Semiconductor Physics, Quantum Electronics & Optoelectronics. 2001. V. 4, N 2. P. 123-125.

PACS: 29.40-n;33.50-j

Influence of plasticizer structure on stability
of polystyrene scintillator optical characteristics

V.G. Senchishin, A.Yu. Borisenko, V.D. Titskaja, V.S. Koba, V.N. Lebedev, A.F. Adadurov*,

V.N. Osadchenko

Institute for Single Crystals, National Academy of Science of Ukraine, 60 Lenin Ave., 310001 Kharkiv, Ukraine,

tel. (0572)307969, E-mail: sench@isc.kharkov.com

*Kharkov State University, sq. Svobody 4, 310077 Kharkiv, Ukraine

Abstract. The radiation and thermal stability of optical characteristics of polystyrene
scintillators modified by plasticizers based on derivatives of naphthalene, ditolylmethylene,
diphenylene oxide, ether of phthalic acid and oligo-phenyl-methyl-siloxanes were studied. It
was shown that structure and size of plasticizer molecule make a definite influence on
scintillators characteristics of operational conditions stability.
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1. Introduction

The polystyrene scintillator (PS) is the radioluminophor
used in scitillator detectors for detection and character-
izing measurements of ionizing radiation: a, 3, ¥, neu-
trons and others. PS converts an energy of ionizing ra-
diation into light flashes — scintillations which are col-
lected by photomultiplier [1,2].

During operational time, the main features of scin-
tillators — scintillation efficiency and transparency to
proper luminescence light — become worse as a result of
radiation destruction and material aging.

To improve the radiation stability, it was offered to
use plasticizers of different chemical nature [1,2]. Present
work is aimed to investigate the influence of structure of
molecules plasticizers of different chemical nature on ra-
diation and thermal stability. As plasticizer the deriva-
tives of naphthalene, ditolyl methylene, diphenylene oxi-
de, ether of phthalic acid and oligo-phenyl-methyl-silo-
xanes of 15-20 % concentrations were used.

The plasticizers which we selected for the modifica-
tion of polystyrene scintillators were distinguished by
the structure and size of molecule. The common feature
of all used plasticizers was presence of naphthalene or
phenyl radicals in their molecules that provides suffi-
ciently greater value of dissolvability parameter of plas-
ticizers 0 = 18-21 (MJ/m3)"2. The dissolvability para-
meter of plasticizers that characterizes cohesion forces
of molecular interaction is close to value of polystyrene
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dissolvability parameter & = 19 (MJ/m?)!2, which en-
sures sufficiently good compatibility of plasticizers with
polystyrene matrix of PS. The parameter of dissolvabil-

ity is defined by the expression [3]:

diy G
o= _L
M
where G are attraction constants of separate groups of

molecule; d is a density; M is a molecular mass of plasti-
cizer.

2. Experiment

Samples of scintillators were produced by thermal polyme-
rization of styrene with scintillation additives (PTP 2 %,
POPOP 0/02 %) and plasticizers, as well as by the method
of injection molding. The samples were made in the form
of cylinders of 30 mm height and 16 mm diameter.

Transparency measurement was executed using a la-
ser on cadmium vapours (A = 441 nm). The intensity of
light falling 7, and passed I through the sample of a length
x was measured. Transparency (L ) was calculated from
the expression:

1= 1y [E Cexp(-x/Lg)

where € is a factor taking into account the reflection of
light from the surface of PS sample.
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To study PS radiation stability, the samples were ir-
radiated to the dose of 40 kGy by y radiation from a
%0Co source in air at the 20 °C temperature. - radiation
power was 0.1-0.25 kGy/hour. The transparency chang-
ing was estimated by the following parameter k:

_Lo-L
Lo

k (100

where L, L are transparencies before and after irradia-
tion, respectively.

Samples with k = 0 are characterized by the highest
radiation stability, greater value of k corresponds to lower
radiation stability.

To predict behavior of PS material stability with time,
the thermal aging of samples was studied. Samples were
heated in the air thermostat under 70 °C within 24 hours.
Masses of samples were measured before and after heat-
ing, and the plasticizers migration rate was determined
in accord with [4]:

Mo " M0

/J:

where m1, is a mass of sample before, and m after heating.

Using 50* optical microscope MIM-7, we observed
changes occurring in the volume and on surfaces of sam-
ples.

3. Results

After irradiation, PS samples in yellow and brown co-
lours simultaneously with significant changes of trans-

parency were observed. This is the result of formation in
PS volume radiation induced radicals that absorb the lu-
minescence light of PS.

Fig. 1a presents the relative PS transparency k vs the
parameters of plasticizers: molecular mass M and dis-
solvability parameter &. It is worth to note, that the modi-
fication of PS by derivatives of naphthalene, ditolyl meth-
ylene, diphenylene oxide, increases the radiation stabil-
ity of PS optical features (k < 20 %). While the use of
ether of phthalic acid and oligo-phenyl-methyl-siloxanes
leads to greater changes of transparency, k= 30% (smaller
radiation stability).

The PS samples radiation stability increases with gro-
wing naphthalene and phenyl radical parts in plasticizer
molecules. Thus, according to Fig. 1a, increasing of dis-
solvability parameter value J, naphthalene and phenyl
radicals part of the molecule, decreases relative change
of transparency k. It means that radiation stability of PS
samples increases (Fig. 1a).

The PS radiation stability is increased due to the fact
that plasticizer molecules of naphthalene and phenyl
radicals diffuse and dissipate the part of excitation en-
ergy absorbed by PS material, preventing the polysty-
rene macromolecules destruction.

The next reason of PS samples radiation stability in-
crease and reduction of parameter k is structure plastici-
zation of PS material, efficiency of which increases with re-
ducing plasticizer molecule sizes (i. e., at smaller M, Fig.1a).
To provide active structured plasticization, molecule plas-
ticizers should have the size close to that of polystyrene
monomer [5]. In this case, mobilities of bulk phenyl group
of monomer molecules and segments of polystyrene mac-
romolecules are relieved. It provides an active diffusion

Fig. 1. The relative PS transparency changing k& under irradiation (a) and plasticizers migration g under thermal aging (b) vs

plasticizers molecule structures features.

124

500, 4(2), 2001



V.G. Senchishin et al.: Influence of plasticizers structure on stability of ...

of oxygen into PS volume, which enables oxidation and
recombination of radiation induced radicals, that is the
centers of PS luminescence light absorption. Active oxi-
dation and recombination of radicals allow PS to recover
their optical characteristics simultaneously with radia-
tion destruction. As a result, after irradiation there is no
observed profound change in transparency of plasticizer
— PS modified samples.

After thermal aging, the change of PS sample mass is
observed, caused by plasticizer migration. Fig. 1b shows
dependences of plasticizer migration on molecular mass
M and dissolvability parameter 8. As can be seen, in-
creasing of plasticizer molecule size (molecular mass M)
and cohesion energy (parameter of dissolvability ) re-
duce plasticizer migration. Thus, in the case of using the
ether of phthalic acid and oligo-phenyl-methyl-siloxanes,
the only small migration (¢ = 0.05 %) is observed and
transparency changes do not occur. When using deriva-
tives of naphthalene, ditolyl methylene, diphenylene oxi-
de, we observed the more intensive migration (= 0.1 %)
resulting in formation of microcracks and micropores,
that lead to decreasing PS sample transparency.

The plasticizers migration can be lowered down to
the value of 0.05 % by producing the PS with high mo-
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lecular mass according to the technology of bulk polym-
erization or using the technology of injection molding.
Therefore, the use of plasticizers based on derivatives
of naphthalene, ditolyl methylene, diphenylene oxide when
producting PS of high molecular mass in accordance with
technology of bulk polymerization or using the technology
of injection molding, which enables to get PS with high
stability of optical features during operational time.
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