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and compared.

Results: The was found that density of glass increased with increasing dopant
concentration. Eleven absorption bands of Sm. O, were observed from the GHW2
ground state to 360 (‘D, ), 373 (°P, ), 403 (°P, ), 475 (4l,, ), 944 (°F ), 1077
(°F,,,), 1225 (°F, ), 1368 (°F, ), 1468 (°F, ), 1520 (°H,, ,) and 1586 (°F, ) nm. Two
absorption bands of Eu,0, were observed from the ’F ground state to 2100 (’F))
and 2203 (’F,) nm. Nine absorption bands of Dy,0, were observed to transitions
from the 6H15/2 ground state to 387 (4|13/2+4F7/2+4M21/2+“K17/2), 426 (4611/2),
455 (4, ,), 751 (°F, ), 805 (°F, ), 898 (°F, ), 1085 (°*H, ,+ °F, ), 1261 (°F,, , + °H,, )
and 1672 (GHM/Z) nm. The comparisons done on x-ray luminescence properties
between glass samples with BGO scintillator crystal determined that glass doped
with 0.35 mol% Sm,0_ have four relatively strong emission peaks. Glass doped with
0.35 mol% of Eu,O, have six relatively strong emission peaks. Glass doped with
0.45 mol% of Dy,0, have four relatively strong emission peaks.

Conclusion: The comparisons done on x-ray luminescence properties between
glass samples with the BGO scintillator crystal determined that the scintillation
efficiency of glass samples doped with Sm_O,, Eu,0, and Dy,0, was 25% that of
commercial BGO scintillator crystals.

Introduction radiography, image receptors, computed tomography (CT),
scintillation gamma cameras, and positron emission
tomography (PET).%3

When ionizing radiation interacts with scintillation
materials, electrons from ground state are raised to an
excited state. Instability electrons fall back to ground state
with the emission of ultraviolet or visible light having

Scintillators or Scintillation materials emit ultraviolet
light (UV) or visible light after radiation interaction of
ionizing radiation with a material. Scintillators are used in
industry, agriculture, and medical technology. In medical
professional technology, it is used in film-screens, digital
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conversion efficiency, short decay time, high transparency,
a frequency spectrum matching with light receptor, high
detection efficiencies, high density, a large attenuation
coefficient, radiation hardness, high light yield, fast decay
time, they are inexpensive, and show high proficiency and
stability. Additionally, most scintillation materials require
high luminescence efficiencies and dopant or activators
from preferred sites in inorganic scintillation for the activator
excited electrons before returning to the ground state.
Rare-earth ions (RE®**) doped in scintillation materials has
been used as photonic materials in recent years, as they
have a broad emission wavelength at the visible light to
the infrared region because of its 4f-5d and 4f-4f transition
and fast decay time. The 4f-4f transition gives a sharp
fluorescence because of the shielding effects of the outer 5s
and 5p orbitals on the 4f electrons.®

The rare earth oxide, intensive Gadolinium Oxide
(Gd,0,) is the most popular substance due to the efficiencies
in energy transfer from Gd3* ions to the luminescence
activators and increased light yield emission.? 12 Most of
the popular rare earth doped in scintillation materials
have high emission efficiencies based on literature reviews
such as Samarium Oxide (Sm,0,),"**® Europium Oxide
(Eu,0,),>%® ' and Dysprosium Oxide (Dy,0,)."”- %20

This article focuses on rare earth doped in glass
scintillator because these glasses have a wide variety of
applications, have good forming ability, high optical properties,
are inexpensive, are non-hygroscopic, are chemically
resistant, can be produced in large volumes, and are easy
to synthesize. This type of glass can also easily be fabricated
into glass scintillators with doping chemical concentrations
by using the melt-quenching technique.?*® Among the
various glasses that have been used for quite some time,
borate glasses play a significant role in various applications
such as solid state lasers, optical and electrical applications,
fiber optics, optical waveguides, and luminescence materials.
Borate glasses are an especially appropriate optical material
because of its high chemical resistance, high thermal stability,
and high optical properties.’® > 20 Earlier, silicate glasses
were used due to good mechanical and optical properties.
Also, borosilicate glasses have been formally used due to
their high thermal resistance and low melting point. The
effects of doping concentrations can result from oxide ions
in calcium oxide, as it can increase luminescence emission
and are also non-hygroscopic.'®2°

The purpose of this article is to demonstrate how the
formula CaO: Gd,O,: SiO,: B,0, obtained by melt-quenching
technique can be doped with Samarium Oxide (Sm,0,),
Europium Oxide (Eu,O,) and Dysprosium Oxide (Dy,0,) for
the desired effects. The dopant concentrations are studied
regarding their physical, optical, and luminescence properties
by comparing them with a standard crystal scintillator
composed of Bismuth Germinate (BGO). The findings will
be used for developing these glasses as candidates for
glass scintillators in the future.

Materials and methods

Glass preparations

Glasses compositions of 10Ca0: 25Gd,0,: 10Si0,:
(55-x) B,0,: xA,0, (where x=0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.45 and 0.50 %mol) and xA,0,=Sm.O,, Eu,0,,
Dy,O, were prepared by melt-quenching technique. The
high purity chemical concentrations of CaO, Gd,O,, SiO,,
H,BO,, Sm.0,, Eu,O,, and Dy,O, were mixed thoroughly in
an aluminium crucible. About 30 gm of the each compositions
were thoroughly and mixed into an aggregate and the
homogeneous mixture was placed into an aluminium
crucible and melted in an electrical furnace at 1400 °C for
3 hours. These melted glass samples were quenched at
room temperature. The glass samples were annealed at
550 °C for 3 hrs to reduce the thermal stress and then
were cut and polished into squares having dimensions of
1x1.5x0.3 cm®.

Characterization process
Physical Properties

The density measurements were obtained by applying
Archimedes’ principle, the weights of the prepared glass
samples were measured in air and in xylene using a 4-digit
sensitive microbalance (AND, HR 200). Afterward, the density
(p) was determined from the following equation.3% 3!

p=—"p,

Wa -wb

Where p is density (g/cm?®) W_is weight in air (g), W, is
weight in Xylene (g), and p, is Xylene density (0.863 g/cm?)

Optical properties

Absorption spectra were measured with a UV-Vis-NIR
spectrophotometer (Shimadzu UV-3600) at wavelengths
of 350-1800 nm.

Luminescence properties

The X-ray luminescence spectra of glass were
measured with the Copper (Cu) target X-ray generator
(Inel, XRG3D-E). The power setting X-ray source was
operated at 50 kV, 30 mA. X-ray excitation spectra of glass
samples were measured with a QE65000 fiber optics
spectrometer

Results and Discussions

Physical Properties

The variation of density (g/cm?3) is a function of
Sm,0,, Eu,0,, and Dy,O, concentration as shown in Figure 1.
The glass samples density tends to increase with increasing
of Sm,0,, Eu,0,, and Dy,O, _concentrations. This means
that there is change in the structural arrangement of the
dopant concentration that was added to the glass sample
network. It also shows that boron oxide is replaced by

Sm,0,, Eu,0,, and Dy,0, concentrations. The increased

density of glass samples is due to a higher molecular
weight for Sm,0,, Eu,0,, and Dy,0, than any other composition

273 273
found in the given glass samples system.
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Figure 1. Density of glass samples.
Optical Properties
The absorption spectra for the Sm.O,, Eu,0, and

Dy,0, doped with Ca0: Gd,O,: SiO,: B,O, glass samples.
The absorption spectra of Sm* ions show eleven absorption
bands at 360, 373, 403, 475, 944, 1077, 1225, 1368, 1468,
1520, and 1586 nm due to the transition spectra of GHS/z to
4Ds/z’ 6P7/2' 6Ps/z' 4|11/2' 6Fn/z’ 6Fg/z' 6F7/z' 6Fs/z’ 6F3/z’ 6Hls/z' and
GFU2 respectively,’®® as shown in Figure 2. The absorption
spectra of Eu® ions show two absorption bands at 2100
and 2203 nm due to the transition spectra of ’F, and F,
respectively,> ® 819 as shown in Figure 3. The absorption
spectra of Dy** ions show nine absorption bands at 387,
426, 455, 751, 805, 898, 1085, and 1261 nm due to the
transition spectra of (“IB/2 + 4F7/2+ “Mmz + 4K17/z)' 4Gn/z,
4|15/2' 6Fa/z' 6F5/2' 6F7/z' (6H7/2 + 6Fg/z)' (6F11/z + 6H9/z)' and °H
respectively,'” 182023 35 shown in Figure 4.
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Figure 2. Absorption spectra of Sm,0, doped GDSB Glass.
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Figure 3. Absorption spectra of Eu,0, doped GDSB Glass.
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Figure 4. Absorption spectra of Dy,0, doped GDSB Glass.

X-ray Luminescence properties

An X-ray of 50 kV and 30 mA were irradiated onto
glass samples. The X-rays included an optical luminescence
spectra of the Sm,0,, Eu, O, and Dy,0, doped with CaO:
Gd,0,: SiO,: B,0, glass samples. They were then compared
with BGO scintillation crystals having the same size and
shape. Glass doped with Sm_O, at 0.35 mol% are shown in
Figure 5. The total area under peak of spectrum, the integral
scintillation efficiency of 0.35 mol% Sm3* doped glass
samples and found that 25% of BGO scintillation crystal.
The emission peaks of Sm** ions show four emission peak
at 560 (‘G,,>°H, ), 598 (‘G,,>°H, ), 645 (G, ,>°H, ) and
705 (465/296H11/2) nm respectively.’**® Glass doped with
Eu,0, at 0.30 mol% are shown in Figure 6. The total area
under peak of spectrum, the integral scintillation efficiency of
0.35 mol% Eu** doped glass samples were found to be 13%
to that of BGO scintillation crystals. The emission peaks of
Eu** ions show five emission peaks at 578 (°D,—>’F ), 590
(°D,~>7F), 616 (*D,~>F,), 652(°D,>7F,), and 703 (°*D,~>’F,) nm
respectively.> ® ** * Glass doped with Dy,0, at 0.45 mol%
are shown in Figure 7. The total area under peak of spectrum,
the integral scintillation efficiency of 0.45 mol% Dy** doped
glass samples was found to 27% that of BGO scintillation
crystals. The emission peaks of Dy** ions show four emission
peaks at 482 (*F,,>°H,, ), 577('F,,>°H,, ), 661 (*F,,>°H
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Figure 5. Comparison of X-ray luminescence of BGO with GCSB doped with
Sm,0, at 0.35 mol%.
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Figure 6. Comparison of X-ray luminescence of BGO with GCSB doped with
Eu,0, at 0.35 mol%.
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Figure 7. Comparison of X-ray luminescence of BGO with GCSB doped with
Dy,0, at 0.35 mol%.
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Conclusions

The glass concentration in the formula (55-x)
B,0,-10Si0,- 25Gd,0,-10 CaO- xA,O, when A,0,=Sm.0,,
Eu,O, and Dy,0,, where x=0.05, 0.10, 0.15, 0.20, 0.25,
0.30, 0.35, 0.45, and 0.50 respectively have been grouped
based on their physical, optical, and luminescence properties.
The experimental results show that the glass sample
densities tended to increase with an increase in Sm_O,,
Eu,0,, and Dy,0, concentration. Absorption spectra of
Sm3 ions show eleven absorption bands at 360, 373, 403,
475, 944, 1077, 1225, 1368, 1468, 1520, and 1586 nm due
to the transition spectra of SHS/Z to 4D3/2, 6Pm, 6P3/2, 4I11/2,
6Fn/z, GFQ/Z, ﬁFm, 6FS/Z, 6F3/2, 6H15/2, and 6F1/2 respectively.
Absorption spectra of Eu** ions show two absorption bands
at 2100 and 2203 nm due to the transition spectra of
’F,and F_ respectively. Absorption spectra of Dy*" ions
show nine absorption bands at 387, 426, 455, 751, 805,
898, 1085, and 1261 nm with due to the transition spectra
6°f (4|13/2 + 4F7/2 + 4Mz1/2 + 4|<17/2)' 4611/2' 4I15/2’ SF3/2’ .GFS/Z’
Foo (6H7/2 + 6F9/2), (6F11/2 + GHQ/Z), and "’Hn/2 respectively.
Emission peaks of Sm3* ions show four emission peaks
at 560 (‘G,,>H, ), 598 (‘G,,>°H, ), 645 (‘G,,>°H, ),
and 705 (465/296H11/2) nm respectively. For glass doped
with Sm_O, at 0.35 mol%, the total area under peak of
spectrum and the integral scintillation efficiency of 0.35 mol%
Sm3* doped glass samples was found to be 25% that of
BGO scintillation crystals. The emission peaks of Sm3*
ions show four emission peaks at 560 (*G., —>°H_, ), 598

5/2 5/2
(*G,,”°H, ), 645 (*G,,>°H, ), and 705 (*G_,>H, ,) nm

5/2 9/2 5/2 11/2
respectively. Glass doped with Eu,0, at 0.30 mol%, the
total area under peak of spectrum and the integral scintillation
efficiency of 0.35 mol% Eu** doped glass samples was found
to be 13% to that of BGO scintillation crystals. The emission
peaks of Eu** ions show five emission peaks at 578 (*D,>F ),
590 (°D,~>7F,), 616 (°D,>7F,), 652(°D,>7F,), and 703
(°*D,~>’F,) nm respectively. In Glass doped with Dy,0, at
0.45 mol%, the total area under peak of spectrum and the
integral scintillation efficiency of 0.45 mol% Dy** doped
glass samples was found to be 27% that of BGO scintillation
crystals. The emission peaks of Dy3* ions show four
emission peaks at 482 (*F, ,>°H , ), 577 (*F,,,>°H , ),
661 (*F,,>°H,, ,), and 751 (*F,,>°H, +°F ) nm, respectively.
There is great interest in developing scintillation materials
for industrial and medical use in the future.
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