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ABSTRACT 

Thermoluminescence of raw materials has been frequently employed to determine the exposure dose as well as effective energy 
of gamma radiation. In this work, thermoluminescence (TL) properties of cement clinker (C) and its ferrite phase (F) doped with 
different activators such as CaF

2
• CaCI

2
, LiF, MgF

2 
and ZnO were studied. The phosphors were prepared by sintering method at 

1450°C for half an hour for cement clinker and at 1320°C for half an hour for its ferrite phase. 

The obtained glow curves for both cement clinker and its ferrite phase have two major peaks at about 90°C and 248°C. The 
addition of impurities enhances the TL intensity of the two peaks. The optimum concentration of the dopant which gives maximum 
TL sensitivity is determined. The most effective dopants which increase the TL sensitivity of the phosphors are CaC12 and LiF at 
concentration 1.5% and 1% by wt respectively. It is found that the TL intensity of each peak increases with increasing radiation 
doses. It is found that cement clinker and its ferrite phase containing CaCI2 and LiF are highly sensitive to gamma radiation. 
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Gamma radiation dosimetry by TL materials 

INTRODUCTION 

Thermoluminescence (1L) of naturally occuring materials 
is at present widely used in many fields of dosimetry due to their 
properties that are now known from other classical dosimetry 
systems [1-2]. The work of Donald etal. on the effect of activa
tors on cement clinker and its ferrite phase demonstrated that 
the impurities can enter the structural holes of cement clinker 
and its ferrite phase [3]. 

Dixon et al. studied the 1L properties of SrSO 
4 

and Ba SO 
4 

doped with Dy and Tm [4]. They found that SrS0
4

: Dy and 
SrSO 4 : Tm exhibit the same glow curve, both having a major 
glow peak at 140°C. The 1L-response of concrete was exam
ined by Franseschi et al [5]. They used f'me powder of concrete 
for measuring high radiation levels. In case of radiation acci
dent, the fine powder of concrete may help in estimating the 
high radiation doses. This material is called an accidental do-

' simetry. 

This paper deals with the 1L properties of cement clinker 
and its ferrite phase doped with certain activators such as (CaC~, 
CaF2, MgF2, LiP and ZnO). These activators were added to the 
investigated samples due to the presence of metal halides and 
some oxides in limestone and clay which are the starting raw 
material in preparing cement clinker in industry. 

The thermoluminescence of metal halides and ZnO activated 
cement clinker or its ferrite phase has not been stUdied. The 
present work is conducted to study the influence of some activa
tors and their concentrations on the 1L properties of cement clin
ker and its ferrite phase. Finally, if these phosphors exhibited a 
high sensitivity they might prove useful for 1L dosimetry in 
application. 

EXPERIMENTAL 

The cement clinker was prepared from pure oxides mixture 
ofCaO (79.7%), Si02 (14.5%), Alp

3 
(3.3%) and Fep

3 
(2.5%). 

The raw mixture was heated up to 1450°C for half an hour and 
then cooled rapidly to room temperature. The ferrite phase was 
prepared from pure oxides mixture of CaO (66% ), Alp

3 
(17%) 

and Fep
3 

(17% ). 

Different TL activators such as CaF
2

, CaCI
2

, MgF
2 

and ZnO 
have been added individually to another raw mixtures of ce
ment clinker and its ferrite phase. The concentration of these 
activators in the host materials are ranging between 0.5 wt % 
and 3 wt %. The samples were then fired at 1450 °C or 1320 °C 
for half an hour and then rapidly cooled to room temperature. 

The samples were irradiated by Co-60 gamma ray cell with 
dose rate 4.83 R/sec. After irradiation to different doses, the 
samples were kept in refrigerator to prevent thermal decay. For 
TL measurement, the TL reader used is the pico processor 
Harshaw model2080 (installed from Harshaw Chern. Co.).lt is 
connected with pen chart recorder for plotting the glow curves. 
The measurements were carried out at maximum tray tempera
ture 400 oc with a heating rate of 6.5 °C/s. The mass of each 
sample is 5 mg and in generalS samples were counted per expo
sure. The TL signals were normalized and the experimental er
ror does not exceed ± 8 %. 
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RESULTS AND DISCUSSION 

'IYpical examples of glow curves of both cement clinker (A, 
B) and its ferrite phase (C, D) after doping with CaC1

2 
of con

centration 1 wt% and 3wt% are shown in figure 1A, B, C and D. 
The 1L materials have been measured after giving 1.3, 158, 535.5, 
7352 Gy doses. 

,.. .. 

UGr 

;;; us Gr 
z 
l!! • 
! 
..i . .. 

Temperohwe (•C) 

Fig.( I-I:) 

aoo 

10~ 

r: no 

I 140 

10 

0 

., 
• • i 

0 100 

r..,,poraturo .I'CI 

.flg.!I~DI 

Fig. 1: Glow curves of cement clinker and its ferrite phase after 
doping with CaC12 irradiated with various dose levels (A) 
C: CaC1

2
(1wt%), (B) C: CaC1

2 
(3 wt%), (C) F: CaC1

2 
(1 

wt% ), and (D) F: CaC1
2 

(3 wt% ). 
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Two main glow peaks are around 90 °C and 248 °C. There 
are two other faint glow peaks, one at about 150 °C in case of 
cement clinker and the other at about 350 °C in ferrite phase. In 
some cases the glow peaks around 90 °C may not appear espe
cially at low doses. This may be attributed to quick thermal de
cay (fading). From Fig. 1 it is clear that the dopant CaC1

2 
in the 

two phosphors gives three glow peaks. Some other activators for 
the two phosphors have also been tested, among them, ZnO, LiF, 
MgF2 and CaF2• These activators give only two peaks. 

Table 1 indicates the TL response (area under the curve) ob
tained for the two phosphors when doped with different activa
tors of concentration 1 wt% and exposed to 1000 Gy of Co-60, 
gamma rays. On the basis of relative TL response, the sensitivity 
varies from one dopant to another. The most sensitive dopants 
are CaC12 and LiF. TL response of cement clinker (doped with 1 
wt% CaC~) as an example for the 90 °C (PKI), 150°C (PKII) 
and 248 °C (PKIII) peaks is shown in Fig. 2. The 248 °C peak 
appears at lower doses (- 1 - 3 Gy). It is considered as the 
dosimetry peak because it is the most intense and sensitive 
one. The other two peaks appear at relatively higher doses (-
100- 200 Gy). The gamma radiation induces gradual build up in 
the TL intensity up to a certain dose of 100 Gy, after which the 
three peaks are more or less parallel to each other. 
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Fig. 2: Variation of TL intensity with radiation dose TL 248°C 
peak. 
TL 150°C peak TL 90 oc peak 

Table 1 
TL response for different dopants of concentration 

1 wt% (test dose= 1000 Gy) 

Cement Clinker Ferrite Phase 

Dopant PKI PKII PKIII PKI PKII PKIII 

CaF2 13 35 1.05 4.5 

ZnO 5.8 11.7 2.65 18 

CaCI2 16 20 86 10.4 25 3.6 

LiF2 14.8 19 11.5 18 

MgF 6.6 14.5 3.75 13.5 

To fmd the connection between percentage and measured 
TL intensity, a series of samples was prepared. The percentage 
concentration range of the dopants was from 0.5 wt % to 3 
wt%. The TL intensity measurements were done after giving the 
samples 1000 Gy Co-60 gamma rays. 

The results are shown graphically in Fig. 3. This figure rep
resents the relation between percentage concentration of differ
ent dopants (CaC1

2
, CaF

2 
and ZnO). It can be observed that the 

TL intensity increases with increasing percentage concentration 
of the different dopants up to a particular concentration depend
ing on the dopant, beyond which the TL intensity decreases due 
to activator quenching [6]. 
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Fig. 3: Variation of TL intensity with percentage concentration 
of different activators 

227 

(1)C: CaC1
2 

(2) C: CaF
2 

(3) F: CaC12 

(4) C: Zn0
2 

Test dose= 1000 Gy. 
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Fig. 4: Variation of maximum temperature (Tm) with radiation 

dose 
(l)C: MgF

2 

(4) C: CaF
2 

(2) C: CaC1
2 

(5) F: CaCI
2 

(3) C: ZnO 

Fig. 4 shows that on increasing radiation dose, the TL dosim
etric peaks shift towards lower temperatures for the different stud
ied samples. This may be due to mutual charge transition from 
deep to adjacent shallow traps. 
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CONCLUSIONS 

On the light of the experimental results presented in this pa-
per, it can be concluded that: · . 

(1) The obtained glow curves characterize cement clinker and 

its ferrite phase, while the activitors enhance their TL inten

sities. 

(2) The maximum of the TL intensity depends on the type of the 

dopants and their concentrations. 

(3) The shallow traps (low temperature peaks) appear at rela

tively higher radiation doses. 

( 4) The position of the TL peaks shifts to lower temperatures by 

partial filling with increasing radiation doses. 

(5) The TL peak at 248°C can be considered as the dosimetric 

peak. Since this peak is far from room temperature, it does 

not suffer from thermal decay and in this case it gives a real 

reading. 
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