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The effect of temperature on the mechanoluminescence (ML) intensity of -irradiated Dy activated potassium magnesium 
mixed sulphate has been investigated.  The ML intensity as well as the time corresponding to ML peak decrease with 
increasing temperature of the sample.  The probable factor responsible for decrease in ML intensity has been discussed in 
this paper. 
 
 
I. INTRODUCTION 
 
The emission of light as a result of deformation and 
fracture of solids is known as mechanoluminescence 
(ML)1,2.  A large number of inorganic salts3 and 
organic molecular solids4 show ML. Complexes of 
rare earth elements such as Dy, Eu are considered 
particular mechanoluminescent materials.  The rare 
earth doped mixed alkali sulphate and alkaline earth 
sulphate such as K2Ca2 (WO4)3, K3Na(WO4)2, 
K2Mg2 (WO4)3 etc. have high potential due to their 
excellent optical and dosimetric properties5-7. 
The effect of temperature on ML has been the subject 
of great interest because it has helped in 
understanding the basic mechanism of ML excitation 
in the crystals.  The study of temperature dependence 
of ML is also interesting as many substances, which 
are not luminescent at room temperature show this 
phenomenon at low temperature.  In some substances, 
luminescence is exhibited at room temperature and 
luminescence yield increases with increasing 
temperature. 
In the present paper the effect of temperature on ML 
properties of -irradiated Dy activated CaWO4 
samples have been reported. 
 
II. EXPERIMENTAL 
 
The mixed sulphate samples have been prepared by 
solid state diffusion method.  For preparation of 
CaWO4sample the constituent sulphates  K2WO4 and 
MgWO4 were taken in molar ratio 1:2 and for 
preparation of K2Mg(WO4) 2 sample, they were taken 
in molar ratio 1:1.  We have used Dy2O3 for 
incorporation of Dy in K2WO4-MgWO4 system. 
In solid state diffusion method, the requisite amount 
of AR grade K2WO4, MgWO4 and Dy2O3 (as per 
mole concentration) were mixed for one hour and 
heated up at 800°C in porcelain crucible in open air 
for 24 hours, then cooled very slowly.  It was then 
annealed at 750°C for one hour and quenched to 
room temperature. 
The formation of potassium magnesium mixed 
sulphate samples was confirmed by taking X-ray 

diffraction (XRD) pattern and comparing with the 
reported data (JCPDS card No. 19-974).  The -
irradiation was carried out by using a 60Co source 
having the dose rate of 2.806x103Gy/hr.  The ML was 
excited impulsively by dropping a load of 300 gm 
onto 1 mg of -irradiated sample placed on the lucite 
plate with the impact velocity of 171 cm/s.  For 
heating the sample, a ceramic cylinder was placed on 
the wooden platform of ML measurement device and 
heater coil was wound round the ceramic cylinder.  
The heater coil was connected to a variac and the 
temperature was measured directly by chrometalumel 
thermocouple.  The ML intensity is highest for 1 
mole% Dy in (K2Mg2:Dy) (WO4)3 sample and it is 
highest for 0.5 mole% of Dy in (K2Mg2:Dy) (WO4)2 
sample, so the results of these samples have been 
reported.  In the present investigation the temperature 
of the sample was varied from room temperature to 
85°C.  The luminescence was monitored by RCA 931 
photomultiplier tube positioned below the lucite plate 
and connected to storage oscilloscope (SCIENTIFIC 
HM-205). 
 
III. RESULTS AND DISCUSSION 
 
Figure1 shows the time dependence of ML intensity 
of -irradiated (K2Mg2:Dy) (WO4) 3, (1 mole%) 
sample at different temperatures.  It is seen that only 
one peak is observed in the whole range of 
temperature investigated.  It is also clear that the ML 
intensity decreases and the time corresponding to ML 
peak tm shifts towards shorter time values with 
increasing temperature of the sample. 
Figure 2 shows the temperature dependence of total 
ML intensity (i.e. area below ML intensity versus 
time curve) of (K2Mg2: Dy) (WO4) 3 (1 mole %) 
sample.  It is seen that initially the total ML intensity 
decreases faster in the temperature range 30 to 55°C 
then its decrease becomes slower. 
Figure 3 shows the time dependence of ML intensity 
of (K2Mg:Dy) (WO4) 2 (0.5 mole %) sample at 
different temperatures.  It is clear that the ML 
intensity as well as the time corresponding to ML 
peak (tm) decrease with increasing temperature.  
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However, the ML intensity is lesser and the time 
corresponding to ML peak is greater than their 
respective values for (K2Mg2:Dy) (WO4) 3, (1 mole 
%) sample. 
Figure 4 shows the temperature dependence of total 
ML intensity of (K2Mg:Dy) (WO4)2 (0.5 mole %) 
sample.  It is clear that the total ML intensity 
decreases with increasing temperature but it is also 
noticed that the decrease in total ML intensity is 
slower than that of (K2Mg2:Dy) (WO4)3 (1 mole%) 
sample 
Figure 5 shows the temperature dependence of the 
time corresponding to ML peak of (K2Mg2:Dy) 
(WO4)3, (1 mole%) and (K2Mg:Dy) (WO4)2 (0.5 
mole%) samples.  It is seen that for both the samples 
the time corresponding to ML peak decreases with 
increasing temperature. 
The probability of ML excitation depends on many 
physical properties of the samples, like rate of 
radiative recombination, charge leakage, fracture 
stress etc., it is not yet possible to approach 
quantitatively the effect of temperature on the ML of 
phosphors.  The impulsive deformation of phosphors 
has confirmed that the fracture of crystallites is 
primarily responsible for the ML emission.  The ML 
intensity in phosphors will depend strongly on the 
charge density and the charge distribution on the 
fracture surfaces near the crack tip.  The following 
factors may be responsible for decrease in the ML 
intensity with increasing temperature of the sample: 
(i) considerably less fracture surface is being created 
at higher temperature, (ii) the charge density is not 
reaching the same values during fracture as at lower 

temperature, and (iii) the charge is leaking more 
rapidly out of the fracture surface due to increase in 
the conductivity at higher temperature. 
Since the ML excitation takes place instantaneously 
with the creation of new surfaces, the first two factors 
may be more responsible than the third one.  It can 
also be speculated that when the temperature of the 
sample is increased the probability of escape of the 
charge carriers from the defect centres increases i.e. 
thermal detrapping of the defect centres takes place 
causing the decreases in their density with decrease in 
the density of defect centres, the ML intensity also 
decreases. 
The time corresponding to ML peak is directly related 
to the lifetime of the holes in the valence band.  Since 
the lifetime of the holes decreases with increasing 
temperature, the value of tm also decreases. 
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Fig. 1  Time dependence of ML intensity of  -irradiated  (K2Mg2:Dy) (SO4)2 (1 mole%) sample at different temperature..
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Fig. 2  Temperature Dependence of the Total ML intensity of             -irradiated  (K2Mg2:Dy) (SO4)3 (1 mole%) samples.

-dose 2.806x103Gy. 
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Fig. 4  Temperature Dependence of the Total ML intensity of   -irradiated  (K2Mg2:Dy) (SO4)2 (0.5 mole%) samples.

-dose 2.806x103Gy. 
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Fig. 3  Time dependence of ML intensity of  -irradiated  (K2Mg2:Dy) (SO4)2 (1 mole%) sample at different temperature..
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