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This work describes the thermoluminescent (TL) characteristics of lithium aluminosilicates, Li2OAl2O3nSiO2, for its possible use as TL
dosimeter for low doses. The sinterized tablets of Li2OAl2O3nSiO2were characterized by means of X ray diffraction (XRD), and irradiated
at different doses using a Theratron 780C-60Co unit in air at room temperature. The Rasheedy’s technique was used for the kinetic trap
parameters determination. The XRD results show a mixture of two phases of 64%β-spodumene and 36%β-eucryptite in the sinterized
tablets. TL analysis indicates that in these systems, recombination processes prevail, and that these systems can be used successfully as TL
dosimeters for therapeutic dose ranges.

Keywords: Lithium aluminosilicates; dosimetry; thermoluminescence.

Este trabajo describe las caracterı́sticas termoluminiscentes (TL) de aluminosilicatos de litio, Li2OAl2O3nSiO2, para su posible uso como
dośımetro TL de baja dosis. Las pastillas sinterizadas de Li2OAl2O3nSiO2 fueron caracterizadas por difracción de rayos X (DRX), e irra-
diadas a diferentes dosis usando una unidad de60Co Theratron 780C en aire a temperatura ambiente. El cálculo de los paŕametros de atra-
pamiento se hizo usando el método de Rasheedy. Los resultados de DRX evidencian una mezcla de las fasesβ-eucriptita (Li2OAl2O32SiO2)
y β-espodumena (Li2OAl2O34SiO2) en una proporción de 36% y 64% respectivamente. El análisis de la respuesta TL muestra que en estas
matrices predominan los procesos de recombinación y que podŕıan ser usadas como dosı́metros TL en rangos de dosis terapéuticas.

Descriptores: Aluminosilicatos de litio (LAS); dosimetrı́a; termoluminiscencia.

PACS: 87.58.Sp; 87.66.Pm; 87.66.Sq.

1. Introduction

The irradiation process at centers that work with ionizing ra-
diations [1] requires a quality control program. The verifica-
tion of absorbed dose is an essential part of this program and
consists simply in comparing the measured doses (dosime-
try) with the prescribed doses, both medical treatments and
industrial processes. Although exists several dosimetric tech-
niques, the thermoluminescence dosimetry (TLD) is one of
the most employed to develop this kind of studies and is un-
doubtedly the main practical application of thermolumines-
cence. In this activity the TL has achieved great develop-
ment and a high level of acceptation into international scien-
tific community from the first researches of Daniel and co-
workers [2]. Although from the beginning, the TL dosime-
ter most widely used has been the LiF:Mg,Ti (TLD-100), in
recent years, have been proposed and tested all type of TL-
materials used for this purpose and for fields ranging from
medicine to archeology [3-10]. As a part of this search, dif-
ferent natural systems such as quartz or feldspar, or synthetic
systems as silicates with compositional variations of quartz,
have been analyzed [11-15].

In order to contribute to these studies, this work describe
the TL characteristics and the dosimetric properties of lithium
aluminosilicates, Li2OAl2O3nSiO2, synthesized by metal-
formates gelification technique [16], and evaluates their vi-
ability as TL dosimeter for therapeutic dose ranges.

2. Experimental

2.1. Synthesis and processing

Lithium aluminosilicate vitreous powders, obtained by
means of the gelification of aluminum and lithium formi-
ates in presence of tetraethoxy-silane [17], were used for the
preparation of 6 mm of radius and 3 mm of thickness tablets
(particles sized under 20µm) by means of uniaxial pressing
at 72 Mpa. All the samples (each of 100 g) were preannealed
for 1 hour at 1250◦C in an electric furnace. The molar ra-
tio of the synthesized matrices was oriented towards the pro-
portion 1Li2O–1Al2O3–nSiO2 with n values between 2 (β-
eucryptite phase) and 4 (β-spodumene phase), because for
these compositions have been reported low (and even neg-
ative) thermal expansion coefficients [18], and luminescent
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activity [19], which are desired properties for thermolumi-
nescent activity.

2.2. Thermoluminescence tests

Irradiations of samples were carried out in air at room tem-
perature using a Theratron 780C-60Co unit at a distance
of 80 cm relative to the source, in a radiation field of
10×10 cm2. The samples were placed between two acrylic
plates of 5 mm of thickness, with the purpose of reaching the
conditions of electronic equilibrium.

Thermoluminescence measurements were performed us-
ing a commercial Harshaw QS 4500 dosimeter manufactured
by BicronR©, using a linear heating rate of 10◦Cs−1from
50◦C up to 400◦C. The readings were carried out in a N2 at-
mosphere in order to eliminate the infrared contribution due
to the heating and to reduce the moisture effects.

In order to reduce the residual signal of the material be-
fore each irradiation, allowing their re-utilization, samples
were then annealed at 400◦C/1h, followed by cooling in air
until to reach room temperature.

2.3. Structural and thermoluminescent analysis

Sinterized samples were characterized by means of X-ray
diffraction (XRD). The diffractograms were obtained by
means of a Rigaku Miniflex diffractometer using a copper
source Kα1λ=1.54Å to a sweeping rate of 0.5◦/min.

Glow curves obtained were analyzed using a decom-
position, fitting and simulation technique proposed by
Rasheedy [20], for obtaining the trap parameters of the in-
dividual glow peaks in a complex glow curve. These param-
eters include the order of kineticsb, the activation energyE
(eV), the pre-exponential factorS′′ (s−1) and the initial con-
centration of trapped electronsn0(cm−3).

This technique is applicable in TL curves consisting of
multiple peaks and determines, by a general equation, the or-
der b based on a set of three data points in an experimental
TL glow curve, considering that for general order kinetics,
the behavior of TL intensity of a phosphor is governed by the
following equation:

FIGURE 1. Parameters Ix, Iy, Iz, Tx, Ty y Tz, in a isolated TL
glow peak.

I = −dn

dt
=

nb

N b−1
S exp

(−E

kt

)
(1)

WhereI (in arbitrary units) is the TL intensity,n (cm−3)
the electron concentration trapped at timet (s),N (cm−3) the
traps concentration andk (eV/K) is the Boltzmann’s constant.
The solution of Eq. (1) for b6=1 is given by:

I =
nos

′′ exp(−E/kt)

[1 + [((b− 1)S′′) β]
T∫

To

exp(−E/kt′)dT ′]b/(b−1)

(2)

Whereβ(Ks−1) is the linear heating rate andn0(cm−3)
is the concentration of traps populated at the starting heat-
ing temperatureT0(K). The pre-exponential factorS′′ (s−1),
which is defined asS′′ = S(n0/N)b−1is constant for a given
dose, but it varies with changing the absorbed dose,i.e.,
with n0.

The importance of Eq. (2) is that once the parametersb, E
andS′′, are obtained, it will be possible to simulate with this
expression, the thermoluminescent response in the LAS-type
matrices studied in this research.

To determine the kinetic parameters it will be assume
that, during the TL run, the concentration of populated traps
at a temperatureTi is proportional to the areaAi, whereAi

is the area under the glow peak between theTi andTf (final
temperature of the glow peak).

Let us considerIx is the TL intensity at a temperatureTx

at any portion of the glow peak (see Fig. 1), Eq. (1), thus,
becomes:

Ix =
(Ax)b

N b−1
∗ S ∗ exp

(−E

kTx

)
(3)

WhereTx(K) is the temperature corresponding to the in-
tensityIx, andAx is the area under the glow peak between
the Tx and Tf . Also, let us assume thatIy = Ix/y and
Iz = Ix/z are the intensities at portions equal to 1/y and 1/z
from the intensityIx, respectively. Then, similar to Eq. (3),
the following equations may be written:

Iy =
Ix

y
=

(Ay)b

N b−1
∗ S ∗ exp

(−E

kTy

)
(4)

Iz =
Ix

z
=

(Az)b

N b−1
∗ S ∗ exp

(−E

kTz

)
(5)

WhereAy andAz indicate the areas under the glow peak
from the temperaturesTy to Tf andTz to Tf , respectively.
There are not any relations between the intensities at which
Tx, Ty andTz exist. Also,Tx can antecedeTy (and/orTz) or
viceversa.

From (3) and (4) one obtains:

E = {(ln y)− b ln[Ax/Ay]}
{

kTxTy

Tx − Ty

}
(6)

And from equations (3) and (5) one obtains:

E = {(ln z)− b ln[Ax/Az]}
{

kTxTz

Tx − Tz

}
(7)
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Combining the Eqs. (6) and (7) can be obtained an ex-
pression for the parameterb:

b =
Ty[Tx − Tz] ln(y)− Tz[Tx − Ty] ln(z)

Ty[Tx − Tz] ln
[

Ax

Ay

]
− Tz[Tx − Ty] ln

[
Ax

Az

] (8)

With the order of kinetics determined, the activation
energy of TL process can be determined using Eqs. (6)
or (7). Now, withb andE parameters can be obtained pre-
exponential factorS′′ from Eq. (2):

S′′ =
βE exp(E/kTm)

[bkT 2
m]− (b− 1)Eφ exp(E/kTm)

(9)

WhereTm(K) is the temperature corresponding to the
maximum intensity,Im, of the glow peak and,

φ =

Tm∫

To

exp
(−E

kT ′

)
dT ′ (9’)

Finally, inserting (9) into (2) can be obtained an analytical
expression forn0:

no =
Im exp(E/kTm)

S′′

(
bkT 2

mS′′

βE exp(E/kTm)

)b/(b−1)

(10)

In Eq. (10), the parametersb, E, S′′ y β are known, and
the values ofIm andTm can be obtained from experimental
glow curve.

The quality of Rasheedy’s fit has been tested with the fig-
ure of merit (FOM) [21], where FOM is given by

FOM = Σjf
ji

100|yj − y(kj)|
A

(11)

Where FOM = Figure Of Merit (%),ji = first channel in
the region of interest,jf = last channel in the region of in-
terest,yj = information content of channelj, y(kj) = value
of the fitting function in channelj, A = integral of the fitted
glow-curve in the region of interest.

Glow curves with FOM values in excess of 5%, must be
examined by another technique of deconvolution, because in
these cases the fit is not as accurate.

3. Results

3.1. Structural analysis

Crystalline phase analysis by means of XRD (Fig. 2) revealed
the presence of theβ-spodumene (JCPDS 35-0797), andβ-
eucryptite (JCPDS 17-0533) structures. It was also observed
that the crystallization was not complete, amorphous resid-
ual phases remain which confer a glass-ceramic nature to the
host. Additionally, the XRD analysis of LAS-type matrices
revealed a compositional ratio of 64%β-spodumene and 36%
β-eucryptite.

FIGURE 2. XRD patterns of the phases present into LAS composi-
tion treated at 1250◦C during 30 min.

3.2. Glow curves

Figure 3 shows the glow curve of a LAS-type tablet irradiated
at different doses. In the temperature range used, the curve
exhibits a single peak around 270±1×C, which can be used
for TL dosimetry. Note that the signal intensity increases pro-
portionally with dose.

3.3. Kinetic analysis

Glow curves shown in Fig. 3 were analyzed by the method
proposed by Rasheedy described previously. The results are
reported in Table I.

Note that into LAS-type matrix as the absorbed dose in-
creases, recombination events (b=1) take precedence over re-
trapping processes (b=2).

Also can be observed that, as the absorbed doses in-
creases, the population of initially filled traps (no) increases.
This increase in “no” favors the probability of release the
trapped electrons to the conduction band, obtaining, as net
effect, an overall reduction in the activation energy of TL pro-

FIGURE 3. Glow curves for the same tablet irradiated at 0.5, 1.0
and 3.0 Gys.
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DOSIMETRIC AND THERMOLUMINESCENT CHARACTERISTICS OF SINTERED SAMPLES BASED ON Li2OAL2O3nSiO2 SYSTEMS 155

TABLE I. Kinetic parameters of LAS-type matrix irradiated at 0.5,
1.0 and 3.0 Gys.

Kinetic
Dose (Gys)

parameters 0.5 1.0 3.0

b 1.22 1.17 1.07

E(eV) 0.50 0.48 0.45

S′′ (s−1) 7.26E+03 6.03E+03 2.05E+03

no (a.u.) 2.04E+06 4.57E+06 1.29E+07

FOM (%) 5.7 3.8 3.6

cess. Additionally, this reduction in activation energy, causes
a decrease in the value of pre-exponential factor, because the
TL process is activated more easily.

On the other hand, the Fig. 4 shows experimental and fit-
ted glow curves, obtained with Eq. (2). For each curve, we
observe that the theoretical peak, fitted curve, with the val-
ues of the kinetic parameters fits well to the experimental one
(Exp curve). Although, at temperature values belowTm, a
deviation between experimental and predicted intensities can
be seen, the goodness-of-fit (FOM values), exhibits inferior
values than 5% for 1.0 and 3.0 Gys (see Table I). For the dose
of 0.5 Gys, although the error exceeds 5%, this is not too dis-
proportionate for what eventually this methodolgy could be
used for doses below 1 Gy.

3.4. Reproducibility

To study the reproducibility of the TL response, the sam-
ples were subjected seven times to the same annealing treat-
ment defined for reuse (400◦C/1h) and irradiated at a dose of
50 cGy. From experimental data was obtained an uncertainty
of 2.0% associated to mean value of measurements.

FIGURE 4. Experimental (Exp) and fitted (fitting) glow curves for
the same tablet irradiated at 0.5, 1.0 and 3.0 Gys.

FIGURE 5. Relationship intensity versus dose for LAS-type matri-
ces in the range 0.5-10.0 Gys.

3.5. Relationship intensity versus dose

The sintered tablets were irradiated at different doses from
0.5 up to 10 Gys to study the material response with dose.
The results are shown in Fig. 5, where the points represent
the mean values of each set of measurements obtained after
each irradiation. The error bars correspond to standard devi-
ation of 5% on the average value of each group of measures.
The results show a linear correlation of intensity (referred to,
in this case, as total intensity of emission) versus dose, ob-
taining a correlation coefficient R of 0.99918.

3.6. Fading Process

In order to study the signal fading the samples were exposed
to 50 cGys (gamma radiation) and stored at room conditions.
The tablets were measured during the 30 days after irradia-
tion. After 48 hours, the tablets showed a TL signal fading of
13%, reaching a weakening of 38% during the first 15 days
tending to a constant value during the next 15 days.

3.7. Detection Limit

The minimum dose detected by LAS-type tablets was of
2 cGys, after samples were exposed to gamma radiation. This
is threshold dose of Theratron 780C-60Co equipment. The
observed glow curve showed the same characteristics men-
tioned previously.

4. Discussion

In the thermoluminescent materials the TL emissions are
essentially processes related to the presence of impurities
(dopants) that have been naturally or artificially introduced
into the lattice of the host matix [22]. These impurities gen-
erate specific energy levels or traps in the forbidden energy
band situated between the valence band and conduction band,

Rev. Mex. Fis. S59 (1) (2013) 152–157
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which does not exist in the pure material. These new levels
can be occupied by charge carriers, electrons and/or holes,
released during irradiation.

By observing the TL curves of these samples (Fig. 3), can
be assumed to consist of a superposition of two or more sig-
nals TL. Other researchers [23] using a deconvolution analy-
sis of the TL glow curve under general-order kinetics theory,
found that these samples show four peaks between 180◦C and
300◦C, which indicates that the tablets have different types of
defects.

The glow curve kinetic analysis (Table I) show that re-
combination events take precedence over retrapping pro-
cesses. This is consistent with the other parameters, since the
activation energy decreases with increasing absorbed dose fa-
voring recombination processes and this is evidenced by the
decrease in pre-exponential factor.

The samples showed an uncertainty of 2.0%, these re-
sults can be considered good enough taking into account that
commercial dosimeters TLD-100, in which we used the same
methodology, showed an uncertainty of 1.1% [24].

The strong fading presented by the samples can be related
to storage conditions (relative humidity∼ 70% and average
temperature 32± 4◦C), which even can modify the response
of commercial dosimeters widely used as the TLD-100 and
may be controlled using appropriate thermal treatments post-
irradiation [24].

5. Conclusions

Structural analysis indicates that LAS-type matrices are of
glass-ceramic nature, exhibiting, in the crystalline region,
a compositional ratio of 64%β-spodumene and 36%β-
eucryptite.

The FOM values obtained, allow to state that Rasheedy’s
method is a valid technique to determine the kinetic parame-
ters of the LAS systems in the range 0.5-3.0 Gys. For higher
doses is recommended to carry out additional studies and/or
implement deconvolution techniques.

The TL-kinetic analysis shows that in LAS-type matri-
ces, the recombination processes predominate over the re-
trapping processes. This is consistent with the other param-
eters, since the activation energy decreases with increasing
absorbed dose favoring recombination processes and this is
evidenced by the decrease in pre-exponential factor.

The LAS systems exhibit a glow curve with a broad peak
whose intensity increases proportionally to doses, showing a
linear response in the range 0.5-10.0 Gys. Since the samples
exhibit good reproducibility and the fading process can be
controlled with appropriate thermal treatments, we can state
that these materials could be use in the gamma TL-dosimeters
manufacturing for therapeutic dose ranges.

Acknowledgments

The authors acknowledge to Centro de Cancerologı́a de la
Sabana (Monterı́a-Colombia) for allowing the use of their in-
stalations.

1. W. L. McLaughlin, A. W. Boyd, K. H. Chadwick, J. C. McDon-
ald, and A. Miller,Dosimetry for Radiation Processing. (Taylor
& Francis. Londres, 1989). p. 251. ISBN 0850667402.

2. F. Daniels, C. Boyd, and D. Saunders,Science(1953) 343-349.
ISSN 0036-8075.

3. S.G. Vaijapurkar, and P.K. Bhatnagar,Nucl. Tracks Radiat.
Measur.21 (1993) 267-269. ISSN 0969-8078.

4. S.W.S. Makever, M. Moscovitch, and P.D. Townsend,Thermo-
luminescence Dosimetry Materials: properties and Uses(Ash-
ford. Nuclear Technology Publisching. December, 1995). p.
204. ISBN 1870965191.

5. S.G. Vaijapurkar, R. Raman, P.K. Bhatnagar,Radiat. Meas.29
(1998) 223-226. ISSN 1350-4487.

6. S. Chawla, T. K. Y. Gundu Rao, and A. K. Singhvi,Radiat.
Meas.29 (1998) 53-63. ISSN 1350-4487.

7. F.D.G. Rocha, M.L. Oliveira, and L.V.E. Caldas,Appl. Radiat.
Isot.58 (2003) 719-722. ISSN 0969-8043.

8. M.I. Teixeira, and L.V.E. Caldas,Nucl. Instrum. Methods Phys.
Res. B.218(2004) 194-197. ISSN 0168-583X.

9. V. Kortov, Radiat. Meas.42 (2007) 576-581. ISSN 1350-4487.

10. N. Pradeep, K.R. Senwar, S.G. Vaijapurkar, D. Kumar, and
P.K. Bhatnagar,Appl. Radiat. Isot.66(2008) 86-89. ISSN0969-
8043.

11. V. Correcher, L. Sanchez-Muñoz, J. Garcia-Guinea, J.M.
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termoluminiscencia, Tesis Doctoral (Doctor en Ciencias Fı́sica,
Facultad de Ciencias Fı́sicas, Departamento de Fı́sica de Mate-
riales, Universidad Complutense de Madrid, 1999).

23. E. Osorio, O. D. Gutierrez, C. Paucar, C. Hadad,J. Lumin.129
(2009) 657-660. ISSN 0022-2313.

24. H. Cuitiva, and J. Isaacs,Estudio de las principales carac-
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