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Dosimetric Properties of Dy-doped Li,0-B,0O5 Glasses
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As dosimetric materials, undoped and Dy-doped 33.3Li0—66.7B,05 glasses were synthesized
by the melt-quenching method. Their photoluminescence and thermally stimulated luminescence
spectra showed several emission lines. A broad glow peak was observed at ~75 °C in the Dy-
doped samples, while the undoped sample showed no glow peaks. A linear relationship between
irradiation dose and thermally stimulated luminescence intensity was confirmed from 1 to 1000
mGy when the 0.5% Dy-doped glass was exposed to different doses of X-ray radiation.

1. Introduction

Certain storage-type phosphors have the ability to capture and retain ionizing radiation
energy as carriers that are trapped at lattice defects and impurities. When an external
treatment is applied, absorbed energy is released, resulting in the release of photons from
the materials. In this process, photons are separated into those having thermally
stimulated luminosity (TSL),('3 optically stimulated luminosity (OSL),* % and radio-
photoluminescence (RPL),7-% depending on the emission mechanism. They are utilized
in many different applications, including personal dosimeters and medical imaging,
because the quantity of low-energy photons released by external treatment is proportional
to the amount of ionizing radiation. Storage phosphors with such a memorization function
of ionizing radiation are collectively called dosimetric materials. Numerous types of
dosimetric materials have been studied and brought to market thus far, and research is
still being done to find new high-performing dosimetric materials. It is necessary for
novel dosimetric materials to have higher luminescence intensity, wider dynamic range,
and less fading. In particular, their effective atomic number (Z.) should be close to that
of human soft tissues when used for personal dosimeters.

Therefore, host materials composed of Li and B can be promising candidates for
dosimetric materials. Actually, Mn-doped Li,B,405 crystals, with a chemical composition
close to human soft tissue, have been commercialized as TLD-800.0%D In addition,
Li,0-B,0; glasses doped with luminescence centers have been reported as dosimetric
materials.(1271) However, most reports focused on transition metals such as Mn, Ag, and
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Cu as luminescence centers. In this study, we prepared Li,0-B,05 glasses doped with Dy
as a rare-earth element and investigated their optical and dosimetric properties. Owing to
the high luminescence intensity produced by the 4f-4f transitions of the Dy’ ion, Dy>" is
frequently used as a dopant ion for many phosphor applications.(!®) Previous research has shown
the applicability of numerous Dy-doped phosphors including Dy-doped CaF,, which is used in
commercial dosimeters (Thermo Fisher Scientific, TLD-200).(1)

2. Materials and Methods

33.3Li,0-66.7B,05-xDy,05 (x =0, 0.1, 0.5, 1.0, 3.0, and 5.0 mol%) glasses were fabricated by
the conventional melt-quenching method. Li,CO3;, B,0Os, and Dy,0; (4N) were mixed and
melted in an alumina crucible in an electric furnace at 1000 °C for 1 h under ambient atmosphere.
Following the synthesis, each sample was polished to a thickness of 1 mm with a polishing
machine (MetaServ 250, Buehler), and its transmittance and X-ray diffraction (XRD) patterns
were evaluated using a JASCO V670 spectrometer and MiniFlex 600 (RIGAKU), respectively.
The photoluminescence (PL) excitation and emission contour graph and the PL quantum yield
(QY) were measured using a Quantaurus-QY spectrometer (Hamamatsu). PL decay times were
recorded using a Quantaurus-t instrument by selecting the excitation and monitored wavelengths
from the contour graph. TSL glow curves and spectra were measured as dosimetric
characteristics. A photon-counting head (H11890-01, Hamamatsu) recorded TSL glow curves at
30—400 °C when the samples were heated by a temperature controller/power supply (SCR-
SHQ-A, SAKAGUCHIE.H VOC) at a heating rate of 1 °C/s. As the radiation source, an X-ray
generator (XRBOP&N200X4550, Spellman) was employed. A CCD-based spectrometer (QE
Pro, Ocean Optics) was used to measure a TSL spectrum.?

3. Results and Discussion

The appearance of each sample under room light and UV light with a wavelength of 365 nm
is shown in Fig. 1. The prepared samples were processed to 8 x 8 x 1.0 mm?. The Z¢ of the
samples changed from 7.3, 11.3, 16.9, 20.3, and 27.4 to 31.4 as the Dy concentration increased
from 0, 0.1, 0.5, 1.0, and 3.0 to 5.0%. All samples had transparency, and the 5.0% Dy-doped
sample was colored yellow. Under UV light, the Dy-doped samples showed yellowish-white
luminescence. For XRD examination, some of the samples were ground into powder. The XRD
patterns of the glass samples are shown in Fig. 2. There was only one broad peak, centered at 25
degrees, in all the samples. This broad peak has been referred to as a halo peak, which is
indicative of amorphous materials,?122 and the outcome implied that no crystallization occurred
in the samples.

Figure 3 shows the in-line transmittance spectra of the Dy-doped glasses. All the
Li,0-B,0; glasses had ~80% transmittance in a wavelength range without an absorption
band. An absorption band was observed at 280 nm in common with undoped and Dy-doped
samples; thus, this absorption should be due to the host material. Some absorption lines due
to Dy>* 4f-4f transitions were detected at a wavelength longer than 300 nm. Typical electron
transitions due to Dy>" corresponding to each absorption line are shown in Fig. 3.23.24)
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Fig. 1. (Color online) Appearances of Dy-doped Fig. 2. (Color online) XRD patterns of the glass
Li,0-B,05 samples. samples.
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Fig. 3. (Color online) In-line transmittance spectra at (a) 200—600 and (b) 200-2700 nm.

Figure 4 shows the PL emission and excitation contour graph of the undoped and 0.5%
Dy-doped glasses as representative examples. The Dy-doped glasses excited at 300-500 nm
showed emission lines at 480, 570, 660, and 750 nm due to the electron transitions of
4Fg;, — ®Hyspp, Hysp, °Hyyjn, and ®Hg)y, respectively.?>29) The PL QYs obtained upon 390
nm excitation were 19.8% (0.1% Dy), 34.8% (0.5% Dy), 20.5% (1.0% Dy), 4.5% (3.0% Dy),
and 1.4% (5.0% Dy). The 0.5% Dy-doped glass showed the maximum PL QY, and
concentration quenching was observed at Dy concentrations from 0.5 to 5.0%. Figure 5
shows PL decay curves of the Dy-doped glasses monitored at 570 nm upon 340-390 nm
excitation. The PL decay curve of the 0.1% Dy-doped samples could be approximated to an
exponential decay function, and the other decay curves were reproduced by a sum of two
exponential decay functions. The obtained PL decay time constants (millisecond order) were
typical for 4f-4f transitions of Dy>".?728) The two components in the PL decay curves may
arise from the energy transfer between Dy>" ions because the number of neighboring Dy3*
ions increases with Dy concentration.(2%30)

Figure 6 shows TSL glow curves of the undoped and Dy-doped glasses after 1 Gy X-ray
irradiation. A broad glow peak was observed at ~75 °C in the Dy-doped samples, while the
undoped sample showed no glow peak. The peak position shifted to a higher temperature
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Fig. 6. (Color online) TSL glow curves and TSL Fig. 7. (Color online) TSL dose response function of
spectrum. the 1.0% Dy-doped sample.

side with increasing Dy concentration. The discrepancy in the peak temperature of the Dy-
doped samples was considered attributable to the change in the structural defect density of
the Li,0-B,0; glass caused by the addition of Dy. The highest TSL intensity was obtained
in the 1.0% Dy-doped glass, and the Dy concentration dependence of the TSL intensity was
different from those of the PL OYs. Two possible explanations exist: the increase in Z,and
the enhancement of transport efficiency by Dy doping. The Z,; of the glass samples was
increased by Dy doping, and the actual absorbed dose would increase, resulting in the
increase in the density of electrons generated by radiation. Moreover, the numbers of
trapping and luminescence centers changed according to Dy concentration, and the transport
efficiency of electrons generated by radiation would be enhanced. The inset of Fig. 6 depicts
the TSL spectrum of the 1.0% Dy-doped glass after X-ray irradiation under heating at 75 °C.
The TSL spectrum had two peaks at 470 and 570 nm. Similarly to the PL spectra, these
peaks originated from 4f-4f transitions of Dy3".31:32 It was determined throughout this
experiment that the TSL emission origin was Dy3'. Regarding the characteristics of the
device, Fig. 7 indicates the TSL dose response of the 1.0% Dy-doped glass as a representative.
The tested dose range was 1-1000 mGy. The 1.0% Dy-doped sample showed a linear
response in the range of 1-1000 mGy.
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4. Conclusions

Li,0-B,0; glasses doped with 0.1, 0.5, 1.0, 3.0, and 5.0% Dy were synthesized by the melt-
quenching method. Undoped and Dy-doped Li,0—-B,0; glasses were visibly transparent, and the
highest PL QY was ~35% for the 0.5% Dy-doped glass. The 480 and 570 nm emission peaks
were observed in both the PL and TSL spectra, and the PL decay time constants were in
millisecond order. The intense glow peak was detected at approximately 75 °C in the TSL glow
curves. Among the current samples, the 1.0% Dy-doped Li,0-B,0; glass had the best TSL
intensity and functioned as a dosimetric material in the dose range of 1-1000 mGy.
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