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The present paper discusses the development of the NaCl: TKT), (10-% m {. of thallium concentration) phosphot
as dosimeter material for beta-radiativn thermolumi nt d y (TLD). The TLD grade NaCL: TN T)
powder was prepared by anncaling the NaCl: TI powder obtained from aqueous solution by method of crystal-
tization at 750°C for 1wo hours in open sir. The thermoluiminescence (TL) behaviours of NaCHTHT) phosphor
were cxamuened i different physical situations 1t s inferred from the present experimental work that, due to
their high Tl-efficiency, capabiity of registening beta-dose in the range 10104 R, resistance to radiation
damage and neghgible fading, the NaCl: TI(T) phosphors are found sunable for beta-dosimetry.

+ INFRODUCTION EXPERIMENTAL

, In view of the rapid growth in the beneficial uses of The TLD grade specimens of NaClL:Tl, thallium

'l'omz.ing radiation in ‘various fields like medicine,

"industry, agriculture, etc., on one side, and its
adverse cflects on human body of professionsl
worker on other side, it 1s found highly essential to
estimate the energy (dose) of iomzing radiation in
radiation applications. Many methods have been
developed for the exact determunation of energy of
iomzing radiation.! Recently, thermoluminescent
dosimeters (TLDs) have been established to be the
most suitable devices for such measurements.!—4 A
large number of thermoluminescence dosimeter
systems, namely; LiF, CaSO.:Tm, CaF,, CaFs:Dy,
Al1O; etc., have been developed for the radiation
dosimeters by many health physicists.t.2.5¢ The
performance of these phosphors appeared to be
quite satisfactory for the dosimetry of X-ray, y-ray
and thermal ncutrons. However the same was not
fully satisfactory for beta dosimetry. Therefore, as
an experiment, the attempt has been made to
develop NaCl:TY phosphor as & solid state dosi-
meter material for beta-radiation thermolumi-
nescent dosimetry,

1 Health Physics Division, Bhabha Atomic Research
Centre, Bombay, Trombay, 40083, Indis.

concentration 10-? m.f,, were obtained by the
method of recrystalization from aqueons salution.
These as-obtained NaCl:Tl specimens of mesh
size (805120 were subjected to standard heat
treatment, namely, annéaling at.750°C for two hours
and subsequently quenching to room temperature
in open air. Such heat treated specimens were
designated as NaCl:THT) phosphors. 20 mg of
NaCh:TK(T) sample was used for all beu»
dosimetric work. The excitation source used in
present work was Sr89-20 m/ci with a dose rate of
700 R min-1, , After exposure, the powder was
uniformly spread on the Kanthai plate. The powder
was subsequently heated to around 350°C with
heating rate 200°C min~} by passing fixed a.c.
current through the Kanthal plate. The TL-glow
curves were recorded with the experimental
arrangement deséribed previously.?

RESULTS \

Figure 1A presents typical TL-glow curves of
untreated and 750°C quenched pre-heat-trested
NaCl:Tt specimens (10-2 m.f[. of TI) for & beta-
dose of 700 R. 1t is scen from the Figure 1A that
the untreated specimen exhibits dominant glow
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peak at low temperature while that appear at
higher temperature, around 230°C (Peak 1) mn
the case of thermally treated specimen namely
NaCl TKT). The TL-glow curves displayed by
NaClL:THT) specimens after exciting them to four
different encrgries of incident beta radiation are
exhibited in Figure 1B, The figure indicates that the
growth of 230°C glow peak 15 more striking with
increase in beta energy. Since 230°C glow peak in
NaCl.TKT) phosphor appears at high temperature
and grows systematically with increase in incident
encrgy of beta-radiation, it is considered for beta
dosimetry work, »

Figure 2A shows the response of.intensity of
230°C glow peak with different known incident
doses of beta-radiation to NaCl:TT) phosphor.
1t gives straight hne supralincar relation between
the incident beta energy and TL-output to peak
11, The vanation in Tl-oulput at the peak 111
of the NaCL;TT) phosphor has also been exam-
ined with different post-irradiation itervals starting
from an hour to 10 days. The plot of TL-intensity
of peak 1l versus post-irradiation interval s
presented 1n Figure 2B, [t shows minor variation of
TL-output of 230°C peak with the increase in the
room temperature post-irradiation decay time,
This means the fading s neghgible. Tihis also
promises substantial storage stability of the present
NaCl Th ) phosphor.

‘DISCUSSION

Many organic and inorganic chemicals ‘exhibit
thermoluminescence. The extensive work on TL-
dosimetry!-3 brings out the fact that those TL-
materials which sausfy the following general
properties are useful for the fabrication of TL-
dosimeters. The general properties are:

) Simple trap distribution,

ii) high TL-efficiency,

iti) long storage stability of trapped charge
carniers at normal working temperature,

iv) resistance against dut‘nrbing environmental
factors such as light, humidity, radiation,
etc.,

v) TL-spectrum of ‘wavelengths in the wave-
length region 300-500 nm in which the
photodetector responds well and

vi) low-fading, reproducibility, low cost, easy
availability. s

Extensive experimental work has Been done on
the behaviour of Tl-glow curve of NaCl THT)
phosphor after UV- and X-ray irradiation.®® It 1s
well estabhished that a complex formed by a Ti*
ion nearby a cation-anion vacancy pair (T1*—
4] = I} located in dislocation region of the
host lattice is responsible for thermally induced
Ti. Its suggested that similar type of TL-centres
are associated with 230°C glow peak exhibited by
beta irradated NaCl TKT) phosphor in the
present work. The proposed mechanism for the TL
around 230°C is as follows. The irradiation of the -
NaCl:THT) phosphor at room temperature with
beta-irradiation transfers the electron’ from a
neighbourng Cl- ion o the negative i1on of the
vacancy pair, one of the constituents of TL-centre.
Thus, a hole situated on the CI° atom gets trapped
at the adjacent cation vacancy and the ciectron is
captured at the anion vacancyof the pair. Warming
the phosphor to 230°C, emission of fow ecnergy
photons takes place through electron-hole re-
combination at the hole site. The excess energy,
thus released excites the T1* jon forming TL-centre
for 230°C peak (peak 111). The return of the excited
Ti* 100 to its ground state emits the charactenstic
emission of impurity ion (Ti+). The Figure 3 shows
the steps involved i TL of NaCl:Ti(T) phosphor
around 230°C. It is very clear from dhe aboxe
discussion that present phosphor provides simple
trap distnibution with high concentration of trap-
ping sites, which is the first property to be satisficd
by an efficient dosimeter material.

The radiation damage produced due to b_eta
irradiation will mainly involve production of ion
vacancies cither single or in aggregates. Because
of volume considerations (ionic radn Na* 0.9% A,
Ti* 1.49 A) the Ti* ions in sohd solution in the
iterior of the lattice will prefer migration towards
dislocation. The production of 10n vacancies due
to irradiation will thus be conducive to the forma-
tion of peak 11} cenires. Such a process s sup-
posed to continue tiil the beta radmnonfcncrgy 1
raised to 104 R. Further increase in beta radiatipa
is presumed to lead to the precipitation ofthe Tiasa
separale phase at the: distocation sites which
consequently will destroy the peak ll!' centres.
Thus the damage caused by the increas in the
energy of the beta radiation places @ hmit on the
performance of the phosphor as & dosimeter
material.

Figure 1A indscates that NaClTHT) phosphot
has substantial TL-output at peak 1ii. On the
other hand glow curves for different doscs up t0

i
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101 R of beta-radiation have more or less identical
stable charactenistics {Figure 1B). Thus st is found
that higher doses do not alter the glow peak
position and shape. The temperature of glow
peak 11l is also high. Therefore, it can be said
that the requirement Nos. (1i), (i) and (v) histed
above to be fulfilled by an efficient dosimeter ma-
terial are fairly well satisfied by the NaCL:TI(T)
phosphor. As shown n the mechanism of TL for
peak Il (Figure 3), the TL-Emussion around
peak 11} results from the transitton Ti* 3Py—
Ti+1Sg. It has been reported earlier® that this
emission lies in the wavelength region 300-500 nm,
This is the region where the photodetector used in
present work responds well, which fuifills the
property No. (v).

The respoase of TL-output of peak I with
different known incident energies of beta-radiation
n the energy range 10-108 R is presented in Figure
2A. 1t shows straight hine supralinear relation
between the incident beta energy and TL intensity
of peak Hi. The intensity of peak Il as a
function of storage ume (in hours), Figure 2B,
does not indicate significant change in the intensity
of the glow peak 1j1 of NaCl:TI(T) matenal. This
mndicates neghgible fading, This also reduces the
error in measurements of unknown doses, at the
same LUme promises the large storage stability at
normal working temperature (property No. (i1)).
Thus supralinear TL-response, necghgible fading
along with additional properties like, reproducibil-
ity of glow curves; desirable shape and size of the
phosphors, and very. low cost of the material
encourage the author to propose that NaCl:THT)
matctial can be used to fabricate the sohd state

t

dosimeters for beta-dose measurements in the
range 10-10' R, Of course, in ity use there are
certain disadvantages mainly, atmosphenc con-
tamumation which s quite serious, This can,
however, be chminated by shiclding the phosphor
from direct exposure to contaminating agents.
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EFFECT OF Ba?* AND Ca?* IMPURITIES ON THE THERMALLY
STIMULATED LUMINESCENCE OF SODIUM CHLORIDE.

. '

i

R.V. JOSHI, T.R. 30SHI, O.H. MAHAJAN, S5.P. KATHURIA* AND AK. NEHATE.

I
Applied Physics Department, Faculty of Technology and Engineering, M.S. University
of Baroda, Baroda-3%0 001, India.

Sodium Chleride specimens doped with BalZ+ and Calt impurities were examined
for their thermoluminescent behaviour after exposure to gamma radiation. Effect
of variation 1n Ba concentration on NaCi:Ba for fixed irradiation dose (800R)

and of change In the radiation dose on NaCl:Ca for fixed Ca concentration have
been investigated. l

1. INTRODUCTION

Recent experiments on therr’nally stimulated luminescence (TSL) of doped and
undoped sodium chloride have revealed the wide application potential of these materials
in detecting and estimating the dose of iomizing radiations s 3, The specimens used
in the expemme;wt were obitained by crystallization from éqheous solutions.  They
were subsequently annealed at 750°C for two hours and then rapudly awr-quenched
to room temperature. Such samples, designated ae NaCliBa(T) and NaCl:Ca(T), have

.

been reported to be suitable dosimeter materials’s 4,

2, EXPERIMENTAL

The experimental set-up and the procedure for recording the thermal glow curves
have been described elsewherel. The rate of heating used was 200°C/run. The
sources of gamma radiation were 80Co (10 mCi) and 226Ra (9 mCi).

3. RESULTS ’ b

f

It 15 seen from Fig. 1 that change in Ba concentration gives rise to four peaks
positioned at 90, 140, 180 and 220°C. Out of these peaks, the one at 220°C appears
with highest 1ntensity for optimum Ba concentration (102 m.t.). Fig. 2A presents
the typical glow curves displayed by NaCl:Ca(T), with different doses.

. 1. f

3 H
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TL glow curves of NaCls ....., NaCl:Ba(10"%m.f.) o — — — ,
NaCiBa(10"?m.f.) .+ ~ . .. » and NaClkBa(10-im.f.) ———, gamma dose 800 R,

TSL response at 147°C as a function of 226Ra - gamma exposure dose 18 shown In
Figure 28, It is cle‘arly observed that the dominant peak at 147°C increases 1n inten-
sity with the increase in gamma dose, other features of the curve rematning unaltered.

The response of intensity varsus dose is cbserved to be hinear.
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4. DISCUSSION

f

The 220°C peak 1n Nacl:Ba(T) has been found to satisfy the basic dosimetric require-
ments. The centre associated with the pesk 1s presumed to be impurity - vacancy
dipoie and 1ts compamon negative 10n vacancy, the complex being situated in the
dislocation region. This premise 1s based on the concept of charged dislocation
in which the charge 13 presumed to be induced due to cloud of negative ion vacancies

'
f H



144 RV Joshietal [ Effect of Ba?* and Ca®* mpunties

surrounding the dislocation. The shift 1in the peak position with variation in Ba concen-
tration is attributed to the location of the dipoles at different lattice distances from
dislocation,

Asg in NaCl:Ba, 1t 13 suggested that the Ca-dipole and its companion negstive
on vacancy situated 1n the dislocation region 1s responsible for the origin of 147°C
peak. The increase 1n dose is presumed to increase the number of radiation induced
excited centres inherently present which in turn gives rise to enhancement in the
ntensity of the glowﬁv peak with the dose. The indentical nature of the glow curves
for different low radiation doses confirms the resistance of the matertal to radiation
damage. Considering lnear response, high TSL - sensitivity, resistance to radiation
damage, desirable shape and size of the phosphor, very low cost and excellent reprod-
uctability, the present material i1s obviously suitable in TSL - radiation dosimetry
for the low energy dose range of 500 mR ta 3 R.

5. CONCLUSIONS

It 1s ¢oncluded that the study of the thermoluminescent behaviour of divalent
impurity doped NaCl as a function of impurity concentration and radiation dose reveal
characteristics which are important from dosimetry aspect. |
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EFFECT OF VARIABLE DOSES OF ULTRAVIOLET
RADIATION (253.7 nm) ON THERMOLUMINESCENCE
NaCl:Ca(T) MATERIAL.
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Abstract—This paper studies the thermoluminescence (TL) glow curves of NaCLCa(T) phosphors
to varous doses of 253 7-nm ultraviolet {UV) radiation at room temperature, TLD grade
NaCl:Ca(T) matenial was obtained by crystallization from solution and was subsequently annealed
at 750°C for 2 h. followed by sidden quenching We undertook me:asurement of the effect of
variable UV radiation doses (10% to 10° J m™2) on the TL behaviour. of NaCl:Ca(T) phosphors.
[t was observed that the phosphor exhibits a dominant peak around 167°C along with a weak
peak at lower temperature, The high-temperature peak (Peak 11} 1s found to grow linearly with
the increase tn UV dose in the range of 107 to [0° J m™ Since the nature of the glow curves
under the influence of different doses remains more or less idential, s behieved that the
phosphor does not undergo radiation damage and displays hugh intninsie [ L around Peak 1L
Examunation of the system for tundamental dosimetry requirements shows that 1t can be used

(559

in dostmetry work at 253.7 nm

INTRODUCTION
THE EXACT assessment of the radiant exposure
of UV radiation has grown in importance due to
increased use of UV radiations in medical and
other fields. Detatled studies are aiso important
1n assessing effects of these radiations on the skin
and eyes of professional workers. Therefore, re-
searchers are actively engaged in exploring tech-
miques and instruments for esumating UV radia-
tion exposure, The current practice 1s 1o use the
T'L technique in UV radiation dosimetry. How-
ever TL phosphors usually used 1n estimating .
8. neutron and x-ray doses were found unsurtable
for UV dosimetry, because of their poor ntrinsic
TL sensitivity. However several TL phosphors,
such as LiF:Mg:Ti. CaSO4: Tm and natural CaF,,
have been made sensitive to UV radiation with
pre-irradiation to high v doses and/or partial an-
nealing {Su76: Na71: Su70). The preparation'of

t 11D Group. Health Physics Division. Low-level
Counung Laboratorv. Bhabha  Atonue  Research
Centre, Bombay, India .

A
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TLD material and the mechanism of TL emission
are complex and time-consuming which hmits
the wide use of such phosphors in solid-state do-
simetry. Recently:a few TL phosphors with high
intrinsic TL sensitivaty and direct response to UV
sttmuldtion have been reported (Dh76: Ba76:
Me78: 1La79) thereby making the TLD (UV)
simple and practicable. The present paper deals
with the study of (1) the UV-induced TL 1n NaCl.
Ca matenal. (2) the eftect of varying UV radiation
doses on the TL of the phosphor, and (3) 10 assess
its suitability as a possible UV dosimetry matenal
at 253.7 nm

EXPERIMENTAL PROCEDURES

The powder specimens of Ca-doped NaCl
(1073 molar fraction) were obtained by recrys-
tallization from aqueous solutions The speci-
mens were annealed at different temperatures,
350 and 750°C. in air for 2 h each 1n a silica boat
and subsequently 'quenched to room tempera-
ture The mucrocrvstaliine TLD-grade powder of
mesh size {80 120 was then collected. The TLD-

i
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grade material quenched from 750°C was des-
ignated as NaChCa(T). A quantity of 20 mg was
spread uniformly on a kanthal plate. The speci-
men was excited by using the standard UV wave-
tength {253.7 am) from a Jerall-Ash-Mercury
lampt kept at a distance of 3.0 cm. The output
of" 253.7 nm at this distance was around 100 J
m °s” ', No external filter was used during irra-
dintion. Ultraviolet doses in the range 107 to 10°
J m *were used by varying the time of exposuie
from 2.5st0 8 min The TL glow curves of UV-
irradiated NaCl:Ca(T) phosphors were recorded
by the TL reader (Jo78). The heating rate for the
present work was 180°C mun !

RESULTS \ :

Figure 1 shows the TL glow curves of untreated
and thermally treated NaCl.Ca specimens after
a test dose of 2.4 X 10° J m~* at room temper-
ature. It is observed in Fig. 1 that NaCLCaT)
phosphor displays a well-defined peak around
167°C (Peak II) along with a weaker peak at a
lower temperature, This indicates the high sen-
sittvity of the phosphor to UV radiation.

The TL curves exhibited by NaClLCa(T) for

five different doses of UV irradiation in the range
10210 J m~? are shown 1n Fig 2(A). It can be
observed that (1) Peak H grows with the increase
in magnitude of the UV dose. and (2) its position
as well as shape remamn unaltered Figure 2(B)
exhibuts the intrinsic TL sensitvity of Peak 11 as
4 function of UV dose. The response 1s hinear for
the dose range of 10 to 10 ] m™ Figures 3(A)
and 3(B) demonstrate the TL glow curves of five
different UV doses in the range of 10° to 10° J
m~* and the TL response of Peak II to the UV
dose. respectively. It is observed that the TL re-
sponse 1s linear even in this high dose range. The
overall TL response of Peuak Il in the dose range
10° 1o 10° can be seen in Fig. 4 The response 1s
linear up to 4 X 10° J m™ and s supralinear
beyond.

The thermal glow curves of the specimen were
also recorded under identical experimental con-
ditions after exposing them 1o v doses from a
2*Ra source. The TL glow curves after the 1-R
v dose and those after the UV dose of 6 X 10° J

-

+ Jerrall Ash Model 45-544, 10 W, 253 7 (85%). Jer-
rall Ash Co.. 5396 Lincoln St. Waltham, MA,

RSHT.Q0 A

TL OUTPUT x 167 AMP —»

L L
20 300

- r'
30 120

TEMPERATURE IN * C —+

F1G 1. Typical TL glow curves of untreated NaCl-Ca

(UVdose 24 X 108 m™) (v ). typical glow

curve of 550°C-quenched NaCl:Ca (----- ): and typical
glow curve at 750°C-quenched NaCl.Ca(T) (—).

m™? are identical in intensity and in shape but
tor the shght differences in peak temperatures
(Fig. 3A). Figure 5(B) exhibits the TL decay for
Peak 1I of the UV-irradiated NaCl:Ca{T) test dose
of 2.4 X 10 J m™> stored at room temperature,
Obviously, no anomalous fading has been ob-
served. The material was protected from light
during the storage. The present study applies only
to 253 7 nm and the relative sensitivity as a func-
tton of wavelength has not been invesugated,

’,RT 449
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FIG. 2, (A) Typical TL glow curves for different low doses of UV for NaCLCa(T) (10~? mo-
lar fractiony for 5 X 102 J m™ (== ¢} for 10 X 10* J m™? (eav-s), for 20 X 10% J m™2

(me=ememe) ford0 X 102 I m~2 (== - o

s~ o=} and for 50 X 10?3 m™* (——), (B) TL output

at Peak H of NaCL:Ca(T) as a function of incident UV dose (J m™),

DISCUSSION
The use of intrinsic TL in the field of UV do-
simetry is a recent development. The basic con-
swderations of an etlicient TLD matenial in UV
dosimetry, like those in 4. / and other ionizing
radiztion dosimetnies. have been suggested by

A952T.96 91

earlier investigators (La79; Vo79: Jo83). The di-
rect response to UV radiations and high intrinsic
TL efficiency are essentially the fundamental re-
quuiements 1o be satisfied. The glow curves ob-
served for untreated. 350°C-quenched and NaCl:
Caf T) (Fig. 1) dlustrate the fact that the TL glow

~
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EFFECT OF UV RADIATION

ON THERMOL:UMINESCENCE MATERIAL
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). (BY TL output at

Peak 1 of NaCl CatT) as a functon of maident UV dose (J m %

curves result from direct interaction of UV ra-
dianion with the phosphor. Furthermore, NaCl
Ca{T) matenal shows a prominent glow peak at
167°C (Peak 1) Thesc features show that the
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above-menuoned basic condittons are fulfilled by
the present phosphor Peak | 1s not considered
for dosimetry purposes due {o its occurrence at
lower temperature, and variation in 1ts position
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and intensity under normal changes in ¢limate
and/or room temperatyre.

From the consideration of charge compensa-
tion, it is generally accepted that in divalgnt 1m-
punty-doped alkali halides a large fractiony of the
impurity ions in solid solution {s used up in the
formation of impurity-vacancy dipoles. Such di-
poles are presumed to gxist in phe crystal along

A752/7.a6 91

with other crystalline defects such as positive and
negative ion vacancies, dislocation, etc. It 1s pro-
posed that in NaCLCa(T) the centre responsible
for Peak I 1s a complex formed by the association
of a dipole with a negative ion vacancy in the
dislocation region. Because of thermal quenching,
these centres i NaCl'Ca(T) are expected to be
more numerous High concentration of these

J/ 49p
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centres, leading to enhanced TL output. satisties
one of the most important requirements of an
¢fhicient TLD material, ,
It is proposed that the TL mechanism in UV-
irradiated NaCl:Ca(T) is different from that ob-
tarned after v irradiation of the phosphors {Jo83).
Ultraviolet radiation 1s incapable ot producing
clectron-hole pairs directly since the energy re-

hs+ttal 91

B

quired (~ 12 ¢V)1s much higher than the energy
of the incident UV radiation (5~6 eV). The TL
exhubited by NaCl:Cu(T) (Fig. 1) possibly results
from the removal of the bound electron from its
parent activator ton due to multiple excitation
by UV radiation. The liberated electron can get
trapped at the nearby negative 1on vacancy in the
proposed complex centre. Warming the specimen

1 ¥
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to the temperature of Peak I releases the electron
from its trap. The released clectron returns to 1ts
parent activator ion in which process it first dropx
to the emission level of the activator and finally
returns to the ground state with TL emission.
The TL emission spectra of y-irradiated Na(Cl:
Ca{T) (Jo83) have revealed the fact that the TL
emussion in the temperature region 130-170°C
is 375 nm, the charactenstic emussion of Ca'',
It can therefore be presumed that in the present
case, the TL emission at Peak [I (167°C) is
around 375 nm which falls in the sensitive region
of the photomultiplier (300-500 nmn) used in the
above measurements.

The occurrence of Peak I at higher tempera.
ture above 130°C with substanual TL output
under UV irradiation (Fig. 1) suggests that the
traps 1involved 1n the generation of Peak II are
single valued, large in number and deep. Undet
such condittons, the UV radiation exposure once
1egistered will not be'lost under normal working
temperature, 1.¢. the storage stability is high, The
hugh intensity of Peak 11 also promises significant
mininsic TL ethiciency.

Figures 2(A) and 3{A) show the systematic
growth of TL intensity of NaCLCu(T) for UV
doses in the ranges 10° to 10* and 10° to 10° J
m™-, respectively. The TL sensitivity of Peak 11
versus the UV dose (J m™~2) 1s inear in both high-
and low-dose ranges (Figs. 2B and 3B). The over-
all TL response s linearup to 3 X 10' J m~2(Fig.
4). Since the nature of the glow curves underthe
influence of different UV radiant exposure re-
mains identical, 1t is suggested that the material
does not undergo radiattion damage and also ex-
tibits the high intninsic TL around Peak'll.

The room-temperature fading of TL output at
Peak 11 is neghgible even after the post-irradiation
period of | wk (Fig. 3B). The tvpical TL glow
curves of NaCLCa(T) after irradiation with UV
(6 X 10° J m 2 and 1-R v radiation recorded
under the same FHT setung of the reader (Fig
3\ clearly shows that the TL sensiuvities for v
and UV radiation are more or less identical This
dhcates that proper calibtanon will definitely
help to express the UV sensitvity of NaCl:Ci(T)
1 an equivalent gamma dose (R)

Examination of the different phosphor char-
actenstics suggests that-it fulfills the requirements
of a good TLD matenal. such as simple trap dis-
tribution, deep traps, high intrinsic TL efhciency.
matching of TL cmission wavelength from the

ﬁ?fl/-r,q-)}qé

phosphor with sensitive region of the detector.
large measurable dose range and low fading. Ad-
dittonally, ieproducibility, easy avadability at low
cost, desired size and shape, ease of handhing and
reusability of the specimen leads one to believe
that the NaCl:Ca(T) promises to be a well-suited
system for use i UV dosimetry at 253.7 nm.
Furthermore, the main drawback of the system.
namely uts hugh hygroscopy, c.m casily be elimi-
nated by preventing atmospheric contact by using
transparent PV bags for sealing.
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- Previovusly reported i1JaCl:Ca dosimetry material
[Joshi etal, Health Physics, 19837 is discussed for its spurious
thermoluminescence (TL). The spurious IL is shown to have 1o

influence on vV dousimetry measurements.



TR IBOTHERMOLUMINESCENCE IN NaCl:Ca(T)

A, K. Nehate, K. P. Dhake and T. R, Joshi
Applied Physics Department, Faculty of Technology and
Engineering, M.S.University of Baroda, BANUDA 390 001, INDIA

The l\laCl:Ca(lO'"3 mf) annealed and air-quenched from
750°C [NaCl:Ca(T)] has been reported to be suitable powdered
dosimetric material for ionizing radiationsl. The present
work concerns with the understanding of the spurious fL
(Tribothermoluminescence) exhibited by this material. The
spurious TL can cause a serious error in the evaluation of

low doses.

It is observed that NaCl(T) and WaCl:Ca(T) display a
glow peak around 340°C without irradiation. UV‘irradiated
ivaCl:Ca(T) shows peak at 167°C alongwith peaks at 90 and
340°C. The peak at 340°C in both the phosphors disappears
after the‘completion of the first thermal cycle. This peak

is not observable in y-irradiated speéimens.

Compression, grinding, rapid crystallization and
mechanical dis;urbances caused during stirring and spreading
of the phosphoflhave‘been reported to excite the TL ceqtresz.
It is proposed that during heating of the specimen for the
record of TL, around 30C°C the atmospheric oxygen begins,
interacéing with the surface ions, thereby forming new
recombination sites for éhe released electrons and holes.,

This results in spurious TL glow peak at 340°C. Due to the

thermal releése of trapped charges and recombination dﬁring

}



first thermal cycle, no spurious TL is observed in the
subsequent heating runs. The higher intensity of spurious glow
peak in NaCl:Ca(T) than in NaCl(T) may be related to the
distortion produced in the lattice by the iﬁcorporatgon of the

impurity.

The non-occurrence of this peak in gamma irradiated
specimens is obviously due to overshadowing of 340°%C peak by
dominant peak at 147°C. Previous experiments suggest that
there is no marked change in the behaviour of 340°%C peak on
subjecting the specimen to the radiation doses differing in

magnitude.

3ince the UV-dosimetry peak temperature (167°%C) is away
on the temperature scale from the spurious TL glow peak .
temperature (34000), spurious TL does not limit the use of

NaCl:Ca(T) for UV and other low level radiation dosimetry.
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