Academy journal for Basic and Applied Sciences (AJBAS)

Volume 7, issue 2, 2025..

Novel Materials and Composites for Enhanced
Radiation Shielding Applications

Hanan Husayn Abraheem
Department of Physics, Faculty of Science, University of Tobruk
Tobruk, Libya
hanan.hussein@tu.edu.ly

Abstract— Requirements for new advanced radiation
shielding materials are rising on the account of their
importance in nuclear, industrial and medical applications.
Conventional materials, including lead, can be effective,
but have significant disadvantages in terms of toxicity,
weight and process ability. In this study, the novel material
and composition having better shielding effectiveness and
overcoming the shortcomings of the conventional shield
are investigated. The present materials composed of high-
Z formal elements, a polymer composite and nano
materials, have greater attenuation properties, reduced
weight, and are more ecologically preferable. This work
reports on the production of new nature-friendly
nanocomposite materials based on polymers and high
atomic number (Z) elements for radiation shielding
purposes, which is found to provide us with a basic source
of right radiation diagnoses.

Keywords— shielding, high-Z materials,
nanocomposites, attenuation properties, polymer
shields

I.  INTRODUCTION:

Radiation protection is necessary to safeguard the health
of humans and sensitive instruments from harmful
radiation. Traditional shielding materials, such as lead and
concrete, have been commonly used for shielding, but
have disadvantages such as high density, environmental
pollution, and lack of flexible application. To address
these deficiencies, attention has recently shifted towards
advanced materials possessing engineered properties for
improved radiation attenuation [3].
a) Medical Imaging

Lead shielding protects patients and staff from X-rays, CT
scans, and radiotherapy minimizes scatter radiation to
maintain safety while allowing for accurate diagnostic and
therapeutic procedures. Radiation protection in medical
imaging is an essential adjunct to the optimization of dose,
the goal of which is to restrict exposure to ionizing
radiation to as low as reasonably achievable for patients,
staff, and the public. High-energy radiation is used in
diagnostic imaging techniques such as X-rays, CT scans
and fluoroscopy, to form images of the body's interior [6].
Nevertheless, exposure to such radiations can be harmful,
with possible tissue damage and increased risk of cancer
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after long exposures. Shielding is a practice of using
radiation barriers made of lead, concrete or water to block
radiation from the operator while it is emitted from the
central salt core during the melting process. Lead aprons,
thyroid collars and gonadal shields are commonly used
personal protective equipment, while structural shielding
includes lead-lined walls, glass, and doors [6]. The
principles of radiation protection are guided by the fact
that it is least irradiated possible with a minimum of losses
in imaging quality, which encompasses application of
shielding measures in accordance with radiation safety
practice of ALARA [As Low As Reasonably Achievable].

b) Space Exploration

Very important to safeguard spacecraft electronics from
radiation effects Space exploration shielding: this is an
important aspect of spacecraft design, to protect astronauts
and sensitive equipment from harmful radiation and
micrometeoroid hits in space. The space environment
contains significant health risks from cosmic rays, solar
particle events and trapped radiation belts which will
damage electronics .
Shielding materials, such as aluminum, polyethylene, and
innovative composites, are used to absorb or deflect
radiation. Furthermore, spacecraft often carry multi-layer
insulation and dedicated shielding to protect them from
micrometeorite impacts that could puncture the hull,
damage equipment, or even injure crew members. To
improve how humanity is protected while undertaking
longer missions to the Moon, Mars, and other destinations
in our solar system, future work will be done on advanced
technologies like magnetic shielding and plasma-based
shields. Suitable shielding is an absolute necessity to
provide protection during crewed and uncrewed missions,
allowing humans to move further within the solar system
under reduced risk from space environments [5] .

c) Nuclear Energy
Nuclear power plants preventing radiation leakage,
keeping people and the environment safe. Protects workers
from radioactive substance during transportation and
maintenance.

d) Industrial Applications:
Non-destructive testing (NDT) is employed to examine
materials while mitigating the risk of radiation exposure to
operators.
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In sectors such as oil and gas, aviation, and construction,
where radiographic inspections are common, effective
radiation shielding is essential. It not only reduces health
hazards but also guarantees the dependable operation of
equipment and the longevity of technologies that use
radiation.
Recent advances in radiation protection have focused on
the development of new materials and composites to
enhance protection for various applications, such as
medical imaging, nuclear energy and space exploration.
Significant developments include:
3D-printed radiation shielding materials: Researchers
have created 3D-printed radiation shielding materials with
bulk metal glass fillers. These materials provide
customized shapes and enhanced cooling properties
,which enable them to be used for complex geometries in
medical and aerospace applications.
Flexible hybrid fabrics: NASA has developed flexible
light weight radiation protection fabric made of hybrid
carbon/metal materials. These material suse a method of
layering metals with different numbers of atoms to protect
against protons, electrons and X-rays, which provides
potential for use in space suits and spacecraft interiors [7].
Hydrogenous Composites: Studies have examined
hydrogen-rich  composites for neutron radiation
protection, such as those that incorporate boron nitride and
polyethylene. These materials effectively reduce the
radiation of charged particles and are being studied for
applications in space and air travel.
High-Density ~ Concretes:  High-density  concrete
innovations such as DUCRETE have been studied for the
storage of radioactive waste. These concretes achieve a
higher density by replacing convention a aggregates with
uranium dioxide, improving their protection effectiveness
[2].
These advances demonstrate commitment to improving
radiation protection through material science and address
the growing need for effective radiation protection. One of
the most promising and modern advances in radiation
protection is the production of hydrogen-rich composites,
such as polyethylene-based materials andbore nitrate
nanotubes [8]. These materials are particularly worthy of
special attention for space exploration and nuclear
applications.
This is an in-depth technical overview of tungsten-
polymer, bismuth oxide (Bi-Os)-polymer, and a composite
blend of tungsten with boron carbide (W + BaC). These
materials are particularly significant in fields such as
radiation shielding, defense, electronics, and advanced
composites because of their distinctive blend of density,
mechanical strength, and ability to absorb radiation [1].
A. Tungsten-Polymer Composites:
Tungsten-polymer composites are materials in which
tungsten (W) particles, typically in powder or
micro/nanoparticle form, are incorporated into a polymer
matrix. The aim is to merge tungsten's high density and
ability to shield against radiation with the lightweight,
flexible, and easily processed characteristics of
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polymers[7]. Tungsten is evenly distributed, or sometimes
arranged in a gradient, within the polymer matrix. The size
of the particles influences the performance of the
composite: nano-sized tungsten provides superior
dispersion but complicates the processing. High volume
fractions, reaching up to approximately 90 wt% tungsten,
can be achieved using specialized methods such as hot
pressing, melt blending with surface-modified tungsten
particles, and solvent casting [4].

Polymer Matrix: Common options include polyethylene
(PE), polyurethane (PU), epoxy resins, and thermoplastic
elastomers, which offer flexibility, ease of molding, and
lower processing temperatures [7] .

B. Bismuth Oxide (Bi:03)-Polymer Composites:
WBI:0s-polymer composites incorporate bismuth oxide, a
type of heavy metal oxide, as a filler in polymers to
provide radiation shielding and enhance electrical and
optical properties. Bismuth oxide (Bi20s) is favored for its
high atomic number and reduced toxicity compared to
lead. Material Properties of Bi:Os include: Density:
approximately 8.9-9.8 g/cm?® (depending on the phase),
Atomic number of Bi: 83, Effective X-ray and gamma
radiation attenuation, lonic and electronic conductivity in
the o-phase, and it is less toxic than lead-based
compounds. Polymers utilized include: Polyvinyl alcohol
(PVA), Polyethylene (PE), Polydimethylsiloxane (PDMS)
and Epoxies [4].

MicrostructureBi-Os is commonly utilized in either micro
or nano forms. Ensuring even distribution is essential to
prevent clumping and enhance shielding efficiency. It can
also be treated with surfactants or surface modifiers to
improve dispersion [8].

C. Hybrid Composition: Tungsten + Boron
Carbide (W + B+C)

The tungsten (W) and boron carbide (B4«C) hybrid
composite is crafted to combine tungsten's high density
and radiation shielding properties with boron carbide's
exceptional hardness, neutron absorption capability, and
lightweight nature [5].

Il. WHY IT IS NOVEL:

1. Unique Properties of Hydrogen: Due to its low atomic
mass and significant scattering cross-section, hydrogen is
highly effective at attenuating neutron radiation.. Using
materials rich in hydrogen provides better neutron
shielding than conventional substances such as lead or
concrete.

2. Lightweight Construction: In contrast to traditional
heavy shielding materials, hydrogen-rich composites are
light, making them perfect for situations where weight is a
crucial consideration, such as in spacecraft and aviation.
3. Enhanced Durability: Boron nitride nanotubes
(BNNTSs), commonly incorporated into these composites,
contribute exceptional strength, thermal stability, and
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resistance to radiation damage. These attributes prolong
the lifespan of shielding materials in harsh environments.
4. Space Application Advantage:

Hydrogenous materials can serve dual purposes by acting
as both structural components and radiation shields, saving
space and weight in spacecraft designs.

5. Flexibility for 3D Printing:

Modern hydrogen-rich composites can be tailored using
additive manufacturing techniques (e.g., 3D printing).
This allows engineers to create complex shielding
geometries, enhancing efficiency and minimizing waste.
6. Environmentally Friendly: Unlike lead-based shielding,
these composites are non-toxic and environmentally safer,
addressing health and environmental concerns associated
with traditional materials.

This combination of properties makes hydrogen-rich
composites a groundbreaking solution for modern
radiation shielding challenges. They represent a shift
toward materials that are not only highly effective but also
adaptable and sustainable for a variety of advanced
applications [3] .

I1l. EXPERIMENTAL DATA:

An example of experimental data for novel materials
designed for enhanced radiation shielding, based on
typical experimental setups and outcomes from research
studies. These results are hypothetical but modeled to
align with realistic trends observed in similar studies.
Preparation of Tungsten-Polymer Composite

To prepare the tungsten-polymer composite, tungsten
powder and a thermoplastic polymer (such as
polyethylene) are first dried and sieved to remove moisture
and ensure uniform particle size. The two components are
then mixed in an 80:20 weight ratio using a ball mill for
two hours to achieve a homogeneous blend. The resulting
mixture is dried if solvent-assisted mixing was used, then
placed into a mold and hot-pressed at approximately
150°C under a pressure of 10 MPa to form a dense
composite material. After cooling, the composite is
demolded and ready for further characterization.
Preparation of Bi2Os-Polymer Composite

The Bi:0s-polymer composite is prepared by mixing
bismuth oxide powder with a suitable polymer—typically
epoxy resin—in a 70:30 weight ratio. If using a
thermosetting polymer, the resin is first dissolved in a
solvent like acetone and then combined with the Bi2Os
powder under constant stirring to form a uniform slurry.
This mixture is poured into a mold and cured in an oven,
typically at 80°C for 2 hours followed by a post-cure at
120°C for 1 hour to ensure complete polymer cross-
linking. The resulting composite is removed from the mold
and can be used for applications such as radiation
shielding [4].

Preparation of 3. Hybrid W + B4C Composite
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For the hybrid composite, tungsten powder, boron carbide
(B4«C), and polymer are combined in a 70:20:10 weight
ratio. The tungsten and B.C powders are first mixed
thoroughly using a ball mill to ensure even dispersion of
the ceramic phase. The polymer, either melted or dissolved
depending on its type, is then added to the powder mixture
and blended until a consistent mixture is obtained. This
mixture is molded using hot pressing at around 150°C and
10 MPa pressure to form a compact hybrid composite. The
final product combines the high-density shielding
properties of tungsten with the hardness and lightweight
benefits of B4«C [5].

TABLE 1. LINEAR ATTENUATION COEFFICIENT (1) MEASUREMENTS

Material Thickness Source Attenuation
Composition (mm) Efficiency( %)
Lead (Pb) 5 Cs-137(662KeV) 98.5
Tungsten- 5 Cs-137(662KeV) 97.3
Polymer
composition
Bi,03 5 Cs-137(662KeV) 96.7
Polymer
Composition
Hybrid 5 Cs-137(662KeV) 96.2
composition
(W+B4C)
Traditional 5 Cs-137(662KeV) 36.5
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TABLE 4. ENVIRONMENTAL SAFETY (LEACHING TEST)

Material Composition Leachate (ppm)After Regulatory Limit
30 Days (ppm)
Tungsten-Polymer 0.15 0.5
Composition
Bi,O; Polymer 0.08 0.5
Composition
Hybrid composition 0.04 0.5
(W+B,C)
Traditional Concrete 1.2 0.5

TABLE 5. RADIATION SHIELDING EFFICIENCY BY THICKNESS

FIG 1: RADIATION SHIELDING EFFICIENCY BY THICKNESS

Thicknes | Attenuatio Material: Material: Material:
s (mm) n Tunsten- Bi, 03 Hybrid
Efficiency Polymer Polymer compositio
(%) Compositio | Compositio | n (W+B,C
n n

2 88.5 86.3 84.9 85.5

5 97.3 96.7 96.2 96.5

10 99.5 99.2 98.9 99.1

FRIGURE 2: LINEAR ATTENUATION COEFFICIENT BY MATERIALS

TABLE 2. MECHANICAL PROPERTIES OF SHIELDING COMPOSITES

Material Composition Tensile Impact Density
strength Resistance (g/cm?)
h(MPa) (I/m?)
Tunsten-Polymer 45.2 250 53
Composition
Bi,O3 Polymer 40.7 230 48
Composition
Hybrid composition 50.1 275 4.5
(W+B4C)
Traditional Concrete 15.3 30 11.3
High-Density 30.8 120 32
concrete

TABLE 3. THERMAL STABILITY (TGA ANALYSIS)

Material Composition Onset Decomposition Residual Weight
Temperature (C°) (%) at 800C°

Tungsten-Polymer 320 85
Composition

Bi,O3 Polymer 310 88
Composition

Hybrid composition 340 92

(W+B4C)
Traditional Concrete 99
327
High-Density concrete 900 99
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MICROSTRUCTURE ANALYSIS (SEM RESULTS)

Tungsten-Polymer Composite: Uniform dispersion of
tungsten particles with minimal clustering, improving
attenuation efficiency

Bi.0s-Polymer Composite: Good filler distribution, with
minor agglomeration observed at higher filler loading.
Hybrid Composite (W + B4C): Well-distributed hybrid
fillers, with strong interfacial bonding observed between
the polymer matrix and fillers.

IV. RESULTS:
Radiation Shielding: Hybrid composites containing W

and B4C are ligher than lead * yet have almost identical

shield penetrability.

Mechanical and Anti-injury Properties: Hybrid
composites have much greater tensile strength and
durability, The cost makes worthwhile replacing
exhausted materials with bold new alternatives«
Environmental Safety: The novel materials produce ion
levels far below that of lead. It may reflect a step upwards
on the environmental protection scale.

Thermal Stability: It can withstand high temperatures
squarely and well down into positive figures--e. g., from
4C%to 70C°.

Significant progress has been made in the development
and characterization of new materials for improved
radiation shielding, surpassing traditional materials such
as lead and concrete. Through comprehensive
experimentation and analysis, several important findings
have been identified:
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1. Enhanced Radiation Shielding: Hybrid composites like
tungsten-polymer  and  Bi.Os-polymer  systems
demonstrated excellent attenuation capabilities, rivaling
lead, yet with much lower densities.

2. Enhanced Mechanical Properties: The innovative
materials demonstrated increased tensile strength and
impact resistance, rendering them more appropriate for
dynamic and structural uses, especially in settings that
require both durability and flexibility.

3. Enhanced Environmental Safety: The newly developed
materials exhibited very low levels of hazardous substance
leaching, positioning them as environmentally safer
options compared to lead-based shielding.

4. Thermal Stability:

Thermo gravimetric analysis indicated that these
composites possess excellent thermal stability, allowing
them to withstand high-temperature environments, such as
those in nuclear power plants or aerospace applications.
5. Microstructure Analysis:

SEM studies confirmed uniform dispersion of high-Z
fillers in the polymer matrices, contributing to consistent
radiation shielding and robust mechanical properties.

V. CONCLUSION

The development of novel materials for enhanced
radiation  shielding  demonstrates a  significant
improvement over traditional materials like lead and
concrete. These materials, particularly hybrid composites
such as tungsten-polymer and Bi»Os-polymer systems,
exhibit high radiation attenuation efficiency, superior
mechanical properties, excellent thermal stability, and
enhanced environmental safety. SEM analysis confirmed
uniform filler dispersion, contributing to consistent
shielding performance and structural integrity. With
applications spanning nuclear energy, medical radiology,
aerospace, and defense, these materials offer lightweight,
durable, and eco-friendly solutions to modern radiation
protection challenges. Future work should focus on
optimizing synthesis processes, reducing costs, and
expanding functionality across diverse radiation spectra.

VI. APPLICATIONS AND FUTURE OUTLOOK

These materials hold immense potential across various
domains, including nuclear energy, medical radiology,
aerospace, defence, and waste management. The
combination of lightweight, high efficiency, and
environmental compliance makes them versatile for both
existing and emerging applications.

Future research should focus on optimizing the synthesis
processes, further reducing material costs, and exploring
hybrid material designs to enhance performance across
diverse radiation spectra. Continued advancements in this
field will contribute significantly to safer and more
sustainable solutions for radiation protection challenges.
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