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ANALYSIS OF THE DOSIMETRIC PEAK OF GRAPHlTE MIXED MgB40,:Dy
TLD
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ABSTRAeT-Magnesium borate (MgB ° :Dy) has been used as beta dosemeter
4 7

quite successfully when mixed with graphite. Literature quotes different
temperatures for the dosimetric peak at the same heating rate. This works shows
that, for the same heating rate of 1°e.s·1 , the use or not of a pre-reading heat
treatment of 100 C for 10minutes, affects the peak temperature, indicating that it
is composed of more than one peak andjor it has kinetics of order different from
1. The parameters of two peaks, one at 133°e (order 1) and another at 156°e
(order 2), which ajusted a experimental glow curve are presented.

INTRODUcnON

Magnesium borate MgB4°7:Dy has been used as a beta dosemeter quite successfully
when mixed with graphite (Prokic, 1982; 1985; 1986). The carbon absorbs most of the light
generated below the surface of the thermoluminescent dosemeter (TLD) making the layer
which effectively contributes to the TL reading quite thin and, therefore, adequate for beta
dosimetry. Before using the chips of MgB

4
0

7
:Dy mixed with graphite in the dosimetry of beta

applicators used in therapy, we decided to investigate their TL characteristics, specially because
literature quotes the temperature of the dosimetric peak at various values from 158°e to 21~e,
as shown in table 1. Such temperatures were obtained from TLDs either mixed with graphite or
not, irradiated with beta- or gamma-radiation. The glow curves were generated at different
heating rates, which, however, do not explain the discrepancies observed. In this work the
behaviour of the dosimetric peak and its kinetics were investigated.
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MATERIAL AND METHOD

The ehips of Magnesium borate mixed with graphite used in this work were
manufaetured at the Boris Kidrie Institute of Nuclear Sciences, Yugoslavia, and have a diameter
of 4.2mm and a thiekness of 1.0mm. No spt>-cial pre-irradiation treatment is necessary since the
rcading proeess is sufficient for annealing the TLDs (Prokie & Christensen. 1984). Furthermore,
it has been reported that repeated annealing; at 300°C ehanges the TLDs' sensitivity (Ranogajec­
Komor et aL, 1984). The ehips were irradiated with gamma-radiation from C~, under
electronie equilibrium eonditions, at the National Laboratory of Ionising Radiation Metrology
(LNMRI) at dose leveis of O.25Gy and 2.5Gy. They were read at the Brazilian Centre for
Physical Researeh (CBPF) in a eomputerised photoeounting system designed and built by one of
the authors (Souza). The reading proeess, sampling and data aequisition are alI eontrolIed by
computer. In the case of the heating system, the aetual heating rate is measured and registered
at every O.5s during reading time. The aequired data are reeorded in fIoppy discs.

Table 1 - Temperature of the dosimetric peak of MgB4O7:Dy

Rcferenee Temperature Heating
rate

(0C) (oC S·I)

Prokie, 1980 210
DriscolI, Mundy & Elliot, 1981 200 10
Barbina et aL, 1982 190
Prokie, 1982 217
Oduko et aL, 1984 170 1
Prokie, 1985 190 11
Ogunleye, Richmond & Cash, 1985 190
Prokic,1986 200
Uehrin, 1986 158 5
Ranogajee-Komor & Osvay, 1986 173 10
Campos & Fernandes, 1990 180 9.7
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RESULTS

Tab-1 shows that, for the same heating rate (around lOOCs·1), four groups reported
different values for the temperature of the dosimetric peak: 173°C, 1SOoC, 19(tC and 200°C.
This could be due to the dosemeters' opacity which only enables deteetion of the light ernitted
near the surface. This emphasises the importance of the difference between the temperatures of
the top and the bottom surfaces of the TLD, which depend on its thickness and thermal
conduetivity. Another important influence on the peak temperature is the heating rate, although
its effeet should decrease for lower rates. Another reason for differences in the dosimetric peak
temperature could be the fading induced by a pre-reading heat treatment or due to the time
elapsed between irradiating and reading the TLDs. In this case, it should be expeeted that the
dosimetric peak has kinetics of order different from 1 or it is the sum of several peaks of
different stability at room temperature.

Table 2 summarises our fmdings with different dose, heating rate and the use or not
of a pre-reading heat treatment of 10 rninutes at 100°C. It can be observed that the total dose
does not affect the peak temperature, which was 17't'C for a heating rate of SOC%.S·I. For all
samples, treated or not, the peak temperature increased with increasing heating rate, while, for
samples read at the same heating rate, it is shown that theature increased with increasing
heating rate, while (Figure 1). However, further work is necessary since, for some conditions,
on1y one sample was analysed.

Table 2-Temperature of the dosimetric peak at different conditions

Dose Heat treatment

(Gy) (100°C, 10 min)

0.08 yes S
0.25 yes S
2.5 yes 1
2.5 yes 0.6
0.25 no 2
2.5 no 1

• T is accompanied of ± n· I
/
2

.. n is the number of samples analysed

Heating rateT •n"
peak

177 ± 11 5
177 ± 12 20
164 1
161 1
164 ± 11 6
160 ± 11 6

In order to study the kinetics of the dosimetric peak, a fit of one of the experimental
glow curves, which was obtained at a heating rate of l°Cs· l

, w1as tried with the use of the
Randall and Wilkins (194Sa & b) equation for first order kinetics, through software specially
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developed by one of us (Souza). Figure 2 shows the experimental cUIVe and the best fit that
could be achicved without change in peak height and crossover of the cuIVes. Lower values of
the activation energy, associated with lower frequency factors, would cause the peak to remain
at the same temperature but to become much wider thus producing crossover of the
experimental and fitted cuIVes. The figure indicates that neither branches are described by a
first order cuIVe, although the left branch could be further adjusted by the introduction of the
peak laround 120°C reported in the literature (Barbina et al., 1982; Prokic, 1985; 1986; Campos
& Fernandes, 1990). However, the right branch of the cuIVe remains without a good fit, as
shown in Fig.3.
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Fig.! - Glow curves of magnesium borate submitted (a) and not submitted (b) to pre-reading rate

treatment, corrected for the individual colibration factors of the samples analysed.

Ir the equation of Garlick and Gibson (1948) for kinetics of order 2 is used, a good
fit is obtained for the right branch as can be seen in figure 4. Ir a peak of fust order kinetics is
added at 133°C, a very good fit of the whole experimental cUIVe is obtained as shown in figure 5.
Table 3 presents the parameters used in the fitting of these lWo peaks, although the frequency
factor obtained for pcak 1 is greater than what is considered reasonable, i.e., 1012

S'
1 to 1014

S·
1
,

which is related to the lattice vibration frequency.
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Fig.2 - Peak of first order kinetics (a)

fitted to experimental g10w cUIVe (b)

Fig.3 - The sum (a) of two peaks of first

order kinetics (b) and (c) fitted to

experimental g10w CUIVC (d).
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,FigA - Peak of kinetics of order 2 (a)

fitted to experimental g10w cUIVe (b)

Fig.5 - The sum (a) of peak of kinetics

order 1 (b) and peak of kinetics order

2(c) fitted to experimental glow CUIVe

(d)

Table 3 - Parameters of the dosimetric peak (heating rate of toes· l
)
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Parameters Peak 1 Peak2

Temperature ("C) 133 156
Kinetics order 1 2
Aetivation energy (eV) 1.05 1.45
Frequency faetor (S·I) 8x 1015 • 8x 1012

•for peak 2, the value presented is s' and not S, the frequency faetor
s· .. s n2 N .1, where n is the initial population

o o
N is the number of traps

CONCLUSION

This work has shown that the pre-reading heat treatment affeets the temperature of
the dosimetric peak, suggesting that it is either composed of more than one peak and/or it has
kinetics of order different from 1. A good fit of the experimental glow curves was obtained with
the combination of two peaks, of kinetics of order 1 and 2 respeetively (Table 3). However,
further experimental work is necessary to confirm the kinetics order of both peaks.

ACKNOWLEDGMENT

We thank Drs. J. Boehrn and P. Ambrosi from PTB, Germany, for providing us with
the graphite mixed magnsium borate TLDs.

REFERENCES

Barbina, V.; Contento, G.; Furetta, C.; Padovani, R. & Prokic, M., 1982 - Main properties of a
new TL phosphor compared to other widely used phosphors - Proc. 3 Int. Symp. Soe.
Radio!. Prol., Inverness, vol. 2:61~24.

Campos, L.L. & Fernandes Filho, 0.0., 1990 - Thermoluminescent charaeteristics of
MgB407:Dy sintered pellets - Personal communication.

Driscoll, C.M.H.; Mundy, SJ. & Elliot, J.M., 1981 - Sensitivity and fading charaeteristics of
thermoluminescent Magnesium borate - Radiat. Prol. Dosim. 1:135-137.

Garlick, G.F.J. & Gibson, A.F., 1948 - Proc. Royal Soe. 60:574
Oduko, J.M.; Harris, SJ. & Stewart, J.C., 1984 - Magnesium borate: some advantages and

disadvantages for praetical dosimetry - Radiat. Prol. Dosim. 8:257-260.
Ogunleye, OT.; Richmond, R.G. & Cash, B.L., 1985 - Use of sintered Magnesium borate

-349-



thermoluminescent dosemeters for low dose measurcments - Health Phys. 49:527-532.
Prokic, M., 1980 - Development of highly scnsitive CaSO :Dy and MgB407:Dy sintercd

thermoluminescent dosemeters Nucl. Instrum. Methods 175: 83-86.,Prokic, M.,1982 - Ncw
sintered thermoluminescent dosemeters for personnel and environment dosimetry - Health
Phys.42:849-855.

Prokic, M., 1985 - Beta dosimetry with newly developed graphite mixed TL deteetors - Phys.
Med. Biol. 30:323-329.

Prokic, M., 1986 - Magnesium borate in TL dosimetry - Radiat. Prot. Dosim. 17:393-396.
Prokic, M. & Christensen, P., 1984 - Grafite mixed magnesium borate TL dosemeters for beta-

ray dosimetry - Rad. Prol. Dos. 6:133-136.
Randall, I.T. & Wilkins, M.H.F., 1945a - Proc. Royal Soe. 184:366
Randall, I.T. & Wilkins, M.H.F., 1945b - Proc. Royal Soe. 184:390
Ranogajec-Komor, M.; Vekic, B.; Dvornik, I. & Szabs, P.P., 1984 - Charaeteristics of some

TLDs for low dose measurement - Proc.
11th Regional Congress of the Int. Radiol. Prol. Association, Vienna, Vol. 1:183-188.

Ranogajec-Komor, M. & Osvay, M., 1986 - Dosemetric charaeteristics of different TL
phosphors - Radiat. Prol. Dosim. 17:379-384.

-350-


