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Abstract

This study includes the preparation of a rubbery-polymeric batches that
Is mainly used in the production of a protective suit for radiation shielding.
Silicone rubber (SiR) was chosen as a basic material in the work with
polyurethane (PU) in different weight ratios of (100:0, 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70, 20:80, and 0:100) pphr With hardeners a ratio 1:1

The mechanical properties such as tensile strength, elongation, hardness,
and modulus of elasticity were examined of the (SiR:PU) rubber blend.
Hardness was measured using stand ASTM-D1415 (Shore A), and tensile
testing was done used stand ASTM-D 412-88 (T10-Tensometer). Sample

(SiRgo:PUy) was the most suitable for mechanical properties.

The micro lead powder was added to (SiRgy:PU,) rubber blend as a
reinforcement material in different loading ratios of (0, 20, 40, 60, 80, 100, 150,
200, 250, and 300) pphr for each (SiRgo:PUx) rubber blend.

Infrared spectrometry (FTIR) was performed on the rubber blends, as
was scanning electron microscopy (SEM), where the lead was equally
distributed on the SiR:PU/micro-Pb composites. Then the mechanical
properties represent of hardness, tensile strength, elongation, and modulus of
elasticity were examined. The samples were presented to examine the
properties of the radiation by using a Geiger counter using two radiation
elements (Cs®7) and Co®. The sample SiRgo:PUx/micro-Pbsg Was selected as

the most suitable.

Rubber composites (SiRgo:PU2/micro-Pbsge) were cast using a casting
method, and then nano-lead material was used as a support material at several
weight ratios of (0, 0.2, 0.4, 0.6, and 0.8) pphr. The samples were characterized
by FTIR and SEM. The samples were also examined for mechanical properties
and radiation properties by using a Geiger counter using two radiation elements

(Cs®¥) and (Co%). According to the results of linear absorption coefficient (),
I



mass absorption coefficient (um), and half thickness (Xi,,), the loading ratio of
nano and micro lead powder in hexane increases the linear and mass absorption
coefficients and decreases the half thickness. This holds for all radioactive

sources.

The nanocomposite  of  (SiRgo:PUz/micro-Pbsg:nano-Pbyg)  was
demonstrated high radiation attenuation efficiency compared to other samples
, which makes it suitable for use in shielding applications as an armored suit to

protect medical and industrial fields.
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Chapter one Introduction and Literature Review

Chapter One: Introduction and Literature Review

1.1 Introduction

Historically, "rubber" has been used for any material that deforms
under stress with a relatively modest load or deflection ratio and then snaps
back into place with surprising vigor. There is no longer any external
pressure. Different materials may be roughly separated into natural

and synthetic rubber categories based on these criteria [1] .

Silicon rubber (SIiR) is a unique rubber that exhibits remarkable
durability under extreme conditions. SiR-based conductive composites are

popular in wearable electronics [2].

Polymers have rapid growth in recent years at the cost of more
conventional materials in both traditional uses and emerging applications
and markets. This increase may be attributed to many useful characteristics
of materials', including their low weight, resistance to corrosion, simplicity
of processing, and cost-effectiveness. Elastomers, a class of natural
and synthetic polymers, are valued for their widespread use in the production
of elastic bands, tires, seals, hoses, etc., as well as for their capacity
to recover entirely from significant deformations while maintaining
instantaneous elasticity [3]. The mechanical characteristics of the blend of
BR: SBR and EPDM was sought by conducting compression resistance and
shore hardness tests to determine the variation in properties as a function of
the amount of synthetic rubber present in the sample. This is necessary
because the market is flooded with elastomers, each possessing unique

mechanical properties [3].

1.2 Liquid Silicon Rubber
It is a synthetic rubber manufactured in China from a silicone
compound composed of silicon, carbon, hydrogen and oxygen [4]. A Variety

of Silicone Rubber Compositions Silicone rubber, which finds widespread
1
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use in manufacturing, often consists of a dual polymer composition, with
the addition of fillers for either improved qualities or lower costs, calling this
material “silicon” is misleading. Chemists use the suffix to refer
to substances in which an oxygen atom forms a double bond with another
atom in the main chain. For a while after the discovery of silicon, scientists
believed that its oxygen atoms were linked in this way, the appropriate
technical word for many silicone rubber formulations is dimethyl,

polysiloxane, and silicone rubber [5].

Silicon dioxide, also referred to as silica, is abundant in large
quantities within quartz sand. Several techniques involve applying heat
to a blend of silicone and methyl chloride. Polydimethylsiloxane, the
resulting polymer, may be subjected to additional polymerization methods,
which vary based on the desired application. In the context of injection or
extrusion molding processes, it is common to include a catalyst, along with
other additives such as colors, in the raw silicone compound. The
manufacturing process ends with the curing stage[6]. Table (1-1) presents

some properties of silicone rubber [7].

Table. (1-1): Some properties of liquid Silicon Rubber [7]

Property Value
Chemical formula [-Si-O-]n
Chemical symbol SiR
Color Liquid white
Density (0.95 - 1.20) g/cm®
Molecular Weight 28.085 g/mole
Melting point 1410 °C
Boiling point 2355 °C
Glass transition temperature (Tg) -125 °C
Melting temperature (Tp) 450 °C
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1.3 Liquid Silicon Rubber Properties (L-SiR)

The L-SiR exhibits consistent performance across a temperature
range of 100 to 300, showing remarkable resistance to extreme cold
and heat [8]. In addition to its resilience, elasticity, and resistance to creep,
repetitive bending, rupture, and deformation under pressure, silicon rubber
is also a superb thermal insulator and a good electrical (high voltage)
insulator. Tensile strength at high temperatures surpasses even organic
rubber materials, and it may be used as a fireproofing measure in certain
cases. These properties make silicone rubber the material of choice for initial
shape retention and mechanical strength under extreme conditions of heat
or cold [9].

1.3.1 Liquid Silicon Rubber Applications

One of the primary distinguishing characteristics of this particular
category is its inherent safety, as shown by medical equipment,
blood vessels, and other related entities. The food industry encompasses
it [10]. Certain businesses need materials that can survive high
temperatures. In these sectors, the backside of rubber and printing modules
Is used to create certain forms. For instance, gypsum molding is employed
in decorative works, while shapes for jewelry, buttons, and other industries
are also produced using this method [11]. Liquid silicone rubber is also
manufactured for biosciences applications (syringe pistons, closures
for dispensing system, respirator masks), cosmetic products (mascara
brushes, makeup packaging, make-up applicators, lipstick molds) and optics
products (circular lenses, apparatus for producing collimated rays, Fresnel
lenses and the free form lenses [12]. Freeze-tolerant solar water heating
panels use the flexibility of silicone to accommodate expansion of water

when repeatedly frozen [13].
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1.3.2 Peroxide Treatment System

The silicon rubber industry makes extensive use of peroxide treatment.
By-products from the curing process may be unsafe in food contact
and medicinal settings. However, the peroxide breakdown products
are considerably reduced when these products are treated in the (Postcure)
furnace [14]. Dicumyl peroxide, one of the two most common organic
peroxides, dissociates mostly into acetophenone and phenyl-2-propanol.
There's also dichlorobenzene peroxide, which breaks down mostly

into dichlorobenzoic acid and dichlorobenzene [15].

1.4 Polyurethane

Any long-chain organic composite with a urethane backbone is called
polyurethane [16]. PU is a typical shorthand for it acts as an insulator
to keep whatever it's covering safe from extreme temperatures or corrosive

environments [17].

The composition is comprised of a sequence of organic entities that
are chemically linked to a urethane moiety [18]. polyurethane (PU) to give
durability and protection to the objects it covers from heat, cold, due
to extensive uses [19, 20]. Polyurethane is the product of the reaction
between an isocyanate with two or more isocyanate groups per molecule
[R (N = C=0),] and a polyol with two or more hydroxyl groups per molecule
(R’ - (OH))n [21]. When an activator or catalyst is [22, 23].

The isocyanates and polyols employed in its production significantly
impact the material's final qualities. Polyols' lengthy, pliable segments make
for a supple polymer, whereas extensive chemical crosslinking makes
something stiffer. Flexible polymers are produced by using elongated chains
that possess a limited number of interconnections. Conversely, strong
polymers are derived from shorter chains that exhibit a higher density

of crosslinks. Additionally, foam polymers that are deemed beneficial

4
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are created by employing elongated chains with intermediate
networks [24]. Due to its crosslinks, polyurethane has a substantial molecular
weight and three-dimensional network structure. Some industries treat
polyurethane as a single, massive molecule; thus, ordinary polyurethanes
don't melt or discolors when heated. These polymers are known
as "thermoplastic polymers." Polyurethane's adaptability stems from the fact
that its qualities may be tailored by adding various additives
and manufacturing conditions, in addition to the chemistry of polyols
and isocyanates [25].During production, small amounts of foaming agents
can be added to polyurethane foam (including foam rubber), resulting
in a lower-density foam with improved energy absorption and thermal
insulation. This, along with the many other additives and processing
conditions, gives polyurethane its wide range of properties, making
it a polymer with many applications [26]. The molecular units
of the polyurethane, shown as [-NH-(C = 0)-O-] in the Figure (1-1),
are urethane groups. Table (1-2) represents some of the properties

of polyurethane [24].

| ||
0=C=N (|: N=(=0 + HO—C—T—OH
1|1 H H
_o H 0 H H |
| | [
_y —+C—N C N—(—0—C—(—04—
L L L,

Fig. (1-1): The chemical formula of polyurethane [27].

5
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Table. (1-2): Some properties of polyurethane [28]

Property Value
Chemical formula C1704H16N>
Chemical symbol PU
Color yellow
Density 1.005 g/cm?®
Molecular Weight 548.59 g/mol
Melting point 48-50 °C
Boiling point (182-184) °C
Glass transition temperature (T,) 200 °C
Melting temperature (Tp,) 163 °C

1.4.1 Polyurethane Applications

The PU material used in parking garage floors is not easily removed
because it prevents water leakage and has strong abrasion resistance, quartz
grains (sand) are added to the coating to give it a rough surface and enhance
the anti-slip property, which extends the life of the coating from 8 to 10 years
with regular maintenance. which in general protects the concrete surfaces
and closes the pores of the concrete. It is also used in the manufacture
of skateboard wheels and is also used in sleeping mattresses with various
degrees of density, some of which are formed by the temperature of the

human body for more comfort [29, 30].
1.5 Hexane

Hexane is a byproduct of petroleum refining and crude oil,
It is a transparent liquid with a slight smell of gasoline. The flammability
of hexane is very high. However, it is included in a wide range of everyday
products, including stain removers. Due to its toxicity, proper handling
and storage of this chemical is extremely important. Of industrial and
chemical applications, Plastic and rubber industry, Organic Chemistry, Paint
Industry Scientific research [31, 32]. Table (1-3) represents some

of the properties of hexane.
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Table. (1-3): Some properties of Hexane [24]

Property Value
Chemical Formula CeH1a
Chemical Symbol HS

Color colorless
Density kg/m?
Molecular Weight 86.18 g/mol
Boiling Point 68.7 °C
Melting Point 275 °C

1.6 Lead

Lead, denoted by the chemical formula (Pb) with atomic number 82,
The fourth group's fourteenth table (based on the overall grouping system's
designations). Lead, a heavy metal with a high specific gravity, is a dense
metal often found in a blue silver that rapidly loses its shine
to an opaque gray upon exposure to air [33]. Several alloys include lead as
an ingredient. It is also a soft, malleable metal that is ductile
and malleable. Its value was in the chain of radioactive integrity decay chain.
The distinctive properties of lead, from its dense, melts at a low temperature,
and is chemically inert to oxidation; to its high relative abundance and low
price, helped it to be used in many applications that included, for example,
construction, radiation protection, plumbing, the manufacture of batteries,
bullets, projectiles, weights and various alloys such as alloys welding, pewter
and eutectic alloys; In addition to its previous use in the field of paints
and its addition to car fuels (in the form of tetraethyl lead) . Where
the volume of micro-lead is (249.307). As for the volume of nano-lead

(86.483), according to the information recorded within the lead cans [34].

Lead is a toxic metal, which led to the limitation of its applications
in most countries after the discovery of its toxicity. Lead negatively affects
biological bodies, where its effect is similar to neurotoxins in terms
of the ability to damage the nervous system and disrupt the functional

performance of the some vital enzymes, the causing neurological

7
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and the movement disorders [35]. Table (1-4) represents the physical

properties of lead in general.

Table (1-4): Represents the physical properties of lead [34].

Property Value (unit)
Atomic Number 82
Chemical Symbol Pb
Color Silvery bluish, gray exposed to air
Density at Room Temperature 11.34 g.cmt
Melting Temperature(Tm) 4.77 K. J. mole 1
Glass Transition Temperature(TQ) (140-370) °C
Molecular Weight 207g/mole

1.7 Literature Review

In 2014, G. Ossola, and A. Wojcik [36], they used rubber
in concrete to reduce the compressive and flexural strength, where
the surface treatment of the reanimated rubber with concrete was carried out
with ultraviolet light by changing the energy of the surface exposure
to radiation and the strength of cohesion between cement and rubber, where
the water retention method was used to determine the length The most
effective wavelength, the samples were exposed to UV rays for different
periods of time, and a flexion test was performed. It was found that
the samples that were not exposed to radiation gave low values compared
to the samples that were exposed to radiation. Also, the samples that do not
contain recycled rubber are weaker by 6% than the samples treated with

rubber.

In 2014, S. H. AL-Nesrawy et. al. [37], studied the effect of adding
some industrial waste, which is cement kiln dust and recycled rubber
as fillers, in addition to carbon black (N375) to support rubber kneaders
consisting of synthetic rubber (styrene-butadiene) (SBR 1502 ) and (BR cis)
in addition to natural rubber (NR SMR 20), to fabricated is SBR/NR/BRCIS,
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SBR/NR SBR/BRCIS used in the manufacture of fenders for ships, where
the mechanical properties of hardness, tensile strength, elongation, tear

resistance, compressibility, and wear were studied.

In 2016, G. Shi et. al [38], Graphene platelets (GnPs) and silicon
rubber may be utilized to make high-performance strain sensors
and stretchable conductors quickly, cheaply, and scalable. GnPs with
changeable gauge factors of 27.7-164.5 have increased piezoresistivity,
determined from experimental data. The composite film's excellent linear
and reproducible sensitivity tensile stresses are due to it. Health monitoring
applications like finger bending and pulse detection perform well with hybrid
sensors built on different days. Their functions include electronic skin,
vibration sensors, and HMI controller. Equivalent Pb shielding. Shielding

tests should be done independently for each new lab or hospital radioisotope.

In 2016, S. A. Seyedmehdi, et. al [39], Manufacturing method, silicon
fluid, rubber type, and coating thickness affect the hydrophobic properties
of silicon rubber coatings for high voltage insulators. Silicon rubber
and nanofluidic particles were mixed and cured at room temperature to make
these coatings. The manufacturing procedure might increase coatings'
contact angle and minimize slide angle. Silicon fluid reduced coating
hydrophobicity. Silicon rubber layers with silica filler had lower contact
angles and higher sliding angles. Hydrophobicity and surface roughness
depend on coating thickness. A command unit with an HMI provides Pb-like
protection. The shielding test should be done before using any new

radioisotope in the lab or hospital..

In 2017, A. Hashim and A. Had [40], studied research several uses
for polymer nanocomposites have been researched, including constructing
containment structures for people and equipment in nuclear power plants

and hospitals. This article focuses on preparing new polymer nanocomposites

9
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with excellent linear attenuation coefficients for nuclear radiation
shielding. Synthesized and analyzed the optical characteristics
of nanocomposites comprised of polyvinyl alcohol, polyacrylic acid,
and lead oxide nanoparticles of varying component concentrations. The
absorbance of a polymer mix and the optical constants both rise with
increasing concentrations of PbO, nanoparticles while the energy band gap
narrows. Testing of the nanocomposite for gamma radiation shielding

revealed very high attenuation coefficients.

In 2018, H. Yang et. al [41], used systematic approach to examining
the electromechanical characteristics of graphene-silicon rubber
nanocomposites. In the first step, conductive nanocomposites are made
by co-coagulating graphene and silicon rubber, which results in a decreased
percolation threshold at 1.87 wt.% (0.94 vol%). Rubber nanocomposites
with varying amounts of graphene show excellent strain sensitivity
(gauge factor > 143), a broader strain sensing range (>170%),
and strong recoverability and repeatability through repeated loading
and unloading. For a full description of the electromechanical characteristics
and an explanation of the shoulder peak phenomena, an analytical model
is created based on the connection of the graphene nanosheets

and the viscoelasticity of the rubber matrix.

In 2018, A. E. Ersundu et. al [42], used a melt quenching process,
a novel series of heavy metal oxide (HMO) glasses with the composition
10WO3-xM003-(90-x)TeO, with x = 10-40 mol% has created and examined
for their possible use in radiation shielding.Examined gamma attenuation
characteristics such as the mass attenuation coefficient (MAC) and the half
value layer (HVL) in an optimal transmission architecture. After determining
the ranges in which electron, proton, and alpha particle interactions occur

and the macroscopic removal cross sections for fast neutrons, the produced

10
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glasses' shielding abilities against fast neutron and charged particle radiation
were examined. Normal concrete and glass made with lead (Pb) were used
as comparisons wherever feasible. When compared to other glasses, as well
as concrete and Pb-based shielding glass, it was determined that the 10WO3-
10Mo003-80TeO; glass sample exhibited good shielding qualities.

In 2018, D. Toyen, et. al [43], This paper examined potential
alternatives to soft lead (Pb). Oxides like iron (Il and I11) oxide (FesQO,),
tungsten (I11) oxide (W,03), and bismuth (111) oxide (Bi,O3) were introduced
as gamma-shielding materials to improve the properties of the natural rubber
(NR) system and reduce the risks associated with Pb. The results showed that
the gamma attenuation coefficients, tensile modulus at 100% elongation,
and hardness (Shore A) all improved with increasing oxide content
from 0 to 100, 300, and 500 parts/100 parts of rubber by weight (pphr),

despite a decrease in tensile strength and elongation-at-break.

In 2019, F. Cataldo and M. Prata [44], synthesized a castable
polyurethane (PU) with soft segment made by polytetrahydrofuran polyol
derived from renewable sources was used as polymer matrix to prepare
neutron shields. Both the linear pu and massic attenuation coefficient wp
of the two PU composites were determined. FT-IR spectroscopy and DSC
before and after neutron processing with a total dose of 1.5 x 101 ¢cm™,
No significant changes were detected neither in the FT-IR spectra behaviour
confirming the excellent radiation resistance of PU and its suitability

as polymer matrix for neutrons and more in general radiation shielding.

In 2020, M. Wortmann et. al [45], studied the vacuum casting
technique using silicon molds is one of the most common uses of quick
tooling. It is widely used to produce polyurethane prototypes
for manufacturing. The isocyanate in the polyurethane resin diffuses

into the surface of the mold cavity during the casting process, reducing

11
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the mold's longevity over time. This article provides the first detailed account
of the molecular-level chemical and physical processes at work. Inside
the polydimethylsiloxane matrix, the isocyanate is shown to polymerize
with water to produce polyurea. Under mechanical demolding pressures,
polyurea clusters that arise from the ensuing interpenetrating polymer
network due to prolonged exposure to isocyanate encourage fissure

formation.

In 2021, J. Liu, et. al [46], Introduces a new nanoparticle-reinforced
silicone rubber compound that is both strong and sticky. The novel
composite has a tensile strength of up to 10.4 MPa and an adhesive sheer
force of up to 90 kPa, much more than that of the well-known silicon rubber
product Sylgard184. In addition, the composite's high adhesion capability
Is remarkably stable after many hours of usage or after being attached
and detached repeatedly. As an adhesive material, the present composite
seems superior to current silicon rubber goods. It also has prospective uses

in producing sophisticated adhesive devices, such as wearable electronics.

In 2021, F. I. ElI-Agawany, et. al [47], Examined the physical
properties, neutron and gamma-ray shielding abilities of a lead (Pb)-silicate
glass system doped with sodium oxide (Na,O), from 32.70 to 76.93,
with the greatest value in the NSPs glass sample. The estimated exposure
buildup factor values for all glasses examined were higher than the energy

absorption buildup factor at constant energy and penetration depth.

In 2022, H. Aboud, et. al [48], they effected of lead (Pb) activation
on certain properties of recently discovered bismuth (Bi)-cadmium (Cd)-
barium (Ba)-borate (B,03) glasses is discussed. Melt-quenching was used
to make mirrors with the formula B,O3-Bi,03-CdO-BaO-PbO with different
amounts of PbO doping (from 0 to 20% mol) and to describe them. XRD

determined that the as-quenched samples were indeed glassy. There

12
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was an analysis of the glasses' molar volume, density, and band gap energy
versus Pb concentration. The glasses Raman and Fourier transform infrared
spectra revealed distinct effects of PbO on the structures of the various
glasses based on their compositions. There was a positive correlation
between the amount of PbO in the samples and their attenuation coefficients.
There was a significant shift in the removal cross sections for fast neutrons,
and the best-ray shielding property was observed in glass samples containing
the most Pb.

In 2022, O. Kilicoglu et. al [49], This paper contains Microlead (Pb)
loaded polymer composites. They were investigated for potential use
in radioprotective applications, such as shielding construction. The data
show that the composites' mass attenuation coefficients for various photon
energy scales linearly with the filler loading. For nuclear radiation shielding,
the Pb (20%) micro composite was shown to were very high attenuation

coefficients for photon radiation.

In 2023, Z. Rajabimashhadi, et. al [50], Investigated this research
Microlead (Pb)-loaded polymer composites were investigated for potential
use in radioprotective applications, such as shielding construction. The data
show that the composites' mass attenuation coefficients for various photon
energy scales linearly with the filler loading. Simulation of transmission tests
using FLUKA and GEANT4 Monte Carlo software, the Pb (20%) micro
composite was shown to was very high attenuation coefficients for photon

radiation.

In 2023, H. A. Al-Samed, et. al [51], They focused on the socket,
which is the top part of the prosthesis that touches the severed limb. Friction
between the skin and the socket, local pressure, and germs cause skin
irritation and an unpleasant odor. Silicone rubber lining can compress

customization, absorb moisture, and be antibacterial to fix this. The silicone

13
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rubber was reinforced with certain percentages of polyurethane foam (0, 10,
15, 20, 25, 30, and 35%) and the percentage was (20%) showing the best
result. PU was used as a filler to improve the silicone rubber properties,
it can have a direct effect on the tensile strength, modulus of elasticity,
percentage of elongation as well as hardness. The molecular structure

was evaluated by FTIR.

1.8 Aim of This Study

Impact of micro and nano lead on structural, morphological,
and mechanical properties of silicone-polyurethane composite for radiation

shielding Applications.
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Chapter Two: Theoretical Background

2.1 Introduction

This chapter provides a comprehensive overview of the theoretical ideas,
scientific explanations, and mathematical relationships pertaining to the
qualities under investigation. These attributes include mechanical, structural,

and radiation characteristics that have been attained.

Silicone rubber’s special features such as ‘‘organosiloxanes polymer’’
has been originated from its unique molecular structure that they carry both
inorganic and organic properties unlike other organic rubbers. In other words,
due to the Si—O bond of silicone rubber and its inorganic properties, silicone
rubber was superior to ordinary organic rubbers in terms of heat resistance,
chemical stability, electrical insulating, abrasion resistance, weatherability
and ozone resistance. With these unique characteristics, silicone rubber
has been widely used to replace petrochemical products in various
industries like aerospace, munitions industry, automobile, construction, electric
and electronics, medical and food processing industry. Recently, these scopes
of silicone applications have been expanding at a great speed by the demand

of industries that want more reliable elastomer [52].

Natural rubber (NR) and styrene butadiene rubber (SBR) are both types
of large hydrocarbon molecules. These molecules consist of various components
and can be modified by incorporating different materials such as carbon black
(CB) to enhance their physical properties. Additionally, chemical substances
can be added to facilitate the kneading process, reduce costs, or improve
the rubber's performance under different weather conditions. Vulcanizing
agents, particularly sulfur (S), are commonly used in rubber samples. These
agents undergo a chemical reaction with the rubber molecules at the double
bond sites [53].
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2.2 Polymer Blends

Polymer blends have been a focus for research and development
in polymer science and technology for decades. Polymer blends' improved
characteristics and cost-effectiveness make them useful across many
industries. For a long time, scientists have experimented with combining

polymers with different properties [54].

Blending two or more polymer types is a valuable method for creating
new materials with improved qualities over their separate components. From
an industrial standpoint, controlling the mixing condition of polymer blends

is of utmost importance [55].

Several motivating factors have elevated polymer mixing to the forefront
of polymer science, one is that polymer blends make innovative polymeric
materials quickly and cheaply, these materials have different properties

depending on their composition [56].

Although combining synthetic and natural rubbers is not new,
technological advances over the last five years have made it possible to put them
to good use. These composites may create a chemical bond between the two
rubbers, creating a more technologically friendly blend. Selecting an
appropriate SBR: NR ratio results in blended vulcanizates with improved

physical qualities [57].

There has been prior research into the performance of styrene butadiene
rubber (SBR) blends and other forms of rubber. An appropriate compatibilizer
may greatly enhance the blends' physical and mechanical qualities [58]. SBR
and (BRcis) rubber composites need a thorough understanding of the impact
of black carbon loading and cement waste on tensile set, compression set,
and fatigue [59].
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2.3 Composites

Composite materials are systems made from two or more components that
differ in shape or composition to create new materials with better properties
for industrial applications [61]. The composite material's characteristics
are determined by three types: the base material, the filling material, and their
interaction through a bonding surface called the interface [62]. A system's most
fundamental constituent is the basic material, which serves as a protective shell
for the other pieces, promotes elemental cohesion, and forges connections
between them [63].

The base material is characterized by light weight and high durability,
and it must protect the reinforcing material from wear and tear
and the environment, even if it contributes to transferring the load imposed
on it to the reinforcing material, and that the composite materials possess
a certain property due to the nature of the base material or the type
of reinforcement used Composites are multi-part materials that can't
be separated into their parts due to their different chemical and physical
properties [60, 61]. Reinforcements (such as fibers, particles, whiskers,

lamination, flakes, or fillers) and a binder are often the second components [62].

Increasing the rubber composite's modulus and so-called ultimate
qualities like tensile strength, tear resistance, and abrasion resistance leads
to better end-use performance, which is what the name "reinforcement"
to Particulate materials used to improve rubber's tensile strength, rip strength,
and abrasion resistance are known as reinforcement fillers. Semi-reinforcing
fillers may boost (1) tensile strength and (2) tear strength without affecting
the material's resistance to abrasion. Adding a filler that does not reinforce
the material cannot improve these qualities and functions [63]. Matrixes may
be made of metals, polymers, or ceramics, and they encase the composite

and give it its bulky shape. The matrix is a structural component that determines

17



Chapter Two Theoretical background

the internal structure of the composite. For many purposes in medicine,
civil engineering, and the armed forces, contemporary composites
have largely replaced traditional materials owing to their superior strength
and stiffness [64, 65].

The mechanics of the composite material is higher than the mechanical
properties of its components if it is single, and the strength-to-weight ratio
is high, as well as the resistance-to-weight ratio is high, and the possibility
of flexibility for specific design requirements is possible [66]. Composites'
weaknesses include rapid variations in mechanical and physical properties
as a function of environmental conditions, a shorter lifespan than conventional
materials, and a lack of thermal resistance (although there are ongoing studies
in this area, it is sufficient to note that the space shuttle's nose cone is made
of composite materials and bears the largest part of the weight from the shuttle's
thrusters) [67].

2.3.1 Classification of Composites

Composites can be classified depending on many factors, such as material
composition, base materials used, type of reinforcement used, and intended
purpose. The classification method divides buildings into four main groups

according to the shape of the structural element, as shown in Figure (2-1) [68].

1. Particulate composites, composed of particles with the matrix.
2. Flake composites, comprised of flat flakes with the matrix.

3. Fiber composites composed of fiber with the matrix.
4

. Laminate composites, composed of layer with the matrix.
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Fig. (2-1): Schematic illustration of methods of reinforcing plastics (matrix) with (a)

particles; (b) short or long fibres or flakes; and (c) continuous fibres. The laminate

structures in (d) can be manufactured from the layers of continuous fibres or sandwich

structures [71].

So the classification according to the matrix system are [69, 70].

1. Metal matrix composite (MMCs) These materials can be used where high

strength is required at temperatures up to 1250 °C. coupled with ductility
and toughness for example boron fiber in aluminum basis or carbon fiber

in magnesium basis.

. Polymer matrix composite (PMC;) the most common aerospace and military
applications have been major drivers in developing polymer composites,
including composites whose matrices are made of thermosetting
thermoplastic, elastomer, and plastic reinforced with carbon fibers or glass
fibers.

. Ceramic matrix composite (CMCs) such as silicon nitride reinforcing
with silicon carbide, lightweight, high temperature strength Along with
excellent dimensional and environmental stability. The matrix is resistant
to extreme temperatures. Glass matrices can function at temperatures

as high as 1500 degrees Celsius. Carbon —carbon composite (CCCs)
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Graphite fibers in carbon matrix offer the possibility of a heat resistance
material that could operate at temperatures up to (3300°C), with high
strength and light.

4. Intermetallic composites (IMCs), are a fourth option. Aluminides of iron,
titanium, nickel, and niobium have fiber compositions (SiC, Al,Os,
and TizAl) that don't bend well at low temperatures (1000 °C) and don't

resist oxidation well at high temperatures.

2.4 Rubber Composites

Goodyear and Hancock first developed rubber composite, it continues
to evolve as novel materials are developed [71]. The market is flooded with fresh
iterations of old products. Everyday rubber, such as found in tires and erasers,
and a combination of many distinct substances. Raw gum elastomer is used
at the outset; this might come from the plantation owner as NR or from
the petrochemical complex as bales or chips of BR, SBR, NBR, or CR rubbery
polymers. It is sent to a rubber producer, who then incorporates it into a larger
batch. Raw gum elastomer has few use beyond adhesives. Most cannot hold
their molded form because they are mechanically weak and expand significantly

when exposed to liquids [72].

The expanding usage of rubber in engineering applications derives
from its unique qualities, including high extensibility, high strength, high energy
absorption, and high resilience to fatigue. Increased resilience and resistance
to the effects of the environment are two more distinguishing features. You may
find engineered rubber goods that are entirely rubber or that blend rubber
with other materials. Products might be as basic as a rubber band

or as complicated as radial tires or rubber-metal bearings for use in aircraft [73].

Composites are commonly made by combining rubber with other
materials, such as steel, aluminum, plastics, cloth, or cables. In most cases, these

substances are used to bolster durability, reduce distortion, or do both [74].
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Compression set behavior, loss of resilience, and the capacity to preserve elastic
characteristics under sustained action of compressive loads are only a few
of the phenomena seen in rubber composites. For a particular deflection
and temperature, a material has a higher permanent deformation resistance
iIf its compression set % is smaller. Choice of rubber composites for engineering

applications [75].

Tire transportation belts, pipelines for fluids and oils transfer,
mobile phone damping and support components, and diaphragms are some
of the many rubber industry uses that rely heavily on high-elastic polymer
composites. Dampers and supports made from rubber composites employ many
types of rubber. Because rubber is well characterized by the high elastic strain
damping derived from the abrupt impact loading that occurs due to varied
accelerations in the system, this study offers a broad scope. As a result, blended
polymers like (NBR, SBR, NR, CR, etc., have been developed to provide
increased resistance to mechanical loads and to account for factors
like environmental effects at high temperatures in the presence of oils
and friction [37, 76].

2.5 Nanomaterials

The fascinating new class of materials known as nanomaterials
it is in strong demand for various uses. For reference, five silicon atoms or ten
hydrogen atoms aligned would equal one nanometer in length. Nanomaterials
are those sizes, or at least one of their dimensions, fall between 1 and 100 nm.
It's not easy to trace back the precise origins of human use of nanoscale items.
However, the usage of nanomaterials has a long and illustrious history, these
tools were probably used effectively by humans across a diverse range
of applications, even prior to their recognition and understanding.
Approximately 4500 years ago, individuals used asbestos nanofibers to enhance

the structural integrity of ceramic compositions [77].
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Greece is the cradle of nanotechnology. A nanometer (nm) is a unit of
measurement equal to a billionth of a meter. Nanoscience and nanotechnology
have a special role in the technological applications of the modern world as all
measurements are now made at the nanoscale. Nanoscience and nanotechnology
have received a lot of attention and importance since quantum phenomena
began at the nanoscale, truly leading to revolutionary advances in science
and industry [78].

The difference between nanomaterials and non-nanomaterials is the size
1.e., <100nm in 1D are referred to as a nanomaterial and > 100 nm
in all dimensions are non-nanomaterials. Besides, nanomaterial cannot be seen
by naked eyes, whereas non-nanomaterials are visible through a simple
microscope. In contrast to non-nanomaterials, nanomaterials display a higher
surface/volume ratio which allows good performance and applies them
to be used in various applications such as nano sensors, nano-sorbents,
and  fuel cells [75].

Furthermore, nanomaterials have shown higher adsorption capacity
in both gas and liquid phases [79]. These nanomaterials are synthesized through
methods, depending upon the end-user property demand. Synthesis
of nanomaterials has two major approaches, one is top-down, in which the size
of larger molecules makes smaller to nanoscale and the other is a bottom-up
approach, in which small molecules or atoms are combined to produce
nanomaterials. These approaches involve several synthesis methods and four
major categories like chemical, physical, mechanical, and biological. Generally,
the top-down approach involves methods like high-energy ball milling, severe
plastic deformation, etching, mechanical alloying, lithography, reactive milling,
and micromachining methods. Whereas, bottom-up includes molecular self-
assembly, sol-gel, electron (or ion) beams, metal-organic chemical vapor

deposition, vacuum arc deposition, inert gas condensation, molecular beam
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epitaxy, electrodeposition, physical/chemical vapor deposition, and ultrasonic
dispersion [80].

The geometry of nanomaterials divides them into three categories,
as depicted in Figure (2-2) [81]. Nanomaterials applications in industry such

as Engineering, Medicine, Cosmetic, Sports, Chemical, and Electronic [82].

Nanolayers

[y ~1nm

>100nm Nanotubes
[<100nm |

3D nanoparticles

<100nmJQ - R ‘ yE .'

Fig. (2-2): Various types of nanoscale materials [83].

2.5.1 Approaches for the Synthesis of Nanomaterials

Nanomaterial's research takes a materials science-based approach
to nanotechnology, leveraging advances in materials metrology and synthesis
which have been developed in support of microfabrication research. Materials
with structure at the nanoscale often have unique optical, electronic, thermo-
physical or mechanical properties. Nanomaterials are slowly becoming

commercialized and beginning to emerge as commaodities [83]. Obviously, there
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are two approaches to the synthesis of nanomaterials and the fabrication
of nanostructures: top-down and bottom-up. Figure (2-3) shows the two
approaches. Attrition or milling is a typical top-down method in making

nanomaterials [84].
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Fig. (2-3): Synthesis of nanomaterials via top-down and bottom-up approaches [85].

2.5.2 Properties of Bio nanomaterials

Nanoscale materials vary from conventional macromolecules in many
ways, including their unusual optical, magnetic, and electrical characteristics.
High  surface-to-volume ratio, improved electrical  conductivity,
superparamagnetic  behavior, spectrum shift of optical absorption,
and distinctive fluorescence properties are all features shared by most
nanomaterials [86]. Nanomaterials have potential uses in the medical sector,
including medication delivery and controlled release. Other distinguishing
characteristics include increased permeability that allows for the traversal

of biological barriers and enhanced biocompatibility [87]. In bio-imaging
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and drug delivery, metallic nanoparticles have been widely explored due to their
unique optical, magnetic, and photothermal properties. Metals may be
conjugated to various carriers, including NPs, liposomes, dendrimers,
and CNMs. MRI imaging is the primary field of use for magnetic
nanoparticles. Magnetic nanoparticles (NPs) guided by an external magnetic
field may deliver chemical medications to cancer cells, mitigating some of the

negative effects of standard chemotherapy [88].

2.5.3 Classification of Nanomaterial's Based on Dimensions

Figure (4-2) illustrates how the number of dimensions is used
to categorize nanomaterials. Siegel defines four distinct dimensions
for nanostructured materials: zero dimensions (0D), one dimension (1D), two
dimensions (2D), and three dimensions (3D) [89].

(i)  Zero-dimensional nanomaterials: Here, all dimensions (X, y, and z)
are nanoscale, i.e., none of the sizes exceeds 100 nm. There
are nanospheres and nanoclusters present [90].

(i)  One-dimensional nanomaterials: Here, two dimensions (X, V)
are nanoscale, and the remaining is not. This results in nanomaterials
shaped like needles. It consists of nanofibres, nanotubes,
and nanorods [90].

(ili) Two-dimensional nanomaterials: Here, one dimension (x) is at the
nanoscale and the other two are outside the nanoscale. The 2D
nanomaterials exhibit platelike shapes. It includes nanofilms, nanolayers
and nanocoatings with nanometer thickness [90].

(iv) Three-dimensional nanomaterials: These nanomaterials can be made
at any size, not only the nanoscale. Three dimensions of this substance
are more than one hundred nanometers. Many nanoscale crystals
in various orientations comprise bulk (3D) nanomaterials. The 0D, 1D,

and 2D structural components are near and form interfaces and this
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category includes nanoparticle dispersions, nanowire and nanotube

bundles, and multi-nanolayers (polycrystals) [90].

Dimensionality
)
! !

iD 2D

! l

Nanorods Sheets layered
| nanostructured

Solid
nanoparticles

Hollmfv Nanowires Films Electromechanical
nanoparticles systems

MEMS devices
o .

Clusters Fibres Patterned 3D composites

surfaces

Quantum dots

9
-

.S
pRte e e e ]

Coatings Polycrystals

L@ =

Fig. (2-4): Classification of nanomaterials [90].

2.6 Nanocomposites
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Nanocomposite combines two or more materials of which at least one is
a nanomaterial with different physical and chemical properties. Nanocomposite
materials are designed to exhibit properties that exceed, sometimes drastically,

the capabilities of the sum of their constituent parts [82].

When at least one filler characteristic size is lowered to the nanometer
scale, a much larger interface is established between the nanofillers
and the polymers, according to a new idea from nanocomposites. When sphere-
shaped fillers have their radii shrunk from micrometres to nanometers,

the contact area rises by 107¢ [91]. Polymers placed at the interface
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significantly  impact the  macroscopic ~ material  characteristics
of the nanocomposites due to the huge increase in the interface area between
nanofillers and polymer chains [92]. In this context, the interphase refers
to the region of the polymer close to the nanofiller surface where its

characteristics deviate from those of the bulk polymer.
2.6.1 Polymer Nanocomposites

Polymeric nanocomposites — materials incorporating nanosized
inclusions into the polymer matrices — represent a major area in the field
of nanocomposites. They exhibit excellent mechanical properties, enhanced
modulus and dimensional stability, flame retardancy, improved scratch and mar
resistance, superior thermal and processing properties, reduced warpage
of components and enhanced impact resistance making them suitable to replace
metals in various industrial applications [93]. The exponential growth
of polymeric nanocomposites began with the discovery of fullerenes (also
known as C-60 atom or buck balls). This discovery paved the road for discovery
of carbon nanotubes (CNTs) and later graphene, all of which have become
important filler materials for nanocomposites. Some of the most major
improvements achieved from the introduction of nano fillers into polymeric
matrices are enhancement of mechanical properties, improvements in thermal
and electrical properties from the incorporation of CNTs, flame retardant
properties in the case of the introduction of nanoclays and metal hydroxides,
thermal stability, gas permeability, and so on [94] . Moreover, the organic
origins of some nanofillers, such as nano cellulose, allow the usage of these

materials for medical purposes due to their biocompatibility.
2.6.2 Nanocomposites in Food Packaging

Nanoclays, which are added to, for example, polypropylene or polylactic
acid packaging films, prevent the diffusion of oxygen or flavorings and thus

prolong the shelf life of foods. Nanosilver has an antimicrobial effect and can
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be used in plastics composites, for example to manufacture food packaging such

as films or containers to protect food from spoilage [95].

Particle fillers used and proposed in the literature include the nanoclays
montmorillonite (MMT) and kaolinite, carbon nanotubes, and graphene
nanosheets [96]. Most materials currently used for food packaging are non-
degradable, generating environmental problems. Several biopolymers have been
exploited to develop materials for eco-friendly food packaging. However,
the use of biopolymers has been limited because of their usually poor
mechanical and barrier properties, which may be improved by adding
reinforcing composites (fillers), forming composites. Most reinforced materials
present poor matrix—filler interactions, which tend to improve with decreasing

filler dimension [97].
2.7 Mechanical Properties

Mechanical properties are of particular importance for composites

because they reveal the materials' responses to external loads.

2.7.1 Hardness

The definition of hardness is the resistance of a material's surface
to abrasion, furrowing, or penetration of the pressure applied to the sample
surface. There are four methods for calculating the hardness of the material,
all of which depend on the same principle, but they differ in the method
of examination [98], where we used Shore hardness. Perhaps the most widely
used test in the rubber industry is the hardness measurement, as workers
in the rubber technology field use hardness as a preferred method for classifying

rubber materials [98].

It is possible to compare the hardness of two surfaces by measuring
the rebound of the metal ball from both surfaces. The higher hardness gives
higher rebound, Durometer ASTMD-2240, the American Standard
Specifications (ASS). It can tell how hard anything is by putting bump against
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the notch and reading the scale, which runs from 0 (very soft) to 100 (very hard)
[99]. The unit of hardness is the international rubber hardness degree (IRHD),
and the accuracy of the reading of the test devices depends on the extent
of the loading rate and the duration of the load [100].

There are several hardness measurement systems:

1- The shore hardness measurement methodology is divided into types:

a- Shore A is a hardness measurement metric used for flexible soft rubber.
b- Shore B is used for measuring the hardness of softer rubber materials
and elastomers that have a relatively low hardness.

C

Shore D is a hardness measurement system used for polymeric materials.

d- Shore H is a hardness measurement system used for rubber industry.

Vickers hardness number (HV) equations are;

2F Sin(a/2)

HV = —=

(2-1)

Where (F) is a force, («) is an angle of indenter, commonly taken as (0=136°),
(g) is an acceleration due to gravity, and (d) is the depth resulting from the

penetration of the test body into the water.

Brinell hardness number (HB) equations are;

2P
b= nD(D—VDZ2—d?) (#-2)

Where (P) is an applied load, and (D) is a dimeter of indenter.

Rockwell hardness number (HR) equations are;
HR = N —d (2-3)
Where (N) is the number read from the test device after performing the test.
And Shore test are;
HS =100—d (2-4)

2- Type of hardness measurement system (IRHD) and range (0-100) IRHD.
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Figure (2-5) depicts the quantity of rubber surface penetration
or furrowing induced by the hardness devices (Shore A and IRHD) [101].

Shore a hardness

dente
Test sample Indenter

Hardness reading ' » 580 el =l

Fig. (2-5): The amount of penetration or indentation of the rubber surface caused by

the hardness devices represented by (Shore A) [104].

2.7.2 Stress—Strain Curve

The stress-strain curve illustrate how various materials respond to stress
and strain. The angle for a given material is determined by subjecting a material
sample to a tensile or pressure test and keeping track of the deformation
it experiences over a certain period. These curves show many material
characteristics [102]. A material's strength, stiffness, elasticity, and failure
limitations may be gained by examining its stress-strain curve. In contrast
to a rubber ball, which may bounce back to its original form after being placed
on the ground, a glass marble would instantly shatter into shards. Stress-strain
curves provide a full explanation for why a glass marble and a rubber ball

behave so differently [103]. Figure (2-6) represents stress—strain.
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Fig. (2-6): The stress-strain curve [102].

2.7.3 Tensile Strength

Tensile strength, also known as the force exerted per unit area of a sample
section during the rupture phase of a standard sample, is one of the essential
physical qualities of vulcanized rubber [104]. Good mechanical qualities, such
as the rubber body's resilience to abrasion and pressure and its ability to regain
its size and form once the influence is removed, are associated with a tensile
strength higher than 20.7 MPa, testing this attribute may determine
the maximum elongation and the material's resistance. The stress used
to test the rubber sample is the longitudinal stress, , as shown in Figure (2-7),
described by the following relationship based on the stress-strain curve [105].

where F is the applied force (N) and A is the cross-sectional area

of the assay sample (m?).

The strain € used in the above curve is expressed by the following

relationship:
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S—& 2-6
=T (2-6)

where AL = L — L, is the final length (m) and L,, is the original length (m).

The (Stress—Strain) curve may be used to determine the stress-resistance
property at the fracture, which is expressed in megapascals (MPa), and modulus
of elasticity in (MPa), represented by Mod100, Mod200, and Mod300,
respectively, and also the percentage of elongation when cutting , elongation
is defined as the ability of rubber to be stretched without breaking the rupture
until it stretches to its limit; values are expressed as a fraction of the starting
length [106].

Since elongation decreases with increasing hardness and tensile strength,
a greater elongation force is required for harder and stronger materials.
Modulus of elasticity, also known as the "pulling force per square meter of the
test sample to give the elongation,” or "stretching resistance,” is the force
(stress) needed to produce a certain elongation (strain) in the test sample, and
Is expressed in pounds per square inch (psi). The first is the most common,

although the other two and possibly the third are possible [107].

Since the modulus of elasticity measures tensile strength at a given
elongation, a more rigid composite will have a higher value. Thus, Yonk's
modulus, denoted by the symbol (E) in the connection, is the ratio between
stress and strain and defines the modulus of elasticity as the effort exerted
divided by the pressure produced in the elastic area of equation (2-7) and (2-8),
it can be written in terms of (o) as in the relationship (2-9), and equation (2-10)
resulting change in height after dropping the load [108].

_ F/A
~ AL/Lg (2-7)

oL,
E=w @8)

32



Chapter Two Theoretical background

where (E) is the modulus of elasticity, (F/A) represents tensile strength, and
whereas AL /L, represents elongation, where AL = L — L.

The tensile device (Tansometer 10) made by the English business
(Monsanto) tests these characteristics by ASTM D412-68 [109].

Fig. (2-7): The sample length changes with the applied stress [110].
2.7.4 Elongation
Elongation is the change in length due to tension relative to the original

length before the cut occurred [111].

_ AL L-Lg ]
Ly Lo (2-9)

&

The result is also shown in the Tensometer -10 for the same model used

to find the tensile strength, cut-off point and modulus of elasticity.
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2.7.5 Modulus of Elasticity

It is the tensile stress at a certain elongation, as it appears with
the previous results in the tensile examination on the same model. In rubber,
stress is used to a certain elongation, to clarify the elasticity of the rubber
model. When the coefficient at 300%, the stress required to cause an elongation
of 300% of the original body length [112].

2.7.6 Specific Gravity

Density is defined as the mass of a unit volume of a substance, while
the specific weight can be defined as the ratio between a known volume
mass of a substance to the mass of the same volume of water at the same
temperature. submerged in a liquid to the weight of the liquid displaced
when the weight of the substance is a known weight equal to the volume
of water. Therefore, the specific weight can be determined by taking the weight
of the sample in the air and its weight while it is in the water, and the specific

gravity is calculated according to the following equation (2-10) [113].

Welght in air X Specific gravity in water ( 2-10)

Specific gravity =

Weight in air — weight in water

The specific weight is checked within the specification ASTM D1817-
66 [56], so the specific weight of any substance is measured using
the relationship (2-8), so this method includes the weight of the substance

and means the substance being tested in air and its weight in water [114].
2.8 Radiation

There are several types of radiation, and each radiation has energy,
and the effect of radiation on materials is according to the energy
of the radiation [115]. There are two types of radiation: ionizing radiation,
which ionizes the atoms it passes through, and non-ionizing radiation, which
does not ionize the atoms it encounters. Atoms and the surrounding medium

are ionized as a result. it passes through, but causes its atoms to be excited,
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and it includes ionizing radiation (gamma rays and X-rays). Minutes, alpha

rays, beta particles, and neutrons [116].
2.9 Radiation Shielding

Shielding is one of the most important factors adopted in the principles
of radiation protection to reduce the risks of radiation exposure for workers
in the radiation field. These shields are divided into two parts [117].

1- Single layer shields, which in turn are divided into two parts:
A - pure single shields.
B - homogeneous blend.

2- multi-layered shields.

The issue of radiation protection by some radiation-absorbing materials
that prevent the passage of radiation and its spread in the area surrounding
the radioactive source is one of the useful and practical methods in reducing
the danger caused by radiation [118]. A present, lead is used in the manufacture
of protective shields from X-rays, as it is placed in the form of sheets
in the path of the rays and absorbs them through the photoelectric interaction
between photons and lead atoms. Polymeric materials have been shown to have
a high absorption efficiency, making them a popular choice for use as radiation
shields thanks to advances in science [119]. Researchers have been inspired
to identify novel multi-use materials with high engineering and synthetic
specifications in response to the revived human propensity towards a lavish
lifestyle made possible by the world's fast industrial growth and advancements
in technology. By studying the properties of engineering materials (metals,
ceramics, polymers), the researchers found a discrepancy between
the properties of these materials, withstands high temperatures and high forces
(above 400°C), and Plasticity. Ceramic materials are characterized by their

ability to withstand high temperatures, thermal and electrical insulation, high
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hardness, and tolerance to compressive forces; however, they are also
characterized by their brittleness, fragility, propensity to fracture,
and insensitivity to impact and tensile strengths. As for metals,
they are distinguished by their capacity to withstand high burdens,
resistance, durability, and susceptibility to oxidation due to exposure
to the elements [120]. Consequently, these materials may be appropriate
for one discipline but not another. Numerous modern technologies
and industries necessitate using materials with a combination of uncommon
properties. Rubber is a natural or synthetic polymeric material distinguished
from other engineering materials by its high elongation, resilience, good
damping properties, and ability to withstand high shock, lightweight,
and resistance to different environmental conditions. These characteristics
make rubber economical and suitable for industrial and engineering
applications, which is a reason for the search for so-called composite materials
[121]. While rubber's coefficient of friction is high while dry, it rapidly drops
as it becomes wet. Because it lacks charge carriers and has covalent bonds,
it is a poor electrical conductor. It has a glass transition temperature (Tg) that
is typically lower than the operating temperature. It is a poor heat conductor,
has damping properties, and can change its external shape under pressure
and then return to its original state. It appears from the historical information
that the residents of Mesopotamia were the first to know the overlapping
materials, so they armed the building layers with reed fibers to build ziggurats
and make arches. The Babylonians used asphalt and straw to pave roads
and asphalt in building boats [122].

As for the Sumerians, they used reeds and papyrus with bitumen
in building boats, and the ancient Egyptians sewed the mummy with cotton
fibers. In the manufacture of bricks, as well as their use of resinous plant resins

for various purposes [123].
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Since 1960, the space and transportation industries have had a growing
need for a material that meets the requirements of high resistance, stiffness,
and lightweight. Finding materials meeting these criteria has required extensive
research into composites, including a deep understanding of the relationships
between material properties. Materials came into being with each other
and the ratios of their addiction. Composite polymeric materials,
which overlap, provide superior mechanical qualities relative to density

and are simple to produce [124].
2.10 Radiation Interactions with Matter

Radiation, whether in the form of particles such as neutrons, protons,
and alpha and beta particles, or in the form of electromagnetic radiation such
as gamma rays and X-rays, has a described energy in addition to other
specifications such as mass, kinetic energy and charge, which in total determine
the nature of the interaction of these radiations with matter. In general,
all interactions that occur with radiation with matter whether it leads to full
or partial absorption or scattering of radiation energy, it ionizes the atoms
of the material by making them lose a number of orbital electrons of the atom
to leave it in an ionized state as a result of the loss of these electrons. higher
orbits to leave the atom in an excited state, or if radiation is transformed
from one form to another Others, such as photons from the electron-channel
and positron process. But in general, charged particles lose most of their energy
through ionization, while neutrons and photons lose their energy through

scattering and absorption [125].

As for electromagnetic rays, when they fall on the surface of the material,
the process of absorbing the photons of these rays by deleting these photons
from the beam individually and through one incident in which the photon
is either completely absorbed, or scattered outside the ray beam, which leads

to the beam decreasing exponentially with increases the thickness
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of the absorbent material and the electromagnetic radiation behaves during
the interactions as if it were light particles (photons) and gives the energy

of one photon by the following relationship [126].
E=hv (2-11)

E; Photon energy, h = 6.63 x 1073*J.s; plank constant, and v; photon

frequency.

There are three types of interactions that are important in the field
of radiation physics, which photons of electromagnetic rays undergo when

passing through materials, these three types are:

2.10.1 Photoelectric Effect

The photoelectric effect is among the most significant interactions
of low-energy particles with matter. In this interaction, the entire photon's
energy is conveyed to an atomic electron, resulting in both simplicity
of production and reduced cost. the electron to be extracted from its inner shell
and usually from the shell (K), Figure (2-8) and that the probability
of extracting an electron from the shell (K) is (80%), and the probability
of extracting it from the shell (L) is (20%), provided that the energy
of the photon incident (E) on the atom, is greater than the energy of the binding
of the electron to the shell, which is then called the photoelectron, and its kinetic
energy is estimated as the initial incident photon energy, minus the binding
energy of the electron in the shell (K), meaning that [127].

Epe = E — ¢y (2-12)
E,e: the kinetic energy of the photoelectron, E': the energy of the photon falling
on the atom, and ¢y, : electron-shell binding energy (k).

The result of this interaction is the ionization of the atom, which returns

to a stable state by rearranging its electrons and the accompanying emission
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of characteristic rays. Both the liberated electron and the characteristic rays
cause more interactions with the atoms of the neighboring material before
their energies are fully absorbed, and thus a gap occurs in the space
of the photoelectron extracted from the shell and this is the principle

of fluorescence [128].

INCIDENT PHOTON  / / O

Fig. (2-8): Photoelectric reaction [114].
2.10.2 Compton Effect

When a photon collides with a free or loosely bound electron in the atom,
a portion of the photon’s energy is transferred to that electron, while the photon
Is emitted as a result of this collision in a new direction (scattering), but
with less energy and a greater wavelength, so the result of this interaction
is the liberation of an electron with kinetic energy to do more Interactions

within the substance [114]. The scattered photon repeats the previous
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interaction inside the material, as well as the distinctive rays emitted due
to the vacuum left by the electron, and the subsequent rearrangement
of the electrons. More interactions are required to absorb it if (%),
the wavelength, the incident radiation (1) the wavelength of the radiation
scattered through the angle (), the change in the wavelength of the rays
Is given by the following equation [129].

X =1 =——(1-cose) (2-13)

Since h is a Planck constant and which is equal to (6.63 x 1034 J.s

and mg is an electronic static mass, c is a release of light is called the magnitude

# = 0.04 A°In the above equation, the Compton wavelength, as thisshows
0

Compton scattering of the ray photon [130] .

incident photon
withenergy E /
/
/
/
v
scattered photon P
withenergy B ’:’ - v
electron

Fig. (2-9) Compton scattering phenomenon [113].
2.10.3 Pair Production Effect

Figure (2-9) shows the kinetics of the pair production reaction occurring
in the nuclear domain of an atom. In this reaction, the photon gives all its energy

vh to produce an electron-positron pair. Therefore, the energy conservation
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equation, if we neglect the slight rebound of the nucleus, can be written
as follows [131].
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Fig. (2-10): Electron-positron pair production process [127].

The average energy of one particle may be determined using
the following formula, where the electron's rest energy, moc?, has been
substituted with its value of 0.511 MeV. This means that the kinetic energy

received by the electron and the positron may not be equal [132].

T = hv-1.022 MeV (2_14)

2

If the incident photon has more than 2mc? of energy, the pair will have
Kinetic energy balanced as relative kinetic energy. When the incident photon
has a power greater than 2mgyc?, the (electron-positron) pair will strongly
radiate in directions that form an angle (0) in keeping with the photon's initial
direction of travel, then (6) [133].

9 _ m()C _ mocz

~ E  hv (2-15)
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2.11 Radiation Transmission in Matter

The following equation represents a comparison between the intensity of

the radiation that has been incident and that which has been transmitted [134].

ol (2-16)

Iy

where I: Transmission intensity, lo: Incident intensity, and R: Penetration rate.
The penetration of rays through the substance depends on:

1- The upper limit of the energy of the rays themselves.
2- Thickness of the intermediate material (intercept).
3- The nature of the composition of the transverse (intermediate) material,

whether it is fabric, iron, aluminum, lead, or copper.

These energies do not all pass through the thickness of the material
that has been placed in their route; rather, they reduce a portion of these rays
to the thickness of this material, and the remaining portion penetrates
to the detector. Rays are emitted when energies are released; nevertheless,
these energies do not all pass through the thickness of the material that
has been placed in their path. The amount by which the energy
of a beam of radiation is reduced by an intercepting medium is referred
to as radiation absorption, mitigation, or reduction of the beam
by the intercepting medium. The attenuation of the energy of a beam
of radiation is a universal number for each substance and is the same
number for any radiation source located anywhere on earth. This number
depends on the quality of the material and does not depend on the quality
of the detector [135] .
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2.12 Attenuation

During the passage of a beam of photons of rays through an intercepting
medium (attenuated material), each photon in this beam will be in front of each,
either not interacting at all with the medium or through an interaction by means
of absorption and scattering interactions [136]. The result of removing
the interacting photons from the beam will have an attenuation. And
the attenuation of the beam may be in the form of attenuation of its intensity
(intensity attenuation) or attenuation of its energy (energy attenuation),
as it (the intensity or energy) as its distance from the source in this medium

increases [136].

After traversing a space of X through an intercepted medium, a photon
in a beam with intensity lo has a certain chance of interacting with anything
and being knocked out of the shaft. As a result, we can express the likelihood

of losing a photon from the beam per unit of travel as follows [137].

. P
U= hmE (2-17)

Since (u) represents the linear absorption coefficient, which is a

proportionality constant and it depends on:

1- The energy of the incident photon.

2- The type of interaction that the photon undergoes.

3- Composition and density of the intercepting medium.

And (P) represents the probability and is given in the following equation
[138].

__ (nAdx)o

P

= nodx (2-18)

When we substitute the value of (P) into equation (2-17), find that the

reaction potential per unit path length (u) is proportional to the atomic density.
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U =on (2-19)

Since (o) represents the total cross-section of the photon removal from
the beam by the interactions of absorption (photoelectric effect, pair

production) and scattering (Compton effect) [134].
0 = 0pp + Z 0, + 0,, (cm?/atom) (2-20)

The intensity of an outgoing beam of rays is reduced relative
to the power of the beam incident on the surface of a material when the beam
passes through the material; the degree to which the outgoing beam's intensity
iIs reduced depends on the change in thickness (dx) of the material

and the power of the incident beam 1.
—dl = Ino dx
—dI = lnul dx (2-21)

By integrating this equation, we get the intensity of the photon beam
transmitted from the intercepted medium (with the same initial energy) without

interacting (where I, > 1)

As we notice from equation (2-21) that the window beam
has experienced an exponential decrease in its intensity with the length
of the distance (y) it traveled in the middle of (u).

The expression is [exp( —uy )]. represents the likelihood of a photon
making it to a certain location (y) within the attenuated medium without
interaction and that it may interact only after crossing the distance (y)
directly [139].

I'=1yexp(—px) (2-22)
The half thickness x,,, is required to cut the incident beam intensity
in half [140].
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When you are y = x;,,, then I = I,/2, and by substituting [135].

2= Iy exp(—ux) (2-23)

The process of absorption of rays by the material as previously described

in the interaction of light with the material. Which is divided into two parts:
1- Compton effect.
2- The real absorption is of two types:

a- photoelectric effect.

b- Electron-positron pair production [141].

However, the photoelectric effect does not occur until the energy
of the incoming photon is larger than the work function of the material, making
the involvement of scattering crucial at low energies when no particular
condition is necessary for this phenomenon. The photon's energy (1.02 MeV)
must be higher for fluorescence to occur than the product. of the static energy

of the positron electron and tron. It is clear from the following:

1- If the absorption is dominant in the photoelectric phenomenon,
and this is what happens in the low energy of the photon, then the bones
absorb six times what the tissues absorb into the body.

2- If absorption by Compton is dominant, then one gram of bone absorbs
the same amount of tissue.

3- If the absorption is by the third type, then a gram of bone absorbs twice what
the tissues absorb.

Linear absorption coefficient as a function of photon energy. It

Is possible to write the mass absorption coefficient according to the absorption

processes, especially dispersion and fluorescence as follows [142].
u=06+rt (2-24)
u/p=586/p+t/p (2-25)
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6 . coefficient of dispersion, t : fluorine transformation, and u/p: mass

absorption coefficient.

The mass absorption coefficient is a characteristic of a substance and
Is the fraction of energy that displaces one gram of a substance from a beam
whose section is a given unit of area. All materials are measured, it is necessary
to know the mass absorption coefficient of a substance consisting of several
elements, regardless of the nature of this substance as a chemical composite,
mechanical blend, or solution, as well as its presence in a solid, liquid or
gaseous state. The mass absorption coefficient is the average of the mass
absorption coefficients of the individual substances that comprise the whole
[143].

2.12.1 Linear Absorption Coefficient

Transmittance is a property that describes how well light, sound, or
particles go through a given material. A significant absorption coefficient
indicates that the penetrating ray is weakened (attenuated) as it passes through
the material. In contrast, a small absorption coefficient suggests the substance
Is transparent to the penetrating light [144] . The absorption coefficient has a
unit of 1/centimeter and is calculated using the inverse square root of the length.
The linear attenuation coefficient is another name for the absorption
coefficient. The incident beam's frequency has a role. Beer-Lambert law
describes the correlation between incident ray transmitted intensity and ray

incident intensity [145].

I'=1, exp (—ux) (2-26)
Where: y is the material's distance of influence and is the linear

absorption coefficient The negative sign means the discrepancy in the number
of photons that penetrate the material as the penetration distance into the

material increases.
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2.12.2 Mass Absorption Coefficientt

It is the process of dividing coefficient of linear absorption (u) to the

density of substance (p) and it is calculated from the following relationship:

Hm = (2-27)

where u,, is the mass absorption coefficient, u; Linear absorption

coefficient, and p; density of matter.
2.12.3 Half Thickness

It means the thickness of the material that absorbs (attenuates) the

intensity of the incident radiation by half of its original value.
2.12.4 Attenuation Function

The attenuation function is set by the mathematical link between the
incoming radiation type and the attenuation pattern experienced by the incident
particle (photon, charged or uncharged particle). Most situations can be handled

by one of three attenuation functions [146].
1- Differential Attenuation

This happens in very thin media of thickness (dx), where the likelihood
of a photon interacting with the medium and being absorbed is extremely low
(u dx<<1) [121].

I=1,(1—pudx) (2-28)
2- Gaussian Attenuation

This term describes the attenuation of charged particles in matter and

follows the Gaussian distribution [147].

3- Exponential Attenuation

The following characteristics distinguish this form of attenuation:
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e The photons' energy remains unchanged before and after travelling
through the attenuating medium.

e Along the path of particles descending through an attenuated medium,
the beam's intensity decreases exponentially .

e Each photon removed from the beam interacts with the elements of the

attenuating medium individually.

See Figure (2-10) showing the exponential decrease in the beam's

intensity is about its path length [148] .

0.5

»

\_/ >

X122 The thickness of the
absorbent material

Fig. (2-11): The relationship of intensity with path length according to the
attenuation of rays [144].

2.12.5 Attenuation Coefficients

Because (u) represents the probability of removing one photon from the
beam per unit path during its interaction with the atoms of the attenuated
medium as a result of absorption and scattering interactions, the amount of
attenuation that occurs in the incident beam as it penetrates the target material
Is a function of the interaction cross-section and the intensity of the incident

beam. The total attenuation coefficient (¢) equals the aggregate of the partial
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absorption coefficients for (the Compton effect - photoelectric effect and pair

production), as shown in the following equation [149]:

U= Upp T He T+ Hpyp (2-29)

where (u,,,) represents the probability of photon removal and absorption

in the attenuated medium as a result of the photoelectric effect and is given

by the following relationship:
Hph = NOq (2-30)

Since (o, ) is the cross-section of the photoelectric effect. (1) represents
the total Compton scattering potential and includes (the scattering potential

(u..s and absorption potential (u. ) and is given by the relationship:
Ue = Hes + Ueq = NZ0, (2-31)

Since the scattering and absorption cross-section is equal to the Compton
effect cross-section (o, ), the number of atoms in one cubic centimeter (Z)
of the absorbent material is denoted by the symbol (1), which is the atomic

number of the substance in question

Where (u, ,,) is a probability of photon removal and absorption as a result

of pair production n, and it is calculated mathematically through the following

relationship:
Hpp = NOpp (2-32)

While it is possible to calculate the cross-section of the production

of pairs (u,,) in a numerical way for some materials using the following

equation:
0pp = 5.93 727 x 10728 (m?) (2-33)

It is clear from the previous relationship that the cross-section

of the production of pairs is proportional to the square of the atomic number
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(Z) of the absorbent material, and this confirms the preference of heavy
elements in the work of protective barriers from X-rays. According
to the foregoing, the attenuation coefficient (u) generally includes

the absorption and scattering interactions [150].

« The attenuation coefficient is expressed as a function of the material's
thickness (x) or the route length traveled by the photons (cm) in units of length

cm™ and is referred to as the total linear attenuation coefficient (1) [151].

 Depends on the incoming photon's energy, the attenuated medium's atomic

number (z), and the medium'’s density (p).

« When the thickness of the attenuated medium (X) is in units of mass per unit
area ((gm/cm?), the attenuation coefficient resulting from equation (2-29) will
be in (cm?/gm) units and is called the total mass attenuation coefficient (um)
(Total mass Attenuation Coefficient) and its relationship to the linear
attenuation coefficient is[151].

k1 Io

Where (p) is a density of the intercepted medium, The mass attenuation
coefficient is a function of the photon's energy and the atomic number (Z)
of the medium through which it passes [152]. We note from equation (2-29)
and then equations (30), (31) and (32) that the total attenuation coefficient
(whether as linear or mass) depends on the cross-section of each interaction
contributes to the amount of attenuation, and also the attenuation coefficients

are centimeters depending on the above is the following.

1- The photoelectric attenuation coefficient (u,,) prevails in low photon

energies and for materials with large atomic numbers.

2- The effect of Compton attenuation coefficient (u.) prevails in the medium

photon energies, and for materials with few atomic numbers.
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3- The production of pairs (u,,) is dominant for high photon energies,

and for materials with large atomic numbers.
As for the mass attenuation coefficient (u,,.) for blends
and composites, it is given according to the following relationship [153].

e = Zowi (5) (2-35)

Since (w;) represents the weight ratio of the element to the composite,
the mass attenuation coefficient for each element of the composite or blend

separately.
2.13 Geiger Counter

The Geiger-Muller counter is a USA-made device that detects
various forms of ionizing radiation, including gamma rays, X-rays, and fast
electrons. The portable sensitivity of this cylindrical shaped detector makes
it ideal for use anywhere. About 15cm long, connected to a small radio-like
electronic device by means of a cable, lightweight and convenient
to carry. During the measurement, the detector is placed close to the sample
radiation source; An internal indicator then displays the amount of radiation
detected, sometimes accompanied by a reverberating noise. It is possible
to estimate the device's radiation output by listening to its sound
frequencies. Whether it is strong radiation (the sound frequency is high) or little
radiation (the sound frequency is slow), or the instrument may be equipped with
a digital meter for accurate measurement. Geologists can mainly use it
to explore nuclear ores, and uranium and thorium have been discovered in rocks
in some areas. Every nuclear research facility has this device to sound an alarm
if the radiation level in the facility rises suddenly and unexpectedly, giving
the personnel enough time to evacuate, locate the source of the radioactive

spike, and neutralize it [154].
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Chapter Three Materials and Experimental Techniques

Chapter Three: Materials and experimental techniques

3.1 Introduction

This chapter focuses on the development of a rubber batch with special
properties suitable for effective nuclear radiation attenuation. The possibility of
developing a protective suit using this layered rubber material was considered.
Multiple tests must be performed on the proposed batches, which are prepared
under different preparation conditions. The primary variable in these tests is the
ratios of ingredients, with the goal of achieving an appropriate batch for the
intended applications. Mechanical tests, including tensile strength, hardness,
modulus of elasticity and elongation, will be performed to evaluate the

suitability of the batches.

As well as the radiation attenuation properties and two radiation sources
(Cs'37, Co®?) for the rubber composites, and then conforming to international

standards. The above were shown in Figure (3-1).

3.2 Specification of Mechanical Properties

Table (3-1): Contains the specifications of the mechanical properties of the rubber

composite.
Mechanical properties of the American international
rubber composites Standards
Tensile ASTM-D 412-88
Hardness ASTM-D 1415

Elongation ASTM-D 412-88
Modulus of Elasticity ASTM-D 412-88
Density ASTM-D 1817-66
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Fig. (3-1): Flow chart of experimental present work.
3.3 Materials Used in Rubber Batches
1- Silicon rubber (SiR) with hardener(A) In China.
2- Polyurethane (PU) with hardener (A) and (B) In Irag.
3- Hexane in India.
4- Micro lead(micro-Pb) Size 249.307um, in India.

5- Nano lead (nano-Pb) Size 86.483 nn, in India.
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3.4 (SiR:PU) Blends

In this batch, silicone rubber (SiR) in different proportions was prepared
with polyurethane (PU) in different proportions also without additives. Table

(3-2) shows the components of the base batch without additives.

Table (3-2): Represents the components of the basic batch (SiR:PU) without additives

(Group A)
No. of Silicon Rubber (pphr) Polyurethane (pphr)
Sample

A B A B
S1 100 1 0 0
S2 90 0.9 5 5
S3 80 0.8 10 10
S4 70 0.7 15 15
S5 60 0.6 20 20
S6 50 0.5 25 25
S7 40 0.4 30 30
S8 20 0.2 40 40
S9 0 0 50 50

And PU Table (3-3) represents group (B) of rubber batches rubber
composites with the addition of Micro-lead. Table (3-4) representing group (C)
of rubber batches or (SiR:PU) composites with Micro-lead and Nano-lead. The
sample with components (SiR80:PU20) was chosen because it is suitable for

mechanical properties from group (A).
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Table (3-3): Components of group (B) for samples with the addition of micro lead in

different ratios (Group B)

No. of SiRsg0:PU2o Micro-Pb
Sample (pphr) (pphr)
S1 100 0
S2 100 20
S3 100 40
S4 100 60
S5 100 80
S6 100 100
S7 100 150
S8 100 200
S9 100 250
S10 100 300

The concentration of sample (10) is (20% + 5% + 75%).

Table (3-4): Components of group (C) for samples with the addition of nano lead in

different ratios Group (C)

No. of (SiRg0:PUx0) (Micro-Pb) (Nano-Pb)
Sample (pphr) (pphr) (pphr)
S1 100 300 0
S2 100 300 0.2
S3 100 300 0.4
S4 100 300 0.6
S5 100 300 0.8

The concentration of sample (5) is (24.9% + 74.8% + 0.19%).
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3.5. Preparation (SiR:PU) Blends

The batch is created by weight the materials using a sensitive electronic
scale, which is a commonly used instrument in scientific investigations. It is
important to ensure that the weight of the needed amounts is free from any
external contaminants. It is also advisable to have consistent terminology. To
ensure the accuracy and reliability of the experiment, it is essential to maintain
a state of equilibrium in order to minimize the occurrence of any potential errors
over the extended duration of the preparation phase. This particular sort of
equipment has the capability to accurately calculate weights with a high level
of precision, achieving an accuracy of £0.0001 grams. The precision of the
balance and the duration necessary for effective homogenization. For every
individual material and across all categories of batches. The rubber batch
components are homogenized by the use of a German-made stirrer (HT-
120DX), operating at a speed of 50-1000 revolutions per minute. The kneading
and mixing procedures in this Blender were conducted in accordance with the
ASTM D15 standard, which specifies a temperature range of (50 = 5) degrees
Celsius and a prescribed sequence for adding ingredients to the Blender. The
research was conducted at the University of Babylon, namely at the College of

Education for Pure Sciences, Irag.

The process of mixing and homogenizing the rubber batches was carried

out according to the following steps:
1- All materials for each sample are weighed by a sensitive electronic scale.
2- Mixing (SiR: PU) where mixing is done (5 minutes for homogenization).

3- Mixing silicone hardener (A) with polyurethane hardener type (A) and mix
for (5 minutes) until homogeneous, then pour the blend into the hardening and

tensile molds as the first part of the work.
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4-In the same way, micro lead powder, with different weight ratios, is added to
paragraphs (2) and (3), and mixing is done until homogeneity as a second part

of the work.

5- In the same way, nano-lead powder is added in different weight ratios to
paragraphs (2, 3, and 4) and mixing is done until homogeneity as a third part of

the work.

6- Samples are left for 24 hours so they can be properly prepared for testing.

3.6 Preparation of Samples to Examine the Mechanical

Properties

3.6.1 Preparation of Hardness

These samples are prepared using a mold with dimensions of (200 x 180
X 6.5) mm containing nine equal sized circular holes with a diameter of 40 mm
and a thickness of 4 mm as shown in Figure (3-4). The mold is first cleaned

with acetone and a cloth, and then filled with the required amount of batch.

Next, the mold is placed at room temperature for 40 minutes to complete
the cold vulcanization process. Subsequently, specimens are collected in the
shape of round discs, with a thickness of 4 mm and a diameter of 40 mm. As
shown in Figure (3-5), It is recommended to provide a 24-hour timeframe for
the purpose of allowing sufficient time for chilling prior to completing the
assessment. The examination was conducted in the College of Education for

Pure Sciences, University of Babylon, Irag.
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Fig. (3-2): The template for preparing hardness test samples.

40 mn

l 4

Fig. (3-3): Image of Hardness test sample.
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3.6.2 Preparation of Tensile Test Samples, Modulus of Elasticity and
Elongation

The samples were prepared for these examinations using the template
shown in Figure (3-6), which consists of two parts. The first part has
dimensions (395x160x2.5) mm and contains two sections, the dimensions of
one section are (150x150x2.5) mm, while the second part represents the upper
cover. And it has dimensions (395x160x10) mm, the mold is cleaned first and
then filled with the required quantity of the batch, after which the cover is
placed on the mold for 40min, according to the American Standard ASTM-
D412-88, then take out the slice, which has dimensions of (150x150x2) mm,
and leave it for 24 hours to be ready for laboratory tests. The slide was cut into
four standard test samples and Figure (3-7,b) shows the slide after cutting the
samples, where the cutting was done by the manual cutter shown in Figure (3-
7,a). The sample dimensions are 115 mm long, 22.5 mm wide, the Benchmark
is 35 mm long, 6 mm wide, and the thickness is 2 mm. Figure (3-7,c) shows the
dimensions of the tensile sample. The exam was taken in the College of

Materials Engineering, Polymer Department, University of Babylon.

<4 o

Fig. (3-4): Mold for forming samples of tensile properties tests.
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115 mm

Fig. (3-5): a- manual cutter b- Slide after cutting samples c- Dimensions of the tensile
sample.

3.6.3 Specific Gravity

The density is checked in the Densitometer device shown in Figure
(3-8) according to the principle of Archimedes’ rule, by placing rubber models
in the form of vulcanized discs with a thickness of (4) mm and a diameter of
(40) mm on a stand that moves automatically as it pulls out one of the models
and weighs in Air first, then the model is weighed in a small basin containing
water, and after a few seconds the result appears on the data recorder printer

paper attached to the main device [155].

The forms used for this test are prepared by taking the weight of (12)
grams of the laboratory dough to be checked for its density, after which it is
shaped by placing it in a special rectangular mold that contains circular molds
with diameters of (40 mm) and a depth of (4 mm) for a period of (40 minutes).
This test is used to know the material losses during the batching process, as it
is a measure of the weight of the used batch. The exam was taken in the College

of Materials Engineering, University of Babylon, Iraq.
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Fig. (3-6): Densitometer device for checking density.

3.7 Test Equipment and Characterizations

3.7.1 FTIR Spectrometer

Fourier Transform Infrared Spectroscopy (FTIR) was used to get
the FTIR spectra of composites comprising of (SiRgo:PUz/micro-Pbsy) and
(SiRgo:PU2/micro-Pbsg:nano-Pby g). The FTIR measurements were conducted
using a Bruker vertex-70 spectrometer, manufactured by the Bruker firm in
Germany. The experiments were carried out at the University of Babylon,
specifically at the College of Education for pure sciences. Figure (3-7) displays
Fourier transform infrared spectrometer is used to measure wavenumbers
within the range of 600 to 4000 cm™,
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Fig. (3-7): Schematic representation of FTIR spectrometer.

3.7.2 Scanning Electron Microscope

The surface morphology of two composites, SiRgo:PUzo/micro-Phsy and
SiRgo:PUz/micro-Phsg:nano-Phg s, with different concentrations of micro-Pb
and micro-Pb/nano-Pb, respectively, was analyzed using a scanning electron
microscope (SEM) of German origin (Company, type vertex-5600 LV SEM).
The analysis was conducted at the University of Babylon, specifically in the
College of Materials Engineering, Department of Polymer Engineering and

Petrochemical Industries, Irag. The results are presented in (Figure 3-8).
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Fig. (3.8): A graphical representation of how the SEM.

3.7.3 Monsanto T10 Tensometer Equipment

In accordance with ASTM D-412-88, a tensile strength at break (Mpa),
modulus of elasticity at 100%, 200%, and 300% elongation (Mpa), are all tests
that may be run on a Monsanto T10 Tensometer. The thickness and width of
the sample were measured to within 2 mm before analysis. Figure (3-9) depicts
a tensile test, which you should do and then store in the device's memory so
that you can readily get the stretch and stress you require. A computer and
plotter are used to operate this apparatus. In addition, the plotter generates a
(stress-strain) curve by forcing one jaw of the sample container to move at a
high rate of speed (500 mm/min) while the other jaw remains stationary. The
examination was held at the University of Babylon in Irag, in the Department

of Materials Engineering.
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Fig. (3-9): Image of Tensile test device.

3.7.4 Hardness Test Equipment

The Shore A hardness instrument in Figure (3-10) tests hardness. The
strain caused by a model-pressing spring influences rubber hardness. The test
follows ASTMD-1415. The Brunel method predicts Figure (3-3) for the 4-
millimetre-thick model. The model is placed at the bottom of the device and
the fulcrum is used to manually examine the device. The indicator then displays
the relevant reading (Shore A) and the process is repeated. The average is
obtained after four examinations of various model surfaces. University of

Babylon, Irag, College of Education for Pure Sciences hosted the test.
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Fig. (3-10): Hardness Equipment (Shore A).
3.8 Preparation of Samples for Radiation Testing

Figure (3-11) depicts the rubber samples being cut to the appropriate
dimensions (16mm x25mmx 2mm) in preparation for placement inside
the room of the American-made Geiger counter device, where they will
undergo radiation analysis using the Geiger counter device depicted in Figure
(3-12). The radiation characteristics of the samples were analyzed

at the University of Babylon's College of Education for Pure Sciences.

Fig. (3-11): Represents the rubber samples for examining radiation sources

65



Chapter Three Materials and Experimental Techniques

Fig. (3-12): Geiger counter.
3.8.1 Radioactive Sources

Two sources of radiation were used, each of the cesium source (Cs¥)
and the cobalt source (Co®), and the number of radiations was detected by the
aforementioned Geiger counter, where the back reading of the device (Ny,) was
taken for cesium (43) and cobalt (23) without the radiation source and (No)
obtained, in the presence of the radioactive source for each source and mean
values (Nay) were obtained for all rubber samples, and then the following

relationship was used.

N = Ng, — N, (3-1)
Nav average values, and N background reading.

3.8.1.1 Cesium Source (Cs®®7)

It has the symbol (Cs™7) in the periodic table. Its half-life is (ti,) (30.07
years) and the activity is (Suci).lt emits Beta/Gamma radiation)) Year of
manufacture (December/12/2008) It is from rare sources, its color is golden to
silver. It belongs to the group of metals. Cesium is the most energetic of the
metals. The work was done to examine the samples for radiation properties in

the College of Education for Pure Sciences, University of Babylon, Iraq.

66



Chapter Three Materials and Experimental Techniques

3.8.1.2 Cobalt Source (Co®)

Co% is a periodic table chemical with a half-life of ty,. With a lifespan
of (5.37) years, its efficacy is 1uci. The November/11/2008-made metallic gray
device emits gamma radiation. When the loading percentage of the additive
increases, the half thickness decreases due to the increase in radiation absorbed
by the material and the interaction between them, which increases linear and
mass absorption. The probability of interaction depends mainly on the number
of particles in the radiation path. The College of Education for Pure Sciences,

University of Babylon, Irag, examined the samples for radiation characteristics.
3.9 Examination of Group Samples (B) and (C) by Geiger Counter

The examination of samples for group (B) in the presence of micro-lead
and group (C) in the presence of nano-lead was carried out by American-made

Geiger counter [156].Taking into account the following points:

1- Ensure that the zirconium filter is placed in the appropriate position in
the radiation path to obtain a wavelength of (0.71 encestroms).

2- Calculate the effect of the background radiation for a period of (100)
seconds. Anode voltage (600) volts.

3- Calculate the number of pulses in (100) seconds without putting
the absorbent material to find (lo).

4- Find the change in the pulse rate (I) with the change in the thickness
of the new polymer slices.

5- Calculate the linear absorption coefficient (u) and the mass (pm)
for the new superimposed, the thickness of the half (Xup),

and the absorbance.
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Chapter Four: Results and Discussion

4.1 Introduction

This chapter includes practical results obtained from measurements
and tests conducted on rubber models or batches consisting of silicon rubber

and polyurethane with different weight ratios.

The rubber batches were examined for mechanical characteristics
of hardness, Tensile strength, elongation, and elastic modulus. These results
are characteristic of FTIR and SEM examinations, mechanical properties,
radiation properties, and how to discuss them in many applications, especially
their use in radiation shielding to attenuate radiation within the range that
contains radiation due to the risks and health damages caused by these

radiations to humans.
4.2 The Mechanical Properties of the Rubber Blend

4.2.1 The Hardness of the Rubber Blend

From Figure (4-1), The measured hardness values of quantities
of rubber with a progressive and irregular increase in additive (PU)
concentration. The presence of certain interactions between the rubber
molecules and additives within the prepared sample, which is responsible
for its resistance to external forces, increases the surface hardness of the
prepared material, which is consistent with previous research [160]. The
decrease in density observed in samples 3 and 5 can be attributed
to the interconnection of rubber strands and the relatively low concentration
of polyurethane within them. Specifically, the addition of polyurethane

resulted in a gradual and incremental increase in hardness.
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Fig. (4-1): Plot of change in the hardness of different blends samples group A.

4.2.2 Tensile Strength, Modulus of Elastic and Elongation of the Rubber
blend

Figures (4-2), (4-3) and (4-4) show the effect of polyurethane (PU)
additive with loading rates (0, 10, 20, 30, 40, 50, 60, 80, 100) pphr on some
mechanical properties respectively, tensile strength, elongation and modulus
of elasticity of the rubber blends consisting of silicon rubber and polyurethane
(SiRsgp:PU) and the result of comparison between the results of mechanical
tests represented respectively (tensile strength, elongation and modulus
of elasticity).

From the Figures (4-2) and (4-3) that the decline in the tensile strength
and elongation chart is explained on the basis of the material reaching the yield
point, where the material continues to resist until its resistance collapses
as a result of the lack of distance between the rubber chains, as it is at a certain
percentage that it cannot bear the added material, which leads to the occurrence
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of cracks and pores in the batch inflatables. This is consistent with previous
research [161].

The Figure (4-4) demonstrates a marginal rise in the modulus
of elasticity as the loading percentage of polyurethane increases. This can be
attributed to the enhanced physical adhesion and cohesion force between
the filler and rubber. The observed improvement in certain properties
iIs a consequence of the powder material (PU) present, which facilitates
an increased surface area for diffusion. Consequently, a greater number
of bonds are formed with the rubber chains, aligning with previous research
findings [162]. The decrease in the sample (9) due to the increase
in the polyurethane additive as for the increase in the modulus of elasticity,
it may indicate a strong decrease in the elongation shown in Figure (4-3). As a
result of its inverse proportion to the property of the modulus of elasticity, it
caused a clear increase in the modulus of elasticity. Sample (3) with composite
compounds (SiRgo:PU2) was adopted. As more convenient and to achieve

mechanical properties.
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Fig. (4-2): Plot of change in the tensile strength of different blends samples group A.
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4,3 The Structural Properties of the (SiRso:PU2/micro-pb)
Composites

4.3.1 FTIR Spectrum

Fourier transform infrared (FTIR) spectrum of (SiRgy:PU2¢/micro-Pbsg)
rubber composite and hexane were recorded at room temperature in the trem
(600-4000 cm't) as shown in Figure (4-5), where it was observed that there are
no apparent changes in the radiation spectrum. Infrared for the rubber
composite, even when the loading ratios changed, but the presence of hexane
closed the gaps in the rubber composite, and the distribution of lead was evenly
distributed. The spectra displayed the distinctive bonds of vibrations. It extends
from the functional groups that were formed in the composites from these
spectra of the stretching vibration of aliphatic extends to the region belong
(c=c) stretching. The two peaks at the two areas (698-1009) cm™ are the
bending vibration [158].
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Fig. (4-5): FTIR spectra of (SIRso:PU20/Micro-Pbsoo) of the sample with and without

hexane.
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Table (4.1): FT-IR Transmittance bands positions and their assignments of
(SiRso:PU20/Micro-Phsoo) Composites

Vibration frequency (cm™) Band assignment of Composite

2962.45 O—H Stretching
1258.26 C-O-C Stretching
1008.96 C-O Stretching
787.44 =C-H out-of-plane bending

4.3.2 SEM of the (SIRso:PU20/Micro-Pbsn) Composites

Figure (4-6) displays of (SiRgy:PUz/microPbsy) composites was
examined by a scanning electron microscope before mixing hexane,
representing an image (A) with lumps and heterogeneity, the micro-lead
undistributed, and there are gaps. As for image (B), after mixing the hexane,
we notice clearly that the micro-lead was distributed evenly and has no lumps;
the two images are similar and have the same ingredients and quantities [159].
Represents image (A) of the sample without hexane and image (B) when
hexane is added, are Figure (4-7) represents the distribution function, the
Figures (A and Al), the diameter and the surface area of the micro-lead without
adding hexane, while the Figures (B and B1), represents the diameter and
surface area of micro-lead when adding hexane and this indicates that the
micro-lead homogeneous distribution on the sample. The distribution function
(Gaussian) was calculated using the image processing program (ImageJ), where
the results of the distribution function showed that the average diameter of fine
lead microparticles in the absence of hexane was 82.32 um, with an average
area of 1120.38 um?, but in the presence of hexane, the average diameter was

131.37 um, with an average area of 1849.31 um?, and this means that lead was
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distributed homogeneously and this improvement is attributed to the
interconnection of the bonds between the polymeric chains.
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Fig. (4-6): SEM images for (SiRso:PU20/microPbsoo) of (A) of the sample without
hexane and the image (B) when hexane is added.
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Fig. (4-7): Represents the distributive function (A and Al) represent the diameter and
volume area of micro-lead without adding hexane. (B and B1) represents the
diameter and volume area of micro-lead with hexane.
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4.4 The Mechanical Properties of the (SiRso:PU2/Micro-Pb)

Composites

4.4.1 Hardness of the (SiRso:PU20/ Micro-Pb) Composites

Based on Figure (4-8), it is evident that the surface hardness values
obtained for the rubber batches exhibit a progressive and uneven rise as the
concentration of the additive (Micro-Pb) increases. The cause of this
phenomenon can be attributed to the interference that arises between the
supporting material and the underlying material. This interference leads to an
increase in hardness and the filling of voids within the basic material,
specifically the rubber blend. The occurrence of cross-linking between the
rubber chains and the additive present in the prepared blend plays a crucial role
in enhancing the material's ability to withstand external forces. As a result, the
surface hardness of the prepared material is heightened, aligning with findings

from prior investigations [160].
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Fig. (4-8): behaviour of hardness for different loading ratio of micro-Pb group B
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4.4.2 The Tensile Strength, the Elastic Modulus, and the Elongation of the
(SiRgo:PU2/Micro-Pb) Composites

Figures (4-9), (4-10), and (4-11) depict the changes in tensile, modulus
of elasticity, and elongation of the composites composed of (SiRgy:PU,g) for
rubber batches caused by adding micro lead powder at loading ratios of (0, 20,
40, 60, 80, 100, 150, 200, 250, and 300) pphr. Mechanical tests (tensile
strength, modulus of elasticity, and elongation) and radiation characteristics of
batch models were compared, and the sample (10) with components
(SiRgo:PU0/Pb-microsge) was found to be optimal. From Figure (4-9) there is a
clear increase in the tensile strength due to the added material of micro lead,
which led to the interconnection of the polymer chains. The tensile strength
increases as the loading percentage increases. Figure (4-10) represents the
modulus of elasticity, where the clear increase is due to the increase in the
loading percentage of the material. Micro lead and also because of the cohesion
of the bonds between the polymer chains. From Figure (4-11), Which
represents elongation, and the decrease that occurs is its inverse proportion to
the tensile strength and modulus of elasticity, as the material reaches the point
of yielding and the material continues to resist until it collapses with an increase
in the percentage of partial lead powder loading. This is due to the lack of space
between the rubber chains. The micro-lead powder 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 [161]. It is also noted from the figures that the decline in the
tension and elongation diagram is explained depending on the material to the
point of yielding, where the material continues to resist until its resistance
collapses as a result of the lack of space between the rubber chains, as they are
at a certain percentage that cannot withstand the added material, which leads to
the occurrence of cracks and toxins in the sample and this is consistent with

previous research [162].
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Fig. (4-9): Plot of change tensile strength for different loading ratio of micro-Pb
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Fig. (4-10): Plot of change the elastic modulus for different loading ratio of micro-Pb
group B
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Fig. (4-11): Plot of change the elongation for different loading ratio of micro-Pb
group B

4.4.3 Specific Gravity of the (SiRgo:PU20/Micro-Pb) Composites

Figure (4-12) demonstrates that there is a linear correlation between
the increase in the loading rate of polyurethane from the rubber overlays
and the rise in the density value. This is because there has been an increase
in the mass of the uniform material per unit volume. Due to the fact that this
material overlaps with the molecules of the polymeric chains found
in the ordinary substance, its concentration rises even further with the addition
of micro lead powder This information suggests that as more polyurethane is
added through rubber overlays, it leads to an increase in density due to the
additional mass per unit volume. The interaction between this material and the
existing polymeric chains in the substance further contributes to the rise in
density, especially when micro lead powder is introduced, consistent with prior
research findings [163].

78



Chapter Four Results and Discussion

1.2071 1.2264

Specific Density (g/cm?®)

S1 S2 S3 S4 S5 S6 S7 S8 S9 SI10
No. of Sample

Fig. (4-12): behaviour of change the specific gravity for different loading ratio of
micro-Pb group B.

4.5 The Properties of Radiation of the (SIRso:PU20/Micro-Pb)
Composites

45.1 Calculation of Half Thickness (Xi2), the Linear Absorption
Coefficient (n), and the Mass Absorption Coefficient (um) When

Using a Cs™’ Source.

The values of the thickness of the half are determined practically through
Figure (4-13), which shows the graphic relationship between the thickness
and the transmitting radiation (N) when using the Cs'® radioactive source
and for different loading percentages of (micro-Pb). And through the equations
(2-26) and (2-27) referred to in the second chapter, where a decrease
was observed in the value of the half thickness X1, an increase in the linear
absorption coefficient, and a slight decreased in the mass absorption coefficient
due to the increased in the density of the material with the increase

in the loading rates. This is due to the efficiency of the prepared composite
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in absorbing and attenuating the used rays, and this efficiency increases with

increasing the loading percentage of the micro lead powder, see Table (4-1).
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Fig. (4-13): Inter-relationship between the thickness and the number of transmitting
radiations (N) when using the (Cs*®") source for different loading percentages of

micro-lead.

Table (4-2): Linear and mass absorption coefficient and half thickness of cesium source
Cs*¥ for different loading ratios of micro-Pb powder for rubber samples.

No. of Micro-Lead X2 o} p Hm
Batch (pphr) (mm) (cm) (gm/cm3) (cm?/gm)
A 0 7.192 0.964 0.3425 2.814
B 20 6.634 1.045 0.9939 1.051
C 40 6.193 1.119 1.7511 0.639
D 60 5.786 1.198 1.2071 0.992
E 80 5.463 1.269 1.2264 1.035
F 100 5.127 1.352 1.5511 0.872
G 150 4.896 1.416 1.7821 0.794
H 200 4.583 1.512 2.0075 0.753
| 250 4.162 1.665 2.4159 0.689
J 300 3.472 1.996 2.7775 0.719
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4.5.2 Calculation of Half Thickness (Xi2), the Linear Absorption
Coefficient (n), and the Mass Absorption Coefficient (um) When

Using a Co® source.

A second source of electromagnetic radiation was used, which
is the source of Co®, where the superimposed rubber models were examined,
and noticed a decrease in the half thickness of the when increasing the loading
ratio of the added material, and this causes an increase in the radiation absorbed
by the material, as well as due to an increase in interaction between them, which
leads to an increase in linear and mass absorption, and the possibility
of interaction depends mainly on the number of particles present in the radiation
path. Figure (4-14) and Table (4-2) show the results obtained for the Co®® cobalt

source.
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Fig. (4-14): Inter-relationship between the thickness and the number of transmitting
radiations (N) when using the (Co®°) source for different loading percentages of
micro-lead.
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Table (4-3): Linear and mass absorption coefficient and half thickness of cobalt source
Co®° for different loading ratios of micro-Pb powder for rubber samples.

Micro-Lead X112 M p Hm
No. of Batch
(pphr) (mm) (cm) (gm/cmd) (cm?/gm)
A 0 9.177 0.755 0.3425 2.205
B 20 7.782 0.891 0.9939 0.896
C 40 6.459 1.073 2.9511 0.364
D 60 5.792 1.197 1.2071 0.991
E 80 1.781 3.893 1.2264 3.174
F 100 1.510 4.591 15511 2.960
G 150 1.327 5.225 1.7821 2.932
H 200 1.249 5.548 2.0075 2.764
| 250 1.172 5.912 2.4159 2.447
J 300 1.101 6.296 2.7775 2.267

4.6 Structural Properties of (SiRso:PU20/Micro-Pbsoo: Nano-Pb)

Nanocomposites

4.6.1 FTIR of the (SiRso:PU20/Micro-Pbsw:Nano-Pb) Nanocomposites

Fourier transform infrared spectroscopy (FT-IR) analysis of Nano-lead
based (SiRgo:PU»0/Micro-Phsgg) rubber compounds at different weight ratios of
(0, 0.2, 0.4, 0.6, and 0.8) pphr, respectively. Where the first curl is without the
addition of hexane, while the second curl is with the addition of hexane at room
temperature in the range (600-4000 cm™), as shown in Figure (4-15), where it
was observed that there are no clear changes in the radioactive spectrum of the
rubber compound. Even when the loading ratios were changed, the spectra
displayed characteristic frequencies of vibrations. In the region (2961.54 cm™)
(O-H) stretching occurs, as well as in the two regions (1258.23 cm™) and
(1009.39 cm™), respectively, (C-O-C) stretching occurs, while in the region
(786.93 cm™?) out of bending (=C-H) as shown in Table (4-4) [164]. while the
(CHj3) band extends to the region (1411.76 cm™) [165, 166].
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The distribution of lead throughout the rubber composite was found to
be uniform when hexane was present.
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Fig. (4-15): FTIR spectra of (SiRso:PU20/micro-Pbsoo:nano-Pbo.s) of the sample
without hexane and within hexane.

Table (4.4): FT-IR Transmittance bands positions and their assignments of
(SiRso:PU20/micro-Pbsoo:nano-Pbos) Composites

Vibration frequency (cm™?) Band assignment of Composite

2961.54 O-H Stretching
1258.23 C-O-C Stretching
1009.39 C-O Stretching
786.93 =C-H out-of-plane bending
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4.6.2 SEM of the (SiRso:PU20/Micro-Pbsg:Nano-Pb) Composites

Figure (4-16) (SiRgo:PU2-microPbsp-nanoPbgyg) pphr was examined
by a scanning electron microscope before mixing hexane, representing
an image (D) with lumps and heterogeneity, the Nano-lead is undistributed,
and there are gaps. As for image (C), after mixing the hexane, we notice clearly
that the Nano-lead is distributed evenly and has no lumps; the two images
are similar and have the same ingredients and quantities [167]. Figure (4-16)
represents image (D) of the sample without hexane and image (C) when hexane
Is added, and Figure (4-17) represents the distributive function the Figures
(B and B1), the diameter and the volume area of the nano-lead without adding
hexane, while the Figures (A and Al) represents the diameter and the area
of the volume of the nano-lead when adding hexane and this indicates that
the Nano-lead is distributed evenly on the sample. The distribution function
(Gaussian) was calculated using the image processing program (Image J),
where the results of the distribution function showed that the average diameter
of lead nanoparticles in the absence of hexane was 39.71 um, with an average
area of 682.78 um?, but in the presence of hexane, the average diameter
was 42.47 um, with an average area of 903.96 um?, and this means that Because
of the increased cohesiveness between the polymeric chains and the filling
of gaps caused by the loading percentage of hexane added to the rubber

compound, the lead was distributed uniformly [168].
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Fig. (4-16): SEM images for (SiRso:PU20/microPbsoo:nano-Pbo.s) of (C) of the sample
without hexane and the image (D) when hexane is added.
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Fig. (4-17): Plot of the distribution function (B and B1) represent the diameter and
volume area of Nano-lead without adding hexane. (A and Al) represents the diameter
and volume area of nano-lead with hexane.
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4.7 Mechanical Properties of (SiRgo:PU2/Micro-Pbsg: Nano-

Pb) Nanocomposites
4.7.1 Hardness of (SiRso:PU20/Micro-Phsg: Nano-Pb) Nanocomposites

Figure (4-18) shows that the measured surface hardness values of rubber
batches Expansion is slow and erratic at greater concentrations of the additive
(Nano-Pb). This is because the reinforcing material and the basic material
interfere with one another, which raises the hardness value. Because it is the
cross-linking between rubber chains and the additive within the prepared dough
that increases the hardness of the surface of the prepared material and makes it
more resistant to the external forces applied to it,this is consistent with previous
studies [169].
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Fig. (4-18): behaviour of change the hardness for different loading of nano-lead
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4.7.2 Tensile Strength, Elastic Modulus, and Extension of the
(SiRsgo:PU20/Micro-Pbzg:Nano-Pb) Nanocomposites

The addition of lead nano powder to the rubber composite
(SiRgo:PU2/Micro-Phsy) altered its mechanical characteristics, including its
tensile strength, modulus of elasticity, and elongation, as shown in Figures (4-
19), (4-20), and (4-21). Included are mechanical test results and a comparison
of the effects of different rubber batch components and a discussion of the
radiation properties of several model rubber batches. From Figure (4-19),
which represents the tensile strength as it gradually increased for the prepared
samples with increasing loading of nano-lead due to the cohesion of the rubber
filler, from Figure (4-20), which represents the modulus of elasticity and the
apparent increase in the prepared samples due to the increase in the loading
percentage of nano-lead. And the increase in physical bonds and the cohesion
of the filler with rubber, from Figure (4-21), where the decrease in elongation
was observed with the increase in the loading percentage of nano-lead
Increasing the loading of lead nano powder with a small grain size improves
the mechanical properties because it increases the surface area for diffusion,
resulting in more crosslinking between the rubber chains. This is consistent
with previous research [144]. It is also noted from the figures that the decline
in the elongation scheme is explained based on the material reaching the point
of submission, where the material continues to resist until its resistance
collapses as a result of the lack of distance between the rubber chains, as they
are at a certain percentage that cannot withstand the added substance, which
leads to cracks and poisons in the sample elasticity and this is consistent with
previous research [144]. As for the increase in the modulus of elasticity, it can
indicate a robust lessening of the elongation, and because of its inverse
proportion to the modulus of the elastic property. The reason for the obvious
increase in the hardness, modulus of elasticity and tensile strength is the

increase in the loading percentage of the nano-added material.
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Fig. (4-19): Plot of change the tensile strength for different loading of nano-lead.
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Fig. (4-20): Plot of change the elastic modulus for different loading of nano-lead
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Fig. (4-21): Plot of change the elongation for different loading of nano-lead

4.8 The Radiation Properties of the (SiRg/PU2/Micro-
Pbzoo/Nano-Pb) Nanocomposites

4.8.1 Calculation of Half Thickness X2, the Linear Absorption Coefficient
(w), and the Mass Absorption Coefficient (um) When Using a Cs*®’

Source.

The values of the half-thickness are practically determined through
Figure (4-22), which shows the graphical relationship between thickness and
penetrating radiation (N) when using the Cs*®’ radiating source and for different
loading ratios of (Pb-Nano). Where it was noticed a decrease in the value of the
half thickness Xi, and an increase in both the linear and mass absorption
coefficients with the increase in the loading ratios. This is due to the efficiency
of the prepared composite in absorbing and attenuating the used rays, and this
efficiency increases with the increase in the percentage of loading of the
microscopic lead powder [170], see the Table (4-5).
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Fig. (4-22): The graphical relationship between thickness and the number of
penetrating radiation (N) when using a source (Cs*¥") for different loading ratios of
(nano-PDb).

Table (4-5): Linear and mass absorption coefficient and half thickness of Cs¥' for
different loading ratios of nano-Pb powder for rubber samples

Nano-Pb X1 T Hm
No. of Batch
(pphr) (mm) (cm™) (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
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4.8.2 Calculation of the Half Thickness X, the Linear Absorption
Coefficient (n), and the Mass Absorption Coefficient (um) When
Using the Cobalt Source Co®

Figure (4-105) displays the variation of the number of penetrating
radiation (N) for (SiRgo-PU2:Micro-Pbsy) composite with different
concentrations of Pb nanoparticles. As shown in the figure, the transmission
radiation decreases with the increasing of the concentrations of nanoparticles
which attributed to the increase of the attenuation radiation. From the figure,
the attenuation coefficients increase with the increase of nanoparticles
concentrations, this is due to the absorption or reflection of gamma radiation
by (SiRgo-PU0:Micro-Pbsg:Nano-Pbys) nanocomposites shielding materials.
The nanocomposites have highest attenuation coefficients which is due to the

high atomic number of Pb nanoparticles [171].
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Fig. (4-23): The graphical relationship between thickness and the number of
penetrating radiation (N) when using a source (Co®) for different loading ratios of
(nano-Pb).
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Table (4-6): linear and mass absorption coefficient and half thickness of Co® for
different loading ratios of nano-Pb powder for rubber samples.

Nano-Pb X2 v Mm
No. of Batch
(pphr) (mm) (cm™) (cm?/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
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Chapter Five Conclusions and Future Projects

Chapter Five: Conclusions and Future Projects

5.1 Conclusions

According to the results obtained, which showed the effect of adding

polyurethane powder and micro and nano lead powder on the mechanical

properties and radiation of the prepared overlapping rubber samples,

the following conclusions were reached:

1-

A composite of (SiRg:PUy) was found to be more suitable
for mechanical properties, with a slight decrease in tensile strength
and elongation coefficient and a gradual increase in hardness
and modulus of elasticity. Micro-lead powder applied to (SiRg:PUx)
composites at 300 pphr increased tensile strength, hardness, modulus
of elasticity, and decreased elongation coefficient. Nano lead powder
applied to the composite (SiRgo:PU2/micro-Phsgo) at (0.8 pphr) increased
tensile strength, hardness modulus, and modulus of elasticity
and decreased elongation.

Adding hexane to the rubber composite of (SiRgy:PU2/micro-Pbsgo)
as well as the composite of (SiRgy:PU2/micro-Pbsgo:nano-Phgsg) to fill
the gaps and equal distribute of lead in the samples.

The rubber batch samples produced were tested using FTIR,
and the rubber compounds were unchanged and gradually showed
physical bonding. 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.

Two cesium and cobalt sources were used to evaluate rubber batch
samples for radiation analysis. The study found that the linear absorption
coefficient (u) and mass absorption coefficient (uyn) are rising, but
the half thickness (Xi,) decreases with ray attenuation. The lowest

thickness and the largest linear and mass absorption coefficients
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5.2

were obtained at the loading ratio of (300 pphr) and (0.8 pphr) when

using the Co® source.

The

sample selected of  (SiRg:PU2/micro-Pbsg:nano-Phgg)

nanocomposites can be used in shielding applications as an armor suit

to protect against harmful radiation.

Recommendation and Future Projects

1-

2-

Preparation (Rubber blend / nanoparticles) nanocomposites
as antimicrobial materials.

Using another type of rubber, such as NBR or IIR, with micro
or nano-lead powder in the field of producing protective suits used
in radiation shielding.

Other tests can be examined such as x-ray examination to see
the extent of its attenuation and for the same rubber Samples
prepared in this research.

Preparation of a rubber composites of (NR/SBR) reinforced with lead
or lead oxide nanoparticles used for radiation shielding.

A study of the mechanical and radiation properties of rubber blends

reinforced with titanium oxide.
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