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Abstract—This study investigates and compares the results of thermoluminescence responses, its linearity,
sensitivity with various dose ranges and TL glow curve of Fluorine-doped silica fiber and TLD-100 materials.
The TL responses of the Fl-doped silica fibers and TLD 100 were kept in gelatin capsule and irradiated with
6-MYV photon at the dose range from 0.5 Gy to 4.0 Gy. Siemens model Primus 3368 linear accelerator located
at Hospital Sultan Ismail; Johor Bahru has been used to deliver the photon beam to the samples. The TL-
signal of TLD 100 media exhibits a significant linear dose to signal relationship with an increase in doses. The
sensitivity of Fl-doped optical fiber is negligible to TLD 100 media.
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The phenomenon of thermoluminescence (TL) was
first discovered by Robert Boyle while conducting an
experiment to warm a diamond in the dark and found
strange glimmering light [1]. Thermoluminescence do-
simetry (TLD) system is suitable for dosimetry of work-
ers because it has TLD phosphor whose atomic proper-
ties are almost equal to atomic properties of the hu-
man tissues. Besides that, TLD is also used to measure
the radiotherapy absorbed dose and surface entrance
dose for the diagnostic imaging procedure in medical.
Radiotherapy is one of the main methods to eliminate
or destroy the cancer tissues, and this treatment is
done to maximize the probability of fully destroying
tumor by giving high radiation dose to the cancer tis-
sue [2].

To use a thermoluminescence (TL) material for
dosimetric purposes, it supposes to has characteristics
such as high sensitivity, long term stability to store do-
simetric information at room temperature concerning
thermal and optical fading, large linearity between the
TL signal and dose, and also energy dependence [3].
There are many phosphor materials that show the TL
properties, and some of them have been used to detect
ionizing radiation. These materials have been doped
with the suitable activators to use in TL dosimeter.
Knowledge about the general properties of TL materi-
als is needed to determine the choice of this material
that is very suitable and optimum [2].

Most of the TL materials have their dose range
where the response to the radiation dose is linear. The
supralinearity properties can be a function of linear
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energy transfer (LET), where the properties supralin-
ear dose limits is higher for high LET particles [2].

Recently, SiO, optical fibers as a radiation dosime-
ter were studied to measure the absorbed dose to pa-
tients for in vivo dosimetry, in order to overcome spa-
tial resolution limitations of existing dosimetry sys-
tems [4—9]. Thermoluminescence response of
Germanium and Aluminum doped optical fibers sub-
ject to photon and electron irradiation has been inves-
tigated. These TLDs are also impervious to water to
the extent that in some instances it becomes possible to
locate the fiber dosimeter within a particular tissue of
interest [10—12]. These optical fibers are also able to
maintain a consistent TL response after repeated ex-
posures. The SiO, commercial optical fiber demon-
strates useful TL properties and is an excellent candi-
date for use in TL dosimetry of ionizing radiation.

Seeking for further results and based on the previous
studies, this study is very important to investigate ther-
moluminescence properties of commercially Fl-doped
optical fiber comparer to TLD 100 media. These materi-
als are irradiated at doses from (0.5—4) Gy using photons
of 6-MV energy to measure the TL response.

MATERIAL AND METHODS

To determine the TL response of multimode Fluo-
rine-doped silica fibers and TLD 100 media by 6-MV-
photon irradiation, eight capsules for each sample were
prepared. The samples were prepared accordingly before
irradiating the TL material so that it will be suitable for
the purpose of the study.
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Prior to irradiation, the outer polymer layer of
Fl-doped silica fiber was removed using fiber strip-
per. Then, a cotton cloth was dampened into etha-
nol to clean all the fiber’s core to avoid any presence
of remnant polymer cladding. Subsequently, the fibers
were then cut into lengths of approximately 5.0 = 1.0 mm
using a fiber cleaver and the mass of every piece of fi-
bers was weighed using an electronic balance.

Storage and handling is very important because it
can affect the TL sensitivity, stability and precision
[13]. The factors of concern in TLD routine storage
include environmental factors such as temperature,
humidity, ultraviolet and visible radiation. For this ex-
periment, the TL materials were kept in a suitable con-
tainer to avoid the places of high temperature and ul-
traviolet radiation. During handling, it was ensured
that the TL materials were not scratched or touched by
hands. The Fl-doped fiber and TLD 100 media were
placed in a gelatin capsule for routine storage, han-
dling, and for irradiations. Each capsule was different
for different material.

Annealing is a process to remove all residuals of TL
signal, to establish the TL sensitivity and to eliminate
the unstable low-temperature glow peaks. In anneal-
ing, the TL materials were put in a furnace. The fur-
nace was connected to a computer, and Thermosoft
software was used to control the process in the furnace.
For different TL materials, the annealing characteris-
tics might vary. During annealing, TL materials were
heated to a certain temperature for a certain length of
time. The temperature and time for annealing is called
Time Temperature Profile (TTP). Before starting the
annealing process, Fl-doped fiber and TLD 100 were
set at the computer, and those were placed in a
planchet that was placed inside the annealing oven.

All the samples were exposed to 6 MV photon by
using Siemens model Primus 3368 linear accelerator
located in the Department of Radiotherapy and On-
cology, Hospital Sultan Ismail, Johor Bahru, Malay-
sia. The dose delivered by the LINAC machine was
20—400 MU (monitor unit) with a field size of 10 cm x
10 cm.

By using TLD Reader and WinREMS software,
readings were obtained after irradiation. In this re-
search, Harshaw 3500 TLD Reader with hot nitrogen
gas as a heat transfer medium was used. To measure the
TL response of optical fibers were placed on the
planchet in the TLD reader drawer. Acquisition setup
was performed by using WinREMS software. Pre-heat
temperature was 50°C, and the maximum tempera-
ture during data acquisition was 300°C. To acquire
temperature, the rate was 10°C per second.

RESULT AND DISCUSSION

A set of glow curves measured with an equal exper-
imental geometry for Fl-doped fibrin TLD 100 media
were carried out by 6 MV photon with dose 2 Gy. Fi-
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Table 1. TL yield for 6 MV photon irradiation of Fl-doped
multimode optical fiber

Sample| Dose (Gy) FlrnLgr(i%l)_ of ﬁll\)/gs(smg) T%nrgjrr)r(l)g)se
1 0.5 6914 23.1 299.4372
2 1.0 13280 22.1 600.9050
3 1.5 22880 23.4 977.7778
4 2.0 30190 23.7 1273.8397
5 2.5 38010 23.7 1603.7975
6 3.0 — 23.6 -
7 3.5 50680 23.6 2147.4576
8 4.0 66310 23.2 2858.1896

Table 2. TL yield for 6 MV photon irradiation of TLD-100
chip

sampe Dose (G| Tl | Mas | [TLispone
1 0.5 0.4803 0.9 0.5337
2 1.0 0.4248 1.0 0.4248
3 1.5 0.4071 0.6 0.6785
4 2.0 0.5646 1.0 0.5646
5 2.5 1.3960 1.0 1.3960
6 3.0 1.8080 1.0 1.8080
7 3.5 0.4309 0.7 0.6156
8 4.0 0.3967 1.0 0.3967

gures 1, 2 show the glow curve for Fl-doped fiber and
TLD 100 respectively. It can be seen from those figures
that the shape of glow curves are different and depend
strongly on the types of materials. The TLD 100 media
presents a glow peak which is clearly observable com-
pared to glow curve Fl-doped optical fiber.

For this present investigation the sample of FlI-
doped multimode silica fiber and TLD-100 were sub-
jected to 6 MV photons irradiation with dose range of
0.5,1.0,1.5,2.0,2.5, 3.0, 3.5 and 4.0 present as shown
in Table 1 and 2. From the Table 2, some data points
not available for dose 3.0 Gy. This happened because
WIinREMS software suddenly turns off during the
reading process. So the TL response for TLD-100
could not be obtained. Figure 3 shows thermolumi-
nescence response for TLD 100 and Fl-doped silica fi-
bers. Using 6MV photon irradiation, both materials nor-
malized to unit mass and TL response as a function of the
dose range 0.5—4.0 Gy are plotted in figure 3. It shows
that the TL response for TLD 100 media linearly increas-
es with increasing dose. TL response for Fl-doped silica
fibers has negligible effect on doses compared to
TLD 100. It is noted that there is no fluctuation for the
response of Fl-doped throughout the given dose range.
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Fig. 1. The glow curve for the Fl-doped multimode silica
fiber material following 6 MV photon.
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Fig. 2. The glow curve for TLD-100 chips following 6 MV
photon irradiations.
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Fig. 3. The graph shows the TL response in (nC/mg) of
TLD-100 and Fl-doped optical fiber for 6 MV photon ir-
radiation versus dose in Gy.

In contrast, a response fluctuation was observed after
3.0 Gy dose in TLD-100.

The linearity can be confirmed by another factor,
which is the regression coefficient (R?). The (R?)
number is a measure of how well the data correlate.
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The closer the number is to one, the more closely cor-
related the data is. A regression coefficient for TLD
100 is 0.9851, and Fl-doped fiber is 0.0572. This indi-
cates the occurrence of a little scatter in the TL values
at these high doses. The Fl-doped silica fibers do not
provide good TL responses. This indicates that Fl-
doped silica fibers are not useful as a radiation dosim-
eter.

Thermoluminescence sensitivity is a measure of
the amount of TL signal per unit mass produced by a
given material after exposure to a radiation dose [14].
Assuming a linear fit, a change in the TL yield per unit
absorbed dose for Fl-doped silica is 0.1 mg~! Gy,
while for TLD 100 it is 690.47 mg~! Gy~ !.Fl-doped
silica fibers sensitivity is approximately 0.02% of the
sensitivity of TLD100. The sensitivity of TLD 100 me-
dia at present work is consistent to the previous mea-
surement [15]. This clearly indicates that theTLD-100
has a higher efficiency and capability in producing the
luminescence than the Fl-doped silica fibers.

CONCLUSION

This study demonstrates a number of highly desir-
able features of commercially available Fl-doped SiO,
optical fibers and TLD 100 chip for TLD including
glow curve, linearity and sensitivity. This indicates
considerable and possible utility for radiation dosime-
try. The TL response of samples has been observed for
6 MV photon irradiated with a dose range from 0.5 to
4.0 Gy. We can conclude that, the thermolumines-
cence response of multimode Fl-doped silica fibers is
negligible compared to TLD 100. The sensitivity of Fl-
doped silica fibers is 0.02% of TLD 100 media. The
measurement of TLD 100 is consistent to the previous
measurement [15].

ACKNOWLEDGMENTS

The authors would like to thanks for the financial
support of Ministry of Higher Education (MOHE)
Malaysia/Universiti Teknologi Malaysia (UTM) for
this research work through grant no. Q.J130000.2526.
06H 14 and Department of Radiotherapy and Oncolo-
gy, Hospital Sultan Ismail, Johor Bahru for irradiation
permission.

REFERENCES

1. Becker, K., Solid State Dosimetry. Cleveland, Ohio:
CRC Press, 1975.

2. Ramli, A.T., ThermoluminescenceDosimetry, Introduc-
tion and its Application. Kuala Lumpur: DewanBahasa-
danPustaka, 1988. p. 83.

3. Juan, L., Qiang, Z.C.T.,, Jingquan, H., Yanli, Z.,
Qiang, S., Shubin, W., J. of Rare Earths. 2008. vol. 26.
p. 203.

HIGH ENERGY CHEMISTRY Vol. 49 No.3 2015



THERMOLUMINESCENCE RESPONSE

. Yaakob, N.H., Wagiran, H., Hossain, 1., Ramli, A. T,
Bradley, D.A., Hashim, S., Ali, H., Nucl. Instr. Meth.
2011. vol. 637. p. 185.

. Yaakob, N.H., Wagiran, H., Hossain, 1., Ramli, A. T,
Bradley, D.A., Hashim, S., Ali, H., J. Nucl. Sci. Tech-
nol. 2011. vol. 48. Ne 7. p. 1.

. Hashim, S., Al-Ahbabi, S., Bradley, D.A., Webb, M.,
Jeynes, C., Ramli, A.T., Wagiran, H., Appl. Radiat. Isot.
2009. vol. 67. Ne 3. p. 428.

. Abdulla, Y.A., Amin, Y.M., Khoo, H.B., J. Radiat.
Prot. 2002. vol. 22. Ne 4. p. 417.

. Saeed, M.A., Fauzia, N.A., Hossain, 1., Ramli, A.T,,
Ta-hir, B.A., Chin. Phys. Lett. 2012. vol. 29. No 7.
p. 078701.

HIGH ENERGY CHEMISTRY Vol. 49  No. 3

2015

9.

10.

11.

12.

13.

14.

15.

149

Wagiran, H., Hossai, 1., Bradley, D., Yaakob, N.H.,
Ramli, A.T., Chin. Phys. Lett. 2012. vol. 29. No 2.
p. 027802.

Ramli, A.T., Bradley, D.A., Hashim, S., Wagiran, H.,
Appl. Radiat. Isot. 2009. vol. 67. Ne 3. p. 428.

Yusoff, A.L., Hugtenburg, R.P., Bradley, D.A., Radiat.
Phys. Chem. 2005. vol. 74. p. 459.

Espinosa, G., Golzarri, J.I.,, Bogard, J., Garcia-
Macedo, J., J. Radiat. Prot. Dosim. 2006. vol. 18. p. 1.
McKinlay, A.F., Thermoluminescence dosimetry. Bris-
tol: Adam Hilger Ltd., 1981. p. 4.

Furetta, C., Handbook of Thermoluminescence. New
York: World Scientific Publishing, 2003. P. 425.
Hossain, 1., Wagiran, H., Yaakob, A.N.H., J. Appl.
Spectros. 2013. vol. 80. Ne 4. p. 635.



