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The effect of the dispersity of SLiF and ZnS(Ag g powders on the performance of a SLiF/ZnS(Ag)
composite scintillator with a mass ratio of °LiF/ZnS(Ag)/binder component mass ratio
of 1 6LiF:4ZnS(Ag):2.1 binder was studied. It has been established that for a single-
layer SLiF/Zn  S(Ag) composite with a thickness of 0.2 mm, the best light output and
thermal neutron detection efficiency (~29%) is provided at ratios of 1 to (10.3-13.3) for SLiF
and ZnS(Ag) grain size and (550-1150) to 1 for their number of grains respectively. Outside these
optimal ratios, the detection efficiency drops to 20-22%. When the ratio of the number of the 6LiF
and ZnS(Ag) grains is below optimal, the detection efficiency decreases due to a decrease in the
probability of neutron capture by a reduced number of 6Li nuclei. A significant excess of SLiF in-
creases both the neutron capture probability and the absorption probability of the charged prod-
ucts of the neutron capture reaction in the same SLiF converter, without causing scintillations in
ZnS(Ag). It has been shown that a scintillation detector constructed from five °LiF/ZnS(Ag) lay-
ers, alternating with four organic glass plates acting as light guides ensures a thermal neutron
detection efficiency of 75%.
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Orpumanns ta xapaxrepusania °LiF/ZnS(Ag) cuuaTHIATOPA Pi3HOI rpaHyIOMeTpii.
B. Tapacos, O. Benerncvra, O. Hnununcoka, J1. Tpeghinosa, J1. Anoprowerko, JI. Bopucosa, FO. Ianow

Jocomimxerno BIMB mucrepcHocTi mopomkiB SLIF i ZnS(Ag) ma poboui xapaxTepucTurn
xommosuty OLIF/ZnS(Ag) 3 macoBum cmiBBigHOmenHaM xommoHenTiB 1 BLiF:4 ZnS(Ag):2,1
(crromyuna pedoBuHa). BeramosiieHi criBBigHOIIEHHS poaMmipis Bim 1 mo (10,3+13,3) 1 uwmcia
Bixm (550+1150) mo 1 seper komBeprepa OLiF 10 poamipiB 1 KiNBKOCTI 3epeH CLMHTUIATOPA
ZnS(Ag), sikl 3abe3meuyoTh Kpallll 3HAYEHHS CBITJIOBOTO BHXOJy Ta e(eKTHBHOCTI peecTpariii
TEILTOBUX HEHTPOHIB (~ 29 %) IJIS OJHOIIAPOBOTO KOMIIO3WTHOTO crmHTIIIATOpa °LIF/ZnS(Ag)
ToBIUHOKO 0,2 MM. 3a MeKaMu I[bOTO Ialla3oHy e(PeKTUBHICTb peecTpariil sHUKyeThesa 10 20-
22%. Ipu croiesigHOmenH] KimbkocTi 3epen SLIF 1 ZnS(AQ) Hmskue onTEMAIBHOI, eheKTHBHICTD
JIeTeKTYBAHHS 3HUKYEThCS Yepes3 3MEeHIIeHHs HMOBIPHOCTI 3aXOIIEHHS HEHTPOHIB 3MEHIIIEHO0
KUIBKICTIO sIep 6Li. Bmaunwmit maAmIoK CLIF 301JIBIITy€e STK MMOBIPHICTD 3aXOIJIEHHS HEATPOHIB,
TaK 1 UMOBIPHICTH HOI‘JII/IHaHHH 3apSAIKEeHUX HpOL[yKTiB peakiiii 3aX0IJIEeHH HEUTPOHIB y TOMY K
camomy ROHBepTepl 6LiF Gea BuHMKHEHHS CLII/IHTI/IJIHI.[II/I y ZnS (Ag). ITokaszaHo, 1110 KOHCTPYKIIIS
CIIMHTUJISIIHOTO JIeTeKTOpa, AKA CKJIA/AEThCA 3 IATH H.IaplB 6LiF/ZnS (Ag), posminerux dorrpma
IJIACTUHAME 3 OPTaHIYHOTO CKJIA, 1[0 BUKOHYIOTH POJIb CBITJIOBO/IB, 3abe3nedye eQeKTUBHICTD
peecTpariii TEIJIOBUX HEHTPOHIB, 110 CTAHOBUTH 75%.
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1. Introduction

It is well known [1] that gas discharge tubes
filled with inert gas 3He are highly efficient neu-
tron detectors (especially in the thermal ener-
gy region) with low sensitivity to y-radiation,
low inherent background, high spatial resolu-
tion as well as the stability of performance over
time. The production of 3He detectors for na-
tional security, nuclear security [2,3] and neu-
tron scattering applications [4-7] is hampered
by the problem of a shortage of the 3He isotope
due to its extremely low natural abundance
(~ 10~* %) in natural helium.

Solid-state scintillators are a suitable al-
ternative to the 3He gas-discharge tubes for
thermal neutron detection [1,2,7-9]. They are
homogeneous or heterogeneous materials con-
taining isotopes with a high neutron capture
cross-section. Such isotopes called “converters”
capture incoming neutrons and transform them
into charged particles and/or y-quanta. This
secondary radiation interacts with the electron
sub-system of the scintillation material caus-
ing flashes of light (scintillations) that can be
detected and quantified.

The choice of the neutron radiation convert-
er largely determines the detection efficiency,
spatial and energy resolution of the thermal
neutron detector. The most suitable converters
for thermal neutrons are the 6Li and 19B isotopes
with large capture cross-sections 940 and 3840
barns, respectively [1, 8]. 6Li converts the cap-
tured neutron into a triton (?H) and an a-par-
ticle (,He) with energies of 2.73 and 2.05 MeV,
respectively:

SLi+ n— 'H+ ja+4.78 MeV, (1)

The reaction of neutron capture by the 1B
follows through two channels:

"B+ n— JLi + j0+2.792 MeV

(the ground state; 6% branching ratio)
"B+ n— JLi + j0+2.310 MeV

(the exited state; 94% branching ratio) (2)

In the first channel, 9B decays into “Li in
the ground state and an a-particle with energy
of 1.0 MeV and 1.792 MeV, respectively. In the
second channel, 9B decays into 7Li in an excit-
ed state ('Li") and an a-particle with energies of
0.84 MeV and 1.47 MeV, respectively. 7Li* ap-
pears in 94% of cases, and its transition to the
ground state is accompanied by the emission of
a y-quantum with an energy of 480 keV.

According to [8], the absorption length of
thermal neutrons in chemical compounds con-
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Fig. 1. Thermal neutron detection scheme in
BLiIF/ZnS(Ag).

taining Li and B elements enriched in 6Li and
10B isotopes is 1 mm and 0.1 mm, respectively.
However, although the 9B nuclei capture neu-
trons four times more efficiently than the ©Li
ones, the reaction products of neutron capture
by BLi have higher energy and do not contain
y-quanta, which provides better discrimination
of neutrons/gamma radiation at the relatively
high background of y-radiation [10]. Thus, in
principle, the 6Li nucleus is the best converter
of a thermal neutron into charged particles (a
and triton), whose energy is converted by a
scintillator into flashes of light. Due to the high
chemical activity of lithium, LiF salt is the pre-
ferred choice as a converter since it is chemi-
cally stable [11].

ZnS(Ag) is a highly efficient scintillator used
widely to detect a- and other short-range radia-
tion [12]. This scintillation material is resistant
to corrosive and humid atmospheres. Among all
scintillators, ZnS(Ag) has the highest absolute
light yield of 95,000 photons per 1 MeV [13,14].
When ZnS(Ag) is admixed with LiF, it provides
a high scintillation response to thermal neu-
trons (160,000 photons per neutron) [10,15].
However, ZnS(Ag) is available only in powder
form [16], consisting of multiple crystalline
grains randomly positioned. Due to the re-ab-
sorption and scattering of the light emitted by
ZnS(Ag) under irradiation, there is a significant
difference between its absolute and technical
light yield. Poor light collection causes this dif-
ference [10,13].

Fig. 1 schematically shows the process of
detecting thermal neutrons in the SLiF/ZnS(Ag)
composite material; it is a powder mixture of

Functional materials, 31, 2, 2024
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Fig. 2 The configuration options for the 6LiF/ZnS(Ag) composite [24, Fig.5].

BLiF converter and ZnS(Ag) scintillator, bonded
with a binder such as polyethylene, plastic, ep-
oxy, sodium silicate, or other suitable material
[6,17,18]. Note that the energy loss of the re-
action products of the neutron capture in the
binder is usually insignificant.

The scintillation process in ZnS(Ag) is due
to the recombination of spatially separated
donor-acceptor pairs responsible for the lu-
minescence band peaking at A, = 450 nm
(Eph=2.8 eV) [19,20]. ZnS(Ag) responds dif-
ferently to y-, B- and a-radiation [21]. The
light yield per 1 MeV of the absorbed energy of
B-particles or y-quanta is about 2—5% of that of
a-particles. Such a difference in the light yield of
a- and B- or y-radiation is exploited for discrimi-
nation of ionizing radiation. A certain detection
threshold when analyzing the amplitude of a
scintillation pulse, makes it possible to isolate
high-amplitude signals caused by a-particles
and filter out low-amplitude signals related
to B- or y- radiation. When detecting thermal
neutrons, the contribution of y-quanta to the
scintillation response of SLiF/ZnS(Ag) does not
exceed 107 [10, 22]; this makes this composite
material preferable when it is necessary to dis-
criminate neutron and gamma radiation.

According to [23], the non-exponential decay
of luminescence is a characteristic feature of the
donor-acceptor recombination mechanism. The
sum of two exponential components and one

Functional materials, 31, 2, 2024

hyperbolic component with time constants 26
ns, 130 ns, and 1.1 ps describes to the lumines-
cence decay kinetics of ZnS(Ag) [19]. The scin-
tillation decay time T4 is estimated at 110-113
ns, which 1s the time of decrease in the lumi-
nescence intensity of ZnS(Ag) by e times. Com-
pared to other scintillators, ZnS(Ag) responds
quickly to y-rays and B-particles and slowly to
a-particles. In SLiF/ZnS(Ag), gamma-quantum
detection events take about 90 ns, while neu-
tron detection events typically last more than
200 ns [24]. Therefore, the SLiF/ZnS(Ag) com-
posite is the most appropriate scintillator to de-
tect thermal neutrons due to discrimination by
the shape of the scintillation pulse.

The light yield, registration efficiency and
spatial resolution of BLiF/ZnS(Ag) composite
depend significantly on the powder dispersity,
the proportion of components in the mixture
6LiF/ZnS(Ag)+binder and the type of binder
used [6,25,26]. The concentration of SLiF deter-
mines how many neutrons it will absorb to con-
vert them into charged particles. However, not
all of them will cause scintillations; to do this
they need to penetrate into the ZnS(Ag) grains.
The ZnS(Ag) concentration determines this
probability and the total probability of scintil-
lation emission by the SLiF/ZnS(Ag) composite
after neutron absorption.
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The authors of [24] considered the configu-
ration options for the SLiF/ZnS(Ag) composite
(Fig. 2) to characterize each of them as follows:

1. Under certain conditions, an optimal con-
figuration is obtained, in which the neutron
capture reaction products ionize ZnS(Ag) grains
to form scintillations.

2. Excess lithium increases the probability of
neutron capture but causes a few scintillations.

3. Lithium deficiency reduces the probabil-
ity of neutron capture.

4. Too large ZnS grains and, consequently,
large cavities between them lead to a decrease
in the probability of neutron capture reaction
products entering ZnS(Ag) grains.

5. Binder excess reduces the probability of
neutron capture.

6. Non-uniform distribution of the ZnS(Ag)
grains (clustering) gives the same effect as an
increase in the size of these grains.

Thus, there should be an optimal ratio
between the 6LiIF and ZnS(Ag) concentra-
tions, which also depends on the thickness
of the SLiF/ZnS(Ag) layer scattering light. The
transparency of this opaque composite can be
improved by increasing the binder concentra-
tion [26]. According to literature data, the most
promising mixtures are 16LiF):5 (ZnS(Ag):1
binder with the thickness 0.65 mm [18],
16LiF:3ZnS(Ag):1 binder with the thickness
0.22 mm [15]; 16LiF:2 ZnS(Ag):1 (binder) with the
thickness 0.8 mm [17,25] and 16LiF:3 ZnS(Ag):0.6
binder with the thickness 1.35 mm, using a spec-
trum-shifting fiber [24].

The grain size of the 6LiF and ZnS(Ag) pow-
ders also significantly affects the efficiency of
converting thermal neutrons into optical pho-
tons. When the grain size of the 6LiF powder ex-
ceeds the range of a-particles, they will not be
able to leave the converter and reach ZnS(Ag);
therefore, the conversion efficiency of the
6LiF/ZnS(Ag) composite will decrease. At the
same time, the grain size of the ZnS(Ag) pow-
der must be large enough to absorb most of the
energy of the a-particle and triton.

Table 1 shows the ranges of the a-particle
and triton in the SLiF converter and ZnS(Ag)
scintillator, according to the calculations of
various authors [6,26,27-29]. A comparative
analysis of the data in Table 1 leads to the
conclusion that the ranges of the a-particle and
the triton in ZnS(Ag) are within 4.79 -7 pm and
22-32 pm, respectively, and their ranges in
BLiF cover approximately the same distances as
in ZnS(Ag).
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To obtain the SLiF/ZnS(Ag) composite with
improved performance, it is necessary to opti-
mize the grain size of the converter and scin-
tillator so that the grains of the SLiF powder
would be significantly smaller than the grains
of the ZnS(Ag) powder. According to [29], for
an ultrathin thermal neutron detector consist-
ing of ZnS(Ag) and BLiF layers successively de-
posited in vacuum, the maximum count rate
is achieved at a thickness of 15 and 6 um, re-
spectively. It follows that the optimal thickness
of the ZnS(Ag) layer is approximately half as
long as the triton range. Thus, in the optimal
ZnS(Ag) layer, alpha particles, compared to
tritons, lose much more energy, which is then
converted into optical photons. Increasing the
thickness of this layer will certainly enhance
luminescence yield due to increasing the en-
ergy loss of tritons, however, it will worsen the
light transport and, consequently, the perfor-
mance of the SLiF/ZnS(Ag) detector. Thus, the
scintillation response of the 8LiF/ZnS(Ag) com-
posite to thermal neutrons depends mainly on
the interaction of ZnS(Ag) with alpha particles
rather than tritons.

Monte Carlo simulation established, that
with an increase in the mass fraction of ZnS(Ag),
the light yield of the SLiF/ZnS(Ag) composite
reaches its maximum at a larger ZnS(Ag) grain
size [6]. In particular, the highest light
yield of 6LiF/ZnS(Ag) with ZnS(Ag) grain
size of 10 pm is obtained at the mass ra-
tio of 16LiF):2 ZnS(Ag). GEANT4 simulation
of the light yield for a mixture with the compo-
nent mass ratio of 1 8LiF:2 (ZnS(Ag):0.3 (binder)
and with different ZnS(Ag) grain size (1, 2, 4, 8,
and 16 pm) has demonstrated that for smaller
grain sizes, the scintillation response per neu-
tron capture event is more uniform [24]. Note
that the simulation of the operating parameters
of a composite does not consider real powders
with grains of different sizes. The difference in
grain sizes is taken into account by its granu-
lometry, that is, the distribution of the number
of grains by size with a maximum correspond-
ing to the average grain size (for example, the
average diameter).

This work aims to establish the effect of the
average grain size of the SLiF and ZnS(Ag) pow-
ders on the light yield and the detection effi-
ciency of the thermal neutron detector based on
BLiIF/ZnS(Ag).

Functional materials, 31, 2, 2024
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Table 1. Ranges of the 6Li(n,a)>H nuclear reaction products.

Range of the a-particle Range of the triton 3SH
with energy 2.05 eV, (um) with energy 2.73 eV, (um)
References

6LiF ZnS(Ag) BLiF ZnS(Ag)
5.08 4.79 28.1 27.2 [6]
8.3 8.6 22.0 22.4 [27]

7 7 32 32 [26]

6 32 [28]

4 6 20 32 [29]

2. Experimental

Powders fractions of various dispersion were
obtained by dynamic sedimentation of commer-
cial SLiF and ZnS(Ag) powders in a centrifuge
with the addition of a surfactant. The granu-
lometry of the powder fractions was analyzed
using an LMS-30 laser microanalyzer; the av-
erage grain size was determined, correspond-
ing to the maximum on the distribution curve of
the number of grains depending on their size.

Samples of the 6LiF/ZnS(Ag) composite were
obtained by dispersing a mixture of SLiF and
ZnS(Ag) powder fractions in XTR-311 optical ep-
oxy adhesive produced by His Glassworks, Inc
(USA). The adhesive is a two-component mix-
ture that hardens at room temperature at the
mass ratio of its components of 10:3. The com-
posite samples with the component mass ratio
of 16LiF:4 ZnS(Ag):2.1 (binder) were obtained
by squeegee spreading the mixture onto organic
glass plates measuring 40x25x3 mm? to form a
layer with a thickness of 0.2 mm.

Cd-shield

)

Photomultiplier Scintillator

Pulse-height spectra of the obtained sam-
ples SLiF/ZnS(Ag) were measured by an ex-
perimental setup consisting of a charge-sen-
sitive preamplifier BUS 2-94, amplifier BUS
2-95, and a multichannel analyzer AMAO3-F.
A sample SLiF/ZnS(Ag) was mounted on the
input window of a Hamamatsu R1307 photo-
multiplier tube with an optical contact.

The radiation sources employed were a
5.5 MeV a-particle source 24'Am and a cer-
tified neutron source 239Pu-Be with neutron
yield equal to 1-10° neutrons per second.

The relative light yield of the obtained
6LiF/ZnS(Ag) samples was estimated by the
position of the maxima in the pulse-height
spectrum measured under a-irradiation from
a 24TAm source.

To produce thermal neutrons, a 23°Pu-Be
neutron source was placed in a polyethylene
spherical moderator with a certified thermal-
ization coefficient of 10%. A 1 mm thick screen
made of metallic cadmium with a natural iso-
topic composition was used to determine the

239

|

[

[
) Pu-Be source
|

[

[

Moderator

Fig. 3. Scheme for measuring the thermal neutron count rate.
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count rate of thermal neutrons. Cadmium is
known [31] for its significant absorption cross-
section for low-energy neutrons, including ther-
mal neutrons. However, above a certain energy
threshold (E;= 0.5 eV), the absorption cross-
section decreases sharply, allowing only epith-
ermal neutrons to pass through the cadmium
screen. Using a cadmium screen as a filter and
measuring the pulse-height spectra with and
without a Cd screen, the response of a scintilla-
tor to thermal neutrons can be determined. The
difference in the pulse-height spectra is called
the “cadmium difference” which corresponds to
the count rate of thermal neutrons.

The count rates were measured using the
following technique. The count rate was deter-
mined separately for cases with and without a
Cd screen. The location of the source relative to
the sample under study remained unchanged.
The difference between the count rates (“cad-
mium difference”) corresponded to the count
rate of thermal neutrons. The ratio of the “cad-
mium difference” value to the calculated count
rate for thermal neutron flux passing through
the input window of the detector is just the de-
tection efficiency of thermal neutrons. Fig. 2
shows the measurement scheme.

3. Results and discussion

Table 2 presents the average grain sizes of
the SLiF and ZnS(Ag) powder fractions used for
obtaining nine 8LiF/ZnS(Ag) samples, and their

characteristics: the relative light yield and the
thermal neutron detection efficiency.

According to the data of Tables 1 and 2, the
range of an a-particle in SLiF significantly ex-
ceeds the average grain size of 5LiF in the stud-
ied samples. This means that the a-particle
will leave the SLiF converter with significant
energy to be lost in ZnS(Ag) with a high enough
probability, since the average grain size is com-
parable to the range of the a-particle in this
material.

The data Table 2 demonstrate that when the
ratioo of average grain sizes of ZnS(Ag) to SLiF
within the range (8.8-12.8), the relative light
yield and registration efficiency are higher, re-
spectively, by (28.9-31.8)% and (29.3-32 .2)%
than beyond these values. The results obtained
were analyzed in more detail from the positions
outlined in [24]. To do this, the ratio of the num-
ber of the LiF converter grains to the number of
the ZnS(Ag) scintillator grains in each sample
was determined. All samples of SLiF/ZnS(Ag)
composite have the same mass ratio of the con-
erter SLiF and scintillator ZnS(Ag), which is 1:4.
The densities of LiF and ZnS are known to be
2.64 and 4.09 g/cm?, respectively. Therefore,
the LiF and ZnS volume ratio is 0.349:0.978,
respectively. To simplify calculations, the SLiF
and ZnS(Ag) volumes in LiF/ZnS(Ag) samples
are assumed to be 379 and 978 pm3, respec-
tively. For each of these samples, the following
were calculated:

Table 2. Performance characteristics of the ®LiF/ZnS(Ag) samples with different average grain sizes of

the BLiF converter and the ZnS(Ag) scintillator.

The average Performance characteristics of the 6LiF/ZnS(Ag) samples
grain size d, pm
) Normalized
Trgsislgg The relative |  Jiff i Normg lized differ-
, 0 1iference 1n . ence in the detec-
1D _ ZnS%Ag) light %fleld Thg detection . .
ZnS(Ag) | SLiF and °LiF | L, (?*1Am), light yield , (L- |efficiency n, %, | tion efficiency ,
dznsagydLiF | channel (239Py-Be)
number Lmin)/Lmin’% (T]-T]min)/ Nmins %
1 8.0 0.5 16.0 490 12.3 20.3 1.5
2 7.0 0.6 11.7 610 29.5 28.8 30.6
3 8.0 0.7 11.4 630 31,8 29.5 32.2
4 9.0 0.7 12.8 605 28.9 29.0 31.0
5 7.0 0.8 8.8 625 31.2 28.9 30.8
6 9.0 0.8 11.2 610 29.5 28.3 29.3
7 10.0 0.6 16.6 460 6.5 22.4 10.7
8 7.0 0.9 7.8 440 2.0 23.3 14.1
9 4.5 2.0 2.2 430 0 20.0 0
158 Functional materials, 31, 2, 2024
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Table 3. The calculation results for the ratios of the sizes and numbers of the SLiF and ZnS(Ag) grains

in BLiF/ZnS(Ag) samples.

ID 1 2 3 4 5 6 7 8 9
ZnS(Ag) grain size, d, g, 3 7 3 9 7 9 10 7 45
pum
ZnS(Ag) grain volume, | o5 | 150 | 968 | 382 | 180 | 382 | 523 | 180 | 48
VZnS » Hm
Number of ZnS(Ag) 4 5 4 3 5 3 2 5 21
grains in a sample, N, o
BLiF grain size, dj;p, yum | 0.5 0.6 0.7 0.7 0.8 0.8 0.6 0.9 2
6 . .
LiF grain volume, 0.065 | 0.113 | 0.180 | 0.180 | 0.268 | 0.268 | 0.113 | 0.382 | 4.187
Viip, hm
6 . . .
Number of °LiF grains in | 520, | 9553 | 9111 | 2111 | 1414 | 1414 | 3353 | 993 91
a sample, Ny
The ratiosof the grain
number of L'Fj\tlo that of | 15071 | 6151 | 5781 | 824:1 | 260:1 | 552:1 | 1794:1 | 182:1 | 4:1
ZnS(Ag), —H-
ZnS
The ratio of the
grain size szng(Ag) to | 16 117 | 114 | 129 | 88 | 11.3 | 167 | 78 2.3
that of LiF, 25
LiF
Detection efficiency, % 20.1 28.8 29.5 29 28.9 28.3 22.4 23.3 20
— the SLIF and ZnS(Ag) grain volume n. %
3 3k y=-0.0193x>+0.404x>-1.4377x+21.272
_ . . . R?*=0.8359
= ] in assuming they are spherically L 3e2 4
27t
shaped; |
— the numbers of SLiF and ZnS(Ag) grains
N 349 o 978 231
Lir = T an mSag) T T r
—theratio of the sizes of the 5LiF and ZnS(Ag) 19 d,.

. d,.
grains |2

— the Z]nr%tio of the numbers of SLiF and

N,
ZnS(A i L
(Ag) grains [N

ZnS

Table 3 shows the calculation results.

Based on the data presented in Table 3 and
Fig. 4, 5, samples 2 - 6 demonstrate the best
thermal neutron detection efficiency (about
29%). The ratios of the sizes and numbers of
BLiF and ZnS(Ag) grains (configuration 1 in
[24]) seems to be optimal in these samples.
On the other hand, the detection efficiency of
samples 1 and 7 is lower (20-22%), since their
configuration 2 [24] has an excess of lithium

Functional materials, 31, 2, 2024
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Fig. 4. The thermal neutron detection efficiency

n versus the ratio of the sizes of the ZnS(Ag)

d
ZnS.  Circles are experimen-

and SLiF grains,
LiF
tal data; the solid line is the regression curve.

ZnS val-

The dashed line shows the range of

ues (10.3+13.3) where the detection efﬁcliigncy is
n>283%

grains. In this case, most of the a-particles and
tritons generated in the converter are again ab-
sorbed by it, without reaching the scintillator.
Samples 8 and 9, which implement configura-
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ZnS(Ag) grains, . Circles are experimen-

ZnS
tal data; the solid line is the regression curve.

LiF val-

The dashed line shows the range of

ZnS
ues (550+1150), where the detection efficiency is
n > 28.3 %.

tion 3 [24] with a smaller number of LiF grains
compared to ZnS(Ag), also exhibit low detection
efficiency (20-23%) due to the reduced probabil-
ity of neutron capture.

Note that these regularities take place un-
der the assumption that each grain is spheri-
cal. However, in the practice of manufacturing
composite samples, it i1s difficult to avoid the
agglomeration of grains; this causes changes in
their morphology, effective sizes and number.
Disruption of the regular structure of individ-
ual grains due to their possible agglomeration
is manifested in the absence of a strict correla-
tion between the SLiF/ZnS(Ag) samples in the
ratio of both the sizes and the number of SLiF
and ZnS(Ag) grains. Therefore, to determine the
optimal values of these ratios, it was necessary to
use regression curves (solid lines in Fig. 4 and 5).
The horizontal dashed line corresponding to a
detection efficiency of 28.3% intersects each of

(a

neutron flux

1 2

i

| PMT |

these regression curves at two points. Their po-

.. ) . . d
sitions determine the ratios of the sizes —2~

LiF
ZnS
(1 to 10.3+13.3) and the numbers Ny

N 12
(550+1150 to 1) of the 6LiF and ZnS(Ag) grainsZ, ;t

which it is expected that the detection efficiency
of thermal neutrons with the ®LiF/ZnS(Ag) com-

posite will reach the value close to 29%.

Undoubtedly, the thermal neutron detection ef-
ficiency of studied single-layer samples SLiF/ZnS(Ag)
is relatively low and does not exceed 29.5%.
Similar detection efficiency for single-layer
6LiF/ZnS(Ag) samples have been reported by
other authors. For example, in [22], the maxi-
mum detection efficiency of thermal neutrons
is 32.4%. This was explained by the small ef-
fective thickness of the 6LiF converter in a sin-
gle-layer SLiF/ZnS(Ag) sample. An increase in
the total thickness of the sample will lead to
a sharp deterioration in its transparency and,
thus, a decrease in the registration efficiency.

The scintillation response can be improved
using a multilayer detector based on the SLiF/
ZnS(Ag) composite with the same mass ratios
of components and thicknesses of separate lay-
ers. The effective thickness of the composite
scintillator is increased due to alternating its
layers and organic glass plates that act as light
guides.

Fig. 6 shows the schematic and general view
of the SLiF/ZnS(Ag) five-layer detector made
from the SLiF and ZnS(Ag) powder fractions with
an average grain size of 0.7 pm and 8 um, re-
spectively. A composite layer of 40x25x0.2 mm?
and a plastic plate of 40x25x3 mm? were used,
as well as tetratex as a reflector.

Pulse-hight amplitude spectra of the SLiF/
ZnS(Ag) composite detector when irradiated
with a 239Pu-Be neutron source represent broad
distributions of the number of pulses by height

(b)

1 -°LF/ZnS(Ag) layer,
2 - organic glass plate,
3 - light-reflector (tetratex)

Fig. 6. Operative scheme (a) and general view (b) of the five-layered composite detector based on BLiF/

ZnS(Ag).
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(Fig. 7) and have a pronounced maximum; this
makes it possible to reliably set the threshold
for neutron detection and “cut off” noise puls-
es, including those associated with the detec-
tion of y-radiation. The low spectral resolu-
tion of the detector is associated with both the
spread of energy losses of charged particles in
the SLiF/ZnS(Ag) scintillator and the spread of
light transport to a photodetector from differ-
ent places in this composite scintillator, which
strongly scatters this light. A comparison of
spectral distributions shows that the contri-
bution of epithermal neutrons (2) to the total
spectral distribution (1) is significantly less
than the contribution of thermal neutrons (3).

The thermal neutron detection efficiency
of the SLiF/ZnS(Ag) detector was determined
by the cadmium difference method; this made
it possible to eliminate the interaction of the
detector with thermal neutrons by subtracting
the pulse-height spectrum obtained with a cad-
mium screen from the pulse-height spectrum
obtained without this screen. In this case, the
area under the difference spectrum is related
to the calculated number of thermal neutrons
passing through the detector input window. Ac-
cording to the data presented in Fig. 7, the five-
layer 6LiF/ZnS(Ag) detector has an efficiency of
75% in detecting thermal neutrons.

It is noteworthy that the spectral distri-
bution of pulses caused by as an exponential
noise distribution is observed only at very high
gains and does not contribute to the thermal
neutron count rate at the specified detection
threshold. This result is explained by the large
“alpha-gamma ratio” of the ZnS(Ag) scintillator
and the insignificant thickness (0.2 mm) of the
composite layers in the used design of the SLiF/
ZnS(Ag) detector.

Functional materials, 31, 2, 2024

4. Conclusions

The obtained optimal ratios of sizes (1 to
10.3+13.3) and number (5501150 to 1) of grains
in the BLiF converter and ZnS(Ag) scintillator
provide the best values of light yield and the
neutron detection efficiency (about 29%) for the
one-layer composite scintillator SLiF/ZnS(Ag)
with the 0.2 mm thickness and the mass com-
ponent ratio of 1 6LiF:4 ZnS(Ag):2.1 binder. A
decrease in the detection efficiency to 20-22%
outside the optimal ratios is explained by ei-
ther a deficiency or an excess of the SLiF con-
verter grains relative to the number of ZnS(Ag)
scintillator grains.

It has been shown that a multilayer scin-
tillation detector consisting of five layers of
6LiF/ZnS(Ag) composite alternating with plas-
tic plates as light guides demonstrates a ther-
mal neutron detection efficiency reaching 75%.
Taking into account also the high selectivity of
the BLiF/ZnS(Ag) scintillator to the type of ra-
diation, it can be concluded that the thermal
neutron detector based on SLiF/ZnS(Ag) is a
suitable replacement for a 3He counter.
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