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1. ABSTRACT

In the present work the glass of composition 40 % SiO2, 5 % Al2O3, 15 % Na2O, 5 % CaO ,
12,5 % NaF , 21 % CaF2 and 1.5 % Sb2O3 (mol%) was prepared to investigate the
crystallization of CaF2 in the parent glass matrix. To accelerate the crystallization and to
develop the up conversion fluorescence property Er2O3 was doped in 0.5% , 1 % and 1.5 %
(mol%). The casted glass was subjected to thermal treatment between 600 – 750 oC. To
observe the effect of rare earth on crystallization glass samples were examined in DSC.
Spectroscopic

property

of

the

base

glasses

were

studied

using

UV-Visible

spectrophotometer. Phase authentication was carried out using X-Ray diffraction analysis.
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2. Introduction

The rare-earth doped solid-state upconverter can find applications in numerous photonic
devices including color displays, upconversion lasers, sensors, infrared laser viewers, and
optical data storage etc. For these applications rare earth doped oxyfluoride transparent nano
glass ceramics, are more appropriate for practical applications due to their low phonon energies
compared to oxide glasses as well as excellent chemical durability and mechanical strength
compared to fluoride glasses. Since long highly efficient upconversion luminescence of rare
earth ions are obtained in PbF2 and CdF2 nano-crystals. Today, the demand for alternative
materials of Pb and Cd is growing, since they have been designated as toxic substances. CaF2
can be considered as alternative material for PbF2 and CdF2. Therefore, the effect of rare earth
doping into CaF2 nano-crystals in oxide glass matrix are of scientific and technical interest.
The present work aims to develop the CaF2 nano crystals in silicate glassy matrix and study of
the effect of Er3+ doping upon crystallization behavior and spectroscopic properties.
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3. Literature review
Rare-earth doped low phonon optical glasses are important materials for infrared solid lasers,
optical broadband amplifiers, upconversion laser, and visible display devices etc. For this
purpose the glassy host is required to possess a minimal absorption coefficient within the
wavelength region of interest, plus the capability of incorporating large rare earth
concentrations, low vibrational energies, transparency and a high refractive index.
Advantages of conventional glass and glass ceramic processing are as follows:
1.

Glasses can be synthesized in various shapes and without the same size limitation by
melt quenching method. No costly instrument is required for fabrication of glassy
materials

2. For practical applications, oxide glasses have an advantage superior to fluoride glasses
due to their chemical durability, thermal stability, and mechanical strength.
3. It is well recognized that crystallization of glass is one of the effective methods for
fabrication of nanostructures
But Limitation of oxide glasses are
1. the maximum doping level is limited due to rare-earth (RE) clustering tendency
2. large phonon energy of these oxide glasses increases the non radiative decay rate that
reduces the luminescence efficiency
One the other hand fluorides materials have the following advantages.
1. Fluoride material can offer a low phonon environment favorable to enhance the
radiative rate and quantum efficiency.
2. Fluoride single crystals can produce narrow fluorescence line widths and enhanced
emission cross sections relative to glasses.
3. Fluoride nano crystal is preferred over the oxide one mainly to avoid non-radiative
transitions [1].
4.The solubility of the rare earth is also larger in the fluoride medium than in the oxide [2].
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But poor chemical and mechanical properties and low laser damage threshold make fluorides
unsuitable for practical use and also are costly to produce. Fluoride crystals also have
maximum size limitation.
The invention of rare earth ions-doped transparent oxyfluoride glass ceramics containing
fluoride nanocrystals have attracted great interest due to their excellent optical properties like
fluoride crystals and good mechanical, chemical properties like oxide glasses. The advantages
of these materials are that the rare earth ions are incorporated selectively in the fluoride crystal
phase with lower phonon energy after heat-treatment and the material remains transparent due
to much smaller size (which is essentially in nanometer range) of precipitated crystals than the
wavelength of visible light.

The portioning of rare-earth ions into fluoride crystalline environment with large band gap and
low phonon energy is necessary for the enhancement of up-conversion fluorescence properties
of oxyfluoride glass ceramics. It is well known that, besides the rare earth ions concentration,
the thermal treatment conditions, and the microstructure of glass ceramics, also affect the upconversion fluorescence of the material.
According to Judd-Ofelt theory, the enhancement of up conversion is attributed to the decrease
in parameter Ω2 [3,4] Ω2 is sensitive to the environmental configuration symmetry of rare-earth
ions, and it decreases with the changing of the host from a covalent bond with the oxide ligand
to a predominantly ionic bond with the fluorides [5]. With the increasing of thermal treatment
temperature, the volume fraction of crystals as well as the crystallinity of fluoride nano-crystals
containing rare earth ions increases, thereby causing more rare earth ions to be located at a
more symmetrical site, which results in the decrease of Ω2. With an increase in the heating
temperature, the emission lifetime, the quantum efficiency and the intensities of near-infrared
and up-conversion emissions increases significantly, due to the fact that more fraction of rare
earth ions incorporated into the precipitated fluoride nano-crystals of lower phonon energy. It is
well known that the upconversion luminescence of rare earth ions is usually baffled by the
multiphonon relaxation. The multiphonon relaxation probability depends primarily upon the
energy gap between two successive levels and the phonon energy of the host [6] The smaller
is the phonon energy of the host, the lower is the multiphonon relaxation probability.
Thus it can be concluded that the luminescence properties of rare earth ions in transparent
glass ceramic systems strongly depend on the chemical composition of the host and the thermal
8

treatment conditions. Even a slight component modification of the host matrix or a change of
annealing time and temperature influence glass devitrification and the degree of rare earth
incorporation into the crystalline phase. The local environment and its modification, as well as
the concentration and distribution of the optically active ions in the crystalline and noncrystalline
part of the host matrix affect the emission parameters like intensity, efficiency, cross section,
line width, and lifetime. These parameters play an important role for selection of the rare earth
doped luminescent materials.
Er3+ ion is one of the most useful rare earth dopants because it can be utilized as fiber amplifiers
of 1.5 μm telecommunication range and for the upconversion lasers of visible green emission.
Thus it is interesting to investigate the evolution of spectroscopic properties of CaF 2 containing
oxyfluoride glass ceramic doped with Er3+ ions in this materials. A schematic energy diagram of
different energy level of Er3+ ion is presented in Fig.1.

Fig 1: Simplified energy-level diagram of Er3+ ions and the possible up conversion mechanisms

Till now various researchers has already worked on different aspects of CaF2 based transparent
Glass ceramics which are listed below
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4. OBJECTIVES OF THE THESIS
1. Development of rare earth doped CaF2 based glass and glass ceramic.
2. Effect of Rare earth on crystallization behavior of glass ceramics
3. Study of spectroscopic properties.
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5.

EXPERIMENTAL WORK

5.1 BATCH COMPOSITION PROVIDED
Compositions of various glass-ceramic were studied in order to choose appropriate composition
for our purpose. While going through different journals, following observations were made which
reflects the effects of various chemicals on bioactivity of glass and glass ceramics.
Some of standard composition glass-ceramics are in Table1.

PARENT BATCH COMPOSITION

ELEMENT

MOLE%

SiO2

40

Al2O3

5

Na2O

15

CaO

5

NaF

12.5

CaF2

21

Sb2O3

1.5

BATCH 1 : 20gm (0.5Er2O3)
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ELEMENT

MOLE%

SiO2

40

Al2O3

5

Na2O

15

CaO

5

NaF

12

CaF2

21

Sb2O3

1.5

Er2O3

0.5

Now, Er2O3 is being doped with varying in amount
BATCH 2 : 20gm (1Er2O3)

BATCH 3 : 20gm (1.5Er2O3)

ELEMENT

MOLE%

ELEMENT

MOLE%

SiO2

40

SiO2

40

Al2O3

5

Al2O3

5

Na2O

15

Na2O

15

CaO

5

CaO

5

NaF

11.5

NaF

11

CaF2

21

CaF2

21

Sb2O3

1.5

Sb2O3

1.5

Er2O3

1

Er2O3

1.5

5.2 GLASS MELTING
Raw Materials as provided were taken in different compositions and were
approximately weighed and batch calculations were done. After getting appropiate
samples each sample was mixed thoroughly in the specified mixing method. Each
samples were taken in the Pt crucible, before using these crucibles they were
properly washed out using NaOH and Na2CO3, heating it at 1600oC and then dipping
in the HCl after bubbling is over , again kept in furnace at 1000oC-1200oC.It is done
in order to make sure that we are using proper cleaned off crucibles. Sample system
with the Pt crucibles are kept in old furnace at 1450oC/2hrs.Molten glass is taken out
by melt quenching method. Annealing is done at 300oC.
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5.3 CHARECTERIZATION
5.3.1

Thermal

Thermal decomposition of preferred Glass samples were studied using differential scanning
calorimetric and thermo gravimetric (DSC-TG) by heating the sample at 10/min in argon in a
thermal analyzer (Nietzsche, Germany).

5.3.2

UV SPECTROSCOPY

The three glass ceramic samples were analyzed by the UVSpectroscope It uses light in the
visible and ultra violet ranges.

5.3.3

X-ray diffraction

The phase identification of the glass ceramic samples were characterized by Philips X-Ray
Diffractometer PW 1730 with nickel filtered Cu Kα radiation (1.5406 A˚) at 40 kV and 30mA. Xray diffraction was done at an angle of 10-80 continuous at 0.004 speed.
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6.

RESULTS AND DISCUSSIONS

Fig 2: DSC graph of glass containing doped with 1.5 mol % Er2O3
Fig 2 shows DSC graph of glass containing doped with 1.5 mol % Er2O3. It has been observe
that two different sharp crystallization peaks appear at around 722oC and 835oC.
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Fig 3: DSC graph of glass containing doped with 0.5 mol %and 1 mol % Er2O3
Fig 3 shows DSC graph of glass containing doped with 0.5 mol %and 1 mol % Er 2O3. It has
been observe that two different sharp crystallization peaks appear at around 642 oC and 651oC
for 0.5 mol %and 1 mol % Er2O3 doped glass respectively. It has been observed with increasing
Er2O3 content crystallization peaks shift towards higher temperature.
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Fig 4: UV visible absorption spectra for 0.5 mol% Er2O3 glass

Fig 5: UV visible absorption spectra for 1 mol% Er2O3 glass

Fig 6: UV visible absorption spectra for 1.5 mol% Er2O3 glass
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Fig 7: UV visible absorption spectra for without Er2O3 glass
From Fig 4 to 7 show different absorption spectra for Er2O3 glass
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Fig 8 : XRD pattern for 1 % Er2O3 doped glass heat treated at 650oC for 0.5 hours
Fig 8 shows onset of CaF2 formation at 650oC.
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Fig 9 : XRD pattern for 0.5 % Er2O3 doped glass heat treated at 650oC for 0.5 hours
Two different glasses are heat treated at 650oC which shows that with 1 mol% Er2O3 doping
crystallization was better and glass ceramics also maintained it transparency.
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7. CONCLUSIONS
It could be concluded that :
(1) with increasing Er2O3 content crystallization shifts towards higher temperature and 650oC is
the temperature at which 1mol% Er2O3 glass shows good crystallization.
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