DISCUSSION
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Thermoluminescence is the property possessed
by many materials, absorbing energy from a field of high
energy radiation and Ibeing able to emit some of the
energy as visible ( near ultraviolet or infrared )
radiation if subsequently heated with uniform heating .
rate, A measurement of the emitted light serve as a
nmeasure of e}bsorbed dose in the radiation f£ield. During
the last fifteen years TL has attracted the attention
of a large number of workers, Earticularly in the applied
branches of research, The major applications of this
phenomenon are kn Radiation Dosimetry, Geology and
Archaeology. Forensic scientists have attempted to use
the technique in the identification of certain types of

evidentiary materials,

The TL dosimetry TbkP has become an acce-
pted method for the measurement of absorbed dose resulting
from the passagé of ionizing fédiations, ( alpha, beta,
gamma, and X-rays ). The method is valuable particularly
when the need is for a detector ; which is émall,tdoes
not require connection by leads to other e@uipment, gives
minimum disturbance to the radiation field and ;hich is

acceptable even when the measurement is not made for a

little more time after the receipt of the dose.

3
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In view of the NIOSsz report recommending

standards for UV exposures and likely adoption of
similar sténdards, it was expected23 that new techniques
and instruments would be needed to measure low level

UV radiation. As a result of the persistence of iarge
number of dosimetry workers, different Qechniques for the
measurement‘of low level UV radiation are now availégf%fm-zg'
According to their conclusions, TLD is by fdr the most
suitable dosimetric system for UV dosimetry%4'26 Many
investigators in different radiation laboratories have
undertaken and studied UV TL dosimetry through diff-
erent aspects., From their experimental results, the
essential basic requirements of an efficient UV TLD -
material have been established. The basic conditions
that TL phosphors must satisfy for its efficient perfor-

mance as UV TLD - material are as followsz‘z'_26

1) Direct response to UV 1light. ‘

2) Simple trap distribution, high conéentration of
trapping sites and a long storage of trapped
charges at normal working temperature ( large

_trap depth )

3) High intrinsic TL efficiency

- 4) TL spectrum of wavelengths in the wavelength region

300 -~ 500 nm in which the photomultiplier tube

responds well,

i
H
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5) Large measurable dose range,

6) };igh storage stability or negligible faddng,

7) Insensitive to room light.,.

8) Reporducibility, small size, lc;w cost, easy avai-

1ibility etc,

Thus, the TLD - mat’erial fof UV dosimetry
has been safected by trial and error method with the
hope of combining as many of the above mentioned require-
ments of an efficdent TLD - material in a single material
as far as possible, The UV dosimetry using intrinsic
thermoluminescence is the most recent growing field, The
dosimetry workers are actively‘ engaged in exploring the
better and better UV induced TL material for esti-
mation of radiant exposure of UV radiation., In the
present work at‘;:empt has been made to examine ;QaClzCa

material as TLD - phosphor for UV dosimetry,

i

Apart from applied researchers a number of
workers are studying the thermoluminescence phenomenon
with a view to understand the mechanism of TL emission
in different solids., As a relsult ofqan extensive work
in this area, a lot of ix;xsight into these processes in
various phosphor systems is now' available, lHowe%rer, the
understanding is by no means complete, The) general outline

of the’understahding of this phenomenon is as follows. In
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the process of irradiation of an inorganic solid, electrons
and holes are created. Most of them recombine and recombi-
nation energy is either emitted as fluorescence or is
dissipated in the form of heat, Some of the electrons and
holes are trapped at charge deficiency points, which are
known as electron and hole traps. A fraction of the abso-
rbed energy is thus stored in the material., These
trapped charges are released in the process of ;heating .
Trapped charges, depending on the environment around them
are released at different temperatures, The released
charge of one type moves freely in the crystal lattice
and recombine with an opposite charge and the recombina-
tion energy appears in the form of luminescence in the

case of thermoluminescent phosphors.

The trapping sites can be divided into two
groups., In one type of trapping only the charge deficie
encies because of negative or ?ositive ion vacancies
and interstitials or various combinations of these at
various lattice sites are involved, 1In the other types
of trapping, inteﬁt:.ionally doped impur‘ities', eit;her
anionic or cationic are involv‘ed‘, Normally, these
impurities are so chosen as to provide a charge imbalance

at the site of this impurity.
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The discussion in the present thesis is
divided into two parts. The first part contains the
results of the examination of the TL characteristics
of UV irradiated ( 253,7 nm ), catt doped NaCl speci-
mens prepared under different physical conditions, the
proposed TL mechanism énd the interpretations of the
TL behaviomp of various glow peaks. NaCliCa (T?) exhibits
high intrinsic TL output with a well defined glow peak
at 167° C, the intensity of which is found to be high
compared with routine TLb - material, such as LiF
TLD -« 100, The study of dosimetry properties of this
material with special reference to the peak at 167° C
forms the second part. The utility of .the NaClj;Ca (T)

as a UV dosimetry material is discussed,

A, Thermoluminescence ( TL ) L

T\he thermoluminescenge phenomenon was known
since long, but real interest 'in it sktarted with the
realisation of its usefulness in Radiation dosimetry.
The phenomenon of TL 1s closely related with colour
cent':re studies specially color;xtion due to irradiation
with ionizing radiation (X-ray, o —, p— JURY radia-l
tions ) . 1In this respect alkali hali@és have been

studied extensively, Some work on TL of alkali halides,
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other than LiF is also known but these phosphors did
not find any place iniradiation dosimetry, due to ‘their
low sensitivity. However, lot of study has gone into
finalising the nature of the traps and 'varim.&s workers

30,31 Knowledge of

have come out with different médgls.
the nature of traps is useful f(OI’ the understanding of
the TL progess. In what follows the TL processes in
alkall halides as reported in the literature are presented

in brief,

TL is comparatively weak in pure alkali halides,
The study of F centre formation in these phosphors has
shown presence of two stages, The first stage is sugges-
ted to be due to the trapping of electrons at already
existing negative ion vacancies in the crystal, The
second stage of F centre formation is attributed to
the creating and £illing of negative'ion vacancies
during irradiation with ionizing radiation, Correlated
studies between F eentres and the TL peaks in various
alkali halides have shown clearly that two different peaks
‘are associated with two stages of F centre formation.
The hole trapping is normally explained to be due to
the interstitials ( alkali atoms at interstitial sites ),
The trapped holes. are released in the TL reading process
which combine with the electrons at the F centre sites

giving rise to emission.>2~3 :



It is normally observed that the acti&ation
energy is characteristic of a TL peak. From this
activation energy study of various glow peaks in NaCl,
Bonfiglioli36 found that a number of peaks had the
same activation energy. This he interpreted as due to
varying capture cross-section bf luminophore centres.
These are tqe centres where F centre electron recom-
bines after thermal release, Studies of activation ene-
rgies of TL peaks in KBr crystals suggest a possibi-
lity of isoelectronic centres in different emvironments

being responsible for various TL peaks.37

A lot of work on impurity doped alkali halides
is also known. The most widely‘studied doping 1is that
of thallium ( T1¥ ') in a number of alkali halides,
Thermolumine scence process in TL+ dOpéd alkali halides
is well understéod due to the fact that T1t is known
to exist in monovalent form (‘Tl+ ) substitutionally.
Characteristic: absorption and émission bands of this
impurity ion in the se lattices are well known. On irra-
diation the monovalent T1¥ ion either‘gets reduced to
T1° . atom or gets oxidised to a divalent T177 ion.
Correspondingly, holes or electrons are trapped else-

where in the crystal. On heating, the holes are releaw

sed which combine with the trapped electrons at T1°¢
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sitesy The resulting Tl+ ion is left in a excited
state. This excited T1¥ ion relaxes giving its

38, 39

characteristic. emission, Work of Dutton and

Maurer40 shows association of various TL peak with

hole centre,

i

Alkali halides with divalent impurity have
also been séudied. Work on €bdcium doped alkali halides
has shown assoclation of certain TL peaks with the
1mpurity'%1 Doping with.other divalent ions in alkali

42,43

halides has also revealed similar features,
a result of divalent doping in alkali halides, defects
known as 2 centres are produced of which the divalent
impurity is an integral part., Many workers have attribu-
ted the recombination sites to 2 centfes and the

emission is ascribed to the impurity.44’45

Though
considerable work has been done on alkali halides, the
TL mechanism in terms of creation and thermal bleacw.
hing of Z centres in divalent activated alkali halides

is not so well understood.

Ionizing radiations are extensively used in
coloration and thermoluminescence research work.
Normally, the sources of ionizing radiation used are
X - ray machines, aceelerafors, uv Eoufces and

radionuclides, lIn the present work the specimens were
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irradiated by ultraviolet rays to obtain TL from the
material., UV radiation is one of the most common

types of lonizing radiation that is used .often in
biochemical agd other research work.‘ Therefore, at
this stage it is worthwhile to dwell oﬂ the present
stage of understanding regardiné UV induced generation

of colour ce?tres as well as thermoluminescence,

A survey of the literature shows that many
types of electron -~ and hole - trapped centres are
generated when alkali halide crystals are irradiated
by highly energetic radiation 1like, X - rays or
gammad - , beta - , and alpha - rays, Comparatively,
little work on generationbbf coiour centres using UV
light has been reported., In 1930 Smakula46 showed
that F centres can be produced when alkali halide
crystals are excited with light in theirifundamental
absorption called the exciton éands. Luschik and
his co-—workers47 and @hiarotti and Inchauspe48
observed F and V abéorptionlbands by UV irradia-
tion. Parker49 repeated the smakula effect and
concluded that the F = centres are produced by exci-
ténss: Johnson and Williamsso, used hyd;ogen discharge
lamp for multiple excitation of KC1:T1 at 80° K
and observed F and V centres. Thus UV coloration

of alkali halides has been known for a long time,

84



However, it was generally consiéered to be the groperty
of the fimpure crystai i.e, filling of existing vacan-
cies rather than the creation of new ones, However,

later it was demonstrated expe;daentally that nominally

pure crystals can also be coloured by exposure to UV
' i
radiation.> =>%

5

Widemann and Schmidt®> in ‘the year 1895

first observed the stimulated TL 4in virgin CaSO4sMn

phosphor on exposure to radiations from a condensed

spark in air, Lymen56 later established the nature

of these special radiations as UV component between

N
[+] 0 '
300 A to 1300 A+ of the spark spectrum to which air

is partially transparent., Since then not much work57"59
has been done on direct UV induced thermoluminescence
compared to other ionizing radiation induced. TL, Several

60 - 63 | .ve studied the UV - trans-

research workers
ferred TL from partially annealed gamma irradiated
phOSphofs. Direct UV -~ induced TL has not/found

much favour due to poor sensitivities of most of the well
known TL phosphors., However, looking to the need of
UV radiation users, TL workers concentrated their
efforts to grow the materials such that they respond

d irectly to UV light,  Health physicists at parc®4-66

developed the technigques to prepare the TL materials

¢
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which are sensitive to UV radiation. They also com-
pared the intrinsic TL sensitivities of different

TL phosphors,

Considerable amount of experimental“work has
been done on UV - induced thermoluminescence in alkali
halides in the author's laboratory during past two

decades.zo"67"74

Pure and monovalent Thallium
activated Potassium and Sodium Chloride, and Pota-
ssium Bromide have been studied for their TL behaviours
on direct UV excitation. TL characteristics of

+ doped KCl and NaCl have also been

divalent‘ srt
investigaﬁed in detailv after GV excitation, Examina-
tion of the UV - induced Tﬁ;; exhibited by these phose
phors, prepared ﬁnder various bhfsical conditions, lead

to the following conclusions,

The room temperatu:e'excitafion of Thallium
activated alkali halides in general, creates the F centrés
under irradiation with UV ligﬁt. Of course, theylare
produced in small number comparéd to other ionizing radia-
tions like X - rays and gamma rays. Heating of the
sPeélmen thermally bleaches the F cen%res and ﬁhé
released electrons recombine with holes _at TL centres

emitfing light in the visible .yange.
o



When the divalent metal impurity ions are
incorporated into an _alkalil halide .lattice, they

75,76 Beaause

go in substitutionally for alkali ions,
of the requiremenﬁ of charge neutrality; the divalent
cation addition is accompanied'by the introduction of

an equal number of poéitive ion vacancies, At low
temperatures, a large number of divalent ion~positive
ion vacancy %airs ( dipoles ) are found as their
formation lowers the energy of the c::'ystal.T7 The
dipole association is optimum around 300° C and
decreases with increase in temperature, Besides this,
based on their experimental obser§ation§ﬁin different
fields other investigator§75' 78, 78'85";ave establis-
hed the fact that at room temperature, most of the
divalent cations and cation vacancies are'present in
the form of electric dipoles rather than free entities.
Further; they. reported that these impurity vacancy

( I-v ) dipoles f£form higher complexes under the diffe-

rent physical conditions.

It has also been sﬁggested that the deli-
ber;;e introduction of divalent cation in monovalent
crystals of alkali halides, markedly influences the
kinetics of TL which is different from that exhibited
by monovalent impﬁrity doped alkali halides after irra-

: H
diation . The correlation between thermal annealing of
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Zl centres and occurence of specific thermal glow

peak has been reported in system NaCl:Ba, NaCl;:Ca,
KBriCa, XCl:Ba and KCl:Ca86 - 89 systems., The
suggested models for Zl centre was an F centre with

I -V dipole in its vicinitygo. It has been establis-

e

hed +that divalent impurity dopeé:alkali halides Z1
. - o

centre, a strongly ﬁerturbed F centre, play a role
! -
similar to that of F —~ centre in the TL processe%6 89

of monovalent impurity doped alkali halides,

On the basis &f the above mentioned present
understanding of TL in divalent impurity doped alkali
halides, the followingg? mechanism in TL emission
has been proposed. An exposure of divélent doped NaCl
to donizing radiétion releases’electr5ns in the lattice
with simultaneous creation of Cl° atoms in the neigh-
bourhood of the E—V dipole, lAn I-V dipole together
with an adjacent negative ion vacancy is supposea to
comstitute a TL centre, Thef%egative,ion’v&adancy

¥

and the divalent impurity of the TL centre capture

one ;lectron each released in the lattice. Foilowing
Craqford and Nelson mechanism?z one of the Cl° atom
relaxes into the cation vacancy of the dipole forming

a Cl, molecule oriented along < 100 ) direction,

The C12 molecule is stable above room tem.peratu:e93°
Warming up of phosphor to higher temperature induces thermal

!
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bleaching of F centre which leads to electron-hole
recombination at the hole site ( Cl1° atom ). The
recombination energy being very small, the excess energy
is transferred to the adjécent divalent 'impurity ion
raising it to the excited state. The charactgﬁﬁstic
TL emission of the impurity is displafed when the
excited impurity len returns to the ground state., The
TL mechanidm described above is for gamma irradiated
divalent activated NaCl, The bkehaviours of the glow
peaks observed in the present work and the models of
the TL centres associated with them are discussed in

the following sections,
1, 100° C Glow Peak

It is clearly observed from Fig s 1 that
virgin Sodium Chloride powder displays well defined peak
4 2

at 100° C after a test UV dose of 2.4 x 10 Jm .

It is interesting to note that ;he peak does appear

in as - obtaineda ca*t doped NaCl specimen after a
standard UV dose., However, its intensity decreases

with the increase in the concentration of éa++ ( fﬁgg: 1,
4, 7 and 10 ). It is believed that the 100° C peak

is the characteristic of untreated or virgin NaCl,

As per manufacturer's data, the unavoidably present

impurities in NaCl base material are those of cat™



and Mg++ groué. It is reasonable to presume tha;
these inherent d;valent impurities may be responsible
for the occurrence of thermoluminescence ( TL ) in
pure NaCl, It is proposed that the close association
of an inherent impurity dipole ( I - V ) with an
adjacent negative ion vacancy forms the TL centre
responsible for 100° C glow peak. Further, since

the materialgin the condition as - obtained from the
manufactureré is supposed to have been annealed and
cooled sléwly, it may be inferred that the dislocation
content in such‘a material is iow. It is therefore
suggested that a complex formed by a dipole adjascent
to a negative ion vacancy in the dislogation - free
region acts as TL centre for 100° C glow peak in
the virgin NaCl powder, The association of the
vacancy with the dipole is presumed on the basls of the
volu&e consideration to rqduce the strain energy in the

lattice,

y f '
The TL glow curves were recorded for the

virgin NaCl after a standard test dose ( 2.4 x 10%

in the consecutive heating runs., It is seen that the

S

intensity of 100° C glow peak increases with the succe-

ssive heating runs. It may be noted that unlike in
virgin NaCl, the intensity of 100° C peak decreases

in the subsequent heating runs in the case of thermally

Jm

30

2y
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treated NaCl ( Eig. 2 ). This feature can be explained
on the basis of the groposed model for 100° C peak,

It is an accepted fact that in Qirgin NaCl specimen
large eontent of the inherent impurity remains in a
precipitated phas?. During first thermal cycle the
specimen is heated to 400° C and then rapidly cooled
to room temperature to record the subsequent TL

glow curve, This thermal treatment appears to dissolve
the precipitated impurity in the base material, The
dissolution and redistribution of the impurity is
presumed to be responsible for the enhancement of the
intensity of 100° C glow peak due to‘ﬁhermal cycling

in virgin specimen. Obviocusly, the same is not the
situation in the heat treated NaCl specimen, because
the thermal pretreatment would have already redissolved
the precipitated inherent . impurity in the specimen.

In addition to this, the thermal treatment would increase
the dislocation content in the crystal. Uander such
condition it is believed that thermal cycling will induce
migration of either a component or components of the

TL centre to the dislocation sites and thereby reduce
the ;umber of TL centres situated in the dislocation -
free region of the lattice, This decreases the inﬁensity

of 100° C glow peak in the subsequent heating runms.
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In order to investigate the behaviour of
100°C glow peak under different physical conditions
of preparation, the TL glow curves were recorded
for 550 and 750°C annealed and guenched NaCl
specimens after 2,4 x 10* om™® UV dose under
identical experimental conditions., The data for the
specimen gyenched from 550°C’ is presented in Fig. 2.
It is observed that the peak intensity is enhanced due
to the thermal treatment. When the specimen is quenc-
hed from 750°C ( Fig. 3 ), the peak‘is found to be
absent probably because ’it is overshadowed by the
ne ighbouring higher temperature peak. This feature
namely, 100°C peak is favoured by thermal pretreat-
ment, 1is also observed in . tpe case of thermally
treated NaCl:Ca specimens containing different
catt . concentrations ( Fig, 4 - 12 ), This result can
be explained on the basis of the redistribution of
the impurities . and change in the defect pattern of
the host material ( NaCl ) due to thermal treatment.

It is natural to presume that in the samples quenched
fr?m higher temperature the impurity would be distri-
buted uniformly in the volume of the specimen.,
Correspondingly the number of the TL centres
respounsible for 100°C peak will increase with the

increase in the quenching temperature,



On the basis of the ' data available one can
also explain the effect of thermal cycling on var ious
samples examined. It is seen that the thermal cycling
induces increase in the strength of 100°C peak in the
glow curve of as -, obtained NaCli:Ca specimen, .On the
- pther hand, +the height of the 100°C peak decreases
with therm§l cycling in the case of specimens quenched
either from 550 or 750°C .’\In as-obtained specimen
there will be precipitated impurity which is redissolved
during successive heating runs and hence the 100°C
peak grows in intensity. In the case of duenched
specimens, besides the uniform distribution of the
impurity there will also be "forzen --in" vacancies
in the specimen, The presence of excess vacancies will
enhance the diffusion of impurities leading to their
condensation on the dislocation or precipitation out
of the lattice. &As a result, the number of TL centres
will decrease due to thermal cycling and consequently

the 100°C glow peak will be suppressed,

Examination of the TL “glow curves of
plastically deformed pure and catt doped SOdiuﬁ
€hloride ( Figs. 13 - 15 ) clearly indicates that the
peak at 100°C is absent in such specimens, This data

is in accord with the proposed model for the 100°C



TL centres namely, the TL centres are situated in
the perfect regions of the specimen. éince the TL
emission spectra of UV irradiated 750°C air -
quenched NaCl could not be fécordedlon account of
poor intensity, the -inference regarding the TL
centre associated with the glow peak in 100°C region,
in UV and gamma irradiated NaCl specimens, is drawn
from the glow curve studies of gamma irradiated spe-
cimen., Correlated measurements on the TL emission
and‘ thermal glow curves of gamma irradiated (saturated
dose 2.1 x 104 rad ) thermally pretreated pure NaCl
material Fig. 21 A; Cy, (';2 and Cy )} indicate that
observed weak gl§w peaks at 90°, and 147°C and
dominant peak at 235°C are associated with two emission
bands at 425 and 475 nm; On the basis of spectroscopic
data these two bands can be ascribed to the presence

of inherent divalent .Mg++ or Ca++

impurities. It
is suggested that the emission sites for 90°C 1TL
centres could be either Mg++ or ca™t ions. 1t may he
noted tﬁat in 100°C region the peak at 90°C in gamma
irradiated NaCl appears at 100°C in UV irradiated
NaCl, In sum, it is believed that in UV irradiated
NaCl the inherént impuritiés Mg++ or Ca++ could be

one of the constituents of the TL centre assocated

with 100°C glow peak.



The examination of +the behaviour of 100°C
peak in the glow curves of 750°C quenched NaCl:Ca
specimens under excitation with different doses of
UV as well as gamma radiation shows that the strength
of this peak increases with the increase of radiation
dose., The experimental results for only 750°C

quenched NaCl:Ca ( 1073

m,f, ) are presented in the
thesis ( Fig., 16 - 19 ), Fig., 20 depicts the satu-
ration effect in the growth of. 100°C at higher doses.
The data concerning 100°C peak shown in Figs, 16 - 19
for UV irradiation are together presented in Fig.28,
It can be inferred that the incorporated ca** impurity
forms component of the 100°C TL centre, The increase

in the dose increases the number of excited ld0°C L

Centre which reaches saturation for an optimum dose.
N ‘ /?,“\

2. 340°C Glow Peak

It is observed that the dominant peak at
340°C appears in almost all untreatedland pre-heat-

treated pure and €a++

doped NaCl after UV irradia-
tion ( Figs. 2 - 12 ), 1Its strength is maximum when
the given specimen is air-quenched from 750°C, It is
significant to note that this peak also occurs without '

irradiation in the glow curves for pure and catt doped



NaCl specimens air-quenched from 750°C (Figs. 22 - 23).

The luminescence emission from annealed and
non-irradiated phosphor during warm up of the specimen
using wuniform heating rate is known as Triﬁo or spﬁri—
ous thermoluminescence, The phenomenon has been'studied
in detail in the case 'of ceramics, Kathuria et al93
examined khe spurious TL in commonly used TLD -
materials like LiPF, Can, CaSO4 and L12B4O7 $ Mn .
Since 1in the present work, 340°C glow peak occurs in
NaCl and NaCl:Ca specimens air-quenched from 750°C
without irradiation,~it is inferred that the peak at
340°C is a spurious TL glow peak, The excitation
of the centres responsible for this peak is probably
initiated by non-radiative means which could be
mechanical pressure during handling of the specimens,
Compression, grinding, rapid crystallizatiop, mechanical
disturbances during stirring and spreading of the
phosphor on the heater plate have been reported to
excite the TL centresgaagsﬂ The mechalhism for the

occurrence of 340°C spurious glow peak is given below.

It is presumed that the mechanical excitation
of the gquenched NaCl or NaCl:Ca phosphors at room
temperature involves productidn of electron - hole

pairs which remain trapped at defect centres. When



the temperature of the phosphor is raised the charge
carriers are released from the trapping sites by thermal
ionization which subsequently recombine at the recombi-
nation centres with the e@igfion of photons, It is
proposed that during heating of the specimen for the
record of the TL glow curve, at about 300°C the
oxygen prekent in theé atmosphere begins to interact
with the surface ions forming new recombination sites
which results in the occurrence of the spurious TL

glow peak around 340°C,

It is worth noting that in almost all
irradiated as well as unirradiated specimens, the peak
at 340°C disappears after the completion of first
heating run ( Figs. 2 - 12, 22, 23 ). It is believed
that heating of the specimen to 400°C in the first
thermal cycle results in the thermal release of the
trapped charges and their déstruction by recombination,
No Spuriogs TL is therefore expected in the subseguent

heating run.

It is also observed ( Figs. 1 = 12 ) that the
intensity of the 340°C glow,peak is more in catt
doped phosphor. Further, the intensity rises with
increase in Cat’ concentration upto 1073 m.,f. and then

drops down with further increase in catt concentration,
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The increase in the intensity of the spurious glow
peak ( 340°C ) in heat - treated NaCl:Ca compared to
NaCl may ke the result of the form;tion of additional
recombination centres favoured by the distortion
produced in the lattice due to the presence of impurity

ions,

1
Figs. 28 and 41 clearly indicate’that the

spurious glow peak ( 340°C ) is prominently. seen under
UV dirradiation or exposure to low gamma doses, It
is absent or suppressed under exposure to higher
gamma dose ( ¥Fig. 20 ). It is kelieved that the
nonoccurrence of 340°C glow peak in gamma irradiated
air-quenched NaCl:Ca phosphors is due to overshadowing
of the peak by the neighbouring dominant 147°C glow
peak., Further, the strength of the peak forxdifferent
UV or low gamma doses reaches saturation at the

he ight which is comparable with that obtained fqr non -
irradiated ca™t doped specimen ( Fig. 23 ). This
suggests that the intensity of 340°C peak does not
depend on the quantity of the radiation dose. This
corroborates the nondependence of the occurrence of

340°C glow peak on irradiation,

The effect of deliberate plastic deformation

on the behaviour of spuriocus peak has also been examined
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(Figs, 13 - 15 ). It is found that the peak is highly
sensitive to mechanical pressure, Plastic deformation
enhances the intensity of 340°C glow peak substantie

ally in both ‘'pure' and catt

doped NaCl specimens,
The most important feature is that the peak recurls
in second and third cycles i;’l the cases of conmpressed
tablets which is not so in powder specimens. This
feature 1s also observed in unifradiated NaCl or NaCl:Ca
taklets. Ofcourse, the intensity was found less
compared to that for UV or gamma irradiated specimens.
These results are not presented in the thesis., At
this stage it is difficult to offer explanation to

the se experiméntal results, It is obvious that mecha-
nical compression plays an “important role in the
occurrence of .340°C glow peak, Further study would

she@ more light on the above mentioned feature,

!
s

3., 137 and 230°C Glow Peaks :

i

In the glow curves of NaCli:Ca a well

defined peak at 137°C appears only when the specimen

is lightly doped ( ca™  concentration = 10—4 me £,

4

Fig, 4 ). The peak is not favoured in specimens with

higher Ca++ concentration. This suggésts that the

137°C glow peak is a characteristic of lightly doped
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NaCl material. The occurrence of 137°C peak 'alongwith
230°C peak also takes place in thermally treated
undoped NaCl ( Figs. 2 an@ 3'). It may be noted that
a broad peak at 167°C developes alongwith shoulders
at 137 and 230°C in the £first thermal cycle of
750°C quenched NaCl material ( Fig., 3 ). The peak
at 167°C 1 disappears in the second heaiing run and
instead the peaks at 137 and 230°C show up as well
defined peaks, Since the peak at 137°C 1is observed
with enhanced intensity in catt doped NaCl ( Fig. 6 ),
it appears that the generation of the peak may be

assoclated with the presence of Ca++

impurity. It is
not possible to state the type of impurity responsible
for the occurrence of 230°C peak. The 230°C peak
does not seem tovdepend directly on the incorporation
of cat* impurity in NaCl, However, generation of

137 and 230°C peak at the cost of 167°C peak in
undoped NaCl leads one to believe that like 137°C peak,
the 230°C peak may also be assocated with inherently
present ca*t impurity. In the discussion that follows
it is shown that the 167°C peak 1s the property of ca™t

impurity.

f

Since the peak at 137 and 230°C grow at
the cost of 167°C it can be concluded thét there is

generic relationship between these three glow peaks,
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It is proposed that the three peaks result from the
electronic transitions in the TL centre which is a
c0mplex\ formed by the association of an impurity with
a single negative ion vacancy. The difference in the
three TL céntres lies in the configuration of the
components., It is seen from Fig., 3 that.the generation
of glow pelak at 167° C is favoured in 750° C air -
guenched NaCl specinmen, In.such a specimen the
dislocation content will be enhanced by resulting
thermal strains. It is presumed that 167° C glow

peak is due to TL centre located in the dislocation
region with qegative ion vacancy component occupying
the nearest neighbour (nn) position to the ca™t dipole,
It should be mentioned that there are evidences®®’ 81;96,9%
to believe that in the temperature range of extrinsic
conductivity ( i.e. below about 500° C ) +the dislo-
cation cores in alkali halides are negatively charged.

The negative charge on the dislocation is supposed to

be induced by the surrounding cloud of negative ion
vacancies, Because of the proposed presence of the
negative ion vacancies in the neighbourhood of disloca-
tion one may reasonably presuike the dipole in the vicinity
of the dislocation to have a negative ion vacancy as its

nearest neighbour. At the end of the first thermal
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cycle the dipole may diffuse in the interior of the
specimen either away from disl&cation or may precipi-
tate but at the dislocation site. In the forﬁer case
the statistical probability for the negative ion vacancy
to ke positioned as a nearest neighbour (nn) to the
dipole will be reduced, In such a situation, the
dipoles wh%ch move away from the dislocation may locate
themselves as the next - nearest - neighbours (nnn ) or
third - nearest - neighbours ( tnn ) of the single
negative ion vacancies, Such centres are suggested to
be responsible for the occurrence of 137 and 230° C

glow peak respectively,

Thermal glow curves of lightly doped
NaClsCa specimens quenched from 550 and 750° c
( Fig. 5 and 6 ) indicate that the strength of
137° C glow peak increases with thermal pre-treatment.
The intensity of the peak depends on the quenching
temperature, The enhancement in the intensity of the
‘peak with guenching temperature 1is understandable on the
basis of the -dincrease in the dislocation density and in
the catt content reéulting from the heat kreatment,
The preferential increase in the intensity of 137° C
peak due to thermal cycling for 750° C quenched

specimen ( ?ig. 6 ) takes place hecause of the easy
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diffusion of the dipoles to dislocation region due
to presence of excess "quenched-in" positivé ion

‘vacancies.

The data presented in Fig. 4 to 6
indicate the effect of thermal cycling on as - obtai-

ned and heat-treated NaCl:Ca ( 1074

mef. ) speci-
mens, It is easily discernible that the effect is
pronounced in the case of 750° C quenched specimen,

" In such a specimen the dipoles and/’vacancies will be
uniformly dispersed in the vblume of the spec imen, ofcourse,
much in excess of the equilibrium concentration at room
temperature. The increase in the strength of the peak
in successive heating runs can as beforeeabe explained
on the basis of significant dipole diffusion to disloca-
tion sites due to large number of "“frozen-in" positive
ion vacaﬁéies. In the glow curves for as-obtained
and 550° C guenched specinens‘( Fig. 4 and 5 ) one
observes reduction in the height of 137° C peak and
appearance of 100° C peak in the second and subse-
gquent heating'runs. As discusséd‘earliér the 100° C
peak is the property of the dipoles in the dislocation -
free region of the specimen., Hence it is believed that
due to thermal cycling there is a significant tendency

to push the dipoles in the perfect regions of the lattice
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!
in the case of as-obtained spécimeq and to a smaller
degree in 550° C quenched specimen. In both these
specimens the removal of the strain and equilibgium
concentration of the defects is attained rather ‘

gquickly compared to that in 750° C guenched specimen., -~
This may account for the stabilisation of the glow

curve pattern after first heating run.

4, 185 and 260° C Glow Peaks :

\

Examination of TL glow curves presented in
Figs, 4 to 12 for varicus specimens under exposure to

4 2

UV radiation ( 2.4 x 107 Jm ° ) indicates that pretrea-

ted NaCliCa specimens in general exhibit a glow peak at

+4

185° C, The increase in Ca concentration enhances the

intensity of the peak. It is known that the incorporation

of divalent cation impurity such as catt

produces iso-
lated cat™t ions, catt dipoles either single ér in clusters
in solid solution in the specimen, Physical conditions of
the preparation of the specimen markedly influvence . the
strength of these entities present in the specimen. For
instance, the process of aggregation of the dipoles will
e more pronounced in a heavily-doped thermally guenched
specimen, Since with the increése in cat? concentration,

other conditions of preparation remaining ildentical, the

intensity of 185°C glow peak increases, it is believed
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that the process of dipole aggregaﬁion may be asso-

ciated with the generation of this peak., The hypothe-
sis of the aggregation of dipoles in divalent impurity
doped alkali halides has been corroborated by the work

79,80

of €ook and Dryden. Data presented in figs.,

10 to 12 clearly demonstrate that for a given catt
concentratlion, the intensity of 185° C peak is
lower for as - obtained specimen compared to that for
thermally pretreated specimens., Further, between
thermaily quenched specimens { Fig. 11 and 12 ),

the strength of the peak is higher . for the specimen
quenched from higher temperature, This is consistent
with the concept of the aggregation of dipcoles being
associated with the occurrence of the peak, ’Because

in a specimen gquenched from higher temperature.there
will be more number of "quenched-in" dipoles alongwith
isclated ca®r ions and vacancies. The higher
concentration of positive ion vacagcies in thé specimen
will enhance the diffusion rate of the dipoles leading
to significant aggregation in the bulk of the specimen,
It has been reported in the literature that in divalent
ippurity doped alkali halides, dipoles develop metastable
plate-like aggregates, stable beyond 150° C ( Miyake
and Suzuki ).98 Metastable aggregates of this nature

may be responsible for the generation of 185° C peak,
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The effect of thermal cycling on the
behaviour of this peak was examined., It is observed
from Figs. 10 to 12 that the change induced by
thermal cycl :L‘ng involves marked decrease in the
Intensity of 185°C glow peak at tﬁe end of the first
heating rén. Since in each heating run the specimen is
heated to around 400°C in the record of the glow curve,
it is to be expected that the netastable aggregates
associated with the 185°C peak will break-up into their
constituents in the first ' thermal cycle, This obviou-
sly% will lead to the suppression of 185°C peak in the
second heating run., It is plausible that the dipole
content in the specimen also attains equilibrium con-
centration at the end of thé first thermal cycle in
which the number of single dipoles and their aggrega-
tes remain ip equilibrium with each other, 2as a result,

the strength of the 185°C, peak is not significantly

affected in the subsequent heating runs.

The data presented in Figs. 14 and 15
exhibit the effect of deformation on‘the 185°C peak.,
It 4is seen that alongwith 185°C peak the plastic defor-
mation élso generates a/glow peak at 260°C, The
intensity of 185°C peak relative to 260°C peak is more

for specimen with higher cat?t concentration, Further
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it is of significance to note that the intensity,of 185°C
peak for deformed specimen shows a marked increase
compared to that for undeformed specimen., It is therefore
inferred that the 185°C TL centre presumed to be meta-
stable dipole aggregates, are located in the distorted
or dislocation regions of the specimen., Appearance of
260°C peak with 185°C peak in the glow curves for defo-
rmed specimen suggests that it may be the product of
dislocation debris, created due to dislocation motion
and dislocation multiplication, invelving dislocations,

impurity ions and vacancies,

It is seen from Figs. 14 and 15 that the
deformation induced TL 1is considerably suppressed on
fhe completion of the first heating run and the glow
peak at 167°C becomes easily discernible in the second
and subsequent heating runs ( Fig. 15 ). It has been
mentioned before that the TL centres responsible for
165°C peak are metastable dipole aggfegates which
bresk-up during thermal cycling. In the same way, the
TL centres associated with 260°C glow peak also appear
to be some type of metastable clusters, creafed from
dislocation debriSy which disintegrate on thermal
cycling, The occurrence of 167°C peak in the second

heating run ( Fig. 15 ) is wunderstandable on the
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basis of the Dbreak-up of dipole aggregates 4nto
constituent ( single ) dipoles. Creation of single
dipoles in the' dislocation région has been earlier
suggested to be conduéive to\the generation of 167°C

TL centres,

5. 167°C; Glow Peak i

It is seen in Fig, 7 that the NaCl:Ca
specimen as—ob£ained from agqueous solution with
optimum concentration of impurity ( cat* concentration;
21073 mog. ) display a glow. peak at 167°C on the
ascending slope of the prominent peak at 340°C, The
thermal annealing of the specimen at 550°C followed by
rapid quenching to room temperature increases the
overall emission wunder the glow curve ( Fig.8). The
emission under the glow peak at 167°C is further
enhanced with the increase in guenching temperature to
750°C ( Fig. 9 ). The distinguishing feature of the

introduction of Ca++

at concentration 10°° m.f. is the
occurrence of a prominent glow peak aé 167°C, It may
e noted that the previously reported peaks attributable
to the presence of Cgt at 137 and 230°C, are observed

only in the glow curve for specimen quenched from

550°C ( Fig. 8 ). It is mentioned before that the
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three peaks at 137, 167 and 230°C , are due to TL'
centres involving a dipole and a negative, ion vacancy

in proximity to each other however, differing in their
configuration. It is of special significancewééo note ..
that the 167°C peak is preferentially favoured when

the specimen is quenched from 750°C ( Fig. 9 ). This

t concentration lOdB m,f. quenched

specimen with Ca
from 750°C is referred in the thesis as NaCliCa(T) .

The TL centre for 167°C peak is proposed to be a
ca™t dipole with a negative ion vacancy as its nearest
ne ighbour both situated in the region close to the
dislocation core, Genetically related :TL centres
attfibutable to i37, 167 and 230°C glow peaks will
naturally appear more in number for any one peék at the
cost of TL centres for other two peaks. In the
specimen quenched from 750°C there will be dipoles,
negative ion vacancies and dislocations more numerous
in number compared to that in the. specimen quenched
from 550°C, Hence statistically it is more probéble
for a dipole and a negative ion vacancy to be nearest

ne ighbour in the dislocation region.

3

The thermoluminescence mechanism associated
with the occurrence of 167°C glow peak in NaCl:iCa(T)
is suggested to be due to the removal of an electron

from the Ca++ ion by multiple UV excitation., The
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freed electron gets trapped at i he nearby negative ion
vacancy in the proposed complex\\TL centre, . After
warming the specimen to arbund 167°C, the electron
is released from its trap. The r\aleased electron

++

then returns to its parent Ca ien in which process

it £irst drops to’the emission level of Ca++

ion and
finally returns to the ground state | with the emission

of a photon,

The study of the influerce of thermal
cycling on the intensity of the l67°g\peak shows that
the peak height substantiallf decreasel in the second
heating run. Subsequent thermal cycling does not
affecé the intensity of the peak, As Wsntioned.earlier,
the variation in the intensity of the‘glow peak is
suggested to be due to the change in the \defect pattern
leading to the lowering of strain energy %n the lattice,
The change in the pattern which involves\annihilation
as well as redistribution of the defects appears to have
reached equilib;ium situation at the end of first
heating run., Hence there is no significan|: change in
the glow curve pattern after second and suksequent

thermal cycles,

\

\ .
The glow curves of 750°C annealed and

air-quenched ©NaClsCa ( 10"3 m,f, ) specimens\exposed to
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varying UV and gamma doses were recorded (Figs.16-20)
to compare the dglow curve pattern and to estimate -the
measure of the radiation dose sufficient to record the )
TL emission. It is found that the glow peaks are at
100 and 167°C for UV irradiated specimens while at
100 and 147°C for gamma irradiated specimen, The
intensities of these peaks are comparable wupto 14 rad

4 2 ( UV ) doses, It was

( gamma ) and 9.6 x 10" Jm
not possible to record the TL. emission spectra of the
specimen for such low doseé because of insufficient TL
intensify. The gamma doée around 2,1 x 104 rad for
which the overall glow curve pattern is similar to that
for gamma dose of 14 rad was found suitable to record
the TL emission spectra, Hence tﬁe TL glow curves
and the corresponding TL emission spectra of 750°C
quenched pure NaCl and NaCl;iCa ( 1073 m.£. ) specimens
were examined and the data obtained are presented in
Fig. 21. It is clear from the figure that 100 and 235°C
glow peaks in pure NaCl are associated with 425 and

475 nﬁ emission which are characteristic of inherent
impurities, The peak at 147°C in the glow curve of

3

750°C air - quenched NaCl:Ca ( 10 ° m.f. ) specimen

seems to be related to 375 nm emission. Since the TL
emission at 375 nm observed in the present expéfiments
can be identified with the characteristic Ca++ emissio%?”gg

++

it is believed that the Ca impurity plays.role as an
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v

emitter in the TL centre responsible for 147° C

peak. As inferred earlier by comparison from Figs.

16 - 20, the glow peak at 167° C for. UV irradiated
specimen can be identified with glow peak at 147° C
for gamma irradiated specimen. Hence the TL centre
associated with 167° C glow peak 'is élso presumed

to have C§++ impurity as one of its components acting

\ " -
as an emission centre,

B, Application of Intrinsic TL of NaCli:Ca (T)

Radiation Dosimetry

'Generally any TL phosphor which satis-
fies the fundamental requireneﬁts of an efficient TL
dosimetric material ( enumerated earlier), is stan-
dardised and then recommended for dosimetry work in
radiation applications. The commercially available
materials are not equally sensitive to different types
of radiations viz,, alpha, beta, gamma, X-rays and
ultraviolet (UV),., LiF is one of the popular present
day dosimeter materials, Its responses to alpha, beta-
and gamma radiations have ﬁeen reported to be excellent.
The TL glow curves exhibited by commercially available
LiF TLD - 100 under identical experimental Qonditions»

after standard UV (2.4 x 10° Jm 2 ) and gamma
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( 6.5 x 102 rad ) doses are presented in Fig, 30, The
figure indicates that LiF TLD -~ 100 is not sensitive

to UV radiatxion., Ofcourse, the material can be made
sensitive to UV radiation by subjecting it to gamma
irradiation and subsequently partially annealing it

at elevated temperature6‘8’6o"63. This means that the
material does not exhibit thermoluminescence by direct
interaction with UV radiation. Thus the LiF TLD-100

material is not found to be suitable for use in UV

dosimetry.

Recently, the work on puré and divalent
i@purity doped NaCl materials has been found useful in
gamma and beta dosimetryl3’gl'1022 The results and
their analysis presented in ﬁart 'A'  of the present
thesis clearly sﬁggest that the undoped NaCl material
is quite sensitive to UV radiation, Fig. 31 represents
the TL.. glow curves of undoped NaCl in as-obtained
condition and after quenching from 550 and 750°C when

subjected to standard UV dose { 2.4 x 10* gm?

Jo It is
seen that the TL output for 750°C air qguenched NaCl is
significant compared to the TL output for other two

+ in NaCl enhances the

specimens, Incorporation of Ca+
overall TL output ( Fig. 32 ) and as mentioned earlier,

the optimum TL output is obtained when the catt content
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3

of the specimen is of the order of 10"~ m,f, Farther,

3 m.f.

it is observed that between the specimens with 107
Ca++ concentration the one quenched from 750°C showed
maximum TL output. This specimen therefore attracted
special attention from UV dosimetry point of view,

The dosimetric proﬁerties of this specimen were there-
fore examiped in greater details., The observed dosimetric
properties of the specimen, referred as NaCliCa (T),

~

are described below,

The direct response to UV radiation
( requirement No. 1 ) and high intrinsic TL effi-
ciency ( requirement No. 2 ) are essentially the
basic requirements to be éatiéfied by any UV dosimeter
material, The glow curves observed for untreated and-
pre-heattreated specimens ( Fig. 32 ) cleatly
demonstrate that the thermal glow results from the direct

interaction of the UV radiation with the phosphbr.

Fig, 33 shows the intrinsic TL glow
curves of standard dosimeter matenial LiF TLD-100
and the material being examined namely NaCliCa (T)
under identical conditions after the étandard uv

3 -2

dose of 6 x 10 Jm ~, The comparison of glow curves

for the two phosbhors obviously shows that the intrimsic
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TL output in 167°'C region for WNaCl:Ca (T) dis

ten times more than that of LiF TLD - 100, This

is equally true when the TL output of NaCl:Ca (T) .
is compared with that of another extensively studied
dosimeter material namely, Can. Thus the intrinsic
TL éensitivity of the material examined is markedly
higher com?ared to that of LiF TLD - 100 and also
the material is gqguite suitable for use in UV dJdosime-
tric applications. The fulfilment of the condition. of
high intrinsic 7TL efficiency satisfies the require-

ment No. 2 of an efficient UV ‘TLD material,

In part tA', it is proposed that in NaCliCa

(T) the centre responsible for peak-II ( 167° C ) is
a complex formed by the association of a cat?t dipole
with a nearest - neighbour negative ion vacancy in |
the dislocation region, Because of thermal shock
\due to quenching, these centres in WNaCl:Ca kT) are
expected to be more numefous in number which in conse-
guence leads to the enhanced TL output at ~167°C.
The occurrence of single isolated peak II at higher
tenperaturé ( above 150° éls with substantial:TL
output after UV irradiation E&g.‘9 )  suggests
that the traps involved in the generation of peak - II

( 167° C ) are single valued, larger in number and
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of considerable depth. Under such conditions the UV
radiant exposure oncce recistered will not be lost under
normal working temperatures i,e, the storage stability
of +trapped charges is high. Further high intensity

of the 167° C glow peak indicates significant intri-
nsic TL efficiency. Thus ancther impor£ant basic
condition, Fanely; simple trap distribution with hiéh
concentration of trapping sites and significant
storage of trapped charges at normal Qorking temperature
( requirement No, 3 ) is very well satisfied in the

case of NaCl:Ca (T) .

It is observed from Fig. 33 that NaCl:Ca
(T) displays a well defined peak at 167° C ( peak II)
alongwith a weaker and a stronger peak respectively at
100 and . 340° C., Peak I ( 100f C peak ) is not consi-
dered for dosimetry purposes due to its occurrence
at lower temperature and variation in?its position and
intensity observed under normal changes in climate
and/or room temperature, The higher temperatﬁre peak
at 340° C 4is well defined and strong in intensity,
Being at higher temperature it is expected to be thermally
more stabie than dosimetry peak ( 167° C ). Therefore,
it has higher application potential for dosimetric
purposes. However, it is reported earlier that the

peak at 340° C is a tribo or a spurious TL peak.
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It is proposed to have its origin in mechanical exci-
tation, Besides this, it reaches early saturation
after which its intensity is not affected by the
increase in the magnitude of the incident UV dose

( Pig. 28 ). Therefore, in spite of being thermally
more stable,‘the 340° C glow peak is not selected

for éosimefric applications, The presence of spurious
TL. in a TL phosphor can cause a serious error in

the evaluation of low doses. Fortunately, in NaCl:Ca
(T) phosphor under study the UV radiation-induced
glow peak ( 167° C dosimetry peak ) and spurious

TL glow peak ( 340° C ) appeai much apart on the
temperature scale, Therefore, the presence of spurious
peak does not significantly influence the UV radiation

induced changes in the dosimetry peak.

The TL emission spectra of gamma irradia-
ted NaCl:Ca (T), Fig. 21, brings out the fact that
the TL emission in the temperature reg;on around 130°C
is at 375 nm, ( 147° C peak after gamma irradiation
is identical with 167° C peak after UV irrédiation Y,
the charaéteristiclemissicn of catt, It is therefore
presumed that the TL emission at peak II ( 167° C )

is around 375 nm which falls in the sensitive region

of the photomultiplier ( 300 - 500 nm ) used as



‘ 118

detector in the present measurements. Thus, the
matching of the spectral distribution of TL emission
from the phosphor with the spectral sensit.‘iv’i‘ty of
the photomultiplier, the requirement Noo4' is fulfilled

by the TL material under investigation,

| For the selection of an efficient TLD
material, direct response to }UV radiation, high
intrinsic TL efficiency, thermal stability and
matchiﬁg of the wavelength region of the TL emission
and the sensitive region of the spectral response of
the detector are not the only requirements, The exact
and precise relationship between the TL output at
dosimetry peak and the incident radiant exposure
(dose) is the most important factor that mainly decides
the use of TL material in radiation estimation and
other applications. According to currex;t understand-
ing, the linear TL response i.e. TL intensity
versus dose ‘response is one of the chief requirements
to e satisfied by the phosphor for its suitability
as an efficient TLD material. Slight deviation
from this linear TL response disqualifies the
phosphor to act as an efficient TLD material, Figs,.34
and 36 show the systematic growth of TL intensity of

167°C glow peak in NaCli:Ca(T) for UV dose in the range
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102 to 10* ana 10% to 10° Qm"z respectively., The

TL sensitivity of peak II (167°C) versus the UV
dose ( Jm"2 ) is linear in both lower and higher dose
ranges ( Figs. 35 and 37 ). The overall TL response
is linear wup to 3 x 10° Jm 2 ( Fig, 38 ). It is
important to note that the TL response of the ~
material being examined covers the large dose range
of 10 - 10% Jnm? like other commercially available
TL materials in use, The present material NaCliCa(T)
gives linear TL response upto 10f gw? ( Fig., 38 ),
which is high enough to cover most of the range of
exposure of interest +to UV radiatiom users, This

complies with the requirement No.5 which makes

NaCl:Ca (T) a suitable TLD material in UV dosimetry.

Since under the influence of different
UV radiant exposures the shape of the glow curve
remains same, it 1s natural to believe that the material
does not undergo radiation damage. 'This is ofcourse
understable because the UV photon has much low energy
and consequently the material damage by exposure to UV

radiation is ruled out,

An additional established fact that
disqualifies any material <for dosimetric uses is the

decrease in the intensity of ‘the dosimetry peak with
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decay time; a time gap between stopping of excitation
and starting of TL recording. In radiation applica-
tion this 1s referred to as fading, For an ideal
dosimeter +the TL intensity of dosimetry peak must
remain constant over longer duration of decay. It is
known that the thermal energy available at room tempe-
rature 1s responsible for such fading. The fading
is more when the traps are shallower and less when the
traps are deeper. Since the fading depends on the
distribution of the traps which can be controlled
through pre-heatreatment, it is possible to minimizg
the fading effect by adopting a suitable preheat -

treatment,

The‘ TL decay for peak II was examined
for the UV irradiated NaCls:Ca (T) with a test dose
2.4 x 107 gmw? stored at room temperature. Fig. 40
exhibit the plot of the décay time versus TL inﬁensity
of peak II. The decay time ranges from an houf to few
weeks, It is cléarly observed that the room temperature
fading of TL output at peak II is negligible even
after the post-irradiation period of one week., Obviously
no anomalous fading is seen, This establishes the
NaCliCa (T) as material of high storage capabiiity with
negligible fading which satisfies yet another funda-

mental condition ( requirement No.6 ) of an efficient
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TLD material.

Additional complications that have‘been
considered in radiation dosimetry are the nature of
detector and black body radiation signals., In the
cases of UV dosimetry and low level gamma dosimetry,
these two factors play important role in deciding the
lowest detectable dose, The present experimental
measuremrent involved highly sensitive standard TL
reader whose different characteristics are well
knownlOD. There are no changes in the present measure-
ments of any restriction due to detector unit on the
recording of the TL signal from NaCli:Ca (T) phosphor.
The black body radiation signals emanating from the
sample and heating pan alongwith factual. TL from
material during heating have been reported to be
negligible below 250°C, 1In NaCls:Ca (T) material
presently being examined dosimetry peak is at 167°C,
This‘ypeak temperature is sufficiently high for the
adequate stability, yet low enough to be free from
black body radiation during heating. Besides this,
black body radiations are also found to ke minimized by
recording them 1in oxygen free nitrogen gas. In the
present experiments, the TL glow curves were recorded
in nitrogen atmosphere and hence the black body radiate

ion influence in the detection of UV dose is eliminated,
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Yet another plo‘int to be examined precisely
for the successful use of phosphor as TLD material is
the energy dependence or the tissue equivaleni:. The
number of photons absorbed in a given material depends
on the incident energy. Further, it has beeﬁ reported
that the most convenient dosimeter is the one which
absorbs éadiation similar to a tissue, - The energy
responses for different standard materials have been
studied by the health physic‘ists. They.concluded that
for the determination of the dose of radiations at high
or low energy, the energy re sponse s of the phbsphor
must be considered for the} proper estimation of
exposure, Heywood studied this dosimetric property
fori NaCl, He reported, tha1,: NaCl 1is not soft tissue
eqguivalent and if used to measure absorbed dose in
soft tissue with low energy radiation, careful calibra-
tion 1s necessary. However, NaCl dosimetrically is
quite similar to bone and there will be situations
in which this property can be turned to advantage.

Thus the results reported also favour the use of NaCliCa

(T) material in UV dosimetry.

The effect of dayligtit on the K behaviour
of dosimetry peak ( 167° C,) was examined in the case

of NaCliCa (;I‘). It was observed that daylight
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exposure decreases the TL signdl. Exposure to the
light before UV irradiation has not resulted in any
effect; In the present experiments the measurements
were made in the dark., In a particular case, for
instance, while examining the fading effect, the
specimen was covered in a dark paper after UV exposure
till its ?L was recorded., This helped in satisfying

the requirement No. 7.

The typical TL glow curves of NaCliCa (T)
after irradiation with UV ( 6 x 10° gm? ) @amd
gamma ( 1 rad ) radiations are also recorded under
same EHT setting of the recorder ( Fig. 39 ), The N
figure clearly shows that the TL sensitivities for
gamma and UV ¥adiation arezmore or less identical.
This suggests that with proper calibration it should be
possible to express the UV sensitiviéy Qf *NaCli:Ca(T)
in an equivalent gamma dose ( rad ). The related

calibration technique is described below.

Thermally stimulated luminescence ( TSL )

226Ra gamma

response of 147° C peak as a function of
exposure dose (Ilow dose 500 mrad to 3 rad ) in

the case of NaCl;Ca (T) phosphor is shown in Fig. 41.

It is clearly observed that the dominant peak at 147°C ]

increases in intensity with the increase in gamma dose.

!
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The TL intensity versus gamma dose is shown in

Fig. 42, The same in Gy unitg is presented in Fig.
43, The TL response is observed to be linear in
both the cases which justifies the use of NaCliCa (T)

material in low level gamma dosimetyy.

The data presented in Fig. 44 gives the
TL sensitfvity ( dosimetry peak height ) of" NaCliCa

2) and 226Ra gamma

(T) as a function of UV (Jm
( Gy ) dose, It is observed that both responses are
linear. Fig., 45 represents the UV response of NaCliCa
(T) in equivalent gamma dose (Gy). The estimation of
UV exposure in Jﬁ'z can thus be made by simply knowing
the TL signal in 226Ra equivalent Gy. The above pali-
bration measuremént should prbve very useful in the
employment of NaCliCa (T) as a routipe UV dosimetry

material,

Examination of the differeat dosimetric
characteristics of NaCl:Ca (5) material suggests that
it fulfils the tequirengnts of a good TLD material
for UV dosimetry., The characteristics are : direct
response to UV, high intrinsic TL efficiency, simple
trap distribution, high concentration of ﬁrapping sites
with deep traps, matching of TL emission wavelength

from the phosphor with sensitive region of the detector,



large measurable dose range, tissue equivalence and
low fading. Additionally, reproducibility, easy
availability at low cost, desired size and shape,
ease of handling and reusability of the phosphor
under study enhances its claim for use in UV dosi-
metry at 253.7 nm, The drawback of the material

is its high hygroscopy which can easily be eliminated
by preventing the atmospheric contact using sealed

transperant PVC bags as enclosures,

The black body radiation and sburious
TL are found to be important factors restricting +the
lowest detectable exposure. In some cases ti'xey arge
higher in powder samples, It is reported that the
use of a single-piece dosimeter material and/or
readout in an inert atmosphere, such as nitrogen,
has been found to allevia&e the contributions of the
above factors inithe total TL output%oa In order
to investigate this dosimetric characteristic of NaCl(T)
and NaCl:Ca (T), the TL behaviours of the materials
in the tabletted form were examined. They were subjec-
ted to a standard UV dose 2.4 x 10° Jm % under
identical geometrical conditions in the experimental

set-up. The experimental results are presented in

Fig. 46, The comparison of TL behaviours of these
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specimens indicate that the tablets of lightly doped

NaCl:Ca ( 10‘4

m.f. ) annealed and quenched from
750° C display isolated and: brominent glow peak
at 260° C, The pellets of NaCl annealed and quenched
from 750° C exhibit broad peak around 340° C while

3

those of NaClsCa (T) (10~ m.f. ) exhibit closely

spaced pea}§s with maxima at 185 and 260° C,

The data presented clearly demonstrate
that the use of NaCli:Ca (T) material in pellet form has
certain advantages over its use in powder form., The
sﬁecimen in pellet form exhibits enhancement in .TL emi—\
ssion besides shift of the glow peak to higher temper-
ature side. Thus both intensity of emission and the.rmal
stability of the material incpease if it is used in
pellet form. It is of special significance to note that
in NaCl;Ca(T) material cor;centration of catt also plays
an important role in deciding the suitability of 'the
material for dosimetry purp;se. The materiall with catt
concentration 10% m.f. only shows well defined
dominant glow peak at 260° C, In view of high TL effi.
ciency, thermal stability, @ase of handling and negli-
gible spurious TL as weil as black body radiation,
the pellets instead of powder of heat treated NaCl:iCa

( 1()"4 m.£f, ) are suggested to be the suitable form
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of the matezrlal for UV dosimetry. Further work
in detail is essential to standardise the use of
NaCl:Ca tablets instead of powder as routine
TLD material, Investigation of this aspect is

contemplated in the future work.



