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The proposed organic composite scintillators contain crystalline grains of stilbene or
p-terphenyl incorporated into a two-component non-scintillating polymer matrix. Discussed
are the technological aspects of the making of such scintillators: the selection of the
crystalline grain size, the optimum ratio of the scintillation material and the organosilicon
matrix amounts, the search for optimum light collection conditions, etc. The proposed
technology makes it possible to obtain large-diameter organic composite scintillators for
detection of short-range ionizing radiation and spectrometry of low-activity fluxes of fast
neutrons.

ITpemnoxeHHBINI OPraHMYECKU KOMIIO3UTHBIM CIIMHTHUJJISTOP IIPEACTaBJIsIeT cO00il Kpumc-
TaJJINYEeCKHEe 3epHa CTUIb0eHa uiau n-repdeHnsa, BBEJEHHBbIE B IIOJUMEPHYIO IBYXKOMIIO-
HEHTHYIO HECIMHTHJINPYIOIyio Marpuiy. O0CyKIa0TCs TEXHOJOTUUYECKHE ACIIEKTHI II0JY-
YeHUs KOMIIOSHUTHBIX CIHHTHUJJIATOPOB: IIOA0OP pasMepa KPHUCTAIIUUYECKUX 3€PeH, OIITH-
MaJbHOT'O COOTHOIIIEH U I KOJIMYECTB CHUHTHUJIJIUPYIOILEro mMarepuaia u
KPeMHHUIOPraHnyecKoil MaTpPUIlbl, IOMCK ONTHMAaJbHBIX yCAOBuii cBerocbopa u T.m. Ilpemio-
JKeHHAs TeXHOJIOTHS II03BOJSET II0Jy4aTb d(PpPeKTUBHbIE OPraHNudYecKrue KOMIIO3UTHBIE CI[HH-
TUJLASATOPEI GOJBIIOr0 AUAMEeTPa AJs JAeTeKTUPOBAHUS KOPOTKOIPOOEKHBIX MOHUSUPYOIIAX
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UBJyYEeHUA U CIIEKTPOMETPUN HUSKUX IIOTOKOB OBICTPBIX HENTPOHOB.

Due to low atomic mass and, conse-
quently, low back scattering probability of
particles to be registered, organic molecular
scintillation materials are the best detectors
of short-range radiation (o- and B-particles)
extremely harmful for human organism. In
hydrogen-containing organic materials, fast
neutrons generate recoil protons with maxi-
mum energy equal to the neutron energy,
therefore, organic scintillators and detec-
tors based thereon are also used for fast
neutron spectroscopy [1].

One of the most important problems in
the detection of ionizing radiation, includ-
ing fast neutrons, is the necessity to regis-
ter radiation of very low activity. There-
fore, such a detector may be rather thin,
but its diameter is to be large enough to
increase the solid angle of detection and,
consequently, the detection efficiency.
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To obtain efficient large-diameter or-
ganic scintillators, we have developed a new
class of organic materials, namely, compos-
ite scintillators based on stilbene and p-ter-
phenyl. The proposed material consists of
crystalline stilbene or p-terphenyl grains in-
corporated into a two-component polymer
matrix. The crystalline grains were pro-
duced by crushing stilbene and p-terphenyl
perfect structure single crystals were grown
from the melt; the crushing was performed
in liquid nitrogen. The grains of different
size were obtained by sifting the crushed
crystals through sieves of different mesh
sizes. The linear grain size L varied from
0.5 up to 4.5 mm. The prepared composite
material was placed into optically transpar-
ent organic glass container.

Described below is the method we have
developed to obtain crystalline grains of
stilbene and p-terphenyl doped with 0.1 %
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1,4-diphenyl-1,3-butadiene. At first, a sin-
gle crystal of high structure perfection
(with the root-mean-square misorientation
of mosaic blocks not exceeding 30') was
grown from the melt [2]. Then the obtained
single crystal was crushed in liquid nitro-
gen. Such a procedure minimizes the loads
which influence negatively the structure
perfection of the grains resulting in de-
creased transparency. The grains obtained
were dried at room temperature in a dark
room for at least 12 hours. Afterwards, the
grains were sifted through a calibrating
sieve which separates them into fractions of
different size [3].

While selecting the crystalline grains for
composite scintillators, in particular, for
fast neutron detectors, it is necessary to
proceed from the fact that the grain size
must be comparable with the recoil proton
free path in the material [4]. As established
in the course of our studies, the grains of
0.5 to 2.5 mm linear size provide a high
homogeneity of the detector sensitivity over
the whole output window area due to the
total light collection on the whole scintilla-
tor surface and, consequently, high light
yield and efficiency of fast neutron detec-
tion. As the average linear grain size dimin-
ishes, the number of the grains per unit
scintillator volume increases, so the number
of reflecting surfaces per unit volume
grows, thus hindering the light transmis-
sion through the scintillator. Increase in the
size of the scintillator particles may reduce
the efficiency of fast neutron registration
by the proposed composite detector [3].

To establish the scintillator optimum
composition, the composite scintillators
were studied with different glue bases, con-
centrations of crystalline grains and or-
ganosilicon matrices. We have produced a
series of composite stilbene scintillators
with the linear grain size L varying from 1
to 2 mm. As a matrix, an organosilicon rub-
ber was chosen possessing inertness, non-
hygroscopicity and maximum transparency
in the stilbene luminescence region. This
material provides stability of the detector
luminescence parameters during its opera-
tion, that complies with the requirements
imposed on scintillators. The selected frac-
tion of crystalline grains was incorporated
into different organosilicon bases such as
SKTN (the viscosity n =110 poises), Syl-
gard-186 (1 = 1100 poises), Sylgard-527
(n = 230 poises). The investigations have
shown that the composite scintillator with L
of 1-2 mm and the organosilicon base Syl-
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Fig. 1. Reflection factor R vs wavelength A
for different types of reflective coatings. (1)
Sigmacaver 211, (2) Eccobond-45 Clear +
MgO, (3) Eccobond-45 Clear + TiO,, (4) VL-
528 enamel, (5) Tetratek.

gard-527 had the best relative efficiency of
fast neutron detection. The repeated meas-
urements results of the fast neutron regis-
tration efficiency and the detector light out-
put performed in the course of 12 months
have testified that the main physicochemi-
cal characteristics of the scintillators re-
mained unchanged. Thus, in further stud-
ies, Sylgard-527 [3, 4] was used as a non-
scintillating glue base.

An additional series of composite stilbene
scintillators with different content of stil-
bene grains incorporated into organosilicon
base was produced and examined. The stud-
ies have shown that as the stilbene concen-
tration increases from approximately 50 up
to 75 %, the relative efficiency of fast neu-
tron detection increases, too [3]. The experi-
mental data have shown that the optimum
content of stilbene grains in the immersion
medium which provides high efficiency of
fast neutron registration is at least 70 % of
the matrix mass. A further increase of this
content is not expedient, as it results in a
worsened detector optical contact homogene-
ity and causes deterioration of the scintilla-
tion characteristics. A decrease of the stil-
bene content reduces the efficiency of fast
neutron detection due to loose packing of
the crystalline grains in the matrix [3, 4].

The reflective coating influence on the
detector characteristics is considerable and
depends on the pigment concentration in the
polymer base as well as on the reflective
layer thickness 1. In this connection, the
study included a search for the most effec-
tive reflecting coating for the composite
scintillators. We have examined a number
of coatings, such as Sigmacaver 211, Ec-
cobond-45 Clear + MgO, Eccobond-45 Clear
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Fig. 2. Light yield of doped p-terphenyl com-
posite scintillators with different grain size
irradiated with 0.662 MeV gamma photons.

+ TiO,, VL-528 enamel, and Tetratek, which
were spread on the K-8 glass substrates.
The reflecting coating thickness was varied
from 0.18 to 0.68 mm. The reflection spec-
tra were measured using a Hitachi 8330 spec-
trometer in the wavelength region of 350-
1000 nm. Fig. 1 presents the dependences of
the reflection coefficient R on the wavelength
for different reflector types. The obtained re-
sults testify that the diffuse reflector
Tetratek possesses the best characteristics.
Therefore, the containers for the composite
scintillators were coated with two layers of
said reflector at a 0.52-0.54 mm thickness.

When making the containers, the follow-
ing requirements were taken into account.
First, the scintillator height has to provide
efficient detection of fast neutrons with few
MeV energy (for instance, the calculated
registration efficiency for 2 MeV neutrons
for a 200 mm high stilbene single crystal is
about 20 % [5]). Second, the scintillator
should retain a sufficient transparency to
self-emission. Such requirements are ful-
filled for a 20 mm high container. The con-
tainers for the experimental composite scin-
tillators of 30 mm diameter were made
from structural organic glass. In our case,
the container was also used as a light guide.
Moreover, the container design was chosen
so that it provided the use of the detector
to register short-range o- and B-radiation.
For this purpose, the container was fur-
nished with additional covers which had
through holes of 10 mm diameter.

We have produced and studied composite
scintillators obtained from stilbene grains
of 10 fractions with the following linear
gizes L: 1.0-1.2 mm, 1.2-1.5 mm, 1.5—
1.7 mm, 1.7-2.0 mm, 2.0-2.2 mm, 2.2-
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Fig. 3. Light yield of doped p-terphenyl com-
posite scintillators with different grain size
irradiated with 4.97 MeV alpha particles.

2.5 mm, 2.5-3.0 mm, 3.0-3.5 mm, 3.5—
4.0 mm, 4.0-4.5 mm. The samples of simi-
lar composite scintillators were also made
from the ground activated p-terphenyl sin-
gle crystals. In the course of work, large
diameter composite detectors were prepared,
namely, 200 mmx20 mm composite detec-
tor Dbased on stilbene grains and
@200 mmx20 mm one based on activated
p-terphenyl grains.

We have studied a series of 10 composite
stilbene scintillators of ©@x30 mmx20 mm
size obtained using stilbene grains of differ-
ent fractions, and similar series of 10 com-
posite scintillators based on p-terphenyl
grains activated with 0.1 % 1,4-diphenyl-
1,3-butadiene. In addition, there composite
scintillators of 200 mm diameter based on
the same materials were studied. Presented
below are the experimental results which
demonstrate the scintillation properties of
the studied composite materials used as
short-range a- and B-radiation detectors, as
well as fast neutron detectors.

The calculated light yield values for a
series of composite scintillators based on ac-
tivated p-terphenyl grains excited with
gamma photons from '37Cs and o-particles
from 239Pu source are presented in Figs. 2
and 38, respectively. The source of a-parti-
cles was placed into 2 mm high collimator.
For the measurements with gamma radia-
tion (Fig. 2), the light yield wvalues are
given in absolute units, whereas for the
measurements with short-range a-radiation
(Fig. 3), these data are presented in per-
cent; the light yield of standard activated
p-terphenyl single crystal being taken as
100 % . The average values of the parame-
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Fig. 4. Reconstructed neutron spectrum of
239py—Be source for @30 mmx20 mm compos-
ite stilbene scintillator with grain size rang-
ing from 1.7 to 2.0 mm.

ter L are given for each grain fraction. As
seen from Figs. 2 and 3, the light yield
reaches its maximum at L ~ 2.5 mm and re-
mains practically unchanged at further in-
crease of the average grain size [6].

When studying the composite scintilla-
tors based on stilbene and p-terphenyl with
fast neutrons, a 239Pu—-Be source was used
with 10° neutrons/s flux. The selective de-
tection of fast neutrons against gamma
background was realized in accordance with
[7]. The reconstruction method of fast neu-
tron energy spectra from scintillation am-
plitude spectra of recoil protons was de-
scribed in our paper [6]. Presented as an ex-
ample in Fig. 4 is a reconstructed neutron
spectrum of the 239Pu-Be source for the com-
posite stilbene scintillator with the linear
grain size varying from 1.7 to 2.0 mm. In this
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Figure, only those 23%Pu-Be energies are in-
dicated which are reported in theoretical and
experimental papers (see the references in
[6]), namely 3.1, 4.2, 4.9, 6.4, 6.7, 7.3, 7.9,
8.6 and 9.7 MeV, arrows 1-9, respectively.

To estimate the degree of light yield in-
homogeneity for the obtained large diameter
composite scintillators, we measured the
light yield irradiating different parts of the
scintillators, in particular, the centers and
four additional zones (see Fig. 5(b)). The
latter were located at four opposite sides of
the scintillator, the distance between the
scintillator center and any of the additional
zones being 70 mm. The light yield values
were measured according to the standard
procedure using a '37Cs source.

We characterized the degree of light

yield inhomogeneity by ALY parameter:

J—-J;
J+dJ;

ALY = 1)

where J; and J; are the light yield values
measured at the scintillator center and at a
point i, respectively. For i = 1, the ALY was
assumed to be 1. Fig. 5(a) presents the results
of light yield measurements and the calcu-
lated ALY values for five 200 mmx20 mm
composite scintillators obtained from crystal-
line stilbene grains. In this Figure, the dotted
line shows the absolute light yield for refer-
ence stilbene single crystal. The open symbols
correspond to the calculated light yield values
at the measurement points; the half-closed
ones are the calculated ALY values.
Consideration of these data testifies that
the maximum scatter of the light yield val-
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Fig. 5. Absolute light yield values measured at the points 1-5 for a series of @200 mmx20 mm
composite stilbene scintillators (the upper family of opened symbols) and the corresponding calcu-
lated values of ALY parameter (1) (the lower family of half-closed symbols). Fig. 5(b) schematically
presents the light yield measurement procedure for large-diameter scintillators.
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ues measured for different parts of the
large diameter scintillators does not exceed
5 %, i.e. the standard error of the light
yield measurement method. Thus, it should
be concluded that the proposed technique
gives reproducible results and makes it pos-
sible to produce homogeneous large diame-
ter composite detectors.

Thus, considering the production tech-
nology aspects of new organic composite
scintillators based on crystalline stilbene or
p-terphenyl grains incorporated into a poly-
mer two-component matrix, as well as the
results of studying their scintillation char-
acteristics, the following conclusions can be
drawn. An efficient starting material for
the composite scintillator is crushed stil-
bene or p-terphenyl single crystal with high
structure perfection. The use of Sylgard-
527 organosilicon rubber as a glue provides
the manufacturing of composite scintilla-
tors with high scintillation characteristics.
The optimum content of crystalline stilbene
and p-terphenyl grains in the immersion
medium is of the order of 70 %. The dif-
fuse reflector Tetratek of 0.52 0.54 mm
thickness provides the highest optical char-
acteristics for the organic composite scintil-
lators enclosed in organic glass containers.
The scintillation characteristics of the pro-
posed composite scintillators are only a lit-
tle worse than those of the standard single-
crystal scintillators. In contrast to most ef-
ficient liquid solutions of organic
luminophors, composite scintillators on the
base of stilbene or p-terphenyl grains are
non-toxic, do not cause fire hazard and may
be used without container. The proposed
technology yields reproducible results and

provides the production of homogeneous
composite detectors of large diameters and
different geometric configurations.

The proposed approach may find wide ap-
plication in radioecology, radiobiology and
medicine. The developed detectors for regis-
tration and spectrometry of fast neutrons
may be also used to raise the reliability of the
control systems of various nuclear sets, in-
crease the safety of nuclear power stations
and improve their ecological environment.

The authors are grateful to S.V.Budak-
ovsky for the samples of organic single crys-
tals he has presented for this study, and to
N.V.Pogorelova for her help and valuable rec-
ommendations concerning the preparation
process of the composite scintillators.
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CTBOpEeHHSA HOBUX KOMIO3HIIHHMX CIMHTHJISATOPIB
Ha OCHOBI 3epeH OpraHiyYHMX MOHOKPHMCTAJIB

H.JI.Rapaeaeéa, O.A.Tapacenko

3aNpoIOHOBAHUN OPraHiyHMM KOMIIOSHUI[IAHMNA CIHUHTUIATODP SBJISE CO00I0 KpucTaiaiuui
3epHa cTuab0eHy abo n-repdeHiay, BBeAeHI y IIOJiMepHY IBOKOMIIOHEHTHY HECIIHHTHUJIIIUY
marpuirio. OOGroBOpPOOTHCS TEXHOJOIIUHI aCHeKTH OTPUMMAHHSA KOMIOSUIIMHWX CIMHTHIIA-
TOPiB: mo0Oip po3Mipy KpuCTaJIiuHUX 3€peH, ONTHMAJbHE CIiBBiAHOIIEHHS KiJIbKOCTeil CIIMH-
TUJIAIIAHOr0 Marepiany Ta KpeMHillopraHiuHoi marpwuili, IOMIYK OITHUMAJbHHAX YMOB 300Dy
ceiTia i T.iH. 3ampoIrOHOBaHA TEXHOJIOTiSI J03BOJISE OTPUMYBATH e(PEeKTHBHI OpraHiuHi KoMm-
HOBUIMNHI CHUHTUIATOPH BEJIHKOrO AiaMerpa AJsd peecTpallil KOPOTKOIIPOOLKHMX ioHiZy-
I0YMX BUIIPOMIHIOBAHBL Ta [AJs CIEKTPOMETpPil HM3bKMX IIOTOKIB IIBUAKUX HEHTPOHIB.

96

Functional materials, 16, 1, 2009



