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ABSTRACT

C aS04:Dy have been prepared with the varies of dopant concentration of 0.1 mol% to 0.5 mol% by wet 
precipitation technique. The resulting C aS04:Dy powder were characterized using Particle Size Analysizer 
(PSA) and founded the particle size of the powder are around 4-5 jim with the 91-95% yield. The morphology of 
C aS04 and determination of dopant was characterized using Scanning Electron Microscope (SEM), 
Transmission Electron Microscope (TEM) and Electron Dispersive X-ray (EDX).

ABSTRAK

C aS04:Dy telah disediakan dengan peningkatan kepekatan dopan dari 0.1 mol% ke 0.5 mol% dengan 
menggunakan teknik pengendapan basah. Hasil serbuk C aS04:Dy telah di cirikan dengan menggunakan Particle 
Size Analysizer (PSA) dan didapati bahawa saiz partikel serbuk yang dihasilkan adalah dalam lingkungan 4- 
5jxm dengan 91-95% yield. Morfologi C aS04 dan pengesahan pendopan telah dicirikan dengan menggunakan 
SEM, TEM and EDX.
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INTRODUCTION

Thermoluminescence (TL) dosimetry was first used to make a quantitative measurement of radiation exposure 
in the late 1940’s. The examination of the material is based on the glow peak structure and applied them to the 
measurement of ionizing radiation. This material has become a reliable and routine method for measuring 
ionizing radiation dosage and many solid state materials has exhibit TL properties.

TL dosimetry has become a reliable and routine method for quantifying radiation dosage. This technique offers 
clean environment without using chemical processing and reading can be automated and it does not need many 
manpower. Thermoluminescence material is a passive type nuclear sensor, but it is a reliable personnel and area 
dosimetry, and also for research application. Their size is small and their sensitivity to radiation can be altered 
by many forms such as physical forms, doping configuration and doping elements and automated analysis. The 
current trend in TL is to established a sensor that is high in sensitivity with low fading factor over a long period 
of time (high stability) at room temperature, less sensitivity to light and UV sources and robust.

In a later development other TL materials such as CaF2, CaS04, A120 3 have been investigated, but using 
different activators or dopants materials. It was found that type of activators or doping elements has changed the 
properties of TL materials. For example, C aS04 activated or doped with manganese (Mn) has a glow peak 
temperature at 110°C, spectral emission peaks at 500nm and fading peak at normal ambient temperature is 35%



in 24 hours. When using doping material of Dysprosium (Dy) the glow peak temperature changes to 220°C & 
250°C, spectral emission peaks change to 478nm & 571nm and fading peak is dramatically improved to 6% in 6 
months [1]. Similar observations were later reported that the performances of TL are strongly dependent on the 
dopants material and concentrations [2], These phenomenon indicates that converter or doping element is 
controlled the properties of TL material. Investigation on advanced TL material such as using new phosphor 
and doping materials has been studied elsewhere. A number of methods to synthesize TL material had been 
reported based on traditional approaches to modify the band structure of the materials as well as the 
characteristics of their electron traps, thus controlling to some extent the corresponding TL response. However 
most recent study has indicated that nano-size dopant material can enhance thermoluminescence in phosphor 
materials [3]. It shows that the TL intensity in ZnS nanoparticles increase as the particle size decrease and this 
can also be correlated with the performance of TL materials with the surface electronic states in the 
nanoparticle.

METHODOLOGY

The C aS04 was synthesized by wet precipitation technique. The sample was prepared by titrating 1M of 
Ca(N 03)2 solution with rate of 1 drop per second to 1M (NH4)2S 0 2 solution using peristaltic pump. The sample 
with concentrations of 0.1 mol% to 0.5 mol% of Dy dopant was prepared by diluting Dy (N 03)3 to Ca (N 03)2 
before it was titrated to (NH4)2S 0 2. The precipitate was then washed using centrifuge and filtered. It was then 
dried in the oven with the temperature of 120°C for 24 hours before it is weighed to get the yield. The powder 
are then sintered at 840 °C at the rate of 2°C /min. for 1 hour then annealed at 450 °C for 2 hours.

The particle size of the precipitated powder was examined by using Particle Size Analyzer (PSA). The 
morphology of the sample was captured using Scanning Electron Microscope and TEM while the percentage of 
dopant was studied by using EDX.

RESULTS AND DISCUSSION

Wet precipitation techniques were used in this study to obtain high yield of C aS04:Dy powder. The drop-rate 
and stirring have been optimized by previous study that shows that constant siring and perfect drop-rate could 
produce high yield by using this technique. Table 1 shows the % yields of C aS04:Dy powder for different mol 
% of Dy dopant.

Table 1. CaSQ4:Dy powder yield in % obtain by wet precipitation technique

Sample Expected yield, g Obtained yield, g % Yield

Pure C aS04 136.00 129.12 94.94%

C aS04:Dy 
0.1 mol%

152.30 144.21 94.68%

CaS04:Dy 
0.2 mol%

168.60 158.36 93.93%

CaS04:Dy 
0.3 mol%

184.90 171.61 92.81%

CaS04:Dy 
0.4 mol%

201.20 192.19 95.52%

CaS04:Dy 
0.5 mol%

217.50 198.95 91.47%



The particle size of each precipitate is determined by using Microtrac-xlOO Particle Size Analyzer (PSA), this is 
to determined the uniformity of the C aS04:Dy powder prepared. It is found that the powders produced are in the 
range of 4-5 (im. Table 2 shows the particle size of each sample measured. While Figure 1-3 shows the PSA 
measurement graph for the sample with 02-04 mol % of Dy dopant.

Table 2. Particle size of CaSO^Dy powder prepared using wet precipitation technique.

Sample Size by PSA (fim)

Pure C aS04 4.434

0.1 mol% 4.216

0.2 mol% 4.177

0.3 mol% 6.571

0.4 mol% 4.316

0.5 mol% 4.858

Figure 1. PSA measurement graph for CaS04:0.2 mol% Dy



Figure 2. PSA measurement graph for C aS04:0.3 mol% Dy

The morphology of CaS04: Dy powder was studied using FEI Quanta 400 Scanning electron Microscope 
(SEM). Each powder shows uniformity in terms of size and shapes. Figure 4 shows the micrograph of each 
sample in 5000x magnification. Figure 5 shows the Transmission Electron Microscope (TEM) image for 
CaS04: 0.3 mol %Dy. TEM image for this sample was studied to show that the diameters of the powder 
produced are in the range of 1 .2-1.3 (im.

To study the existence of small amount of Dy as dopant EDS were used. The EDX graph of each samples 
shows that there is an increase of wt% with increase of dopant used in each samples. Figure 6 (a)-(f) shows the 
EDX graph and its element analysis for each sample.



Figure 4: SEM Micrograph of (a) Pure C aS04powder, (b) C aS04: 0.1 mol %Dy powder, (c) C aS04: 0.2 mol 
%Dy powder, (d) C aS04: 0.3 mol %Dy powder, (e) C aS04: 0.4 mol %Dy powder, (f) CaS04: 0.5 mol %Dy 
powder.

Figure 5. Transmission Electron Microscope (TEM) image for CaS04: 0.3 mol %Dy.
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Figure 6: EDX graph and element analysis in Wt% of (a) Pure C aS04powder, (b) C aS04: 0.1 mol %Dy powder, 
(c) C aS04: 0.2 mol %Dy powder, (d) C aS04: 0.3 mol %Dy powder, (e) CaS04: 0.4 mol %Dy powder, (f) 
C aS04: 0.5 mol %Dy powder.



CONCLUSIONS

Dysprosium doped calsium sulfate has been synthesized with varies concentration of Dy using wet precipitation 
technique with very high yield. The particle sizes of the precipitated are similar for each concentration that is 
around 4-5 |im. This is verified by SEM and TEM micrograph. The SEM micrograph shows uniformity of shape 
for each sample. The EDX shows that the increase of Dy in wt% with the increasing of concentration of Dy. 
This shows that wet precipitation technique is the best in producing high yield of uniform C aS04: Dy powder 
precipitate.
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