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Light transmittance T of the commercially available dielectric gels as a function of
integrated radiation dose D was studied in this work. Irradiation of samples was per-
formed by electron accelerator with integrated radiation doses up to 90 Mrad. It allowed
choosing the gels for development of radiation-resistant detection systems on their base. It
was shown that dielectric gels Sylgard-184 and Sylgard-186 are the most suitable for this
purpose due to their mechanical and optical characteristics.

IIpoBeneHbl Pe3yabTATHI HCCAEIOBAHUA ONTUYECKOTO IIPOIYCKAHWA 1T KOMMEPUYECKM-I0-
CTYIIHBIX [IUSJIEKTPUYECKHX TreJjiell B 3aBUCUMOCTH OT HHTErpajJbHOU [q03bl obaydenusd D.
Ob6nyueHre MPOBOLUJIOCH C IOMOIIBLI0 SJEKTPOHHOTO YCKOPUTENS ¢ MHTErPajJbHBIMHU TO3aMU
xo 90 Mpax. IlpoBemen orGop reseil A CO3TAHMA PAAUAIMOHHO-CTOMKNX AETEKTHPYIOMIUX
cucTeM Ha UX OcHOBe. I[oKasaHo, UTO II0 CBOMM MEXAHHYECKUM M OIITHUYECKHM XapPaKTeprc-
TUKaM HauboJsiee IEePCIEKTHUBHBIMU SBIAIOTCS AUdJeKTprudecKme reau Sylgard-184 um Syl-
gard-186.

Hocnidmcenna padiayitino-cmitikux zeaboéux OCHO06 0na Komno3uyitinux demex-
mopie. A.IO.Boapunyes, M.3.I'aaynos, HJI.Kapasaesa, A.B.Kpeu, I.B./lazapes, JI.I'.JIesuyx,
T.A.Henoxynna, B.J[.Ilanixapcovra, B.®.ITonos, 11.B.Copoxin, O.A.Tapacerko.

HageneHno pesyasTaT JOCHIMKEHHA ONTUYHOTO TMPOMYyCKaHHA T KOMepIiifiHO-TOCTYIHUX
MieJIeKTPUYHUX TeJiB 3aJIe’KHO BiJ iHTerpasnHoi no3u ompominenHsa D. OmpoMiHeHHS TIPOBO-
OUJIOCS 38 JOTIOMOTOI0 eJeKTPOHHOTO TPHUCKOPIOBaua 3 iHTerpamspHuMu; gosamu go 90 Mpazx.
IIpoBeneno Bigbip resiB s CTBOPeHHA pafialifiHo-cTIHKUX cuUcTeM JeTeKTYyBaHHA Ha 1X
ocuoBi. IlokasaHo, 110 3a CBOIMU MEXAHIYHUMHU i OMTUYHUMU XapPaKTepPUCTUKAMU HaiibGiabIm
TMEPCUEeKTUBHUMU € mieqeKTpuuHi resi Sylgard-184 ta Sylgard-186.
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1. Introduction

Development of new scintillator materi-
als, both in Ukraine and in the world be-
comes a very important problem. The high
risk of exposure of ionizing radiations (es-
pecially neutron and alpha-particle radia-
tions) on a human body needs the detection
of low and super low fluxes of radiations.
The detectors with large areas and high de-
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tection efficiency have to be used to in-
crease the probability, and hence the stabil-
ity of detection of ionizing radiation of low
intensities. Such detectors must convert the
particle energy stored in the detector mate-
rial in light and then in the electric signal
which is registered by a measuring unit.
Recently, we proposed the production tech-
nology for the new type of scintillation ma-
terials, namely, composite scintillators
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[1-4]. They are obtained by introducing mi-
crocrystalline grains in non-scintillating gel
base. It is possible to introduce both organic
and inorganic microcrystalline grains. It
was proved that these materials are the ef-
fective and selective detectors of fast and
thermal neutrons, as well as of alpha parti-
cles. The proposed technology allows pro-
ducing the detectors, which have no restric-
tions on the shape and area of an input
window [1-4]. These scintillators and detec-
tors on their base are characterized by ver-
satility, are easy in use in the wide range of
problems of detection and identification of
ionizing radiations. These unique features
of the composite scintillators make an at-
tractive perspective of the development of
radiation-resistant scintillation systems.

Application of the new class of accelera-
tors, such as LHC CERN (Switzerland)
caused dramatically increase of exposure in-
tensity of the scintillation detectors. For
example, scintillation detecting plates (tiles)
are used for a frontal hadron collider
(Hadron Endcap (HE)) in the CMS-detector
(LHC CERN). Some tiles are located near
the axis of a beam, where the intensity of
the particles is large and therefore the expo-
sure doses are large too. During 10 year op-
eration of the CMS-detector the total dose
ranges up to 10 Mrad at the mean radiation
dose rate of 1 Mrad/year or 0.0001 Mrad/h.
Currently the experiments aimed at increas-
ing the luminosity of the beam. This will
lead to increase in radiation doses up to
30 Mrad.

Therefore, the increase of radiation hard-
ness of scintillation materials is an object of
intense interest. The first step to resolve
this problem is to obtain information about
radiation hardness of the potential materi-
als as the bases of composite scintillators,
namely, the commercially available dielec-
tric gels are needed to create radiation-re-
sistant detectors on their base. The paper is
devoted to this problem, i.e. the study of
radiation hardness of materials those can be
the base for the composite scintillators.

2. Experimental

Selection of base material is an impor-
tant task for creation of composite scintilla-
tors [5, 6]. The criteria for selection of
these bases are the following properties: in-
ertness to crystalline grains, non-hygro-
scopicity, and high transparency of scintil-
lation materials in the range of their lumi-
nescence during operation. We selected the
following three samples manufactured by
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Dow Corning Corporation (USA): Sylgard-
184, Sylgard-186, and Sylgard-527. The ad-
vantages of these dielectric silicone gels are
the following: the maximum protection
against moisture, wide range of operating
temperatures, good adhesion to most mate-
rials, resistance to mechanical stresses and
vibrations, absence of solvents. In addition
to these materials, we also investigated the
following dielectric gel bases: SKTN-med
(viscosity of 20 P), SKTN-med (viscosity of
100 P), and SUREL-SL-1. SUREL-SL-1 is an
optically transparent siloxane gel composi-
tion for scintillation techniques, medical in-
strumentations, the instrumentations for
detection and analysis of ionizing radia-
tions. SKTN-med is the polymer base of op-
tically transparent gels with viscosity in the
range from 2 to 1000 P, which are used in
medical instruments. According to the
chemical structure silicone rubbers have a
special place among other rubbers of gen-
eral and special purposes due to their
unique properties. The most important of
them it is a long-term preservation of elas-
ticity in the broadest temperature range in
comparison with all other elastomers. Silox-
anes have the wide range of properties. It is
high thermal stability in air and vacuum,
biological inertness, wide range of operating
temperatures, increased water repellency
and resistance to water and water vapor,
etc. Some characteristics of these materials
are shown in Table 1.

We obtained @30 mmx5 mm3 samples
using six selected gel bases, namely, Syl-
gard-184, Sylgard-186, Sylgard-527, SKTN-
med (20 P), SKTN-med (100 P), and
SUREL-SL-1. Due to fact that all the bases
consist of two components, both components
are mixed in the proportions shown in Table 1.
We carried out vacuum treatment to remove
air inclusions occurring during homogeniza-
tion of samples. A liquid sample was filled
into a mold and allowed to complete the
polymerization process at the room tempera-
ture. After the polymerization, the preform
was removed from the mold. After that, the
special cliche were used to obtain the sam-
ples of dielectric gel material 830 mm in di-
ameter. Such sample thickness was calcu-
lated from a value of volume of the primary
liquid composition of the dielectric gel,
which was filled into the mold. The gels
Sylgard-527 and SUREL-SL-1 had suffi-
ciently sticky gel-like consistency. There-
fore, to avoid surface contamination of
the samples, the mold before polymeriza-
tion process was covered with a thin (less
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Table 1. Characteristics of two-component dielectric gels

Sylgard-184 | Sylgard-186 | Sylgard-527 | SKTN-med | SKTN-med |SUREL-SL-1
[7] [7] [3] (20 P) [9] | (100 P) [9] [9]
Ratio of 10:1 10:1 1:1 20:1 20:1 1:1
components
Dynamic viscosity, 35 65 4.75 20 100 20
Heat conduction, 0.15 - 0.15 - - -
W/(m-K)
Colour Optically Optically Optically Optically Optically Optically
transparent | transparent | transparent | transparent | transparent |transparent
Operating -55...+200 | —45...+200 | —55...+200 | -20...+150 | —-20...+150 | -20 +150
temperatures, °C
Density, g/cm? 1.04 1.12 0.97 - - -
Hardening time 10 min 15 min 35 min 24 h (25°C) | 24 h (25°C) | 24 h (25°C)
(150°C) (150°C) (150°C)
20 min - 75 min
(125°C) (125°C)
35 min 25 min 210 min
(100°C) (100°C) (100°C)
48 h (25°C) | 48 h (25°C) -
Dielectric 14 - 15.1 12...15 12...15 -
strength, kV/mm
Volume resistivity, 2.9.1014 - 5.0-1014 — _ _
Ohm-cm
Refractive index 1.41 - - - - -

than 5 pm) polyethylene film. After the po-
lymerization the same film was used for
covering the second surface of the samples.
Subsequently, all the studies of Sylgard-527
and SUREL-SL-1 gels were carried with this
film. It should be noted that the presence of
this film had no significant effect on the
values of light transmittance of the sam-
ples. These values were within the range of
the measurement error.

3. Results and discussion

The results of measurements of light
transmittance T for the above-mentioned
types of dielectric gels are presented in this
section. The samples were irradiated by
electrons with accumulation of various inte-
grated radiation doses D. For each type of
the gel base a series of six samples was
made, five of them were irradiated, and one
of them was not irradiated and was used as
a reference sample.

Measurements of light transmittance T
in the range from 300 to 700 nm were per-
formed by Shimadzu-2450 spectrophotome-
ter with the integrating sphere. The meas-
urements were carried out concerning air
(the comparison channel remained blank).
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The value of light transmittance T was cal-
culated as follows:

=L 100%, 1)
Iy

where I is the light flux falling on a sam-
ple, I is the light flux passed through a
sample.

The samples were irradiated by electron
accelerator of the National Science Center
"KIPT" with the electron energy about
9.2 MeV at the room temperature. During
irradiation the radiation dose rate was uni-
form and was equal to 0.23+0.01 Mrad/h.
Inhomogeneity of irradiation of the samples
did not exceed 5 % . All 6 types of samples
were exposed to radiation at the same time.
The samples were, consistently (by one sam-
ple of each type), exposed to radiation until
accumulation of the necessary integrated ra-
diation dose. To control radiation doses
HARWELL Red 4034 plastic dosimeters
with an accuracy of £10 % were used.

The irradiation of the samples was not
continuously in time, and with the pauses
from 12 h to 3 days. The samples (by one of
each type) accumulated the following values
of D: 8.63, 19.1, 33.1, 43.0, and
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Fig. 1. Light transmittance T in the wave-
length range from 300 to 700 nm for a series
of the samples of dielectric gel Sylgard-184
irradiated by different integrated exposure
doses D: 0 — D = 0 (the reference sample),
1 — D=8.63 Mrad, 2 — D =19.1 Mrad,
3 — D =33.1 Mrad, 4 — D = 43.0 Mrad,
5 — D =50.7T Mrad, 6 — D = 90.6 Mrad.
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Fig. 2. Light transmittance 7' in the wave-
length range from 300 to 700 nm for a series
of the samples of dielectric gel Sylgard-186 ir-
radiated by different integrated exposure doses
D. The notation is the same as in Fig. 1.

50.7 Mrad. The fifth samples (D =
50.7 Mrad) of each type, first of all, were
measured and after that were exposed to
radiation up to D = 90.6 Mrad and meas-
ured again.

For all types of the dielectric gels we
used the reference non-irradiated samples
(D =0). Fig.1 shows the values of light
transmittance T for a series of the samples
of the gel base Sylgard-184. Fig. 1 demon-
strates that the T-value slightly changes
with increase in the radiation dose. It, in
turn, testifies about the high radiation
hardness of this dielectric gel. Fig. 2 dem-
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Fig. 3. Light transmittance T in the wavelength
range from 300 to 700 nm for a series of the
samples of dielectric gel SKTN-med (20 P) irra-
diated by different integrated exposure doses D.
The notation is the same as in Fig. 1.
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Fig. 4. Light transmittance T in the wave-
length range from 300 to 700 nm for a series
of the samples of dielectric gel SKTN-med
(100 P) irradiated by different integrated ex-
posure doses D. The notation is the same as
in Fig. 1.

onstrates the values of light transmittance
T for a series of the samples based on Syl-
gard-186. This dielectric gel also has high
radiation hardness, while the T-values for
D =0 (curve 0) are not too high.

Figs. 8 and 4 demonstrate light transmit-
tance T for series of the samples of SKTN-
med (20 P) and SKTN-med (100 P), respec-
tively. The T-values, practically, did not
change with increase in the radiation dose.
For D = 90.6 Mrad (curve 6 in Figs. 3 and 4)
for the wavelengths longer than 400 nm an
inessential reduction of the T-values takes
place. It did not exceeds 5 %.
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Fig. 5. Light transmittance T in the wave-
length range from 300 to 700 nm for a series
of the samples of dielectric gel Sylgard-527 ir-
radiated by different integrated exposure doses
D. The notation is the same as in Fig. 1.
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Fig. 6. Light transmittance T in the wave-
length range from 300 to 700 nm for a series
of the samples of dielectric gel SUREL-SL-1
irradiated by different integrated exposure
doses D. The notation is the same as in Fig. 1.

Figs. 5 and 6 show the data of light
transmittance T for series of the samples of
Sylgard-527 and SUREL-SL-1 dielectric
gels. For these gels the dispersion of the
T-values also did not exceed 5 % . It should
be noted, that during irradiation all the
samples of Sylgard-527 and SUREL-SL-1 be-
came inelastic and fragile, and at the high
doses of irradiation (50-90 Mrad) the sam-
ples sometimes cracked. Therefore the gel
compositions Sylgard-527 and SUREL-SL-1
are not so good to be used as the bases for
development of radiation-resistant scintilla-
tion systems.
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4. Conclusions

The results of this work have indicated
that optical properties of the studied indus-
trial dielectric gels poorly vary as a func-
tion of the integrated radiation dose D up
to 90 Mrad. It is necessary to take into ac-
count the following. The dielectric gels can
be used in the wide range of working tem-
peratures, they do not chemically react with
the materials used in scintillation tech-
nique, they are non-hygroscopic, and they
possess high transparency in the range of
luminescence of many scintillation materi-
als. It allows claiming that application of
the radiation-resistant like-gel dielectric
bases is one of the promising ways for improv-
ing the characteristics of detecting devices.

Thus, the gels Sylgard-527 and SUREL-
SL-1 could not be proposed as a base mate-
rial for development of radiation-resistant
scintillation systems due to degradation of
their mechanical properties with increase of
radiation dose. The dielectric gels Sylgard-
184 and Sylgard-186 are the most usable in
the context of their mechanical and optical
characteristics. Insignificant increase in
light transmittance T of some gels (SKTN-
med (20 P), SKTN-med (100 P), Silgard-
527, and SUREL-SL-1) after irradiation by
the radiation dose D of 90.6 Mrad may be
caused by the effect of partial solid-state re-
crystallization by the action of ionizing radia-
tion. As it is known [10], the improvement of
structure perfection can lead to reduction of
probability of dispersion of light photons and
to increase in transparency of the material.
Determination of the dependence of optical
characteristics of the dielectric gels as a func-
tion of radiation dose rate is the most impor-
tant task of the next investigations.
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