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Fabrication and Characterization of Epoxy Resin Co-doped with
2,5-Diphenyloxazole and Cerium Fluoride Nanoparticles for Radiation Detection

Abstract

This paper presents the fabrication and characterization of a plastic scintillator prepared from epoxy resin
doped with 2,5-diphenyloxazole (PPO) and cerium fluoride nanoparticles (CeF3 NPs) for radiation
detection. The CeF3 NPs were prepared by a chemical process and examined by X-ray diffraction (XRD)
and scanning electron microscopy (SEM); it was found that the prepared particles were true CeF3 NPs
with an average particle size of approximately 17 nm. The CeF3 NPs were co-doped with PPO into epoxy
resin and formed into a plastic scintillator of 3 cm in diameter and 2 cm in length. Analysis of the
scintillator's luminescence properties using a fluorescence spectrometer revealed that excitation at 300
nm resulted in maximum emission at 366 nm. Scintillation response testing, conducted by coupling the
plastic scintillator to a photomultiplier tube, demonstrated successful radiation detection capabilities.
The optimal sample preparation conditions were determined to be 0.4% by weight of PPO doping and
0.2% by weight of CeF3 NPs co-doping, which yielded the best gamma-ray detection performance. Energy
response testing using radiation sources Na-22, Cs-137, Mn-54, and Co-60 showed that the relationship
between incident gamma-ray energy and the signal measured by the multichannel analyzer exhibited
99.83% linearity. For measuring gamma rays at 662 keV, the fabricated plastic scintillator showed a light
yield of 1,810 photons/MeV, corresponding to 39% of that of a commercial plastic scintillator (4,640
photons/MeV). The fabricated plastic scintillators were also responsive to X-rays and alpha particles;
namely, when excited with X-rays, they exhibited a scintillation efficiency equal to 15% of that of the
reference BGO crystal, and when excited with 5.5 MeV alpha particles from Pu-238, they showed an
energy resolution of 48.27%.
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Abstract

This paper presents the fabrication and characterization of a plastic scintillator prepared from epoxy resin doped
with 2,5-diphenyloxazole (PPO) and cerium fluoride nanoparticles (CeF; NPs) for radiation detection. The CeF; NPs
were prepared by a chemical process and examined by X-ray diffraction (XRD) and scanning electron microscopy
(SEM); it was found that the prepared particles were true CeF; NPs with an average particle size of approximately
17 nm. The CeF; NPs were co-doped with PPO into epoxy resin and formed into a plastic scintillator of 3 cm in diameter
and 2 cm in length. Analysis of the scintillator's luminescence properties using a fluorescence spectrometer revealed
that excitation at 300 nm resulted in maximum emission at 366 nm. Scintillation response testing, conducted by
coupling the plastic scintillator to a photomultiplier tube, demonstrated successful radiation detection capabilities. The
optimal sample preparation conditions were determined to be 0.4 % by weight of PPO doping and 0.2 % by weight of
CeF; NPs co-doping, which yielded the best gamma-ray detection performance. Energy response testing using radiation
sources Na-22, Cs-137, Mn-54, and Co-60 showed that the relationship between incident gamma-ray energy and the
signal measured by the multichannel analyzer exhibited 99.83 % linearity. For measuring gamma rays at 662 keV, the
fabricated plastic scintillator showed a light yield of 1810 photons/MeV, corresponding to 39% of that of a commercial
plastic scintillator (4640 photons/MeV). The fabricated plastic scintillators were also responsive to X-rays and alpha
particles; namely, when excited with X-rays, they exhibited a scintillation efficiency equal to 15% of that of the
reference BGO crystal, and when excited with 5.5 MeV alpha particles from Pu-238, they showed an energy resolution
of 48.27 %.
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inspection in industry, geological exploration,
homeland security, space weather studies, high-
energy physics research, etc. There are two main
types of scintillators: inorganic scintillators and

1. Introduction
A scintillator is a material that can convert
ionizing radiation into visible light or UV

light. Nowadays, it is applied as a radiation
measuring device for various related applications,
such as medical radiography, non-destructive

organic scintillators. Inorganic scintillators can
detect high-energy radiation due to their high
density, good energy resolution, and high light
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output [1-5]. Many forms of inorganic scintillators
exist, such as single crystals, glasses, composites,
transparent ceramics, etc. The most popular form is
a single crystal, found in Nal:Tl, CsI:Tl, BGO,
GAGG:Ce, etc. However, their disadvantages are
that they take a long time to grow, are expensive,
hygroscopic, and challenging to make in large sizes.
Organic scintillators, on the other hand, are char-
acterized by fast decay times, low cost, non-hygro-
scopic, and easy scalability; they have the
disadvantage of poor high-energy radiation detec-
tion capability due to their low density [6—10].
Many organic scintillators exist, such as single
crystals, liquids, plastics, etc. The most popular
form is plastic. Plastic scintillators are solids
developed from different polymer bases such as
polystyrene (PS), polyvinyl toluene (PVT), poly-
ethylene naphthalate (PEN), etc. The fabrication of
most plastic scintillators begins with a solution of
aromatic ring monomers being heated (about
120 °C) for a long time (over 240 h) and then cooled
to allow for thermal polymerization. Based on the
advantages and disadvantages of inorganic and
organic scintillators, a new type of composite ma-
terial has been developed that can combine the
benefits of both types of scintillators, namely, a new
type of scintillator consisting of high-density and
high-performance  scintillation = nanoparticles
embedded in a polymer matrix that maintains the
transparency of the matrix. Scientists have made
new kinds of plastic scintillators by adding organ-
ometallics [11—-13], nanoparticles [14—16], and lots
of organic fluor to help tell the difference between
pulse shapes [17—19]. During these ten years, rare
earth fluoride nanoparticles have been studied
intensively for various applications. The most
popular rare element is cerium due to its high light
output, high atomic number, and fast transition
(5d—4f) of Ce®*". In 2015, cerium fluoride nano-
particles (CeF; NPs) were synthesized chemically,
mixed with polyvinyl toluene, and doped with PPO
[20]. The synthesis of the plastic scintillators took
more than 90 h at a temperature of 75 °C. The study
found that CeF; NPs added to a plastic scintillator
could increase the light output by 3 and 2.5 times
when stimulated with UV and X-rays, respectively.
This study did not report the response to other ra-
diations, such as gamma rays, alpha particles, etc.
In 2017, a plastic scintillator was produced by
polymerization and tested for gamma-ray detection
[21]. It was found that the scintillation light yield of
synthetic plastic scintillators was approximately
50 % of that of commercial plastic scintillators and
showed more than 99.7 % energy linearity. How-
ever, the study did not report the response to other

radiations, such as X-rays and alpha particles, etc.,
and the synthesis took 250 h and uses a high tem-
perature of 120 °C. In 2021, a PPO- and CeF;-doped
plastic scintillator was made [22]. The researchers
found that CeF; NPs can also help increase light
output. The resulting synthesized plastic scintillator
could also respond to gamma radiation. Still, the
measured gamma-ray spectrum differed from that
of the commercial scintillator, likely because the
prepared sample was thinner, making direct com-
parison difficult. It took 120 h to synthesize. In 2022,
a PS-based scintillator doped with PPO and 1,4-bis
(5-phenyl-2-oxazolyl)benzene (POPOP) was syn-
thesized by thermal polymerization at 120 °C for
over 210 h [23]. The prepared plastic scintillators
were responsive to gamma and X-rays, showing a
linearity of 99.85 % between the radiation energy
and the received signal. Still, this study did not
report the samples' scintillation light yield or
compare it with commercial plastic scintillators. A
PVT-based scintillator doped with PPO and POPOP
was synthesized over 240 h at 120 °C in 2023 [8].
This study found that the prepared plastic scintil-
lators responded well to gamma rays and exhibited
an excellent energy linearity of 99.9 %. Still, this
study did not report the response to charged radi-
ation such as alpha particles. The preparation of
plastic scintillators generally requires mixing a
monomer solution with primary fluor and second-
ary fluor (wavelength shifters). This curing process
takes several days and involves heating to over
100 °C, which is inconvenient. Therefore, epoxy
resin-based plastics are another interesting alter-
native for preparing plastic scintillators, as they
require a short preparation time (approximately
24 h), do not require high temperatures, and can be
prepared at room temperature.

In the present work, we chose epoxy resin as the
matrix because it has a curing time of only 24 h, can
be done at room temperature, and is doped with
PPO and co-doped with the synthesized CeF; NPs.
PPO was chosen as a fluor because it has high light-
emitting efficiency and a relatively low price. We
studied the appropriate proportion of the compo-
nents for synthesis, including testing the emission
wavelength of light and the response to gamma
rays, X-rays, and alpha particles. This study includes
the scintillation light yields of the fabricated plastic
scintillator compared with a commercial plastic
scintillator in gamma-ray and alpha-particle mea-
surements, the energy resolution for alpha particle
measurement, the scintillation -efficiency when
excited by X-rays compared to a reference bismuth
germanate (BGO) crystal, and the linear response of
gamma-ray energy to the received signal.
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2. Experimental

2.1. Synthesis of plastic scintillators

The preparation of cerium fluoride nanoparticles
began with mixing sodium fluoride solution with
cerium nitrate solution and stirring continuously at
80 °C for 4 h, then allowing it to cool to room
temperature. The resulting solution was filtered,
and the precipitate was washed with ethanol 3
times and dried at 50 °C for 12 h. The obtained
white powder was then tested by Bruker AXS-
Model D8 Advance X-ray powder diffractometer
(XRD) and Hitachi US5000 FE-SEM to determine
the crystal structure and microstructure. Twenty
grams of the epoxy resin solution was mixed with
PPO in various amounts of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, and 1.0 % by weight. The solution was
stirred with a magnetic stirrer for 15 min, mixed
with 10 g of hardener, and stirred with a magnetic
stirrer for 10 min. The resulting solution was
poured into a mold and left for 24 h at room tem-
perature. The resulting plastic blocks were obtained
and tested for their emission spectra and gamma-
ray responses to find the best conditions. The
optimal amount of PPO was added with cerium
fluoride at various amounts of 0.05, 0.10, 0.15, 0.20,
0.25, and 0.30 % by weight in epoxy resin using the
same preparation method. The samples were then
tested for emission spectra using a Hitachi F-4600
fluorescence spectrometer and their scintillation
response using a gamma-ray spectrometer.

2.2. Scintillation response

Each plastic scintillator was connected to the
Hamamatsu R6231 photomultiplier tube window
using silicone grease to help with the connection. It
was covered with three layers of white tape to allow
the emitted light to reflect as much as possible into
the photomultiplier tube (PMT). It was covered
with three more layers of black tape to prevent
external light from interfering. The PMT was sup-
plied with a voltage of 800 V with a CAEN N1470B
power supply. The radiation source was placed in
front of the plastic scintillator. Gamma-ray photons
were incident on a plastic scintillator. The plastic
scintillator would change the gamma-ray photons
into many visible light photons. The light photons
would enter the PMT and hit the photocathode. The
electrons at the photocathode would be released
and accelerated to hit the next dynode, causing the
electrons to be amplified and accumulated at the
anode of the PMT. The resulting electrical signal
would be sent to the CAEN Al424 scintillation

preamplifier to cancel the noise and match the
impedance. The electrical signal would enter the
CAEN N6781A multichannel analyzer (MCA) to
analyze the spectrum and display the results on the
screen with the MC? program.

3. Results and discussion
3.1. X-ray diffraction (XRD)

Fig. 1 shows the crystal structure of the synthe-
sized cerium fluoride nanoparticles. The experi-
mental results revealed diffraction peaks at 20
positions of 24.36°, 25.08°, 27.94°, 35.32°, 44.12°,
45.14°, 51.00°, 53.02°, 64.94°, 68.74°, and 71.38°, cor-
responding to the crystal planes (002), (110), (111),
(112), (300), (113), (302), (211), (214), (511), and (411)
of cerium fluoride. These results are consistent with
JCPDS No. 08-0045 and previous reports [24]. The
diffraction peaks matched the hexagonal crystal
structure of CeF; nanoparticles. The crystallite size,
calculated from the XRD spectrum using Scherrer's
equation, was 16.88 nm.

3.2. Scanning electron microscopy (SEM)

Fig. 2 shows the morphology of CeF; NPs by
scanning electron microscope at 50,000 times
magnification. The image showed that CeF; NPs are
small spherical particles. From the SEM images, the
average particle size was determined using Image]
and was found to be 16.69 + 0.29 nm. The results
from SEM aligned with those obtained from XRD,
confirming that the synthesized particles are indeed
in the nanoscale range.

Figs. 3 and 4 show the elemental composition
spectra from the analysis using the energy-disper-
sive X-ray analysis technique of the synthesized

T CeF, NPs
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10 20 30 40 50 60 70 80

20 (deg.)

Fig. 1. X-ray diffraction pattern of CeF3 NPs.
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SU5000,10:0KV-10.8mm x50

Fig. 2. Scanning electron microscope image of CeF3 NPs.
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Fig. 3. Elemental composition analysis using the energy dispersive X-
ray analysis technique of CeF3 NPs.

cerium fluoride nanoparticles. From the experi-
mental results, it was found that the CeF; NPs had
the elemental composition of cerium (Ce) and
fluorine (F) percentages by weight of 32.5 and 7.5,
respectively, as shown in Table 1, which showed
that the formation of CeF3 NPs occurred.

B Map Sum Spectrum
Wt% c
51.9 0.2
32.5
7.5
7.3

0.8
0.1

Ce
e cse

Fig. 4. Elemental composition spectra from the energy dispersive X-ray
analysis technique of CeF5 NPs.

Table 1. Elemental content of synthesized CeF3 NPs.

Elements Percentage by weight of each
component detected (wt %)

C (Carbon) 51.9

Ce (Cerium) 32.5

F (Fluorine) 7.5

O (Oxygen) 7.3

Na (Sodium) 0.8

Al (Aluminum) 0.1

3.3. Photoluminescence (PL) and scintillation response

Fig. 5 shows the emission spectra of epoxy resins
doped with different concentrations of PPO when
excited with a wavelength of 300 nm. From such a
figure, it was found that all spectra have the highest
peak at 366 nm, and the emitted light intensity
tends to rise with increasing PPO concentration.
This emission wavelength is consistent with PPO-
doped PVT samples reported in a previous study
[22], indicating that PPO is the leading fluorescent
agent despite different base polymers.

All samples were tested for gamma-ray mea-
surement of 662 keV energy from the Cs-137 radi-
ation source. The spectra were obtained as shown
in Fig. 6. The obtained gamma-ray spectrum will
not have full energy peaks; it will only be the
Compton continuum. From the spectrum obtained,
it will be found that the plastic with a PPO con-
centration of 0.4 wt % showed a spectrum with a
long tail furthest to the right. This result means that
epoxy resin with 0.4 wt % PPO has the best gamma-
ray detection. This epoxy resin containing 0.4 wt %
PPO was selected to dope with different concen-
trations of cerium fluoride nanoparticles, namely
0 wt %, 0.05 wt %, 0.10 wt %, 0.15 wt %, 0.20 wt %,
0.25 wt %, and 0.30 wt %.

The epoxy resin containing PPO doped with all
concentrations of CeF; NPs was subjected to a PL

6000 F
—PPO 0%
——PP00.1%
5000 ——PPO 0.2%
——PP0 0.3%
4000 |- PPO 0.4%
2 ——PPO0 0.5%
7] PPO 0.6%
c L
i3] 3000 ——PP0 0.7%
}= ——PP0 0.8%
2000 | ——PP0 0.9%
——PPO 1.0%
1000 |
L J i L M I
300 330 360 390 420 450 480 510 540

Wavelength (nm)

F

~

ig. 5. Photoluminescence of fabricated PPO-doped epoxy resins.
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Fig. 6. Energy spectra of Cs-137 gamma source obtained from fabri-
cated PPO-doped epoxy resins.

test, and the results are shown in Fig. 7. The figure
showed that the peak intensity position remains at
366 nm in all samples because part of the excitation
energy is directly excited to PPO, and part is excited
to CeF; NPs and transferred to PPO [20]. Therefore,
PPO is still the leading emitter, and the emitted
light becomes more intense until the intensity de-
creases, indicating that the concentration of CeF;
NPs is too high, which may cause fluorescence
quenching. From the figure, it can be seen that the
optimum concentration of CeF; NPs is 0.2 wt %. All
samples were then tested for their response to
gamma radiation with an energy of 662 keV from a
Cs-137 source. Fig. 8 shows that the light blue line
in the spectrum of the epoxy resin containing
0.4 wt % PPO and 0.2 wt % CeF; NPs indicates the
best gamma-ray response. The best-performing
sample was then compared with the BGO crystal to

5000
——PPO 0.4% CeF, 0%
——PPO 0.4% CeF, 0.05%
4000 | PPO 0.4% CeF, 0.10%
——PPO 0.4% CeF, 0.15%
PPO 0.4% CeF, 0.20%
%‘ 3000 |- ——PPO 0.4% CeF, 0.25%
< PPO 0.4% CeF; 0.30%
2
[=
= 2000 |
1000 |
0 = e L L L L - .

300 330 360 390 420 450 480 510 540
Wavelength (nm)

Fig. 7. Photoluminescence of fabricated epoxy resins co-doped with
PPO and CeF3 NPs.
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Fig. 8. Energy spectra of the Cs-137 gamma source obtained from all
fabricated samples.

determine the light yield and compared with the
commercial plastic scintillator of Epic Crystal
Company (People's Republic of China).

The test results for measuring the spectra of
662 keV gamma rays of the three types of scintil-
lators are shown in Fig. 9. From the figure, it can be
seen that the 662 keV gamma-ray spectrum
measured with the BGO crystal consists of the full
energy peak and the Compton continuum, while
the spectra measured with commercial and fabri-
cated plastic scintillators do not have the full energy
peak; only the Compton continuum. If observed, it
will be found that the full energy peak of the BGO
crystal at the left base has a separate peak, which is
the X-ray escape peak of the bismuth element in the
BGO crystal. It can occur when the crystal has good
energy resolution and a small size, and the energy
of the characteristic X-rays is very different from

12000 T T T T T
Fabricated plastic scintillator
Commercial plastic scintillator
10000 ——BGO crystal 1
y-source: ¥’Cs
" 8000 |- Compton edge 1
= Full energy peak
S
3 6000f %\ A M\ -
(&)
4000 |- A
i
2000 |- ;o

0 L L L 'l
0 100 200 300 400 50 600
Channel number

Fig. 9. Energy spectra of the Cs-137 gamma source obtained from three
scintillators.
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that of the full energy peak. The Compton edge is
the reference point for comparison of the light
emission capability of the three scintillators. From
Fig. 9, it can be observed that the position of the
Compton edge of the BGO crystal is furthest to the
right, followed by that of the commercial plastic
scintillator, and that of the fabricated plastic scin-
tillator at the farthest to the left. This result means
that the BGO crystal can emit the most significant
number of photoelectrons at the photocathode,
followed by the commercial plastic scintillator, and
the fabricated plastic scintillator can emit the least
number of photoelectrons. The number of photo-
electrons in each scintillator can be determined
using the Bertolaccini method [25], and the con-
version of the photoelectrons into light photons
emitted from the scintillator can be obtained by
using the quantum efficiency (QE) of the photo-
cathode in the photomultiplier tube (R6231 PMT).
All the results are presented in Table 2.

Table 2 shows that the light yield of the BGO
crystal is 4.9 times that of the fabricated plastic
scintillator, and the light yield of the commercial
plastic scintillator is 2.6 times that of the fabricated
plastic scintillator. The light yield of 1810 photons/
MeV (ph/MeV) obtained from the fabricated plastic
scintillator is less than that of the plastic scintillator
in a previous study [21], which is about 2850 ph/
MeV. The reason may be the poor dispersion of the
dopants (PPO and CeF; NPs). In Ref. [21], the sam-
ples were prepared using a thermal polymerization
process involving prolonged heating and slow cool-
ing, which allows for better dispersion of the dop-
ants than epoxy resins, which cure in only 24 h at
room temperature, resulting in less efficient energy
transfer for scintillation. The fabricated plastic scin-
tillator under the best conditions (0.4 wt % PPO
0.2 wt % CeF; NPs) was then tested for its ability to
detect gamma-rays from other radiation sources,

Table 2. Light yield and photoelectron yield at 662 keV gamma-ray
energy of three scintillators.

BGO Commercial Fabricated
crystal plastic plastic
scintillator scintillator
Channel number of 333 226 91
the Compton
edge
Photoelectron yield 2205 1497 603
(phe/MeV)
Maximum wave- 480 415 366
length (nm)
Quantum effi- 24.64 32.28 33.32

ciency (%)
Light yield (ph/ 8950 4640 1810
MeV)

which consisted of Na-22, Mn-54, and Co-60 com-
bined with Cs-137. The gamma-ray spectra were
obtained, as shown in Fig. 10. From Fig. 10, it can be
seen that the entire spectrum does not have full
energy peaks, but only the Compton continuum,
which can test the response of the detector by
finding the relationship between the energy of the
incoming radiation and the measured radiation
spectrum, and whether there is a linear relationship.
From Fig. 10, the position of the Compton edge was
measured from the screen of the MCA, and the en-
ergy of the Compton edge is calculated from the
Compton scattering equation in Equation (1).

E
Ey — - Yo (1)
1+-—5(1—cosH)

myc?

E,, is the energy of the full energy peak, and m,c? is
the rest mass energy of the electron, which is
511 keV. When 6 is replaced by 180°, the calculated
E, is the energy of the backscatter peak. The energy
of the Compton edge peak can be found from E,_ —
E,, which was shown in Table 3. When the
Compton edge energy in Table 3 is plotted against
the Compton edge position on the screen of the
MCA in Fig. 10, four points are obtained. A straight-
line graph called the energy calibration curve of the
scintillation detector is shown in Fig. 11. When the

10000 T r T T T T T
y-sources
137,
8000 Compton edge Cs -
GOco
54Mn
3 6000} — 2Na 4
c
=
<}
(&)
4000 | L
2000 L
0 L Il L L i =
0 50 100 150 200 250 300 350 400

Channel number

Fig. 10. Gamma-ray spectra obtained from the fabricated plastic
scintillator.

Table 3. Compton edge energies are calculated from four types of
gamma-ray sources.

Gamma source Gamma-ray Compton edge

energy (keV) energy (keV)
Cs-137 (**7Cs) 662 477
Mn-54 (>*Mn) 835 639
Co-60 (°°Co) 1173/1333 1041 (avg.)
Na-22 (**Na) 1275 1062
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Fig. 11. Energy calibration curve obtained from the fabricated plastic
scintillator prepared from epoxy resin doped with 0.4 wt % PPO and
0.2 wt % CeF3 NPs.

linearity is calculated, it was found that the R* value
is 0.9983 or 99.83 %, which is considered quite
linear. This result indicates that if this fabricated
plastic scintillator is used as a radiation detector, it
can respond very well to different radiation en-
ergies. The linearity value obtained in this work
(99.83 %) is comparable to those reported in previ-
ous studies—99.7 % and 99.85 %, respectively
[21,23].

Fig. 12 shows the radioluminescence (RL) spectra
of the BGO crystal and the fabricated plastic scin-
tillator measured at room temperature under the
same experimental conditions. The fabricated
plastic scintillator showed an RL emission band
with an integral scintillation efficiency of about
15 % of the reference BGO crystal. This result
aligned with the gamma-ray excited light yield re-
sults in Fig. 9 and the light yield values in Table 2.
This result demonstrated that the fabricated plastic
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Fig. 12. X-ray-excited luminescence (XEL) spectra of the fabricated
plastic scintillator and BGO crystal.

scintillator is less responsive to high-energy pho-
tons than a BGO crystal. These results indicate that
the charge transport efficiency in the scintillation
mechanism of the BGO crystal is significantly su-
perior to that of the fabricated plastic scintillator.
Energy spectra of 5.5 MeV alpha particles ob-
tained from the fabricated plastic and the com-
mercial plastic scintillators at room temperature are
shown in Fig. 13. The photoelectron yield, light
yield, and energy resolution at a 5.5 MeV alpha
source are displayed in Table 4. The photoelectron
yield in the phe/MeV unit of alpha particles was
determined using the Bertolaccini method by
relating the position of a photopeak of alpha par-
ticles detected in both samples with that of a single
photoelectron peak from a photocathode in the
photomultiplier tube. The LY (ph/MeV) was recal-
culated from the photoelectron yield in photoelec-
trons/MeV unit (phe/MeV), assuming the R6231
PMT quantum efficiency of 32.28 % for peak emis-
sion (415 nm) of the commercial plastic scintillator
and that of 33.32 % for peak emission (366 nm) of
the fabricated plastic scintillator. From Table 4, it
can be seen that the light yield of the commercial
plastic scintillator is 5.8 times that of the fabricated
plastic scintillator. The energy resolution of the full
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Fig. 13. Energy spectra of 5.5 MeV alpha particles were obtained from
fabricated plastic and commercial plastic scintillators.

Table 4. Photoelectron yield, light yield, and energy resolution at
5.5 MeV alpha particle energy from Pu-238 of both scintillators.

Commercial Fabricated
plastic plastic
scintillator scintillator
Photoelectron yield 124 22
(phe/MeV)
Light yield (ph/MeV) 384 66
Energy resolution (%) 13.71 48.27
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energy peak obtained from the commercial plastic
scintillator is 13.71 %, better than the 48.27 % ob-
tained from the fabricated plastic scintillator. This
result is probably due to the fabricated plastic
scintillator's poor light yield. The energy resolution
is strongly correlated with the light yield of the
scintillation material [26,27]. The 48.27 % energy
resolution observed in this study is slightly worse
than the 46.22 % reported in a previous study [28],
in which a plastic scintillator was prepared from
epoxy resin doped with 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole (b-PBD) and 1,4-bis
(2-methylstyryl)benzene (Bis-MSB). That study
measured 5.49 MeV alpha particles from an Am-241
source. The difference in performance is likely due
to the sample thickness: their scintillator was only
1 mm thick, whereas the sample in this work was
20 mm thick. Reduced thickness allows more scin-
tillation photons to escape (minimizing light reab-
sorption), thereby increasing light yield and
improving energy resolution.

4. Conclusion

The synthesized cerium fluoride nanoparticles,
characterized by SEM and XRD, exhibited nano-
scale particle sizes of approximately 17 nm. The
fabricated plastic scintillator could be prepared
within 24 h at room temperature. Under UV exci-
tation, it showed a maximum emission wavelength
of 366 nm. The optimal preparation conditions were
0.4 wt % PPO and 0.2 wt % CeF; nanoparticles. The
light yield at 662 keV gamma-ray energy was
1810 ph/MeV, with a linear correlation of 99.83 %
between the gamma-ray energy and the measured
signal. The X-ray—excited scintillation efficiency
was 15 % of that of the reference BGO crystal. The
energy resolution at 5.5 MeV from a ***Pu a-source
was 48.27 %. The fabricated scintillator could detect
gamma rays, X-rays, and alpha particles, producing
spectra for gamma rays and alpha particles similar
to those of a commercial plastic scintillator. Its main
advantages included rapid preparation, lower cost
than imported plastic scintillators, and no require-
ment for high-temperature processing. However,
the light yield under radiation excitation remained
relatively low. Future improvements should focus
on incorporating additional dopants to enhance
light emission efficiency and developing techniques
to achieve better dopant dispersion.
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