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Study of Mechno-luminescence, thermoluminescence properties 
of solid state reaction derived Ce3+co-doped Ca2MgSi2O7:Eu2+ 

microphosphors and application for mechnoluminescent display 
device technology.

In this paper, we discuss a series of ce3+ co doped di calcium 
magnesium di silicate phosphors were synthesized by high tem-
perature solid state reaction method. Thermoluminescence prop-
erties of prepared sample also investigated. Their kinetic param-
eters [activation energy (E), frequency factor (s) and order of the 
kinetics (b)] of these phosphors were evaluated and compared 
using the peak shape method. FractoMechno- luminescence 
properties Ca2MgSi2O7:Eu2+ and Ca2MgSi2O7:Ce3+,Eu2+ phos-
phors. Their ML properties showed that when Ca2MgSi2O7:Eu2+ 
phosphor is co doped with Ce3+,  ML intensity was more (strongly) 
enhanced and their mechanoluminescence intensities of  Ca2Mg-
Si2O7:Eu2+ and Ca2MgSi2O7:Eu2+,Ce3+ phosphors increased pro-
portionally increased with the increase in impact velocity, which 
suggests that these phosphors can be used as mechnolumines-
cent display device such as fracture sensor, impact sensor, dam-
age sensors, safety management monitoring system etc . 

Keywords: Thermoluminescence(TL) , Mechnolumines-
cence(ML) , Kinetic parameters. 
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Introduction: 

In the 21st century, phosphor research activities 
boomed and they were very application oriented. 
In 2000, the new kind of long afterglow 
phosphors based on the silicate were 
synthesized. The phosphors based on the 
silicate are having good chemical and physical 
stability and has excellent water resistant 
property. Additionally, the silicate based 
phosphors also have many benefits such as heat 
permanency, bright intensity, low cost and 
varied luminescent colour from blue to red. 
Consequently the silicate based phosphors have 
a great commercial application. Generally, 
silicate based phosphors are synthesized by 
solid state reaction method [41].  

In this work, Di-Calcium magnesium Di-silicate 
(Ca2MgSi2O7) was selected as host material for 
preparation of phosphor by using solid state 
reaction method. The thermo-luminescence 
properties of the samples were measured and 
compared. In addition to the calculation of the 
trap depth and frequency factor for the long 
afterglow. In present work, the time dependence 
of the ML intensity versus time curve of  
Ca2MgSi2O7:Eu2+ and Ca2MgSi2O7:Ce3+,Eu2+ 
phosphors at different heights. It is seen that ML 
intensity increases with increasing dropping 
height of the piston. The experiment was carried 
out for a fixed mass of piston (400 gm) dropped 
at different heights 10, 20, 30, 40, 50 cm. Every 
time for the ML measurement, the quantity of the 
powder sample is constant and takes the fresh 
sample for observation. The maximum ML 
intensity has been obtained for the 54 cm 
dropping height for Ca2MgSi2O7:Eu2+ and 
Ca2MgSi2O7:Ce3+,Eu2+ phosphors. The ML 
intensity increases linearly with the increases 
the falling height of the moving piston; i.e., the 

ML intensity depends upon the impact velocity. 
Thus these phosphors can be used as  a sensor  

Experimental details: 

Sample Preparation: 

 In this work, CaCO3, MgO, SiO2.8H2O , Eu2O3 , 
Ce2O3 were employed as the raw materials. 
Small quantities of H3BO3 were added as a flux. 
The raw materials were mixed homogenously by 
the ball mill for 3h. The mixture of raw materials 
was ground to fine particle before sintering for 3h 
in air at 11000C. Thus the prepared sample is 
white powder.  

Characterization: 

Thermoluminescence properties were recorded 
at room temperature by using TLD I1009 
supplied NUCLEONIX spectroscopy, which 
used a 254 nm UV lamp and had a heater that 
heated upto 600 oC. The Mechnoluminescence 
intensity was measured by home-made setup.  

Result and Discussions: 

Thermoluminescence Properties  

The thermo-luminescence (TL) glow curve of 
Ce3+Eu2+ co-doped Ca2MgSi2O7 phosphors with 
different concentration were recorded and are 
shown in fig. In the fig, all the TL glow curve were 
first irradiated for 5min using UV source, then 
after radiation source was switch off and the 
irradiated sample were heated at a linear heating 
rate of 50C/S , from room temperature to 2500C. 
From the fig, initially the TL intensity increases 
with the temperature, attains a peak value for a 
particular temperature and then decreases with 
further increase in temperature. All the TL glow 
curves recorded exhibit rich structure and 
substantial intensity in the range from 50 0C to 
2500C. The depth of traps of prepared sample 
was calculated using glow peak method and half 
width method.
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Table: Evaluated Kinetic parameter of Ce3+ Co-doped Ca2MgSi2O7:Eu2+ phosphors  

 

Mechnoluminescence Properties:  

ML properties of Eu2+ doped Ca2MgSi2O7 
phosphor, Ca2MgSi2O7:Ce3+ Eu2+ phosphor 

The time dependence of ML intensity of 
Ca2MgSi2O7:Eu2+  and Ce3+ co-doped 
Ca2MgSi2O7:Eu2+   micro-crystals for different 
dropping height (35cm to 54 cm). When a 
moving piston was dropped on the samples from 
different heights, ML is produced due to fracture 
of micro-crystals. It was showed that two 
distinguish peaks are observed and First peak 
occurrence is due to the recombination of 
electrons and the holes at the luminescence 
centre. Since the mechanical energy cannot be 
supplied directly to the trapped charge carrier, 
deformation induced intermediate process is 
responsible for the de-trapping of the charge 
carriers. However the second peak is due to the 
delayed de-trapping of the electrons and their 
subsequent recombination with the holes. The 

occurrence of second peak, which occurs in the 
post deformation region, may be due to the 
captures of carriers by the shallow traps lying 
away from the newly created surfaces where the 
electric field near the surface is not so effective. 
The release of trapped charge carriers from 
shallow traps may take place later on due to 
thermal vibration of lattices and therefore a 
delayed ML (second peak) may be produced, 
which may lie in the post deformation region of 
the phosphor.  the ML intensity increases linearly 
with increase in the falling height of the load.  ML 
glow curve showed maximum ML intensity for 
54cm dropping height. The ML intensity also 
showed variation with the mass of the sample. 
When we increase the mass of the sample, the 
number of crystallites increases and there by the 
increasing the ML peak intensity as shown in fig.  
It is also observed that the strongest ML intensity 
could be obtained in the order of 
Ca2MgSi2O7:Ce3+,Eu2+>>Ca2MgSi2O7:Eu2+. 

 

 

 

Fig 5 shows the characteristic ML induced by the 
impact of a moving piston onto the UV irradiated 
Ca2MgSi2O7:Eu2+  , Ce3+ co-doped 
Ca2MgSi2O7:Eu2+   phosphor with different 
irradiation time. It was seen that, initially ML 
intensity increases with increasing UV irradiation 

time, attains a maximum value then decreases 
with further increase in UV irradiation and finally 
disappear. The mechanism of ML in UV –
irradiated and rare earth activated silicate based 
phosphors could be explained as follows: when 
the silicate based sample is exposed to ionizing 
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radiation the defect centres like cat-ion 
vacancies and silicate radicals are created. On 
increasing the UV dose, the density of defect 
centres increases. When the sample is fractured 
by the impact of the piston, the oppositely 
charged new surfaces are created and an 
intense electric field is produced near the crack 
tip. This electric field, due to the bending of 
valance band, conduction band or trapping 

levels causes tunneling of holes from the hole 
trapping centres to valance band. The 
subsequent recombination of the holes at rare 
earth site (produced on irradiation) may release 
energy. This non- radiative energy may be 
transferred to rare earth ion causing its excitation 
and the subsequent de - excitation of rare earth 
ion causing its characteristic luminescence . 

 

 

 

Conclusion:  

In Summary, Ce3+ co-doped Ca2MgSi2O7:Eu2+ 
are prepared by the solid state reaction method. 
Thermoluminescence glow curve has been 
observed that , a single glow peak was occured 
in all the TL glow curves of  Ca2MgSi2O7: 
Eu2+,Ce3+ codoped phosphor . The single 
isolated peak due to the formation of only one 
type of luminescence centre which is created 
due to the UV irradiation. From the ML curves, it 
is clearly observed that  Ce3+ is more effective 
dopant for the enhancement of ML intensity in 
Ca2MgSi2O7 phosphor. However, in Ce3+ is 
found most suitable dopant for enhancing the ML 
intensity. It is also observed that the strongest 
ML intensity could be obtained in the order of 
Ca2MgSi2O7:Ce3+,Eu2+>> Ca2MgSi2O7:Eu2+ for  
35-54cm. 
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