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Abstract 

Purpose: To evaluate the effectiveness of polymer-based shields containing boron compounds for radiation 

protection in medical centers, focusing on their performance against neutron and gamma radiation.  

Materials and Methods: A comprehensive literature review was conducted using databases including PubMed, 

Scopus, Web of Science, and Embase. Studies published from 2015 to February 2025 were included. The search 

strategy employed keywords related to polymer-based shields, boron compounds, and radiation protection in 

medical settings. 

Results: Boron-containing polymers demonstrated significant potential for radiation shielding, particularly 

against neutrons. Nanocomposites incorporating high-Z elements showed improved γ-ray attenuation. Hexagonal 

Boron Nitride (h-BN) nanocomposites exhibited superior neutron absorption properties. Epoxy-based composites 

with various Nanoparticles (NPs) showed enhanced protection against both neutron and γ-ray. Recycled High-

Density Polyethylene (HDPE) composites containing gadolinium oxide demonstrated promising thermal neutron 

shielding capabilities. 

Conclusion: Polymer-based shields containing boron compounds offer lightweight, flexible, and effective 

alternatives to traditional shielding materials. These materials show particular promise in medical applications, 

potentially improving safety for both patients and healthcare providers. However, challenges remain in optimizing 

material composition, thickness, and long-term stability for practical implementation in clinical settings. 

Keywords: Polymer Shields; Boron Compounds; Radiation Protection; Neutron Shielding; Gamma Shielding. 
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1. Introduction  

With the discovery of X-rays and gamma rays (γ-

rays), their use rapidly expanded in various fields, so 

much so that today, these types of radiation are used 

in diverse areas such as medicine, industry, 

agriculture, and more. According to research, 

exposure to these types of radiation, and consequently 

receiving doses exceeding permissible limits, 

increases the likelihood of serious problems and 

damage to body cells, ultimately leading to cell death 

[1]. Therefore, efficient shielding materials are crucial 

for healthcare professionals who are frequently 

exposed to ionizing radiation during treatment and 

diagnostic procedures [2]. Traditional and common 

shields, such as lead or concrete walls, which have 

been used for years, although somewhat effective, 

have many limitations [3]. These include their heavy 

weight, which, in addition to creating spatial problems 

in buildings, also increases installation and 

maintenance costs. Furthermore, the use of heavy 

materials like lead raises significant concerns. 

Moreover, these shields are primarily designed to 

counter γ-rays and exhibit limited effectiveness 

against neutrons, which are one of the most important 

sources of radiation [4, 5]. 

Consequently, given these challenges, 

nanocomposite materials have recently garnered 

considerable attention as shielding due to their 

lightness, flexibility, lower toxicity, cost-

effectiveness, and good mechanical properties [6, 7]. 

Recent studies have shown that polymer shields can 

be used as suitable alternatives to lead in radiation 

protection [8, 9]. These polymer materials offer a 

combination of lightweight, flexible properties, as 

well as improved mechanical characteristics when 

combined with boron compounds [10, 11]. 

Kaewsrithong et al. (2023) have shown that boron-

based materials, including boron carbide and cubic 

boron nitride (h-BN) NPs, have high neutron 

absorption cross-sections, making them effective for 

radiation protection. Findings also indicate that 

combining these boron materials with polymer 

matrices significantly enhances their shielding 

performance against thermal neutrons, with optimal 

concentrations yielding superior results [12]. 

Additionally, Yang et al. (2024) show that composites 

containing boron outperform traditional materials like 

concrete in neutron absorption, especially when the 

boron content exceeds 30% by weight. Research on 

polymer shields has demonstrated promising results 

regarding their ability to protect against gamma and 

neutron radiation. Moreover, incorporating NPs with 

high atomic numbers into polymer composites can 

improve shielding effectiveness across a wide range of 

energy levels [13]. For example, Ihsani et al. (2024) 

demonstrated that incorporating boron-containing 

polymers in medical centers can significantly reduce 

the risks of radiation exposure for patients and 

healthcare workers. They also indicated that the 

flexibility and lightweight nature of these materials 

make them suitable for various applications, including 

protective barriers and personal protective equipment 

[14]. 

Consequently, composite shields can be a suitable 

and effective replacement for traditional lead-based 

materials. Despite advancements in polymer shielding 

technology, many ambiguities and questions remain 

regarding the performance of these shields in real-

world medical center settings [15]. Questions such as 

the precise extent of radiation prevention, the optimal 

composition of materials, the appropriate thickness, 

and the cost-effectiveness of these shields are 

fundamental, and answering these questions can be a 

significant step toward improving radiation safety in 

medical facilities. Therefore, this study is important 

due to various aspects, including promoting and 

improving radiation safety, reducing economic costs, 

advancing knowledge in the field of radiation 

shielding, and providing innovation in this area, and 

the results of this research can have a direct impact on 

improving the quality and safety of healthcare services 

and the general health of patients and healthcare 

professionals. 

2. Materials and Methods 

This review was conducted to evaluate the 

effectiveness of polymer-based shields containing 

boron compounds in reducing radiation exposure in 

medical centers. The primary research question 

guiding this review was: What is the efficacy of 

polymer-based shields containing boron compounds 

in attenuating radiation exposure in medical settings? 

To address this question, a comprehensive literature 

search was performed across multiple databases, 

PROOF



 Y. Alimorad Khoram Abad, et al. 

FBT, Vol. 13, No. 3 (Summer 2026) XX-XX XX 

including PubMed, Scopus, Web of Science, and 

Embase. The search strategy incorporated a 

combination of keywords and Medical Subject 

Headings (MeSH) terms such as "polymer-based 

shields," "boron compounds," "radiation protection," 

and "medical centers." Boolean operators were used to 

refine the search string as follows: ("polymer-based 

shields" OR "polymeric composites") AND ("boron 

compounds" OR "high atomic number materials") 

AND ("radiation shielding" OR "radiation 

protection") AND ("medical centers" OR "diagnostic 

radiology"). The search was limited to peer-reviewed 

studies published in English between 2010 and 

February 2025. Studies were included if they 

evaluated polymer-based shields containing boron 

compounds used in medical settings and reported 

quantitative data on radiation attenuation. Studies 

were excluded if they focused on non-polymer 

materials, were not peer-reviewed, or did not provide 

sufficient data for analysis.  

3. Results and Discussion 

The design and construction of polymer shields 

containing boron compounds for radiation protection in 

medical centers represent a significant advancement in 

the field of medical physics. While considerable progress 

has been made in traditional shielding methods using 

materials like lead for ionizing radiation, the hazards, 

damages, as well as economic and environmental 

considerations associated with traditional shields such as 

lead, have ultimately led researchers to focus on and turn 

to non-lead shields [16]. The performance of boron-

containing polymers as protective materials has garnered 

attention in recent years due to their properties and 

effectiveness in medical environments. This discussion 

evaluates the performance of polymer shields containing 

boron compounds, focusing on their effectiveness 

against neutron and γ-ray, comparing them with 

traditional protective materials, and exploring their 

clinical applications. 

3.1. Polymer Shields Containing Boron 

Compared to Traditional Protective Materials 

Evaluating polymer shields containing boron as 

radiation shielding materials reveals significant 

advantages over traditional protective materials such as 

lead and concrete. Yang et al. (2024) concluded in their 

research that boron-containing materials, particularly Al-

TiB2 and Al-B4C, offer significantly better neutron 

shielding performance than concrete, especially when 

the boron content exceeds 30% by weight [13]. 

However, it is important to note that this study did not 

evaluate polymer shields in comparison to traditional 

materials like lead. Yastrebinsky et al. (2024) presented 

their research on boron-containing polyimide 

composites, demonstrating that these materials have 

significant advantages over traditional materials such as 

lead and concrete. These advantages include an effective 

reduction of γ-ray dose rates by a factor of 2 to 3, as well 

as high absorption of thermal neutrons. These 

characteristics make boron-containing polyimide 

composites a suitable option for radiation protection in 

manned orbital stations [17]. Levet et al. (2023) did not 

specifically evaluate polymer shields containing boron 

but focused on various boron compounds. The results of 

this research indicate that lanthanum borate offers the 

best radiation shielding performance among the 

materials studied, but no comparison was made between 

these materials and traditional materials such as lead or 

concrete [18]. Özcan et al. (2023) demonstrated in their 

research that continuous fiber-reinforced boron 

nanocomposites have high shielding performance 

against cosmic radiation. Unlike traditional materials 

such as lead and concrete, these nanocomposites offer 

flexibility and lightweight characteristics. Also, the 

ability of these materials to protect against neutrons, 

especially with the use of boric acid and elemental boron, 

significantly increases their effectiveness for space 

applications [19]. Salehi et al. (2023) did not evaluate 

polymer shields containing boron but focused on non-

lead radiation shields made of metal and polymer 

composites, especially compounds such as BaSO4, 

Bi2O3, Sn, and W with PVC. They examined the 

effectiveness of these shields compared to lead and 

showed that the Bi2O3-BaSO4-PVC composite performs 

better than lead in protecting against X-rays. Also, the 

results of this research show that bimetallic and single-

metal shields can be considered effective alternatives to 

lead in this field [20]. Abdous et al. (2023) in a study 

examined the properties of boron-based materials, 

especially h-BN nanocomposites. Their results showed 

that these materials exhibit outstanding capabilities in 

neutron protection, high thermal stability, and weight 

reduction compared to traditional materials such as lead 

and concrete. These properties make h-BN 

nanocomposites an effective option for radiation 
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protection in nuclear applications. Furthermore, their 

research showed that the h-BN nanocomposite has 

excellent performance in neutron protection [21]. Chang 

et al. (2023) showed that polymer shields containing 

boron, a lightweight material, have high shielding 

efficiency and improved performance compared to 

traditional materials such as lead and concrete. These 

advances are particularly important in biomedical fields 

for effective radiation protection [22]. Yilmaz et al. 

(2023) analyzed the properties of polymer shields 

containing boron, and the results of their research 

showed that these materials have significant advantages 

compared to traditional materials such as lead and 

concrete due to their lightweight, low cost, and better 

radiation absorption—especially against γ-rays and 

neutrons. These characteristics make the polymer shields 

very effective for various applications in the field of 

radiation protection [23]. Ozcan et al. (2023) stated that 

polyvinyl alcohol (PVA) nanofibers reinforced with 

boron carbide significantly increase the ability to protect 

against neutrons, with the attenuation of these rays 

improved by 50.31% compared to pure PVA. At the 

same time, this compound is not effective in the field of 

γ-ray protection; however, increasing the density of 

nanocomposite mats can help improve γ-ray attenuation 

[24]. Abdous et al. (2023) have shown that boron-based 

materials, especially h-BN nanocomposites, offer 

superior protection against γ-rays and neutrons 

compared to traditional materials such as lead and 

concrete, due to high neutron absorption and thermal 

stability. Also, this research identified the optimal 

performance at a weight concentration of 7% h-BN [25]. 

3.2. Gamma Radiation Shielding 

γ-rays, due to their high energy and penetrating ability, 

pose significant hazards, making effective protection in 

various locations such as medical facilities, nuclear 

power plants, and research laboratories critically 

important. Reda et al. (2024) evaluated HDPE/boron 

carbide composites for γ-ray protection, finding that 

samples incorporating iron and aluminum fillers provide 

significantly higher protective performance compared to 

pure HDPE. These results suggest that these composites 

could serve as effective alternatives to traditional 

materials like lead. Additionally, the presence of Fe and 

Fe2O3 fillers further enhances protective efficacy 

against γ-ray. Moreover, the HDPE/B4C/Al2O3 

composite also exhibits notable dielectric properties [26]. 

Priya et al. (2024) analyzed the protective properties of 

glass doped with rare earth elements and compared their 

effectiveness with traditional materials such as concrete 

and graphite. They emphasize the impact of elemental 

composition and density on attenuation coefficients and 

protective capabilities, revealing that high-density 

glasses show lower values of the Half-Value Layer 

(HVL) and tenth-value layer (TVL) [27]. Aye et al. 

(2023) investigated the attenuation characteristics of 

polymers such as PET, HDPE, PS, and PC for γ-ray 

protection. Their research highlights the capabilities of 

these materials in designing effective radiation shielding 

systems for various applications, including medical and 

research fields. Their findings indicate that Monte Carlo 

(MC) simulations effectively model the radiation 

attenuation process in polymers [28]. 

Ghule et al. (2024) explored unsaturated 

polyester/Bi2O3 composites as effective alternatives for 

γ-ray protection. The results demonstrate that these 

composites can replace lead for low-energy γ-ray 

applications. The potential of these materials in various 

environments such as medical facilities and research 

laboratories is emphasized, particularly noting that 

Bi2O3 UPR composites with 50% weight can effectively 

shield against low-energy γ-rays [29]. Another study 

examined the protective properties of γ-ray in a Bi2O3-

ZnO—B2O3-SiO2 glass system. The results indicate that 

a sample with a composition of 45Bi2O3—5ZnO—

20B2O3—30SiO2 outperforms other compounds and 

some Bi2O3-based systems, presenting itself as an 

effective lead-free alternative for γ-ray protection with 

superior shielding effectiveness [30]. Also, Levet's study 

focused on boron compounds for γ-ray protection, 

emphasizing that lanthanum borate has a significant 

advantage in shielding effectiveness. He compared 

experimental and theoretical results for various boron 

compounds and highlighted their impact on γ-ray 

protection, especially within energy ranges influenced by 

Compton scattering. The findings indicate that 

lanthanum borate provides the best performance in 

radiation shielding [18]. Saadu et al. (2024) investigated 

calcium barium aluminosilicate glasses reinforced with 

boron nitride (BN) nanotubes and emphasized the 

protective properties of this material against γ-ray. They 

identified BCAS/BNNT1 glass as the best option for this 

application, demonstrating improvements in mass 

attenuation coefficients and other attenuation parameters 

at various densities. Additionally, their research indicates 

a reduction in Mass Attenuation Coefficient (MAC) and 
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δa with increasing photon energy [31]. Kahraman et al. 

(2024) examined the protective properties of polyaniline-

boric acid composites, showing that these materials can 

effectively shield against γ-ray. Their results indicate that 

the mass attenuation coefficient of these composites has 

expanded uncertainties of 7.11%. Consequently, these 

composites are introduced as a promising alternative to 

traditional materials like lead for radiation protection in 

various applications. Furthermore, it was found that 

polyaniline- BN composites exhibit superior protective 

properties against neutrons, capable of reducing up to 

64.5% of thermal neutrons [32]. 

These studies collectively highlight the potential of 

innovative materials in enhancing γ-ray shielding 

effectiveness while addressing the limitations associated 

with traditional materials like lead. 

3.3. Nanoparticle Compositions in Polymers 

and Radiation Protection 

Incorporating NPs into polymers has demonstrated 

significant potential for improved shielding against both 

gamma and neutron radiation [33]. These composite 

materials offer enhanced shielding efficiency while 

maintaining lightweight and flexible properties. 

3.3.1. Radiation Shielding 

Rajabpour et al. (2024) analyzed nanocomposites 

prepared from Polytetrafluoroethylene (PTFE) with 

High-Z NPs such as pTO2, iRO2, and Bi2O3. The results 

of this study indicated that these nanocomposites 

significantly reduce the exposure of non-target tissues 

during radiotherapy, enhancing patient safety from stray 

photon doses [34]. Yastrebinsky et al. (2024) explored 

the application of boron-containing polyimide 

composites in secondary neutron radiation protection. 

The research demonstrated that adding boron (up to 5%) 

significantly reduces the gamma quanta dose rate while 

maintaining effective radiation protection, as well as 

preserving the lightweight and flexible properties of the 

materials [17]. Dorostkar et al. (2024) conducted 

research showing that Z-element-containing NPs, such 

as lead oxide, can maintain their lightweight and flexible 

properties when used in polyurethane foam. The study 

highlights the effectiveness of these materials in reducing 

the intensity of γ-rays, making them a suitable option for 

radiation shielding applications [35]. Ihsani et al. (2024) 

confirmed that high atomic number NPs embedded in 

polymer matrices improve the ability to shield against γ-

ray by increasing the material's density and atomic 

number. This improvement in attenuation properties, 

coupled with the preservation of lightweight and flexible 

features, is essential for providing effective radiation 

protection [14]. A study by Khalil et al. (2024) indicates 

that Fe2O3 NPs with high surface roughness, when 

combined with the nanomaterial polyaniline, 

significantly improve γ-ray shielding properties. The 

results of this research suggest that the linear attenuation 

coefficient for the resulting composite reaches 38.945 

cm, outperforming individual components and some 

commercially available materials [36]. 

3.3.2. Neutron Shielding 

Nagaraja et al. examined the radiation shielding 

properties of several boron-based polymers, including 

Polymer A-Polyborazilene (B3N3H4), Polymer B-4-

Vinylphenyl Boronic acid (C8H9O2B), Polymer C-

Borazine (B3N3H6), Polymer D-3-

Acrylamidophenylboronic acid (C9H10BNO3) Polymer 

E-Phenylethenylboronic acid (C14H19BO2), Polymer F-

4-Aminophenylboronic acid (C12H18BNO2) and Polymer 

G-3-Aminophenylboronic acid (C6H8BNO2). Their 

research assessed key parameters such as mass 

attenuation coefficient, linear attenuation coefficient, 

HVL, TVL, effective atomic number (Zeff), and electron 

density. They revealed that Phenylethenylboronic acid is 

particularly effective in absorbing X-ray, gamma, and 

neutron radiation, making it a promising material for 

shielding applications [37]. Yang et al. (2024), through 

MC simulations, concluded that Al-B4C and Al-TiB2 

composites significantly outperform concrete in thermal 

neutron absorption. Furthermore, research indicated that 

the efficacy of these materials improves with increasing 

boron weight fraction, making them particularly suitable 

for use in neutron-exposed medical environments [13]. 

Pylypchuk et al. (2024) explored the formulation of 

boron and gadolinium-containing composite materials 

extracted from natural polymers. These composite 

materials are capable of effectively absorbing neutron 

rays and also demonstrate potential for medical 

applications. The research suggests that combining 

natural polymers can be considered an innovative 

solution for radiation protection in clinical settings [38]. 

Khabazi et al. (2020) demonstrated that BN nanofibers 

are utilized to absorb thermal neutron radiation for the 

production and testing of hospital gowns. The samples 
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were prepared using the electrospinning method at 

weight percentages of 7%, 10%, 12%, and 15% of BN. 

These samples were exposed to a thermal neutron source 

and tested using an indium detector. The total cross-

section per unit mass for the samples and a cadmium 

sheet was measured under identical conditions for 

thermal neutrons, and their results were compared. The 

findings indicate that an increase in the boron ratio in the 

samples directly leads to a reduction in the number of 

transmitted neutrons, which signifies a uniform 

distribution of boron in the produced nanofibers. 

Furthermore, the total cross-section per unit mass 

measured for the samples was significantly higher than 

that of cadmium. The produced samples possess a fabric-

like structure, are amenable to cutting and sewing, are 

lightweight, and appear to be highly suitable for the 

production of protective gowns against neutron radiation 

[39]. A study by Erdoğan et al. (2024) shows that HfB2-

reinforced epoxy composites increase in efficiency for 

shielding against gamma and neutron rays with 

increasing HfB2 content. These findings demonstrate the 

potential of these composites as lightweight and effective 

alternatives for radiation shielding, particularly in fields 

such as nuclear medicine and space exploration [40]. 

Akman et al. (2024) examine the properties of polymer 

composites containing polyacrylonitrile and chromium, 

showing that these composites, particularly sample 

P0Cr50, have superior performance against gamma and 

neutron radiation. This superiority is due to the optimal 

dispersion and density of chromium in these composites, 

and the results of this study clearly state the importance 

of proper material composition in increasing radiation 

protection [41]. A study by Cherkashina et al. (2023) 

indicates that a polymer composite material that includes 

elements such as titanium hydride and bismuth oxide 

effectively protects against neutron radiation. This 

material shows a significant reduction in neutron 

intensity, especially at low energies, while possessing 

lightweight characteristics that make it suitable for 

shielding applications [42]. The study conducted by 

Abdous et al. (2023) demonstrate that boron-based 

materials, particularly h-BN nanocomposites, have a 

significant capacity for protecting against neutrons. 

These materials, with macroscopic dimensions of 3.844 

cm by 1 cm, effectively provide a screening ratio of 

96.12% against neutron rays [21]. 

3.3.3. Radiation and Particle Combined 

Shielding 

Some nanocomposites have demonstrated 

effectiveness against both gamma and neutron radiation. 

Yastrebinsky et al. (2024) provided a special 

examination of polyimide composites containing boron. 

The results of this research show that in samples with 3.0 

wt% boron, no secondary γ-ray explosions are observed. 

Also, the gamma quanta dose rate is significantly 

reduced by two to three times, leading to increased 

radiation protection while maintaining material integrity 

[17]. 

The study by Özdoğan et al. (2024) shows that 

composites reinforced with boron carbide and titanium 

oxide have effective protective properties against gamma 

and neutron radiation. Specifically, the BcTiO50 sample 

showed outstanding protective performance against 

photon radiation, while the BcTiO0 sample served as an 

excellent shield against neutrons [43]. A study by Vira et 

al. (2023) focuses on the design of HBn/HDPE 

composites, developed specifically for neutron 

protection, and demonstrates significant results in 

reducing the effective dose. However, this research did 

not explore the effectiveness of nanoparticle 

compositions in boron-containing polymers against γ-

ray [44]. 

Recent research by Dong et al. (2023) indicates that 

epoxy resin composites reinforced with BN powder 

improve their protective ability against thermal and fast 

neutrons, as well as γ-rays. These composites show better 

performance in maintaining mechanical properties 

compared to commercial shields, resulting in high 

effectiveness against both types of radiation [45]. 

3.3.4. h-BN and Gd2O3 Nanocomposites 

The study conducted by Kahraman et al. (2024) 

shows that polyaniline composites containing BN have 

superior properties in protecting against thermal 

neutrons. However, this research did not specifically 

examine the effectiveness of BN nanocomposites with a 

hexagonal structure or gadolinium oxide (Gd2O3) in the 

field of gamma and neutron radiation protection [32]. 

The study conducted by Oliveira et al. (2023) 

indicates that h-BN nanocomposites significantly 

improve protective properties against neutrons. 

Specifically, the linear and mass absorption coefficients 
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of these nanocomposites increased by 1.9 and 2.2 times, 

respectively, compared to pure polyimide, indicating 

their high potential in the field of radiation protection 

[46]. The study conducted by Chkhartishvili et al. (2023) 

examines the development of h-BN composites. These 

types of composites, along with boron carbide and 

tungsten composites, were examined to evaluate the 

efficiency of neutron protection. The main goal of this 

research was to increase radiation efficiency and respond 

to challenges related to γ-ray attenuation, and the results 

show that these composites are very useful for neutron 

shielding [47]. The Kaewsrithong et al.'s (2023) study 

focuses on polyester resin modified with boron carbide 

to examine the protective properties of this material 

against neutron radiation and does not specifically 

address h-BN or Gd2O3. The results of this research show 

that increasing the boron carbide content effectively 

improves the protective properties against thermal 

neutrons [12]. 

3.3.5. Epoxy-Based Composites 

The study by Elsafi et al. (2024) showed that 

integrating tin oxide NPs into epoxy resin leads to 

improved protective properties against γ-ray. The 

combination of micro and NPs not only enhances the 

protective performance of the materials but also 

preserves the lightweight and flexible features of epoxy-

based composites [48]. A study by Safavi et al. (2024) 

introduced a Gd2O3-epoxy composite that exhibits 

significant neutron absorption characteristics. This 

composite can reduce the intensity of neutron rays by 54 

to 70 percent at a thickness of 4 cm while maintaining 

the lightweight and flexible properties common in 

polymer composites [49]. 

Petrenko et al. (2024) conducted research showing 

that composites made with epoxy resin and filled with 

NPs such as antimony oxide and sodium tungstate 

exhibit special performance against γ-rays. These 

composites also maintain desirable properties, including 

lightweight and cost-effectiveness, making them 

promising options for cosmic radiation protection in the 

field of space exploration [50]. Abdelmalik et al. (2022) 

examined the effect of adding 2 wt% TiO2 NPs to epoxy. 

This research shows that this additive improves the 

mechanical properties and modifies the dielectric 

behavior of the materials. These improvements can help 

increase the resistance of these composites to radiation-

induced degradation, ultimately enhancing the potential 

of epoxy-based compounds to provide more effective 

neutron radiation protection [51]. 

Research conducted by Erdoğan et al. (2024) 

indicated that epoxy composites reinforced with HfB2 

exhibit improved protective effectiveness against γ-rays 

and neutrons with an increasing amount of HfB2, while 

simultaneously maintaining their lightweight properties. 

These characteristics render these materials a promising 

option for protective applications in fields such as 

nuclear medicine and space exploration [40]. Research 

conducted by Dong et al. (2023) demonstrates that epoxy 

resin-based composites reinforced with BN powder 

exhibit superior performance against both thermal and 

fast neutrons, as well as γ-ray. These composites provide 

a lightweight and flexible solution for radiation 

protection while maintaining a high mechanical strength 

of 12.78 megapascals [45]. 

3.3.6. High-Density Polyethylene Composites  

Protective materials against thermal neutrons based on 

HDPE composites are environmentally friendly and 

have been developed. The study by Toyen et al. (2024) 

showed that recycled HDPE composites containing 

Gd2O3 have advanced properties in the field of thermal 

and neutron protection. These features, along with 

maintaining lightness and flexibility, make these 

composites effective and environmentally friendly 

alternatives to traditional materials in the field of 

radiation protection [52]. The study by Awad et al. 

(2024) focuses on polyethylene composites and Bi2O3, 

and not on HDPE. The results of this research show that 

the combination of CuO and ZnO NPs leads to improved 

mechanical properties and gamma (γ) radiation 

protection efficiency. In addition, these compounds 

maintain their light and non-toxic properties, making 

them suitable for radiation shielding applications [53]. 

3.3.7. h-BN with Titanium Coating 

Chang et al. (2023) explored the use of hybrid NPs, 

including h-BN NPs, in polymer composites. These 

nanocomposites effectively help improve shielding 

performance against gamma and neutron radiation while 

maintaining their lightweight and flexible properties. 

These features make these composites suitable for a 

variety of applications, especially in the biomedical field 

[22]. Also, Özdoğan et al. (2024) demonstrated in their 

research that composites reinforced with titanium oxide 
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and boron carbide have high γ-ray shielding efficiency. 

In particular, the BcTiO50 sample, which contains 50% 

TiO2, is superior to other samples in the protection of 

photon radiation. This comprehensive analysis reveals 

the significant potential of nanoparticle-enhanced 

polymer composites for advanced radiation shielding 

applications [43]. Yastrebinsky et al. (2023) do not 

explore titanium NPs or h-BN coatings. Instead, they 

focus on composites containing boron polyimide that are 

resistant to heat, aiming to protect astronauts against 

secondary neutron radiation, and emphasize the 

effectiveness of boron in reducing the gamma dose rate 

[17]. 

3.3.8. Challenges and Future Directions 

While boron-containing materials show promising 

potential, significant challenges must be addressed to 

optimize their performance and ensure practical 

application in medical and industrial settings. One key 

challenge is balancing neutron shielding effectiveness 

with mechanical and thermal properties. Increasing 

boron concentration improves neutron absorption but 

can negatively impact the structural integrity of the 

material, especially at high temperatures. Identifying the 

optimal balance between boron content and mechanical 

characteristics is crucial for effective material 

development. Material thickness significantly affects 

radiation shielding efficiency. Boron-containing 

composites may not be substantially effective against γ-

rays unless combined with denser materials like lead or 

tungsten. Therefore, careful design is needed to 

determine the required thickness for achieving effective 

protection. The long-term stability of boron-containing 

polymers under operational conditions is a major 

concern. Exposure to radiation, temperature fluctuations, 

and environmental factors can affect the durability and 

performance of these materials over time. Continuous 

monitoring and evaluation are necessary to ensure that 

these materials maintain their shielding properties 

throughout their expected lifespan. 

Growing concerns exist regarding the environmental 

impact of using heavy metals in shielding applications, 

leading to a shift towards more sustainable options. The 

economic feasibility of producing high-performance 

materials remains challenging. While these materials 

offer advanced protection, the costs related to sourcing, 

processing, and manufacturing can hinder widespread 

adoption in clinical settings. Developing cost-effective 

production methods that maintain quality is essential for 

broader implementation. Future research should focus on 

developing novel composite formulations that 

incorporate boron compounds along with other materials 

to improve both neutron and γ-ray shielding capabilities.  

Establishing standardized testing protocols for 

evaluating the performance of boron-containing 

materials under various conditions is critically important. 

This includes assessing the effectiveness of these 

materials against different types of radiation (neutrons 

versus γ-rays) as well as examining their mechanical 

characteristics over time under simulated operational 

conditions. Such protocols will provide valuable data for 

informing material selection and design processes. 

Addressing the challenges associated with boron-

containing materials requires collaboration across 

multiple fields including materials science, engineering, 

medical physics, and environmental science. 

Interdisciplinary research efforts can help facilitate the 

development of innovative solutions that align with the 

principles of environmental sustainability. 

Additionally, as new materials are developed, it is 

essential to establish regulatory frameworks that govern 

their use in medical and industrial fields. These 

frameworks should ensure that all protective materials 

meet safety standards while encouraging innovation in 

material design. Collaboration with stakeholders 

including industry, academia, and regulatory bodies is 

important for developing guidelines that support safe 

practices. 

4. Conclusion 

The exploration of boron-containing polymers as 

radiation shields represents a significant advancement in 

the field of radiation protection. This review has 

analyzed the effectiveness of these materials in reducing 

neutron and γ-ray, demonstrating their potential to 

enhance the safety of patients and healthcare providers. 

Boron-based compounds, particularly boron carbide 

and BN, exhibit significant neutron absorption 

capabilities due to their high neutron capture cross-

sections. When these compounds are integrated into 

polymer matrices, they not only enhance the shielding 

efficacy against neutrons but also contribute to improved 

mechanical strength and flexibility of the resulting 

composites. The versatility of these materials allows for 
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custom designs that can meet the specific needs of 

clinical applications, making them suitable for use in 

medical centers where mobility and ease of use are 

essential. However, to fully realize the potential of 

boron-containing materials, several challenges must be 

addressed. Balancing shielding effectiveness with 

mechanical properties, ensuring long-term stability 

under operational conditions, and developing 

economical manufacturing processes are key areas for 

future research. Also, establishing standardized testing 

protocols and regulatory frameworks to guide the safe 

and optimized use of these materials in clinical settings 

will be essential. 
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