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light (radiation) after absorbing suitable exXtraneous primary energy. In one process the
absorbed energy is converted (degraded) into Iow—quantum-energy heat that diffuses through

1€ material which then emits radiation called thermal radiation. In the other process an

FlIergy excitation of atoms o small groups of atoms which then emit radiation called
luminescence radiation. The term “luminescence” was introduced into literature by

Wiedemann in 1888. Luminescence Is a general term for the emission of electromagnetic



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
literature [6, 7]. Many organic and inorganic crystals, polymers, ceramic and glasses have
shown to exhibit ML [8]. 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-
I1]. Chandra et al. have presented various theoretical studies on various kind of ML [4, 12-
I5]. 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
fundamental 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, CaS0q,.CaF,, BeO, Al,O; and

L1;B40 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 [17-21]. 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-4f transition
lifetime exhibited by other lanthanides and thus are of immense importance. In
polycrystalline Sr;Al,Og:Eu, Dy intense ML was reported [22]. For SrALO4Eu*" it was
demonstrated that ML is due to 4{7-4°5d transition of Fu2" [23]. ML from monoclinic
structure SrAl,O4 was reported and it was found that only the a-SrAl,O4 phase produces
strong ML [24]. These phenomenons are attracting considerable attention because they can
be applied to sensing of structural damage and fracture. Although it was reported that
SrALO4 doped with Eu®" 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 mechanoluminescent 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 satisfying, as envisaged. The outcomes of the
present investigations have been published in the form of papers in various
National/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

attached ' here with.
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Summary of Total Work-done

Broad Objectives:

I. Synthesis of rare earth doped SrAl,0, phosphors by combustion technique.

o

- Characterization of Phosphors. -

(S)

Mechanoluminescence & Thermoluminescence study of the phosphor after UV- /y-

irradiation.

Synthesis of rare earth doped SrAlLO, phosphors by combustion technique:
Analytical grade strontium nitrate Sr(NO;),, aluminum nitrate Al(NO3);.9H,0, Europium
oxide Eu,04 /Dysprosium oxide Dy,0;, Terbium oxide Tb,05 and urea CO(NH,), were used

is converted into nitrate form by mixing into 2 ml of dj]. HNOs. The weighed quantities of

cach nitrate and urea were mixed together and crushed into mortar for 1 hour to form a thick

Zases (oxides of carbon, nitrogenr and ammonia). The process being highly exothermic
continues and the Spontaneous ignition occurs. The solution - underwent smoldering
combustion with enormous swelling, producing white foamy and voluminous ash. The flame
‘“mperature, as high as 1400 - 1600 °C, converts the vapor phase oxides into mixed
aluminates. The flame persists for ~30 seconds. The crucible is then taken out of the furnace
and the foamy product can easily be milled to obtain the precursor powder.,

The following phosphors were prepared —

SrA1204:Eu, SrA1204:Dy, SrALO,:Tb at initiating temp. 500 °C and 600 °C with

different dopant concentration.

10



2. Characterization of Phosphors:
The phosphors were characterized by different techniques viz. Absorption spectra / XRD /
SEM / FTIR.

Thermoluminescence Studies: Thermoluminescence studies for UV-irradiated as well as y-

(¥'S)

irradiated 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 Studies: 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 SrAl,O4:Eu
and SrAl,04:Dy could be used for ML-dosimetry.

SrAl,O4 Phosphors were synthesized with different dopants. The doping concentration for TL
was optimized. Fig.l1 shows the TL glow curve of SrAl,O, with different concentration of Eu
with y- irradiation 1180Gy. It is clear that the TL intensity is maximum for 5 mole%

concentration of Eu.

\ - Temp. Profile
— Eul%
N\ = Eu 10%
. = Eu 20%
% = Eu 5%
N Eu 15%
= Eu 2.5%
| = Ee175%

e
231.0{44.55) 330($6.55) 339.8(88.55)
Temperature (Time in sec)-— >

- ~
s4.32(0.55) 127.3{22.55)

“ig. 1. TL glow curve of Eu doped SrALO, with change in Eu concentration irradiated with 1180 Gy
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~Fig. 2 Plot between % Eu concentration and Total TL Intensity with y- dose of 1180 Gy.

Similarly the optimization for Dy concentration was done as shown in fig. (3). Which shows that
"L intensity is maximum for 17.5% Dy concentration for 1180Gy of y-dose. Fig.(4) shows the
2ot between %Dy concentration and Total TL Intensity with y-irradiation dose of 1180 Gy.

— Temp. Prefile

~ Dy 1%

= Dy 10%

- Dy 20%

= Dy 5%

= Dy 50%
Dy 15%

=Dy 2.5%

=Dy 17.5%

230.3*44.55) 332.1‘66.55) 3‘1.1?5&55

Temperature (Time in sec)-.. >

» = = et
S6.4%0.55) 129.1022.55)

“iz. 3 TL glow curve of Dy doped SrALO, with change in Dy concentration irradiated with 1180 Gy.
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Fig. 4. Dy concentration vs Total TL intensity curve for 1180 Gy y-dose

“he variation in ML intensities with variation in concentration is also shown in fig. 5and 6. It is

- 'zar that the ML intensity is maximum for 5%Eu and 5%Dy.
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Fig. 6. Dy concentration vs ML intensity curve for 1180 Gy y-dose

are discussed in brief in following sections.

't was found that the TL properties were found best for 5% Eu, 17.5% Dy and 5% Tb. Hence the

-haracterization, Thermoluminescence and Mechanoluminescence properties of these materials
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Absorption Spectra of Strontium Alliminates Phosphors:

“5¢ study of optical absorption is important to understand the behavior of nano-crystals. A
““ndamental property is the band gap-the energy separation between the filled valence band and
~ empty conduction band. Optical excitation of electrons across the band gap is strongly
“owed, producing an abrupt increase in absorption at the wavelength corresponding to the band
==p energy. This feature in the optical spectrum is known as the optical absorption edge. Fig 7(a,
°. and ¢) shows the absorption spectra of the 5% Eu, 17.5% Dy and.5% Tb doped SrAl,O4
“hosphors respectively in the range of 190nm-500nm. It can be seen that the spectra is
‘catureless and no absorption occur for wavelength A>390nm (visible). The absorption edge and

e band gap E, is given in table-1.

35

3

- N
w N o

Absorption (ARB. Units)

=

e
o

o i ; :
200 250 300 350 400 450 500
Wavelength (nm)

Fig. 7(a). Absorption spectra of SrALL,O4:Eu(5%)

N
H

Absorption (Arb. Units)
1

T
200 240 280
Wavelength (nm)

Fig. 7(b). Absorption spectra of SrA1204;Dy( 17.5%)
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Fig.7(c) Absorption spectra of SrAl,O, :Tb(5%)

Table 1: Band Gap Calculation of doped SrAl,O,

Absorption Edge Band Gap
(nm) E,
(eV)
SrAl, 0, :Eu(5%) 240 5.16
SrAl,O, :Dy(17.5%) 236 5.24
SrALO, :Tb(5%) . 210 5.89

XRD Spectra of Strontium Aluminates Phosphors:

Powder diffraction (XRD) is a technique used to characterize the cfystallographic structure,
crystallite size (grain size), and preferred orientatioﬁ 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 diffraction is also a

16



w 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 pattern of the 5% Eu, 17.5% Dy and 5% Tb doped SrAl,O4
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.
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Fig.8 (a) XRD diffraction pattém of SrALO, :Eu(5%) which matches well with JCPDS
34-379. The JCPDS pattern is shown at the bottom for comparison.
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Fig.8 (b) XRD diffraction pattern of SrALO, :Dy(17.5%) which matches well with
JCPDS 34-379. The JCPDS pattern is shown at the bottom for comparison.
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Fig.8(c) XRD diffraction pattern of SrALO, :Tb(5%) which matches well with 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 SrAl,O, :Eu(5%) from XRD pattern.

2Theta L

20.102

4414 |

0374

(01 1)&

Table 2(b) Calculation of particle size and hkl
parameters of SrAL,O, :Dy(17.5%) from XRD pattern.

21.572

22.721 | 3.911 0.374 | 21.666 (120)

23.161 | 3.837 0.374 | 21.683 (111)

28.510 | 3.128 0.443 | 18.498 (211D

29.353 | 3.040 0.391 | 21.009 (220)

30.008 | 2.975 0.461 | 17.853 | 211

34.052 | 2.631 0.533 | 15.588 (310)

35.124 | 2.553 0.423 1 19.690 031)

36.359 | 2.469 0.820 | 10.197 -131)

36.686 | 2.448 0.820 | 10.207 (131)

30937 | 2.432 0.820 | 10214 (23 1)

40.706 | 2.215 0.400 | 21.183 | 231)

41.937 | 2.153 0.466 | 18.273 (400)

45.927 | 1.974 0.594 | 14.523 (-312)

46.499 | 1.951 0.500 | 17.293 (-421)

i e S el e e e 177 (060)
56.520 | 1.627 0.435 | 20.715 (501) Avérage Parti.cle Size (r{m) : |

Average Particle Size (nm)= | 17 654 = 12.470
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Table 2(c) Calculation of paiticle size and hkl parameters of SrALO; :Tb(5%)
from XRD pattern.

28.512

3.128

(-2 11')‘

0.360
29.331 3.043 0.340 | 24.152|(220)
29.989 2.977 0360 | 22.845|211
34.033 2.632 0.320| 25962 |10y
35.132 2.552 0.400 20.832 | (03 1)
36.372 2.468 0.280 29.864 | (131)
atnial 2194 o420| 20200 (G231 |
41.857 2.156 0520 16357|@231)
42.934 2.105 0.360 | 23.712 | (400)
46.507 1.951 0.360 | 24,019 | (240)
47.199 1.924 0.300 28.898 | (42 1)
48720 | 1868 0320| . 272520322
60.110 1.538 0.360 | 25.495|(213)
62.776 1.479 0440 | 21.150 | (060)
23.822

LAverage Particle Size (nm) =
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Thermoluminescence Studies of Strontium Aluminates Phosphors:
A) TL study of UV-irradiated SrAlLO, :Eu(5%): The TL glow curve for UV-irradiated

SrALO4 :Eu(5%) is shown in fig.9(a). The irradiation time was varied from 5 min to 25 min.

45 ; ' ‘
I A
o e Il 10 min -
H s 15 miin
ol IV s 20 min -

V e 25 min

=5 Ny N (O8]
(&) L] (&3] @]
T

TL Intensity (ARB. Units)

=
o
T

ol ' ) k ' o
0 97.77(10) 279.92(30) 287.5(50) 181.88(70)
Temperature (Time in sec)

Fig. 9(a) TL glow curve of UV-irradiated SrAL0, :Eu(5%).

The trap depth was calculated using Chen’s peak method and initia] rise method giving trap
depth 0.25 eV and 0.24 eV respectively. The TL intensity is maximum for 15 minutes
irradiation time. Since UV irradiation excites the atoms at the surface only hence initially the
TL intensity increases With irradiation time and becomes maximum for 15 min. after that the
bleaching of color centers takes place and TL intensity decreases on further increase of
irradiation time,

B) TL study of y-irradiated SrALO, :Eu(5%): TL glow curve of y-irradiated irradiated
SrALO4 :Eu(5%) is shown in fig. 9(b). The y-dose was varied from 49.16 Gy to 2360 Gy.

Symmetry factor and Trap depth was calculated, which is listed in tab]e- 3(a).
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Fig. 9(b) TL glow curve of y-irradiated SrAl,0, Eu(5%)

Table: 3(a)- Kinetics parameter for TL study of y-irradiated SrALO4:Eu(5%)

y-Dose Peak Symmetry E. E; E, Mean
(Gy) Temperature
factor (eV) (eV) (eV) E (eV)
CC) 3
B
147.5 152.52 0.57 0.58 0.43 0.36 0.47
295 153.72 0.65 0.71 0.37 0.32 0.47 (
590 186.97 0.67 0.58 0.26 0.18 0.34
1180 175.4 0.46 0.56 0.53 - 0.44 0.51
L 2360 179.47 0.73 0.83 0.26 0.21 0.43

C) TL study of y-irradiated SrA1204:Dy(17.5%): TL glow curve of y-irradiated
SrALO4:Dy( 17.5%) is shown in fig. 9(c). The y-dose was varied from 49.16 Gy to 2360
Gy. Symmetry factor and Trap depth calculated is listed in table- 3(b).
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Fig. 9(c) TL glow curve of y-irradiated SrAl,O, :Dy(17.5%).

Table:3(b)- Kinetics parameter for TL study of y-irradiated SrAl,0,:Dy(17.5%)

y-Dose Peak Symmetry E. Es E, Mean
(Gy) Temperature
factor V) (eV) (eV) E (eV)
O
1
147.5 139.69 0.63 0.77 0.47 0.43 0.56
295 140.17 0.61 » 0.75 0.51 0.46 0.57
590 140.8 0.61 0.84 0.56 0.32 0.64
1180 154.79 0.56 0.69 0.54 . 0.47 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 9(d & e)) shows that the TL
intensity increases nearly linearly with dose value from 49.16 Gy to 1180 Gy, which shows the
possible application in TL dosimetry. Further increasing the dose value decreases the TL
intensity. We suggest that bleaching of color centers may takes place when radiated with higher

values of y-dose.
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Fig. 9(d) y-dose vs I of SrALO, :Eu(5%) Fig. 9(e) y-dose vs I, of STALO, :Dy(17.5%)

D) TL study of UV-irradiated SrALO4:Tb(5%): TL glow curve of UV-irradiated

SrAl,04:Tb(5%) is shown in fig. 9(f). The irradiation time was varied from 1 min to 10 min.
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Fig. 9(f) UV-irradiated TL glow curve of SrALO, :Tb(5%).
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Two peaks are observed at 136.2°C and 288.8°C suggesting the presence of two trap levels. The
intensity of first peak is hi.gh as the concentration of trap center is high-in first trap level. From
fiz it is clear that the intensity increases with increase in the UV exposure time and it is
maximum for radiation time 2 minute for SrAl,O4: Tb. On further increase in exposure time, TL
ntensity 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:

* Mechanoluminescence study of SrALO4:Eu(5%) phosphor after UV- irradiation: The
ML study of UV-irradiated SrAl,O4:Eu(5%) prepared at 500 °C (sample A) and 600°C
(Sample B) is shown in Fig 10(a). There is considerable increase in ML intensity when the
phosphor is prepared at 600°C; because when SrAl,04:Eu(5%) is prepared at 600°C 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-irradiation (fig. 10(c)).

Sample A Sample B
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Fig. 10(a): ML Characteristics of SrAl,O4:Eu for 2.62 m/s
velocity of 400 gm piston.

25



Variation in ML Intensity with Load Applied
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ig.10(b)Change in ML intensity with load applied  Fig. 10(c) Recovery phenomenon of ML, intensity with
UV irradiation.

Intensity (Arb. Units)
w
o

ML Intensity (ARB UNITS)

B) Mechanoluminescence study of SrALO4:Eu(5%) phosphor after y- irradiation: When a
constant load is dropped from a fixed height, the ML intensity increases with the y-dose which
is shown in fig 10(d). it shows the ML intensity with the y-dose a) 295 Gy b)590 Gy ¢)1180
Gy d)2360 Gy. When maximum ML intensity is plotted with the y-dose we get a curve which
is linear between 295 Gy to 1180 Gy after which it increases slightly fig 10(e). We suggest
that SrALO4:Eu(5%) can be used foxj ML dosimetry in the range 295 Gy to 1180 Gy.

Similar result is obtained in Tota] ML intensity vs Dose plot fig 10(f).
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C) Mechanoluminescence study of SrAL,O4:Dy(5%) phosphor after y- irradiation: Since
N the ML intensity was maximum for 5% Dy doped SrAL,O,, the y-irradiated ML study for
X

SrALO:DY(3%) is shown in fig. 10(g). It shows the ML intensity with the y-dose a) 295 Gy
b) 390 Gy ¢) 1180 Gy d) 2360 Gy. The ML intensity increases with the gamma-dose which
is nearly linear between 295 Gy to 1180 Gy Fig. 10(h).
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D) Mechanoluminescence study of SrAl,0,; Tb(5%) phosphor after Uy. irradiation: The
UV-irradiated ML study is shown in fig. 10(i). Clearly the ML intensity i
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Fig. 10(i) ML study of SrAl,0, ‘Tb(5%) a) 5min b) 10 min ¢) 15 min and d) 20 min UV irradiation time




Conclusion ang Significance of the present work:

temperature and only this phase contributes to M, Intensity. The identification of the phosphors

was done by XRD, SEM, FTIR studies. The ML Study after UV-irradiation reveals that the ML

impact sensors.
The gamma irradiated M, study shows that the ML intensity depends upon the gamma doge

given to the System, it shows linear TeSponse with gammg irradiation which Suggests the possible
application in ML dosimetry,
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