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Abstract: The application of radiation-related technologies in fields such as medical diagnosis and nuclear indus-
try monitoring is becoming increasingly widespread, placing higher demands on the comprehensive performance of
detection and protective materials. Traditional inorganic scintillation crystals, organic plastic scintillators, and lead-
based shielding materials all suffer from inherent limitations, making it difficult to balance performance with practi-
cal application requirements. High-loading transparent composites overcome the fundamental conflict between “filler
loading” and “optical transparency” by ulilizing a high density of functional nanounits to enhance radiation interac-
tion efficiency, while maintaining excellent optical transparency to ensure signal transmission. Consequently, these
composites have emerged as a major research focus in the field of radiation materials. This article systematically re-
views their synthesis strategies, focusing on application progress in the three core areas of radiation detection, imag-
ing and shielding. It also summarizes current challenges and future directions, aiming to provide guidance for materi-

al optimization and industrial application.
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(a)Schematic illustration of the evolution of scattering effects at two interfaces : H,O/nanocrystal and PV A/nanocrystal. The re-

fractive index difference (An) gradually decreases from 0.131 to 0.018 during the drying process™. (b) Simulated optical

transmission spectra of a nanocrystal-loading film (d=30 wm, np=1.464, ny=1.482), revealing a wide “transparency zone” ',
(¢) Schematic of a surface modification and in-situ copolymerization process for fabricating transparent composites with high-
loading CdZnS@ZnS quantum dots, FBtF organic dye and PVT matrix. The photographs show transparent composites with
quantum dot loading ranging from a mass fraction of 0 to 60% (thickness: 2 mm, diameter: 1 em)™’. (d) Photographs of a
liquid scintillator containing the mass fraction of 40% HfO> nanocrystals, PBD and POPOP under ambient light (left) and UV
illumination (right)™". (e) Photographs of ZrO » nanocrystals dispersed in water at different concentrations™™. (f) Real-time
monitoring of the formation process for the mass fraction of 83% LaF3/PVA transparent composite film. The photographs (top)
and corresponding transmission spectra (bottom) illustrate the transition from opacity to transparency™. ( g) Film-forming pro-

cess of CaMoO4: 15%FEu nanocrystals during solvent (n-hexanol) evaporation at room temperature
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(a) Bl 3 B 148 2% NaGdF, 44 K §4/MF/PBD/POPOP/PVT i BH &3 & ) (%) TN o aot 2 2 i dk 4% 388 /s 2 161 1 (b ) AH B 19 Cs-
137 11 DA M 0 275 (o) Jo 0k 40 55 40% H 5 B3 748 4% NaGdF, 40K i B A & 0 1 Cs- 137 Jok b v 2 335, 475 161 2R
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B, 47 P A R ARG A 5 A I BR AT T 1438 W1 52 45 W 1 IR 315 (F) CsPhBry 24 2K i +b-PBD R 4 VRS TN R A4 119 RIL 5 3£ B
b-PBD ¥ i () 28 AL A% BL , CsPhBry 44 2K F ¥k FE N 60 mg-mL™", 47 1] A AH W A9 3844 DA R (A7 XS 26 (90 kV-89 A ) BE B
TR AT (g) b-PBD+CsPhBr 1R A R MS TN R 14 15 G b VA4 DA MR 4K 149 RIL 58 B2 119 LSS5 (h) £ 300 s PR3 b 7 S IR
SETR LA AR R S SR S i KO AR P, LAAR S TR AR () 25 4 T 4R 13 #9278 ZnS: Cu(PP) [N AR B Y 't 7 451 BT
oI T 3 He e 2R A7 TR Sy i A oK b Dk S AR 1) e S kOt R R
(a)Schematic illustration of the scintillation process and energy transfer within a transparent composite containing lantha-
nide-doped NaGdF 4 nanocrystals, MF, PBD, POPOP, and a PVT matrix ™", (b) The corresponding scintillation decay
curve measured under Cs-137 gamma-ray irradiation ™. (¢) Pulse height spectrum with a Cs-137 source of a transparent
composite with the mass fraction of 40% lanthanide-doped NaGdF4 nanocrystals. The inset shows photographs of the com-
posite under ambient light and UV illumination (thickness: 2 nm)"*’. (d) Energy-resolved pulse height spectrum of a
transparent composite containing the mass fraction of 20% HfO, nanocrystals, MF, mCP, FltPic, and PVT™". (e)Gam-
ma-ray light yield and energy resolution at 662 keV plotted as a function of nanocrystal loading. The inset shows photo-
graphs of the transparent composite under ambient and UV light**. (f) RL intensity of the CsPbBr; nanocrystals/b-PBD
liquid scintillator as a function of b-PBD concentration, with the CsPbBrs concentration fixed at 60 mg*mL™. The inset
shows photographs of the corresponding scintillators under X-ray irradiation (90 kV, 89 wA)"". (g) Comparison of the
RL intensity between the b-PBD/CsPbBrs mixed scintillator and other reference liquid scintillators™”’. (h) Histogram com-
paring the maximum light yield of five different nanocrystal-based emitters under fast neutron beam irradiation (300 s ex-
posure) , presented as a percentage relative to the light yield obtained from a reference ZnS: Cu* scintillation screen un-

der same conditions. The inset shows radioluminescence photographs of each nanocrystal emitter™*
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(a)Photograph of a transparent scintillator screen of ZnO quantum dots under UV and X-ray illumination (left) and ambi-
ent light (right)™”. (b)Spatial resolution of X-ray imaging using the ZnO quantum dot-based scintillator. The inset shows
the test pattern and a corresponding photograph under X-ray irradiation (dose rate: 16.9 wGy-s™")"“’. (¢)Optical and X-
ray images of a copper mesh acquired with a LaF;/PVA transparent scintillator, showing a spatial resolution of 8 pm"’. (d)
The CsPbBr; nanocrystals + PPO liquid scintillator was used to perform X-ray imaging on data storage devices and stan-
dard test models™. (&) Working principle of a lanthanide-ion-based liquid zoom scintillation lens, where different lens
curvatures (R) alter the focal length, enabling tunable magnification for X-ray imaging. Right panel: X-ray images of

chip pins captured at different magnifications(Scale bars: 5 mm )"
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Fig.4 (a)X-ray attenuation efficiency of three-dimensional needle-punched shielding fabrics with different densities, fabricated

from the mass fraction of 65% mixed particulate fillers (Bi.03, W03, W>C, and Ta>0s) in a polypropylene matrix. The in-

set shows a photograph of the fabric with a density of 0.25 g-cm
ferent ratios of Bi,05/Gd,05 nanofiber and (¢ ) corresponding photographs'*®

b (b)Ma%s attenuation coefficients of aerogels with dif-

'. (d) Comparison of the half-value layer (HVL) for

the mass fraction of 80% HfO: nanocrystal/MF/PBD/POPOP/PVT transparent composite against lead, lead glass, cement

and water. The inset shows photographs of the transparent (’ompoeite under ambient light and UV illumination™”,

Schematic diagram of the X-ray shielding performance test platform'™

(e)
!, (f) Comparison of X-ray (50 keV) attenuation ca-

pability between the mass fraction of 70% LaF3/PVA composite and other reference materials, and (g) photographs of the

multilayered transparent composite fs0]
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Tab. 1 Optical and scintillation properties of several transparent composites
BN N OB mipwee mg  ETW skl 28
(im0 450 1% (photons+MeV™") RETE A HER /%  SCHk
Cd Zn,_S@ZnS QDs/PVT 60 66 2 mm 9275 9.8 [23]
HfO, NPs/H 2% 20 ~90 2 mm 11 699 4.8 [27]
NaGdF,:15%Th@NaGdF, NPs/PVT 40 ~85 2 mm 7020 11.8 [35]
HfO, NPs+MF+mCP+FIrPic/PVT 20 ~87 2 mm 10 780 6.4 [36]
HfO, NPs+MF+PBD+POPOP/PVT 20 ~90 2 mm 9 782 4.9 [49]
X G 1% o e A/
(Ip-mm™)
Lak, NPs/PVA 83 89 55 pm 9227 122 [22]
CaMoO,: Eu’ NPs 100 ~78 250 pm 7000 27.1 [33]
7Zn0 QDs 99 96 300 pm 16 296 42 [40]
Th(IL)s 100 >93 I mm 2771 26 [44]
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