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The work is devoted to study of scintillation and optical properties of polycrystalline
p-terphenyl obtained by hot pressing of powders of different dispersion. The influence of
grain size of the powders on the light output and optical transparency of the polycrystal-
line samples was studied. It was shown that the grain size in the range of 2.2-3 mm is
optimal for registration of short-range radiation at the selected sample thickness. Using
such grain size it is possible to get the light output of the polycrystalline scintillator of
about 50-75 % relatively to one of the single crystal. It was also shown that low optical
transparency is the major factor deteriorating the scintillation characteristics of the
samples with relatively small grains.

WccnemoBaHbl CHUHTUJIANMOHHBIE W ONTHUYECKHE XAPAKTEPHUCTUKU IOJUKPUCTAJIOB M-
TepdeHnaa, MOJTYICHHBIX METOIOM I'OPAYEro IIPECCOBAHUA M3 IIOPOIIKOB PASIMUYHONA AHCIIEpC-
HOCcTU. V3yueHOo BaHMSAHHE pasMepa 3€pPeH IMOPOIIKOB HA CBETOBOHM BBIXOJ U OITHYECKYIO
IPO3PAYHOCTh IOJUKpUCTANI0B. [loKasaHo, uTo pasMep sepHa mopaxka 2,2—83 MM ABJadeTCHA
ONTUMAJIBHLIM [JSI PErucTPalli KOPOTKOIPOOEKHBIX H3JIYUYeHUl, IPHU BbIOPAHHON TOJIIMUHE
obpasma. IIpu sTOM ymaeTcd IOJYUYUTH CBETOBOU BBIXOM IIOJHUKPHCTANINICCKOr0 CIIMHTHUILIIA-
Topa 50—75 % OTHOCHTEJIbHO MOHOKpPHCTALIA. TaKKe [IOKAa3aHO, UTO OCHOBHBIM (aKTOPOM,
YXYOUIAOMM CIUHTHIISIHOHHbIE XaPAKTEPUCTUKY IIPU OTHOCHUTEJIBbHO MAJBIX pPasMepax
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3epeH, ABJIAETCH CHHUMKEHHE OITHUYECKOU IIPO3PAUYHOCTHU.

1. Introduction

Organic luminescent materials with low
effective atomic number have an advantage
comparing with non-organic ones in short-
range radiation (o- and pB-particles) detec-
tion. One of the ways to improve short-
range radiation detection efficiency is to in-
crease the area of the sensor. However, the
most effective organic scintillators — or-
ganic single crystals does not allow making
detectors with a diameter greater than
80 mm with maintaining high scintillation
characteristics [1-3]. Detectors with large
area can be made using composite materials
[4, 5] and sintering (hot and cold pressing)
[6, 7].The technology of organic polycrystal-
line detectors production allows making de-
tectors of large diameter (the size of which
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is limited only by the mechanical strength
of these systems). However, polycrystalline
scintillators have a number of drawbacks.
The one of the main drawbacks is low opti-
cal transparency that is especially critical
for registration of short-range radiation in
the most detectors with classical geometry.

The main objective of this work was to
study effect of the size of grains in starting
material on the optical transparency and
scintillation characteristics of the hot-
pressed p-terphenyl polycrystalline samples.

2. Experimental

Hot pressing of starting crystalline scin-
tillation material was carried out by
uniaxial compression at 165°C with conse-
quent slow cooling to room temperature. As
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Fig. 1. Pulse height spectra of p-terphenyl polycrystalline scintillators (made by the method of hot
pressing) under registration of 23%Pu a-radiation with E,=5.15 MeV (a) and 137Cs conversion

electrons with E, = 0.624 MeV (b).
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Fig. 2. Dependence of light output on the grain size under registration 239Pu o-radiation with
E, = 5.15 MeV (a) and 187Cs conversion electrons with E,=0.624 MeV (b).

a starting material, we used thermally
crushed single crystal. This temperature
corresponds to the value of 0.9 T, . Press-
ing at temperatures above 165°C resulted in
the sublimation of p-terphenyl. Compaction
pressure of 30 MPa was adopted. Such a
low pressure was selected basing on the re-
sults obtained in the study of the charac-
teristics of polycrystalline stilbene during
hot pressing. Press force equal to the speci-
fied value was applied after reaching the
temperature of 165°C. Then, exposure was
conducted at constant preset parameters
within 60 min. Then, the press force was no
longer applied and it spontaneously fall to
zero within 20-30 min. Heater was also
turned off and natural cooling to the room
temperature occurred at a rate of about
1°C/min during 3 h.

We carried out a comparative study of
the scintillation characteristics of organic
polycrystalline p-terphenyl @30 mmx5 mm
with different grains size L that was ob-
tained by described hot pressing method. In
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this work a series of seven p-terphenyl poly-
crystalline scintillators with different
grains sizes was investigated. The following
fractions were used: L =1.0-1.3 mm,
1.8-1.5 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. As
a reference sample, the p-terphenyl single
crystal scintillator with the same thickness
(5 mm) and diameter 30 mm was used. For
the comparative analysis of the light output
of the polycrystalline samples, we measured
amplitude spectra under irradiation by the
following sources of ionizing radiation:
137Cs (conversion electrons with energy
0.624 MeV) and 239Pu (o.-particles with en-
ergy 5.15 MeV). As a photo detector, we
used photomultiplier R-1307 made by
"Hamamatsu” company. The value of relative
light output can be calculated using the re-
sults of measurements of amplitude spectra.
Optical transmittance of the pressed poly-
crystalline p-terphenyl, obtained by the method
of hot pressing was measured by spectro-
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Table. Average optical transmittance for the samples with different grain size

Samples Grain size Average grain Transmittance, %
size, L,,
A =360 nm A =390 nm A = 700 nm

1 Single crystal 0 54.3 66.6 79.7

2 1.0-1.3 1.15 5.8 6 15.9

3 1.3-1.5 1.45 7.24 8.3 16.4

4 1.5-1.7 1.6 8.5 10.5 17.3

5 1.7-2.0 1.85 9.3 11 18.1

6 2.0-2.2 2.1 10.5 13 19

7 2.2-2.5 2.35 11.4 14.2 19.7

8 2.5-3.0 2.75 12.3 16.6 21.8
photometer "Shimadzu". Measurements
were carried out using an integrating 8or 3
sphere. 0r

3. Results and discussion 6or '
Amplitude spectra of the single crystal éSO_

and polycrystalline specimens that were o 40 -
measured using 137Cs source (conversion 30l
electrons with energy 0.624 MeV), 239%Puy 0 )
(a-particles with energy of 5.15 MeV) and /~/__,__’—i 1
y-radiation from 137Cs are shown in Fig. 1. o =~ . ,

Fig. 2 shows the results of calculations
of the relative light output J for the or-
ganic polyerystals. The measurement error
did not exceed the methodological errors of
the light output values and was 5 % at a
confidence level 0.95.

In the course of studies in order to estab-
lish a correlation between the parameters of
hot pressing process and the characteristics
of organic polycrystalline p-terphenyl a
major preliminary result was obtained,
which allows to determine the effect of
transparency (optical transmittance in the
visible region of the spectrum 7,%) on the
light output of the polycrystalline samples
excited by the short-range radiation [3].
The optical transmittance hot pressed poly-
crystalline p-terphenyl samples was meas-
ured using spectrophotometer "Shimadzu”.
Measurements were made using an integrat-
ing sphere. The mean values of the optical
transmission of the samples obtained by hot
pressing are shown in Fig. 8 and 4. These
data correlate with the results of the above
measurements of the light output of the
same polycrystalline stilbene samples (5 mm
thick) under short-range alpha-particles ir-
radiation (see Fig. 2).
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Fig. 3. Dependences of light output on grain

size (I — polycrystalline samples with grain
size 1.2-1.5 mm, 2 — polycrystalline sam-
ples with grain size 2.4-3 mm, 3 — p-ter-

phenyl single crystal).

4. Conclusion

Thus, conducted studies have shown that
for the registration of short-range radiation
is desirable to use polycrystalline scintilla-
tors with the large size of the grains. How-
ever, the measurements of the optical trans-
parency identified saturation effect and
even recession of the transmittance T at
short wavelengths with increasing of the
grain size. This effect begins to appear
when the grain size is higher than 2 mm.
Consequently, for polycrystalline p-ter-
phenyl scintillator obtained by hot pressing
the optimal grain size of the starting mate-
rial is between 2.2-3 mm. In this case it is
possible to obtain light output of the poly-
crystalline scintillator of about 50-75 %
relatively to the one of the single crystal.
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HochigKeHHA CHUHTUIAAIMIMHUAX i ONTHYHUX
BJIACTHMBOCTEM MOJIKPHMCTAJNIYHOTO n-TepdeHiay

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

HocaimkeHo CcUMHTUAALINHI i onTHMYHI XapaKTEepPUCTHKU IIOJiKPUCTANIB n-TepdeHinty,
OTPUMAHMUX METOJAOM TIapsauyoro IIPecyBaHHsS 3 IOPOWIKiB pismol mucmepcuocri. Bupueno
BILIMB PO3Mipy 3epeH MHOPOIIKiB HA CBiTIOBMII BUXiJ 1 ONTUUYHY IPO30PiCTh HOJiKpucTaIis.
ITokasano, mo posmip sepHa 2,2—-3 MM € ONTHUMAaJbHHM [JA peecTparii KOPOTKOIPOGiKHNX
BUIIPOMiHIOBaHb Ipu BubOpawiii Topmuui 3paska. IIpu mpoMy BIAETHCA OTPUMATH CBiT/IOBMIA
Buxix noaixkpucraniugoro cumHTHAATOpa 50-75 % 1omo MoHOKpucrana. Takomx HOKasaHo,
IO OCHOBHHUM UYMHHWKOM, II[0 IIOTipIIye CHMHTHUAAIIAHI XapaKTepUCTHKU IIPU BiTHOCHO
MaJIMX PO3Mipax 3epeH, € SHUMKEHHS ONTUYHOI IPO30POCTi.
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