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This research includes the manufacture of a polymeric nanocomposite consisting of silicone rubber/polyurethane as a base, with the 
addition of the first filler of micro-lead with a ratio of 300 pphr and the second filler of nano-lead with different ratios (0, 0.2, 0.4, 0.6, 
0.8 pphr). With the addition of hexane (liquid state) to the superposition using the casting technique at room temperature. The structural 
properties of the surfaces of the samples were measured using Fourier transformation spectroscopy (FT-IR) and the scanning electron 
microscope (SEM). In addition to studying the mechanical properties represented by each hardness, tensile, elongation, and elastic 
modulus. (FT-IR) showed the absence of a chemical reaction for all samples. While SEM measurements showed a homogeneous 
distribution of micro-lead and nano-lead in the presence of hexane equally, and there were no voids in the eyes of the prepared rubber 
equally. For the mechanical properties, we see that the hardness, tensile strength and modulus of elasticity continue to improve with 
the increase in the number of lead nanoparticles. And a decrease in elongation as a result of inverse proportion to the modulus of 
elasticity. From the results obtained, this composite can be used in gamma ray attenuation applications in shielding, especially in 
medical and industrial fields. 
Keywords: Mechanical characteristics; Silicone rubber; Polyurethane; lead; Hexane; SiR-PU/micro-Pb/nano-Pb nanocomposites 
PACS: 61.25.he, 68.35.B, 68.37.Hk, 68.60.Bs, 28.41.Qb 

1. INTRODUCTION
A composite material is made of two or more different materials that are put together at a macroscopic level to create new 

qualities that can't be made by the parts working alone. Each material has its own chemical, physical, and mechanical qualities, 
unlike metal alloys [1]. Composites are made up of a reinforcing component and a matrix phase. Materials like polymers, 
ceramics, and metals can serve as the matrix phase, while fibers, flakes, or particles provide the reinforcing phase with the 
greater strength and stiffness. Most of the time, composite materials are put into four groups: fibrous composites, laminated 
composites, particle composites, and others [2]. The potential of composites as a strengthening material for many issues related 
to infrastructure deterioration has only recently become apparent to civil engineers and the building industry [3]. Composites 
are made by combining different materials that all have useful mechanical and physical characteristics [4]. In numerous 
engineering applications, the use of massive metals decreases the product's performance. Due to their high specific stiffness and 
strength, polymer-based synthetic fibre composites began to be used in numerous applications in 1930 to surmount this 
limitation  [5]. The goal of making hybrid composites is to improve the composite characteristics by using multiple reinforcing 
agents in a single polymer matrix. The reinforcement impact can be enhanced or diminished depending on whether multiple 
reinforcing materials are used together [6]. Silicone rubber is a widely used manufactured elastomer because of its high quality 
and versatility. Silicone rubber can be subdivided into various kinds based on differences in monomer, vulcanization conditions, 
applicable environments, etc. [7]. Silicone rubber's molecular framework was built from Si-O links that alternated with one 
another. The primary cause of silicone rubber's deterioration with age was the breakdown of its molecular structure in a hot 
atmosphere. There were two major categories to the aging mechanism of silicone rubber in a thermal oxygen environment. A 
rearrangement process was initiated, on the one hand, due to the breaking of the Si-O-Si bond. However, the silicone rubber 
molecule chain structure was altered due to the oxidation of side groups [7]. Polyurethanes (PU) can be found in a wide variety 
of contemporary products. They are a type of polymer that has found extensive application in the healthcare, transportation, and 
manufacturing sectors. Polyurethanes can be found in a wide variety of goods, including furniture, coatings, adhesives, building 
materials, fibers, paddings, paints, elastomers, and synthetic skins [8] . Today's catheters are typically made from polyurethane 
or silicon elastomer. Catheter-related bloodstream infections and thrombotic complications happened significantly more 
frequently with polyurethane catheters in a study comparing 698 venous-access ports implanted at the forearm made of both 
materials. However, mechanical failures like disconnection and catheter breakage are on the rise in silicon. However, this finding 
only applies to devices and catheters inserted through a brachial port, which are subjected to distinct mechanical forces than 
those experienced through a chest port. Rubber may have an effect on catheter-related complications, as evidenced by the fact 
that significant differences were observed with regard to the used catheter material [9]. Because effective radiation protection 
materials are readily available, it is possible to use technologies that generate ionizing radiation, such as gamma rays and 
radioactive sources, without risking one's health. In this context, advancements in efficacious radiation shielding materials have 
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gained a significant importance, which motivates the researchers working in the field of nuclear radiation to continuously search 
and fabricate new radiation, some of these studies are focused on developing composite materials by incorporation of various 
filler materials in various matrices so that the various properties of these materials will be merged and one effective composite 
radiation shield will be formed. In this respect, polymers are a good example because they are highly valued matrix materials 
that can be used to develop gamma-ray barriers that are light weight, resilient, and malleable [10,11]. Nano-particles due to 
extraordinary characteristics including a high surface-to-volume ratio, are incorporated into the polymer matrices to make 
polymer-nanocomposites that have a wide range of applications for dosimetry, calorimetric, and radiation protection purposes 
especially for diagnostic X-rays [12]. Silicon rubber matrix with nanomaterials can improve the gamma radiation attenuation 
characteristics of nanocomposites because nanomaterials are more uniform and exert less force in the composite, thereby 
enhancing the material's protective capacity [13]. Many fields, including manufacturing quality control, basic science, 
astronomy, astrophysics, nuclear engineering, medicine, and even space exploration, have made significant use of X-ray and 
gamma-ray technology. However, due to long-term exposure, ionizing radiation can be harmful to people working in the field, 
to equipment, and to the ecosystem. Shielding is the most efficient way to block harmful rays in radiation uses. Since lead is the 
most commonly used material for radiation shielding, its toxicity, weight, and disposal issues have severely constrained its 
application. As a result, alloys and glasses have been developed as progressively more suitable replacements [14]. In this present 
work, polymer nanocomposites were synthesized and its structural, mechanical and radiation properties were measured. From 
the unique results obtained, it can be used in shielding applications, especially in the medical and industrial fields. 

 
2. MATERIALS AND METHODS 

The materials used in the present work are silicone rubber and polyurethane as matrix, while micro-lead and 
nanoparticles are used as additives; a sensitive electrical scale for weighing small amounts of samples [15] with a hardness 
measuring instrument for measuring the rubber's hardness [16]; the (Shore-A) hardness tester (H-17A, Congenix-Wallac) 
tested hardness experimentally, English (Kingston) [17]. Silicone rubber is combined with a specific amount of (SiR80pphr-
PU20pphr/micro-pb300pphr) nano-Pb powder (99.5% purity, 50 nm diameter) is then doped at quantities of (0, 0.2, 0.4, 0.6, 
0.8 pphr) where the mixture was stirred for 15 minutes using a Stirrer (HT-120DX) and hexane to fill the gaps and 
homogenise the lead material by casting, to make nanocomposites of (SiR80/PU20/micro-pb300/nano-pb0.8). The rubber 
samples were tested by Fourier infrared spectroscopy (FT-IR) with the wavelength range (600-4000) cm-1 [18]. Scanning 
Electron Microscope (SEM) and measuring some mechanical characteristics of rigidity represented by the hardness, tensile, 
elongation and modulus of elastic [19]. And radiation characteristics using two elements, Cs137 and Co60, by an American-
made Geiger counter [20]. 
 

3. RESULT AND DISCUSSION 
Figure 1 represents the FT-IR spectra of the rubber composite of (SiR80/PU20/micro-pb300/nano-pb0.8), with hexane 

in the rang (600-4000) cm-1, where it was observed that there are no apparent changes in the radiation spectrum. Infrared 
for the rubber composite [21]. 

 
Figure 1. Plot of rubber composite (SiR80/PU20/micro-Pb300/nano-Pb0.8) of the sample without hexane and within hexane 

Even when the loading ratios changed, the presence of hexane closed the gaps in the rubber composite, and the 
lead distribution was equally distributed. The FTIR spectra displayed the unique bonds of vibrations. The FTIR spectra 
displayed the distinctive bonds of vibrations. These spectra of silicone rubber's distinctive peaks stretch from the 
functional groups generated in the composites when the crosslinker weight ratio increased. Absorption peaks at 
1258.4 cm−1, 790.75 cm−1, and 1010.90 cm−1 were attributable to methyl groups and Si-O bonds, respectively. The results 
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suggested that methyl groups on the side-chain were degraded during the corona process and the polymer main-chain 
became decomposed [22]. 

Figure 2. The sample consisting of (SiR80/PU20/micro-pb300/nano-pb0.8) was viewed on a scanning electron 
microscope (SEM) (Hitachi, Japan) before mixing the hexane. Image (B) shows lead heterogeneity and voids in the 
composite sample, while image (A) shows nanoparticles evenly distributed and no voids after mixing hexane. The two 
images are the same and have the same components and amounts [23-25]. Figure 3 shows the distribution function in 
numbers (B, B1), the diameter and area of the nanolead volume without hexane, and (A, A1), the diameter and volume 
area of the nano lead with hexane. This shows that the nano lead is evenly distributed over the sample. The polymeric 
chains crosslinked in image (A, A1) [26-27]. 

 
Figure 2. SEM image of: (A) when hexane is added, and (B) the sample without hexane 

 
Figure 3. Plot of particles distributive function for (A, A1) represents the diameter and volume area of Nano-lead when hexane is 
added. (B, B1) represent the diameter and volume area of Nano-lead without adding hexane.  

Table 1 represents the components of all batches of the composite (SiR80/PU20/micro-pb300) with different weight 
ratios of Nano-Pb (0, 0.2, 0.4, 0.6, 0.8 pphr). Table 2 represents the results of examining the mechanical properties of 
hardness, tensile strength, elongation, and modulus of elasticity. 

Table 1. Represented by fixed weight ratios of (SiR/PU/micro-Pb) with different weight ratios of (nano-Pb) 

Sample No SiR80 (pphr) + PU20 (pphr) (micro-pb) (pphr) (Nano-pb) (pphr) 
Sam 1 100 300 0 
Sam 2 100 300 0.2 
Sam 3 100 300 0.4 
Sam 4 100 300 0.6 
Sam 5 100 300 0.8 
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Table 2. Represents the results of the mechanical characteristics examination represented by hardness, tensile, elongation and modulus 
of elasticity. 

Sample No Hardness 
(Shore A) 

Tensile Strength 
(Mpa) 

Elongation at 
% 

Elastic Modulus 
(Mpa) 

Sam 1 29.7 0.544 127.5 4.2×10-3 
Sam 2 30.1 0.564 125.5 4.4×10-3 
Sam 3 32.5 0.577 120.5 4.7×10-3 
Sam 4 34.0 0.597 117.5 5.0×10-3 
Sam 5 34.7 0.614 113.5  5.4×10-3 

Figure 4. It is clear that the measured hardness values for the surface of the rubber doughs increased gradually and 
irregularly with the increase in the amount of the additive (Nano-Pb). The reason for this is due to the interference that 
occurs between the supporting material and the base material, which increases the value of the hardness. The reason for 
this is due to the occurrence of some cross-linking between the rubber chains and the additive inside the prepared dough 
that is responsible for resisting the external forces applied to it, which increases the hardness of the surface of the prepared 
material and this agrees with previous research [28]. 

Figure 4. Plot of change the hardness for different blends 
samples 

Figure 5. Plot of change the tensile strength for different 
blends samples 

Figures 5, 6 and 7 show the effect of Nano-lead powder additive with loading ratios (0,0.2,0.4,0.6,0.8 pphr) on some 
mechanical characteristics such as tensile, modulus of elasticity and elongation of the rubber composite consisting of 
silicone rubber (80). and polyurethane (20) for rubber batches, and as a result of the comparison between the effects of 
mechanical tests (tensile resistance, modulus of elasticity and elongation) as well as the radiation characteristics of the 
batches models [29]. 

Figure 6. Plot of change the elastic modulus for different 
blends samples. 

Figure 7. Represents change the elongation for different blends 
samples 

The sample (5) with components (SiR80/PU20/micro-pb300) with (nano-pb0.8) pphr was more appropriate. It achieved 
the mechanical characteristics as we notice from the figures a slight increase in the tensile strength, modulus of elasticity 
and a decrease in the amount of elongation with the increase in the loading ratio of the Nano-lead powder [30]. This is 
due to the rise in the physical bonding and the cohesion of the filler with rubber. The Nano lead powder (Pb-nano) has a 
small granular size that increases the surface area for diffusion and, thus, the formation of a larger amount of crosslinking 
with the rubber chains, and this is consistent with previous research [31]. It is also noted from the numbers that the 
decrease in the elongation diagram is explained based on the material’s arrival to the point of application, where the 
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material continues to resist until its resistance collapses as a result of the lack of space between the rubbers. The chains, 
as they are in a certain percentage, do not bear the added material, which leads to cracks and toxins in the sample. 
Flexibility, and this is consistent with previous research [32]. As for the increase in the modulus of elasticity, it can 
indicate a strong drop in elongation, and as a result of its inverse proportion to the modulus of elasticity property [33]. 
Due to the obvious increase in the modulus of elasticity and tensile strength, the loading percentage of the nano-additive 
material is increased.  

Figure 8 shows the graphical relationship between thickness and penetrating radiation (N) when using a Cs137 
radiation source and different loading ratios of (Pb-nano). Where a decrease in the value of the thickness of the half X1/2 
and an increase in both linear and mass absorption coefficients were observed with increasing loading ratios. This is due 
to the efficiency of the prepared composite in absorbing and attenuating the rays used, and this efficiency increases with 
increasing the loading percentage of lead nano powder [34] (see Table 3.). From equations (1,2) we obtain the linear 
absorption coefficient (µ) and the mass (µm). µ /                                                                                           (1) µ  µ                                                                                          (2) 

Figure 8. Graphical relationship between thickness and the number of penetrating radiation (N) when using a source (Cs137) for 
different loading ratios of (Pb-nano). 

Table 3. Linear and mass absorption coefficient and half thickness of cesium source Cs137 for different loading ratios of Pb-nano 
powder for rubber samples. 

Batch No Nano-Pb X1/2 (mm) µ (cm-1) µm (cm2/gm) 
A 0 1.678 4.131 1.487 
B 0.2 1.390 4.987 1.622 
C 0.4 1.288 5.381 1.723 
D 0.6 1.178 5.887 1.877 
E 0.8 1.186 5.842 1.861 

Figure 9 represents the results obtained for the Co60 cobalt source. The second source of electromagnetic radiation, 
the Co60 source, was used to examine the superimposed rubber models. We observed a decrease in the thickness of the 
half when the percentage of additive loading was increased. Basically about the number of particles in the radiation 
path [35], see Table 4. 

 
Figure 9. Graphical relationship between thickness and the number of penetrating radiation (N) when using a source (Co60) for 

different loading ratios of (Nano-Pb) 
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Table 4. Linear and mass absorption coefficient and half thickness of cobalt source Co60 for different loading ratios of nano-Pb powder 
for rubber samples. 

Batch No Nano-Pb X1/2 (mm) µ (cm-1) µm (cm2/gm) 
A 0 1.624 4.269 1.537
B 0.2 1.389 4.991 1.623
C 0.4 1.234 5.616 1.799
D 0.6 1.108 6.253 1.994
E 0.8 0.985 7.040 2.243

4. CONCLUSIONS
The purpose of this research is to better understand the characteristics of (SiR80/PU20/micro-pb300/nano-pb0.8) 

nanostructures for use as radiation shielding in the medical and industrial fields. These findings from our study allow us 
to conclude:  

1- When nano lead powder was added to the batch for the prepared composite of (SiR80/PU20/micro-Pb300) with a
ratio of (0.8pphr) on the mechanical properties, it led to an increase in tensile strength, hardness modulus and modulus of 
elasticity with a decrease in elongation. 

2- The prepared rubber batch samples were examined with the FTIR device, and it was noted that there was no
change in the rubber composites and We gradually obtained a physical correlation in all the composites. 

3- Also, the rubber batch samples examined by the (SEM) device were examined, as the lead was distributed evenly, 
and there were no voids on the samples prepared in the presence of hexane. 

4- The lowest thickness and the largest linear and mass absorption coefficients were obtained at the loading ratio
of 300 pphr and 0.8 pphr when using the Co60 source. 

5- The samples were tested for attenuation of radiation from the sources Cs137 and Co60 whose decay energy is
1.17563 MeV and 2.82307 MeV, respectively. The results indicated that the linear absorption coefficient (μ) and mass 
absorption coefficient (μm) are continually growing, while the half-thickness (X1/2) is decreasing with ray attenuation. 

6- The sample was selected (SiR80/PU20/micro-Pb300/nano-Pb0.8) it can be used in armor applications as an armor
suit to protect workers in the medical and industrial fields. 
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ВПЛИВ НАНОЧАСТИНОК СВИНЦЮ НА СТРУКТУРНІ, МОРФОЛОГІЧНІ ТА МЕХАНІЧНІ 

ХАРАКТЕРИСТИКИ (SiR-PU/Micro-Pb) КОМПОЗИТІВ ТА ЗАСТОСУВАННЯ 
ДЛЯ ЗАХИСТУ ВІД ВИПРОМІНЮВАННЯ 

Муса Хаван Наемa, Самір Хасан Хаді Аль-Несравіa, Мохаммед Х. Аль Мааморіb 
aКафедра фізики, Освітній коледж чистих наук, Вавилонський університет, Аль-Хілла, 51001, Ірак 

bКафедра біомедичної інженерії, Інженерний коледж, Університет Аль-Мустакбал, Вавилон, Аль-Хілла, 51001, Ірак 
Це дослідження включає виготовлення полімерного нанокомпозиту, що складається із силіконового каучуку/поліуретану як основи, 
з додаванням першого наповнювача з мікросвинцю із співвідношенням 300 pphr та другого наповнювача з наносвинцю з різними 
співвідношеннями (0, 0,2, 0,4, 0,6, 0,8 pphr). З додаванням гексану (рідкий стан) до суперпозиції методом лиття при кімнатній 
температурі. Структурні властивості поверхонь зразків вимірювали за допомогою спектроскопії з перетворенням Фур’є (FT-IR) та 
скануючого електронного мікроскопа (SEM). Також вивчались механічні властивості, асаме твердість, розтягування, відносне 
подовження та модуль пружності. (FT-IR) показав відсутність хімічної реакції для всіх зразків. У той час як SEM вимірювання 
показали рівномірний розподіл мікро- та нано-свинцю в присутності гексану, і відсутність пустот в підготовленій гумі. Стосовно 
механічних властивостей спостерігалось, що твердість, межа міцності та модуль пружності покращувалися зі збільшенням кількості 
наночастинок свинцю і зменшення подовження в результаті обернено пропорційно модулю пружності. З отриманих результатів 
видно що ця сполука може бути використана для ослаблення гамма-випромінювання, особливо в медицині та промисловості. 
Ключові слова: механічні характеристики; силіконова гума; поліуретан; свинець; гексан; SiR-PU/мікро-Pb:нано-Pb 
нанокомпозити 


