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ABSTRACT

TL phosphor based on Ba,-,Ca,SO,Eu (1 at %) (0 < x < 1) was prepared using the chemical co-
precipitation technique. XRD shows orthorhombic structure. 1t was found that the TL sensitivity of
the material changes on varying the concentration of Ca and maximum sensitivity is found for

Ba, 4sCap 0 SO,:Eu,,. Moreover, the phosphor had constant glow curve shape over a dose range of
100-1000Gy. The dose response is linear/sub-linear over the dose range 100-500 Gy, above which

TL sensitivity saturates.
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INTRODUCTION

Sulphate based phosphors, because of its high
sensitivity, ease of preparation and stability of
response in adverse climates, have already been
very popular for use in radiation dosimetry, per-
sonnel dosimetry and environmental monitor-
ing."* CaSQ,is the first one used to measure ion-
izing radiation in 1895°. Studies on thermo-
luminescence (TL), ESR, photoluminescence
(PL) and various display applications of
CaSO4RE (RE = rare earth) under different
conditions continue to be an active area of inter-
est.*1” CaSO,:Eu is useful in photo gated optical
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hole-burning studies.'" It is also highly sensitive
to UV-rays. It has been proposed for use in radio
-photoluminescence dosimetry.'> BaSO, phos-
phor is another material that is getting more and
more attention as useful luminescent host and
are suited for many applications. The TL sensi-
tivity of BaSO4Eu is higher than that of
CaSO,:Dy."” Okamoto et al.** developed a very
sensitive BaSO,:EuTL phosphor-based screens
for the study of hadronic and electromagnetic
cascade showers in ultra-high interactions. Azo-
rin et al' suggest that BaSO4Eu® PTFE
(polytetrafluoro-ethylene) discs can be used to
measure absorbed doses in cases in which lack
of quantum equivalence of detector material is
without importance.

Numan et al.'® studied the TL properties of
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BaSO,Eu irradiated with 48MeV Li** and
150MeV Ag'**ions and found BaSO,:Eu phos-
phor, a good candidate to be used as a dosimeter
for cosmic rays and medical applications. Xiong
et al."” studied the effect of y-irradiation on struc-
tures and luminescent properties of nanocrystal-
line MSO,:Eu,” (M = Ca, Ba, Sr, x = 0.001-
0.005). Lochab et al.'® studied the dosimetric
characteristics and determined the kinetic pa-
rameters of microcrystalline BaCaSO4Eu. In
our earlier studies, it was reported that when
BaSO, is doped with different concentrations of
Eu, Bay9SO4: Eugg phosphor has the highest
TL intensity." The aim of this paper is to report
on a new preparation of Ba;,Ca,SO,:Eu; (0.01
< x £0.07) phosphor and study their TL charac-
teristics. The TL sensitivity response at different
gamma ray dose is also recorded.

METHODOLOGY

The Ba;-,Ca,SO4sEu thermoluminescence
phosphors have been prepared by using the con-
ventional chemical route technique. In this tech-
nique, analytical reagent (AR) grade barium
chloride (BaCl,.2H,0), europium chloride,
EuCl,.2H,0 (1 at %) and calcium chloride
(CaCl,.2H,0), mixed in stoichiometric ratio are
dissolved in de-ionised water. Ammonium sul-
phate (NH,),SO, is added to the solution in the
presence of ethanol. The precipitate settled at
the bottom of the beaker is collected and washed
repeatedly with deionised water. The samples
thus obtained are dried at 100°C for 1 hour to
remove ethanol and water molecules present in
the sample. The samples are further annealed at
600°C for 1hr in a quartz boat.

The formation of all the samples of Ba,.
Ca, SO Eu are confirmed by XRD taken at
room temperature using PANalytical X-ray dif-
fractometer with Cu target (Cu-Ka,; line, A =
1.5406 A) having Ni filter. All patterns have
been recorded over the angular range 20° <20 <
80° with a step size A26 = 0.02°.

The thermoluminescence glow curves of the
samples irradiated with y-rays by using Co®-
gamma irradiator have been recorded on the TL

recording system (model TL 1404, supplied by
Indotherm Instruments Pvt. Ltd., Bombay, In-
dia) with linear heating rate of 2.2 K/sec. Sam-
ples in powder form are kept directly on the
Kanthal heater which facilitates rapid heating
and cooling of the system due to its low thermal
inertia. The photocathode of the photomultiplier
tube (RCA 931A PMT) has an S4 response,
which extends from 300-700 nm. A filter holder
drawn is located between the heater strip and a
PMT, basically to cut- off infrared using quartz
filter. The duration between irradiation and TL
reading is same for all the samples. The irradi-
ated samples are read out in air at room tem-
perature.

RESULTS AND DISCUSSION
XRD results

Fig. 1 shows the X-ray diffraction pattern of
the Ba,Ca,SO4Euy (0.01 < x < 0.07) samples
with (hkl) values. All the XRD peaks of the
compounds are fitted well with orthorhombic
structure of BaSO, (JCPDS no. 832053). But it
is seen in Fig. 1 (b), (c) and (d), there is a peak
having (1 2 2) observed at 260 = 44.82° corre-
sponding to monoclinic structure of CaSO,. The
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Figure 1. XRD patterns of Bag, 99-xCaxSO4:Eu o1 annealed
at 600°C with x = 0.01 (a), 0.03 (b), 0.05 (c), 0.07 (d).
*Peaks corresponding to CaSO..

99 Science Vision © 2013 MAS. All rights reserved



Rangeela Devi and Dorendrajit Singh

Table1. Crystallite sizes calculated from different XRD peaks of Ba;.«CaxSO4:Eu o (0.01 < x < 0.07) phosphors an-
nealed at 600°C for 1 hr.

Sample D4 D: D3 D4 Ds Ds Dy Ds Davg
(nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm)
Bao.ggcaoA01SO4ZEU.o1 73 79 75 71 74 70 69 73 73
Ba.96Ca0.03S04:Eu 01 63 66 61 62 68 62 67 66 64
Ba0.94Can.0sSO4:Eu o1 73 78 66 72 74 75 69 66 72
Ba.92Ca0.07S04:Eu 01 89 79 75 89 72 75 74 71 78
= (a) Bag 9gCa 01504 Eu o4 o
(b) Bag g5Ca g3S04:Eu 4 =
:é‘ (c) 830.9408‘058042EU_01 % [
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Figure 2. TL glow curves of Bag. g9.x CaxSO4:Eur an- Figure 3. A plot of TL peak intensities with different
nealed at 600°C and irradiated with 150 Gy. values of x of BaggexCaySO4:Eu 1.
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Figure 4. TL glow curves of BaggsCap.01SO4:Eup1 irradi- Figure 5. TL response of BaggsCao01SO4Eu 1.

ated with different doses of y —rays.
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crystallite sizes, calculated using the Scherrer
relation for the crystalline samples are in the
range 64 to 78 nm. Sample sizes of the phos-
phors calculated from different XRD peaks are
shown in Table 1.

Thermoluminescence study

Characteristics of thermoluminescence (TL) glow
curves of Ba,,Ca,SO.Eu,, : Fig. 2 shows the TL
glow curves of BaCaSO,:Eu with Eu = 1 at % and
different concentrations of Ba and Ca, annealed at
600 °Cfor 1 hr and irradiated with 150 Gy of y-
rays. The glow curves have similar shape but with
different peak intensities and peak temperature.
The most intense TL glow curve with peak tem-
perature 470 K corresponds to the TL phosphor
with x = 0.01. With increasing the concentration
of Ca the TL sensitivity is found decreasing. There
is a systematic shifting of peak temperature to-
wards higher temperature with the increase of Ca
concentration. The peak temperatures of the phos-
phor with Ca concentrations 3, 5 and 7 at % are
472, 474 and 477 K respectively. The phosphor
Ba0sSO,:Eug 05, Dyo 0, having the highest TL inten-
sity is selected for further investigation.

TL g].OW curves of Bao'ggcao.mSO;;:EuO.()l phOS-
phor annealed at 600°C and exposed to different
doses of y-rays ranging from 100-1000 Gy are
shown in Fig. 4. As expected, there is increase in
thermoluminescence intensity with the increase
of gamma doses.

It is observed that over this range, the TL
glow curves have the same structure but the
peak temperatures are slightly different. The TL
response as a function of the absorbed dose was
obtained using a Co® source and the result is
shown in Fig. 5.

CONCLUSION

It can be concluded that the prepared Bagg.
LCa,SO.:Euy (0.01 < x < 0.07) samples have
orthorhombic structure of BaSO,with mono-
clinic structure of CaSO,for the samples with x
= 0.03, 0.05, 0.07. The crystallite size of the

samples ranges from 64 to 78 nm. For x = 0.01

the phosphor shows the maximum TL sensitiv-
ity. It has a linear/sublinear response only up to
350 Gy. So, this phosphor is suitable for TL do-
simetry of low doses.
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