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Development of医CT園 300TL Pellet with High Sensitivity 
and High Mechanical Sirength 

S. Y. CHANG犬J.S. YANG， D.Y. KIM and J. L. KIM 
Korea Atomic Energy Research Institute， P. 0 Box 105 Yuseong， Daejeon 305・600，Korea 

KCT圃300(KAERI♀aS04:Dy IL detector with a P-compound of 7.8 wt%) developed at KAERI， appeared to 
have a higher radiation sensitivity than a commercialized Teflon embedded CaS04:Dy TL pellet. However， it was 
mechanically weak and企agile.Therefore， we町 toimprove its mechanical strength by increasing the P-
compound concentration. It was difficult because of surface ruggedness problem in the TL pellet after sintering 
process. We could final1y succeed in improving the mechanical s仕engthof KC下300with high P-compound 
concentratIon by adding a thermal treatment process in the TL pel1et fabrication process.百llSpaper presents the 
method and result to improve the mechanical strength of KCT， which can be effectively used in the personal and 
environmental radiation monitoring. 
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I. Introduction 

CaS04:Dy thermoluminescence dosimeter (TLD) has 
b巴enwidely used as a personal or environmental dosimeter 
because ofi臼highsensitivity to radiation. It is not possible 

to make solid detectors (or pellets) of only CaS04:Dy TL 
phosphor without any binding material. So， sintered pellets 
made仕oma mixture of CaS04:Dy TL phosphor and Teflon 
have been widely田巴duntil now. However， due to the 
r巴ductionof CaS04:Dy phosphor content in TL pellets 
(15~20 wt%) ， the TL sensitivity was correspondingly 
reduced， and moreover the re岡田abilityof this Teflon pellet 
was not good because of its color changing. Therefore， 
researches for finding good CaS04:Dy TL detectors by 

mixing CaS04:Dy TL phosphor with different binding 
materials have been carried out to effectively use this TL 
detectors1)2)3)4)5). KCT・-300(孟AERI♀aS04:Dy 1L detecior) 

is an another kind of CaS04:Dy TL detector which was 
recently developed at KAERI6)， in which small amounts of 
N~H2P04 have been embedded as a binding material. Its 
TL sensitivity turned out to be higher than the other 
CaS04:Dy TL detector. However， it was mechanically weak and 
fragile. The mechanical s仕engthof KC下300could be 

improved by increasing NH4H2P04 content， but its TL 
sensitivity decreased and the surface of KC下300turned out 
rugged after sintering. Various efforts have been done to 
improve the mechanical strength of KCT-300 without losing 
its sensitivity. Finally， we have found an optimal method to 
solve this problem. This paper presents the method and 
result to improve the mechanical strength of KCT園 300by 
adding high temperature柱ea加lentprocess before fabrication 
into a final CaS04:Dy TL detectors. 
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11. 1\宜aterial~ and Methods 

1. Fabrication ofKCT-300 
The conventional fabrication process of KCT・300is 

shown in Fig岨re1. KCT・300has been obtained after cold 

pressing of a homogeneous mixture ofNH4H2P04 powder as 
binding material and CaS04:Dy TL phosphor (grain size: 63・

100 ，um). With increasing NH4H2P04 content， mechanical 
S仕engthof the TL pellet accordingly increased. However it 
was not suitable for dosimeter because the surface 
ruggedness problem which. The reason of ruggedness 
problem seemed to be caused by the evaporation ofNH3 and 
H20 during sintering the TL pellet. Therefore， in order to 
avoid this probl巴m，a pre-heat仕eatmentof this powder 
mixture before cold pressing has been adopted expecting the 
NH3 and H20 in NH4H2P04 compound to be evaporated 
during this pre-heat treatment process. The obtained result is 
shown in Figu.re 5. 

The content ofNH4H2P04powder mixed with CaS04:Dy 
TL phosphor has been varied合om7.8 wt% to 20 wt%， 25 
wt%， 33 wt%， 50 wt% and 66 wt% with a range ofpre-heat 
treatment tempera印refrom 200'C to 500 t. At the resultヲ

the KCT四 300TL pellets made企omthis pre-heat treatment at 

400'C for 10 min did not have any surface ruggedness 
problem after sintering up to 33 wt% of N~H2P04 powder 
content. In the range between 200'C and 350'C， surface 
rugge命lesshave been reduced somewhat but it is not stil1 
suitable for dosimeter application. And at 500'C， mechanical 
strength of the TL pellets became weaker than the pre幽 heat

treatment TL pellets at 400 'c. Therefore， the optimum 
condition for pre-heat仕eatmenttemperature to produce 
KCT-300 has been estimated to be 400'C for 10 min. 

Figure 2 shows the new fabrication process of KCT・300TL 
pellets. 

2. DeterminatioD. ofP-compoumd content 
With increasing NH4H2P04 content， mechanical strength 
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Figllre 3 百leTL sensitivities with increasing N~H2P04 content 
a食erpre-heat treatm田 t(400 'C， 10min) 

3. Determination of sintering condi姐00
A pre-heated mixture of CaS04:Dy TL phosphor and 

NR;H2P04 (optimum content of 25 wt%) were cold-pressed 
(12 MPa) and sintered to produce a solid pellet (dimension : 
radius 4.5 mm， thickness 0.4 mm， weight 14 mg). KCT-300 
pellets were irradiated in 90Sr_90y reference beta source in 

laboratory. The intensity of KCT剛 300TL detectors was 
measured with a Teledyne System 310 TLD reader. The 
heating cycle consists of a step回りrpewith pre-heating at 
135 'c and a linear heating up to 280 'c . Figure 4 shows the 
variation of TL intensity of main and low temperature peak 
with increasing sintering temperature from 300 'c to 800 'c . 
TL intensity of main peak is very low up to 400 'c and 
increases with increasing sintering temperature to 700 'c. TL 
intensity of main peak is highest at 700 'c but the intensity 
of low peak also increases. Therefore， an optimum sultering 
temperature and time were decided to be 600 'c for 30 min 
where the ratio of the TL intensity of the main peak to that of 
the low peak is maximum as shown in Figure 4. 

of the KCT-300 increased accordingly but TL sensitivity 
decreased. However， even after such a reduction， TL 
sensitivity in KC下300remained quite high. KCT-300 
appeared to have sensitivity six times as high as the Teledyne 
Teflon pel1ets. Experiments to improve the mechanical 
strength of KCT-300 have been conducted by varying 
NH4HzP04 content in the KCT-300. 

The ratio of NH4HzP04 powder to CaS04:Dy TL 
phosphor has been changed from 7.8 wt% to 20 wt%， 25 
wt%， 33 wt%， 50 wt% and 66 wt%. Figure 3 shows the TL 
sensitivity of KC下300with varying the NH4HzP04 content 
企om7.8 wt% to 66 wt% after optimum pre占eat仕eatment
for 10 min at 400 'c . As seen in Fig随時 3，The TL intensiザis
reduced rapidly企omabove 25 wt% ofNH4HzP04 contents. 
Between 20 wt% and 25 wt% of NH4H2P04 content， both 
mechanical strength and TL intensity appeared to be stable. 
Therefore， 25 wt% of NH4HzP04 in CaS04 TL phosphor 
have been chosen to be an optimum content to produce KCT-
300. 
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Conventional fabrication process ofKCT-300 Figure 1 
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E目。 Summaryand Condusion 

The first kind of KCT-300 developed at KAERI which 
adopts a small amounts of ~H2P04 as a binding material 
shows much higher sensitivity than any other CaS04:Dy TL 
detectors. However， i臼 mechanicalstrength was not good 
and企agi1e.Various efforts have been done to improve the 

mechanical strength of KCT・-300 without losing its 
sensl討vity.In this paper， we have presented a method to 
improve the mechanical s仕ength of KCT・300司 The

mechanical strength of KCT-300 has been improved by 
adding a new process ofpre-heat treatment ofthe mixture of 
optimum 25 wt% of NH3H2P04 powder and CaS04:Dy TL 
phosphor at 400"C for 10 min before cold pressing (12 
MPa) to produce a TL pellet. An optimum sintering 
condition to produce a solid TL pellet (new KCT-300) was 
600"C for 30 mIn. The new KCT・300turned out to have a 
high sensitivity as much as 5 times of Teledyne CaS04:Dy 
Tef10n pellets and 2.5 times of India made CaS04:Dy TL 

pellet. Therefore， the new KCT-300 with high sensitivity and 
high mechanical s仕巴ngthcould be effectively uti1ized in 
environmental and individual radiation monitoring. 

Two kinds of KCT-300 manufactured by the conventional 
process (le武one)and the new process (right one) are shown 
in Fig阻re5. Each KCT-300 has same 25 wt% content of 
NH4H2P04 and is sintered at 600"C for 10 min. As seen in 
Figure 5， the surface ruggedness problem in TL pel1et made 
仕oma conventional fabrication process (Figure 1) Is now 
resolved by applying a pre-heat trea加 entprocess before 
cold-pressing組 dsintering to make a final KCT・300.

Figure 5 Comparison of surface of two kinds of KCT・300
manufactured by the conventional process (left one) and the new 
process (right one) 

4. Sensitivity of KCT圃 300
The glow curves of KCT-300 and CaS04:Dy Teflon 

pellets are shown in Figure 6. As seen in Fig腿re6， the 
sensitivity of KC下 300is much higher than the CaS04:Dy 
Tef10n pellets. A sensitivity of KCT・300is 2.5 times than 
that of KAERI Tef10n pel1ets7J and five times as high as of 
Teled戸時 Tef10np巴llets.Figure 7 shows glow curve ofKCT・

300 and India made CaS04:Dy pellet recently developed8l. 
The sensitivity of KC下300is about 2.5 times as high as of 
CaS04:Dy TL pellet embedded with another kind inorganic 
binding materials， which was recently developed in India. A 
Time回TemperatureProfileσTP) for KCT-300 readout is as 
follow. KCT園 300is pr巴陶heatedat l35"C for 4 sec (it is 
different企omthe pre-heat仕eatmentof TL material in the 
fabrication proc巴ssof KCT-300)， and heated up to 280"C 
with heating rate of 15 "C/sec and then maintain 280"C for・

10 sec for annealing. 

Figure 7 Glow curves of KCT・300and newly developed lndia 
CaS04:Dy pellet 

Acknowledgement 

This study was a partial product ofthe national project for 
long戸termnuclear energy development supported by the 

恥1:inistryof Science and Technology， Korea. 

信
C
3
3
g
m
E
B
E
S
t
-
Jト

0

0

印

)

}

4

2

。
α

[

References 
1) G人 M.Webb，J.E.Dauch阻 dG.Bodin，“Operational evaluation 
of a new high sensitivity thermo-luminescent dosimeter，" Health 
Phys.， 23， 89 (1972) 

2) S.S.Shas位y，S.S.S曲hind必ea叩I且ldRιBh加at札I丸，
r民巴s叩pon凹se0ぱfCaS04ぷ:Dysi血nteぽ:re吋dp巴elle加et民s民う:f，円， Int. J.Appl.Radiat.Isot.， 
31，244 (1980) 

Figure 6 Glow curves ofKCT・.300and CaS04:Dy Tet10n pellets 
(Tet1on pellets by KAERI and Teledyne) 

SUPPLEMENT 4う MARCH2004 



258 

3) S.P.Morata， A.M.P.Gordon， E.N.D.Santos et al.，“Development 

of a state dosimetry based on thermoluminescent CaS04 

crystals，" Nucl. Instrum. Methods， 200， 449 (1982) 
4) J. Azo白1，A. Gutierrez and T. Niewiadomski，“ Performance 

tests of a CaS04:Dy based thermo-luminescence personal 

dosimeter，" Radiat. Prot. Dosim， 17， 53 (1986) 
5) M. Prokic， "Thermoluminescent characteristics of calsium 

sulphate solid detectors，" Radiat. Prot. Dosim.， 37， 271 (1991) 
6) J. S. Yang， D. Y. Kim， J. L. Kim， J. L Lee， B. W. Kim組dS. Y. 

Chang，“Development of Phosphorus-compound CaS04:Dy 

。ζC下300)TL pellets，" Jourτ1al ofthe Korean nuclear society， 34， 

142ο002) 
7) J. S. Yang， D. Y. Ki眠 J.L. Kim， S司Y.Chang， Y. M. Nam阻 dJ. 

W. Park，“Thennoluminescence characteristics of Teflon 

embedded CaS04:Dy pellet，" Radiat. Prot. Dosim.， 100， 337 
(2002) 

8) A. R. Lakshmanan， J. L. Kim， S. Y. Chang，“High sensitive 

CaS04:Dy TLD Sintered Pellets for Applications in Radiation 

Protection Dosime町r，"1st AOCRP conference (2002) 

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY 


