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Introduction

The generation of energy harnessing nuclear power
involves the ability to utilize a rapid, uncontrolled chain
reaction of fissionable material, typically uranium or
plutonium (Samanta et al., 2017; Woods and Pikaev,
1993). When the nucleus of an atom of one of these
materials is struck by a neutron, it can split into two
smaller nuclei, releasing a large amount of energy in the
process. Energy is released because of the minimum
energy quanta parameters at the electron shells of the new
elements. At Formula 1, E represents the energy released,
m represents the mass of the fissile material and ¢
represents the speed of light in a vacuum.

The reason why nuclear fission is so powerful is due
to a quantum mechanics phenomenon applicable to
subatomic particles whereby certain fixed values of
energy that were indexed by the number. Quantities that
have certain specific values are quantized values. The
minimum threshold of energy supplied to an electron is
received by the electron. The energy that is over that
threshold (residual energy) will not be absorbed and will
radiate away as heat and light. That residual energy is the
energy released via a nuclear weapon via nuclear fission
and is powerful enough to ionize local atoms.

The critical mass refers to the minimum amount of
fissile material required to sustain a self-sustaining chain
reaction. When the mass of fissile material is below the
critical mass, the neutrons emitted during the fission
process escape before causing further fission reactions.
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However, when the mass exceeds the critical mass, a self-
sustaining chain reaction can occur (Samanta et al., 2017;
Hjertén, 1967; Shi and Fernandez-Jiménez, 2006).

The chain reaction involves the splitting (fission) of
atomic nuclei within the fissile material, such as uranium-
235 or plutonium-239. When a neutron strikes a fissile
nucleus, it can cause the nucleus to split into two smaller
nuclei, releasing additional neutrons in the process. These
newly released neutrons can then strike other fissile
nuclei, causing them to split and release more neutrons,
leading to a self-sustaining chain reaction (Herbst et al.,
2004; Bykov et al., 2008; Prelas et al., 1982).

Materials and Methods

The energy released from a nuclear bomb can be
calculated using the mass-energy equivalence equation:

E=mc (1)
where,
E = Energy released

m
c

The mass that is converted into energy and
The speed of light

For a nuclear bomb, the energy release is typically
the result of a small amount of mass being converted
into energy through nuclear reactions, such as nuclear
fission or fusion. The mass converted can be
determined by the mass defect, which is the difference
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between the total mass of the reactants (nuclei) and the
total mass of the products (fragments). This mass
defect is then multiplied by the square of the speed of
light to obtain the energy released.

The actual calculation of energy release from a nuclear
bomb involves many additional factors, such as the
specific nuclear reaction, the isotopes involved and other
considerations. This formula provides a general
understanding of the relationship between mass and
energy but may not be precise in practical applications
(Samanta et al., 2017; Woods and Pikaev, 1993; Prelas et al.,
1982; Wakefield et al., 2004a).

This is known as nuclear fission. If enough of the right
type of material is brought together in a small enough
space, a chain reaction can occur, in which the energy
released from each fission reaction triggers further
reactions in nearby atoms, rapidly releasing a tremendous
amount of energy (Roman et al., 1991; Herbst et al., 2004).
In a nuclear weapon, the fissionable material is
typically compressed using conventional explosives
into a critical mass, causing a chain reaction to occur
and leading to a massive release of energy in the form
of an explosion (Samanta et al., 2017; Woods and
Pikaev, 1993; Roman et al., 1991; Herbst et al., 2004).

The chain reaction in a nuclear bomb can be
mathematically described using the concept of neutron
multiplication. The basic formula is known as the neutron
balance equation. Let's denote the following variables:

N(t) = Number of neutrons present at time t

A = Average number of neutrons produced per fission
P = Probability of a neutron causing another fission

A = Probability of a neutron escaping or being absorbed

Based on these variables, the neutron balance equation
can be expressed as follows:

dN(N/di = A * P * N(r) - L * N(1) @)

This equation represents the rate of change of neutrons
in the system. The first term on the right side of the
equation, A * P * N(t), represents the rate at which
neutrons are produced through fission reactions. The
second term, A * N(t), represents the rate at which neutrons
are lost due to absorption or escape.

The condition for a sustained chain reaction in a
nuclear bomb is when the rate of neutron production (A *
P * N(t)) is equal to the rate of neutron loss (A * N(t)). In
other words:

* P ok _ % —
A*P*N{)-L*N1)=0 .

Simplifying this equation, we can obtain:

A*P-1=0 )
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This equation determines the critical condition for a
self-sustaining chain reaction in a nuclear bomb. If the
value of A * P is equal to A, the chain reaction will
continue at a constant rate. Formula 2 provided here offers
a basic representation of the neutron balance in a chain
reaction, but a complete understanding of nuclear
reactions requires a deeper study of nuclear physics and
related mathematical models.

When an atom undergoes radioactive decay, it emits
radiation in the form of energetic particles or
electromagnetic waves. These particles and waves can
ionize nearby atoms and molecules, creating charged
particles or free ions. The use of nuclear weapons in
warfare has caused immeasurable damage to both the
environment and human life (Samanta et al., 2017; Woods
and Pikaev, 1993; Wakefield et al., 2004a).

The detonation of a nuclear bomb results in the
creation of a radioactive zone, also known as a hot zone,
which can cause severe health risks to those exposed to it.
In this study, we will discuss why radioactive zones struck
by nuclear weapons are dangerous to humans and why
they should be treated to be made safer (Samanta et al.,
2017; Woods and Pikaev, 1993; Wakefield et al., 2004a;
Shi and Fernandez-Jiménez, 2006).

Firstly, radioactive zones are dangerous to humans
because of the harmful effects of radiation. When a
nuclear bomb is detonated, it releases a tremendous
amount of energy, which results in the creation of
radioactive particles. These particles can be inhaled,
ingested, or absorbed through the skin and once inside the
body, they can cause damage to cells and tissues.
Exposure to radiation can lead to a range of health
problems, including cancer, genetic mutations and
damage to the immune system (Samanta et al., 2017;
Woods and Pikaev, 1993; Wakefield et al., 2004b).

Secondly, radioactive zones are dangerous because of
their long-term effects on the environment. The radiation
from a nuclear weapon can contaminate soil, water and air,
leading to the destruction of ecosystems and the loss of
biodiversity. Radioactive contamination can also persist for
many years, making it difficult for people to return to their
homes and for the land to be used for agriculture or other
purposes (Samanta et al., 2017; Woods and Pikaev, 1993;
Wakefield et al., 2004b; Jehaes et al., 1998).

Given the dangers posed by radioactive zones, it is
essential to take steps to make these areas safer for
humans and the environment. One way to do this is
through the process of decontamination. Decontamination
involves removing or reducing the levels of radioactive
particles in the affected area, which can help to make it
safer for human habitation and other uses (Samanta et al.,
2017; Woods and Pikaev, 1993; Wakefield et al., 2004b;
Shi and Fernandez-Jiménez, 2006).
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Decontamination can be achieved through a variety of
methods, including physical removal, chemical treatment
and biological remediation. Physical removal involves
physically removing contaminated materials from the
area, such as soil, debris and other objects. Chemical
treatment involves using chemicals to dissolve or
neutralize radioactive particles, while biological
remediation involves using living organisms to break
down and remove contaminants (Wakefield et al., 2004b;
Belloni et al., 1998; Shi and Fernandez-Jiménez, 2006).

Another way to make radioactive zones safer is
through the use of protective measures. This includes the
use of Personal Protective Equipment (PPE) for workers
who are involved in cleanup and remediation efforts, as
well as the implementation of safety measures such as
warning signs, barricades and other barriers to prevent
people from entering the area (Wakefield et al., 2004b;
Belloni et al., 1998; HPRASNSN, 2002).

In addition to these measures, it is also essential to
monitor the area for radiation levels and to continue
monitoring even after decontamination has been
completed. This will help to ensure that the area remains
safe and that any potential risks can be addressed in a
timely manner. Radioactive zones struck by nuclear
weapons are dangerous to humans and the environment
due to the harmful effects of radiation. The creation of a
radioactive zone can lead to severe health risks for those
exposed to it and can also result in long-term damage to
the environment (Belloni, 2006; Thomas, 1980;
Mangano et al., 2023).

It is, therefore, essential to take steps to make these
areas safer through decontamination, the use of protective
measures and ongoing monitoring. By doing so, we can
help to mitigate the risks posed by nuclear weapons and
ensure the safety of both humans and the environment
(Samanta et al., 2017; Hajima et al., 2014; Shi and
Fernandez-Jiménez, 2006). One way to reduce the risks
associated with a radioactive zone is to introduce
materials that can absorb or scavenge the free ions,
neutralizing their charge and reducing their reactivity.
This process is called decontamination and it is proposed to
make the area safer for human habitation or work in via the
deployment of the nuclear radiation distinguishing device,
namely “Arif’s Shield” (Sato et al., 2023; Wang et al., 2023;
Bryan, 1965).

This proposed radioactive decontamination capability
proposes introducing materials that can bind to free ions
released into a local hot zone and remove hazardous
radiation from the environment. lon-exchange resins
contain charged functional groups that can attract and trap
the free ions. The ion-exchange resins are proposed to be
released into a local area. One plausible example would
be the release of ion-exchange resins packed into grenade-
like cannisters, which can be detonated in a radioactive
zone to absorb the free ions, rendering the area safe for a
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patrol in geographic radioactive zones (Woods and
Pikaev, 1993; Roman et al., 1991; Bykov et al., 2008;
Belloni et al., 1998).

Deploying a capability to stabilize ionic radiation
using free ions in a contaminated city would be a complex
and challenging engineering task. Several key
engineering requirements need to be considered to ensure
the effectiveness, safety and practicality of such a system.
Here are some of the critical considerations:

Deploy a robust and comprehensive radiation
detection and monitoring system to continuously
assess the levels and distribution of ionic radiation in
the contaminated city. Real-time data is essential for
effective response and to identify areas with higher
radiation levels that require immediate attention
Develop a reliable and controllable ion source to
produce the necessary free ions for the stabilization
process. The ion source should be capable of
producing the required types of ions that can
neutralize or stabilize the specific ionic radiation
contaminants present

Design a system for efficient dispersion and maobility of
the free ions throughout the contaminated city. Consider
the use of airflows, fans, or other means to ensure even
distribution of the ions in the affected areas

Study the lifespan and decay characteristics of the
free ions to ensure they remain effective for an
adequate period. The stability of the ions should be
optimized to provide lasting stabilization effects
Analyze the energy requirements for generating and
maintaining the free ions and ensure that the system
is energy-efficient to minimize operational costs.
Consider renewable energy sources where it is
possible to power the ion generation system

Assess the potential environmental impact of the free
ions and the stabilization process itself

Ensure that the ionization process does not create
harmful by-products or unintended consequences for
the environment

Implement strict safety protocols for handling and
deploying free ions to minimize exposure risks to
workers and residents. Protective gear and
containment measures should be in place to prevent
unnecessary exposure to radiation during deployment
and maintenance

Consider integrating the ionic radiation stabilization
capability with other remediation technologies if
necessary. Different areas of the contaminated city
may require varying approaches for -effective
decontamination

Design the system to be scalable and adaptable to
different city sizes and radiation contamination
levels. The capability should be flexible enough to
respond to varying radiation scenarios
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Ensure that the deployed capability adheres to all
relevant local and international regulations and safety
standards related to radiation management and
environmental protection

Develop a comprehensive public awareness and
communication strategy to inform residents about the
deployed technology, its purpose and safety measures

It's important to note that the concept of stabilizing
ionic radiation using free ions is currently hypothetical
and such a system may present significant scientific,
technical and ethical challenges. If ever developed, a
multidisciplinary approach involving experts in nuclear
physics, engineering, environmental science and public
health would be essential to address the complexities of
the project (Wakefield et al., 2004a-b; Belloni et al., 1998;
Hjertén, 1967; Fuoss, 1958; Kano, 2002).

Any device using the proposed Arif’s Shield
capability could contain two chambers, one including
the aforementioned free ions and the other including
Calcium Hydroxide (Ca(OH)2) that will react with the
free ions and neutralize their charge. Neutralizing the
free ions of radioactive elements such as strontium or
cesium will cause insoluble compounds to form that can
be safely removed from the environment (Woods and
Pikaev, 1993; Herbst et al., 2004; Bykov et al., 2008;
Wakefield et al., 2004b).

At Image 1 a device produces a localized release of
free ions and calcium hydroxide when detonated to
temporarily render a radioactive zone safe. The
introduction of said materials absorb or neutralize the free
ions. This process, called decontamination, can reduce the
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risks associated with radioactive exposure and make the
area safer for human habitation or work (Wakefield et al.,
2004a-b; Belloni et al., 1998; Hjertén, 1967; Fuoss, 1958;
Halliwell and Gutteridge, 1990; Yang et al., 2020;
Pattison et al., 2001). A successful stabilization system
should be designed to meet these engineering
requirements to ensure its effectiveness, safety and
reliability in treating an area affected by nuclear fallout
(Jehaes et al., 1998; HPRASNSN, 2002). At the time of
detonating a nuclear weapon, there are four primary forms
in which the energy is released:

1. The blast itself: 50% of total energy

2. Thermal radiation: 30-50% of total energy

3. lonizing radiation: 5% of total energy (more in a
neutron bomb)

4, Residual radiation: 5-10% of total energy with

the mass of the explosion.

Thermal nuclear radiation produces high energy
electrons via Compton scattering. The radioactive bursts
are so powerful, they ionize whatever matter they hit
(Thomas, 1980; Vanden Eynde, 2022; Sato et al., 2023).
This includes molecules in the air, flora, fauna, materials
and earth on the ground, or the tissue of living organisms
exposed to it. The ionizing radiation breaks chemical
bonds, leaving molecules with electron holes. This causes
them to steal electrons from whatever molecular
compound is closest and able, deforming in. This happens
to the tune of trillions upon trillions of electrons per cubic
centimeter in the first hour after detonation (Belloni et al.,
1998; Hjertén, 1967; Thomas, 1980; Hajimaet al., 2014).
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Image 1: A theoretical hand grenade capable of delivering the Arif’s Shield technology
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Sources of ionizing radiation are a, B, or y radiation,
consisting of helium nuclei, electrons or positrons and
photons. This is how radiation causes nuclear fallout
and why it is fatal to human life. This study proposes a
release of pneumatic isotopes to stabilize the unstable
ionized radioactive isotopes produced by nuclear
weaponry (Roman et al., 1991; Mangano et al., 2023;
USDHHS, 2008).

The use of pneumatic isotopes to stabilize unstable
ionized radioactive isotopes is not a commonly used
technique, as it is not very practical for most applications.
However, if you were to attempt to release pneumatic isotopes
for this purpose, there are several engineering attributes that
would need to be considered to ensure that the process is
safe and effective (Tonev et al., 2016; Steinhauser et al.,
2015; Yang et al., 2020; Szabo et al., 2005).

These include:

The pneumatic isotope used must be carefully
selected to ensure that it is able to stabilize the
unstable ionized radioactive isotope without
introducing any new hazards or risks. The properties
of the isotopes must be carefully considered, including
their half-life, decay mode and energy output

The release of the pneumatic isotopes must be
carefully controlled and contained to prevent any
unintentional exposure to radiation. This would
involve designing a specialized containment system
that would minimize the potential for leaks or breaches
The pneumatic isotopes would need to be delivered
to the unstable ionized radioactive isotopes in a
controlled manner. This might involve designing
specialized equipment such as delivery tubes or
sprayers that can precisely control the release of
the isotopes

It would be essential to monitor the process carefully
to ensure that it is working as intended and to detect any
potential problems or hazards. This might involve using
radiation detectors or other sensors to monitor the levels
of radiation in the environment.

Appropriate safety protocols would need to be
developed and implemented to protect workers and the
environment from potential exposure to radiation. These
might include protective clothing, monitoring equipment
and emergency response plans. Overall, the use of
pneumatic isotopes to stabilize unstable ionized
radioactive isotopes is a complex and challenging
engineering problem that would require careful
consideration of a range of factors to ensure that the
process is safe and effective.

Delivery Protocol

Isotopes have the same number of protons in their
atomic nuclei but differing numbers of neutrons.
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Radioisotopes are radioactive isotopes; atoms with
unstable combinations of neutrons and protons, or excess
energy in their nucleus via the aforementioned process
(Hajima et al., 2014; USDHHS, 2008; Doyle, 2011).

Radioisotopes are manufactured by altering atomic
nuclei. A nuclear reactor or cyclotron can be used.
Nuclear reactors produce molybdenum-99, while
cyclotrons are best-suited to producing fluorine-18 as
effective atomic isotopes. Anthropogenic human action
would be required to treat nuclear radioactive damage to
civilian life, cities and affected geographical areas of
significance (Doyle, 2011; Tonev et al., 2016).

Rather than remedial actions after the fact, a
premeditated countering of the settling of radioactive
fallout is needed. Radionuclide stabilization via a
pneumatic release is proposed to free radicals generated
from radionuclides. lodide ions would theoretically
stabilize the radionuclide-containing matter (USDHHS,
2008; Tonev et al., 2016; Yang et al., 2020). As stated,
the ionizing radiation ranges across the radioactive
spectrum (o, B, or y), requiring several radionuclide-
containing compositions to bind unstable ions, such as
technetium-99m (Tc99m) (Belloni et al., 1998; Hjertén,
1967; Thomas, 1980; Hajima et al., 2014).

This could be ground based released over a city to
neutralize radioactive fallout, potentially via large enough
cannisters able to deploy a unified pneumatic blanket like
protection capability against radionuclide fallout. The
best-known example of a naturally occurring radioisotope
used primarily in the manufacturing of nuclear weaponry
is uranium. All but 0.7 per cent of naturally occurring
uranium is uranium-238; the rest is the less stable, or more
radioactive, uranium-235, which has three fewer neutrons
in its nucleus (Szabo et al., 2005).

If a chemically engineered pneumatic compound was
deployed via aforementioned canisters, the decay rate of
uranium could be expedited to a practically usable rapid
counter-capability against nuclear weaponry. Depleted
uranium, uranium 235 is the isotope used in nuclear
weapons where the remainder consists of uranium 238.
Combined with titanium it can be engineered to stabilize.
Recently, it has been found that several species of fungi
thrive on depleted uranium but can also convert it into
stable minerals (Woods and Pikaev, 1993; Bykov et al.,
2008; Thomas, 1980).

A pneumatic ensemble of a chemically engineered
compound may in theory protect a targeted location from
nuclear fallout via a protective-blanket-like atomic cloud.
Injecting such a cloud into the immediate local area within
an hour of the explosion is enough time for nuclear fallout
to bond with a manufactured compound rendering it stable;
no longer radioactive (Bykov et al., 2008; Prelas et al.,
1982; Belloni et al., 1998). lonic radiation is a form of
ionizing radiation that includes high-energy particles and
electromagnetic waves. It is caused by the unstable nuclei
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of radioactive isotopes that release excess energy to
achieve stability.

The excess energy can be in the form of alpha
particles, beta particles, gamma rays and X-rays. These
particles have high energy and can penetrate deep into the
human body, causing severe damage to the cells and
tissues. The impacts of ionic radiation depend on the type,
energy and dose of radiation, as well as the exposure time.
The impacts of ionic radiation on human health can be
acute or chronic. Acute radiation sickness occurs when a
person is exposed to a high dose of radiation in a short
period, leading to symptoms such as nausea, vomiting,
skin burns and damage to internal organs (Woods and
Pikaev, 1993; Bykov et al., 2008; Thomas, 1980; Doyle,
2011; Tonev et al., 2016; Steinhauser et al., 2015).

Chronic exposure to low levels of radiation can cause
long-term health effects such as cancer, genetic mutations
and birth defects. The severity of the impacts depends on
the duration and intensity of the exposure, as well as the
individual's susceptibility to radiation (Bryan, 1965;
Hajima et al., 2014; Tonev et al., 2016). Free ions are
atoms or molecules that have gained or lost one or more
electrons, resulting in a net electrical charge. They can be
positively charged (cations) or negatively charged
(anions), depending on whether they lose or gain electrons,
respectively (Wang et al., 2023; Steinhauser et al., 2015;
Yang et al., 2020; Fuoss, 1958).

Free ions are highly reactive and can interact with
other molecules or particles in their surroundings. This
property makes them useful for stabilizing ionic radiation
by neutralizing the excess energy of radioactive isotopes
(Tonev et al., 2016; Fuoss, 1958). The proposed method
for stabilizing ionic radiation using free ions involves
introducing them into the environment contaminated with
radioactive isotopes. The free ions can interact with the
unstable nuclei and neutralize the excess energy by
donating or accepting electrons.

This process can lead to the formation of stable
isotopes that do not release ionic radiation. The free ions
can also combine with the radioactive isotopes to form
compounds that are less hazardous than the original
isotopes. The stability of the compounds depends on the
type of free ion and the radioactive isotope involved
(Roman et al., 1991; Wakefield et al., 2004b; Tonev et al.,
2016; Fuoss, 1958). The effectiveness of the proposed
method depends on several factors, including the
concentration and type of free ions, the type and energy
of the radioactive isotopes and the duration and intensity
of exposure. The concentration of free ions should be
sufficient to neutralize the excess energy of the
radioactive isotopes. The type of free ion used depends on
the properties of the radioactive isotopes, including their
charge and reactivity (Yang et al., 2020).

The energy of the radioactive isotopes determines
the type of ionic radiation released, which affects the
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interaction with free ions. The duration and intensity of
exposure determine the extent of the interaction between
the free ions and the radioactive isotopes (Woods and
Pikaev, 1993; Roman et al., 1991; Hajima et al., 2014).
The effectiveness of the proposed method depends on
several factors, including the concentration and type of
free ions, the type and energy of the radioactive
isotopes and the duration and intensity of exposure
(Pattison et al., 2001).

The concentration of free ions should be sufficient to
neutralize the excess energy of the radioactive isotopes.
The type of free ion used depends on the properties of the
radioactive isotopes, including their charge and reactivity.
The energy of the radioactive isotopes determines the type
of ionic radiation released, which affects the interaction
with free ions. The duration and intensity of exposure
determine the extent of the interaction between the free
ions and the radioactive isotopes (Woods and Pikaev,
1993; Roman et al., 1991; Hajima et al., 2014).

The proposed method for stabilizing ionic radiation
using free ions can be supported by mathematical
equations that describe the interaction between the ions
and the radioactive isotopes. The equations involve the
principles of electrochemistry, including oxidation-
reduction reactions and the Nernst equation (LeBaron and
Sharpe, 2020).

Chemical Process

The reduction of radioactive iodine isotopes and
radioactive cesium isotopes involves their conversion
from highly mobile and potentially harmful ionic forms to
less mobile and less hazardous elemental forms. This
reduction process is often employed in environmental
cleanup and nuclear waste management. Here are the
specific chemical reactions for the reduction of these
isotopes using free ions:

e Reduction of radioactive iodine isotopes (lodine-129
and lodine-131)

Radioactive iodine isotopes, such as lodine-129
(*1291) and lodine-131 (~1311), are commonly produced
in nuclear reactors and can be released into the
environment during nuclear accidents. To mitigate their
environmental impact, they can be reduced from iodide
ions (I") to elemental iodine (12) using reducing agents like
hydrazine (N2H4) or sulfite ions (SO3%). The reactions
for the reduction of iodine isotopes involve converting
iodide ions to molecular iodine.

Using Hydrazine (N2H4):

I” + N2H4 - 12 + 2H20 + 2~ (5)
Using sulfite ions (503%):
217 +3503° —+H20 — 12 + 3504°2H20 — +2H™ (p)
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Reduction of radioactive cesium isotopes (Cesium-
137 and Cesium-134).

Radioactive cesium isotopes, such as Cesium-137
(*137Cs) and Cesium-134 (~134Cs), are also produced in
nuclear reactions and can contaminate the environment
during nuclear incidents. They can be reduced from
cesium ions (Cs*) to elemental cesium (Cs) using
reducing agents like zinc (Zn) or sodium (Na). The
reactions for the reduction of cesium isotopes involve
converting cesium ions to the elemental form.

Using zinc (Zn):

Cst 4+ 7Zn - Cs+7Zn*"

()
Using sodium (Na):
2Cs* + 2Na - 2Cs + 2Na* (8)

It's important to note that these reduction reactions
are part of broader strategies for managing radioactive
contamination in the environment. The goal is to convert
the mobile and potentially harmful ionic forms of these
isotopes into less mobile and less hazardous elemental
forms, thus reducing their potential impact on
ecosystems and human health (LeBaron and Sharpe,
2022; Korchef, 2022).

lon Implantation

lon implantation is a specialized process used in
materials science and semiconductor manufacturing to
introduce specific ions into a solid material. The process
involves accelerating ions to high energies and then
directing them towards the target material's surface. When
the accelerated ions strike the surface, they penetrate into
the material, creating a region with altered physical and
chemical properties (Hamm and Hamm, 2012).

The first step is to generate the desired ions that will
be implanted into the target material. The ions are
typically derived from a gas or solid source and they are
ionized (usually by removing electrons) to create charged
particles. Once the ions are generated, they are accelerated
to high energies using an electric field. This acceleration
is necessary to ensure that the ions have enough kinetic
energy to penetrate the surface of the target material
(Hamm and Hamm, 2012; Hampikian and Hunt, 2001).

The accelerated ions are then focused and formed into
a beam using magnetic and/or electric fields. This beam is
directed towards the surface of the target material. The ion
beam is directed at the surface of the target material and
the high-energy ions penetrate into the material's
subsurface layers. The depth to which the ions penetrate
depends on their energy and the material's properties
(Hampikian and Hunt, 2001).
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The ions' penetration into the material creates a region
called the "implantation layer" or "dopant layer." The
depth and concentration of the implanted ions can be
controlled by adjusting the ion energy and the dose
(number of ions implanted per unit area). In some cases,
after the ion implantation, the material may undergo a
thermal annealing process. Annealing helps to repair the
crystal structure and activate the implanted ions,
enhancing their electrical and chemical properties (Hamm
and Hamm, 2012; Hampikian and Hunt, 2001).

lon implantations is the means in which the proposal,
Arif’s Shield, will use isotopes and/or free ions to treat
ionic radiation. Further investigation in regard to
engineering the aforementioned technical requirements
specifications is an avenue of research proposed by this
research. Engineering specifications can then be
considered when deploying a stabilizing capability for
ionic radiation using free ions in a contaminated city

Mathematical Modelling

The oxidation-reduction reactions involve the transfer
of electrons between molecules or ions, resulting in the
formation of a new compound. The chemical formula for
an oxidation-reduction reaction involves the transfer of
electrons from the reducing agent to the oxidizing agent.
The reducing agent loses electrons and is oxidized, while
the oxidizing agent gains electrons and is reduced. The
general formula for an oxidation-reduction reaction can
be written as:

Reducing agent + Oxidizing agent = Products (9)

For example, consider the reaction between iron (Fe)
and oxygen (O2) to form iron oxide (Fe2053):

4Fe +30,=2Fe20s (10)

In this reaction:

Iron is oxidized from its elemental state (Fe) to its
oxidized state (+3 oxidation state in Fe;Os) and
loses electrons

Oxygen is reduced from its elemental state (O>) to
its reduced state (-2 oxidation state in Fe;O3) and
gains electrons

The electrons are transferred from iron to oxygen,
resulting in the formation of a stable compound,
iron oxide

The Nernst Equation

The Nernst equation is used to calculate the
equilibrium  potential of a reaction involving
electrochemical cells. The equilibrium potential is the
voltage difference between the two half-cells at
equilibrium, where no net electron transfer occurs.
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The Nernst equation relates the equilibrium potential
to the concentrations of the reactants and products
involved in the half-reactions. The Nernst equation is a
fundamental equation in electrochemistry that relates the
equilibrium potential (E) of an electrochemical cell to the
concentrations of the reactants and products involved in
the half-reactions taking place at the electrodes. It is
named after the German physicist Walther Nernst, who
developed it in 1889.

The Nernst equation is expressed as follows:

E=E° - (RT/nF) * In(Q)

(11)
where,
E = Equilibrium potential
E° = The standard potential
R = Gas constant
T = Temperature
n = Number of electrons transferred
F = FARADAY constant and
Q Reaction quotient

The Nernst equation essentially tells us that the
equilibrium potential of a half-reaction changes with the
concentration of the species involved. When the system is
not at equilibrium (Q # 1), the term =" accounts for the
deviation from the standard potential. As the reaction
approaches equilibrium (Q gets closer to 1), the
logarithmic term approaches zero and the actual cell
potential gets closer to the standard potential.

If the concentration of products increases relative to
reactants (Q >1), the logarithmic term becomes positive.
This results in the actual cell potential becoming more
positive, pushing the reaction toward the reduction of the
reactants. If the concentration of reactants increases
relative to products (Q <1), the logarithmic term becomes
negative. This leads to the actual cell potential becoming
more negative, pushing the reaction toward the oxidation
of the reactants.

When the system is at equilibrium (Q = 1), the
logarithmic term becomes zero and the actual cell
potential equals the standard potential. Therefore, the
Nernst equation allows the prediction of how changes in
concentration impact the voltage of an electrochemical
cell and how the system tends to move towards
equilibrium to minimize the difference between the actual
cell potential and the standard cell potential.

In this way, it can be used to determine the feasibility
of a reaction and to predict the direction of electron
transfer. If the equilibrium potential is positive, the
reaction is spontaneous and electrons are transferred from
the anode to the cathode. If the equilibrium potential is
negative, the reaction is non-spontaneous and requires an
external energy source to drive the electron transfer.
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The Nernst equation is an extension of the standard
electrode potential, E°, which is a measure of the tendency
of a redox reaction to occur under standard conditions. It
takes into account non-standard conditions, such as
varying concentrations of the reactants and products. By
considering the concentrations, the Nernst equation
allows us to calculate the actual cell potential at non-
standard conditions.

The reaction Quotient (Q) is calculated in a manner
similar to the equilibrium Constant (K) but using the
actual concentrations of the species involved in the half-
reaction, rather than the equilibrium concentrations
(Samanta et al., 2017; Roman et al., 1991; Belloni, 2006;
Steinhauser et al., 2015; Yang et al., 2020; Halliwell and
Gutteridge, 1990; Kano, 2002).

For a general half-reaction:

aA+bB+..—cC+dD+ .. (12)

The reaction quotient, Q, would be:

O =[CJ * D)/ [A)* * [BY (13)

If the electrochemical cell is at equilibrium (no net
reaction is occurring), Q equals the equilibrium constant
(K) for the reaction and the Nernst equation simplifies to:

E = E° - (RT/nF) * In(K) (14)

The Nernst equation is crucial in understanding the
behavior of electrochemical cells, such as batteries and
electrochemical reactions in living organisms. It allows us
to predict how changing the concentrations of reactants
and products will influence the cell's potential and
whether the cell is undergoing a spontaneous or non-
spontaneous redox reaction.

The ionization of atoms due to the effects of
nuclear weaponry can be described by the following
chemical equations.

In a nuclear fission reaction, a heavy atomic nucleus
such as uranium-235 or plutonium-239 is bombarded with
neutrons, causing the nucleus to split into two smaller
nuclei, releasing a large amount of energy and additional
neutrons. For example, the nuclear fission of uranium-235
can be described by the following equation:
U235 + n— Bal4l + Kr92 + 3n + energy (15)

Here, uranium-235 is bombarded with a neutron (n) to
form barium-141 (Bal41), krypton-92 (Kr92), three
additional neutrons and a large amount of energy. In a
nuclear fusion reaction, two lighter atomic nuclei are
fused together to form a heavier nucleus, releasing a large
amount of energy. For example, the fusion of hydrogen
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isotopes, deuterium and tritium, can be described by the
following equation:

2H + 3H — 4He + n + energy (16)

Here, two deuterium nuclei (2H) and one tritium
nucleus (3H) are fused together to form a helium-4
nucleus (4He), a neutron (n) and a large amount of energy.
Radioactive decay occurs when a radioactive atom
spontaneously emits radiation in the form of alpha
particles, beta particles, or gamma rays, in order to
become more stable.

The decay of uranium-238 can be described by the
following equation:

U238 — Th234 + Hed + energy 17)

Here, uranium-238 undergoes alpha decay, emitting
an alpha particle (He4) and becoming thorium-234
(Th234) while releasing a large amount of energy.
Overall, the ionization of atoms due to the effects of
nuclear weaponry involves a variety of nuclear reactions,
including fission, fusion and radioactive decay, which
result in the emission of ionizing radiation.

Arif’s Shield’; The stabilization of ionized atoms
due to the effects of nuclear weaponry using free ions
involves redox reactions, where free ions act as
reducing agents to neutralize the radioactive isotopes.
The chemical formulas for some of the key reactions
involved are shown.

Radioactive iodine isotopes such as ~131l and 1291
can be reduced by free hydrogen ions (H+) to form non-
radioactive iodine:

M3+ H — M3+ H 18)

AN29N+ H+ — AM291+ H (19)

Reduction of radioactive cesium isotopes:

Radioactive cesium isotopes such as "~137Cs and
134Cs can be reduced by free potassium ions (K+) to
form non-radioactive cesium:

A37Cs++ K+ — M37Cs + K 20)

M34Cs+ + K+ — "M340Cs + K (21)

Radioactive strontium isotopes such as ~90Sr can be
reduced by free calcium ions (Ca2+) to form non-
radioactive strontium:

NOOSH2+ + Ca2+ — ~908r + 2Ca 22)
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Overall, the stabilization of ionized atoms using free
ions involves the introduction of the appropriate free
ions into the contaminated environment, which then
undergo redox reactions with the radioactive isotopes to
form non-radioactive compounds. The specific chemical
formulas involved depend on the radioactive isotopes
present and the types of free ions used for stabilization
(Samantaetal., 2017; Roman et al., 1991; Belloni, 2006;
Steinhauser et al., 2015; Yang et al., 2020; Halliwell and
Gutteridge, 1990).

Arif’s Shield, the proposed method for stabilizing
ionic radiation using free ions involves introducing them
into the environment contaminated with radioactive
isotopes. The free ions can neutralize the excess energy of
the radioactive isotopes by donating or accepting
electrons through oxidation-reduction reactions.

The stability of the resulting compounds depends on
the type of free ion and the radioactive isotope involved.
The effectiveness of the proposed method can be
supported by the Nernst equation, which describes the
equilibrium potential of electrochemical cells involved in
the reactions.

The proposed method has the potential to mitigate the
negative impacts of ionic radiation caused by nuclear
weapons on human health and the environment.

Results and Discussion
Arif’s Shield can therefore be described as:

MRM+ 0+ —>" IR+ 0 (23)

Deploying a stabilizing capability to stabilize ionic
radiation using free ions into a city contaminated with
radioactive isotopes as a result of nuclear fallout would
require careful consideration of engineering requirements
to ensure that the system is effective, safe and reliable.

Below are some key engineering requirements that
should be considered:

Radiation detection and monitoring

Robust and reliable stabilization technology
Effective and efficient stabilization process
Containment and waste management

Safety and security

Deployment and logistics

oapwhE

Before deploying a stabilizing capability, it is
important to have a detailed understanding of the extent
and distribution of radiation contamination in the affected
area. Therefore, a radiation detection and monitoring
system should be installed to continuously measure
radiation levels and provide real-time data to the
stabilization team. This system could include a network of
radiation sensors and monitors strategically placed around
the city to detect changes in radiation levels.
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The technology used to stabilize ionic radiation must
be robust and reliable to ensure that it can operate
effectively and efficiently in contaminated environments.
The technology should be designed to withstand harsh
conditions such as high radiation levels, extreme
temperatures and humidity. The stabilization system
should also be able to operate for long periods without
maintenance or replacement of key components.

The stabilization process should be effective and
efficient in neutralizing the radioactive isotopes in the
environment. The system should be designed to introduce
the free ions into the contaminated environment in a
controlled manner and maintain a stable concentration of
free ions to ensure optimal stabilization. The system
should also be designed to minimize the impact on the
environment and prevent the introduction of additional
contaminants. During the stabilization process, there may
be a need to contain and manage the waste generated.
Therefore, it is important to have a waste management
system in place to ensure that the contaminated materials
are safely removed and disposed of.

This system could include a series of waste containers
and transport vehicles designed to handle radioactive
materials. Safety and security are critical in any
engineering project, but particularly important in a
nuclear contamination scenario. The stabilization system
should be designed to minimize the risk to human health
and the environment. The team involved in deploying the
stabilization system should also be trained in radiation
safety and emergency procedures to respond to any
unexpected events. The deployment of the stabilization
system will require careful planning and logistics. This
includes the transport of equipment and personnel to the
contaminated area, as well as the installation and
operation of the system.

The logistics plan should consider factors such as
transportation routes, communication systems and
emergency response capabilities. In conclusion, Arif’s
Shield is the proposed deploying of the proposed
stabilizing capability to stabilize ionic radiation using
free ions in a city contaminated with radioactive isotopes
as a result of nuclear fallout would require careful
engineering considerations.

Engineering Constraints

The significance of deploying this proposed
stabilizing capability for ionic radiation using free ions in
a contaminated city involves directly correlating to the
local site where the device is deployed. The
implementation of a robust system for detecting and
monitoring radiation levels across the city is unlikely,
however this capability it a treatment for after the event.
Then, it would include setting up sensors, detectors and
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monitoring stations to continuously assess the radiation
levels and identify areas with higher contamination.

The implementation of engineering controls to
manage the release and spread of reduced ions would need
to be considered in its own right. This might include
designing systems for controlled application, monitoring
of agent dispersion and waste management and is outside
the scope of this research.

Deploying the Arif’s Shield stabilizing capability for
ionic radiation is an interdisciplinary endeavor that has
been demonstrated as a feasible solution. Further research
on this proposal is required to progress it to an
experimental example.

Conclusion

This research proposes a technique to re-ionize ionic
radiation, caused by the unstable nuclei of radioactive

isotopes and provides supporting mathematical
modelling throughout the investigation into this
proposed stabilization technique. As discussed

throughout the article, the ionic radiation from a nuclear
accident or act of war can lead to various health hazards,
including cancer, radiation sickness and genetic damage.
This research proposes a way to stabilize ionic radiation
caused by the use of nuclear weaponry or where nuclear
energy is utilized as part of the energy or medical
industries. This proposed technique, namely ‘Arif’s
Shield’ uses free ions to stabilize ionic radiation likened
to a shield and should serve as a foundation for future
research into its plausibility.
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