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Abstract
Magnesium silicate has been prepared by a precipitation technique. This composite structure was proven by different tools, XRD,
TGA&DTA, FTIR, and XRF. Magnesium silicate was found to have the formulas Mg1.1SiO3.2.1.1H2O. Thermoluminescence
(TL) dosimetric properties like (linearity, fading, energy independence) of magnesium silicate in the shape of MgSiO3 have been
estimated. A strong TL dosimetry peak associated with gamma radiation arises from 137Cs was developed. Different doses from
gamma radiation were measured by thermoluminescence (TL) detection technique for magnesium silicate glasses in unique
magnesium elements concentration to assess its dosimetric properties. A single strong peak of about 230 °C arises for all
irradiated samples. Total integral values of TL output and TL of the principal peak values showing a linear behavior start with
0.5 Gray up to 2 Gray dose range. Correlation of magnesium silicate TL response and different doses showed dose-response
improvement concerning low doses linear relationship.
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1 Introduction

Inorganic substances of an ion-exchange type have recently
played a great role, originally focused on their thermal and radi-
ation resistance besides their chemical hazards [1–3]. Many
years ago, a lot of studies about Thermoluminescence (TL) do-
simetric properties have been achieved [4–11]. A process in
which a luminescent substance exposed to radiation energy

and being heated emits light is called the thermally excited light
emission process. Absorbed ionizing radiation energy produced
movable electrons inside the crystal lattice and some of them are
trapped at lattice imperfections. Crystal heating releases some of
these trapped electrons accompanied by light emission. The
emission can be achieved using different excitation types of
ionizing radiation such as gamma, X-ray, neutron, alpha, elec-
trons, and beta radiation. The TL intensity is related to the trap
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activation energy level through certain expressions when the
heating rate is linear under the condition of the probability of
second trapping to be negligible for the probability of recombi-
nation, so that determines the trap depth could be possible.TL
glow peaks in Thermoluminescence (TL) studies related to the
structures of the defects giving rise to these peaks [4, 5]. Under
various conditions of dose, annealing and storage parameters,
LET of the radiation field, etc. Each glow peak may have dis-
tinctly different dosimetric characteristics and the relative inten-
sity of the various glow peaks depends on a great many factors.
However, the dosimetric characteristics of the glow peaks rather
than the glow curve (integration over several glow peaks) will
surely lead to a better understanding of TLD and contribute to
the adoption of a better dosimetric technique. So, there is a need
to synthesis a new TL material that has a simple glow curve and
glows peak. LiF is considered the most famous material used in
thermoluminescence detection techniques it is used in different
applications, such as; environmental, personal, besides clinical
dosimetry. Many different chips are available according to var-
ious dopant concentrations [8]. Uses of thermoluminescence
(TL) phenomenon for suitability testing of glasses being an in-
teresting subject in recent years through radiation-induced defect
centers investigations for more technical applications in photon-
ics [12–17]. Thermoluminescence behaviors of Sr3MgSi2O8

phosphor doped with Dy3+ were studied by [18]. Also, Chen’s
method has been utilized for determining the kinetic measurable
factors for glow curve deconvolution. Recently, investigation of
borosilicate glass glow curves which has a composition (60 − x)
B2O3 − 20SiO2 − 10Na2O − 10MgO − xDy2O3 doped with rare
earth after different dose irradiated with high doses of gamma
radiation achieved. Samples doped with 0.6%mol Dy3+ showed
appropriateness for dosimetric utilizations because of their good
thermoluminescence dose sensitivity and response [19].
Furthermore, TL glow curves for 2 mg Sr3MgSi2O8 substance
exposed to irradiation by 254 nm UV source showed a resolute
single peak around 123 °C. A glow curve deconvolution tech-
nique was used for analyzed acquired glow curves [20].
Moreover, magnesium orthosilicate intensity of TL glows curves
showed a good dose-response linear relationship extended to
20 Gy. To a certain degree, TL features of this phosphor are
conditional besideMg2SiO4 is suggested to consider as a suitable
substance for dosimetry [21]. Also, the photon shielding proper-
ties of a glassy system composed of 20Li2O–(70-x)B2O3–
10MgO–xTm2O3 doped with different Tm2O3 oxides (where
0 ≤ x ≤ 1) were investigated utilizing the advanced program
(XCOM). When the Tm2O3 concentration rise, the mass attenu-
ation coefficients also increased. The variation of Tm2O3 con-
centration affecting the good properties of LMB glasses. It ap-
peared that the glass compositions recommended for solid-state
lasers usage [22]. For new sets telluroborate glasses doped of
Sm3+ with varying TeO2 content, gamma shielding properties
were testing utilizing MCNPX code from energy range from
0.356up to 1.33 MeV. when the TeO2 content changes from 0

up to 40% mol for all glasses, the calculated mass attenuation
coefficient showed an increasing behavior principally at an en-
ergy value 0.356MeV, 4TBS glassmaterial displayed the lowest
value of half-value layer. The study assures that the alteration of
B2O3 by TeO2 supports the capability of the prepared glassy
materials to minimize the gamma photons [23]. Furthermore,
TL dosimetric properties for rare-earth-doped tellurite form
glasses were examined [13]. Thermoluminescence kinetic pa-
rameters examination were used also for glasses of Binary lead
silicate type [14], In recent work, prepared magnesium silicate
glasses glow curves were testing for dosimetry considering glass
structure correlating with different dosimetric properties.

2 Experimental Work

Magnesium silicate was fabricated as reported [24–26], by addi-
tional dropwise of Na2SiO3 toMgCl2·6H2O equimolar solutions
(0.5M), which have a volumetric ratio ofMg/Si = 1.5 at constant
agitation at 25 ± 1 °C. When the addition was finished, that
diluted NH3 was added until a precipitate was formed, and in-
stead, the reactionmixture was kept undisturbed overnight.With
0.1 M HNO3, a precipitate was washed to remove Cl− and im-
purities. To kill NO3

− a precipitate was cleaned with distilled
H2O. It was soaked several times with H2O distilled [24, 27].
Magnesium silicate was dried and ground in a powder form and
mixed to a ratio of 1:5 with KBr, then pressed to the IR analysis.
FTIR was performed on a computerized spectrophotometer
ranges from 4000 up to 400 cm−1, KBr discussing the
Genesis-IIFT-IR spectrometer. The Philips series x-ray spec-
trometer-2400 was used to evaluate the stoichiometry of the
components in magnesium silicate. The prepared composite
was analyzed by XRD using Shimadzu XD-D1.
Measurements were done with a speed of 2 °/ min in 2θ ranges
from 4 to 90. Composite fabricated (20 mg) were analyzed for
DTA &TGA with a Shimadzu DTG-60H. Harshaw 4500 TLD
reader within a planchet heating pathway used for measuring
thermoluminescence response. The glass being closed to a
stainless-steel crucible for the heating process; a thermocouple
closely connected to the sample holder. After irradiation, heating
of the sample achieved by a steady rate equal to 1.5 °Cs−1 ex-
tends from 50 °C up to 400 °C. This method assures set sample
doses to zero and subsequently no need formore annealing steps.
TL dose-response within dose range starts from 50 °C up to
400 °C sample doses expressed by an integral value. 137Cs stan-
dards source located at the laboratory of ionizing radiation me-
trology. National Institute of standards was used, its half-life of
30.17 years. The utilized source was manufactured in Canada
with a 23 rad/min at a distance of 30 cm onwork time. The 2570
farmer-type dosimeter, made in the U.K. by accompany of
Nuclear Enterprises Ltd. attached to an ionization chamber with
serial number 2571 which is sensitive to gamma rays under the
ideal condition of temperature and pressure to observe the dose
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rate of 137Cs source. The dosimetric properties were achieved
with gamma photons from 137Cs source. The dose was comput-
ed by the IAEA code of practice with a 2.5% accuracy value.
Every TL- measurement carried out was repeated three times
with a net standard deviation equal to ±2%. The average repro-
ducibility for glasses is 0.82% which means (1 standard devia-
tion), evaluated by 4500 planchet heating reader, manual type. If
the dosimetry process based on accuracy and good repeatability
reading values are required, it must be careful about the distribu-
tion of glasses powder on sample holders at the manual planchet
readingmode.All samplesmeasurements achievedwith uniform
patch homogeneity.

3 Results and Discussion

As already stated in the experimental section, magnesium sil-
icate was fabricated and has a hard granulating in nature with
white color. Magnesium silicate formation mechanism
(Scheme 1), was obtained by replacement of 2Na+ by Mg2+

and 2 NaCl molecules were withdrawn.
Magnesium silicate IR spectrum (Fig. 1 & Table 1). This

Figure displays six characteristic bands. The first vibration of
H2O and OH absorbed in the composite appeared at 3150–
3670 cm−1 [1]. Owing to a bending vibration for H2O in mag-
nesium silicate, a high absorption band showed at 1652 cm−1

[1, 31–33]. Mg-O resulted in a band of 1000 to 1100 cm−1 [1,
28]. Mg-OH deformation vibration resulted in a band at
903 cm−1 [29]. Mg-O-Si & Si-O-Si bending vibrations are
connected to two 640 & 470 cm-1, respectively [30].

XRD for magnesium silicate (Fig. 2), reveals that a pre-
pared composite has a crystalline structure. These results were
consistent with XRD data from composites operated at differ-
ent heating temperatures [1, 34].

TGA & DTA chart for magnesium silicate heated at a rate
of 10 °C/min (Fig. 3), through a three-step procedure. A first-
stage (43–192 °C) may be due to free water loss [1, 35], a
weight drop in this heating area is (8.2%). A second-stage
(192–283 °C) resulted from a break down for residual OH &
unbonded oxygen condensation [36], a weight drop in this
heating area is (4.45%). A third-stage (283–800 °C) may be
attributed to chemical bondwater lost [1], a weight drop in this
heating area is (12.8%). DTA shows that 2 endothermic peaks
about (128 & 501 °C) could be attributed to free water &
chemical bond water loss, respectively. A single exothermic
peak arises at (257 °C) explained by a release of residual OH
decay & unbonded oxygen condensation. From TGA data
(Fig. 3), a weight loss for composite prepared is extended to
700 °C, and noweight drop happenedwithin a range from 700
up to −800 °C. This enhancing the fact that composite pre-
pared has much more thermal stability than other materials.
The weight drop for magnesium silicate with the heating tem-
perature that a (33.4%) weight drop obtained if a substance
exposed to calcination process about 800 °C.

A chemical structure for prepared composite depends on
the information get from XRF and TGA& DTA thermograms
about elemental analysis whose mass drop allows calculating
an amount of H2O found in a matrix by an equation:

18n ¼ X M þ 18nð Þ
100

ð1Þ

Scheme 1 Magnesium silicate
forming mechanism

Fig. 1 IR spectrum for
magnesium silicate
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In which X is a mass drop percent of H2O, n represents
H2O mole number, & M represents a compound molar mass
without water molecules [1]. In which X is a mass drop per-
cent of H2O, n represents H2Omole number, &M represents a
compound molar mass without water molecules [1]. An X
value for magnesium silicate was 8.2%. The molecular formu-
la of magnesium silicate was calculated and indicated that
Mg1.1SiO3.2.1.1H2O.

The relationship between impacts of different grain sizes
on TL sensitivity (Fig. 4) reveals that TL intensity reduced
when the grain size enlarged so that reduction of collection
efficiency of measured radiation, and the other way round.
The grain size range of magnesium silicate is located between
53 and 106 with SD = 0.005.

The glow curve model of magnesium silicate samples is
shown in Fig. 5 with 1.5 °C/s heating rate at different irradi-
ated low doses (0.5 Gy - 2 Gy). A strong main peak located
around 230 °C. As the dose increased the peak location
doesn’t change, but the thermoluminescence response in-
creases linearly. For a maximum point of peak height, a linear
relationship with dose is noticed, which suppose uses this
point for dose monitoring. This peak is considered prevalent

for doses extended from 0.5 Gy - 2 Gy. It is a stable peak.
Dosimeter material including magnesium has a good sensitiv-
ity resulted from the large cross-section of magnesium ele-
ment suggesting many large areas of traps. A reason for the
peak broadness could be explained by the closeness of spaced
trapping centers responsible for individual peaks which sug-
gest its hard resolving process. This suggests a glass doped
with magnesium impurities is an ideal complex trapping sys-
tem. It is recommended to express the results to detect and
monitor the dose as peak heights because of minimal dissipa-
tion than peak areas and better spatial resolution, for the center
glow peak located at 230 °C, trap parameters such as kinetics
order (b), activation energy (E), and also frequency factor (s)
were calculated. Dosimetric 230 °C glow peak for gamma-
irradiated samples extended from 0.5 Gy - 2 Gy doses utilizing
the Chen method which is dependent on glow curves shape
[37].

The use of thermal peak temperature to obtain activation
energy (E) from the next equation [38, 39]:

E ¼ Cγ
KT2

m

γ

� �
−bγ 2KTmð Þ ð2Þ

Kinetics order (b) may be detected by computing a glow
peak symmetry factor (μg). From shape parameters of well-
known values [37, 38] according to:

μg ¼
δ
ω
¼ T 2−Tm

T2−T 1

� �
ð3Þ

δ is selected as (δ = T2 − Tm) cδ& bδ have a values of 1.71
& 0, respectively. Where T1 & T2 are temperatures of half-
intensity centering low & high-temperature peak borders, re-
spectively. μg for 230 °C thermal peak for Mgsi determined to
be 0.51, which indicates that this peak follows a second-order

Table 1 Assignments of IR bands (cm−1) for magnesium silicate

Wavenumber (cm−1) Intensity Assignments References

3150–3670 b . OH and . H2O [1]

1652 s δ. H2O [1]

1000–1100 b δ. (Mg-O) [1, 28]

903 s δ. Mg-OH [1, 29]

640 b δ. Si–O–Mg [1, 30]

470 b δ. Si–O–Si [1, 30]

Where b is broad and s is strong

Fig. 2 XRD for magnesium
silicate
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reaction kinetics. When activation energy E and kinetics order
were determined, a frequency factor S can be estimated by the
next equation [38, 39]:

βE

KT 2
m

¼ S 1þ b−1ð Þ 2KTm

E

� �
exp −

E
KTm

� �
ð4Þ

Assuming ß is a heating rate, the calculation of frequency
factor S is 1.11× 107 s−1 concerning the former traps filling
next to the excitation and therefore on the dose responsible for
excitation [40, 41].

A process of sample preparation was the precipitation re-
action at 25 ± 1 °C. An arrangement of traps created using the
γ-radiation process may be changed by the alteration for con-
centrations of substances i.e. concerning a radiation impacts in
inorganic dosimetry, enhancement of concentrations leads to
thermal activation energy (E) increased. For all TL output, the
studied concentration range was favorable.

In both Fig. 6 and Fig. 7, for glass doped within magnesium,
different doses and subsequent TL-response represented an

integral peak value and peak height. For low doses, magnesium
ions doped host material showed a TL-response in a linear rela-
tionship. The straight line has a slope = 1 from a glow peak
temperature trap depth E could be determined by eq. (5):

E ¼ C
KTm

2

� �
−b 2KTmð Þ ð5Þ

Where Tm: temperature of a thermal peak, K: Boltzmann con-
stant Tm picked up as a high-temperature half-width (T2 −T1), C
& b values are considered as constants of peak shape. In the case
of the second-order equation, C value: 2.54 and b value: 1. the
trap depth [E] of the sample’s principal peak that arises at 230 °C
was determined as 1.18 eV. Densities of trapped carriers are
represented by peak intensity and trap depth affecting recombi-
nation among holes and excited electrons. As seen in Figs. 6 and
7. The relative TL intensity forMgSi samples expressed in terms
of different gamma doses, TL dose-response curvewas observed
in linear behavior inside dose range start with 0.5 Gray - 2 Gray.
Suggesting that the suitability for radiotherapy applications. The

Fig. 3 DTA&TGA for
magnesium silicate

Fig. 4 The grain size effect on the
TL-sensitivity. The error in the
size range 53–106 is SD = 0.0049
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straight-line slope value is 1.25. From a dosimetric point of view,
glow curves integral value under 230 °C peaks is utilized to
absorbed dose calculation The linear part expressed by eq. Y =
1.25 x + b where Y: represent TL-response in arbitrary units and

X considered absorbed dose represented in the gray unit. The
extrapolation to Y-axis and equal: 360, a: represent slope
amount = 1.25. The TL–dosimeter response can be calculated
from this relationship and the absorbed dose can be also deter-

Fig. 5 The different glow curves
for different doses for magnesium
silicate

Fig. 6 TL response vs. dose of
magnesium silicate irradiated
with 137Cs photons. TL response
is represented by peak height
from 0 °C up to 360 °C

Fig. 7 Dose against TL response
of magnesium silicate irradiated
with 137Cs photons. TL response
is represented by an integral value
from 0 °C up to 360 °C

2560 Silicon (2022) 14:2555–2563



mined. The sensitization process is due to competition mecha-
nisms between the deep hole and electron traps in both stages of
the irradiation and heating of the TL process. Considering that
the difference filling effect of these traps. It should be paid atten-
tion that the central dosimetric trap is an electron trap, while deep
electron traps full of lead tominimizing competition, which leads
to sensitization. While deep hole traps filling of could increases
competition, causing desensitization. As a result of the existence
of these competitors, the recombination real number (i.e., the TL
signal) post-dose irradiation will depend primarily on the deep
trap occupancy. Therefore, sensitivity changes according to fill-
ing or emptying these deep levels are expected to cause.

Determination of fading is the main trouble in the thermo-
luminescence (TL) tool found in dosimetric scope, looks like
personnel, clinical dosimetry, and environmental dosimetry
[42].When the accumulated TL signal or trapped charges after
irradiation exposed to leakage, this operation is called the
thermal fading effect. Figure 8, shows the integral value of
TL-intensity after stored silicate material used for 90 days.
The fading or leakage percent value equal to 9% regarding
the composition of magnesium silicate itself. To verify the
stabilization state process, the TL measurements were carried

out after 30 min for each. This similar time interval after irra-
diation removes the signal of a lower temperature peak.

Not only trapping centers ionization can explain the fading
process of MgSi but also it should be considered as the second
operation in silicates which is the diffusion of oxygen.
Concerning silicate materials energy dependence, prepare 5
groups as energy points. At every point at least has 6 TLDs,
every group irradiate with a dose of 2Gy at a particular fixed
energy. TL-intensity as an integration value after irradiation of
glassymaterials with 2 Gy at different radiation energies (Fig. 9),
different energies of the silicate samples showed a fixed dose-
response relationship at a certain dose which recommend re-
markable behavior of energy-independent for these materials.

Table 2, shows dosimetric characteristics of thermolumi-
nescence technique including a domain of doses, method of
annealing, spectrum shape, dose information, readout tech-
nique, the sensitivity of the sample, physical forms for mag-
nesium ions glass doped, trap depth activation energy found to
be 1.18 eV because of more heat is needed to estimate the
particular peak around 230 °C which is responsible for dosim-
etry. Thermoluminescence response of therapeutic dose
ranges from 0.5 Gy - 2 Gray against the transferred dose

Fig. 8 The fading process is
represented by the TL-intensity of
different dosimeters at room
temperature

Fig. 9 The energy-dependent
process is represented by the TL-
intensity of different dosimeters at
room temperature
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without approach saturation level gives a chance in the future
to utilize these modified samples in a phantom for review dose
distribution treatment planning. The experimental data re-
vealed that the magnesium silicate affected quantitatively but
not qualitatively by the radiation TL- response according to
the irradiated doses variance resulted from different created
trap centers.

4 Conclusion

From previous results it may be deducted that;

❖Magnesium silicate was prepared by precipitation tech-
nique. The patterns of XRD show that magnesium silicate
has a crystalline structure.
❖ Concerning doping oxides type similar created trap
centers resulted in. So that the sensitivity and response
of TL-radiation based on the magnesium silicate consti-
tution quantitatively only.
❖ TL dose-response from 0.5 Gray - 2 Gray in radiother-
apy range application against the transmitted dose which
is not reached saturation level gives a probability to uti-
lize this glassy samples for the count the dose received by
a phantom tumor patient.
❖ Good gamma radiation TL response makes the mag-
nesium ions doped silicate an improvement material for
gamma dosimetry. This property has an important pur-
pose in manufacture selective dosimeters appropriate for
investigating the biological influence due to exposure to
gamma radiation.
❖ The data obtained from this paper offered good ther-
moluminescence dosimetric benefits of the inspected
magnesium silicate which recommended the potential
use of this material as gamma-ray thermoluminescence
detectors.
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