~ CHAPTER - 4
RESULTS AND DISCUSSION



4.1 Thermoluminescence study of synthetic quartz at room temperature

Synthetic Quartz (SQ), which is being widely used in wide spectrum

of applications thus, it is significant to understand the systematic changes -

occurring due to different physical conditions such as radiation, grain size,
pre~thermal treatment, duration of pre-thermal treatment etc to which the
specimen is subjected. An attempt is also made to propose new applications.

The present work is aimed at understanding the effect of different

protocols on OptiCallyb Stimulated Luminescence (OSL) characteristics and

thereby to propose an appropriate protocol for some of the applications on |
the basis of the observed results. Systematic efforts are made to correlate the

understandmg of physical processes in the material proposed for use in’

dating and dosrmetry , ,

Prior to systematlc OSL study, it is essentlal to know: the
characteristics such as location, nature, emlssmn wavelength and stability of
color centers associated with the specunens Perhaps, the most 1mportant
property for the charactenzatron of quartz sample is the thennolummescence
(TL) glow curve’ due to its hyper structure sensmve ' phenomenon.  This
;property explams the changes in term of trapped charge carriers and hence
the stabthty of the TL srgnal w1th/w1thout various pre—thermal treatment
.A Therefore TL glow curves are recorded for dtfferent gram sizes, pre»heat
| treated and 1dent1cal beta exposed spec1mens - ¥ ‘
. As already mentroned earher enough attentton and correlatlon were

"attempted for the 110°C and 230°C TL peak in quartz But the: present work

: also mduced 375°C TL peak besxdes above—mentroned two peaks The earher B

,work on thxs trap was not suﬁicxent to conclude about its slower o

' ,bleachablhty, though very 1mportant for many applrcatlons Specral eﬁ'orts
_ are made to initiate thrs work to collect more mformatton regardmg thrs trap
m the present work Thus the mvestlgatlons are - almed to grve more

[
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information. The results of the present work are presented in Graph-—l to
Graph-5§, and are briefly discuSsed for the following obtainéd data:
Table-4A: A Protocol for TL study of synthetic quartz at room temperature

Grain Size Annealing Temperature | Annealing Duration Beta Dose
(mesh) o | Gy)
120-140mesh | 600°C - 1000°C T 5.04Gy
[230270mesh | 600°C - 1000°C | 1hr | 504Gy
230-270mesh | 600°C - 1000°C " 2hrs - 5.04Gy
230-270mesh | 600°C - 1000°C T 3hs | 504Gy
270-325mesh | 600°C- 1000°C | 1 | 504Gy

It is clear from the literature that ‘virg‘in (without beta exposure)’
synthetrc quartz does not exhibit any - TL giow curve Henee it was pointed
out that for TL emission the materlal has to be pre—exposed to the radiation.
It clearly..mdlcates that TL emwsxon of _the_ specimen “is purely radt_atlon
induced. | : | _ o |

F urther systematic TL observatxons as mentxoned m the Table-4A for
the described protocols reveal that promment three TL peaks are exhibited at
IO8°C 140°C 210°C 229°C and 350°C 372°C Other barely dlscemtble g
. peaks appear at ~ 160°C and ~340°C T |
- The changes m the glow’ peak posmons for an mdmdual peak are due

: 'to change in physu:al protocol No ev1dence of further peaks was found - |
when heatmg continued upto 600°C (the practlcal lnmt of an instrument).
: The detalled observatlons and- thelr revelatlons consxdermg each protocol in
tum are mentioned as below .' -

f In. order to examme the thermal sensmvn:y of the centers responstble |
| ‘_jf‘.lfor ehanges in the TL glow curve thh the change in the pre~heat treatment :

i TL was measured for 120—140mesh matenals pre—heat treated at 60()°C and .

I
Ay




1000°C for 1hrs pre-heat duration and in another part thermally untreated
material was alsb studied. Such types of material were identically exposed to
5.04Gy beta dose.

From Graph-1, it is found that an untreated material exhibits a strong
TL peak at ~110°C(Low Temperature (LT)) peak along with two humps at
220°C and 350°C respectively. Also it is significant to note that High
Temperature (HT) peak shifts toward higher temﬁerature_ side with rise in
témperature of anﬁéaling. TL intensity also grows with the rise in
temperature of pre—thefmal treatment (Table-4B).
| From data it is noteworthy to remark that the LT peak grows two
times when the specimens were pre-heat treated from 600°C to 1000°C.
Howevér, for the same pfotocol the growth is seven times for the HT peak
ie. 25,96.'06a.u. to 18017.8a.u. In another observation it is found that the area
'ﬁnder the TL glow curve also increases from 4.62625x10° to 1.59377x10’
with tﬁc increase in temperature of anneéling.

Comparison is also made for the observed TL results specimens with
yet another grain size of 230-270Mesh. The identical physical treatment was

given to the specimen as in previous study see in Graph-2 i.e. ascending the

t¢mperétﬁre of annealing while keeping identicél dose and duration of pre-

heat treatment. The comparisons of TL patterns in both cases reveal that the
LTApeak ‘shifts toward higher temperature side from 113°C to 122°C but HT
peak shifts toward lower temperature side from 351.83°C to 218.77°C with
the rise in temperature of annealing. | ‘

TL intensity also grows with the rise in temperature of aﬁﬂealing but
~ the "respo"nse to the temperature of annealing in finer grain (230-270mesh) is
quite in,téres_ting as compared to coarse grain (120-1 4Qmesh).

Foqr;}th‘e finer grains, LT peak grows about five times 1e 19335 to
1.0131x '10°a.u., while the HT peak grows three times from 7567.94 to
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1 9212.74a.u;, with the identical change in temperature of pre-heat At’reatment,
but the LT peak gets subdued for finest (270-325me3h) specimgn. Here also |
the area under the glow curve incréases from 9.174‘9X106‘to 3.3043821_07
with the temperature of annealing but response of the finer grain specimen is
more. ‘ ,

Effect of pre-thermal treatment was also studied for 2hrs durafion,
which is. displayed as Graph-3. It is observed that the LT peak shifts |
téwards lower temperature side to 1 10°C and along with it two égparate glow
peaks at 218.77°C and 359.5°C appear. It is observed that the LT peak
intensity though reduced to 320118a.u. from 485129a.u., still, however, the
area under the LT glow curve is systematically increased. |

Also, Sppcimen pre-heat treated from 600°C to. 1000°C for 3hrs
duration was also investigated for the TL characteristics (Graph-4). It is
noted that the LT peak remains almost stable, with the occurrence of two
separafc peaks at 226.25°C and 372.13°C but LT peak grows substantially
from 440081a.u. to 1.21735 x10%.u. Area under the curve also iﬁcreased.

~The finest grain (270-325mesh) specimen was also studied under

identical protocol (see Graph-5). In this case, LT and HT peaks are shifted
“toward lower temperature' side to 113°C from 154°C and 221.45°C from
359.84°C respectively with the increase in annealing température from
600°C to '1000°C. Here, TL intensity of LT peak grows w1th anneahng
temperature but not significantly whereas HT peak intensity is reduced a bit.
Area under the TL curve glves notlceablc changes from 1. 18656X107 to
3.43277x10 with i mcreasmg annealing treatment.
The explanatlon for the growth of TL glow curve -or changes in the
propertles of TL pattern. with changes in protocols.

F;rst, the information about TL process in quartz maférial must be

given. Several workers offered explanation, about TL mechanism in quartz.
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MOﬁg them, Spooner explained the TL process on the basis of atomic level
theory for quartz but he explained this mecﬁanism by using“O’Brien model
in which the Al/alkali center was involved. This center is created when
trivalent AI*® substitutes for tetravalent Si** in the SiO, lattice and therefore

one adjacent oxygen is left unbounded. The resultant charge imbalance ‘

attracts a charge compensating monovalent ion, which becomes localized in

the adjacent c-axis channel. Suitable compensating species are protons (H")
and the lighter alkali metal ions (Li*, Na™ and possibly K*). The range of
available charge compensators and physical configurations gives rise Vto |
several types of Al/alkali centers.

On irradiation, the non-bonding oxygen traps a hole, and now more
than enough (superﬂuous) alkali ions are free to diffuse away down the c- ',
axis charmel. The AValkali center thus becomes an Al/hole center- (A1+3) ,
believed to be the dominant luminescence center in most form of quartz. The
free electron can become trapped at a variety of electron traps, giving rise to
the cpmplex structure of quartz glow curves. Substitutional Ge™, because of
a high "elcctron affinity, is a likely candidate as an importént electron trap.
Other possibilities are prdtons, alkali ion clusters, substitutional Ti™ and
self-trapping at Si"™. The destination of the diffusing alkali ion is unknown;
throﬁgh itirhay become localized at the electron trap. Subsequent heaﬁng,
untraps the electron which then recombines.-at the (AI")° center, emitting
photon at 470nm. Sometlme later the alkah ion returns so restoring the
original AValkali center

- Due to special interest of TL of quartz in dating and désimetry, several
workers have recorded the TL glow curves. Fleming expleined the roIe of
TL peak as per their required applications. He suggested that, quartz shows a
number of TL peaks when irradiated grains are heated from room
temperature to 500°C. He suggested the preferred peak -for dating was |
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observed at 375°C. A peak occurring on lower shoulder of this peak, around
»325°C,' was foimd to show an unreliable. dose response and was termed
‘maline’ or rapidly bleach beak (RBP). Another peak that attracted attention
for dating pottéry‘was only found in laboratory-irradiated sample. It occurred
at about 110°C and became the basis of “pre-dose dating méthod”. Franklin
et al., reported the RBP (Rapidly Bleach Peak).at 150°C-180°C and 200°C-
220°C. According to them the peaks at 110°C, 180°C, 220°C and 325°C are
attributed to the same luminescence centers and its emissioﬁ peak shifts to
higher wavelengths, as the temperature of sample was increased.’ The results
of the present study also shows the same peak positions.

The 110°C TL peak is always found in all quartz and quartz-
containing specimens. The important information obtainedlj from several
workers about the peak is that its position varies between temperature region
of 90°C to 130°C due to sample type and treatment (annealing, dose,
electrolytic sweeping etc). Yang gives a variation in peak position from
89°C-150°C in as received material. He labeled it as 110°C TL peak’. The
pre-thermal ti‘eatment; mechanical and other treatments have been sﬁggested
to be responsible for these changes in peak position. Several v?orkers
explained the changes infTL> pattern due to defects and electron traps of
intrinsic. origin. They ha\;e established that the major contribution to the
110°C peak is from the O, center. Further, it has been mdxcated that,
mtrmsxc ion (M) specxﬁcally Na' and Li*, seem to partlclpate in the Oy
formatlon dynamics. In fact both in natural & synthetic quartz M" ions are
always present in assoc1at10n with Al jons (AI-M" center) substltutlonal
for Si**, This assomatmn ca.n be broken by irradiation, whlch may give rise

‘to the possﬂ:le mechanism for TL in synthetxc quartz.* In short in virgin
synthetxc quartz; the alkali ions (M") serve as charge compensators for the

ever-present substltutlonal AI"™ impurities. In such a condmon Aluminum

59



Al'”* and M" impurities are associated with each other in the form of
[AIO/M']° centers. Zimmermann established that the increase of
\lumiriescence center is most likely factor to enhance the TL output rather
than the écti\?ation of pre-existing traps. Therefore, it is suggested that the
.enhanCément in 110°C TL peak in the present specimen is due to above
proposed luminescence center”. _ '

. The above mentioned mechanism for production of low temperature

TL peak was cxpl‘ainedwby Martini et al.,” They explained,

Aluminum in unswepf quartz is preliminary in the form of Al-M" centers.
Alumiﬁum in swept-out quartzA is preliminary in the form of Al-OH" centers.
'AL-M"’ centers are converted iﬁto Al-FOH and [AlO,]°. ccj:nters by room
temperature irradiation: the ratio of the resulting 'Al-OH" and [AlO4]°
depehds on the types of electron traps in the sample. '

In unswept quartz, Al-OH™ centers are converted into Al-M" centers by
anneahng above 300°C, thus restoring the initial situation.

In swept-out material AI-OH" centers are not affected by annealmg up to
500°C

Subramamam et al., revealed an increase of Al-OH’ centers after room

| tempcrature irradiation followed by annealing in range 50-100°C. This type
of treatment is very similar to a pre-dose cycie so that in the swept sample
the p}eéence of H at Al sites corresponds to an e@anccﬁent of the low
tempéra:ture of TL peak.’

, Y[ang and Mckeever explained the increase in sensitivity of 1 10°C TL
peak after ionizing radiation at room temperature, followed by heating to
500°C +Such type of concept was used in dosxmetnc application.
Zlmmermann explained an increased luminescence efficiency following pre-
dose angl post—-annealmg treatment. Slmxlar observations are observed in the

prese?xf study He verifies such notation by ESR technique, {avhich is‘ able to

S
{.’
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provide information regarding to point defects, involved in the TL process at
110°C. He indicates that theb electron traps were (GeO,) centers. The
recombination centers, however, appeared to come from two origin-one
being holes trapped at (AlO4)° centers and the other being holes trapped at
defects which were unidentified at that time. Additional ESR data, which
indicate that the unknown hole traps are in fact (H3O4)°y centers.
Additionally, pre-dose sensitization is apparently activated -over the same
tem'perattrre range as that within which hydrogen impurities are being
released within the lattice.’ . |

Earlier worker had established that there must be two different
recombination centers, which are involved in the production of LT (Low
Temperature) peak. One was determined to be due to (AlO,)° centers. The
second was speculated to be a hole trap, which of course may be thermally
unstable at 110°C and related to hydrogen. Nuttall and Weil investigated and
described the (H30,)° center. This hole center is similar to (AlO,)° center
- except’ that three protons occupy the Si** vacancy instead of Al+3 n.t

The enhancement in the sensitivity of 110°C TL peak after beta or
gamma 1rrad1at10n followed by thermal activation at 350°C-900°C is
attribufefl; to Zimmermann model which interprets about such sensitization, it
is bcing due to filling of a hole ‘reservoir’ by ‘the radiation, fellowed by the
transfer of the holes into the recombmatlon centers by the thermal activation.
However 'Chen modified this model and showed that the essent1al conditions
for it to be consistent with results is the presence of a competmg radiation
less centers

Yang and Mckeever identified the electron trap with (GeOy,) centers
and the hole centers with (AlO,)° yleidmg ~470nm hght They also
suggested from the TL-ESR measurements that, 380nm emlssmn is related .

to (H3O4) hole center.

R
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Itoh et.al observed that a ~470nm emission is due to the recombination
of self-trapped excifons. Many authors, reported that the main emission in
the 100°C TL peak namely, the 380nm, was the one associated with the
increase in sensitivity due to irradiation followed by thermal treatment.”

For higher temperature TL (>250°C) peaks of quartz, Jani et.al
concluded that the TL in this region is the result of the recombination of
electrons with the holes at AI”-h* centers. The prbce’ss was also supported
by other: detailed measurements on this system. Thus, it is reasonable to
expect that the TL at 100°C should emit at the same wavelength as that at the
higher temperatures. However Jani et al., report that the higher temperature
TL emité at ~470nm, whereas Zimmermann reports that at 100°C TL peak
emits preddminantly at 380nm with a weaker emission band ~470nm.’

R.Chen suggested a model for high temperature TL glow curve in
quartz, which appears in the UV at a temperature ‘of 375°C, it was measured
for emission in the UV as well as in the green part of the spectrum. Also he
s‘uggestcd a kinetic order between first and second order. For simple
interaétive model that possesses two separate recombination centers along
with one-electron traps. It is necessary to attribute a distribution of activation
encrgiés to the electron trap, to allow for a significant re-trapping
probablhty, and to also invoke the presence of a thermally dlsconnected
electron trap

The 375°C electron trap complex in quartz offer another exampie
demonstratmg that the simplest model fit to an experxmental glow curve,
such as the use of the general order theory equation, even 1f very accurate,
need not yxeld physically correct parameter for the TL process involved.® -

*Inr present instant a large number of experimental results could be
fairly ;wcll accounted for using a simple interactive kinetic rr;odel suggested

by Ch;e;n:. This model possesses recombination centers by transport throﬁgh
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the conduction band. The two centers emit light in different spectral region,
one in the UV (~380nm) and another in the green region (~470nm).® Thus,
although AI”-h* centers may indeed by taking part in the TL process at
100°C, as recombination sites, they are not the dominant centers. Another
defect, the identity of which is as yet unknown must be acting as the main
recombination site. This defect must be acting as a hole trab during
irradiation.’ _

Ih an isothermal annealing experiments, Mckeever et al., suggested
that the population of Ge™-¢" center decreases over the temperature region '
due to increase in the Li'-Ge™-¢” center concentration (because of diffusion
and trapping of Li"). An isothermal storage at room témperature clearly
indicates that the Ge™-¢” center concentration is still decreasing even after
the Li*-Ge*-¢ center concentration has stabilized. It was also noted during
the isothermal measurements that the rate of loss of Ge™-¢ centers as
measured by ESR approxifnately matched the rate of loss of TL during
isothennal storage implying a strong correlation between the two processes.
Therefore TL at 100°C may be related to the concentration of Ge™-¢™ center,
but that ioss of Ge“—e_:‘ centers during isothermal storage (and during heating.
to iSO"C)--occur via two processes. One is the trapping of Li* to form stable
} Li*~Ge+4ref centers and other is loss of electron from Ge™-e- sites. The
electrons are then free to recombine with holes at both the AI”-h" (to yield at
~470nm) and at unknown centers (to yield TL at ~380nm).' The reaction
paths, which are observed to be taking, place ‘during the temperature régime

of interest, are summarized below, where U™-h" is unidentified, hole trap.®

63



Ge'-e—+Li">Ge'-e

\
<« e -
\ \
U-h" AP0 — +O2+H —>AI™-OH’ centers
VI "

TL at 380nm TL at 470nm

Thus it is clear that the pre-thermal treatment influences defect
structure in the material. It is believed that the internal structure of this
materlal is highly sensitive to the thermal treatment. Annealmg the material
at various elevated temperature creates effect on internal structure of
material. It is reported that the stability of quartz (also known as a—quartz or
low-quartz) is up to 573°C under normal pressure. The low-quartz can
convert 1tself to a high-quartz (B-quartz) on heating beyond 573°C. The a-f
transition is a displacive phase change iﬁvolving small adjustment of atomic
position without any rearrangoment_ of the bonds. As a results; phase change
is very‘fa_st and is completely reversible, although crystal twinning occurs as
the transition goes from « to B and back to .

Béyond 873°C quartz transforms into another phase i.e. beta to
'trldyrmte (~870°C). Thus material annealed up to 1000°C, undergoes o to B
and B to. tmdymlte phasc transformation. This seems to be respon31ble for the
31gn1ﬁcant changes in its TL, signatures of the material.'®% %

The effect of pre-heat duratlon on TL of synthetic quartz matenal has
also been undertaken in the present work. In this protocol the grains were
held at ‘é’ giveﬁ témpcrature for differcnt duration. It is found that there is not
only an increase in TL mtcnsxty but also shifting of glow peak position

towards lower temperature side. This observation was attnbuted to a
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competing electron traps (CETSs) present in the virgin material, associated
with proposed Al-hydrogen substitutional center to form E(’ center as a
résult of thermal pre-treatment followed by beta irradiation at room
tefnperature. It is believed that annealing the specimen for higher duration
increases the pbssibilities of generating E,” centers, which results in the
enhancement in the TL intensity with the increase in annealing duration.
Further, it is also suggested that the activation of pre-existing traps
seem to take place as a result of higher duration of pre-thermal treatment.
‘This in turn increased the concentration of a luminescence center. On
accbunt of large number, these centers come very close to each other. There
exists internal field 'among themselves. The luminescence centers are not as
free for emission as they were in isolated internal field free region. Hence, it
is suggested that the luminescence centers under influence of internal field
gives rise to shifting of TL glow curve towards lower temperature side.'

- Moreover, the observed changes in TL characteristics of Quartz with
either pre-thermal treatment or dose is believed .to be due to the production
of E;’ centers. This center gives significant contribution to TL results.
Martini’ mentioned that the E,’ center is an oxygen vacancy having an
unpaired electrons. Nailson noted that an enhancement in optical absorption
of the E;’ center is produced by irradiation followed by 300°C heating.
_Whgféas, Chen'' suggested that competing electron traps present in virgin'
synthetic quartz, which are active at trapping electrons in the heatiﬁg state of
the TL read out. The associations of competing electron traps with the
prc)ﬁqsed Al-hydrogen substitutional center generates a complex referred as
E center. It is suggested that the .thermal pre-treatment below 300°C “
‘Suppofts the competitors to be associatéd with the proposed center (Al-H),
‘which cﬁcourage radiative e-h recombination at the proposed luminescence

center site, rather than competing electron trap. This may be the reason for. |
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 the enhancemenf in the TL infensity with increase in annealing treatment Qp
to 300°C. |

Jani et al., observed that room ‘temperature irradiation alone doesn’t
enhance the E;” center. They suggested two important features of E,” center
in quarfz. Efficient production of E;’ center were possible only in unswept '
quartz. They also 6bserved that E;’ centers could not be formed unless the
sample has been irradiated above -73°C."? Rink and Odom'? have discussed a
model for E;” center and its precursér. The precursor of E;’ center, an
oxygen Qacancy containing two electrons in a singlet state (Si;—-O), released
an electron during the post irradiation heating and these eleétrons could get -
trapped at the éompeting deep traps, rendering the competing deep traps
ineffective during the TL readout. The E,” center becomes unstable and
decays in :the temperature range 400°C-500°C. This decay would involve the
release of the El’ center electron and results in bared oxygenl vacancy. The
released électron also has the probability of getting trapped at the competing
deep traps. As a cohsequehce, in the sensitized sample probability of
recombination center will increase. This will give rise to an increased TL
emissior{.fé | _'

We observed the. complete TL characteristics of synthetic quartz
crystal under the influence of different physical conditions at room
temp@ramie for different grains sizes also. It is clearly indicated that the finer
grain sizé»of 230—270mesh gives impressive results with significant changes
in TL pattern particularly TL intensity (growth rate of TL) and area under
glow curve compare to coarse grain (120-140mesh) and finest grain (270—
325mesh) Also these grams (230-270mesh) are highly sensitive to annealirig
temperature as well as duration of pre-heat treatment. '

Thg present work includes the treatment of material by mcéhanic’al

actions such as grinding V(milling), crushing, use of machinery for sawing
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and cutting, which may result in the produotvion of defect structure. However, ‘
the shape of glow curves at temperatures above 300°C doesn’t reveal the
same. This may be due to either to the chemical changes (impurities
introduced into the powders) during the grinding process or to the surface
area effects. Also, from literature survey, the surface alterations following a
prolonged grirlding, which results in significant changes in the physical and
chemical characteristics of material. Further, A.H.Ranjbar et al., the TL
output increases with docreasing particle size, but then declines for particle
sizes below certain grain. Although below a certain size TL intensity
decreasé, which is attributed to a decrease in the available trapping centers, it
is again thought that the former increase of TL intensity is due to an increase
in the surface area per unit mass for the lower particle size of the powders."*
Current work also shows identical pattern of results. Therefore, ﬁner grain of

230—270mesh has been used for further study

4.2 A Selection of 470nm stimulation wavelength for the present OSL
study. | ‘

Mckeever'® and Prescott et al;,”® have studied spectral- studies of
quartz. But the detailed observations of M.R.Kribetschek et al.,'® revealed
that thezquaitz has three main TL emission bands at (i) 360-440nm(near UV
to v1olet) (ii) 460-500nm(blue) (iii) 600-650nm(orange) region.

(i) 360-440nm

The TL emission band in this wavelength region is associatéd with
(H;04) ° hole center on a Si vacancy as subjected by Nuttall and Weil'.
Yang et al.,’ supported ‘this statement by observing TL emission spectra at
380nm Wayelength related to 110°C peak in quartz. There are further TL

peaks at higher temperature and their emission wavelengths depend on
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corresponding temperature. Scholefield et al., explained this concept to
support the above statement.'® Franklin et al.,'” categorically showed that
95°C- 110°C TL peak is emitting at 376nm.

150°C-180°C TL peak is emitting at 392nm.

200°C-220°C TL peak is emitting at 410nm.

305°C-325°C TL peak is emitting at 430nm.

For the later peak, thermal quenching of the luminescence has been
found (Wintle) and the observations of Franklin et al., showed this effect to
~ be the characteristics of all these peaks. Scholefield et al., have described the
325°C pfaak as a broad peak in energy with a symmetry factor in the
temperature shape indicating first orders kinetics; as noted by Wintle.

OSL studies (Smith et al.,) have shown link between OSL and the
optically induced decay of the 305-325°C TL peak (natural signal); both
bleach rapidly, and also without UV light bleachable TL peak emits at about
420nm(Prescott and Fox, Scholefield et al.,). Franklin et.al reported that the .
TL emission listed above form a “family” of rapidly bleaching TL peaks
~ which all feed the same luminescence center using the conduction band for
electron transport.

- (ii) 460-500nm

(AIO4)° on a Si site seems to be responsible for 460-500nm emissions
but otherf defect may also be associated with this emission. Hornyank et al.,”
‘observevd; this forms TL peak at 375°C, which is relatively broad, both in
- temperature and wavelength aﬁd it is asymmetric with extension towards
lower temperature and higher energy.
~ (iii) 600-650nm A

Tt is the less intense orange TL emission band (mostly reported as red
TL) for \&hich there is no clear link between the emission and particular type
-of defecté. ‘ |
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The Photoluminescence (PL) studies of laboratory grown synthetic
quartz gives the emission band in the. bluish green (~470nm) region (see PL
spectra-1, 2 and 3). As already mentioned, this emiséion corresponds"to
375°C TL peak whiéh is attributed to electron trap complex in quartz.?
Moreover, it is worthwhile to recall that Jani et al., proposed the high
temperature TL»peak is emitted at about 470nm, but for ~110°C TL peak
 Zimmerman argued that it was predominantly emitted at 380nm, with a
weaker emission at 470nm also®'. Thus it is reasonable to believe that the
same electron trap complex may be responsible for both the TL peaks. Since
high temperature TL p'eé{k is of interest from the point of view of datihg and
dosmetry application, the present work mainly concerns with this TL
em1ss1on peak {it is already mentioned that RBP i.e. 325°C and SBP i.e.
375°C are highly involved in such applications}.

Thus the selections” of 470nm hght was made for the purpose of
optical stimulation of irradiated material for different protocols.

Various sources like ion-argon laser and green LEDs may be uséd for
optical stimulation of quartz. R.B.Galloway et al.,*' recently developed blue
LEDs, which was tested with the aim of the using this device for visible l.ight'. :
stimulatidﬁ of quartz for dating and retrospective accident ddsimetry. He
showed .the several practical advantages of using LEDs over other light
sources such as filtered broadband lamps and laser. They are inexpensive,
 heat dissipation is negligible, there is no radiation loss, they are eésy to
operate. aﬁd the power delivery can be controlled ‘eléctronicaliy, and hence
can be provgrammed also. |

A blue LED OSL configuration has been described and compared with
a broadband green/blue light source. It was found that for similar power
densities, the high energy light provided by blue LEDs gives arvery'much
'greater .quartz stimulation efficiency than that of green light, which is \
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consistent with the known exponential rélationship between OSL and photon
energy. A blue LED system delivering 6mWem? to the sample stimulates
quartz with a similar efficiency to that of broadband blue/green halogen
source delivering 28mWcem™. Rapid switch on/off time allow pulses as brief
as Sms to be delivered using LEDs. This, combined with software-controlled
power,’_- greatly improves the flexibility of the illumination source compared
with the broadband system.
Pre-heat experiments on quartz strongly suggest that the same sets of
OSL traps in quartz are affected, whether using blue LED or broadband
blue/green light. It is concluded that there is no evidence for enhanced
. stimulation of deep OSL trap by the higher energy blue LED light source. It
is for the first time that the clearly distinguished OSL peaks have been
idéntiﬁed as being associated with 325°C and 110°C TL traps. It is
concluded that this new approach has great potentiél for further
understanding of luminescence processes. It is very likely that there will be
significant further' improvements in (high—‘energy visible light LED
“teéhnology in the near future. However, existing designs are already very
suitable as stimulation sources in OSL, and hdve great practical and

experimental advantages over existing sources.

4.3~0SL meésured at room temperature.

As already mentioned, the OSL technique hasymany advantages over
TL. The specimens were optically stimulated at 470nm, which corresponds
to high femperature as well as low temperature TL peak. In order to study
OSL déé;’ay for the specimens pre-heat treated at different temperature and
duratip;ns, specimens were irradiated for different beta doses. OSL was

measuréd at room temperature for each protocol while correlating with TL at-
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room 'temperature for stmilar protocol. Role olf optically sensitive traps can
be investigated more Asystematically with these efforts.
| Graph-6 to Grapﬁ~8 show OSL at room temperature for the 230-
'270mesh powdered specimens, pre-heat treated at 400°C, 600°C and 1000°C
for 1hr duration then rapidiy air quenched respectively. Prior to OSL decay
each specimen Were given 2.52Gy to 75.6Gy beta dose. Materials annealed
at 400°C do not show exponential decay for any‘dose of observation. In yet
another study, it has been found that initial stimulation peak. intensity time
reduces from 11.2 to_ 0.4sec with rise in beta dose. While, material annealed
at 600°C with' rise in dose, shows similar results but for speeimens exposed
to 75.6Gy dose, Ainitial stimuldti()n peak time becomes completely zero sec
and curve becomes completely exponential in nature.

Matenal pre~heat treated at’ 1000°C for 1hr shows that initial
~ stimulation tlme rémains very low and it reduces with rise in beta dose.
Specimens were exposed in this case for even higher doses up to 302.4Gy. It
is found that exponential OSL decay is discernible for specimeds exposed at
higher than 75.6Gy beta dose, before this dose initial stimulation time
remains very low to 0.4sec. | |

The changes in initial stimulation tlme for different protocols can be
observed from the width of OSL decay curve. The specimen pre—heat treated
at 400°C shows no change in width even with rise in beta dose. It means that
the curve remains non exponential.ﬂ However, grains annealed at 600°C show
remarkable chahge in width after 25.2Gy dose,‘it__started decreasing with.
further rise in beta‘dose It is clear that at this point tﬁe OSL curve starts
becoming exponentlal Identlcal pattems are observed even for specimens
annealed at 1000°C This clearly means the full width of OSL decay is

sensitive to the dose as well as pre-heat treatment.
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| Graph-9 to Graph-11 show OSL decay curves for higher duration of
pre-heat treatment of 2hrs for identical protocol like thr, it is noted that
400°C annealed material gives non-exponential characteristics even with rise
in beta dose up to 75.6Gy. Whereas 600°C & 1000°C pre-heat treated
material show non-exponential decay curve up to 5.04Gy and 2.52Gy beta
dose respectively. Beyond this dose OSL decay is exponential with rise in
OSL intensity. |

Further, rising the duration of pre-heat treatment to 3hrs for similar
protocol indicate that an identical pattern of shape of OSL curve is observed
for 400°C annealed and quenched grains. But noticeable changes are seen for
600°C and 1000°C pre-heat treated materials. In this treatment, it is found
that the shape of OSL decay curve becomes exponen‘tiall from 2.52Gy beta
dose, which is faster decay compared to 2hrs pre-heat duration results. These
results are obviously clear from Graphs-12 to Graph-14.

A cornparrson made for the OSL characteristics of quartz specimen
with another grain size of 120- 140mesh at room temperature whlch is pre-
thermally treated at 1000°C for 1hr and exposed to different beta doses were
studied. The results obtained are presented in Graph-lS Here it is found
that a specrmen pre-heat treated at 1000°C for 1hr duration exhibits non-
exponentlal decay up to beta dose ~2.52Gy after that it becomes exponential
in nature for each dose up to 302.4Gy beta dose. Further, to understand the
effect of pre~thermal treatment on OSL decay curves of this grain size the
specimens were given pre—heat treatment at 400°C, 600°C 800°C & 1000°C
for 1hr duratron, each specrmens was given identical 5. 04Gy beta dose
before OSL measurement The decay curves are displayed in Graph-16.

The ‘OSL curves indicate-that 1000°C pre-thermal treatment highly

1nﬂuences the shape of OSL decay curve compared to those of other pre-heat
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treatment specimens. In other words, unlike specimens the 1000°C annealed
material gives completely. exponential shape of decay curve.

The same protocol was also followed for the finest grains of 270-
325mesh. It has shown that the specimens pre-heat treated at 1000°C for 1hr
duration gives a noticeable changes like non-exponential shape with faster
decay unlike the finer grains. But for both the grain sizes, specimens pre-heat
treated below 1000°C show non-exponential decay, having the difference in
the decay rates see 1n Graph-17.

In yet another set of observations OSL intensity was compared against
the different beta doses given to the specimen pre-heat treated at a
temperature for different duration, with a view to understand the effect of
doses for different pre-heat treatment duration. '

Graph—lS to Graph-20 display the OSL dose response curves for
230-270mesh size grains annealed at 400°C, 600°C and 1000°C for different
durations respeétively. .

Here it is found that for the specimen pre-heat treated at 400°C, as the
beta-dose increases, OSL intensify decreases up to 25.2Gy,. however, it
increases beyond 25.2Gy dose. Similar pattern is observed for 2hrs and 3hrs
- duration with only change in respective OSL‘ intensity. It is clear that for the
- same dose the OSL intensity decreases with increase in duration of pre-
thermal treatment. Howcvpr, grains annealed at 600°C shows rise in OSL
intcnsity beyond ~5Gy with the rise in beta dose Graph-19, but for the
specimen annealed at 1000°C it shows the growth in OSL intensity with the
rise in beta dose for all the’ duratlons of pre—thermal treatment.

Graph—Zl to Graph~23 display the area under the OSL curves against
beta dose These observations are derived from the actual OSL decay data
for three . different annealmg temperatures 400°C, 600°C and 1000°C

respectiYély. However for the purpose of comparison different duration of
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pre-heat treatment was also considered in each graph. This study is aimed at
finding the influence of such protocols on discerdible OSL center
concentrations. |
Here, it is found that specimens pre-heat treated at 400°C show
decrease in area under OSL curve with rise in beta dose up to the exposure
of ~25Gy dose, thereafter it increases on further rise in beta dose. It is
important to note that, for the grains annealed at 600°C, such a change takes
- place for much lower dose (~5Gy). Thereafter, identically the area under
OSL curve increases with increase in dose. However, specimens pre-heat
treated at 1000°C show éuch changes with the rise in dose from the lower
most doses (Graph-23). Identical pattern of observations are found for all
durations of pre-heat treat_rhent.
TheGraph-—24 to Graph-27 show data relaﬁng to the OSL sensitivity
against terflperéture of annealing for a given constant doses. Here, also the
"data is compared for diffeﬁrent duration for each dose. This study reveals the
eﬂ‘ed; of temperature of énnealing for each dose on OSL sensitivity. It is
found that OSL ‘intensity was less intense for the specimen pre-heat treated at
400°C and 600°C Beyond these thermal treatments i.e. at 1000°C there was
a sudden rise m OSL mtensxty Sxmllar results are observed for hlgher doses
also. | v
In order to examine;'the effect of annealing temperature and duration
of pre—heat treaﬁnent for a given beta exposure on area under OSL curve
each specxmen was pre—heat treated at different elevated temperature for
different duratxons ‘Such specxmens were exposed to identical beta dose as
seen in Graph~28 to Graph-3l; Here it is important to observe that, while
raising tﬁe temperature of ?annealing up to 600°C for lower doses <2.52Gy
the area under the OSL curve decreases however it is remarkable to note that

the area under OSL curve 1ncreases for 3hrs duration of pre-heat treatment.
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Another interesting observation is that the area under OSL curvé increases
with the rise in annealing temperature beyond the 2.52Gy beta exposed
specimens; ‘

- It is already mentioned, earlier that the concept of phototransferred
thermoluminescence (PTTL), invokes transfer of trapped carriers from deep
traps to shallower trapé due to optical stimulation. Hence, TL is recorded
after the OSL to know the amount of phototransfer. This will reveal the pre-
dose effect, which is significant in dating and dosimetry. This study is also
used to understand- the role of low temperature TL peak and its thermal
Stability; Therefore, the TL characteristics after OSL decay for 100sec at
room temperature for different protocols were also recorded With a view to
understand phototransfer process and thermal stability as well as growth of
responsible color centers for such a protocol in quartz which is correlated
with low temperature TL peak. ‘

Crziph—32 to Graph-35 are recorded TL readouts after the OSL decay
of quar'tzispecimens, which were pre-heat treated at 400°C, 600°C and
1000°C'f0f 1hr duration. Here, it is observed that, a welil defined TL glow
peak is “cxhibited at around ~ 120°C for lower doses as much as 2.52Gy for
any temperature of pre-heat treatment as well as any duration of pre-heat
treatment. However, it is noticed clearly that, the specimens when pfe—heét
treated at 6006C shows glow peak at around 220°C for higher doses as much
as 25.2)Gyi dose. However, specimens pre-heat treated at 1000°C for lhr

| duration? exhibits same glow peak even at lower dose (2.52Gy), its intensity
| changes;; With the either the rise in beta dose or rise in duration of pre-heat
treatmer{lit’.l;Further, it is observed that the sp‘écir_nens exposed to > 75.6Gy
induce zin;additional TL glow peak around ~ 370°C. The changes in any '

glow pe.all‘;k' positions are also noticeable for different implemented protocols.
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In another noteworthy observation . in relation to the different grain
sizes for similar protocol, it is clear that‘ the finest grains (270-325Mesh)
shows the highest TL sénsitivity to the test dose of 5.04Gy (Graph-36).

‘As the grains becomes coarse (120-140mesh) the TL intensity
décreases drastically, however TL glow pattern remains identical for each
grains sizes (Graph-37 and Graph-38). From the graphs it is also clear that
as the temperature of annealing increase while keeping other physical
conditions same, TL intensity grows for a grain size as well as for different
grain sizes.

In order to know the effect of increasing the duration of pre-thermal
treatment on the moderate grain size i.e. 230-270mesh waé, chosen due to
sufficient TL sensitivity for all the temperature of annealing. From Graph-
39 to Graph-41 as well as Graph-42 to Graph-44 it is clear that TL glow
pattern remains unaltered even with the rise in duration of pre-heat treafment
namely, 2hrs and 3hrs respectively, but the TL intensity more or less
‘increases.

Thermoluminescence intensity after OSL againsf' different temperature
of annealing for a given dose is plotted aé Graph-45 to Graph-48 and same
graphs, the compamson is also made for different durations of pre—heat

treatment with a view to establish redxsmbuuon of charges n correspondmg
trap for higher doses too. .

Here, it is noteworthy that the TL’ intensity grows with the temperature
of annealing with a distincﬁ that the sp_ecifncns pre-heat treated beyond 600°C
shows abrupt enhancement in TL intensity. th only that, on careful
investigaﬁions it is pointed out that for such a protocol the additional high
temperature peaks are induced, which seem to prompt this TL peak to shift
toward lower temperature side. Morém)er, it should be noted that the peak

remains stable for the specimens pre-heat treated up to 600°C even at higher
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doses. However ‘the peak shifts towards lower temperature side, when
specxmens were pre-heat treated beyond 600°C. It should also be noted that,
the specimens may even show high temperature TL peaks when specimens
were given beta dose >25Gy.

" In another part of experiments area under the TL glow curve are
plotted at identical beta dose for differenf ‘an'neeling temperature 400"-C to
' 1000°C with respect to 1hr, 2hrs and 3hrs pre-heat duration. From Graph-49-
“to Graph-52, it is observed that at identical beta dose in the ;ange between
2.52Gy to 75.6Gy, for material annealed at temperature between 400°C to
1000°C the area under TL glow curves systematically increases for all pre-
heat duration. Also it is jfouno»:i that for beta dose > 5.04Gy and thermal pre-
treatments in the range 600°C to 1000°C there is sudden enhancement in the
area under the observed TL glow curve. :

In general, the shape of the OSL decay curve doesn’t lend itself to
analysis using simple descrlptlons. The decay is usually non-exponential,
typically exhibiting a long ‘tail” to the decay at long illuminaﬁon times. In
some circumstances, and for some samples, the OSL may even display an
initial slow increase aftef the illumination is applied, followed by the more
usual decrease at longer times. Overall, the decay shape is dependent upon
the sample conditions such as the absorbed dose, the illuminatien interisity
and temperature of pre-heat treatment and temperature of sample etc.”2 ***

Although, one might expect a multx-component OSL decay curve if
more than one trap is bemg emptied at the 1Ilummat10n wavelength being
used, all available data in the present work indicate that at 470nm (the
stlmulauon wavelength) only one trap is being emptied. Through, the causes
of these p’rotocol—induce& changes in shape and sensitivity of the decay '

curves are not well understood.”
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- Smith and Rhodes attempted to fit green light stimulated OSL decay
of quartz and later researchers explained the changes in OSL decay pattern in
terms ‘of alterations in the recomuination centers for which delocalised
transport via the conduction band was attributed.”* “°

In the present investigations, it 1s observed: that not only non-multiple
eomponent OSL decay nature but the clear increase in OSL as a function of
illumination time up to a maximum before the decay starts for the specimens
having implemented below critical protocols such as high dose for lower
pre-thermal treatment and/or, lower dose for higher pre-thermal ‘treatmen:t.

Several workers have attempted to explaint such type of decay nature,
which they attributed to the contribution of shallow trap during OSL
measurements at room temperature. In this connection Mckeever et al.,
suggested that several processes are seen to influence the beha\fiour of OSL
curve es a function of temperature, depending upon the precise mechanism
by which the OSL is produced. Shallow traps seen to play an important role“
wheneVer the OSL process involves stimulation into the deloealized band.
The trappmg of charge by the shallow traps, followed by the thérmal reIease :
of this charge back into the conduction band, yields non—exponentlal tail to
the OSL decay curve, reduces the initial intensity of the OSL, and can, in the
right c1rcumstances give rise to a peak in the OSL curve. | . R

Expenmental results show that the temperature of the measurement,
temperature of pre-heat treatment, irradiation dose and: mtensny of
illumination light govern whether a peak appears or dose not appears in the
OSL ‘c'urves.' ‘Mckeeveri and Morris gave an explanati'o'n regarding
contribution of low temperature traps during OSL productxon and on the
same basxs they also explamed the OSL decay results.”

In general, howeyer_ the temperature dependence of ~OSL is

eempheeted by ‘the presence of shallow tarps e.g. when the OSL stimulation

o
4
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is performed near room temperature a long tail to the OSL' curve is often
observed. This is believed to be (at least partially) caused by the influence of
shallow traps, which localize charges released during illumination and
slowly release them again at a rate determined by the trap depth and the
- sample témperaturé. This is a slow, optically stimulated phosphorescence
component to the OSL decay curve. In this way, shallow traps may slow
down the OSL decay processes. Furthermore, shallow traps give rise to a
temperature dependent OSL component since at highér ‘temperatures they
become less effective at trapping charge.”

In our observations such slow optically stimulated phosphorescence
component to the OSL decay curve is clearly noticeable, hence it is believed
that the temperature of annealing also contributes to the rate of release of
localized charge carriers from shallow traps during illuminations. From the
viewpoint of applications of OSL in dosirhetry, the OSL dose response curve
was investigated for different protocols. The area under the OSL curve was
also obtained against the imparted dose to the specimens after implemented
protocol. Here it is observed clcarly, that for lower (400°C) temperature of
annealing OSL reduces with dose up to 25.2Gy dose and it increases beyond
this dose. For the specimensaprc-heat treated at moderate temperature
(600°C) this critical dose.moves to thé lower side i.e. as much as 5.04Gy.
However, the specimens pre-heat treated at higher temperature (~1000°C)
OSL dpesn’t reduce for any dose, but increase with the dose. Thé similar
pattern of behaviour was observed even in the area under the OSL curve.

Mckee\{er et al., explained the interesting OSL &ecay pattern for
different doses and different temperature of annealing on the premise of
‘transport via the conduction band. They considered ﬁrst~order kmetxcs (ie.
neghgible re-trapping). This appears to be a reasonable assumption for
quartz but it can’t be guaranteed to hold throughout the OSL: decay curve.
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Furthermore a real sample is likely to have more traps than those indicated-
including several opticélly active traps, deep competing traps, shallow
competing traps as well as radiative and 'non-radiative recombination
centers.”’ A

It is believed that for lower temperature of annealing the lifetime of
the charge in the shallow traps is much longer than the decay time giving rise
to small OSL signal due to trapping in the low témperature traps, but re-
trapping into deeper, competing ttaps, re-trapping into the optically active
traps and non-radiative réé;mbination produces non-exponential decay
curve, which is discemible upon increase up to critical dose for low
temperature of annealing. Therefore, the decrease in OSL up to critical dose
for low temperature annealing i is observed. V

This can be better explamed through Botter—Jensen model concerning
the dose response of OSL. The essential elements of this model are shallow

electron trap (level-1) that represents all those shallow traps in real materials,
| which are Aonly, partially stable at the temperature of irradiation (e.g.110°C
TL peak in quartz). .

Level-2 represents all those optically active traps that are emptied
during-OSL meésurement (for exaniple, the traps responsible for the 325°C
- TL peak in quarﬁz—RBP).

LeVel—B represents deep electron traps. ‘These states do not empty,
either thically? or thermally during OSL or TL measurement. High
temperatures thermal annealing may empty them. ~ |

In addition, there are two-recombination centers, Level-4 and
Level-5. It is assumed, for the purpose of - this ‘model, that only
recombination at Level-4 produces measurable luminescence. That is, it is

assumed. that recombination at Level-5 is either non-radiation, or produces
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light at- a wavelength outside the detection window of VTL‘ or OSL
measurement. |

During irradiation sequence, electrons accumulate in the electron traps
and holes accumulate in the recombination centers. Duririg the bléach,
electrons are removed from Level-2 (optically : active - trap) and are
redistributed among the other levels. Those that recombine at Level-4 and
Level-5 during this process are then ‘lost’ from the system.

Annealing of the system is stimulated by either (i) removal of Level-5
(center removal) or (ii) the creation of additional Level-4 (center creation).
In addition, it assumed that during annealing all surviving levels (including
Level-3) are emptied of their trapped charge. Thermal emptying of the levels
was thought to be a reasonable assumptiori since the amiealing of the real
materials takes place at high temperatures (up to IOOQ°C in some cases)
sufficient to depopulate traps with thermal depths up to several eV. Clearly
in a real system, some charge may remain trapped in deep levels depending
upon the annealing temperature but one of the critical ideas Heing lg:ested in
the simuiations is whether fqmoval of charge from deep levels will affect the
dose response of the systen'i;”’ 4,42

The above results gi\y(e rise to two effects- the first effect'concerns the
concentration of the iumifnescence cénters (Level-4) compaxjc_:d with the -
~concentré;ion of the Level—éS. In either of the annealed cases there is a large
enhancement of Level-4 concentration in comparison to Level-5 (in one case
the concentration of Levei4 is increased; in other the concentration of
level-5 réc}uce,d). In eith%:t case, more electrons recombirie with> the
lumineécénce centers or m;ore‘ light output (OSL or PTTL) results for the
same absorbed dose i.e. -tbe sensitivity are increased. The second effect
governs t{l'e, shape of the grthh curves (not just the 's,!ope) and concerns the

' é_mptying of the deep traps .iduring high temperature 'érincali,ng. Empty, deep
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traps can act as competing levels to the luminescence process during heating
(for TL) or durmg illumination (for OSL). The present studies also show that
on raising the temperature of annealing for any dose the OSL increases and
also the area under the OSL curve also the i increases. These observations are
interpreted on the premise of change of concentration of luminescence center
as per the above-mentioned model.

Mckeever et al., also noted sensitivity enhancement effect in both the
TL and RL of quartz following annealing at high temperatures. fn their
conclusion they too suggested that the enhancement effects were related to
alterations in the recombination centers, since RL and TL were affected in
similar ways.?®

Further, it is also been noticed that as the duration of pre-heat
treatment increases, OSL also enhances. This is more predominant at certain
temperature of annealing such as 600°C and 10005C. These effects are also
in accordance with the alterations in recombination centers. In addition to
that, the structure change in quartz at different temperatures is also belie?ed
to play a vital role for their predominant effects at around that temperature.
Several other workers also attribute sensitivity enhancement to the
alterations in recombination centers and their site using spectral changes,
which are due to the structure changes in synthetic quartz at high
temperature annealing.”” However, the phase-changes of SiO,, namely the
alpha—beta quartz transition at 573°C and the beta quartz to P,-tridymite
transition at 870°C are well established. These frozen phase changes due to
pre-heat treatment around that temperature is beheved to be responsible for
the above-mentxoned changes in OSL pattern. Thus the OSL mtensxty is
strongly dependent upon pre-thermai treatment, duration of pre-thermal
treatment ‘and- laboratory irradiation. The shape of the decay curve also

remains sensitive to physical such factors.*>*
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Mckeever, Wintle and Morries interpret such types of involvement of
"low temperate TL traps successfully. This interference of shallow traps
during OSL production is. interpreted by recuperation (traﬁsferring process),
rolé of other than OSL deep traps temperature effect etc. The roles of
shallow tap during OSL measurement are discussed‘ by severaliiworkers,
which are already mentioned earlier. However, researchers proved the role of
shallow traps by recuperation process, such a process also called a
transferring process of trapped electron from deep OSL trap to shallow trap
and vice to versa during optical stimulation and subsequent héating process.
It gives a proof of involvements of shallow trap. Aitken ’and E.Smith gave an
interpretation for the presence of shallow trap and labe'led it as recuperatidn
ie a transfemng process in OSL production. | B
| Wintle and Murray further utilized this idea apd explained clear—cut
picture of recuperation process, which is highly efficient in OSL creativity.
Therefore, in the preseni investigation, such type of process is highly
attributablé to ;gfom'th of OSL and impoftance 6f annealing treatment,
irradiatién of thé-sample and justification of the role of shallow trap. Further
they calculated the charge éycling from, and to, the deep OSL trap.

Wintle and Murray explained the transfer of charge from 110°C to OSL
deep tra'p (during stimulation) by using model in which, the deép OSL trap
and the. 110°C traps are the only electron traps present. It is assumed that
both the OSL and TL used the same recomblnatlon centers, and that the
ratios of probabilities of luminescent and non-luminescent rermbmatlon
remain tﬁe same and constéht during OSL and TL. They describéd, ‘¢ is the
fraction éf the total numbei‘ of eléctrbns fmrﬁ the deep OSL trap stimulate&
by a 0. lscc cxposure to green light.’ “Then the fraction, whxch goes to

' recombmanon is ‘st’, and the fraction, which is re-trapped by the 110°C trap,

is (1-s) t. 1 e. during stxmulanon
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t-st = (1-s) t Where, t - OSL trap; st- recombination center; (I-s) t-110°C TL
trap. | | ) | o
During heating, which completely empﬁes the 110°C TL trap, a
fraction r of the .électnl‘on;s thermally stimulated from the 110°C trap will
recombine, and a fraction (1-r) will be returned to the deep OSL.VAlthough,
green light is believed to stimulate the trapped charge directly into the.
conduction band there is no evidence of shallow trap effect- in spite of there
being a strong 110°C TL peak when the sample is irradiated at room.
temperature in the laboratory (thus showing that there is a significant
concentration of shallow'trap present). However, the relative strength of the
 shallow. trap effect depends upon the excitation rate, which, in turn, depends
upoﬁ thc photo—icnization cross-section and illumination intensity. In
' panicuvlér; decreasing the' intensity should lead to the effect of the shallow
traps becoming more noti‘ceable.22
Wintle & Murray éXplained, over-S0sec or so of stimulation the shape
of the room temperafure QSL decay curve is dominated by the competition
bétween‘ and re-trapping éf electrons released both from the deep OSL trap
and subsequently from shallow traps. Thus thé OSL decay gurvé shape
doesn’t contain signiﬁcaht information about the stability of the -initial
natural dQse distribution. Only after a long period of stimulation (about
'100sec) is there a significant contribution tb the OSL signal from -traps |
deeper ‘thén at 325°C or from shallow traps. They deduced that a single
trap/luminescence center combination appears to be responsible for the great
majority: of the OSL signal. | | |
From previous results of the OSL measurement at room temperature
and respectxve mterpretatlon mdlcate that the presence of 110°C TL trap is
creatmg an effect on shape and sensxtmty of OSL charactensncs It 1s'

already mentloned that OSL is best method, thch glves an advantage over
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TL inv its applications for dating and dosimetry. In {egard to these
applications, worker are more interested in deep traps, which are stable,
slowly bleachable and gives a maximum contribution for releasing of an
electrons with rapidly‘(~32S°C). But during room temperature measurement
of OSL there is availability of shallow traps, which caﬁture electrons
released from deep traps. On other hand we can say that during room
temperature OSL'proeess there is a loss of OSL efficiency. Therefore,
scientific workers are trying to find out a technique to avoid this loss.
However, they selected an appropriate elevated temperature OSL
measurement technique and explained the importance of this stimulation
temperature.

Smith and Rhode s;lggested the decay of the measured OSL signal
from the sample held at 160°C during measurement. When a sample is
heated above 100°C, any charge transferred to TL traps in the 100°C region
is immediately evicted, simplifying the form of the OSL observed. The
chosen temperature for OSL measurement Amust be sufficiently low that
thermal quenching effect are minimal and that the removed of hlgh
temperature TL during measurement is 1n31gmﬁcant Being sufficiently high
tempereture minimizes the effect of re-trapping at lower temperature TL
traps duiing OSL mea‘sure%nent (especially TL traps in the 100°C TL region).
A tempefature of_ 160°C was found to be good compromise. No detectable
signals were observed whén sziniple was held at 160°C for 10()sec3 !. Wintle
and Murray also supported Smith and Rhodes statements and they fully
utilized . -such expenmental technique for archaeologlcal and geological

dating. An advantage of elevated temperature OSL measurements technique
| is to reduce re-trapping probablhty and an increase in the efficiency of OSL.
In this- eqnnectlon, Wintle and Murray mentioned the importance of

isothenﬁzﬂ OSL measurement. It was proposed that routine measuremeﬁts of
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~ OSL on ‘quartz are carried out at a ‘temperature at which the 110°C peak
~ doesn’t play a major role. Temperatures of 125°C and above would be
appropriate. Therefore, they concluded that it would be an advantage to
make the OSL measurements at elevated temperature to prevent the 110°C
trap form trapping electrons. The response of different part of OSL decéy
curve from the same quartz sample are examined relative to ooe another
when _ different experimental conditions are applied. In (;particular,
experiments were designed to separate the effect of different temperature
dependent phenomena, thermal quenching, thermal assistance and cycling of
charge through low temperature trap. They pointed out; optical siimulation
can be carried out at any temperature below that at which ﬂthe‘, optically

stimulated trap empties because of thermal stimulation.**

4.4 OSL measured at 160°C.

In the previous study a role of shallow trap (1 10°C TL peak) on OSL
decay at room temperature was discussed. It was shown that slower and non-
exponential OSL decay along with reduction in OSL intensity seems to be
due to such traps. The noh—exponential OSL decay has been iridicated using
initial stimulation peak time, and reduction in OSL sensitivity.

According to Mckeever et al?

non-exponential OSL decay is
attributed to. the re-trapping of optically released charges, Which lead to
decrease in OSL efficiency, and hence it is not a good candidate for OSL/TL
dosimetry. -

To avmd these problem researchers suggested that the OSL
measurements . should be performed at elevated temperature. Accordmg to
B.W. Smlth et al.,”! this protocol will eliminate the contnbunon of 110°C TL
trap, whlch in turn resolts ‘in increased OSL and exponenﬁaL OSL decay,

which is mainly applicable in OSL dating and dosimetry ap})licati‘ons of
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quartz specimen. Therefore, in this part of the study the opticai stimulation
was performed é,t an elevated temperature (at 160°C). For the purpose of
B comparison, OSL decay were recorded at an elevated températurc for
different doses as well as for different pre-heat treatments, as similar to that
of OSL decay recorded at room temperature.

Here, the specimens were pre-heat treated at 400°C, 600°C and
1000°C for 1hr separately; subsequently each épecimen was exposed to beta
doses from 2.52Gy to 302.4Gy before recording OSL at 160°C. The results
are shown in Graph-53 to Graph-55. It is found that the specimen pre-heat
treated at 400°C shows non-exponential OSL decay, even after increasing the
dose up to 75.6Gy. However, the specimens given higher doses than 75.6Gy
for such a pre-heat treated specimen display exponential decay. This is also
clear from the decreased initial stimulation peak ﬁme and enhanced OSL
intensity. For lower temperature of pre-heat treatment such a dose (75.6Gy)
may be called as critical dose. Further, it was observed that when the
specimén was pre-heat treated af 600°C the critical dose lowers down to as
much as 5.04Gy. At critical beta dose (5.04Gy), initial stimulation peak time
is high to 24.4sec and OSL intensity decreases up to critical dose. With the
rise in beta dose ﬁom 5.04Gy to 302.4Gy, initial stimulation peak time is
_'systematically reduced to Osec with the rise in OSL intensity up to
687500a.u. from 94172a.u. (Graph-54). |

Similar pattern of behaviour was observed for the specimen pre-heat
treated at 1000°C, with a distinction in initial stimulation peak time, which
was much lower (0.4sec) compared to other pre-heated specimens. Another,
significant observation is that at and beyond critical beta doses OSL intensity
rises with beta d.oses. for any temperature of pre-heat treatment of the

_ specimeén. ' s
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The studies were also done for higher duration of pre-heat treatment
keéping other parameters constant. These studies were made for all the beta
dqée of interest and also for different temperature of pre-heat treatment
separately. The results are presented as Graph-56 and Graph-57. It is
observed that the specimens pre-heat treated at 400°C, even with higher
duration of thermal treatment display non exponential decay, but with a high
initial stimulation peak time 8.4sec and 31.2sec and OSL intensity of
78427a.u. to 75638a.u. for 2 and 3 hours duration of pre-heat treatment
respectively. :

Further it is important to note that the specimens pre-heat treated at
600°C for 2 hours and 3 hours show exponential OSL decay with the
reduction in initial péak time to 0.4sec as well as reduction in OSL intensity
at 78346 and 75229a.u. respectively. But when specimens were pre-heat
treated at 1000°C for higher durations clearly exhibited exponential OSL
decay with an initial péék times as zero sec and the OSL intensity grows
upto 10°a.u.

Graphs-58 and Graph-59 show the OSL dose response for different
temperature of ‘annealing for a particular duration of pre-heat treatments.
They indicate linear OSL dose response curve after critical dose suggested
for different pre-heat treatments. Influence of dose for different pre-heat
treatment on area under the OSL decay may be linked with center
concenttéti_on. |

It was pointed out that the area under the OSL decay remains more or
less same; up to critical dose, and it grows after the critical dosé, This is true
for any temperature of pre-heat treatment and any duration of pre-heat
treatment also. ‘ -

~ Inyet another'experiments, the TL glow curves were recorded at room.

temperaturé after recording optically stimulated luminescence at elevated
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temperature for various pre-heat treated and beta-exposed Specimens. This
study was carried out with a view to correlate the results of OSL records at
" elevated temperature. This correlation may strengthen the explanation of the
OSL results.- It is important to note that 110°C TL peak‘is absent for the
specirﬁens pre-heat treated at any pre-heat treatment as well as for any given
beta doses. TL measurements for specimens annealedl at 400°C for 1hr
duration before being subjected to beta doses from 2.52Gy to 302.4Gy, show
two well-defined glow peaks at 230°C & 375°C. It may be noted that upto
25.Zdy beta dose no significant TL feature is observed. Beyond this beta
dose enhancement m TL intensity with high sensitivity in both the peaks
become visible (Graph-60). For the specimens annealea at 600°C for lhr
pre-heat duration more or less identical TL behaviour 'was.aBsent. At this
pre-thermal treatment, it was found that a weak signal is observed below
- 5.04Gy beta dose (Graph-61). |

However, 1000°C annealed specimen exhibits weak TL signal at very
low beta dose of ~2Gy (Graph-62). Both the TL glow peaks grow linearly
with the rise in beta exposure. This is observed for all the specimens pre-heat
treated at different temperatures and identical duration of annealing. It
should be speclally noted that the growth of 230°C TL peak is higher than
the 375°C TL peak.

;I‘he TL glow curves recorded after OSL decay at elevated temperature
for the. specimené pre-heat treated for higher duration i.e. 2hours and 3 hours
at different temperature followed by 25.2Gy identical dose display identical
pattern of observations, but with a higher sensitivity iﬁ each case (Graph-63
and Graph-64). | '

meg to the special interest of 230°C TL peak for the purpose of
doéimetry it is important to find appropriate pre-heat’ ~treatment.protocol to be

given te the specimen. The graphs were plotted relating the TL intensity and
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temperature of annealing for the given doses. It was found fﬁat as
temperature of anneé.ling increases' TL i_ntensity grows above the critical
do.s'e,‘ but below the critical dose TL intensity decreases even with the
increase in teinperature of armea‘ling.' Similar pattern of TL sensitivity was
also observed for the specimens pre-heat treated for higher durations. -
HoWever, TL intensity decreases for the specimens pre-heat treated at
1000°C, for higher doses of exposures (Graph-65 and Gréph766). '

The area under TL grow curves were also plotted for different
temperature of annealfng. It shows that the area under TL glow curve
increases with temperature of annealing for the beta doses lesls than 75.6Gy
- (Graph-67). Identical pattem of TL behaviour is discernible for higher
duration of pre-heat treatment (Graph-68) '

From the observation, it is clear that the OSL decay remains slow and
non exponential even when recorded at elevated temperature of 160°C for'
the specimens exposed te beta doses lower than the critical dose and the
specimens’ pre-heat treated at temperature lower than critical temperature of
annealing and duration. This is in contrast with the suggestion of Mckeever
et al,” They believed that the slow and non exponential decay may be due to
re-trapping of optically rei‘eased charges at shallow traps, hence suggested a
novel protocol that the OSL be measured at elevated temperature With the’

present \ work it is needless to say that the physxcal treatments also contribute -
to the shape of OSL decay‘curve. |

From the measmemenm of OSL decay at sample temperature greater

than 110°C, Smith and RI}EOdCS3 ! argue that a multi component OSL .decay
| curve can be expected if niiore than one trap is being emptied. The OSL data
of the present work ShoV{’f single cbmponent OSL decay- therefore, it is
’ reasonable to believe that only one trap is being emptled for generatlon of

OSL decay records.
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The patterns of present OSL decay rates ere_either fast or slow even
when measured at elevated temperature up to 160°C. Regarding these
observations researchers explain that there are various factors, which are
involved in the production of OSL, especially at elevated temperature
. measurement; such as a thermally assisted OSL, donor-acceptor pair
production and thermal quenching etc. These factors can be responsible
influencing the shape and sensitivity of OSL. Smith & Rhodes observed an
increase in OSL decay rate as the temperature of measurement increased.
The present work reveals that besides measurement of OSL at elevated
tempere{qre, r_neasuremen;t of OSL above critical dose and critical pre-heat
treatment fo the specimeniz gives rise to faster decay. Researchers explain this
phenorﬁenon using the cencepts of “thermally assisted process”, “thermal
quenching process” and “half-life of the charges in the shallow traps”.® It is
to be noted that the re-trapping into deeper and competing traps, re-trapping
into optically sensitive trz:;ps and non-radiative recombination may result in
the non—ei‘ponential decay. |

Thermally assisted OSL measurements often reveal that more OSL is
obtained at an elevated temperature compared to that obtained at lower
temperature. It is clear ﬁofn the discussion, that transport of charges thx;ough
the delocahsed bands if ai sample contains a significant number of shallow
traps, becomes inactive as the temperature - increase. Therefore thermal -
assistance affects the rate of optlcal ejection of charge, and will thus
substantially affect the 1mt1a1 luminescence.*

 The present observa‘;ions show that the OSL decay doe§ not become
slower When measured atéelevated temperature compared to that of OSL
recorded ‘a{ roorﬁ. tempera@e Mereover, for higher prtheat trfeatments the

OSL decay becomes faster and exponential. These indications reveal that
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thermally assisted process may be responsible for vthis phenomenon as
suggested by Rhodes et al.,”’ |

Absence of 110°C TL peak, when OSL decay was recorded at 160°C,
is found to be due to depopulation of carriers at 110°C during optical
stimulation itself. Moreover it prevents re-trapping of carriers corresponding
to 110°C TL peak. Further it was observed that the TL glow peaks were
exhibited at 230°C & 375°C aﬁer recording OSL at an elevated temperature.

The higher growth of 230°C TL peak compared to that of 375°C TL
peak wirh rise in either dose or temperature of annealing is attributed to the
redistribution: of charges taking place during optical- stimulation.
Specifically, the redistribution seems to be more probable for the traps
corresponding to 230°C. This process finds support of “recuperation -
process” suggested by Aitken and Smith™ . This interesting feature of
redistributiorr of electrons among the ascribed traps may also be linked with
the same luminescence center responsible for the emission of :the TL peaks
as suggested by Franklin et al."” From the spectral studies of TL records they
concluded that rapidly bleached peak (RBP) at 150°C-180°C & 200°C-230°C
having emission warvelength at 392 & 410nm respectively use the same

luminescence center.

4.5 OSL ‘meaSuredv at 160°C after post. irradiation heat treatment at
290°C for different durations. B

It is already estabhshed from the records of OSL decay at elevated
temperature for the specrmens drﬁerendy pre-heat treated and irradiated that
the OSL decay does not CXhlbIt exponential nature below crrtrcal dose and
crmcal pre~heat treatment To overcome ‘this difficulty researchers suggest

“Post Irradratrqn Heat Treatment (PIHT)” at higher temperawre, as this
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protocol may transfer the charges from shallow traps to the OSL traps, which
will enhance the OSL efficiency.

In order to better understand, the effects of long term storage at
ambient temperature, the present work also carried out systematically for this
protocol, for different duration of post irradiation heat treatment i.e. for 0 sec
to 30 sec. The effect of this protocol was examined by comparing with the
OSL at elevated temperature but with out PIHT.

The specimens were annealed vat different annealing temperatures
such as 400°C; 600°C and 1000°C for lhr duration. Each pre-heat treated
specimen was giQen different beta doses of 2.52Gy to 302.4Gy followed by
PIHT at 290°C for different durations of time nameiy 0 sec to 30 sec before
recordmg their OSL at 160°C the results obtained are presented as Graph-69
to Graph~71

The specimens pre-heat treated at 400°C for 1hr duration exhibit non-
exponential decay even with the rise in beta dose up to 302.4Gy, while, the
specimens pre-heat treated at 600°C for 1 hour duration shows exponential
decay after the critical dose of 25.2Gy. It is also clearly seen that the
specimens annealed at 1000°C show corhpletely exponential OSL decay. A
'comparisjon of OSL intensity for different annealing temperature and for
different doses given to the specimeﬁ is presented as Graph-72. The results
are similar to those of specunen thhout PIHT other physical conditions
remammg ‘the same. Further the OSL studies were carried out to know the
- effect of rise in PIHT duration after identical dose of 25.2Gy.

It is observed from Graph-73 to Graph-75 and their. comparison with
Graph-76, that as the length of PIHT increases the OSL mtensxty increases
-systematlcally up to 10sec PIHT for the specxmens annealed at 400°C for 1hr
and thereaﬁer it reduces with rise in duration of PIHT. But, the specimens

pre~heat grgated at 600°C qnd 1000°C show such a reduction below 5sec of
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PIHT. The studies were also carried out for 2hrs and 3hrs duration of pre-
heat treatment (Graph-77 to Graph—SG). It is noticed that OSL intensity
decreases with rise in PIHT duration up to 10sec thereafter, it enhances with
rise in PIHT duration for 400°C and 600°C annealed material. Whereas, high
temperature annealed material (1000°C) shows gradual enhancement in OSL
intensity with rise in PIHT duration. The studies were also carried out for
3hrs of pre-heat treatment. The results are presented as Graph-81 to Graph-
84. |

Results are also presented for different duration of pre-heat treatment
with PIHT at 290°C for 0 sec, 5 sec, 10 sec and 30 sec. These results are
presented in Graph-85 to Graph-88 respeetively. It is found that the
specimens pre-heat treated below 600°C for lhr followed by 25.2Gy
identical dose and given PIHT at 290°C for any duration shows insignificant
change in OSL intensity, but it shows remarkable enhancement in OSL
intehsity for the specimens pre-heat treated beyond 600°C.

Thermoluminensce glow curves were also recorded after OSL
measurements at 160°C for iden’tical physical conditions sueh as beta dose,
temperature of annealing and duration of pre-heat treatment for different
durations of PIHT. To kriew the dose response, different doses were given
during PIHT for 10 sec. TL glow curves were recorded after OSL
measurement at 160°C. Before the beta exposures, the specunens were pre-
heat treated at 400°C, 600°C& 1000°C for 1hr duration. Their results are
presente‘d in Graph-89 to Graph-91.

Iti is clear from the data that the specimens pre-heat treated for 400°C
and 600°C show only a well- deﬁned peak at 375°C, which grows linearly
with the'dose However, the specimens pre-heat treated at 1000°C exhibit
two dlStlinCt glow peaks at 220°C and 375°C. Their dose response curve -
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(DRC) is also linear, but with a remarkable difference namely, that the
| growth of 375°C peak is much higher than 230°C TL peak. *

Table-4C shows the comparison between different periods of PIHT
with different temperéture of annealing for an identical beta dose of 25.2Gy.
The results were compared also for higher duration of pre—heai treatment. It
was found that as the températuro of annealing increases TL sensitivity for
the 375°C. peak i.ncreases.l This behaviour-is observable for' any duration of
PIHT. Similar results are observed for 2hrs and 3hrs of annealing durations.
It may be noted that a glow peak was induced around 230°C, when the
specimens Were -annealed ot 600°C for lhr. This peak was absent for the
specimen pre-heated at 600°C for 2hrs and 3hrs.

From the TL studies it is clear that 375°C TL glow peak grows with
the PIHT duration for any pre-heat treatment. Also it is to be noted that the
OSL sensitivity changes accordingly. In finding correlation between them it
becomes clear that PIHT influences the phenomenon of charge transfer in
two. ways (i) electrons transferred from easily bleachable shallow traps to
optically active OSL trap which in turn improves OSL efficiency and (ii)
transfer of electrons from shallow traps to deep traps at 375°C**3¢, However,
the -spec‘irhens either pre-:heat treated at below critical temperature of
annealing or below cntlcal dose, influence very weakly on OSL decay.
When PIHT followed for any duration. It is clear from the result of OSL
decay, that it is weakly sensmve and non- exponential. Further, it is observed
_ that when subjected to conditions higher than critical the specimens exposed
to PIHT of different penods display exponential decay w1th changes in
sensitivity. This observatlon reveals that PIHT mfluences the charge transfer
as mentioned earlier. To know the exact responsible process observatlons
were systematlcally exammed It was found that before followmg PIHT and

after glvcn PIHT at a constant time of 10 second show almost. SImllar results
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i.e. as temperature of pre-heat treatment increases, OSL increases and yields
exponential decay. But when PIHT duration was increased beydnd 10
seconds it was found that OSL increases. Thus, it is believable that PIHT
may cause the charge tyansfef from shallow traps to deep traps. This

suggestion is supported by TL studies®®.

4.6 Study of OSL under cyclical succession at 160°C measured

To know the stability of OSL signal, the decay cuweé were recorded
at elevated temperature (160°C) Afor three cycles. These decay curves were
recorded for the specimens after subjecting them to same beta dose 25.2Gy
and differént physical proiocols as followed in earlier studies. The results are
presented in Graph-92 to Graph-94. ‘

It.is observed that as the temperature of annealing was raised from
400°C to 1000°C for Ihr pre-heat duration, optically stimulated
luminescence intensity is enhanced from 89798a.u. to 4.10521x10%.u. It-is
also observed that the shape of OSL decay is non-exponential for the
specimen bre«heat treated at 400°C but it becomes exponential-beyond this
temperature of pre-heat treatment. These observations are for the first run of
OSL decay However, followmg the same when second run (Graph—93) and
higher runs (Graph-94) of OSL decay was recorded, it was found that OSL
increa‘sgsfwith the rise in temperature of annealing, but the degree of rise in
OSL leVel .i e. the growth in OSL level decrease for higher cycles This is
quite clear in Graph—93 as OSL increases form 78413a.u. to 12207 la.u. for
the second run of observatlon under identical physwal condmons

~ Similar study was also carried out for 2hrs (Graph-95 to Graph-97)
and 3hrs (Graph-98 to Graph-100) durations of pre-heat treatment. Almost
same behavxour is observed but here it was found that the decay remains

non-exponential with either rise in temperature of annealing or higher run of
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OSL record except for the specimens pre-heat treated at 1000°C for 2hrs and‘
600°C and beyond for 3hrs of ﬁre—heat duration, wherein the OSL decay‘
becomes non-exponential from the exponential shape for t};e higher cycle of
OSL records.

The Table-4D gives the information in tabular form that shows the
data of OSL intensity and initial stimulation peak time for the different
cycles of OSL decay records for the specimens when pr(::-heat treated
differently. It indicates that, as the number of cycles increases OSL level
decreases for almost any temperature of annealing. This is also discernible
for higher duration of pre-heat treatments. The changes in OSL decay pattern
for the higher cycles of OSL decay are worth noting. It is found that the
decay becomes slower with the higher runs of OSL decay and the decay
remains non- exponential for the specimens pre-heat treated at 400°C (even
for higher duration of pre-heat treatment). Further, the decay is almost
exponential in nature for the specimens pre-heat treated at and beyond
600°C, but it becomes non-exponential when repeated OSL is performed for
the same protocol. This is also true for higher durations of pre-heat
treatment.

Being structure sensitive phenomenon and well-established tool to
know the stability of the involved centers, thermoluminescence study was
carried out and it was co-related with OSL results for different protocols.
The comparison is also made between TL measurements made before taking
repeated OSL and after measuring repeated OSL in order to know the effect
of repeated illuminations on centers and on their locations.

TI. measurements before recording OSL decay for a given pre-heat
treatment (at 600°C) of interest followed by 5.04Gy beta dose exhibits
two well-defined glow peaks around 110°C and 230°C. However when the
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Table-4D: Data table of OSL intensity at initial stimulation peak time for
different cycle of OSL for different annealed sample.

Annealing Annealing Number of Initial peak OSL Intensity
Temperature | Duration (Hrs) | Stimulation (at time (sec) (a.u)
(°C) 160°C for 100
sec)
400°C Thr 1% 10.8 89798
2" 66.8 78413
3 16.8 89062
600 °C 1hr ¥ 0.0 102986
2nd 24.0 87535
3 16.8 89777
1000 °C 1 hr - 0.0 4.10521x10°
2n 0.8 12271 .
3 12 106120
400 °C 2 hrs 1% 13.2 94362
2nd 32.8 82918
3 96 75369
600 °C 2 hrs I 12.0 91609
2% 34.4 81754
3 14.4 76419
1000 °C 2 hrs = 0.0 6.08843x10°
2 0.4 117614
3% 10.4 86561
400 °C 3hrs 1" 232 87965
2n 23.6 77447
31 16.8 75552
600 °C 3 hrs ¥ 0.0 97623
2™ 41.2 78138
3 26.8 76420
1000 °C 3 hrs ™ 0.0 6.9316x10°
2nd 0.4 159075
39 12 97232




specimeﬁs were pre-heat treated at 1000°C they showed three distinct glow
peaks at around 110°C, 220°C and 375°C.

Subjected to identical physical conditions the specimens were
illuminated for 100sec and then CSL decay was recorded at 160°C.
Thereafter repeatedly two more times similar procedure was followed to
measure repeated/cyclic OSL decay measurements. Such a specimen was
then taken for TL read out to measure TL after repeated OSL measurements.
The results are presented as Graph-101 to Graph-103. Such a specimen
exhibits well-defined glow peaks at around 240°C and 375°C. It is interesting
to note that the 375°C TL glow peak, which was absent for the specimens
pre-heat, treated below 1000°C, before, taking OSL now becomes clearly
observable after repeated OSL runs. Glow curves after OSL runs show that
both the peaks (230°C and 375°C) grow with the rise in temperature of
annealing, but more growth is discernible for 230°C TL glow peak. Similar
behaviour is observed for the specimens pre-heat treated for higher
durations.

It is already established that OSL can be sensitized with the pre-heat
treatment. The remarkable growth in OSL sensitivity for the specimens when
pre-heat treated beyond 600°C may be attributed to the phase transformation
in quartz ie.c to B at 573°C."° The litc;'atmes on TL and spectral studies
have revealed that the quartz has rapidly bleachable peak (RBP) (around
325°C) and slowly bleachable peak (SBP) (around 375°C).' Further, it is
suggested that during optical stimulation, electrons released from optically
sensitive traps which corresponds to RBP, major contribution of OSL signal
comes from RBP. On the premise of these facts, the decrease in OSL level
with repéated cycles of record under identical physical conditions can be

explained. It is suggested that the traps corresponding to 325°C TL peak is
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continuously emptied during repeated optical stimulation process, which
causes the decrease in OSL level.

Changes in the shape of OSL decay curve can be explained on the
basis of initial stimulation peak time. Except for the specimens pre-heat
treated at 400°C the decay becomes non-exponential from the exponential
nature with the repetition of OSL record. This may be attributed to the
contribution of RBP, but with the repeated optical stimulation the
concentration of centers seems to decrease and hence the initial stimulation
peak time increases, which gives rise to non-exponential decay for higher
run of OSL records.

Further, TL measurements after repeated OSL records at elevated
temperature (at 160°C) showed the absence of 110°C peak which otherwise
appears predominantly. It is clearly due to sweeping of this peak on account
of OSL measurement at 160°C. Significant growth of ~230°C TL peak with
the rise in temperature of annealing as compared to 375°C may be attributed
to pre-heat treatment and transferring of electrons during optical stimulation.
Compare to deeper trap corresponding to 375°C TL peak more electrons
appear to be transferred to 230°C TL peak in quartz. The rise in ~230°C TL
peak intensity even after repeated OSL records suggest that it is the stable

dosimetric peak > >
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