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ABSTRACT

This project focused on compacting, sintering amracterizing of Alumina and
Carbonyl iron powderAl,O3 -CIP composites containing equal volume fractibrAbO; and
CIP were prepared through powder metallurgy methieovder metallurgy method is well
developed method of manufacturing ferrous and remnodis parts. Solid and liquid phase
sintering was done on high temperature tubulardcenin the inert atmosphere of argon. Solid
phase sintering was done at 1000°C and liquid pkagering was done at 1545°C in proper
sintering cycle. After sintering, the sintered ptdlare crushed using ball mill for obtaining the
required size.

VSM is used to see the magnetization of the padiclhe result shows that the saturation
magnetization of sintered abrasive obtained ahStompaction pressure is found to be highest.
The different phases have been studied for allgyeghbsamples using X-ray diffraction (XRD).
The morphology and elemental composition as welpagicle size has been studied using
scanning electron microscope (SEM). Microstruciofreamples has been studied using Optical
microscope.

Compression strength test was done for all saniptasiiversal testing machine (UTM).
Bulk density of the pallets was calculated usingndard Archimedean testing. The result
showed that the bulk density value increases withpgaction load. Micro hardness for samples
was measured using micro-Vickers hardness instruraed pallets produced at compaction

pressure of 9 ton shows highest hardness.

Keywords: Sintering, Carbonyl iron, Alumina, Magnetic Abrasj\@haracterization.
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NOMENCLATURE

PM Powder Metallurgy

VOL Volume

Al 03 Aluminium Oxide (Alumina)
CIP Carbonyl iron powder
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VHN Vickers hardness number
Kgf kilogram force

Mm Micrometers

KHN Knoop hardness number
mm Millimetre

MA Magnetic abrasive

XRD X-ray diffraction

UTM Universal Testing Machine
VSM Vibrating Sample Magnetometer

N Newton

Xi



CRH Constant rate heating

m Meter
In Inch
A Angstrom

K Wavelength

Xii



Chapter 1

INTRODUCTION



1. Introduction

Ceramics have been known to mankind since theesaudivilization and have played an
important role in the evolution and developmentiofman civilization.Generally ceramics are
defined as solid crystalline materials composedxifies, carbides, nitrides, borides having
important structural, mechanical, thermal and ettt propertiegl]. Metal matrix composites
of iron with hard ceramic particles are of interbstause of several advantages in terms of
mechanical properties and easy fabrication. Thestennals are used in the aerospace, aircraft,
automotive and many other manufacturing and indstields [2-3]. The technique that has
consistently produced higher property composites haen powder metallurgy, which is
competitive because of its low cost, ability to gwoe composites with high volume fraction,
high productivity and possibility to fabricate coam@nts with complex geometry. Alumina is a
technologically important material for electronindastructural applications. This is due to its
superior thermal and physicochemical propertie® siscgood creep strength, high hardness and
high wear resistance, chemical inertness and aegistagainst high temperature corrosion as
well as high electrical resistivity and high thefroanductivity, coupled with a reliable ceramic—
metal joining technologyAlumina is an important structural ceramic matehalving many
desirable properties like high melting point (20#%°C), hardness (18GPa), elastic modulus
(380GPa) and excellent resistance to acids andisalkas being widely used as grinding media,
textile thread guides, in paper manufacturing itighisutting tools etcHowever, it is brittle and
has very low resistance to crack propagation o& fracture toughness which results in
catastrophic failure of the components. Recentifiaii[4] has classified the ceramic matrix
composites into four different categorigsg. 1.1) on the basis of the matrix and reinforcement
particle size. These are Intra-type; inter typaaiinter-type and nano/nano-type. These nano
composites show improved properties both at roampé&rature and at high temperature. The
Hybridization of both micro-nano composites is eotpd to give further improvemertdowever
the synthesis of nonmaterial’s for bulk productisrdifficult due to grain growth of initial fine
particles, introduction of processing related pssc#aws during initial sample preparation and
handling of materials on its original dimension tile final microstructure developmefithese
nano composites show improved properties both @anhrtemperature and at high temperature.
The hybridization of both micro-nano compositeseipected to give further improvement.

However the synthesis of nonmaterial for bulk pidn is difficult due to grain growth of
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initial fine particles, introduction of processinglated process flaws during initial sample
preparation and handling of materials on its oagidimension till the final microstructure

development.

Intra-type

Fig. 1.1 Schematic representation of microstructea¢ures of various nano composites

as well as nano/nano composites

In today’s technology the need of composite materia very necessary due to the
improve physical and mechanical propertiedron has properties of specific saturation

magnetization and it is a very soft magnetic materiow coactivity and a high Currie



temperatureA very highly pure iron is carbonyl iron powder aitds prepared by chemical
decomposition of purified iron pent carbonyl. ltualy has the appearance of grey powder,

composed of spherical micro particles. Most ofithpurities are carbon, oxygen, and nitrogen.

1.1 POWDER METALLURGY

Powder metallurgy (PM) is a metal working procéssforming precision metal components
from metal powders. The metal powder is first peessto product shape at room temperature.
This is followed by heating (sintering) that caufes powder particles to fuse together without
melting. The parts produced by PM have adequaysigdl and mechanical properties while
completely meeting the functional performance ctiarsstics. The cost of producing a
component of given shape and the required dimeakimherances by PM is generally lower
than the cost of casting or making it as a wroygbtuct, because of extremely low scrap and
the fewer processing steps. The cost advantadee iain reason for selecting PM as a process
of production for high — volume component which aeéo be produced exactly to, or close to,
final dimensions. Parts can be produced which rapregnated with oil or plastic, or infiltrated
with lower melting point metal. They can be eleptated, heat treated, and machined if
necessary. The rate of production of parts is duigh, a few hundred to several thousand per
hour. Industrial applications of PM parts are sakelhese include self — lubricating bearings,
porous metal filters and a wide range of engineesiealpes, such as gears, cams, brackets,
sprockets, etc.

In the PM process the following three steps aréofedd in sequence: mixing (or blending),
compacting, and sintering

» Mixing: A homogeneous mixture of elemental metawders or alloy powders is
prepared. Depending upon the need, powders of atlosts or lubricants may be added.

» Compacting: A controlled amount of the mixed powdentroduced into a precision die
and then it is pressed or compacted at a pressuhe irange 100 MPa to 1000 MPa. The
compacting pressure required depends on the ckasti's and shape of the particles,
the method of mixing, and on the lubricant usedisTis generally done at room
temperature. In doing so, the loose powder is dateted and densified into a shaped

model. The model is generally called “green compaks is comes out of the die, the



compact has the size and shape of the finishedupto@he strength of the compact is

just sufficient for in — process handling and tzorsation to the sintering furnace.

Powder metallurgy part

Fig 1.2 Typical set of powder metallurgy tools

» Sintering: During this step, the green compact is heated praective atmosphere
furnace to a suitable temperature, which is belogvrhelting point of the metal. Typical
sintering atmospheres are endothermic gas, exoibegas, dissociated ammonia,
hydrogen, and nitrogen. Sintering temperature sdrem metal to metal; typically these
are within 70 to 90% of the melting point of thetateor alloy.Sintering is a solid state
process which is responsible for producing physacal mechanical properties in the PM
part by developing metallurgical bond among the gewparticles. It also serves to
remove the lubricant from the powder, prevents atxah, and controls carbon content in
the part. The structure and porosity obtained isirdered compact depend on the
temperature, time, and processing details. It ispossible to completely eliminate the
porosity because voids cannot be completely cldsedompaction and because gases
evolve during sintering. Porosity is an importahai@cteristic for making PM bearings

and filters.
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Sometimes additional operations are carried owiotered PM parts in order to further
improve their properties or to impart special chtgastics. Some important operations

are as under

Coining and sizing. These are high pressure cormgpoperations. Their main function
is to impart (a) greater dimensional accuracy #dimtered part, and (b) greater strength
and better surface finish by further densification.

Forging. The sintered PM parts may be hot or colgdd to obtain exact shape, good
surface finish, good dimensional tolerances, anthiform and fine grain size. Forged
PM parts are being increasingly used for such aeagpdins as highly stressed automotive,
jet — engine and turbine components.

Impregnation. The inherent porosity of PM partsitiized by impregnating them with a
fluid like oil or grease. A typical application tfis operation is for sintered bearings and
bushings that are internally lubricated with up 36% oil by volume by simply
immersing them in heated oil. Such components has@ntinuous supply of lubricant by
capillary action, during their use. Universal joisitypical grease — impregnated PM part.
Infiltration. The pores of sintered part are fillaith some low melting point metal with
the result that part's hardness and tensile stieagt improved. A slug of metal to be
impregnated is kept in close contact with the seadecomponent and together they are
heated to the melting point of the slug. The motteztal infiltrates the pores by capillary
action. When the process is complete, the compdmenigreater density, hardness, and
strength. Copper is often used for the infiltratadnron — base PM components. Lead has
also been used for infiltration of components likashes for which lower frictional
characteristics are needed.

Heat Treatment. Sintered PM components may be tneated for obtaining greater
hardness or strength in them.

Machining. The sintered component may be machingdubning, milling, drilling,
threading, grinding, etc. to obtain various geomdgatures.

Finishing. Almost all the commonly used finishingetmod is applicable to PM parts.

Some of such methods are plating, burnishing, sgatind colorings.



Plating - For improved appearance and resistanegety and corrosion, the sintered compacts
may be planted by electroplating or other platingcpsses. To avoid penetration and entrapment
of plating solution in the pores of the part, arpragnation or infiltration treatment is often

necessary before plating. Copper, zinc, nickelpetwmm, and cadmium plating can be applied.

Burnishing - To work harden the surface or to inwerdhe surface finish and dimensional
accuracy, burnishing may be done on PM parts. ielagtively easy to displace metal on PM

parts than on wrought parts because of surfacesjiptia PM parts.

Coating - PM sintered parts are more susceptiblentaronmental degradation than cast and
machined parts. This is because of inter — condegoteosity in PM parts. Coatings fill in the

pores and seal the entire reactive surface.

Colouring - Ferrous PM parts can be applied cofourprotection against corrosion. Several
methods are in use for colouring. One common metbdalacken ferrous PM parts is to do it

chemically, using a salt bath.

8. Joining - PM parts can be welded by several entiwnal methods. Electric resistance
welding is better suited than oxy- acetylene wejcdand arc welding because of oxidation of the

interior porosity. Argon arc welding is suitable &iainless steel PM parts.

1.2 MOTIVATION AND OBJECTIVES

In the present scenario, demand of magnetic abrasivery high for finishing purpose in the
electronics and aero space industries. This profecused on Production, testing &
characterization of alumina and carbonyl iron powth@sed sintered magnetic abrasives.
Carbonyl iron powder and alumina are mixed in 20 %oeach in ball mill and pallets are
prepared with 5 g weight mixture at 5 ton, 7 tomo® compacting pressure with 15 min. holding
time. Powder metallurgy process is used to produeepellets for sintering in a specified
sintering cycle. After sintering, the componenagain milled using ball mill to produce micron
sized particle of magnetic abrasive powder. Charegation of the powder (particle size, shape
etc) has been studied by XRD, SEM techniques angnkt&x properties were tested by

Vibration sample magnetometer.
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2. Literature Review

Rahimian, M. et al. (2009) [5] The aim of this paper was to investigate theceftd alumina
particle size, sintering temperature and sintetimg on the properties of Al-4D; composite.
The average particle size of alumina was 3, 1248ndh. Sintering temperature and time were in
the range of 500—-600°C for 30—90 min. A correlatias established between the microstructure
and mechanical properties. The investigated prgseirnclude density, hardness, microstructure,
yield strength, compressive strength and elongatiofracture. It was concluded that as the
particle size of alumina is reduced, the densitynseased followed by a fall in density. In
addition, at low particle size, the hardness areldystrength and compressive strength and
elongation to fracture were higher, compared tasmaarticles size of alumina. The variations
in properties of Al-AJO; composite are dependent on both sintering temperand time.
Prolonged sintering times had an adverse effeth@strength of the composite. Result show the
relative density of Al-AIO; composite was higher in samples containing findigarsizes. The
highest relative density of 99.95% was observespecimens sintered at 600°C. The grain size
of samples having fine AD; particles is smaller and increasing the sintetimg to 90min leads

to grain coarsening. The highest hardness was 7iéHipecimens containing average particle
size of 3uim sintered at 606C for 45 min. Further increase in sintering tim@@min results in a
reduction in hardness to 59 HB. The finer the pkrtisize of alumina, the greater the
compressive strength and elongation. The higheshgih was 318MPa, for the composite
containing an average patrticle size pfrBand sintered at 60 for 45 min. Further increase in
sintering time has an adverse effect on the stherifittended sintering times and also the use of
fine alumina in Al-A}O; composite results in higher elongations. Maximuongation was

observed to be 61.8% in samples containing theagegparticle size ofi@n.

Shamsuddin, Saidatulakmar et al.(2008) [6] this paper focused on fabricating and
characterizing composites of iron-chromium alloynferced with 5-25 wt. % of alumina
particles fabricated using powder metallurgy methdthe diffraction patterns of X-Ray
diffraction (XRD) reveal the influence of varyingewght percentage of alumina. Comparisons on
the mechanical properties are also being made @mniheinforced iron matrix (0 wt. %). The

compatibility between matrix and reinforcement waslicated from the microstructure

9



examination showing homogeneous distribution ofréha particles in the alloy matrix. Bulk
density and porosity of the composites were caledlaising standard Archimedean testing.
Micro-hardness was measured using micro-Vickergiess instrument. The data obtained

showed that the 20 wt. % alumina produced the Isigh@dness reading.

Tartaj P. and Tartaj J. (2002), [7] the purpose of this paper was to preparation of
homogeneous iron oxide doped alumina sphericalictest The method is based on the
hydrolysis with ammonium hydroxide of liquid aertsséormed by spraying iron and alumina
nitrate aqueous solutions. The powder consistedaording to X-ray diffraction and infrared
spectroscopy, boehmite of low crystalline. Heatiofy the as-prepared boehmite powders
produced a series of transition alumina that finidnsform into the thermodynamically stable
phase ¢-Al203).

LU C. Y. and HWANG S. K. (1999) [8]this paper focused on the effect of alumina pasidn
the sintering behaviour of a carbonyl iron powdempact. Two different-sized alumina, 0.05
and 0.4 mm, were mixed with the iron compact at am® up to 1.2 wt pctWhen 0.4mm
alumina particles were added, no sintering enhasoemwas observedVith 0.1 wt pct, the
sintered density increased from 7.25 to 7.40 g/afte} the compact was sintered at 1350 8C for
1 hour in hydrogen. Dilatometric curves showed tiatmina impeded the early-stage sintering
of iron in a phase, but improved densificationhie g phase at high temperaturBsese results,
along with micro structural analysis, suggested #lamina particles exhibit dual roles; their
physical presence blocks the diffusion of iron apthus causing inhibition of sintering, while
their grain boundary pinning effect prevents exagtg grain growth of iron and helps
densification. It follows that, depending upon #reount and size of the alumina powders, either

an increase or decrease in the final sintered tecen be obtained.

Chen Lung Chih et al.(2002) [9]the purpose of this paper was using metal-orgamemacal
vapour infiltration (MOCVI) conducted in fluidizeded was employed for the preparation of
nano-sized ceramic compositédhe Cr-species was infiltrated into Al203 granul®s the
pyrolysis of chromium carbonyl (Cr (CO)6) at 300046. The granulated powder was pressure

less sintered or hot-pressed to achieve high derisie results showed that the dominant factors

10



influencing the Cr-carbide phase formation, eitGeBC2 or Cr7C3, in the composite powders
during the sintering process were the temperatutleoaygen partial pressure in the furnalee
coated Cr-phase either in agglomerated or dispersondition was controlled by the use of
colloidal dispersion. The microstructures showedt fine (20 — 600 nm) CrxCy grains (_8 vol.
%) located at AI203 grain boundaries hardly retdrdlee densification of Al203 matrix in
sintering process. The tests on hardness, strargthtoughness appeared that the composites
with the inclusions (Cr3C2) had gained the advaedagyer those by the rule of mixture. Even 8
vol.% ultrafine inclusions have greatly improvee thnechanical properties. The strengthening
and toughening mechanisms of the composites wesetalgrain-size reduction, homogenous
dispersion of hard inclusions, and crack deflection

Olevsky A. Eugene (1997) [10focusedon Theoretical concepts of sintering were origiyall
based upon ideas of the discrete nature of paateunedia. However, the actual sintering
kinetics of particulate bodies are determined noly doy the properties of the particles
themselves and the nature of their local interactigth each other, but also by macroscopic
factors.Among them are externally applied forces, kinemataostraintge.g. adhesion of the
sample’s end face and furnace surfaead in homogeneity of properties in the volumeaimn
investigation (e.g. in homogeneity of initial density distributiareated during preliminary
forming operations Insufficient treatment of the questions enumetrabove was one of the
basic reasons hindering the use of sintering the®dgromising approach is connected with the
use of continuum mechanics, which has been sucdigsapplied to the analysis of compaction
of porous bodies. This approach is based uponheries of plastic and nonlinear-viscous
deformation of porous bodies. Similar ideas hawvemdy been embodied in a continuum theory
of sintering. The main results of the applicatiohtlis theory for the solution of certain

technological problems of sintering are introdugeduding their thermo—mechanical aspects.

Park, H. H. et al. (1984) [11] In this papemodels for liquid flow into isolated pores during

liquid phase sintering are described qualitativelyie grains are assumed to maintain an
equilibrium shape determined by a balance betwkem tendency to become spherical and a
negative capillary pressure in the liquid due tonre@ at the specimen surface and the pore.
With an increase of grain size, the grain spheforge decreases while the radius of liquid

menisci increases to maintain the force equilibriifhen grain growth reaches a critical point,
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the liquid menisci around a pore become spheriodl the driving force for filling the pore
rapidly increases as liquid flows into it. The ical grain size required for filling a pore
increases linearly with pore size. Experimentdilling of isolated pores has been investigated
in Fe-Cu powder mixture after liquid phase sintgrireatment and after dipping into a molten
matrix alloy. The observed pour filling behavioagree with the qualitative predictions based
on the models. In Fe-Cu alloy, pour filling is tenaited by gas bubbles formed in liquid pockets.
By focusing on the evolution of pores during ligytase sintering, it was demonstrated that
pores are filled by liquid flow after a critical dabation time during sintering. Theoretical
analysis shows that the critical condition for pdiling is satisfied when the grains grow to a
certain size. The concept of the critical grairedimges upon the equilibrium between the grains
and the liquid menisci. In a fully densified speemwith a limited liquid content, the grains are
kept in the anhedral (contact flattened) shapébyifuid menisci at the specimen surface which
act against the tendency of the grains to becomergal. As the grains grow, the sphering force
will decrease, and the menisci radius will increass! it becomes equal to the radius of a pore
which may be present. A description of the pouinfil process in a system which contains many
pores of different size will be more complex. histstudy the grain shape was assumed to be
always at the local equilibrium state determinedhsyliquid volume fraction. If the grain shape
deviates from the local equilibrium state, an inalpak between the sphering force and the liquid
pressure will appear and induce a grain shape eharg kinetics of this grain shape change is,
of course, a separate problem. This study also dstrades that liquid, flowing rapidly under the
capillary pressure, can introduce a greater nofoumity in the structure compared to that
encountered in solid state sintering. Thereforg, raondel based on a uniform structure such as
the two particle model cannot completely descrheeliquid phase sintering process. The grain
shape at local equilibrium is influenced by theedital angle, and the meniscus geometry is

strongly dependent on the assumed shape of the @fr¢hie specimen surface.

2.1Powder Sintering
In ceramic manufacturing, sintering is a high tenapure process which converts loosely bound
particle compact in to a dense and cohesive bodly aifine grained microstructure. This is

usually achieved only when pores are uniformlyrthsted on grain boundaries which facilitate
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pore annihilation during final stage of sinteringlaavoids rapid grain growfi2, 13].Usually a
green compact made from an initial small particke &ind narrow pore size distribution usually
[14-18] sinters to a uniformly dense bodfgglomerated powdefl7-19] on the other hand,
disrupts the particle packing and produce a spatf@terogeneous green microstructure — a
situation usually observed with nano powder compact Such an inhomogeneous
microstructure affects densification kinetics adlvae the final sintered density achievafl8-

21]. Sinter ability could also be improved by contradlithe agglomeration tendency during
powder processing. The elimination of agglomeralbgs colloidal processing produces
homogeneously packed green microstructure whicldcbe sintered to high density at lower
sintering temperature. Besides colloidal procesgsing step sintering process can also produce a
high density, fine grain size sintered bo@2{23. The production of dense ceramics from nano
crystalline powders requires clear understandintheffundamental sintering theory as well as
sintering models. Densification and microstructwreolution are interdependent and the
densification process is influenced by the mechanimaterial transport paths, material flux and
mass transport distancAn excellent review by Exner discusses the inisige of sintering
kinetics and the controlling parametefe particle — particle contact during sinteringuiee
simple geometrical assumptions for neck area, velumadius of curvature and diffusion
distance. The early models assumed several singadmefric approximations and ignored the
possibility of multiple or parallel material trarmp paths. These simplified assumptions were
less accurate when compared with the rigorous nratieal treatments obtained with exact
neck shape. However, numerical analysis of the gé&aral changes during sintering has been
subject to criticism. In the past, isothermal stws the major source of sintering data many of
which did not agree well with the theoretical patidins. The discrepancy was partially due to
the finite time required for reaching the isotheksiatering temperature and various corrections
incorporated in the sintering result to accounttfoe transient events during heating. Two key
decisions were made in an effort to minimize thpesxnental errors. Firstly, the use of constant
heating rate measurements for establishing theliretvents which did not require time or
temperature corrections during the heating cyahessecondly, both shrinkage and surface area
were measured to monitor the geometric changesiateling mechanisms. On the other hand,
constant rate heating (CRH) method required lessperimental work. In a single experiment

involving slower heating rates, the temperatureati@n was less across a wide range and steady

13



state could be reached at every temperature. Sevethods had been used for the kinetic
parameter calculation from the sintering curvesaibletd at different linear heating rates. The
initial stage sintering activation energy had bedrained from the Arrhenius plots of the
shrinkage rate (or densification rate) at equaleslof the shrinkage (or density).
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Chapter Il

MECHANICAL TESTING AND
CHARACTRIZATION
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3.Mechanical testing andcharacterization

Mechanical properties of P/M structural materiadpehd on the composition, density, and heat

treatability of the material, as well as processing design considerations. Fabricated P/M parts

are evaluated and tested at several stages durengnanufacturing for part acceptance and

process control. This can include various type®sifs, such as:

3.1

Evaluation of dimensional changes
Hardness/Micro hardness testing
Strength testing

Wear testing

Optical properties testing (Roughness)

Crack detection

Dimensional evaluation

During the manufacture of sintered parts, dimeraichange must be accommodated for during

each processing step. Causes of these changeddanclu

Elastic spring back during ejection from toolingedgor cold pressing
Growth or shrinkage during delubrication, pre gimig and sintering
Elastic spring back from tooling during cold refsiag or sizing
Thermal contraction from the tools used in hot floggor hot repressing
Tool wear in cold or hot compacting

Machining tolerances at secondary machining anocesged tool wear
Distortion during annealing

Growth or shrinkage during carburizing, nitridiray,neutral hardening
Shrinkage during tempering

Growth during steam blackening
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3.2 Measurement of density

Density is the ratio of mass to volume. For a giveaterial, degree of sintering, and heat
treatment, density determines mechanical and phlysioperties. For example, higher density in
sintered steels results in higher tensile strergjtingation, and impact resistance values.
Methods based on Archimedes' principle-Typical methods of measuring density depend on
Archimedes' principle, in which hydrostatic foréadiquids exert buoyant forces proportional to
the part volume. This measurement is standardizedSiTM B 328, MPIF test method 42, and
International Standards Organization test meth@2%38.

When an object is immersed in a liquid, the ligeiekrts an upward buoyant force that is equal to
the product of the object volume and the densitihefliquid.

Density= massA v.

Where A v = final volume- initial volume

3.3 Hardness and micro hardness

Porous materials exhibit wider variation in hardnéssting than wrought counterparts. The
entrance of the indenter into pores or groups oépgenerally causes this effect. At least five
consistent readings should be taken, in additicangoobviously high or low readings, which are
discarded. The remaining five readings should lezaed.

Hardness: The hardness of a material is related to thetegsie to indentation. This property is
useful for studying the strength and heat treatmeatried out on materials. Depending on the
test conducted 3 types of hardness measurementdagsified as scratch hardness, indentation
hardness and rebound or dynamic hardness. For aremal ceramics indentation hardness is

most common.

Brinell hardness test In the Brinell test, a hardened steel ball isspesl for 10-15 s on the
surface of the material by standard load. Afterlttael and ball have been removed, the diameter

of the indentation is measured. Brinell hardnesalyar (BHN) is given as

BHN =

P
(Z)-J7-a%)
Where P= applied load

D= diameter of ball in mm
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D= diameter of indentation in mm

Vickers hardness test This test involves a diamond indenter, in therfaf a square pyramid
with an apex angle of 136°, being pressed undel foa10-15s into the surface of the material
under test. Vickers hardness number (HV) is obthimg dividing the applied load by surface

area (mm) of the indentation.

d2 d2
Area of indentation = =
zsm% 1.854
Where d= mean diagonal length
20 = apex angle (136°)
1.854P
V=

d2

Rockwell hardness test This test utilizes the depth of indentation undenstant load as a
measure of hardness. The Rockwell scale is a hssdszale based on the indentation hardness of
a material. The Rockwell test determines the hasliiy measuring the depth of penetration of
an indenter under a large load compared to thetyaiom made by a preload. There are different
scales, denoted by a single letter, that use diffedoads or indenters. The result is a
dimensionless number noted as HRA, where A is ¢thkedetter.

When testing metals, indentation hardness coreeldieearly with tensile strength. This
important relation permits economically importanbnndestructive testing of bulk metal
deliveries with lightweight, even portable equipmesuch as hand-held Rockwell hardness

testers

Micro hardness test The term micro hardness test usually refers aticsindentations made
with loads not exceeding 1 kgf. The indenter iheazitthe Vickers diamond pyramid or the
Knoop elongated diamond pyramid. The proceduretdsting is very similar to that of the
standard Vickers hardness test, except that wne @n a microscopic scale with higher precision
instruments. The surface being tested generallyires|a metallographic finish; the smaller the
load used, the higher the surface finish requiRdcision microscopes are used to measure the

indentations; these usually have a magnificatiorarofund X500 and measure to an accuracy
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of +0.5 micrometres. Also with the same observer dfiees of .2 micrometres can usually
be resolved. It should, however, be added thatidereble care and experience are necessary to
obtain this accuracy.

The Knoop hardness number KHN is the ratio of tesllapplied to the indenter, P (kgf) to the
unrecovered projected area A (fm

P
KHN = T
Where F= applied load in kgf
A = the unrecovered projected area of the indesriati mnf
L = measured length of long diagonal of indentatromm

C = Constant of each indenter supplied by each faaturer

3.4 Strength testing

Compressive strength The compressive strength of a material is a nreasiuits ability to bear

crushing or pressing loads. The compressive stnevfgh material is given by

S==
A

Where P= load at fracture

A= Cross sectional area of the test piece

A lot of care is required in specimen preparatiod alignment. The specimen faces bearing the
load must be absolutely flat and parallel.

Characterization of Powders

Particle size and size distribution have a sigaificeffect on the behavior of metal powders
during processing; thus to a considerable extbey govern the properties of the final products
made from powder. Consequently, characterizatiosugh properties is essential. In the P/M
industry, the traditional and most widely used rodtlof particle size measurement is sieving.
Sieves or screens are used not only for partide sieasurement, but also for separation of

powder into different sieve fractions.
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This twofold use of sieves, in addition to the fiet most P/M powders are -80 meshes (smaller
than about 180 m in diameter, with only minor anmtewsmaller than 10 m) has been well suited
to industrial applications. For powders with lapggcentages of -400 mesh 38 m) particles, sieve

distribution data are often complemented with otheticle size measuring instruments.

Sieve Sieve opeuma
designation,  pi;,  in.
mesh

30 600 0.0232
40 425  0.0164
50 300 0.0116
60 250  0.0097
80 180  0.0069
100 150  0.0058
140 106 0.0041
200 75 0.0029
230 63 0.0024
325 45 0.0017

bia 3.1 Standard U.S. sieve series

3.5 X-Ray powder diffraction

X-ray powder diffraction (XRPD) techniques are ugedcharacterize samples in the form of
loose powders or aggregates of finely divided nmgterThese techniques cover various
investigations, including qualitative and quaniitat phase identification and analysis,
determination of crystalline, micro identificationattice-parameter determinations, high
temperature studies, thin film characterizatiord,an some cases, crystal structure analysis. The
powder method, as it is referred to, is perhaps lkeswvn for its use as a phase characterization

tool partly because it can routinely differentidietween phases having the same chemical
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composition but different crystal structures (pobtyphs). Although chemical analysis can
indicate that the empirical formula for a given gdans FeTiO3, it cannot determine whether the
sample is a mixture of two phases (FeO and onéefthree polymorphic forms of TiO2) or
whether the sample is the single-phase mineral @&Tor ilmenite. The ability of XRD to
perform such identifications more simply, convetigrand routinely than any other analytical
method explains its importance in many industrigbleations as well as its wide availability
and prevalence.

In general, an x-ray powder diffraction charac&tion of a substance consists of placing a
powder sample in a collimated monochromatic beam-Ediation. The diffraction pattern is
recorded on film or using detector techniques, thealyzed to provide x-ray powder data that
can be used to solve such problems. In XRD analgsisiples usually exist as finely divided
powder (usually less than 44p m in size) or cameloeiced to powder form. The particles in a
sample comprise one or more independently diffingctegions that coherently diffract the x-ray
beam. These small crystalline regions are termgdtaltites. Consolidated samples, such as
ceramic bodies or as-received metal samples vl have crystallites small enough to be
useful for powder diffraction analysis, althougteyhcan appear to have considerably larger
particle sizes. This occurs because a given graipadicle can consist of several crystallites
(independently diffracting regions). Although larggrain sizes can sometimes be used to
advantage in XRD, the size limitation is importdmtcause most applications of powder
diffraction rely on x-ray signals from a statistisample of crystallites. The angular positign

of the diffracted x-ray beam depends on the sp&idgbetween planes of atoms in a crystalline
phase and on the x-ray wavelength

N A= 2d sind

A diffraction pattern can be recorded using filnmakbg, or digital methods. Whether film,
analog or digital data collection is used, thelfo@ta can be displayed as a graph of intensity, as
a function of inter planar distanak or as a function of diffraction angled.2Many modem
automated powder diffracto meters can provide &rrttata reduction, including peak finding. A
tabular listing of peak intensity versus intersnglaspacing, search/match software, and other

computer utilities.
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3.6 Transmission electron microscopy

The transmission electron microscope is used fantog particles that range from 0.001 to 5u
m in diameter. This instrument has a large depthetd; consequently, all particles in the field
of view are in focus regardless of size. Partiddes usually not counted directly from the
viewing screen of the transmission electron miaspsc Photographs are normally taken, and
counts are made from prints or projected imagesgusie negatives.

The electron beam is easily absorbed, and filmatgrehan 100 to 200 nm (1000 to 2000A) is
completely opaque. It is therefore necessary tadyme very thin support films on which
powders can be dispersed for counting. These filsuslly are made of carbon. One of the best
techniques for producing strong, flat carbon supfibns involves cleaving high-quality mica
and placing it immediately in a vacuum evaporationt. After a hard vacuum has been
obtained, carbon is evaporated onto the mica saifaca thickness of about 10 nm (100 A).
Powders are dispersed on the surface of suppons fby puffing from an aspirator or by
allowing a drop of aqueous suspension to dry. Gafthms are hydrophobic; use of an aqueous
suspension requires that they be rendered hydriogyileither treatment with a thin solution of
albumen or exposure to reactive oxygen in a lowptenature oxygen Asher.

Exposure to reactive oxygen must be done at aleargetting (4 W) for several seconds, or the
carbon film will be destroyed.

Particle thicknesses can be measured in the trasgmielectron microscope by "shadowing"
particle dispersions in which the particles sitaosubstrate and are not embedded in a plastic
film. This is done by evaporating a small amountradtal placed at an angle to the substrate
surface in a vacuum chamber. The metal coats ti@ceuand particles in a line-of-sight fashion,
leaving a "shadow" cast behind the particles. Cormially available precision-sized latex
spheres can be included with the powder samplaatdtie shadow length to particle height ratio

can be calculated.

3.7 Scanning electron microscopy

The scanning electron microscope has a resolufiabaut 10 nm (100 A) and is capable of very
low magnification (about 10x) up to about 50,00Gxherefore can be used to count particles

ranging in size from 1 mm to 0.1y m. Particles $anahan 0.1p m usually have too low a
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contrast with the background to be counted effityerThe scanning electron microscope has
about 300x the depth of field of an optical micayse. The image in the scanning electron
microscope usually is obtained by using the seagndkectron output of the sample as it is
scanned by a very narrow electron beam. The cdntfashe image depends more on the
topography of the sample than on differences imatacmumber. Therefore, prepared powders
must not be embedded in films, but dispersed an@o#h substrate. Any smooth surface can be
used as a substrate. However, if energy dispersiag analysis (EDXA) is to be performed for
particle identification, a carbon or polystyreneface is preferred.

An excellent substrate can be made by placingystyoene pellet on a glass slide and heating it
on a hot plate until it softens. A second glassesis then placed over this slide and pressed until
the pellet forms a thin disk. The slides are rendoivem the hot plate and pressed together until
the polystyrene sets. The disk thus formed is as#imas the glass and contains no elements that
may hinder EDXA. For sample preparations using agsesuspensions, polystyrene surfaces
can be rendered hydrophilic by a brief treatmerdxygen Asher at low power (5 to 10 W for 5
s). While the substrates for SEM do not have tadéhin as those used for TEM, they must be
conductive. Consequently, if glass or plastic ste$aare to be used, they must be coated with an
evaporated metal (or carbon, for EDXA) film. Thzating is usually applied after the particles
have been dispersed on the surface. Many of theedisig techniques used for TEM can be
applied to SEM. Particle dusting, drying from ligisuspensions, and mulling in liquids that can
be sublimed in a vacuum are suitable dispersindhoast depending on the powder. If the
technique of mulling in parlodion and amyl acetsteused, parlodion can be removed in an
oxygen Asher, thus leaving the particles on thessate. Suitable substrates include glass or
metal, because they are not affected by the achiimgprepared sample should always be placed
in the scanning electron microscope with the sedacormal to the electron beam so that the
magnification, which changes with working distaneél be the same on all areas of the viewing
screen. Particle counting can be done directly ftbenviewing screen, from photographs, or by

using an automatic image analyzer.
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3.10 Vibrating sample magnetometer

Coil 1

™~ z

Magnet Magnet
Pole Pole
Piece Piece
- = Vibrating
e Dipole N

V(t)

Fig. 3.1 working principle of VSM.

The VSM is based upon Faraday'’s law according tehvne.m.f. is induced in a conductor by
a time-varying magnetic flux. In VSM, a sample metiged by a homogenous magnetic field is
vibrated sinusoid ally at small fixed amplitude lwitespect to stationary pick-up coils. The

resulting field chang® (t) at a point inside the detection coils induces voltage andvsrgby

p(t) = Zn: jA aif).dA

WhereA is the area vector of a single turn of the coil #mel summing is done overturns of

the coils.B (t) is given by the dipolar approximation, assumimgat dimensions of the

magnetized sample in comparison to its distanaa ftee detection coils,

and

3B;(t) _ da(t)
55 - ot -?{B(T)}i
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a(t) being the position of the dipole anB({)}i, i = 1, 2, 3, thath component oB atr due to
dipolem. V(t) can be detected to a high resolution and accurgayeans of suitable associated
electronics. For stationary pick-up coils and afanm and stable external field, the only effect
measured by the coils is that due to the motiath@fsample. The voltagé (t) is thus a measure

of the magnetic moment of the sample.
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Chapter IV

Experimental Work
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4.1 selection of powder

To make magnetic abrasive powder, two abrasive pmydlumina and Carbonyl Iron Powder
is selected as Magnetic component of MA powder.

4.2 Mixing

Mixing purpose was done by ball mill with steellb&lor mixing purpose powder was taken in

equal proportion i.e. 20% volume of alumina and 2@%ime of carbonyl iron powder.

Fig 4.1 Ball Milling machine

4.3 Compacting

For compacting purpose use a 12 ton capacity hiidreack with 13 mm die. For compacting
purpose take 5gm powder and make pallets of 5 %omn and 9 ton. For each pallets take

holding time is 15 mins.
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Hydravlic
Pressing
Machine

Fig 4.2 Hydraulic Jack with die

4.4 Sintering

Solid phase and Liquid phase sintering is doneighkemperature tube furnace, having capacity
up to 1600°C. Inert environment of Argon is used a@eoid any kind of atmospheric
contamination. The most important factors involdeding the sintering process are temperature,
time and furnace atmosphere. Increasing the sigggemperature greatly increases the rate and
magnitude of any change in the properties occurdogng the sintering. Here maximum
temperature is used for solid sintering is 1000%@ #or liquid phase sintering maximum
temperature is 1545°C. Here temperature rate igndtCand cooling rate is 6°C/min. Two type

of sintering cycle is used for sintering one folidphase and another for liquid phase sintering.
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Fig 4.3High temperature tube furnace
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Fig. 4.4 sintering cycle for solid phase sintering
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Fig. 4.5 ginhg cycle for liquid phase sintering

4.5 Characterization of Sintered Samples
The sintered samples were studied for phase amabfsiAl203 and CIP, density, VSM,

mechanical properties, and micro structural studgtical micro structure and SEM.

> FLOW CHART-In flow chart whole process is shown in systematanner. In other

word flow chart is a mirror image of whole process.
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Fig. 4.6flow chart of process

4.5.1Micro hardness

The micro hardness was studied by omnitechmmvhmaidm hardness tester. Variation of
micro hardness was observed at various pointsah,57 ton and 9 ton palletShe hardness of a
material is defined as the resistance to indemtatWhereas micro hardness refers to static

indentations made with loads not exceeding 1 kigé ihdenter used in this test either the




Vickers diamond pyramid or the Knoop elongated diadhpyramid. The microscopic scale with
higher precision instruments is used in this tdstewest is similar to standard Vickers hardness
test. Precision microscopes (magnification of acb¥600) are used to measure the indentations.
The Knoop hardness number (KHN) is used to caleutahe Knoop hardness number (KHN)

is the ratio of the load applied to the indentefkdef) to the unrecovered projected area A

(mn).

Where

F= applied load in kgf

A = the unrecovered projected area of the indesriati mn?
L = measured length of long diagonal of indentatromm
C = Constant of each indenter supplied by each faaturer

Sintered parts are prepared by grinding and polghnd leveled by emery paper. Then dry and

wet etched for proper surface preparation for mgkietallographic test specimens.

Fig. ©mnitechmmvh Auto Micro hardness tester
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4.5.2Microstructure

Microstructure was observed by Olympus GX 41 Micopge with META-Lite software. In

this microstructure analysis the whole processistssf following steps.

» Dry polishing.

» Wet polishing- In wet polishing alumina powder amater was used.

» Etching- In this process, solution of HNO3+alcothals used. The purpose of etching to
remove thin layer on the surface. Secondly, thénagit attacks the surface with
preference for those sites with the highest endegading to surface relief which allows
different crystal orientation, grain boundariesd aefects to be distinguished in reflected

light microscopy.

Olympus GX 41 microscope has magnificatiange from 25x to 100x.

Fig.4.8 Olympus GX 41microscope
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4.5.3 UNIVERSAL TESTING MACHINE
Compressive strength was observed by universal t@s§y machine. Compressive stress is
easily calculated by the value of compressive strgth. As we know that,

Compressive stress = load/area

Here radius of pallet =6.5 mm

Fig94Jniversal Testing Machine
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4.5.4 X-ray diffraction

The phase analysis of powder was carried out withiKaay diffractometer (Bruker AXS D8
Advance instrument) with Cu<radiation in the @ range 5-110° at a scan speed of 2°/min. and

also identified crystalline peaks. FWHM value waserved.

SRR Arrrr

Fig. 4.10 X-ray diffractometer (BerkAXS D8 Advance instrument)
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4.5.5 SEM ANALYSIS

Microstructure and morphological characteristice@dtings were obtained by SEM and with the
help of Energy Dispersive Spectroscopy (EDS) caleulthe % composition of metal and
ceramic in Alumina and CIP composite coatings. EDSwn the peaks of maximum energy
where most X-rays have been received.

Fig. 4.11 Scanningdilen Microscopy (SEM)
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45.6VSM ANALYSIS

Magnetic Moment was done bBjbrating Sample MagnetometeMax current 30 amp. , weight

of the sample 0.7485 gm, scan time 900 sec. VSMead® , gauss meter range 10 were used .

Fig. 5.¥brating Sample Magnetometer
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CHAPTER YV

RESULT AND DISCUSSIONS
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5.1DENSITY

Bulk density increase with compaction load of sintered pallets because when

compaction load increase then volume of pallets will be decrease and also density of

sintered pallets is higher than green pallets because of shrinkage of volume of pallets.

Sample No- sample Density(gm/cc3)
Green Sintered
sample sample

1 5 ton solid 3.05 3.3

2 7 ton solid 3.1 3.32

3 9 ton solid 3.3 3.4

4 7 ton liquid 3.1 3.45

5 9 ton liquid 3.3 3.49

Table 5.1- densitygoéen pallets vs. sintered pallets

density

2 M green pallet

15 m solid phase
1 ® liquid phase

5 ton 7 ton 9 ton

compaction load

Fig 5.1 Density gnagf green pallets vs. sintered pallets
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5.2 Micro hardness

The micro hardness values were calculated at v@points of pallets. The data obtained showed
that the 9 ton pallet has maximum hardness valbe. micro hardness values increase with
compaction load. Hardness is the resistance offéredhe crystal for the movement of
dislocations and practically it is the resistandé&ered by the crystal for localized plastic
deformation. Hence from result it is clear thatisesice offered by the crystal increase with
higher compaction load.

SAMPLE NO.- SAMPLE MCROHARDNESS(VHN)
1 5 ton solid 430
2 7 ton solid 490
3 9 ton solid 517
4 7 ton liquid 530
5 9 ton liquid 650

Table 5.2- Midrardness no. of sintered pallets

700
600
£ 500
2
a
2 400
5
_;E 300 m solid phase
o
S 200 H liquid phase
€
100
0
5ton 7 ton 9 ton
compaction load

Fig 5.2 Micro hardn€¥8IN) graph of sintered pallets
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5.3 compressive Stress

Compressive stress increases with compaction lbadllets and has higher value in the case of

liquid phase sintering. Hence compressive stregsrdés on load and temperature.

Sample no- sample Compressive stress (N/mm2)
1 5 ton solid 43.56
2 7 ton solid 57.13
3 9 ton solid 75.33
4 7 ton liqud 57.72
5 9 ton liquid 67.95

Table 5.3 compressive stodsgervation with compaction load

. 4
o _,//I,/
/

50
40

30 == solid phase

== liquid phase
2 quid p

compressive stress(N/m2)

10

5ton 7 ton 9 ton

compaction load

Fig.5.3 compactioadoss. compaction stress
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5.4 Micro structure Analysis

Micro structure analysis was observed by opticairasicope with 100x magnification of 5 ton
solid , 7 ton solid, 9ton solid, 7 ton liquid anddh liquid. From fig. $.9-5.1) it is clear that
there are two phase present in the sample. Indlwaied part green portion is alumina and the
red portion is ironFig. 5.4-5.8shows  microstructure of samples and resultsadirgvhite

portion is alumna and black spot is iron.

Fig 5.4 micro stture of 5 ton solid phase

Fig 5.5 microwstture of 7 ton solid phase
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Fig 5.6 micro stwre of 9 ton solid phase

Fig 5.7 microwtture of 7 ton liquid phase
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Fig 5.8 microwtture of 9 ton liquid phase
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CUSTOMER Adam MATERIAL Enter Material Mame

DATE 9/5/2013 | DESCRIPTION Description

HEATNO 9 ton solid GRADE Grade

MICROSTRUCTURE TEST REPORT

PHASE AND VOLUME ANALYSIS ASTM E562 &E1245

SNo NAME AREA AREA_PER
1|Phase 1 26837.377 Micron Sgr 71.258
2|Phase 2 10825.042 Micron Sqgr 28.742

Remarks :

Approved By :

Fig 5.9 micro struture test resdl® ton solid phase sintering
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CUSTOMER Adam MATERIAL al203+CIP

DATE 10/4/2013| DESCRIPTION Description

HEATNO 70ton li GRADE Grade

MICROSTRUCTURE TEST REPORT

|PHA5E AND VOLUME ANALYSIS ASTM E562 &E1245

SNo NAME AREA AREA_PER
1|Phasel 337495.950 Micron Sgr 37.977
i 2|Phase 2 551187.225 Micron Sgr 62.023
] L]

Remarks :

Approved By :

Fig 5.10 micro struture test résd@l7 ton liquid phase sintering
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CUSTOMER Adam MATERIAL Enter Material Name

DATE 10/4/2013|DESCRIPTION Description

HEATNO Ston li GRADE Grade

MICROSTRUCTURE TEST REPORT

PHASE AND VOLUME ANALYSIS ASTM E562 &E1245

SNo NAME AREA AREA_PER
1|Phase 1 660200.879 Micron Sgr 74.29
2|Phase 2 2283482.296 Micron Sgr 25.71

Remarks :

Approved By :

Fig 5.11 micro struture test testl9 ton liquid phase sintering
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5.5 SEM ANALYSIS

AZB M

#

DTU_S3700 15.0kV 7.4mm x500 SE

DTU_S83700 15.0kV 11.5mm x900 SE

Fig 5.12 SEM micro graph of 5 ton solid sinterechpke
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A Sl

&)1 sl 5
20

DTU_S3700 15.0kV 7.9mm x750 SE

Fig 5.13 SEM micro graph7aion solid sintered sample
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Fig 5.14 SEM microstuuet of 9 ton solid sintered sample
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DTU_53700 15.0kV 7.5mm x500 SE

L & r y g

DTU_S3700 15.0kV 11.1mm x600 SE

Fig.5.15 SEM microstructure of 7 ton liquid sinésample
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Figure (5.12-5.15) shows SEM micro graph for silesample. In each figure (a) gives
diagonally particle size. In sample 5ton solid éiverage particle size respect to diagonal is29u
, the diagonally average particle size of 7 tauill is 19.9, for 9 ton solid its value is

14.094, and for 7 ton liquid average particle size isO3,. In each figure (b), Sharpe edge

particle is alumina and iron particle diffused an i
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Fig 5.16 graph of averagdiplar size vs. compaction load

5.6 EDX ANALYSIS

EDX analysis of the composites to confirm the esqse of iron, carbon , oxygen, and alumina.
For EDX purpose accelerated Voltage was used 19.ard take off angle 54.6 degree.
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5.7 Phase evolution of sintered sample

S1

..
L e 20202

TO

Lin (Counts)

an

| ‘ ) IHM

=0

i 11

hl =0 3 40 o

@

2-Theta - Scale

Ells1 - Fie: 51.raw - Type: ZThTh locked - Start- 5000 ©- End: 110.008 °- Sepc 0.018 °- Sep ma: 18.2 5 - Temp.. 25 G (Ro0m) - Time Slanasd: 12 5 - 2-Theta: &.
[Bln 51 - LeftAnge: 44.465 - Fight Angle: 44 78S =- Left k- 1.14 Gps - AKGNE INL: 1.14 Cps - Obs. MExC 44,618 °- d (O0s. Max): 2.02321 - Max It 552 Gpa- N
Operations: Smooth 0150 | Sirip KAlpha? 0,500 | Backgeownd 1.000,1.000 | mport

Fig.5.22 XRBtgern for 5 ton solid sample.
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The XRD pattern of 5 ton solid sintered alumina &i& is shown in fig. 5.22 and fig. 5.23.
From these figure first peak comes at 33.180°. Pphiaks belongs to k@ and has (1, 0, 4) h, k,

| value, his plane is simple cubic. Second phase 83.280° of Alos has (1, 0, 4) h k | value and
his plane is simple cubic. Third peaks is at 35.dbBeos has (3, 1, 1) h k | values and his plane
is Fcc. Fourth pick is at 44.142° of kas (1, 1, 0) h k | value and his plane is BcahRoeak is

at 54.233° of k@3 has (1, 1, 6) and his plane is simple cubic. R $ample FWHM value of
highest peak is 016°.
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Fig.5.23 XRD pattéon peak composition of 5 ton solid sample
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The XRD pattern of sintered alumina and CIP is ghawfig. 5.24 and fig. 5.25. From these
figure first peak comes at 33.180°. This peaksrmgsdo Fegosand has (1, 0, 4) h, k, | value, his
plane is simple cubic. Second phase is at 33.288%1,03 has (1, 0, 4) h k | value and his plane
is simple cubic. Third peaks is at 35.452 ofdzédnas (3, 1, 1) h k | values and his plane is Fcc.
Fourth pick is at 44.142° of Aes (1, 1, 0) h k | value and his plane is BccthFifeak is at
54.233° of Fgos has (1, 1, 6) and his plane is simple cubic. Spdalk is at 65.686°0f Fe has (2,
0,0 ) and his planes is Bcc. The FWHM value fohkst peak is 0.127°.
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Fig 5.24 XRD pattern for peak comsigion of 7 ton solid sample
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Fig.5.27 XRD pattern frak composition of 9 ton solid sample

The XRD pattern of sintered alumina and CIP is ghanwvfig. 5.26 and fig. 5.27. From these
figure first peak comes at 33.180°. This peaksnrmgsdo Feosand has (1, 0,4) h |k, | value , his
plane is simple cubic. Second phase is at 33.2BAt.0; has (1, 0, 4) h k | value and his plane
is simple cubic. Third peaks is at 35.452 ofdzédhas (3, 1, 1) h k | values and his plane is Fcc.
Fourth pick is at 44.142° of Heas (1, 1, 0) h k | value and his plane is BccthAifeak is at
83.219° of Fe has (2, 1, 1) and his plane is Bidee. FWHM value for highest peak is 0.188°.
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Fig.5.28 XRD pattéon peak composition of 7 ton liquid sample

The XRD pattern of sintered alumina and CIP is ghawfig. 5.28 and fig. 5.29. From these
figure first peak comes at 33.180°. This peaksrmgddo Feozand has (1, 0,4) h |k, | value , his
plane is simple cubic. Second phase is at 33.288%,03 has (1, 0, 4) h k | value and his plane
is simple cubic. Third peaks is at 35.452 ofdzédhas (3, 1, 1) h k | values and his plane is Fcc.
Fourth pick is at 44.142° of Aes (1, 1, 0) h k | value and his plane is BccthFfeak is at
83.219° of Fe has (2, 1, 1) and his plane is Bidee. FWHM value for highest peak is 0.174°.
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Fig 5.29 XRD f@ah for 7 ton liquid sample.
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5.8 VSM ANALYSIS.

VSM shows magnetic strength of sampl¢hen a ferromagnetic material is magnetized in one
direction, it will not relax back to zero magnetina when the imposed magnetizing field is
removed. It must be driven back to zero by a fialdhe opposite direction. From the value of
magnetic moment it is clear that the value of mégmaoment increase with compaction load

and sintering temperature.
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Fig.5.30Graph between magnetic moment vs. magnetic fielitoh solid
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Chapter VII

Conclusions and Scope of
Further Work
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6.1 conclusions and future work

The present study on the powder processing, demsigrostructure, micro hardness, SEM,

XRD, VSM, and mechanical properties of,84 CIP composite were undertaken to study the

following.

1.

The alumina and CIP based sintered magnetic alerggiwders were prepared by powder
metallurgy method.

The micro hardness has been tested with micro kasdtester and result shows that micro

hardness increases with load and higher sinteeimgpeérature.

The compressive stress value tested on UTM incseagh compaction load and sintering
temperature. The maximum value of compressive sti®e$7.95 N/mmat 9 ton liquid

phase sintered sample.

Optical microscopy reveals that denser particlesohtained for higher compaction load.

XRD Shows crystalline structure and different plsapeesent in the sample and lattice
parameter. XRD study shows simple cubic, face cgbiatred, and body cubic centred
planes present in the sample. FWHM value of sangp(16°, 0.188°, 0.127°, and 0.174°
respectively.

Scanning electron microscopy (SEM) analysis shovesastructure and size of particles has
been seen diagonally on the micrograph to calctiet@verage particle size. Maximum size
of particle in diagonal is 53.2 micron and averpg#icle size is 294 18.9u,, 241, 131
respectively.
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7. Magnetic properties of sintered abrasives have ksaatied by VSM. It has been found that
the saturation magnetization increases with congraclkbad of pallets and sintering
temperature.

Future work

The present study reveals that powder processirap isnportant step for achieving a dense
microstructure. The magnetic abrasive will be ugsdfinishing purpose in MAF, MRF and
RMAF. Also improve the result of density and magnetroperty of Abos and CIP composites
by vacuum sintering and compaction load. The magmadirasive will be used in aerospace and
electronics industries for finishing of hard maaénivhich is not easy to finish by conventional
method.

69



REFERENCES

1. D.W. Richer son, “The Magic of Ceramics”, Wilédmerican Ceramic Society, USA (2000).

2. W.E. Lee and M. Rainferth, “Ceramic Microstruetst Property Control by Processing”,
Chapman and Hall, Great Britain, 67-121 (1994)

3. Lenel, F.V. (1980). Powder metallurgy: Princgpénd applicationdNew Jersey, USA: Metal

Powder Industries Federation

4. K. Nihara, “New Design Concept of Structural &uaics: Ceramic Nano composites”, J.
Ceram. Soc, Jpn 99, 974-982 (1991)

5. Rahimian, M. et al. (2009). “The effect of peld size, sintering temperature and sintering
time on the properties of Al-AlI203 compositesde by powder metallurgy.” Journal of
Materials Processing Technology 209 (2009), 55893.

6. Shamsuddiraidatulakmar et al.(2008)Characterization of Fe-Cr-,20®3 Composites

Fabricated by Powder Metallurgy Method with MagyWeight Percentage of Alumina”
Journal of physical science 19(1), 89-95, 2008

7 J. Tartaj and T. Tartaj (2002) “Preparation,rebterization and sintering behaviour of

Spherical iron oxide doped alumina particlestaA®laterialia 50 (2002) 5-12

8. LU C. Y. and HWANG S. K. (1999) “Densificatioh Garbonyl Iron Compacts by the
Addition of Fine Alumina Powders” (1999)

9. Chen Lung Chih et al. (2002) “Sintering behadnd mechanical properties of nano-sized

Cr3C2/AlI203 composites prepared by MOCVIigass” Journal of the European Ceramic
Society 22 (2002) 2883-2892

70



10.0levsky, Eugene A. (1997). “Theory of sinterifrgm discrete to continuum.”Materials
Science and Engineering, R23 (1998), 41-100.

11. Park, H.H., Cho, S.J., Yoon, D.N.(1984)“Polifj process in liquid phase sintering.”,
Metallurgical transactions A, June 1984, 15(B075-1080.

12.R. L. Coble, “Sintering of crystalline solids htermediate and final stage diffusion
Models”, J. Appl. Phys., 32, 787-792 (1961)

13. R. J. Brook, “Pore—Grain boundary interactiansl grain growth”, J. Am. Ceram.
Soc., 52, 56-57 (1969).

14.E. A. Bar ringer and H. K. Bowen, “Formation, paul and sintering of monodispersed
TiO, powders” J. Am. Ceram. Soc., 65, C199-201(1982).

15. C. P. Cameron and R. Raj, “Better sinteringtigh green-state deformation processing”, J.
Am. Ceram. Soc., 73, 2032-2037 (1990).

16. A. Krell, P. Blank, H. W. Ha, T. Hutzler, and M. bielung, “Processing of High- Density
Sub micrometer Al203 for New Applications]” Am. Ceram. Soc., 86, 546-53 (2003).

17.A. Krell and J. Klimke, “Effect of the homogeneity of particle coordination on
Solid state sintering of transparent alumina”, J. Am. Ceram. Soc., 89, 1985-1992
(2006).

18. W. H. Rhodes, “Agglomerate and particle size efean sintering yttria- stabilized
Zirconia”, J. Am. Ceram. Soc., 64, 19-292§1).

19. T. S. Yeh and M. D. Sacks, “Effect of green midrasture on sintering of alumina”; pp.
309-331 in Ceramics Transactions, Vol. 7, Sinteof Advanced Ceramics, Edited by C. A.
Handwerkers, J. E. Blendell, and W. A. Kays3&e American Ceramic Society, Westerville,
OH, 1990.

71



20.F. F. Lange and B. J. Kellet, “Thermodynamics ehdification, Il. Grain growth in porous
compacts and relation to densification”’Adn. Ceram. Soc., 72, 735-741 (1989).

21. K. G. Ewsuk, J. G. Arguello, D. N. Bencoe, DEIlerby, S. J. Glass, D. H. Zeuch, and J.
Anderson, “Characterizing powders for dregsing, sintering”, Bull. Am. Ceram. Soc., 82,
41— 47 (2003).

22. K. Maca, M. Trunec, and P. Dobsak, “Bulk zintmnanoceramics prepared by cold isostatic
Pressing and pressure less sintering”, Rev. Mater. Sci., 10, 84— 88 (2005).

23.K. Matsui, I. N. Ohmich, M. Ohgai, M. Enomoto andHbjo, “Sintering kinetics at constant
Rates of heating: Effects of Al203 on thdiahisintering stage for fine zirconia powder”, J.
Am. Ceram. Soc., 88, 3346—-3352 (2005).

23. G S Upadhyaya , 2002 “Powder Metallurgy Tecbggl Cambridge International Science
publication, U.K

72



	FRONT PAGE FINAL
	FINAL PROJECT
	CERTIFICATE 2
	project


