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Uplatnenie vysledkov projektu

1/ Monitorovanie zachytu termojadrového paliva D/T v stenach buducich termojadrovych
reaktorov.

2/ Hibkovéa profilometria spojena s elementarnu analyzu pouzitim bezkalibraénej metody CF-
LIBS pri pouZziti ps laserovej ablacie (rozliSenie niekofko desiatok nm).

3/ Kvantifikacia fahkych prvkov navrhnutou simultannou CF-LIBS spektroskopiou vo
vakuovej UV a klasickej UV-NIR oblasti (kriticka detekcia a kvantifikacia fahkych prvkov
inymi metédami).

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Tento projekt bol rieSeny v ramci narodnej RIS3 stratégie, pri¢om prioritnou oblast'ou bol
materialovy a nanotechnologicky vyskum. Tim rieSitelov projektu je ¢lenom vyskumného
konzorcia v ramci aktualne zacinajuceho EUROfusion Horizon Europe projektu, ktory zacal
minuly rok a vysledky tohto projektu su délezité pre dalSie rieSenie spomenutého EU
projektu v oblasti energetiky pre buducu bezpecnu prevadzku zariadeni termonuklearnej
fuzie, ako su reaktory ITER alebo DEMO. Tento projekt mal Styri r6zne ciele, ktoré sa po€as
jeho trvania dosiahli:

1) Zvy$enie rozlidenia pri hibkovej profilometrii (aZ na urover niekofko desiatok nm)
spojenej s prvkovou analyzou vzoriek pouzitim bezkalibracnej metody (CF-LIBS).
Bezkalibrana metdda CF-LIBS je velmi dolezita pri analyze neznamych vzoriek, ako napr.
nadeponované vrstvy na prvej stene termonuklearnych reaktorov (tokamakov) po migracii
materialu, ktoré nie je mozné analyzovat pouzitim kalibraénych Standardov. Planovanymi
materialmi pre ITER tokamak su Be a W, ktoré mézZu byt redeponované spolu s necistotami
(napr. N, O, C a B). Preto je dolezita kvantitativna analyza hibkového profilovania pomocou
CF-LIBS v tychto zmie$anych materidloch. Tento ciel bol dosiahnuty zvySenim hibkového
rozliSenia az na niekolko desiatok nm pomocou ps-LIBS namiesto ns-LIBS. Bolo to mozné
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vdaka niekolkym vyhodam laserovej ablacie ps oproti ns (niZSia hustota a teplota plazmy),
¢o viedlo k lepSiemu rozliSeniu Ciar (kIu¢€ k presnejSej kvantifikacii).

2) Detekcia fahkych prvkov (ako C a B) LIBS meraniamibola dosiahnuta simultannou
detekciou vo vakuovej UV a Standardnej UV-NIR oblasti.

3) RozliSenie izotopov vodika H/D je kluCové pre kvantifikaciu zadrzaného paliva D/T v
prvej stene termojadrového reaktora. Pri nizkom tlaku sa da LIBS kvantitativna analyza
lahko dosiahnut. Pri atmosférickom tlaku (€o su planované podmienky pre merania
zadrzaného paliva v reaktore ITER) je vyrieSenie tejto analyzy velmi narocné (bezpecnostné
obmedzenie < 1 kg T vo vnutri reaktora vCitane stien). Tento ciel kvantitativnej H/D LIBS
analyzy pri atmosférickom tlaku bol dosiahnuty a publikovany v roku 2021 vo viacerych
naSich ¢lankoch. Ziskané vysledky a publikacie boli dosiahnuté v spolupraci s niekolkymi
europskymi laboratoriami, ako aj s dvoma indickymi a jednym japonskym.

4) Zosilnenie signalu LIBS sa dosiahlo reexcitaciou plamena plazmy pouzitim iskrového
vyboja aplikovaného po laserovej ablacii.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

This proposed project was solved in the frame of the Slovak RIS3 strategy, being material
and nanotechnology research a priority area. As a research facility member of the current
EUROfusion Horizon Europe project starting this year, the results of this project are
important in the field of energy for future safe working of thermonuclear fusion devices like
ITER or DEMO reactors. This project had four different goal, which have been achieved
during its duration:

1) Increasing the depth resolution in profiling (several tens of nm) for the elemental
quantification of samples by the calibration-free method (CF-LIBS). CF-LIBS is very
important for the analysis of unknown samples, like deposited layer on the first wall of
tokamaks after the material migration. The planned materials for ITER are Be and W, which
could be re-deposited together with some possible impurities like N, O, C, and B. Thus the
importance of the depth profiling quantitative analysis by CF-LIBS in those mixed materials.
This goal has been achieved with an increment of the depth resolution up to several tens of
nm using ps-LIBS instead of ns-LIBS. This has been possible due to the several advantages
of ps over ns laser ablation (lower plasma density and temperature), leading to a better line
resolution, and key for a more precise quantification.

2) The detection of light elements like C and B was achieved by simultaneous vacuum UV
and standard UV-NIR LIBS measurements.

3) The resolution of different H isotopes is crucial for the quantification of retained fuel in the
first wall. At low pressure is easily done but at atmospheric pressure, which are the planned
conditions for retained fuel measurements at ITER reactor where there is a limitation < 1 kg
of T inside the wall, resolving these lines is very challenging. This goal has also been
achieved, and published in 2021 in several papers. This work has been done in
collaboration with several European laboratories as well as two Indian and one Japanese.

4) The LIBS signal enhancement was achieved by plasma plume re-excitation using a spark
discharge applied after the laser ablation.

Formular ZK, strana 3/3



