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Motivation
Develop fast plastic scintillators loaded with elements interacting with 

neutrons as boron or gadolinium for neutron detection in:

 SABAT (Stoichiometry Analysis by Activation Techniques) project for non-invasive 
detection of hazardous materials in the aquatic environment;

 homeland security portal monitors installed in seaports, airports or at borders 
crossing points for detection of explosives and illicit drugs;

 physics experiments using time of flight, fast neutron counting, thermal neutron 
detection and pulse shape discriminating of gamma and fast neutron signals.

3M. Silarski et al., Project of the Underwater System for Chemical Threat Detection, 
Acta Phys. Polon. A 127 (2015) 1543



Properties of selected scintillators
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Scintillation principles: energy transfer 
and light emission mechanism

5



Scintillation principles: emission and absorption spectra

Absorption (green) and emission (red) spectra of two fluorescent 
substances commonly used in plastic scintillators

Emission spectrum of plastic scintillator 
with p-Terphenyl and POPOP

p-Terphenyl emission spectrum 
overlaps with 

POPOP absorption spectrum

p-Terphenyl + POPOP

1-4 wt. %

~0.05 wt. %
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Radical bulk polymerization: cell casting
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Ł. Kapłon et al., Plastic scintillators for positron emission tomography obtained by the bulk polymerization method, BAMS 10, 27 (2014)



What is inside plastic scintillators for neutron detection?
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polymer
60-98%

cross-linker
0.01-5%

UV 
fluorescent

addition
1-36%

compound
with boron

or gadolinium
5-15%

polymerization initiator
0.01-1%

blue
fluorescent

addition
0.03-0.2%



Chemical components in plastic scintillators: polymers
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Main features:
 amorphous;
 transparent to visible light;
 contain aromatic unit;
 glass transition

temperature 100-220 °C;
 density 1.00-1.36 g/cm3;
 refractive index 1.46-1.68;
 manufactured by bulk

polymerization.



Chemical components in plastic scintillators: cross-linkers
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Main features:
 improves mechanical

properties (hardness) 
of polymers;

 increase glass transition
temperature;

 transparent to visible light;
 contain aromatic units

with two double bonds.

divinylbenzene

bisphenol A dimethacrylate

1,4-butanediol dimethacrylate

4,4′(hexafluoroisopropylidene)
diphenyl dimethacrylate

4,4-divinyl-p-biphenyl

4,4-bis-methylene-2-methacrylate-biphenyl



Chemical components in plastic scintillators: UV fluorescent additions
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Main features:
 contain aromatic units;
 absorb energy from polymer ~ 280-330 nm;
 emitt UV light ~ 330-400 nm;
 hight fluorescence quantum yield up to 100%;
 fast decay time near 1-2 ns;
 high solubility in monomer for high energy transfer (2-4 wt. %);
 chemical stability and temperature tolerance in polymerization

process at 80-180 °C.



Chemical components in plastic scintillators: blue fluorescent additions
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Main features:
 contain aromatic units;
 absorb energy from UV additions ~ 340-370 nm;
 emitt blue light ~ 400-490 nm;
 hight fluorescence quantum yield up to 100%;
 fast decay time near 1-2 ns;
 moderate solubility in monomer for emission shift (0.03-0.2 wt. %);
 chemical stability and temperature tolerance in polymerization

process at 80-180 °C.



Elements with a high cross section for thermal neutron capture

13J. Dumazert et al., Nuclear Inst. and Methods in Physics Research, A 882 (2018) 53



Compounds with boron for thermal neutron capture
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Main features:
 natural boron content in compound 7-75 atomic %;
 colorless substances, do not decrease fluorescence in scintillator;
 hight solubility in monomer (5-15 wt. %);
 maximal boron content in scintillator up to 5%;
 chemical stability and temperature tolerance in polymerization process at 80-180 °C;
 12-30% of light output reduction compared to unloaded scintillator.

bis(pinacolato)diboron benzene derivative
with 3 boron atoms

benzene derivative
with 95% enriched B-10

ortho-carborane



Compounds with gadolinium for thermal neutron capture
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gadolinium
tris(isopropoxide)

gadolinium
phenylpropionate

gadolinium
nitrate tributylphosphate

Main features:
 natural gadolinium content in compound 12-47 atomic %;
 colorless complexes, decrease fluorescence in scintillator;
 hight solubility in monomer (6-28 wt. %);
 maximal gadolinium content in scintillator up to 4%;
 chemical stability and temperature tolerance in polymerization process at 80-180 °C;
 18-60% of light output reduction compared to unloaded scintillator.

gadolinium 
tris-tetra-methylheptanedionate



Compounds with gadolinium for thermal neutron capture

16J. Dumazert et al., Nuclear Inst. and Methods in Physics Research A 882 (2018) 53



Plastic scintillators with pulse shape discrimination (PSD)

17N. Zaitseva et al., Nuclear Instruments and Methods in Physics Research A 668 (2012) 88



Plastic scintillators with pulse shape discrimination (PSD)

18G. Bertrand et al., Nuclear Instruments and Methods in Physics Research A 776 (2015) 114



Commercial plastic scintillators with boron and PSD
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Company,

PS name

Light Output 

[% anthracene]

Wavelength of Max. 

Emission 

[nm]

Decay Time 

[ns]

Density 

[g/cm3]
Refractive Index

Polymer Base 

and Softening 

Point 

[°C]

Eljen Technology

EJ-276
56 425 13 1.096 1.60 -

Eljen Technology

EJ-276G
52 490 13 1.096 1.57 -

Eljen Technology

EJ-254 (5% B)
48 425 1.5 1.026 1.58

PVT

75

Eljen Technology

EJ-254 (2.5% B)
56 425 1.5 1.023 1.58

PVT

75

Eljen Technology

EJ-254 (1% B)
60 425 1.5 1.021 1.58

PVT

75

Saint-Gobain

BC-454 (5% B)
48 425 2.2 1.026 1.58

PVT

60



Polymers with fluorine for fast neutron detection

20M. Hamel, P. Sibczynski et al., Nuclear Instruments and Methods in Physics Research A 768 (2014) 26

Polymer
Cytop 

S type

Teflon 

AF 1600

Hyflon

AD 40
Polypentafluorostyrene Polystyrene

Molecular formula

Density [g/cm3] 2.03 1.78 1.98 1.55 1.06

Glass transition 

temperature [°C]
108 160 90 107 100

Refractive index 1.34 1.31 1.33 1.48 1.59

Price [EUR/g] 43 98 160 2.5 0.02

Threshold activation detection (TAD) technique:
neutron interaction with 19F leads either to 16N or 19O 
that undergo β- and gamma ray decays 
with half-lives of 7.1 s and 26.9 s, respectively. 



Summary

• Plastic scintillators based on PS and PVT possess the best properties
and are commercially avialible at low price: 200-1000 USD/kg.

• Scintillators can be tuned by changing fluorescent substances: 
influence on light output, decay time and emission spectra.

• Modification of plastic scintillators by adding boron or gadolinium
compounds or overdoping fluorescent additions can increase neutron 
detection capabilities. 

• Possible ways of improving scintillators properties:

- design of a new fluorescent additions: organic chemistry;

- adapting chemical compounds from other fields like

LED and OLED devices;

- research on different polymers.
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Thank you


