














                                                                                                                                                          

OBJECTIVES OF THE PROJECT                                                                                I                                                   

         Nanophosphors have been extensively investigated during the last decade due to their 

potential applications for various high performances and novel displays devices.  Rare earth 

doped alkaline earth aluminates particularly rare earth doped SrAl2O4 nanophosphor exhibits 

very bright and long lasting phosphorescence. Conventional synthesis of strontium aluminate 

phosphors is the solid-state reaction method, which requires extremely high temperature and a 

long period of sintering time. As a result, the size of the particles is relatively large and it is 

difficult to crush the hard phosphor blocks into small particles, which decreases the 

luminescence intensity. However, preparations of aluminates by combustion synthesis are less 

common. Therefore, we have synthesized rare earth doped SrAl2O4 material by a low-

temperature initiated combustion process. The effect of this method on the particle size was also 

the aim.  In recent years, some rare earth  doped SrAl2O4  materials have  been  developed  

whose  ML  emission  could  be  seen  in the day  light  with  naked  eye. Previously the 

mechanoluminescent materials used were giving very weak intense signals, so, the ML 

dosimetry was not possible. But now with the development of very bright and long lasting 

mechanoluminescent materials it is expected that there is possibility of ML dosimetry by these 

materials.  

         The objective of the   present project was to synthesize nanophase rare earth doped SrAl2O4 

phosphor by combustion technique. The synthesized samples were to be characterized by XRD, 

SEM/TEM for structural and nanophase characterization. The mechanoluminescent and 

photoluminescent properties were to be studied. The possible application of the material in ML 

Dosimetry was also planned to be studied. 

The studies of ML have been made with respect to following points. 

(i)  Dependence of ML intensity on UV- irradiation dose given to the phosphor. 

(ii)  Dependence of ML intensity on applied load. 

(iii) Effect of concentration variation of rare earth doping on the ML intensity. 

The studies on photoluminescence (PL) includes 

(i) Effect of concentration variation of rare earth doping on the ML intensity. 

(ii) The effect of the particle size on the pholuminescence emission spectra. 

(iii)  Dependence of PL intensity on UV- irradiation dose given to the phosphor. 



                                                                                                                                                          

Objectives Achieved                                                                                       IA 

             The SrAl2O4:Eu2+ phosphor, SrAl2O4:Dy3+ phosphor and SrAl2O4:Eu2+, Dy3+ were 

successfully synthesized by the combustion method using H3BO3 as the flux. The phase structure 

of the phosphor was found consistent with standard tetragonal crystallography and was in well 

accordance with the JCPDS files.  From the XRD and TEM analysis, average particle size of 

SrAl2O4: RE phosphor were in nanometer. The results showed that the doping process does not 

made significant changes to the morphology and size of the nanostructures. Under the ultra-

violet excitation, the prepared SrAl2O4:Eu2+ phosphor emitted green light with peak at 515 nm, 

which was confirmed from the calculated CIE coordinates which were found to be very close to 

standard green light for human eyes for Eu and Eu,Dy doped samples whereas the trivalent 

dysprosium showed two intense fluorescence peaks in the blue and in the yellow-orange 

wavelength region. Brighter ML peak was recorded for the sample having H3BO3 as compared to 

the sample without H3BO3. Increase in the ML intensity was found with increasing concentration 

of Dy and the maximum intensity was found for the sample with 3% of Dy. The ML intensity of  

SrAl2O4:RE nanophosphors were found to increase with increasing  stress or the  applied  

pressure close to linearity, so,  the  stress or  the pressure can  be  determined using the  ML 

intensity. Hence ML of SrAl2O4: RE could be used as stress sensor or pressure sensor or pressure 

indicator. It has been found that the ML intensity can be recovered with the exposure of sample 

to UV. Therefore ML Dosimetry may be possible in this material. The spectroscopic property of 

the Dy doped sample in the visible emission range is suitable for fabrication of white light lamp 

excited by 365nm UV light. Therefore, the sample has potential application for mercury free 

fluorescence lamp. 

 

 

 

 

 

 

 

 



                                                                                                                                                          

ACHIEVEMENTS FROM THE PROJECT                                                          IB 

         Strontium aluminates have generally been synthesized by the solid state route, requiring 

high calcination temperatures. We have achieved to synthesize the rare earth doped SrAl2O4 

nanophosphors with high brightness and long persistent luminescence at a lower temperature by 

combustion synthesis method.  The present work achieved to determine the exact role of fluxing 

agent H3BO3 on the phosphorescence characteristics of rare earth doped SrAl2O4 nanophosphors.  

This project was on nanoparticles, which itself is an interdisciplinary field of research. It gave a 

chance to collaborate with other scientific community. It enhanced the scientific knowledge 

about the nature of the material and the effect of particle size on the luminescence properties of 

rare earth doped SrAl2O4 nanophosphors. A man power was trained for this project. The effect of 

UV radiation on the mechanoluminescence of strontium aluminates nanophosphors was very 

firstly done by us to best of our knowledge. A major instrument to measure the 

photoluminescence of the materials was purchased, which is an asset to the college. Six papers in 

the reputed international journal were achieved during this project. 

 

CONTRIBUTION TO THE SOCIETY                                                                               III 

 

      The effect of UV radiation on the human society and environment is a great matter of 

concern in recent days. In recent years the investigation of mechanoluminescent materials 

exhibiting intense ML intensity during their deformation has attracted the attention of a large 

number of workers. As ML emission is associated with stress, fracture and damage of solids, so 

such inherent behavior of ML material could be used to fabricate mechanoluminescent stress, 

fracture and damage sensors. The intense mechanoluminescent materials have been reported to 

be suitable for the real-time sensing of the strength and location of damages caused by the 

dynamic events in an object. Rare earth doped strontium aluminate phosphors have been found 

useful in the real-time visualization of stress distribution in solids. This ML materials show 

promising application to stress sensing techniques. The stress sensing using UV irradiation is a 

new dimension to it. The ML materials have also been found useful in the fuse system for army 

warhead. The present study has relevance and importance for the society because, rare earth ions 

are good activator for preparation of sensors based on mechanoluminescence for example, 



                                                                                                                                                          

detecting earthquakes, damage detection in airplanes or cars as ML sensors are employed to 

detect environmental stress by means of emitted light. The spectroscopic property of these rare 

earth ions (Eu, Dy and Eu Dy) in the visible emission range is suitable for fabrication of white 

light lamp excited by 365nm UV light. Therefore, they have potential application for mercury 

free fluorescence lamp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                                          

 

SUMMARY                                                                                                 II 

 

    Mechanoluminescence (ML) is a type of luminescence induced by mechanical deformation 

and fractures of solids, involve the generation, transport and recombination of free charge 

carriers followed by radiative and non-radiative decay of excited gas molecules and 

luminescence centres in solids as well as during the electrons-hole recombination. The light 

emissions induced by elastic deformation, plastic deformation and fracture of solids are called 

elastico ML(EML), plastico ML(PML) and fracto ML(FML), respectively. ML can by excited 

by grinding, cutting, cleaving, rubbing, shaking, scratching, compressing, loading, crushing or 

impulsive deformation of solids. It can also be excited by thermal shocks caused by drastic 

cooling or heating of materials or by the shock-waves produced during exposure of samples to 

laser pulses or ultrasonic waves. ML also appears during the deformation caused by the phase-

transition or growth of certain crystals as well as during separation of two solids in contact. 

           The development of materials with strong ML intensity is an important goal in exploring 

applications of ML in stress indicators and other mechano-optical devices. In the recent past, 

systematic materials research has been done and it has resulted in producing a variety of 

materials that emit an intensive and repeatable ML during deformation. The examples of 

mechanoluminescent materials are: coloured alkali halide crystals, ZnS: Mn, SrAl2O4: Eu, 

ZnGa2O4: Mn, MgGa2O4: Mn, BaAl2SiO8: rare earth element, Ca2Al2SiO7: Ce and few polymers 

etc. Strontium aluminates has particular properties such as high quantum efficiency, long 

persistence of phosphorescence and good stability hence they can be used for luminous paints in 

high way, airport, buildings and ceramic products.  

                         In the present work the SrAl2O4:Eu2+ phosphor, SrAl2O4:Dy3+ phosphor and 

SrAl2O4:Eu2+, Dy3+ were successfully synthesized by the combustion method using H3BO3 as the 

flux. The phase structure of the SrAl2O4:Eu2+ phosphor is consistent with standard tetragonal 

crystallography. The XRD graph of the prepared sample was in well accordance with the JCPDS 

files.  From the XRD and TEM analysis, average particle size of SrAl2O4: RE phosphor were in 

nanometer. The results showed that the doping process does not made significant changes to the 

morphology and size of the nanostructures. The radius of Eu2+ (1.12 Å) are very close to that of 



                                                                                                                                                          

Sr2+ (1.12 Å) rather than Al3+ (0.57 Å). Therefore, the Eu2+ ions are expected to occupy the Sr2+ 

sites in the SrAl2O4 host. Under the ultra-violet excitation, the prepared SrAl2O4:Eu2+ phosphor 

would emit green light with peak at 515 nm corresponds to the transitions of 4F9/2 → 6H15/2, 4F9/2 

→ 6H13/2 and 4F9/2 → 6H11/2 respectively. The PL emission exhibited a green light which was 

confirmed from the calculated CIE coordinates which were found to be very close to standard 

green light for human eyes for Eu and Eu,Dy doped samples whereas the trivalent dysprosium 

showed two intense fluorescence peaks in the blue and in the yellow-orange wavelength region. 

The maximum PL intensity as well as ML intensity was recorded for the sample with 3% of Dy. 

It is worthy to note that the dependence between ML intensity of SrAl2O4:Eu2+ phosphor and the 

load is close to linearity. For SrAl2O4: Dy3+ sample the ML intensity – time graph showed two 

peaks. Brighter ML peak was recorded for the sample having H3BO3 as compared to the sample 

without H3BO3. Increase in the ML intensity was found with increasing concentration of Dy and 

the maximum intensity was found for the sample with 3% of Dy.  Based on the above analysis 

this phosphors could also be used as sensors to detect the stress on an object. Thus, the 

combustion synthesis method furnishes a simple method for preparing aluminate based phosphor 

The ML intensity of  SrAl2O4:RE nanophosphors were found to increase with increasing  stress 

or the  applied  pressure, the  stress or  the pressure can  be  determined using the  ML intensity. 

Hence ML of SrAl2O4: RE could be used as stress sensor or pressure sensor or pressure 

indicator. It has been found that the ML intensity can be recovered with the exposure of sample 

to UV. Therefore ML dosimetry may be possible in this material. The spectroscopic property of 

the Dy doped sample in the visible emission range is suitable for fabrication of white light lamp 

excited by 365nm UV light. Therefore, the sample has potential application for mercury free 

fluorescence lamp.  

 


