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Summary: 

• Introduction 

• Review of the work on TLD and OSL 
phosphors 

• Work done in our laboratory 

• Advantages of the TLD phosphors 

• Advantages of the OSL phosphors over TLDs 

• Concluding Remarks 
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Introduction: 

 

High-energy radiation is hazardous to living beings. The world has seen its 

horrifying effects after the nuclear bomb explosion in Hiroshima and 

Nagasaki in Japan during the World War-II. The people are still suffering 

due to its genetically mutated hereditary effects. The use of materials and 

equipments generating high-energy radiation for medical, diagnostic and 

research purposes, especially, X-ray machines, reactors and accelerators, 

radioactive materials always pose a threat. Recent major accidents at 

Chernobyl in Russia and Fukushima in Japan forced world leaders to think 

about the use of use of radioactive materials for weapons of mass 

destruction and look for ways to maintain peace and. People are finding 

more cleaner and alternative means and sources of energy.  

 

The high-energy radiation, therefore, needs to be monitored not only for the 

radiation workers but for the people living in the high background radiation 

regions and even the common people, who are exposed to radiation during 

medical diagnostics and nuclear medicine.  
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There are different kinds of detectors available, e.g., gas filled detectors and 

counters, nuclear emulsions, streak cameras, semiconductor detectors, scintillators 

thermoluminescent detectors (TLD), optically stimulated luminescent detectors 

(OSLD). However, most of the former ones carry electronic gadgets with them and 

are not comfortable to handle during working. TLD and OSLD, therefore, became   

 

Thermoluminescence (TL) is a simple and good technique for radiation dosimetry. 

There are several thermoluminescence dosimetry (TLD) phosphors commercially 

available. The advantages of the technique are: 

 

i. No need of any electronic gadgets are needed during radiation monitoring.  

ii. The size of the detector is very tiny and could be used as badges, I-cards, 

ornaments like, a ring, neckless, ear rings, etc.  

iii. The instrumentation for taking readouts is very simple.  

iv. The detectors (TLD materials) are generally nontoxic and easy to use.  

v. The detectors are reusable and cost effective.  

vi. The detectors could be coded and a large number of them could be processed 

simultaneously and the records could be maintained easily. 

vii. Some of them are tissue equivalent and could be used in mixed filed also. 

viii. Dosimetry of swift heavy ions, neutrons, alpha/beta/gamma rays is possible.     
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Some drawbacks of the TLD detectors: 

 

The main drawback of these materials is that not many are low-Z (tissue 

equivalent, i.e., Zeff. ≈ 7.4) materials. Low-Z (tissue equivalence) materials are 

usually preferred in radiation monitoring for due to their energy independent TL 

response which makes them suitable for the dosimetry even in a mixed field. 

There are some tissue equivalent phosphors available commercially but they 

cannot be considered as ideal ones. For example, CaSO4:Dy (TLD 900) is a 

sensitive but the shape of its glow curves change at high doses and on annealing 

to high temperatures adding inaccuries in mesurements. LiF:Mg,Ti (TLD 100) is 

considered to be a ‘good’ one but suffers from some drawbacks, e.g., it is not 

relatively very sensitive material and has also very complicated glow curve 

structure, another improved one is LiF:Mg,Cu,P and is very sensitive but 

reusability is a problem, if heated beyond 523 K and if not the remaining deep 

traps add inaccuracies in measurements, This problem exists in CaF2:Mn also. 

BeO doped with alkali ions is another highly sensitive tissue equivalent TLD 

phosphor but it is toxic and handling is a problem during synthesis and radiation 

monitoring. Therefore, either the existing materials are being modified suitably or 

new phosphor materials are developed.     
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Various detectors used for the detection of High 

energy radiation: 

• Nuclear emulsions 

• Streak cameras 

• Special uncoated photo-emulsions 

• Semiconductor detectors 

• Scintillators 

• Thermoluminescent detectors (TLD) 

• Optically Stimulated Luminescent (OSL)  phosphors 
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Advantages of the TLD/OSL Phosphors: 

•  Very small amount of the phosphor material is 
needed (~ few milligram - a gram) 

•  Could be used in any form i.e. powder, crystal, 
pellet, thin film, etc. 

•  Could be used as I-card, and ornaments as ring, 
necklace, bangle, etc. 

•  The phosphor material is usually nontoxic and easy 
to handle 

•  Instrumentation is very simple 

•  A large number of detectors could be coded and 
processed simultaneously 

• Cost of the instrumentation and the detectors is low. 
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Use of TLDs in different forms for radiation monitoring 
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TLD 

Phosphor 

Relative 

gamma ray 

sensitivity  

TL emission 

spectrum 

(nm) 

Dosimetric peak 

temperature (0C) 

Effective 

atomic 

number 

TL fading of 

dosimetric 

peak at 25 0C 

LiF:Mg,Ti  1 400 190 8.2 5%/month 

LiF:Mg,Cu,P 

30 

360,  

410 210 8.2 

No fading in 

one month 

Li2B4O7:Cu 3 368 215 7.4 9%/month 

Li2B4O7:Mn 0.4 600 210 7.4 10%/month 

MgB4O7:Dy 7 480, 570 210 8.4 <10%/month 

CaSO4:Tm 32 450 220 15.3 1-2%/month 

CaSO4:Dy 38 480, 570 220 15.3 1-2%/month 

CaF2:Mn 5 500 260 16 10%/month 

CaF2 (nat.) 23 380 260 16.3 3%/month 

CaF2:Dy 16 480, 570 200, 240 16 10%/year 

Mg2SiO4:Tb 53 380, 552 195 11 3%/month 

Al2O3:Si,Ti 5 420 250 10.2 5%/two weeks 

Commercially available and widely used TLD Phosphors 
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New TLD Phosphors developed in our Laboratory: 

TLD Phosphor 
Relative γ ray 

sensitivity 
TL emission 

spectrum (nm) 
Dosimetric peak 

temp.  (0C) 
Effective atomic 

number 
TL fading of 

dosimetric peak 

LiF:Mg,Ti (Com.) 1 400 190 8.2 5%/minth 

LiF:Mg,Cu,P (Com.) 30 360,410 210 8.2 6%/month 

CaSO4:Dy (Ind. Dev.) 100 480,570 220 15.3 1-2%/month 

K2Ca2(SO4)3 30 --- 445 15.2 No appreciable 

K2Ca2(SO4)3:Eu 500 420 145 15.2 <7%/month 

K2Ca2(SO4)3:Eu,Ce 900 390 200 15.2 <6%/month 

K2Mg2(SO4)3: P,Dy 300 480, 570 220 15.3 5%/month 

K3NaSO4: Eu 600 420 220 15.2 6%/month 

NaKSO4: Eu 300 420 140 16 10%/month 

Mg2B4O7: Dy 230 480, 570 120 8.7 3%/month 

LiNaSO4: Eu 130 480, 570 145 16 10%/month 

Li0.7Na1.3SO4: Eu 300 425 145 11 10%/month 

BaSO4: Eu 300 420 250 10.2 5%/month 

Ca0.5Ba0.5SO4: Eu 500 410 210 17 5%/month 



10/23/2014 21 

Some characteristics of a ideal TLD phosphor 
1. It should be easily available and cost effective, so that it could be 

used by masses. It should be reusable as it makes cost effective 

2. It should not be toxic as it is to be used by common people 

3. Easy synthesis as it would make it cost effective 

4. Highly sensitive to radiation as it would decide the minimum 

measurable dose limit 

5. It should have wide dose response 

6. The emission should lie in green region of visible spectra as 

most of the common photodetectors are more sensitive here  

7. Simple glow curve structure and should not change with dose  

8. The dosimetry peak should appear around 250 0C as at lower 

temperatures there is more fading but at higher temperature black 

body radiation makes it difficult to estimate low dose 

9. Low fading as fading introduces inaccuracies in dose estimations 

10. It should be preferably low-Z material to be used in mixed field 
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Some drawbacks of the commercially available phosphors: 

 

1. CaSO4:Dy (TLD 900) is not a low-Z (tissue equivalent phosphor) 

 

2. LiF: Mg,Ti (TLD-100) is a low-Z but not very sensitive. It also 

has very complicated glow curve structure. 

 

3. LiF:Mg,Cu,P (TLD-700H) is highly sensitive but need very 

precise heating during readouts as its sensitivity is affected greatly 

if it is heated 250 0C and cannot be reused 

 

4. LiB4O7:Mn is also a tissue equivalent but not very sensitive as the 

TL emission lies in red region (600 nm) 

 

5. BeO:A (A = Li, Na, K) is highly sensitive, other good 

characteristics but it is toxic. 
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Dosimetric characteristics of a new NaLi2PO4:Eu TLD phosphor 
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Why Nanophosphors? 
 
 The importance of  nanoparticles in the field 

 of luminescence : 

• They exhibit enhanced optical, electronic and 
structural properties.  

• Efficient phosphors in display applications. 

• Luminescent materials for biological labeling. 

• Good TLD materials having many improved 
characteristics. Their responses to gamma 
radiation and ion beams have been studied and 
found suitable for the Dosimetry purpose. 
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In radiation dosimetry, very sensitive TLD Materials are: 
 

1- CaSO4:Dy .  

2- LiF:Mg,Cu,P. 
 
 

   Their  sensitivity saturate at high      

     exposures . 

 

  On the contrary nanocrystalline powder of such    

  materials, have been found to have a very wide range of     

     TL linearity. 

 



Data taken from V. Kortov, Radiat. Measur. 45 (2010) 512. 28 

Dose Range of various phosphors 

105  Gy 
 



Extended Dose Range 

One could see very wide and extended dose ranges in 

case of TLD nanophosphors 

Kortov and Ustyantsev (Radiat. Measur., 2013) 

explained the higher radiation resistance of 

nanophosphors (which is also the reason for extended 

dose response) is due to efficient sinking and 

annihilation of defects at nanograin boundaries; as a 

result, accumulation of defects in nanomaterial is 

retarded. 

The existence of deeper traps also plays the role in 

extending the dose range. 
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• Brief Review of the Work Done in our Laboratory: 
  
  The nanophosphors developed in our laoratory 

i. K2Ca2(SO4)3:Eu 

ii. K2Ca2(SO4)3:Tb 

iii. LiNaSO4:Eu 

iv.  CaSO4:Dy 

v.  LiF:Mg,Cu,P 

vi.  K3NaSO4:Eu 

vii. Ba0.97Ca0.03SO4: Eu. 

 TL and PL studies were conducted on these phosphors. 

  TL glow curves, particle sizes, morphology, Their TL response to 

gamma-rays irradiation, efficiencies, fading, reusability, etc. were 

studied. All the data is published. 
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Set-up for preparing samples by Co-precipitation method  
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CaSO4:Dy Nanoparticles 

 

Studied for its : 

                            XRD, TEM, TL, PL, GCCD. 

[Numan Salah, P.D. Sahare, S.P. Lochab, Pratik Kumar (2005)] 

434

OHEtOH

34242423

2:

%)1.0()()()(

2 COONHCHDyCaSO

moleSODySONHCaCOOCH

 





Prepared by: 

                   Precipitation method 
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CaSO4:Dy Nanoparticles 

     TEM photograph  
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TL of CaSO4:Dy micro- and nanocrystalline phosphor 

(exposed to 10 Gy of -rays from Co60).  
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TL response of CaSO4:Dy micro-and nanoparticles to  -

rays of  Co60 
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LiF:Mg,Cu,P nanocrystalline phosphor 

 [Numan Salaha, P.D. Saharea, and A A  Rupasove (2006, in Press)]. 

 

Prepared by: 

                   Precipitation method 

 

Studied for its: 

                        XRD, TEM, TL, PL, GCCD, etc.    
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LiF:Mg,Cu,P nanocrystalline.  

 TEM images  
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TL glow curve of LiF:Mg,Cu,P TL nanocrystalline powder 
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TL glow curves of LiF:Mg,Cu,P nanocrystalline exposed to various 

doses of  γ –rays.  
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TL response curve of LiF:Mg,Cu,P nanocrystalline to γ -

rays of 137Cs.  
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TEM images of K3Na(SO4)2:Eu nanoparticles. 

K3Na(SO4)2:Eu  
nanoparticles. 
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K3Na(SO4)2:Eu  
nanoparticles. 
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Nanocrystalline Ba0.97Ca0.03SO4 : Eu 
Preparation: Barium chloride and 

calcium chloride were taken 

according to formula ratio (0.97 Ba 

and 0.03 Ca) and the impurity EuCl2 

(0.2 mol %) dissolved in water. To 

control the size of particles to be 

produced on precipitation, ethanol 

was added to the solution. Further 

ammonium sulfate was added drop 

wise to the solution until the 

precipitation was complete. The 

precipitate was filtered out and 

washed several times with distilled 

water. The nanophosphor was 

finally obtained by drying the 

precipitate at 90 .C for 4 h.  

X-ray diffraction pattern of 

nanophosphor 

Ba0.97Ca0.03SO4 : Eu. 
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Nanocrystalline Ba0.97Ca0.03SO4 : Eu 

TL glow curves of micro- (curve a) and nano- (curve 

b) crystalline Ba0.97Ca0.03SO4 : Eu irradiated to a 

gamma dose of 10 Gy. 

TEM photograph of nanophosphor 

Ba0.97Ca0.03SO4 : Eu. 
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Nanocrystalline Ba0.97Ca0.03SO4 : Eu 

TL response of micro- and 

nanocrystalline 

Ba0.97Ca0.03SO4 : Eu. 

TL Fading curve of 

Ba0.97Ca0.03SO4 : Eu. 
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MgB4O7:Dy 

P. D. Sahare, ety al., phys. stat. sol. (a) 204 (2007) 2416. 

TEM Photograph: MgB4O7:Dy 
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Synthesis: 

The samples were synthesized by combustion method 

where commonly available materials like urea and 

ammonium nitrate work as fuel and oxidizer respectively.  

 

 The starting mixture, with a molar ratio of 

 

 Mg(NO3)2:H3BO3:NH4NO3:Urea = 1.0:3.2:10.2:10.2,  

 

 Appropriate amounts of DyCl3  (0.1 mole%) 

 

 Introduced in a muffle furnace preheated to 550 °C. 
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Comparison with CaSO4:Dy TLD Phosphor 
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Dose Response 
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Fading 



10/23/2014 55 

Application of TLD nanophosphors for Ion-Beam 

Dosimetry: 
 

• TLD phosphors could also be used for the estimation of the 

fluence (no. particles/cm2) of the ion beam. 

 

• But it has been found that there is a possibility of ion implantation 

in the phosphor material during irradiation. 

 

• The range is also limited as the phosphors saturates early 

 

• TLD nanoparticles have found to be better option for such 

dosimetry    

 

          Numan Salah, Radiat. Phys. Chem. 80 (2011) 1 
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Glow curves of K2Ca2(SO4)3 : Eu exposed to 1 × 1011 ions/cm2 of 7Li ion beams. Glow 

curves of K2Ca2(SO4)3:Eu and K2Ca2(SO4)3:Eu,Li irradiated with γ -rays are also shown. 

A case of Glow curves of K2Ca2(SO4)3:Eu (bulk) showing Li ions 

implantation during ion beam irradiation. 
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TL response after irradiation to  7Li ion beam of 48 MeV energy  
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TL glow curves of K2Ca2(SO4)3:Eu nanocrystalline 

Samples to 48 MeV Li3+, 75 MeV C6+ and 90 MeV O7+ ion beams  
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TL response of TL response curves of K2Ca2(SO4)3:Eu nanocrystalline 

Samples to 48 MeV Li3+, 75 MeV C6+ and 90 MeV O7+ ion beams  
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Typical TL glow curves of Ba0.97Ca0.03SO4:Eu nanocrystalline sample 

exposed to 11x11 ions/cm2 of 48 MeV Li,75 MeV Cand 90 MeV O ion 

beams. 
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TL response curves of Ba0.97Ca0.03SO4:Eu nanocrystalline sample 

exposed to 11x11 ions/cm2 of 48 MeV Li,75 MeV Cand 90 MeV O  

ion beams. 
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The issues related to the application of the TLD 

nanophosphors for the dosimetry of high-energy 

radiations:   

1. It has been found that the TL glow curves/sensitivity 

of a phosphor may change with the shape and 

size/morphology of the nanoparticles. Therefore, 

utmost care needs to be taken while synthesizing the 

material. 

2.  There is not much studies available about the toxicity 

on inhaling of the nanoparticles available. Therefore, 

proper care should be taken while synthesis and 

handling. They may be used in the form of pellets as 

TL dosimeters.   
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1. Changes in TL glow curve/sensitivity of a 

TLD Phosphor due to shape and size      

     (morphology) of the TLD Phosphor: 
 

 

A case of the LiF:Mg,Cu,P nanophosphor   

P. D. Sahare, et al., J. Lum. 130 (2010) 258.  
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SEM PHOTOGRAPHS OF LiFM:Mg,Cu,P PHOSPHOR 
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TL Glow Curves of LiF:Mg,Cu,P Phosphor Microcrystalline 
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TL Glow Curves of LiF:Mg,Cu,P Phosphor Nanorods 
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TL Glow Curves of LiF:Mg,Cu,P Phosphor Nanoparticles 



Bulk LiF: Mg, Cu, P (TLD 700 H) 

• It is a tissue equivalent, very sensitive, 

commercially available and widely used 

TLD phosphor. 

• But the problem with the phosphor is its 

sensitivity changes on heating during taking 

readouts beyond 523 K.  

• If not heated beyond this temperature some 

deep traps still persists and there is a 

possibility of inaccuries in measurements. 
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1. LiF:Cu Phosphor 

 

An example, how the changes in 

the ionic states of the impurity 

change the glow curve structure 

and sensitivity of a TLD 

Phosphor 
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Manveer Singh and P. D. Sahare, Radiat. Measur. 47 (2012) 1083 



10/23/2014 70 



10/23/2014 71 



10/23/2014 72 

Change in the intensity of the glow peaks of LiF with the  

annealing temperature 
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Changes in PL intensity with the annealing temperatures 



10/23/2014 75 TL Mechanism in LiF:Cu+ 
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 2. Changes in TL glow curve/sensitivity due to 

     phase change of the TLD Phosphor: 
 

 

    A case of the K2Ca2(SO4)3:Cu  

  nanophosphor 

 
P. D. Sahare, et al. Radiat. Measur. 47 (2012) 1083 
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XRD of K2Ca2(SO4)3:Cu samples annealed at 

different temperatures  
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TL glow curves of K2Ca2(SO4)3:Cu samples annealed 

 at different temperatures  
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PL spectra of the samples irradiated 

for different doses of γ rays 
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PL spectra of the samples annealed 

for different temperatures 
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Al2O3 

P. D. Sahare and Geeta Rani, J. Lum. (in Press) 

XRD of different phases of  Al2O3 
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Sample/Phase Annealing 

temp. (K) 

Tmax. (K) E (eV) S (s
–1

) b FOM 

AlOOH  373     0.02% 

 Peak 1 403 0.35 2.6x10
3
 1.8  

 Peak 2 441 0.69 1.3x10
7
 1.8  

 Peak 3 515 0.67 5.1x10
5
 1.7  

AlOOH  673     0.46% 

 Peak 1 436 0.61 1.7x10
6
 1.7  

 Peak 2 491 0.9 3.8x10
8
 1.7  

 Peak 3 565 0.74 4.4x10
5
 1.7  

γ-Al2O3 873     0.04% 

 Peak 1 398 0.54 1.1x10
6
 1.7  

 Peak 2 459 0.48 2.4x10
4
 1.8  

 Peak 3 534 0.81 6.1x10
6
 1.8  

 Peak 4 597 0.87 2.6x10
6
 1.8  

 Peak 5 700 2.93 4.1x10
20

 1.7  

δ-Al2O3 1273     0.03% 

 Peak 1 405 0.75 5x10
8
 1.8  

 Peak 2 453 0.6 6.9x10
5
 1.8  

 Peak 3 536 0.46 1.7x10
3
 1.7  

 Peak 4 658 1.85 3.4x10
13

 1.5  

(δ+θ)-Al2O3 1473     0.01% 

 Peak 1 485 0.67 1.3x10
6
 1.7  

 Peak 2 533 1.49 3.4x10
13

 1.8  

 Peak 3 568 2.21 1.6x10
19

 1.7  

 Peak 4 602 0.75 2.0x10
5
 1.7  

θ-Al2O3 1673     0.05% 

 Peak 1 421 0.67 2.5x10
7
 1.7  

 Peak 2 473 0.69 3.8x10
6
 1.8  

 Peak 3 543 0.58 2.4x10
4
 1.7  

 Peak 4 635 1.34 8.5x10
9
 1.8  

α-Al2O3 1873     0.57% 

 Peak 1 476 0.86 2.5x10
8
 1.5  

 Peak 2 616 1.93 1.6x10
15

 1.8  

 Peak 3 663 2.15 6.5x10
15

 1.8  
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CaF2
: Mn,  

An example of changes in glow curve due to phase changes  

of the heavily doped impurity in the material  

P. D. Sahare and Manveer Singh, J. Appl. Phys. (in Press)  

TEM Photograph 
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As prepared Annealed 673 K Annealed 873 K Annealed 1073 K 

Change in colour on annealing at different temperatures: 
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Problem of High fading in Borates 

MgB4O7:Mn in microcrystalline form could be prepared by 

simple diffusion method. It has a simple glow curve structure 

(two well separated TL peaks centered at around 475 and 650 K). 

They are sufficiently above the room temperature (RT) to show 

low fading (~10% in a month after storing in dark at RT). 

However, the fading is much faster, if exposed to sunlight/room 

light/UV radiation. This has been a serious problem with many 

borate based phosphors. A detailed study on bleaching to UV-

visible light of different wavelengths (energies) has been carried 

out and a new mechanism based on redox reactions is proposed.  
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Reasons for high fading in borates:  
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• Concluding Remarks 

 Nanocrystalline phosphors are a bit less 
sensitive to ionizing radiation at low doses but 
it is also an advantage as they do not saturate 
for high doses,  

They also have other good characteristics: 
► Their studies are useful using TL technique for      

     more information about the phenomenon of TL.  

► They have a good sensitivity and linear response      

     over a large span of exposures and Less fading. 

► Easy method of preparation. 

► They could be used to estimate doses from very low 
to very high values.  

► All the above characteristics make them good TLD. 




