaBbT Ha MOMy4yeHUs mMarepuan e mpeAuMHO efHodaseH W,B (~98%) c manku
npuMmecd oT WB u TiC (<2%), ycraHoBeHr upe3 peHTtreHo¢as3oB aHanu3 (XRD). M3BbpiueHo e
ob/rbuBaHe C XenmMeBW WOHU C eHeprus 2,5 MeV go ¢nyenc 5,0 x 10?0 jioHa/cm? U e OLeHEeHO
VH/YLMPaHOTO pajvaloHHO yBpexzaHe. [laHHute or XRD aHamm3a mokasBaT HamasifiBaHe Ha
pa3mMepa Ha 3bpHarta ot 300 nm Ha 260 nm cses 06//bUBaHeTO. Y CTAaHOBEHO €, ye 00 TbUBaHeTO UMa
nipeHeOpexuM edeKT BbPXY Chbp)KaHHeTo Ha ¢a3zaTa W,B, okaTto cbabp)kaHueTo Ha ¢a3ata WB
ce yBenuuaBa ¢ 0,74%, a ToBa Ha (asara TiC HamansBa c 0,71%. PamMaHOBUAT crieKTpasieH aHaIu3
TOKa3Ba, ue 00/TbYBAHETO BJMsie He CaMO BbPXY BbIJIepoJa OT rpaduTa, HO U BbPXY BBIJIEPO/a,
cBbp3aH ¢ tuTaH B TiC, KoeTo Boau 0 obpa3yBaHe Ha HectexromeTpuueH TiC. 3a u3cseBaHe Ha
Ha/IMuieTo Ha CoOCTBeHU [ledeKTM U TsXHaTa eBOJIIOLMSI TpU OOTbYBaHe e U3I0J3BaHa
CIIeKTPOCKONMSI Ha TO3UTPOHHA aHuXWaanys. Bb3 OcHOBa Ha aHanu3a Ha BCUYKHM II0y4YeHU
pesy/TaTu ce Npejriojara, ye ycraHoBeHaTa (asa WB Hali-BepoATHO ce Hamupa IO TPaHUL{UTe Ha
3ppHaTa Ha W,B. OO6mpuBanHero 10 ¢ayerc 5,0 x 102° jjoHa/cm? He MpegU3BHKBA XUMUYHO
B3aUMo/leiicTBUe Mexay ¢asuTe Ha BoJdpaMoBus OOpHZ, U BBIIEPOJHUTE KOMIIOHEHTH Ha
Marepuasna, KoeTo Ou ZIoBeJo [0 rosiBaTa Ha HOBH (asm.

5. Ertugrul Demir, Evgeni Popov, Matlab Mirzayev, Lyubomir Slavov, Dimitar Neov, Alexander
Donkov, Krzysztof Siemek, Tatiana Vershinina, Ivaylo Genov, Anatolii Beskrovnyi, Vladimir
Skuratov, Kiril Krezhov, Pawel Horodek, Fadahat Mamedov, Aygul Valizade, Ozlem Vural,
Effects of swift heavy ions at different fluencies on WC-6Co hard metal alloy, International
Journal of Refractory Metals and Hard Materials, Volume 106, August 2022, 105865,
(CpoTBetcTBa Ha B5)

Abstract: Tungsten carbide hard metal alloy with 6% by weight cobalt was studied before and after
irradiation at different fluencies with 167 MeV '**Xe ions. Raman spectroscopy, X-ray diffraction,
neutron diffraction and positron lifetime spectroscopy were employed in order to assess the
microstructural evolution in the material upon irradiation fluence increase. Analysis of the Raman
spectrum for the pristine, non-irradiated material unveils that the surface is composed of a graphite-
like phase and highly oxidized tungsten atoms spread in the carbon matrix. All characteristic peaks
of tungsten carbide (WC) and possible cobalt phases are either missing or strongly overlapped in all
Raman spectra. Bonding between tungsten and oxygen atoms broke upon irradiation and total
deoxidation of the surface is detected for the two highest fluencies investigated at 5 x 10** ions/cm?
and 3,83 x 10" ions/cm’. Increasing the irradiation dose causes amorphization of the carbon phase
on the surface accompanied by “up and down” trend of change in carbon cluster size. The Raman
spectra analysis also unveils, that molecular nitrogen (N,) from the atmosphere penetrates the
carbon matrix upon irradiation. The results from the X-ray and neutron diffraction reveal that the
main phase in the material is §-WC and also give information about changes of the lattice
parameters with increasing fluence. Reorganization of the induced point defects to dislocation
defects as a function of the irradiation dose is discussed, but no phase transition of the main §-WC
phase is detected. Steady increase of compressive internal stress with increasing irradiation dose is
noted by XRD. The tendency is not monotonic and the stress leans towards saturation at the highest
fluence, with the highest value of —5.26 GPa. The Positron lifetime spectroscopy measurements
show the presence of short lifetime component ranging from 170 ps to 190 ps, interpreted as small
vacancy clusters. The intensities of the different positron lifetime components vary with the
irradiation dose non-monotonically.



Biiusinue Ha ObP3U T&XKY HOHH NPH Pa3/INYHHU (pyIyeHCH BbPXY TBHPAOCIUIABeH MaTepHal
WC-6Co

Pestome: M3cnesBaH e TBBPZAOCIUIAaBEH MaTepuasa OT BojdpamMoB Kapbuj c 6 Terj0BHU TpOLieHTa
kobanT mpesu u cies; obmpuBaHe c WoHU 32Xe (eHeprusi 167 MeV) npu pasmuunn ¢ayeHcu. 3a
OLleHKa Ha MUKPOCTDYKTYDHUTe H3MeHeHHsi B MaTepuaja Mpy yBeludyaBaHe Ha (ayeHca Ha
oO/mbuBaHe ca M3MOM3BaHM PamaHOBa CIIEKTPOCKOIMS, DPEHTTeHOBa [JU(Pakiys, HEyTPOHHA
Jupakus U CIIeKTPOCKOINHWS Ha BPEMETO Ha >KUBOT Ha MO3WTPOHU. AHanu3bT Ha PamaHoBus
CIIeKTbP Ha W3XOJHMs, HeoOobUeH MaTepwan pasKpuBa, 4Ye IIOBBPXHOCTTA Ceé CBCTOM OT
rpadutonoziobHa (a3a ¥ CUTHO OKMC/IEeHW BOJ(paMOBU aTOMH, paslipe/ie/ieHU BbB BBIJIEpPO/HATA
MaTpuija. Bcuuky xapakTepHH TMKOBe Ha BosjdpamoBus kapbug (WC) u Ha BB3MOXKHHTE
KobanToBu a3y JUICBAT WM Ca CUIHO 3acThblleHM BBB BCHUKM PamaHoBM criektpu. [Ipu
00/TbUBaHeTO BPB3KUTE MeXAY BO/(PaMOBHTE M KHUCIOPOJHHUTE aTOMHU Ce pa3pyllaBaT, KaTo ce
HabJ1r0/1aBa MB/HO [IeOKCH/MpaHe Ha TTOBbPXHOCTTA TIPU /IBeTe Hal-BUCOKM M3C/e/[BaHu (DyeHCH:
5 x 108 #oHa/cm? u 3,83 X 10 fioHa/cm?. YBe/sM4aBaHETO Ha Jo03aTra Ha OOTbUBaHe BOAU [0
amop(u3alys Ha BbIJIepoJHaTa (pasa Ha MOBbPXHOCTTA, MPUJPY>KeHa OT TeH/eHLUs 3a IPOMsiHa Ha
pasMepa Ha BBIVIEDOJHUTE K/IbCTEPU THUIl ,Harope-Hazo/ay“. AHa/mu3bT Ha PamaHOBUTe CIIeKTpU
CBLO0 Taka pasKpuBa, ue MosekyssipeH a3oT (N,) oT atMoc¢epara NpOHUKBA BbB BBIJIEPOJHATA
MaTpuija 10 BpeMe Ha 0OabuBaHeTO. Pe3ynTaTuTe OT peHTreHOBaTa M HEYTPOHHATA AWGPAKLIUS
TIOKa3BaT, ue OCHOBHaTa ¢asa B MaTepuasa e 6-WC, u ripefjocTaBsaT WHPOPMaLYsi 3a IPOMEHUTE B
TlapaMeTpUTe Ha KpHCTalHaTa pelleTKa C yBesnuaBaHe Ha (uyeHca. O6cbx/a ce mpeoOpa3yBaHeTo
Ha WUHJyLMpaHUTe TOUKOBU Je(eKTHU B [JWUCAOKALMOHHM [JedeKTH B 3aBUCHMOCT OT J03aTa Ha
ob/rbuBaHe, HO He e yCTaHOBeHO (ha30BO TpeBphINaHe Ha ocHOBHATa (haza §-WC. Upes peHTreHOBa
mudpakuus (XRD) ce oTurTa mocTeneHHO HapacTBaHe Ha BHTPELIHUTE Halpe)XeHHsi Ha HaTUCK C
yBe/MuyaBaHe Ha /lo3aTta Ha oOspuBaHe. Tasu TeH/eHIMS He € MOHOTOHHA, KAaTO Harpe)KeHHeTOo
KJIOHU KbM HacuIllaHe MPU Hal-BUCOKKS (P/IyeHC, JOCTUraKi MakCMMasHa CTOMHOCT OT -5,26 GPa.
V3mepBaHusiTa upe3 CHEKTPOCKOINMS Ha BPeMeTO Ha JKUBOT Ha INO3UTPOHM IOKas3BaT Ha/JWuyve Ha
KOMIIOHEHTa C KpaTKO BpeMe Ha >XMBOT B jAuarna3oHa 170-190 ps, uHTepripeTvipaHa KaTO MaJKU
BaKaHLIMOHHMU K/IbCTepU. VIHTeH3UTeTHTe Ha pas/IMUYHUTE KOMIIOHEHTH Ha BPeMeTO Ha >KUBOT Ha
TIO3UTPOHUTE BapUpaT HEMOHOTOHHO B 3aBUCHMOCT OT /l03aTa Ha 00J/rbuBaHe.

6. Matlab N Mirzayev, Alexander A Donkov, Evgeni Popov, Ertugrul Demir, Sakin H Jabarov,
Levan S Chkhartishvili, Samuel A Adeojo, Aleksandr S Doroshkevich, Alexey A Sidorin, Asif
G Asadov, Thabsile T Thabethe, Mayeen U Khandaker, Sultan Alamri, Hamid Osman, Alex V
Trukhanov, Sergei V Trukhanov, Modeling and X-ray Analysis of Defect Nanoclusters
Formation in B4C under Ion Irradiation, Nanomaterials, 2022, 12(15), 2644,
(CpoTBeTcTBa Ha B6)

Abstract: In the presented work, B,C was irradiated with xenon swift heavy ions at the energy of
167 MeV. The irradiation of the substrate was done at room temperature to a fluence of 3.83 x 10"
ions/cm®. The samples were then analyzed with the X-ray diffraction technique to study the
structural modification, as it can probe the region of penetration of xenon atoms due to the low
atomic number of the two elements involved in the material under study. The nano-cluster
formation under ion irradiation was observed. Positron lifetime (PLT) calculations of the secondary
point defects forming nanoclusters and introduced into the B4C substrate by hydrogen and helium
implantation were also carried out with the Multigrid instead of the K-spAce (MIKA) simulation
package. The X-ray diffraction results confirmed that the sample was B,C and it had a
rhombohedral crystal structure. The X-ray diffraction indicated an increase in the lattice parameter
due to the Swift heavy ion (SHI) irradiation. In B1,-CCC, the difference between t with the
saturation of H or He in the defect is nearly 20 ps. Under the same conditions with B;;C-CBC, there
is approximately twice the value for the same deviation.



MopenupaHe U peHTTeHOB aHa/IW3 Ha 00pa3yBaHeTo Ha Jje)eKTHH HaHOK/TbcTepH B B,C npu
HWOHHO 00/ThUBaHe

Pestome: B nipesicraBeHara pabora matepuansT B4C e o6bueH ¢ 6bp3u TeXXKH WOHM Ha KCEHOH C
eneprus 167 MeV. OO6spuBaHeTO Ha TOJJI0KKaTa € W3BBPILEHO IPU CTaiiHa TemIieparypa [0
tdbnyenc ot 3,83 x 104 iioHa/cm2. Cnesn ToBa mpobuTe ca aHaIM3WPaHU 4Ype3 MeToZa Ha
peHTreHoBaTa AUQpaKLYs 3a W3C/ieiBaHe Ha CTPYKTYPHUTe W3MeHeHWs, Tbil KaTO TO3U METO[,
TI03BOJIsIBA /la Ce aHa/iu3upa 00siacTTa Ha MPOHUKBaHe Ha KCEHOHOBUTE aTOMM TIPeZIBU]| HUCKHUTe
aTOMHM HOMepa Ha JiBaTa ejJieMeHTa, W3TPaKIallld W3C/eiBaHUs MaTepwan. HabsogaBaHo e
oOpa3yBaHe Ha HAHOK/TLCTEPU B pe3yJ/ITaT Ha HOHHOTO oOyrbuBaHe. V3BbpIlIeH ca U U3UMC/IeHUs Ha
BpeMeTO Ha >XMBOT Ha mo3utpoHuTe (PLT) 3a BTOpHUHHWTE TOUKOBH [edeKTH, obOpa3yBaru
HaHOKJ/TbCTEPU Y BbBeJieHU B Mo/10XkKaTa oT B4C upe3 umruiaHTMpaHe Ha BOZOPO/, M Xe/uii, KaTo e
U3M0/3BaH cuMysaloHHUAT nakeT MIKA (Multigrid Bmecto K-spAce). Pesyntatute oT
peHTreHoBaTa Au(pakivs TIOTBBP)KAaBaT, ue Tmpobara rmpejcTasnsiBa B4C ¢ pomboeapruHa
KpUCTa/Ha CTPYKTypa. [laHHWTe OT peHTreHoBaTa [Audpakiys TI0Ka3BaT yBe/JWYeHWe Ha
rapaMeThpa Ha KpHCTa/IHaTa pellleTKa BC/IeCTBHE Ha oOmbuBaHeTO ¢ Obp3u Texkku vonu (SHI).
[Tpu ctpykrtypara B1,-CCC pa3nukaTa BbB BpeMeTO Ha >KMBOT (T) IIpU HacwuillaHe Ha Jiedekta ¢ H
um He e 65130 20 ps. [Ipu cwimure ycnoBus, HO 3a cTpykrypara B1;C-CBC, cToiiHOCTTa Ha TOBa
OTK/IOHEHHE € TIPUOJIU3UTE/THO ABOWHO TO-TOJIsIMa.

7. E. Popov, P. Staykov, K. Berovski, S. Peneva, N. Djourelov and T. Troev; Positron Momentum
Calculation of Defects in o-Fe and Fe-Cr Containing Hydrogen and Helium; Journal of
Physics: Conference Series 516 (2014) 012034.

(CpoTBetcTBa Ha B7)

Abstract: Lattice defects that contain hydrogen and helium in Fe and Fe-Cr have been studied by
positron model calculations using Density Functional Theory (DFT) in its Local Density
Approximation (LDA) implementation. It was found that the value of positron lifetime for perfect
Fe lattice is 101.6 ps. and for mono vacancy is 176.6 ps. which a close to the experimental values.
The calculated values of Positron Life-Time (PLT) for Fe-2.5% wt Cr is 104.7 ps., for Fe-5% wt Cr
is 127.6 ps., for Fe-8% wt Cr is 128.9 ps. and for Fe-9% Cr is 128.2 ps. A correlation between the
positron lifetime and H and He atom concentration has been established. The model calculations for
PLT and Coincidence-Doppler-Broadening (CDB) for Fe-Cr containing vacations in the presence of
different numbers of hydrogen and helium atoms will be presented.

N3uncisaBaHe HA UMITY/ICA HA MO3UTPOHU NipH edekT B a-Fe u Fe-Cr, cbbpiKaly BoJOPOJ
M XeJ/Iun

Pestome: [ledextute B KpucranHara peietka Ha Fe u Fe-Cr, cbabpiKallji BOJOPOA M Xenuid, ca
V3C/1e/IBaHU upe3 MOJIe/THU U3YMC/IeHUs 3a NTO3UTPOHM, M3M0/I3Balll TeopysiTa Ha (yHKLMOHaIa Ha
wreTHOCTTa (DFT) B HeliHaTa peanu3aiys upe3 NMpUOIMKeHUETO Ha joKanHata rrbTHOCT (LDA).
YcraHOBeHO e, ye BpeMeTO Ha >KMBOT Ha IO3UTPOHA B MJeanHa pelletka Ha Fe e 101,6 ps, a ripu
MOHOBakaHcusi — 176,6 ps, koeTo e O/1M30 [0 eKCTlepUMeHTaHWTe CTOWHOCTH. V3uncieHuTe
CTOMHOCTH 3a BpeMeTO Ha )KUBOT Ha no3utpoHa (PLT) ca: 104,7 ps 3a Fe-2,5 Tern.% Cr; 127,6 ps 3a
Fe-5 ter1.% Cr; 128,9 ps 3a Fe-8 Tern.% Cr u 128,2 ps 3a Fe-9% Cr. YcraHoBeHa e 3aBUCMMOCT
MeXX/ly BpPEMEeTO Ha >KUBOT Ha MO3WTPOHA U KOHL[EHTpALUsiTa Ha BOAOPOAHU U XeJIMeBU aTOMM.
[pencraBenu ca MofenHu usurciaeHus 3a PLT u cbBhiagaiio goriepoBo pasiivpenue (CDB) mpu
Fe-Cr c BakaHLIUM B TIPUCHCTBUETO Ha pa3inueH Opoii BOJOPOJHU U Xe/IMeBU aTOMHU.

8._E.P. Popov, A.N. Chernikov, A.I. Beskrovnyi, J. Waliszewski, M.N. Mirzayev, Cryostat for
cooling samples in the study of low-temperature structural and magnetic phase transitions by
neutron diffraction, Journal of Physics: Conference Series 1492 (1), 012054, 2020.



(CpoTBeTcTBa Ha B8)

Abstract: A vertical cryostat was developed built around a Sumitomo RDK-101D cold head. The
cryostat is intended for investigating the structure and phase transformations of different materials
via neutron diffraction experiments on samples under high vacuum of up to 10~ mbar. A working
temperature of the sample close to 2 K was reached. The drift diameter of the head is 54 mm,
making it possible to cool samples with a height of 55 mm and 15 mm in diameter. Test
measurements were conducted and illustrative spectra were recorded on the example of a sample of
HoFeOs. The cryostat was designed and manufactured at the Frank Laboratory of Neutron Physics
of the Joint Institute for Nuclear Research.

Kpuocrar 3a ox/1a)k/jaHe Ha 00pa3iu Npu U3cjie/jBaHe HA HUCKOTeMIepaTypHH CTPYKTYPHH U
MarHuTHYU (pa3oBU NpexoAu ype3 HeyTPOHHA JU(paKusi

Pestome: Pa3paboTeH e BepTHKajeH KpWOCTaT, 0a3vpaH Ha oxjaxzama riaBa Sumitomo RDK-
101D. KpuocTaTsT e npeZiHa3HaueH 3a M3C/e/iBaHe Ha CTPYKTypaTa U (pa3oBUTe IPeBPBIIAHUS Ha
pa3/IM4yHM MaTepua/M upe3 eKCIIepUMeHTH C HeyTPOHHA Au(paKLiys IIPY yCJIOBUsI HAa BUCOK BaKyyM
(o 1075 mbar). ITocturHara e paboTHa Temriepatypa Ha obpa3serja, 6;m3Ka 10 2 K. /JuameTspbT Ha
paboTHaTa 30Ha Ha IJ/iaBaTa € 54 mm, KOeTo T03BOJIsiBa OX/IaXKAaHeTO Ha 0Opa3iu ¢ BUCOUMHA 55
mm U guaMersp 15 mm. [IpoBesieHn ca TeCTOBU U3MepBaHUs U Ca PerMCTPHpaHU UIHOCTPaTUBHU
CIIeKTpU C wu3rosi3BaHe Ha obpasen; ot HoFeO,. KpuoctarsT e mpoekTHpaH W u3paboTeH B
Jlaboparopusita TO0 HeyTpoHHa ¢u3nka ,PpaHk” kbpM OOeAWHEHUs WHCTUTYT 3a SAPEHU
V3C/Ie/IBaHNs.

9. Mirzayev, M.N., Abiyev, A.S., Samedov, O.A., Demir E., Popov, E.P., Samadov, S.F.,
Structural evolution of zirconium diboride under gamma irradiation and thermal annealing,
Journal of Alloys and Compounds, 2024, 1005, 175970,

(CpotBetcTBa Ha ['1)

Abstract: Understanding the thermal properties and enhancing the performance of zirconium
diboride (ZrB,) under extreme conditions is crucial, especially given its role as a burnable absorber
in nuclear fuel pellets and its potential applications in accident-tolerant fuels. This study explores
the structural alterations of ZrB, crystals induced by gamma irradiation and subsequent thermal
annealing. ZrB, crystals were exposed to absorption doses of 300 kGy, 1000 kGy, 1500 kGy, and
3000 kGy using a ®Co gamma source, followed by thermal treatment at 1173 K under vacuum
conditions. Also, Monte Carlo simulations were utilized to analyze the energy deposition and
distribution of gamma quanta within the material during irradiation, highlighting Compton effects
up to 0.23MeV. X-ray diffraction analysis elucidated the impact of gamma radiation on ZrB,
crystal lattice parameters, space group, and volume expansion coefficient. Post-irradiation analysis
revealed a maximum degree of amorphization and investigated mechanisms governing lattice
parameter expansion. Thermal annealing at 1173 K significantly enhanced crystallinity, reducing
amorphization to 0.2 % at an absorption dose of 3000 kGy and facilitating the restoration of the
crystal's columnar structure. This comprehensive investigation provides insights into the intricate
interplay between gamma irradiation, thermal processing, and resulting structural changes in ZrB,
nanocrystals, essential for applications in radiation-exposed environments.

CTpyKTypHa eBO/TIOLHSA HA IMPKOHUEBUs JU00PH/ IPU raMa-o0,TbYBaHe U TEPMUYHO
oTrpsiBaHe

Pe3tome: Pa3bupaHeTo Ha TepMUYHHTe CBOMCTBA M I0J00psiBaHETO Ha eKCIUIOATAal[IOHHUTE
XapakTepUCTUKHA Ha LUPKOHWEBUs qubopup (ZrB,) B eKCTpeMHHM YCJOBHS € OT peIlaBallio
3HauyeHWe, 0coOeHO MpejBU/[, poJisiTa My Ha u3rapsiy abcopbep B TabyeTKuTe siPeHO TOPUBO U



NOTEHLMa/IHOTO My TpWIOXKeHWe B yCTOMYMBM Ha aBapuu ropusa. Hacrosmioro wuscienBane
pasrjexza CTPYKTypHUTe M3MeHeHHsl B KpUcTanuTte Ha ZrB,, npein3BUKaHU OT raMa-o0srbuBaHe U
1oc/e/iBallio TepMUUHO oTrpsiaHe. Kpucranure Ha ZrB, ca 11ozji0’keHH Ha rors/iaHaTy o34 ot 300
kGy, 1000 kGy, 1500 kGy u 3000 kGy c usnonssaHe Ha ramMa-usTouHuk ¢ *Co, mocjaeaBaHo oT
TepMuuHa obpaboTka npu 1173 K BeB Bakyym. OCBeH TOBa Ca M3M0/I3BaHA CUMYJIAL[|X 110 MeTo/a
Ha MoHTe Kapsio 3a aHanu3 Ha OTJ/IaraHeTO Ha eHeprus Y paslpefie/leHUeTo Ha rama-KBaHTUTe B
Marepvasa 10 BpeMe Ha 00/’bUBaHeTO, KaTO Ce akIeHTHpa BbpXy edekture Ha KoMnThH mipu
eHepruv 10 0,23 MeV. PeHTreHOCTPYKTYPHUSAT aHa/IU3 U3SICHSIBA B/IMSIHMETO Ha raMa-abueHHUeTo
BbPXY MapaMeTpuUTe Ha KpUCTajHaTa pelleTKa, MPOCTpPaHCTBeHaTa rpyrna M KoedHIMeHTa Ha
o6eMHO pasiuiupeHue Ha ZrB,. AHanu3bT ciefi oOBPUBAHETO pa3KpUBa MaKCHMasjHa CTelleH Ha
amopusaliss U HU3CaeBa MeXaHU3MHTe, OMpejersiy pa3lMpeHreT0 Ha IapaMeTpuTe Ha
peiieTkata. TepmuuHoTOo oTrpsisaHe Tipyu 1173 K 3HauuTtenHo mo/o0psiBa KpPUCTATHOCTTA, KaTo
HamansBa amopduzanmsara o 0,2% mnpu morwiHata fo3a or 3000 kGy u cmocoberBa 3a
Bb3CTAaHOBSIBAHETO Ha KOJIOHHaTa CTPYKTypa Ha KpucCTaja. ToBa LISVIOCTHO M3C/e/iBaHe [aBa
TIpe/iCTaBa 3a CJOXKHWTE B3aUMO/IEHCTBUS MeXAy TaMa-00/ibuUBaHETO, TepMHUHATa 00OpaboTKa U
IPOU3THYALLMTEe CTPYKTYPHU IIPOMEHU B HAHOKpUCTanuTe Ha ZrB,, KOeTo e OT CblleCTBEHO
3HaueHHe 3a MPUI0KeHUs B Cpefia C PaJMaljiOHHO Bb3/elCTBHe.

10. S.F. Samadov, A.S. Abiyev, A.G. Asadov, N.V.M. Trung, A.A. Sidorin, O.A. Samedov, E.P.
Popov, E. Demir, T. Vershinina, Y.I. Aliyev, K.M. Hasanov, M.N. Mirzayev, Investigating the
crystal structure of ZrB, under varied conditions of temperature, pressure, and swift heavy ion
irradiation, Ceramics International, Volume 50, Issue 2, Part B, 15 January 2024, Pages 3727-
3732,

(CpoTBetcTBa Ha ['2)

Abstract: The influence of temperature, pressure, and swift heavy ions on the structural
characteristics of a nano-sized zirconium diboride crystal (43 nm) was investigated using X-ray
diffraction and Small-Angle X-ray Scattering/Wide-Angle X-ray Scattering (SAXS/WAXS)
powder diffraction methods. Within the temperature range of 300-773 K, alterations in lattice
parameters, lattice volume, coefficient of thermal expansion, and the kinetics of water molecule
absorption on the active surface of the zirconium diboride crystal were comprehensively analyzed.
Furthermore, the mechanism responsible for the structural degradation of absorbed water molecules
was elucidated. The degree of amorphization in the ZrB, nano crystal reached its maximum when
subjected to irradiation by fast **Xe”*" ions with an energy of 167 MeV, at fluences of up to 3.0 x
10" ions/cm®. Additionally, the expansion mechanism of lattice parameters and the kinetics of the
phase transformation process under the influence of swift heavy ions were studied. Notably,
pressure variations did not induce a phase transition within the lattice structure. However, when
exposed to an 8.0 GPa pressure, the lattice underwent substantial maximum contraction, reducing
by up to 20.5 A®,

MN3cnepBane Ha KpUCTa/IHATa CTPYKTypa Ha ZrB2 npu pa3/iMuHU yC/10BHA Ha TemMIeparypa,
Ha/IAraHe U o0/TbUBaHe C 0BP3M TOXKU HOHU

Pestome: M3ciiefiBaHO e BIMSIHUETO Ha TeMIlepaTypaTta, HajsiraHeTo U Obp3uTe TeKKU MOHU BbPXY
CTPYKTYPHHTe XapaKTepPHUCTUKWA Ha HAHOKPHUCTAas OT LIMPKOHWeB aubopuy (43 nm) upe3 MeToauTe
Ha peHTreHoBaTa AW(pakuys M IpaxoBaTa AUQpakLys C MaabK WU TOJsM BI'bJI Ha pas3ceiiBaHe
(SAXS/WAXS). B remneparypnus auamnasos 300773 K ca aHam3upaHu oipoOHO TIPOMEHHUTe B
rapaMeTpuTe Ha KpUCTajJHaTa pelleTka, obeMa Ha pelleTkaTa, Koe(uIjMeHTa Ha TOIIMHHO
pasivpeHre U KWHEeTHKaTa Ha abcopOrust Ha BOAHM MOJIEKYJ/T BbPXY aKTMBHATa MOBBPXHOCT Ha
KpHUCTasia OT LMpKoHHeB aubopuza. OcCBeH ToBa € WU3siCHEH MeXaHU3MbT, OTTOBODeH 3a
CTPYKTYpHaTa Zerpajanus Ha abcopbupanuTe BogHU MosieKysnu. CrereHTa Ha amop¢usanys Ha
HaHOKpucTasa ZrB, gocTura cBos MakcuMyM Tipy o0/1buBaHe ¢ Obp3u Houu *2Xe™* ¢ eneprus 167



MeV u dnyenc go 3,0 x 10" fiona/cm?. [TOITbIHATETHO €A MPOYYEHH MEXaHU3MbT Ha PaslIupsABaHe
Ha MapaMeTpUTe Ha pellleTKaTta U KWHETUKaTa Ha mporeca Ha (pa3oB Ipexo/ Mo/, Bb3/elCTBUeTO Ha
OBbp3u TeXXKH WOHW. BakHO e fa ce oTOesieXxy, ue MPOMEHHTe B Ha/SiTaHETO He TIpe3BHKBAT
(a3oB nipexo/; B CTPyKTypaTa Ha pelleTkaTta. Berpeku ToBa, ripu HassiraHe oT 8,0 GPa, peliieTkaTa
TIpeThPIIABA 3HAYNTE/THO MAaKCHMaJTHO CBMBaHe, HaMa/ABaiiku obema cu ¢ 10 20,5 A,

11. M.N. Mirzayev, K.M. Hasanov, A.C. Parau, E. Demir, A.S. Abiyev, Tamer Karaman, S.H.
Jabarov, M. Dinu, E.P. Popov, A. Vladescu (Dragomir), Effect of the C/N ratio modification
on the corrosion behavior and performance of carbonitride coatings prepared by cathodic arc
deposition, Journal of Materials Research and Technology, Volume 27, November—December
2023, Pages 1724-1738,

(CpotBetcTBa Ha ['3)

Abstract: This study focuses on investigating carbonitride coatings, specifically CNTi-(Zr, ZrNb,
and ZrSi), as promising candidates for enhancing the durability and efficiency of TisAl4V materials
used in nuclear fusion technology. X-ray diffraction analysis identified distinct phases, including
TiN, ZrN, ZrC, and TiC. The corrosion studies showed complete degradation of the TiN, ZrC, and
ZrN phases in the TiZrCN coating after tests, while the TiC phase exhibited relative stability. The
surface morphologies and elemental mapping analysis demonstrated the loss of homogeneity in
element distribution after corrosion process. The addition of Si and Nb elements into TiZrCN
significantly influenced the coatings' corrosion behavior, with breakaway corrosion observed in
CNTi- (Zr and ZrSi) coatings and localized corrosion in CNTi-(ZrNb) coatings. Notably, the CNTi-
(ZrSi) coating formed an oxide phase in the presence of NaCl, whereas the CNTi-(ZrNb) coating
exhibited continuous resistance and a low corrosion rate. Irradiation was carried out for the
generation of active isotopes, showing that no radioactive isotopes were formed in any of the
investigated samples.

BausHue Ha MoaudukanuaTa Ha cboTHOIIeHHeTo C/N BbpXy KOPO3HOHHOTO NOBe/leHHe U
eKCIUI0ATAa[HOHHUTE XapaKTePUCTHKH Ha KAapOOHUTPH/JHU NOKPHUTHSI, MO/TyYeHH Upe3
KaTOAHO-AbroBO OT/IaraHe

Pestome: Hacrosiijoto usciesiBaHe e GoKyCcHUpaHO BbPXY KapOOHUTPUIHU MMOKPUTHS, TIO-KOHKPETHO
CNTi-(Zr, ZrNb u ZrSi), KaTo nepcrieKTUBHA MaTepuasiy 3a MOBHUIllaBaHe Ha AbArOTpaliHOCTTa U
edekTMBHOCTTa Ha civiaBTa TligAlsV, M3Mon3BaHa B TEXHOJIOTMWTE 3a s/ipeH cuHTe3. Ype3
peHTreHo(a3oB aHamm3 Osixa UAeHTUGULMPAHU OTAenHU (a3u, BrmouuTeaHo TiN, ZrN, ZrC wu
TiC. Kopo3uoHHUTe M3MUTBaHUS MOKaszaxa MbJHO pa3pyuiaBaHe Ha (asute TiN, ZrC u ZrN B
nokputuero TiZrCN, nokaro ¢asara TiC meMoHCTpUpa OTHOCHTENHA CTAaOMIHOCT. AHA/MU3bT Ha
TIOBBPXHOCTHAaTa MOP(OJIOTHSI ¥ e/leMeHTHOTO pasripe/iesieHle pa3Kpu 3aryba Ha XOMOTeHHOCT B
pasrpeZie/IeHHEeTO Ha eJleMeHTUTe Cjie] Kopo3uoHHuUs nipouec. [TobaBsiHeto Ha Si v Nb xpm TiZrCN
OKa3a 3HaUMTe/THO B/IMSIHME BbPXY KOPO3WOHHOTO MOBeJieHUe Ha NMoKpUTHsTa, Kato npu CNTi-(Zr u
ZrSi) ce wHabnromaBaiie yckopeHa Kopo3us (tum ,breakaway“), a mpu CNTi-(ZrNb) -
JIOKanu3upaHa Kopo3us. BaxHo e ga ce otbenexu, ue mipu mnokpuruero CNTi-(ZrSi) B
npucbcTBueTo Ha NaCl ce ob6pa3yBa okcuzpHa asa, gokaro mokputero CNTi-(ZrNb)
JleMOHCTpMpa yCTOWYMBOCT M HHCKa CKOpPOCT Ha Koposusi. IlpoBeseHo Ge obiabuBaHe c Liern
reHepupaHe Ha aKTMBHU M30TOIH, KAaTO pe3y/ITaThTe IOKasaxa, ye B HUTO eJHa OT W3CJIe/IBAHUTE
nipobu He ca ce 0Opa3yBau paJuOAaKTUBHU U30TOIH.

12. A. Vladescu (Dragomir), M.N. Mirzayev, A.S. Abiyev, A.G. Asadov, E. Demir, K.M. Hasanov,
R.S. Isayev, A.S. Doroshkevich, S.H. Jabarov, Sv. Lyubchyk, S. Lyubchyk, E.P. Popov, Effect
of Si and Nb additions on carbonitride coatings under proton irradiation: A comprehensive
analysis of structural, mechanical, corrosion, and neutron activation properties, Nuclear
Materials and Energy, Volume 35, June 2023, 101457,



(CpoTtBetcTBa Ha ['4)

Abstract: In the present study, understoichiometric TiZrCN, TiZrNbCN, and TiZrSiCN coatings
were produced using the cathodic arc technique with a C/N ratio of approximately 0.5 to investigate
their potential use in nuclear technology. The coatings were evaluated for their corrosion resistance
in 3.5 % NaCl and neutron activation. The effect of adding Si and Nb to the quaternary TiZrCN
system was also investigated. The results showed that the addition of Si (~4.64 at.%) to the matrix
of TiZrCN improved their electrochemical properties in NaCl solution, the protective efficiency
was 92%, while the Nb addition (~5.5 at%) lead to the decrease in corrosion resistance by 1.39
times comparing with TiZrCN. Furthermore, after fast neutron irradiation at a nominal power of
1450 kW, none of the coatings were activated, indicating good radiation resistance. It was
determined from the structural analysis that the TigAl;V substrate before corrosion consists of
hexagonal and cubic space groups with different lattice parameters. By adding Si and Nb, a small
amount of ZrO, and Si;N, was detected along with the main phases in the TiZrCN structure.

Bymsinue Ha Ao6aBkuTe Ha Si 1 Nb BbpXy KapOOHUTPUJAHU MOKPUTHS NMPHU 00/ THUBaHE C
IPOTOHHU: BCe00XBATeH aHA/IN3 Ha CTPYKTYPHHUTE, MEXaHUYHHTE U KOPO3HOHHUTE CBOVCTBA,
KaKTO0 U Ha XapaKTepUCTUKHTe, CBbpP3aHU C HeyTPOHHA aKTHBaLusl

Pe3tome: B HacTOAOTO M3C/eABaHe, C LieJl NPOyYBaHe Ha ITOTEHLMA/THOTO MM IPWIOXKeHHe B
sJpEHUTe TEeXHOJOIMM, uYpe3 MeTOJa Ha KaTo/JHara Jbra ca IIOJIy4eHU IO/CTeXMOMEeTPUYHU
nokputus ot Turna TiZrCN, TiZrNbCN u TiZrSiCN cbc cboTHOmenue C/N npubnusutento 0,5.
[TokpuTHsTa Ca OLleHeHH I10 OTHOLIEeHHe Ha TSXHaTa KOPO3MOHHA YCTOWUMBOCT B 3,5% pasTBOp Ha
NaCl u ck/JIoHHOCTTa KbM HEyTPOHHA akTuBalus. V3ceiBaHO e U BAUSHUETO Ha AobaBsiHeTo Ha Si
u Nb kbM ueTnprKoMIioHeHTHaTa cucrtema TiZrCN. PesynratuTe mokasBar, ue fobaBsHeTO Ha Si
(~4,64 aT. %) kbM MarpurjaTa Ha TiZrCN mnozo6psiBa eyleKTPOXUMUUHUTE CBOWMCTBA B PAa3TBOP Ha
NaCl, karo 3amurHaTa edeKTUBHOCT Aoctura 92%, nokaro mobaBsiHeTo Ha Nb (~5,5 at. %) Boam
[0 HamassiBaHe Ha KOpo3MOHHaTa yctonuuBocT 1,39 mbtu B cpaBHeHue c TiZrCN. OcBeH TOBa,
ciies; obrpuBaHe ¢ OBbpP3M HEYTPOHM TPUM HOMMHA/MHA MoiHOcT oT 1450 kW, He ce HabmrozaBa
aKTHBAlLUsl Ha HUKOE OT TOKPUTHSITA, KOeTO CBHU/ETe/ICTBa 3a Jo0pa pafdaljMOHHA YCTOMYMBOCT.
CTpyKTYPHUSAT aHa/lM3 yCTaHOBSIBA, Ue TpeJi KOPO3MOHHOTO Bb3/eicTBUe nogioxkara oT TigAlV
Ce XapaKTepu3upa C HajduyMe Ha XeKCaroHaJHW M KyOWYHU TIPOCTPAHCTBEHW TI'PYMU C pa3Iu4yHU
TapaMeTpy Ha KpuCTaiHaTa pemeTka. [Ipu go6aBsiHeto Ha Si m Nb, Hapen ¢ ocHoBHuTe da3u B
cTpykrypata Ha TiZrCN, ca ycraHoBeHU U MaJIKi KosinuecTBa ZrO; u SizNa.

13. Nabiyev A.A., Ivankov O.I.. Azhibekov A.K., Elmekawy A.H.A., Popov E., Samadov S.F.,
Trung N.V.M., Mutali A.K., Sidorin A.A., Orlov O.S., Kuklin A.L., High-dose gamma
irradiation effects on HDPE/SiO, nanocomposite films: Structure, crystallinity, defects,
radiation endurance, dispersion, and interfacial behavior, Polymer Degradation and Stability,
Volume 245, 2026, 111851,

(CpoTBetcTBa Ha I'5)

Abstract: This paper presents the findings of a study on the effects of gamma radiation on the
structural and thermal characteristics of high-density polyethylene nanocomposite films. These thin
films consist of a combination of high-density polyethylene (HDPE) and nano-SiO, particles
prepared by hydrostatic thermal pressing a mixture of HDPE powder and nano-SiO, in various
volume concentrations (0 = 1 %, 5 %, 10 %, and 20 %). Radiation-induced defects and
microstructural changes in HDPE nanocomposite films containing embedded nano-SiO, particles
were investigated under high-dose gamma irradiation (100-500 kGy). DBAS analysis revealed that
SiO, nanoparticles effectively suppress radiation-induced defect formation and positronium
formation across most doses through void-filling and interfacial positron trapping mechanisms.
Defect evolution showed a transition from chain scission-dominated behavior (increasing defects up



to 300 kGy) to crosslinking dominance at 500 kGy, with SiO, significantly mitigating both
processes. However, at the critical dose of 300 kGy, where crystallinity (66.2 %) and structural
reorganization peak, anomalous defect behavior was observed for 1 % and 20 % SiO. loadings,
attributed to insufficient structural constraint and interfacial stress concentration, respectively.
Electron momentum distribution (EMD) analysis confirmed carbonyl group (C = O) formation
during oxidative degradation. Optimal radiation resistance was achieved with 5-10 vol% SiO, at
doses up to 300 kGy, consistent with SAXS and WAXS findings.

These results provide fundamental insights into radiation resistance mechanisms and support the
design of HDPE/SiO2 nanocomposites for use in high-dose radiation environments.

EdekTn oT rama-o6,1huBaHe ¢ BUCOKH /[03M BbPXy HaHOKoMNo3uTHH (puivu ot HDPE/SiO,:
CTPYKTYPa, KPUCTATHOCT, Ae()eKTH, pafiMaljiOHHa YCTOWYHNBOCT, JUCIIEPCHs U NMOBe/leHHe Ha
rpaHuIiaTa Ha pasjena ¢a3u

Pe3tome: B HacTosl11jaTa CcTaTus Cca MpeACTaBeH! pe3y/TaTuTe OT KM3cjie/iBaHe Ha e)eKTUTe Ha rama-
JTbUEHUETO BbPXY CTPYKTYPHHTE U TEPMUUYHUTE XapaKTEePUCTUKU Ha HAHOKOMIIO3UTHU (PUIMH OT
rosieTusneH ¢ Bucoka rrbTHOCT (HDPE). Te3u ThHKY GusiMu ce cbCTOAT OT KoMOuHaLst Ha HDPE
Y HaHouvactuly SiO,, mosiyyeHa upe3 XUAPOCTaTUYHO TepPMUYHO IpecoBaHe Ha cmec oT HDPE Ha
npax ¥ HaHO-SiO, mpu pa3muuAn 06eMHU KoHIjeHTpaumu (o = 1%, 5%, 10% u 20%). 13cieaBanu
ca MHAYLMpaHWUTe OT pajuanyara Ae@ekTH U MUKPOCTPYKTYPHHUTEe MPOMEHW B HAHOKOMITO3UTHUTE
¢unvu ot HDPE, cbabpikaiii BrpasieHd HaHodacTui| SiO,, pu 00/rbuBaHe ¢ BUCOKM /103U TaMa-
abueHure (100500 kGy). AHanu3bT ype3 CMEKTPOCKOMUSI Ha aHUXUalus Ha 1o3utpoHu (DBAS)
pa3kpy, dYe HaHouactuimre SiO, edeKTHBHO TIOTHCKAT 00pa3yBaHeTO Ha pPaJUALMOHHO
WHyLMpaHU feeKTH U TIO3UTPOHUM TIpY TOBeueTo /03, OsiaroflapeHrve Ha MeXaHM3MM KaTo
3arrb/IBaHe Ha KyXWHU U yJlaBsiHe Ha MO3UTPOHM Ha rpaHMliaTa Ha paszena (asu. EBomorusita Ha
JedeKTrTe ToKa3Ba Mpexo/ OT MoBeJieHue, JOMUHUPAHO OT pa3KbCBaHe Ha BepUruTe (yBearuaBaHe
Ha gedekture no 300 kGy), kbm gomuHupaHe Ha ompexxkBaHero rpu 500 kGy, kato SiO,
3HauMTe/THO CMeKuaBa U JiBaTa Tipolieca. Bbrripeku ToBa, ripu KputruHaTa fo3a oT 300 kGy, kbjeTo
KpuctanHocrra (66,2%) u CTpyKTypHaTta peopraHvsanys JOCTUraT CBOSI MakCUMYM, e
HabJ/Tr0/JaBaHO aHOMAJTHO TOBeJieHHe Ha Zie)eKTUTe TIpU ChbprkaHue Ha SiO; oT 1% u 20%, KoeTo
ce [JBb/DKA CbOTBETHO HAa HEJOCTaTbUHO CTPYKTYPHO OrpaHWuYaBaHe M KOHLIEHTpalLusl Ha
Hamnpe)KeHUsiTa Ha TpaHMWLiaTa Ha pasfjena (a3u. AHanU3bT Ha paslpefie/ieHMeTo Ha MMITyJca Ha
esniektpornTe (EMD) moteBbpau obpa3yBaHero Ha Kapbonunau rpymu (C=0) mo Bpeme Ha
OKMC/IMTe/NHaTa Jerpagaimsd. OnTvManHa pajvalyOHHA YCTOMYMBOCT € TOCTUrHaTa [pu
ceabpKanve Ha SiO; oT 5-10 06.% u go3u g0 300 kGy, K0eTo CHOTBETCTBA Ha pe3y/iTaTUTe OT
Metogure SAXS u WAXS.

Te3u pesynraTu JaBaT (yHAaMeHTa/lHa Mpe/icTaBa 3a MeXaHU3MHUTe Ha paiMalliOHHA YCTOMUHMBOCT
Y ToZrioMaraT npoekrtvpaHeTo Ha HaHokomno3utd HDPE/SiO, 3a npuioxenue B cpefy C BUCOKU
HYBA Ha paZuanusl.

14. E. Demir, M.N. Mirzayev, E.P. Popov, P. Horodek, I.G. Genov, K. Siemek, D.M. Mirzayeva,
V.A. Turchenko, M. Bulavin, A.l. Beskrovnyi, A.H. Valizade, H.V. Akhundzada, Effects of
high-energetic 3He" ionirradiation on tungsten-basedcomposites, Vacuum, Volume 184,
February 2021, 109934.,

(CpoTBetcTBa Ha ['6)

Abstract: The interaction of plasma and its encompassing materials with one another is one of the
principle designing issues of fusion reactors. Tungsten is considered one of the primary candidate
materials in fusion applications due to its superior properties. In this work, we doped vanadium
carbide powders to the tungsten matrix to enhance the properties of tungsten alloys. Tungsten-based
composites, which irradiated with 2.5 MeV *He" ions at room temperature, were analyzed by atomic
force microscopy (AFM) in order to obtain surface morpohologies after irradiation. Helium ion



irradiated tungsten-based composites were studied by using XRD, neutron diffraction technique,
raman spectroscopy, and positron annihilation spectroscopy to reveal the microstructural changes.
XRD and ND analyses clarified the changes in the crystal structures of the tungsten-based materials
after He ion irradiation. The simulation of radiation damage and the calculation of displacements
per atom (DPA) was also determined by the SRIM code. SRIM showed that the maximum helium
concentration in the specimens takes place in the depth range of 58—-65 nm. The crystallite size of
tungsten-based composites slightly increased after helium ion irradiation. AFM results revealed that
the maximum size of bubbles on the surface of tungsten-based composites shape under 100 nm.
Positron annihilation spectroscopy studies of the specimens have been discussed before and after
3He+ ion irradiation.

EdekTu 0T 00,1bUBaHeTO C BUCOKOeHepruiiHyu *He' oMM BbPXy KOMIIO3MTH Ha OCHOBATa Ha
Bosippam

Pe3rome: B3aumogelicTBMeTO MeX/y Ila3MaTa U MaTepuaauTe, C KOUTO TSI KOHTaKTyBa, € eIuH OT
OCHOBHHTE UH)KeHepHU TpobJieMU MpU TepMOosiipeHnTe peakTopu. BondpambT ce cuuTa 3a eZjuH OT
Hau-TepCreKTUBHUTE MaTepyaly 3a MPUI0KeHUs B TepMOSIIDEHUs] CUHTe3 N0paJid CBOMTe OT/INYHU
cBolicTBa. B Hacrosiiata paboTta KbM BosippamoBaTa MaTpulia ca jobaBeHU MpaxoBe OT BaHa/ueB
Kapbu c men nmogoOpsiBaHe Ha CBOMCTBAaTa Ha Bos)paMoBUTe CTyIaBU. KoMmo3uTuTe Ha OCHOBAaTa
Ha Bojihpam, 00/bueHu ¢ *He” tioHu ¢ eHeprus 2,5 MeV mpu cTaiiHa TeMrieparypa, ca aHaJIMu3UpaHu
ype3 aTOMHO-CWIOBa MHUKpockornusi (AFM) 3a ycraHOBsiBaHe Ha TOBBPXHOCTHaTa MOP(QOJOrus
csief; ob6/rbuBaHeTo. 3a M3c/ie[jBaHe Ha MUKPOCTPYKTYDHHTE TIPOMeHH B OO/bueHWUTE C XereBU
WOHM KOMIO3UTH Ca WU3M0J3BaHU peHTreHoBa audpakuus (XRD), HeyTpoHHa Audpakiys,
PamaHOBa CrieKTpOCKONUS Y CIIEeKTPOCKOIWS Ha TTO3UTPOHHA aHuxuanus. AHanusure ype3 XRD u
HeyTpPOHHa Au(pakiys H3sfCHUXa MPOMEHUTe B KpHCTajHAaTa CTPYKTypa Ha MarepuaanTe Ha
OCHOBaTa Ha Bojdpam crej ob/sbUBaHETO C XenWeBM WOHU. CuUMy/aluMsiTa Ha pajyallMOHHUTE
YBPEX/IaHUs U U3UMC/IIBaHETO Ha Opost u3MectBaHusi Ha atoM (DPA) ca n3BbpIlIeHH C TTOMOIIITa Ha
copryepuusi kox SRIM. Pesynrature or SRIM rmnoka3Bar, ue MakCMMajaHaTa KOHLIEHTpal[ysi Ha
XeMui B oOpasiute ce HaOmozaBa B /Auarna3oHa Ha [bjabounHa 58-65 nm. Pa3mepbT Ha
KPUCTaJIMTUTE B KOMIIO3UTHTE Ha OCHOBATa Ha BOJ(pam JieKO ce yBejuuaBa cjiefi 06bUBaHeTO C
xenveBd Honu. Pesynrature or AFM moka3Bat, 4e MakKCHUMaJHHUST pa3Mep Ha obpa3yBaHWTe TI0
TOBBPXHOCTTa Ha Komrio3uTute Mexypuera e mof 100 nm. OOcCbgeHM ca pe3yiraTUTe OT
M3C/ie/IBaHMATa Ha 0Opa3uyTe upe3 CHEeKTPOCKOIUsS Ha TMO3UTPOHHA aHWUXW/IALUS TIpeJu W Cref
ob6nbuBaneTo ¢ *He' HoHH.

15. A.V. Maletskyi, T.E. Konstantinova, G.K. Volkova, D.R. Belichko, A.S. Doroshkevich, E.
Popov, N. Cornei, B. Jasinska, Zh.V. Mezentseva, A.A. Tatarinova, M.N. Mirzayev, L.H.
Khiem, I. Risti¢, V. Teofilovi¢, R. Balvanovi¢, High hydrostatic pressure influence on the
properties and tendency to agglomeration of ZrO, grains of the Al,O; — YSZ composite
ceramics system, Ceramics International, Volume 49, Issue 10, 15 May 2023, Pages 16044-
16052,

(CpotBetcTBa Ha ['7)

Abstract: The results of studying the influence of high hydrostatic pressure (HHP) on the structure
formation and properties of composite ceramics of the Al,0;-ZrO, + 3mol% Y,0; (YSZ) system,
based on the metastable Al.O; phase, are presented in this work. The phase composition of the
powders, the structure, physical and mechanical properties of the Al,O; - YSZ ceramics were
studied taking into account the YSZ concentration and the pressing pressure. We have found that
various crystallization processes occur during the sintering of ceramics and two types of structure
are realized: aggregate-hardened and disperse-hardened, depending on the HHP value. It is shown
that the processing of compacts under HHP conditions at 600-700 MPa prevents the formation of
agglomerates of YSZ grains in the intergranular space of Al,O;, and the maximum values of



physical and mechanical characteristics are achieved at concentrations of 10 and 15% YSZ and
HHP values of 700 Mpa.

BinsiHMe Ha BUCOKOTO XMAPOCTAaTHYHO Ha/isiraHe BbPXYy CBOMCTBATa U CKJIOHHOCTTAa KbM
aryioMepaijusi Ha 3ppHaTa ot ZrQ; B KoMno3uTHara kepamuuHa cucrema Al,Q; — YSZ

Pestome: B HacTosimaTta paboTta ca mpeAcTaBeHH pe3yaTaTH OT HM3C/eBaHe Ha BAMSHUETO Ha
BHUCOKOTO XuzpoctaTuuHo HajsiraHe (BXH) BBpXy cTpykTypoobpa3yBaHeTo M CBOWMCTBaTa Ha
KOMITO3UTHa Kepamuka oOT cucrtemara Al,05-ZrO, + 3 mol% Y.0; (YSZ), GasupaHa Ha
MeTtactabunmHa ¢aza Ha Al,Os. M3cieaBanu ca ¢a30BUAT ChCTaB Ha MpaxoBeTe, KAaKTO U
CTpyKTypaTa U (hM3UKO-MeXxaHUUHUTe CBOMCTBa Ha kepamukata Al,O3 — YSZ, KaTo e OT4YeTeHO
B/ISIHMETO Ha KOHL|eHTpalusaTa Ha YSZ U HajisiraHeTo Ha MpecoBaHe. Y CTaHOBEHO e, ue 10 BpeMe
Ha CHMHTEpOBAHETO Ha KepaMMKaTa MpOTHYaT pPa3/IMuHU MpoLiecy Ha KpUCTaau3alus U ce popmMupar
[iBa TUIAa CTPYKTypa — C arperaTtHo M C JUCIIePCHO YTIPOUHsiBaHe, B 3aBUCUMOCT OT CTOWHOCTTA Ha
BXH. TlokasaHo e, ue obpaboTkara Ha mpecoBkuTe mpu ycioBusi Ha BXH ot 600-700 MPa
TipeZIoTBpaTsiBa 00pa3yBaHeTO Ha arjioMeparty oT Y SZ 3bpHa B MeXX/y3bPHECTOTO IMPOCTPAHCTBO Ha
Al;,O;, a MakCMMa/IHU CTOMHOCTH Ha (PU3MKO-MeXaHUUHUTe XapaKTepUCTUKU Ce TOCTWraT Ipu
KOHLIeHTpaluu Ha YSZ oT 10 u 15% u croitHocti Ha BXH ot 700 MPa.

16. Samadov, S. F., Ismayilova, N., Popov, E., Tuyen, L. A., Trung, N. V. M., Samedov, O. A.,
Sidorin, A. A., Orlov, O. S., Jabarov, S., Hue, P. T., Hue, N. T. N., Tiep, N. V., Quang Hung,
N., & Mirzayev, M. N. (2026). Gamma-irradiation-induced defects and thermally driven
recovery in ZrB,. Materials Chemistry and Physics, 353, 132107.,
(CpoTBetcTBa Ha ['8)

Abstract: This study investigates the reaction of ZrB, ceramics to high-dose gamma irradiation and
subsequent thermal treatment in terms of defect formation and recovery mechanisms, which are
important for harsh reactor environments. ZrB, powders were irradiated with °Co gamma rays at a
total absorbed dose in the range of 1500-3000 kGy, and then annealed at 1173 K. Surface and near-
surface analyses (SEM, TEM/HRTEM, FTIR) indicate the formation of a thin oxygen-rich layer
and moderate particle coarsening after irradiation; after annealing, partial removal of
hydroxyl/oxide-related features and relaxation of microstrain are observed. Positron-based
DB/EMD measurements show that irradiation leads to an increase in vacancy-type defects (Vs, Vz,
and their clusters), while after thermal treatment these defects decrease toward the reference state,
which is consistent with thermally assisted defect recombination. First-principles (TCDFT/DFT)
calculations confirm these trends: in defective structures, shifts in the Fermi level and weakening of
Zr*-B* hybridization are observed, while changes in the elastic constants are only moderate.
Overall, the results show that ZrB, exhibits noticeable defect resilience within the investigated
gamma dose range, and post-irradiation annealing can partially reduce the induced damage. These
findings are informative for the initial selection of materials, but they cannot be considered as a
comparative ranking with existing first-wall candidates; application-oriented final conclusions
require direct comparative studies under the same conditions.

HedexkT, MHAYLIMPAHH OT raMa-o0/TbYBaHe, U TEPMHUYHO Bb3CTaHOBsABaHe B ZrB,

Pestome: HacrosijoTo u3c/iefiBaHe pasryiex/a peaklusTra Ha Kepamuka OT ZrB, cripsmo rama-
o0/rbUBaHe C BUCOKA /I03a W TOC/Ie/iBallja TepMUUHa 00paboTKa 1Mo OTHOIIeHWe Ha 00pa3yBaHeTO Ha
JeeKT ¥ MeXaHU3MHUTe 3a BB3CTAHOBSIBAHE — aCIeKTH, Ba)KHM 3a eKCIIoaTalysi B TeXKKWTe
ycnoBusi Ha siipeH peakTtop. IIpaxoobpasnu mpobu ot ZrB, 6sixa o6obyeHM C rama-ibudl OT
U3TOYHUK Ha “Co mpu oblLja moreaHata jgo3a B auanasoHa 1500-3000 kGy, cren koeto Gsixa
NoJ/I0’keHW Ha oTrpsiBaHe npu 1173 K. AnanusuTe Ha NMOBBPXHOCTTA M MPUIIOBBPXHOCTHUS CJIOU
(SEM, TEM/HRTEM, FTIR) noka3Bar obpa3yBaHe Ha TbHBK, O0raT Ha KMCJIOPO/, CJIOW U yMepeHO



HapaCTBaHe Ha pa3Mepa Ha 4YaCTUIUTe cjiefl OO/SbUBAaHETO; Cjie] OTrPsSBaHETO ce HabJrofaBa
YaCTUYHO OTCTpaHsIBaHe Ha XapaKTepHUCTHKH, CBbP3aHU C XUJPOKCUIHU IPYIIUA WUIU OKCUJHU, KAKTO
¥ penakcaiusi Ha MuKpojedopmauyuTe. M3MepBaHusiTa upe3 T[I03UTPOHHA CIEKTPOCKOMUS
(DB/EMD) mnoka3Bar, ye 06;/bUBaHeTO BOJM [I0 yBeIMuaBaHe Ha JedeKTuTe OT BaKaHLIMOHEH THII
(Ve, Vz 1 TexHUTe KITBbCTEPHU), AOKATO Cief, TepMuyHata oOpaboTka Oposit Ha Te3um AedeKTH
HamaJsisiBa, TIpUO/IM)KaBalKK ce KbM HM3XOJHOTO CBhCTOSTHME, KOeTO CbOTBETCTBA Ha Tpoljeca Ha
TEPMUYHO CTUMYJIMpaHa peKoMOWHaiusi Ha Jedektu. M3uucsieHusta, 0a3upaHd Ha ITbPBU
npuHiunu (TCDFT/DFT), noTBbpXAaBaT Te3U TeHAEHIMU: B CTPYKTYpU C JAedeKTu ce
Hab/rfolaBaT M3MecTBaHe Ha HUBOTO Ha ®epmu M oTc/labBaHe Ha XUOpUAM3ALUATA MEXKITY
opburtanuTe Zr* u B*, 10KaTo MPOMEHKUTE B €JaCTUYHNTE KOHCTAHTH Ca He3HauuTe HU. Karto Lo
pe3y/TaTUTe TIOKa3BaT, ue ZrB, JeMOHCTpYpa 3HauWTe/lHA YCTOWYMBOCT KbM OOpa3yBaHe Ha
JeekT B M3C/Ie[BaHMSI [JMara30H Ha rama-Zio3ure, a OTTpsiBAHETO cJiei 00/’bUBaHE MOXKe
YaCTUYHO [la HaMalll MHAYLMpaHWTe yBpeXAaHus. Te3n MaHHW ca TOJe3HU 3a ITbPBOHAYA/HUS
nogbop Ha MaTepua/id, HO He MOraTr /ia ce pasr/eXXJaT KaTo CpaBHUTe/MHa KJjacalys CIpsiMO
ChILIECTBYBALLIUTe KaHAWAATH 3a MaTepUaJyd 3a MbpBaTa CTeHA HA peakTopa; OKOHYaTe/THUTe
3aK/IFOYeHUs, OPUEHTHPAHU KbM [PaKTUUeCKOTO IPUWIOXKeHUe, U3UCKBAT IPOBeXKIaHeTO Ha IpeKy
CpPaBHUTETHU U3C/eiBaHUs TIPU UAEHTUUHU YCI0BUSL.

17. Luu T.A., Trung N.V.M., Van T.N., Turek M., Drozdziel A., Pyszniak K., Sidorin A.A.,
Donkov A.A., Orlov O.S., Ly N.L., Pham H.T., Nguyen H.T.N., Phuc T.V., Hoang L.V., Le
L.T., Mitrofanov S.V., Ismayilova N., Jabarov S.H., Kirilkin N., Abiyev A.S., Tuan P.L.,
Vershinina T., Popov E. P., Samadov S.F., Mirzayev M.N., Van N.T.T., Tran N., Tran P.D.,
Hung N.Q.. Ion implantation-driven defect engineering in BiVO, thin films for catalytic
applications, Ceramics International, Volume 52, Issue 9, Part B, April 2026, Pages 12572-
12588,

(CpoTBetcTBa Ha ['9)

Abstract: Designing and controlling structural defects in semiconductor photocatalysts using ion
implantation remains a challenging issue. This work explores the evolution of point and complex
defects in 100 keV P*-implanted BiVO, thin films using slow-positron beam (SPB) measurements
combined with theoretical calculations. Variable-energy (0.1-14 keV) Doppler broadening (VEDB)
and electron momentum distribution (VEEMD) analyses, together with two-component density
functional theory (TC-DFT) calculations, are employed to characterize defect evolution.
Complementary techniques, including SRIM simulations, Rutherford backscattering spectrometry
(RBS), high-resolution transmission electron microscopy (HR-TEM), energy-dispersive X-ray
spectroscopy (EDX), scanning electron microscopy (SEM), X-ray diffraction (XRD), and Raman
spectroscopy, are used to further assess the defective structures. The results indicate that a
competitive formation of point defects occurs in P*-implanted BiVO, thin films, including oxygen,
bismuth, and vanadium vacancies (Vo, Vs, and Vy), oxygen substitution by phosphorus (Po), along
with more complex defects such as Vg + Po and Vy + Po. The evolution of those defects proceeds
differently across different depth regions (0-30, 30-117, and 117-225 nm) and at different
implanted fluences ( 10"*~10" ions.cm—2) in the BiVO4 thin film. Comprehensive analyses using
SPB, photoluminescence (PL), and ultraviolet—visible (UV-Vis) techniques together with DFT
calculations reveal that P*-induced Vo, Vg u Vg + Po defects positively modulate the electronic
structure and optical properties of BiVO, thin films, thereby offering a promising strategy to
improve their photocatalytic performance. This study provides new insights into defect engineering
and control in thin-film materials via ion implantation.

HHxeHepcTBO Ha Jie(heKTH Upe3 HOHHA HMILIAHTAaLMA B ThHKH c/10eBe oT BiVO, 3a
KaTa/IMTUYHHU PUI0KEeHUS



Pestome: TIpoeKkTHpaHeTO M KOHTPOJIMPaHETO Ha CTPYKTYpHU [e¢eKTH B IOJYNPOBOJHUKOBU
(oTokaTamM3aTOpu upe3 HOHHA WMIUIAHTALMsl OCTaBa Tpe/AW3BUKaTencTBO. Hacrosiata pabota
13C/ie/iBa eBOJTIOL[MSATA HA TOUKOBU U C/I0XKHU iePeKTU B ThbHKU cioeBe OT BiVO,, uMriaHTUpaHu C
P" tionu (eneprus 100 keV), KaTo ce U3M0/3BaT U3MEPBaHUsI ChC CHOM OT GaBHU Mo3uTpoHu (SPB)
B ChbyeTaHWe C TeOPeTUYHU M3UMC/eHHs. 3a XapaKTepusrpaHe Ha eBO/IOLMATa Ha jedeKTuTe ca
TIPUIO’KEeHU aHa/M3U Ha foriepoBoTo pasiuupenve (VEDB) u pasnpefeneHreTo Ha efeKTPOHHUS
umnysc (VEEMD) npu nipomennuBa eHeprusi (0,1-14 keV), KakTo U W3UMC/IeHUsI TI0O MeTO/la Ha
¢dyHKIMOHa/la Ha TUTbTHOCTTAa C fABa KommoHeHTa (TC-DFT). 3a pgomb/iHWUTeNHAa OlLieHKa Ha
nedeKTHUTe CTPYKTYPH Ca U3M0JI3BaHU KOMIUIEMEeHTapHU MeTou, BK/ItouBa SRIM cumysnaruuy,
CrieKTpoMeTpusi Ha oOpaTHo pa3ceiiBaHe Ha Pvabpdops (RBS), TpaHCMHCHOHHA efleKTPOHHA
MHUKDOCKOIIMSI C BHUCOKAa pasjenutesnHa crnocobHoct (HR-TEM), eHepruiiHO-AWCIIEpCHOHHA
pentreHoBa criektpockonusi (EDX), ckanupaija enekTpoHHa MUKpockonus (SEM), peHTreHoBa
mudpakius (XRD) u PamaHoBa criekTpockomnusi. Pe3yntatuTe mokasBat, ye B UMIUIAHTHPAHUTE C
P* TbHKU coeBe oT BiVO, npoTrua KOHKYPEeHTHO 00Opa3yBaHe Ha TOYKOBHU [e(eKTH, BKIFOUBAIIN
BaKaHLIMM Ha KACI0pof, bucmyT u BaHaguii (Vo, Ve 1 Vy) U 3amMecTBaHe Ha KUCI0poZ ¢ dochop
(Po), KakTo U mO-C/IoKHU AedeKTu Kato Ve + Po u Vy + Po. EBosonusita Ha Te3u jedekTu
MPOTHAYA TI0 Pa3/InyeH HAUWH B Pa3/MUHUTE 30HU 10 AbabounHa (0-30, 30-117 u 117-225 nm) u
npu pasnmuubu (iyeHcr Ha wmrmiaHTtanms (10°-10" #ona/cm?) B THHKMA ok or BiVO4.
KomrniiekcHuTe aHanusu, usnonssaiiu SPB, goronymunecuenius (PL) u ynTpaBuoneToBa-BUguMa
(UV-Vis) cniekTpockornusi, 3aeqHo ¢ DFT u3uucieHus, pa3KpuBar, ue WHAYLMPaHUTe OT P fioHu
nedekta (Vo, Ve u Vg + Pg) OGmaronpusiTHO MOAy/upaT efleKTpOHHATa CTPYKTYPa U ONTHUHUTE
CBOMCTBA Ha ThHKUTe cjioeBe OT BiVO,, KaTo 10 TO3u HauMH Tpejyiarat obelrjaBaiiia cTpaTerus 3a
nozobOpsiBaHe Ha TsxHara (oToKaTanmuTU4YHA edeKTHBHOCT. ToBa m3c/ie/iBaHe TIPeOCTaBs HOBU
HACOKM 3a MH)XeHePCTBOTO U KOHTpPO/a Ha JedeKTH B MaTepuaau noj popMaTa Ha ThHKH CI0€eBe
ype3 OHHA UMILIaHTaLYs.

18. Samadov S.F., Nasrabadi M.N., Ismayilova N.A., Trung N.V.M., Rizi S.H., Luu, A. Tuyen,
Samedov O.A., Jabarov S.H., Popov E.P., Abiyev A.S.. Interface-mediated He" irradiation
tolerance of W-Ni heavy alloys for fusion plasma-facing components: Defect absorption and
phase stability, International Journal of Refractory Metals and Hard Materials, Volume 138,
August 2026, 107767,

(CpotBetcTBa Ha ['10)

Abstract: Wsingle bondNi heavy alloys were evaluated for radiation tolerance under 2.5 MeV He"
irradiation (3.3x10 (Boisse et al., 2014)*-1.1x10" ions/cm?®) using a multiscale approach that
combines molecular dynamics (MD), density functional theory (DFT), X-ray diffraction (XRD),
and Raman spectroscopy. The MD results (LAMMPS, MEAM+ZBL; SRIM-based PKA
conditions) indicate that most ballistic displacements recombine within ~30 ps and that the residual
concentration of stable Frenkel pairs in the bcc-W matrix remains low, implying limited permanent
damage under typical collision scenarios. DFT calculations confirm the metallic character of the
tetragonal Ni4W phase (finite DOS at EF) and show defect-dependent variations in electronic and
mechanical properties: Ni vacancies are the most energetically favorable point defects, and ductility
is preserved for the investigated vacancy configurations (v ~ 0.40; high B/G). Rietveld-refined XRD
results demonstrate that only bcc o-W and tetragonal NisW phases are present before and after
irradiation, with no evidence of carbide formation. Changes in lattice parameters are minor in a-W
but more pronounced and non-monotonic in NisW, consistent with phase-selective defect
accumulation and swelling at W/Ni,W interfaces. With increasing fluence, Raman spectra exhibit
band broadening and weak peak shifts, indicating disorder-induced scattering rather than the
emergence of new oxide modes. Overall, the results reveal that He'-induced defects are mainly
localized in the NisW phase and at interphase boundaries, emphasizing the critical role of phase
composition and interface architecture in optimizing W single bond Ni alloys.



Y croitunBocT Ha o6;rbuBaHe ¢ He' HoHM npu TeXXKH ciutaBu oT Tuna W-Ni, npeHa3HaueHH
3a KOMIIOHEeHTH B KOHTAKT C I/Ia3MaTa NPHU TePMOsiipeH CUHTe3: abcopOuus Ha AedekTH 1
¢da3oBa crabuHOCT

Pestome: Texkure crutaBu W-Ni 6sixa m3c/ieiBaHM TI0 OTHOILIEHHE HA TAXHATAa YCTOMUMBOCT Ha
obmbuBaHe ¢ He+ #ioHu (c eHeprusi 2,5 MeV u dnayeHc B guamasona 3,3 x 10 — 1,1 x 107
fioHa/cm?) ype3 MHoromaiabeH TMOJXO/, ChueTaBall] MOJeKy/spHa nuHamuka (MD), Teopusi Ha
¢ynkimoHana Ha bTHOCTTA (DFT), pentrenoBa audpakuus (XRD) u PamaHoBa crieKTpocKomnus.
Pesynratute ot MD cumynanuute (usnonssaiy LAMMPS, MEAM+ZBL u ycioBus 3a TbpBUYHU
n3butu atomu — PKA, 6asupanu Ha SRIM) mokasBar, ue moBeueTo OamMCTUUHU M3MECTBAHUS Ce
pekoMOuHMpaT B pamkure Ha ~30 ps, a ocTaTbyHaTa KOHIL|EHTpAL[s Ha CTAaOWIHU JBOWKK Ha
@peHken B bcc-W matpuiiata ocraBa HUCKa, KOeTO TpeJrosara OrpaHuYeHd TpaiHU YBpeX/aHHsl
NpY TUNIMYHUA CLieHapuu Ha cOmbCbK. M3uncienusra nmo meroga DFT moTBBp)KZaBaT MeTanHUS
XapakTep Ha TeTparoHasnHata ¢a3a NisW (HeHy/ieBa IUTbTHOCT Ha CBCTOSIHUSITA NIPU HHMBOTO Ha
@®epmu — DOS npu EF) u paskpuBaT 3aBUCUMU OT JedeKTuTe U3MeHeHUs] B e/IeKTPOHHUTE U
MeXaHUUHUTe CBOMCTBA: BakaHLUMTe B Ni ca eHepreTUYHO Haii-0/1aronpusiTHUTE TOUKOBH Jle)eKTH,
a MJIaCTUYHOCTTA Ce 3arasBa MpH u3cie[BaHUTe KOH(uUrypauuu Ha BakaHuuu (v = 0,40; BUCOKO
cboTHOolleHWe B/G). Pesynrtature ot XRD, aHanusupanu upe3 merosa Ha PueTBenj, rokasBar
Ha/IMYMeTo eJUHCTBeHO Ha ¢asute bcc a-W u TetparoHanHa NisW KakTo mnpeju, Taka U cref
o6srbuBaHeTO, 6e3 aHHM 3a obpa3zyBaHe Ha Kapbuau. [IpomMeHuTe B MapaMeTpuTe Ha KpHCTaaHaTa
pellleTka Ca He3HAUWUTe/JHU IpU o-W, HO IMO-CHU/IHO M3pa3eHu U HeMOHOTOHHU Iipu NisW, Koeto
CbOTBETCTBA Ha CeJIeKTUBHO CTIpsiMo (ha3aTa HaTpyrBaHe Ha JedeKTH U HabbOBaHe MO rpaHULUTe
Ha pasfiena Mexzay (asure W u NisW. C yBenruaBaHe Ha (yeHca B PamMaHOBUTe CIieKTpHU ce
HabJ/ro/1aBaT pasliupsiBaHe Ha UBULIMTE U JIeKW OTMeCTBaHUsI Ha TTMKOBeTe, KOeTo e TMOoKa3aTesHO 3a
pasceliBaHe, IOPOJIEHO OT CTPYKTYPHO pa3CTPOMCTBO, a He 3a I0s1Ba Ha HOBU OKCHJHU Moau. KaTo
1Is1710, pe3y/ITaThTe pa3KpuBaT, ue UHAyIMpaHuTe oT He' HioHU JedeKTH ca JIOKaM3UpaHu IJIaBHO
BbB (pasata NiusW u mo mexzaydasoBuTe rpaHviiy, KOETO MOJuepTaBa KPUTUUHOTO 3HaueHWe Ha
(ha30BUsI CbCTaB M apXMTEKTypaTa Ha TPaHULIUTe Ha paszesia 3a ONTHUMH3UPaHeTO Ha CIlaBUTe W—
Ni.
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(CpotBetcTBa Ha ['11)

Abstract: In this study, a comprehensive experimental and theoretical investigation was performed
on five multicomponent TiXCN-based coatings (X = Si, Nb, Zr, ZrNb, and ZrSi) synthesized by
cathodic arc deposition. The defect structure, free-volume characteristics, surface morphology,
optical topography, and chemical bonding states of coatings deposited on TicAlsV substrates were
systematically examined. Positron Annihilation Lifetime Spectroscopy (PALS) revealed distinct
positron lifetime components (t; # 0.17-0.18 ns and 1, # 0.63-0.80 ns), indicating variations in
intergranular free volume and vacancy-type defect populations depending on elemental
composition. Density functional theory (DFT)-based calculations suggest the coexistence of face-
centered cubic and trigonal structural configurations within the TiXCN matrix, providing insight
into the experimentally observed positron trapping behavior. Raman spectroscopy identified
characteristic acoustic and optical phonon modes associated with Ti—C and Ti—N bonding, where
systematic peak shifts and bandwidth variations reflect alloying-induced lattice strain and chemical
disorder. Surface analyses using scanning electron microscopy and optical profilometry revealed
pronounced compositional effects on pinhole morphology and roughness, with Zr-containing
coatings exhibiting deeper and wider surface defects. The combined experimental-theoretical



approach establishes a clear correlation between interfacial interactions, free-volume evolution,
lattice dynamics, and surface morphology in multicomponent TiCN coatings, offering guidance for
the rational design of advanced protective coating systems.

Mexpyda3oBu B3auMojeliCTBUS M CBO0OieH 00eM B MHOTOKOMITOHEHTHH MOKPHUTHSA OT
TUTAHOBH KapOOHUTPUIU

Pe3tome: B HacToAIOTO M3C/efBaHe e IIPOBeJEHO LSJIOCTHO eKCIIepUMEHTalHO U TeOPeTUYHO
TIpOyuYBaHe Ha MeT MHOTOKOMITOHEHTHU MOKpUTUs Ha ocHoBaTta Ha TiXCN (kbzaeto X = Si, Nb, Zr,
ZrNb u ZrSi), cuHTe3upaHW upe3 KaTOAHO-ABrOBO oOTjaraHe. CHCTeMaTUUHO Ca M3C/e/lBaHU
nedekTHaTa CTPYKTYpa, XapaKTepPUCTUKUTe Ha cBOOOgHUS 06eM, Mop¢o/orysiTa Ha MOBBPXHOCTTA,
ONnTHMYHaTa Tororpagusi U CbCTOSTHUETO Ha XMMHWUYHKTE BPB3KU B MOKDPUTHSITA, OT/IO)KEHHU BBHPXY
nogy10kku oT TigAl,V. Upe3 crieKTpocKomnusi Ha BpeMeTo Ha »KMBOT MPU aHUXWU/IaLYsl Ha TIO3UTPOHU
(PALS) ca ycraHOBeHM XapakKTepHU KOMIIOHEHTU Ha BPeMETO Ha JKMBOT Ha MO3UTPOHUTE (T; ®
0,17-0,18 ns u 1. # 0,63-0,80 ns), KOeTo MOKa3Ba pa3IUuUsl B MEXIy3bPHECTHsI CBOOO/IEH 00eM U
TNoMyaLyuTe OT Je(eKTH OT BaKaHLIMOHEH THIT B 3aBUCHMOCT OT eJIeMeHTHUS ChCTaB. V3unciieHus,
0asupanu Ha TeopusTa Ha (pyHKUMOHana Ha urbTHOCTTA (DFT), mpeAmonaraT chljecTByBaHeTO Ha
KyOWYHU CTEHTOLIeHTPHUPAHU M TPUTOHAMHK CTPYKTYPHH KOH(urypauuu B marpuiiata Ha TiXCN,
KOeTO /laBa TIpeZCTaBa 3a eKCIIepUMEHTATHO HaO/r0/[aBaHOTO TIOBefieHHe Ha y/aBsHE Ha
no3uTpoHu. Upe3 PamaHoBa CHeKTpOCKONMSI ca WAEHTU(ULIMDAaHU XapaKTepHU aKyCTUYHU U
ONTUYHU (POHOHHU MOAU, cBbp3aHu ¢ Bpb3KUTe Ti—C u Ti—N, KaTo CUCTEeMHUTe OTMeCTBaHUs Ha
MUKOBETEe U MPOMEHUTEe B IIMPOYMHATA UM OTpassiBaT JeopMaljuUTe Ha KpUCTa/lHaTa pelleTKa 1
XUMHWYHOTO Pa3CTPOWCTBO, MOPOZEHU OT JierMpaHeTO. AHa/IU3UTe Ha MOBBPXHOCTTA, U3BbLPILIEHU
ype3 CKaHWpallja eJleKTPOHHAa MMKDOCKOMNMSI U ONTHWYHA NMPO(UIOMETPUs], Pa3KpUBaT 3HAUMTE/HO
B/IMsSIHME Ha ChCTaBa BbpPXY MOp(GOJIOrusiTa Ha MUKpPOIIOpUTE U IPanaBoCTTa, KaTo ChAbpiKaljuTe Zr
TIOKPUTUSL TIPOSIBSBAT TIO-ABAOOKHM M TO-LIMPOKH TIOBBPXHOCTHU Jedektr. KomOuHUpaHUST
eKCIlepYMeHTa/THO-TeOpeTUUeH IO/AX0/, YCTaHOBSBA SICHA KopeJlalysl MeX/y B3auMOZeUCTBUATa Ha
rpaHuLMTe Ha (as3uTe, eBOMOLMATA Ha CBOOOAHUs o00eM, [AWHAMMKaTa Ha pelleTKata M|
MopdosiorusTa Ha TMOBBPXHOCTTa MpU MHOTOKOMIoHeHTHUTe TiCN TokpuTusi, TpeoCTaBSIiKu
HaCOKY 3a palOHa/IHOTO IIPOeKTUPaHe Ha YCbBBPILIEHCTBAHU CUCTEMU OT 3allUTHU [IOKPUTHSI.



	Abstract: Tantalum (Ta)-cladded tungsten (W) is predominantly used in a spallation target to obtain a high yield of neutrons. Investigation of changes in the mechanical properties and evolution of microstructures in Ta under irradiation of high-energy neutrons is essential to maintain the safety of the target of the spallation neutron source. In this study, the effects of helium (He) and hydrogen (H) on the positron lifetimes of vacancy clusters were examined. The calculation results indicate that the positron lifetime of perfect Ta is 118.3 ps and the positron lifetime is 216.5 ps when single vacancies exist. The positron lifetime increases with increase in the number of vacancies in the vacancy cluster. The positron lifetime of single vacancies decreases to 191.7 ps when the vacancy contains an H atom, whereas it decreases to 158.6 ps when the vacancy contains a He atom. This shows that the effect of He on positron lifetime change is larger than that of H.
	Изчисляване на времето на живот на позитроните в клъстери от ваканции в тантал, съдържащ водород и хелий
	Резюме: Волфрам (W), обвит в тантал (Ta), се използва предимно в мишени за спалация с цел постигане на висок добив на неутрони. Изследването на промените в механичните свойства и еволюцията на микроструктурата на тантала при облъчване с високоенергийни неутрони е от съществено значение за поддържане на безопасността на мишената в източника на неутрони, работещ на принципа на спалацията. В настоящото изследване е проучено влиянието на хелия (He) и водорода (H) върху времето на живот на позитроните в клъстери от ваканции. Резултатите от изчисленията показват, че времето на живот на позитроните в идеален кристал от Ta е 118,3 ps, а при наличие на единични ваканции то е 216,5 ps. Времето на живот на позитроните нараства с увеличаване на броя на ваканциите в клъстера. При единичните ваканции времето на живот на позитроните намалява до 191,7 ps, когато ваканцията съдържа водороден атом (H), и до 158,6 ps, когато съдържа хелиев атом (He). Това показва, че влиянието на He върху промяната във времето на живот на позитроните е по-силно от това на H.

