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Boron-loaded liquid scintillator
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The high thermal neutron capture cross-section of 9B nucleus enables to use the
boron-loaded organic scintillators as a basis of the neutron detectors. The study results of
the new liquid scintillator with mass concentration of boron up to 6 %, based on linear
alkylbenzene and contained as a boron additive ortho-carborane, are presented in the
paper. The transparency spectra, scintillation characteristics of the new material and the
detection efficiency for thermal neutrons have been studied.

BBICOKOE CeueHMe 3aXBATA TEIIOBLIX HeHTPOHOB sfApoM B [aeT BOBMOIKHOCTL MCIONB3O-
BATH GOpCOZep:KaIe OpraHUdYecKUe CIMHTUJIIATOPHI B KauecTBe pabouero BellecTBa Heli-
TPOHHBIX AETeKTOPOB. B paboTe mpeAcTaBIEHBI Pe3yJbLTATHl HMCCAETOBAHUS HOBOTO JKUIKOTO
CIIUHTUJLJISITOPA ¢ MaccoBOU foJjieit Gopa, mocturaioiieit 6 % , TOIyUeHHOTO HA OCHOBE JUHEH-
HOTO aJKMJIGeH30J1a M COMEPIKAIler0 B KadecTBe Oopcomep:raliieil mo6aBKu o-Kapbopan. Us-
MepeHbl U MPEACTABJEHB! CIEeKTPHl MPOMYyCKAHUSA, CIUHTHIAAIMOHHBIE XapaKTePUCTUKNA HO-
BOTO MaTepuaja M 3HAUeHUA 5DPEeKTUBHOCTY PETUCTPAIINU TEIJIOBLIX HEHTPOHOB.

Bopemicnui pidxuii cyunmuaamop. I.B.Hemuenox, H.A.I'yndopin, I.I.Kammnes,
EAIlesuir, AA.Illypenrosa.

BucOKMI IepeTHH 3aXOILICHHS TEeIIOBUX HeUTpOoHIB sapom 'OB 1ae MOKIUBICTH BHKO-
pucropyBatu OGOpBMicHI opraHiuHi CHUMHTHUIATOPH B SKOCTI po0OUOl pPEeUOBMHM HEUTPOHHUX
meTeKTopiB. ¥V maHili poOoTi mpemcTaBieHO Pe3yJbTATH MOCIIIMEHHS HOBOTO PiIKOro CIIUH-
THJIATOPA 3 MAacCOBOK YACTKOI 00py, Io gocsrae 6 %, orpuMaHoro Ha OCHOBI ainilfimoro
ankinbensony i mo mictTurhs K GopBMmicHa mobGaBka o-Kapbopan. Bumipsano i mpemcraBieHo
CIIEKTPU IIPOIYCKAHHSA, CIMHTUJAAIINHI XapaKTepHUCTHKM HOBOro Marepiaay i sHaueHHA

edexTUBHOCTL peecTpariii TenaoBuX HeHATPOHIB.

1. Introduction

Liquid scintillators (LS), containing
natural isotopic mixture of boron with the
mass fraction of 1B 19.6 % are the most
popular among other materials for thermal
neutrons detection. Nucleus of this isotope
has a high thermal neutron capture cross-
section (8.8-10% barn) and in this reaction
the formation of 7Li and “#He nuclei with
energy 1.47 MeV and 0.84 MeV, respec-
tively take place [1]. The lithium nucleus is
formed with a high probability in the ex-
cited state and after transition to the
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ground state emits y-quanta with energy of
0.478 MeV:

n+1B = 7Lif + o + 2.81MeV (1)
7L + y(0.478MeV).

Registration of these particles and y-quanta
evidences of the thermal neutron’s capture.

To obtain the boron-loaded liquid scintil-
lators it is necessary to dissolve the boron-
containing additives in main substance of
CH-based LS (so called "standard composi-
tion"”, consisting of the main substance of
the scintillator and scintillation additives).
Trimethylborate is the most common mate-

Functional materials, 20, 3, 2013



I.B.Nemchenok et al. / Boron-loaded liquid scintillator

rial for these purposes [2-11]. Its wide-
spread usage is due to the availability and
good solubility in a lot of organic solvents
such as toluene, pseudocumene, phenyley-
clohexane, isopropylbiphenyl, 1-methyl-
naphthalene, 1,6-dimethylnaphthalene. There
are commercially available BC-523A [10]
and EJ-339A [11] among these LS.

In spite of a sufficient internal diversity,
this group of liquid scintillators has com-
mon significant disadvantages related to the
peculiarities of trimethylborate properties:

— low boron content (17.5 %) in
trimethylborate requires the use of high
concentrations (up to 50 %) what nega-
tively affects the light output. BC-528A and
EJ-339A are exceptions, because of contain-
ing trimethylborate enriched with 10B;

— trimethylborate as other esters of
boric acid, is sensitive to moisture that
causing hydrolysis and formation of insol-
uble in organic solvents boric acid. The
main reason of instability properties and
impossibility of long-time use of the LS is
sedimentation of this compound.

In 1965, Ross and Holsopple published
an article [12], which describes the proper-
ties of liquid scintillator with N,N,N-
trimethylborazole as a solvent.

N,N,N-Trimethylborazole (TMB) is a
colorless liquid with an aromatic character
[13]. The emission spectrum of 1,4-bis(5-
phenyloxazol-2-yl) benzene) (POPOP) in this
solvent does not differ from the spectrum
of emission of POPOP in toluene (Fig. 1).
TMB-based LS has a high light output (only
5 % less than the light output of the tolu-
ene-based scintillator), and high registra-
tion efficiency for thermal neutrons: about
65 % if the scintillator thickness is to be
3 mm.

In our opinion, the low availability of
N,N,N-trimethylborazole and, obviously,
the low flash point are the significant dis-
advantages of this scintillator, which limits
its use.

Since the aim of the present work is to
develop LS for the thermal neutrons regis-
tration suitable for use in large-scale ex-
periments, the properties of the new mate-
rial components must conform to a number
of conditions. Thus, boron additive should
be transparent over a wide spectral range,
and have temporal stability, composing of
the resistance to various influences (to heat,
atmospheric oxygen, hydrolysis, photo-resis-
tant and radiation stability). In addition,
the main material of the scintillator (sol-
vent) should provide a high light output
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Fig. 1. Fluorescence spectra of POPOP and

N,N,N-trimethylborazole in toluene [12].

and possess properties such as a high flash
point, non-toxicity and availability.

Based on an experience of the plastic
scintillators preparation [14], o-carborane
was chosen as a boron-containing additive.
This polyhedral boron compound, described
by the formula BigH;oCsH,, is a colorless
crystalline substance with high boron con-
tent (75 % wt.), extremely resistant to
strong acids, bases and oxidizing agents, it
is thermally stable up to 450°C [15].

Linear alkylbenzene (LAB) is a large-ca-
pacity product of petrochemical industry,
widely used for production of biodegradable
detergents was used as a scintillator base.
Linear alkylbenzene is a tradename of the
mixture of few monoalkylated substituted
benzene derivatives with a side chain length
from 9 to 14 of carbon atoms. Main compo-
nents of LAB (decylbenzene, undecylben-
zene, dodecylbenzene and tridecylbenzene)
contain from 10 to 13 carbon atoms in the
side chain [16]. Properties of LAB-based
"standard composition” scintillator particu-
larly described in one of the preceding arti-
cles [17].

2,5-Diphenyloxazole (PPO) was used as a
scintillation additive; 1,4-bis(5-phenyloxa-
zol-2-yl) benzene was chosen as a wave-
length shifter.

2. Experimental

Linear alkylbenzene grade A (LAB) was
run through a glass chromatographic col-
umn filled with calcined aluminum oxide.

o-Carborane of reagent-grade qualifica-
tion, 2,5-diphenyloxazole of reagent-grade
qualification, 1,4-bis(5-phenyloxazol-2-yl)
benzene of reagent-grade qualification and
naphthalene of reagent-grade qualification
were used without additional purification.

A weighed portion of o-carborane, PPO,
POPOP were dissolved in a linear alkylben-
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Table 1. Efficiency of thermal neutrons
registration depending on height of the
scintillator layer for sample with 6 wt.%

of boron
Sample height, Efficiency of thermal
mm neutrons registration, %
10 30+3.0
20 3813.8
30 40+4.0
40 451+4.5

zene under gentle heating. The concentra-
tion of scintillating additives was the same
in all cases: 0.5 wt.% for PPO and
0.0025 wt.% for POPOP. Transmission
spectra of the samples were measured in a
quartz cell with a layer 10 mm thick on a
UNICO UV-2804 spectrophotometer relative
to air with a scanning step of 1 nm.

Light output was measured as described
in [17]. The samples of LS were placed in a
teflon cell (J 50 mm) with the output ultra-
violet glass window. The height of the scin-
tillator layer in the cell was 20 mm. 207Bj
was used as a radioactive source.

The efficiency of thermal neutrons detec-
tion was measured as described in [18].

3. Results and discussion

In the present paper we obtained and in-
vestigated boron-loaded liquid scintillators
with boron concentrations of 0.5 %, 1 %,
2%,3 %,4 %, 5 %, 55 % and 6 % of
weight. LAB-based "standard composition™
LS with the same concentrations of scintil-
lation additives was used as a reference
sample to determine an influence of o-carbo-
rane additives on the properties of scintilla-
tor composition.

As for any other detector, the registra-
tion efficiency of radiation is the main
property of the scintillator and it is defined
as the probability of detection of a particle
that entered to the working volume. Light
output is specific, but no less important
than an efficiency of registration, charac-
teristic of the scintillation material (it im-
plies the number of photons emitted by the
scintillator by the absorption of a certain
amount of energy).

The values of the thermal neutrons regis-
tration efficiency for the new LS samples
were measured (Fig. 2). Increase of the
boron concentration leads to the significant
parameter increment. The sample with mass
fraction of boron 6 % is quite five times

302

w b
a O
T T

it :

Efficiency of thermal
neutrons registration, %
= N N W
g o o1 O
T T T T
w\
—
\\‘

-
a o
F® T

-

1 2 3 4 5 6
Mass fraction of boron, %

Fig. 2. Dependence of thermal neutrons regis-
tration efficiency of liquid scintillators on
mass fraction of boron.
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Fig. 3. Dependence of relative light output of
liquid scintillators on mass fraction of boron.

greater than the boron-free sample. Height-
ening of the scintillator layer also causes an
increase in the registration efficiency (Table
1). For the LS with mass fraction of boron
6 % the increase in layer thickness from
10 mm to 40 mm results in one-and-a-half
improvement of the registration efficiency
of thermal neutrons. As contrasted to the
registration efficiency, light output under-
goes a considerable decrease with increasing
of boron concentration (Fig. 3).

Such behavior of the concentration de-
pendence of the light output is obviously
related to the following factors:

— dilution of the scintillator material
with scintillation inactive o-carborane;

— decrease of the LS transparency with
increasing of o-carborane concentration
(Fig. 4).

The main characteristics of boron-loaded
liquid scintillators are summarized in Table 2.

4. Conclusions

Boron-loaded liquid scintillators based on
linear alkyl benzene with ortho-carborane as
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Table 2. The main characteristics of the new boron-loaded liquid scintillators

Parameter Mass fraction of boron, %
0 0.5 1 2 3 4 5 5.5 6
Density, g/cm3 0.865 | 0.871 | 0.877 | 0.888 | 0.902 | 0.914 | 0.927 | 0.934 | 0.940
Light output, a.u.” 1 0.77 0.70 0.60 0.54 0.50 0.47 0.46 0.44
N(B), atoms/cm?, 1022 - 0.02 | 0.04 | 0.07 | 0.11 | 0.15 | 0.19 | 0.21 | 0.28
N(C), atoms/cm?3, 1022 3.81 3.82 3.83 3.85 3.88 3.89 3.92 3.93 3.94
N(H), atoms/em3, 1022 | 6.32 | 6.85 | 6.38 | 6.44 | 6.52 | 6.59 | 6.66 | 6.69 | 6.73
Efficiency of thermal |7.5+0.8|18+1.3 | 30+3.0 | 81£3.1 | 3243.2 | 341+3.4 | 8313.3 | 3518.5 | 3813.8
neutrons registration, %
* Relative to unloaded LAB-based liquid scintillator
boron additive were obtained for the first 1eor
time. The maximum concentration of boron ) ;@%égfgigfezazg:ee&@-s-@
in the received material is 6 wt.%. The e 80 o g/”@
spectral and scintillation properties of the = /ﬁ%&v
new materials were investigated. New % 60 /'/Zév/
boron-loaded liquid scintillators possess € b/ —=—0%B
good registration efficiencies of thermal 2 40r i —o—2%B
neutrons and due to the physical and chemi- = _;3/_/ A 4%B
cal properties of linear alkyl benzene could 20r _/CZ//C/ —v6%B
be used in the large-scale experiments. /gé@//\/
0 o088 ] ] ] ] !
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