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Abstract 
 

Naglaa Youssef Abdou Ahmed: Investigation of 

Luminescence Characteristics of Some Synthetic 

Nanophosphors and Possibility of application in Mixed 

Field Radiation Detection. Unpublished Ph.D. Thesis, 

Physics Department, Faculty of Women for Arts, Science 

and Education, Ain Shams University, 2013.  

 

The work given in this thesis aimed at Fabrication of 

high quality nanophosphor particles for getting high sensitive 

thermoluminescence material to use as ionizing radiation 

dosimeter. 

 

CaSrS nanophosphor has been prepared by solid state 

diffusion reaction method. The prepared nanophosphor was 

then activated with proper addition of some rare earth elements 

(dysprosium and gadolinium) for the sake of improving its TL-

sensitivity. 

 

The doped CaSrS nanophosphor was then treated by 

different courses of heat annealing for dual sake and 

regeneration. High temperature and high gamma dose 



sensitization are also used to increase sensitivity of CaSrS 

doped. By this means the TL-intensity of treated samples 

proved about 24 times observed enhancement.  

 

The prepared CaSrS: Dy nanophosphor is very reliable 

as pure gamma dosimeter for various applications such as 

personal, environmental and clinical dosimetry. 

 

Key words:  
Thermoluminescence - Nanophosphor - Radiation - 

CaSrS - Dosimetry and Sensitization. 
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Thermoluminescence dosimetry is an interesting 

research area for over the few past decades, especially in the 

fields of environmental, personal, and clinical radiation 

applications. Even though, for a long time many 

thermoluminescent (TL) materials are being used in radiation 

dosimetry, the topic is open for extensive research to get new 

TL materials having lower cost or better performance. 

 

Nanoscience and nanotechnology have attracted many 

workers in various fields from material science to 

biotechnology and genetics. Currently, the importance of 

nanomaterials in the field of luminescence, has been increased, 

especially, as they exhibit enhanced optical, electronic and 

structural properties. 

 

In this thesis, Fabrication of high quality nanophosphor 

particles using solid state diffusion reaction method for getting 

high sensitive thermoluminescence material to use as ionizing 

radiation dosimeter were investigated. Generally the contents 

of the present thesis have been divided into six chapters. 

 

The first chapter is dedicated for a general introduction 

about ionizing radiation and its effect on the biological system. 



Also this chapter includes some important radiation 

units, thermoluminescence dosimetry as one of the most 

interesting radiation detectors and introduction to nano-

technology especially nanophosphors. At the end of this 

chapter there are literature review which includes the main 

previous works in the field of investigation, manufacture and 

development of thermoluminescence materials. 

 

The second chapter deals with the physical and 

theoretical principles of thermoluminescence. General 

requirements for thermoluminescence materials were 

maintained which include dose response, fading, and thermal 

annealing procedures. Also the heat and high gamma dose 

sensitization, effect of doping concentration on thermolumine-

scence sensitivity and determination of TL parameters have 

been discussed. In addition, in this chapter definition of 

nanophosphors material and their advantage have been 

discussed. 

 

The third chapter includes the experimental technique 

for synthesize CaSrS nanocrystalline phosphor by solid state 

diffusion method. The effect of changing in Ca:Sr 



concentration ratio on the TL-sensitivity of CaSrS was 

performed to determine the optimum concentration. 

 

The doping of CaSrS by some rare earth elements 

(dysprosium and gadolinium) also has been discussed to 

improve its thermoluminescence properties. The shape and 

particle size of doped CaSrS nanophosphors were examined by 

transmission electron microscope (TEM). This chapter also 

describes apparatus used such as TLD Reader, transmission 

electron microscope (TEM) and radiation sources. 

 

The fourth chapter deals with the experimental results 

and discussion. 

 

According to the present results it was found that the 

optimum concentration of Calcium Sulphate and Strontium 

Sulphate is 65%:35%, respectively. 

 

The optimum concentration of Dy doped to CaSrS is 

(0.22wt%). CaSrS: Dy (0.22wt%) which reflects five glow 

peaks at (117.5, 185, 345, 410 and 430˚C). The gadolinium is 

not appropriate dopant element for CaSrS. 



It is observed also that the increase of heating rate results 

in peak temperature shift toward higher temperature side. The 

optimum pre-dose of gamma ray and thermal annealing 

temperature is 9KGy and 450°C respectively which increase 

TL-senstivity ≈ 24 times. 

 

The shape of CaSrS: Dy particle is ring shape like 

structures with an average particle size 24 nm as examined by 

Transmission electron microscopy. 

 

By studying the thermoluminescence properties of lab 

prepared CaSrS: Dy nanophosphors it was found that the 

optimum pre-irradiation program was found to be 450°C for 

40min. The homogeneity of such samples as calculated was 

found 12.1%. Moreover, a very good reproducibility of TL-

measurements have been obtained within an average of about 

σn-1 = ± 5.03 %. 

 

This investigated TL-nanophosphor show a linear 

gamma-induced response through the dose range from 20mGy-

1kGy without any observed saturation. 

 

 



Synthesized CaSrS: Dy nanophosphor showed no 

detectable response when irradiated by neutron dose up to 

1.2Sv. 

 

Also from this study it was observed that the gamma-

induced TL-signal of CaSrS: Dy nanophosphor is very stable 

during irradiation interval of three months. 

 

The fifth chapter discusses the determination of TL 

parameters (activation energy, frequency factor, means life 

time of trap and escape probability) for five peaks of CaSrS: 

Dy nanophosphor by variable heating rate method 

(experimentally and graphically). 

 

It was found that the calculated value of activation 

energy experimentally and graphically respectively for five 

peaks is (1.13, 1.5, 2.3, 2.9 and 2.96 eV) and (1.1, 1.5, 2.3, 2.9 

and 2.9 eV). Both the two methods showed good agreement 

 

The calculated value of frequency factor experimentally 

and graphically respectively for five peaks is ((3.97x1014, 

4.1235x1018, 3.64x1019, 7.09x1021 and 1.35x1022s-1) and 

(2.48x1014, 1.01x1016, 3.02x1018, 7.82x1020 and 4.47x1020s-1). 



The calculated value of the mean life time 

experimentally and graphically respectively for five peaks is 

(36.84, 2973.78, 6.9x1016, 7.7x1023 and 5.1x1025year) and 

(99.88, 11x105, 4.3x1017, 6.1x1024 and 7.5x1028year). This 

indicates very stable and reliable TL-detector which may be 

successfully used as personal dosimeter. 

 

The calculated value of the escape probability 

experimentally and graphically respectively for five peaks is 

(7.4x10-5, 9.2x10-7, 4x10-20, 3.5x10-27 and 5.4x10-28d-1) and 

(2.74x10-5, 2.52x10-9, 6.24x10-21, 4.5x10-28 and 3.9x10-29d-1). 

 

The conclusion of achieved work is maintained in the 

sixth chapter. It may be concluded that CaSrS: Dy 

nanophosphor is very reliable as pure gamma dosimeter for 

various applications such as personal, environmental and 

clinical dosimetry. 



 
 

 

 

 

 

 

CHAPTER I 

 

INTRODUCTION 
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1.1. Radiation Detriment 

Shortly after the discovery of ionizing radiation by 

Wilhelm Roentgen in 1895, its potentially deleterious health 

effects were identified. These were first observed in the form 

of radiation burns to the skin and eyes of patients administered 

x-rays.  

 

Over the next several decades, scientists discovered that 

radiation could both treat and cause cancer, and in 1915, the 

British Roentgen Society adopted a resolution on x-ray safety, 

which is cited as the first of its kind. Further research 

demonstrated that ionizing radiation causes biological damage 

primarily by creating free radicals in cells which can cause 

alterations in DNA, such as breaks in the sugar backbone of the 

DNA molecule or chemical alterations to DNA bases. These, 

in turn, could both lead to changes in the DNA code when it is 

repaired or copied, leading to changes in the biological 

properties of the cells which the radiation affects.  

 

While DNA damage is more likely to lead to individual 

cells correctly repairing themselves or entering programmed 

cell death (apoptosis) after that the cells live with a mutation 

which can cause problems for the whole organism, increasing 
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radiation doses tend to increase cancer risk because the number 

of cells that do survive with mutations increase.  

 

At very high doses however, the risks are no longer 

stochastic, but rather, predominantly deterministic. These span 

the spectrum from radiation burns to the skin through 

temporary immune deficiency to major damage to the 

gastrointestinal tract, and at the highest doses, people will lose 

consciousness in a matter of minutes and die relatively soon 

after exposure (Cember and Johnson, 2009). 
 

Research also shows that, different tissues have different 

sensitivities to radiation; cells that are dividing quickly are 

most sensitive to the effects of radiation. Examples of such 

cells include: the bone marrow and the lining of the 

gastrointestinal tract, while nerve cells are the prototype for 

cells that do not divide or do so slowly. As a result, different 

tissues are given different weighting factors when considering 

the whole body dose from a source. The 2007 International 

Commission on Radiological Protection (1CRP, 2007) update 

recommends the following weighting factors for various 

tissues when calculating the whole body dose, Table (1-1). 
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In addition to differential sensitivities of tissues, 

different types of radiation may have different relative 

biological effects even though the deposited energy may be the 

same. Biological effects depend not only on the total energy 

deposited, but also on the way in which it is distributed along 

the path of the radiation, radiation damage increases with the 

linear energy transfer (LET) of the radiation (Martin, 2000) 

and (Cember and Johnson, 2009). (1CRP, 2007) update 

recommends the following quality factor (Q) {radiation 

weighting factor WR} for various types of radiation,          

Table (1-2). 

 
Table (1-1): Tissue weighting factor (WT) for various body organs 

according to ICRP 2007 

Tissue Tissue weighting 
factor, WT 

Sum of WT 
values 

Bone-marrow (red), colon, 
lung, stomach, breast, 
reminder tissues a 

0.12 0.72 

Gonads 0.08 0.08 

Bladder, esophagus, liver, 
thyroid 

0.04 0.16 

Bone surface, brain, 
salivary glands, skin 

0.01 0.04 

Total  1.00 
a Remainder tissues: adrenals, extrathoracic region, gall bladder, heart, kidneys, 

lymphatic nodes, muscle, mucosa, pancreas, prostate, small intestine, spleen, thymus, 

uterus/cervix. 
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Table (1-2): Radiation weighting factor (WR) for various 

radiation types according to ICRP 2007 

Radiation WR 

X, gamma, beta 1 

Neutrons 5-20 

High energy protons 5 

Alpha particles, fission fragments, heavy nuclei 20 

 

1.2 Radiation Dose Units 

 

Absorbed Dose (D) 

The absorbed dose is defined as the amount of energy 

deposited per unit mass given by Equation (1-1).  

dm
dED        (1-1) 

The old unit for absorbed dose, the rad (radiation 

absorbed dose), is equal to absorption of 100 ergs of energy in 

1g of absorbing medium, typically tissue:  

1rad = 100 ergs/g of medium 

The SI unit of absorbed dose, the gray (Gy), is defined as, the 

absorption of 1 J of energy per kilogram of medium or  

1Gy = 1 J/kg 

        = 100 rad 
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Dose Equivalent (HT,R) 

The absorbed dose, in tissue or organ T weighted for the 

type and quality of radiation R. It is given by Equation (1-2): 

HT,R = WR DT,R     (1-2) 

Where: 

DT,R: Is the absorbed dose averaged over tissue or organ T, 

due to radiation R, 

WR: Is the radiation weighting factor. 

 

When the radiation field is composed of types and 

energies with different values of WR, the total equivalent dose, 

HT, is given by Equation (1-3): 

HT = ∑WR DT,R     (1-3) 

 

The rem is the old unit of dose equivalent. The SI unit 

for equivalent dose is the Sievert (Sv) (Martin, 2000) and 

(Cember and Johnson,   2009). 

 

Effective Dose (E)  

The sum of the weighted equivalent doses in all the 

tissues and organs of the body. The unit of effective dose is Sv, 

it is defined by Equation (1-4): 

RT
R

R
T

TT
T

T DWWHWE ,                            (1-4) 
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Where: 

DT,R: Is the absorbed dose averaged over tissue or organ T, 

due to radiation R, 

WR: Is the radiation weighting factor, and 

WT: Is the tissue weighting factor for tissue or organ T. 

 

This discussion of the biological effects of radiation 

should serve as background to explain why it is important to 

measure the doses received by those who work around 

radiation sources, such as occurs in medical, research process, 

industrial, and military settings.  

 

Since ionizing radiations are not detected by the human 

senses, appropriate instruments are necessary to detect and 

measure them. All methods of detection of ionizing radiation 

are based on the ability of such radiation to cause ionization, 

directly or indirectly. Various types of personnel radiation 

monitoring devices are used to assess each individual’s 

external (Albers et al., 1988). Thermoluminescence is one of 

the most important radiation detectors because its linearity of 

dose response, relative energy independence, sensitive to low 

doses and reusable with satisfactory reproducibility and high 

accuracy. 
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1.3 Thermoluminescence Dosimetry 

The word thermoluminescence (TL) first appeared over 

100 years ago in reference to the process whereby, as the word 

itself suggests, a material emits light upon heating. However, 

this concept has been understood for far longer, going back at 

least to the 1664 observation of Sir Robert Boyle that a 

diamond which he held "a good while upon a warm pan of 

[his] naked body" emitted a "glimmering light" This work will 

use slightly different experimental methods, but hopefully, it 

will still achieve something of interest, although certainly 

nothing comparable to Boyle's naked work. While the property 

of thermoluminescence has been long understood, it was not 

until the early 1950s that Harrington Daniels proposed it as a 

method for radiation dosimetry (Gscheidner et al., 2000). 

 

There are number of commercially available 

thermoluminescence dosimeters; the most popular being, 

LiF:Mg,Ti (TLD-100); CaSO4: Dy (TLD-900); CaF2: Dy 

(TLD-200) and Al2O3 (TLD-500).  

 

However, efforts are still being made to improve the TL 

characteristics of these materials by preparing them using 
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different techniques or by developing some new ones in order 

to fulfill certain specified requirements. 

 

Recently, researchers interest towards nanomaterials has 

increased because they exhibit enhance optical, electronic and 

structural properties. They have potential as efficient 

phosphors in display applications such as new flat panel 

displays with low energy excitation sources, solar energy 

converters, and optical amplifiers and TLD phosphors. Many 

new physical and chemical methods of preparations have also 

been developed in the last two decades, nanoparticles and 

nanorods (powders) of several ceramic materials have been 

produced (Mongillo, 2007, Malyukin, 2010 and Salah, 2010). 

 

Nanotechnology has developed a bridge among all the 

fields of science and technology. Generally, nanotechnology 

can be defined as research and technology development at the 

atomic, molecular or macro-molecular level, in the scale range 

of approximately 1-100 nm (Stout, 1997). The nanotechnology 

represents the most active discipline all over the world and is 

considered as the fastest growing technology-revolution the 

human history has ever seen.  
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Thus, nanomaterials have been extensively studied in 

next-generation technologies such as displays, devices, 

biotechnology, aerospace and energy, etc because of their 

unique properties and great application potentials (Chander, 

2005). 

 

For example, as the size of a material is decreased to the 

nanoscale, their properties may exhibit quantum size effect 

which leads to increase band gap as a result of strong reduction 

of quantum mechanical allowed states in a small particle and 

also surface and interface effects caused by much larger 

surface/volume ratio (Hong et al., 2004). 

 

Nanophosphors, typically solid inorganic materials, have 

received considerable attention during the past few years due 

to their unique chemical and physical characteristics apart from 

their bulk phosphor materials. Many studies have focused on 

their fundamental and practical applications for various novel 

high-performance and novel displays and devices. Typically, 

nanosize phosphor particles, having a spherical shape, are 

strongly desired extend their application to high resolution 

display devices (Pires et al., 2005). 
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Unlike semiconductor quantum dots, rare earth doped 

inorganic luminescent materials, also called nanophosphors, 

have different optical properties compare to those observed in 

bulk phosphors due to non-radiative relaxation and spatial 

confinement in nanophosphors (Jung et al., 2007). However, 

as the particle size of phosphor materials was reduced to the 

nanoscale, the luminescence efficiency of nanophosphors 

decreased due to large surface area with many defects as 

compared to bulk phosphors. Thus, phosphors with several 

micron diameters have been mostly applied to displays and 

lamps (Hosokawa et al., 2007).  

 

In order to get high photoluminescence in nanophosphor 

particles, large amount of exciting energy should be absorbed 

by the activator and simultaneously the excitations return to the 

ground state by the radiative process. The luminescence 

efficiency of phosphors used for lighting applications is mainly 

depends on the characteristics of the prepared phosphors such 

as particle size, surface morphology, concentration quenching 

and crystallinity (Kang et al., 2000).  

 

Methods for improving the efficiency of phosphor 

materials have centered on improving the physical properties 
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of phosphor materials by controlling surface morphology and 

size of phosphor materials and reducing concentration 

quenching, etc. These properties can be controlled by 

preparation technique and processing temperatures (Lee, 

2009). 

 

1.4 Literature of Review  

Many scientific research groups and authors as well as 

manufacturing companies developed progressive and 

international publications in the field of TL dosimetry, TL 

measuring device and TL-materials in addition to their 

application in the field of practice. 

 

Among these are: Ibrahim (1989) investigated quartz 

doped with different doping materials for the production of low 

cost TLD materials. The results show that the quartz TL 

characteristics have been improved by adding Gadolinium 

(Gd) as an activator. 

 

Kitis et al. (2003) and Reuven et al. (2003) investigate 

modeling thermal activation characteristics of the sensitization 

of thermoluminescence and the effect of cooling rate on the 

thermoluminescence glow curves in quartz. 
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Khoury et al. (2008) investigate the sensitization of TL 

peak appearing at 270ºC in glow curve of natural quartz by 

heat treatment and irradiation with high doses of gamma ray. It 

was observed that, heat-treatments themselves did not produce 

the strong peak at 270ºC that was observed after administration 

high doses of gamma ray. 

 

Hanaa (1993) and Morsi (2003) study lab prepared 

calcium sulphuate and calcium fluoride doped by rare earth 

materials. Morsi (2003) showed that the TL-sensitivity and 

glow curve structure of CaSO4 doped with Dysprosium (Dy) 

and Gd to be factor depend on the concentration of Dy and Gd 

in mol% and depend also on the annealing temperature. It has 

been found that the optimum concentration of doped Dy is 

0.1mol% and 0.4mol% in case of Gd. The optimum annealing 

temperature for CaSO4: Dy and CaSO4: Gd is 400ºC for 4hr 

and 400ºC for 2hr in case of CaF2: Mn. 

 

Hanaa (1993) proved that CaSO4: Gd has three peaks 

around 97, 147 and 267ºC , meanwhile CaF2 has four peaks at 

around 91, 142, 226 and 351ºC . In addition, it has been found 

that the TL-sensitivity of the synthetic CaSO4: Gd is a 

dependent factor on the grain size of TL-powder. 
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Hanaa (2009) investigated the thermoluminescence 

properties of lab prepared CaSO4: Dy, Gd and CaSO4: Dy. It 

has been found that CaSO4: Dy, Gd and CaSO4: Dy has 

characteristic glow peak at 222ºC and 225ºC, the TL-

sensitivity of the synthetic CaSO4: Dy, Gd and CaSO4: Dy is a 

dependent factor on the grain size of TL-powder and Gamma 

response curve of CaSO4: Dy, Gd and CaSO4: Dy is linear 

within range 0.8mGy to 1Gy after which supralinearity 

occurred. 

 

Martin et al. (2000) tried to producing and testing of a 

new type of thermoluminescent mini-dosimeter obtained by 

micro extrusion of a mixture of LiF:Mg, Cu,P polypropylene 

and plastic adjuvant. Rodriguez et al. (2004) investigates the 

TL characterization under β-irradiation of undoped nano-

crystalline Y3Al5O12 (YAG) prepared by precipitation process.  

 

Thermoluminescence (TL) studies on PbO-Sb2O3-As2O3 

glasses doped with different concentrations (0-1mol%) of 

Fe2O3 have been carried out. The TL light output has been 

observed to decrease with increase in the concentration of 

Fe2O3 up to 0.6mol%. For further increase in the content of 
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Fe2O3, the TL light output has been observed to increase. This 

study has been investigated by Raghavaiah et al., 2007. 

 

Xie et al. (2006) studied the effects of Yttrium (Y3+) 

doped at different concentration on the luminescence 

properties of PbWO4 crystals. The series PbWO4: Y crystal 

samples were grown by modified Bridgman method and the 

concentration of Y3+ in the melt was in the range of 0-1mol%. 

The measuring results demonstrate that Y3+ doping 

concentration below 100ppm in the crystal seems to be the best 

for optimizing the optical and scintillation properties of the 

material. 

 

Mohammed (1997) studied the thermoluminescent 

characteristics of lab prepared Li2B4O7: Cu, Gd (0.03%). it has 

been found that Li2B4O7: Cu, Gd (0.03%) has an effective 

atomic number of 7.6 which is closed to that of tissue (7.42), 

Li2B4O7: Cu, Gd (0.03%) has two peaks at about 133oC and 

254oC and thermoluminescence response in rang of 10mGy to 

100 Gy. 

 

El-Faramawy et al. (2000) studied the thermal treatment 

and kinetic parameters of prepared Li2B4O7: Cu thermolumine-
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scence dosimetry. When different concentration from copper 

were added to lithium borate, it was found that the gradual 

addition of Cu to Li2B4O7 causes gradual enhancement in TL-

intensity up to a concentration value of 0.023wt% above that 

draw back on the TL intensity occurs. It was also found that for 

preparation of this dosimeter the optimum sintering 

temperature was 850ºC for 1 hour followed by quenching in 

liquid nitrogen. The use of liquid nitrogen as cooling agent 

after the sintering treatment increases the phosphor sensitivity 

with about 4 times. Moreover, the kinetic parameters of the 

main peak of Li2B4O7: Cu phosphor was calculated and stood 

in good agreement with the previous work. 

 

Fasasi et al. (2007) studied thermoluminescence 

properties of barium titanate prepared by solid-state reaction. 

The glow curves obtained showed emission peak temperatures 

lying between 480 and 530K. The reproducibility tests carried 

out on the samples showed that the sample preparation as well 

as the TL-response of the barium titanate under gamma 

irradiation is reproducible and under acceptable limit. The dose 

response curve showed a good linearity over the dose range 

1Gy to 9KGy. The fading characteristics indicated that the TL 

spectra alter with storage time after irradiation and this has 
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been attributed to the creation of traps of different energy level 

by irradiation and clustering effect leading to tunneling. 

 

Jiang et al. (2008) studied the thermoluminescence 

characteristics of rare-earth doped LiCaBO3 phosphor, 

LiCaBO3 synthesized by high temperature solid reaction and 

doped with different rare earth elements Dysprosium (Dy), 

Terbium (Tb), Thulium (Tm) and Cerium (Ce) with different 

concentration. 

 

Kafadar et al. (2009) studied lithium triborate activated 

by aluminum. It has been found that the glow curve of AL-

doped LiB3O5 after β-irradiation between 0.04 and 5Gy in 

temperature range from room temperature to 400ºC is 

superposition of at least three peaks. On other hand, when the 

dose level increased above 5Gy new peak started to generate at 

the high temperature side of main peak. The kinetic order, 

activation energy and frequency factor of main dosimetric peak 

were calculated by applying different experimental methods 

and found that a distribution of traps and heat treatment after 

irradiation may cause variation in the activation energies of 

this peak. 
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Puppalwar et al. (2013) synthesized LiNaSO4: Cu and 

LiNaSO4: Cu, Mg by wet chemical route method and studied 

their thermoluminescence properties after exposed to γ-rays of 
60Co. LiNaSO4: Cu, Mg is found to be more sensitive TL 

material for γ-ray irradiation as compared to Cu doped 

LiNaSO4 materials. TL glow curves of LiNaSO4: Cu and 

LiNaSO4: Cu, Mg samples are found at 166°C and 160°C with 

single peak respectively. 

 

Cruz-Vázquez et al. (2005) investigated the thermo-

luminescence properties of ZnO nanophosphor obtained by 

thermal annealing of ZnS powder; it has been found that the 

composition and structure of the ZnO samples are dependent 

on annealing time and temperature. The ZnO samples have 

thermoluminescence response in the 0.15-10.5KGy. 

 

Cruz-Vázquez et al. (2007) investigated the thermally 

stimulated luminescence of new ZnO-CdSO4 exposed to beta 

radiation. Novel microcrystalline ZnO-CdSO4 thermolumine-

scent phosphors were synthesized by thermal annealing of 

chemically modified ZnS powders, obtained by precipitation. 

ZnO Pellets exposed to beta radiation showed that the 

thermoluminescence response increases linearly as the 
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radiation doses increased in the 25-300 Gy range. The glow 

curve exhibited two maximum centered at 112 and 216°C. The 

latter displays a remarkable stability when the phosphor is 

stored at room temperature. The results indicate that these new 

ZnO-CdSO4 phosphors are promising detectors and dosimeters 

for beta radiation. 

 

Li et al. (2007) and Juan et al. (2008) investigated the 

synthesis, photoluminescence, and thermoluminescence and 

dosimetry properties of novel phosphor Zn (BO2): Tb and Zn 

(BO2:Dy. Zn (BO2): Tb and Zn (BO2): Dy was synthesized by 

solid state reaction in the thermal carbon reducing atmosphere 

at high temperature. They obtained linear TL-dose response to 
60Co gamma rays in dose range from 1 to 100Gy. The 

experimental results showed that Zn (BO2): Tb and Zn (BO2): 

Dy has potential use as gamma-rays thermoluminescence 

dosimeter for clinical dosimetry. 

 

Secu et al. (2009) investigated photoluminescence and 

thermoluminescence of ZnO nano-needle arrays and films. The 

results showed that ZnO nano-needles have broad photo-

luminescence band at 585nm and thermoluminescence peak at 
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about 360ºC while ZnO film has photoluminescence band at 

432nm and thermoluminescence band at about 325ºC. 

 

Naglaa (2009) studied the development of lab prepared 

ZnO material by proper thermal treatment program. The 

doping with controlled dysprosium activator was investigated. 

The results showed that the optimum treatment program is 

700ºC for 24 hr and the optimum concentration of Dy doped 

ZnO is (0.05wt%) where the sensitivity of ZnO increased by a 

factor of 18.5 times than that of ZnO undoped. ZnO:Dy 

(0.05wt%) has characteristic glow curve with three peaks at 

111ºC, 151.5ºC and 232.5ºC. The experimental results showed 

that ZnO: Dy (0.05wt%) has potential use as gamma-rays 

thermoluminescence dosimeter for clinical dosimetry. 

 

Manam et al. (2009) studied the thermally simulated 

luminescence of undoped and doped SrSO4 with activators 

such as Mn and Cu. Samples were prepared by recrystalisation 

method. Comparison of TL-intensity of the most intensive 

glow peak of Mn and Cu doped SrSO4 compounds with that 

undoped SrSO4 show that the addition of Mn and Cu impurity 

in SrSO4 compound enhances the TL-intensity by about 12 and 

3.3 times respectively. 
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Singh et al. (2011) investigated the Thermolumine-

scence of bismuth doped Ba(x)Ca(1-x)S nanostructures. Bismuth 

doped Ba(x) Ca(1-x)S: Bi x= (0–1) nanocrystallities have been 

prepared by the solid state reaction method. Thermolumine-

scence studies of these samples after exposure to UV radiation 

have been carried out. The TL glow curve of Ba(x)Ca(1-x)S: Bi 

has been found to be a simple structure with a single peak at 

405, 428 and 503K for x=(1, 0.8 and 0) respectively. The 

kinetic parameters at various heating rates namely activation 

energy(E), order of kinetics(b) and frequency factor(s) of the 

Ba(x)Ca(1-x)S: Bi (x=0.2)(0.4mol%) sample have been 

determined using Chen’s method.  

 

Ca0.5Sr0.5S: Ce nanoparticles were synthesized by solid 

state diffusion method. The thermoluminescence behavior of 

Ca0.5Sr0.5S: Ce nanophosphor has been investigated in the low 

(0.1–126Gy) and high dose (1-6kGy) regime. The glow curves 

show three peaks in both the regimes, but the intensities and 

the peak positions vary in the two regions. With increasing 

heating rates the glow peaks shift towards higher temperature 

side and their intensities fall. This study has been investigated 

by (Sharma  et al., 2010). 
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Thermoluminescence characteristics of UV irradiated 

Ca(1-x)Sr(x)S: Ce as a function of x (0.25, 0.50, and 0.75) have 

also been investigated by (Sharma  et al., 2010). TL glow 

curves of Ca(1-x)Sr(x)S:Ce (0.25, 0.50, and 0.75) recorded after 

450mJ/cm2 of exposure of UV radiations show almost similar 

structure except slight variation in the peak position. 

Ca0.25Sr0.75S: Ce and Ca0.5Sr0.5S: Ce have single peak at 373 

and 367K, respectively, while Ca0.75 Sr0.25 S: Ce has a main 

peak at 381K and a less intense peak at 570K. Ca0.75Sr0.25S: Ce 

shows the most intense TL peak. 

 

Vij et al. (2010) investigated the Thermoluminescence 

of Ce doped SrS nanostructures exposed to 60Co gamma 

radiations (0.1Gy to 7kGy). TL glow curves for gamma doses 

in the range of 0.1–200Gy consist of a dominant peak at 386K 

with a very weak peak at 538K. At higher doses (1-7kGy), the 

peak at 386K shifts to the higher temperature of 421K, while 

the peak at 538K becomes more intense. 

 

Chawla et al. (2010) investigated Thermoluminescence 

(TL) of Bi doped SrS nanocrystalline phosphors exposed to 

Cs137 gamma radiations. The TL glow curve of gamma 

irradiated SrS:Bi nanocrystallites consists of a glow maxima at 
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454K with small shoulders around 375K and 558K. These 

studies reveal that the 0.05mol% of Bi3+ concentration is 

optimum for the maximum TL output. 

 

Zahedifar et al. (2011) studied the thermoluminescence 

of boron-doped germanium nanowires. It was found that the 

synthesized nanowires had high sensitivity to UV radiation. TL 

analysis of nanowires showed a complex glow curve with 

seven overlapping peaks. Observing trapping states with 

thermal activation energies greater than 1eV. Show that by 

decreasing the size to nanometer scale, the band gap increases 

considerably above 0.66eV which belongs to bulk germanium 

lattice. The response of Ge nanowires to UVB light was also 

linear up to dose level of 3Gy. 

 

Chandrasekhar et al. (2012) investigated Low 

temperature solution combustion method to synthesize Dy2O3 

nanophosphor using two different fuels (sugar and ODH). Pure 

cubic phase was obtained for both fuels. The particle size was 

estimated to be 26nm in sugar and 78nm for ODH fuels. 

Thermoluminescence of Dy2O3 for sugar and ODH fuels was 

studied by irradiating with gamma and UV rays. Three glow 

peaks (105, 235, 377°C) in sugar and a single well resolved 
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glow peak at 376°C for ODH were recorded in gamma 

irradiated Dy nanophosphor. However, in UV irradiated 

samples, a single well resolved glow peak at 3651oC and 

3621oC were recorded for sugar and ODH fuels. It is observed 

that TL intensity is more in gamma irradiated samples with 

shifting of glow peak towards higher temperature side 

indicating deeper traps were created. 

 

Bahl et al. (2013) investigated the use of nano-

crystalline MgB4O7: Dy,Na thermoluminescent (TL) dosimeter 

synthesized by the combustion method for the assessment of 

proton beam and gamma radiation doses. Samples in pellet 

form were irradiated by 150MeV proton beams (1-450Gy) and 

also with gamma rays (0.1-1000Gy). In case of gamma-

irradiation the nanophosphor showed an intense TL glow peak 

at 400K and a small peak at 512K, however in case of proton 

irradiation the nanophosphor showed a peak at 477K and a 

small shoulder at around 450K. The dose response curve of the 

nanophosphor for proton irradiation was found to be linear up 

to 350Gy with a slight supralinearity for higher doses whereas 

the nanophosphor’s gamma dose response was found to be 

linear up to 1000Gy with a slight saturation towards the end 

dose. 
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The work present in this thesis aimed at: 
1- Fabrication of high quality nanophosphor particles using 

solid state diffusion reaction method for getting high 

sensitive thermoluminescence material to use as ionizing 

radiation dosimeter. 

2- Examining the TL-characteristics of such prepared samples. 

3- Improving the featuring TL-characteristics of such samples 

by doping with rare earth element and sensitization by high 

irradiated gamma dose and thermal treatment. 
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2.1. What is the Thermoluminescence? 

Thermoluminescence is defined as the emission of light 

from semiconductor or an insulator when it is heated following 

the previous absorption of energy during irradiation (Mckinlay, 

1981, Mckeever, 1985, and Mckeever et al., 1997). From the 

term thermoluminescence, one may consider that heating is the 

main energy source of the luminescence. But in fact, it is not 

the case and quite different from the radiation spontaneously 

emitted from a substance when it is heated to incandescence. 

The essential condition for thermoluminescence to occur in a 

solid is that the material must have been previously exposed to 

radiation. This radiation is the source of energy; whereas the 

heating is just a trigger to help release the absorbed energy. So, 

the term "Thermally Stimulated Luminescence" is more 

accurate; however, "thermoluminescence" has become the 

common term (Gscheidner, 2000 and Wang, 2002). 

 

Here, a particular feature of thermoluminescence has to 

be mentioned. That is, once thermoluminescence emission is 

observed, the material cannot be made to emit it again by 

simply cooling the specimen and reheating. The material has to 

be re-exposed to radiation; raising the temperature will then 

result in thermoluminescence emission again. 
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Thermoluminescence is just one type of luminescence 

phenomena. The fundamental principles of thermolumine-

scence are essentially the same as those that govern all 

luminescence processes (Gscheidner, 2000 and Wang, 2002). 

 

2.2. Basic Backgrounds of Luminescence 

Luminescence is the light emission from a material 

following the initial absorption of external energy. Depending 

on the characteristic lifetime (t) between absorption of the 

excitation energy and emission of the luminescence, one can 

distinguish two classes of luminescence, fluorescence and 

phosphorescence. The line of mark is about 10-8s. This very 

short time means that the fluorescence emission is essentially a 

spontaneous process. It takes place simultaneously with the 

absorption of radiation and stops immediately when the 

radiation ceases, as shown in Figure (2-1). 

 

On the other hand, the phosphorescence emission is 

characterized by a delay between the radiation absorption and 

the time (tmax) to reach full intensity. Also, in Figure (2-1) the 

phosphorescence is seen to continue for some time after the 

excitation has been removed. Phosphorescence and 

thermoluminescence are the same process; the only difference 
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is the fixed and the rising temperature, respectively, of the 

emitting material during the emission (Gscheidner, 2000 and 

Wang, 2002). 

 

 
Figure (2-1): Relationships between radiation and the 

emission of fluorescence, phosphorescence 

and thermoluminescence. T0 is the 

temperature at which radiation takes place; β 

is the heating rate; td is the time at which the 

radiation ends and the decay of 

phosphorescence begins. 
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According to the Jablonski model, consider a ground 

state energy level “g” and an excited state level “e”, illustrated 

in Figure (2-2(a)). Energy from radiation is transferred to the 

electrons of the solid, thus exciting the electrons from “g” to 

“e” (transition 1). Fluorescence takes place when an electron 

returns to level “g” (transition 2). The delay between excitation 

and emission is less than 10-8s. However, if the excited electron 

makes a transition from the excited state to a metastable level 

“m” [transition 3 in Figure (2-2(b))], where it will remain until 

it receives enough energy to return to the excited state e 

(transition 4) with the subsequent emission of light. The return 

to the ground state is delayed much longer and in this case the 

process is known as phosphorescence. 

 

 
Figure (2-2): Energy transitions involved in the production of 

(a) fluorescence and (b) phosphorescence 
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As has been mentioned before, the electron in the 

metastable energy level needs to absorb enough energy to go 

back to the ground state “g”. If we give the energy by heating 

the material, we will observe the thermoluminescence. 

Therefore, thermoluminescence is a special case of 

phosphorescence. 

 

From thermodynamic arguments it can be shown that the 

mean time spent in the trap at temperature T is given by 

Equation (2-1)  







 

KT
ES exp1      (2-1) 

Where, S is constant, E is the energy difference between "m" 

and "e" (called the trap depth) and K is Boltzmann's constant.  

 

Thus, the phosphorescence process is exponentially 

dependent upon temperature. This simple picture of 

phosphorescence based on the energy band theory of solids has 

been used with success to account for the luminescence 

properties of several phosphors. However, the theory was not 

given a thorough formalism until the work of Randall and 

Wilkins, 1945. These authors assumed that once the electron 

had been freed from its trap (i.e., once it had made the 

transition "m-e" Figure (2-1) the probability of returning to 
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"m" is much less than the probability of its returning to the 

ground state "g". The intensity of phosphorescence emission at 

any instant (I(t)) is proportional to the rate of recombination, 

(i.e. the rate of "e-g" transitions). In this case, "e-g" transitions 

are simply governed by "m-e" transitions and thus (I(t))is 

proportional to the rate of release of electrons from the trap. 

Hence, 
















t
nC

dt
dnCt )(    (2-2) 

Where (C) is the constant of proportionality and n is the 

number of electrons trapped in m. Integrating Equation (2-2) 

gives; 







 


tt exp)( 0      (2-3) 

Where, (τ) is given by Equation (2-1). (t) is the time and I0 is 

the intensity at t = 0  

 

Equation (2-3) is the equation of the decay of 

phosphorescence at a constant temperature following the end 

of irradiation, i.e. for t>tr (where tr is the time at irradiation) 

Figure (2-1). The decay is thus a simple exponential or first–

order decay (Mckeever et al., 1997).  
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It is often found in practice, however, that the decay of 

phosphorescence is non- exponential. One reason for this 

might be the overlap of several first-order processes so that at 

any one temperature several traps, each of different E values, 

are being sampled. A second reason, also dealt with by 

Randall and Wilkins, 1945 concerns the possibility that once 

released from its trap, the electron may either return to "m" or 

recombine at "g". In this case the recombination rate is 

proportional not just to the number of electrons but also to the 

number of available recombination sites (Mckeever et al., 

1997). The assumption that these are equal (both equal to n) 

gives, Equation (2-4) 

  2n
dt
dnCt 






      (2-4) 

Where α is a constant at certain temperature T  

 

Comparison of Equation (2-4) with Equation (2-2) 

shows that the phosphorescence intensity is now proportional 

to n2 rather than n and integration of Equation (2-4) gives the 

following equation. 

 
 20

0
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      (2-5) 
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This kind of decay is termed second- order. The constant 

α is related to the mean lifetime τ and to a term, which 

describes the relative possibilities of the retrapping of electrons 

at "m" and their recombination at "g". 

 

Equation (2-1) shows that the mean lifetime τ is 

exponentially dependent upon temperature. For phosphore-

scence the combined values of E and T are such that τ is very 

small and luminescence is observed easily at the temperature 

T0 at which the irradiation takes place. However, if the trap is 

deep enough, then values of E and T0 are such that E>KT0 and 

thus τ is very large. In effect, this means that the electron will 

remain trapped ndtdn   is very small at T0. For a trap depth 

E = 1.5eV and assuming that s = 1012s-1. Then, τ = 7.3x105 

years at T0 = 298K. From a practical viewpoint, this means that 

luminescence would never be observed from this trap at T = 

298K, or less.  

 

However, raising the temperature can induce 

luminescence emission. For example, if the temperature is 

raised at a linear rate dtdT , there will come a temperature at 

which   ntI   is large enough for the luminescence to be 

observed. As T rises, τ decreases and consequently the 
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intensity increases as the electrons become freed from the trap 

and recombination takes place. Eventually, as the trap becomes 

depleted, I (t) start to decrease and the resultant intensity 

versus temperature curve is in the form of a peak.  

 

The normal way of displaying thermoluminescence data 

is to plot luminescence intensity as a function of temperature 

known as "glow curve ". A typical glow–curve for LiF, one of 

the most studied thermoluminescence phosphors is shown in 

Figure (2-3). The temperature at which the peak maximum 

appears is related to trap depth.  

 

In Figure (2-3) four peaks are shown (from peak 2 to 

peak 5) indicating that four different species of trap are being 

activated within this particular temperature range, each with its 

own value of E and s. the peak 1 are not appear in this figure 

because its damped by the ambient temperature. The area 

under each peak is related to the number of filled traps, which, 

in turn is related to the amount of radiation initially imparted to 

the specimen. 
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Figure (2-3): A thermoluminecence 'glow-curve' from LiF, 

doped with Mg and Ti, following irradiation 

with 250rad γ-rays at room temperature. 

Heating rate β = 3°Cs-1. 

 

2.3. Traps and Recombination Centers 

An essential feature of all luminescence processes is the 

change in occupancy of the various localized energy states. 

These alterations in population are implemented by electronic 

transitions from one energy state to another. Several kinds of 

transitions are possible and some are shown for both electrons 

and holes in Figure (2-4) (Mckeever, 1985). 



Chapter 2. Theoretical aspect 

   35 

Transition (a) is excitation of a valence electron from a 

host atom into the conduction band in which state it has 

enough energy to move freely through the lattice thus 

transition (a) corresponds to the process of ionization and is 

result of the absorption of energy from an external source e.g., 

radiation. For every free electron in the conduction band a free 

hole is left behind in the valence band. Thus ionization creates 

free electron-hole pairs which may wander through the crystal 

until such times as they each in turn arrive, and become 

localized, at defect centers this results in the trapping of 

electrons (transition b and /or of holes transition e ). 

 

The localized electrons and holes may be released from 

their traps by thermal or optical excitation (transitions c and f) 

whereupon they are once again free to move through the 

crystal.  

 

A second option open to the free electrons and holes is 

that they may recombine with a charge carrier of opposite sign, 

either directly (Transition h), or indirectly by recombining with 

a previously trapped carrier (transitions d and g). If either of 

these recombination mechanisms is accompanied by the 

emission of light (i.e., it is radiative) then luminescence results. 
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Thus, localized energy levels either can act as traps or as 

recombination centers and it becomes pertinent to determine 

what distinguishes a recombination centre from a simple trap.  

 
Figure (2-4): Common electronic transition in crystalline 

semiconductors and insulators (a) ionization 

(b) and (e) electron and hole trapping 

respectively (c) and (f) electron and hole 

release (d) and (g) indirect recombination (h) 

direct recombination. Electrons, solid circle, 

electron transitions, solid arrows, holes, open 

circles; hole transitions, open arrows.  
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The classification, which is used to distinguish between 

the two types, is based upon the relative probabilities of 

recombination and thermal excitation. For the electron trapping 

centre shown in Figure (2-4), if transition (c) is more probable 

than transition (d), then the centre is classified as a trap. 

Conversely, if transition (d) is more probable than transition 

(c), then the energy level corresponds to a recombination 

centre. Similarly for the hole centre and transitions (g) and (f). 

 

In Equation (2-1) the probability of a charge carrier 

being thermally released from its trap is exponentially related 

to KTE , where E is the trap depth i.e. the energy difference 

between the trap and the edge of the corresponding delocalized 

band. Thus, for a given temperature those centers of small E 

are more likely to be traps than centers of large E. For this 

reason, recombination centers are located towards the middle 

of the forbidden gap and traps are located towards the edges. 

Furthermore, it is possible to see from this how a centre which 

is a trap at one temperature may become a recombination 

centre at a lower temperature, and vice versa.  
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2.4. Recombination Processes  

The process of electron–hole recombination, governs all 

thermoluminescence phenomena. There are three distinct types 

of recombination transition namely, band-to-band (transitions 

(h)), band to center (transitions (d) and (g)), Figure (2-4) and 

center to center (transitions (i) and (k)), Figure (2-5).  

 

 
Figure (2-5): Electron transitions in a semiconductor or 

insulator not involving the conduction or 

valence bands. Electrons, solid circles; holes; 

open circles; electron transitions, arrows. 
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The band-to-band recombination may be termed 

"direct", whilst recombination involving localized levels the 

centers, may be termed "indirect". Furthermore, in order for 

luminescence to occur the recombination must be accompanied 

by emission of photon it must be radiative (Mckeever, 1985). 

 

2.4.1. Direct and Indirect Recombination 

Luminescence emission arising from the recombination 

of free electrons and holes directly across the gap has been 

observed in a variety of materials. In CdS, for example, the 

electrical injection of free electrons and holes results in 

luminescence emission of wavelength ~ 520nm at 300K. The 

emission moves to shorter wavelengths as the temperature is 

reduced and in fact is seen to follow the absorption edge with 

temperature.  

 

The emission being observed in CdS is the result of a 

direct transition of type (h) band to band transition and is seen 

to have the same temperature dependence as the process of 

absorption (a).  

 

The introduction of impurities and other lattice defects 

results in luminescence emission of wavelength which are 
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longer than those expected from conduction to valence band 

transition showing a shift from direct to indirect 

recombination. Indeed, this general picture appears to be 

displayed by most materials although narrow band-gap 

specimens show a greater tendency for direct recombination 

(Mckeever, 1985).  

 

2.4.2. Radiative and Non-radiative Recombination  

It is unlikely, in a direct transition, that the energy of the 

excited carrier can be totally dissipated by photon interaction 

alone. The excited electron must lose an amount of energy 

corresponding to the band gap and this would require the 

simultaneous creation of many photons in order to dissipate the 

electron's energy. For this reason, direct transitions involve the 

emission of photons and are therefore radiative. The energy 

dissipated in an indirect transition, however is much less than 

the band-gap energy and may thus be dissipated either 

radiatively (via photons) or nonradiatively (via phonons).  

 

The Mott-Seitz mechanism dates back to early work by 

(Seitz, 1940 and Mott et al., 1948) who considered electron 

transitions between an excited state and a ground state within 

the same atom in terms of a configurationally coordinate 
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diagram. The configurationally coordinate is the displacement 

of the atoms in the neighborhood of the defect and at 

equilibrium in the ground state the electron will take on a 

minimum energy. Absorption of energy from radiation results 

in a transition to a higher excited state B without an adjustment 

of the configurationally coordinate for the minimum energy is 

not the same as that for the ground state and thus the electron 

has to lose an amount of energy E1 dissipated as heat in order 

to reach a net energy minimum at C.  

 

 

Figure (2-6): Possible variations of electron energy with 

configurationally coordinate for excited and 

ground states in a semiconductor or insulator.  
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Transition CD now results in luminescence emission, 

followed by a rearrangement of the configurationally 

coordinate and the loss of energy E2 as heat so that the electron 

returns finally to its original state, A. From this, it can be seen 

that the luminescence energy CD is less than the absorbed 

energy AB by an amount E1+E2.Thus, the emission bands lay 

on the long wavelength side of the corresponding absorption 

bands (the so-called Stoke's shift). Furthermore, the absorption 

have a finite width due to zero- point energy and thermal 

fluctuations causing the absorption transition to occur over a 

wide spread of energies. Likewise, the same fluctuations 

because an even wider spread in emission energies so that the 

emission bands are wider than the original absorption bands, 

Figure (2-6).  

 
2.5. Thermoluminescence Dosimetry (TLD) 

2.5.1. General Requirements for TLD Materials 

The selection of a phosphor for a thermoluminescence 

dosimeter requires a precise knowledge of the particular 

application being considered. Broadly, the applications may be 

conveniently listed as personal dosimetry and environmental 

monitoring, with special considerations for medical 

applications and reactor Dosimetry (Mckeever, 1985). 
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Several recommended standards have been suggested for 

dosimeter performance, depending upon the application. The 

International Standards Organization (ISO, 1996, 1998) is 

presently attempting to establish performance requirements for 

environmental and personal dosimeters in order to satisfy the 

recommendation of the international commission on 

radiological protection (ICRP, 2007) on dose limitations. 

Other recommended standards for TLD phosphors are being 

discussed by the European Commission (EC, 1996) and the 

American National Standards Institute (ANSI, 1997).  

 

The performance of a dosimeter is assessed by 

examining properties such as linearity, dose range, energy 

response and reproducibility, stability of stored information, 

isotropy, and effect of environment on dosimeter performance.  

 

2.5.1.1. Dose Response 

An obviously desirable property of a TLD detector is 

that it exhibits a linear relationship between thermolumine-

scence intensity (I) and absorbed dose (D). Thermoluminescent 

materials exhibit a non- linear growth of intensity with 

absorbed dose over certain dose ranges. Non-linear dose 

dependence of thermoluminescence has been reported in most 
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luminescent materials. The most common behavior of this type 

is the exponential approach to saturation at high doses, which 

takes place in practically all materials. This usually means that 

the available traps or recombination centers are close to be full 

and further irradiation cannot increase the number of trapped 

carriers. This can lead to problems of under or overestimation, 

respectively (Mckinlay, 1981 and Lawless et al., 2009). 

 

Supralinearity and saturation can both be affected by 

previous exposure to radiation and by thermal treatments so re-

use of a dosimeter may present problems such that on second 

use, the phosphor may exhibit a different dose response. In 

order to overcome these sensitization and supralinearity 

problems, many phosphors are required to undergo complex 

annealing procedure to reset the original properties. 

 

The lowest dose which can be detected by the material 

corresponds to that thermoluminescence intensity which is 

significantly greater than the intensity from an un-irradiated 

sample. For standardization purposes this is taken to be three 

times the standard deviation of the zero dose reading. This 

minimum detectable dose is variable in that it depends not just 

upon the intrinsic sensitivity of the material, but also upon the 
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size of the detector, the sensitivity of the readout equipment 

and, as with the other dose response characteristic, it varies 

with previous radiation exposure and thermal treatment. An 

additional important property required of a radiation detector is 

that its response is independent of dose rate.  

 

2.5.1.2. Fading and Stability  

An important consideration in the choice of TLD 

detector is how stable the signal in the environment in which 

the dosimeter is operated. Thus, it becomes necessary to assess 

if the trapped charge within the material can be lost (before 

readout) by heat (thermal fading), light (optical fading) or any 

other means (anomalous fading).  
 

The main point is that if the trap depth E is too small 

then severe fading of the signal will occur, both during 

irradiation and between irradiation and readout. The fact that 

some traps can be emptied by optical stimulation raises the 

question of optical fading. A dosimeter which is continuously 

exposed to sunlight, or to fluorescent lamps or to other 

energetic artificial light source, may lose part of its signal by 

stimulation of the trap charge by photons. For dosimetry 

applications, a material is normally tested by exposing an 

irradiated specimen to a light source of known wavelength and, 
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after a set time, comparing its thermoluminescence signal with 

that of a similar sample stored in the dark. Ideally, no optical 

effects are wanted.  

 

Underestimation of the dose delivered may also result if 

the signal fades anomalously. Anomalous fading is much more 

difficult to detect than either thermal or optical fading because 

it generally occurs much more slowly. 

 

2.5.1.3. Annealing Procedures  

Annealing is the thermal treatment needs to erase any 

irradiation memory from the dosimetric material. Some 

thermoluminescent material required a complex annealing 

procedure. LiF:Mg,Ti is one of them. It requires a high 

temperature anneal, followed by a low temperature anneal. 

Generally speaking the high temperature anneal is required to 

clear the dosimetric traps of residual signal which may cause 

unwanted background during subsequent use of the dosimeters.  

 

The low temperature anneal is required to stabilize and 

aggregate low temperature traps in order to enhance the 

sensitivity of the main dosimetry traps and to reduce losses of 

radiation-induced signal due to thermal or optical fading during 
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use. The combination of these two anneals is termed standard 

anneal. For lithium fluoride the standard annealing consists of 

a high temperature anneal at 400oC during 1 hour followed by 

a low temperature thermal treatment for 20hr at 80oC. In some 

laboratories, annealing at 100oC for 2hr has been used instead 

of the longer anneal at 80oC.  

 

The TL properties exhibited by a phosphor strongly 

depend upon the kind of thermal annealing experienced by it 

prior to the irradiation. It is also true, in general, that more 

defects are produced by higher temperatures of annealing. The 

number of defects also depends on the cooling rate employed 

to cool the phosphor to the ambient temperature. Once the best 

annealing procedure has been determined, i.e. the highest TL 

response with the lowest standard deviation, the same 

procedure must always be followed for reproducible results in 

TL applications (Furetta, 2003). 

 

2.5.2. Sensitization  

Sensitization is the ability to increase the sensitivity of a 

thermoluminescenct (TL) phosphor using pre-doses and or heat 

treatment. Zimmerman (1971) was one of the first to observe 

that the TL sensitivity of the 110°C peak of quartz appears 



Chapter 2. Theoretical aspect 

   48 

after the absorption of ionizing radiation at room temperature 

followed by heating at 500°C (Khoury et al.,2008) 

 

Several models have proposed to explain mechanisms of 

sensitizations among these models are  

1- Center conversion models.  

2- Trap creation models (radiation and thermal). 

3- Competing trap models, this model has extensively 

discussed as a means of providing increased sensitivity 

following irradiation, if the initial radiation causes damage 

to the competitor, so there will be fewer competitors 

available, resulting in more charge trapped at the center of 

interest per unit dose, giving rise to an increase in 

sensitivity (Lakshmanan et al., 1982).  

 

In addition, the radiation may cause decrease in the 

concentration of killer center, an increase in the concentration 

of luminescence centers or an increase in the concentration of 

traps. All of these phenomena could give rise to increase 

sensitivity (Mckeever, 1985). 
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2.5.3. Effect of Doping Concentration on the TL Response 

The TL-sensitivity of the phosphor is affected by the 

presence of the impurities in phosphor and its concentration 

(Mckeever, 1985). An impurity which causes TL in a dead 

phosphor is called an activator, that which kills the present 

luminescence is called a poison and that which increases the 

already present luminescence due to an activator is called a 

sensitizer. Sometimes, it may necessary to include two kinds of 

dopant materials known as activators and co-activators in a 

single phosphor to observe the luminescence.  

 

Traditionally in a center, a poison prevents energy 

transfer to the emission center and a sensitizer increases the 

energy absorption for conversion into useful luminescence 

emission. In the case of TL, the role played by an activator 

may be more than just being the emission center; its presence 

may create more traps responsible for the TL (Hanaa, 2009). 

Thus three distinct categories of activators may be 

distinguished as for as TL is concerned  

1- Causes increased trapping: eg. Mg in LiF 

2- Causes increased emission: eg. Mn in CaCO3 

3- Causes both increased trapping and emission: eg. Dy in 

CaSO4 (for this reason we select this material for our work) 
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2.6. Determination of TL Parameters 

The dosimetric properties of TL materials mainly 

depend on the kinetic parameters of its glow peak. Kinetic 

parameters give valuable information about mechanism 

responsible for the TL emission in material. Reliable 

dosimetric studies of any TL material include a good 

knowledge of its kinetic parameters as well. For example, TL 

intensity fading of irradiated material on storage depends on 

the position of the trapping levels within the forbidden gap. 

  

Important TL parameter is trap depth (E) or activation 

energy which is the thermal energy required to liberate the 

trapped electrons and holes. The unit of activation energy is 

electronvolt (eV).  

 

Also Frequency factor (s) is another important TL 

parameter, where (s) is a constant characteristic of the electron 

trap, called the “pre-exponential frequency factor” or “attempt-

to-escape frequency”. This parameter is proportional to the 

frequency of the collisions of the electron with the lattice 

phonons. The unit of Frequency factor is (s−1). Typically the 

maximum values of s correspond to the values of the lattice 

vibration frequency, i.e. 1012-1014s−1 (Pagonis et al., 2006).  
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Randall and Wilkins, 1945 gave the following meaning 

to the frequency factor: they described the trap as a potential 

well and (s) should be the product between the frequency with 

which the trapped electrons strike the walls of the potential 

barrier and the reflection coefficient (Furetta, 2003).  

 

Activation energy (E) and frequency factor (s) can be 

determined by various methods such as Variable Heating Rate 

(VHR) which investigated in the following paragraph, Initial 

Rise (IR), Isothermal Decay (ID), and Peak Shape (PS) 

methods. 

 

2.6.1 Variable Heating Rate Method 

The heating rate is a fundamental experimental variable 

in TL measurements. Variable heating rate methods are based 

on the shift in the glow peak temperature to higher 

temperatures with heating rate. The position of the glow peak 

temperature Tm is obtained by means of the derivative of 

Randall-Wilkins equation with respect to temperature T and 

equating it to zero (Azorin, 1986), given in Equation (2-6): 















mm KT
ESKT

E exp2
      (2-6) 

Where 

β : Heating rate (°Cs-1), 
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E : Activation energy (eV), 

S : Frequency factor (s-1), 

K : Boltzmann constant and  

Tm : Maximum temperature of peak. 

 

Booth and Bohun working independently have used two 

different heating rates β1 and β2 and solved Equation (2-6) to 

evaluate the trap depth E and frequency factor S. the 

expression for E and S given in Equation (2-7) and (2-8) 

respectively, is based on the experimental variation of Tm with 

the linear heating rates β (Booth, 1954, Bohun, 1954, 

Mckeever, 1985, Furetta, 2003, Jose et al., 2011). 
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Hoogenstraaten (1958) has used Equation (2-6) and 

several heating rates to evaluate E graphically, based on the 

position of Tm with heating rate β. A linear relation is obtained 

between  

 2
mTLn  and  mKT1 as follows  
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     mm KTESKELnTLn 2    (2-9) 

 

The plot  2
mTLn  versus  mKT1  should give a straight 

line with slope E and intercept Ln(E/sk). Extrapolation to 

 mKT1 =0 gives Ln(E/sk) from which S can be calculated using 

the value of E obtained from the slope. 

 

2.7. Nanophosphor Particles  

Nanophosphors are phosphor particles with size close to 

or below 100 nm. Since early 1990, a novel concept of 

nanophosphor has been used and extensively investigated due 

to unique chemical and physical properties compared to their 

bulk materials. The significant differences are expected from 

the confinement effects on nanophosphor which affect 

luminescence efficiency and photodynamic (Chen et al., 

2003).  
 

For nanophosphors, the phonon density of states 

(PDOS), which are significantly different from that of bulk 

materials, are reduced by dimensionality of particles. In 

addition, nanophosphor phonon levels are also discrete. 

Further, 4f electronic states originated from rare-earth ions 

contained in the nanophosphor particles is highly localized and 
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is not altered by reduced size of phosphors. These unique 

properties can extend nanophosphors use to many potential 

applications such as optical, electrical, medical and biological 

technologies.  
 

2.7.1. Advantages of Nanophosphor Particles  

Recently, many nanophosphor materials have been 

investigated for display applications such as Y2O3:Eu3+. 

Nanosize phosphor particles are highly desirable for their use 

in high resolution imaging applications.  
 

One of the advantages of nanophosphors is that when 

particle size of phosphor materials is reduced to nanometer 

range, the surface/volume ratio is much larger than that of 

micron-sized powders. This can extenuate volume effects over 

surface and interface effects. In addition, the doping materials 

in nanophosphors can be well distributed and highly uniformed 

compare to bulk phosphor during their synthesis.  
 

Thus, the high surface/volume ratio can reduce the 

energy transfer between the activators as luminescence center 

due to well separated and located in each nanophosphors and, 

as a result of that, these interface effects of the nanosize 

materials would suppress the concentration quenching.  
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According to these effects, thermoluminescence 

characteristics can be enhanced by the use of nanophosphor 

particles. Furthermore, it has been reported that the efficiency 

of phosphors for white light application could be increased by 

nanophosphor because nanosized YAG: Ce3+ phosphor shows 

higher luminescent efficiency than that of larger size particles.  

 

With these advantages, nanophosphor materials can be 

extended in many areas for display and solid-state lighting 

fields. Therefore, the preparation of the nanophosphor particles 

with narrow particle size distribution and good crystallinity is 

very important parameter to enhance the thermoluminescence 

properties for commercial applications (Lee, 2009). 
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3.1 Methodology 

3.1.1. Preparation of CaSrS 

The solid state diffusion method was carried out to 

synthesize CaSrS nanocrystalline phosphor. Calcium sulphate 

(CaSO4), Strontium sulphate (SrSO4), Sodium thiosulphate 

(Na2S2O3.5H2O), and carbon powder were the starting 

materials. Sodium thiosulphate acts as a flux for the reaction. 

Carbon reduces sulphate to sulphide at high temperature.  

 

Calcium sulphate and Strontium sulphate were soaked 

separately with nitric acid and kept overnight. They were 

heated for about half an hour to ensure that all metallic 

impurities were converted into their respective nitrates. These 

soluble nitrates were eliminated by repeated washing in warm 

distilled water. 

 

Carbon powder was boiled in excess of distilled water 

for half an hour and filtered. The residue in filter paper was 

repeatedly washed with warm distilled water, dried in an oven 

and finally collected in bottle (Vijay et al., 2006). 

 

Growing of Ca1-xSrxS as a function of x (wt) (where x 

ranged from 0.25, 0.30, 0.35 and 0.40gm) has been studied. 
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Calcium sulphate (with 1-x wt), Strontium sulphate (with x wt) 

and Sodium thiosulphate were taken and mixed thoroughly 

with help of an agate pestle and mortar.  

 

The charge was placed in clean platinum crucible and 

thin layer of carbon powder are speared over it. This crucible 

was placed in other large platinum crucible contain carbon 

powder. The charge was fired at 950˚C for 2hr using Stuart 

scientific furnace. After 2hr the charge was taken out and 

crushed while red hot with the help of pestle and mortar (Vijay 

et al., 2006, Chawla et al., 2010 and Sharma  et al., 2010).  

 

Sodium thiosulphate and carbon powder concentrations 

were studied where the optimum concentration of both was 

found to be 15wt%. 

 

For recording TL, the samples were annealed at 400˚C 

for 15min and then quenched on a metallic plate at room 

temperature. The samples packed in light proof capsules and 

exposed to test-dose 10Gy of gamma rays. The TL response of 

irradiated samples was measured by Harshaw 3500 series TLD 

reader and the characteristic glow curve has defined. 

 



Chapter 3. Material and method 

 58 

3.1.2. Effect of Dopant Concentration  

 CaSrS has been doped with various concentrations from 

two different rare earth elements (Dy and Gd) to choose the 

optimum concentration for the sake of enhancement of the TL-

sensitivity. Dysprosium has been doped to CaSrS as follow: 

 

Dysprosium oxide solution was prepared by dissolving 

50mg of dysprosium oxide in concentrated nitric acid and 

distilled water making total volume 50ml. Volumes of 1.5, 1.8, 

2, 2.2, 2.5 and 3ml according to concentrations 0.15, 0.18, 0.2, 

0.22, 0.25 and 0.3 % of dysprosium oxide were taken and 

mixed with different batches of laboratory prepared CaSrS 

(0.65gm of calcium sulphate, 0.35gm of strontium sulphate, 

0.15gm of sodium thiosulphate and carbon powder) (Pitale et 

al., 2008). 

 

The charge after drying overnight in an oven at 120°C 

was placed in clean platinum crucible and thin layer of carbon 

powder are speared over it. This crucible was placed in other 

large platinum crucible contains carbon powder. 

 

The prepared batch was fired and crushed as mentioned 

before in section (3.1.1). The optimum sample was 
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characterized and determined particle size by Geol-TEM 1010 

(Transmission Electron Microscope) at the Regional center for 

Mycology and Biotechnology, Al-Azhar University.  

 

Also CaSrS has been doped with gadolinium by the 

same procedure of doping with dysprosium but in case of 

gadolinium, gadolinium oxide solution was prepared by 

dissolving in distilled water not nitric acid (because Dy is 

insoluble in water but soluble in acid), gadolinium was doped 

to CaSrS by concentrations (0.05, 0.1, 0.3, 0.5, 0.7, and 1%). 

 

After that, the sample of CaSrS doped by different 

concentrations of dysprosium and gadolinium were packed in 

lightproof capsules and irradiated to one-test gamma dose 

10Gy. Then the TL responses of irradiated samples were 

measured by Harshaw 3500 series TLD reader. 

 

3.1.3 Pre-Irradiation Heat Annealing  

Prior to the irradiation, the high temperature anneal is 

required to clear the dosimetric traps of residual signal which 

may cause unwanted background during subsequent use of the 

dosimeters (Furetta, 2003). 
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To define the optimum annealing courses many groups 

of CaSrS: Dy have been exposed to 10Gy of gamma ray, then 

exposed to three different annealing temperatures (350, 400 

and 450ºC) for different periods of time (15, 30, 40, 45 and 

60min). 

 

After that the residual TL-intensity was measured by 

Harshaw 3500 series TLD reader and TL response finding are 

presented graphically. 

 

3.1.4 Thermal Treatment Sensitization 

 Samples of the optimum condition of doped 

nanophosphorus CaSrS have been submitted to thermal 

treatment at different temperature (350, 400, 450, 500, 550, 

600, 650 and 700°C) for one an hour. The samples after that 

exposed to a test dose 10Gy of gamma rays.  

 

 Then TL-intensity was measured by Harshaw 3500 series 

TLD reader and TL response finding are presented graphically. 

 

3.1.5 Gamma Dose Sensitization 

Samples of the optimum condition of the product 

nanophosphorus CaSrS: Dy was pre-irradiation heat annealed 
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and given a test dose of 10Gy to measure S0 (where S0 is the 

sensitivity of CaSrS: Dy (0.22wt%) before exposed to 

activation dose.  

 

Afterward different samples were pre-irradiation heat 

annealed and then irradiated to different gamma doses (0.5, 1, 

3, 5, 7, 9, 11 and 14 kGy). Then each sample annealed and then 

exposed to a test dose of 10Gy, the TL response of irradiated 

samples were measured by Harshaw 3500 series TLD reader to 

measure S (where S is the sensitivity of CaSrS: Dy (after 

exposed to activation dose).  

 

The ratio of S/S0 was calculated for each activated dose, 

then the relation between the ratio of S/S0 and different 

activation dose are represented graphically. 

 

3.1.6 Effect of Heating Rate on Glow Curve 

 To study the effect of various heating rates on glow 

curve of CaSrS: Dy nanophosphor, different samples were 

irradiated by a test gamma dose 10Gy from 60Co source. 

 

 After that the TL glow curve are recorded at different 

heating rates (1, 2, 4, 6, 8 and 10°Cs-1).  
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3.1.7. Test of Batch Size Homogeneity 

 0.3gm of lab prepared CaSrS: Dy after pre-irradiation 

heat annealed program, was packed in lightproof capsule and 

irradiated to test dose 10Gy of gamma rays. The capsules are 

divided into ten parts and TL-response is recorded for each 

part. 

 

 The corresponding uniformity indices ( ) were 

calculated according to (Furetta, 2003 and Timar-Gabor et 

al., 2011) Equation (3-1): 

 

100
min

minmax 






 


M
MM      (3-1) 

 

Where: Mmax and Mmin represent the maximal and minimal 

recorded values, respectively. 

 

3.1.8. TL-Signal Reproducibility 

 Five similar TL samples are selected and treated by the 

recommended pre-irradiation heat annealing program. After 

that the samples are packed inside five lightproof capsules and 

irradiated to a test gamma dose 10Gy.  
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 TL-response is recorded for seven repeated times from 

each capsule. The average, standard deviation and standard 

deviation % are measured for both individual and group 

samples. The results have been recorded in table to determine 

the accuracy of the TL-measurements.  

 

3.1.9. Gamma Dose Response 

 TL response as a function of the gamma dose has been 

studied. Many groups of CaSrS: Dy (0.22wt%) packed in 

lightproof capsules and irradiated to different gamma doses 

from 20mGy to 1000Gy. Then the TL response of CaSrS: Dy 

(0.22wt%) were measured by Harshaw 3500 series TLD 

reader. The dose response of CaSrS: Dy (0.22wt%) are 

presented graphically. 

 

3.1.10. Neutron Dose Response 

 The effect of the TL response as a function of the 

neutron dose has been studied. Many groups of CaSrS: Dy 

(0.22wt%) packed in lightproof capsules and irradiated to 

neutron flux 1.477x104n cm-2 s-1 for different period which 

equivalent to radiation dose from 92.4mSv-1.2Sv. The neutron 

dose unit has been changes from number of neutrons to Sv unit 

by using conversion factor (neutron flux n cm-2 s-1) 
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corresponding to dose equivalent index rate of µSv hr-1 (Safety 

series, 1982) as in Table (3-1).  

 

Table (3-1): Conversion factor (neutron flux n cm-2 s-1) 

corresponding to dose equivalent index rate of 

µSv hr-1 as a function of neutron energy 

Neutron 

energy 

(KeV) 

WR 

Flux density 

equivalent to 25 µSv 

hr-1 (n cm-2 s-1) 

Integrated of flux 

equivalent 10 

mSv (n cm-2 s-1) 

Thermal 3 670 9.6 x 108 

5 2.5 570 8.2 x 108 

20 5 280 4.0 x 108 

100 8 80 1.2 x 108 

500 10 30 4.3 x 107 

1 10.5 18 2.6 x 107 

5 7 18 2.6 x 107 

10 6.5 17 2.4 x 107 

20 6 10 1.5 x 107 

50 5.2 7 1.0 x 107 

100 4.5 6.3 9.0 x 106 

200 4 4.5 6.5 x 106 

500 3.9 2.2 3.2 x 106 

1000 3.4 1.1 1.6 x 106 
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3.1.11. Fading Effect 

 In order to determine the fading characteristics, the 

prepared CaSrS: Dy (0.22wt%) samples were annealed and 

irradiated to a dose of 10Gy of 60Co. The stability of the stored 

gamma-induced TL signal was studied over a period of three 

months. These samples, after irradiation, were stored in dark 

conditions at room temperature (around 25°C), read out 

occurred in a period range of one day up to three months. The 

results were represented graphically.  

 

3.1.12. Determining of TL Parameters 

 The activation energy (or trap depth), frequency factor, 

the mean life time of trap and escape probability for five peaks 

of CaSrS: Dy were determined by using Variable heating rates 

method. In this method the TL-glow curves of irradiated 

CaSrS: Dy samples were recorded at different linear heating 

rates (1, 2, 4, 6, 8 and 10°C s-1). 

 

 Trap depth (E) and frequency factor (s) of five peaks of 

CaSrS: Dy was calculated using different sets of heating rates 

and their corresponding peak maximum temperature (Tm) and 

substitute in Equations (2-7) and Equation (2-8). By graphical 

method E and s values are calculated from the linear plot of 
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 2
mTLn  versus  mKT1 . From the slope of the linear graph one 

can obtain the activation energy and from the intercept 

Ln(E/sk) one can obtain the frequency factor. 

 

3.2. Equipments 

3.2.1. TLD Reader 3500 

 The Harshaw TLD System 3500 Manual TL Reader is a 

PC-driven, manually-operated, tabletop instrument for thermo-

luminescent dosimetry (TLD) measurement. It economically 

provides both high performance and high reliability and 

complies with the latest International Standards Organization 

(ISO) requirements. The 3500 reads one dosimeter per loading 

and accommodates a variety of TL configurations, including 

powder. 

 

 The flexible design of the controlling software enables 

the user to configure the workstation for use in different 

applications. For example, for radiation therapy and planning, 

the software can be configured to calibrate the instrument in 

Grays, track the dosimeters primarily by patient identification, 

and retain some medical history. For personnel radiation 

protection monitoring, the primary data tracking may be by 

dosimeter and employee ID, and the instrument calibrated in 
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Sieverts. Other calibration units and identification 

combinations are available. The Reader's basic external 

components include a front control panel consisting of three 

LED (Light Emitting Diode) status lights and a Read 

pushbutton, a sample drawer assembly that features an 

interchangeable planchet and a built-in test light for periodic 

monitoring of Reader performance, and a drawer for neutral 

density filters. The rear panel houses a voltage-selectable 

power input module with fuse access, an instrument Reset 

button, a fitting for nitrogen gas tubing, an RS-232-C serial 

communication port, and a recessed pressure sensor adjusting 

screw. 

 

 The technical architecture of the system includes both 

the Reader and a Windows-based computer connected through 

a standard RS-232 serial communication port.  

 

 The dosimetry functions are divided between the Reader 

and the specialized WinREMS software that runs on the PC. 

All dosimetric data storage, instrument control, and operator 

inputs are performed on the PC; signal acquisition and 

conditioning are performed in the Reader. This simple 

architecture allows users the flexibility and economy of using 
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an existing computer, and provides for the simple addition of 

optional functions and the updating of application software. 

The software provides real-time monitoring of the instrument's 

operating conditions and display of the glow curves and 

response values. 

 

 The Reader uses contact heating with a closed loop 

feedback system that produces linearly ramped temperatures 

accurate to within ±1°C to 400°C in the standard Reader, or 

600°C with the High Temperature option. The Time 

Temperature Profile (TTP) is user defined in three segments: 

Preheat Acquire and Anneal, each with independent times and 

temperatures. The primary functions associated with model 

3500 data acquisition are illustrated in Figure (3-1). This 

figure depicts the sequence of events that take place from 

instrument start-up through the operator loading, reading, and 

unloading the thermoluminescence (TL) material from the read 

drawer. Figure (3-2) shows Harshaw 3500TLD-Reader 
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Figure (3-1): Model 3500 functional blocked diagram 
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Figure (3-2): Harshaw 3500TLD-Reader 

 

3.2.2. The Transmission Electron Microscope 

 Transmission Electron Microscopy (TEM) is a technique 

where an electron beam interacts and passes through a 

specimen. The electrons are emitted by a source and are 

focused and magnified by a system of magnetic lenses. The 

geometry of TEM is shown in Figure (3-3).  

 

 The electron beam is confined by the two condenser 

lenses which also control the brightness of the beam, passes the 

condenser aperture and “hits” the sample surface. The 

electrons that are elastically scattered consist of the transmitted 

beams, which pass through the objective lens.  
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 The objective lens forms the image display and the 

following apertures, the objective and selected area aperture 

are used to choose the elastically scattered electrons that will 

form the image of the microscope.  

 

 Finally, the beam goes to the magnifying system that is 

consisted of three lenses, the first and second intermediate 

lenses which control the magnification of the image and the 

projector lens. The formed image is shown either on a 

fluorescent screen or in monitor or both and is printed on a 

photographic film. 

 

 In transmission microscopy, we can actually see the 

specimen’s structure and its atomic columns, thus 

compositional and crystallographic information is attained. The 

possibility for high magnifications has made the TEM a 

valuable tool in both medical, biological, nanotechnology and 

materials research (Voutou and Stefanaki, 2008). 
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Figure (3-3): Transmission electron microscope with all of 

its components 
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3.3. Irradiation Sources 

 In this work we used several sources to achieve the 

experiments. Three gamma sources and one neutron cell that 

can be described as follows:  

 

3.3.1. Gamma-ray Sources  

 The gamma-irradiation was performed by using different 

gamma sources: 

1. 60Co Gamma cell of dose rate 0.7mGy s-1, in January 

2012, at Middle East Regional Radioisotope Centre for 

the Arab Countries. 

2. 60Co Gamma cell of dose rate 0.45Gy s-1, in January 

2012 at Nuclear Research Center, Atomic Energy 

Authority. 

3. 137Cs source of dose rate 0.099µGy s-1, in January 2012 

at National Center for Radiation Research and Techno-

logy, Atomic Energy Authority. 

 

3.3.2. Neutron Source  

 The neutron irradiation facility was consisted two 

identical isotopic radioactive neutron sources of Am-Be type. 

Each source has a cylindrical shape with dimensions of about 

22cm long and 4.4cm in diameter, and has an activity of about 
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5curies (185GBq).the sources are put in an iron cylindrical 

barrel which filled with melted pure paraffin where the sources 

are isolated from the inner vertical central irradiation tube with 

the same paraffin material as shown in Figure (3-4). This 

neutron irradiation facility present at the experimental nuclear 

physics department, NRC, AEA (Ali et al., 2005 and Abdallah 

et al., 2011).  

 

 The total activity of the sources is about 10curies 

(370GBq) with integral emission of about 2.2x107n s-1 (indium 

foils detector used to estimate the neutron yield). Paraffin used 

as hydrogenous moderator.  

 

 The average thermal neutron yield in the specified 

region of irradiating samples gives a value of the average 

neutron flux of 1.477×104n cm-2 s-1. 
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Figure (3-4): Describes the neutron irradiation facility used 

through the investigation. 
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4.1. The Effect of Changing Calcium and Strontium 

Concentrations  

The effect of changing Ca:Sr concentration ratio on the 

TL-sensitivity of CaSrS exposed to 10Gy of -ray are shown in 

Figure (4-1). 

 

From this figure we can see that, as the concentration of 

Sr increase (from 25wt% to 30wt%) the TL intensity increase 

until reach concentration 35wt% of Sr after which the TL-

intensity decreases, this mean that the optimum concentration 

of Sr is 35wt% which increase TL-sensitivity ≈ 15 times than 

previous work (Vijay et al., 2006). 

 

The changing in concentration of Sr and Ca causes 

change in crystalline lattice construction which change the 

number and position of electron trap, hole trap and 

recombination center which in turn cause change in the TL-

senstivity of the material. 

 

4.2. Dopant Concentration 

As mentioned in section 3.1.2., samples of CaSrS were 

activated with various concentrations of Dy and Gd The two 
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rare earth material show different effect on the TL-response of 

CaSrS. 
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Figure (4-1): The effect of changing Ca:Sr concentration ratio 

on the TL-sensitivity of CaSrS exposed to 10Gy 

of -ray. 

 

Figure (4-2) represents the effect of different 

dysprosium concentration on the TL-intensity of CaSrS after 

exposed to test dose 10Gy. It can be seen from Figure (4-2) 

that the TL-intensity firstly decreases for concentration 
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0.15wt% after that gradual increase is observed from 

concentration 0.18wt% to 0.22wt% followed by a decrease 

from concentration 0.25wt%. 
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Figure (4-2): The effect of different dysprosium concentration 

on the TL-intensity of CaSrS after exposed to 

test dose 10Gy. 

 

The decrease in the intensity at concentration 0.15wt% 

may be due to generation of new energy levels which might 

result in generation of non-radiative traps more than radiative 
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traps after that as the concentration increase as the radiative 

traps might be increase than non-radiative traps until reach to 

0.25wt% concentration the non-radiative traps increase than 

radiative trap which lead to decrease in TL-intensity again. 

From these results the optimum concentration of Dy is 

0.22wt% which improved the TL-sensitivity about three folds. 
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Figure (4-3): The effect of different gadolnium concentration 

on the TL-intensity of CaSrS after exposed to 

test dose 10Gy. 
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Figure (4-3) Represents effect of different gadolinium 

concentrations on the TL-intensity of CaSrS after exposed to 

test dose 10Gy. 

 

It can be seen from Figure (4-3) that the TL-intensity of 

CaSrS doped with different concentration of gadolinium very 

less than CaSrS undoped. From the point of view of TL-

sensitivity decreases, this means that gadolinium is not 

appropriate dopant element for CaSrS.  

 

4.3. Thermal Treatment Sensitization 

Thermal treatment is the process in which the material 

heated to high temperature for certain duration, maintaining a 

suitable temperature, and then finally cooled. Annealing is 

used to relieve internal stresses in the material there by refining 

the structure by making it more homogeneous (Bahl et al., 

2013). 

 

So that we study the effect of different temperatures 

(350, 400, 450, 500, 550 and 600°C) for an hour on the TL-

sensitivity of CaSrS: Dy nanophosphor as mentioned in section 

(3.1.4). 
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Figure (4-4) presents the effect of thermal treatment 

sensitization on the TL-intensity of CaSrS: Dy (0.22wt%) after 

exposed to test dose 10Gy. 
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Figure (4-4): The effect of thermal treatment sensitization on 

the TL-intensity of CaSrS: Dy after exposed to 

test dose 10Gy. 

 

From this figure we can observe that the TL-sensitivity 

firstly doesn't change when annealed at temperature 350°C but 

when the temperature is increased to 400°C the sensitivity 

increases until reaches 450°C where the sensitivity increases 
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by factor 1.5 times after which the sensitivity decreases 

rapidly. 

 

This means that annealing the sample at temperature 

above 450°C destroy the electron traps and could not restore by 

additional annealing. Because, annealing the sample at these 

temperatures cause permanent reduction in TL-sensitivity of 

material. From these results, we choose the annealing 

temperature 450°C for an hour. 

 
These results agree with results of study the effect of 

pre-irradiation annealing on the sensitivity of natural CaF2 by 

(Zegingil et al., 2012), he was found that the TL-sensitivity 

doesn't change when the sample is annealed at temperature 

300°C but the sensitivity decreases slowly when annealed at 

temperature above 300 to 500°C then decrease rapidly when 

annealed at temperature range 500 to 800°C. 

 
4.4. Gamma Dose Sensitization 

Figure (4-5), indicates the effect of pre-irradiation 

sensitization on TL-intensity of CaSrS: Dy. The phosphor was 

irradiated to gamma-dose of different levels (0.5, 1, 3, 5, 7, 9, 

11 and 14 kGy), then in each case, it was annealed at 450°C for 

40min. after which, it was exposed to test dose 10Gy. 
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Figure (4-5): The effect of gamma-dose sensitization on the 

TL-intensity of CaSrS: Dy (0.22wt%) after 

exposed to test dose 10Gy. 

 

It was noted that the TL sensitivity of CaSrS: Dy 

unchanged when exposed to pre doses (0.5 and 1kGy) then 

gradual increase is observed from pre-dose 3kGy to pre-dose 

9kGy then decrease again. 

 

According to competing trap models, the high radiation 

dose (from pre-dose 3kGy to pre-dose 9kGy) may be causes 

damage to the competitor, so there will be fewer competitors 
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available, resulting in more charge trapped at the center of 

interest per unit dose, giving rise to an increase in sensitivity 

(Lakshmanan et al., 1982). 

 

In addition, the radiation may cause decrease in the 

concentration of killer centers, an increase in the concentration 

of luminescence centers or an increase in the concentration of 

traps. All of these phenomena could give rise to increase 

sensitivity (Mckeever, 1985). 

 

After that at very high doses the radiation may be causes 

damage to luminescence centers or trap centers which led to 

decrease in sensitivity of the phosphor. From this result, the 

optimum pre-dose is 9kGy, which indicates another 3 folds of 

improved sensitivity. 

 

4.5. Characteristic Glow Curve Study 

Figure (4-6) represents the characteristic glow curves of 

CaSrS after exposed to 10Gy of gamma ray, in this figure we 

can see that CaSrS has four peaks, low temperature peak at 

(126°C) and three high temperature peaks at (404,425 and 

445°C) but after doping of CaSrS with dysprosium the shape of 

glow curve and peak position change as shown in Figure (4-7). 
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In this figure we can see that the characteristic glow 

curve of CaSrS: Dy has five TL peaks appeared at (117.5, 185, 

345, 410 and 430°C) which reflect the presence of five kinds of 

trapping centers.  

 

The peak position of CaSrS: Dy doesn’t exchange after 

exposed to gamma sensitization dose nor thermal treatment but 

the TL-intensity increase by factor 3 as shown in Figure (4-8). 

In this figure Comparison between Characteristic glow curve 

of CaSrS, CaSrS: Dy and CaSrS: Dy after thermal treatment 

and gamma dose sensitization. 
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Figure (4-6): The characteristic glow curve of CaSrS. 
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Figure (4-7): The characteristic glow curve of CaSrS: Dy. 
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Figure (4-8): Comparison between Characteristic glow curve 

of CaSrS, CaSrS: Dy and CaSrS: Dy after 

thermal treatment and gamma dose 

sensitization. 
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4.5.1. Effect of Heating Rate on Glow Curve 

The effect of heating rates between 1-10 °Cs-1on peak 

position CaSrS: Dy nanophosphor has been investigated, 

gamma irradiated for a test dose of 10Gy. The results are 

shown in Figure (4-9). 
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Figure (4-9): Effect of various heating rates on the peak 

position of CaSrS:Dy  nanophosphore. 

 

It was found that with the increase in heating rates 

resulted in peak temperature shift toward higher temperature 

side. The glow peaks (Tm) are shifted from (94, 158, 315, 380 

and 400°C) to (117, 185, 345, 410 and 430°C) with increase of 

heating rate from 1-10Cs-1. 
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 The shift of Tm versus heating rate can be empirically 

explained by the following way. At the low heating rate β1, the 

time spent by the phosphor at a temperature T1, is long enough 

so that an amount of thermal release of electrons depending on 

half-life at this temperature could take place. 

 

As heating rate increases to β2>β1 the time spent at same 

temperature T1 decreases and therefore the thermal release of 

electrons is also decreased. Then a higher temperature T2 is 

needed for the same amount of thermal release to take place at 

β2. In this way the whole glow peak is shifted to higher 

temperatures as heating rate increases in a manner depending 

on the half-life and time spent at each temperature (Sunitha et 

al., 2012). 

 

4.6. TEM Pattern 

In this study, we use Transmission electron microscopy 

to determine the shape and particle size of CaSrS: Dy after 

sensitization, which indicated that, the shape of CaSrS: Dy 

particle is ring shape like structures with an average particle 

size 24nm as show in Figure (4-10). 
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So that we obtain nanophosphores material with average 

particle size 24nm, which may be has thermoluminescence 

properties differ than that of same material found in macro size 

range. 

 

 
 

 
 

  
Figure (4-10): The TEM pattern for CaSrS: Dy. 
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4.7. Thermoluminescence Properties of CaSrS: Dy 

 

4.7.1. Pre-irradiation Annealing: 

The reliable re-use of TLD materials often requires the 

use of strict thermal annealing procedures. In this study we 

examined different annealing courses to choose the optimum 

temperature and heating period of time. 

 

As showed in section (3.1.3) many groups of CaSrS: Dy 

have been exposed to 10Gy of gamma ray, then exposed to 

three different annealing temperatures (350, 400 and 450ºC) at 

different time (15, 30, 40, 45 and 60min). 

 

Figure (4-11) represent the Effect of thermal annealing 

at temperature 350 and 400°C on TL-signal of CaSrS: Dy for 

different duration of time. From these figure we can see that 

there are some residual TL-signal after annealing time 60min 

for annealing temperature 350°C. In case of using annealing 

temperature 400°C, the TL-signal reach to background after 

annealing period 60min. 

 

 

 



Chapter 4. Results and discussion 

 91 

10 20 30 40 50 60

1

2

3

4

5

6

7

H

E

B

R
el

at
iv

e 
TL

-I
nt

en
sit

y 
I/I

0

Heating Time (min )

350 0C  B
400 0C  E
Background  H

 
Figure (4-11): Effect of thermal annealing at 350°C and 400°C 

on TL-signal of CaSrS: Dy. 

 

However in case of using annealing temperature 450°C, 

the TL-signal reaches to background after annealing period 

40min as shown in Figure (4-12). So that 450ºC for 40min is 

the proper annealing course that can be used for TL-sample 

regeneration. 
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Figure (4-13) summarized the effect of Pre-irradiation 

annealing for CaSrS: Dy as a function of heating time at 

constant heating temperature 350, 400 and 450ºC. 
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Figure (4-12): Effect of thermal annealing at 450°C on TL-

signal of CaSrS: Dy. 
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Figure (4-13): The effect of Pre-irradiation annealing for 

CaSrS: Dy as a function of heating time at 

different heating temperatures. 

 

4.7.2. Batch Homogeneity (∆) 

The TL response of samples of same material that have 

undergone the same treatment may not necessarily be the same. 

The recommendation of the International Electrochemical 

Commission (IEC), however, is that the evaluated value for 

any one dosimeter in a batch shall not differ from the evaluated 

value of any other in the same batch by more than 30% (IEC). 
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This has been verified for the investigated nanophosphor 

using 10 samples from the same batch and subjected to the 

same treatment of annealing, irradiation and read out. From 

Table (4-1) and substituted in Equation (3-1) 

1009.12100
19982

1998222400




 

  

 

 So that the calculated value of ∆ is 12.1%, which is 

lower than the upper limit recommended by IEC. This shows 

the homogeneity of the CaSrS: Dy sample used.  

 

Table (4-1): TL-intensity of 10 batches from CaSrS: Dy  

Batch TL-intensity  
1 22400 
2 21350 
3 20545 
4 20020 
5 21000 
6 21350 
7 20120 
8 19982 
9 20750 
10 21700 
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4.7.3. TL-Signal Reproducibility 

Reproducibility is another useful property that a sample 

should possess in order to be of any real use in dosimetry. In 

order to check the reproducibility of the dose measurements 

using CaSrS: Dy phosphor, five similar TL samples are 

selected and put in lightproof capsule then irradiated to one test 

dose 10Gy. The average, standard deviation and standard 

deviation % are measured as mentioned in section (3.1.8) for 

both individual and group samples. 

 

The result of seven repeated reading of five similar 

capsules from CaSrS: Dy nanophosphors are shown in Table 

(4-2). It is clear from this table that the TL-Signal of CaSrS: 

Dy nanophosphors is reproducible and accurate within ± (σn-

1)i% = 4.78% and ± (σn-1)g% = 5.29% for individual and group 

detectors respectively. The accuracy of the TL-measurement is 

considered as the average of the two values of (σn-1)i% and (σn-

1)g% which is given as  

<σn-1 > = 5.03 % 
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Figures (4-14) and (4-15) show that the amount of the 

deviation of the TL-intensity of the repeated capsules with the 

average value of them and the deviation of the TL-intensity of 

the several batches with the average value of them, 

respectively. 
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Figure (4-14): The relation between the relative group 

deviation (xg/<xg>) versus the capsule No. 
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Figure (4-15): The relation between the relative individual 

deviation capsule batches (xi/<xi>) versus 

repeated exposure. 

 

4.7.4 Gamma Dose Response 

The TL response curve of CaSrS: Dy samples irradiated 

by gamma rays are shown in Figure (4-16). The response 

curve of the materials irradiated to a dose range 20mGy-10kGy 

on the log-log scale shows linearity to the full range without 

any observed tendency to saturation.  
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Unlike the response curve for microcrystalline 

phosphors material which represents dose response curve 

linear for certain dose range and then Supralinearity and 

saturation occur, such as thermoluminescence response of 

TLD-100 (LiF: Mg, Ti) it was found to be linear over the range 

4.35mGy to 2.18Gy, exhibiting supralinearity from 4.35 to 

21.75Gy; saturation was reached at 43.5Gy (Gonzalez and 

Azorin, 2001). 

 

These results agree with results of dose response curve 

of nanocrystalline MgB4O4: Dy, Na synthesized by (Bahl et al, 

2013) he was found that, dose response curve of MgB4O4: Dy, 

Na linear from (0.1-1000)Gy.  

 

The TL intensity of CaSrS: Dy increases linearly with 

dose. This might be due to high surface to volume ratio, which 

results in a higher surface barrier energy for the nanoparticles. 

On increasing the dose, the energy density crosses the barrier 

and a large number of defects are produced in the nanoparticles 

which ultimately keep on increasing with the dose till 

saturation is achieved (Chandrasekhar et al., 2012). 



Chapter 4. Results and discussion 

 100 

In Figure (4-16) the low dose range is irradiated with 
137Cs source (from 20mGy-0.22mGy) and the dose range from 

(0.5Gy-1000Gy) is irradiating with 60Co source.  

 

Figure (4-17) and Figure (4-18) shown the dose 

response curve for low and high gamma dose irradiated CaSrS: 

Dy respectively. 
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Figure (4-16): The dose response curve for CaSrS: Dy 
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Figure (4-17): The dose response curve for low gamma dose 

irradiated CaSrS: Dy from 20mGy to 0.5Gy. 

 

Linear Regression for Figure (4-17): 

Y = 13.09056 + 2292.63867 * X   (4-1) 

Where: 

R = 0.99995 

SD = ± 5.44703 

P <0.0001 

N =5 
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Figure (4-18): The dose response curve for high gamma dose 

irradiated CaSrS: Dy from 0.5Gy to 1kGy. 

 

Linear Regression for Figure (4-18): 

Y = -12664.1 + 2765.8 * X    (4-2) 

Where: 

R = 0.99918 

SD = ±55713.9 

N = 5 

P <0.0001 
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4.7.5. Detection Limit  

The lower limit of detection determined by the 

variability of the signal obtained by the reading of non-

irradiated detectors, or we can say zero-dose samples, and the 

lower dose of radiation which can be detected by this 

dosimeter after irradiation. (The minimum detectable dose can 

be defined as the smallest dose that can be distinguished 

significantly from a zero dose), can be taken three times the 

standard deviation of the zero-dose reading (Mckeever, 1985). 

Therefore, in case of CaSrS: Dy the minimum detectable dose 

is 20mGy. 

 

In most cases one uses the phrase 'detection limit' to 

mean the lowest level of detection. However, it also can be 

used to indicate the highest detectable level. 

 

For TL materials the highest TL signal is determined by 

the dose for which all the trapping centers present in the 

sample are filled. In case of microcrystalline phosphors 

material it is difficult to indicate a single dose value as the 

highest detectable since the dose response curve shows a 

sublinear behavior during its approach to saturation. The end-
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point of the linear range may be considered as the highest limit 

of detection (Bos, 2001). 

 

In our nanophosphor material the dose response curve 

showed linear response over all range without any observed 

saturation. In fact that the point (1kGy) found in Figure (4-16) 

isn't the endpoint of linear range because the response of 

irradiated sample above this dose is over the response of TLD-

reader used (TLD-3500). So that we consider this point is the 

endpoint. 

 

4.7.6. Neutron Response  

As mentioned in section (3.1.10), the effect of the TL 

response as a function of the neutron dose has been studied. 

The neutron flux is converted from number of neutrons cm-2 s-1 

into Sv hr-1 by using table (3-1) (Safety series, 1982). The 

recorded TL-intensity is due to the effect of neutrons and 

gamma ray emitted from 241Am-9Be source. Where, the ratio of 

gamma-dose to neutron dose   0265.0 nIIR   (Jozefowicz et 

al., 2007 and Guohui 2007). 

 

So the associated gamma dose was estimated and found 

that the neutron doses (92.4mSv, 0.28Sv, 0.4Sv, 0.59Sv and 
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1.2Sv) are associated with gamma dose (0.24µSv, 0.73µSv, 

10mSv, 15mSv and 30mSv) all of these gamma doses except 

30mSv are out of TL-response of this investigated 

nanophosphor. TL-intensity of gamma dose 30mSv has been 

measured from Figure (4-17). This TL-intensity was subtracted 

from the recorded TL-intensity to estimate the TL-intensity 

corresponded to neutron doses (1.2Sv). 

 

The value of TL-intensity of CaSrS: Dy nanophosphor 

for neutron and gamma after irradiation by different doses 

from 241Am-9Be source are shown in Table (4-3). 

 

Table (4-3): The value of TL-intensity of CaSrS: Dy for 

neutron and gamma after irradiation by different 

doses from 241Am-9Be source.  

Neutron 

dose 

 (Sv) 

Associated 

gamma dose 

(mSv) 

Neutron TL-

Intensity 

(arb.u.) 

Gamma TL-

Intensity 

(arb.u.) 

0.092 0.24x10-3 40 U D L* 

0.28 0.73x10-3 46 U D L 

0.40 10 40 U D L 

0.59 15 52 U D L 

1.20 30 50 80 
*U D L: Under detection limit 
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As mentioned in section (4.7.5) the minimum detectable 

dose can be defined as the smallest dose that can be 

distinguished significantly from a zero dose which can be 

taken three times the standard deviation of the zero-dose 

reading (Mckeever, 1985). All of neutron TL-intensities 

observed in Table (4-3) is less than three times the standard 

deviation of the zero-dose reading. 

 

The given result indicated that, after irradiation of this 

nanophosphor by thermal neutrons in dose range (92.4mSv -

1.2Sv) there are no detectable response observe. Therefore, this 

investigated nanophosphor is suitable to be used as pure 

gamma detector where it has no neutron response. 

 

On other hand when used in combine with another 

thermoluminescent dosimeter detect gamma and neutron; we 

can determine the neutron dose by subtraction. 

 

4.7.7. Signal Fading 

An important consideration in the choice of a TLD 

detector is how stable the TL-signal under different 

environmental conditions. Thus, it is necessary to assess if the 
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trapped charge within the crystalline lattice of material can be 

lost before TL-read out or not.  

 

As mentioned in section(3.1.11), different samples of 

CaSrS: Dy exposed to gamma dose 10Gy and stored for time 

(t) range from 24 hr to three months at room temperature 

before TL-signal evaluated. The TL-signals of the stored 

samples were then evaluated at different period of time 

(Madhukumar et al., 2006, Manam et al., 2009 and Naglaa, 

2009). 

 

Figure (4-19), shows the relative TL response of 

Ca0.65Sr0.35S: Dy as a function of storage time. From this figure 

it is observed that the radiation induced TL-signal of sensitized 

CaSrS: Dy is very stable throughout post-irradiation interval of 

three months which means that the sensitized CaSrS: Dy is 

very stable and reliable for TL-dosimetry. 

 

This result agrees with the result of theoretical 

calculation of TL-kinetic parameters in chapter five in this 

thesis. 
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Figure (4-19): The relative TL response of CaSrS: Dy as a 

function of storage time. 
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5.1 Variable Heating Rate Method (Experimentally) 

Variable heating rate method (experimentally) have been 

used to Calculated activation energy, frequency factor, The 

mean life time and escape probability for five peaks of CaSrS: 

Dy as follows  

 

The TL glow curves of irradiated CaSrS: Dy samples 

were recorded at different linear heating rate (1, 2, 4, 6, 8 and 

10Ks-1) and (Tm) is determined in case of each heating rate for 

five peaks (see Figure (4-9)). Trap depth (E) and frequency 

factor (S) of each peak were calculated using Equation (2-7) 

and (2-8). 

 

a) Peak One  

1mT = 373.5K        β1 = 2Ks-1,          2mT  = 389K         β2= 8Ks-1 

The activation energy was determined by substituting in 

Equation (2-7)  

 
      





 










2

5.373
389

8
2

3895.373
3895.37300008617.0 LnE  

E = 1.0541eV 

 

The value of frequency factor (S) can be evaluated by 

substituting (E) in Equation (2-8)  
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 3895.373

2
5.3735.373

8
389389exp

00008617.0
0541.1 22

LnLnS

S= 2.93329 x 1013s-1 

 

The trap depth (E) and frequency factor (S) of peak one 

were calculated using different sets of heating rates and their 

corresponding peak maximum temperature (Tm) are given in 

Table (5-1). The calculated values of trap depth (E) are varied 

from 1.047eV to 1.246eV with mean value at 1.129eV. The 

frequency factor (S) is varied from 2.68x1013s-1 to 1.16x1015s-1 

with mean value at 3.97x1014s-1. 
 

Table (5-1): Experimental calculated activation energy and 

frequency factor of peak one by various heating 

rate methods 

Tm1 
(K) 

2mT  
(K) 

β1 

(Ks-1) 
β2 

(Ks-1) 
E 

(eV) 
S 

(s-1) 

373.5 389.0 2 8 1.05406 2.93x1013 
367.0 385.5 1 6 1.24556 2.27x1014 
367.0 389.0 1 8 1.09767 1.12x1014 
367.0 390.0 1 10 1.16955 1.16x1015 
379.5 390.0 4 10 1.04665 2.68x1013 
373.5 390.0 2 10 1.15857 8.29x1014 

Average 1.12868 3.97x1014 
Sdtv 

 
0.07679 4.80x1014 
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The mean time spent in the trap at temperature (T) is 

given by Equation (2-1)  

 KT
ESc exp1       (2-1) 

 

At Room Temperature 25˚C τ is 

    sEc 9752.1344429800008617.0
12868.1exp97.3

1
14 







   

The escape probability is: 

P= τc
-1= 7.43772x 10-5s-1 

 

b) Peak Two 

1mT  = 438K           β1 = 2Ks-1,         2mT  = 451K        β2= 8Ks-1 

The activation energy was determined by substituting in 

Equation (2-7) 

  







































2

43845182
451438

45143800008617.0 LnE  

E = 1.7386eV 
 

The value of frequency factor (S) can be evaluated by 

substituting (E) in Equation (2-8) 

     







































 451438

2
438438

8
451451exp

00008617.0
7386.1 22

LnLnS  

S= 2.13019x1019s-1 
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The trap depth (E) and frequency factor (S) of peak two 

were calculated using different sets of heating rates and their 

corresponding peak maximum temperature (Tm) are given in 

Table (5-2). The calculated values of trap depth (E) are varied 

from 1.0691eV to 1.7386eV with mean value at 1.4575eV. The 

frequency factor (S) is varied from 3.44474x1011s-1 to 

2.13019x1019s-1 with mean value at 4.12485x1018s-1. 

 

The mean time spent in the trap at temperature (T) is 

given by Equation (2-1)  

 

At Room Temperature 25˚C τ is 

    sEc 153.108542929800008617.0
1.4575exp4.12

1
18 







   

The escape probability is: 

P= τc
-1= 9.21295x10-7s-1 
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Table (5-2): Experimental calculated activation energy and 

frequency factor of peak two by various heating 

rate methods 

Tm1 

(K) 
2mT  

(K) 

β1 

(Ks-1) 

β2 

(Ks-1) 

E 

(eV) 

S 

(s-1) 

438 451 2 8 1.7386 2.13019x1019 

431 449 1 6 1.5841 3.30785x1017 

431 451 1 8 1.6655 3.1152x1018 

431 458 1 10 1.3741 1.00325x1015 

444 458 4 10 1.0691 3.44474x1011 

438 458 2 10 1.3139 2.08719x1014 

Average 1.4575 4.12485x1018 

stdv 
 

0.2517 8.50292x1018 

 

c) Peak Three 

1mT  = 598K          β1 = 2Ks-1,        2mT = 615K            β2 = 8Ks-1 

 The activation energy was determined by substituting in 

Equation (2-7) 

  



































2

598
615

8
2

615598
61559800008617.0 LnE  

E = 2.4798eV 
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 The value of frequency factor (S) can be evaluated by 

substituting (E) in Equation (2-8) 

     







































 615598

2
598598

8
615615exp

00008617.0
4798.2 22

LnLnS  

S= 1.27723x1020s-1 
 

 The trap depth (E) and frequency factor (S) of peak three 

were calculated using different sets of heating rates and their 

corresponding peak maximum temperature (Tm) are given in 

Table (5-3). The calculated values of trap depth (E) are varied 

from 2.1226eV to 2.4798eV with mean value at 2.3036eV. The 

frequency factor (S) is varied from 1.11231x1017s-1 to 

1.27723x1020s-1 with mean value at 3.64335x1019s-1. 

 

The mean time spent in the trap at temperature (T) is 

given by Equation (2-1)  

 

At Room Temperature 25˚C τ is 

   





  29800008617.0
2.304exp64.3

1
19Ec  

τc = 2.50081x1019s 

The escape probability is: 

P= τc
-1= 3.9987x10-20s-1 
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Table (5-3): Experimental calculated activation energy and 

frequency factor of peak three by various 

heating rate methods 

Tm1 

(K) 
2mT  

(K) 

β1 

(Ks-1) 

β2 

(Ks-1) 

E 

(eV) 

S 

(s-1) 

598 615 2 8 2.4798 1.3x1020 

588 613 1 6 2.1226 1.1x1017 

588 615 1 8 2.2963 3.7x1018 

588 618 1 10 2.2995 4.0x1018 

605 618 4 10 2.1655 3.0x1017 

598 618 2 10 2.4579 8.3x1019 

Average    2.3036 3.64x1019 

Stdv    0.1461 5.52x1019 

 

d) Peak Four 

Tm1 = 663K         β1 = 2Ks-1          2mT  = 680K          β2= 8Ks-1 

 

 The activation energy was determined by substituting in 

Equation (2-7)  

  



































2

663
680

8
2

680663
68066300008617.0 LnE  

E = 3.0523eV 
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 The value of frequency factor (s) can be evaluated by 

substituting (E) in Equation (2-8) 

     







































 680663

2
663663

8
680680exp

00008617.0
3.0523 22

LnLnS

S= 2.57064x1022s-1 

 

 The trap depth (E) and frequency factor (s) of peak four 

were calculated using different sets of heating rates and their 

corresponding peak maximum temperature (Tm) are given in 

Table (5-4). The calculated values of trap depth (E) are varied 

from 2.6628eV to 3.0523eV with mean value at 2.8941eV. The 

frequency factor (S) is varied from 2.95175x1019s-1 to 

2.57064x1022s-1 with mean value at 7.08511x1021s-1. 

 

The mean time spent in the trap at temperature (T) is 

given by Equation (2-1)  

 

At Room Temperature 25˚C τ is 

   





  29800008617.0
2.8941exp7.09

1
21Ec  

τc = 2.81874x1026s 

The escape probability is: 

P= τc
-1= 3.54769x10-27s-1 
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Table (5-4): Experimental calculated activation energy and 

frequency factor of peak four by various heating 

rate methods 

Tm1 

(K) 

Tm2 

(K) 

β1 

(Ks-1) 

β2 

(Ks-1) 

E 

(eV) 

S 

(s-1) 

663 680 2 8 3.0523 2.57x1022 

653 677 1 6 2.9586 9.37x1019 

653 680 1 8 2.832 5.56x1020 

653 683 1 10 2.8347 5.83x1020 

670 683 4 10 2.6628 2.95x1019 

663 683 2 10 3.0241 1.55x1022 

Average 2.8941 7.09x1021 

Sdtv 
 

0.1463 1.10x1022 

 

e) Peak Five 

Tm1 = 683K           β1 = 2Ks-1,         Tm2 = 702K         β2= 8Ks-1 

 

 The activation energy was determined by substituting in 

Equation (2-7)  

  



































2

683
702

8
2

702683
70268300008617.0 LnE  

E = 2.8952eV 
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 The value of frequency factor (s) can be evaluated by 

substituting (E) in Equation (2-8) 

     







































 702683

2
683683

8
702702exp

00008617.0
2.8952 22

LnLnS

S= 3.3303x1020s-1 

 

 The trap depth (E) and frequency factor (S) of peak five 

were calculated using different sets of heating rates and their 

corresponding peak maximum temperature (Tm) are given in 

Table (5-5). The calculated values of trap depth (E) are varied 

from 2.783eV to 3.2101eV with mean value at 2.9603eV. The 

frequency factor (S) is varied from 4.95x1019s-1 to 

7.7796x1022s-1 with mean value at 1.3514x1022s-1. 

 

The mean time spent in the trap at temperature (T) is 

given by Equation (2-1)  

 

At Room Temperature 25˚C τ is 

   





  29800008617.0
2.9603exp35.1

1
22Ec  

τc = 1.86242x1027s 

The escape probability is: 

P= τc
-1= 5.36935x10-28s-1 
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Table (5-5): Experimental calculated activation energy and 

frequency factor of peak five by various heating 

rate methods 

Tm1 

(K) 

Tm2 

(K) 

β1 

(Ks-1) 

β2 

(Ks-1) 

E 

(eV) 

S 

(s-1) 

683 702 2 8 2.8952 3.33x1020 

673 698 1 6 2.783 4.95x1019 

673 702 1 8 2.8007 6.76x1019 

673 703 1 10 3.0106 2.71x1021 

690 703 4 10 2.8261 1.21x1022 

683 703 2 10 3.2101 7.78 x1022 

Average 2.9603 1.35 x1022 

sdtv 
 

0.1524 3.151 x1022 

 

5.2 Variable Heating Rate Method (Graphically) 

Variable heating rate method (graphically) have been 

used to calculate activation energy, frequency factor, The mean 

life time and escape probability for five peaks of CaSrS: Dy 

(Hoogenstraaten, 1958). 

 

In this method E and s values are calculated from the 

linear plot of  2
mTLn  versus  mKT1 from Equation (2-9). 
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From the slope of the linear graph one can obtain the activation 

energy. 

Figures (5-1), (5-2), (5-3), (5-4) and (5-5) indicate the 

plot of  2
mTLn  versus  mKT1 for five peaks CaSrS: Dy. The 

result of calculated activation energy, frequency factor, the 

mean life time and escape probability for five peaks of CaSrS: 

Dy by this method are summarized in Table (5-6). 

 

 

Figure (5-1): The plot of  2
mTLn  versus  mKT1  for peak one 

of CaSrS: Dy 
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Figure (5-2): The plot of  2

mTLn  versus  mKT1  for peak two 

of CaSrS: Dy 

 

 
Figure (5-3): The plot of  2

mTLn  versus  mKT1  for peak 
three of CaSrS: Dy 
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Figure (5-4): The plot of  2

mTLn  versus  mKT1  for peak 
four of CaSrS: Dy 

 

 
Figure (5-5): The plot of  2

mTLn  versus  mKT1  for peak five 
of CaSrS: Dy 
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Table (5-6): Calculated activation energy, frequency factor, the 

mean life time and escape probability for five 

peaks of CaSrS: Dy by various heating rates 

method (graphically). 

 
Table (5-7) summarized the calculated activation 

energy, frequency factor, the mean life time and escape 

probability for five peaks of CaSrS: Dy by Various Heating 

Rates Method (experimentally and graphically).  

 

These calculated results reflect good agreement with the 

previously obtained results of signal fading which estimated by 

experimental result. Hence there is no fading due to long life 

time of traps. 

 

 

Peak 

 

E 

(eV) 

S 

(s-1) 

τc 

(s) 

p 

(s-1) 

1 1.1208 2.48 x1014 3.6 x104 2.74 x10-5 

2 1.4548 1.01 x1016 3.98 x108 2.52 x10-9 

3 2.2873 3.02 x1018 1.6 x1020 6.24 x10-21 

4 2.8523 7.82 x1020 2.22 x1027 4.5 x10-28 

5 2.9008 4.47 x1020 2.57 x1028 3.9 x10-29 
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Thermoluminescence dosimetry has become a reliable 

and routine method for measuring ionizing radiation. As for 

this application there are many commercially available TL 

dosimeters (TLDs) by different trade names. In the past few 

years, nanostructured materials have drawn the interest of 

research workers because of their potential impact in many 

areas such as electronics, photonics, catalysis and sensing. 

 

It has been established that the optical properties of 

materials in the nanoscale can be very different from those of 

their bulk equivalent. Studies on TL properties of 

nanomaterials show that they include some outstanding 

characteristics such as high sensitivity and saturation at very 

high doses. 

 

In this work we try to develop homemade 

nanophosphors CaSrS to be used as thermoluminescence 

dosimeter by proper high gamma dose and thermal treatment 

sensitization and doping by dysprosium activator. From the 

obtained results, we conclude that: 
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CaSrS was synthesized by solid state diffusion method. 

TEM micrograph showed ring like structure of the 

nanoparticles with an average diameter of 24nm.  

 

The effect of changing in the concentration of Calcium 

sulphate and strontium sulphate has been studied. The 

optimum concentration of Calcium sulphate and strontium 

sulphate is 65%:35% respectively.  

 

Different concentrations of Dy were added to CaSrS, the 

results showed that the optimum concentration of Dy doped to 

CaSrS is (22wt%). Ca0.65Sr0.35S: Dy (0.22wt%) which reflects 

five glow peaks at (117.5, 185, 345, 410 and 430˚C).  

 

The effect of heating rates between 1-10˚Cs-1on TL glow 

curves has been investigated. It was found that with the 

increase in heating rates peak temperature shift toward higher 

temperature side 

 

High gamma dose and thermal treatment sensitization 

have been used to increase sensitivity of CaSrS: Dy (0.22wt%). 

The optimum pre- dose of gamma ray and thermal annealing 
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temperature is 9kGy and 450°C respectively. It is worth 

indicating that the TL-sensitivity is improved as 24 times. 

 

By studing the thermoluminescence properties of lab 

prepared CaSrS: Dy nanophosphors it was found that,  

1- The optimum pre-irradiation program is 450°C for 

40min.  

2- The homogeneity of such samples as calculated was 

found to be 12.1%.  

3- A very good reproducibility of TL-measurements 

have been obtained within an average of about σn-1 = 

± 5.03%.  

4- This investigated TL-nanophosphor show a linear 

gamma-induced response through the dose range 

20mGy-1kGy without any observed saturation.  

5- Synthesized CaSrS: Dy nanophosphor showed no 

detectable response when irradiated by neutron dose 

up to 1.2Sv. 

6- The gamma- induced TL- signal of CaSrS: Dy 

nanophosphor is very stable during irradiation 

interval of three months which means CaSrS: Dy is 

very reliable as pure gamma dosimeter for various 

applications. 



Chapter 6. Conclusion 

 128 

Variable heating rate method has been used to calculate 

activation energy, frequency factor, the mean life time and 

escape probability for five peaks of CaSrS: Dy by 

experimentally and graphically. 

 

The calculated value of activation energy experimentally 

and graphically respectively for five peaks is (1.13, 1.5, 2.3, 

2.9 and 2.96eV) and (1.1, 1.5, 2.3, 2.9 and 2.9eV). Both the 

two methods showed good agreement 

 

The calculated value of frequency factor experimentally 

for five peaks and graphically respectively are (3.97x1014, 

4.1235x1018, 3.64x1019, 7.09x1021 and 1.35x1022s-1) and 

(2.48x1014, 1.01x1016, 3.02x1018, 7.82x1020 and 4.47x1020s-1). 

 

The calculated value of the mean life time 

experimentally for five peaks and graphically respectively are 

(36.84, 2973.78, 6.9x1016, 7.7x1023 and 5.1x1025year) and 

(99.88, 11x105, 4.3x1017, 6.1x1024 and 7.5x1028year). This 

indicates very stable and reliable TL-detector which may be 

successfully used as personal dosimeter. 
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The calculated value of escape probability experiment-

ally for five peaks and graphically respectively are (7.4x10-5, 

9.2x10-7, 4x10-20, 3.5x10-27 and 5.4x10-28d-1) and (2.74x10-5, 

2.52x10-9, 6.24x10-21, 4.5x10-28 and 3.9x10-29d-1). 
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  الملخص العربي

 المثیرة الھتمام الموضوعات من الحراريدوزیمترات الومیض تعتبر 

 مجاالت البیئة وتحدید في مجاالت متنوعة وخاصة فيالعلماء منذ بضعة عقود 

 المجاالت في اإلشعاعیةة  وكذلك تحدید الجرعباإلشعاعالجرعة الشخصیة للعاملین 

  .الطبیة

  

و العدید من العاملین في مختلف المجاالت وقد اجتذب علم وتكنولوجیا النان

 الوقت الراھن في   إلى التكنولوجیا الحیویة وعلم الوراثة وقد زادتعلوم الموادمن 

 في تحسن أظھرتأھمیة مواد النانو في مجال الومیض، بشكل كبیر، وذلك ألنھا 

  .الخصائص البصریة وااللكترونیة لھذه المواد

  

ة حراریة ییئات نانوفسفور ذو خواص ومیض ھذه الرسالة تم تصنیع جزفي

  . المؤیناإلشعاعلقیاس عالیة الجودة 

  

  -:تتكون ھذه الرسالة من ستة أجزاء كاآلتي

  

  :الجزء األول

ویشتمل على مقدمة عامة عن األشعة المؤینة وتأثیرھا على الخالیا الحیة 

كونھا  لالحراري وظاھرة الومیض اإلشعاعیةوكذلك بعض وحدات قیاس الجرعات 

أھم وأدق الوسائل لقیاس الجرعات اإلشعاعیة ومقدمة عن علم وتكنولوجیا النانو 

 الجزء األول بعرض أھم األبحاث السابقة وینتھي. وخاصة ظاھرة النانوفسفور

  . ھذا المجالفيالمنشورة 
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  :الثانيالجزء 

یتعامل ھذا الجزء مع المفاھیم الفیزیائیة والنظریة لظاھرة الومیض 

 دوزیمترات الومیض في یجب تواجدھا التي الخواص أھمكما یوضح . الحراري

 لزیادة جرعات االستجابةمثل منحنى الوھج المالئم، ونوع ومدى  (الحراري

التعرضات اإلشعاعیة، ودقة تكرار القیاسات لجرعات إشعاعیة ثابتة، وثبات ودوام 

 ظروف التخزین  تحتالحراريآثار التشعیع أى أقل نسبة تسریب إلشارة الومیض 

 إلقاءوكذلك تم ).  السابق بطرق حراریة مبسطةعالطبیعیة، وكذلك إزالة آثار التشعی

 سواء بتعریضھا الحراريالضوء على عملیة زیادة حساسیة مادة الومیض 

 تأثیر تطعیم دراسة تم وأیضا.  درجات حرارة عالیةأو عالیة إشعاعیةلجرعات 

وفى نھایة ھذا الجزء استعرضنا بعض . أخرىمادة الومیض بنسبة ضئیلة من مادة 

  .فوائد استخدام مواد النانوفسفور

  

  :الجزء الثالث

یشرح الطرق التجریبیة المعملیة لتحضیر مركب كبریتید الكالسیوم 

االسترانشیوم  :ومن ھذه التجارب دراسة تأثیر تغیر نسبة الكالسیوم. استرانشیوم

كما .  تركیزأفضل إلىترانشیوم للوصول على حساسیة مركب كبریتید الكالسیوم اس

یضم ھذا الجزء أیضا خطوات تطعیم مركب كبریتید الكالسیوم استرانشیوم بنسب 

 كمنشط لمراكز الومیض (Dy, Gd)محكومة من بعض العناصر األرضیة النادرة 

لكشف عن لوأخیرا دراسة حساسیة ھذه العینات المحضرة معملیا . الحراري

 ھذا الجزء أیضا یتناول. ترونو من الجاما والنیالمختلطةت  المجاالفياإلشعاع 

 لتحدید شكل وحجم جزیئات ھذه العینات باستخدام أجریت التيالتجارب المعملیة 

 كما یصف ھذا الجزء األجھزة (TEM) الماسح االلكترونيالمیكروسكوب 

  .والمصادر اإلشعاعیة المستخدمة
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  :الجزء الرابع

:  نسبة من الكالسیومأفضلیشمل ھذا الجزء النتائج التجریبیة بدءا من 

 النسب الدقیقة إلى یحتویھا مركب كبریتید الكالسیوم استرانشیوم التياالسترانشیوم 

إلضافة المواد المنشطة ثم الخواص الومیضیة الحراریة لھذه العینات المحضرة 

: معملیة أن أفضل نسبة من الكالسیوم التجارب الأثبتتوقد . ومناقشة مدى مالءمتھا

 تركیز لتطعیم أفضل وأن ٣٥:٦٥ ھي ھذه العینات المحضرة فياالسترانشیوم 

 حیث زادت حساسیة المادة (%0.22wt)  وھزیوم والعینات المحضرة بالدیسبور

  اآلتیة المواقع في بوجود خمس قمم توھج اتوتمیز تقریبا أضعاف ةالى ثالث

(117.5, 185, 345, 410 and 430oC)یطعم لكينیوم غیر مالئم ی وأن الجادول 

  .بھ ھذا المركب

  

عند قراءة  (From 1 to 10oC s-1) وقد لوحظ انھ بتغیر معدل التسخین

 أن التجارب أثبتتوقد . أعلى درجات حرارة إلىھذه العینات فان قمم التوھج تتجھ 

ا حراریا عند درجة  مرة تقریبا بعد معالجتھ٢٤حساسیة المركب زادت بمقدار 

.  جاماأشعة من 9kGy  لجرعة إشعاعیة لمدة ساعة وتعریضھا450oCحرارة 

  . وھى حلقیة الشكل24nmمركب ھو  وان حجم جزیئات ھذا

  

 برنامج أفضل أن لھذا المركب وجد الحراريوبدراسة خواص الومیض 

الشحنات  ترتیب مراكز تخزین وإعادةمعالجة حراریا إلزالة أثر التشعیع السابق 

 وان ھذه العینات  دقیقة٤٠لمدة  450oCفي ھذه العینات المحضرة معملیا ھو 

 دقة أن و بتكرار قراءة العینات وجد %12.1 بنسبةمتجانسة بشكل كبیر تقریبا

 ھذه العینات المحضرة تتمیز  وان% 5.03 ± تقریبا ھيقراءة ھذه العینات 
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ات اإلشعاعیة الجامیة بمنحنى استجابة خطى في مدى یصلح لقیاس الجرع

وان ھذه العینات المحضرة ال تستجیب لجرعات  1kGyحتى  20mGyمن

وأخیرا أثبتت النتائج دقة وثبات إشارة الومیض . النیترونات الحراریة المختلفة

  . شھور بعد التشعیع٣الحراري المكتسبة بالتشعیع خالل فترة تخزین 

  

  :الجزء الخامس

ین العوامل والبارامترات الممیزة لخواص  الطرق الحسابیة لتعییتناول

 وقد خلصت نالتسخیالومیض الحراري لھذه العینات باستخدام طریقة تغیر معدل 

الحسابات الدقیقة إلى تعیین طاقة تنشیط لمراكز الومیض الحراري وھى 

 معامل تردد للشحنات في ھذه (and 2.9eV 2.6 ,2.3 ,1.5 ,1.13).تقریبا

 :المراكز في حدود

(3.23x1014, 2.07x1018, 1.97x1019, 3.94x1021 and 6.97x1021s-1)  

  :ومتوسط فترة عمر في حدود

(68.36, 5.5x105, 2.5x1017, 3.4x1024 and 3.8x1028years) 

 لقیاس الجرعات تصلحمیضیة بھذه المواصفات الوكواشف المع التنویھ بأن 

  . مختلفة مجاالتفياإلشعاعیة الجامیة 

  

  :الجزء السادس

الخالصة وتسرد وتوضح النتائج المستخلصة متضمنة الخواص الومیضیة 

  . تتمیز بھا ھذه العینات والتوصیاتالتي

  

  



 

  دراسة الخواص الومیضیة لبعض النانوفوسفورات المصنعة 

  ومدى تطبیقھا في الكشف اإلشعاعي للمجاالت المختلطة
  

  الدكتوراهعلى درجة  ولــ للحص هـالة مقدمــرس
  )ةفيزياء حيوي(  فلسفة العلومفي 

  
  دادـــــــإع

  دــبده أحمـف عــالء یوســــنج
  – مدنيالقسم الوقایة والدفاع  - مدرس مساعد

  ھیئة الطاقة الذریة –  مركز البحوث النوویة
  

  راف ـــإش
  د ــد أبوزیــحسنیھ محم/ د.أ

   ةــــاء النوویـــاذ الفیزیــأست
   البنات كلیة  –قسم الفیزیاء 

  آلداب و العلوم و التربیة ــل
 ســـن شمـــة عیـــامعــــج

   بسیونى أحمد جاد الرب حنیش/ د.أ
   ةـ اإلشعاعیاءـــاذ الفیزیـأست

  يــالمدنقسم الوقایة والدفاع 
  ةـــوث النوویــز البحـــمرك
  ةـــذریــــة الـــاقــة الطــھیئ

 
  على دـسیان عوض ـحن/ د

   ةــــاء النوویــ الفیزیمدرس
   البنات  كلیة –قسم الفیزیاء 

  لــآلداب و العلوم و التربیة 
  ســـن شمـــة عیـــامعــــج

 

  الدین أحمد طلعت صالح / د
   ةـاء اإلشعاعیــ الفیزیمدرس

  يــالمدنقسم الوقایة والدفاع 
  ةـــوث النوویــز البحـــمرك
 ةـــذریــــة الـــاقــة الطــھیئ

  د ــظ محمــري حافــاء شكــھن/ د
  مركز البحوث النوویة  - المدنيقسم الوقایة والدفاع  - مدرس الفیزیاء اإلشعاعیة

 ةھیئة الطاقة الذری
  

٢٠١٣  



 

  صفحـــــــة العنـــــوان

  نجالء یوسف عبده أحمد: اســم الطالبـــــة

   الفیزیاء الحیویةفيماجستیر : الدرجة العلمــیة

  فیزیاء حیویة:  لھالتابعةم القس

  كلیة العلوم: ـةاســـم الكلیـــــ

  األزھرجامعة : امعــــــــــــةـالج

  ٢٠٠٤: ـرجـسنـــة التخـ

 ٢٠١٠: ــــحــنـسنــة الم

  

  

  

  

  

  

  

  



 

  وراهـــــــة دكتــــــــرسال

  نجالء یوسف عبده أحمد: م الطالبــةـــ اس
دراسة الخواص الومیضیة لبعض النانوفوسفورات المصنعة ومدى تطبیقھا : عنوان الرسالـة

  في الكشف اإلشعاعي للمجاالت المختلطة
  )ةـــ طبی–ة ــــء حیویاـــفیزی(دكتوراه الفلسفة في العلوم : م الدرجـةــــاس

  
  رافــــــــة اإلشـــــــلجن

ة   :دــــــد أبوزیـــــھ محمـــــحسنی/ د.أ. ١ اء النووی تاذ الفیزی اء -أس سم الفیزی ة– ق ات  كلی  البن
   جامعة عین شمس-لآلداب و العلوم و التربیة 

الوقایة والدفاع المدني   قسم   - ةاإلشعاعیأستاذ الفیزیاء     :بسیوني أحمد جاد الرب حنیش/ د.أ. ٢
   ھیئة الطاقة الذریة- مركز البحوث النوویة-

ات   – قسم الفیزیاء -مدرس الفیزیاء النوویة     :ىـــــد علــــوض سیـــان عــــحن/ د. ٣ ة البن   كلی
   جامعة عین شمس-لآلداب و العلوم و التربیة 

عاعیة    :دـــن أحمــالح الدیــــت صـــطلع/ د. ٤ اء اإلش درس الفیزی دفاع  -م ة وال سم الوقای  ق
   ھیئة الطاقة الذریة- مركز البحوث النوویة-المدني 

عاعیة    :دـــظ محمـــري حافــاء شكــــھن/ د. ٥ اء اإلش درس الفیزی دفاع  -م ة وال سم الوقای  ق
   ھیئة الطاقة الذریة- مركز البحوث النوویة-المدني 

  
  

  ٢٠١٣ /      / ث    ــــاریخ البحــــت
  

  اــــــات العلیـــــــالدراس
  
   ٢٠١٣ /     / ة بتاریخ     ــــــازة                                          أجیزت الرسالـــــم اإلجـــخت
  

  
  

  
  

       موافقة مجلس الجامعة     موافقة مجلس الكلیة                            
 /      /     ٢٠١٣ /      /                                             ٢٠١٣   

  
٢٠١٣  



 

  
  رــتقـدی كـر وـش

  
  

  : وھم على الرسالة الذین قاموا باإلشراف و التقدیر إلى أساتذتي الكرامشكرأتقدم بخالص ال

ة   :دــــــد أبوزیـــــھ محمـــــحسنی/ د.أ. ١ اء النووی تاذ الفیزی اء -أس سم الفیزی ة– ق ات   كلی البن
   جامعة عین شمس-لآلداب و العلوم و التربیة 

 قسم الوقایة والدفاع المدني    - ةاإلشعاعیأستاذ الفیزیاء     :بسیوني أحمد جاد الرب حنیش/ د.أ. ٢
   ھیئة الطاقة الذریة- مركز البحوث النوویة-

ات   –اء  قسم الفیزی-مدرس الفیزیاء النوویة     :ىـــــد علــــوض سیـــان عــــحن/ د. ٣ ة البن   كلی
   جامعة عین شمس-لآلداب و العلوم و التربیة 

عاعیة    :دـــن أحمــالح الدیــــت صـــطلع/ د. ٤ اء اإلش درس الفیزی دفاع  -م ة وال سم الوقای  ق
   ھیئة الطاقة الذریة- مركز البحوث النوویة-المدني 

عا   :دـــظ محمـــري حافــاء شكــــھن/ د. ٥ اء اإلش درس الفیزی دفاع  -عیة م ة وال سم الوقای  ق
   ھیئة الطاقة الذریة- مركز البحوث النوویة-المدني 

  
  

  : بخالص الشكر إليأتقدمیسعدني أن كما 

اء       ات    -جمیع العاملین بقسم الفیزی ة البن ـة عین شمس   – كلی  بخالص شكري   وأتوجھ ،  جامع

دني  الوقایة زمالئي الذین ساعدوني وساندوني في ھذا العمل بقسم      كل إلىوتقدیري    -  و الدفاع الم

  وإخراجأتمام في ساھم إلي كل من شكر و تقدیر عامو ھیئة الطاقة الذریة  -مركز البحوث النوویة    

  .الرسالة إلى النور هھذ

  فجزآھم اهللا عني جمیعـًا خیر الجزاء،،،

  

  


