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Abstract

Ba?* activated AgsPO4 (APBs) orthophosphate as novel synthetic nanophosphor material was prepared using different
impurity concentrations (1, 3, 5, 6 and 7 wt%) of BaCl. salt. Coprecipitation method was used in preparation. The prepared
nanophosphors were characterized via X-Ray Diffraction (XRD) and High-Resolution Transmission Electron Microscopy
(HR-TEM) and the results confirmed the existence of nanoparticles. The thermoluminescence (TL) properties of the samples
were extensively studied, where the APBs sample with 6 wt% Ba?* showed considerable TL characteristics. All the studied
samples were subjected to optimum thermal annealing of 500 °C for 1h and a heating rate of 5°C/s was applied. The TL
response of APBs nanophosphor exhibited the highest value in comparison with that of other compositions. In addition, APBs
sample revealed a good linearity of TL response within the gamma ray doses between 15 and 100 Gy, where a linear response
is obtained with .0.9925 correlation coefficient. It also showed relationally low rate of fading of about 26% within a 50 days
of storage. These good characteristics make the new prepared APBs phosphor to be highly considered as a new potential TL
dosimeter and can efficiently be used as y-irradiation detector in many applications of ionizing radiation.
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favorable TL features than the others are [5]. TLDs
1. Introduction have many successful diversified applications in
radiation monitoring of environmental and radiation
workers exposure [6,7]. The TL phenomenon is
based on measuring the light emitted from irradiated
phosphor materials after having been heated [8]. In
the last few vyears, orthophosphates have found
increasing interest for their potential applications in
the field of scintillators, solid-state lighting and TLD
[9-12]. In addition, they have good features such as
high emission intensity, low effective atomic number,
nontoxicity, good luminescent properties, low cost
synthesis method and excellent thermal stability [13-
15]. Currently, silver orthophosphate (AgsPQ.) is an
important host material for activator ions in their
lattice due to its high chemical stability, high
quantum yield and low sintering temperature [16-21].
Moreover, it has become a promising photocatalyst
driven by visible light. Therefore, we will focus in

In the present scientific world, ionizing radiation
has been found very useful in engineering, medicine,
science and technology. Professionals have worked in
this direction, investigated and standardized many
analytical methods to estimate the doses of radiation
[1, 2]. During the last decades, there were extensive
researches on the use of thermoluminescences
detectors (TLDs) in the field of radiations dosimetry.
Worldwide, there are different types of phosphor-
based thermoluminecent dosimertrical families
widely being in use [3]. TLD has reached a great
development and a high acceptance degree for
dosimetry, among the international scientific
community since the first works carried out by
Daniels, Boyd and Saunders [4]. TL materials are
formed in bulk, micro, and nanocrystal structures
where the latter is always expected to have the most
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this article on the progress of the study of AgsPOs
based dosimetric materials [22-25]. The work
presented herein intended to synthesize and
investigate the thermoluminescence properties of new
inexpensive nanostructure systems of undoped
AgsPO,4 and barium activated sliver orthophosphate
(APBg) compounds. Furthermore, the effects of
thermal annealing and dopant concentration on the
TL characteristics of these synthesized samples were
extensively studied to explore and assure the
goodness of using such new prepared compounds as
promising gamma dosimeters.

2. Experimental
2.1. Samples preparation

High purity BaCl, (98.98%), Ba(NOs). (99.96%)
AgNO3 (99.98%), NapHPO4 (99.98%) and absolute
ethanol, were used to fabricate the undoped and Ba?*
doped AgsPO, nanoparticles compounds. The
AgsPO4 nanoparticles (NPs) sample was synthesized
by the coprecipitation method [26-28]. The
preparation was done as in the following steps: an
appropriate amount of (AgNOs3) salt was dissolved
completely in 50 ml of ethanol with stirring at room
temperature. Then an equal amount of 0.2 M
Na;HPO. solution was added slowly to the previous
mixture under continuous magnetic stirring. As a
result, a yellow precipitate was obtained, collected
and washed many times with distilled (DI) water. The
precipitate was then, dried at 90°C in an oven for
overnight to finally obtain the Ags:POs (AP)
nanocrystalline sample to be ready for any use.

The AgsPO4Ba** (APB) nanocrystalline was
synthesized at room temperature utilizing an
environmental friendly coprecipitation technique.
Different weight ratios of BaCl, salt (1, 3, 5, 6 and
7%) donated as APBi;, APBs;, APBs, APBs and
APB;% were dissolved completely in appropriate
solvent with stirring at room temperature. Then Ba?
salt with different concentrations were added drop
wise to the previous prepared solution (AP) under
vigorous stirring at room temperature. After that, the
white precipitate has been collected and washed with
DI water. Then the white precipitate was dried at
90°C in an oven for overnight to finally obtain the
APB nanoparticles to be ready for any use.

Many groups of APBgs samples were subjected to
annealing process at different temperature 300, 400,
500, 600 and 700 °C for one hour. Then, all the
annealed samples at different temperature are
arranged and irradiated to 100 Gy of gamma
absorbed dose. After that the relation between TL
intensity and annealing temperature were measured
by TLD-Reader, then the optimum temperature
degree, which has a high TL-intensity value was
defined. The TL-response as a function of the
temperatures has studied. Different batches of APBs
with optimum conditions have packed in lightproof
capsule and irradiated to different gamma rays doses.
After that, the characteristic glow curves of APBs
nanophosphor have recorded by the TLD-reader, and
presented graphically.

2.2. Sample irradiation and measurement

Co-60 gamma cell CM-20 manufactured by
Russia at Cyclotron Facility, Nuclear Research
Center (NRC), Egyptian Atomic Energy Authority
(EAEA) was used to irradiate the samples at
different gamma doses from (15-100Gy). The
prepared powder samples were packed in ependorf
tubes and placed inside one of the irradiation
chambers at a position located along the longitudinal
axis to the sources. Then the irradiator activity was
1.4 KCi during the present experiments. The actual
dose rate was 0.5 kGy/h, according to National
Physical Laboratory (NPL) alanine reference
dosimeter (ISO/ASTM 51261, 2004).

The X-ray diffraction (XRD) patterns of
synthesized (AP) and (APBs) samples were obtained
using X-ray diffractometer, Philips (PW/1710), with
Ni filter and Cu-Ka radiation (A=1.542 A°®). The X-
ray tube was operated at 40 kV and 30 mA anode
current. The two-theta degree sweep angle varied in
the range 20°- 80° with step 0.02. The obtained
(XRD) patterns were compared with the Joint
Council Powder Diffraction Data (JCDPs) for
standards. The nanostructures of the prepared (AP)
and (APBg) phosphors were investigated using high-
resolution transmission electron microscope (HR-
TEM model JEM-2100, JEOL, Japan).

The TL glow curve measurements were carried
out using TLD reader [model-10091, Nucleonix
system, India]. The TL glow curves have recorded by

Egypt. J. Chem. 64, No. 7 (2021)



SYNTHESIS AND THERMOLUMINESCENCE OF NOVEL..... 3683

taking affixed amount for each time with a linear
heating temperature rate of 5 °C/s and preheating 20
°C until reach a maximum temperature up to 350 °C.

3. Results and discussion

3.1. Thermoluminescence measurements

The pre-annealed (500 °C for 1h), 100 Gy gamma
irradiated nanostructure of AgsPOs (AP) did not
showed any TL response. In addition, the TL
measurements of AgsPO.: Ba?* (APB) were
extensively done under different conditions. A
detailed study will be followed up.

3.1.1. Optimum co-host type of Ba?* salts

Two co-host types of Ba?* salts Ba(NOs)z, and
BaCl, were individually used in preparation of APB
nanophosphors samples. The two resulted samples
were first annealed at 500°C for 1h, exposed to 100
Gy of y-dose, and then their TL glow curves were
measured at 5 °C/s heating rate as displayed in Fig.
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Fig. 1: TL glow curves of AgsPO4: Ba?* nanophosphors
prepared with different of Ba 2*co-host types,
exposed to 100 Gy y-dose and recorded at 5°C/s.

By inspection of Fig. (1), we can notice that the
shape, position, and TL intensity of the glow curves
are strongly co-host type dependent. The APB
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sample prepared from the BaCl; salt exhibits the
highest TL intensity than of the others. The TL
intensity value of APB sample prepared from BaCl;
co-host salt is about 30 times higher than that
obtained from Ba (NOs), salt. Therefore, only APB
nanostructure sample previously prepared using
BaCl, salt was consider in our investigations.

3.1.2. Optimum Ba?* dopant concentration in APB
nanophosphors.

Nanophosphors made of AP nanostructure samples
activated with different Ba** weight ratios of 1, 3, 5,
6 and 7% were prepared and donated by APB;,
APBs;, APBs, APBs and APB; respectively. A
coprecipitation method was used in the preparation
with the BaCl, co-host salt. Samples were first
annealed at 500 °C for 1h, after that, exposed to 100
Gy of y-dose. Fig. (2) shows the resulted glow curves
of APB;, APBs;, APBs, APBs and APB; samples
recorded at 5 °C/s heating rate. All samples were first
annealed at 500 °C for 1h and then exposed to 100
Gy of -
dose. ﬁ Glow Curves of APB
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Fig. 2: The glow curves of AgsPOs4: Ba?* nanophosphor
having different impurity concentrations (1-7 wt%)
and exposed to test dose 100Gy of y-rays.
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Fig. 3: Show the variation of TL intensity with the
Ba?* concentrations, where maximum TL
value was observed at 6 wt% concentration of
optimal Ba?* salt.

Fig. (3), shows that the highest TL-response
corresponded to 6 wt% Ba?* concentration. The TL-
response of APBg was about 54, 14, 1.2 and 5 times
higher than those of APB., APB3; APBs and APB;
samples, respectively. The decrease of TL-response
values greater than 6 wt% can be attributed to the
phenomenon of concentration quenching effect [29,
30]. Therefore, only APBs nanophosphor sample
previously prepared using BaCl, co-host salt was
selected for further investigations as given below.

3.1.3. Optimum annealing conditions of APBs
nanophosphors

Different batches of APBg were subjected to
isochronal annealing process at four different
temperatures 300, 400, 500, 600 and 700 °C for a
period of 1 h. Samples were then exposed to 100 Gy
of gamma dose and the TL was recorded at 5°C/s
heating rate. Fig. (4) exhibits the glow curves of
APBg samples prepared at different annealing
temperatures and Fig. (5) display the TL-point
representations of data in Fig. (6).
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Fig. 5: The change of TL intensity with the annealing

degree, and the optimum thermal annealing was
observed at 600 °C/h.
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From Fig. (4 and 5), it can be noticed that the best
(optimum) annealing condition is found to be 600 °C
for 1h. In summary, the optimum conditions of the
present new prepared nanophosphors are (i) BaCl, as
co-host salt (ii) 6 wt% (Ba?*) concentrations (iii)
annealing at 500 °C for 1h. Eventually, the APBs
sample is our best choice having maximum TL-
response and better TL-glow curves temperature
domain.

3.1.4. Glow curves of APBs at different Y-ray doses

The effect of different Y-ray dose on the glow
curve of APBgs sample was studied within a dose
range from 15 to 100 Gy, recorded at 5 °C/s heating
rate and given in Fig.(6). This figure shows that, the
TL-intensity increases with increasing gamma dose
and the glow curve are approximately similar in
shape and position. This increasing in trapping
centers, created by radiation, reflects such increase in
TL-intensities with gamma doses
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Fig. (6): Characteristic glow curves of APBs at
different gamma absorbed dose from 15
Gy to 100 Gy

3.1.5. Dose response curve of APBs

One of the important features of any dosimeter is
its linearity relationship between the TL intensity and
the absorbed dose Fig. (7) shows the dose response
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relationship of the sample APBg within a dose range
of 15-100 Gy, where a linear response is obtained
with .0.9925 correlation coefficient. In addition, the
uncertainty percentage in integral intensity of APBg
is within range of + 3-20%. This behavior offers a
good performance of using such new prepared
nanophosphor materials in various fields of gamma
measurements within the studied dose range.
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Fig. (7): TL response of APBs nanophosphors as a
function of y- doses

3.1.6. Minimum detectable dose

The minimum detectable dose (MDD) of
synthesized APBg nanophosphor was determined by
calculating the averaged TL signal B of 10
unirradiated chips (zero-dose) and the standard
deviation of the average background o to be
substituted in the following equation [31]:

MDD = (B+ 20) F (1)

Where F is the calibration factor (Gy/TL). The
MDD of the APBs sample was found to be about 247
mGy when region of interest was used. TLDs are
generally employed to assess the high dose radiation
(10Gy — 10kGy) from food sterilization, nuclear
reactor and materials testing [32]. The linearity
behavior range and MDD value of APBg sample
offers the preference of using this nanophosphor
material as food irradiation dosimeter [33]. However,
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the use of conventional TLDs in these dose regimes
can be limited due to the onset of saturation behavior
of the TL response [34].

3.1.7. Test of batch size homogeneity

The recommendation of the International
Electrochemical Commission (IEC) is that, the
evaluated value for any dosimeter in a batch should
not differ from any other dosimeter values, in the
same batch by more than 30% [35].

This has been verified for the APBg nanophosphor
sample with optimum conditions by irradiating 100
mg of the sample with 50 Gy of y-dose by Co-60
source. The uniformity indice (A) were measured
according to Eq. (2):

A= (Mmax—Mmin)/Mmin] x100 = 27.24% (2)

Where, max and min represent the maximal and
minimal  recorded values of  TL-intensity,
respectively. So that, the calculated value of (A) was
27.2%, which is lower than upper limit recommended
by IEC. This shows the homogeneity of APBgssample
used.

3.1.8. TL- stability of APBs

Fading is an important parameter and should be
determined before the use of any TLD. It represents
the loss of TL signal during the storage time.
Samples of APBgs phosphors were irradiated at 50 Gy
y-dose, then they were stored under dark conditions
at room temperature and their TL was recorded at
differ storage times over a period of 50 days. Each
TL reading was normalized to that of zero storage
time. Fig. (8) shows the relative TL response of
APBs nanophosphor as a function of storage time
(where F, is the first read out intensity and F is the
intensity at each interval). It is seen from Fig (8) that
TL signals losses of 17% and 23% are detected after
storage times 3 d and 16 d respectively. Afterwards,
almost no losses were noticed for times higher than
23 days of storage. From the dosimetic point of view,
these fading results should be considered in the
evaluation of corrected y-dose.
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Fig. (8): The relative TL-response (F/Fo) of the APBs
sample as a function of storage time after
irradiation with 50 Gy of y-ray dose

3.2. Characterization
3.2.1. XRD analysis

The crystalline structure and phase composition of
the as synthesized AP and APBs nanocrystalline
samples were confirmed by XRD pattern as shown in
Fig. (9). The pure (AP) sample exhibited the main
peaks at [20.37°, 29.32°, 32.90°, 36.25°, 47.89°,
52.37° and 54.60°] which corresponds to plans
(110), (200), (210),(211), (220),(310) and (222), that
indexed to the pure body-centered cubic structure of
(AP) according to the standard spectrum JCDPs No.
(01-089-7399) as shown in Fig.9 (b,c).

In addition, the XRD patterns of the AgsPO,.Ba®
(APBg) nanophosphor is shown in Fig.9 (a). The
diffraction peaks at 20 position [20.03°, 21.86°,
26.36°, 27.63°, 30.59°, 31.85°, 32.72°,38.45°, 39.05°,
43.55°, 44.85°, 45.85°, 49.8°, 55.85°and 56.85°] of
the synthesized material were indexed by comparing
them with the standard data available JCDPs No. (00-
033-16167) which confirmed the successful synthesis
of high crystalline AgBa(POs): nanocompound,
without  observing of other impurity diffraction
peaks.
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Fig. (9): The powder X-ray diffraction patterns of (a)
AgsP04:Ba** (APBs), (b) undoped AgsPOs (AP),
(c) AgsPO4 - JCPDS card and (d) AgBa(PO3)s -
JCPDS card

3.2.2. HR-TEM Analysis

Fig. (10) shows the morphological
characterizations of the pure AgsPOs and
AgsPO4:Ba?* nanocrystalline samples by HR-TEM
technique. Fig. 10(a) presents the representative TEM
micrograph of pure (AP) NPs with a uniform size of
about 10 nm.

Fig. 10(b) depicts TEM image that confirmed the
successful  preparation of (APBg) NCs, by
homogenized coprecipitation method, with average
size of 20 nm. The TEM images in Fig. 10(c & d)
show that all of the fine nanoparticles in the sphere
exhibit clear lattice fingers with (d) spacing of 0.12
and 0.17 nm for the AP and APBs samples
respectively. This is considered a good agreement
with the spacing of (220) and (200) planes of the
cubic silver orthophosphate that confirmed the
doping of AgsPO, with Ba®* ions. The corresponding
selected area electron diffraction (SAED) images in
Fig. 10(e & f) present a spot pattern for (AP) NPs
that indicated a single-crystalline phase, and a rings
pattern for (APBs) which showed a poly-crystalline
phase.
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Fig. (10): (a,b) HR-TEM images of the as-
prepared [AP and APBs] and their
lattice fingers (c,d) and SAED
imaaes (e.f) respectivelv

4. Conclusions

New nanostructure of barium Ba?* activated silver
orthophosphate was synthesized by coperception
method with different Ba?* concentrations. The
crystalline features of the prepared samples were
confirmed via XRD and HR-TEM techniques. The
TL properties of the prepared samples showed that
the sample doped with 6 wt% of Ba®" impurity (i.e.
APBs sample) and thermally annealed at 500 °C for
1h displayed the highest TL intensity among all the
other compositions. The glow curve of APBsg
nanohosphor, recorded at 5°C/s heating rate displayed
a simple structure having two peaks one strong
prominent peak at about 151°C and second less
intense peak center at about 249 °C. The TL
characterizations of APBg sample revealed good
linear gamma-dose (R 2 = 0.9925) over a range from
15 to 100 Gy with low fading and good
reproducibility. These excellent properties of the
AgsPO4:Ba®*  nanohosphor sample offer the
preference of using this novel synthesized
nanophorsphor  material in  various photonic
dosimetrical applications as gamma radiation
detector.
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