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DESIGN AND MANUFACTURE OF SCINTILLATOR-PMT
TYPE DETECTORS BASED ON ZnSe(Al) AND UPS-923A
PLASTIC SCINTILLATOR FOR a-, B- AND MIXED
a-B-RADIATION DEVICES

Introduction. The search for technical solutions for the creation of effective a- and p- radiation detectors is a
global trend in the field of radiation monitoring.

Problem Statement. The characteristics of o- and B-particle detectors can be improved by using materials
with optimized parameters, original designs and technology.

Purpose. The purpose of this research is to develop and create a technology framework for manufacturing
scintillation detectors based on activated zinc selenide ZnSe(Al) and plastic scintillator (PS) of UPS-923A type
polystyrene for registration of a-, - and a-B-radiations.

Material and Methods. ZnSe(Al) crystal, PS based on UPS-923A polystyrene, polymethyl methacrylate (PMMA)
have been used; the hot pressing method; the detector parameters under irradiation with o- and B-particles have
been tested with the use of the spectrometry and spectrophotometry methods.

Results. The following process techniques have been elaborated: for manufacturing the a-detector based on a
thin layer of ZnSe(Al) fine-crystalline scintillator applied to a PMMA plate, which operates in the counting mode
of registration (sensitivity > 0.15 pulse per sec/Bq (pps/Bq) (**’Pu)); for manufacturing the PS plates of UPS-
923A polystyrene with a given thickness and area by the hot pressing method and the B-detectors based on them,
which operate in the counting mode of registration (sensitivity > 0.28 imp - s~'/Bq (*’Sr-*"Y)); for manufacturing
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the a-B-detector based on a thin layer of fine-crystalline ZnSe(Al) applied to PS plate of UPS-923A polystyrene, which operate
in the counting mode of registration (sensitivity > 0.15 pps/Bq (**’Pu) and > 0.28 pps/Bq (*’Sr-"’Y)); for manufacturing the
a-f-detector with the use of a thin monocrystalline plate of ZnSe(Al) scintillator optically connected to a PMMA plate, which
operates in the spectrometric mode of registration (the detector simultaneously registers o- and B-particles with spectrum separa-
tion, a,/B ratio > 0.85, sensitivity > 0.3 pps/Bq (**’Pu), and > 0.28 pps/Bq (*’Sr-’Y)).

Conclusions. The developed detectors are as good as the world analogs and provide signal registration in both counting and

spectrometric modes.

Keywords: alpha-beta radiation, detector, scintillator, zinc selenide, polystyrene, and polymethyl methacrylate.

One of the tasks of radiation control is to prevent
the harmful effects of radiation on the humans
and animals, as well as on various objects of the
natural environment (soil, water, air, plants, etc.).
At present, for meeting radiation safety standards,
the most important problem of radiation control
is detecting the short-range alpha- (o) and beta-
(B) particles, which are the biggest factor of natu-
ral radiation effect on humans. To date, mass
a-radiation recording devices are manufactured
with the use of luminophore ZnS(Ag) [1—4]. It
has an alpha-beta ratio (a,/B) close to 1 and a high
luminescence brightness with a luminescence ma-
ximum of 450 nm [5], however, possesses a signi-
ficant phosphorescence [6].

The characteristics of a-particle detectors can
be improved by using other materials, in particu-
lar, scintillators based on zinc selenide (ZnSe).
ZnSe-based scintillators belong to the class of
semiconductor materials of the A’B® group and
are widely used in X-ray detectors of the scintil-
lator-photodiode type for advanced multi-chan-
nel low-energy radiation means for visualizing the
hidden image (nondestructive control systems,
medical tomography, radiography, etc.) [7—10].
Scintillating zinc selenide crystals are effectively
grown from the melt by the Bridgman-Stockbar-
ger method [11], both nominally pure and doped.
Such crystals have a high reproducibility of scin-
tillation parameters, due to which they are serially
manufactured for the use in X-ray detectors [12].
As compared with ZnS(Ag) [6, 13], the advantages
of scintillators based on activated zinc selenide
ZnSe(Al) are light output of 80,000 photons/MeV,
afterglow < 0.01% after 3 ms, decay time 1+3 ps
[11], o/B ratio from 0.8 to 4.4 [14—16], and the
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absence of phosphorescence, which is an addi-
tional factor for increasing the detector sensiti-
vity. Importantly, it is possible to manufacturing
detectors having a large area, due to the use of
composite scintillators with a high uniformity of
parameters over the area. Depending on the de-
sign of the detectors, it is possible to create modi-
fications that operate in the spectrometric mode
or in the pulse counting mode.

Ionization chambers, scintillation counters with
organic crystals (anthracene, stilbene, scintillati-
on plastic based on polystyrene) [17—20], Geiger-
Muller counters are used as detectors for regis-
tration of B-particles. Today, the plastic scintilla-
tors are the most promising for B-particle detectors
due to their low density and low effective atomic
number, which reduces sensitivity to gamma ()
radiation.

The purpose of this research is to develop and
create the technology framework for manufactur-
ing scintillation detectors based on activated zinc
selenide ZnSe(Al) and UPS-923A type polystyre-
ne scintillator for registration of a-, B- and mixed
o-B-radiations.

To achieve this, it is necessary to create and
modify the technological process of development
and manufacture of detectors of various designs
with given parameters of sensitivity and efficien-
cy of registration of a- and B-particles in both co-
unting and spectrometric modes, which match the
known world analogs. As compared with the ex-
isting samples, this can be achieved by using a
combination of scintillation crystals of zinc sele-
nide doped with aluminum ZnSe(Al) and trans-
parent plastics obtained at the Institute for Scintil-
lation Materials of the National Academy of Sci-
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ences of Ukraine. The results of the research al-
low expanding the range of objects with the use
of new scintillation detectors.

Single crystals of zinc selenide doped with a con-
trolled admixture of aluminum, ZnSe(Al), have
been used as raw materials for the manufacture of
alpha and alpha-beta detectors. The crystals are
grown from the melt by the Bridgman-Stockbar-
ger method under the pressure of an inert gas (argon)
of 1—2 MPa at a temperature of 1850 K; the growth
rate varies within 0.5—2 mm/h. This growing me-
thod ensures a high level of crystal purity (5N) and
aslight deviation from the stoichiometric compo-
sition, which does not exceed 0.004%. The dopant
concentration in the crystal is 0.001 wt.%.

The finely dispersed ZnSe(Al) crystalline pow-
der is obtained by mechanical grinding of the grown
crystals. This method allows the use of crystals
with mechanical defects or substandard crystal
remnants. Such use of the material reduces the
amount of waste from machining the crystals and
increases the environmental friendliness and cost-
effectiveness of the production.

The UPS-923A type plastic scintillator based on
polystyrene is used as a raw material for the man-
ufacture of beta detectors. The UPS-923A plastic
scintillator is based on linear polystyrene that con-
tains two luminescent additives (2% paraterphe-
nyl and 0.1% 1,4-bis-2-(5-phenyloxazolyl)-ben-
zene (POROP)) [21].

CO-120 optically transparent polymethyl me-
thacrylate (PMMA) is used as a light guide, due
to the absence of impurities in its spectrum that
absorb in the wavelength range of 400—800 nm.

The transmittance spectra in the visible region
are measured with the use of a Shimadzu UV mi-
ni-1240 spectrophotometer operating in the ran-
ge of 200—1100 nm with a resolution of 1 nm.

The parameters of the sensitivity and non-uni-
formity of the sensitivity of the detectors over the
area are calculated on the basis of measurements
made by Canberra Multiport II spectrometric com-
plex. ?Pu isotope (E_ = 5.156 MeV) is used as a
source of a-particles, while Sr-Y (E; = 2.2 MeV)
and *"Bi (E; = 976 keV) isotopes are used as a
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source of B-particles. The R1307 (maximum sen-
sitivity at 420 nm) and R669 (maximum sensiti-
vity at 600 nm) Hamamatsu PMTs are employed
as photodetectors. The detector sensitivity is cal-
culated as the ratio of the difference between the
detector count rate and the background count
rate to the source activity. The non-uniformity of
the detector parameters is defined as the ratio of
the deviations of the smallest and largest meas-
ured values to the average.

1. MANUFACTURE OF a-DETECTORS
THAT OPERATE AS RADIATION COUNTERS

There are known research works on the creation
of alpha detectors based on composite scintilla-
tors [22] that consist of powdered scintillation
material ZnSe with a granule size of 200—240 pm
and an immersion medium. However, these de-
tectors have not been widely employed because
of sufficiently large size of the granules and, as a
result, the non-uniformity of the sensitivity of the
detector over the area, as well as the difficulty of
ensuring a low sensitivity to the y-background.
The idea of our development is to create an ori-
ginal design of a combined detector using a thin
scintillator layer based on fine-crystalline ZnSe(Al)
deposited on a polymethyl methacrylate plate.
This type of alpha detector operates as a counter.
Transparent polymethyl methacrylate is used in
the detector as a light guide material. It is impor-
tant that PMMA has no absorption bands in the
luminescence region of the scintillator. The presen-
ceofalight guide ensures the mechanical strength
of the scintillation layer and ease of mounting the
photoreceiver. If the area of the photoreceiver is
smaller than the area of the scintillator, the use of
a light guide in the form of a truncated cone also
improves the conditions for collecting light from
a large area of the ZnSe(Al) scintillation layer.
In order to develop a zinc selenide based alpha
detector of a higher efficiency, as compared with
serially manufactured detectors based on ZnS(Ag)
luminophor [23—25], we proceed from the fact
that the thickness of the detecting layer should
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Fig. 1. Alpha-detectors, size @ 60 mm x 5.1 mm, operating as
counters

be of the order of the path of a-particles in this
substance, i.e. about 100 pm, at the energy of a-par-
ticles E, = 5.1 MeV.

At the first stage of detector manufacture, a fi-
ne crystal powder is obtained by mechanical grin-
ding of scintillating single crystal ZnSe(Al). The
necessary fraction of powder granules is selected
by sieving through a system of calibrated sieves.
At the second stage, a scintillation coating is pre-
pared: the calculated amount of ZnSe(Al) pow-
der of the selected fraction is mixed with water-
soluble acrylic varnish in a ratio of 3 : 1. The use
of a water-soluble acrylic varnish as a binder com-
ponent allows us to effectively absorb a-particles
directly in the scintillation coating layer due to
the fact that during polymerization, the aqueous
solvent of the acrylic varnish evaporates and a
thin layer of varnish is formed on the surface of
the chalcogenide luminophor, which does not sig-
nificantly affect the sensitivity of alpha-detector.
Also, it should be noted that water-soluble acryl-
ic varnish does not contain additional absorption
bands in the transmission spectrum. At the third
stage, we spread a scintillation coating, layer by
layer, on an optically transparent PMMA sub-
strate with a size of @ 60 mm x 5 mm, while con-
trolling the coating thickness that is 100 pm. To
minimize light loss, a reflective coating based on
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titanium dioxide and acrylic varnish is applied on

the side surface of the PMMA substrate plate.
While working out the modes for alpha detec-

tors, we have determined the composition and
conditions for obtaining a thin layer of scintilla-
tion coating based on fine-crystalline ZnSe(Al)

[26]. The experimentally determined optimal con-

ditions for obtaining a scintillation coating based

on ZnSe(Al) are as follows:

o the size of ZnSe(Al) luminophor particles is
10 £ 5 pum. In this case, a high level of selectivity
is achieved when registering a-particles rela-
tive to B-particles and y-quanta due to the fact
that a-particles absorbed in a thin layer of the
scintillation coating, and B-particles and y-quan-
ta penetrate the scintillation coating almost
without absorption;

« the mass fraction of fine-crystalline ZnSe(Al)
in the composition of the scintillation coating
is 75 £ 5 wt.%. Reducing the content of finely
dispersed scintillator to less than 70 wt.% is
impractical because the fact that the thickness
of the varnish layer on the ZnSe(Al) surface
increases, which leads to a deterioration of the
penetration of a-particles into the phosphor
and a decrease in the sensitivity of the alpha
detector. Increasing the content of finely dis-
persed luminophor up to more than 80 wt.%
leads to a decrease in the mechanical strength
of the scintillation coating and, possibly, to its
separation from the optical substrate;

« the surface density of the scintillation coating
is 11.0 = 0.25 mg/cm? In this case, effective ab-
sorption of short-range a-particles in the scin-
tillation coating and conversion of ionized a.-par-
ticle energy into a scintillation signal are ensu-
red due to the presence of a thin layer of var-
nish and a developed surface of ZnSe(Al) lumi-
nophor with a high concentration of surface
point defects.

Figure 1 shows a photograph of test samples of
the alpha detectors.

The amplitude spectra of the prototype of the
alpha detector have been measured under irradia-
tion by a-source **Pu, the spectra are shown in
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Fig. 2. Amplitude spectra of a-detector with scintillation coating based on ZnSe(Al) in the case of
irradiation by *Pu: a — PMT R1307; b — PMT R669

Fig. 2 for different types of PMTs: R1307 (@) and
R669 (b). A distinctive feature of the amplitude
spectrum in Fig. 2, b is that there is observed a
clear alpha peak that corresponds to the spectro-
metric detectors, in contrast to the spectrum in
Fig. 2, a, which is typical for the counting detec-
tors. This result demonstrates the advantage of
using PMTs of the R669 type in the manufacture
of a-radiation detection units.

The parameters of the obtained test samples of
alpha detectors have been tested in the counting
mode. The test results are shown in Table 1.

The specified manufacturing conditions of the
combined alpha detector with a scintillation coa-
ting based on ZnSe(Al) ensure the sensitivity of
the detector to a-particles of ?**Pu isotope higher
than 0.15 imp-s'/Bq and the non-uniformity of
sensitivity over the area is, at least, 1.5 %. The
sensitivity of the alpha detector with an active
surface diameter of 60 mm with the use of R699
photodetector is 0.36 imp - s™'/Bq. It is 1.5 times
higher as compared with that of the well-known
analog based on ZnS(Ag) luminophor, which is
equal to 0.25 imp - s7!/Bq [27].

Thus, the materials, design, and manufacturing
technology proposed by us have made it possible to
obtain test samples of alpha detectors that have a
much larger area and the parameters that are as good
as those of the existing analogs of alpha detectors.
The detectors have the following characteristics:
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o the scintillator: ZnSe(Al) powder with a parti-
cle size of 10 = 5 um (the layer thickness is up
to 0.1 mm);

¢ the optical substrate (light guide): polymethyl
methacrylate;

¢ Hamamatsu PMTs: R1307, R669;

o the operating voltage of the detector: 500—
1200 V;

¢ the operating temperature: —20 °C ... +60 °C;

« the range of registered energies: for a-radionuc-
lides, from 2000 to 10000 keV.

2. MANUFACTURE OF 3-DETECTORS
THAT OPERATE AS RADIATION COUNTERS

To solve the problem of registration of B-radiation
in the y-background field, the most suitable de-
vice is a detector based on a thin plastic scintilla-
tor [19]. It has been shown in [28] that the opti-

Table 1. The Main Parameters of a-Radiation Detectors

Parameter and measuring unit Value
Active surface diameter, mm Up to 200
Impulse rise time (0—100%), **Pu, ns 55—60
Impulse fall time (1/¢), 2Py, ms 1.7—1.8
Sensitivity, 2*Pu, imp - s!/Bq >0.15
Non-uniformity of sensitivity over the area,
29Pu, % +1.5
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Fig. 3. Samples of plastic scintillator, size @ 80 mm x 0.2 mm,
obtained by the hot pressing method (a) and surface machi-

ning (b)

mal thickness of the scintillator for effective reg-
istration of B-particles is 0.2 mm. The authors of [29]
have also established that the theoretical maxi-
mum efficiency of recording fast neutrons by hy-
drogen-containing scintillators with a thickness
of 25 mm, 51 mm, 102 mm, and 203 mm is 27%,
55%, 82%, and 90%, respectively. The thickness
of the plastic scintillator of 0.2 mm ensures a sat-
isfactory registration sensitivity and a high selec-
tivity of the detector to B-particles against the
background of neutron-gamma radiation. The ex-
isting methods of obtaining transparent plastic
scintillators have certain disadvantages, the main
of which is the mechanical processing of the scin-
tillation element, which leads to surface degrada-
tion over time, which affects the initial parame-
ters of the detector.

The idea of our development was to manufac-
ture detection units using a thin optically trans-
parent plastic scintillator plate based on UPS-
923A polystyrene. This type of detector works as
B-radiation counter. We have developed a techno-
logy for manufacturing plastic scintillator plates
of the required thickness and size by the hot pre-
ssing method that has a number of advantages,
namely: long service life, absence of mechanical
stress, optically polished surface, manufacture of
products of the required thickness and area.

A plastic scintillator of the UPS-923A type with
a size of 10 mm x 10 mm x 10 mm is used as a raw
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material for the production of a prototype beta
detector. The pressing is carried out with the use
of special equipment in a vacuum cabinet in an
atmosphere of inert argon. The sample is heated
to a temperature of 423 K at a rate of 20 deg/h,
after which it is kept at this temperature for a day.
Then the temperature is raised up to 433 K and
the sample is kept in such conditions for one more
day. After that, it is cooled at a rate of 10 deg/h.

The temperature mode of pressing, the equip-
ment elements and the mass of raw materials are
selected in such a way as to obtain a transparent
plastic scintillator plate of a given size (& 80 mm x
x 0.2 mm) and the required class of surface treat-
ment. A photo of the sample obtained by the hot-
pressing method is shown in Fig. 3, a. For compar-
ison, Fig. 3, b features a photograph of the sample
obtained by the method of mechanical cutting and
polishing, which shows the deterioration of the
sample transparency as a result of damages of the
surface layer during mechanical treatment.

We have measured the optical transmission spect-
ra in the visible range of comparative samples of the
plastic scintillator shown in Fig. 4, a. The spectra
show that in the wavelength range of 340—500
nm, the sample pressed according to our method
(curve 7) has no absorption bands, with the opti-
cal transmittance being by approximately 7% hi-
gher, which indicates the presence of a deeper de-
fective layer on the surface of the samples treated
by other methods (curves 2 and 3).

The amplitude spectra of the comparative sam-
ples of the plastic scintillator under irradiation
with a ?Sr-Y source of B-particles have been
measured as well and are shown in Fig. 4, b. The
spectra demonstrate a satisfactory sensitivity of
the samples to the registration of B-particles, with
the sample obtained by the method proposed he-
rein (curve 7) having a higher sensitivity as com-
pared with other samples (curves 2 and 3). There-
fore, the application of the hot-pressing method
for making a plastic scintillator based on polysty-
rene is a promising technique for manufacturing
beta detectors, which ensures their satisfactory
sensitivity to B-radiation.
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Fig. 4. Optical transmission spectra in the visible region (a) and amplitude spectra of B-detectors in the case of irradiation
by *Sr-"Y (b) of plastic scintillator samples obtained by the hot pressing method (7), mechanical polishing (2) and surface

machining (3)

The B-radiation detectors are made on the basis
of the obtained plastic scintillator samples. Figure 5
shows a photograph of the obtained beta detector.

The parameters of the obtained prototypes of
beta detectors have been tested in the counting
mode. The test results are shown in Table 2.

So, the material, design, and process technology
proposed by us has made it possible to obtain proto-
types of beta detectors of a large area, a given thickness
and a higher quality scintillator surface with parame-
ters that are as good as the existing world analogs [18].
The detectors can register B-radiation in the counting
mode. They have the following characteristics:
¢ the scintillator: UPS-923A-type polystyrene (the

thickness is up to 4 mm);
¢ Hamamatsu PMT: R1307;

+ the operating voltage of the detector: 500—1200 V;

o the operating temperature: —20 °C...+60 °C;

o the range of registered energies: for B-radionuc-
lides, from 65 to 4000 keV.

3. MANUFACTURE OF a-[-DETECTORS
THAT OPERATE AS RADIATION COUNTERS

There are known research works [30—32] on the
creation of alpha-beta detectors, which are a com-
bination of two scintillation materials, namely

ISSN 2409-9066. Sci. innov. 2023. 19 (5)

Fig. 5. Beta-detector based on plastic scintillator of UPS-
923A polystyrene, which operates as counter

Table 2. The Main Parameters of the B-Detectors
that Operate as Counters

Parameter and measuring unit Value
Active surface diameter, mm Up to 200
Impulse rise time (0—100%), *°Sr-Y, ns 60—65
Impulse fall time (1/¢), *Sr-°Y, ms 270—280
Sensitivity, °Sr-2°Y, imp - s !/Bq >(.28
Minimum detecting activity, **Sr-*Y, Bq 0.15
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scintillator layer based on fine crystal ZnSe(Al)
applied on an optically transparent plate of a plas-
tic scintillator based on UPS-923A polystyrene.
This type of alpha-beta detector works in the co-
unting mode of signal registration. A transparent
plate of a plastic scintillator is used in this type of
detectors, as a detector of B-particles and as a light
guide to improve the conditions for collecting light
from alarge area of the scintillator and for mount-
ing the photodetector.

The test alpha-beta detectors operating in the
counting mode have been manufactured by a pro-
cess technique that is similar to that for e produc-
tion of alpha detectors, which is described in Chap-
ter 1. A distinctive feature is the use of an optical
substrate made of a different material: we have
used a plastic scintillator of the UPS-923A type
based on polystyrene, manufactured by the hot-
pressing method, which is described in Chapter 2,
instead of PMMA. Similarly to the described in
ZnS(Ag) and a plastic scintillator, each being re- | Chapter 1, we have used the composition of a thin
sponsible for a certain channel of radiation regis- | layer of scintillation coating based on fine-crys-
tration. However, as mentioned before, there are | talline ZnSe(Al) and elaborated the technology
certain disadvantages of the ZnS(Ag) luminophor, | for its application on an optical substrate that is a
for example, the kinetics of luminescence that de- | plastic scintillator.
pend on the afterglow parameter, which do not Figure 6 shows a photograph of the obtained
allow increasing the load of the detector for meas- | alpha-beta detector.
uring highly active samples. We have measured the amplitude spectra of the

The idea of our development is to create an ori- | prototype of the alpha-beta detector while irradi-
ginal design of a combined detector using a thin | ating them with a-particles ***Pu (Fig. 7, a) and
B-particles Sr-*Y (Fig. 7, b). The use of a scin-

Fig. 6. Alpha-beta detector, size & 85 mm x 0.6 mm, operat-
ing as counter

Table 3. The Main Parameters tillation coating based on fine-crystalline ZnSe(Al)
of a-B-Radiation Detectors applied on an optical substrate made of a plastic
Parameter and measuring unit Value S(t,in‘gﬂlatoy providesa satisfac‘qu}{ sensitivity to ara-
diation without loss of sensitivity to B-radiation.
Active surface diameter, mm Up to 200 The parameters of the obtained test samples of
Impulse rise time (0—100%), %Py, ns 5560 alpl}a-beta detectors have been tested in. the co-
Impulse fall time (1/e), 9P, ms - unting mode. The test results are shgwn in Table
Sensitivity, #*Pu, imp - 5-1/Bq 015 3. The develf)pe':d dgtectgrs have a high un?f(‘)r.m—
DA o ity of the scintillation signal and the sensitivity
E;;;u;’lformlty of sensitivity over the area, 15 throughout the area for irradiation by a collimat-
Impulse rise time (0—100%), Sr-9Y, ns 60—65 ed 239Pu'sour(.:e, Whl(}h is ensured by the use of the
Impulse fall time (1/6), “Sr-0Y, ms 970980 composite scintillation layer and makes it possi-
o , ble to manufacture detectors that have a signi-
Sensitivity, ©Sr-2Y, imp - s7!/Bq >(0.28 ficant area.
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The materials, design, and manufacturing tech-
nology offered by us has made it possible to ob-
tain prototypes of alpha-beta detectors with hav-
ing a much larger area and the parameters that
are as good as the existing world analogs of detec-
tors based on ZnS(Ag). The detectors can operate
as counters. For the detector with an active sur-
face diameter of 85 mm, the sensitivity of a-par-
ticle registration is 0.36 imp - s!/Bq, while that
of B-particles is 0.28 imp - s~! /Bq, which exceeds
the parameters of the detector based on ZnS(Ag)
applied on scintillation plastic [32].

The detectors have the following characte-
ristics:

o the scintillator: ZnSe(Al) powder with a parti-
cle size of 10 = 5 pm (the layer thickness is up
to 0.1 mm) and UPS-923A type polystyrene (the
thickness is up to 0.5 mm);

o optical substrate (light guide): UPS-923A-ty-
pe polystyrene;

o Hamamatsu PMTs: of R1307, R669;

o the operating voltage of the detector: 500—
1200 V;

# the operating temperature: —20 °C ... +60 °C;

o the range of registered energies: for a-radio-
nuclides, from 2000 to 10000 keV; for B-radio-
nuclides, from 65 to 4000 keV.

4. MANUFACTURE
OF o-3-DETECTOR THAT OPERATE
AS RADIATION SPECTROMETERS

Known research works [33] on the creation of de-
tectors for separate registration of a-, -, and y-ra-
diations, which are a combination of two scintil-
lation materials, namely ZnSe(Te) and CsI(TI), each
being responsible for a certain channel of radiation
registration. However, these detectors have some
disadvantages: the limited size of the detectors, as
well as the use of CsI(T1) that is hygroscopic and
quickly degrades in terms of functional parameters.

The idea of our development is to create an origi-
nal design of a combined detector using a thin po-
lished plate of scintillation single crystal ZnSe(Al)
that is optically connected to a transparent plate
of polymethyl methacrylate. This type of alpha-
beta detector works in the spectrometric mode of
signal registration. A transparent PMMA plate is
used in this type of detector as a light guide to
improve the conditions for collecting light from a
large area of the scintillator and mounting the
photodetector.

In this case, the ZnSe(Al) monocrystalline layer
serves as both an a- and a B-channel for recording
radiation. The calculated path of B-particles with
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Fig. 7. Amplitude spectra of a—p-detector with scintillation coating based on ZnSe(Al) on plastic scintillator plate in the
case of irradiation by: a — a-particles of **Pu; b — B-particles of ?Sr-2Y
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Fig. 8. Alpha-beta detector, size & 50 mm x 9 mm, operating
as radiation spectrometer
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Fig. 9. Normalized amplitude spectra of a-B-detector based
on a single-crystal ZnSe(Al) plate optically connected to a
PMMA plate in the case of irradiation by ?**Pu and *7Bi

an energy of 2.2 MeV in a ZnSe(Al) single crystal
is approximately 1.6 mm. It should be noted that
the ZnSe(Al) crystal with a thickness of 1.6 mm,
in addition to a- and B-particles, also registers
photons of y-quanta. That is, it is necessary to de-
termine the optimal thickness of the B-sensitive
scintillation layer, which ensures the maximum
absorption of B-particles, is transparent enough
to output the scintillation light to the photode-
tector, and has the minimum efficiency of record-
ing photons of y-radiation. It was experimentally
established that the thickness of the single crys-
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tal layer, which selectively registers only a- and
B-particles, is approximately 1 mm.

The alpha-beta detector prototypes operating
in the spectrometric registration mode have been
manufactured by connecting a polished ZnSe(Al)
scintillator crystal plate having a size of & 50 mm x
x 1 mm with the use of optical organosilicon glue
with a polished PMMA plate having a size of &
50 mm x 8 mm. The cleanliness class of the pol-
ished surface of the plates shall meet the require-
ments for optical crystals with a roughness level
of R, = 0.1—0.4 um. It should be noted that the
optical glue did not contain additional absorp-
tion bands in the transmission spectrum. To min-
imize light loss, a reflective coating based on tita-
nium dioxide and acrylic varnish was applied on
the side surface of the PMMA substrate plate.

Figure 8 shows a photograph of the obtained
alpha-beta detector.

We have measured the amplitude spectra of the
alpha-beta detector prototype for irradiation by
29Pu a-particles and 27Bi B-particles, which are
shown in Fig. 9.

The application of a thin monocrystalline layer
based on a ZnSe(Al) scintillator, which is optical-
ly connected to a layer of transparent polymethyl
methacrylate, provides simultaneous registration
of a- and B-particles and separation of spectra
with an o/ ratio of 0.85. Testing the efficiency of
registration of a- and B-radiations over the entire
area of the scintillation detector has shown a high
uniformity of the parameter.

The parameters of the obtained test samples of al-
pha-beta detectors have been tested in the spectro-
metric mode. The test results are shown in Table 4.

The materials, design, and manufacturing tech-
nology offered by us has made it possible to ob-
tain the prototypes of combined alpha-beta detec-
tors, which have a much larger area and the pa-
rameters that are as good as those of the existing
world analogs based on ZnS(Ag). The detectors
can register radiation in the spectrometric mode.
For the detector with a diameter of an active sur-
face of 50 mm, the sensitivity of registration of a-
particlesis 0.31 imp - s~'/Bq while that of B-parti-
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Table 4. The Main Parameters of the a-B-Detectors

Detector parameter

. Value
and unit of measurement

Diameter of the active surface, mm
Energy resolution (5156 kV), %

Up to 200

At least, 7.0 (& 50 mm)
At least, 15 (2 200 mm)

o/P ratio (¥**Pu, "Bi) 0.85
Registration efficiency (4®),

29py, % >35
Sensitivity, *?Pu, impulse - s~'/Bq >0.3
Non-uniformity of sensitivity

over the area, 2*Pu, % +1.5
Sensitivity, *Sr-*"Y, impulse - s /Bq >0.28
Non-uniformity of sensitivity over

the area, *Sr-Y, % +1.5

clesis 0.34 imp - s~!/Bq, which is by 26% and 14%
higher, respectively, than in the case of detectors
based on ZnS(Ag) deposited on scintillation plas-
tic [27].
The detectors have the following characteristics:
o the scintillator: single crystal ZnSe(Al) (the
plate thickness is up to 1 mm);
+ the optical substrate (light guide): polymethyl
methacrylate;
Hamamatsu PMTs: of R1307, R669;
the operating voltage of the detector: 500—1200V;
the operating temperature: —20 °C ... +60 °C;
the range of registered energies: for a-radionu-
clides, from 2000 to 10000 keV; for B-radionu-
clides, from 65 to 4000 keV.

L IR JER 2R 2

CONCLUSIONS

1. Combined alpha detectors based on a thin layer
of fine-crystalline ZnSe(Al), which operate as
counters have been designed and manufactured.
It has been determined that the alpha detectors
have a sensitivity of > 0.15imp - s~!/Bq for a ?**Pu
radiation, with a uniformity over the area of
£1.5%. It has been established that the use of a
100 um thick fine-crystalline scintillation layer
ZnSe(Al) with a grain size of 10 £ 5 um, a grain
content of 75 £ 5 wt.% and a layer surface density

ISSN 2409-9066. Sci. innov. 2023. 19 (5)

of 11.0 £ 0.25 mg/cm? as part of the detector pro-
vides a high rejection of the alpha particles rela-
tive to the beta particles and the gamma quanta,
due to the complete absorption of alpha particles
in the scintillation layer.

2. A method of obtaining UPS-923A type pol-
ystyrene plastic scintillator plates of a given thic-
kness and area by hot pressing has been developed
and the beta detectors that operate as counters
have been manufactured based on them. It has
been shown that, due to the absence of machining
of the plates, their optical transparency increases
by approximately 7%, which provides the requi-
red counting rate and satisfactory sensitivity to be-
ta radiation. It has been determined that the beta
detectors have a sensitivity of >0.28 imp - s™'/Bq
for a ®Sr-Y radiation source.

3. The combined alpha-beta detectors based on
a thin layer of fine-crystalline ZnSe(Al) applied
on a transparent plate of a polystyrene plastic
scintillator of the UPS-923A type, which operate
as counters have been designed and manufactu-
red. It has been determined that the alpha-beta
detectors have a sensitivity of > 0.15imp - s™!/Bq
for a *Pu radiation source with a uniformity over
the area of £1.5% and a sensitivity of > 0.28 imp x
x s~/ Bq for a *Sr-"Y radiation source. It has been
shown that the use of a scintillation coating based
on fine-crystalline ZnSe(Al) in the detector pro-
vides a satisfactory sensitivity to alpha radiation
without loss of sensitivity to beta radiation.

4. Combined alpha-beta detectors with a thin
monocrystalline ZnSe(Al) scintillator plate, which
operate in the spectrometric mode have been de-
signed and manufactured. This type of detector
allows simultaneous registration of alpha and beta
particles and spectrum separation with o /p ratio
of > 0.85. It has been determined that the alpha-
beta detectors have a registration efficiency (4n)
of >35% and a sensitivity of > 0.3 imp - s™'/Bq, in
the case of irradiation with 2*Pu source, and a
sensitivity of > 0.28 imp - s7!/Bgq, in the case of
irradiation with *Sr-*Y source.

5. The research results have been implemented
at the research and experimental site of the Insti-
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tute for Scintillation Materials for the National
Academy of Sciences of Ukraine. With the use of
them we may introduce to the market a series of
new scintillation detectors based on zinc sele-
nide and a plastic scintillator for detecting alpha
and alpha-beta radiation. It is expected that the
creation of technology framework for the manu-
facture of these detectors will become the basis

for the development of other types of radiation
detectors.

The research was carried out with the financial
support of the National Academy of Sciences of
Ukraine within the framework of the competi-
tion for R&D projects of institutions of the Na-
tional Academy of Sciences of Ukraine, state re-
gistration number 0120U100629.
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PO3POBKA TA BUTOTOBJIEHHA JIETEKTOPIB TUITY CHHUHTUJIATOP-OEII
HA OCHOBI ZnSe(Al) TA IIJTACTMACOBOT'O CIHMHTUJIATOPY UPS-923A
JIJIST TIPUJTAJTIB PECCTPAILIT a-, B- TA SMITITAHUX a-B-BUITPOMIHEHD

Beryn. [Touryk TexHiuHuX pillleHb 3i CTBOPeHHS e(DEKTUBHUX JICTEKTOPIB oL- Ta B-BUIIPOMiHEHD € CBITOBOIO TEH/ICHIIIEIO B
rajysi paJialiitHoro KOHTPOJIIO.

IIpo6aemaTuka. [ToMinummT XapakKTePUCTUKU JIETEKTOPIB 0~ Ta B-4aCTUHOK MOJKHA Yepe3 BUKOPUCTAHHsI MaTepiasis 3
OTITUMi30BAaHUMU TTapaMeTPaMi, OPUTIHAIbHI KOHCTPYKITii Ta TEXHOJIOTIYHI TPUHOMU.

Mera. Po3po6ka Ta CTBOPEHHST TEXHOJOTIYHNX OCHOB BUTOTOBJICHHST CIIMHTHIISTIINHIX JIETEKTOPIB Ha OCHOBI aKTHBOBA-
Horo ceneriny uHKY ZnSe(Al) Ta macrmacosoro cuunTuiasitopy (IIC) nomicruposay tuiry UPS-923A s peecrpattii a.-,
B- it a-B-BUIIPOMiHEHbD.

Marepiamm i meroau. Bukopucrano kpuctan ZnSe(Al), ITC tuny UPS-923A Ha 0cHOBI TOJIICTHPOILY, TTOJiMETHIMETa-
kpinat (IIMMA); 3acTocoBano rapsiye mpecyBaHHsI, TECTYBAHHS [TAPAMETPIB IETEKTOPIB IIPU ONMPOMiHEHHI o.- Ta [3-4acTKaMu
METOJIaMH CIIEKTPOMETPIi Ta CIIeKTPoOTOMETPii.

Pesyapratu. BifmparboBano TeXHOMOTIUHI PEKUMU BUTOTOBJIEHHS: O-IETEKTOPY Ha OCHOBI TOHKOTO THapy ApiOHOKpuUC-
Tasiuroro ciHTHAATOPY ZnSe(Al), HaneceHoro Ha macTuny [IMMA, 110 Iparfoe y JiduIbHOMY peKuMi peectpartii (4y-
suBicTb > 0,15 imryasise - ¢ /B (imr - ¢! /Bx) (**Pu)); umactun [1C nomictuposy tumy UPS-923A 3agamnoi ToBumiu i mioti
METO/IOM TapsIyoro rnpecyBanis Ta -1eTeKTOPiB Ha X OCHOBI, IO MPAIIOIOTh Y JIUUJIbHOMY PEXUMIi peecTpailii (4yTIuBicTh
> 0,28 imm - ¢! /Bk (*Sr-"Y)); a-B-eTeKTopy Ha OCHOBI TOHKOTO Tiapy apibHokpucTasiunoro ZnSe(Al), HarHeceHOTo Ha TIACTHHY
T1C moaictuposy Tumy UPS-923A, 110 mpamioe y JiunabHoOMy peskuMi peectpattii (aytausicts >0,15 imm - ¢! /Bx (**Pu)
ta >0,28 imm - ¢ !/Bk (*Sr-Y)); o-B-meTekTopy 3 BUKOPUCTAHHAM TOHKOI MOHOKPUCTATIYHOI TIACTUHHU CIITHTUIISITOPY
ZnSe(Al) onrnuno 3’exnanoi 3 mwacrutoo [IMMA, 110 npamoe B CIIEKTPOMETPUUHOMY PeKUMi peectpailii (1eTexTop
OJIHOYACHO PEECTPYE O Ta B- YaCTKU 3 PO3iJMeHHSIM ciieKTpiB 3 o/B > 0,85, uyrausicts > 0,3 im1 - ¢! /Bk (*°Pu) ta
> 0,28 im1r - ¢ 1 /Bx (PSr-Y)).

BucHoBku. Po3po6Ku eTeKTOPIiB BiAMOBIAAIOTh PIBHIO CBITOBMX aHAJIOTIB Ta 3a0€31eYyi0Th PEECTPAIII0 CUTHAILY SIK B
JIYUIBHOMY, TaK 1 Y CIIEKTPOMETPUIHOMY PEKUMI.

Kmouosi cnosa: anbda-6era-BUIIPOMIHEHHS, IETEKTOP, CLIUHTUIISTOP, CEJIEHIl IIUHKY, OIICTUPOJL, TOJIMETUIMETaKPUJIAT.
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