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Fabrication and Evaluation of CdS/ZnS Quantum Dot Based Plastic Scintillator
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Abstract — Currently, gamma nuclide analysis is mainly used using inorganic scintillators or semiconductor detectors.
These detectors have high resolution but there are less economical, limited in size, and low process ability than plastic
scintillators. Therefore, quantum dot-based plastic scintillator was developed using the advantages of the quantum dot
nanomaterial and the conventional plastic scintillator. In this study, efficient plastic scintillator was fabricated by adding
CdS/ZnS based on the most widely used Cd-based nanomaterial in a polystyrene matrix. In addition, the performance of
the commercial plastic scintillator was compared and it was analyzed through radiological measurement experiments.
The detection efficiency of fabricated plastic scintillator was higher than commercial plastic scintillator, EJ-200. It is believed
that this fabricated plastic scintillator can be used as a radioactivity analyzer in the medical and nuclear facility fields.
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Core/Shell Structure

Fig. 1. Crystal structures of CdS(a) and ZnS(b), type of biphasic nanomaterials which have an inner core structure and an outer shell of the

CdS/ZnS core/shell quantum dots(c).
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Fig. 2. Fabrication process of plastic scintillator.
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Table 1. Quantity and characteristics of materials used in plastic manufacturing

Material Quantity Bandgap (eV) Emission wavelength (nm)
1 Styrene > 99 wt% - 300~350[17]
2 PPO 0.4 wt% - 340~380 [15]
3 POPOP 0.01 wt% - 400~450[15]
4 CdS/ZnS 0.2 wt% 3.3[16] 424~470 [18]
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Fig. 2. Fabrication process of plastic scintillator.

236.95 kBq2] “Co A Y-S g3to] gl ele] A= 20, 50,
100 mm= A7 3k 5 HloE 5 = 38ISint. Bl Eeknd AdAl=
AZE Bl et A AHEZ ] EAS Hoju g Y o]
FAg 7oz AT CCo] HZE AA oA =
1040.79 keVO = ofefj 2] 28 3 AHEd}

2
"

2E

E =
Compton edge
2E,+m,

(a) (b)
{}SW’“’ Fig. 4. Fabricated CdS/ZnS based plastic scintillator (a) Top (b) Side.

PIasJic scintillator

Zakrg HE A AEL PMT (ET-9266KB, ET-Enterprise Ltd),
Preamplifier (Amcerys 544, Amcrys), Amplifier (DT5781, CAEN)
2 MCA (DT5781, CAEN)ZE 7315l oH, ZekAE wA 7y
A1 EBE PMTE] 3332 QP oAl 12 A7F o Hatsto] A7 g
F AFAEE S8} Fig. 32 PCo FAYS 283 Zepn
g AS A2 TS BojEt

Amplifier Fig. 49} & B EE 71X Zefae S A2}, Zepaele
PMT Ate] 2o S5 X5 50 mm= A|28EeloH, 771 QAL 3
| A7} 70-80% E5-85+ Q= 7191 30 mm Ag5led ARSI
weald ve B 172l o 43S 7357] 9151 MONP (Monte
Carlo N-Particle Code) FAFEARS 8513t Fig. 59 Az
Fig. 3. Configuration of plastic measurement system. I 2L 78K T2 (Geometry)E T BFA O, AEF-ol|A

Point source(®Co) CdS/ZnS based plastic scintillator

Scintillator and
PMT PMT diameter
50mm

Setting the distance from point source
(20mm, 50mm, 100mm)

Scintillator thickness
30mm

Fig. 5. MCNP simulation geometry using *’Co point source.
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Table 2. Compared measurement results and detection efficiencies of the plastic scintillators

20 mm 50 mm 100 mm
Total counts Relative efficiency Total counts Relative efficiency Total counts Relative efficiency
(cps) (%) (cps) (%) (cps) (%)
EJ-200 Plastic 4,666,003 = 615,304 100 1,814,794 £ 195,113 100 603,211 +443 100
CdS/ZnS Plastic 4,932,385 + 621,849 105 2,382,725 + 180,207 123.8 875,749 + 467 131
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Fig. 6. Experimental spectrum and MCNP simulation spectrum by
distance between point source and scintillator surface. (a) 20 mm
(b) 50 mm (c) 100 mm
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