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Abstract

the development of new AIl-Si alloys like (A319) with the required
combination of good casting, machining and wear resistance properties to
use in cylinder blocks-angine innovation that would simplify the
manufacturing process and save costs. So the hypoeutectic Al-Si alloys can
potentially provide the required combination to use in linerless automotive
engine blocks, so studying their corrosion and tribological performance is
of great importance in the effort to optimize the properties of automotive

engine block materials.

In this study aluminum alloys (A319) have been prepared by casting
technique, then the alloying element (chromium) has been added in
different amounts (0.5, 1, and 1.5wt%), in order to study the effect of this
element on the microstructure, electrochemical and mechanical properties

of this alloy.

Corrosion tests were carried out by potentiodynamic polarization test and
simple immersion was conducted as well in salt solution of (3.5 wt.%
NaCl).

Several metallurgical aspect of the tested alloys were investigated by the
optical microscope , x-ray diffraction , scanning electron microscope and

energy dispersive spectrometer analysis equipped with SEM.

Hardness results showed that a significant increment was observed for
(A319) after additions of Cr with different additions it reaches to 120 HV
for 1.5 wt.% Cr while 87.08 HV for (A319).

Substantial improvement in corrosion resistance was observed. For

instance, in salt solution 3.5 wt.% NaCl the corrosion current of



(A319).was 1.09x 10™ in comparison the corrosion current of alloy with

1wt% Cr in value which reach to 3.30x 107®,

In wear test, the wear rate of A319 in the steady state was 12x 10°.
g/mm with respect to the steady state for alloy with 1.5wt% Cr in value was
2.30x 10°® g/mm.

A319 alloy with different addition of Cr. showed a lower value of
weight loss in erosion —corrosion test . This is expected according to

Archard relationship. Since its hardness is almost more of that of A319.
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Chapter One Introduction

Chapter One

Introduction

1.1. General View

Aluminum is important in industrial applications such as the
production of automobiles, aerospace equipments, packaging of food and
beverages, in construction, the transmission of electric power, the
transportation industry, the manufacturing of machinery and tools, and in
numerous other domains. The fact that aluminum is non-ferromagnetic
adds to its importance in the electrical and electronic industries. It is no
secret that this element is also observably nontoxic and is routinely used
in the manufacture of containers for food and beverages. The use of
aluminum and its alloys has increased significantly over the last number
of years, successfully replacing iron and steel in a number of different
applications. Furthermore, aluminum becomes highly resistant after
undergoing heat treatment and is noticeably simple to mold as a result of
its high ductility [1]. The principal industries in which aluminum showed
an increase in importance include the automotive and aerospace domains;
this was effectuated through the smelting of the metal and the carrying
out of suitable heat treatments for manufacturing cylinder heads ,engine
blocks, and others crucial parts. The benefits derived from using
aluminum for these parts include [2]:
* Reduction in car weight;
* Reduction in engine noise;
* Reduction in vibrations; and
* Absence of oxidation, unlike steel.
Al-Si alloys have potential in the inject plastic forming molds, such alloys

exhibit heat conductivity, anti-corrosion properties, wear resistivity and
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have a low heat expansion coefficient [1<3]. Al-Si alloys contain many
acicular eutectic silicon particles in the o-Al matrix within hypoeutectic
composition range. As the silicon contents rises to the hypoeutectic level,
primary silicon particles, except those in the acicular hypereutectic silicon
phase, form rod- like and massive structures [4]

The use of silicon as the major alloying elements in the aluminum
alloys offers excellent properties such as [5¢6]:
* Castability ,
* Good weldability ,
* Good thermal conductivity ,
* Excellent corrosion resistance, and

* Satisfactory retention of physical and mechanical properties at elevated
temperatures.

Alloys with silicon as the major alloying addition are the most important
of the aluminum casting alloys mainly due to the high fluidity
impartedby the presence of relatively large volumes of Al-Si eutectic.
Commercial alloys are available with hypoeutectic, eutectic, and
hypereutectic composition.

-The eutectic is formed between an aluminum solid solution containing
just over 1% silicon and virtually pure silicon as the second phase. The
eutectic composition has a matter of debate but it is now generally
accepted as being close to Al-12.6%Si. As the silicon contents becomes
less than the eutectic point hypoeutectic is formed. When the silicon
contents becomes higher than the eutectic, the hypereutectic is formed.
Hypereutectic consist of eutectic and primary silicon particles. Some of
the major driving force for the development of Al-Si cast alloys are the
superior wear resistance [7,8], low coefficient of thermal expansion

(CTE), high corrosion resistance [9,10] high strength to weight ratio

2
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[11,12] , excellent castability. This makes Al-Si cast alloys potential
candidate materials for a tribological applications in automobiles and
other engineering sectors [13,14].

1.2 A319 Alloy

The aluminum alloy to be used in this study is an alloy with the target
chemical composition approaching alloy 319, from mechanical properties
this alloy has considerable tensile strength which is equal to 27 ksi or
186.158 N/mm? for as cast and 36 ksi or 248.211 N/mm? for T6 . Besides
good mechanical properties, the alloy are more environmentally friendly
are also needed. The alternative material that is more environmentally

friendly is obtained from scrap aluminum alloy[14].

1.3 Aims of the Present Study

Aluminum-silicon alloys continuously substitute the cast iron for
engine blocks even for diesel vehicles. The engine blocks, cylinder heads,
and wheels are produced from hypoeutectic alloys. A319 alloy is widely
used in producing automotive components such as chassis and engine

parts that are usually fabricated through various casting processes.

The aims of this study are:Improving the corrosion and mechanical
behavior of A319 alloy by Chromium additions and determine the

optimal ratio of this elements. This will done by the following steps :
1.Preparation of an alloy by die casting processes.

2.Investigate the influence of Chromium  addition with different

percentages (0.5, 1, 1.5) wt% on properties of the casting alloys.

3.Many tests were done to evaluate the performance of A319 alloy before
and after Chromium addition, these tests include: Microstructure
characterization (OM, XRD,SEM and EDS), Also Mechanical tests such

3
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as hardness, erosion —corrosion test and wear test were achieved.
Electrochemical test such as potentiondynamic polarization test and

immersion test were conductive in 3.5 wt% NaCl solution.

1.4 Dissertation outline

The dissertation consists of five chapters, which can be briefly described
as follows:

1.Chapter one: deals with the general introduction related to A319 alloy
and aims of the present study.

2.Chapter two: gives an explanation about aluminum and the alloying
elements and stir casting technique. In addition to some articles that are
related to the main objective of this dissertation with a brief abstract that
define the major idea.

3.Chapter three: describes the experimental setup, which includes A319
and addition element preparation and the examination of corrosion and
mechanical characterization of the composite material.

4.Chapter four: all the results of the work have been obtained and
discussed in details.

5.Chapter five: gives the main conclusions obtained from this

investigation with recommendations for possible future works.
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Chapter Two

Theoretical Part and Literature Review

2.1 Introduction

This chapter a brief about aluminum and its alloys, their
classifications, AIl-Si system and it's properties, the aluminum silicon
cast alloys, the solidification of the aluminum silicon alloy, the influence
of silicon and other element on the aluminum alloy in addition to a

literature review for studies close to the present work.

2.2 General View

Aluminum is a light weight metal that has good corrosion resistance.
This material is used in a broad field not only for household appliances
but also used for industrial purposes, for example for the aircraft
industry, ship industry, automobile components, regulator components
and other constructions. Apart from these properties aluminum is also
cheap and easy to obtain, so the use of aluminum as a base material from
time to time is increasing. As a result of the increase in the use of
aluminum as a base material so that the amount of aluminum that is not
used anymore has increased so that a new problem arises, namely the
accumulation of waste. Therefore, an effort is needed to recycle the
aluminum waste so that it can be utilized again into a new product. Most
small metal casting companies do not use pure aluminum, but use scrap
or reject material from previous casting materials. So that this affects the
results and quality of the goods produced. Therefore, the strength and

composition of aluminum alloy must be tested properly
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2.3 Aluminum and Aluminum Alloys

Aluminum is one of the most widely used metals owing to its
characteristics of lightweight, good thermal and electrical
conductivities. Despite these characteristics, pure aluminum is rarely
used because it lacks strength. Thus, in industrial applications, most
aluminum is used in the form of alloys. Aluminum in alloy the typical
alloying elements are copper, magnesium, manganese, silicon, tin and
zinc. The most important cast aluminum alloy system is Al-Si, where the
high levels of silicon (4.0-13%) contribute to give good -casting
characteristics. Aluminum alloys are widely used in engineering
structures and components where light weight or corrosion resistance is
required [15].

2.4 Classification of Aluminum Alloys

Aluminum alloys are usually classified into two main groups:
casting compositions and formed compositions, each one of these groups
are divided into two groups: heat treatable and non-heat treatable alloys
[16].

2.4.1. Cast Aluminum Alloys

Cast aluminum alloys have relatively low melting temperatures
when compared to steel and cast iron. They have a negligible solubility
of gases except hydrogen, good fluidity and good surface finish.
However, these alloys suffer from higher shrinkage (up to 7%) which
occurs during cooling or solidification [17]. A system of four-digit
numerical designation is used to identify aluminum and aluminum alloys
in the form of castings and foundry ingots. The first digit indicates the

alloy group according to the major alloying element as shown in table (2-
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1). The second two digits identify aluminum alloy or indicate the alloy
purity the last digit indicates the product form, casting (designated by
“0”) or ingot (designated by “1” or “2” depending on chemical

composition limits [17].

Table (2-1): Cast Aluminum Alloy Groups [17].

Alloy Series Principal Alloying Element

IXXX 99.000% minimum Aluminum

2XXX Copper (4%...4.6%)

3XXX Silicon (5%...17%) with added copper and/or magnesium
AXXX Silicon (5%...12%)

5XXX Magnesium (4%...10%)

BXXX Unused Series

TXXX Zinc (6.2%...7.5%)

8XXX Tin

9XXX Others

2.4.2. Wrought Aluminum Alloy

Wrought alloys have been produced by thermos-mechanically
processing cast ingot into mill products such as billet, bar, plate, sheet
extrusions, rods and wire [17]. Table (2.2) shows the main classes of
wrought aluminum alloys. Like cast alloys, wrought alloys are also
designated by a four-digit system. Both wrought and cast aluminum
alloys are divided according to the specification of the alloying elements

involved, into alloys which can be heat treated (in order to improve the
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mechanical properties) and alloys which cannot be heat treated. Heat-
treatable alloys are those strengthened primarily by solution [18,19].
Table (2-2): Wrought Aluminum Alloy Groups [18].

Alloy Series Principal Alloying Element

IXXX 99.000% Minimum Aluminum

2XXX Copper (1.9%... 6.8%0)

3XXX Manganese (0.3%... 1.5%)

AXXX Silicon (3.6%... 13.5%)

5XXX Magnesium (0.5%... 5.5%)

BEXXX Magnesium and Silicon (Mg 0.4%... 1.5%, Si 0.2%... 1.7%)
XXX Zinc (1%... 8.2%)

2.5 Al-Si System and Properties

The additions of silicon to pure aluminum are improving casting
characteristics. The great effect of silicon in aluminum alloys is the
dramatically improve feeding characteristics, fluidity and hot tear

resistance [19].

In addition to silicon which is a eutectic-forming element, other
elements are present in commercial Al-Si alloys. They are either added as
minor alloying elements to strengthen the material or are present as
impurities. Formation of second-phase precipitates, grain refinement,
influence on porosity and phase modification are the major mechanisms
responsible for the effects of alloying elements on the properties of Al-Si

alloys. The most known alloying elements used in the Al-Si alloys
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include Mg, Fe, Cu, Mn, Zn, Ni and P and eutectic modifying elements
such as Sh, Ca, Na, and Sr [20].

2.6 Aluminum Silicon Cast Alloys

The selection of a hypereutectic Al-Si alloy depends on its
castability, the casting process, the required mechanical and physical
properties and the use of the casting. Therefore, parameters such as
the percentage of Si, its shape and distribution play an important role
on the mechanical properties. The higher the silicon content, the
harder and stronger material, but at the expense of ductility
[21].Silicon is the main alloying element in the major Al-Si alloy
groups used commercially. Silicon imparts high fluidity and low
shrinkage on the alloy, which results in good castability and weld
ability. The maximum amount of silicon in cast alloys is of the order
of 22-24% Si, but alloys made by powder metallurgy may go as high
as 40-50% Si. Increasing silicon increases strength at the expense of
ductility [22]. Figure (2-1) shows the equilibrium diagram of Al-Si
alloys [22].
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Figure (2-1): Thermal Equilibrium Diagram of Aluminum-Silicon Alloys
[22]

Thermal equilibrium diagram of Aluminum-Silicon Alloys

divided in to three groups

« Hypoeutectic Al-Si Alloys

Hypoeutectic Al-Si alloys (<12.6%Si) alloys with silicon as a major
alloying ingredient are by far the most important commercial casting
alloys, primarily because of their superior casting characteristics in
comparison to other alloys. May be used with all casting processes
for parts in which good ductility, good corrosion resistance ; and
pressure tightness is more important than strength [23,24].

« Eutectic Al-Si Alloys
Eutectic AIl-Si casting alloys contain (12.6 %Si). Now widely
accepted that the eutectic reaction takes place at 577°C. In equation

(2.1), L is the liquid phase, a is predominantly aluminum [24,25].

10
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L — a + S8i (eutectic)................... (2.1)
Wide range of physical and mechanical properties are afforded by
these alloys. Ratings of the casting alloys with respect to casting
characteristics, corrosion resistance, machinability and weldability
the usage of hypoeutectic and eutectic alloys is very widespread in
the industries, because they are: [26]

A. More efficient to be produced by casting.

B. Simpler to control the casting parameters.

C. Easier to be machined than hypereutectic.

« Hypereutectic Al-Si Alloys

Hypereutectic Al-Si casting alloys (> 12.6 %Si) are generally utilized as
a part of the car business. Parts, for example, motor pieces, cylinders,
chambers, and pump segments are produced using this class of

combinations [27].

2.7 Effect of alloying elements on Aluminum alloys

There are many ways of changing properties of aluminum cast
alloys. One of them is of course change in composition of the alloy.
Although the influence of elements that are noticeable in the alloy is
mainly considered, elements which are known as impurities cannot be
omitted, and its effect are not always negative. Influence of all alloying
as well as impurities which can be found in aluminum alloys are as
following [28].

2.7.1 Silicon (Si)

Addition of Si to the aluminum alloys has a great number of
benefits. It is one of the elements which do not increase the weight of the
alloys and at the same time improves it properties. The casting ability of

Al-Si alloys are on extremely high level which lowers costs of producing

11
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Al-Si castings. Mechanical properties of aluminum alloys depend more
on the distribution of added silicon then on the amounts of it. In these
alloys where the Si particles are uniformly distributed represent increase
in ductility, while alloys in which these particles are acicular, show small
increase in strength. While adding silicon to the Al alloy corrosion
resistance is only slightly affected. Generally, it stays on the same level
or is slightly better than in case of pure aluminum. With increase content
of Si decrease of the fluidity and the freezing range is observed.
Moreover, silicon expands during solidification, so it compensates the
shrinkage of the aluminum. When the content of Si in the Al-Si alloys is

as high as 25% volume shrinkage of these alloys reaches zero level [29].

2.7.2 Copper (Cu)

Changes in mechanical properties of alloy while adding copper can
be observed in its strength and ductility. Copper has the biggest influence
on high temperature strength. These changes, like in Al-Si alloys, do not
depend on the amount of added copper but rather on the way how it is
distributed in solid solution. Copper can be found in the form of evenly
distributed sphereodised particles show biggest increase in strength
without negative effects on ductility, while alloys with Copper present as
continuous network at grain boundaries appear to be less ductile without
noticeable increase in strength. Addition of copper will also reduce
corrosion resistance of the alloy. It happens because Copper disperses the
oxide film which appears on the metal surface and this way prevents
alloy to be electrically neutral. It leads to the fact that Al-Cu alloys can
corrode not only by contacting another material but also another Al-Cu
alloy [30].

12
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2.7.3 Nickel (Ni)

Cast Al-Si alloys usually contain alloying components such as
magnesium, copper, nickel, etc. which are widely used in the automotive
industry in piston applications. These additions form intermetallic phases
with complex morphologies and complex compositions. Nickel is added
to Al-Cu and Al-Si alloys to improve hardness and strength, there is an
increasing demand for AI-Si cast alloys with better performance
concerning yield and tensile strength at elevated temperatures up to 250
°C. In fact, the addition of alloying elements such as Cu and Ni is an
effective and practical way to improve the mechanical properties,
especially in relation to the performance of piston alloys which are
subjected to high temperature service conditions. The advantages of
adding Ni and Zr to Al-Si alloys are that their precipitates (Al;Ni) and
(AlzZr) possess the following important characteristics:

e They are coherent.

e Possess low solubility.

o Directly affect the strength of the material because they act as hard
pinning points which inhibit the movement of dislocations in the
matrix [31].

2.7.4 Magnesium (Mg)

Magnesium is material which is lighter then aluminum and shows
the same strength properties. It is the main alloying element in some Al
alloys, but in the majority of them it rather considered as impurity. The
role of magnesium in aluminum-silicon alloys is to precipitate phase
(Mg,Si) [32] Al-Mg alloys show high strength with good ductility.
Moreover, magnesium can, as one of the few elements, increase modulus

of elasticity of Al alloys. Proper amount of magnesium in alloy will also

13
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give extremely high response to heat treatment. Another property which
Is very good in Al-Mg alloys is corrosion resistance. It is better in salt
water and in mild alkalis than in pure aluminum. when the content of
magnesium is small (2-4%). It appears to be better with higher amounts

of magnesium (up to 12%) [31].

2.7.5 Iron (Fe)

Iron added to aluminum alloys negatively influence its corrosion
resistance. As far as mechanical properties are concerned, Fe improves
strength of the alloy and in the same time reduce its ductility. Iron
Improves also resistance to hot tearing during solidification. Formation of
beta iron needles have detrimental effect on mechanical properties of
aluminum alloy. It happens because needle-shape like iron phases act as

stress risers and cracks propagation can start in these points [32].

2.7.6 Titanium (Ti)

It is common practice to add Ti to Al-Si foundry alloys because of
its potential to grain refining effect [32]. Sigworth and Kuhn have
reported that the grain refining effect of titanium is enhanced if boron is
present in the melt or if the Ti is added in the form of an Al-Ti-B master
alloy containing boron and titanium, largely combined as TiB, which act

as excellent nuclei for the «-Al phase. Titanium diboride has almost no

solubility in liquid aluminum, thus, TiB, particles produce good
refinement at small addition levels. The refinement is also long lasting,

when the particles are not allowed to sediment from the melt [33].
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2.7.7 Manganese (Mn)

Manganese is very soluble in aluminum, when the cast is chilled,
most of the added manganese is substantially retained in solution. It
increases the strength of the alloy either in solid solution or as a finely
precipitated intermetallic phase by modifying the morphology of the
intermetallic phases which are formed after heat treatment of the given
alloy. As reported by Seifeddine et al. [34], it has no adverse effect on
corrosion resistance. Manganese combines with Fe in the alloy forming
the script-like « -iron phase which is more compact and less detrimental
to the mechanical properties [35]. have reported that as the Mn content is
increased up to 0.65 wt.% corresponding to an Fe/Mn ratio of 1.2 in the
Al-7wt.% Si-3.8 wt.% Cu-0.5 wt.% Fe alloy, the plate-like 3 - AlI5FeSi

iron intermetallic phase is completely converted to the Chinese script « -
Al(Fe,Mn)Si iron phase, resulting in improved tensile properties. Excess
amounts of Mn, however, deteriorate the mechanical properties by
increasing the total amount of iron containing intermetallic phases
formed [31].

2.7.8 Chromium (Cr)

Additions of chromium to the Al-Si alloys have a little increase in
strength of these alloys. It is also caused slight decrease in tensile
properties [31].

2.7.9 Zinc (Zn)

Zinc in  AI-Si alloys improves its machinability but
decrease high temperatures strength. It also increases tendency to
hot tearing [32].

And table (2.3) show the effect of alloying element on properties
of material
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Table (2.3) show the effect of alloying element on Aluminum

alloys.[31,32,33]

Element

Effect

Si

With increase content of Si decrease of the fluidity and the
freezing range is observed.And it compensates the shrinkage of

the aluminum

Cu

Changes in mechanical properties of alloy while adding copper
can be observed in its strength and ductility. Copper has the

biggest influence on high temperature strength.

Ni

improve hardness and strength, there is an increasing demand for
Al-Si cast alloys with better performance concerning yield and

tensile strength at elevated temperatures up to 250 °C.

Mg

The role of magnesium in aluminum-silicon alloys is to
precipitate phase (Mg,Si)[32] .Al-Mg alloys show high strength
with good ductility. Moreover, magnesium can, as one of the few
elements, increase modulus of elasticity of Al alloys. Proper
amount of magnesium in alloy will also give extremely high
response to heat treatment. Another property which is very good
in Al-Mg alloys is corrosion resistance. It is better in salt water

and in mild alkalis than in pure aluminum

Fe

improves strength of the alloy and in the same time reduce its
ductility. Iron improves also resistance to hot tearing during

solidification

Ti

add Ti to Al-Si foundry alloys because of its potential to grain
refining effect [32].

Mn

It increases the strength of the alloy either in solid solution or as a
finely precipitated intermetallic phase by modifying the
morphology of the intermetallic phases which are formed after

heat treatment of the given alloy

Cr

have a little increase in strength of these alloys. It is also
caused slight decrease in tensile properties [31].

Zn

improves its machinability but decrease high temperatures

strength. It also increases tendency to hot tearing [32].
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2.8 A319 Cast Alloy

Alloys with silicon as the main alloying element are the most
Important of the aluminum casting alloys mainly because of the high
fluidity imparted by the presence of relatively large volume of the Al-Si
eutectic. These age-hardenable alloys have attracted increasing attention
in recent years, particularly due to the demand for lighter vehicles as part
of the overall goal to improve fuel efficiencies and reduce vehicle
emissions. Among these aluminums cast alloys, 319 alloy have been the
object of extensive investigation considering their practical importance in

the transport industry [36].
2.9 Corrosion

Corrosion is defined as the destruction or deterioration of a material
because of reaction with its environment. Some insist that the definition
should be restricted to metals, but often the corrosion engineers must

consider both metals and nonmetals for solution given problem Corrosion
can be fast or slow .There are many types of corrosion that have been

presented as follows: [37,38]
2.9.1 Uniform Corrosion

Uniform corrosion occurs when corrosion is quite evenly distributed
over the surface, leading to a relatively uniform thickness reduction.
Metals without significant passivation tendencies in the actual
environment, such as iron, are liable to this form. Uniform corrosion is
assumed to be the most common form of corrosion and responsible for
most of the material loss [39]. However, it is not a dangerous form of

corrosion because prediction of thickness reduction rate can be done by
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means of simple tests [40]. Figure (2-2) shows the Uniform or general

corrosion.

Corroded surface of metal

Figure (2.2): Uniform or genera, corrosion[39]
2.9.2 Galvanic Corrosion

Galvanic corrosion occurs when a metallic contact is made between a
more noble metal and a less noble one. A necessary condition is that
there is also an electrolytic condition between the metals, so that a closed
circuit is established. The area ratio between cathode and anode is very
important. For instance, if the more noble cathodic metal has a large
surface area and the less noble metal has a relatively small area, a large
cathodic reaction must be balanced by a correspondingly large anodic
reaction concentrated in a small area, resulting in a higher anodic reaction
rate [41]. This leads to a higher metal dissolution rate or corrosion rate.
Therefore, the ratio of cathodic to anodic area should be kept as low as
possible. Galvanic corrosion is one of the major practical corrosion
problems of aluminum and aluminum alloys[42]. Since aluminum is
thermodynamically more active than most of the other common structural
materials and the passive oxide, which protects aluminum, may easily be

broken down locally when the potential is raised due to contact with a
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more noble material. This is particularly the case when aluminum and its
alloys are exposed to water containing chlorides or other aggressive
species [43].

According to these galvanic series, Aluminum 6061-T6 alloy is more
active than 7075-T6 alloy, which is more active than 2024-T4 alloy. In
this scheme, mild steel ranks lower than the aluminum alloys. This order
may be opposite to the order of corrosion affinity in different

circumstances, such as in the case of aircrafts [44].

The series of standard reduction potentials of various metals can be used
to explain the risk of galvanic corrosion, the potential difference between
two metals in a galvanic couple is too large, the more noble metal does

not take part in the corrosion process with its own ions [45]. Figure (2.3)

shows Galvanic corrosion of coated carbon steel tube sheet.

Figure (2.3): Galvanic corrosion of coated carbon steel tube sheet[41]
2.9.3 Pitting Corrosion

Pitting corrosion is one of the most observed corrosion types for
aluminum and steel, and it is the most troublesome one in near neutralpH
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conditions with corrosive anions, such as CI* or SO,? present in the
media [46].

Pitting is initiated by adsorption of aggressive anions, such as halides and
sulfates, which penetrate through the passive film at irregularities in the
oxide structure to the metal-oxide interface, Corrosion products covering
the pits facilitate faster corrosion because they prevent exchange of the
interior and the exterior electrolytes, leading to very acidic and

aggressive conditions in the pit [47].

Stainless steels have high resistance to initiation of pitting. Therefore,
rather few pits are formed, but when a pit has been formed, it may grow
very fast due to large cathodic areas and a thin oxide film that has
considerable electrical conductance [48]. Conversely for several
aluminum alloys, pit initiation can be accepted under many
circumstances. This is because numerous pits are formed, and the oxide
Is insulating and has, therefore, low cathodic activity. Thus, corrosion

rate is under cathodic control. [49]. Figure(2.4) shows Pitting corrosion.

Figure(2.4):Pits on the carbon steel tube-sheet of a heat exchanger[46]

2.9.4 Crevice Corrosion

Crevice corrosion occurs underneath deposits and in narrow crevices that

obstruct oxygen supply, Crevice corrosion is a localized corrosion
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concentrated in crevices in which the gap is wide enough for liquid to
penetrate into the crevice but too narrow for the liquid to flow. A special
form of crevice corrosion that occurs on steel and aluminum beneath a
protecting film of metal or phosphate, such as in cans exposed to
atmosphere, is called filiform corrosion[50].Figure (2.5) shows

Mechanism of crevice corrosion

cr
cr \)
High O2 concentration K/ Low O and high M*, CI', H* concentration
cr

0, —> 40H M O M oM M e aHECE Hg P!

Figure (2.5): Mechanism of crevice corrosion[50]
2.9.5 Erosion or Abrasion Corrosion

Erosion or abrasion corrosion occurs when there is a relative movement
between a corrosive fluid and a metallic material immersed in it. In such
cases, the material surface is exposed to mechanical wear, leading to
metallically clean surfaces, which results in a more active metal. Most
sensitive materials are those normally protected by passive oxide layers
with inferior strength and adhesion to the substrate, such as lead, copper,
steel and some aluminum alloys. When wearing particles move parallel
to the material surface, the corrosion is called abrasion corrosion. On the

other hand, erosion corrosion occurs when the wearing particles move

21



Chapter Two Theoretical Part and Literature Review

with an angle to the substrate surface [51]. Figure (2.6) shows Erosion-

corrosion.

Figure(2.6):Erosion-corrosion inside a liquefied petroleum gas (LPG)

carbon steel tube. “Grooves” are formed as a result of erosion[51]

2.10 Wear Mechanisms

Understanding of wear mechanisms is very important in order to
design materials which are suitable for wear reduction, wear mechanisms

generally can be grouped into six generic types [52].

2.10.1 Adhesive Wear

Adhesive wear is caused by surface interaction and welding of the
asperities junctions at the sliding contact. This wear mechanism is

affected by the bonding type (ionic, covalent, metallic and van der vales)
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in the contact junction. The weaker part of the materials in contact is
removed and transferred to the counter surface, if the bond in the junction
Is stronger than the bond in the bulk. Surface removal results in a rough
appearance and a large volume of worn materials, hence severe wear
[52].
2.10.2 Delamination Wear

The debris is plates, the length to the thickness is ten times caused
by forming and fracture such as cylinder in internal combustion
machining may occur in abrasive wear. It is seen that the ductility
increases strength of material against desalination [53].
2.10.3 Fatigue Wear

wear debris is generated by cyclic loading of the contact. fatigue
wear can be characterized by crack formation and flaking of surface
material [54].
2.10.4 Erosion Wear

Caused by impact of solid or liquid or gaseous particles form losses
in weight or removal of particles in which the fluid carries the particles.
[54].
2.10.5 Tribochemical Wear

Tribochemical wear results from the removal of reaction
products/layers formed in situ from the contacting surface [52].
2.10.6 Abrasive Wear

The removal of material by hard particles sliding between two
surfaces in relative motion. The surface deforms plastically and grooves
are produced in the surface. More than one type of mechanism can be
involved in a wear situation. Moreover, these individual mechanisms can
interact sequentially to form a more complex wear process. However, one

mechanism generally is the controlling and primary mechanism. The
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relative importance or occurrence of individual mechanisms can change
with changes in tribo system parameters. Therefore, materials can exhibit
transitions in wear behavior as a result of changes in other operational

parameters, such as load, velocity, and friction [54].

2.11 Literature Review

S. Tahamtan and A. Fadavi Boostani (2009), evaluated the
pitting behavior of thixoformed A356 alloy, with different reheating
temperatures, and compared with the pitting behavior of rheocast and
gravity A356 Al alloy with the same composition. The presence of
silicon particles leads to the development of pitting at the silicon—matrix
interface. The results showed that the resistance to pitting corrosion of
thixoformed samples formed at 590°C was higher than the samples

formed at 600°C and rheocast as well as gravity cast samples [55].

Guijun Xue (2009), studied the microstructures and wear
performances of liner less engine cylinder blocks made of two eutectic
Al-Si alloys with different Si morphologies, both the Al (11) wt. % Si
alloy and the Al (12.6) wt. % Si alloy provided similar wear
performance. Block-on-ring wear tests were applied to the Al (11) % Si
alloy. The argon atmosphere produced a fold reduction in wear rates and
the formation of LMW regime at loads less than 10 N. The metallic
tribolayers formed in the MW under argon atmosphere were uniform and
stable, resulting lower wear rates than those in air. The mechanism of
material removal under argon atmosphere was delamination. The SW
occurring in argon was observed at a relatively low load, compared to an
air atmosphere. Wear was also more sensitive to applied load in the argon
atmosphere [56].
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G. Madhusudhan Reddy and K. Srinivasa (2010), investigate
the feasibility of modifying the surface properties of A356 aluminum
alloy by using friction stir processing (FSP). The result show that A356
aluminum alloy exhibited excellent wear resistance, also friction stir
processed zone appeared to have adequate corrosion resistance. This
work demonstrates that the friction stir processing is an effective strategy
for enhancement of wear and pitting corrosion resistance of as cast

aluminum alloys [57].

Ahmed S. Hassan et.al. (2010), investigate the corrosion behavior
of dissimilar A319 and A356 Al alloys plates joined by friction stir
welding (FSW). They studied the effects of tool rotational and welding
speeds as well as post-weld heat treatment (PWHT) on corrosion
behavior. Plates of A319 and A356 were friction stir welded using three
different tool rotational speeds and two welding speeds. The PWHT was
carried out using a solution heat treatment temperature of 540 °C for 12
hours followed by ageing at 155 °C for 6 hours. Corrosion behavior of
welds was investigated by immersion in sodium chloride (NaCl) and
hydrogen peroxide (H,O,) solution for 6 hours. The results showed that
both as-welded (AW) and Photted welds showed better corrosion
resistance than both A319 and A356 base alloys. The corrosion resistance
of the welded zones was found to be reduced by increasing the tool

rotational speed and/or reduction of the welding speed [58].

M. Babic¢ a et.al. (2013), studied the basic tribological properties
of A356/10SiC/1Gr hybrid composites in conditions with lubrication.
They used A356 aluminum alloy as a base matrix alloy, reinforced with
10wt% of Sic and 1wt.% of graphite tribological tests were done on
advanced and computer supported tribo meter with block-on disc contact
pair. By the experimental plan, test is conducted under three different
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values of sliding speed, three different values of normal load, different
sliding distances, and also different lubricants. SEM and EDS are used
for wear analysis. The analysis has shown the presence of MML, which
means that there was transfer of material from steel disc to composite
block [59].

R. Arrabal etal. (2013), exanimated the microstructure and
corrosion behavior of rheocast and gravity-cast A356 aluminum alloys.
Scanning Kelvin Probe Force Microscopy (SKPFM) results proved that
large potential differences between iron-containing intermetallic and the
a-Al matrix were responsible for the initiation of the attack at the
intermetallic/Al interfaces. For longer immersion times, corrosion attack
proceeded through the eutectic areas. Semisolid processing refined the
eutectic silicon and iron-intermetallic and reduced the potential
difference between secondary phases and the matrix. This resulted in
improved pitting corrosion resistance of the rheocrats A356 aluminum
alloy [60].

M. S. Kaiser, Swagata Dutta (2014), studied the corrosion
behavior of aluminum alloy engine block in 3.5% NaCl solution. The
work was carried out using conventional gravimetric measurements and
complemented by scanning electron microscopy (SEM) and X-ray
analyzer (EDX) investigations. The results obtained indicate that the
main process the alloy undergoes, under the medium of exposure studied,
is related to localized corrosion that takes place as a consequence of the
process of alkalization around the cathodes precipitates existing in the
alloy. The alloy suffers a process of corrosion localized to the area
surrounding the precipitates of the Al (Si, Mg) and Al-Mg, which

resulted in hemispherical pits. This identification was confirmed by SEM
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and EDX analysis. No evidence was found of the formation of

crystallographic pitting for exposure times up to 54 days [61].

K. ZABA et.al (2015), studied the abrasive wear resistance 2024
aluminum alloy strips under friction conditions involving various
lubricants. Test were focused on the selection of the best lubricant for use
in industrial environment, especially for sheet metal forming. Three
lubricants of the Orlen Oil Company and one used in the sheet metal
forming industry, were selected for tests. Tests without the use of
lubricant were performed for a comparison. The results are presented in
the form of the force friction, abrasion depth, weight loss and coefficient
of friction depending on the lubricant used and the type of counter
samples. The results allowed for predicting set lubricant-material for
tools which can be applied to sheet metal made of aluminum alloy 2024
[62].

AN. Farhanah and M.Z. Bahak (2015), used the commercial
mineral lubrication oil (SAE 10W-30) from three manufacturers in order
to compare the lubrication performance at three different temperatures
(40°C, 70°C and 100°C) in 60 minutes’ time duration by using four ball
wear tester. The speed will be varied from 1000 rpm to 2500 rpm.
Results show that all three lubricants have different lubricity
performance, the smaller the wear scar, the better the lubricant since the
lubricant can protect the moving surfaces from direct metal-to-metal

contact occur [63].

H. Ghandvara, et.al. (2015), characterized the dry sliding wear
and friction behavior of cast A356 aluminum alloy and composite
containing 5wt. % ZrO, particles by means of a pins-on-disk apparatus
over a loads of 5N and 20N and the sliding speed is 0.628m/s. The
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experimental results showed that the composites exhibited a higher wear
resistance in comparison to that of the unreinforced A356 alloy. The
friction coefficient of tested materials increased with increasing applied
load from 5 to 20 N [64].

Prosenjit Dasac et.al. (2015), studied the dry sliding wear
behavior of A356 Aluminum alloy, by using cooling slope, as well as
gravity cast A356 Al alloy have been investigated at low sliding speed of
1 ms™, against a hardened disk at different loads. The wear mechanism
involves micro cutting-abrasion and adhesion at lower load for all the
alloys, also at higher load, mainly adhesive wear along with oxide
formation is observed for gravity A356 Al alloy, cast using 45° slope
angle. The result showed that A356 Al alloy is found to undergo mainly

abrasive wear at higher load [65].

N. Beigi Khosroshahi et.al. (2015), studied Three kinds of A356
based composites reinforced with 3 wt.% Al,O5, 3 wt.% SiC, and 3 wt.%
of mixed Al,O3-SiC powders the novel composite with equal weights of
reinforcement were fabricated in via a two-step approach. The result
showed that The rolling process caused fracture of silicon particles,
improved the distribution of fine SiC particles, and eliminate porosity
remaining after the first casting process step. Examination of the
mechanical properties of the obtained composites revealed that samples
which contained a bimodal ceramic reinforcement of fine SiC and coarse
Al,O; particles had the highest strength and hardness [66].

H.K. Trivedia and D.V. Bhatt. (2017), developed a new method
to evaluate the friction and wear behavior of cylinder liner and piston

ring materials for four stroke engine system. Realistic engine oils are
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used to describe the behavior of this test method. The friction and wear
experiments were performed using pin-on-disc tester. The effect of
lubricants and load conditions are important aspects of this test method
and are focus of this work. The test uses actual piston ring segments
sliding on the disc of grey cast iron used in cylinder liners. A wide range
of commercial lubricants including SAE10W30, SAE20W40 and
SAE20W50 were used to analyze frictional and wear behavior. Tests
were conducted for constant load at 140 N for 105 min and increment
load with the range from 20 N to 140 N for 105 min to evaluate the
behavior of frictional force and wear for cylinder liner and piston ring.
Relative amount of wear is directly correlate with the effectiveness of the
lubricant due to this wear was measured by weight loss before and after
testing. Result shows that viscosity and variation of load plays a vital role

to characterize the behavior of frictional force and wear [67].

K. Sekar et.al. (2017), investigated the effects of addition of micro
and Nano Sicp particles on double shear strength, hardness and
tribological properties of A356 alloy reinforced with Sicp micro particles
of size 37 um and Al,0O3 Nano particles of size 30 nm the results showed
that. The addition of 0.5 wt. % of Al,O; and 4 wt. % of SiC the double
shear strength was increased by 9.5% and hardness is increased by 6.6%.
also The addition of both SiC (4 wt.%) and Al,O; (1.5 wt.%) decreased
the hardness.Wet sliding test was carried on the composites using
coconut oil and SAE20W40 lubricant ad coconut oil has shown better

tribological performances [68].

S. meinathan and VR. Nitin (2017), investigated the combined
effect of Mg and Cu element at different content on the microstructure,
strength and wear resistance of A319 aluminume-silicon alloy. The results
indicated that the hardness increased with increase copper content with
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keeping ageing parameter constant. The tensile strength of the alloy with
combined effect of Cu and Mg have a higher strength, because of

increase Cu content in the alloy increased the hardness value which mean

wear resistance is increased also [69].
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Chapter Three
Experimental Part

3.1 Introduction

This chapter focuses on materials and equipments that are used in
this study. It also describes the equipment and the experimental procedure
which include (melting, casting for the specimens). In order to characterize
the sample after casting, number of techniques are employed. X-ray
diffraction (XRD) is used to investigate the phases of casting. Scanning
electron microscope (SEM) and optical microscope are used to analyze the
microstructure of the samples. Also chemical composition of the samples is
identified by SEM equipped with EDS technique. This chapter describes
also the mechanical test including hardness and wear test. Finally, the
corrosion resistance of the specimens is studied by electrochemical test and

immersion test.
3.2 Materials and Equipments
3.2.1 Materials Used

Table (3-1) clarify the materials of element used to prepare A319

aluminum alloy respectively

Material Condition Purity% Origin
Al AL-wire 99.97 Local market
Si Bulk 99.95 Fluke-swiss made
Cr Small pieces 99.95 Fluke-swiss made
Cu,Ni,Fe,Mn, powder Local market
Ti, Zn
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Table(3-2):Amount of Element Used to PrepareA319 Aluminum
Alloy[22]

Si% Cu% Ni% Fe% Mn% Ti% Zn% Al%

55-6.5 3-4 0.35 1 0.5 0.25 1 Bal

3.2.1.1 The Chemical Composition for Aluminum Wire

The Chemical composition analysis for aluminum wire was carried out
using metal analysis by SPECTR at Ministry of Science and Technologies
- Baghdad. The results are listed in Table (3-3).

Table (3-3): Chemical Composition of Aluminum Wire.

V% Si% Cr% Ni% Ti% Mn% Fe% Mg% Al%

0.007 | 0.035 | 0.003 | 0.001 | 0.002 | 0.003 | 0.129 | 0.001 Bal

3.2.2 Equipment's
The apparatus used in this study were:

1. Furnaces for heat treatment (Electric France, SRJX515, Germany).
has been performed at the heat treatment laboratory in the College of
Materials Engineering / Babylon University.

2. A melting put in a metallic mold with a circular aperture section of
the dimensions (diameter 15.5mm, height 10 cm)

3. Furnaces for heat treatment (Electric France, SRIX515, Germany).

4. Vickers micro hardness device type (digital micro Vickers hardness
tester TH 717, China).

5. Optical microscope type (Electron Eyepiece, model YJEYEO1,
resolution of 1280 (H)* 1024(V), Japan).
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6. Turning machine type (+Harrison, with a spindle of (31-1600 r.p.m)
and rate of (0.04- 0.7) mm/rev, China).

7. Grinding and polishing device type (metallographic lapping /
polishing machine, MTI Corporation, model UN POL- 820, China).

8. Wear tester type (Control and data acquisition software for friction
and wear testing, MT4003, version 10.0, Aspasia). has been
performed at the heat treatment laboratory in the College of
Materials Engineering / Babylon University.

9. Sensitive balance (0.0001 GM, Germany).

10.X-Ray Machine used (SHIMADZU Lab XRD-6000, Japan).

11.Scanning Electron Microscopy(SEM) and (EDS) model FEI Quanta
450, Czech.
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3.3 Program of the Present Study

Aluminum

Melting and casting

v

Experimental Part

Si, Cu, Mg, Ni
Zn, Mn, Ti, Fe
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Figure (3-1): Shows the Block Diagram of the Experimental.
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3.4 The Manufacturing Technique (Melting & Casting)

The technique of manufacturing is very important in this research
because it determines many of the characteristic of the final product such as
mechanical strength, hardness and final shape, it has been adopted casting
technology in molds preparation for the characteristic distinguished it from
the test of other techniques, including low cost and high flexibility in the

manufacture of molds in different shapes and size.

3.4.1Preparation of A319 Aluminium-Silicon alloys

Specimens by Casting

High-purity aluminum wires used in the electrical connections were
cut into small pieces to facilitate melting them in the alumina crucible in an

electric furnace at (850°C).

After melting aluminum, a small amount of NaCl pieces was added
with a percentage of 2wt.%. It was added to the aluminum molten to
remove the impurities, after the removing of slug, the silicon and other
alloying elements powders were encapsulated with aluminum foil and
added sequentially according to the desired percentage. In order to ensure
the uniformly of the distribution of the added alloying elements in the
melted aluminum, an electric mixer with a stainless steel fan was used the
electric mixer was dropped into the alumina crucible inside the oven and at
850°C, silicon and the other alloying were pulled into the molten aluminum
and distributed through it. Stirring was continued for about 1.5 minute until
molten homogenization was completed. The molted was then poured in a
stainless steel mold that was coated with graphite and preheated to a
temperature of 300°C to prevent the sudden cooling of the molten metal,
then left it for freezing to get the required alloy.
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Figure (3.2):The apparatus used for casting

Figure (3.3): Electric furnace Figure (3.4): Rod samples of,
with stirrer. (A319) after casting process.
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3.4.2 Preparation of A 319 Aluminium - Silicon alloys with

(0.5,1, 1.5) wt.% Cr Specimens by Casting
The stir casting technique was used to prepare A319 aluminium —
silicon alloys with different additions of Cr. In this experiment, a
prepared alloy (A 319 ) was first cut to small pieces in order to facilitate
its melting in the furnace. It was then superheated above the liquids
temperature to create a vortex in the melt using an electrical stirrer. The
magnesium ribbon were rolled and covered by thick aluminum foil, and
then immersed inside the melt to reduce its combustion .An electrical
stirrer was used to mix Cr chips at (0.5, 1, 1.5 wt%) with the molten
A319 AI-Si alloy . The Cr additions were added to the molten Al-Si
alloy and ring the mixture was stirred for five minutes at a speed of 500
rpm. Then, the molten was poured into a pre-heated steel mold to 200°C

by gravity casting. The specimens of the prepared alloys had dimensions

of 14 mm in diameter and 15 cm height

Figure (3.5): Rod samples of, (A319) — Cr additions after casting process
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Table (3.4) : Show code number of specimen

Alloy

Sample coding

Addition
element(Cr)%

A319 B 0
A319+0.5wt%Cr Bl 0.5
A319+1wt%Cr B2 1
A319+1.5wt%Cr B3 1.5

3.4.3 Heat Treatment

The heat treatment was conducted at a temperature of (510°C) for (3)

hr. In order to homogenize the composition, to eliminate the semi-soluble

phases and to ensure that the alloying elements were homogenously

distributed in the alloy, which giving the alloy hardness and homogeneous

mechanical properties, Figure (3-6) shows furnace used in heat treatment.

Figure (3.6): Electric Furnace Used for Heat Treatment.
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3.5 Primary Preparation Process

All specimens after casting process were grinded by using (180,
220, 320, 600, 800, 1000,1200,1500,2000 and 2500) grade silicon carbide
papers, then polished with a diamond past of 15 um to get a bright mirror
finish for the final step. Specimen with a diameter of (14) mm and (5) mm
were used for hardness, XRD, microstructure observation and corrosion
test as shown in Figure (3-7). While specimens with a diameter of (14) mm

and (5) mm were used for wear test as shown in Figure (3-8).

Figure (3.7): Microstructure, hardness and XRD Specimens.

Figure (3.8): Wear Specimens.
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3.6 Testing Steps

3.6.1 Chemical Composition Analysis and Microstructure
Examination

The chemical composition for specimen was done in order to ensure of
both aluminum and other alloying element are present. This test had been

done in the Ministry of science and technology /Baghdad, by spectrometer
Figure (3-9).

Figure(3.9): XRF- Spectrometer.
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3.6.2 X-ray Diffraction Test

X-ray diffraction analysis is a vital tool in which constituent phase can
be monitored. A319 specimens was examined by XRD test in order to
identify and analyze phases, this test was achieved in (Babylon university/
college of material engineering). The XRD generator with cu target at
40kV and 30 MA, scanning speed 5° per min was used with (30°-80°%)

scanning rate. Figure (3-10) showed the device used for this test.

Figure (3.10): X-ray machine used (SHIMADZU Lab XRD-6000)
3.6.3 Optical microscope

Microstructure of specimens was inspected using the light optical
microscope (LOM) shown in Figure (3-11) with 100X magnification. After
grinding and polishing, the specimens were etched using solution of
((HNO3(1.25 gm) + HCL (0.75 gm) + HF (0.5) + Water Remaining) for
(10-30 sec)[59]. Then washed in water, rinsed in ethanol, finally dried in

stream of warm air .
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Figure (3-11): Light optical microscope(LOM).

3.6.4 Scanning Electron Microscope

SEM is one of the most commonly used surface analysis techniques
in which a wide range of scales and feature can be observed. The scanning
electron microscope examination has been used to apartness the
microstructure of specimens after etching. The test has been done in
college of Pharmacy /Babylon University and another sample in the
Ministry of science and technology /Baghdad, as shown in Figure (3-12)
model FEI.
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Figure (3.12): Scanning Electron Microscopy (SEM)

3.7 Electrochemical Tests

3.7.1 Linear Potentiodynamic Polarization test

The corrosive behaviour of the specimens studied in 3.5 wt.% NaCl
solution. Electrochemical experiments were performed in a cell containing
three electrodes . The counter electrode was Pt electrode and the reference
electrode was SCE and working electrode (specimen) according to the
American society for testing and materials (ASTM). Figure (3-13) shows

schematic diagram of potential polarization.

The potentiodynamic polarization curves were plotted and both
corrosion current (lcorr) and corrosion potential were estimated by Tafel
plots by using anodic and cathodic branches. The electrochemical system
used is shown in Figure (3-13). The test was conducted by stepping the

potential using a scanning rate 0.4 mV/s from initial potential of 250 mV
43



Chapter Three Experimental Part

below the open circuit potential and the scan continued up to 250 mV

above the open circuit potential. Corrosion rate measurement is obtained by

using the following equation.

0.13 Icorr{Ew)

Corrosion rate= p w.( 3-1)

Where:

E.W= equivalent weight (g/eq.)

p= density (g/cm?3)

0.13 = metric and time conversion factor
Icorr.= current density (LA/cm?).

mpy = Corrosion rate (mils per year).

crn 3
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Figure (3-13):DY2300 Potentiodynamic polarization
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3.7.2 Immersion Testing

Immersion test were performed for 20 days in 3.5 wt.% NaCl
naturally - aerated solution the specimens weighed before and after the test
using sensitive balance (0.0001), weight-loss measurements were made in
triplicate and weighted was calculated by taking an average of these values
[65].

1 (W W5 )
Weight loss, AW:%

K xAW
Corrosion Rate, K, :ﬁ
X1 X

Where:

W int = initial weight before immersion,

W fin = final weight after exposure,

K = unit conversion constant (K = 8.76 x 10* for the mpy unit),
T = time of exposure (hrs.),

A = area in (cm?),

AW = Weight loss (g) and D = density of metal (g/cm®)

3.7.3 Erosion/Corrosion Test

The erosion is a mechanical process such as remove part of the
material from the surfaces because of the collision or gases and liquid
effects. The erosion-corrosion apparatus was designed during this study
depends on (ASTM G 73-98), The erosion-corrosion apparatus consists
of motor (Q max 53 I/min, H max =38m, HP=1hp, 2850 rpm, Size

1inx1in), granite tank, tubes to fall the water by nozzle on the specimen.
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All alloys examined were examined at temperature (25-30°C),. The salt
solution (sea water) will caused erosion-corrosion effect by falling from
the nozzle at angle=90° at (1.21 m/s) .The nozzle is (2mm) in diameter
and positioned at a fixed distance of (10 mm) from the specimen as
shown in Figure (3.14). It is possible to calculate the change in weight

and then get the erosion rate according to equation (3.3) as follow.

Change in weight(Aw) = original weight (W,) - weight after a fixed
time (w,,,..)

gm) Aw

Erosion corrosion rate ( hr

en(3—3)

~ time of exposure

Figure (3.14): Erosion-Corrosion Device According to (G 73)
ASTM.
3.8 Mechanical Test

3.8.1 Hardness Test

Vickers micro-hardness tester is shown in Figure (3-15). It was used
to measure the hardness of specimens at loading of 200 grams and time of
10 seconds. Five reading for each specimen had been taken and the average
value was used. The Vickers hardness was determined by the following
equation:

46



Chapter Three Experimental Part

HV = 1.854 (F/D?)
Where:

HV: Vickers micro hardness (kg/mm?).
F: Applied load (kg).

D: The average diameter of the indentation (mm?).

Figure (3.15): Vickers (HV1000) Micro-hardness Device.

3.8.2 Sliding Wear Test

The dry sliding wear studied by pin-on-disc concept,
with(150 rpm) constant radius (6mm) and load 5N and load 10N.
The ball of the pin was 4mm in radius made from carbide steel. The
specimens are weighted before the test using an electric balance
with accuracy of 0.0001. After a period of time (5 ,10 ,15 , 20, 25,
30 min) the specimens are reweighted. The wear instrument was
showed in Figure (3-16).
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Figure (3.16): Pin on disc setup (a) Front view (b) Top view.
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Chapter Four
Results and Discussion

4.1 Introduction

This chapter presents the obtained results from this work and their
discussion, which includes (Chemical composition, X-ray diffraction,
microstructure characterization, OM, SEM & EDS, hardness,),
electrochemical tests (potentiodynamic polaraization and weight loss

tests) and mechanical tests (wear and hardness tests).

4.2 Chemical Composition

The chemical composition for the casting alloy, were analyzed by
using (X-ray florescent test). The composition analysis confirm that the
main alloying elements are presented within the specified limits. As litter
in Table (4-1) for (A319) cast alloys, with their chemical composition

analysis is shown in Figures (4-1)

Table (4-1): Chemical Composition of the alloy Specimens Prepared in
this Study.

SPECIMENS | cioh | Cu% | Mg% | Zn% | Mn% | Ti% | Fe% | Ni% | Al

A319 64 |268 |003 |016 [000 |03 |0.67 |0.28 |88.41
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Figure (4-1): Chemical Analysis for (A319) Cast Alloy

4.3 Characterization of Specimens
In this study a variety of tests were conducted in order to get various

properties of specimens.
4.3.1 X-ray Diffraction (XRD) Test

The technique of XRD is important to identify the phases of crystalline
structure. Figure (4.2), (4.3) shows the XRD patterns for B and B3 only it
can be observed that the presence of o — Al phase and Si. These results

are similar to [71]
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Figure (4.3): shows the XRD patterns for B3 alloy
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4.3.2 Optical Microscopic Observations

Light optical microscope was used to examine the microstructure of
specimens, Figure (4.4) shows the microstructure of specimens B, with
different magnification.

While Figures (4.5 to 4.7) shows the optical microscopic observations of
A319 with different additions of Cr. It illustrates the microstructures of
etched B1, B2 and B3 alloys with different magnifications. The

microstructures for mentioned alloys showed the grain boundaries, and

the present phases.
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Figure (4.4): Microstrubf
magnifications

Figure (4.5): Microstructure for (A319+0.5%Cr) samples with
different magnifications

52



Chapter Four Results and Discussion

Figure (4.6): Microstructure for (A319+1%Cr) samples with
different magnifications
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Figure (4.7): Microstructure of (A319+1.5%Cr) samples with
different magnifications

Figure (4.4 to 4.7) showed the optical microscopic observations of
base A319 with different additions of Cr . It is clear that the structure of
the base alloys consists aAl (white region) and Eutectic (a+Si) (black
regions).These results similar to previously reported by other research

[57].
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4.3.2 Scanning Electron Microscopy (SEM)

The micrograph gained from B , B1, B2 and B3 alloys after being etched
with the above mentioned etching solution are shown in Figure (4.8) to
Figure (4.11) respectively

The primary a-Al phase is depicted as the gray phases in the images and
the bright grey region illustrate the aluminum-silicon eutectic E(aAl+Si).
This result was expected compared with earlier researches that gave

similar results [58,59,].

| s Y o e — L
Figure (4.9): SEM images for etched B1 alloy with different
magnification
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Figure (4.10): SEM images for etched B2 alloy with different

magnification
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Figure (4.11): SEM images for etched B3 alloy with different
magnification

4.3.3 Energy Dispersive Spectrometer (EDS) Analysis

SEM is attached with energy dispersive spectrometer (EDS)
analysis to analyze the chemical composition of the casting
specimens. A preliminary scan for element was conducted on the
casting specimens ( A319 and addition alloys) by using an energy
dispersive analysis. The results are shown in Figure (4-12) to (4-
15) for B, B1, B2 and B3 specimens respectively.

55



Chapter Four Results and Discussion

The result of EDS analysis for A319 specimen is shown in Figure (4-12
to 4.15) showed the presence of Al as base alloy with Si and Cu as
primary element and Ni and other element as an additional element. As it
can be seen, the results of EDS analysis were relatively close to the
percentage of addition, because the values gained from EDS analysis do
not cover the total area only the spot where the electron stroke.
Furthermore, the EDS results aide in verifying the purity of the initial
elemental powders as well as the prevention of contamination during

casting and the production of alloys [70,71].
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Figure (4.12) SEM-EDS image for etchedA319 (B) alloy
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Figure (4.13): SEM-EDS image for etched A319 alloy with 0.5%Cr
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Figure (4.14): SEM-EDS image for etched A319 alloy with 1%Cr (B2)
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Figure (4.15): SEM-EDS image for etched A319 alloy with 1.5%Cr

(B3)

4.4 Mechanical Test
4.4.1 Hardness Test

In the current study the hardness of the samples of all alloys are
measured by Vickars hardness test and the results illustrated by Figure
(4-16). The greatest value was recorded for B3 sample with Cr percentage
of (1.5%). It is well known that Cr can be Al-Si alloys to enhance the
strength of the materials by formation intermetallic compounds with high
stability such as a-AICrSi , a-Al(Cr,Fe,Si) these results are similar
to[73] .
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Figure (4.16): Effect of Cr addition on the hardness of A319 alloy

4.4.2 \Wear Resistance Test

From figures (4-17,4-18) , it is clear that wear rate is increased with
increasing the applied load, where the highest wear rate was recorded
under (10 N). This is behavior is expected, where the increment in load
leads to increase the friction between sample surface and the rotating
disk. Also, the volume loss was increased with increasing time due to the
increment of sample's particles loss with increasing friction time[74].
Figures (4.17) and (4.18.) show the effect of Cr addition on wear rates at
different conditions.

From these figures, it can be noticed that the wear rate was decreased
drastically with increasing Cr percentage, even it reaches the minimum
value at the alloy that contained maximum Cr percentage (1.5%) This
may duo to the role of Cr element blocking dislocation motion. hardness

was increased and thereby wear resistance was also increased[73].
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Figure (4-17): wear rate vs Time for A319 and with additions under

(5N) load.
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Figure (4-18): wear rate vs Time for A319 and with additions under

(10N) load.
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4.5 Electrochemical Tests

4.5.1 Linear Potentiodynamic Polarization Test

Potentiodynamic polarization test has been used in 3.5wt.% NacCl

solution. The corrosion characteristics of cast B , B1, B2 and B3 alloys

are depicted by the polarization curves in 3.5wt.% NaCl solution shown

in Figures. (4.19) to (4.22) respectively.
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Figure (4.19): Current density (A’cm?2) vs. potential (V) in 3.5 wt%
NaCl at 25<C for B Alloy
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Figure (4.22): Current density (A/cm2) vs. potential (V) in 3.5 wt%
NaCl at 25°C for B3 Alloy

According to electrochemical measurements, the B3, B2 and B1 cast

alloys are more resistant to corrosion than the B cast alloy. This

improvement was mainly attributed to the formation of a more

homogeneous passive film and the rapid repassivation of the bare metal.

These finding are in agreement with other studies[61,72] . Corrosion

parameters (corrosion potential, corrosion current), extracted from these

curves are listed in Table (4-2).

Table (4-2): The corrosion potential (Ecorr) , corrosion current (ICorr),
Corrosion Rate , Current Density and Improvement percentage of
samples in tap water at 25C

ALLOY SAMPLE | Icorr Ecorr | Corrosion | Current Improveme
CODE (A) V) Rate Density nt
(mpy) (A/m?) Percentage
%
A319 B 1.954*e-4 | -0.348 | 30.876 1.641*e-6 |0
A319+0.5%Cr | B1 7.423*e-5 | -0.733 | 11.401 4.824e-7 64%
A319+1%Cr B2 5.088*e-6 | -0.378 | 3.124 3.306e-8 91%
A319+1.5%Cr | B3 9.728e-5 | -0.733 | 5.911 6.322e-7 82%
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4.5.2 Erosion- Corrosion Test

Figure (4.23) shows the results of erosion-corrosion in 3.5 wt% NacCl
solution with time of alloys (B,B1,B2,B3) after exposure times for (2
hours) at ( 15 min) cycle using impact angle 90 °.At the begning of
expose to corrosive solution, the corrosion rate is expected to be higher
because of easy removal of corrosion products and occurrence of fresh
metal surface to contact of corrosive media [63]. In the first stage
(incubation period) the surface of the sample was subjected to
(deformation ) due to impingements of water jet .The second period
represents the acceleration part due to cracking and spalling of the
hardened surface by fatigue mechanism, because of strain hardening these
two stages were followed by slowing region. The cause of reducing of
weight loss is due to the formation of grooves on the surface of the
sample which then filled with water. Hence, water in these grooves
absorbs the impact energy of the water jet. As can be seen in the Figure
(4.23) the weight loss decreased when the Cr added to base alloy . This
addition decreased the erosion-corrosion rate. The macroscopic
oposervation showed that there is alarge pits at surface of base alloy
exposed to 3.5wt% NacCl solution is higher than that of alloys (B1,B2,B3)
.This is attributed to high chloride ion contents and low pH inside the pits
which leads to growing pits and increasing the corrosion rate of alloy.

This is consistent with results of researcher [75].
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Figure (4.23): Effect of exposure time on Erosion— Corrosion rate of
B ,B1,B2,B3 in saline solution (3.5wt% NaCl).

4.5.3 Simple Immersion Test

According to ASTM G3, to study the corrosion rate of specimens. The
specimens were completely immersed in salt solution (3.5 wt% NaCl),
and they have been taken out for examining the loss in mass, after every
two days of immersion at room temperature. The corrosion rate
calculated from measurement of the weight loss over a period of 20 days
of immersion in 3.5 wt.% NaCl solution, indicating a higher corrosion
resistant of the A319 alloy with different percentage of Cr as shown in
Figure (4.24) .Cr in Al-Si alloys incorporated in the Al,O3; passive film.
This incorporation resulted in a significant passivation of the oxide film
which resulted in decreased the corrosion rate of A319 alloy after Cr

addition these results similar to[75].
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Figure (4.24): Fitting curves of simple immersion test for all specimens
in salt solution for immersion period (20 days).

Table (4-3) Corrosion Rate (mmpy) for specimens in salt solution at

25°C
Sample code Corrosion Rate(mmpy)
B 0.621
Bl 0.304
B2 0.181
B3 0.201
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Chapter Five
Conclusion

5.1 Conclusions

1.Corrosion resistance significantly enhanced with addition of Cr
element to A319 alloy , the variation percentages comparing with base

alloys are increased with addition of Cr .

2.Vickers hardness significantly enhanced with addition of Cr to A319
alloy, the variation percentages comparing with base alloys are increased
with addition of Cr by ( 13%) ,(32%) and (41%) for samples of
(0.5wWt%Cr) , (1%wt%Cr) and (1.5wt%Cr) respectively.

3. Erosion corrosion rate decreased with the additions of Cr element to
A319 alloy by (12%) , (33%) and (40%) for samples of (0.5wt%Cr) |,
(Iwt%Cr) and (1.5wt%Cr) respectively.

4.Wear resistance significantly enhanced with addition of Cr element to
A319 alloy , the variation percentages comparing with base alloys are

increased with addition of Cr .

5.2. Recommendations For future works, the following is
recommended

1.Studying the effect of other elements such as Zr, Ta and Y on other
properties such as fatigue strength, creep strength and corrosion

resistance.

2. Preparation of A319 alloy by another technique like Mold Vibration.
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