CHAPTER -V

EXPERIMENTAL RESULTS




The basic form of exbression“of the TL of
a material is its "glow éurve". A glow curve is the
instantaneous rate of’detection of emitted light plotted
against time as the temperature of the éample is conti-
nuously and uniformly raised., It is usually obtained
automatically on a chaft recorﬁér with the chart moviﬁg
at cpnstant,speedlwith a two—peh chart-recorder, The
second pen record usually indicates temperature, so that
the rate of light detection is obtained also as a func-
tion of temperatﬁre. In the present thesis TL glow
curves are presented.as plots of TL iﬂténsity versus
temperature., Intensity of TL-output is presentedbin
amperes, Glow curves ﬁay contgin one or more peaks and
their relative and absolute heights may be influenced
by many factors. In view of this, the variously pretreated
material under investigation namely, TLD grade catt

doped sodium chloride in powder form, was examined after

exposure to UV radiation ( 253,7 nm ) at room temperature.

A series of TL glow curves in thegtenperature
range 30 - 400°C were recorded for each and evéry Spe e
cineﬁ and typiéal glow curves are presented in this
section for‘discuésion. The main glow peak exhibitéd by
the material are at 100, 137, 167, 180, 230 and 340°C.

The appearance and disappearance 6f new peaks or
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shoulders in the nedghbourhood of isolated principal
dglow peak agter various pre-treatments of the specimens
resu;ts in slight wvariation in the peak temperature
from those mentioned above, In this context, the assi-
gnment of the particular temperature to.a TL glow peak
may appear somewhat arbitrary., However, the peak temper-
atures mentioned in the thesis are typical and these
have been used fof identification of the glow peaks, 1In
the present investigation extensive experimental measure-
ments have been carried out on UV.irradiated untreated
and pretreated ( thermally and / or mechanically ) pure

and catt

doped NaCl for their TL Dbehaviours, The
results obtained are presented in Figs. 1l to15. In
these experiments, the phosphor was subjected to cycliéal
succession of irradiation at room temperatﬁre, heating to
arouﬁd 400°C with uniform heating rate ( 180°C/min ) and
then cooling to room temperature. In all these figures,
continuous ( __,_ _ ), dotted ( veeo ) and dashed line

( ==== ) curves indicate the first, second and thdrd

heating runs respectively.

Figures 3 1 - 3

'

Thermal glow curves of pure Sodium Chloride

specimens in three different physical conditions
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as-obtained from équeouslsoluiions, obtained after
annealing at 550 and 750 °C)tenpera£ure for two
hours ( in air ) and subsequently cooled rapidly
to room temperature, were recorded in the present
experiments., They are presentéd in Pigs., 1, 2 and 3

© regpectively., It is clearly seen from Fig. 1 ;ﬁat
NaCl specirMen as-obtained from agueous solution
displays-a single isolated well defined peak at 100°C,
The intensity of this peak grows with successive

thermal cycling,

It is worth noting that the rapid air o
quenchiﬁg of NaCl from '5§0°§ ‘enhancgé the intensity
of 100°C glow peak alongﬁith the generation of new
peaks at 137, 230 and 340°C ( Curve l; Fige. 2 )
Besiae this, it‘is also Sbservéd that all the four
peaks namely; 100, 137, 230 and 340°C appear in the
£irst heating run., Amongst them, high temperature peak
at 340°C 4is found to e ‘dominant one. In the second
heating run the peak at 340°C is compiétely erased
aaa the glow curve pattern finally appears to stabilise
with well defined peaks at 100 and 23'0°‘c with ofcourse,

considerable reduction in their intensities.

The NaCl specimen annealed at 750°C and air

quenched NaCl (T) exhibits dominant peak at 167°C

[N



alongwith epﬁlders on either sides with positlon at 137,
230 and 340°C in the first heating run ( Curve : 1,

Fig, 3 ). It is interesting to note that in the second
thermal cycle the prominent peak at 167°C disappears and
peak at i37°C and 230°C appear with higher ineensities.
The relative intensity of 137°9;peak is higher than that
of 230°C paak. Further, successive thermal cycles

progressively increase the intensities of these peaks.,

Figures s 4 - 6

Figures 4 through 6'respectibely show the TL
glow curves for catt doped Sod:mm Chloride with ca'
concentration io‘4 molar fraction ( m.f. ) in as-obtained
condition end after quenching them from 550 and 750°C
in open air, As;obtained NacCl:Ca specimens exhibit
strong peak at‘340°C alongwith two small peaks at 100
and 137°C, in the first heatiﬁg run Curve : l, Fig. 4),
In the second thermal cycle peak at 137 and 340°C are
nearly suppressed and well defined peak at 100°C comes up
with signiflcantf intensity. With further thermal cycling
onl& the peak at 100°C appear as isolated prominent glow
peak. The NaCliCa ( 1074 mo£. ) specimens anneaied and
gquenched from 550°C show two equally . intense well
defined peaks at 137 and 340°C alongwith avshou;der at

t

185°C in the first heating run. The péak at 340°C
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disappears and khe 137°C peak appear wéih lower intensity '
in the second and subsequent thermal cycles. The TL
beha§iour of the specimens quehched from 750°C is more
or less similar to that:queﬁ;hed from 550°C, There is
howeéer, one marked difference . namely, the substantial
enhancement in the overallv intensity of the glow curve
after first) heétiﬂg run,. Thé‘peaks ati137 and 185°C
are easily discernible in the correéponding glow
curves for these speci@ens ( Fig, 6 ), In the case of
both the peaks; 137 and 185°C, it is observed that
the intensity continues to increase with successive

heating runs.,

'

Figures s_7 - 9
? Another batch of the NaCl:;Ca specimens

3 m.f, ) obtained by recrystallization from agueous

(10"
solution was annealed at two different elevated tempera-
tures namely; 550 and 750°C foi.two hours in air ‘and
subsequently quenched rapidly ‘to room temperature., The
TL Jehaviours have been recorded for the . thermally

3

treated and untreated NaCl:Ca ( 10 - m.f. ) specimens

which are presented in Figs. 7 to 9 .! 'It is observed

from Fig. 7 that untreated specimen displays strong

!
peak at 340°C alongwith two weaker peaks at 100 and
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167°C in the first heating run., It ié also seen that
lower temperature peaks at 100, -167 and 230°C are
distinctly observed in tt;e second thermal c,yc;le.
Further, it is observed that in the subsequent heating
run the 100°C glow-peak grows whereas the 167 and
230°C peaks subsi:de.

H
It is of interest +to note that 550°C

quenched NaCl:Ca ( 10™°

m,£, ) specimens ( Fig, 8 )
exhibit all glow peaks occuxfring in untreated Ca't
doped 8odium @hloride. The effect of successive
heating runs on the glow curve is more or less similar
to that described above, The TL behaviour of

NaCl:Ca ( 1073

m.£. ) specimens quenched from 750°C
designated as NaCl:Ca (T) iseidentical with the’
specimen quenched from 550°C, ' The only difference
observed is that the relative 'strengths of 167 and
340°C peaks are nearly equal in the first heating
runlin the case éf 750°C quenched speéimen. The peak
at 167°C is well defined and dominant in the glow
curve for 750°C quenched NaCliCa ( 107> m.f. )

specimens. ‘

Figures s 10 - 12

The characteristic glow curves of NaCliCa
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with ca*t concentration 107% m.f, were recorded

for three different 'phygical, cqnditions in the specimen
preparation namely, as—obtaiqed from solution and
heat treated at 550 and 750°C, - The corregponding~
glow curves are presented in the Figs. 10, 11 and

12 respectively., As-obtained specimens exhibit weaker
peaks» at 100 and 185°C aléngwith a strong peak at
340°C, Further, it is seen that thé ' overall emission
under the glow curve is ma;kedly reduced in heavily

2 m,f, ) specimens., The phosphors,

doped NaCl:Ca ( 10~
thermally treated at 550°C , exhibit well defined
peaks of nearly qual strength at 100 and 185°C
alongwith a dominant peak aé 340°C in the first
heaéing run ., The peak(at )540°C disappears. and
lower temperature peaké(at 100 and 185°C diminisﬂ
in intensity and the overall glow curve pattern
remains unaffected in the second andl subsequent
thermal cycle ( Fig; 11 ). It is of significance to
_ note that the NaCl:Ca ( 1072 m.f. ) specimens air
quenched from 750°C, particularly favours 185°C
peak relative to 100°C. peak. The effect of thermal
cycling is more or less similar to that observed

in 550°C guenched specimen.



Figures s 13 - 15

i

The effect of deforn;«ation on glow curves
for untreated and heat-treatéd specimlens were also
investigated, Plastic deformations of untreated
specimens did not result in measurable TL output and
hence theselz results are not presented in the thesis,
Thermal glow curves for NaCl ‘and NaCl:Ca specimens
annealed and air - quenched from 550 and 750°C do
not exhibit any influence due to change in quenching
temperature, Typical glow curvés displayed by 750°C

air - quenched NaCl and NaCl 3 Ca ( 10~% and 1073

me £,)
are’ presented in Figs. 13, 14 and 15 respectively,

V In tl';.ese\exPerinents. specimen in powder form was
compressed to tablet in a stainless steel press,
Tablets were then exposed to standard dose (2.4 x 104J'r'nz)
and thermal glow curves were recorded in the temperature

region 30 - 400°C,

It is cgbserved that in the case of undoped
NaCl deformation induces conédidez.‘able suppz::ession of -
lower temperature peaks and enhancexrer{xt in the intensity
of 340°C peak in the first thermal cycle ( Curve : 1,
Fig., 13 ). 1In the second heating run the lower
temperature peak at 185‘°C gain in strength at the

cost of 340°C., There is no further change in the
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shape of the curve due to subsequent thermal cycling.

, The 750°C annealed and quénched NaCl:Ca
( 1074 m.£, ) specimens are examined for their TL
behavi;urs after plastic deformation followed by
standard UV exposufe ( Fig., 14 )., It is seen that
in this Cﬁse strong ' well defined peak at 260°C
appears alongwith .small peaks at 185 and 340°C in
the first thermal c¢ycle., The peak at 260°C is
considerably suppressed and peaks at 185 and 340°C .
become descernible without a}xy change in their

intensities 4in the second and later heating run,

The 750°C air-quenched NaCl:Ca (1073

n. £, )
spebinen when deformed by stressing exhibit a pronou-
nced doublet )with peak pésitioné at 185 and
260° C alongwith!: weaker peak at 340° C in the

first thermal cycle ( curve 3 1 ; Fig. 15 ); In

the second thermal cycle thé emission under the glow
curve is.significantly reducéd with the generation of

peak at 167° C, The nature of the glow curve is

not altered by subsequent heating runs,

b
!

Figures 3 16 - 19

Yet another set of measurements



aimed at find%ng the exposure Eange 6f gamma radiation
which led to results identical with those obtained for
the range of ﬁV exposure; Hence the; TL glow curves
exhibited by NaCiIL:Ca (T) material uriaer the influence
of exposure to different UV and gamma doses were
recorded separately under similar experimental conditions.
Tfpical qQbsgrved glow curves' are presented in Figs, 16
to 19. 1In each| Figure éurve s A and Curve ; B
respectively belongs to the UV and !gamma radiation
induced TL in NaCl i1 Ca (T) specimens, It is clearly
observed that the naturé of the TL glow curves
displayed by NaélzCa (T) after excitation with UV

2 o ;05 Ju?  are more

radiation in the range 10° om™
or less idenpical with those exhibited by the phosphor
after gamma irradiation in the dose range of 500 m rad
to 14 rad.\ The only difference’ is the slight change
in the peak position from 167°C for UV irradiation
to 147°C for gamma irradiation. It is , important to
note that TL sensitivity 4in both types of radiation

is " same for lower dose and neérly same for higher

dose.

Figures ; 20 and 21

It is seen from Fig. 20 that the higher

¢
L



UV dose ( 19,2 x 104 Jm"2 ) gives rise’ to TL  output
for NaCl;:;Ca(T) which is very much 1low ( Curve 3 A )
compared to that obtained for higher gamma . dose

( 2,1 x 10%

rad )., The TL emission for UV dose
could not ke recorded even at higher sens;tivity of
the detecting system.,  The same could however be done
with egse 1In the case of gamma irraaiated specimen
since the TL output in this case is sufficiently
high ( curve 3+ B ). The ‘data presented in PFig, 21
demonstrate the TL glow curves for NaCl (T),
( Curve 5 A ) and NaCliCa (T) (Curve : B ) and the
TL emission spectra for undoped ( Curves 3 Cl’ 02,C3 )
and doped phosphors ( Curves Dy, bz' Dé ) recorded
at 80, 130 and 200°C after subjecting them to
standard saturated gamma dose at 2,1 x 104 rad ,
The ‘range of temperaturé 80 to 200°C was selected
for the record of TL em;ssion because the glow peak
of interest namely, 147°C fér gamma , irradiation or
167°C for UV irradiation, is located in this region.
The NaCl (T) specimen exhibits the
prominent TL peak around 235°C ( Curve A, Fig., 21 )
while there is a dominant glow peak at 147°C ( Curve : B,
Fig, 21 ) for NaClsCa (T) , It is clearly seen that

NaCls:Ca (T) exbibits an-additional emission band at
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375 nm. ( Curves s D, to D, , Fig. 21 ) besides the

two emission bands at 425 and 475 nm observed in

NaCl (T) phosphor ( curves : C; to C3 , Fig. 21 ).

- The Intensity of 375 nﬁ emission band is optimum

in 130°C region. ( Curve : D,, Fig, 21 ). The
intensities of 425 and 475 nm emission bands are
significantI around 200°C ( Curve C3, Fig.KZl ).

On the basis "of‘ the comparison ofltbe TL glow

curves and TL emission spectra, the 235°C glow

peak in NaCl (T) can be éorrelated to 425 and 475 nm
emission Dbands, Thesé may be due to inherent impuri-
tiés in the base material. The glow peak at 147°C
observed in ﬁaClsCa (T) appears to be closely related
to the 375 nm emission band;' This band can justifiably
be pre;umed to have its origin due to ’the presence of

Ca - impurity in the base material,

i

Figures 3 22 and 23

1

The,thermally stimulated lumine scence

characteristics of NaCl (T) and NaCl;Ca (T) withe

i 1 .

out exposure to any radiation have also been examined,

t

The results obtained are reépectively presented in

i

Fig.22 and 23, It is of significance to note that without

3



irradiation both the samples exhibit a well defined
peak-around 340°C which disappears in the second and
subsequent thermal cycles, The intensity of the peak

is more in NaCliCa (T) compared to that in NaCl (T).

Fiqures s 24 - 27 o f
t s

in order to gain more information regarding
the behaviour of 340°C peak, a series of experiments
have been carried out., The Th glow curves for NaCl
and NaClsCa specimens w;th three different Ca't

concentrations ( 10"4, 10~3 ana 1072

m.f.‘) were
recorded in as-obtained condition‘and also after
thermal quenching from 550 and 750°C when subjected
‘to a standard UV dose of 2.4 x 10% om~2. The typical
glow curves for first thermal cycle in each of these
cases are presented in Fig. 24 to 27, It is seen that -
in all the cases the 340°C peak has maximum strength
for the specimens annealed andlquenched froml 750°C ,
The intensity of this peak rises with ca™ concentration
up_to optimum concentration of 10”3 m.f., and then falls
with further increase in Ca'? concentration, As
indicated by the results presented in Fig. 9 for
NaClsCa (T) specimen it is obvious that the 340°C peak
is completely erased after first thermal cycle,

i
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Figure s 28

The data presented in Fig, 28 demonstrate the
glow curves for NaCliCa (T) after exposure to dlfferent
UV Roses, It 1s seen that unlike 167°C glow peak, the
intensity of 340°C péak reaches saturation in the early

* stage of irradiation and hence does not vary significantly
with the do;e.

i s 2

E

The results presented in this figure correspond

to the glow curves for NaCl (T) and NaCliCa (T) (10"'4 and

10'3 m.f, ) phosphors compressed to tablet when exposed
to UV excitation ( 2,4 x 104 .:.Tm"'2 Je It is clearly
-observed that the 340 °C peak is present in all the

specimens, The intensity of this peak for the phosphor in

6

the tabletted form ( 10" AMP ) is observed to be more

for the phosphor in the powder form ( 10~7

AMP ). Further,
if is also observed that doping of NaCl with catt jeads

to the suppression of 340°C peak alongwith the generation
of other peaks.

Figure s 30

In order to know whether the standard
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commercially available dosimetry materisl, LiF TLD-100,
is sensitive to thrédiation or not, glow curves. displayed
by it with UV and ‘gamma exciggtions were recorded under
experimental conditi;ns identical with those for UV
irradiations in the present experiments. The glow curves
presented in Fig, 30 show that the LiF TLD - 100
material is not sensitive to UV radiation in the tempe-

rature region of interest in the present work,

Figure 3 31

TL glow curves for NaCl specimens as - obtained
and for specimens annealed and quenched from 550 and-

4 Ju~2 ), are

750°C, wunder standard UV dose ( 2.4 x 10
shown in Fig. 31. It is seen that only the glow curve
for NaCl specimen quenched from 750°C exhibits nmeasu-

rable TL output with peak position at 167° C,

Figure s 32

This figure represents the gleow curves for
as - obtained NaCliCa specimen ( 10”3 m. £, ) and
for as -~ obtained specimens annealed and gquenched
from 550 and 750° C after a standard UV dose, It
1s observed that 167° C peak appears predominantly

only in the case of specimen quenched from 750°C (curvesl).

!



Figure s 33

This figure exhibits the glow curves for
NaCliCa (T) and LiF TLD - 100 exposed to UV irra-

2 o It is seen that

diation ( dose 2.4 x 10% om”
LiF TLD - 100 doe‘s' not give measurable TL output
in the region around 167° C, In contrast to this
the material under investigation namely, NaCliCa (T),
displays strong TL emission at 167° C, It may
thus be inferred that +the NaCl:Ca (T) phosphor is

sensgitive to UV radiation.

Figure 3 34 - 38

The effect of different UV doses on the TL
behaviours of NaCl:Ca (T) material has been examined

separately for +two UV dose ranges namély, 102 - 104

T2 ( low dose ) and 103 - 10° gm~? ( high dose ).
Data presented in Figsﬁ 34 and 36 respectively repre-
sent the TL characteristics of NaCl:Ca(T) for lower
and higher dose ranges. It is observed that UV irra-
diétion generates peaks at 100 ( peak - I } and 167° C

( peak II ). Further, it is important to note that peak
position and glow curve pattern remain unaltered with

increase in the UV dose. The only change observed is

the increase in intensity of the . e2mission under the glow
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curve, Since the glow peak at 100° C Iis not the
characteristic of ca++ impyyiﬁy and furthér.‘

"since it is of low intensity, its behaviour.has not
been examined f£rom désimétric aspect. 'The plots of

UV dose versus TL output at peak II (167° C) in-
NaCl:Ca (T) for both the ranges are presented in

Figs, 35 aﬁd 37, It is clearly seen that radiant expo-
sure versug(-TL intensity ( peak II ) responseﬂis
linear for both the dose ranges., The same feature for
the complete UV dose range 102 - 10° g% is pre sen-
ted in Fig. 38, One can therefore conclude that the

UV dose response is linear up to 3 x 103 aw 2.

Figure s 39

Tl glow éurveg of NaClsCa (T) Qhésphor have

been studied separately for different gamma and UV doses,

Typical glow curves for approxihately equal peak strengths
— ( TL - sensitivity ) at’dominant peak ( peak II ) after
exposure to UV and ‘gamma radiation, under ide#t;cal
experimental conditions, are presented ini Flg. 39, It
is found that except for the changé in thé posiéion of domi.
nant peak (‘peak ITI ), ( from 167° C for UV irradia-
tion to 147° C for gamma irradiaﬁion ) the other fea-

tures of the glow curves remain more or less same. In
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view of this it is inferred that gamma dose of 1 rad

2 3 2

( 107° 6y ) is equivalent to 6 x 107 Jm ° radiant

exposure to UV radiation,

Figure s 40

In yet another series of experiments, the
NaCliCa (T)! specimens were exposed to a test dose
( 2.4 x 104! Tii~2 ) and stored at room temperature.,
TL glow curves exhibited by them after different dura-
tions of rpom temperature decay were recorded. It is
observed that the glow curve patterm, peak temperature,
and peak strength remdain unchanged with change in pest -
irradiation interwal. The ploé of TL output versus
rooﬁftemperature decay time 'following excitation is pre-

sented in Fig. 40. The plot does not indicate substan-

tial change in TL intensity of the peak ( peak II ).

Figures : 41 and 42,

Present measurenents also included the low
level gamma do?imetry study i.e., the examination of the
growth of 147° C glow peak (‘peak II ) in NaCls:Ca (T)
phosphor with the increase in the gamma é§se in the range
500 m, rad -~ 3 rad, Fig. 41 and 42 respectively,show
the TL characteristics of NéCl:Ca (T) with different

gamma doses and TL output versus gamma doses response
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at 147° C, The shape of glow curve and the nature of
TL response to exposure at 147° C in the case of
gamma irradiated specimen is observed to be identical
with that of UV irradiated NaCliCa (T) subjected to
different UV doses. The difference observed is of
course, the change in the peak position. The experimen-
tal result§ obviously imply that the material under:
invesgtigation is also useful for low level gamma dosime-

try.

Figures § 43 - 45

In order to present the obtained experimental
results in SI units, the traditional unit 'rad' is
converted into "Gray" (Gy) the S.I. ﬁnit of dose,

Fig., 43 shows the TL output versus gamma dose (Gy)
response for NaC}iCa (T) , Data in Fig, 44 represents
the TL semsitivity ( peak height ) of the dominant
peak ( peak II )} din Naél:Ca (T) as a funcéion of

2 ) and 226Ra gamma dose (Gy). The

3

UV dose ( Jm

data showsthat UV response is linear upto 4 x 10 2

Jm
and sublinear beyond that exposure., The gamma response
is linear all through the dose range studied, The

UV - response of NaCl:Ca (T) in equivalent gamma dose
(Gy) as a function of UV exposure is presented in Fig.

45, The response is found linear all through the dose



range examined,

Figure : 46

Fig. 46 shows typdcal glow curves for table-

tted NaCl (T) ( curve : 2 ; Fig. 46 - 2 ), NaCl:Ca
(1) v;rith tat? concentration 107% m.f. ( curve 3 2 ;
Fig., 46 - B ) and 10~ 3 m.f, ( curve : 2 ; ¥ig.

46 - C ), each for a standard UV dose 2.4 x10% Jm'z.

For compafison, thermal glow curves exhibited by

the  phosphors in the powder form are also presented

in the figure ( curve : 1 ; Fig. 46 - A; B and C ).
The examination of these curveé clearly indicates that
compression to pellets of NaCl (T) and NaCl:Ca (T)
radically changes the nature of glow curve. In general,
the TL emission for pellets shifts to higher tempera-
ture with considerable enhancement in the intensity. It
is seen that NaCl (T) pellets display a broad glow

" peak at 340° C whereas the NaCl:Ca (T) pellets
exhiibit a well defined glow peak at 260° C for Caf+ con-
centration 10™? mf andusresolved doublet with maxima

at 185 and 260° C for Ca't concentration 10”3 mf,



FIGURE - 1 3

TL GLOW CURVES OF NaCl,

As -~ obtained from solution,

After 2.4 x 107 T2 exposure dose.

1St Thermal cycle,

2 ceees an Thermal cycle.

3 ———— 3rd Thermal cycle,

Curves 3 1
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FIGURE ~ 2 3 TL GLOW CURVES OF NaCl.
Aunealed and gquenched from 550° C,
After 2.4 x 107 gm? exposure dose.
The scale on the right relates to peak

340° C in curve 1,

Curves 3 1 1“3t Thermal cycle,
2 gwuv. 2" Thermal cycle,
rd

3 wm—w— 3 Thermal cycle,
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FIGURE - 3 3 TL GLOWN CURVES OF NaCl,
Annealed and gquenched from 750° C,

After 2.4 x 10% Jm"z exposure dose.

t Thermal cycle,
d

Curves s 1

Thermal cycle,
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FIGURE -~ 4 ; TL GLOW CURVES OF NaCl:Ca (107 ° m.f,)

As - obtained from solution,

After 2.4 x 10% om? exposure dose.

The scale on the right relates to peak

340° C in curve,

1St Thermal cycle.

2 ceces 2nd Thermal cycle,

3 e 3rd Thermal cycle,

Curves 3 1
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FPIGURE - 5 5 TL GLOW CURVES OF NaCl:iCa (10~% m.f. )’

Annealed and quenched from 550° C .’

After 2.4 x-:LO‘]r Jm"2 exposure dose, -

Curves 5 1 = 1°% Thermal cycle,

nd

2 sesee 2 Thermal cycle,

QT ~3rd Thermal cycle,



FIGURE - 6 s TL GLOW CURVES OF NaCl:Ca (10”% m.f. )
Annealed and guenched from 750°C
After 2.4 x 10% om? exposure dose
The Scale on the right relates to peak

'137°C in curves 2 and 3.

Curves 3 1 lSt Thermal cycle,
2 essece znd Thermal CYCle -
rd

3 e 3 Thermal cycle,
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TL GLOW CURVES OF NaCl:Ca (10‘3 mef, )

As -~ obtained from solution
After 2.4 x 107 gm? exposure dose.
The scale on the right relates to peak

340°C in curve 1,

Curves ; 1 lst Thermal cycle,
2 seeee an Thermal cycle,
- _rd

3 m———— 3 Thermal cycle.
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FIGURE - 8 ; TL GLOW CURVES OF NaCl:Ca ( 10~
Annealed and quenched from 550°C

After 2,4 x 10% a2 exposure dose.

Curve ; i - 1St Thermal cycle,
2 eec.. Znd Thermal cycle.
3 mmeem Srd Thermal cycle,



TL— OUTPUT (10 AMP ) —y
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FIGURE - 9 ;3 TL GLOW CURVES OF NaCl:Ca 10"3 m.f. )
‘Annealec}/amd quenched from 750°C

After 2.4 x 10% Jm'z exposure dose.

Curve 3 1 1‘?'t Thermal cycle.
2 ceeee 27d Thermasl cycle.,
3 comem 3*¢ Thermal cycle.
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FIGURE - 10 : TL GLOW CURVES OF NaCl:Ca ( 10"2

m.f. )
As- obtained from solution .

After 2.4 x 10 Jm 2 exposure dose,
The scale on the right relates to peak

340 °C in curve . 1.

st

Curves ;3 1 1 Thermal cycle.
2 ceees? Thermal cycle,

R, 3 Thermal cycle,
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FIGURE - 11 3 TL GLOW CURVES OF NaCl:Ca (10‘2

m.£,)
Annealed and quenched from 550°C,
After 2.4 x 10% gm=2 exposure dose,
The scale on the right relates to peak

i

340°C in curve 1,

Curve 3 1 1st Thermal cycle.
2 sesen 2nd Thermal CYCle -
c Brd Thermal cycle,
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FIGURE - 12 ¢ TL GLOW CURVES QOF NaCl:Ca (10-2 me. £,

Annealed and quenched from 750°C

After 2.4 x 10% gm? exposure dose,

Curves 5 1 1% Thermal cycle.
2 cevan pnd Thermal cycle,
rd

C J——— 3 Thermal cycle,
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FIGURE - 13 3 TL GLOW CURVES OF NaCl )
Annealed and queanched from 750°C,
and subsequently deformed,

After 2.4 x 10 om? exposure dose,

st

1
znd

Curves s 1 Thermal cycle,

Thermal cycle,

2 L N g

da

3 —emew 3F Thermal cycle,
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FIGURE -~ 14 3 TL GLOW CURVES OF NaCl;Ca (10‘4 mefe )

Annealed and quenched from 750°C and
subsequently deformed.

After 2.4 x 10° T2 exposure dose,

15% Thermal cycle.

2 seeee 2nd Thermal cycle,

N Brd Thermal cycle,

Curves 3 1 —
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FIGURE - 15 : TL GLOW CURVES OF NaCl:Ca ( 1073

m.f, )
Annealed and quenched from 750°C and
subsequently deformed,

After 2.4 x 10% gm™2 exposure dgsés

Curves 3 1 1st Thermal cycle,
2 teeno an Thermal cycle,
rad

3 e 3 Thermal cycle,
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FIGURE -~ 16 3 TL GLOW CURVES OF NaCl:Ca (T)

1 x 103 Jm"2 UV dose.,

Curves 3 (&)

{B) wmem—— 500 m rad Gamma dose
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FIGURE - 17 3 TL GLOW CURVES OF NaCli:Ca (T)

3 _ -2
Curves 3 (3) 6 x 107 Jm UV dose,

(B) —meeem 1 rad Gamma dose.
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FIGURE - 18 3 TL GLOW CURVES OF NaCl:Ca (T)

4 -2
Curves 1 (A) 142 X 10" Jm ~ UV dose.

(B) e 2 rad Gamma dose,
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FIGURE -~ 19 : TL GLOW CURVES OF NaCls:Ca (T)

Curves : (A) = 9,6 X 104 Jm"2 UV dose.

(B) wmwmcwm— 14 rad Gamma dose.
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FIGURE ~ 20

s TL GLOWN CURVES OF NaCl:Ca(T)

4 2

Jm ¢ UV dose,

_____ 19.2 % 104 Jm"2 UV dose,

Curves 3 (A) 2.4 x 10

(=) J——— 7 x 102 rad Gamma dose.

sscee 1205 X 104 rad Gamma dose,
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FIGURE - 21

s TL GLOW CURVES OF (A) NaCl and

(B) NaCl:Ca (T)

After 2,1 x lO4 rad exposure dose,

TL, EMISSION SPECTRA QOF NaCl

After 2,1 x 104 rad exposure dose,
Recorded at ( C; ) 80°C ( C, )
13¢0°C (C3) 200°C,

TL EMISSION SPECTRA QF NaCl;:Ca(7T)
After 2,1 x 104 rad exposure dose,

Recorded at (Dl) 8QeC (Dz) 130°C (D3) 200°C

Curves : 1 After annealed and
quenched from 750°C

2 pmem Without thermal treatment.
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FIGURE - 22 3 TL GLOW CURVES OF NaCl
Annealed and quenched from 750°C

Without exposure.

st
Curves t 1 1 Thermal cycle.
2 e 279 mhermal cycle,

rd

30;..00 3 Thermal CYCle.
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FIGURE - 23 § TL GLOW CURVES OF NaCliCa (T)

Without exposure.

Curves 3 1 15%  Thermal cycle,
y S 2nd Thermal cycle,
rd

3 eeese 3 Thermal cycle,
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FIGURE - 24 3 TLL GLOW CURVES OF NaCl.

After 2.4 x 10 gm 2 exposure dose.

Curves ¢ 1 Annealed and gquenched

from 750° C,

2 m——— Annealed and gquenched
from 550° C,

3 weeoe As = oObtained from

solution,
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FIGURE - 25 3 TL GLOW CURVES OF NaCliCa (10‘4 m.f. )

After 2.4 x 10° Tm? exposure dose,

Curves 3 1 Annealed and quenched

from 750° C,

——— Annealed and quenched
from 550° C,

3 eeeee As - obtained from

solution.,
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FIGURE -~ 26 3 TL GLOW CURVES OF NaCl:Ca (10“3 mefoe )

After 2.4 x 10% ogm? exposure dose.

Curve i Annealed and quenched
from 750° C,
2 cm—— Annealed and guenched

from 5§50° C,
3 ceees As-0Obtained from

solution,
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FIGURE ~ 27 s TL GLOW CURVES OF NaCl:Ca (10—2 Mefe )

After 2.4 x 107 gm 2 exposure dose,

Curves : 1

Annealed and gquenched

from 750° C,

2 e Annealed and guenched
from 550° C,

3 ceeee AS - obtained from

solution,
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FIGURE -~ 28 3 TYPICAL TL GLOW CURVES FOR DIFFERENT

UV DOSES FOR NaCl:Ca (T),

Curves : ..... 5 x 10° Jm2
----- 1x 10° om?

/ - - - 2x 10° gm?
ceme= 4 x 100 g2

meeme. 5% 100 gm?

—e=o—- 6 x 103 gm?

—0o~o00 le2 X 10t gm?

—x-%- 244 x 107 gum 2

4 -2

4,8 x 10 Jm
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FIGURE - 29 3 GLOW CURVES FOR COMPRESSED SPECIMENS,

After 2,4 x 10% g2 exposure dose,

Curves § ....e NaCl, Annealed and
qguenched from 750° C
and compressed,

..... NaCl:Ca (T) compressed.

———— NaCl:Ca (10"4

mf), Ann-
ealed and quenched from

750° C, and compressed,
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FIGURE - 30 s TL GLOWN CURVES OF LiF TLD - 100

CUrves § wmme- 6 x 103 Jnfz UV dose.

6.5 x 10 2 rad Gamma dose,
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FIGURE - 31 s TL GLOW CURVES OF NaCl,

After 2.4 x 10 om 2 exposure dose,

Curves s 1 Annealed and quenched

from 750° C.

2 —ema Annealed and gquenched
from 550° C,

3 eesessAS—0Obtained from solu-

tion.
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FIGURE - 32 3 TL GLOW CURVES OF NaCl:Ca (107~ m.f.).

After 2.4 x 10° g2 exposure dose,

Curves ¢ 1 Annealed and qguenched

from 750° C,

2emmem Annealed ana quenched
from 550° C,

3eeresAs-0Obtained from solu-

tion.
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FIGURE ~ 33 3 (A) TL GLOW CURVE OF NaCl:Ca{T) (10" “m.f.)

After 6 x 10° Jm2 exposure dose.

(B) TL GLOW CURVE OF LiF TLD-100,
~~~~~ After 6 x 10° gm 2 eXposure

dose,
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FIGURE - 34 : TYPICAL TL GLOW CURVES OF NaCl:Ca(T)

After an exposure to different low

UV  doses,
Curves eeses 5 X 102 gm2
_____ 1 x 10° omi 2
—eme= 2 X 103 Jm 2
mvemed x 107 gm?
3 2

5 x 10° Jm
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FIGURE - 35 3 TL OUTPUT AT PEAK II OF NaCl:Ca(T)

AS A FUNCTION OF INCIDENT LOW UV DOSE

(Jm"z) .
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FIGURE -~ 36 3 TYPICAL TL GLOW CURVES OF NaCl:Ca(T).

After an exposure to different high UV

doses,
Curves ; ceees 3 x 100 gm?
cemem 6 x 103 gm2
S meme= 1,2 x 10% o2
ceemee2.4 x 10% g2
4 2

- 4,8 x 107 Jm
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FIGURE - 37 3 TL OUTPUT AT PEAK II OF NaCl:iCa(T)

AS A FUNCTION OF INCIDENT HIGH UV DOSE

¢ am™? )e
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FIGURE - 38 3 TL YIELD OF NaCliCa(T) AS A FUNCTION

OF UV DOSE (Jm“z).
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FIGURE - 39 3 TYPICAL TL GLOW CURVES OF NaCl:Ca(T).

]

6 x 103 Jm"2 UV dose.

Curves

m——mw 1 rad Gamma dose.
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FIGURE - 40 s TL OUTPUT OF NaCl:Ca (T),
After 2.4 X 10% Jm"'2 exposure dose,
AS A FUNCTION OF POST IRRADIATION
(DECAY) DURATION OF 1 HOUR TO 200

HOURS » .
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FIGURE -~ 41 ; TYPICAL TL GLOW CURVES OF NaCl:Ca(T)
After an exposure to different Gamma

low doses,

Curves i eeese 500 m rad
—-m—- 1 rad
"o"o"z rad

—— 3 rad
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FIGURE - 42 3 TL OUTPUT AT PEAK II OF NaCl:Ca(T) AS
A FUNCTION OF INCIDANT GAMMA LOW DOSE

IN 'rad',
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PIGURE -~ 43 3 TL OUTPUT AT PEAK II OF NaCl:Ca(T)
AS A FUNCTION OF INCIDANT GAMMA LOW

DOSE IN 'Gy'.
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FIGURE - 44 3 INTRINSIC TL SENSITIVITY OF NaClsCa(T)
2 L

AS A FUNCTION OF UV IN Jm t

AND GAMMA DOSE IN Gy 'mcmmw ',
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FIGURE - 45 3 INTRINSIC TL SENSITIVITY OF NaCl:Ca(T)

IN EQUIVALENT GAMMA DOSE IN Gy AS A

FUNCTION OF UV EXPOSURE IN ::rm"z.
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FIGURE - 46 3 TL GLOW CURVES FOR COMPRESSED SPECIMEN

(A) NaCl, Annealed and quenched from

K 750° C and Pressed.

(B) ©NacCl:Ca (10"'4 m.f. ), Annealed and

guenched from 750° C and Compre sseds

(C) NaCl:ca(T) Tablet.

Curves 37 eeese POWDER FORM

g PELLET FORM.
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