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'' Totar work done in the project (Duration: Jury 2010 _.Iune2013)

rhere are two outstanding processes by which a materiar can become a generator or origin of'ight (radiation) after absorbing suitable extraneous primary energy. In one process the"bsorbed energy is converted (degraded) into row-quantum-energy 
heat that diffuses through:he material which then emits radiation cailed thermal radiation. In the other process an'ppreciable part of the absorbed energy is temporarily localized as relativery high-quantum-3nergy excitation of atoms or small groups of atoms which then emit radiation cared.uminescence radiation. The term ,,luminescence,, 

was introduced into literature by"\'iedemann 
in 1888' Luminescence is a general term for the emission of erectromagnetic:adiation from the substance during or following the absorption of energy from suitables'lurces such as U'v radiation, X-rayb or high energy particre. The energy lifts the atoms of:le material into an excited state' and then, because excited states are unstabre, the material:oes back to its ground state' and the absorbed energy is liberated in the form ofeither right-'r heat or both' Luminescence is a consequence of the radiative recombination of the excited:lectrons/holes. Luminescence process involves at least two steps _ a) Excitation of
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electronic system of the substance and b) The subsequent emission of photon. These two
steps may or may not be separated by intermediate process. Depending upon types of
excitation source there are different types of luminescence photoluminescence,

Mechanoluminescence, Thermoluminescence, Cathodoluminescence, Electroluminescence,
chemiluminescence, Lyoluminescence, Sonoluminescence etc.

Mechanoluminescence (ML) is an important physical phenomenon where an emission
of light is observed due to mechanical deformation of materials when they are subjected to
some mechanical stress like rubbing, cleavage, compressing, impulsive crushing, grinding,
shaking etc' [1-5]. Emission via ML has also been observed due to many other processes e.g.
thermal shocking (immediate cooling or heating), phase transition and separation of two
different materials in contact. ML.can be due to both the elastic and plastic deformation of
the solids' Depending upon the nature of mechanical stress, ML has also been termed as
fractoluminescence, elasticoluminescence, plasticoluminescence and triboluminescence in the
iiterature [6, 7]'Many organic and inorganic crystals, polymers, ceramic and glasses have
shown to exhibit ML I8]. ML has found various important applications such as impact
sensors in spacecrafts (the emission intensity can be used to determine the kinetic energy of
impact), fracture sensor, damage sensor, sensor for stress and its distribution in the solids,
crack propagation in solids and understanding of the basic mechanism of crack growth [9-
111' Chandta et al. have presented various theoretical studies on various kind of ML 14, 12-
151' Thermoluminescence (TL) in solids is the light emission (mainly visible) that takes place
during heating of a solid following an earlier absorption of energy from radiation. The
essential condition for TL to occur in an insulator or semiconductor is that the material must
have been previously exposed to radiation. once the TL emission has been observed, the
material will not show it again after simply cooling the specimen and reheating it, but has
been re exposed to radiation to obtain TL again. TL, although based upon the same
lundamental principles as other luminescence processes, is conventionally is misnomer since
the heat radiation is only a stimulant and not an exciting agent. urbach (1930) is usually
credited with suggesting TL as a potentially useful research tool for trap-level analysis. A
large number of dielectric materials exhibit TL emission , including minerals, rocks,
inorganic semiconductors and insulators, glasses and ceramics, organic compounds,
biological materials and biochemicals. Materials such as LiF, CaSo q, CaFz, Beo, Al2o3 and
I-i:B+oz are most extensively studied TL materials because of their applications in dosimetry.



The rare earth-activated alkaline earth aluminates are an important class of
phosphorescence materials because of their high quantum efficiency in visible region [16],
long persistence of phosphorescence, good stability, color purity and good chemical, thermal
and radiation resistance [17-211. The potential benefit of rare earth ions as an activator has

now well established in the field of luminescence. Different activators contribute significantly
in tailoring the afterglow properties of phosphors from few seconds to many hours. In Eu the
life time of 5d-4f transitions are about 3 orders of magnitude shorter than 4f-4ftransition
lifetime exhibited by other lanthanides and thus are of immense importance. In
polycrystalline Sr3Al2O6:Eu, Dy intense ML was reported 122]. For SrAl2Oa:Eu2* it was
demonstrated that ML is due to qf--+f sa transition of, Eu2* [23]. ML from monoclinic
structure SrAlzo+ was reported and it was found that only the cx-SrAl2oa phase produces
strong ML 124]. These phenomenons are attracting considerable attention because they can
be applied to sensing of structural damage and fracture. Although it was reported that
SrAl2oa doped with Eu2n exhibits ML, the atomistic depiction about the effect of stress or
strain on the rare-earth ion still remains unclear.

This research project proposed to discover some new meehanoluminescent and
thermoluminescent phosphor and then to characterize the phosphor and finally optimized
luminescent aluminate phosphors according to different parameters. These optimized
phosphors will be suitable for development of pressure sensors and can also be used for
dosimetry purposes. The phosphors were synthesized using Combustion Technique, which is
novel, economic and takes less time to prepare. The total work carried out in the project has
been on the lines proposed in the original research proposal. The overall progress of the work
in the total project duration has been quite satisfiring, as envisaged. The outcomes of the
present investigations have been published in the form of papers in various
\ational/International Journals. The total work done in the present project is briefly described
in the next section and the list of research papers is given below along with the copy of paper
attac.hed here with.
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Broad Objectives:

1' Synthesis of rare earth doped SrArzo+ phosphors by combustion technique.2. Characteization of phosphors. .

3' Mechanoluminescence & Thermoruminescence study of the phosphor after uv_ / y_irradiation.

I. Synthesis of rare earth doped srAl2,a phosphors by combustion technique:Analytical grade strontium nitrate SrQ'{o3)2, aluminum nitrate Aro{o3)3.gH20, Europiumoxide Euzo3 /Dysprosium oxide DyzouTerbium oxide Tbzo3 and urea co(NHr) were usedas the staring materials' To prepare the phosphors, stoichiometric composition of the metalnitrates (oxidizers) and urea (fuel) were calculated using the totar oxidizing and reducing
'alences of the components, which serve as the numericar coefficients so that the equivarenceratio is unity and the heat liberated during combustion is at a maximum. Then Eu2o 3 /Dy2o3is converted into nitrate form by mixing into 2ml of dir. HNo3. The weighed quantities ofeach nitrate and urea were mixed together and crushed into moftar for I hour to form a thickpaste' The resulting paste is transferred to crucible and introduced into a verticar cyrindricarmuffle furnace maintained at different initiating temperatures. Initialry the mixture boirs andundergoes dehydration followed by decomposition with the evorution of rarge amount ofgases (oxides of carbon' nitrogen and ammonia). The process being highry exothermiccontinues and the: spontaneous ignition occurs. The sorution underwent smolderingcombustion with enormous swelling, producing white foamy and voruminous ash. The flametemperature' as high as 1400 - 1600 oc, converts the vapor phase oxides into mixedaluminates' The flamepersists for-30 seconds. The crucible is then taken out of the furnaceand the foamy product can eas,y be mired to obtain the precursor powder.

The following phosphors were prepared -
SrAl2oa:Eu, SrAIzo+:Dy, SrAI2oa:Tb at initiating temp. s00 oc and 600 oc withd ifferent dopant concentration.
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2. Characterization of Phosphors:

The phosphors were charucteized by different techniques viz. Absorption spectra / )(RD /
SEM / FTIR.

3. Thermoluminescence Studies: Thermoluminescence studies for UV-inadiated as well as y-

inadiated samples were done and some basic parameters such as trap depth, frequency factor,

order of kinetics were calculated. The obtained results are listed in Table 3.

4. Mechanoluminescence $tudies: The Mechanoluminescence studies of UV-irradiated

samples were done which shows that the ML is recovered when the samples are irradiated

with UV-radiation. Similarly the ML study of y-irradiated samples were done; which shows

that the ML intensity depends upon the y-dose given, hence it was concluded that SrAlzO+:Eu

and SrAlzOa:Dy could be used for Ml-dosimetry.

SrAlzO+ Phosphors were synthesized with different dopants. The doping concentration for TL

was optimized. Fig.l shows the TL glow curve of SrAlzO+ with different concentration of Eu

with y- irradiation 1l80Gy. It is clear that the TL intensity is maximum for 5 mole%

concentration of Eu. j

-Eal
- Er, 1094

- Es fi9{
- Er ,9(
-Elt5q6

817"5%

- Enl7.5

Ftg 1. TL glow curve of Eu doped SrAlzOa with change in Eu concentration irradiated with 1 1 B0 Gy
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Shnilarly the optimization for Dy concentration was done as shown in fig. (3). Which shows that
TL intensiry is maximum f$ 17.5% Dy concentration for 1180Gy of y-dose. Fig.(a) shows the
pla between ToDy concentration and Total TL Intensity with y-irradiation dose of 1180 Gy.

-

- Is. ftofi.
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t'ig 3 TL glow curve of Dy doped SrAl2Oa with change in Dy concentration irradiated with l1g0 Gy.
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The variation in ML intensities with variation in concentration is also shown in fig. 5 and 6. It is
clear that the ML intensity is maximum for 5%Eu iii S"lrO,y.
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It u-as found that the TL properties were found best for 5YoEu,17.5% Dy and 5%Tb. Hence the

characterization, Thermoluminescence and Mechanoluminescence properties of these materials

are discussed in brief in following sections.

,/ ,ir. tV

tn.tc)
ri

v-
rnc
o
Pc
J

40.00

3s.00

30.00

25.00

20.00

1000 1500 2000

Time (mS)

Fig. 6. Dy concentration vs ML intensity curve for 1180 Gy y-dose
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-lbcorption Spectra of Strontium Aluminates phosphors:

The study of optical absorption is important to understand the behavior of nano-crystals. A
fimdamental property is the band gap-the energy separation between the filled valence band and

tbc empty conduction band. Optical excitation of electrons across the band gap is strongly
dlorved, producing an abrupt increase in absorption at the wavelength corresponding to the band
gBp energy. This feature in the optical spectrum is known as the optical absorption edge. Fig 7(a,

b- and c) shows the absorption spectra of the 5Yo Eu, 17.5%o Dy and..S%o Tb doped SrAlzO+

Phosphors respectively in the range of 190nm-500nm. It can be seen that the spectra is

featureless and no absorption occur for wavelength l>390nm (visible). The absorption edge and

the band gap Ee, is given in table-1.

i
I

0.s i

.E)
Eit
5
.e

0 r"I.-*-.*.*....200 250 900 3$0 400 450
Wavelsngth (nm)

Fig. 7(a). Absorption spectra of SrAl2Oa:Eu(5%o)

z4e aao

Wavetength (nml

Pig. 7(b). Absorption spectra of SrAl 2Oa':Dy(17 .5%g
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Fig.7(c) Absorption spectra of SrAlzO+ :Tb(5%)

Table 1: Band Gap Calculation of doped SrAlzO+

A.bsorption Edge
(nm)

Band Gap
Ee

(eY)

SrAl2Oa:Eu(57o) 240 5.16

SrAl2Oa :Dy(17.5Y:o) 236 5.24

SrAl2Oa:Tb(57o) 2t0 5.89

XRD Spectra of Strontium Aluminates Phosphors:

Powder diffraction (XRD) is a technique used to characterize the crystallographic structure,

crystallite size (grain size), and preferred orientation in polycrystalline or powdered solid

samples. Powder diffraction is commonly used to identify unknown substances, by comparing

diffraction data against a database maintained by the International Centre for Diffraction Data. It

may also be used to characterize heterogeneous solid mixtures to determine relative abundance

of crystalline compounds and, when coupled with lattice refinement techniques, such as Rietveld

refinement, can provide structure information on unknown materials. Powder diffiaction is also a
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common method for determining strains in crystalline materials. An effect of the finite crystallite

sizes is seen as a broadening of the peaks in an X-ray diffraction as is explained by the Scherrer

Equation. The XRD diffraction pattem of the 5Yo Er;., 17.5% Dy and 5% Tb doped SrAlzO+

Phosphors is shown in following figures fig 8 (a, b and c) and the particle size with the planes are

shown in Table 2(a,b and c) respectively.

20

Fig.8 (a) XRD diflraction pattern of SrAl2Oa :Eu(5%) which matches well with JCPDS
34-379. The JCPDS pattem is shown at the bottom for comparison.
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Fig.8 (b) XRD diffraction pattem of SrAl2oa :Dy(17.S%)which matches well with
JCPDS 34-379. The JCpDS pattern is shown at the bottom for comparison.

Fig'S(c) XRD diffiaction pattern of SrAl2oa :Tb(s%)which matches well wirh JCpDS
34-379. The JCpDS pattern is shown at the bottom for comparison.
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Table 2(a) Calculation of particle size and hkl
parameters of SrAl2Oa :Eu(5%) fromXRD pattem.

Table 2(b) Calculation of particle size and hkl
parameters of SrAl2Oa:Dy(17.5%) I?om XRD pattem.

.-lffirffi
2Thefa

:r ['W*-ffi
uqBe I

;{t&) 
l

20.102 4.414 0.374 21.s72 (011)
22.721 3.911 0.374 2t.666 (120)
23.161 3.837 0.374 21.683 (l11
28.510 3.128 0.443 18.498 G2 I 1)

29.353 3.040 0.391 21.009 (22 0\
30.008 2.975 0.461 17.853 (21t\
34.052 2.63t 0.533 15.588 e I 0)
35.124 2.5s3 0.423 19.690 r031)
36.359 2.469 0.820 rc.D:7 (-131)
36.686 2.448 0.820 r0.207 (1 31
36.937 2.432 0.820 10.214 G23 t
40.706 2.215 0.400 2r.t83 (23 t\
4t.937 2.153 0.466 t8.273 (400)
45.927 1.974 0.594 14.523 (-3 1 2)
46.499 1.951 0.500 17.293 G42r)
47.826 r.900 0.43s 19.959 (3 2 2\
56.520 t.627 0.435 20.715 (s01

Average )article Size (nm): 17.6s4

Mffi , s4$*
"/nft) ,

22.747 3.906 1.274 6.360 (120)
28.509 3.t28 0.445 18.407 (-2 l)
29.352 3.040 0.348 23.632 (22 0\
30.00r 2.976 0.394 20.880 (21 1)

33.320 2.687 0.320 25.914 (3 l0)
35.136 2.s52 0.414 20.152 (03 1)
36.410 2.466 0.414 20.225 (-1 3 r)
37.038 2.425 0.414 20.261 (1 a

J l)
40.804 2.210 t.225 6.920 (-2 3 1)
41.884 2.15s 1.22s 6.945 (23 |
42.893 2.107 0.591 14.449 (400)
45.918 t.975 0.569 15.171 (-3 I 2\
46.463 1.953 1.721 5.024 (-4 2 1)
47.232 1.923 1.721 5.038 G 22\
48.770 1.866 t.721 s.069 (05 1)

56.973 1.615 1.302 6.942 (s 0 1)
58.561 1.57 5 r302 6.99s (-4 2 2\
60.182 1.536 2.732 3.361 (2 I J)
62.762 1.479 1.798 5.177 (060)

Average Particle Size (nm)
12.470
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Table 2(c) calculation of particle size and hkl parameters of SrAl2o + :Tb(5%)
from XRD pattem.

28.512 3.128 0.360 22.769 (-2 11)

29.33t 3.043 0.340 24.tsz (22 0)

29.989 2_97',| 0.360 22.84s (2 l)
34.033 2.632 0.320 2s.962 (310)
35.132 2.552 0.400 20.832 (03 1)

36.372 2.468 0.280 29.864 (131)
4t.tt4 2.t94 0.420 202Q1 (-2 J 1)

4t.857 2.156 0.520 t6.357 (23 1)

42.934 2.105 0.360 23.712 (400)
46.507 1.951 0.360 24.0r9 (240)
47.199 t.924 0.300 28.898 (-4 2 1)

48.720 1.868 0.320 2?252 (3 22)

60.110 1.538 0.360 25.49s (2 I 3)

62.776 1.479 0.440 21.150 (060)
Average Particle Size (nm) = 23.822
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Thermoluminescence Studies of strontium Aluminates phosphors:
A) TL study of uv-irradiated srAlzo.r :Eu(5%): The TL grow curve for uv-irradiated

SrAl2oa :Eu(5%) is shown in fig.9(a). The i*adiation time was varied from 5 min to 25 min.

s7.77(10)
181.88(70)

Fig. 9(a) TL glow curve of UV_irradiated SrAl2Oa :Eu(5Zo).

l':,.T^':pth- 
was calculated using chen's peak method and initiat rise method giving trap

depth 0'25 ev and 0.24 eY respectively. The TL intensity is maximum for 15 minutes
irradiation time' Since uv irradiation excites the atoms ut flr. surface only hence initially theTL intensity increases with irradiation time and becomes maximum for r5 min. after that the
bleaching of color centers takes place and TL intensity decreases on further increase ofirradiation time.

B) TL study of y-irradiated SrAI2oa :Eu(5%): TL grow curve of y-irradiated
SrAlzo+ :Eu(5%) is shown in fig..9(b). The y-dose was varied from 49.16 Gy to
Symmetry factor and Trap depth was carcurated, which is listed in table_ 3(a).
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Fig. 9(b) TL glow curve of y-irradiated SrAI:Oa :Eu(5%)

Table: 3(aF Kinetics parameter for TL study of 7-irradiated srAlzor:Eu(5%)

y-Dose

(Gv)
Peak
Temperature

cc)

Symmetry

factor

tr

E,

(ev)

E6

(eY)

E,

(eY)

0.36

Mean

E (ev)

0.4t
147.5 152.52 4.57 0.58 0.43

295 153.72 0.65 0.71 0.37 0.32 0.47
590 186.97 0.67 0.58 0.26 0.18

u44

uIl

0.34

051

07t

I 180 175.4 0.46 0.56 0.53

2360 179.47 4.73 0.83 0.26

c) TL study of y-irradiated srAr2ea;\ (r7.s%): TL grow curve of y-irradiated
srAl2oa:Dy(r7'5%) is shown in fig. 9(c). The y-dose was varied from 49.16 Gy to 2360
Gy' symmetry factor and rrap depth carcurated is listed in tabre- 3(b).
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Fig. 9(c) TL glow curve of y-irradiated SrAlzO+ :Dy(17.5o/o).

Table:3(b)r Kinetics parameter for TL study of 1-irradiated SrAlz0r:Dy(17.5o/o)

y-Dose

(Gv)
Peak
Temperaturc

("c)

Symmetry

factor

p

E"

(eu

E6

(ev)

E.

(eY)

Mean

E (eV)

141-5 139.69 0.63 0.7'l 4.4'l 0.43 0.56

295 140.17 0.61 0.7s 0.5r 0.46 0.57

590 140.8 0.61 0.84 0.55 0.1:2 0.64

I 180 154.79 0.56 0.69 0.54 4.47 0.57

2360 148.5 0.56 0.68 0.53 0.46 0.55
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A plot corresponding to gamma dose vs maximum TL intensity (fig g(d, &.e)) shows that the TL
intensity increases nearly linearly with dose value from 49.16 Gy to 11g0 Gy, which shows the
possible application in TL dosimetry. Further increasing the dose value decreases the TL
intensiq" We suggest that bleaching of color centers may takes place when radiated with higher
values ofydose.
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,r/ Fig. 9(d) y-dose vs I.u, of SrAlzO+ :Eu(5%)
I

Fi{. 9(e) y-dose vs I-* of SrAhO+ :Dy(17.5%)

D) TL study of uv-irradiated srAl2oa:Tb(5%): TL glow curve of uv-irradiated., / \-'-'-
'VSrAlzO+:Tb(5%) is shown in fig. 9(f). The irradiation time was varied from I min to l0 min.
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Trro peaks are observed at 136.20C and 288.80C suggesting the presence of two trap levels. The

intensir-r of first peak is high as the concentration of trap center is high'in first trap level. From

tig it is clear that the intensity increases with increase in the UV exposure time and it is

maximum for radiation time 2 minute for SrAlzO+: Tb. On further increase in exposure time,Tl

inrensity decreases. We suggest that quenching of colour centers may take place when samples

are exposed to UV light for longer period and TL intensity decreases.

Mechanoluminescence Studies of Strontium Aluminates Phosphors:

A) Mechanoluminescence study of SrAIzOr:Eu(5%) phosphor after UV- irradiation: The

ML study of UV-irradiated SrAlzO+:Eu(5%) prepared at 500 oC (sample A) and 600oC

(Sample B) is shown in Fig 10(a). There is considerable increase in ML intensity when the

phosphor is prepared at 600oC; because when SrAl2O+:Eu(5%) is prepared at 600oC it exists

more in monoclinic form and only monoclinic phase contribute to ML intensity. The ML

intensity depends upon the load applied it increases with the increase in load fig.10(b). After

repeative application of load the ML intensity ceases and disappear this is recovered when the

sample is irradiated with UV-inadiation (fig. 10(c)).
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B) Mechanoluminescence study of srAl2oa:Eu(5%) phosphor after 7- irradiation: when a
constant load is dropped from a fixed height, the ML intensity increases with the y-dose which
is shown in fig I 0(d)' it shows the ML intensity with the y-dose a) 2g5 Gy b)590 Gy c) 1 1g0Gy d)2360 Gy' when maximum ML intensity is plotted with the y-dose we get a curve which
is linear between 295 Gy to ll80 Gy after which it increases slightly fig l0(e). we suggest

:i:|,::ioo,a:Eu(S%o) 
ca! be usgd fo1 lrl dosimetry in the ranse 2e5 Gvto 1180 Gy.

Similar resurt is obtained in Totar ML intensity vs Dose prot fig r0(0.
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C) Mocflolrminescence study of SrAI2Oa:Dy(5%) phosphor after y- irradiation: Sinie

V 1.^ * TTi,) was maximum for 5% Dy doped SrAl2Oa, the y_irradiated ML study forx SrAhO*DIs%) is shown in fig. 10(g). It shows the. ML intensity with the y-dose a) 295 Gy' b) 590 Gy c) I ltO Gy d) 2360 Gy. The ML intensity increases with the gamma-dose which
is nerl-v lim berw*een 295 Gy to t 1g0 Gy Fig. 10(h).
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Conclusion and Significance of the present work:
The work donr
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ottou.rd at 600'c
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intensity increases with the ,r.."ur"tt' 
The ML study after uv-irradiation revears that the ML

recovered with

impact sensors 
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