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We have developed a new type of scintillation materials — composite scintillators. It
has been shown that such materials can be obtained both on the basis of organic (fast
neutron detection) and inorganic (thermal neutron detection) grains. The use of radiation-
resistant materials and wide range of scintillation materials for preparation of grains
allows using such approach not only for radioecology (weak fluxes), but also in high
energy physics. The promising results on radiation stability of composite scintillators are
preliminary, and further studies are necessary.

PaspaGoran HOBBIII BUJ CHOUHTIIASINOHHOIO MAaTepHaga — KOMIIOSHIIMOHHBIE CIIMHTIJ-
aaropsl. [lokasamo, UTO ZAHHBIN MaTepwaJ MOMKET CO3IABATHCS KAK HA OCHOBE OpraHmudec-
KX (IeTeKTOpBI OBICTPBIX HEHUTPOHOB), TAK M HEOPraHWYECKHMX (JeTEKTOPHI TEILIOBLIX HEM-
TPOHOB) rpanya. HMclIoab3oBanne PagMalMOHHO-CTOMKMX OCHOB U JIOOBIX CIUHTUJLISIHOH-
HBIX BeIEeCTB [IJs CO3JAHUSA TPaHyJ II03BOJAET MCIOJb30BATh TAKOM TEXHOJOTHUUECKHIT
IMOAXOJ HE TOJNBKO [JIA 3a1a4 PATHMOSKOJOTHH (CBepXMaJjble IMOTOKM), HO W A 3amad Qpuau-
KU BBICOKUX dHepruii. [lomyueHHble pe3yJabTATLI O PAIUAIIMOHHON CTOMKOCTH KOMIIOSUI[MOH-
HBIX CIUHTHJJIATOPOB ABJISAIOTCH IIPEIBAPUTEIbLHBIMU W YKA3BIBAIOT HA HEOOXOIUMOCTDL IIPO-
IOJIKEHUS HCCJeLOBAHNN JAaHHBIX O0BEKTOB.

KomMmosumiiiHi CHWHTUIATOPU AN IHPOKOTO KJacy 3aBJaHb peccTpamii ioHizyroumx
eunpominioBans. H.JI.Kapasaesa.

Pospobienj mOBUI BUA CHUHTUJIAIINHOTO MaTepiany — KOMIOBUIIHHI CIIUHTUJIATOPH.
ITokasano, 1o gaHuii MaTepiaJ MosKe CTBOPIOBATUCA AK HA OCHOBiI opramiuHmx (geTeKTOopU
UIBUAKUX HEHUTPOHIB), TaK i HeopraHiuHMX (JeTEKTOPU TEMJIOBUX HEUTPOHIB) rpanyna. Buxo-
pucTraHHA pagianifiHo-cTiHKNX OCHOB i OyAb-AKWX CIUHTHUJIANIHUX MarepiamxiB anag oTpu-
MaHHS TPaHyJ J03BOJAE€ BUKOPUCTOBYBATU TAKUUN TEXHOJOTIUHMN MiAXiJ He TiAbKU I8
sagau pagioexosorii (magmasi moTokm), ane i ana sagau pisuKu BUCOKUX eHepriii. Omepsrami
pe3ynbTaTH Npo paxianifiny cTifiKkicTh KOMMOSUIIHHUX CHUHTHJIATOPIB € IolepenHiMu i
BKas3ylOTh Ha HEOOXiAHICTL MPOJOBIKEHHSA AOCHiMKeHb AaHUX 00 €KTiB.

© 2014 — STC "Institute for Single Crystals”

1. Introduction

For applications in radioecology, where it
is very important to detect very weak fluxes
of ionizing radiation, we have developed a
new type of scintillation materials — com-
posite scintillators, containing a dielectric
gel as a base (matrix), into which grains of
scintillating substances were introduced [1,
2]. It has been shown that such technologi-
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cal approach allows creation of efficient de-
tectors of various kinds of ionizing radia-
tion, depending on the materials used. In
the case of single crystalline organic grains,
efficient fast neutron detectors can be ob-
tained, allowing separation of signals from
neutrons and background gamma-radiation.
Using inorganic single crystalline grains,
efficient detectors of thermal neutrons can
be obtained. Varying the size of these
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grains allows substantial reduction of the
background radiation effects. A possibility
was shown of producing scintillators of very
large area by means of specially developed
methods for assembling separate fragments
of the scintillator [3].

With a new generation of accelerators,
dose loads on the detectors become much
higher. Obtaining information on radiation
stability of the new materials can open
prospects for creation of scintillation sys-
tems with high radioresistance on the basis
of composite scintillators.

2. Composite scintillators for
detection of weak fluxes of
ionizing radiations

We made preliminary estimates of the
size of crystalline grains of composite scin-
tillators for detection of fast neutrons. Fast
neutrons generate recoil protons in the or-
ganic material with maximum energy equal
to the energy of neutrons. The dimensions
of the sensitive scintillation material
(grain) should ensure absorption of the re-
coil proton energy, i.e., the proton free path
should not exceed characteristic dimensions
of the grains [4]. The free path of a particle
in a substance of complex atomic composi-
tion can be calculated basing on the refer-
ence data [5]. The highest recoil proton en-
ergy that can be obtained in the scintillator
using a 239Pu-Be source is 9.7 MeV. The
calculations show that for detection of re-
coil protons of such energy the size of
grains should be about 2-4 mm.

Composite scintillators that were devel-
oped in our laboratory on the basis of stilbene
and p-terphenyl grains allowed separation of
particles by the scintillation pulse shape simi-
larly to organic single crystals [6—8].

For detection of thermal neutrons, we
have developed composite scintillators on
the basis of gadolinium silicate (Ce:GSO)
and pyrosilicate (Ce:GPS) grains [9]. These
substances were chosen because of their
very high radiation capture cross-section of
thermal neutrons by gadolinium nuclides
155Gd, 157Gd. The secondary emissions due
to interaction of thermal neutrons with gad-
olinium atoms (i.e., emissions generating
scintillation signals), correspond to peaks at
33 keV, 77 keV and ~8 MeV on the gamma-
scintillation scale [10]. The crystalline
grains were chosen to be of so small size
that they were sensitive practically only to
secondary emissions of low energy, i.e., the
signals used were from conversion electrons
(33 keV) and X-ray radiation (44 keV),
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Fig. 1. The scintillation signal as function of
alpha-excitation energy for scintillators on
the basis of 0-POPOP.

which corresponded to 65 % of all events.
The 33 keV electron free path in Ce:GSO or
Ce:GPS grains is approximately 0.002 mm
[11]. We have shown that a single-layer
composite scintillator with average Ce:GSO
or Ce:GPS grain size of 0.06-0.1 mm can
be an efficient selective detector for conver-
sion electrons of 33 keV energy and the
total peak of 77 keV [2, 9].

We have developed novel combined com-
posite detectors for separate detection of
fast and thermal neutrons in the presence
of background gamma-radiation. These de-
tectors comprise a single-layer inorganic
composite scintillator for detection of ther-
mal neutrons and an organic composite scin-
tillator for detection of fast neutrons [12].

For detection of alpha-particles, even
very small grains of organic single crystal
can be used. At the same time, the secon-
dary particles — electrons generated by
alpha-particles of such energy — have their
free path of =1-1.5 mm. In this case, one
has to decrease losses due to light scattering
planes, which can be achieved by increasing
the size of the grains. The optimum grain
size was shown to be 1.7-2.2 mm.

An important point is that these grains
can be obtained without the stage of grow-
ing single crystals of high perfection [13].
This does not only greatly decrease the
costs of grain preparation, but also allows
creating scintillators on the basis of sub-
stances which cannot be grown from the
melt as single crystals by ordinary means.
As an example, one can consider scintilla-
tion signals as function of alpha-excitation
energy for scintillators based on o0-POPOP
(Fig. 1). The scintillation amplitude spectra
were obtained for irradiation by alpha-parti-
cles of different energies. The alpha-parti-
cles of different energies were obtained by

Functional materials, 21, 4, 2014



N.L.Karavaeva / Composite scintillators for a wide ...

33keV
- 0- GSO pl
—c— GPS pl
59.6keV
- ¥- GSO 4mm
—k— GPS 4mm

1 1
0 5 10 15 20 25 30 35 40 45 5

0.0 L

D, Mrad

Fig. 2. Relative light output L, (I) of scin-
tillators based on Ce:GSO and Ce:GPS
(dashed black line and solid grey line, respec-
tively) for different integrated radiation
doses D. The value L for D = 0 (before irra-
diation) is taken for unity. Values of L for
samples of up to 0.1 mm thickness obtained
under irradiation by gamma photons of en-
ergy EY = 33 keV (circles), and up to 4 mm
thickness — under irradiation by gamma pho-
tons of energy Ey = 59.6 keV (double cross).

their moderation in air. The energy of
alpha-particles passing through air layer of
thickness # was determined in the following
way. Knowing the value of alpha-particle
free path in air r, we find the residual free
path A = (r — k), and then, using the refer-
ence data [5], we determine the energy cor-
responding to this residual free path A.

It should be noted that dependences of
the scintillation signal intensity on the
alpha-excitation energy for composite scin-
tillators based on stilbene and 1,4-diphenyl-
1,3-butadiene are essentially similar [3].

3. Prospects for improvement of
radioresistance of composite
scintillators

Radiation detectors used in accelerators
of new generation, such as LHC CERN
(Switzerland), are subject to very high dose
loads. Thus, during 10 years of operation of
CMS-detector the total dose reaches 10
Mrad at average dose rate of 1 Mrad/year
or ~100 rad/h. This greatly increases the
importance of high radiation stability of
scintillators. To look for a solution to this
problem, we carried out radioresistance
studies of dielectric gels from different pro-
ducers that could be used for creation of
composite detectors with high radiation sta-
bility. The following samples were studied:
Sylgard-184, Sylgard-186, Sylgard-527,
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Fig. 8. Relative light output L, (I) of scin-
tillators based on Al,O5 activated by Ti for
different integrated radiation doses D. The
value L for D =0 (before irradiation) is
taken for unity. The grain size was varied
within 0.8-0.5 mm (triangles), 0.5-1.0 mm
(double crosses), 1.5—2.0 mm (circles). The
value of L obtained under irradiation by
alpha-particles from 23%Pu source.

SKTN-med (viscosity 20 P), SKTN-med (vis-
cosity 100 P), SUREL-SL-1. These dielectric
gels can be used in a broad temperature
range, they are not hygroscopic, do not
react chemically with materials used in
scintillation technologies, and they are
transparent in the luminescence range of
many scintillation materials. Sample irra-
diation was carried out on the electron ac-
celerator at Kharkiv Physico-Technical In-
stitute with electron energy of =9.2 MeV.
The radiation dose rate was uniform during
all the period of accumulation of integral
doses, being equal to 0.283+0.01 Mrad/h.
The irradiation non-uniformity over the
area where the samples were located did not
exceed 5 %. The most promising from the
viewpoint of mechanical and optical charac-
teristics were Sylgard-184, Sylgard-186 [14].

Scintillators can be considered as radia-
tion-resistant if under irradiation up to a
certain dose D the ratio of a certain basic
parameter Ap after irradiation to its initial
value A, before irradiation varies by less
than two times [15]. L.e.:

Ap/Ay<0.5. 1)

We will use the criterion (1) for values
of the relative light output L,,;.

To check the possibility of using compos-
ite scintillators at high radiation dose loads,
we prepared scintillators on the basis of
Ce:GSO and Ce:GPS, with diameter 17 mm
and height 4 mm (size of grains was varied
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within 0.5-2.0 mm) and single-layer com-
posite scintillators with grain sizes L from
0.3 to 0.5 mm. We have also prepared three
single-layer composite scintillators on the
basis of Al,Oj; activated by Ti (grain sizes
varied from 0.8 to 0.5 mm, from 0.5 to
1.0 mm, from 1.5 to 2.0 mm). As a base,
we used radiation-resistant dielectric gel
Sylgard-184.

Fig. 2 shows the results of measurements
of the relative light output L,, (1) for com-
posite scintillators based on single crystal-
line grains of GSO and GPS. Fig. 3 shows
the relative light output L,,; (1) data for
composite scintillators on the basis of Al,Og
activated by Ti.

As it can be seen from Fig. 2 and Fig. 3,
the developed composite scintillators show
high scintillation characteristics, evidencing
sufficiently high radioresistance of these
samples at the present stage of studies.
These results are rather promising, though
they are still preliminary, and further stud-
ies of such objects are needed, including
conditions of high radiation loads.

4. Conclusions

The results obtained suggest that a meth-
odological approach has been developed to
creation of composite scintillators with
characteristics that can be purposely modi-
fied for different tasks of radiation detec-
tion. Classical scintillation materials (single
crystals, plastics, liquids, glasses) are char-
acterized by two groups of parameters for
property variation depending on the task.
They are volume (accounting for shape) and
chemical composition. A third parameter
appears for composite scintillators — grain
size. The overall scintillator size ensures ef-
ficient detection of primary radiations. The
grain size allows, in a practically inde-
pendent manner, "tuning” of the scintilla-
tor for efficient detection of secondary ra-
diations.
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