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Abstract: Scintillators have numerous applications in the fields of precision detection of high-energy physics, nu-
clear physics research, medical diagnosis, industrial flaw detection, and national defense security monitoring. How-
ever, traditional single crystal scintillators are difficult to realize large-scale preparation due to their complex process-
es, high costs, and limited volume size. In recent years, glass scintillators have stood out due to their highly mature
production processes, low costs, good efficient luminescence, and excellent plasticity. This paper elaborates on the
luminescence mechanism of glass scintillators and enumerates key parameters for evaluating their scintillation perfor-
mance. Based on their components and structural characteristics, glass scintillators are mainly classified into oxide
glass scintillators, halide glass scintillators, and micro/nano-crystalline composite glass scintillators. This review fo-
cuses on the overview of the latest research results and development trend of glass scintillator for X-ray, and summa-
rizes the high-density glass scintillator. Finally, the future development trend of glass scintillator for X-ray is summa-

rized and outlooked.
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Fig. 1 Schematic of the luminescence mechanism of glass scintillator
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Fig. 2 Flowchart of glass scintillator preparation process
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Tab. 1 Properties of rare earth ion-doped oxide and halide oxide glass scintillators

Density/  PL decay XEL/ Light yield/  Spatial resolution/

Composition ef.
(grem™) time/ns (%BGO) (ph-MeV™) (Iprmm™)

AI(PO,) 1. 5CsPO,-0. 3CeBr, — 32.5 — 2500 — [21]
608i0,-20A1,0,-20Gd,0 1. 1Ce0, 4.2 63. 44 — 1206 — [22]
6ALO,-85r0-15Cs,0-41P,0_: Ce™* 3.3 34.2 — 3200 — [23]
33.48i0,-33. 3LiF-2GdBr,-1. 3CeBr, 4.77 — — 3 460 — [24]
70(8i0,-B,0,-GdF,)-30Gd,0 -CeF, 6 — — 1052 — [25]
8i0,-AL,0,-BaF,-Gd,0,-Ce0, 4.24 — — 2050 — [26]
33.48i0,-33. 3LiF-15A1,0,-2GdBr,-1. 3CeBr, 2.72 — — 4317 — [24]
45(Gd,0,,2GdF,)-AL0,-22B,0,-178i0,-8i, N -Ce0,  5.978 23.5 — 1279 — [27]
33.48i0,-33. 3Lil-2GdBr,-1. 3CeBr, 4.77 — — 3 460 — [24]
10Na,0-4Gd,0,-30Ba0-5B,0 -47P,0.-4Th_0, — 2. 658x10° 52 — 10 (28]
558i0,-20A1,0 -15BaF -10NaF-8ThF 3.47 2.35%10° 224 — 20 [29]
ALO,-B,0,-Si0,-Na,0-BaO-TbF, 3.07 3.03x10° 217 — 20 [30]
80Te0,-5ALO -10Ba0-5Eu,0, — 9. 4x10° — — [31]
10W0,-5A1,0,-80Te0,-5Eu,0, — 8.9x10° 1.5 — — [32]
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Fig. 3

(a) IQE spectra of G11Th450 under 378 nm excitation. (b) Emission spectra of G11Th450 sample at different tempera-

tures (303-573 K). (c¢)Relationship between emission intensity and different temperatures (303-573 K). (d)XEL spec-

tra of BGO crystal and G-xTb specimens. (e) Relationship between XEL intensity and X-ray dose rate. (f) The relation-

ship between the Gd,0; concentration and the density/molar volume of the glass samples. Inset is the photograph of the

glass samples
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Fig. 4

(a)XEL mechanism in Th-doped borosilicate glass specimens. (b) XEL intensity of G-15Tb glass sample is measured af-

ter irradiation with continuous X-rays for 90 min (dose rate of 30.43 mGy/s). (¢) The variation in XEL intensity of a G-

15Th glass sample is measured following 45 cycles of on/off X-ray irradiation (on/off interval of 30 s, dose rate of 30.43
mGy/s). (d) XEL spectra of G-15Tb glass sample immersed in deionized water for 0, 10, 20, 30 d. The inset shows a

photograph of it immersed in deionized water. () Photographs of heated plates and the corresponding X-ray images are

taken at different operating temperatures (293, 303, 313, 323, 333, 343 K) using the G-15Tb glass scintillator
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Tab.2 Properties of rare earth ion-doped nanocrystalline glass composite scintillators
Density/  PL decay XEL/
Composition Nanocrystal 1QE/% Ref.
(grecm™) time/ms (%BGO)
428i0,-5A1,0,-22BaF -9NaF-3CaF ,-3Gd,0 -9GdF -7 ThF, a, Gy Fo e 43 3.4 64 192 [70]
708i0,-7ALO,-16SrF,-7GdF -4TbF, St,GdF, 3.05 26.4 194 [71]
15AL,0,-10Na,C0,-3CaC0 -15NaF-5. 6GdF -1. 4ThF, NaGd,F, 2.77 3.74 143.8  [72]
508i0,-10Na,CO -15A1,0,-3CaCO,-15NaF-7(1=x) LuF -72ThF, Nalu,F, 2.27 151 [73)
(44-x) AIF,-36( CaF -StF -YF,)-(20~y) BaF,-vAl( PO,) -yBaCl, BaCl, 496.02x10° 80.41 132 [74]
608i0,-20CsF-10YF -10GdF -0. 3CeF, CsGd,F, 363 42.96x10°° 316 [75]
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On-line radiation monitoring app
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Cho) 70 52 5 15 5000 3 R MO 2% 470 P Ay AR 45 DI 2 7 X AT 42 IR S5 ) 40 1

lication. (a) Photograph of the glass fiber. (b) Photograph of the glass fiber pumped by a

red laser. (¢)The BSE image of the glass fiber. (d) EDS element mapping analysis of the glass fiber. (e) Selective Raman

line analysis of the glass composi

te fiber. (f)PLE and PL spectra of the glass composite fiber. (g) The diagram of radiation

detection device based on glass composite fiber. (h) Linear relationship between the dose rate and signal intensity. Insets

show the cross-section and side p

art of a single composite fiber under radiation of X-ray
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