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The possibility of obtaining dispersed scintillation panels based on zinc selenide for
alpha radiation registration has been demonstrated. Thanks to the good energy resolution
R, ~ 30 % of the panel it can be used for the registration of alpha radiation in radiometric
and spectrometric modes. In this work the optimal particle size and the effective thickness
of the composite layer of powder scintillator have been determined that provides high
quantum yield of the panels. Experimental data of the dependence of light output from the
panels on the size of the scintillator’s particles at the influence of X-ray and alpha
radiation have been presented.

Iloxasana BOSMOMKHOCTD IIOJNYUYEHUS NUCIEPCHBIX CIMHTHUIIAINOHHBIX IIaHeJIell Ha OCHO-
Be CeJIeHHJa IUHKA I perucrtpamuu ainbda usIydeHud. Diaromapd XopolleMy JHEPreTH-
ueckoMy paspemenuro R, ~ 30 % mnamens Mosxer ObITh HCIIOJNB30BAHA [JIA PETHCTPALUM
anba MBIyYEeHUA KAK B PAIUOMETPUYECKOM, TAK M B CIEKTPOMETPUUYECKOM peKuMax. B
pabGoTe ompejeseHbl ONTUMAJbHBIE PasMepPnl YacTull 1 9QGheKTHBHAL TOJIIMHA KOMIIO3UTHOTO
CJIOA IIOPOIIKA CIMHTUJJAATOPA, O0ecHeuMBAOINe BBICOKMI KBAHTOBBIA BBIXOJ IIAHEJEl.
IIpuBenensl sKCHePUMEHTAJNBHBIE NAHHBIE O B3aBHCHMOCTUA CBETOBOTO BBIXOJA IIaHENE OT
pasMepa JacTHIl IOPOIIKA CHUHTHUJIATOPA [IPU BOSIEHCTBUU PEHTIeHOBCKOTO U ajbda H3Jy-
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YeHUH.

1. Introduction

In the field of nuclear fuel production,
as well as in its reprocessing after use it is
necessary to monitor the content of alpha-
active radionuclides in the air [1].

Currently, the detection of alpha radia-
tion most widely performed by semiconduc-
tor detectors and scintillation detectors
based on ZnS(Ag) [2]. Semiconductor detec-
tors demonstrate good results in well-venti-
lated rooms and laboratories. However, in
some areas of the processing industry such
detectors should be in fairly harsh condi-
tions (high level of temperature and humid-
ity, the presence of nitric acid vapors in the
atmosphere), which reduce their effective-
ness after a few months of their exploita-
tion. Scintillation detectors based on
ZnS(Ag) show greater stability, but they
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also have several drawbacks. Due to its
physical characteristics scintillation mate-
rial ZnS(Ag) has a low energy resolution
(R, ~ 70 %), which does not allow efficient
identification of the source of alpha parti-
cles. In addition, the phosphor of ZnS(Ag) is
not suitable for selective registration of o
and y radiation from 24'Am. Also scintilla-
tion layer of ZnS(Ag) has a significant self-
absorption and scattering of light, which
leads to a reduction of the scintillation sig-
nal. The maximum of the emission spectrum
for ZnS(Ag) is 450 nm, which limits its use
in conjunction with silicon photodiodes and
matrices of photodiodes, since their maxi-
mum sensitivity is in the red spectrum re-
gion. The improvement of the scintillation
detectors for alpha particles may be ob-
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tained due to use of other scintillation ma-
terials, in particular zinc selenide (ZnSe).

ZnSe(Al) scintillator relates to the semi-
conductor materials class of Al'lBV! group. It
is widely used in scintillator-silicon photo-
diode systems for X-ray detectors of modern
multichannel low energy means of visualiza-
tion of hidden image (systems of non-de-
structive control, medical tomography, radi-
ography) [8]. Crystals of zinc selenide pos-
sess a high luminescent efficiency
(60 thousands gamma photons/MeV) and
short afterglow duration, which allows reg-
istration of the shadow image of biological
objects in real time. Also the emission col-
our of this phosphor is orange-red, which
makes it perfectly suited to detection by
silicon semiconductor devices [4].

The geometrical detection efficiency of
alpha radiation increases with increasing
the detector active surface. The possibility
of obtaining large crystalline samples of
scintillator ZnSe is technologically limited,
because with increasing the crystal size the
inhomogeneity of the luminescence is also
increasing due to segregation of alloying
elements in the crystal in the process of
growth. Use of the fine-crystalline powder
of zinc selenide eliminates these drawbacks
and allows obtaining large area scintillators
with a high homogeneity of the lumines-
cence (luminescence inhomogeneity is less
than 2 %).

This paper presents the results of pa-
rameters determination of the experimental
samples of scintillation panels based on
ZnSe(Al) fine-crystalline powder. The work
was conducted for investigation of the pos-
sibility of manufacturing a scintillator for
the registration of alpha particles, which
will provide selective registration of alpha-
and X-ray (soft gamma) radiation of the
radionuclide 24'Am, and which will have an
energy resolution sufficient to work not
only in the radiometric, but also in the
spectrometric mode. The scintillator should
also has a large geometric size.

In this work we have studied the depend-
ences of the light output intensity of panels
on the particle size of ZnSe scintillator
powder under X-ray radiation and alpha ra-
diation. The optimum effective thickness
and the energy resolution for alpha radia-
tion from 24TAm have been determined.

2. Experimental

The objects of our study were samples of
scintillation panels with different disper-
sion of ZnSe(Al) powder particles. Experi-
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Fig. 1. Image of the crystalline powder of

zinc selenide obtained by using the scanning
electron microscope JSM-6390LV.

mental samples were made in form of a
polycrystalline particles layer of irregular
shape of inorganic scintillator ZnSe(Al)
(Fig. 1) in the optical immersion medium —
silicone rubber. Samples preparation in-
cluded mixing of scintillator’s powder with
an immersion medium and subsequent uni-
form coating on transparent substrate, fol-
lowed by polymerization of the immersion
medium. The particles size of ZnSe(Al) was
in range from 1 to 315 um.

For measurements of scintillation and
optical parameters of the scintillation panel
samples they were optically connected with
photo-electron multiplier by immersion me-
dium — vaseline oil.

Measurements of spectrometric parame-
ters of the samples were carried out by in-
stallation, which includes: photo-electron
multiplier PEM-125, preamplifier BUS-2-
94, amplifier BUI-3K and impulse analyzer
AMA-03F. As a source of ionizing radiation
241Am with alpha particles energies about
5.5 MeV was used.

Image of ZnSe(Al) powder was obtained
by using the scanning electron microscope
JSM-6390LV. Measurements of X-ray light
output value of the samples were carried
out at 140 kV, 30 mkA and 20 em distance
from anode by using the installation for
measurement of light yield and afterglow —
"Smiths Heimann AMS-1".

3. Results and discussion

The efficiency of the scintillation panel
depends on several factors: size of the pow-
der particles of the scintillator, effective
thickness of the scintillation layer, surface
quality of the panel etc.

For optimization of the scintillation
panel parameters the dependence of the
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Fig. 2. Dependences of the luminescence in-
tensity of scintillation panels based on zinc
selenide on the particle size of polycrystalline
powder under the effect of alpha radiation.
There was considered twelve ranges of disper-
sion of the particles: 1-40, 40-63, 63-80,
80-100, 100-125, 125-140, 140-160, 160-
180, 180- 200, 200-250, 250-280, 280-
315 uym. A sample No.l1 was made of the
smallest fraction of the powder, the rest —
of the following fractions in order of increas-
ing particle size.

relative light output on the size of zinc se-
lenide particles under the influence of
alpha- and X-ray radiation was determined
(Fig. 2 and Fig. 3).

Under effect of alpha radiation on the
panel samples the maximum intensity of lu-
minescence was observed when the size of
the scintillator’s particles was in the range
from 200 to 250 um (Fig. 2). The use of the
scintillator’s particles size less than 200 um
leads to decrease of the panel’s light output
parameters according to reduction of the
panel’s effective thickness. For particle size
greater than 250 um the decreasing of light
output due to increasing of the panel’s ef-
fective thickness was observed.

The effective thickness of the panel is
about 100 um, which allows the registration
of alpha particles with an average energy ~
5.5 MeV and higher. With decrease of the
scintillator’s powder effective thickness the
scintillation signal also decreases, because
there is no complete absorption of alpha ra-
diation in the panel and, accordingly, the
maximum level of luminescence is not
achieved. The increase of the element’s ef-
fective thickness is pointless, since this
scintillation signal also decreases due to de-
terioration of the optical transparency of
the element, which reduces the part of light
detected by a photodiode.
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Fig. 3. Dependence of the relative light yield of
scintillation panels based on zinc selenide on
the particle size of polyerystalline powder
under the effect of X-ray radiation. There was
considered twelve ranges of dispersion of the
particles: 1-40, 40-63, 63-80, 80-100, 100—
125, 125-140, 140-160, 160-180, 180-200,
200-250, 250-280, 280-315 um. A sample
No.1l was made of the smallest fraction of the
powder, the rest — of the following fractions
in order of increasing particle size.

If we will increase the effective thickness
of the element by positioning in several lay-
ers the scintillator’s particles less than
200 pum in size in order to compact the scin-
tillation layer, the scintillation signal will
also become low due to the deterioration of
the optical properties of the medium. Thus,
since the alpha particles have low penetra-
tion length (the free length path of alpha
particles from 24'Am in zinc selenide is
~ 50 um) the optimal configuration of the
scintillation layer of the panel matches to a
single-layer dense packing of the particles
of 200-250 um in size.

Under effect of X-rays on the panel sam-
ples the linear dependence of increase of the
relative light output with increase of scin-
tillator’s particles size was determined
(Fig. 3). With reaching the size in 200 um
the deviation from the linear dependence of
light output increases and approaches to the
maximum level of scintillation signal. Thus,
the scintillator’s particle size in the range
from 200 to 250 um provides an effective
registration not only alpha particles but
also the X-ray radiation.

The use of powder particles of 200-
250 um in size and homogenic distribution
of compact-packed scintillation layer on the
surface of the substrate provides the magni-
tude of the energy resolution Ry, ~ 80 % for
alpha particles from 241TAm.
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Table. Scintillation and physical characteristics of the powder scintillators ZnSe(Al) and ZnS(Ag)

Parameter Powder scintillator
ZnS(Ag) ZnSe(Al)
Density p, g/cm? 4.09 5.42
Emission maximum A, ., nm 450 610
Conversion efficiency, % 20-23 22
Energy resolution (alpha particles from 2*'Am), % ~70 ~30
Refractive index, n 2.36 2.6
Hygroscopicity no no
Chemical stability unlimited unlimited
Mechanical and thermal resistance good good
Radiation resistance good good

The quality of the panel surface also de-
termines the scintillation detection effi-
ciency of alpha radiation. The presence of
contaminants or a thick layer of immersion
medium on the surface significantly de-
creases the light output of the panel. It was
established experimentally that the thick-
ness of the protective layer of immersion
medium on the surface of the panel based
on ZnSe(Al) scintillator must be in range
from 5 to 10 um. With such a thickness of
protective layer the panel’s surface pro-
tected from external influences with mini-
mal energy loss of alpha radiation in a layer
of immersion medium.

The use of zinc selenide in a dispersed
form allows manufacturing the scintillation
elements with vast space dimensions.

Scintillation powder concentration in im-
mersion medium does matter very much for
alpha sensitivity. It was in the range from
80 to 90 vol.%. This ratio of components
provides minimal absorption of alpha radia-
tion in the gaps between the scintillator’s
particles and the same time maintains the
mechanical characteristics of the panel.
Synthetic rubber is selected as the immer-
sion medium due to its high chemical stabil-
ity and high refractive index, which is close
to refractive index of ZnSe(Al).

4. Conclusions

In this work the optimal particle size and
the effective thickness of the composite lay-
ers of powder scintillator have been deter-
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mined. The effective thickness provides a
high quantum yield and high energy resolu-
tion (for disperse medium), which allows
the use of the panels for registration of
alpha radiation in radiometric and spectro-
metric modes. For example, a widely used
scintillator ZnS(Ag) is applied only in the
radiometric mode, since it has the low en-
ergy resolution R, ~ 70 % (Table).

The larger particle size in the panels
based on ZnSe(Al) in comparison with the
alpha particle detectors based on ZnS(Ag)
provides less scattering, reflection and reab-
sorption of radiation in the scintillation ele-
ments and it provides higher scintillation
signal of panels [2].

The use of scintillator ZnSe(Al) in a dis-
persed form allows the manufacturing of
the scintillation panels for registration of
alpha radiation with a high homogeneity of
the luminescence and without limitation of
the linear dimensions of the panels.
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CuyHTUAALIH]I MaHeJi HA OCHOBi ceJIeHiay IUHKY
I MeTEeKTYyBaHHA ajdb(a BUIPOMIiHIOBAHHSA

B.O.JIimivescvkuii, B.0.Tapacos, C.M.I'ankin,
O.1.Jlanaany, €.d.Boponkin

ITokazano MOKJIMBiCTE OTPHMMAHHSA [UCHEPCHUX CIUHTHUIANINHMX IIaHeJlel Ha OCHOBIi
ceJIeHImTy UIMHKY s peectparii aaba BUIPOMiHIOBAHHS. 3aBAAKM JOCTATHBO BUCOKOMY
3HAUEHHIO eHepreTHdYHOi posiinpHOi smatHOCTI R, ~ 30 % mnamenr moxe 6yTH BHKOPHCTaHA
o peecrpalfii anbpda BUIPOMiHIOBAHHSA AK Yy PAgiOMETPUUYHOMY, TaK 1 Y CHEKTPOMETPUUHO-
My pe:xmmax. B pobori BuSHAUYEHO OITHMAJBHI POSMIipM YaCTHUHOK i epeKTHUBHY TOBIIUHY
KOMIIOSHUTHOT'O LIAPY IIOPOIIKY CIMHTUJIATOPA, 110 3a0e3I1eUyI0Th BUCOKUM KBAHTOBHI BUXi
naneseli. HaBemneHo ekcnepuMeHTaJbHI JaHI PO 3ajesKHIiCTL CBITJIOBOrO BUXOMY HaHeJ el Bif
PO3Mipy YaACTHMHOK HOPOIIKY CIHUHTUJIATOPA IIPH BILINBI pPeHTreHiBChKOro Ta ajabdha BHUIIPOMI-
HIOBAHb.
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