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ABSTRACT

The present paper reports thermo luminescence (TL) glow curves of Dy**-doped Y,0; phosphor with different
ultraviolet (UV) exposure times and heating rates. The glow peak shows second-order kinetics of Dy**doped
Y,0; and corresponding kinetic parameters, activation energy were evaluated using the peak-shape method.
Calculations of trap depth were also carried out using peak shape method. The recorded glow curve shifts
towards higher intensity with longer UV exposure time. Particle size and structure were verified by X-ray
diffraction (XRD) pattern and morphology by scanning electron microscopy (SEM), Fourier transform infrared

(FTIR) also use for characterization.
Keywords: Thermo luminescence (TL), Kinetic parameter ,Rare-earth-doped phosphor.

I. INTRODUCTION

This paper reported synthesis method and characterization of Y,05: Dy** phosphors. Yttrium oxide (Y,0s) is
one of the best hosts for rare earth ions because of the similarities in the chemical properties and the ionic radius
of rare earths. Moreover, Y,0; possesses a higher melting point (2400 <C), higher thermal conductivity, wide
transparency range (0.2 — 8 um) with a band gap of 5.6 eV, high refractive index (~1.8) and low cut-off phonon
energy (380 cm—1) ,While the majority of the works on nanocrystalline. Y,03 has undoubtedly been focused on
the yellow-emitting phosphors due to its unique spectral properties and has been extensively studied in various
hosts. Y,0s: Dy** (0.5,1,1.5 mol%) phosphors were prepared by the solid state reaction method .

The structural properties of samples were investigated by using X-ray diffraction (XRD), scanning electron
microscopy (SEM). The effects of Dy** concentration on the Thermo luminescence properties of Dy** doped
Y203 nanoparticle were investigated by using TLD reader . There has been intense interest in the investigation
of ultrafine fluorescent materials recently for both fundamental research and potential applications in security

labeling, UV and IR radiation detectors, bioimaging, display devices, lamps and solar cell panels [1-5]

1. EXPERIMENTAL METHODS

2.1 Sample Preparation

Analytical grade Y,0; (99.9%), dysprosium oxide (Dy,03; 99.9%), were purchased from Sigma-Aldrich

Corporation,where Y203 was used as raw material for the host whereas dysprosium oxide (Dy,03) was taken as

activator. Phosphor precipitates were synthesized by the solid state reaction method .They were weighed in

appropriate compositions. Keeping the co-dopant Dy concentrations varied in sample as 0.5,1,1.5,2mol%.
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The composite powders were grounded in an agate mortar and pestle for about half an hour and then placed in
an alumina crucible[11]. After the powders has been sintered at 1200°C for 3 hr in a muffle furnace with a
heating rate of 5°C/min the same was cooled to room temperature. All the samples were again grounded into
fine powder using an agate mortar and pestle about half an hour[15].

2.2 Sample Characterization

i). X-ray diffractogram is recorded in a wide range of Bragg angle 2 theta (20-80°) usinga  Bruker D8 Focus
XRD measuring instrument with CuCa target radiation (Bruker LynxEye detector).

ii). The morphology and crystallite size of the phosphors were determined by a Scanning Electron Microscopy
(SEM). ( Zeiss Sigma VP FEG SEM Instruments, Oxfordshire, UK ')

iii). The Fourier transform infrared (FTIR) spectra were recorded in the wave number range 4000-400 cm™
using a spectrometer (FTIR spectra recorded using Bruker, Germany (Model 3000 Hyperion Microscope with
Vertex 80 FTIR System).

iv) The Thermoluminescence studies were carried out on a TLD reader 11009 (supplied by Nucleonix Sys. Pvt.
Ltd. Hyderabad) after irradiation by UV-ray[15-25].

2.3 Results and Discussions

2.3.(i) X-ray diffraction: Figure 1 shows the X-ray diffraction pattern of Dy** doped Y203 phosphors. The
XRD peaks of the virgin phosphor were identified and indexed according to the JCPDS file No. 83-0927 of
Y203 [11].
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Figure 1:XRD pattern for Y203: Dy**
X-ray diffraction patterns taken within the 26 scan range of 20 — 80" for the Y,03: 0.5mol % of Dy**. The result
shows that all diffraction peaks of these samples can be assigned to the pure-cubic structure (JCPDS 86-1107)
because the crystal symmetry depends on the concentration of the doping ions, the Y203 cubic structure’s
overall peak intensity obviously decreases with increasing Dy3+ concentration in the Nanoparticles .
Debye-Scherer’s equation:

716 |Page




International Journal of Advance Research in Science and Engineering
Vol. No.4, Special Issue (01), September 2015

i IJARSE
www.ijarse.com ISSN 2319 - 8354

D = KV/p cos®,
where K = 4/3 in the case of a spherical shape, D is the crystallite size (in “A), 4 is the wavelength of the Cu Ka
radiation(1.54°A), and f is the corrected half width full maxima of the diffraction peak. The strongest Y203:
0.5% Dy+3 peak at 29.33- (222) was selected and yielded a calculated average size of 143.1 nm, which means
that synthesized nanophosphor s actually consisted of more smaller crystallites.

2.4 Scanning Electron Microscope (SEM)

Fig. 2 shows SEM images of prepared phosphors for different resolutions. As this figures shows, the grain size
of Y,0,: Dy*" to be in the range of few microns. The surface morphology is uniform. Agglomeration of a few
particles form nano-particle type of structure. Some of them were found to possess spherical shape in surface
morphology of prepared phosphors which shows the cubic structure and good agreement with XRD results. The

photographs of the samples show near spherical morphology with average sizes of around 110 nm.
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Figur2 : SEM image of Dy** (0.5mol %) with respect to resolution power 40000k.

2.5 (iv) Fourier transform infrared spectroscopy
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Figure 3: FTIR spectra of Y,03:Dy doped phosphor
In FTIR spectra, strong peaks were centered at 409-479 cm-1 is due to Y-O vibration in the prepared sample.
The broad peak centered at 587cm™ is due to Dy-O vibration in the sample. The FTIR spectra also confirms the

formation of Y203 doped with Dy phosphor prepared by solid state reaction method.

S.No. Peak FTIR bending/streching/vibration
1. 409-479 Y-O vibration
2. 587 Dy-O vibration

2.6 (v) Thermo Luminescence study of Y,03:Dy*

TL is one of the possible ways to estimate the trap states of the material. Shape factor is calculated using peak
shape method. The afterglow of any phosphor is generated by the detrapped carriers that recombine with the
opposite carrier in the luminescent center with a transition resulting in visible region. Y,0;:Dy"® doped with
Dy*® with concentration ratio 0.5 to 2 mol%, respectively, was used to undertake the TL measurements because
we observed maximum TL signal strength at this ratio.

The thermoluminescence studies were carried out using TLD reader 11009 supplied by Nucleonix Sys. Pvt. Ltd.
Hyderabad.
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Fig. 4. TL glow curve of Dy*® doped Y05 phosphor variation with Dy*? concentration for 5 min
uv.

Figure 4 shows TL glow curves for the Dy** doped Y,0; phosphor exposed to 5 min dose of UV rays with 254

UV source. The variation of TL glow peak intensity as a function of Dy*® concentrations was studied. The

presence of Y,0; rare earth ions changes the TL glow curve structure either enhancing/quenching the TL

efficiency. We got the maximum peak at 145°C.

Peak shape method is used to determine the order of kinetics of TL glow curves so as to determine suitability of

the phosphor for long afterglow. In Fig. 2 ,0=t+6 ;  is the high temperature half width, t is the low temperature
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half width My is shape factor, Tm is the peak temperature at the maximum, and T1 and T2 are, respectively, the

temperatures on either sides of Tm, corresponding to half intensity.
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Figure 5: The characteristics points on a TL glow-peak, which define the peak-shape
parameters.
The general form of the peak shape methods given by Chen is
Ea=Ca (KT’ /a)-b, (2KT )

S.NO concentrati- T, T, T, ) T ) K, Activation
ons of Dy*® °C) °C) °C) °C) Cc) | o ) energy
E_.(ineV)
1 0.5mol% 88 66 127.55 22 61.2 39.2 0.64 2.02
2 1 mol% 122.37 71.5 152.7 50 82.1 30.4 0.37 1.67
3 1.5mol% 147.06 | 115.02 | 173.9 32.04 58.8 26.84 0.45 2.42
4 2 mol% 122.2 71.5 152.1 17.2 47 30 0.63 2.12

Table 1: Calculation of kinetic parameters for Y,0;: Dy+3 with the variation of

Dy*3concentration (0.5to 2 mol%) and heating rate (5°C s™).

According table 1 the evaluated kinetic parameters shows the second order glow peaks for the different
concentration effect of Dy*>. The evaluated kinetic parameters shows the second order glow peak the activation
energy ranging in between 1.62 to 2.42eV for most of the peaks.

The TL glow curve is related to the trap levels lying at different depths in the band gap between the conduction
and the valence bands of a solid. These trap levels are characterized by different trapping parameters such as
trap depth, order of kinetics, and frequency factor[26] . The loss of dosimetry information stored in the materials
after irradiation is strongly dependent on the position of trapping levels within the forbidden gap which is
known as trap depth or activation energy (E). The mechanism of recombination of detrapped charge carriers
with their counter parts is known as the order of kinetics. The frequency factor (s) represents the product of the
number of times an electron hits the wall and the wall reflection coefficient, treating the trap as a potential well.

Thus, liable dosimetry study of thermo luminescent material is based on its trapping parameters.
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Fig. 6. TL glow curve of Dy™ doped Y03 phosphor variation with different heating rate.
Figure 6 shows the effect of heating rate on TL glow curve of Y,05: Dy" (0.5 mol%). As the heating rate

increases TL peak shift towards higher temperature side, as known phenomena increasing temperature increase

intensity.
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Fig. 7. TL glow curve of Dy** doped Y05 phosphor variation with UV exposure time.
Figure 7 shows the effect of UV dose on TL intensity for 0.5 mol% Dy*® doped Y05 .It shows(Fig. 7) that the
TL intensity increases linearly. It was observed that TL intensity was found to increase almost linearly with UV
irradiation. Further, there was no appreciable shift in the glow peak position for higher irradiation doses. It is
predicted that with the increasing UV exposure greater number of charge carriers are released which increases
the trap density, results in increase of TL intensity, but after a specific exposure traps starts to destroy results in

decrease in TL intensity.

I11. CONCLUSIONS

Y,0; phosphor co-doped with Dy**phosphor powders was successfully synthesized by the high temperature
solid state reaction method. In the X ray spectra ,we got different peaks corresponding to 26 where the highest
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peak refers to the 29.3° (222,) hkl values show the phosphor have cubic structure according to crystalline
symmetry. SEM figures show, the grain size of Y,05;: Dy*is in the range of few microns .The surface
morphology is uniform. The absorption band is observed around 570 cm ™" is because of characteristic metal-
oxide (Y-O) stretching vibrations in cubic Y203. The evaluated kinetic parameters show the second order glow
peaks for the different concentration effect of Dy™. We used the peak shape method for evaluating kinetic
parameters which shows the second order glow peak because activation energy ranges between 1.62 to 2.42eV
for most of the peaks . TL glow curve (figure 4) shows the variation of different concentration of Dy™. If we
increase the concentration of Dy*3(as activator) the TL efficiency also increases because the electrons take more
energy compared to what they release. Figure (6) shows the variation of different heating rates. As the heating
rate increases TL peak shifts towards higher temperature side, as increasing temperature increases intensity.
Figure(7) shows the variation of different UV exposure time with respect to intensity. If UV exposure time is
greater then larger number of charge carriers are released which increases the trap density and results in increase
in TL intensity, but after a specific time, exposure traps start to get destroyed which results in decrease in TL

intensity. Finally, we conclude that this phosphor has thermal stability and nano structure.
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