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%Sr Resonance ionization mass spectrometry
Hasegawa Lab, Department of NEM/NPS, UTokyo

Abstract

] |

Methodology

Resonance ionization mass spectrometry
(RIMS) uses the transition energy differences
between different elements and different
isotopes to achieve isobaric suppression, and
high selectivity for isotopes. Moreover, multi-
step resonance ionization can excite atoms into
specific Rydberg states, thereby improving
ionization efficiency. This research mainly
focuses on the three-step resonance ionization
scheme of 460.9 nm - 655.2 nm - 426.3 nm
and studies the isotope shift (IS) between Sr
isotopes, and the Stark shift of Sr atoms in the
high Rydberg state.

DFOC (digital fringe offset control) systems for
different laser schemes of Ca and Sr have been
developed in our lab for a long time [1][2].
Based on this system, we measured the IS of
stable Sr isotopes under the laser scheme of
689.4 nm - 487.4 nm - 393.8 nm in our previous
study and found that Na influenced the
production of Sr atoms in the low heating
temperature range, but had no effect in the high
heating temperature range [3]. In addition, we
also studied the Stark effect of Sr atoms in the
high Rydberg state due to the electric field
distribution under the laser scheme of 460.9 nm
- 655.2 nm- 426.3 nm in previous experiments
[4].
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Fig.1 Schematic of the Sr-RIMS apparatus
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Objectives

1. Research on IS measurement data and
estimation for 2Sr under the laser scheme
of 460.9 nm - 655.2 nm - 426.3;

2. Research on Stark shift for Sr atoms on
high Rydberg states;

Fig.1 shows the furnaces in vertical and horizontal directions,
both of which usually work under the current ranging from 20
A to 40 A. The horizontal furnace heats the liquid Sr
sample wrapped by Titanium foil and generates Sr atom
vapor through a redox reaction shown in equation (1), and
the vertical furnace heats the Sr metal sample directly
generating Sr atoms.

2SrCl, + Ti - 2Sr + TiCl,

M

After the Sr atom absorbs the laser photons shown in
scheme 1 or 2 of Fig.2, it transits to the energy levels higher
than IP and then autoionizes. The generated Sr ions will
first be accelerated by a DC electric field, and then enter the
ion filter, where the target Sr isotope ions are selected by the
guadrupole mass filter (Extrel RP_2010A, 2.1 MHz, 19
mm). Finally, these selected Sr ions are detected by the
microchannel plate (MCP). The count rates of Sr ions will
be measured by a photon counter (SRS SR400) and the
data obtained will be recorded and analyzed by a LabVIEW
program on a personal computer (PC).
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Fig.2 The cdrrently used resonanck laser schemes
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IS measurement
The data of 8488|S, 8-8|S and 87-88|S
have been measured.

Estimated 90-88|S

By using the King plot, the estimated
90-88|S at 460.9 nm and 655.2 nm were
-116.6MHz and 373.8 MHz.

The estimated isotope shifts can be
used in the future during the real °Sr
experiment.
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nm - 655.2 nm - 426.3 nm have been done. The
phenomena of the Stark shift will be researched
more, and the real °°Sr sample will be used for the
experiment in the near future.
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B,C-SS eutectic melting and its relocation behaviac
/eeshan Ahmed, Project Researcher, Graduate School of Engine ’

1) Purpose: HKY¥
a) Investigate eutectic melting of B,C-stainless steel using Radiative Heatin} mw@%WWEM)

b) Analyze its relocation behavior and determine the atomic mass% composition
present in the solidified eutectic melt.

2) Specimen: 4) Results:
Powder a) Eutectic Melting b) SEM and Crys
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Radiation Damage Effects on Y-Ti-O nanoparticles in Fe-Cr Matrix
RRAFIZFRMRBEFAHERER FEHFEZE HAN YI(D2)

» The development of suitable materials for next-gen
fusion energy systems is a significant challenge. Oxide
Dispersion Strengthened (ODS) steels are a prime
candidate due to their radiation resistance, thanks to
embedded high-density nano-oxide particles.

* This study aims to understand radiation-induced
changes in these particles, specifically Y,Ti,O,
nanoparticles. It also investigates the behavior of the
interface between the nanoparticles and the Fe-Cr
matrix under different irradiation conditions. (show in
Research Outline)

Research Progress

1. A successful densification method has led to the
creation of Y,Ti,O-.

2. An amorphous layer was observed near the radiation
surface at all temperatures; a disordered layer appeared
only at 300°C and 500°C, thickest at 500°C.

3. Upcoming experiments will investigate lower radiation
damage and structural transformation.

4. The Fe-Cr and Y,Ti,O; interface is being prepared via
laser deposition.

Research Outline

. Sample Preparation

|
Y-Ti-O (Y,Ti,0, and Y,TiOy) '
generated by sintering. |
|
|

i L ition of [ feFZCr L :

[l el e
. Step2: <= Apply Radiation Damage == I
! Radiation Experiment !

LIIIIIIIIIY,

50

T ISSS TSI T~

Study the reaction

adiz
Study radiation g S e

effect on pure
Y-Ti-O(Y,TiO, between_ Fe-12Cr
and Y.Ti,0,) and Y-Ti-O (Y,TiOg
o and Y,Ti,0,)
e e R e O T e . .o |
: Step3: :
! Analysis Data and publish paper |

i Study by: i
: e XRD Analysis; « SEM&EDS Detection :
| * TEM Observation; » In-Situ HVEM Observation !

e T e e e g i e a
There is no relevant research before, and this is a totally new
attempt in nuclear material field especially for ODS steels.
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The Stability of Nano-Oxides in ODS Steels under Ion Irradiation

WANG ZIDENG (D1)
Abe Laboratory, Graduate School of Engineering, the University of Tokyo

[Purpose]

ODS (Oxide Dispersion Strengthened) steels are proposed to use as fusion first wall and blanket materials, as well as for
fuel cladding and other structural materials for advanced gas reactor and liquid metal fast reactor concepts. In this research,
irradiation with self-ion (Fe?*) is applied to investigate the impact of dose gradient to the stability of nano-oxides. lon irradiation
leaves the distribution of radiation damage, i.e., the number of displacements per atom (dpa) varies along the depth direction
from the irradiation surface. The dpa gradient could incur a concentration gradient of vacancies that leads to a directional
vacancy-type diffusion in the material. The present study evaluated the role of such directional vacancy-type diffusion in the
stability of the nano-oxide particles under different dpa gradient sampling areas.

[Experimental]

The 12Cr-ODS was conducted cold-rolling with a thickness reduction of 90% and final thickness of about 0.3 mm. Then,
specimens were annealed at 1373 K for 3 h in a vacuum. Fe?* ion irradiation was conducted by 2.8 MeV Fe?* at 673K. The
microstructure observation was conducted by a transmission electron microscope (TEM), JEM-2100, operating at 200 kV. The
cross-sectional TEM foils were fabricated by a focused ion beam (FIB) system. The thickness of the specimen was measured by
weak-beam dark-field (WBDF).

[Results]

The Ostwald ripening phenomena were observed in the 1.3 dpa
sampling region with a 0.0072 dpa/nm. The significant growth in the
particles’ size for the large particles suspected to be the enhanced
diffusion of a directional flow of vacancies, which were induced by the
relatively high dose gradient in the local area. A severe shrinkage in the
particle size occurred in the 7 dpa specimen, compared to that of the 1.3
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® Unimadiated
® 1.3 dpm 0.0021 gradent \
\

® 1.3 dp 0.0072 gmdient

Number density'cm3
v
m
1M

dpa specimen. This could be attributed to the lower number density of £z = ® 7 dpa 0.0112 gradicnt \
the particles acting as defect sinks. The concentration of the vacancies <23 . 7 dpa 0.0526 gradiem
in the matrix increased according to the kinetic equation, which . :
enhanced the diffusion of constitute atoms and subsequently cause 0 - ¢ 6 s
HOse dpa

particle dissolution. In the 7 dpa region of with 0.0526 dpa/nm, the
volume fraction of the nanoparticles was the lowest among the 4
sampling regions in Figure 1. It indicates the constituent atoms tend to
dissolve into the matrix under such conditions. The instability of
nanoparticles under intensive vacancy-type diffusion flow incurred by
the high local dose gradient was verified.

Figure 1 The evolution of the number density of the
nano-oxides in the 12Cr-ODS steel under irradiation.
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wHBHHA : To explore the mechanical property change a
explore the irradiation induced phase instability
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(2) Cross—sectional TEM :
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