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Abstract

Development of a suitable joining technique for advanced
aluminium alloys and composites will enable them to be more widely
used. The aim of this project research was to develop new joining
methods for these materials for which conventional welding methods
have been unsuccessful. Successful joining of heat conducting materials,
to high-temperature components is of significant importance for heat
management in nuclear power plants and liquid propellant launch
vehicles. Solid-state processes are considered for joining such dissimilar
materials. In this study, Al/Al composite was triye to processed by
Gallium-assisted diffusion bonding technique. A new method for diffusion
bonding Al base and Al base superalloys will been developed, which is
based on non-chemical oxide removal before the bonding process.
Diffusion bonding is a process by which faying surfaces are brought into
suffficiently close contact using an applied pressure at elevated
temperature to allow bond formation by atomic interdiffusion across the
joint interfacevehicles.

In this work, the Experimental part is divided into two stages, first:
created the device (heat chamber ) which has the heater, load part, and
isolator foil. The second stage of this research is to fabricate the
composite material by bonding methods and also to an analytical model
which may be applicable to all transient liquid phase (TLP) bonding
processes. The first stage of this project was completed, but the second
part may be done in future work.
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Chapter One
1-Introduction

1-1 General Introduction

The technology of dissimilar metal joining has a variety of applications, especially
when a certain property combination is desired. These joints have received more attention
from researchers in recent decades as they create the possibility of achieving a compromise
between cost and improved joint efficiency [1]. However, creating such joints poses more
challenges due to the differences in the properties of the participating Base Metals (BMs) .
Diffusion bonding involves bringing the participating BMs within interatomic distances by
applying pressure at elevated temperatures. The quality of joints, therefore, depends on
Influence of temperature, bearing pressure, bonding time and design. diffusion-bonded
dissimilar joints are less prone to interfacial failure due to the reduction in Intermetallic
Compounds formation [2,3]. Among the efforts made by experimenters in improving the
quality of dissimilar joints is the incorporation of an interlayer between the BMs. A
suitable interlayer has the ability of retarding oxide formation and facilitates the release of
residual stresses between the BMs [4]. Despite the existence of several dissimilar metal
joints, aluminium/mild steel joints have received more attention from researchers,
particularly in the marine industry. This is due to the desire to reduce the overall weight of
the deckhouse superstructure, energy consumption and cost of production . Gallium,
conversely, is a very ductile metal with a melting point relatively lower than that of mild
steel and aluminium [5].

Over time, the advancement has been made in creating dissimilar joints involving
aluminium and/or steel with or without interlayers using diffusion bonding. From the
foregoing, it is evident that the quality of diffusion-bonded joints is greatly dependent on
the bonding parameter. Furthermore, though several studies on aluminium/mild steel
dissimilar joints exist, little or no study has been conducted to investigate the properties of
the dissimilar joint with a Gallium interlayer despite having the potential to improve the
overall joint quality.The dissimilar joints also form part of the marine industry’s structural
component (deck house superstructure). This study explored the feasibility of creating
aluminium/mild steel dissimilar joints with a Gallium interlayer. The effect of the bonding
temperature, surface roughness and holding time on the joint’s mechanical properties were
investigated. The effect of these parameters . [6]



1-2 Influence of bonding temperature

For diffusion welding, the joining temperature is normally set in the range of about
80% of the melting temperature for a pure metal or of the starting melting temperature for
alloys. Temperature is calculated in Kelvin. Obviously, similar to the appropriate
temperature for recrystallization, the temperature for alloys should exceed this level. For
materials with surface passivation layers, temperature should be even higher and the time
longer, which changes the whole process in terms of creep rate and appropriate bearing
pressure. When comparing diffusion welding of, e.g., pure aluminium (Ts = 660°C) and
AlMg3 (Ts = 610-640°C), the whole process has to be optimised. Otherwise, welding will
fail due to excessive deformation [7] .

1-3 Influence of bearing pressure

Bearing pressure is responsible for joining the mating surfaces. Influence of the
bearing pressure is contrary to that of temperature. When increasing the bonding time from
1 to 4 h,the deformation is not proportional but increased by a factor of about 2.5 [8].
Obviously, a certain minimum bearing pressure is necessary to facilitate the deformation of
local contact areas of the sample depending on the temperature applied. Additionally,
deformation under the given conditions strongly depends on the aspect ratio of the part and
on the frictional cross-section between the part and the die applying the load .

1-4 Influence of bonding time and design

Is required for conducting the diffusion process. After the initial step of approaching
mating surfaces, time is needed to fill the pores left in between the local contact areas.
Hence, a sufficient long bonding time is required. Bonding time, together with temperature,
affects deformation. However, as mentioned above, its influence is non-linear. As soon as
creep takes place during diffusion bonding, a long bonding time makes it difficult to control
deformation and design changes may have a major impact.difficult to weld prototypes of
varying designs or materials without profound experience. It is also hard to give a certain
percentage of deformation to obtain a good diffusion bond. In fact, bonding quality depends
on the number of layers to be bonded. In any case, the deformation behavior depends not
only on the composition of a material but also on its micro-structure .



1-5 Influencing factors

Several additional factors may influence the result or may change the material, e.g.
surface roughness and passivation layers, all kinds of lattice defects, polymorphic behavior,
and formation of precipitations at grain boundaries, design of the parts to be welded and its
aspect ratio as well as mechanical issues of the welding equipment.

1-1-5 Surface effects

For diffusion welding, a very good quality of surfaces is a pre-requisite. Surfaces
must be free of single deep scratches preventing vacuum-tight joints and of impurities from
machining.Careful cleaning using surfactants and subsequent rinsing with ethanol or
acetone are required. Gloves free of powder should be used for handling.The number of
stacked layers will also influence deformation at the given diffusion welding parameters,
since multiple surfaces are approached and levelled. Hence, it is not possible to give a
certain percentage of deformation to achieve highly vacuum-tight joints. Deformation also
depends on the composition of the material.

1-2-5 Influence of roughness

A pre-requisite for solid-state diffusion is a very good contact of the mating surfaces
on theatomic level. Often, a “low surface roughness” that is not specified otherwise is
required in the literature [9] .

1-3-5 Passivation layers

Some metals and alloys like aluminium, stainless steel, nickel-based alloys or
titanium spontaneously form surface passivation layers. They consist mainly of oxides of
the base metal, some alloying elements may be enriched. Often, oxygen is blocked to
prevent further oxidation and the passivation layers are responsible for the good corrosion
resistance in aqueous media or hot gases. Especially for aluminium, formation of
passivation layers cannot be avoided completely. The thickness of these passivation layers
Is in the range of 2—20 nm depending on the type of metal and the content of alloying
elements [10,11]



1-6 Literature survey

SB Dunkerton-Diffusion bonding 2, 1-12, 1991 Diffusion bonding is a micro
deformation solid phase process finding application in niche areas. The mechanisms of
bonding are generally understood, and data on modelling is available although limited to
simple metal systems. Application areas range from electronics and sensors to the
aerospace and nuclear industries, and these applications are expected to continue and
develop. An extension of these applications will result from developments in HIP bonding
where the unit costs can be reduced for bulk production, and more complex geometries can
be bonded. Another driving force to extend the use of diffusion bonding, is the increasing
development of new and advanced materials [12] .

D Joyson - BARC Newsl 331 (3-4), 19-25, 2013 Competitive advanced technique
in joining similar and dissimilar materials which are difficult to join using the conventional
methods. The technique is elaborated with emphasis on the key variables, the mechanisms
involved and optimization of the process parameters[13] .

Nils Haneklaus - Metals 11 (2), 323, 2021 Diffusion bonding is a solid-state
welding technique used to join similar and dissimilar materials. Relatively long processing
times, usually in the order of several hours as well as fine polished surfaces make it
challenging to integrate diffusion bonding in other production processes and mitigate
widespread use of the technology. Several studies indicate that varying pressure during
diffusion bonding in contrast to the traditionally applied constant load may reduce overall
processing- and bonding times [14].

1-7 Aim of this project

The focus of research in this frontier is primarily on the improving the joint strength
by optimizing the bonding parameters and nature of interlayers. However, the main
objective of the present work was to carry out an in-depth investigation on the evolution of
the mechanical prosperities at the SS-Al interface during gallium-assisted diffusion
bonding.



Chapter Two

Theoretical Part

2-1 Diffusion bonding

Is a solid-state welding technique used in metalworking, capable of joining similar
and dissimilar metals. It operates on the principle of solid-state diffusion, wherein the
atoms of two solid, metallic surfaces intersperse themselves over time. This is typically
accomplished at an elevated temperature, approximately 50-75% of the absolute melting
temperature of the materials [15 ] . Diffusion bonding is usually implemented by applying
high pressure, in conjunction with necessarily high temperature, to the materials to be
welded; the technigue is most commonly used to weld "sandwiches" of alternating layers of
thin metal foil, and metal wires or filaments. Currently, the diffusion bonding method is
widely used in the joining of high-strength and refractory metals within the aerospace and
nuclear industries.

2-1-1 Mechanism of Diffusion Bonding

In diffusion bonding, the nature of the joining process is essentially the coalescence
of two atomically clean solid surfaces. Complete coalescence comes about through a three-
stage metallurgical sequence of events. Each stage, as shown in Fig. 1, is associated with a
particular metallurgical mechanism that makes the dominant contribution to the bonding
process. Consequently, the stages are not discretely defined, but begin and end gradually,
because the metallurgical mechanisms overlap in time. During the first stage, the contact
area grows to a large fraction of the joint area by localized deformation of the contacting
surface asperities. Factors such as surface roughness, yield strength, work hardening,
temperature, and pressure are of primary importance during this stage of bonding. At the
completion of this stage, the interface boundary is no longer a planar interface, but consists
of voids separated by areas of intimate contact. In these areas of contact, the joint becomes
equivalent to a grain boundary between the grains on each surface. The first stage is usually
of short duration for the common case of relatively high-pressure diffusion bonding.



Chapter Two : Theoretical Part
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Figure (2- 1) shows the mechanism of diffusion bonding

During the second stage of joint formation, two changes occur simultaneously. All of
the voids in the joints shrink, and most are eliminated. In addition, the interfacial grain
boundary migrates out of the plane of the joint to lower-energy equilibrium. Creep and
diffusion mechanisms are important during the second stage of bonding and for most, if not
all, practical applications, bonding would be considered essentially complete following this
stage. As the boundary moves, any remaining voids are engulfed within grains where they
are no longer in contact with a grain boundary. During this third stage of bonding, the voids
are very small and very likely have no impact on interface strength. Again, diffusional
processes cause the shrinkage and elimination of voids, but the only possible diffusion path
is now through the volume of the grains themselves.



2-1-2 Characteristics

Diffusion bonding involves no liquid fusion, and often no filler metal. No
weight is added to the total, and the join tends to exhibit both the strength and
temperature resistance of the base metal(s). The materials endure no, or very little,
plastic deformation. Very little residual stress is introduced, and there is no
contamination from the bonding process. It may theoretically be performed on a
join surface of any size with no increase in processing time, however, practically
speaking, the surface tends to be limited by the pressure required and physical
limitations. Diffusion bonding may be performed with similar and dissimilar
metals, reactive and refractory metals, or pieces of varying thicknesses. Due to its
relatively high cost, diffusion bonding is most often used for jobs either difficult or
impossible to weld by other means. Examples include welding materials normally
impossible to join via liquid fusion, such as zirconium and beryllium; materials
with very high melting points such as tungsten; alternating layers of different
metals which must retain strength at high temperatures; and very thin,
honeycombed metal foil structures[16] [17] [18].

2-1-3 Advantages

1-The bonded surface has the same physical and mechanical properties as the base
material. Once bonding is complete, the joint may be tested using tensile testing for
example.

2-The diffusion bonding process is able to produce high quality joints where no
discontinuity or porosity exists in the interface.[19] In other words, we are able to
sand, manufacturing and heat the material.

3-Diffusion bonding enables the manufacture of high precision components with
complex shapes. Also, diffusion is flexible.

4-The diffusion bonding method can be used widely, joining either similar or
dissimilar materials, and is also important in processing composite materials.

5-The process is not extremely hard to approach and the cost to perform the
diffusion bonding is not high [20].



2-1-4 Gallium

Gallium is a metallic element represented by the symbol Ga and belongs to
group 13 in the periodic table. It was discovered by French chemist Paul-Emile
Lecoq de Boisbaudran in 1875. Chemically it is similar to aluminum. However,
both metals end up showing properties that make them different from each other.
For example, aluminum alloys can be worked to give them all kinds of shapes;
While those in gallium have very low melting points, they practically consist of
silver liquids. Also, the melting point of gallium is lower than that of aluminum;
The former can melt from the heat of the hand, while the latter does not [21] .

Figure (2 -2) The Gallium

Also, the chemical similarity between gallium and aluminum brings them
together geochemically; That is, minerals or rocks rich in aluminum, such as
bauxite, contain estimated concentrations of gallium. Apart from this mineral
source, there are other sources of zinc, lead and carbon, which are widely scattered
throughout the earth's crust.Gallium is not a popular metal and Although gallium is
not toxic, like mercury, it is a destructive agent to metals, because it makes them
brittle and useless (in the first place). On the other hand, it interferes
pharmacologically with the processes in which biological matrices use iron.

2-1-5 Physical properties

Gallium is a silvery metal with a glassy surface, odorless, with an astringent
taste. a soft and brittle solid, which when broken becomes conchoidal; That is, the
pieces formed are curved, similar to sea shells.When melting, depending on the
angle at which it is viewed, it can exhibit a bluish glow. This silvery liquid is not
toxic on contact; However, it "sticks" too much to surfaces, especially if they are
ceramic or glass [22] .



2-1-6 chemical properties

1-Atomic number (2): (31 Ga)

2-Molar mass: 69.723 g/mol

3-Melting point:29.7646 degrees Celsius.

4-Boiling point: 2400 degrees Celsius.

5-Density: At room temperature: 5.91 g/ cm3, At the melting point: 6.095 g / cm3
6-Interactive:The metal gallium is relatively inert at room temperature. It does not react
with air as a thin layer of Ga 2 or 3 oxide protects it from oxygen and sulfur.
7-isotopes:Gallium occurs mainly in nature in the form of two isotopes: the 69 Ga, with an
abundance of 60.11%; and the 71- ga, with an abundance of 39.89%. For this reason, the
atomic weight of gallium is 69.723 St.

2-1-7 Risks
A - environmental and physical

From an environmental point of view, metallic gallium is not highly reactive and
soluble in water, so spills from it theoretically do not present severe contamination risks. In
addition, it is not known what biological role it may play in living organisms, as most of its
atoms are excreted in the urine, with no signs of accumulation in any of its tissues. Unlike
mercury, gallium can be handled with bare hands. In fact, the experience of trying to melt it
with the heat of the hands is so common. Anyone can touch the resulting silvery liquid
without fear of harming or cutting the skin; Although it does leave a silver stain on it.
However, ingesting it could be toxic, because in theory it would dissolve in the stomach to
generate GaCl 3 ; Gallium salt whose effects on the body are independent of the metal [23].

B - Metal damage

Gallium is characterized by highly staining or sticking to surfaces; And if it is
metallic, it passes through it and instantly forms ingots. This property of being able to mix
with almost all metals makes it inappropriate to spill liquid gallium on any metal object.
Therefore, metallic objects run the risk of breaking into pieces in the presence of gallium.
Its action can be so slow and unnoticed that it brings unwanted surprises; Especially if it
spills on a metal chair, which can collapse when someone sits on it.This is why those who
wish to handle gallium should not come into contact with other metals.
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2-1-8 Applications

1-thermometers

Gallium replaced mercury as the liquid for reading temperatures marked by a thermometer.,
However, its melting point of 29.7 °C is still high for this application, which is why in its
metallic state it would not be possible to use it in thermometers; Instead, an alloy called
Galinstan (Ga-In-Sn) is used. Galinstan alloy has a melting point around -18°C

2-Mirror manufacturing

Again, the wettability of gallium and its alloys is mentioned. When touching a porcelain or
glass surface, it spreads over the entire surface until it is completely covered with a silver
mirror. In addition to mirrors, gallium alloys have been used to create objects of all shapes,
because once cooled they harden.

3-Computers
The thermal paste used in computer processors is made from gallium alloys.

4-drugs

Ga3 + ions bear some resemblance to Fe3 + in the way they are involved in metabolic
processes. Therefore, if there is a function, parasite or bacteria that requires the
performance of iron, it can be stopped by confusing it with gallium; This is the case for
pseudomonas bacteria.

5-technological

Gallium arsenide and nitride are semiconductors that have replaced silicon in some
optoelectronic applications. With them, transistors, laser diodes, light-emitting diodes (blue
and violet), chips, solar cells, etc. were made.

6- stimuli

Gallium oxides have been used to study their catalysis in various organic reactions of great
industrial interest. One of the newer gallium catalysts consists of its own liquid, in which
atoms of other metals acting as active centers or sites are dispersed [24].
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2-1-9 Aluminium

Is a chemical element with the symbol Al and atomic number 13. Aluminium has a
density lower than those of other common metals, at approximately one third that of steel.
It has a great affinity towards oxygen, and forms a protective layer of oxide on the surface
when exposed to air. Aluminium visually resembles silver, both in its color and in its great
ability to reflect light. It is soft, non-magnetic and ductile. It has one stable isotope, 27Al,
this isotope is very common, making aluminium the twelfth most common element in the
Universe. The radioactivity of 26Al is used in radiodating [25].

Figure (2 -3) The Aluminium

Chemically, aluminium is a post-transition metal in the boron group; as is common
for the group, aluminium forms compounds primarily in the +3 oxidation state. The
aluminium cation Al3+ is small and highly charged; as such, it is polarizing, and bonds
aluminium forms tend towards covalency. The strong affinity towards oxygen leads to
aluminum’'s common association with oxygen in nature in the form of oxides; for this
reason, aluminium is found on Earth primarily in rocks in the crust, where it is the third
most abundant element after oxygen and silicon, rather than in the mantle, and virtually
never as the free metal [26] .

2-1-10 Aluminum alloy

Cast and wrought alloy nomenclatures have been developed. The Aluminum
Association system is most widely recognized in the United States. Their alloy
identification system employs different nomenclatures for wrought and cast alloys, but
divides alloys into families for simplifi-cation.
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A- For wrought alloys a four-digit system is used to produce a list of
wrought composition families as follows :

I1xxx: Controlled unalloyed (pure) composition, used primarily in the electrical and
chemical industries

2xxx: Alloys in which copper is the principal alloying element,although other elements,
notably magnesium, may be specified. 2xxx-series alloys are widely used in aircraft where
their high strength (yield strengths as high as 455 MPa, or 66 ksi) is valued.

3xxx: Alloys in which manganese is the principal alloying element,used as general-purpose
alloys for architectural applications and various products

4xxx: Alloys in which silicon is the principal alloying element, used in welding rods and
brazing sheet

5xxx: Alloys in which magnesium is the principal alloying element,used in boat hulls,
gangplanks, and other products exposed to marine
environments

6xxx: Alloys in which magnesium and silicon are the principal alloying elements,
commonly used for architectural extrusions and automotive components

7xxx: Alloys in which zinc is the principal alloying element (although other elements, such
as copper, magnesium, chromium, and zirconium,may be specified), used in aircraft
structural components and other high-strength applications. The 7xxx series are the
strongest aluminum alloys, with yield strengths >500 MPa (>73 ksi) possible.

8xxx: Alloys characterizing miscellaneous compositions. The 8xxx series alloys may
contain appreciable amounts of tin, lithium, and/or iron .

B- Casting compositions are described by a three-digit system followed by a decimal
value. The decimal .0 in all cases pertains to casting alloy limits.Decimals .1, and .2
concern ingot compositions, which after melting and processing should result in
chemistries conforming to casting specification requirements. Alloy families for
casting compositions include the following:
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1xx.x: Controlled unalloyed (pure) compositions, especially for rotor manufacture

2xx.x: Alloys in which copper is the principal alloying element. Other alloying elements
may be specified. 3xx.x: Alloys in which silicon is the principal alloying element. The
other alloying elements such as copper and magnesium are specified.The

3xx.X series comprises nearly 90% of all shaped castings produced.

4xx.x: Alloys in which silicon is the principal alloying element.

5xx.x: Alloys in which magnesium is the principal alloying element.

6xx.X: Unused

7xx.x: Alloys in which zinc is the principal alloying element. Other alloying elements such
as copper and magnesium may be specified.

8xx.x: Alloys in which tin is the principal alloying element [27].

2-1-11 Properties of aluminium

The three main properties on which the application of aluminium is based are its
low density of approximately 2.7, the high mechanical strength achieved by suitable
alloying and heat treatments, and the relatively higb corrosion resistance of the pure metal.
Other valuable properties include its high thermal and electrical conductance, its
reflectivity, its high ductility and resultant low working cost, its magnetic neutrality, high
scrap-value, and the non-poisonous and colourless nature of its corrosion products which
facilitates its use in the chemical and food-processing industries . In its pure state,
aluminium is, however, a relatively soft metal with a yield strength of only 34.5 N/rrnn2
and a tensile strength of 90 N/mmz2. Through the development of a wide range of alloys,
however, very varied strengths and ductility can be achieved, and this has led to the many
applications of today.
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2-1-12 Applications

The properties of the various aluminium alloys has resulted in aluminium being
used in industries as diverse as transport, food preparation, energy generation, packaging,
architecture, and electrical transmission applications.Depending upon the application,
aluminium can be used to replace other materials like copper, steel, zinc, tinplate, stainless
steel, titanium, wood, paper, concrete and composites. Some examples of the areas where
aluminium is used are given below.

- Packaging

Corrosion resistance and protection against UV light combined with moisture and
odour containment plus the fact that aluminium is non-toxic and will not leach or taint the
products has resulted in the widespread use of aluminium foils and sheet in food packaging
and protection.

-Transport

After the very earliest days of manned flight, the excellent strength to weight ratio
of aluminium have made it the prime material for the construction of aircraft. These same
properties of aluminium mean various alloys are now also used in passenger and freight rail
cars, commercial vehicles, military vehicles, ships & boats, buses & coaches, bicycles and
increasingly in motor cars.

-Marine Applications

Aluminium plate and extrusions are used extensively for the superstructures of ships.
The use of these materials allows designers to increase the above waterline size of the
vessel without creating stability problems.

-Building and Architecture

Aluminium use in buildings covers a wide range of applications. The applications
include roofing, foil insulation, windows, cladding, doors, shopfronts, balustrading,
architectural hardware and guttering. Aluminium is also commonly used as the in the form
of tread plate and industrial flooring.

-Other Applications
Laminates- Ladders , High pressure gas cylinders , Sporting goods , Machined
components , Road barriers and signs , Furniture , Lithographic printing plates.
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2-1-13 Steel

Is an alloy of iron and carbon with improved strength and fracture resistance
compared to other forms of iron. Many other elements may be present or added. Stainless
steels that are corrosion- and oxidation-resistant typically need an additional 11%
chromium. Because of its high tensile strength and low cost, steel is used in buildings,
infrastructure, tools, ships, trains, cars, machines, electrical appliances, and weapons [28].

Figure (2 —4) The Steel

Iron is the base metal of steel. Depending on the temperature, it can take two
crystalline forms : body-centred cubic and face-centred cubic. The interaction of the
allotropes of iron with the alloying elements, primarily carbon, gives steel and cast iron
their range of unique properties. In steel, small amounts of carbon, other elements, and
inclusions within the iron act as hardening agents that prevent the movement of
dislocations.

The carbon in typical steel alloys may contribute up to 2.14% of its weight. Varying
the amount of carbon and many other alloying elements, as well as controlling their
chemical and physical makeup in the final steel (either as solute elements, or as precipitated
phases), impedes the movement of the dislocations that make pure iron ductile, and thus
controls and enhances its qualities.

Steel was produced in bloomer furnaces for thousands of years, but its large-scale,
industrial use began only after more efficient production methods were devised in the 17th
century [29] .
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2-1-14Different Types of Steels

-Steel can be classified depending on various factors or characteristics .

1.Based on Carbon Content:
-Low Carbon Steels

-medium Carbon Steels

-high Carbon Steels

2.Based on the Method of manufacture of Steels:
-Bessemer steel Method
-Electric Arc Furnace Method

3. Based on properties of some other types of Steels:
-Shock-resisting Steels

-High strength Steels

-Tool Steels

-Spring Steels

-Heat Resistant Steels

4. Based on Effect of Alloying elements on Steel:
Silicon, Sulphur, Phosporous, Aluminium, Vanadium, Chromium, Cobalt/Molybdenum

2-1-15 Properties of Steel

Steel has a number of properties, including: hardness, toughness, tensile strength,
Ductility, Malleability, Durability, Conductivity, Luster, Rust Resistance .
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HARDNESS

Is the material’s ability to withstand friction and abrasion. It is worth noting that,
while it may mean the same as strength and toughness in colloquial language.

-TOUGHNESS

Is difficult to define but generally is the ability to absorb energy without fracturing
or rupturing. It is also defined as a material’s resistance to fracture when stressed.

- Tensile Strength

Is the amount of stress that a substance can take before becoming structurally
deformed. The tensile strength of steel is comparatively high, making it highly resistant to
fracture .
-Ductility

One of the useful mechanical properties of steel, is its ability to change shape on the
application of force to it, without resulting in a fracture. This property is known as ductility,

which enables it to be used in the making of different shapes and structures ranging from
thin wires or large automotive parts and panels.

- Malleability

Malleability is closely linked with ductility, and allows steel to be deformed under
compression. It allows this alloy to be compressed into sheets of variable thicknesses, often
created by hammering or rolling.

-Durability

The hardness of this alloy is high, reflecting its ability to resist strain. It is long-
lasting and greatly resistant to external wear and tear.
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- Conductivity

Steel is a good conductor of heat and electricity. These properties make it good
choice for making domestic cookware, as well as electrical wiring.
-Luster

One of the physical properties of steel is its attractive outer appearance. It is silvery
in color with a shiny, lustrous outer surface.
-Rust Resistance

The addition of certain elements, makes some types of steel resistant to rust. Stainless

steel for instance contains nickel, molybdenum and chromium which improve its ability to
resist rust.

2-1-16 Applications of Steel

As Steel has high tensile strength, it was used in:

1-Construction of buildings.
2-Infrastructure.

3-Tools.

4-Ships.

5-Automobiles.
6-Machines & appliances.
7-Weapons.

8- Machine steel.
9-Spring steel.

10-Boiler steel.
11-Structural steel .
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Chapter Three

Experimental part

3-1 project strateqy

This chapter focuses on the materials prepared in this project, which includes an iron
bar with a diameter of (8in) inside two samples of aluminum clamped tightly and the use of
gallium as a coating material through the diffusion process for different scientific
applications. The descriptions of the procedures and test tools were used in this project.

3-2 Materials and preparation process

3-1-2 Materials used

An iron cylinder with thickness of 2 mm, inside diameter of 16 mm and length 25mm
, iron supports, brick, heating heater, electrical wires that withstand high temperatures, an
electronic scale for mass measurement, a pressure gauge, and a column related to the
sample. Measure the pressure on it, sound the alarm.

3-2-2 preparation process

In the first step, the iron bar is cleaned with cleaning and polishing equipment, then
painted with white paint and prepared for work.
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After that, a rectangular iron base is made in order to fix the rod on it by welding, as
well as it is painted and cleaned.

Figure (3-2) The iron rod and the base after the cleaning process

Putting a cover from the top of the cylinder on which an iron column is fixed, used
to install the first sample inside and calculate the pressure through it, and then put a gauge
to calculate the pressure applied to it set an alarm whistle for the purpose of warning
,protection from the interactions ,influencing factors that occur inside the rod as a result of
exposure to heat, pressure and other chemical reactions.

As for the bottom, the rod is tightly closed and a small hole is made in it for the
purpose of inserting the column associated with the first sample to calculate the pressure
applied to it.

The second sample is installed inside through a column fixed on the lower base of the
penis.
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Iron supports are placed inside on both sides of the rod for the purpose of fixing the brick
on it, A heater was placed around the rods to heat them for the best welding process.

Make a small hole on the side of the penis for the purpose of inserting electrical wires.

Figure (3-4) The final shape of the penis

3-3 procedure methods

After completing the preparation processes ,preparing the samples and the rod for
work, the tests are conducted by connecting the wires to electricity for the purpose of
operating the thermal heater (which converts electrical energy into thermal energy) placed
inside the brick at a temperature of about (80% ).

After that, the gallium material was placed on the top of the surface of the second
aluminum rod , which is attached from the bottom to the base of the rod, the first rod is
pressed from the top over the second rod to , applied the necessary pressure.

After completing these steps, we record the appropriate readings at different
temperatures and pressures .
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Chapter Four

Results and discussion

Some experimental tests were carried out, and some measurements were taken using
heat and pressure. In the first test, the temperature was used at a rate of (400°C), a time of
(30 min), and a pressure of approximately (200pa). We noticed that the result failed. We
conducted the second test with different measurements, where the temperature was
(450°C), time (1h) and pressure (250pa). We also noticed that the test failed. In the third
test, the temperature was (500°C), time (an hour and a half) and pressure (300pa). The test
also failed. In the last test, the temperature (550°C), time (2h) and pressure (350pa) were
taken. We also noticed that the test failed. Therefore, through these tests, the required results
were not obtained, i.e. the welding process was not completed.



Chapter Five

Conclusions & Recommendations

5-1Conclusions

In short, an iron rod with a diameter of (8in) was prepared, inside two samples of
aluminum, fixed tightly, and using gallium as a coating material through the diffusion
process, and some tests were carried out using heat and pressure and with different
measurements, and we noticed that in all of them the test failed and the required results
were not obtained, i.e. the welding was not done.

5-2 Recommendations for future work:

Several recommendations for future work have been proposed in order to improve
and complete the experimental work:

1- Using other types of samples such as steel.

2- Using other coating materials such as sodium alginate.

3- Using other measuring devices.
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