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Abstract

Original scientific paper
In this study, gamma rays absorption properties of Poly(lactic Acid) (PLA)/Titanium Carbide (TiC) nanocomposite films produced by
containing 5% TiC were investigated. In applications where radioactive sources such as industry and medical are used, protection from the
harmful effects of radiation is very important. Researches on materials to be used in shielding as an alternative to lead are becoming
widespread. Comfortable, easily shaped, thin, durable, non-toxic to the environment and the user are the features sought in an ideal shield
materials. For this purpose, the gamma ray absorption properties of the PLA/TiC nanocomposite material and its effect on radiation
shielding were investigated. The linear attenuation coefficient value of the sample with different thicknesses was obtained with the Nal(TI)
scintillation detector. A monochromatic gamma source, Cs-137 gamma radioisotope with 661.62 keV energy was used as the gamma
radiation source. To determine the gamma ray shielding ability of materials Half value layer (HVL), tenth value layer (TVL) and radiation
shielding efficiency (RPE) parameters of the material were calculated.
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POLILAKTIK ASIT (PLA) / TITANYUM KARBUR (TiC) NANOKOMPOZIT FILMIN GAMA ISINI
ZIRHLAMA OZELLIKLERININ iNCELENMESI

Ozet
Orijinal bilimsel makale

Bu ¢alismada, %35 TiC igeren Polilaktik Asit (PLA)/Titanyum Karbiir (TiC) nanokompozit filmlerin gama 1ginlar1 absorpsiyon ozellikleri
incelenmistir. Endiistri ve medikal gibi radyoaktif kaynaklarin kullanildig1 uygulamalarda radyasyonun zararl etkilerinden korunmak ¢ok
onemlidir. Kursuna alternatif olarak zirhlamada kullanilacak malzemeler {izerine arastirmalar yaygimlasmaktadir. Rahat, kolay
sekillendirilebilen, ince, dayanikli, cevreye ve kullaniciya toksik olmayan ideal bir zirh malzemelerinde aranan 6zelliklerdir. Bu amacla
PLA/TiC nanokompozit malzemenin gama 1sin1 sogurma Ozellikleri ve radyasyon kalkanina etkisi aragtirilmistir. NaI(TI) sintilasyon
dedektori ile farkli kalinliktaki numunenin lineer zayiflama katsayisi degeri elde edilmistir. Gama radyasyon kaynagi olarak monokromatik
bir gama kaynagi olan 661.62 keV enerjili Cs-137 gama radyoizotopu kullanilmigtir. Malzemelerin gama 1sin1 zirhlama kabiliyetini
belirlemek i¢in, malzemenin Yar1 deger katmani (HVL), onuncu deger katmani (TVL) ve radyasyon zirhi verimliligi (RPE) parametreleri
hesaplanmustir.

Anahtar Kelimeler: Gama radyasyonu, lineer zayiflama katsayilari, Nal(TI), Nanokompozit film.

1 Introduction for diagnostic and therapeutic purposes. Depending on the
dose exposed, it causes genetic diseases caused by DNA
damage, and diseases such as cancer, radiation burns,

which can damage living cells and tissues [2-4].

Radiation is the emission or transfer of energy in the
form of electromagnetic waves or particles. In our daily

life, we are inevitably exposed to natural radiation
sources. Cosmic radiation coming to our world from
space, radiation emitted by the decay of radioactive
elements in water, soil, building materials and atmosphere
can be counted among natural radiation sources [1]. In
addition, it is known that exposure to artificial radiation
sources in many fields such as medical fields and industry
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Therefore, radiation protection methods are important.
There are three basic rules among radiation protection
methods: distance, time and shielding. The further our
stay away from the radiation source, the less the dose is
exposed. The radiation dose depends on inverse-square
law. It changes inversely with the square of the distance.
The less time is spent in the radiation environment, the
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less dose is exposed. A barrier to be placed between the
radiation source and the person will minimize the dose
received [5]. The shield chosen for different types of
radiation should be different. Chemical composition of the
material, the radiation absorption coefficient of the
material, the radiation energy and type are important
factors in the selection of the shield material and
determination of thickness [6]. Lead (Pb) sheets and lead
vests are used in shielding. Pb is a very suitable material
that is widely used in radiation shielding due to its
physical and chemical properties. However, it has
disadvantages such as inflexibility, heavy material and
toxic effects. For this reason, many studies are carried out
on radiation shielding as an alternative to lead [6-10].

In this study, gamma irradiation attenuation
properties of PLA/TiC nanocomposite films and its effect
on radiation shielding were investigated. Its usability as
an alternative to lead shielding, which is frequently used
today, was examined.

2 Material and Method
2.1 Theoretical Background

A decrease in the intensity of the photon beam falling
on a material with a thickness of dx occurs. This decrease

is due to the absorption of part of the incident photon beam
by the material (Figure 1).
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Figure 1. Attenuation of a photon beam.

The decrease in intensity of gamma rays as they pass
through the dx thick layer can be written as in Eq.(1).

dl = —uldx )

In here, u is the linear attenuation coefficient and is
defined as the energy absorption fraction per unit
thickness. The linear attenuation coefficient (u) depends
on the atomic number of the absorbing material and the
energy of the photons that make up the incoming gamma
ray beam [10]. I is the energy amount of the ray per unit
time perpendicular to the direction of propagation of the
gamma rays beam. Eq.(3) is obtained by integrating in
Eq.(1) over a finite thickness x.
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This is the equation of a line with a slope of -u and
crossing the x-axis at Inlp using logarithmic operation
properties, Eq.(4), known as Beer—Lambert's Law, is
obtained.

| =1, (4)
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lo; the intensity of the incident photon without
absorbing material between the source and the detector,
and I; indicates the intensity after passing through the
absorber of thickness x [11]. Inhere, negative sign
indicates the reduction in incoming intensity. If the energy
of the incident beam changes, the values of the absorption
coefficient of the shielding materials also change. The half
value layer (HVL) and tenth value layer (TVL) of the
material are described to quantify the gamma ray
shielding. HVL and TVL are the thicknesses of a sample
that will attenuate by half and tenth the incident photon
intensity [12]. These values were calculated with Eq.(6)
and 7, respectively.
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HVL is the shielding thickness required to stop half of
the gamma rays from the radioactive source. It is
dependent on the gamma energy and the atomic number
(2) of the shielding material [10]. TVL, corresponds to the
thickness value that reduces the incident beam by 10
times. The Radiation Shielding Efficiency (RPE) is an
important parameter that indicates the shielding ability of
the material and is calculated as shown in Eq.(8) [13].

RPE = (1—%0}100 (8)

2.2 Preparation of PLA/TiC Nanocomposite Films

PLA/TiC nanocomposite film containing 5% TiC was
prepared by solvent casting method. For this, 0.025 grams
TiC nanoparticles were dispersed in 5 mL chloroform for
1 hour in an ultrasonic homogenizer. Meanwhile, 0.5
grams polylactic acid was mixed in a magnetic stirrer until
it was completely dissolved in 5 mL chloroform. After 1
hour, the TiC nanoparticle solution was added to the PLA
solution and the PLA/TiC nanocomposite was dispersed
for an additional 15 minutes. The mixture was poured into
a petri dish, dried in an oven at 40 °C for 24 hours, and a
polymeric film was obtained. PLA/TiC nanocomposite
films produced in different thicknesses are shown in
Figure 2.
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Figure 2. Images of PLA/TiC Nanocomposite Films.
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2.3 Measurements of Gamma Irridation

Gamma irradiation measurements were made with a
Nal(TI) scintillation detector. Based on atomic excitation,
this detector is widely used for the detection of gamma-
rays. The detector was operated in the plateau region (650
V), which is the most ideal voltage range. Gamma
radiation attenuation of PLA/TIiC nanocomposite films
was measured with the experimental setup shown in
Figure 3. The detector window was adjusted according to
the 661.62 keV energy of the Cs-137 radioactive source.
Thus, the detector will only be sensitive to gamma
radiation. First of all, background radiation counts were
made without a radioactive source in the environment.
Then, gamma counts were taken by placing the Cs-137
radioactive source Nal(TI) in the detector window. Counts
were repeated by placing the produced absorbent material
between the source and the detector. Measurements were
repeated 10 times, measuring t=100 for each sample. The
linear absorption coefficient of the produced
nanocomposite films was calculated with Eq.(5) using the
slope of the graph depending on the thickness.
Consequently; performance of the absorber material in
gamma shielding was investigated by calculating the
HVL, TVL and RPE values.

Lead Shield

Output signal
Radiation Counter
A Shielding Sample
Radiation Source
Lead Shield

Figure 3. The experimental setup.

3 Results and Discussions

The thickness of the absorber is an important factor in
attenuating gamma radiation. Samples have prepared in 3
different thicknesses, from 4.7 to 6.2x102 cm, to
investigate absorption rate of the material produced. The
graph of change of In(lo/l) depending on the thickness (x)
is shown in Figure 4. The slope of the graph, the parameter
of u absorption coefficient.

This value was calculated as 4.670 cm™ (Eq.5). As the
thickness increases, the absorptive ability of the shielding
material also increases. Depending on the u value, HVL,
TVL and RPE parameters are calculated and shown in
Table 1.
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Figure 4. In(lo/1)=f(x) graph of change.

HVL value changes according to the intensity of the
incident beam (lg). When a radioactive source with
relatively higher gamma energy than Cs-137 (661.62
keV), such as Co-60 (1173.23 and 1332.50 keV), is used,
the absorbent material thickness increases. As the atomic
number (Z) of the absorber material increases, the
thickness required for the incident gamma-ray intensity to
decrease to half its value will decrease.) The low HVL
value is important in the successful acceptance of
radiation shielding [14-17]. The small HVL value of the
produced material can be considered to be successful in
shielding.

As the thickness of the material increases, the
percentage of gamma intensity reduction increases. This
shows that the thickness is quite effective in shielding.

PLA/TIC nanocomposite film could be a potential
candidate as an alternative to lead in gamma ray shielding
applications. Among the advantages of the material are
light, flexible and non-toxic. Shielding capacity can be
improved by doping trace amounts of higher atomic
number elements such as lead, bismuth, tungsten into the
produced material. At the same time, it is possible to
increase the absorption property by increasing the
percentage of RPE by increasing the thickness due to the
lightness of the material. Considering its performance at
Cs-137 (661.62 keV), it can be said that it can operate
more efficiently at relatively low energies.

Table 1. Half Value Layer (HVL) and absorption percentages.

Thickness (cm) Io (count/s) 1 (count/s) In (lo/I) RPE (%) p(ecm?) HVL (cm) TVL (cm)

0.047 71.580 53.180
0.059 72.536 52.342
0.062 72.706 49.690

25.706
27.840 4.670 0.015 0.493
31.656
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