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A B S T R A C T

The thermoluminescence o£ KBriD samples electron irra-
diated at room temperature after thermal annealing at
673 K for 1 hour have been studied in the temperature
range 360-730 K. The experimental TL-curve was discom-
posed by computer analysis in seven overlapping TL
peaks, giving for them the order of the kinetics of
thermal stimulation, the activation energy, the fre-
quency factor, the relative values of the electronic
concentration in traps at the initial heating tempera-
ture and the temperature at the maximum of the peak.

I. INTRODUCTION

Many research exist on thermoluminescence for pure and impurity-do-

ped alkali halides following irradiation at low or room temperatu-

re. For KBr we have the early work [1] and the more recently [2].

Different models have been proposed to explain the thermolumines-

cent process for KBr pure crystals irradiated below room temperatu-

re: F and H centres recombination [31; liberation of mobile inters-

titials from interstitial aggregate centres as the thermally acti-

vated step [4); decay of F' centres [5]; electron-hole recombina-

tion at a trapped-hole centre which may be of interstitial halogen

type [6].

The mechanisms involved in the TL processes above room temperature

are a rather debatable subject, but is quite well accepted that the

F centres are involved in these processes [7]. For pure KBr and

other alkali halides authors propose that the F centres act as:

electron traps, recombination centres for holes thermally liberated

from some traps or recombination centres for interstitials halogen

atoms released from traps such as impurities and dislocations.

The TL of impurity-doped KBr crystals after irradiation have been

studied for many years: KBr:Tl irradiated with cathode rays (10 kV)
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at liquid oxygen temperature [1]. KBr:Cu X-irradiated (32 kV, 15

mA) at 80 K [5] where an strong TL peak appears at 275 K. KBr:Cu

X-irradiated (35kV, 10mA) at room temperature where it is observed

in [B] a peak at 377 K related to the presence of an F centre with

a Cu+ ion in the inmediate vecinity. KBr:Cd and KBr:Zn X-irradiated

(35 kV, 10 mA) at room temperature studied in [9] who find that the

TL peaks observed at 363 and 423 K in highly pure KBr crystals X-

irradiated atributed to two types of F centres are suppressed with

the presence of Cd impurity whereas the presence of Zn impurity en-

hances the peak at 363 K and suppresses the peak at higher tempera-

ture; the peak at lower temperature is related with the F centres

due to the anion vacancies initially present in the sample while

those generated during the irradiation process give rise to the

other F centres responsibles of the 423 K peak.

We present in this work our study in the temperature range 360-730K

of the complex TL glow-curve of KBr:D irradiated with electrons at

room temperature after annealing at 673 K for 1 hour. Using compu-

ter analysis it is found that this glow-curve contains 7 overlap-

ping TL peaks of first-order kinetics of the recombination process,

we calculate for them the trapping parameters associated with loca-

lized energy levels namely the activation energy, the frequency

factor, the relative values of the electronic concentration in

traps at the initial heating temperature 300 K and the temperature

at the maximum of the peak. The locations of the 7 TL peaks are:

450, 471, 512, 542, 582, 626 and 661 K for a heating rate of 37.0,

35.6, 32.7, 30.7, 27.9, 24.8 and 22.4 K/s respectively. The 4 last

peaks fall in a temperature range where there is not reports of TL

peaks for pure and impurity-doped KBr crystals. With respect to the

positions of the 3 first peaks we don't expect they coincide with

others reported because it is well known that the locations of the

peaks vary from sample to sample of the same material depending in

the impurity content, thermal history, irradiation dose and heating

11. EXPERIMENTAL

Samples about 3x3x2 mm were cleaved from a KBr:D single-crystal

block given to us by the Fundamental Research Department of the

Nuclear Studies Centre of Grenoble (France) . To intend to induce a

dispersion of the impurity aggregation [10] these samples were

thermal annealed for 1 hour at 673 K followed by a quick cooling to

room temperature trying to avoid irradiation by light. Then they

were irradiated with electrons using a Sr-"x source (nominal-

ly 30 mCi) put it at 18 mm on the samples for 15 minutes </vl2 Gy) .

A TL equipment from the Littlemore Scientific Engineering Co. (Ox-

ford, England) was utilised to take the glow-curves of the samples.

They were heated with an oven warming rate depending linearly on

temperature in the range 360-730 K. A high heating rate was used to

keep the details of the glow-curve specially on the high-temperatu-

re side [1]. As in the initial temperature range 300-360 K we could

not follow the temperature dependence of the warming rate, where

the glow-curve was very intense, the samples were partially heated

to 423 K, cooled to room temperature and re-heated to register all

of the remaining glow-curve. On the other hand as the location of

the resulting spectrum was changing each time it was recorded, we

taked the glow-curves studied after a few irradiations, when their

positions were reproducibles in .1 few degrees. Besides, we couldn't

use the thermal cleaning or the l^ methods to know the po-

sitions of the most prominent TL peaks because after obtaining the

earliest peak the remaining glow-curve disappears almost totally.

III. THEORY

With the linear dependence on temperature of the oven heating rate

of the form

B(T) - 68.192 - 0.0693 T ' (1)



where T is in K and the resulting BIT) is in K/s, we utilised for

the intensity of a first-order kinetics TL peak the following ex-

pression

f T
I(T) - nQ s exp(-E/kT) exp(-s [exp(-E/kT')/B(T')) dT'| (2)

where the terms involved are: np - concentration of electrons in

traps at the initial warming temperature TQ - 300 K ; s - frequency

factor; E - the activation energy; k - Boltzmann's constant; T -

absolute temperature.

This expression holds either when the electron transitions involve

the delocalized bands in the special case in which the probability

of retrapping is negligable or when the electron transition don't

involve the conduction or valence bands [11]. From equation (2)

the expression for the temperature T at the maximum of the TI. peak

is

( kT s exp(-E/kT 1/(68.192 - 0.0693 T ) E ) - 1 (31

The analysis of the complex glow-curve obtained for the KBr:D irra-

diated with electrons was realised by using these expressions (1),

(21 and (3) and a computerized curve-fitting to known the charge

Storage by that irradiation.

IV. RESULTS AND DISCUSSION

Fig. 1 shows the experimental points (cross points) of the remai-

ning KBr:D glow-curve obtained after a partial heating to 423 K and

cooling to room temperature to anneal peaks below 360 K. The sam-

ples were thermal annealed at 673 K for 1 hour before the electron

irradiation with a dose of pj 12 Gy. The registered spectrum is one

of the finally obtained after a few prior irradiations until the

glow-curve location in temperature was stable in less than 3 K,

Fig. 1 also shows the 7 peaks of first-order kinetics of the TL

process whose sum, the computer generated glow-curve, in full line,

is compared with the selected experimental data (the cross points).

The characteristic parameters for the 7 overlapping peaks namely E,

s, n , ̂ -m, anc* B'Wl't'le w a r mi n9 rate value at T-ŷ ) are given in Ta-

ble I.

Tables II and III show the calculated trapping parameters of the TL

peaks in pure and impurity-doped KBr crystals published by early

workers. A comparison among the three Tables show us the following:

First of all, our peak 1 situated at 450 K (37.0 K/s) apparently

seems to be the peak at 452 K (0.23 K/s) of 113] for pure KBr crys-

tals but for us the activation energy is 0.69 and for them is 0.69

eV, then the origin for the two peaks is different as can be con-

firmed with the plot of the variation in T,^ with E for different

values of the ratio (s/B) for first-order kinetics of [14]. The ir-

radiation was for us with electrons and for them with X or gamma-

rays, both a room temperature.

Secondly, our peak 2 at 471 K (35.6 K/s) agrees in temperature lo-

cation with the peaks at 470 K (4.4 K/s) of [4] and 472 K (0.23

K/s) of [13J, both for pure crystals. On the other hand the activa-

tion energies are almost the same for the three, 0.94 for us, 0.99

for [4] and 0.92 eV for [13]. Therefore within the experimental

errors, it is possible to say that our peak 2 and the peak in [13]

had been produced in the same TL process as is confirmed with the

plot of the variation in T,— with E for various values of (s/B)

[14] . Our electron irradiation was at room temperature and the X or

gamma-rays irradiation in (13] was made at the same temperature.

Nothing can be affirmed for the peak in [4] because the authors

don't give the s.

The deuterium will be located at sites in the solid which are the

characteristic sites of hydrogen [15] and then it would leads in

ionic crystals to the same type of defects as hydrogen, that is, to

U, U, and U, centres [16]. In [17] appear studies of the mate-

rial KBr:D- at low temperature where D- substitutes the Br - ion



in KBr (U type centre). This centre is removed by ultraviolet irra-

diation at 20 K producing a negative ion vacancy and a D- ion in

an interstitial site, that is, a U, type centre which disappears

at room temperature [18] . Therefore in KBr:D crystals before elec-

tron irradiation at room temperature we could have at least P cen-

tres and interstitials D and Br atoms. It is clear that non-irra-

diated KBr pure crystals have in principle the same type of defects

of our material but without those related with the impurity D

atoms. In consequency the discomposition of the glow-curve from the

KBr:D electron irradiated at room temperature in 7 overlapping

first-order peaks displayed in Fig. 1 would contain the same peaks

of the pure KBr electron irradiated at room temperature, possibly,

with an enhanced TL intensities of some peaks due to the presence

of the D impurity atoms plus other peaks related with them and

other sources. The knowledge of the nature of the TL processes in-

volved in the production of these peaks need more experimental

work.
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TABLE I. Calculated trapping parameters of the TL peaks in the
KBr:D electron irradiated at room temperature after

annealing at 673 K for 1 hour

Peak E (eV) s (1/s) n (arbitra-
ry units)

1

2

3

4

5

6

7

0.89

0.94

1.06

1.15

1.20

1.36

1.56

1

1

4

6

3

1

7

,89x10 10

,79xlO10

.36x10l0

.SOxlO10

.14xlO10

.lOxlO11

.45xlO1L

35

90

530

170

110

730

410

450

471

512

542

582

626

661

37.0

35.6

32.7

30.7

27.9

24.8

22.4

TABLE II. TL peak parameters in KBr pure crystals published by
early authors

Authors (*) E(eV) B<K/s) Type of irradiation
and treatment

Sharma (19 56)
[1]

Clark and
Newman (1969)
[6]

Mehendru and
Radhakrishna
(1969) [9]

Murti et al.
(1971) [8]

Hageseth
(1972) [12]

Murti and Kui-
thy (1974) [5]

Ang and Mykura
(1977) [4]
.t

O.60
0.75
0.95

0.96
1.0B

0,86

0.97

l.OO

1.05

0.61

0.32

0.69
0.99
0.78
1.38

Aboltin et al. 0.030
(1978) (0.045-0.050)
[3] 0.075

0.096
0.113
0.131

Mariani and
Alvarez Rivas
(1978) [13]

Murti and Su-
cheta (1982)
[2]

0, 41

0.51

0,53

0.69

0.92

1.08

1.05

1.0Oxl0J

0.67X1011

3.30x10*1

3.67xlOlJ

3.30x10

1.30xl0T

8x10 3

6x10 *

2x10^

5x10 5

6xlO7

1x10

0.175x10

330
415
525

116
143
199
240

363
423

359

377

392

409

363
425
458

187

406
470
491
496

23
26
37
38
41
53

345

380

416

452

472

500

392

7-10 Cathode rays (lOkV)
at liquid oxygen
temperature

0.10 Electron irradiated
at 290K followed by
deformation at 80K

X-rays (35kV-10mA)
at room temperature

2/3 X-rays (32kV-15mA)
at room temperature

X-rays (35kv, 10-
20mA) at room tem-
perature

1/3 X-rays (32kV-15mA>
at 80K

4.4 80 K (•*)
199 K
276 K
296 K

1/120 X-rays (50kV-20mA)
at 4.2K

0.23 X-rays (55kV-30mA)
with a dose rate of
2000 R/min or gamma
rays from a cobalt
60 source with a
maximum dose rate
of 3 MR/h bot h at
room temperature

0,60 X-rays at room tem-
perature

(*) The samples used were crystals, only Sharma utilised powders.
(**) These are the electron irradiation temperatures in a Van de

Graaff accelerator (200kV-20 A-1200s).
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TABLE III. Characteristic parameters of the TL, peaks in impurity-
doped KBr crystals observed by early workers

Authors and
type of mate-
rial studied

Sharma (1956)
Kbr:Tl [1]
(*>

Mehendru. and
Radhakrishna
(1969) [9]
KBr:Cd and
KBr:Zn

Murti et al.
(1971) [8]
KBr:Cu

Murti and
Murthy (1974)
KBr:Cu [5]

E(eV>

0
0
0
0
0

0
1

0

0

.30

.36

.53

.66

.94

.96

.08

.97

.70

s

l

3

4

(1/s)

.00x10^

.30x10^

. OOxlO11

165
200
286
363
520

363
423

377

275

(K) B(K/s) Type of irra-
diation

7-10

2/3

1/3

Low energy
cathode rays
(lOkV) at li-
quid oxygen
temperature

X-rays (35kV-
10mA) at room
temperature

X-rays <32kV-
15mA) at room
temperature

X-rays <32kV-
15mA) at 80 K

(*) Mehendru and Radhakrishna and Murti et al,
whereas Sharma employed powders.

utilised crystals

FIGURE CAPTION

Fig.l. Analysed glow-curve from KBr:D electron irradiated at 300 K.
The cross points are a selected experimental data from the TL-curve
obtained after a partial pre-heating to 423 K and cooling to room
temperature. The sample was before irradiation thermal annealed at
673 K for 1 hour followed by a quick cooling to room temperature.
The full line is a computed glow-curve which fit well with the ex-
perimental TL-curve and is the sum of 7 individual TL-peaks of
first-order kinetics of recombination process.
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