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ABSTRACT

Mechanical alloying is a solid-state powder procegssechnique involving repeated
welding, fracturing, and rewelding of powder pddgc in a high-energy ball
mill. Mechanical Alloying has now been shown to la@able of synthesizing a variety
of equilibrium and non-equilibrium alloy phasesrstey from blended elemental or
prealloyed powders.Materials have been found tairatinusual properties in their
nano level sizes which are not found in their connmal form.Al-Si alloys
containing other transition metals are used inatheast condition for automotive and
aerospace for the engine components.

Srivastava etal have studied AI-18%Si-5%Fe-1.5%GCu rhpid solidification
technique and have compared the microstructure tvéthin the cast condition .In the
present work an attempt was made to develop thag #irough mechanical alloying

route.
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INTRODUCTION

Nanomaterials are experiencing a rapid developnentecent years due to their
existing and/or potential applications in a wideiety of technological areas such as
electronics, catalysis, ceramics, magnetic dateagéy structural components etc. To
meet the technological demands in these areassitieeof the materials should be
reduced to the nanometer scale. For example, thaatwiization of functional
electronic devices demands the placement or asgeshblanometer scale components
into well-defined structures. As the size reduces the nanometer range, the materials
exhibit peculiar and interesting mechanical andsptgl properties, e.g. increased
mechanical strength, enhanced diffusivity, highggcific heat and electrical resistivity
compared to conventional coarse grained counterpdenomaterials (nanocrystalline
materials) are materials possessing grain sizetherorder of a billionth of a meter.
They manifest extremely fascinating and useful progs, which can be exploited for a
variety of structural and non-structural applicaio Nanomaterials can be classified
into nanocrystalline materials and nanoparticldse Tormer are polycrystalline bulk
materials with grain sizes in the nanometer ramggs(than 100 nm), while the latter
refers to ultra fine dispersive particles with deters below 100 nm. Nanoparticles are
generally considered as the building blocks of mdkocrystalline materials. Research
in nanomaterials is a multidisciplinary effort thatvolves interaction between
researchers in the field of physics, chemistry, meas and materials science, or even
biology and medicine. It has been stimulated by iterest for basic scientific
investigations and their technological applicatioh@nomaterials and most of the
applications derived from them are still in an gatage of technical development.
There are several issues that remain to be addrésdere nanomaterials will become
potentially useful for industrial sectors. Thessuiss include synthesis of high purity
materials with large yield economically and enviremtally, characterization of new
structures and properties of nanophase materisichtion of dense products from
nanoparticles with full density and less contamomtand retention of the ultrafine
grain size in service in order to preserve the meal properties associated with the
nanometer scale. Novel fabrication technology ofaparticles is versatile and includes

a wide range of vapor, liquid and solid state pssogg routes.



Available techniques for the synthesis of nanopkesi via vapor routes range from
physical vapor deposition and chemical vapor dejposto aerosol spraying.The liquid
route involves sol-gel and wet chemical methodse $blid-state route preparation
takes place via mechanical milling and mechanocbainsynthesis. Each method has
its own advantages and shortcomings. Among thesehamical milling and spray
conversion processing are commonly used to protirge quantities of nanopowders.
Nanoparticles synthesized from several routes neue Hdifferent internal structures
that would affect the properties of materials cdidsted from them. Processing
nanoparticles into fully dense, bulk products oatems which retain the nanometer
scale grain size is rather difficult to achieveragiice. Due to their high specific
surface areas, nanoparticles exhibit a high reiactand strong tendency towards
agglomeration. Moreover, rapid grain growth is lfjkéo occur during processing at
high temperatures. As unique properties of nantalipe materials derived from their
fine grain size, it is of crucial importance toaiet the microstructure at a nanometer
scale during consolidation to form bulk materialsd also noticed that pores are
generated in bulk nanocrystalline materials codstéid from nanoparticles prepared
by inert-gas condensation. Such nanopores cantéeadiecrease in Young's modulus
of consolidated nanocrystalline materials. Electmusited samples are believed to be
free from porosity, but they contain certain imgies and texture that may degrade
their mechanical performances. Therefore, contrglthese properties during synthesis
and subsequent consolidation procedures are theslachallenges facing researchers.
The unique properties of nanocrystalline mate@aés derived from their large number
of grain boundaries compared to coarse-grained cpmtalline counterpartes. In
nanocrystalline solids, a large fraction of atomg {0 49%) are boundary atoms. Thus
the interface structure plays an important role determining the physical and
mechanical properties of nanocrystalline materidlsgang reported that nanocrystalline
copper has a much higher resistivity and a largenperature dependence of the
resistivity than bulk copper. They attributed thféect to the grain boundary enhanced
scattering of electrons. Despite recent advanceserdevelopment of nanocrystalline
materials, much work remains to be done to acha\masic understanding of their

deformation and fracture behaviour.



1.1 Properties of nanomaterials

Nanostructured materials are a broad class of mbgtewith microstructures modulated
in zero to three dimensions on length scales leaa €00 nm. These materials are
atoms arranged in nanosized clusters, which bed¢bemeonstituent grains or building
blocks of the material. Conventional materials hgkeins sizes ranging from microns
to several millimetres and contain several billaioms each. Nanometre sized grains
contain only about 900 atoms each. As the grae decreases, there is a significant
increase in the volume fraction of grain boundaoesnterfaces. This characteristic

strongly influences the chemical and physical prige of the material.

Nanophase metals exhibit significant increasesealtystrength and elastic modulus. It
has also been shown that other considerable intémethe generation of carbon
nanostructures, which are related to the famouskghadl. In addition, the use of
nano-sized materials as fillers for composite mal®ris generating interest.
Specifically in the case of polymer nanocomposit#&é.materials are composed of
grains, which in turn comprise many atoms. Thaséng are usually invisible to the
naked eye, depending on their size. Convention&tmads have grains varying in size
anywhere from 100’s of microns (um) to millimeti@sm). A nanometre (nm) is even
smaller a dimension than a pm, and is a billiod®°f of a meter. A nanocrystalline
material has grains on the order of 1-100 nm. adWerage size of an atom is on the
order of 1 to 2 angstroms (A) in radius. 1 naneemebmprises 10 A, and hence in one
nm, there may be 3-5 atoms, depending on the atadic Nanocrystalline materials
are exceptionally strong, hard, and ductile at heghperatures, wear-resistant, erosion-
resistant, corrosion-resistant, and chemically \zye. Nanocrystalline materials, or
nanomaterials, are also much more formable thaim tomventional, commercially

available counterparts.



1.2 Method of synthesis

There are five widely known methods of productddmanomaterials they are given as

follows:

O Sol-gel synthesis.

O Inert gas condensation.

O Mechanical alloying or high-energy balllmg.
0 Plasma synthesis.

O Electrodeposition.

1.2.1 Sol-Gel Synthesis:

Sol-gel Synthesis is the synthesis of primarily aheixides (binary, ternary...) by
hydrolysis and condensation reactions of suitabdeyrsors that has also been applied

to non-oxide material.
12.2 Inert Gas Condensation:

A modification that consists of a scraper and dectibn funnel allows the production
of relatively large quantities of nanoparticles,iethare agglomerated but do not form
hard agglomerates and which can be compacted iapib@ratus itself without exposing
them to air. The group of Birringer and Gleiter ieered this method. Increased
pressure or increased molecular weight of the ig@&stleads to an increase in the mean
particle size. This so-called Inert Gas Condengatitethod is already used on a

commercial scale for a wide range of materials.



1.2.3 Mechanical Alloying or High Energy Milling:

Mechanical alloying was originally invented as atimoel to manufacture oxide
dispersion strengthened nickel alloys It is a hegtergy ball milling process, where
alloying is the result of the repeated fracture aaid welding of the component
particles. Highly metastable materials such as phmrs alloys and nanostructured
materials can be prepared by the process. Scafintp undustrial quantities seems
straight forward. In addition to attrition and aggleration, high energy milling can
induce chemical reactions, which can be used taente the milling process and the
properties of the product. This fact was utilized grepare magnetic oxide-metal
nanocomposites via mechanically induced displacémeactions between a metal
oxide and a more reactive metal. High energy bdlling can also induce chemical
changes in non-metallurgical binary systems, inolgdsilicates, minerals, ferrites,
ceramics, and organic compounds. The research afremechanochemistry was
developed to study and utilize these processemas/ mechanical alloying processes
involve chemical changes, the distinction betweerchanical alloying and

mechanochemistry is often arbitrary.
1.2.4 Plasma Synthesis:

Plasma Synthesis has been used in the prepardteivanced materials such as new
ceramics, nanometric metallic powders, biomate@ald superconductors. The typical
size of the nanoparticles produced ranges frono2M0 nm, depending on the quench
conditions employed. Such small-scale materialplaysunusual properties (chemical,
physical, electrical, optical, mechanical, magnettc.) as compared to their bulk
states. The production of nanopowders is one the& naiable applications of induction
plasma. The induction plasma torch possesses aflagibility and tolerance to the
processing chemistry because there are no metldictrodes to react with the

reactants, and therefore oxidising or reducing apheres can be used.



1.2.5 Electrodeposition:

Electrodeposition is an electrode reactions inmgvoxidation/reduction of a solid
metal and its dissolved ion. e.qg., if a copper netd is immersed in a copper sulphate
solution, the copper cations can be cathodicaliyiced to copper metal, or the copper
metal can be anodically oxidized to copper ionan@are with a redox reaction where
both the oxidized and the reduced species arelitico.The terms "Electrodeposition”

and "Electrodissolution” are often used to descitilese reactions.
1.2.6 Epitaxy:

This technology is quite similar to what happen€CD processes, however, if the
substrate is an ordered semiconductor crystal éileon, gallium arsenide), it is
possible with this process to continue building the substrate with the same
crystallographic orientation with the substrateéracts a seed for the deposition. If an
amorphous/polycrystalline substrate surface is ubedfilm will also be amorphous or

polycrystalline.



Chapter 2

LITRATURE SURVEY



LITRATURE SURVEY

2.1APPLICATION OF NANO MATERIALS

Since nanomaterials possess unique, beneficial ichenphysical, and mechanical
properties, they can be used for a wide varietyamblications. These applications

include, but are not limited to, the following:

> High strength application.

> Electric and magnetic material.

> High-sensitivity sensors.

> Hydrogen storage.

> Biotechnology.

> Semi conducting properties of dielectric.
> Kinetic Energy (KE) penetrators with enhanced lgtjra
> High energy density batteries.

> Longer-lasting satellites.

> Longer-lasting medical implants.

> Large electrochromic display devices.



2.2THERMODYNAMICSOF SOLUTION FORMATION

The alloy is in a mechanically homogenized nonéguiim state, and that prolonged
annealing at low temperatures should lead to, fangle, the clustering of chromium
atoms. Solution formation normal thermodynamic thifor solutions begins with the
mixing of component atoms. In mechanical alloyingwever, the solution is prepared
by first mixing together lumps of the componentcte of which might contain many
millions of identical atoms. We examine here the wawhich a solution evolves from
these large lumps into an intimate mixture of défg kinds of atoms without the
participation of diffusion or of melting and thiedds to interesting outcomes which
have implications on how we interpret the mechdritlaying process. Consider the
pure components A and B with molar free energies\ andpo B respectively. If the
components are initially in the form of powdersrtlibe average free energy of such a
mixture of powders is simply:

G {mixture} = (1 - X)poA + xuo ; where x is the mole fraction of B

Mechanical mixture Solution
T T
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Fig. 2.1: (a) The free energy of a mechanical mestwhere the mean free energy is
simply the weighted mean of the components. (b) ffée energy of an ideal atomic
solution is always lower than that of a mechanicexture due to configurational
entropy.



It is assumed that the powder particles are sgeldéinat the A and B atoms do not
“feel” each other's presence via interatomic foréesween unlike atoms. It is also
assumed that the number of ways in which the mexwir powder particles can be
arranged is not sufficiently different from unitg give a significant contribution to
configurational entropy of mixing. It has a freeeggy that is simply a weighted mean
of the components. In contrast to a mechanical unéxta solution is conventionally

taken to describe a mixture of atoms or molecules.

mechanical
mixture

| atomic
i solution

Fig. 2.2: Schematic illustration of the evolutidinam atomic solution by the progressive

reduction in the size of different particles, agass akin to mechanical alloying.



There will in general be an enthalpy change assstiavith the change in near
neighbour bonds. Because the total number of waysvhich the “particles” can

arrange is now very large, there will always beigniicant contribution from the

entropy of mixing, even when the enthalpy of mixisgzero. The free energy of the
solution is therefore different from that of thechanical mixture. The difference in the
free energy between these two states of the compome the free energy of mixing,
the. The problem is illustrated in Fig.2.2 whiclowfs the division of particles into ever

smaller particles until an atomic solution is aviig.

2.3TYPICAL CHEMICAL COMPOSITION
The intense deformation associated with mecharatlaying can force atoms into

positions where they may not prefer to be at eguilm. The atomic structure of solid
solutions in commercially important metals formsdnbechanical alloying process can

be studied using field ion microscopy and atom prob

Fe-base C Ccr Al Mo Ti N Ti,0, Y,0, Fe
MA956 | 0.01 200 45 0.5 0.045 0.50  Balance
PM2000 | <0.04 200 55 0.5 0.5  Balance
Ni-Base C Cr Al Ti W Fe N TotalO Y,0, Ni

MAGOOD | 0.06 150 45 23 39 15 02 057 11 DBalance
PM1000 T 200 03 0.5 3.0 0.6 Balance

Table.2.1: Compositions (wt %) of some typical ydlo
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2.4 PROCESSVARIABLES

Mechanical alloying is a complex process and hémaglves optimization of a number
of variables to achieve the desired product phastoa microstructure. Some of the

important parameters that have an effect on tred fianstitution of the powder are:

> Type of mill

> Milling container

> Milling speed

> Milling time

> Type, size, and size distribution of the grindmgdium
> Ball-to-powder weight ratio

> Extent of filling the vial

> Milling atmosphere

> Process control agent

> Temperature of milling.

All these process variables are not completelypededent. For example, the optimum
milling time depends on the type of mill, size bétgrinding medium, temperature of

milling, ball-to-powder ratio, etc

11



25 TYPE OF MILLING EQUIPMENTSUSED FOR MECHANICAL

ALLOYING
Different types of high-energy milling equipmentansed to produce mechanically
alloyed powders. They differ in their capacity,i@#ncy of milling and additional

arrangements for cooling, heating, etc.

> SPEX shaker mills

> Attritor mills

> Commercial mills

> Planetary ball mills (To be used in our experimgatg

2.5.1SPEX shaker mills

Shaker mills such as SPEX mills, which mill abo0#20 g of the powder at a time, are

most commonly used for laboratory investigationd om alloy screening purposes.

Fig-2.3: SPEX shaker mill

12



2.5.2Attritor mills
A conventional ball mill consists of a rotating tzmntal drum half-filled with small

steel balls. As the drum rotates the balls drothemrmetal powder that is being ground.

Figt2Attritor mill

2.5.3Planetary ball mills:
Another popular mill for conducting MA experimenis the planetary ball mill
(referred to as Pulverisette) in which a few huddyeams of the powder can be milled
at a time. The planetary ball mill owes its namé planet-like movement of its vials.
These are arranged on a rotating support disk aspkeeial drive mechanism causes
them to rotate around their own axes. The centiiftmyce produced by the vial®
rotating around their own axes and that producethbyrotating support disk both act
on the vial contents, consisting of material togoeund and the grinding balls. Since
the vials and the supporting disk rotate in oposirections, the centrifugal forces
alternately act in like and opposite directionsisTbauses the grinding balls to run
down the inside wall of the vial the friction eftedollowed by the material being
ground and grinding balls lifting of and travelifigely through the inner chamber of
the vial and colliding against the opposing insidal the impact effect (Fig.2.6).

13



gHR.5: Planatery ball mill

Horizontal Section -
Movement of the

supporting disc

Centrifugal
force

Rotation of the grinding bowl

Fig-2.6: Showitypes of forces acting

Even though the disk and the vial rotation spe@ddcnot be independently controlled
in the earlier versions, it is possible to do s¢hia modern versions. Grinding vials and
balls are available in eight different materialatag silicon nitride, sintered corundum,

zirconia, chrome steel, Cr+Ni steel, tungsten clrpand plastic polyamide. Even

14



though the linear velocity of the balls in this éypf mill is higher than that in the SPEX

mills, the frequency of impacts is much more in $REX mills.

12
fine coarse
A starting powder
) —— Y T
10 (&
= planetary ball milling
ot
o] §
N \
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a W
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0 | i ] i i

0 1Ul2ﬂ‘30|4l}l50
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Figf2Plot of Particle size Vs Milling time
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2.7MECHANISM OF MECHANICAL ALLOYING

> In the planetary ball mill its vials are arrangadaorotating support disk.

> A special drive mechanism causes them to rotatendrtheir own axes.

> The force of the impact plastically deforms the dewparticles.

> The particles get work hardened and fracture.

> The new surfaces created enable the particlesltbtagether.

> Particle contains substantially all of the startingredients, in the proportion

they were mixed together

Fig-2.8: Ball-powder-ball collision of powderixture during mechanical alloying.

16



2.8 PREVIOUSWORK DONE

1. Development of magnetic and superconducting prigzeeg: Oxide
superconductor:BSnCaCuy0x by plasma synthesis processing of fine
particles, especially of high-tech ceramic matsri®eter C. Kong and Y. C.
Lau, Pure &App/. Chem., Vol. 62, No. 9, pp. 1809463990,

2. Aluminium alloy with nominal composition of Al-18%%%Fe—1.5%Cu
(wt.%) has been spray deposited and its microstracfeatures have been
studied V.C.Srivastava , S.N.Ojha, P.Ghosal. Maleiietters vol 56 (2002)
,page797— 801.

3. Lithium ion intercalation is done to enhance itsodin properties. Ball-
milling in liquid media. Raphafel Janot, Daniel Garel ,Materials Science 50
(2005) 1-92

4. Nanocrystalline materials and coatings. S.C. Tjbtaydn Chen.
Materials Science and Engineering R 45 (200488.

5. Concerning the magnetic properties, some fine-garsystems exhibit good
hard magnetic properties and used as soft magnhedtamzaoui, O. Elkedim,
N. Fenineche, E. Gaffet, J. Craven Materials S@esnd Engineering A360
(2003) 299-305.
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EXPERIMENTAL

The composition which has been studied:

Al-18%Si-5%Fe-1.5%Cu
Stoichiometric amounts of the powders are weighed mixed. Milling carried out
in a planetary ball mill. In Planetary ball milleimilling was schedule as milling time
10 min and pause 15min, this was done becausellingriiigh amount of energy is
evolved and it can cause hazards. The milling veasex! out in the medium, in order
to maintain the powder mixture at at room tempegaitype of container used was

ZrO, Total milling time employed was 25Hrs with suitabdling speed of 300rpm.

3.1X-RAY DIFFRACTION
Samples were taken out for XRD analysis after f@rg 5 Hrs of milling which was

carried out in Phillips expert system. Fig-3.1 shaWe typical diffractograms. The
comparison of the diffractograms reveals progreskime broadening as a function of

time of milling, Fig- shows the overlapped firsigieof Aluminium.

¥Pen Graphics & [dentify JORY
Graph: MIXTURE (RAW) I Date of Edition. 45707 1425
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— . ]
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o |
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A ' L |
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D . :
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Fig-3.1: Typical X-ray diffractogram of mechanigadlloyed (Al-18%Si-5%Fe-

1.5%Cu) powder.
18



Fig-3.2 Shows the overlapped first peak of Alumimi

Fig-3.2 shows the comparison between the diffedé@factograms for the first peak
of aluminium for the samples obtained by simpleingxand milled for 5,10,15,20,25
hrs and it reveals progressing line broadeningfasetion of time of milling.

19



3.2PARTICLE SIZE CALCULATION

The crystallite size and lattice strain in the pewdarticles can be determined by the

X-ray peak broadening techniques. X-ray diffracti@aks are broadened due to:

1. Instrumental effects,
2. Small particle size,
3. Lattice strain in the material.

However, if one is interested only in followingettrend of change of crystallite size
with milling conditions, this simple technique mhag acceptable. While the X-ray
peak broadening due to small crystallite size \®iisely proportional to co& The

decrease in particle size with increase can beiseEable3.1

Table-3.1
SINo. Milling Time (Hrs) | Particle Size(Angstrom)
1 5 283.83
2 10 266.96
3 15 256.81
4 20 237.95
5 25 238.22

Most commonly the crystallite size is determinedigasuring the Bragg peak width
at half the maximum intensity and putting its valnescherrer's formula which is

mentioned below:

20



Scherrer formula:
d=0.9\/ (B co9)

Where:

d is the crystallite size,

A is the wavelength of the X-radiation used,

B is the peak width at half the maximum intensiyd6 is the Bragg angle.
The patrticle size as a function of milling timestsown in Table-3.1 and

the curve is plotted and shown in Fig-3.3

Particle size Vs Milling time

400
€ 350
o

4

T 200
150
100

Particle siz
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o

0 5 10 15 20 25 30
Milling Time(hrs)

o

Fig-3.3: Particle size as a function oflimg time.
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RESULTSAND DISCUSSION

XRD analysis shows a compound formation betweeReAi the exact compound is
to be conformed .V.C. Srivastava, P. Ghosal, S.jhaQhas found compound
between these element 64l,Si,Fe and *AlsSiFe using energy dispersive Xray
analysis.The plot between particle size Vs millimge Fig- 3.3 reveals that particle
has become finer with the increase in milling tifkee milling has been carried out
for 25 hrs and results are presented.Out of thenarecally alloyed powder mixture ,

green pellets of 10 & 15 mm dia.and 12mm heighgpplying pressure of 6.5 tons
using hydraulic machine.Then they were sintere4b&iC for %z hr.

Additionally another set of experiment was planmduich is as given below. Powder
mixture of same composition was made using mixirgginme resulting in ordinary

mixing.This powder mixture was used for making greellets followed by sintering

adopting the schedule as mentioned in Table No.4.1

Table-4.1
SINo. Sintering Pressure(T)
temperaturéC) (%)
(%)

1 400 5

2 500 5

3 400 8

4 500 8

5 450 6.5

22



After green pellets were sintered one batch waedds INSTRON 1195 for
compressive strength where as the other batch wed for revealing the
microstructure by optical microscopy. The comprassstrengths of the
samples are tabulated along with the schedule pérement and shown in
Table-4.2

abile- 4.2
SINo. Sintering Compaction Compressive
temperature(oC) Pressure(Tons) [strength(MPa)
( X21) (X2)

1 400 5 125.4

2 500 5 146

3 450 6.5 183.3

4 400 8 171.9

5 500 8 198.4

A regression equation was formulated by using thethod of statistical
design of experiments.
Compressive strength (MPa):160.425+11.Y#X4.725% +1.475X%X>
Where, X is the symbol assigned for sintering temperaturd X, for
compaction pressure.
The coefficients of Xand X% have large positive values indicating that both
temperature and pressure have large increasinginde ,though pressure has
got larger influence than temperature .The experinsarried out with 45
and 6.5 Ton compaction pressure resulted in a oesspwe strength of
183.3MPa which is quite close to the value of bd66.425 MPa .Thus this
equation is valid within the range of variables di$able-4.3 shows a
comparison between the compressive strength ofséimeples prepared by
mixing machine and mechanical alloying.
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Table-4.3

SINo. Type of Sintering Compaction | Compressive

mixing/milling | Temperature| Pressure(T) | Strength
(C) (MPa)

Simple mixing | 450 6.5 183.3

1.
Mechanical

2. Alloying 450 6.5 2125

3 Mechanical

' Alloying 450 8 254.4

The compressive strength of the pellets made ounhethanically alloyed
powder (time of milling of 25hrs and the compactioressure applied was
6.5T & sitering temperature 4%D temperature and time of sintering % an
hour) was found to be 212.5MPa. This value is higthen 183.3MPa
obtained for the powder made out of ordinary miximg value is attributed to
the better bondage between the particles in nmechily alloyed sample
because of high reactivity resulted out of creatiblarge surface .

Another mechanically alloyed sample but with 8tohs€ompaction pressure
for same temperature 4%D mechanically alloyed but 8T of compaction
temperature shows a compressive strength of 254a4tiB is attributed to

the more effective compaction and more effectivedang between particles.
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MICROSTRUCTURE

The SEM photographs of samples
a. Mixed by simple mixing.
b. Mechanically Alloyed (25 Hrs).
were taken after subjecting them to a compacti@ssure of 6.5 Ton and a sintering

temperature of 45C for % hr. are shown in Fig-4.1 and Fig4.2

Figk4(1000X)
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Fig-4(2500X)

The microphotographs reveal the following featudesthe ordinary mixed sample
(6.5 T and 45fC) there are large number of pores (Fig.4.1), whasein the
mechanically alloyed sample such pores are lessimber (Fig.4.2).The size of the
particles in a mechanically alloyed sample are craiple at 3500X(Fig.4.2) with
those of ordinary mixed sample at 1000X(Fig.4.1adidition grainboundaries can be
seen in some areas in mechanically alloyed sanfig4(2) indicating that alloy
formation has occured where as in ordinary mixaah@es this is absent.There are
some white phases presumably intermetallic comp®uisdned by Al-Fe-Si. in
mechanically alloyed sample. This is revealed byDXRBata analysis. The exact
stoichometric formula of this intermetallic compaubetween Al-Fe-Si is yet to be
confirmed.
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Chapter 5

CONCLUSION
REFRENCES



CONCLUSION

1. XRD shows a compound formation between Al, Fe, &id’he exact
composition is to be conformed.

2. The particles have become finer as a function dlingitime as revealed by
broadening of the XRD peaks.

3. Compaction pressure and sintering temperature heseasing influence,
though pressure has got larger influence than teamtyoe as revealed by the

regression equation.
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