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Scintillation properties of the stilbene polycrystals, which were made by the hot-pres-
sure method from the powders of different sizes are studied. Influence of grain sizes of
powders on light yield and optical transparency of polycrystals is investigated. It was
found that grain size L of 2.2-3 mm is optimal for detection of short range radiation,
such as alpha particles. The light yield in polycrystalline scintillators with optimal con-
figuration was in the range of 50-75 % with respect to the reference stilbene single-crys-
tal. It is also shown that decreasing of optical transparency is a basic factor that affects
scintillation characteristics of crystals based on small grains.

PaboTa mocssineHa McCiegOBAHUIO CIUHTUISAINOHHBIX XapPaKTePUCTUK IOJUKPUCTAIOB
cTuIb0eHA, IOJYUYEeHHBIX METOJOM I'OPSYero IIPEecCOBAHUS M3 IIOPOIIKOB Pa3JHUYHON amcrepc-
HOoCcTH. V3yueHO BiHMsiHME pa3Mepa 3€PeH IIOPOIIKOB HA CBETOBOM BBIXOJ M OITHUYECKYIO
IPO3PAYHOCTh IIOJUKPHCTANI0B. IloKasdaHo, 4To pasMep 3epHA HOpAAKa 2,2—3 MM ABJIAETCSA
ONTHMAJBHLIM [JS PEruCTPalid KOPOTKONPOOEKHBIX HUBJYYEHUH HPU BBIOPAHHOM TOJIHHE
ob6pasma. I[Ipu 9TOM ymaercs HOJYUYUTHL CBETOBOM BBIXOJ IIOJHUKPHUCTANINYECKOrO CIIMHTHUJIIISA-
Topa 50-75 % oTHOCHTEJIbHO MOHOKpHCTaNJa. TaKiKe IMOKa3aHO, UTO OCHOBHBIM (DaKTOPOM,
YXYIOUIAIOMUM CIIUHTUJIISINOHHbIE XaPAKTePUCTUKHU IIPHU OTHOCHUTEJIbHO MAaJBIX DPasmepax
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3epeH, SABJAETCH CHHUKEHNEe OINTHUYECKON IIPO3PAYHOCTH.

1. Introduction

Organic scintillation materials are used
in nuclear physics, radicecology, radiobiol-
ogy, geology, etc. An extensive application
of organic luminescent materials and detec-
tors on their base for detection of ionizing
radiations constantly stimulate a great in-
terest in this problem. Organic scintillators
are usually used as doped and pure single
crystals, or as objects with amorphous
structure (i.e. plastics and liquid scintilla-
tors). Radiation sensitive organic lumines-
cent materials have to be fast and highly
transparent for their own fluorescence. As a
result of small atomic effective number or-
ganic molecular systems get the advantage
over inorganic ones by detection of the
short-range charged particles (alpha and
beta particles). Organic polycrystals are
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very attractive systems for development of
big in diameter detectors for detection of
the most dangerous for human organism
types of ionizing particles. The modern
technologies of organic single crystal
growth do not permit to create systems with
large diametrical sizes (more than 100 mm)
and high degree of structure perfection.
Polycrystalline scintillators made by hot
pressing of organic substances (e.g. stil-
bene) are promising materials for wide spec-
trum of applications [1-3].

An investigation of scintillation and
spectral characteristics of organic polycrys-
tals is very important not only for design-
ing and creating new effective detectors but
for understanding the influence of struec-
tural features of crystalline systems on
their radioluminescence properties.
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Fig. 1. Scintillation amplitude spectra for a stilbene single crystal and for a stilbene polycrystalline
scintillator with grain size 2.2—-2.5 mm excited by (a) alpha particles with energy E = 5.15 MeV
(®*%Pu radionuclide source) and (b) by beta particles with EB = 0.624 MeV ('¥Cs — radionuclide source).

Optical transparency is a significant fac-
tor affecting the light output when detect-
ing short-range radiation. Incident radia-
tion (for example alpha particles) is ab-
sorbed in a thin layer near the surface while
the scintillation light is detected after
transmission of the scintillation signal
through this material.

This work is aimed to study the relation-
ship between the grain size, optical trans-
parency of the polycrystalline material, and
its scintillation properties.

2. Experimental

The polycrystalline samples were ob-
tained using pressing at high temperatures
by single axle compression with the follow-
ing slow cooling to room temperature. As a
raw material we used thermally cracked sin-
gle crystals of stilbene in liquid nitrogen.
Different fractions of grains were obtained
using the appropriate calibration sieves. By
an average grain size in the selected frac-
tion L,, we mean averaged characteristic
which is equal to the difference between the
openings of sieves j and i, where d; > d]-

d; +d; 8
J
Lyy=—5"

Hereinafter the size of the grains in a
fraction will be described either by this
quantity or by a range of L from d; to dj.

The hot pressing was carried out at tem-
peratures in the range 2/3T, < Tp <
4/5T,,, where T, is a melting temperature
of a raw material and T, is a temperature
that was fixed during pressing process.
After heating of the form to the tempera-
ture of 2/3kT, the pressure was slowly in-
creased from normal to 400 MPa during
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40 min, and then was held during 20-
40 min. At the end of pressuring cycle the
pressure was slowly (during 20 min) re-
duced to the normal. This mode of pressing
leads to smoother changes of internal mi-
crostresses arising due to thermal or elastic
anisotropy in the pressing process.

3. Results

We made comparative investigations of
scintillation characteristics of 30 mmx5 mm
stilbene polycrystals with the different
grain size L, which were obtained by the
above described method of hot-pressure. In
this work we studied the series of 7 poly-
crystalline scintillators with different grain
sizes. Samples had diameter of 80 mm and a
height of 5 mm. The following fractions L
were used: 1.0-1.83 mm; 1.3-1.5 mm;
1.5-1.7 mm; 1.7-2.0 mm; 2.0-2.2 mm;
2.2-2.5 mm; 2.5-3.0 mm. We used the stil-
bene of the same dimensions (thickness
5 mm, 50 mm in diameter) as the reference
single crystal.

For a comparative analysis of the light
output of polycrystals we carried out meas-
urements of their amplitude spectra using
the following sources of ionizing radiation:
137Cs (conversion electrons with the energy
of 0.624 MeV) and 239Pu (alpha particles
with the energy of 5.15 MeV). R1307
Hamamatsu photomultiplier tube was used
as a photodetector [5]. The results of the
measurements are presented on the Fig. 1.

The relative light output of the samples
can be calculated using the results of meas-
urements of the amplitude spectra The re-
sults of relative light output J calculation
for organic polycrystals are presented on
Fig. 2. The measurement error did not ex-
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Fig. 2. The light yield versus the grain size for a stilbene polycrystalline scintillators during

detection for excitation by (a) alpha particles with energy E 6 = 5.15 MeV (3%Pu —

radionuclide

source) and (b) beta radiation with EB = 0.624 MeV ('¥’Cs — radionuclide source).

ceed the methodical error of light yield,
which was equal to 5 % at confidence prob-
ability of 0.95.

During the studies aimed at establishing
a correlation between the parameters of the
pressing process and scintillation charac-
teristics of organic polycrystalline stilbene
we obtained important preliminary result. It
allows to determine the influence of trans-
parency (transmittance in the visible spec-
trum 7,%) on the light output of polycrys-
talline samples excited by short-range radia-
tion [4]. We used the spectrophotometer
"Hitachi-330" to measure the optical trans-
mittance of the polycrystalline stilbene hot
pressed scintillators. Measurements were
made using an integrating sphere.

Fig. 83 demonstrates the mean values of
optical transparency for the polycrystalline
stilbene hot pressed scintillators. These data
correlate with the above cited results of the
light yield measurements under the irradia-
tion by alpha particles (see Fig. 2).

4. Conclusions

The studies have shown that it is desir-
able to use polycrystalline scintillators with
graing size of gra L >2 mm for detection of
short-range radiation. The results of optical
transparency measurements also indicate a
growth of the transmission coefficient T
with the grain size increasing for shorter
wavelengths. At the same time, the optical
transparency exhibits the effect of satura-
tion for L,,~2 mm. For L,,>3 mm it
even shows tendency to decrease. Therefore,
the optimal grain size is about 2.2-3 mm
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Fig. 3. Dependency of optical transparency on
grain size (I — 360 nm, 2 — 390 nm, 3 —
700 nm) for a stilbene polycrystalline scintil-
lators.

for polycrystalline stilbene hot pressed scin-
tillators. In this case it is possible to obtain
light output of polyecrystalline scintillator
at 50-75 % relative to the reference stil-
bene single crystal.
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HochigKkeHHA CHUHTUIAAIMIMHUAX i ONTHYHUX
BJIACTMBOCTEM IMOJiKPMCTAJNIYHOTO CTHJIHOEHY

T.€.I'op6awosa, M.3.I'anynoe, B./J.Ilanixapcexa, I.B./Ia3apes

PoGora mnpucBsiueHa [JOCHIIKEHHIO CIUHTHUJIAANINHMX XapaKTEePHUCTHUK IOJiKpHCTAIiB
CTHUJIB0CHY, OTPUMAHMX METOJZOM TIapsauoro IIPeCcyBaHHSA 3 IIOPOIIKiB pisHOI aucmepcHOCTI.
BuBueHo BmuB pO3Mipy 3epeH MHOPOIIKIB Ha CBiTJIOBHII BuUXij i OomTHUHY IIPO30PicTh MO-
aikpucraaiB. IlokasaHo, 1mo posmip sepHa mopagky 2,2—-3 MM € ONTHUMAJBHUM IJIS
peecrpailii KOPOTKOIPOOIKHNX BUIPOMiHIOBAHBb Npu BuOpaHiii ToBmuui 3paska. I[Ipu unsomy
BJAETHCS OTPUMATH CBiTIIOBMI BuXij moiaikpucraniusoro cuuHtmiasTopa 50—-75 % BigzmocHO
MOHOKpHcrasa. TaKoK IIOKasaHO, IO OCHOBHMM UYHMHHHKOM, IO IIOTIPIIy€ CIIMHTUIAMINHL
XapaKTepPUCTUKU IIPKM BiHOCHO MAaJMX PO3Mipax 3epeH, € 3HHKEHHS OIITHYHOI ITPO30POCTi.
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