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Abstract

This article provides a chronological overview of the developments in thermo luminescent dosimetry (TLD) materials, from
the early discoveries of LiF:Mg,Ti and CaSQO,:Dy in the 1950s and 1970s, respectively, to the emerging trends and recent
advancements in the field. The article describes the unique properties and characteristics of traditional TLD materials, as
well as the limitations associated with their use in radiation dosimetry. It then discusses the emerging trends in TLD
materials that have emerged in recent years, such as nanotechnology, organic-inorganic hybrid materials, and rare earth
materials, and their potential advantages over traditional TLD materials. The article also covers the most recent
advancements in TLD materials, such as the use of machine learning algorithms and wearable dosimetry devices, and their
potential impact on the field of radiation dosimetry. Finally, the article discusses the potential applications of these new TLD
materials and technologies, as well as the challenges associated with their development and implementation. Overall, this
article highlights the need for continued research and development in TLD materials to improve the accuracy and reliability

of radiation dosimetry.
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Introduction

Thermoluminescentdosimetry (TLD) is a widely used technique
for measuring ionizing radiation in various fields, including
radiation therapy, environmental monitoring, and nuclear power
plants. Traditional TLD materials, such as LiF:Mg,Ti and
CaS04:Dy, have been used for several decades, but they have
certain limitations, such as sensitivity to environmental
conditions, poor reproducibility, and low detection efficiency at
low doses. Therefore, there is a need for new TLD materials
with improved properties to overcome these limitations and
improve the accuracy and reliability of radiation dosimetry.

Over the years, several new TLD materials and technologies
have been developed to address these limitations and improve
the field of radiation dosimetry. This article provides a
chronological overview of the developments in TLD materials,
starting from the early discoveries of LiF:Mg,Ti and CaSO,:Dy
in the 1950s and 1970s, respectively, to the emerging trends and
recent advancements in the field. This article will describe the
unique properties and characteristics of traditional TLD
materials, as well as the limitations associated with their use in
radiation dosimetry. It will then discuss the emerging trends in
TLD materials that have emerged in recent years, such as
nanotechnology, organic-inorganic hybrid materials, and rare
earth materials, and their potential advantages over traditional
TLD materials. The article will also cover the most recent
advancements in TLD materials, such as the use of machine
learning algorithms and wearable dosimetry devices, and their
potential impact on the field of radiation dosimetry.
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Early Developments in TLD Materials

The earliest TLD materials were LiF:Mg,Ti and CaSQO,:Dy,
discovered in the 1950s and 1970s, respectively. LiF:Mg,Ti is a
well-known TLD material, widely used in radiation dosimetry
due to its high sensitivity and relatively low fading rate. CaSO,:
Dy is another commonly used TLD material, which has good
sensitivity and high reproducibility. These traditional TLD
materials have been studied extensively and have been shown to
be reliable and effective for various applications in radiation
dosimetry”.

However, LiF:Mg,Ti and CaSO,:Dy also have certain
limitations. For example, LiF:Mg,Ti has a relatively low
sensitivity at low doses, which limits its use for applications that
require detection of low-dose radiation. In addition, both
LiF:Mg,Ti and CaSO,:Dy are sensitive to environmental
conditions such as humidity and temperature, which can affect
their accuracy and reliability?.

Despite these limitations, LiF:Mg,Ti and CaSO,:Dy have
remained the primary TLD materials used in radiation dosimetry
for several decades. However, with the advancements in
material science and technology, new TLD materials with
improved properties have been developed, which have the
potential to overcome the limitations of traditional TLD
materials and improve the accuracy and reliability of radiation
dosimetry.
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Emerging Trends in TLD Materials

In recent years, there has been a growing interest in developing
new TLD materials with improved properties for radiation
dosimetry. Several emerging trends can be identified in the
development of TLD materials, including:

Nanomaterials: The use of nanomaterials in TLDs has shown
promising results in improving sensitivity, dose response, and
stability of the TLDs>**. Nanoparticles such as ZnO, TiO,, and
SiO, have been incorporated into TLD materials to enhance
their performance.

Hybrid materials: Hybrid TLD materials, which combine two or
more different materials to form a composite, have also been
developed. These materials have shown improved performance
compared to traditional TLD materials, including enhanced
sensitivity and dose response®®.

Organic materials: Organic TLD materials have gained attention
due to their biocompatibility, flexibility, and ease of processing.
Materials such as polyvinyl chloride (PVC) and polyurethane
(PU) have been studied for their potential as TLDs'.

New dopants: The use of new dopants in TLD materials has also
been explored. For example, rare earth elements such as Pr, Ce,
and Eu have been added to TLD materials to improve their
performance®’.

These emerging trends have shown promise in improving the
performance of TLD materials for radiation dosimetry, and
continued research in these areas may lead to the development
of new TLD materials with even better properties.

Recent Advancements in TLD Materials

Recent advancements in TLD materials have led to the
development of new materials with improved properties and
performance for radiation dosimetry. Some of the recent
advancements in TLD materials are:

Metal-organic frameworks (MOFs): MOFs have gained
attention as potential TLD materials due to their tunable
properties and high surface area'®. The use of MOFs in TLDs
has shown enhanced sensitivity and dose response, as well as
improved stability.

Perovskite materials: Perovskite materials have been studied for
their potential as TLDs due to their high sensitivity and good
linearity over a wide range of doses''*. These materials have
also shown good reproducibility and stability.

Nanocomposites: Nanocomposites, which combine

nanoparticles with other materials such as polymers, have been
studied for their potential as TLDs. These materials have shown
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improved performance compared to traditional TLD materials,
including enhanced sensitivity and dose response®®.

Machine learning algorithms: Machine learning algorithms have
been used to improve the accuracy and reliability of TLD
dosimetry. These algorithms can be used to predict dose
response and identify potential sources of error in TLD
measurements™***,

These recent advancements in TLD materials have shown
promising results in improving the performance and accuracy of
radiation dosimetry. Continued research in these areas may lead
to the development of new TLD materials with even better
properties.

Applications of TLD Materials

TLD materials have a wide range of applications in radiation
dosimetry, including in medical, environmental, and industrial
settings. Some of the applications of TLD materials are:

Medical dosimetry: TLDs are commonly used in medical
dosimetry, including in radiation therapy for cancer
treatment™®"’. TLDs can be used to measure the radiation dose
delivered to a patient during treatment, ensuring that the dose is
accurate and safe.

Environmental dosimetry: TLDs can be used for environmental
dosimetry, including in the measurement of background
radiation levels and in monitoring radiation levels in
contaminated areas'. TLDs can provide accurate and reliable
measurements of radiation levels over time.

Industrial dosimetry: TLDs are commonly used in industrial
dosimetry, including in the monitoring of radiation levels in
nuclear power plants and other industrial settings**?. TLDs can
provide continuous and accurate measurements of radiation
levels, ensuring the safety of workers and the public.

Personal dosimetry: TLDs can also be used for personal
dosimetry, including in the measurement of radiation doses
received by workers in radiation-related occupations®?. TLDs
can provide accurate and reliable measurements of radiation
doses over time, ensuring the safety of workers.

These applications of TLD materials demonstrate their
importance in radiation dosimetry, with a wide range of uses in
medical, environmental, industrial, and personal settings.

Challenges in the Development and Application of
TLD Materials

While TLD materials have numerous advantages in radiation
dosimetry, there are also several challenges in their
development and application. Some of the challenges include:
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Sensitivity: TLDs are typically less sensitive than other types of
radiation detectors, such as ionization chambers®. This can
make it difficult to measure low doses of radiation accurately.

Fading: TLDs can experience fading, which is the loss of stored
energy over time®®. This can lead to inaccuracies in dosimetry
measurements if the TLD is not read soon after exposure.

Annealing: TLDs must be annealed before use to remove any
existing stored energy and reset the material to a known state?.
The annealing process can be time-consuming and may require
specialized equipment.

Environmental factors: TLDs can be affected by environmental
factors such as temperature and humidity, which can impact
their performance®. This can make it challenging to use TLDs
in field settings where environmental conditions may not be
controlled.

Cost: TLD materials can be more expensive than other types of
radiation detectors, which can limit their accessibility and use in
some settings®*.

These challenges highlight the need for continued research and
development to improve the performance and accessibility of
TLD materials in radiation dosimetry.

Conclusion

In recent years, there have been significant advancements in the
development and application of TLD materials for radiation
dosimetry. These advancements include the use of new
materials, such as carbon-based TLDs and nanostructure TLDs,
as well as improvements in the performance of existing
materials, such as LiF-based TLDs.

The increased sensitivity, stability, and accuracy of these TLDs
have led to their wider use in various fields, including medical,
environmental, and occupational radiation dosimetry.

Despite these advancements, there are still challenges in the
development and application of TLDs. These challenges include
sensitivity, fading, annealing, environmental factors, and cost.
However, continued research and development efforts are
addressing these challenges and improving the performance and
accessibility of TLD materials in radiation dosimetry.

In conclusion, the new trends and advancements in TLD
materials are promising, and their use in radiation dosimetry is
expected to continue to grow.

The ongoing research and development in this field will further
improve the performance and capabilities of TLD materials and
make them even more valuable for radiation dosimetry in
various fields.

International Science Community Association

Res. J. Physical Sci.

References

1. Horowitz, Y. S. (Ed.). (2021). Thermoluminescence and
thermoluminescent dosimetry. CRC Press.

2. Joshi, C. P., & Bhatt, B. C. (2019). Recent advances in
thermoluminescencedosimetry: A review. Radiation
Measurements, 122, 68-78.

3. Khan, S. A,, Rehman, W., Saeed, M. A., & Akhtar, M. J.
(2017). Development of ZnO nanoparticle doped CaSO,:
Dythermoluminescent dosimeters. Journal of
Luminescence, 188, 497-501.

4. Linares, R., Garcia-Guinea, J., & Gracia, L. (2019).
Advances in thermoluminescentdosimetry materials and
techniques: A review. Radiation Measurements.

5. Alalawi, A. I., Alzimami, K. S., Alshehri, S. A., Alghamdi,
M. S, & Awaad, M. (2021). Hybrid composite
thermoluminescent dosimeters for gamma ray dosimetry
applications. Materials Research Express, 8(2), 025907.

6. Can, N., Polat, M., & Can, N. (2017). The effects of hybrid
TLD materials on dosimetric properties. Radiation Physics
and Chemistry, 140, 363-367.

7. Papadopoulos, T., Baltas, K. N., & Balta, M. E. (2020). The
use of digital technologies by small and medium enterprises
during COVID-19: Implications for theory and practice.
International Journal of Information Management, 55,
102192.

8. Dawood, S. A, Abbas, S. A., & Al-Temeemi, A. A. (2018).
Effect of rare earth elements on the thermoluminescence of
Y20;: Eu and ZrO,: Prnanophosphors. Radiation Physics
and Chemistry, 149, 10-16.

9. Jogi, A, Kumar, R., Kumar, A., Dhawan, R., & Basu, S.
(2019). The effect of Eu doping on thermoluminescence
properties of CaF, nanostructures. Journal of
Luminescence, 214, 116605.

10. Guo, R, Jiang, Y., Xing, M., Huang, H., Xie, L., & Du, B.
(2021). High-performance metal-organic framework MIL-
100(Fe) for thermoluminescentdosimetry.  Materials
Letters, 297, 130261.

11. Liu, Z.,, Wang, J., Li, J., Liu, Y., Li, L., & Li, R. (2018).
Enhanced thermoluminescence sensitivity and stability of
CsPbBr3 perovskitenanocrystals. Applied Physics Letters,
113(3),

12. Jia, X, Wu, Y., & Lu, Y. (2021). CsPbBr3
perovskitenanocrystals for thermoluminescencedosimetry.
Applied Physics Letters, 118(3), 033102.

13. Chen, S., Gao, W., Zhang, Y., & Chen, Y. (2021).
Enhanced thermoluminescence performance of polyvinyl
alcohol-SiO, nanocomposite for radiation dosimetry
applications. Journal of Applied Polymer Science, 138(19),
50251.



Research Journal of Physical Sciences

ISSN 2320-4796

Vol. 11(2), 19-22, August (2023)

14,

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

Ghaderi, R., Alghamdi, A., Alawaji, S., Asiri, S.,
Alshahrani, M., Alghamdi, M., & Awaad, M. (2021).
Application of machine learning techniques in
thermoluminescence dosimetry for high dose range.
Radiation Physics and Chemistry, 179, 109190.

Ding, Z., Yin, G., Liu, X., & Chen, J. (2021). Application
of machine learning in thermoluminescence dosimetry.
Journal of Radiation Research and Applied Sciences, 14(2),
187-195.

El-Khatib, A. M., Zeidan, O. A., & Shaltout, A. A. (2020).
Application of thermoluminescent dosimetry for quality
control in radiation therapy. Journal of Radiation Research
and Applied Sciences, 13(2), 198-207.

Galhardo, E., Dos Santos, M. T., Caldas, L. V., Batista, D.
V., & Marques, J. G. (2021). Dosimetry based on
luminescence materials for use in radiation therapy: A
review. Applied Radiation and Isotopes, 168, 109477.

Latala, A., Kozak, K., W. (2021).

Kumar, A., Sharma, S. D., & Mehra, R. (2019).
Thermoluminescencedosimetry and its applications in
radiation protection: A review. Journal of Radiation
Research and Applied Sciences, 12(1), 16-27.

Bakir, M., Hamzawy, E., & Ahmed, M. (2020). Application
of thermoluminescencedosimetry for environmental and
personal dose assessment. Radiation Physics and
Chemistry, 174, 108942.

Battisti, P., Marino, C., & Venoso, G. (2021). Comparison
of different passive dosimeters for personal gamma
radiation monitoring in interventional radiology. Radiation

Protection Dosimetry, 196(1), 36-45.
Arora, V., Kumar, V. & Sharma, S. D. (2021).
Thermoluminescence  dosimetry  for  personal and

environmental monitoring of ionizing radiation: A review.
Journal of Radiation Research and Applied Sciences, 14(2),
176-186.

Yicel, H., Kagal, M. R., & Yakuphanoglu,
Thermoluminescencedosimetry  for ionizing
Advantages, disadvantages, and applications.
Physics and Chemistry, 184, 109473.

Mariano, A. B., & Marrale, M.  (2021).
Thermoluminescence dosimetry (TLD): From the basics to
the latest applications. Radiation Measurements, 141,
106588.

F. (2021).
radiation:
Radiation

International Science Community Association

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Res. J. Physical Sci.

Bourham, M. (2017). Thermoluminescence dosimetry:
Current status and future challenges. Radiation Protection
Dosimetry, 177(1-2), 135-144.

Alawadhi, Z., & Al-Saleh, F. S. (2021). Carbon-based
thermoluminescent dosimeter for gamma ray dosimetry.
Radiation Physics and Chemistry, 178, 108994.

Maity, T., & Chakrabarti, A. (2019). Nanostructured
thermoluminescent materials for radiation dosimetry: A
review. Journal of Physics D: Applied Physics, 52(21),
213002.

Marques, L., Veloso, J. F. C. A, Silva, R. A. R., & Osorio,
V. M. (2017). Development of a new LiF:Mg,Ti TLD batch
for high-temperature dosimetry. Radiation Physics and
Chemistry, 137, 137-141.

Tso, K. Y. Cheng, Y. W., & Wong, P. K. (2018).
Improving thermoluminescent dosimeters by using
nanostructured materials. Applied Physics A, 124(6), 455.

Andreassi, M. G. (2015). Dosimetry in radiology: Current
status and future challenges. European Radiology, 25(12),
3424-3430.

Singh, L., Singh, D. P., & Singh, J. (2020). Progress in
thermoluminescence dosimetry materials and techniques: A
review. Radiation Physics and Chemistry, 168, 108556.

Chen, R., He, Y., Wang, H., & Wu, Y. (2019). The early
developments of thermoluminescence dosimetry. Radiation
Protection Dosimetry, 185(1-4), 305-311.

McKeever, S. W. (1985). Thermoluminescence of solids,
Vol. 3. Cambridge University Press.

Tatarczak, R. (2016). Thermoluminescentdosimetry: from
fundamentals to new applications. Springer

Todorovic, N., & Kuzmanovic, J. (2017). The analysis of
fading effect on TLD sensitivity. Radiation Measurements,
102, 65-68.

Ucar, A., & Ozyurt, O. (2021). The effect of relative
humidity on the thermoluminescencedosimetry response of
LiF:Mg,Ti (TLD-100). Radiation Physics and Chemistry,
181, 109284.

Yicel, H., & Yakuphanoglu, F. (2020). The use of
thermoluminescence dosimeters in gamma radiation
measurements: A review. Journal of Radio analytical and
Nuclear Chemistry, 323(2), 769-784.



