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Stilbene polycrystals with improved energy resolution were obtained by technique of
hot vacuum pressing of plate-shape crystallites grown by crystallization from saturated
solution of stilbene powder in dichloro-ethane. Transparency and scintillation parameters
of the stilbene polycrystals were found to depend on the duration of keeping the initial
material under vacuum before pressing. In comparison with 8.2 % energy resolution of
the stilbene single crystal, the stilbene polycrystal has 8.8 % energy resolution under
624 keV electrons, whereas under 5.5 MeV o-particles, both the stilbene poly- and single
crystals have 11.9 % energy resolution.
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MeTomoMm ropadero BaKyyMHOT'O IIPECCOBAHMA KPUCTAJIIUTOB NJAacTUHUYATON (DOPMBI, BbI-
pallleHHBIX MyTeM KPUCTAJIN3AIMK M3 HACBHINIEHHOTO PacTBOpPa TOPOIIKA CTUALOeHa B AUX-
JIOp9TaHe, TOJYUYEHBl MOJUKPUCTANIBl CTUJALOEHA € YJIYYNIEHHBIMH CIUHTUJIIAIMOHHBIMU
XapaKTepUCTUKAMU. ¥ CTAHOBJIEHO, UTO IIPO3PAYHOCT, U CIUHTUIJIAIMOHHEBIE IIapaMeTphl
cTUIb0EeHA B3aBUCAT OT TPOAOJIKUTEIbHOCTH BBIIEP/KKM MCXOJHOTO MaTepuaia TOoJ BaKyy-
MOM, TIPeAIlecTBYIONIeil mpeccoBanmio. IIpm obayueHVHN aJeKTpoHaMU ¢ sHeprueit 624 xsB
MOJUKPUCTANI cTUIbOeHa umeer paspemiedue R = 8.8 % mo cpaBHenwnio ¢ pasperrenuem R =
8.2 % ™moHOKpucTaNa CTUALOEHA, B TO BpeMA KAK MPU OGJYYEeHUU O-4aCTUIAMU ¢ 9Heprueil
5.5 MeV, moIUKpPUCTAINT M MOHOKPUCTAJJ CTUJILOEHA XapaKTepU3yIOTCsA OJUHAKOBBIM JHED-
TeTUYEeCKUM paspelienuremM, KoTtopoe cocrasiser 11.9 %.

OTpuMaHHA i XapakTepH3aIlid MOJIKPHCTANIB CTHALOEHY IJAA METEeKTYBAaHHA 3apaAmKe-
HEX 4YacTUHOK. B.Tapacos, JI.Audpwowenro, I.Bracosa, B.lllraxmypos, O.lllninrincvka,
J.Tpeginosa, E.Pubra.

MeTomoM TapAYOro BaKYYMHOTO TPECYBAHHA KPUCTAJTITIB miaacTuHUACTOl (GopMm, BUPO-
MIeHVX UIAAXOM KPUCTANisallii 3 HACUUEHOTO POSUMHY TOPOMIKY CTUJALOEHY y AMXJIOpeTaHi,
OTPUMAHO MOJIKPUCTANTH CTUJILOEHY 3 MOJINMMIEHNMH CIUHTUAANITHUMY XapaKTePUCTUKAMHA.
BeranoBieno, 1Mo mpo3opicTs 1 cHUHTUAAIINHI mapamMeTpn TOJIKPUCTANIB CTUILOEHY 3aie-
JKaTh Bil TPMBAJOCTI BUTPUMKY BUXiZHOTO MAaTEPiasy i BAKYYyMOM, IO TIepeaye TpecyBaH-
uo. IIpu ompowmiHooBaHHI ejleKTpoHaMu 3 eHeprieio 624 weB eHepreTwuHe po3AiJeHHA TO-
Jigpucraja cruibdeny cranoButh R= 8.8 % mopisHsAHO 3 eHepreTnyHuM posgijenusm R = 8,2 %
MOHOKpUCTaJa CTUALOEHY, B Toil uac, AK TpuW 30yA:KeHHI O-UYacTHHKaMU 3 eHepTrieio
5.5 MeV, obugBa MalOTh OSHAKOBe €HEpreTUYHe PO3AiJeHHs, IO CTAaHOBUTL 11.9 %.
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1. Introduction

Scintillation detectors based on stilbene
single crystals are widely applied for detec-
tion of charged particles (a- and P-radia-
tion) [1, 2]. Due to low effective atomic
number Z,;, stilbene scintillator is charac-
terized by low probability of back scattering
and low sensitivity to gamma-background.
The fast scintillation response with the
decay constant 3.5 nanoseconds and high
radiation resistance (up to irradiation dose
of about 4.0 kGy) are another its advan-
tage. However, wider application of stilbene
single crystals is limited by the difficulties
of their growth and poor mechanical proper-
ties. The diameter of grown organic single
crystals including stilbene single crystals
does not exceed 100 mm that limits design
on their basis of large-area detectors. Due
to slow rate, the crystal growth process is
time-consuming that inevitably leads to a
high cost of the detectors based on stilbene
single crystals. Poor mechanical properties
of organic single crystal ingots may cause
their cracking under mechanical processing.
Damage of the crystals due to mechanical
and thermal shock may reduce not only the
yield of final erystal product, but also oper-
ating time of the detectors [3].

The organic polyerystals have not the
above disadvantages. Fragments of the sin-
gle crystals with small dimensions are suit-
able for making the polycrystal of large
area with good mechanical properties. The
light yield of a polycrystal is not much
lower than that of its single crystal analog
[4-8]. However, the polycrystals has lower
energy resolution due to heterogeneity
caused by the increase in numbers of inter-
block boundaries and stronger misorienta-
tion of mosaic blocks [7].

Scintillation parameters of the organic
polycrystals essentially depend on the
method for obtaining of the initial crystal-
line powders to be pressed, as well as on the
pressing conditions. Most often organic
polycrystals are produced from crystalline
powders with different dispersity. The lat-
ter are prepared by mechanical grinding of
fragments of the single crystals grown from
the melt or by crystallization of plate-
shaped crystallites from organic solvents.
The influence of different conditions for
pressing of single-crystal grains on the opti-
cal transmission and light yield of organic
polycrystals is discussed in [5—8]. The poly-
crystals obtained from a fraction with a
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grain size not lesser than 1.0 mm, have the
best light yield.

The temperature of pressing significantly
affects the scintillation parameters of the
obtained polycrystals. According to [9], hot
pressing at premelting temperatures im-
proves their optical transmission. The analy-
sis of the structural, optical and scintillation
characteristics of the polycrystals obtained
from different initial powders shows advan-
tages of the powders of plate-shaped crystal-
lites to be pressed [6]. Their more uniform
orientation provides a better transmission,
and therefore a better energy resolution for
the polycrystalline scintillators.

It is should be also noted, that replace-
ment the melt crystallization step by the so-
lution crystallization step significantly lowers
the cost of this scintillation material.

A disadvantage of polycrystals is the fact
that pressing in air [9] does not remove
pores, adsorbed impurities, remnants of sol-
vents and air components. In the process of
hot pressing, gaseous products fill up the
pores giving rise to internal pressure which
prevent compaction. Pores in a polycrystal
with a thickness less than 1 mm cause vio-
lation of its integrity in the process of with-
drawal out of the press mold. Authors of [9,
10] applied vacuum pressing to get rid of
pores and improve operating characteristics
of DPB-activated p-terphenyl polyerystal.

The present paper deals with charac-
terization of scintillation properties of stil-
bene polycrystals obtained from plate-shape
crystallites kept for different time under
vacuum before pressing.

2. Experimental and results

Plate-shaped crystallites grown by crys-
tallization from saturated solution of stil-
bene powder in dichloro-ethane were used
as the initial material for making of a
stilbene polycrystal. These crystallites
with linear dimensions of 5-10 mm had a
thickness of 0.05-0.1 mm. The samples of
stilbene polycrystal with the dimensions
@15x(0.7...2.0) mm3 were obtained by the
technique of hot vacuum pressing using a
press of DV2428 type and rigid metal press-
forms. The pressing was carried out in vac-
uum at a temperature of 90°C and under a
pressure of 180 MPa. The samples were ex-
posed to pressure for an hour, after which
the pressure was gradually lowered to the
atmospheric pressure for half an hour. The
chosen values of pressure and temperature
were based on the experimental data from
[9]. As follows from the mentioned paper,
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Table 1. Optical transmission and scintillation characteristics of stilbene polycrystals measuring
@15x2.0 mm? at excitation with 624 keV electrons from '37Cs source.

No |Stilbene samples| Duration of keeping | Transmission at | Relative light Energy
the initial material A =390 nm, % yield, % resolution R, %
under vacuum, h
1 Single crystal — 74.7 1.00 11.2
2 Polycrystal 0 18.9 0.67 15.9
3 Polycrystal 0 19.6 0.70 15.1
4 Polycrystal 2 20.8 0.77 14.4
5 Polycrystal 2.5 21.9 0.87 13.9
6 Polycrystal 2.5 22.7 0.85 13.7
7 Polycrystal 3 24.9 0.89 13.0
8 Polycrystal 3 24.1 0.88 13.1
9 Polycrystal 3 27.9 0.96 11.9
10 Polycrystal 3 26.9 0.93 12.2
11 Polycrystal 3 25.8 0.90 12.7
12 Polycrystal 3.5 26.2 0.93 12.1
13 Polycrystal 4 25.2 0.91 12.65

Table 2. Scintillation properties of stilbene polycrystals at excitation with 5.5 MeV o-particles

from 2*1Am source

No. Stilbene Duration of Dimensions External view after Relative Energy
samples keeping under pressing light yield, | resolution,
vacuum, h % %
1 |Single crystal @130x1 mm3 | Without visual defects 1.00 13.9
2 Polycrystal 0 2830x1 mm3 | Without visual defects 0.70 16.7
3 Polycrystal 3 2830x1 mm3 | Without visual defects 0.82 14.1
4 Polycrystal 3 D30x0.7 mm3| Without visual defects 1.00 13.9
5 Polycrystal 3 @80x0.5 mmS3 | Disturbance of integrity 1.08 13.6
at crystal edges

plate-shaped crystallites are to be pressed at

the temperature within the interval
2/3Tmelt < Tpress < 4/5Tmelt’ where Tmelt is

the melting temperature of the initial mate-
rial; Tp.s; the pressing temperature. For
stilbene T,,,; = 124°C. At high tempera-
tures and pressures, the organic substance
undergoes the processes of plastic deforma-
tion, slipping, re-crystallization, sintering,
etc. finally leading to the formation of a
polycrystal. At temperatures lower than the
mentioned one, deformability of the initial
material diminishes in the process of press-
ing that results in the formation of pores in
the polycrystal. The rise of the pressing
temperature to the value exceeding the said
boundary is inadmissible: due to sublima-
tion of stilbene at temperatures close to
T ne1r» the initial material evaporates out of
the press-form. When the pressure reduces,
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the mentioned processes run incompletely.
This results in the obtaining of a polycrys-
tal with defects which worsen its scintilla-
tion characteristics. The rise of the pressure
is unreasonable from technological view-
point, as this does not affect the scintilla-
tion characteristics.

The optical transmission of the studied
samples was measured by a spectrophotome-
ter SF-26 at 390 nm wavelength corre-
sponding to the maximum of the lumines-
cence spectrum of stilbene. The density of
the studied samples was determined by the
method of hydrostatic weighing. Optical
coupling of stilbene polycrystal with the
exit window of the container was realized
by means of the organosilicon composition
"Sylgard-184" produced by Dow Corning
(USA). The diffusely reflecting entrance
surface of stilbene polycrystal was obtained
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Fig. 1. Photographs of stilbene polycrystals measuring @15x0.7 mm?3 (a) and @15x0.5 mm3 (b).
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Fig. 2. Pulse height spectrum of stilbene
polycrystal with dimensions @15x2.0 mm3

for 624 keV electrons from '37Cs.

using M10 abrasive cloth, as well as the
film polymer material 8MT™M consisting
from abrasive aluminum oxide powder with
10 um grain size of the main fraction,
which is fixed on the polyester substrate by
means of a polymer composition. Identical
orientation of the abrasive grains was pro-
vided by a special technology of application
of the abrasive grains onto the polymer sub-
strate [11]. The entrance window of the con-
tainer for stilbene scintillator was made
from Tetratex with the reflection coeffi-
cient equal to 95 %.

The scintillation characteristics were
studied in pulsed mode by means of a pulse
analyzer of AMA-03F type with a R-1307
Hamamatsu photomultiplier used as a pho-
toreceiver. The shaping time was 1 us. Stil-
bene single crystal with the dimensions
@15x2 mm3 served in the capacity of a
standard. Scintillations were excited by
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Fig. 3. Pulse height spectrum of stilbene
polycrystal with dimensions @15x0.7 mm3
for 5.5 MeV o-particles from 241Am.

5.5 MeV o-particles and 624 keV electrons
from 24'Am and '37Cs source, respectively.

When we obtained different stilbene
polycrystal samples, only the duration of
keeping the plate-shape crystallites under
vacuum before pressing was varied. This
procedure essentially affected the scintilla-
tion properties of the polycrystal.

As follows from the data of Tables 1 and 2,
the stilbene polycrystals have the best scin-
tillation characteristics after keeping the
initial material under vacuum during 3.0—
3.5 h before pressing. This effect may be
explained by the transparency increase of
the polycrystal which concurs with the im-
provement of the scintillation parameters.
Data on transparency of stilbene polycrys-
tals and photographs of the most transpar-
ent from those are given in Table 1 and
Fig. 1, respectively. Pulse height spectra
for the samples of stilbene polycrystals with
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Table 3. Influence diffuse reflective surface on energy resolution of stilbene samples measuring
@15x2.0 mm? at excitation with 624 keV electrons

No. |Stilbene scintillator

Material for obtaining of

Energy resolution, %

matted surface Before packing After packing
1 Single crystal Abrasive cloth M10 11.1 9.2
2 Single crystal 3M™ 11.2 8.2
3 Polycrystal Abrasive cloth M10 12.65 10.8
4 Polycrystal Abrasive cloth M10 12.7 9.4
5 Polycrystal Abrasive cloth M10 12.1 10.5
6 Polycrystal sMM 12.2 9.0
7 Polycrystal Abrasive cloth M10 13.0 11.6
8 Polycrystal 3M™ 13.1 9.9
9 Polycrystal sM™ 11.9 8.8

the best scintillation parameters determined
by 624 keV electrons and 5.5 MeV o-parti-
cles are shown in Fig. 2 and Fig. 3, respec-
tively.

The density of stilbene single crystal is
1.22 g/em3, whereas the density of and stil-
bene polycrystal obtained by pressing in air
and under vacuum is 1.14 and 1.20 g/cm3,
respectively. The observed difference is due
to the presence of gas-filled pores formed
during the pressing process. Pressing of
plate-shaped crystallites under vacuum pro-
vides healing of pores that increases the
density up to 1.2 g/cm® and reduces the
number of scattering centers in the poly-
crystal. Therefore not only the light yield,
but also the energy resolution of the poly-
crystals obtained by hot vacuum pressing is
close to those of the single crystal.

As seen in Table 3, the energy resolution
of stilbene can be improved, when the film
polymer material 8MTM [11] is used instead
of abrasive cloth M10. This may be ex-
plained by the fact that 8MTM abrasive ma-
terial causes only slight disturbances of the
surface layer [12]. The best values of the
energy resolution for the packed stilbene
polycrystal at excitation by 624 keV elec-
trons amounts to 8.8 % (Fig. 2).

3. Conclusions

Stilbene polycrystal with the light yield
like that of its single crystal analog is ob-
tained by hot vacuum pressing of plate-
shape stilbene crystallites. As compared
with the energy resolution R=28.2 %
(624 keV electrons) and R=13.9 %

(5.5 MeV o-particles) of the stilbene single
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crystal, the energy resolution of the stilbene
polycrystal is R = 8.8 % (624 keV elec-
trons) and R=13.9 % (5.5 MeV a-parti-
cles). The vacuum pressing technique and
use of plate-shape crystallites as the initial
material are very promising for the design
of large-area stilbene detectors with high
energy resolution.
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