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Evaluation of the possibility of improving the durability of
tools made of X153CrMoV12 steel used in the extrusion of a
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The article presents the results of a complex comparative analysis of the abrasive wear resistance of tools made of
X153CrMoV12 steel after different heat treatment variants. These investigations aimed to select the most durable material
for application in tools forming a mass band in the production of ceramic roof tiles. The tests included the determination of
resistance to abrasive wear in ball-on-disc tests, hardness measurements, and microstructure analysis, including the assessment
of changes occurring in the subsurface area, as well as impact tests (at a working temperature for the tools of 50◦C). The
comprehensive test results showed that the best effects of increasing the resistance to abrasive wear can be obtained through a
heat treatment that consists of hardening at 1020◦C and then tempering at 200◦C for about 2 hours. The next stage of research
will be to compare the results obtained with another popular material for tools for the production of roof tiles – Hardox steel,
which is characterized by high resistance to abrasive wear.
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1. Introduction
Currently, one main focus of the development

of machine construction is the optimization of
machine parts in terms of their resistance to abra-
sive wear. The phenomenon of intensive abrasive
wear is encountered in many branches of industry,
most prominently the extractive, concrete, cera-
mic, and metallurgical industries [1, 2]. Abrasion
is also a very important consideration during the
performance of machines and devices for earthw-
orks, which applied in agriculture and construction
[3, 4]. Additionally, because of progress in the
development of environmental protection, much
research is conducted with the aim of prolonging
the operation time of machines in direct contact
with the materials used in waste recycling, e.g.,
metal shredder blades, transportation containers,
and so forth. [5]. Excessive wear of machine
parts negatively affects the entire production and
technological process. An especially aggressive
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working environment is encountered in the cera-
mics industry, particularly on roof tile production
lines, where key machine elements regularly come
into direct contact with the processed material,
whose main components are clay, quartz sand, and
ground crushed brick [6]. The most intensive abra-
sion occurs in the process of band extrusion, where
the production mass is mixed, homogenized, ven-
ted, and formed [7]. This process is currently
realized in horizontal band plungers, which are
made up of a two-shaft mixer and a pug mill [8, 9].
The production mass processed by these mach-
ines is at a humidity level of 20%–25% and is
compressed in the pug mill head under 2–10 MPa
of pressure. The product at this stage of produ-
ction is an extruded band that is formed by a
set of two special tools (plates) which are expo-
sed to especially intensive abrasive wear and an
increase in working temperature [10]. This is the
effect of the direct contact of the tool with the
processed material and the high pressure exerted
during the band extrusion. The working conditi-
ons present in the band extrusion process require
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Gelatins from camel, bovine, and fish bones were successfully extracted by using chemical pretreatment and heating
methods. The bones were demineralized for 3 days at ambient temperature using hydrochloric acid solutions (0.5–1 M), and
the collagen was partially hydrolyzed by preheating in distilled water at 75–80◦C for 3 h, followed by extraction temperature at
90◦C for 1 h. Free-standing films of gelatin entrained with silver nanoparticles (Gel/AgNPs) at low concentrations (1.25, 2.5,
and 5 mM) were synthesized as radiation dosimeters. A high-energy ultrasonic homogenizer was used to dissolve the gelatin in
distilled water and to disperse the AgNPs in the gelatin. The nanocomposites’ morphology and crystallinity were investigated
using scanning electron microscopy (SEM), optical absorption, and Fourier transform infrared (FTIR) spectroscopies. Dose
enhancement was assessed using X-ray irradiations with beam energies below and above silver K-edge. The beam was
configured by setting the X-ray generator at 15, 25.5, and 35 kV potential and a beam current of 1 mA. An X-ray detector
is used to detect the number of electrons after passing through Gel/AgNPs samples. The use of AgNPs embedded in gelatin
caused the enhancement of X-ray radiation absorption, and the highest percentage of linearity for the dosimeter was found to
be 90% in the optical range of 395 nm to 425 nm. The preliminary results demonstrated that Gel/AgNPs material may be used
in radiation dosimetry for low-energy radiotherapy sources.

Keywords:

1. Introduction
Gelatin is a highly consumed protein in

the pharmaceutical and food industries obtained
through partial hydrolysis of collagen in animal
bones, hides, and cartilage. Its uses in the food
industry vary according to the product, as it
controls product elasticity, texture, and emulsifi-
cation. The most optimal method of producing
high-quality gelatin is a significant consideration
of pretreatment, temperature, and other extrac-
tion conditions [1]. Additionally, extracting gelatin
from animals can help minimize the environmen-
tal hazards caused by wasting animal carcasses;
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for example, 19% of a camel’s body is made of
bones which are often not utilized, leading to a
rise in waste levels and causing ecological dam-
age. Gelatin is experiencing continuous growth,
thus leading to increasing demand for accept-
able, that is, halal/kosher, gelatin to populations
of Islam and Judaism. Many of these religious
adherents cannot consume porcine products. Sub-
sequently, scientists have searched for substitutes
for porcine gelatin over the last decade, which
makes up approximately 46% of all gelatins [2].
Halal gelatins derived from bovine and fish sources
are commercially available but camel gelatin is
not. Each of these gelatins has its defining uses
and characteristics. Camel gelatin is mainly a case
of interest because it has not been commercially
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produced yet, as it has the potential to avoid
some of the other gelatin source’s downsides,
like allergen reactions that are usually caused by
porcine and bovine gelatin, or even prove to have
higher bloom levels (the measure of the gelatin’s
strength), than fish gelatin [3]. Gelatin can both
absorb and scatter ionizing radiation due to its
radiation-absorbing qualities. As a result, it has
the potential to be a useful material for the cre-
ation of radiation-protective barriers or clothing
for workers in radiation-risky settings. Although
it only has a modest amount of X-ray attenuation
and absorption on its own, it can be combined
with other substances or altered to increase these
properties. It may also be combined with pigments
or dyes that change color when exposed to ion-
izing radiation. The amount of radiation exposure
can be calculated by measuring the color change.
Radiation dosimetry is the study of determining the
most effective ionized radiation dose for radiother-
apy while protecting healthy tissues near tumors.
Various methods will achieve dependable radiation
dosimetry [4]; however, gel dosimetry stands out
in radiation oncology, as it can display a dose
distribution that is highly appreciated qualitatively
in three dimensions, which helps with establish-
ing better treatment planning and better assurance
with dose verification protocols [5]. The two main
types of gel dosimeters, Fricke gel and polymer
gel, vary according to their characteristics and
applications. The polymer-gel dosimeter is based
on radiation-induced polymerization and cross-
linking of acrylic monomers, whereas the Fricke-
infused gel dosimeter relies on radiation-induced
oxidation of ferrous ions. Fricke gel dosimeters
have the advantage of having excellent water and
tissue equivalence for dosimetry [6–8]. However,
due to the diffusion of ferric ions within the gel
matrix, the primary drawback of these dosime-
try systems is the loss of spatial information [9].
In radiation therapy for patients, polymer gel
dosimeters are a promising radiation dosimetry
technique [10]. Gel dosimetry has several ben-
efits, such as tissue-like elemental composition,
high spatial resolution, measuring doses in three
dimensions (3D), and creating dosimeters with
different sizes and geometries [11]. Polymer gels’

ability to mimic tissue serves as a useful phantom
for simulating the application of medical radia-
tion to the human body. Recent research by De
Deene [12] provided a thorough analysis of the
historical advancements in gel dosimetry, with an
emphasis on three key categories: (i) Fricke, (ii)
radiochromic, and (ii) polymer gel dosimeters. In-
depth reports on recent developments from these
three groups are provided, along with individual
viewpoints that concentrate on the ongoing diffi-
culties high-performance dosimetry systems face.
Additionally, Zhang et al. recently published a suc-
cinct review on hydrogel dosimeters for calculating
ionizing radiation doses [13]. The work presented
divides dosimetry into the following categories:
(i) polymer hydrogels, (ii) Fricke hydrogel, (iii)
radiochromic, (iv) radiofluorescent, and (v) NP-
embedded dosimeters. These are highlighted for
typical clinical applications, their key character-
istics, and shortcomings. In particular, sensitiv-
ity, accuracy, and dose resolution are taken into
consideration.

Gelatin has been widely applied in many med-
ical fields (drug delivery systems and dosime-
try) because of its stability post-radiation [14].
Although gelatin has a few downsides, like its rela-
tively low melting point, which erases past data of
dose distribution when melted, it has been used as a
common dosimeter due to many factors like its near
tissue equivalence, low cost, biocompatibility, and
many other eco-friendly traits compared to other
gel dosimeters [15]. In the medical field, specifi-
cally in ionized radiation therapy, gelatin is infused
with metallic nanoparticles as opposed to bulk
material due to nanoparticles’ unique physiochem-
ical characteristics. This allows them to enhance
radiation sensitivity when infused with gels and
make it easy to estimate doses using colorimetric
readout methods [16, 17]. Other readout devices
are based on radiation-induced processes and phe-
nomena such as thermoluminescence (TLD) [18–
20], optically stimulated luminescence (OSL) [20–
23], electron spin resonance (ESR) [24, 25], and
radioluminescence (RL) [26]. Dosimetry methods
utilizing the aforementioned devices are well estab-
lished in the available literature values for high-
energy and high-dose irradiation in the number of
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grays; however, dose registration in the sub-gray
range is difficult.

Some examples of nanomaterials used in
dosimetry are metallic nanoparticles of gold or
platinum. However, the issue with such high atomic
number nanoparticles is their price, for that reason
silver nanoparticles (AgNPs), which are approved
by the US Food and Drug Administration (FDA)
in many medical applications, appear to be a good
substitute because of their affordability [27, 28],
and great dose enhancement of about 4 times when
irradiated at a total absorbed dose of 12 Gy and
10 mM of silver nitrate solution [29]. The local
dose enhancement is primarily made possible by
secondary electrons produced by Ag re-emission.
By identifying Ag K lines during radiation, it is
possible to conduct remote monitoring and deter-
mine the spatial distribution of AgNP concentra-
tion. This information can be used to target tumors
more effectively and increase local doses to better
protect vulnerable organs nearby.

The aim of this work was to extract halal gelatin
from camel, bovine, and fish bones using chemi-
cal pretreatment and heating techniques and then
to form free-standing silver nanoparticle-enriched
gelatin (Gel/AgNPs) films at room temperature.
The samples were characterized for their poten-
tial use as dosimeters in low-energy radiotherapy
sources. The inclusion of Ag nanoparticles into
detector materials as additives could be a viable
solution for increasing detector sensitivity and rel-
atively high-photon absorption. Because of their
large active surface area and relatively high photon-
absorption ability, these nanoparticles can absorb a
large amount of energy at lower irradiation levels,
which is proportional to the absorbed dose.

2. Experimental
2.1. Chemical

The silver nanopowder with a purity of 99.99%
and average size of 30–50 nm was purchased
from US Research Nanomaterials, Inc., USA. Dis-
tilled water was used for the preparation of a
silver colloidal solution-based gel dosimeter. Other
chemicals used in processing the gel, such as

hydrochloric acid and ammonium sulfate, were of
analytical grade without further purification.

2.2. Gelatin extraction

2.2.1. Camel and bovine gelatin
Both camel and bovine gelatin were extracted

by cutting the bones into approximately 3-cm
pieces as shown in Figure 1a. The bones were
cleaned of grease and impurities and boiled in
water for two hours at a temperature of 90◦C.
After that, the bones were washed off and dried
in the oven for 24 hours at 60◦C. The bones
were treated in 1M hydrochloric acid for 72 h
at room temperature to demineralize and partially
hydrolyze collagen (Fig. 1b). The remaining acid
traces were removed by washing in cold water at
less than 20◦C. The bones were then neutralized
using 4% w/v ammonium sulfate at 75◦C for 3
h. The gelatin was extracted from the bones in
distilled water in a ratio of 1:3 w/v at 90◦C for
1 hour (Fig. 1c). The gelatin solution produced
(Fig. 1d) was filtered through cheesecloth, and the
supernatant was then vacuum dried at a temper-
ature of 75◦C for as long as necessary until all
solvents evaporated, leaving a solid gel “gelatin,”
as shown in Figure 1e. Finally, the gel was then
dried, ground into a powder (Fig. 1f), and stored at
room temperature for later use.

2.2.2. Fish gelatin
Bones from tuna fish, which are depicted in

Figure 2a as the main component of this study,
were purchased from Lulu Hypermarket in Tabuk
City (KSA). Fish bones were first thoroughly
cleaned of meat and other impurities before being
cut into smaller pieces, washed with tap water,
and weighed. The fish bones (ossein) are then
submerged in 0.5 M acidic solution at a 1:8 ratio
for 48 hours (Fig. 2b). Next, they are washed in
water with a pH of 5 to 6. After that, ossein was
prepared for extraction by being put in a beaker
and mixed with distilled water in a ratio of one
to three. A temperature of 80◦C was then applied
for three hours of heating. This heating procedure
uses a mixture of gelatin and bone byproducts that
have been filtered using a filter cloth as shown in
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Fig. 1. Camel and bovine gelatin extraction process: (a) bone pieces, (b) demineralized and partially hydrolyzed
collagen, (c) gelatin extraction, (d) filtered gelatin, (e) evaporation of solvent, (f) dried gelatin

Figure 2c. The gelatin solution produced was then
vacuum dried at a temperature of 75◦C (Fig. 2d) for
as long as necessary until all solvent evaporated,
leaving a solid gel “gelatin,” as shown in Figure 2e.
The gel was then dried, ground into a powder
(Fig. 2f) and stored at room temperature for later
use. The yield of gelatin produced was calculated
by dividing the resulting dry weight of gelatin
powder by the weight of the processed bones.
Based on 1 kg of camel and bovine bones versus
0.45 kg of fish bones, the yield was approximately
5.1%, 5.8%, and 7.5%, respectively.

2.3. Preparation of gel dosimeter

To ensure the highest level of reproducibility
in the preparation of the Gel/AgNPs, the samples
were created on a benchtop in a fume hood with

normal atmospheric conditions. Aqueous gelatin
(30% by weight) silver colloidal solutions at low
concentrations (1.25, 2.5, and 5 mM) were pre-
pared in distilled water at room temperature. Free-
standing films of gelatin entrained with silver
nanoparticles (Gel/AgNPs) were synthesized as
radiation dosimeters. In our case, thin films for
dosimetry applications do not refer to the types of
films commonly used in dosimetry, such as radio-
graphic films also called X-ray film [30], which
require chemical development, and radiochromic
films, which are mainly used for 2D dose verifi-
cation. After self-development, the latter is used
to test and characterize X-ray devices such as
CT scanners and radiotherapy linear accelerators
(LINACs). Instead, our dose gelatin films are suit-
able as a human tissue equivalent for radiotherapy
diagnosis and treatment. In this direction, other
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Fig. 2. Fish gelatin extraction process: (a) bone pieces, (b) demineralized and partially hydrolyzed collagen, (c)
gelatin extraction, (d) filtered gelatin, (e) evaporation of solvent, and (f) dried gelatin powder

emerging polymeric materials may find application
as ionization dose sensors. These include polar
organic polymers such as polyvinyl alcohol (PVA)
that contain salts of rare earth elements like
gadolinium chloride (GdCl3). When such compos-
ites are exposed to radiation doses, their optical
properties change [31, 32]. PVA doped with 1 wt%
Ni, NiO, and Fe2O3 nanoparticles was prepared
and irradiated for radiation protection. PVA sam-
ples containing 1% Ni showed the highest mass
attenuation coefficient values [33]. Cu/Zn rein-
forced polymer composites that had been exposed
to alpha, proton, neutron, and gamma radiation
and are more suitable for neutron shielding [34].
Gamma-ray attenuation parameters have also been
studied in matrix composites such as high-density

polyethylene doped with bismuth oxide nanopow-
ders and polymer composites with BaTiO3 and
CaWO4 [35, 36]. A polymer fiber Bragg grating
(PFBG) was irradiated with fast neutrons at dif-
ferent doses from 24 to 720 Gy. Transmission and
reflection studies have shown that PFBGs with high
Bragg wavelengths are good candidates for use in
dosimetry systems [37].

A 450 W U.S. solid ultrasonic homogenizer
(Cleveland, USA) was used to dissolve and dis-
perse the AgNPs in gelatin. The power of the
ultrasonic homogenizer was kept between 30% and
100% of the maximum power of 450 Watts for up
to 10 minutes of mixing time. These mixtures were
then pipetted into a 30-mm glass dish and allowed
to form transparent gels at room temperature where
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a  b 

Fig. 3. Poured gelatin/AgNPs mixture (a) and peeled
off film (b)

the slippery surface of the glass makes it easy
to peel off the gel mixture. The thickness of the
free-standing film was controlled by the amount
of mixture poured into the glass dish as shown in
Figure 3. The black round part in the center was
used to lift the Gel/AgNPs films after they had
solidified. Only a 1-mm thickness was required
for this study of free-standing membranes. It is
very difficult to control the thickness of raw gelatin
in a research laboratory setup. In most published
works, silver nanoparticles are introduced into a
gelatin solution, which is poured into a vial of
a certain thickness. The rheological properties of
gelatin films are strongly influenced by and depend
on the viscoelasticity, viscosity, and processing
temperature of the film. The well-known process
of producing gelatin in sheet or leaf form requires
expensive equipment and is very time-consuming.
This method of obtaining a gelatin film, especially
a gelatin sheet, from powdered gelatin includes the
following steps: plasticizing the powdered gelatin
to which water is added by applying a shearing
force at elevated pressure and elevated temperature;
the softened fabric is extruded as a film through a
slit die, the film is drawn from the slit, stretched,
and the stretched film is dried. In this case, a large
amount of air is drawn into the solution, so after
the gelatin is completely dissolved, the air must be
evacuated in a degassing apparatus to obtain a final
product free of air bubbles.

2.4. Sample characterization

The morphology and crystallinity of the
nanocomposites were investigated by using Philips
XL 30 ESEM scanning electron microscope on

an Au substrate, optical absorption, and Fourier-
transform infrared spectroscopy (FTIR). The dose
enhancement was assessed by using X-ray irra-
diations having beam energies below and above
the silver K-edge, which is about 25.5 keV. The
term "K-edge" describes the sharp increase in X-
ray photon photoelectric absorption that is seen at
an energy level just above the binding energy of the
atom’s k-shell electrons. The beam was configured
by setting the X-ray apparatus (Leybold® 554-800)
at 15, 25.5, and 35 kV potential and a beam current
of 1 mA. An X-ray detector is used to detect the
number of electrons in the air and after passing
through Gel/AgNPs samples with a 2 × 2 cm2

field size and a collimator to sample distance of
10 cm. The characterization of the free-standing
film dosimeters was also carried out at room
temperature by means of UV-visible absorption
spectroscopy using Jenway 6800 Double-Beam (2-
nm slit width) and ATR-FTIR (4000–225 cm−1)
spectrometers. The spectrometers were calibrated
daily using the machines’ “AutoCalibrate”? air
calibration.

3. Results and discussions
3.1. SEM micrographs

Figure 4 shows a typical SEM micrograph of
fish gelatin loaded with 1.25 mM silver nanopar-
ticles. The highly conductive AgNPs are highly
reflective under electron bombardment. They are
not highly dispersive under ultrasonic mixing, and
they tend to show some degree of agglomeration

Fig. 4. SEM micrograph of fish gelatin mixed with 1.25
mM silver nanoparticles
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and aggregation as indicated by the arrows, leading
to the formation of submicron-sized silver parti-
cle clusters ranging from 150 to 250 nm, which
negatively impacts the final product. The viscosity
of the gel solution during processing affects the
degree of agglomeration of infused nanoparticles.
Therefore, decreasing the binder “gelatin” viscos-
ity will certainly lower the formation of agglomer-
ates. Agglomerates can be disrupted by sonication
techniques to a certain degree, but aggregates can-
not [38]. The addition of a surfactant, biological in
particular, in this case may be needed to prevent
both agglomeration and aggregation. It is stated
in the sample preparation section above that once
the gelatin has completely dissolved, a significant
amount of air is drawn into the solution. The air
bubbles have an obvious impact on mixing, and it
is believed to give rise to agglomeration to some
extent. We believe that if mixing is performed
under vacuum for a reduction of air pockets, highly
dispersed nanoparticles may be achieved.

3.2. FTIR Spectrum

Figure 5 shows the FTIR spectrum of a typically
extracted fish gelatin in the form of a free-standing
film. The obtained FTIR spectrum reveals that the
peaks of gelatin transmittance are consistent with
those reported in the literature [39–45].

FTIR measurements were performed to identify
the possible biomolecules and bonds responsible
for the structural and functional stability of fish
bone-derived gelatin. Proteins are made up of
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Fig. 5. FTIR spectrum of extracted fish gelatin

amino acids linked by amide bonds. Peptide and
protein repeat units give rise to nine characteristic
infrared (IR) absorption bands, namely amides A,
B, and I-VII [46]. Amide bands represent different
vibrational modes of the peptide bond. The absorp-
tion band of gelatin in the infrared spectrum is in
the region of the amide band; amide-I represents
the C=O stretching/hydrogen bond coupling with
COO, amide-II represents the bending vibration of
the N-H group and the stretching vibration of the
C-N group, and amide-III represents the coupling.
The plane vibrations of the C-N and N-H groups
of amides are coupled [47]. The peaks of the
gelatin at 3305 cm−1 attributed to the presence
of hydrogen bond water and amide-A, 1632 cm−1

peaks correspond to the occurrence of amide-I, a
peak at 1542 cm−1 is indicating amide-II, a band at
1241 cm−1 indicates the amide-III, and peak ranges
from 1445 cm−1 to 1335 cm−1 were attributed to
the symmetric and asymmetric bending vibrations
of the methyl group. The FTIR spectra of extracted
gelatin from camel and bovine bones, which are not
presented, show very similar typical transmittance
peaks that correspond to the respective nine char-
acteristic IR absorption bands.

3.3. Optical absorption

Figure 6 shows the optical absorption spec-
trum of a 1-mm thick free-standing film made of

Fig. 6. Optical absorption spectra of extracted fish
gelatin/AgNPs
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Fig. 7. X-ray absorption of a free-standing camel (a), fish (b), and bovine (c) gelatin/AgNPs

AgNP-entrained fish gelatin. As a result of sur-
face plasmon resonance, silver nanoparticles are
known to exhibit maximum optical absorption in
the 350 nm–450 nm range depending on the size
and shape of the nanoparticle [48]. In our case, the
peaks are centered in the 395 nm–400 nm range,
where pure gelatin exhibits relatively low absorp-
tion. As the amount of silver nanoparticles added
to gelatin increases, however, the optical absorption
of the mixture increases. The use of AgNPs embed-
ded in gelatin caused the enhancement of X-ray
radiation absorption and the highest percentage of
linearity for the dosimeter is found to be 90% in the
optical range of 385 nm to 425 nm. The camel and
bovine gelatin samples tested showed qualitatively
similar behavior, but slightly different amounts of

optical absorption were recorded. In order to mon-
itor the radiation dose in the synthesized nanocom-
posites, silver colloidal concentration is considered
a good strategy in light of the works referred above
[31–36].

3.4. X-ray absorption

Figure 7 shows the X-ray absorption of free-
standing films made of AgNPs entrained camel (a),
fish (b), and bovine (c) gelatin. The thickness of the
films was 1 mm each and the potential was set to
15, 25.5, and 35 kV potential with a beam current
of 1 mA. When exposed to 25.5 kV, silver nanopar-
ticles exhibit their highest level of absorbance,
indicating that the photon’s energy is just slightly
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higher than the silver nanoparticles’ K-edge bind-
ing energy. Additionally, there is a direct corre-
lation between the absorption and the amount of
gelatin and silver nanoparticles. Tested samples
showed qualitatively similar behavior, but differ-
ent amounts of X-ray absorption were recorded.
Bovine gelatin/AgNPs demonstrated the highest
absorption, followed by camel and fish gelatin.

The attenuation coefficient µ which describes
how easily the X-ray beam can penetrate a volume
of the gelatin/AgNPs. It measures the total loss
of the beam intensity, including scattering. It is
estimated by using the Beer-Lambert law:

I = Ioe−µx and µ =
ln
( Io

I

)
x

Where Io is the incident X-ray beam intensity, I is
the intensity of the collected passing beam through
the gelatin/AgNPs sample, and x is the thickness of
the sample.

Figure 8 shows the variation of µ with respect to
the beam’s energy. As expected, µ decreases as the
energy of the X-ray source increases. The highest
value of µ is found to be the one corresponding to
the highest amount of infused silver nanoparticles
in gelatin.

The absorbance of X-rays at three different dis-
crete energies is shown as a continuous curve show-
ing a maximum at about 25 keV, but the absorption
coefficient shows a continuous decrease with beam
energy. The absorption coefficient is defined as the
rate at which the absorption is taking place, this
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Fig. 8. Attenuation coefficient versus beam energy of a
free-standing bovine gelatin/AgNPs

entity measures how quickly the X-ray beam would
lose dose due to absorption alone while the attenu-
ation coefficient µ describes how easily the X-ray
beam can penetrate a volume of the gelatin/AgNPs.
This corresponds to the rate at which the beam
attenuates, or loses intensity, at depth. Because
it measures the total loss of the beam intensity,
including scattering, however, it can serve as a
qualitative or a quantitative measurement entity
depending on how strong or weak scattering tissue
is. In short, this is because attenuation is a con-
tinuous energy loss, while absorption is a sudden
energy loss when the X-ray beam encounters an
absorbing object. The attenuation coefficient varies
with the type of material and the energy of the
radiation. In general, for electromagnetic radiation,
the higher the energy of the incident photons and
the less dense the material, the lower the corre-
sponding attenuation coefficient [49]. The increase
in loading silver nanoparticles in gelatin may also
have caused the density of the nanocomposite to
increase, leading to relatively higher values of the
attenuation coefficient.

This preliminary finding shows that the free-
standing films prepared using gelatin/AgNPs can
be recommended as reliable materials for the fab-
rication of radiation dosimetry devices for low-
energy external radiotherapy sources. The chal-
lenge in preparing high-sensitive, reliable 3D or
2D dosimeters is related mainly to sensitivity,
precision, reproducibility, accuracy, resolution, and
time for measurement, independent of the radiation
quality of the final dosimeter. The three main
steps of gel dosimetry are the following: (1) the
radiation-sensitive gel solution is made and placed
into a container, phantoms, and associated vials
for calibration, (2) irradiation and polymerization
of the gel solution, and (3) scanning of the poly-
merized gel by an appropriate imaging technique
and subsequent analysis of acquired images. The
second step—gel dosimetry—will be to expose
the free-standing Gel/AgNPs composites to X-ray
radiation. No solution and no polymerization are
needed. However, aiming at step 3 necessitates
exposing the free-standing Gel/AgNP films to high
doses of x-ray radiation which can be controlled
by the current beam value and exposure duration
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while setting the beam energies below and above
the silver K-edge. Using an X-ray generator with a
high beam current of 10 mA which is ten times the
beam setting that is currently in use will certainly
result in a high dose. This anticipated work will
lead to more details and interpretation of the results
with regard to the potential use of the intended
dosimeter. To that end, a procedure on how gelatin
can be used, and the values of radiation read with
precision and accuracy for the materials under
study will be reported.

4. Conclusion

Halal gelatins from camel, bovine, and fish
bones were successfully extracted by using chemi-
cal pretreatment and heating methods. The prelim-
inary findings demonstrated that the use of AgNPs
embedded in gelatin caused the enhancement of
the optical absorption spectrum and X-ray radiation
absorption as an Ag colloidal nanoparticle solution
is added to gelatin solution in elaborated samples.
Bovine gelatin/AgNPs demonstrated the highest X-
ray absorption, followed by camel and fish gelatin.
The preliminary results show that the free-standing
film-based gelatin/AgNPs produced can be recom-
mended as a reliable material for making radi-
ation dosimetry devices for low-energy external
radiotherapy sources. However, more research is
required to fully investigate the potential radia-
tion applications of camel, fish, and bovine bone-
extracted gelatin, as well as to determine its effec-
tiveness and safety in these applications.
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