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Transparent ceramic doped with barium fluorid cerium (BaF2-Ce) was
created via a sintering method and its brightness and scintillation
characteristics were examined. The luminescence is associated with the 5d-
4f transitions in the Ce®* ion and exhibits emitting maxima at 310 and 323
nm. For Na-22 radioisotopes, photo-maximum at 511 keV and 1274 keV
were achieved using translucent ceramic BaFz-Ce. The translucent ceramic
BaF2-Ce has been determined to have a power resolution of 13.5% at 662
keV. A luminescent production rate was measured for the BaF2-Ce (0.2%)
ceramic, which is similar to sole crystal. Calculations of the scintillation
degradation period beneath 662 keV gamma stimulation reveal a quick part
of 58 ns and a somewhat sluggish part of 434 ns. The more gradual part in
BaF2-Ce(0.2%) ceramic is linked to the dipole-dipole power transmission
from the host structure to the Ce®* luminous core and is quicker comparing
to self-trapped excitons (STE) emitting in BaF2 host. BaF2-Ce offer various
qualities, including significant illumination output, rapid degradation

duration, and rapid scintillating reaction, which are desirable for many
global fields such as medicine, radiation detection, industrial systems and
nuclear safety.
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1. INTRODUCTION

A scintillator for gamma ray spectroscopy must have a strong illumination production, an elevated
density and a quick degradation time [1]-[4]. Organic scintillators are not as good as sole crystal scintillators
because of their lower power resolution and higher density. Inorganic sole crystals are costly because they
are hard to generate in huge quantities, notwithstanding the potential of inorganic scintillators like LaBrs-Ce
[5]. Translucent polycrystalline ceramics are currently a more affordable option than sole crystals [6], [7].
Translucent polycrystalline ceramics are reasonably priced, easily fabricated in high volumes, and are
capable of being uniformly and extensively doped with active ions [8]-[10]. In the first place, compared to
sole crystals, ceramics are often stronger in mechanics. The opaque nature of conventional ceramics was a
disadvantage for scintillation applications [11]. Nevertheless, because of the advancements in
nanotechnology and sintering process, ceramics’ optic transparent nature has greatly increased, opening the
door for scintillation uses [12]. In addition to scintillation, they can also be utilized for detecting high-energy
particles, time-of-flight positron emission tomography (TOF-PET) scanners, Xray and gamma ray
visualization, as well as radiation detectors.
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One term for clean barium fluoride (BaF.) is rapid scintillator. A sole crystal of BaF. displays two
emitting ranges. Self-trapped excitons (STE) production is rather gradual, reaching the maximum at 310 nm
with a degradation period of 630 ns, while the rapid part is in the ultraviolet (UV) area of about 195-220 nm
having a degradation period ranging from 600-800 ps [13]-[15]. The quick part produces just 15% of the
photoelectrons, whereas the more gradual part accounts for 85% of the degeneration [16]. BaF,’s sluggish
emitting has been suppressed and its duration resolution has been improved by the application of multiple
uncommon earth doping techniques [1], [2], [17], [18]. Nevertheless, the process led to the quenching of the
rapid and gradual production [16]. A different approach method is to use Ce®* doping to convert the more
gradual STE generation into the faster Ce®* generation. Prior research was conducted on Ce®* doped BaF;
crystal. Using BaF,-Ce®* crystals as a case study, My et al. [15] demonstrated rapid Ce3* generation beneath
X-ray stimulation, having the greatest strength for Ce3* concentrations of roughly 0.2 mol%. The scintillation
characteristics and degradation period of Ce3* doped BaF; crystals having the lowering of sluggish BaF;
generation have been described by Tung et al. [3], Cong et al. [4]. On the optic and scintillating
characteristics of Ce®** doped BaF, ceramics, yet, not many investigations have been published [5], [6].
Furthermore, there is no information regarding the creation of a photo-maximum using translucent ceramic
BaF,-Ce. It is important for investigating the scintillating characteristics of BaF,-Ce ceramics owing to the
increasing attention on ceramic scintillators. Throughout this work, we created a BaF, ceramic doped with
0.2 mol% Ce** that was roughly @ 10x1 mm? and examined its luminous and scintillating characteristics.
Regarding Na-22 and Cs-137 radioisotopes, the pulse height hue ranges collected from BaF,-Ce translucent
ceramic exhibit a photo-maximum with a full-width half maximum (FWHM) power resolution of 13.5% at
662 keV.

2. RESEARCH METHOD
2.1. BaF2-Ce(0.2%) translucent ceramic creation

The Ba(NOgz), and kalium fluorida (KF) mixture were produced in a Ceo.001Bao.9g9F2.001 proportion
with deionized water being the solvent. Ce(NOs)s-6H,0 and PEG2000 were mixed together in a Ba(NOs)..
The KF compounds were added to the combined compound. Following the end of the precipitating
procedure, the combined compound was left over 24 hours. The precipitating results were rinsed with
deionized water and filtered. The precipitating results were subsequently left to dry during 24 hours. The
dried powders were crushed and compacted into 10x5 mm discs using 200 MPa uniaxial pressures. The
compacts were subjected to cold isostatic pressure and sintered in the vacuum sealed furnace (VSF) and a
temperature rise of 10 °C per minute. The furnace container is composed of elevated-heat stainless steel,
while the inside container is built of fiber graphite. The thermal component is composed of SieMo. The
sintering heat was initially set at 1000 °C during 2 hours, and subsequently increased to 1300 °C during the
following 6 hours. The sintered specimens were taken for grinding and polished.

2.2. Characterization

The phase structure of BaF,-Ce has been investigated utilizing a Bruker D8 ADVANCE X-ray
diffractometer. PL and PLE have been determined using an Edinburgh FS5 spectrofluorometer. The
specimen’s production was studied utilizing the X-ray-generated optic luminosity (XEOL) method. The
scintillating reaction to gamma 662 KeV and 511 KeV was determined with a superior bi-alkali Hamamatsu
photomultiplier tube (PMT). The PMT production was processed using Hamamatsu preamplifier and shaped
using a spectroscopic Ortec amplifier. The multi-channel analysis device was a Canberra MPII. Scintillating
period was calculated utilizing gamma stimulation and PMT, with the preamplifier emission seen on a
Picotech digital oscilloscope. The deterioration period was calculated using exponential fitting of the results
of experiments. Luminous yield (LY) is estimated by comparing the region beneath the pulse period graph to
the same pulse recorded with a Nal(TI) luminescent material beneath the same circumstances.

3. RESULTS AND DISCUSSION

We now discuss the XRD structure of BaF,-Ce(0.2%) nanoparticles and translucent ceramic. The
whole maxima connect to the clean cubic stage of BaF,-Ce. The nanoparticles and ceramic specimens do not
contain any subsequent stages. The luminescence emitting and stimulation hue range of BaF,-Ce(0.2%) are
presented. The luminescence stimulation (PLE) hue range has the highest point at 300 nm and another at
approximately 280 nm. BaF>-Ce(0.2%) emits at 310 and 323 nm when stimulated with 279 and 300 nm,
respectively. In contrast to clean BaF,, BaF,-Ce ceramic lacks a rapid element having a maximum at
195-220 nm. The light emitted at 310 nm overlaps over the STE generation in clean BaF,. Ce** doped
fluorides scintillators emit at 310 and 323 nm due to transfers from the 5d range’s underneath to the 2Fs, and
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2F7;, power values of the Ce® ions’ 4f! arrangement [4], [5], [19]-[22]. We studied the light emission of
BaF,-Ce using XEOL. XEOL offers the benefit of detecting every generation in a specimen. According to
XEOL, X-rays penetrate the material to generate charge carriers that may remix and create illumination. The
XEOL spectra produced using an X-ray stimulation reveals generations 310-323 nm in BaF.-Ce, but the
clean BaF,’s rapid part is suppressed. Ce-doping in BaF,-Ce ceramics causes a decrease in rapid BaF
generation, which differs in comparison to the less rapid STE generation of clean BaF.

For better comprehension of the source generations in BaF,-Ce, the scintillating degradation period
was determined by using gamma stimulation. Scintillation degradation periods were computed using
exponential matching of result from experiments. Scintillation degradation studies show a bi-exponential
deterioration, which has a quick part that is 58 ns and strength of 37%, and a more gradual part of 434 ns
having strength of 63%. The degradation periods measured are close to those published for Ce®** doped BaF
sole crystals [4]. The rapid part is attributed to the Ce®* ion’s 5d-4f transformation. The degradation period is
common for Ce3* illumination in various settings [5], [15], [20], [22], [23]. The more gradual degradation
part is less lengthy than STE production in BaF, host. Furthermore, the more slowly element strength (63%)
in BaF,-Ce is reduced in comparison to 85% in clean BaF,, as described. The less lengthy degradation period
of 434 ns in BaF,-Ce as opposed to roughly 630 ns in clean BaF, could be attributed to dipole-dipole power
transmission from the host network to the Ce3* luminescent core. Dipole-dipole power transmission from the
donor (BaF,) to a receiver (Ce®") reduces the donor’s luminous strength and degradation [24], [25]. In (1)
[25], [26] relates the effectiveness of dipole-dipole power transmission (E) to the degradation period of the
donor (BaF; host network).

E=1-"04_q_Fpa @

L)) Fp

toa and 1o represent the donor’s degradation period with and without a recipient (Ce®* in the present
instance). Fpa and Fp represent the donor’s fluorescent strength in the existence and nonexistence of the
recipient, accordingly. This suggests a partial transmission of STE production from the BaF, to Ce®* in BaF-
Ce. Thanks to its rapid degradation duration augmented by Ce integration, BaF-Ce would be desirable when
it comes temporally strict measuring tasks and can be employed in the form of scintillating substance for
tracking high-power granules such as B-beams as well as y-beams. The rapid scintillating reaction can
augment timing precision, a paramount factor when it comes to medicinal visualization. It is possible to
utilize BaF,-Ce within TOF-PET scanners for augmenting spatial visuals as well as lessening noise.

There have been limited researches of the scintillating characteristics of BaF.-Ce [5], [6].
Additionally, there have not been studies on generating gamma photo-maximum with this type of
scintillating material. The photo maximum within the gamma hue ranges indicates the starting point of the
gamma generator. For gamma spectroscopy, the scintillator should create a light maximum with high power
resolution. To investigate the use of BaF,-Ce for gamma spectral analysis, we collected pulse height hue
ranges from the radioisotopes. The pulse height hue range shows photo maxima at 511 keV, 662 keV, and
1274 keV. The power resolution of 13.5% at 662 keV has been determined employing the FWHM acquired
from the Gaussian match of the entire power maximum region. The ceramic used was @ 10x1 mm?. For
determining the scintillation illumination produced by BaF»-Ce(0.2%) ceramic, the integrals of scintillation
reaction were compared to those of Nal(TI). A spectral revision element was applied, taking into account the
spectrum emitting of BaF,-Ce(0.2%), Nal(Tl), and PMT sensitivity. The luminosity produced by BaF-
Ce(0.2%) is 5100 photons/MeV, which is equivalent to the 5000-7000 photons/MeV recorded for BaF,-Ce
sole crystal. BaF.-Ce translucent ceramic is a cost-effective replacement to sole crystal scintillators due to its
ability to generate photo-maxima, simplicity in production, and high mechanical durability. The lower cost
can be attributed to various factors. When it comes to fabricating procedure, ceramics would be created via
sintering powder samples with greater speed and smaller resource requirement while single crystal
necessitates immaculate heat regulation, lengthy development durations, as well as costly apparatuses. When
it comes to output and production scale, ceramic enables batch processing to facilitate concurrent fabrication
for various samples while single crystal typically leads to small output because of faults, crevices as well as
magnitude restrictions. It is possible to press and sinter ceramics to create quasi-net forms and limit waste
while single crystals typically need machining posterior to growth, causing substance loss. In addition, it is
easier to reglate the magnitude as well as shape BaF,-Ce and this pliability proves highly desirable in huge-
surface trackers and complicated geometrical forms. Ceramics can also withstand granular limits as well as
small flaws, unlike single crystals that need to have almost no flaw for desirable proficiency. This quality
lessens the requirement for strict quality regulation as well as rejectability. Based on an earlier study, BaF,-
Ce is capable of attaining identical scintillating illumination output as well as smaller postglimmer compared
to single crystals, showing that proficiciency is preserved in spite of the smaller cost [27]. The desirable
qualities of BaF,-Ce, including rapid degradation duration as well as rapid scintillating reaction, can prove
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helpful for various global fields, such as medicine, radiation detection, industrial systems, etc. The swift
scintillating reaction as well as significant illumination output of BaF,-Ce enables application to radioactivity
scintillating interfaces in medicinal ausclation as well as examination in industries. Furthermore, with these
qualities, the ceramic also proves proficient in tracking ionizing radioactivity throughout many power states,
applicable to environment supervision, nuclear safety, as well as national security.

Figure 1 shows the link between particle size and light dispersion, with Figures 1(a)-(c) depicting
the scattering coefficient, reduced scattering coefficient, angular scattering coefficient, respectively. It is
possible to increase particle size through improved light transmission and wavelength conversion efficiency.
Blue light brightness may increase when forward scattering and reabsorption decrease, but forward emission
blue light dispersion increases. This is accomplished by increasing the particle size while lowering the
concentration of yellow phosphorus. Similarly, the ability to select the appropriate color temperature (CCT)
is limited. CCT is not concentration-dependent, as shown in Figures 2 and 3, however the dosage of YGA:Ce
yellow phosphor increases with particle size, as seen in Figure 2. Increasing the particle sizes (16-20 pum),
YGA:Ce phosphor ratios change (from about 27.20% to above 27.40%), as seen in Figure 2. Figure 3 depicts
how increased doping reduces a phosphor’s CCT variance. CCT values are highest at temperatures above
3050 K and particle sizes of around 16 pum.
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Figure 1. Scattering coefficients with various particle sizes (a) scattering coefficient, (b) reduced scattering
coefficient, and (c) angular scattering coefficient

Figure 4 shows that particle size does not necessarily increase the brightness of white light emission.
The highest results were obtained at particle size of 16 um, while the lowest were obtained at particle size of
17 um. Increased backscattering and reabsorption result in less blue emission and an uneven distribution of
hues. When subjected to more backscattered blue light, increased particle sizes, for example, may cause the
phosphor to shift from blue to yellow or orange-red. A specific particle size is required before the phosphor
coating begins to expand. Because of the numerous reflections that the modified light would receive from
various objects, the emission spectrum would be reduced. In other words, a high phosphor dose may increase
the proportion of converted light that is back-reflected, which raises CCT while decreasing luminous
intensity. Figure 5 shows how adding particle size of 16 pm to a simulated WLED with a lumen output
power greater than 73.6 Im increases brightness and color uniformity.
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The particle sizes have a significant impact on the brightness and hue rendition of white LEDs, as
seen in Figures 6 and 7. Experiments with color rendition utilizing the color rendering indicator (CRI) and
the color quality scale (CQS) revealed a consistent fluctuation as particle size increased to 20 um. CRI and
CQS declines could be attributed to the unpredictability of blue, green, and yellow-orange hues. High particle
sizes result in irregular light emission with a bias toward the yellow-orange spectrum, as well as increased
dispersion. We will adjust the CRI and CQS of this phosphor as we evaluate the results, as well as look into
other factors like particle size.
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4. CONCLUSION

The illuminating and scintillation characteristics of a BaF,-Ce(0.2%) translucent ceramic measuring
@ 10x1 mm? were investigated. The pulse height hue ranges of radioisotope Na-22 produced with BaF,-Ce
show photo maxima at 511 and 1274 keV, respectively. Cs-137’s pulse height hue range exhibits a photo
maximum at 662 keV. The FWHM measurement from a Gaussian fit of the whole power maximum region
was used for calculating the 13.5% power resolution at 662 keV. The scintillation degradation measurements
revealed a quick part of 58 ns for Ce®* transformations and a more gradual part of 434 ns for dipole-dipole
power transmission from the BaF, host network to Ce* luminous core. This indicates that the more slowly
STE production in BaF, may have translated to the quicker Ce®* luminosity. BaF,-Ce(0.2%) exhibited
comparable brightness and scintillating features when its sole crystal equivalent. Translucent ceramics offer
benefits including inexpensive manufacturing costs, mechanical strength, and ease of manufacturing, making
them a viable substitute for BaF,-Ce sole crystal for scintillation purposes. BaF,-Ce offer various qualities,
including significant illumination output, rapid degradation duration, and rapid scintillating reaction, which
are desirable for many global fields such as medicine, radiation detection, industrial systems and nuclear
safety. Regardless, Ce is not necessarily the best dopant to create ceramics. Depending on needs and
circumstances, other elements can be selected based on their distinctive qualities. For example, for acquiring
a wider spectrum reaction, Eu, Sm, and Tb can be used to replace Ce, yielding strong red, orange-red, and
green discharges, respectively. For neutron tracking as well as hybrid visualization, Gd may be a candidate
for its significant neutron cross-section. Therefore, our future research effort may focus on other dopants for
BaF to cover different optical scenarios.
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