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ABSTRACT

Introduction: Glass phosphors are broadly used to determine
patient doses in radiation diagnostic and radiotherapy because of
their good features, the dose ranges of interest are approximately
0.1 -100 mGy for clinical x-ray diagnostics, and 1-5Gy for radio-
therapy. Materials and Methods: Borate silica glass samples were
prepared using melt quenching technique, XRD analysis confirms
that the glass system is amorphous (non- crystalline). TL properties
of glass were investigated such as optimum concentration, heat-
ing rate, and annealing procedure. The optimum glass samples of
457n0-45B,0,-108i0O, are used as glass radiation dosimeter. The
samples were irradiated using 6MeV and 6MV photon beams in a
dose range (0.5-4) Gy. Results and Discussion: There is single
and wide thermoluminescence glow curve that offering with maxi-
mum intensity at about 165 °C. Linear dose-response behavior has
been observed in this dose range for both irradiation electron and
photon beam. Sensitivity and minimum detectable dose have been
found. The sensitivity of 6MeV is 1.7 greater than the sensitivity
of 6MV photon energy. Conclusions: The results point out that
this glass has the potential to be used as an electron and photon
radiation dosimeter.
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INTRODUCTION

Different types of TLDs which are most accepted in
the field of radiation protection and medical dosim-
etry used to determine the energy response of elec-
tron and photon “***. Glass phosphors are broadly
used to determine patient doses in radiation diagnos-
tic and radiotherapy because of their good features,
the dose ranges of interest are approximately 0.1
-100 mGy for clinical x-ray diagnostics, and 1-5Gy
for radiotherapy ®-%. The Characteristics of these
glasses phosphor doped with several elements were
prepared by the melt quenching method and irradiat-
ed with photons and electron to doses in the 0.5-4.0
Gy range. Glowing curves, dose response, reproduc-
ibility of the response, dose threshold and thermal
fading were studied “*. To improve the TL propet-
ties, many researchers attempt to find new materials
and compositions for using as TL dosimeter in radi-
ation protection and medical dosimetry fields. Our
search is an attempt to find out the characteristics
of new glass host to know the effect of different
kinds of energies on this pure compound (ZBS) as
TL dosimetry without any activator, such as the glow
curve, dose response, sensitivity to radiation, and
minimum detectable dose (MMD), when subjected
to different kinds of energies.

MATERIALS AND METHODS

A 99.5% purity of silica oxide prepared using the
Rice Husk that obtained from a Malaysian domes-
tic procurement and processing of paddy and rice
(BERNAS) “. Glass system was prepared accord-
ing to following composition (90-x) ZnO-xB,0,-
10Si0,, where x= 25, 30, 35, 40, 45, 50 mol% us-
ing melt quenching technique inside the electronic
furnace ( Nabertherm more than 30-3000 °C) with
high temperature 1300 °C for 1 hour. Melting mix-
ture taken out and poured on stainless steel inside
other furnace and annealed at 400 oC for 4 hours
to avoid the thermal stress. Glass cut to small size
as TLD and weighted by using an analytical balance
Presica XT 220A. Model Harshaw 4500 TLD reader
was used to read out the TL yield at physics labo-
ratory in University Technology Malaysia at Johor
Bahru, to hold back possible false light signals from
triboluminescence as well to reduce oxidation of the
heating element, the nitrogen atmosphere was used.
Every data point in this work represented an average
of 3 individual TL glass reading, Un-doped borate
silica glass samples (ZBS) were prepared with vary-
ing mol percentage of zinc oxide (according to the
amount in Table.1) and exposed to 50Gy cobalt-60
gamma radiation to study the characteristics of this

glass samples™™.

Tablel. The raw materials and chemical compositions of prepared Un-doped glasses.

Batches Composition (mol%)

Samples e
S1 65
S2 60
S3 55
S4 50
S5 45
S6 40

B,O, SiO,
25 10
30 10
35 10
40 10
45 10
50 10

The optimum sample 45Zn0-45B,0,-108iO2 was irradiated with 6MeV and 6MV from (0.5-4)Gy using lin-
ear accelerator (LINAC), Elekta PRECISE, provided by Department of Radiotherapy and Oncology, Pantai

Hospital, Palau Penang. Beam field size set up was 10x10 cm2 and the samples were placed (on the surface



of a solid phantom) at standard source surface distance (SSD) for 100 cm. 400 MU/min a constant dose rate
was used and the delivered doses of the machine from (50 to 400) MU (monitor unit).

RESULTS

Fig.1 and Fig. 2 show the glow curve and TL response glass (ZBS) with different concentration of ZnO. The
highest TL intensity was set up to be that sample with 45 mol% ZnO and The glow curves have defined the

shape.

Fig. 1: The intensity of (ZBS) with various ZnO%
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The plotting intensity of luminescence as a function of temperature is called glow curve of thermolumines-
cence. The response of the TLD material represents by the area under the curve and expresses the radiation
energy. fig 3 illustrates the glow curve glass samples 45Zn0-45B O,-10Si0, irradiated with dose 4 Gy for
both 6 MeV electron and 6 MV photon beams.

Fig. 3: ZBS glass glow curve irradiated with 6MeV and 6MV
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To study the dose response of the glass sample (ZBS) 45Zn0O-45B,0,-108i0O,, the samples subjected to
6MeV and 6MYV at a range of (0.5-4) Gy as shown in fig 4. It seems that the beam of 6MeV and 6MYV rising
when the dose range elevated gradually for both types of radiations, this means that the TL response of the

samples is dose-dependent.

Fig. 4: ZBS glass dose response irradiated with 6MeV and 6MV
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From fig 4, the sensitivity of the data point for samples can be determined by the slope of the plotting TL

response as a function of dose.

The lower limit of detection is important in low dose measurement where the signal of an irradiated TLD
is almost the same as the background. The Minimum Detectable Dose was determined according to the
following expression Eq. 1.4

D, = (B* + 20p)F (1)

where Do is the minimum detectable dose, B* is the average background TL of the unirradiated dosimeter.

oB is the standard deviation of the background signal, and F is the calibration factor expressed in Gy nC-1

Eq. 2

_ dose(Gy)
~ A(nC)

DISCUSSION

Defined glow curve shape and the high TL intensity
displayed by the basic compound of ZBS indicated
that the materials intrinsic are enough to traps and
center of recombination electrons and holes. Single
glow curve for both 6 MeV and 6 MV) that drop out
after maximum intensities at around 165 oC. Sam-
ples show off that the TL response to a dose form
6 MeV was higher than the same dose from 6 MV
beams. The result of glow curve indicated that bo-
rate silica glass has a good response for 6 MeV and
O0MV. From Fig 4, it seems that the beam of 6MeV
and 6MV rising when the dose range elevated gradu-
ally for both types of radiations, this means that the
TL response of the samples is dose-dependent. The
sensitivity of 45Zn0-45B O,-10Si0O, glass sample
is 2653 (nC.Gy"'.g") and 1552 (nC.Gy".g") for 6Me-
Vand 6MV photon beams respectively, the response
dose of sample irradiated with 6 MeV has sensitivity
1.7 times higher than the sample irradiated with 6
MV photon in the same condition. The minimum
detectable dose (MDD) for the present glass sam-
ples subjected to 6MeV and 6 MV are 40mGy and
34mGry respectively.

(2)

CONCLUSIONS

The TL properties of zinc borate silica were investi-
gated. The results show the linear dose response for
the range (0.5 to 4)Gy. The glow curve of proposed
samples is single and board that falls after maximum
intensity at 1650C. The sensitivity of the data point
for samples can be determined from the slope of
the plotting, TL response as a function of dose the
response dose of the sample irradiated with 6MeV
has sensitivity 1.7 times higher than sample irradiat-
ed with a 6MV photon. Minimum detectable dose
determined. This finding indicated that the present
glass system is suitable to be used as thermolumi-
nescence dosimeter particularly for an electron irra-

diation.
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