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Synthesis of Glass Hybrid and Organic-inorganic Hybrid Scintillation Materials with a Sol-gel Technique

Graduate School of Engineering, Department of Applied Chemistry, Asai Lab, Yan Sun

Introduction:

A scintillator is a material able to convert energy of absorbed ionizing radiation into a number of
photons of much lower energy in the visible or near visible frequency range; these photons can be easily detected
using devices such as photomultipliers. Presently, the scintillation materials with high scintillation light output,

high detection efficiency are greatly required. Among the
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various ionizing radiation, gamma-ray, high-energy X-ray and Conduction
—— emission spectrum
neutron are selected as the research target in our research. 4 'S
For gamma-ray detection, rare earth-doped =
. : i : : s IBNE
inorganic scintillators have been widely applied due to = N iAo, 6
2 \
maintaining the high Z-value of the constituents. However, the £ \ = oy
[
limitations of conventional scintillation materials include their \\:'2:\"\'/;;:«.“:9:-"6;“
low rare earth (RE) concentration, inhomogeneous distribution - , . S~ |
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of RE ions, and high manufacturing cost. These limitations Wavelength (am)
have restricted their scintillation properties. Fig. 1. Room-temperature PL and excitation

Synchrotron radiation is in a wide range of materials ~ Spectrum of a Pr-doped glass sample with
] 1x10-2 Pr:Si molar ratio (T; = 750 C).
and life science. A fast-response detector for synchrotron  Transition types of Pr** ions (inset): 5d4f

radiation is needed for the accurate measurement of incident ~ cmission (left); Photon cascade emission (right)

beams or photons emitted with plastic scintillators (PSs) are suitable for realizing a fast response. To measure
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X-rays ad neutron produced by synchrotron radiation, key 10° ¢

atomic elements are necessary to lead to high detection

efficiency. However, because of the low detection efficiency % ol
resulting from the low concentration of key atomic elements, % :
the application of conventional PSs has been greatly limited. % .
The objective of this work is to overcome the Ew ] .
above-mentioned drawbacks. Here, we proposed some new ::'.'_..:__: . ':_:'_.:_.ﬂ
10° L
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Fig. 2. Normalized PL time response for a

elements in a large amount. (ii) Organic fluor can be doped in ~ Pr-doped glass sample with 110 Pr:Si molar
ratio (Ta= 450 C).

approaches based on sol-gel method for its following

advantages: (i) it is possible to incorporate the essential

the host matrix without degradation for its low temperature
fabrication processes. (iii) Scintillating material can be
synthesized in desired forms. Hence, the sol-gel method can
be respected as a candidate to solve the problem of the
commercial scintillator for the target radiations.

The fabrication processes and properties of
scintillation materials, which are produced by sol-gel method,

are stated in three parts, respectively.

1. Glass scintillation materials

In this section, Pr’" ions were selected as ) ) — -
) . B . Fig. 3. TEM image of scintillation material doped
luminescence center for the fast 5d-4f transition of Pr™" ions. with 10 wt% HIf.

Pr-doped scintillators were fabricated by sol-gel method.

[Experimental] Silica gels were prepared by using 1080 \
tetraethoxysilane (TEOS) and Pr(NO;);*6H,0 as precursors.
The gel was obtained after gelation and drying in a

thermostatic chamber at 35 °C. The glass samples were

Counts

obtained by a thermal treatment, and the densification

temperature was up to 985 °C.

[Results and Discussion] Fig. 1 shows the photoluminescence 5 =S TS o N
(PL) and photoluminescence excitation (PLE) spectra of a MCA Channel

Pr-doped glass sample with a Pr:Si molar ratio of 1x107%; the  Fig. 4. Pulse-height of (a) 10 wt.% Hf-doped
PLE wavelength is 273 nm (at 4.50 eV). In the case of Pr’" Egi?;ii%atiihitggtgz ?SS 5(‘2;:/21)16 commercial
ions, the radiation transition can be attributed to either

broadband emission or photo cascade emission. The position of the 'Sy level is independence of the surrounding
levels, since the 4f orbital of the 'S, energy level is well shielded by the outer orbital electrons. On the basis of the
Dieke diagram, the 'S, energy level was determined to be around 5.67 eV ! above the *H, energy level. Apparently,
the PLE energy level of the Pr-doped silica glass was less than that of the 'Sy energy level. Hence, the possibility

of photon cascade emission is eliminated for Pr-doped glass samples, and the luminescence of Pr3+-doped silica
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glasses is attributed to broadband emission. Fig 2 shows the scintillation time profile of 1 mol% Pr-doped silica
glass scintillators. A second order exponential decay time that could be attributed to data deconvolution was
observed. The time constant (t) thus obtained was 1.3 and 14 ns. This decay is faster than that of single crystal
Pr:LuAG (25 ns) . The multiple decay components can also be ascribed to the different surroundings of Pr** ions
in the glass.
2. Hybrid Scintillators for high-energy X-ray detection

In this part, high-Z elements have high interaction probability with X-ray photons based on the
photoelectric effect. Therefore, hafnium ions (Z = 72) are selected as the key atomic element source. Because its
energy of K absorption edge is located at 65 keV and high detection efficiency with Hf-doped
scintillators-composed system can be respected for the target 67.4 keV X-ray photons.
[Experimental] Phenyltrimethoxysilane (PhTMOS) and HfOCl,-8H,0 was added to a tetrahydrofuran solution of
polystyrene (PS) followed by an addition of 0.1M HCI as catalyst. The mass ratio of PhATMOS to PS was 1.0. The
mixture solution was heated at 35 °C for one day and then gradually raised to 80 °C. the maximum Hf-content of
the final sample was 10 wt.%
[Results and Discussion] A TEM micrograph of the Hf-doped sample is presented in Fig. 3. The TEM image

provides direct evidence of the formation of nanoparticles. The

nanoparticle sizes range from several tens to several hundreds - - -

of nanometers. In order to investigate the composition of the E; 16+

nanoparticles, TEM-EDX spectrum was measured. The EDX % I "

spectrum indicates that the nanoparticles were composed of % :Z

hafnium, silicon, and oxygen. Therefore, Hf,Si;.,O, g o8l :

nanoparticles are evidently dispersed in the polymer matrix. § ! . ]

Fig. 4 presents the pulse-height spectra of the HfSi; 4O, and 2 Z: .

NE142. On the basis of the location of peak channels, the 2 s 6 s 10 12 14
Molar Ratio of DPO (mol%)

scintillation light output of the Hf-doped sample was estimated
’ Fig. 5. RL intensity of DPO and POPOP-doped
0,

to be 120% that of NEI142. Furthermore, the detection samples afterniommalization with thae fBCAS

efficiency of the 0.6 mm thick Hf-doped sample was

calculated to be 2.6%. The detection efficiency of a 1-mm I
|4

thick Hf-doped sample was estimated to be 4.4%, which was

10000
two times better than that of NE142. :

£ 1000 i
3. Hybrid Scintillators for neutron detection 3 :

Because neutrons have no electric charge, a neutron

. 10 [ .
capture isotope such as B, "Li is required to convert neutrons

to detectable charged particles. Boron element is selected as "0 100 200 300 400 500 600 700 800 500 10¢
th tron capture isotope for a high cross section and relati MCA channel
ron capture isotope for a hi i elative ; :
¢ neu P p & Fig. 6. Pulse-height spectra of DPO-doped
low manufacture cost. samples: (a)4 mol%; (b)10 mol%; (c) 12 mol%

[Experimental] For synthesis processes, polystyrene (PS), and (d) BCA54 under thermal neutron radiation

2,5-Diphenyloxazole (DPO), 1,4-bis(5-phenyloxazol-2-yl) benzene (POPOP), tetrahydrofuran, H,O, and

— 516 —



NN ’-dimethylfbnnamide were mixed as the starting solution. Then, trimethylborate and tetramethoxysilane were
added to this solution until the PS was completely dissolved. After gelation, drying and aging processes,
transparent and crack-free plastic scintillation samples were obtained. The boron in weight ratio reached 7 wt.% in
the final samples.
[Results and Discussion] The RL intensities of the samples with various DPO concentrations were normalized
with that of BC454 and are illustrated in Fig. 5. For DPO molar ratios up to 10 mol%, RL intensities higher than
that of BC454 were observed. Thus, hybrid plastic scintillators with better scintillation efficiency than BC454
have been successfully synthesized by the sol-gel method. The height-pulse spectra of DPO-doped samples and
the commercial sciﬁtillator, BC45, were shown in Fig. 6 when thermal neutron impinged. Firstly, thermal neutron
had been successfully detected by all the fabricated samples. Secondly, the scintillation light output of the
DPO-doped samples was enhanced by increasing DPO-content. In comparison with BC454, the maximum
scintillation light output of DPO-doped sample was obtained around 1/3 of the BC454.
4. Conclusion

The target scintillation materials were successfully synthesized via sol-gel method. A fluorescence band
was obtained ascribed to the Sd4f-transition, and relatively fast response time of 1.4 and 13 ns were obtained. The
detection efficiency of Hf-doped hybrid scintillator was improved and estimated approximately 2-time better than
that of commercial scintillator — NE142 in 1-mm thickness. The scintillation efficiency of boron-doped hybrid
scintillator was higher than that of BC454. The detection efficiency of thermal neutron was still need to improve.

! M. Gaft, R. Reisfeld, and G. Panczer, Moderrn Luminescence Spectroscopy of Minerals and Materials. (Springer, 2005).

2 M. Nikl, H. Ogino, A Krasnikov, A. Beitlerova, A. Yoshikawa, and T. Fukuda, physica status solidi (a) 202 (1), R4

(2005).
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