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Contents)

(1) Aiming at high-performance Ce:Li6Y(BO3)3 (LYBO) single crystal for thermal
neutron detection, photoluminescence dependence with high Cerium
concentrations (nominal 4-9 mol% on Yttrium site) was studied. Here,
inductively coupled plasma emission spectroscopy was used to measure the
actual Cerium concentration in single-crystal samples and photoluminescence
spectroscopy was used for excitation and emission characterization.(2) This
research aims to develop high-performance single-crystal rare-earth tantalate
scintillators for high-energy radiography application. The project, carried out in
collaboration with the listed facilities, focuses on elemental composition, crystal
structure analysis, and photoluminescence properties of the samples.(3)
Scanning electron microscopy was used to observe bismuth sodium niobate
oxides and evaluate their morphology, size, and aspect ratio. Moreover, energy-
dispersive X-ray spectroscopy (EDX) was used to analyze the oxide's chemical
composition.

実験
Experimental

(1)
The elemental analysis was carried out by the inductively coupled plasma
optical emission spectroscopy. The crystal samples were grinded in powder
form and dissolved in a heated mixed acid solution (HCl: HNO3 = 3: 1), then
diluted with Milli-Q water at RT, and finally mixed with the same amount of Co
standard solution. The spectrofluorometer FP-8500DS was employed to
measure the photoluminescence spectra of the Ce:LYBO crystal samples with
Cerium concentration increasing. In order to compare also their
photoluminescence intensity, fine crystal powders in the same amount were
used for the measurements. 

(2)
• NM-650 Tabletop SEM+EDX [TM3000]
    Different Tb-concentration (1, 5, 10, 15, 20, 25, 30, 35, 45, 55, 75 and
100%) doped or mixed YTaO4 single crystals were obtained by floating-zone
technique. Single-crystal disks, cut from as-grown single-crystal rods, were
analyzed using energy-dispersive X-ray spectroscopy (EDX) to determine the
actual Tb doping concentration in the samples. The samples were mounted
onto the sample holder with carbon tape, then placed in the chamber and
evacuated. No electrode was sputtered on the surface.
• Spectrofluorometer (FP-8500DS)
  To investigate changes in the luminescent center with increasing Tb doping
concentration (1, 5, 10, 15, 20, 25, 30, 35, 45, 55, 75 and 100%) in YTaO4,
photoluminescence spectra were measured. The tested samples were prepared
by grinding single crystals into powder.
• 多環境場対応型X線単結晶構造解析装置(Single Crystal X-ray Diffractometer for
Multiple Environments)
    The crystal structures of YNbO4 and TbTaO4 were determined through
Rietveld refinement using transparent single crystals grown by the floating-zone
method. A millimeter-sized single crystal was mounted on a thin glass fiber.
Data were processed with the Rigaku Crystal-Clear suite (d*trek) and the
structure was solved using the dual-space algorithm method (SHELXT). [1]

(3)
The sample was set on carbon tape and placed inside the chamber. For the
scanning mode, the sample was  observed using an acceleration voltage of 15
kV and magnification of x200, x1200, and x4000. For the spectroscopy mode,
the sample was observed with a magnification of x2000.



結果と考察
Results and Discussion

(1)
Ce:LYBO crystals with high nominal Cerium concentrations were investigated,
here 4, 5, 6, 7, 8 and 9 mol%. With higher doping concentrations, from the
perspective of the whole concentration range more Cerium activators were
observed in the grown single crystals, as can be seen in Fig. 1. Despite certain
experimental variations the trend can be described by a linear fitting with a
slope of 0.2, which matches with the previous finding of the Cerium segregation
coefficient in LYBO host.
Unlike the Ce:LYBO crystals with low Cerium concentrations (below 4 mol%),
which exhibit stronger photoluminescence when Cerium concentration
increases, the samples here show comparable ones (Fig. 2). It seems that the
photoluminescence starts to saturate but no obvious quenching was observed
although the nominal Cerium concentration already reaches 9%.

(2) 
• NM-650 Tabletop SEM+EDX [TM3000]
     As shown in Fig. 3, a very good correlation between the nominal and actual
Tb concentration was found for all grown crystals, suggesting that both Tb and
Y possess a similar segregation coefficient and, therefore, crystals with a
uniform composition can be grown.
• Spectrofluorometer (FP-8500DS)
   The results indicate that, with the substitution of Y3+ by Tb3+, the intrinsic
untra-violet (UV) photoluminescence from YTaO4, stemming from the Ta-O
complex, gradually decreases till only the intraionic Tb3+ emissions. With a 1%
Tb concentration, both host and Tb emissions coexist, while for 5% Tb, the host
emission is almost negligible.
• 多環境場対応型X線単結晶構造解析装置(Single Crystal X-ray Diffractometer for
Multiple Environments)
    They both exhibits a single monoclinic structure with a space group of I2/a.
The unit cell parameters of YNbO4: a = 5.0786 Å, b = 10.9550 Å, and c =
5.3029 Å; TbTaO4: a = 5.0697 Å, b = 11.0187 Å, and c = 5.3830 Å.

(3)
On Fig. 4 and Fig. 5 most bismuth sodium niobate oxide particles have a
platelike shape with high aspect ratio. This high aspect ratio is due to the
crystallographic layered structure of bismuth sodium niobate oxide which favors
growth along a ⃗ and b ⃗ axis. However, on Fig. 5 and Fig. 6 some well faceted
grains and porous agglomeration of grains are visible. As we can see in Fig. 6
and Fig. 7, these parasitic phases correspond to respectively rich side bismuth
and poor side bismuth.
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Fig. 1: Actual Cerium concentration in as-grown Ce:LYBO single crystals.
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Fig. 2: Excitation and emission photoluminescence spectra.
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Fig. 3: Comparison between the Tb content measured by EDX and the nominal
concentration.
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Fig. 4: Sanning electron macroscopy image, magnification x200.
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Fig. 5: Sanning electron macroscopy image, magnification x1200.
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Fig. 6: Sanning electron macroscopy image, magnification x2000.
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Fig. 7: Chemical mapping of the 2000-fold magnified image.
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