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Table 1 Density, decay time and X-ray excited luminescence intensity(XEL) of Ce*" doped scintillating glass

Glass composition (mole fraction) Density/(g-cmﬁz) Decay time/ns XEL(of BGO)/% Referencces
20%Si0,-28%B,03-15%BaF,-20%Lu,03-15%Gd>03-2%CeF3 6.20 33.70 86 [36]
Si0,-B,05-A1,03;-Gd,035—GdF;-CeO, 5.83 58.32 [57]
Ge0,-Gd,03-Ba0—Ce,03 5.75 70-90 23.0 [58]
30%Lu,05-20%A1,05-50%Si0,-1%CeO, 5.69 39.30 [55]
25%B,035-40%Ge0,-34%Gd,05-1%CeO, 5.64 23.34 [59]
B,05-Si0,-A1,03-Gd,03-Ce,0; 5.51 25.0 [60]
B,0;-Si0,-La,03-Gd,03-Ba0O—-Ce,05 541 60-70 13.0 [61]
Si0,-B,03-Gd,03-Ba0—Ce,03 5.40 60-80 13.0 [62]
30%B,03-5%810,-20%SiC-10%A1,05-34%Gd,03-1%CeF; 4.97 28.66 14.0 [63]
Si0,-Al,03;-Gd;03-Lu,05-CeO, 4.90 45.70 19.0 [39]
Si0,~Al,05-BaF,—-Gd,03;-CeO, 4.89 25.00 32.0 [49]
30%B,03-40%Ge0,-29.5%Gd,03-0.5%CeO, 4.82 20.40 [54]
Si0,-B,0;-AL0;-Gd,05-CeO, 4.70 28.30 30.0 [51]
30%B,03-22%8Si0,-10%A1,03-34%Gd,03-1%CeF3-3%Si3N4 4.65 32.40 17.2 [53]
30%B,03-25%8Si0,-15%A1,03-29%Gd,03-1%Ce,0; 4.53 25.5 [15]
30%B,03-25%Si0,-10.5%A1,05-4.5%A1:N,-29%Gd,05-1%CeO, 4.52 40.90 17.60 [52]
33.4%8i0,-33.3%LiF-29.3%GdBr;—4.0%CeBr; 4.42 230 [48]
25%Gd,03—64.9%B>03—10%A1F3-0.1%CeF5 4.30 24.52 522 [64]
20%Gd,03-20%A1,05-60%Si0,-1.1%Ce0, 4.20 23.86 [65]
25%Gd,03-10%Ca0-10%8Si0,-53%B,03—2%CeF3 4.15 [38]
£2 B9 TV BRIBAKKREEME. TR EMEXM BGO BIRA X S & IaE M6k
Table 2 Density, decay time and XEL of Tb®* doped scintillating glass
Glass composition (mole fraction) Density/(g-cm ™) Decay time/ms XEL(of BGO)/% Ref.
15%B,03-20%Ge0,—10%TeO,—15%GdF3-33%Lu,03-7%Tb,0; 7.15 1.776 33.71 [73]
25%B,03-20%Ge0,—6%BaF,~9%GdF;-10%Gd,05-24%Lu,05—6%Tb,053 6.61 29.53 26.9 [71]
15%8i0,-25%B,03-5%P,05—-15%Ga,03-38%Lu,03-2%Tb,03 6.56 11 [67]
25%B,03-20%Ge0,-10%Gd,03;-9%GdF3-6%BaF,—27%Lu,05-3%Tb,05 6.5 1.70 [72]
64%Te0,-20%WO053-12%Lu,05—4%Tb,03 6.49 0.551 [74]
20%B,03-40%Ge0,-20%Lu,03-5%La,05—-14%BaF,—1%TbF; 6.086 1.869 [79]
15%8S10,-25%B,03-5%P,05-15%Ga,03-38%Gd,03-2%Tb,0; 5.96 27 [67]
25%B,03-40%Ge0,-28%Gd,03-7%Tb,03 5.7 1.76 30.2 [70]
25%B,03-40%Ge0,-25%Gd,05—-6%La,03-4%Tbs07-0.1%Al 5.52 1.86 46.6 [78]
50%Ge0,-25%B,03-23%Gd,03-2%Tb,03 5.18 [80]
B,05;-Ge0,-TeO,-Gd,03-GdF3-13%Lu,03-7%TbsO; 5.1 41.38 [75]
B,0;-GeOr-Te0,—Gd,05-GdF3-15%Luy03-4%Tbs07—1%Dy,05 5.1 38.73 [75]
28.87%B,03-8.25%Ge0,-45.27%Te0,-10%Gd,03-7.5%Tb,0; 5.05 1.328 9.10 [81]
40%B,05-30%Ge0,-29%Gd,03-1%TbsO7 5.05 [69]
50%Ge0,-25%B,03-21%La,03;-4%Tb,0; 4.81 [80]
15%8i0,-25%B,03-5%P,05-15%Ga,03-38%Y,03-2%Tb,053 4.52 12 [67]
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Table 3 Density, decay time and XEL of Eu®" doped scintillating glass

Glass composition(mole fraction) Density/ (g-em ™) Decay time /ms XEL(of BGO)/% Reference
35%Ge0,-15%B,03-10%A1,05-18%Lu,03-22%Gd,03-4%Eu,03 6.6 1.430 [88]
64%Te0,-20%WO3-6%Lu,03—10%Eu,0; 6.35 0.725 [87]
B,05;-Ge0,-37%Gd,03-12%GdF3-3%BaF,-3%Eu,0;3 6.26 1.580 [89]
35%8Si0,-15%B,03-30%Lu,03-20%A1F3-0.2%Eu,0;3 6.1 1.5 [83]
42.5%W03-27.5%Gd,03-29%B,03-1%Eu,0; 6.08 0.927 8.87 [84]
B,03;-GeO,-BaF,-10%LaF;-27%Gd,03—10%Eu,0; 5.94 1.482 4 [90]
70%Te0-20%Zn0-2%Lu,03-8%Eu,03 5.89 1.03 6 [82]
30%B,03-40%Ge0,-29%Gd;03-1%Eu,03 5.43 [69]
35%8Si0,-15%B,03-30%Gd,03-20%AlF3-0.2%Eu,0; 5.3 1.5 10 [83]
35%8i0,-15%B>03-30%La,03-20%Al1F3-0.2%Eu,0; 4.7 1.5 [83]
25%Gd,03-68%B,03—7%Eu,0; 437 1.662 18 [91]

10%Ca0-25%Gd,03-10%8i0,-54.7%B,03-0.3%Eu,053

4.09 1.731 13 [92]
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ZFAIAE 20.88~96.47 ps Y [ N . K 4 51125 1 H40H +
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Table 4 Density and decay time of Pr**, Dy**, Sm®" and Er** doped scintillating glass

Glass composition (mole fraction) Doped ion Density/(g‘cm’3) Decay time/us Reference
20%Ba0-40%Bi,05—40%B,03;-Dy,05 Dy** 6.67 [94]
42.5%W05-27.5%Gd,03-29%B,0;-1%Sm,0; Sm®** 6.18 414 [97]
50%Ge0,-10%Ba0-10%A1,05—15%Lu,03—11%La,03-4%Er,03 Er’* 6.07 20.88 [98]
50%Ge0,-14%BaF,—18%Lu,05-8%Gd,03-5%Ba0-5%Ga,05—0.5%PrsO1; pr’* 6.06 9.15 [93]
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Research Progress on High Density Glass Scintillators for High-Energy Radiation Detection

ZHANG Feng, ZHANG Runjie, LV Shichao, ZHOU Shifeng
(State Key Laboratory of Luminescent Materials and Devices, School of Materials Science and Engineering, South China University
of Technology, Guangzhou 510640, China)

Extend Abstract

Introduction Glass scintillators are commonly utilized for the detection of high-energy rays in various applications such as nuclear
medicine imaging, industrial non-destructive testing, high-energy nuclear physics, safety inspection, and environmental monitoring.
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The scintillation glass with a high density is critical for improving the absorption and interception capabilities of rays and particles,
thereby favoring the enhancement of the detector efficiency. This review represented recent development on high-density scintillation
glass doped with rare-earth ions like Ce®*, Tb*, and Eu®’. The critical parameters such as density, decay time, light output, and
radiation resistance affecting the performance of the scintillation glass were discussed.

Overall, the research delves into the scintillation mechanism of scintillation glass and presents an overview of the preparation
process for high-density variants. The research progress on rare-earth ion-doped high-density scintillation glasses containing Ce’",
Tb**, and Eu’* ions was summarized, highlighting characteristics like density, light yield efficiency (LY), and decay time (z). Some
factors affecting these properties (i.e., substrate selection, energy transfer among ions, and reduction atmosphere) were also discussed.

Ce**-doped glass exhibits a nanosecond-level decay time. At the present, the density of Ce*" doped scintillation glass can reach
up to 6 g/em’, but the light yield of this component is significantly low. The luminescence efficiency of the glass can be improved via
introducing Gd,Os, which enhances the energy transfer between Gd** and Ce™, while increasing the glass density. Also, incorporating
fluoride into the oxide glass can lower the phonon energy, decrease the chances of non-radiative transition, and enhance the light yield.
Ce*" is prone to oxidation to non-luminescent Ce*" during high-temperature melting. This oxidation process can be effectively
controlled by using a reducing atmosphere (CO, H,) or adding reducing agents such as SizNy, SiC, AIN, etc.

The density of Tb**-doped scintillation glass can reach 7.15 g/em’, with a decay time in the millisecond range. Enhancing the
luminescence efficiency of Tb®" is achievable through the energy transfer between Gd*'~Tb**, Ce**~Tb**, Dy**~Tb*', while the
introduction of fluoride and reducing agents can effectively boost the light yield. Eu**-doped scintillation glass can achieve a density
of 6.60 g/cm’, and the addition of Gd®" and Tb** can effectively enhance the emission intensity of Eu®* ions.

High density scintillating glasses doped with other rare-earth ions, such as Pr’*, Dy**, Sm®*, and Er’*, can achieve a high density
and exhibit distinct scintillation properties because of their unique energy level structures. However, the light yield of these glasses is
too low to be used in practical applications.

Summary and Prospects A high-density and high-yield scintillation glass is needed. Despite the efforts of scientific research
personnel, producing flashing glass with both a high density and a high yield remains a challenge. The main reason is that in
high-density glass, although the introduction of heavy metal ions increases the density of the glass, it may lead to an increase in
non-radiative transition channels, hindering the transfer of energy from the substrate to the luminescent center. Also, an increase in
density can enhance the absorption and scattering of light, thereby reducing the effective amount of excitation light reaching the
luminescent center. In addition, high density glass matrix may cause the local environment around rare-earth ions to become complex,
affecting their energy level structure. To prepare scintillation glass that can meet both high-density and high light yield, several
aspects can be considered. Firstly, the use of a reducing atmosphere such as H, or CO and the addition of reducing agents like carbon
powder can effectively control the valence of luminescent ions (i.e., Ce**, Tb*") during the melting process, preventing the formation
of high valence ions. Using fluoride instead of partial oxides can reduce the melting point of the material and improve the light output
via altering the band gap structure of the glass. The smaller volume of fluoride ions simultaneously contributes to the increased
density of the glass. The utilization of energy transfer between ions can significantly enhance the light yield of glass. Some impurities
and defects in glass can be minimized via utilizing high-purity raw materials and optimizing process steps such as melting and
annealing. This can enhance the transparency and uniformity of the matrix, leading to a reduction in non-radiative transitions and an
improvement in luminescence performance. It is possible to induce the formation of microcrystalline structures in glass via
controlling the cooling rate or subsequent heat treatment. This optimization can enhance the energy transfer path, minimize scattering
losses, and ultimately improve the luminescence efficiency.

Keywords high density; glass; scintillator; rare earth ions; radiation detection.



