COPPER-CARBON COMPOSITE

CHAPTER 1

INTRODUCTION TO COMPOSITE MATERIAL

1.1 INTRODUCTION

Mankind has been aware composite materials since $dwardred years before
Christ and applied innovation to improve the quality &.lAlthough it is not clear has to
how Man understood the fact that mud bricks made sturdiggds if lined with straw, he
used them to make buildings that lasted.

Ancient Pharaohs made their slaves use bricks witktri@w to enhance the
structural integrity of their buildings, some of whiclstty to wisdom of the dead
civilization even today.

Contemporary composites results from research and atioovfrom past few
decades have progressed from glass fiber for automobileshiodearticulate composites
for aerospace and a range other applications.

Ironically, despite the growing familiarity with compies materials and ever-
increasing range of applications, the term defines a defnition. Loose terms like
“materials composed of two or more distinctly identif@ldonstituents” are used to
describe natural composites like timber, organic materi&is tissue surrounding the
skeletal system, soil aggregates, minerals and rock.

Historical examples of composites are abundant in liteeature. Significant

examples include the use of reinforcing mud walls in howsttsbamboo shoots, glued
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laminated wood by Egyptian (1500 BC), and laminated metals ginfipiswords (1800
AD). In the 28 century, modern composites were used in the 1930s whes fiflars
reinforced resins. Boats and aircrafts were built ouhe$e glass composites, commonly
called fiberglass. Since the 1970s, application of comgmsihs widely increased due to
development of new fibers such as carbon, boron, aachids, and new composite

systems with matrices made of metals and ceramics.

1.2COMPOSITES

A typical composite material is a system of mater@mposing of two or more
materials (mixed and bonded) on macroscopic scale.

Generally, a composite material is composed of reiefoent ( fibers, particles,
flakes and/or fillers ) embedded in a matrix ( polymerdaiaeor ceramics ). The matrix
holds the reinforcement to form the desired shape whdeadinforcement improves the
overall mechanical properties of the matrix. When desigmeperly, the new combined
material exhibit better strength than would each indivicheterial.

As defined by Jartiz, Composite are multifunctional makerystem that provide
characteristics not obtainable from any discrete riadtel' hey are cohesive structures
made by physically combining two or more compatible mdtgridifferent in
composition and characteristics and sometimes in form.

Kelly very clearly stresses that the compositesikhoot be regarded simple as a
combining of two materials. In broader significance: ttembination has its own

distinctive properties. In terms of strength or resise to heat some other desirable
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quality, it is better than either of the component aloneadically different from either of
them.

Berghezan defines as “The composites are compound neteniah differ from
alloys by the fact that the individual components retaeir characteristics but are so
incorporated into the composite as to take advantage orilyewofattributes and not of
their shortcomings”, in order to obtain an improved mailte

Van Suchetelan explains composite materials as hgEtieeous materials
consisting of two or more solid phases, which aratimiate contact with each other on a
microscopic scale. They can be also considered as demaous materials on a

microscopic scale in the sense that any portionwillihave the same physical property.

1.3CHARACTERISTICS OF COMPOSITES

Composites consist of one or more discontinuous pleasbedded in continuous
phase. The discontinuous phase is usually harder and sttbagethe continuous phase
and is called the ‘reinforcement’ or ‘reinforcing maadriwhereas the continuous phase
is termed as the ‘matrix’.

Properties of composites are strongly dependent enptbperties of their
constituent materials their distribution and the iat8on among them. The composite
properties may be the volume fraction sum of the pragsedf the constituents or the
constituents may interact in a synergistic way re@sglin improved or better properties.
Apart from the nature of the constituent materialg, geometry of the reinforcement

(shape, size and size distribution ) influences the ptiepesf the composite to a great
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extent. The concentration distribution and orientatf the reinforcement also affect the
properties.

The phase of the discontinuous phase ( which may bgrisal, cylindrical, or
rectangular cross-sanctioned prism or plateletse),sthe and size distribution ( which
controls the texture of the material ) and volumetfoam determine the interfacial area,
which plays an important role in determining the exi@nthe interaction between the
reinforcement and the matrix.

Concentration, usually measured as volume or wdiglation, determine the
contribution of a single constituent to the overall prapse of the composites. It is not
only the single most important parameter influencing tlopgnties of the composites,
but also an easily controllable manufacturing variabledus alter its properties. The

orientation of the reinforcement affects the isoyropthe system.

1.4  CLASSIFICATION OF COMPOSITES

Composite materials can be classified in different w&jassification based on
the geometry of a representative unit of reinforcemsntonvenient since it is the
geometry of the reinforcement which is responsible figr tnechanical properties and
high performance of composites.

The two broad classes of composites are:

(a) Particulate composites

(b) Fibrous composites.
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(a). Particulate Composites

As the name itself indicates, the reinforcement ipaticle nature (platelets are
also included in this class). It may be spherical, cubitagonal, a platelet, or of other
regular or irregular shape. In general, particles arewveoy effective in improving
fracture resistance but they enhance the stiffnedseafdmposite to a limited to a limited

extent.

(b). Fibrous composites

A fiber is characterized by its length being much greaterpewed to its cross-
sectional dimensions. The dimensions of reinforcenggiermine its capability of
contributing its properties to the matrix since a reicdonent having a long dimension
discourages the growth of incipient cracks normal to rfieforcement that might
otherwise lead to failure, particularly with brittle mees.

Fibers, because of their small cross-sectional dimess@re not directly usable
in engineering applications. They, therefore, embedded imixmaiaterials to form
fibrous composites. The matrix serves to bind the fibegether, transfer loads to the
fibers, and protect them against environment attack and dadwgeo handling. In
discontinuous fiber reinforced composites, the load tean&mction of the matrix is

more critical than in continuous fiber composites.
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1.5 CLASSIFICATION BASED ON MATRIX

Depending on the matrix used in the composite,posites can be broadly
classified as:

* Polymer-Matrix Composites
» Ceramic-Matrix Composites
* Metal-Matrix Composites

All these categories of composites are usefuldifferent areas depending
on the applications.

1.5.1 Polymer Matrix Composites (PMCs)

PMCs consist of a polymer as the matrix. These nad¢eare used in greatest
diversity of composite applications, as well aslargest quantities, in light of their
room-temperature properties, ease of fabricatiow eost. Some of these commonly
used reinforcement used in PMCs includes; glass fibersgereittontinuous or
discontinuous, contained within a polymer matrix. Carlwamch is a high- performance
fiber material is the most commonly, used asfarement in advanced (i.e., non-
fiberglass) polymer-matrix composites. Carbon- regddr polymer composite are
currently being utilized extensively in sports and recreati@guipment (fishing rods,
golf clubs), pressure vessels, and aircraft stralctaomponents — both military
and commercial.

1.5.2 Ceramic Matrix Composites (CMCs)

CMCs consist of a ceramic material as arimatvith particulates, fibers or

whiskers as the reinforcement medium. Ceramaiterials are inherently resilient to

oxidation and deterioration at elevated temperatu@sneSf these materials would
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be ideal candidates for use in high temperatune savere-stress applications,
specifically for components in automobile and aircraf fsabine engines. The fracture
toughness of ceramics has been improved significaloglythe development of a
new generation of ceramic-matrix composites

1.5.3 Metal-Matrix Composites (MMCs)

MMCs are defined as materials consisting of aanlination of fibers,
whiskers, and particulates embedded in a metallicbmathich could be Al, Mg,
Cu, Fe, etc.

The development of metal matrix composites basn driven primarily by
the need for structural materials with bettpecsic strength and modulus than
monolithic metals, especially at high temperaturbese materials demonstrate one of
the most intriguing characteristics of composites, wlisgtihe ability to obtained with
monolithic materials. As the name implies, in the M&fatrix Composites, the matrix is
a ductile material and reinforcement is a brittle cecaifhese materials can be utilized
at high service temperature than their base metal cqamtsy furthermore, the
reinforcement may improve specific strength, speciffinstss, abrasion resistance, creep
resistance, and dimensional stability. The matrikemal lends good toughness and high
thermal conducting properties to the MMC. Some of theaathges of these materials
over the polymer matrix composites include highgrerating temperatures, non-
flammability, and greater resistance to degradation. Hlynthe processing of MMCs
involves at least two steps: consolidation or t®gis (i.e., introduction of
reinforcement into the matrix), followed by a shapingrapien. A host of consolidation

techniques are available, some of which are velgti sophisticated; particulate
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MMCs are amenable to shaping by standard metal-foropegations (e.g., extrusion,
forging, rolling) recently, some of the automobimanufacturers have introduced
engine components consisting of an aluminum- aliogtrix that is reinforced with
alumina and carbon fiber s; this MMC s light ieight and resist wear and thermal
distortion. Aerospace structural applications include ack@raluminum-alloy metal-
matrix composites; boron fibers are used as the remrioeat for the Space Shuttle

Orbiter, and continuous graphite fibers for the Hubble tefesco

1.6 MATRIX MATERIALS
Composites cannot be made from constituents with divergesar expansion

characteristics. The interface is the area of atritetween the reinforcement and the
matrix materials. In some cases, the region is ndisadded phase. Whenever there is
interphase, there has to be two interphases betwasdnside of the interphase and its
adjoint constituent. Some composites provide interphagesn surfaces dissimilar
constituents interact with each other. Choice ofi€abion method depends on matrix
properties and the effect of matrix on properties affoecements. One of the prime
considerations in the selection and fabrication of mwsites is that the constituents

should be chemically inert non-reactive. Figure 1.1 helpdassify matrices.
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Matrices
Polymer matrix Metal matrix Ceramic Carbon and
materials materials matrix Graphic matrix
v, materials
Thermoset

Thermoplastic

Figure 1.1: Classification of matrices

1.6.1 Polymer Matrix Materials

Polymers make ideal materials as they can be procesasidy, possess

lightweight, and desirable mechanical properties. Itowd, therefore, that high

temperature resins are extensively used in aeronauticatatppis.

Two main kinds of polymers are thermosets and thermagdasthermosets have

qualities such as a well-bonded three-dimensional mialestructure after curing. They

decompose instead of melting on hardening. Merely changingasie composition of

the resin is enough to alter the conditions suitablycioning and determine its other
characteristics. They can be retained in a partiallea condition too over prolonged
periods of time, rendering Thermosets very flexible. Thusy fire most suited as matrix

bases for advanced conditions fiber reinforced compoditesmosets find wide ranging

applications in the chopped fiber composites form partisulahen a premixed or

moulding compound with fibers of specific quality and aspeat reappens to be starting

material as in epoxy, polymer and phenolic polyamide resins
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Thermoplastics have one- or two-dimensional molecstiarcture and they tend
to at an elevated temperature and show exaggerated nmuadiimg Another advantage is
that the process of softening at elevated temperaturegwarsed to regain its properties
during cooling, facilitating applications of conventionalngpress techniques to mould
the compounds.

Resins reinforced with thermoplastics now comprised erging group of
composites. The theme of most experiments in thistargaprove the base properties of
the resins and extract the greatest functional adgast&om them in new avenues,
including attempts to replace metals in die-casting presesdn crystalline
thermoplastics, the reinforcement affects the moxuolto a considerable extent,
prompting the reinforcement to empower nucleation. Wherngystalline or amorphous,
these resins possess the facility to alter their pcreger an extensive range of
temperature. But this range includes the point at whiclushge of resins is constrained,
and the reinforcement in such systems can increaséailbee load as well as creep

resistance. Figure 1.2 shows kinds of thermoplastics.

Thermoplasti

\ \

Polyethylene Polystyrene Polyamides Polypropylene

Figure 1.2: Kinds of thermoplastics

10



COPPER-CARBON COMPOSITE

A small quantum of shrinkage and the tendency of the dloapain its original
form are also to be accounted for. But reinforcemeatschange this condition too. The
advantage of thermoplastics systems over thermosetshat there are no chemical
reactions involved, which often result in the releasgaxes or heat. Manufacturing is
limited by the time required for heating, shaping and ogdlne structures.
Thermoplastics resins are sold as moulding compounds: Fébbdorcement is apt for
these resins. Since the fibers are randomly dispersedgeihforcement will be almost
isotropic. However, when subjected to moulding procesesy can be aligned
directionally.

There are a few options to increase heat resistaritermoplastics. Addition of
fillers raises the heat resistance. But all thernsigl@omposites tend loose their strength
at elevated temperatures. However, their redeeming easdliikie rigidity, toughness and
ability to repudiate creep, place thermoplastics in thpomant composite materials
bracket. They are used in automotive control panelstretd@c products encasement etc.
Newer developments augur the broadening of the scope ofatapie of thermoplastics.
Huge sheets of reinforced thermoplastics are now awailabd they only require
sampling and heating to be moulded into the required shapés has facilitated easy
fabrication of bulky components, doing away with therencumbersome moulding
compounds.

Thermosets are the most popular of the fiber compasdteices without which,
research and development in structural engineering fealdtlaget truncated. Aerospace
components, automobile parts, defense systems etc.,gueataleal of this type of fiber

composites.
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Epoxy matrix materials are used in printed circuit boandssamilar areas. Figure

1.3 shows some kinds of thermosets.

Thermosets
\
\4 J( V
Epoxy Phenolic resin Polyesters

Figure 1.3: Kinds of thermoset

Direct condensation Polymerization followed by rearramg@t reactions to form
heterocyclic entities is the method generally usegrémluce thermoset resins. Water, a
product of the reaction, in both methods, hinders productiovool-free composites.
These voids have a negative effect on properties ofah®asites in terms of strength
and dielectric properties.

Polyesters phenolic and Epoxies are the two importasgedaof thermoset resins.
Epoxy resins are widely used in filament-wound composites aed suitable for
moulding prepress.

They are reasonably stable to chemical attacks andeeiemt adherents having
slow shrinkage during curing and no emission of volatileegia3hese advantages,
however, make the use of epoxies rather expensive., A&y cannot be expected
beyond a temperature of 140°C. Their use in high technologgs avhere service
temperatures are higher, as a result, is ruled out.

Polyester resins on the other hand are quite easilygsibtes cheap and find use

in a wide range of fields. Liquid polyesters are storetbam temperature for months,
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sometimes for years and the mere addition of a catals cure the matrix material
within a short time. They are used in automobile and strakcapplications. The cured
polyester is usually rigid or flexible as the case nb@yand transparent. Polyesters
withstand the variations of environment and stable agahemicals. Depending on the
formulation of the resin or service requirement of aapion, they can be used up to
about 75°C or higher. Other advantages of polyesters ineaslecompatibility with few
glass fibers and can be used with verify of reinforcesttiglaccountrey.

Aromatic Polyamides are the most sought after candidasethe matrices of
advanced fiber composites for structural applications ddmgrong duration exposure
for continuous service at around 200 - 250° C .

1.6.2 Metal Matrix Materials

Metal matrix composites, at present though generatingl@ wterest in research
fraternity, are not as widely in use as their plastanterparts. High strength, fracture
toughness and stiffness are offered by metal matricesthioge offered by their polymer
counterparts. They can withstand elevated temperatucerimosive environment than
polymer composites. Most metals and alloys could be useda#rices and they require
reinforcement materials which need to be stable ovemnger of temperature and non-
reactive too. However the guiding aspect for the choipenids essentially on the matrix
material. Light metals form the matrix for temperatapplication and the reinforcements
in addition to the aforementioned reasons are chaizeddoy high moduli.

Most metals and alloys make good matrices. Howevertipadlg, the choices for
low temperature applications are not many. Only light metee responsive, with their

low density proving an advantage. Titanium, Aluminium ar@bnesium are the popular
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matrix metals currently in vogue, which are particularlyfuisier aircraft applications. If
metallic matrix materials have to offer high strengthey require high modulus
reinforcements. The strength-to-weight ratios of lkegy composites can be higher than
most alloys. The melting point, physical and mechanicgbgntaes of the composite at
various temperatures determine the service temperaturengposites. Most metals,
ceramics and compounds can be used with matrices ofmleling point alloys. The
choice of reinforcements becomes more stunted witleaser in the melting temperature
of matrix materials.
1.6.3 Ceramic Matrix Materials

Ceramics can be described as solid materials which exhibit steong ionic
bonding in general and in few cases covalent bonding. Highing points, good
corrosion resistance, stability at elevated temperstarel high compressive strength,
render ceramic-based matrix materials a favourite ipti@ations requiring a structural
material that doesn’t give way at temperatures above 1500%@rally, ceramic matrices
are the obvious choice for high temperature applicatidighh modulus of elasticity and
low tensile strain, which most ceramics posses, ltavebined to cause the failure of
attempts to add reinforcements to obtain strength impmeme This is because at the
stress levels at which ceramics rupture, there is fingrft elongation of the matrix
which keeps composite from transferring an effective quantof load to the
reinforcement and the composite may fail unless theeptage of fiber volume is high
enough. A material is reinforcement to utilize the higtemsile strength of the fiber, to
produce an increase in load bearing capacity of the ma&tddition of high-strength

fiber to a weaker ceramic has not always been suctessd often the resultant
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composite has proved to be weaker. The use of reinfordcewigh high modulus of
elasticity may take care of the problem to some exadtpresents pre-stressing of the
fiber in the ceramic matrix is being increasingly resibtteas an option. When ceramics
have a higher thermal expansion coefficient than regefment materials, the resultant
composite is unlikely to have a superior level of strengthhat case, the composite will
develop strength within ceramic at the time of coolingltesy in microcracks extending
from fiber to fiber within the matrix. Microcracking cagsult in a composite with tensile
strength lower than that of the matrix.
1.6.4 Carbon Matrices

Carbon and graphite have a special place in compositeriaiatoptions, both
being highly superior, high temperature materials with sthesngid rigidity that are not
affected by temperature up to 2300°C. This carbon-carbon cdenpssfabricated
through compaction of carbon or multiple impregnatiohgarous frames with liquid
carboniser precursors and subsequent pyrolization. Thayatso be manufactured
through chemical vapour deposition of pyrolytic carb&@arbon-carbon composites are
not be applied in elevated temperatures, as many compdsites proved to be far
superior at these temperatures. However, their cap@citgtain their properties at room
temperature as well as at temperature in the range of 248@8Cheir dimensional
stability make them the oblivious choice in a garnut ofiegtons related to aeronautics,
military, industry and space. Components, that aresegto higher temperature and on
which the demands for high standard performance are mamynast likely to have

carbon-carbon composites used in them.
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1.6.5 Glass Matrices

In comparison to ceramics and even considered on theinewit, glass matrices
are found to be more reinforcement-friendly. The waionanufacturing methods of
polymers can be used for glass matrices. Glasseseznat to improve upon performance
of several applications. Glass matrix composite witfhistrength and modulus can be
obtained and they can be maintained upto temperature ofdbee of 650°C. Composites
with glass matrices are considered superior in dimaasio polymer or metal system,
due to the low thermal expansion behaviour. This propdidws fabrication of many
components in intricate shapes and their tribologicaradters are considered very
special. Since the elastic modulus of glass is far rdottan of any prospective
reinforcement materials, application of stress usuaBults in high elasticity modulus
fiber that the tensile strength of the composite itsswerably enhanced than that of the

constituents, which is not case in ceramic matrices.

1.7REINFORCEMENT

Reinforcements for the composites can be fibers, dalparticles or whiskers.
Fibers are essentially characterized by one very lorgyvaiih other two axes either often
circular or near circular. Particles have no prefrorientation and so does their shape.
Whiskers have a preferred shape but are small both iretBarand length as compared

to fibers. Figure 1.4 shows types of reinforcements in ceitgm
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\

Fibers Fille Whisker Flake Particulate Directionally
solidified
| eutectic
Particle Microspheres
filled

that makes the composite what it is. But they alsweseertain additional purposes of
heat resistance or conduction, resistance to corrasidrprovide rigidity. Reinforcement
can be made to perform all or one of these functionpeasthe requirements. A
reinforcement that embellishes the matrix strengthtrbasstronger and stiffer than the
matrix and capable of changing failure mechanism to tharddge of the composite.

This means that the ductility should be minimum or aviéthe composite must behave

v

v

\’

Solid

Hollow

Reinforcing constituents in composites, as the word &tds; provide the strength

Figure 1.4 Types of reinforcement

as brittle as possible

1.7.1 Fibers

conditions and transfer strength to the matrix constitugluencing and enhancing their

Fibers are the important class of reinforcements, hay satisfy the desired
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properties as desired. Glass fibers are the earliest rkritvers used to reinforce
materials. Ceramic and metal fibers were subsequentiydf@ut and put to extensive
use, to render composites stiffer more resistant td. Héhers fall short of ideal
performance due to several factors. The performancdiloéracomposite is judged by its
length, shape, orientation, composition of the fibeis the mechanical properties of the
matrix.

The orientation of the fiber in the matrix is an gation of the strength of the
composite and the strength is greatest along the lomggtiudirectional of fiber. This
doesn’'t mean the longitudinal fibers can take the sametgumaof load irrespective of
the direction in which it is applied. Optimum performarfiom longitudinal fibers can be
obtained if the load is applied along its direction. Htghtest shift in the angle of
loading may drastically reduce the strength of the cortgosi

Unidirectional loading is found in few structures and leelhgs prudent to give a
mix of orientations for fibers in composites particulanligere the load is expected to be
the heaviest.

Monolayer tapes consisting of continuous or discontindibyess can be oriented
unidirectional stacked into plies containing layers afrfients also oriented in the same
direction. More complicated orientations are possibfe and nowadays, computers are
used to make projections of such variations to suit spesdexs. In short, in planar
composites, strength can be changed from unidirectidred oriented composites tha
result in composites with nearly isotropic properties.

Properties of angle-plied composites which are not gsesbvpic may vary with

the number of plies and their orientations. Composdiéables in such composites are
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assumed to have a constant ratio and the matricesoaseered relatively weaker than
the fibers. The strength of the fiber in any one ofttitee axes would, therefore be one-
third the unidirectional fiber composite, assuming thatublume percentage is equal in
all three axes. However, orientation of short fibeydifferent methods is also possible
like random orientations by sprinkling on to given planaddition of matrix in liquid or
solid state before or after the fiber deposition. Etlere-dimensional orientations can
achieved in this way. There are several methods of raffid@morientations, which in a
two-dimensional one, yield composites with one-third shength of an unidirectional
fiber-stressed composite, in the direction of fibensa I3-dimension, it would result in a
composite with a comparable ratio, about less thanfiihedn very strong matrices,
moduli and strengths have not been observed. Applicatiomhe strength of the
composites with such matrices and several orienwi®also possible. The longitudinal
strength can be calculated on the basis of the asgumtpat fibers have been reduced to
their effective strength on approximation value in contpeswith strong matrices and
non-longitudinally orientated fibers. It goes withouyieg that fiber composites may be
constructed with either continuous or short fibers. Bgpee has shown that continuous
fibers (or filaments) exhibit better orientation, althouighdoes not reflect in their
performance. Fibers have a high aspect ratio, i.et,ldmgths being several times greater
than their effective diameters. This is the reason fitaynents are manufactured using
continuous process. This finished filaments.

Mass production of filaments is well known and theyahatith several matrices
in different ways like winding, twisting, weaving and kmgj which exhibit the

characteristics of a fabric. Since they have low tiessand high strengths, the fiber
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lengths in filaments or other fibers yield considerableugrice on the mechanical
properties as well as the response of composites tegsimg and procedures. Shorter
fibers with proper orientation composites that use glaemmic or multi- purpose fibers
can be endowed with considerably higher strength thasettimt use continuous fibers.
Short fibers are also known to their theoreticalrgjtie. The continuous fiber constituent
of a composite is often joined by the filament winding psscin which the matrix
impregnated fiber wrapped around a mandrel shaped like theopeartwhich the
composite is to be placed, and equitable load distribatnwhfavorable orientation of the
fiber is possible in the finished product. However, windingmsstly confined to
fabrication of bodies of revolution and the occasianmalular, flat surface.Short-length
fibers incorporated by the open- or close-mould procesdoamd to be less efficient,
although the input costs are considerably lower than ditdrwinding. Most fibers in use
currently are solids which are easy to produce and hamaNéng a circular cross-section,
although a few non-conventional shaped and hollow fiskosv signs of capabilities that
can improve the mechanical qualities of the composites.

Given the fact that the vast difference in length dfeteve diameter of the fiber
are assets to a fiber composite, it follows that gresttength in the fiber can be achieved
by smaller diameters due to minimization or total elimora of surface of surface
defects. After flat-thin filaments came into vogue, ffbeectangular cross sections have
provided new options for applications in high strength stinrest Owing to their shapes,
these fibers provide perfect packing, while hollow fibersashetter structural efficiency
in composites that are desired for their stiffness andpcessive strengths. In hollow

fibers, the transverse compressive strength is lowaer that of a solid fiber composite
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whenever the hollow portion is more than half theltfiver diameter. However, they are
not easy to handle and fabricate.
1.7.2 Whiskers

Single crystals grown with nearly zero defects arenéer whiskers. They are
usually discontinuous and short fibers of different cresstions made from several
materials like graphite, silicon carbide, copper, iron €ypical lengths are in 3 to 55 nm
ranges. Whiskers differ from particles in that, whiskesse a definite length to width
ratio greater than one. Whiskers can have extraordinaeyngshs upto 7000 MPa.
Whiskers were grown quite incidentally in laboratoriestfe first time, while nature has
some geological structures that can be described as whiskgially, their usefulness
was overlooked as they were dismissed as incidental ddupts of other structure.
However, study on crystal structures and growth in mepasked off an interest in them,
and also the study of defects that affect the strengtmaderials, they came to be
incorporated in composites using several methods, including poetadlurgy and slip-
casting techniques. Metal-whisker combination, strengthening stis¢em at high
temperatures, has been demonstrated at the laboravety But whiskers are fine, small
sized materials not easy to handle and this comes iwdleof incorporating them into
engineering materials to come out with a superior qualityposite system. Early
research has shown that whisker strength varies iyexstdn effective diameter. When
whiskers were embedded in matrices, whiskers of diameter2up 10um yielded fairly
good composites. Ceramic material’'s whiskers have high maddful strengths and
low densities. Specific strength and specific modulus arg he@h and this makes

ceramic whiskers suitable for low weight structure cosites. They also resist
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temperature, mechanical damage and oxidation more respgndiveh metallic
whiskers, which are denser than ceramic whiskers. Hawdwey are not commercially
viable because they are damaged while handling.
1.7.3 Laminar Composites

Laminar composites are found in as many combinations asntimber of
materials. They can be described as materials compri$itayers of materials bonded
together. These may be of several layers of two orenmetal materials occurring
alternately or in a determined order more than onakjraas many numbers as required
for a specific purpose. Clad and sandwich laminates have araag as it ought to be,
although they are known to follow the rule of mixtufesm the modulus and strength
point of view. Other intrinsic values pertaining to metalatrix, metal-reinforced
composites are also fairly well known. Powder metgltal processes like roll bonding,
hot pressing, diffusion bonding, brazing and so on casnigdoyed for the fabrication of
different alloys of sheet, foil, powder or sprayed matg. It is not possible to achieve
high strength materials unlike the fiber version. But &head foils can be made
isotropic in two dimensions more easily than fibersisFand sheets are also made to
exhibit high percentages of which they are put. For instamstrong sheet may use over
92% in laminar structure, while it is difficult to makédrs of such compositions. Fiber
laminates cannot over 75% strong fibers. The main furedtitypes of metal-metal
laminates that do not posses high strength or stiffsessingle layered ones that endow
the composites with special properties, apart from beusg-effective. They are usually
made by pre-coating or cladding methods. Pre-coated megafsraned by forming by

forming a layer on a substrate, in the form of a thintiooous film. This is achieved by
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hot dipping and occasionally by chemical plating and Edgdating. Clad metals are
found to be suitable for more intensive environments whereser faces are required.
There are many combinations of sheet and foil which foncas adhesives at low
temperatures. Such materials, plastics or metals, beagiubbed together with a third
constituent. Pre-painted or pre- finished metal whose pyiadvantage is elimination of
final finishing by the user is the best known metal-orgar@minhate. Several
combinations of metal-plastic, vinyl-metal laminates, argdilms and metals, account
for upto 95% of metal-plastic laminates known. They ia@de by adhesive bonding
processes.
1.7.4 Flake Composites

Flakes are often used in place of fibers as can be lggreeked. Metal flakes that
are in close contact with each other in polymer medrican conduct electricity or heat,
while mica flakes and glass can resist both. Flakeshateexpensive to produce and
usually cost less than fibers. But they fall shortxqgfestations in aspects like control of
size, shape and show defects in the end product. Glass tiaké to have notches or
cracks around the edges, which weaken the final product. Theglsr resistant to be
lined up parallel to each other in a matrix, causing umetength. They are usually set
in matrices, or more simply, held together by a matkixh a glue-type binder.
Depending on the end-use of the product, flakes are priesemiall quantities or occupy
the whole composite. Flakes have various advantages fivers in structural
applications. Parallel flakes filled composites provide armif mechanical properties in
the same plane as the flakes. While angle-plying iscdlffin continuous fibers which

need to approach isotropic properties, it is not soakef. Flake composites have a
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higher theoretical modulus of elasticity than fib&inforced composites. They are
relatively cheaper to produce and be handled in small tjeant
1.7.5 Filled Composites

Filled composites result from addition of filer ma#dsi to plastic matrices to
replace a portion of the matrix, enhance or changetbperties of the composites. The
fillers also enhance strength and reduce weight.
Another type of filled composite is the product of stuwetinfiltrated with a second-
phase filler material. The skeleton could be a groupetd,choneycomb structures, like a
network of open pores. The infiltrant could also be imshejent of the matrix and yet
bind the components like powders or fibers, or they causitije used to fill voids. Fillers
produced from powders are also considered as particulatposite. In the open
matrices of a porous or spongy composite, the formaiso the natural result of
processing and such matrices can be strengthened witkrediff materials. Metal
impregnates are used to improve strength or tolerancéeoimatrix. Metal casting,
graphite, powder metallurgy parts and ceramics belong teltss of filled composites.
In the honeycomb structure, the matrix is not nalyufarmed, but specifically designed
to a predetermed shape. Sheet materials in the hexagapassare impregnated with
resin or foam and are used as a core material in samdwioposites. Fillers may be the
main ingredient or an additional one in a composite. flllee particles may be irregular
structures, or have precise geometrical shapes like potyimgdshort fibers or spheres.
While their purpose is far from adding visual embellishmenthe composites, they
occasionally impart colour or opacity to the composihich they fill. As inert additives,

fillers can change almost any basic resin charaadtensiall directions required, to tide
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over the many limitations of basic resins as far asposites are concerned. The final
composite properties can be affected by the shape, suréatengént, blend of particle
types, size of the particle in the filler material ahd size distribution. Filled plastics
tend to behave like two different constituents. Theydballoy and accept the bonding.
They are meant to develop mutually; they desist fromraating chemically with each
other. It is vital that the constituents remain in co-otimaand do not destroy each
others desired properties. Matrix in a few filled compasievides the main framework
while the filler furnishes almost all desired propertié¢hough the matrix forms the
bulk of the composite, the filler material is used uls great quantities relatively that it
becomes the rudimentary constituent. The benefitgeaffédy fillers include increase
stiffness, thermal resistance, stability, strength amésion resistance, porosity and a
favorable coefficient of thermal expansion. Howevle, methods of fabrication are very
limited and the curing of some resins is greatly inhibifgtey also shorten the life span
of some resins and are known to weaken a few composites.
1.7.6 Particulate Reinforced Composites

Microstructures of metal and ceramics composites, wHichvsparticles of one
phase strewn in the other, are known as particle redocomposites. Square, triangular
and round shapes of reinforcement are known, but the dinmsnsfoall their sides are
observed to be more or less equal. The size and vatomeentration of the dispersoid
distinguishes it from dispersion hardened materials. diepersed size in particulate
composites is of the order of a few microns and velwmoncentration is greater than

28%. The difference between particulate composite apksion strengthened ones is,

25



COPPER-CARBON COMPOSITE

thus, oblivious. The mechanism used to strengthen eatteof is also different. The
dispersed in the dispersion-strengthen materials regdothe matrix alloy by arresting
motion of dislocations and needs large forces totdracthe restriction created by
dispersion. In particulate composites, the particlegngthen the system by the
hydrostatic coercion of fillers in matrices and by tHeardness relative to the matrix.
Three-dimensional reinforcement in composites offesropic properties, because of the
three systematical orthogonal planes. Since ibishomogeneous, the material properties
acquire sensitivity to the constituent properties, as agllhe interfacial properties and
geometric shapes of the array. The composite’s strersytally depends on the diameter
of the particles, the inter-particle spacing, and thieme fraction of the reinforcement.
The matrix properties influence the behaviour of partteud@mposite too.
1.7.7 Cermets

Cermets are one of the premier groups of particle stiengtd comp osites and
usually comprises ceramic grains of borides, carbidegide®. The grains are dispersed
in a refractory ductile metal matrix, which accounts 20 to 85% of the total volume.
The bonding between ceramic and metal constituentgiseisult of a small measure of
mutual solutions. Metal oxide systems show poor bondingequire additional bonding
agents. Cermet structures are usually produced using powdlunggtéechniques. Their
potential properties are several and varied depending orrelagve volumes and
compositions and of the metal and ceramic constitudnipregnation of a porous
ceramic structure with a metallic matrix binder is &eotmethod used to produce

cermets. Cermets may be employed as coating in a plowar The power is sprayed
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through a gas flame and fused to a base material. A veidety of cermets have been
produced on a small scale, but only a few have apprecialble sammercially.
1.7.8 Microspheres

Microspheres are considered to be some of the mostl d#lefs. Their specific
gravity, stable particle size, strength and controlled idets modify products without
compromising on profitability or physical properties ardhisr most-sought after assets.
Solid glass Microspheres, manufactured from glass as suitable for plastics. Solid
glass Microspheres are coated with a binding agent whiodsbaself as well as the
sphere’s surface to the resin. This increases the bostfimggth and basically removes
absorption of liquids into the separations around thergsh

Solid Microspheres have relatively low density, and tleeef influence the
commercial value and weight of the finished product. Stuidga® indicated that their
inherent strength is carried over to the finished mallgart of which they form a
constituent.

Hollow microspheres are essentially silicate basealamat controlled specific
gravity. They are larger than solid glass spheres usqublymers and commercially
supplied in a wider range of particle sizes. Commergiadlijyicate-based hollow
microspheres with different compositions using organic pmmmds are also available.
Due to the modification, the microspheres are rendiEesl sensitive to moisture, thus
reducing attraction between particles. This is very vitahighly filled liquid polymer
composites where viscosity enhancement constraints timuguaf filler loading.
Formerly, hollow spheres were mostly used for thestiog resin systems. Now,

several new strong spheres are available and they deasatfive times stronger than
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hollow microspheres in static crush strength and foueginong lasting in shear.
Recently, ceramic alumino silicate microspheresehia@en introduced in thermoplastic
systems. Greater strength and higher density of thismysh relation to siliceous

microspheres and their resistance to abrasions ansdidesable strength make then
suitable for application in high pressure conditions.ld¥olmicrospheres have a lower
specific gravity than the pure resin. This makes it passdlse them for lightning resin
dominant compounds. They find wide applications in aerospak atomotive

industries where weight reduction for energy conservati®none of the main

considerations. But their use in systems requiring higdarsimixing or high-pressure
moulding is restricted as theircrush resistance is invap comparable to that of solid
spheres. Fortunately, judicious applications of hollow sgheliminate crazing at the
bends in the poly-vinyl chloride plastisol applications,evehthe end component is
subjected to bending stresses. Microspheres, whether solidllow, show properties

that are directly related to their spherical shape¢hlein behave like minute ball bearing,
and hence, they give better flow properties. They a®tribute stress uniformly

throughout resin matrices. In spherical particles, #i® rof surface area to volume is
minimum. In resin-rich surfaces of reinforced systeths, microspheres which are free

of orientation and sharp edges are capable of producing lssadaces.

1.7.9 Solidification of Composites
Directional solidification of alloys is adopted to produo-situ fibers. They are
really a part of the alloy being precipitated from theltmwhile the alloy is solidifying.

This comprises eutectic alloys wherein the molten nastdegenerates to form many
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phases at a steady temperature. When the reactiornrriedcaut after ensuring the
solidifying phases, directionally solidified eutecticsule.

During the solidification of alloy, crystals nucleat®em the mould or some
relatively cooler region. A structure with many cryigte particles or grains results from
this and grows into each other. When unidirectionatyidified, random coalescing is
not allowed to occur.

1.8: ADVANTAGES OF COMPOSITES

* High resistance to fatigue and corrosion degradation.

* High ‘strength or stiffness to weight’ ratio. As enuated above, weight savings are
significant ranging from 25-45% of the weight of convenal metallic designs.

» Directional tailoring capabilities to meet the desigguirements. The fibre pattern can
be laid in a manner that will tailor the structure tiicently sustain the applied loads..

* It is easier to achieve smooth aerodynamic profdesirag reduction. Complex double-
curvature parts with a smooth surface finish can be nmaglee manufacturing operation.
» Composites are dimensionally stable i.e. they havehewnal conductivity and low
coefficient of thermal expansion. Composite matemals be tailored to comply with a
broad range of thermal expansion design requiremedtsoaminimise thermal stresses.
» Manufacture and assembly are simplified becauserofrgagration (joint/fastener
reduction) thereby reducing cost.

» The improved weather ability of composites in a maeimeronment as well as their
corrosion resistance and durability reduce the down timen&intenance.

* Close tolerances can be achieved without machining.
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» Excellent heat sink properties of composites, espgcarbon-Carbon, combined with
their lightweight have extended their use for airtcbadkes.
 Improved friction and wear properties.

The above advantages translate not only into aieplét also into common
implements and equipment such as a graphite racquet dkanlherent damping, and
causes less fatigue and pain to the user.

1.9 OBJECTIVE OF STUDY

The purpose of the present work was to synthesize copp®rrceomposites and
to determine the various physical, mechanical and elacproperties. The main stages
of the present work may be written as:
Characterization of raw materials (coal tar pitch)jhwespect to softening point, coking
value, ash content, etc.
Preparation of carbonaceous green coke material frotrire@ément of coal tar pitch.
Synthesis of Cu-C material using copper powder and green pokeler by powder
technique.
Coating of copper nano particles on the surface of gteka powder through electroless
method.
Development of carbon monolith and Cu-C compositem ftbe green coke and Cu-C
mixed powder and nano copper coated green coke by mouldinglanés (45x15x5 mi)
followed by heat treatment at 10@and higher upto 1460 in inert atmosphere.
Characterization of developed Cu-C composites for:

« Green and baked bulk density

« Weight loss (%), volume shrinkage (%), linear shrink@gée

» Electrical resistivity

« Bending strength

« Phase analysis by X-ray diffraction (XRD)

» Surface morphology from scanning electron microscopySEtc.
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CHAPTER 2
COPPER-CARBON COMPOSITE

2.1 INTRODUCTION

Copper-carbon composite is the type of composite in wtigper is reinforced
in carbon matrix by mixing or coating. As mentioned inptha 1 composite constitute
two or more component, here copper and carbon are tmparents. There are several
methods of preparation of Cu-C composite, in the preserk two methods has been
used one is powder method and second is electrolessigoAti introduction of both

carbon and copper are given as following:

2.2 CARBON

Carbon is a chemical element with symbol C and atomiober 6. There are
several allotropes of carbon of which the best knowa gwaphite, diamond, and
amorphous carbon. Newer allotropes of carbon naméérdne and carbon nanotube are
also discovered in the last three decades. The physmaénies of carbon vary widely
with the allotropic form. For example, diamond is hygtdansparent, while graphite is
opaque and black. Diamond is among the hardest mater@ankmvhile graphite is soft
enough to form a streak on paper. Diamond has a verylémtrieal conductivity, while
graphite is a very good conductor. Under normal conditidizsnond has the highest
thermal conductivity of all known materials. All thdo&ropic forms are solids under

normal conditions but graphite is the most thermodyndinistable.
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All forms of carbon are highly stable, requiring high terapere to react even
with oxygen. The most common oxidation state of carbanarganic compounds is +4,
while +2 is found in carbon monoxide and other transitietal carbonyl complexes.
The largest sources of inorganic carbon are limestpdelsmites and carbon dioxide,
but significant quantities occur in organic deposits of ,cpalat, oil and methane
clathrates. Carbon forms more compounds than any otlerest, with almost ten
million pure organic compounds described to date, which in waradiny fraction of

such compounds that are theoretically possible undedatd conditions.

Carbon compounds form the basis of all life on earith e carbon-nitrogen
cycle provides some of the energy produced by the sun aaedsbéns. Although it forms
an extraordinary variety of compounds, most forms ofb@a are comparatively
unreactive under normal conditions. At standard tenpexaand pressure, it resists all
but the strongest oxidizers. It does not react wittusa acid, hydrochloric acid, chlorine

or any alkalis.

At elevated temperatures carbon reacts with oxygen to éanmon oxides, and
will reduce such metal oxides as iron oxide to the mé&tas exothermic reaction is used

in the iron and steel industry to control the carbomteat of steel:

Salient features of carbon (in Graphite form):-
« Light weight, density (1.5 — 2.0 g &in

* Good thermal and electrical conductivity
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Withstands high temperatures upt@000°C (in non-oxidizing atmospheres)
Improves in strength at elevated temperatures Lpk500°C

Low coefficient of thermal expansion

High thermal shock resistance

Low coefficient of friction

Inert to most chemicals

Non-wetting to most molten metals & alloys

Ability to be tailored to have wide range of projes

Corrosion and erosion resistant

2.2.1 Allotropes of carbon
The different forms or allotropes of carbon indudhe hardest naturally
occurring substance, diamond, and also one of diftest known substances, graphite

buckyballs, carbon nanotubes etc. are given inreigul

Figure 2.1: Allotropes of carbon: a) diamond; b) graphitelor)ysdaleite; d—f) fullerenes
(C60, C540, C70); g) amorphous carbon; h) carbaotudbe
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(a) Diamond

Diamond is the allotrope of carbon where the carbtoms are arranged in an
isometric-hexoctahedral crystal lattice. After drigg, diamond is the second most stable
form of carbon. Its hardness and high dispersiohighit make it useful for industrial
applications and jewelry. It is the hardest knowatunally occurring mineral. It is
possible to treat regular diamonds under a comibmabf high pressure and high
temperature to produce diamonds that are harder ttie diamonds used in hardness

gauges.

Figure 2.2 Carbon atoms are arranged in an isometric-tedraherystal lattice.

Diamonds are specifically renowned as a materidh veuperlative physical
gualities; they make excellent abrasives becausg tlan be scratched only by other
diamonds, borazon, ultra hard fullerite, rheniunbodide, or aggregated diamond
Nanorods, which also means they hold a polish ex¢hg well and retain their luster.

(b) Graphite

The mineral graphite is one of the allotropes aboa. Graphite is an electrical

conductor, a semimetal, and can be used, for iostan the electrodes of an arc lamp.

Graphite holds the distinction of being the mostbl form of carbon under standard
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conditions. Therefore, it is used in thermo chemiagyhe standard state for defining the
heat of formation of carbon compounds.
Detailed properties of graphite:

Graphite is a layered compound. In each layer, the catoons are arranged in a
hexagonal lattice with separation of 0.142 nm, and the destetwveen planes is 0.335
nm. The two known forms of graphitalpha (hexagonal) antieta (rhombohedral), have
very similar physical properties. The alpha form cancbeverted to the beta form
through mechanical treatment and the beta form reverteet@mlpha form when it is

heated above 1000 °C.

Graphite can conduct electricity due to the vast eladiedocalization within the
carbon layers. Graphite and graphite powder are valued in iradwegiplications for its
self-lubricating and dry lubricating properties. It iscahighly diamagnetic, thus it will
float in mid-air above a strong magnet. Graphite formtercalation compounds with
some metals and small molecules. Natural and crystadiiaphite’s are not often used in
pure form as structural materials, due to their shear-plabrétleness and inconsistent

mechanical properties.

Uses of naturally occurring graphite:
Natural graphite are used as refractory, steelmakingareled graphite, brake

linings, and foundry facings-lubricants

Graphite Blocks are also used in parts of blast furnacegbnwhere the high thermal

conductivity of the graphite is critical.
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Natural graphite is mostly used into carbon rising in madteel, although it can be used
to lubricate the dies used to extrude hot steel.

It is used for making bipolar plates in fuel cells

It is also used for making foil in laptop computers keepstteol

Natural graphite has uses as the marking material inmmommpencils, in zinc-carbon

batteries, in electric motor brushes, and variousiajissd applications.

Uses of synthetic graphite:

» As electrodes used in making steel

* Used in batteries and brake linings

* Used in carbon fiber reinforced plastics
» Used as neutron moderator

* Used in radar absorbent materials

* Modern gunpowder is coated in graphite to prevent the builduatif sharge.

(c) Fullerene

Fullerene are a family of carbon allotropes, molesutomposed entirely of
carbon, in the form of a hollow sphere, ellipsoid, tulreplane. Spherical fullerenes are
also called buckyballs, and cylindrical ones are calkthan nanotubes or buckytubes.
Graphene is an example of a planar fullerene shel¢rénes are similar in structure to
graphite, which is composed of stacked sheets of linked heXagogs, but may also
contain pentagonal (or sometimes heptagonal) rings tbatdwprevent a sheet from

being planar. Figure 2.3 (a),(b)and (c) show different oofrFullerenes possible.
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Figure 2.3 (a): The Icosahedral Fullerene C540 Figure 2.3(b): Buckminsterfullerene C60
electron

Figure 2.3(c): Cso with isosurface of ground state density as catedlavith DFT

Fullerenes are sparingly soluble in many solve@smmon solvents for the
fullerenes include aromatics, such as toluene adiners like carbon disulphide. Solutions
of pure Buckminsterfullerene have a deep purplercéolutions of C70 are a reddish

brown.
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After the synthesis of macroscopic amounts of Fefles, their physical
properties could be investigated. In 1991, it was revealegpttassium-doped fullerenes
become superconducting at 18K. This was the highest tcandgmperature for a
molecular superconductor. Since then, Super resistivisybegn reported in fullerene
doped with various metals as well as potassium.

(d) Carbon Nanotube

Carbon nanotubes are first discovered by Japanese alesitoscopiest Sumio
lijima in 1991. Carbon nanotubes also called buckytubes, cylindrical carbon
molecules with novel properties that makes them potgntiseful in a wide variety of
applications (e.g., nano-electronics, optics, matemgiglications etc.). They exhibit
extraordinary strength, unique electrical properties ancefiicdent conductors of heat.
Inorganic nanotubes have also been synthesized .Aut@nat a member of the fullerene
structural family,which also include buckyballs.Whereas pbaks are spherical in
shape, a nanotube is cylindrical , with atleast one yrdally capped with a hemisphere
of the bucyball structure. Their name is derived fronrtbige since the diameters of the
nanotubes are the order of few nanometers, whiledheybe upto several centimeters in
length.

The chemical bonding of carbon nanotube composed of grifebonds, similar
to that graphite. This bonding structure is stronger thadrbepds found in diamond,
provides the molecules their entire mechanical strer@inbon nanotubes are mainly
two types. These are single walled carbon nanotube atiédwalled carbon nanotubes.
Single walled carbon nanotubes are made up rolling dowsitigde graphene sheet as

shown in Fig.2.4
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Graphene Sheet > Nanotube

Figure 2.4 Single Walled Carbon Nanotube (SWNT)

One useful application of SWNTs is in the developt@ the first intramolecular
field effect transistors (FETS). The productiortiué first intramolecular logic gate using
SWNT FETs has recently become possible as welltiMalled nanotubes (MWNT)
consist of multiple layers of graphite rolled in temselves to form a tube shape. The
special place of double-walled carbon nanotubes KDWmust be emphasized here
because they combine very similar morphology arap@rties as compared to SWNT,
while improving significantly their resistance themicals. This is especially important
when fictionalization is required (this means graftof chemical functions at the surface
of the nanotubes) to add new properties to the CNT.

Determining the toxicity of carbon nanotubes hasnbene of the most pressing

guestions in Nanotechnology. Nanotubes can crassrgmbrane barriers and suggests
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that if raw materials reach the organs they can indaecenful effects as inflammatory

and fibrotic reactions.

2.2.2 Forms of carbon employed in the present study
(a) Coal Tar Pitch

Coal tar is a principal liquid product resulting from thebomization of coali.e.,
the heating of coal in the absence of air, at temperatranging from about 900° to
1,200° C (1,650° to 2,200°F). Many commercially important compowamdsderived
from coal tar. In the chemical-process industries, liteeck or dark brown residue
obtained by distilling coal tar, wood tar, fats, fattyds, or fatty oils is called pitch. Coal
tar pitch is a black or dark-brown amorphous residue producétehyistillation or heat
treatment of coal tar. It is a soft to hard and lerisubstance containing chiefly aromatic
resinous compounds along with aromatic and other hydroesidoad their derivatives; it
is used chiefly as road tar, in waterproofing roofs androsheictures, and to make
electrodes. It is a solid at room temperature and extabii®ad softening range instead

of a defined melting temperature.

Coal Tar pitch is a semi baked form of coke which ast& binder as well as a
source of carbon. It is a pure form of carbon develdpedistillation of coal tar and on
heating loses about 10-12% of its weight due to moistwe® I acts as a precursor for
the development of green coke. The properties of pitehdafined by parameters like
softening point, toluene insolubility, quinoline insolubilitypecific gravity and coking
value. It is prepared in various combinations of these ptiepday varying the conditions

during preparation. The GC precursor pitch is not availal@enxmercially and is
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synthesized at the National Physical Laboratory inowaricombinations of the above
mentioned properties.
(b) Green coke

Green coke (raw coke) is the primary solid carbonizapooduct from high
boiling hydrocarbon fractions obtained at temperatureewbé&d00 K. It contains a
fraction of matter that can be released as volatileing subsequent heat treatment at
temperatures up to approximately 1600 K. This mass fracti@n,sohcalled volatile
matter, is in the case of green coke between 4 and 15 wu®4t depends also on the
heating rate. The term raw coke is an equivalent tergréen coke although it is now
less frequently used. The so-called volatile mattegreén coke depends on temperature

and time of cooking, but also on the method for its detetion.

2.3 COPPER

Copper is a chemical element with the symbol Cu (frortinLauprum) and
atomic number 29. It is a ductile metal with very higérthal and electrical conductivity.
Pure copper is soft and malleable; an exposed surfacerkdsdiah-orange tarnish. It is
used as a conductor of heat and electricity, a buildingenag and a constituent of

various metal alloys.

The metal and its alloys have been used for thousangsadd. In the Roman era,
copper was principally mined on Cyprus, hence the origimefmame of the metal as
cyprium (metal of Cyprus), later shortened daprum. Its compounds are commonly

encountered as copper (Il) salts, which often impart biugreen colors to minerals such
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as turquoise and have been widely used historically asgpiggmArchitectural structures
built with copper corrode to give green verdigris (or gtiibecorative art prominently

features copper, both by itself and as part of pigments.

Copper (Il) ions are water-soluble, where they funcabriow concentration as
bacteriostatic substances, fungicides, and wood preés@saln sufficient amounts, they
are poisonous to higher organisms; at lower concentsaitios1an essential trace nutrient
to all higher plant and animal life. The main areagnstcopper is found in animals are

tissues, liver, muscle and bone.

2.3.1 Characteristics

Physical

Copper, silver and gold are in group 11 of the periodic talld, they share
certain attributes: they have one s-orbital electroriop of a filled d-electron shell and
are characterized by high ductility and electrical congitgtiThe filled d-shells in these
elements do not contribute much to the interatomicast®ns, which are dominated by
the s-electrons through metallic bonds. Contrary tdalmewith incomplete d-shells,
metallic bonds in copper are lacking a covalent charastdrare relatively weak. This
explains the low hardness and high ductility of singlgstais of copper. At the
macroscopic scale, introduction of extended defectsdactystal lattice, such as grain
boundaries, hinders flow of the material under appliedssttbereby increasing its
hardness. For his reason, copper is usually suppliedfineayrained polycrystalline

form, which has greater strength than monocrystalonens.
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The low hardness of copper partly explains its hightetzd (59.6x106 S/m) and
thus also high thermal conductivity, which are the sedugbest among pure metals at
room temperature. This is because the resistivity to eled¢tansport in metals at room
temperature mostly originates from scattering of ederstron thermal vibrations of the
lattice, which are relatively weak for a soft metdhe maximum permissible current
density of copper in open air is approximately 3.1x106 A/m2 o$ssectional area,
above which it begins to heat excessively. As witheptimetals, if copper is placed

against another metal, galvanic corrosion will occur.

Together with osmium (bluish), caesium (yellow) anddg@lellow), copper is
one of only four elemental metals with a natural cathver than gray or silver. Pure
copper is orange-red and acquires a reddish tarnish when eexgos air. The
characteristic color of copper results from the eteut transitions between the filled 3d
and half-empty 4s atomic shells — the energy differémt@een these shells is such that
it corresponds to orange light. The same mechanism ascéamthe yellow color of

gold.

Chemical

Copper forms a rich variety of compounds with oxidatitates +1 and +2, which
are often called cuprous and cupric, respectively. It do¢seact with water, but it
slowly reacts with atmospheric oxygen forming a layebrown-black copper oxide. In
contrast to the oxidation of iron by wet air, this oxideger stops the further, bulk
corrosion. A green layer of verdigris (copper carboned®) often be seen on old copper

constructions, such as the Statue of Liberty, the laggsgper statue in the world build
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using repoussé and chasing. Hydrogen sulfides and sulfiddswitaccopper to form
various copper sulfides on the surface. In the lattex,das copper corrodes, as is seen
when copper is exposed to air containing sulfur compounds. Osoggeaining
ammonia solutions give water-soluble complexes with coppser,do oxygen and
hydrochloric acid to form copper chlorides and acidified hydnogeroxide to form
copper(ll) salts. Copper(ll) chloride and copper comproportérna form copper(l)

chloride

2.3.2 Occurrence

Copper can be found as either native copper or as parnefals. Native copper
is a polycrystal, with the largest single crystalsno to date measuring 4.4x3.2x3.2 cm.
The largest mass of elemental copper weighed 420 tomdewas found in 1857 on the
Keweenaw Peninsula in Michigan, US. There are many exangbleopper-containing
minerals: chalcopyrite and chalcocite are copper sulfidesrite and malachite are
copper carbonates and cuprite is a copper oxide. Copper @pneshe Earth's crust at a
concentration of about 50 parts per million (ppm), andls® synthesised in massive

stars.

2.3.3 Production

Most copper is mined or extracted as copper sulfides faoge lopen pit mines in
porphyry copper deposits that contain 0.4 to 1.0% copper. Heampmclude
Chuquicamata in Chile, Bingham Canyon Mine in Utah, Uniates and El Chino
Mine in New Mexico, United States. According to the BhtiGeological Survey, in

2005, Chile was the top mine producer of copper with at lemestttord world share
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followed by the United States, Indonesia and Peru. Theuaimof copper in use is
increasing and the quantity available is barely suffictenallow all countries to reach

developed world levels of usage.

Reserves

Copper has been in use at least 10,000 years, but mor@5#@rmf all copper
ever mined and smelted has been extracted since 1900. Asenity natural resources,
the total amount of copper on Earth is vast (around 1014usns the top kilometer of
Earth's crust, or about 5 million years worth at theendrrate of extraction). However,
only a tiny fraction of these reserves is economicalyle, given present-day prices and
technologies. Various estimates of existing copper veseavailable for mining vary
from 25 years to 60 years, depending on core assumptionsasuttte growth rate.
Recycling is a major source of copper in the modern wa&dt.ause of these and other
factors, the future of copper production and supply is thgest of much debate,

including the concept of Peak copper, analogue to Peak Oil.

Methods
The concentration of copper in ores averages only 0.6%, astl commercial
ores are sulfides, especially chalcopyrite (Culfreethd to a lesser extent chalcocite
(CwS). These minerals are concentrated from crushedmtks level of 10-15% copper
by froth flotation or bioleaching. Heating this materiathwsilica in flash smelting
removes much of the iron as slag. The process exph@tgreater ease of converting iron

sulfides into its oxides, which in turn react with thécailto form the silicate slag, which
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floats on top of the heated mass. The resulting coppée mansisting of Cu2S is then

roasted to convert all sulfides into oxides.

2CyuS+3Q—-2Cu0O+2S0

The cuprous oxide is converted to blister copper upon heating:

2Cu0O—-4Cu+Q

This step exploits the relatively easy reduction of coppe@tes to copper metal. Natural
gas is blown across the blister to remove most of #@aining oxygen and

electrorefining is performed on the resulting materigdtmduce pure copper.

Cwht+t+2¢é—Cu

2.4 FEATURES OF COPPER-CARBON COMPOSITES
2.4.1 Introduction

Copper-carbon composites are also known as the coppsritgraomposites and
these are the particulate composite having excellemtmidd and electrical conductivity
and lubrication for the solid contact and sliding thasfrom a synergic composites
effect of copper and graphite. They have been used folitlregscomponents such as
the electrical brushes and bearing in there engineampdications. These composites
exhibit the unique characteristics of both the componeetsthermal and electrical
conductivity of the copper and low thermal expansion cefft, lubricating and

corrosion resistance properties of the graphite.
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Copper-carbon composites also find use in microwave llirayavave tube as
multistage depressed collector in place of because icdrd® a relatively low secondary
electron emission coefficient compared to copper providesezcellent thermal
conductivity and coated graphite provide and an extreme hardndsstability to the
composites.

However, the wear and the contact processes and tlahamem of the
composites under the sliding condition have not bedhunelerstood because of their
complicated microstructure and non-linear mechanical behaVm develop the high
performance sliding contact bearing and electrical bsyshenay be important to study
the microscopic processes and the mechanism of thaataurface deformation of the
copper graphite composites.

Originally developed for the aerospace industry, coppdrecacomposites have
now been recognized to provide an extremely cost effeslution for furnace fixture
applications. The unique attributes of copper-carbon coitegoffer important

advantages over both metal and graphite fixtures.

2.4.2 Features

1. Negligible thermal deformation:Unlike metal fixtures, which twist and wrap
over time, Cu-C composites remain flat and actuallyeiase in strength at elevated
temperatures. You reduce scrap and maintain tighter parancie.

2. Low thermal mass:The high strength to weight ratio and low specific hefat

Cu-C composite allow to load more parts in each furaacereduce the cycle time.
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3. Excellent Fracture ResistanceCracks do not propagate catastrophically as it

occurs with moulded graphite fixtures.

Some of the most important and useful properties oforacbmposite are
light weight, high strength at high temperature (30@) in non-oxidizing state
atmospheres, low coefficient of thermal expansion, tigihmal resistivity ( higher than
that of copper and silver), high thermal shock resistam® low recession in high
pressure ablation environments. The mechanical strengthud® Ghcreases with
temperature, in contrast to the strength of metal andnges, which decreases with
increasing temperature. These extraordinary propertieud® Composites have made
these materials extremely useful right for aerospauwd defence applications such as
brake discs, rocket nozzles, leading edges of re-esfnicles, furnace heating, thermal
management components in space vehicles etc. to thosenfonon man as biomedical
implants, glass and high temperature glass and cermohistry etc. A well-known
example for the practical applications of Cu/C compssis in the American Space
shuttle, wherein the fuselage nose and the leading edtpe afings are manufactured
from Cu/C composites and have withstood a total of 100ionissinder the extreme re-
entry condition. A national programme has been laundhethdia for indigenous
development of Cu-C composite and related technolo@lesse composites have been
successfully developed and used as nose-tip for the Agsilenend as brake pads for

LCA.
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CHAPTER 3

EQUIPMENT USED AND CHARACTERISATION
TECHNIQUES USED

3.1 EQUIPMENT USED
3.1.1 Ball Mill:

Ball mill, a type of grinder, is a cylindrical device usedgrinding (or mixing)
materials like ores, chemicals, ceramic raw mate@aad paints. Ball mills rotate around
a horizontal axis, partially filled with the materialbe ground plus the grinding medium.
Large to medium-sized ball mills are mechanically teddaon their axis, but small ones
normally consist of a cylindrical capped container tliat an two drive shafts (pulleys
and belts are used to transmit rotary motion).

High-quality ball mills are potentially expensive and gaimd mixture particles
to as small as 0.0001 mm, enormously increasing surfaceantegeaction rates. The
grinding works on principle of critical speed. The catispeed can be understood as that
speed after which the steel balls (which are responsiblhé grinding of particles) start

rotating along the direction of the cylindrical devicajgltausing no further grinding.
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Figure 3.1: Ball Mill machine

Following are the specifications for the Ball nmtlj process employed during the work:

Material of balls & jar Tungsten Carbide

Speed of Base plate 250 rpm

Speed of rotation of Jars 2.5 X (Speed of Base plate) = 625 rpm
Duration of on cycle 30minutes

Duration of off Cycle 5 minutes

Total Ball Milling time 5 hrs.

3.1.2. Electric Furnace
Furnaces range in size from small units of appraxaly one ton capacity (used
in foundries for producing cast iron products) wup about 400 ton units used for

secondary steelmaking. Arc furnaces used in reBdalmoratories and by dentists may
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have a capacity of only a few dozen grams. Eleeticfurnace temperatures can be up to
1,800 degrees Celsius. Arc furnaces differ fronmuatabn furnaces in that the charge

material is directly exposed to the electric amg &ghe current in the furnace terminals

passes through the charged material.

Figure 3.2: Electric Furnace machine

3.1.3. Instron Universal Bending Strength Testing Mchine

The Instron universal testing machine, model 4444s used to determine the
bending strength of the carbonized plates. Thespstimen is kept on two knife edges to
hold the specimen tightly. A slowly increasing laadpplied on the specimen at a cross-
head speed of 0.5mm/min through the middle knifgeedill the specimen breaks.
Stresses so developed in the test are measuredhegitielp of a load cell and recorded

on a chart. The vertical movement of the chart esponds to the deflection in the

51



COPPER-CARBON COMPOSITE

specimen. Thus, a load versus deflection plot efgpecimen is obtained. The bending

strength is then calculated as follows:

Figure 3.3: Bending Strength Instron universal testing machine

Bending strength = (3 Riax X S)/ (2bf)

Where, Rax= maximum load at which the test-specimen breaks
S = Span length (usuad mm)
b = width of the tegiesimen

t = thickness of tlsttspecimen

Body: - The front of the alloy steel U-shaped body hasrdesecavity with integral

wedges which taper toward the open end. The babkdy has two angled slots.
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Two screws hold a recessed side plate which overlabsbesty wedge and grip face. Two
steel pins hold the face retainer springs on the fnaditoack of the body.

The closed end of the body has a threaded strut withchingabore. A control nut threads
on the stud and a spindle passes through the bore. Arotatton pin passes through the
body and sits in the control mechanism spindle slot.

Control Mechanism: - The control mechanism consists of a control nut and a

spindle. The control nut threads onto the body stud asdtwo horizontal handles. The
thin spindle end passes through the control nut to thg dmdty.

A screw attaches a bearing plate to the spindle A&ndanti-rotating pin passes through a
vertical slot in the spindle shaft. The spindle shar&kddorizontal bore through which a
clevis pin passes. A control nut retainer pin passesigiir a smaller horizontal bore at the
spindle center. A check nut attaches to the extdimabhds between the two horizontal
bores.

Faces: - A pair of tool steel, wedge shaped grip faces rest erbtdy’'s internal
wedges. Two posts on each face attach springs to the bbere is a series of serrations
cut into the side of the face which contacts the spatinfFaces may be flat for flat
specimens or vee shaped for round specimens, withehtfgrades of serrations.

Faces with other contact surfaces are also availatdiiding rubber coated or surfalloy.
An optional specimen centering device attaches to btiearip faces.

Specimen Centering Device: -The optional specimen centering device is a small

metal block with two screws attach to outside of gingp face. A knurled thumb screw

secures a thin L-shaped arm which extends outward atw$sce.
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3.1.4 Moulding Machine

Figure 3.4: Pressure Molding Machine

The preparation of the plates of the carbon basedposites is carried out using
the machine shown in Figure 3.4 through the proogéssld pressing. Cold pressing, also
known as cold sintering, is a metallurgical proctssthe production of materials with
high mechanical properties. It has been establidhed the lower temperatures of
consolidation may provide more possibilities foe thtilization of properties of powders
obtained by rapid solidification technologies. Opip® to, conventional or hot sintering,

that is carried out at relatively high temperatufEsTm/2, when Tm is the temperature

54



COPPER-CARBON COMPOSITE

of the melting point), the term cold sintering icates dominant influence of pressing

pressure at room temperature.

Figure 3.5: Control Panel for the Moulding Machine

The material to be moulded is put in the piston dyel arrangement which is put
on the moulding machine and required load is agplide curing time refers to the time
for which load must be applied to the piston. Téedl may vary from 0-400 kg/cm2 (O-

6000 psi).
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3.1.5. Electrical Resistivity Testing Machine

Figure 3.6 shows the setup for a Four Probe EtadtfResistivity Measuring
Machine. It measures resistivity of solid pellets@m temperature. This instrument is
purely based on Ohm’s law.

Ohm's law applies to electrical circuits; it statdmt the current through a
conductor between two points is directly proporéibto the potential difference or

voltage across the two points, and inversely priiqaal to the resistance between them.

Figure 3.6: Set up for electrical resistivity measurement

The mathematical equation that describes thisio@aship is:

V is the potential difference measured across dngpge in units of volts;
| is the current through the sample in units of arep and

R is the resistance of the sample in units of ohms.
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0C REGULATED POWER SUPPLY 0-SV /104
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Figure 3.7: Digital display of Voltage and Current through #pecimen

In the setup of this four probe electrical resisgivneasuring machine, a constant
current (0-10 A) is made to pass through the specimnd voltage drop across the
specimen is measured using probes. A constant Itegeosupply (0-5 V/10 A) has an
inbuilt voltmeter (mV) and an ammeter (A) which glasys the potential drop and the

current across the specimen digitally.

3.2 Characterisation
3.2.1 Quinoline and Toluene Insoluble (QI & TI)

The desired amount of sample (0.5gmMdm) is stirred for about one hour in
quinoline / toluene (30 ml) in a 50ml beaker at@%% 90°C in water bath. The entire
sample is quantitatively transferred into G-4 goonircible inserted into a flask attached
to a vacuum pump which removes the quinoline /etioduand the residue is washed three
times with about 30ml of acetone. The crucible wihk residue is removed from the

flask of oven dried at 105°C for about one halfotte hour and weighed after it has
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cooled down in a desiccators for about half an hour. Thidadeis also an ASTM
procedure D2318 for QI and ASTM-D4072 for TI.
The concentration of QI/TI is calculated by using follogvequation:-
Ql/ Tl (%) = (W3-W2)/W1)) x100
Where W1— weight of the sample
W2 — weight of empty crucible

W3 — weight of crucible with residue.

3.2.2 Softening Point Measurement

The softening point of the pitches is measured by te&léd Method, as per the
ASTM-D-3104 / DIN 51920 specifications. The Mettler SoftenimgnP of a material is
defined as the temperature at which a softened samtiie ofaterial, taken in a standard
softening point sample cup, flows 20mm out of 6.35 mm diam&pening, on slow
heating. The Mettler Softening Point Apparatus consistsa o€Cartridge Assembly
comprising a Cup Holder and a Cylindrical Sample Cup with 6.35dmmeter orifice
and a collector sleeve, which is placed in a Measuring(EBIB3) surrounded by a small

electrically heated cylindrical furnace.

The test material, taken in the sample cup placed theercup holder in the
cartridge assembly, is heated in the Measuring Cell inb&lelectric furnace at a rate of
2 °C/min. The temperature at which the first drop ofsample obstructs the light beam
placed 20 mm apart from the bottom of the sample ictheteby a photoelectric sensor
kept inside the Measuring Cell, and displayed on the &etocessing Unit (FP 90) of

the Mettler Softening Point Apparatus, as the softening pditite test material.
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3.2.3 Determination of coking value (CV)

A sample of the binder is vaporized for a specific tima apecified temperature
in equipment that limits the oxygen supply. This methodcatds the coke forming
properties of the binder.

A 20g portion of the sample is crushed to minus 30mesh.eTgwams of the
prepared sample is weighed out in a tared porcelain cruoiblen analytical balance.
The crucible is then placed in a quartzed glass reactisselvdaving a provision for
flowing of oxygen free nitrogen gas. The quartz glass adgeisitihen placed in an
electrical muffle furnace the temperature of whicgredually raised 950°C at a specified
rate and maintained for exactly 30 minutes. The crucibléhén cooled to room
temperature and weighed again on the analytical balamoen these observation the

coking value is calculated as the residue per cent oathels taken by given formulae.

CV = ((W1-W2)/W1)*100

Where  W1- weight of sample at room temperature

W2- weight of sample at 860emperature

3.2.4 Determination of Ash content

A representative portion of the dry sample is reduceditas 30 mesh.10gof the
prepared sample are weighed out in an ignited crucibledaimc, silica or platinum) on
an analytical balance .the crucible is then carefadigted in an electrical muffle furnace

to 950 °C for 30 minutes. When all the carbon has been coedbiine crucible is cooled
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and weighed again. The ignition at 950 °C is repeated unsktaot weighed is obtained.

From these observations the ash is calculated assluie percent of the sample taken.

Ash content= ((w1-w2)/w1)*100

Where  wl- weight of sample at room temperature

w2- weight of sample at 8Gemperature

3.2.5 Determination of specific gravity
A fragment weighing 5-20g of the pitch is suspended by a tleinrarine wire
from an analytical balance and its weight both inaail in distilled water at a particular

temperature is determined. The specific gravity is thesutzied from the relationship

Specific gravity = (a) / (a-b)
Where, a and b are the weights of the specimen irarar in distilled water

respectively. The specimens could also be prepared bygastimoulds

3.2.6 Determination of weight loss (WL)
The weight loss in a green carbon plates upon carb@amz@iTT~ 1000°C) or
1400°C HTT is determined by knowing the weight of the gre@bon plates in green

and after 1000°C or 1400°C states. It is given by the folloexpgession:-

Weight loss (%) = [(W)/W] x 100
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Where, W = weight of the green carbon plates

w = weight of the carbon platéemal1000°C or 1400°C

3.2.7 Determination of volume shrinkage (VS)

The Volume shrinkage loss in a green carbon plates cadionization (HTT~
1000°C) or 1400°C HTT is determined by knowing the volume of #gengcarbon plates

in green and after 1000°C or 1400°C states. It is given Hpltbeiing expression:-

Volume shrinkage (%) = [(V-v)/V] x 100
Where, V =volume of the green carbon plates

v = volume of the carbon platdelai000°C or 1400°C

3.2.8 Determination of linear shrinkage (LS)
Linear shrinkage in a green carbon plates upon carboniz&tibhi~ 1000°C) or
1400°C HTT is determined by knowing the length of the greelbon plates in green and

after 1000°C or 1400°C states. It is given by the followingession:-

Linear shrinkage (%) = [(L-I)/L] x 100

Where, L =length of the green carbon plates

| = length of the carbon plateeat000°C or 1400°C
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A specially NPL designed equipment is employed for treasurement of electrical

resistivity. This equipment works on the basis

3.2.9 Scanning Electron Microscopy (SEM)

A scanning electron microscope (SEM) is a type of electriacroscope that
images a sample by scanning it with a high-energy beaateofrons in a raster scan
pattern. The electrons interact with the atoms tingite up the sample producing signals
that contain information about the sample's surfapedraphy, composition, and other
properties such as electrical conductivity.

The types of signals produced by an SEM include secondartyoglec back-
scattered electrons (BSE), characteristic X-raght l(cathodoluminescence), specimen
current and transmitted electrons. Secondary electri@ctdes are common in all SEMs,
but it is rare that a single machine would have detedwmr all possible signals. The
signals result from interactions of the electronrbesith atoms at or near the surface of
the sample. In the most common or standard detectime nsecondary electron imaging
or SEI, the SEM can produce very high-resolution imagesssfmple surface, revealing
details less than 1 nm in size. Due to the very nariegtren beam, SEM micrographs
have a large depth of field yielding a characteristicettthenensional appearance useful
for understanding the surface structure of a sample. Ehisxemplified by the
micrograph of pollen shown to the right. A wide rangenafynifications is possible, from
about 10 times (about equivalent to that of a powerfutllans) to more than 500,000
times, about 250 times the magnification limit of thestblight microscopes. Back-

scattered electrons (BSE) are beam electrons that#ected from the sample by elastic
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scattering. BSE are often used in analytical SEM alottly the spectra made from the
characteristic X-rays. Because the intensity of t&&EBignal is strongly related to the
atomic number (Z) of the specimen, BSE images can prawidemation about the
distribution of different elements in the sample. Hue same reason, BSE imaging can
image colloidal gold immuno-labels of 5 or 10 nm diamethicitv would otherwise be
difficult or impossible to detect in secondary elentimages in biological specimens.
Characteristic X-rays are emitted when the electromlreanoves an inner shell electron
from the sample, causing a higher energy electron Itohél shell and release energy.
These characteristic X-rays are used to identify ¢oenposition and measure the
abundance of elements in the sample.

Magnification

Magnification in a SEM can be controlled over a randeip to 6 orders of
magnitude from about 10 to 500,000 times. Unlike optical andsrission electron
microscopes, image magnification in the SEM is nourction of the power of the
objective lens. SEMs may have condenser and objectives|elbgetheir function is to
focus the beam to a spot, and not to image the specinevided the electron gun can
generate a beam with sufficiently small diamete8EM could in principle work entirely
without condenser or objective lenses, although it nightbe very versatile or achieve
very high resolution. In a SEM, as in scanning probe nmoq@g maghnification results
from the ratio of the dimensions of the raster on ghecimen and the raster on the
display device. Assuming that the display screen hi@sed size, higher magnification

results from reducing the size of the raster on theirsieec and vice versa. Magnification
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is therefore controlled by the current supplied to thg scanning coils, or the voltage

supplied to the x, y deflector plates, and not by objedtine power.

3.2.10 Transmission Electron Microscopy (TEM)

Transmission electron microscopy (TEM) is a micapgctechnique whereby a
beam of electrons is transmitted through an ultrathircisp, interacting with the
specimen as it passes through. An image is formed tihenmteraction of the electrons
transmitted through the specimen; the image is magnifiedaned onto an imaging
device, such as a fluorescent screen, on a layer obgtagthic film, or to be detected by
a sensor such as a CCD camera.

TEMs are capable of imaging at a significantly higher leg®m than light
microscopes, owing to the small de Broglie wavelendtelectrons. This enables the
instrument's user to examine fine detail—even as smadl simgle column of atoms,
which is tens of thousands times smaller than thelsshalesolvable object in a light
microscope. TEM forms a major analysis method inngeaof scientific fields, in both
physical and biological sciences. TEMs find applicationcancer research, virology,
materials science as well as pollution, nanotechnolagy,semiconductor research.

At smaller magnifications TEM image contrast is dueltsoaption of electrons in
the material, due to the thickness and composition ef mmaterial. At higher
magnifications complex wave interactions modulateitbensity of the image, requiring
expert analysis of observed images. Alternate modesedéllow for the TEM to observe
modulations in chemical identity, crystal orientatia@ectronic structure and sample

induced electron phase shift as well as the regular afmsok@Esed imaging.
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The first TEM was built by Max Knoll and Ernst Ruskal®31, with this group
developing the first TEM with resolving power greater ttzat of light in 1933 and the

first commercial TEM in 1939.

3.2.11 X-Ray Diffraction

X-ray scattering techniques are a family of non-destre@cnalytical techniques
which reveal information about the crystallographiaature, chemical composition, and
physical properties of materials and thin films. Thesartegpes are based on observing
the scattered intensity of an X-ray beam hitting a samagla function of incident and

scattered angle, polarization, and wavelength or energy

Powder X-ray Diffraction (XRD) is one of the primary techniques used by
mineralogists and solid state chemists to examinepthsico-chemical make-up of
unknown solids. This data is represented in a collectfosingle-phase X-ray powder
diffraction patterns for the three most intense ugalin the form of tables of interplanar

spacings (D), relative intensities ()/land mineral name.

The XRD technique takes a sample of the material and places a powdered
sample in a holder, then the sample is illuminatett witays of a fixed wave-length and
the intensity of the reflected radiation is recorded usirgpniometer. This data is then
analyzed for the reflection angle to calculate thteriatomic spacing (D value in
Angstrom units - 18 cm). The intensity(l) is measured to discriminate (usirgios) the

various D spacings and the results are to identify possiatehes.
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Powder XRD (X-ray Diffraction) is perhaps the mosidely used x-ray
diffraction technique for characterizing materiads the name suggests, the sample is
usually in a powdery form, consisting of fine giof single crystalline material to be
studied. The technique is used also widely forghgiparticles in liquid suspensions or

polycrystalline solids (bulk or thin film materigls

The term 'powder’ really means that the crystalliomains are randomly oriented
in the sample. Therefore when the 2-D diffracti@tt@rn is recorded, it shows concentric
rings of scattering peaks corresponding to theowsrid spacings in the crystal lattice.
The positions and the intensities of the peaksused for identifying the underlying
structure (or phase) of the material. For examble,diffraction lines of graphite would
be different from diamond even though they bothraagle of carbon atoms. This phase
identification is important because the materiabparties are highly dependent on

structure (just think of graphite and diamond).

Powder diffraction data can be collected usingegitinansmission or reflection
geometry, as shown below. Because the particlabanpowder sample are randomly

oriented, these two methods will yield the samadat
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Figure 3.8: Powder X-Ray Diffraction
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CHAPTER 4
EXPERIMENTAL WORK

Copper-carbon composites have been prepared by two metdeds.are two

approaches as follows:
4.1 APPROACH - I: POWDER TECHNIQUE (MIXING METHOD)

There are several methods available in literaturehferdevelopment of copper-
carbon composites using expensive equipments, viz, by impiegratarbon substrate
with a molten copper or its alloy, by hot isostaticgsieg technique or by high frequency
induction heating at high pressure. But powder techniques tifeerpossibilities of
producing uniform quality composites with relatively low mm@ing costs. The lack of
wettability between copper and graphite (carbon) duringctimposite processing has
been reported to be improved by coating the graphite ooweditber with copper using
electroless coating before consolidation. This haslied in the improvement of copper-
graphite (or carbon fiber) interface thereby leadingrisaeacement in the properties of

the composite.

Queipo et al reported the use of coal tar pitch binder olubeir low cost, easy
availability and good wetting behavior during the processing copper-carbon
composites. This coating with pitch was done to studyrihgence of thermal treatment
of coal tar pitch with graphite (synthetic and natur&lpaemperature of 420C for 1

hour in nitrogen atmosphere on the interface formed wingad with copper with a
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purpose of getting improved properties of copper-carbon csitego It was observed
that the flexural and electrical properties of coppeba@arcomposite (using treated
natural graphite) were improved to 39-46 MPa and 0.2-0.7 m quaatgely compared
to values of 29-36 MPa and 0.93Xm for carbon composites but without the inherent

ductile properties of the copper in the resulting compssite

Coal tar pitch (Precurspr

+ Heat treatment & Pulverization

Green coke (GC) powder

v Ball milled

Fine powder of green coke

lMouIded by hydraulic pre

Green plates

l Heat treated to 1050

Carbonized plates
l Heat treated to 1400

Carbon monolith
plates (batch A)

Figure 4.1(a): Powder Method for Green Coke
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GC + Copper (Cu)
(Cu/C weight ratios:
0.5t0 1.5)

l Ball milled

Fine powder of GC + Cu

Moulded by hydraulic
‘} pres:

Green GC-Cu plates
. Heat treated to 1000

C-Cu composites
(batches B-E)

Figure 4.1(b): Powder Method for Cu-C composite

4.1.1 DEVELOPMENT OF GREEN COKE POWDER AND CARBON
MONOLITH (BATCH A)

A special commercial available QI free coal tar pi{(€@iTP) procured from
Konark Tar Products Ltd. India was characterized ancestdyj to heat treatment (HTT)
of 500 C to obtain the so called green coke (also called mie)¢ which is used as
carbon source in this study. The green coke thus preparethemground into a fine
powder using planetary ball mill at 250 rpm for 5 hours. pbeder was characterized
and moulded into rectangular plates of size 45x15x15° msing a conventional
hydraulic press at a pressure 200MPa. These green platescarbonized at 100@
followed by employing a heating rate of°20/hr upto 250 C and 10 C/hr from 250 C
to 1000 C followed by heat treatment (HT) upto 14@at the heating rate of 10G/hr
upto 1000 C and 18 C/hr from 1008 C to 1400 C in nitrogen atmosphere to obtain

carbon monolith plates (BATCH A). Detailed methodgitgs been given in fig. 4.1 (a).
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4.1.2 DEVELOPMENT OF Cu-C COMPOSITES (BATCHB TO E)

Four batches (B to E) of Cu-C composites were developed fhe green coke
(GC) powder and electrolytic grade copper powder (Acrossrirg;@@9% pure) varying
the Cu/C weight ratio of 0.50, 1.0, 1.3 and 1.5. The var®GsCu mixture were ball
milled in a planetary ball mill for about 5 hours at 2prwhich were oven dried for 1
hour, moulded into rectangular plates of 45x15x15°nusing hydraulic press at the
pressure of 200 MPa. The moulded plates were heat trattéifferent temperatures
(1000 C or higher upto 140@) in nitrogen atmosphere as mentioned above to get Cu-C

composite batches B to E. Step by step methodology leaspoesented in fig. 4.1 (b).
4.1.3 CHARACTERIZATION

The precursor coal tar pitch and GC powder were chaizaatewith respect to
various parameters such as quinolone insoluble (QIl), rteluesoluble (TI), softening
point, specific gravity, coking value (CV) and volatile teat The carbon and hydrogen
contents as well as C/H ratio were determined using Keaor Elemental Analyzer.
Weighed quantity of coal tar pitch (CTP), GC and powdemnixtures of Cu-C
composites were heat treated in nitrogen from 300 to °100@ steps at the rate 2000
C/hr to determine residue mass upon heat treatment (Theammmetric analysis, TGA).
Carbon monolith batch A derived from the moulded green quikeder and Cu-C
composites (batches B to E) were characterized wg&pact to bulk density, weight loss
and volume shrinkage after the heat treatment at°XD@hd higher upto 140C. The
bending strength and electrical resistivity of the cartybmnolith after treatment to 1400

C were also measured by three point bending test usingorin&tniversal Testing
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Machine (model 4411) and by using a laboratory developed foure papiparatus
respectively. The bending strength, electrical resigtizitd shore hardness of the Cu-C
composites were determined after they were heat treatdd00 C and 1100 C. Some
representative samples were characterized by X-rénactibn analysis by employing D-
8 Advanced Bruker Powder X-ray diffractmeter using GQu&diation {=1.5418 A) and

scanning electron microscopy (LED-440 and ZEISS-EVO MA10).

4.1.4 RESULTS AND DISCUSSION
4.1.4.1 CHARACTERISTICS OF RAW MATERIALS

The characteristics of the precursor coal tar pituh the green coke powder are
given in table 4.1. The coal tar pitch was observed e law softening point of 86°6C
and specific gravity of 1.27. It can be seen from theeskhat precursor coal tar pitch
possessed a QI content of 0.2 %, Tl content of 22.6 % ®naf @3.8 % which are lower
as compared to those of green coke (GC) powder whichesh@k of 97 %, Tl of 99 %
and CV 91 %. This increase in QI, Tl and CV of GC powdettisbuted to removal of
volatile matter on pyrolysis of precursor CTP at tisamperature upto 50@ during GC
preparation and also to the dehydrogenative condensation amdepaation reaction
between various molecular species of the coal tam.pilthis observation is also
supported by the weight change observed in thermal analyglg given in fig. 4.2
which shows sharp decrease in weight of residue of englitch upto 500C beyond
which the weight loss decreases very slowly upto 1@00n comparison it is seen that
GC powder shows a gradual and low weight loss from a vlunearly 100 % at 36@
to 92 % at 1000C. This is further confirmed by the decreasing hydrogetecorrom a

value of 4.77 % for coal tar pitch to 2.68 % for GC powdab{e-4.1) and increasing
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Table 4.1: Characteristics of precursor coal tar pitch and gre&e powder

S. No. Characteristics Precursor Coal| Green Coke
Tar Pitch

1. Softening Point’C) 86.6 -

2. Specific Gravity 1.27 -

3. Quinoline Insoluble Content (%) 0.2 97

4, Toluene Insoluble Content (%) 22.6 99

5. Coking Yield (%) 43.8 91

6. Volatile Matter 56.2 8.2

7. B-Resin 22 2

Carbon (%) 92.39 91.35

8. Hydrogen (%) 4.77 2.68

Atomic C/H Ratio 1.61 2.82

Residue (%)

Figure 4.2: Thermal analysis for coal tar pitch (CTP) and Cu-@\gosites batches A, B,
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4.1.4.2 CHARACTERISTICS OF COAL TAR PITCH BASED CARBON
MONOLITH (BATCH A)

The characteristics of the carbon monolith batchefetbped using GC powder
are given in Table 4.2. It is observed that the green carfaowlith (without sintering)
possessed a bulk density of 1.3 g/cc at room temperature inbrelases upto 1.65 g/cc
and finally to 1.80 g/cc after the HTT at 16@D and 1100C respectively. This increase
in bulk density is due to removal of volatile matter andbsequent condensation of
polyaromatic hydrocarbon resulting in the high volumenitage of 27.5 % for the green
coke plates with a weight loss of 8.6 % on heat treatttee 1006 C which is also seen
from the thermal analysis shown in fig. 4.1 The eleatri@sistivity of the carbon
monolith plates decreases from 4.8 to 2Q@am as the HTT is increased from 16@to
1400 C which is attributed to the immediate proximity betwé®ss carbon particles in
the carbon monolith due to the weight loss resultmognfremoval of residual volatile
matter and volume shrinkage undergone by the GC derivbdrcanonolith upon heat
treatment to higher temperature. The characteristtses for the bending strength and
shore hardness of the monolithic carbon plates wbserved to be having reasonably

high values of 79 MPa and 103 respectively after the heatinent of 1400C.
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Table 4.2:Characteristics of coal tar pitch based carbon mdnbétch A

S. No. Characteristics HTTfC) | Batch A
RT 1.30
1. Bulk Density (g/cc) 1000 1.65
1400 1.80
1000 8.6
2. Weight Loss (%) 1400 11.2
1000 27.5
3. Volume Shrinkage (%) 1400 35.1
1000 4.8
4. Electrical Resistivity (mcm) | 1400 2.9
1100 66
5. Bending Strength (MPa) 1400 79
1100 115
6. Shore Hardness 1400 103

4.1.4.3 CHARACTERISTICS OF Cu-C COMPOSITES (BATCHES BTO E)

The characteristics of the Cu-C composites batched dmetlvith GC (batches
B to E) are given in the Table 4.3. It seen from the@ieslthat then the green density
values (before sintering) for Cu-C composites are highdrfound to be in the range of
2.10 to 2.95 g/cc for batches B to E having Cu/C weight vaitiging between 0.5 to 1.5
(Table-4.3). This increase in green bulk density is due to tileehidensity of metallic
copper (8.9 g/cc) present in these composites and futtieedensity is expected to
increase as the copper content is increased in thespostes. It is important to

mentioned here that the bulk density of all the compssitecreases on further heat

treatment at 1400C and this is attributed to the loss of copper fronctimaposite plates
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resulting from the melting and removal of Cu which tstat temperatures above the

melting point of Cu i.e. 108%C.

The values for the volume shrinkage and weight losh@fcomposites given in
Table-4.3 shows that the volume shrinkage and weightilmsease as HTT is increased
upto 1400 C which due to self sintering property of GC and removaloddtile matter.
The volume shrinkage and weight loss however, dealesséhe Cu content is increased
(batches B to E) which is expected since it is GC compbof the composites which
shows volume shrinkage and copper does not undergo any volluimieage or weight

loss on heat treatment.

The electrical resistivity of these composites givefable-4.3 for batches B to E
shows that the electrical resistivity is decreasedthfeovalue of 1.53 to 0.66@cm at
1000 C and 0.79 to 0.58 @«cm at 1100C as copper to carbon content (weight ratio ) in
the composites is increased from 0.5 to 1.5. This atébtd the self sintering property
of GC which increases the proximity among the carbongestand also to the high

conductivity of copper present in Cu-C composites.

It is also seen that bending strength is maximum inpasites (batch B) having
higher quantity of GC which help in making a dense compasigto the self sintering
ability of the GC powder. The bending strength of the pusites at 1000C is decreased
gradually on increasing the Cu/C ratio from 0.5 to 1.5 froralae of 115 MPa for batch
B to 69 MPa for batch E and this is due to the decreased tyuahtC or increased
guantity of copper in the composites (batches B to B)adso to the lack of wettability

between copper and carbon. It is also noticed fronvathees that the bending strength
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increases as the HTT increases from 2@@eo 1100 C for batch E while it decreases for
batches B, C and D. This observation probably indictitasthe limiting Cu/C weight
ratio and limiting HTT in these composites are arourldnd 1100 C for obtaining

composites with better bending strength. .

Table: 4.3: Characteristics of Cu-C composite batches B to E

Composition of Cu-C composite batches
(weight percentage) along with Cu/C ratio
S. No. Characteristics HTT
(°C)
B C D E
Cu:C Cu:C Cu:C Cu:C
(0.5) (2.0) (1.3) (1.5)
RT 2.10 2.41 2.48 2.95
1. Bulk Density 1000 2.75 3.10 3.19 3.32
(g/cc) 1100 2.81 3.17 3.25 3.37
1400 2.63 2.98 3.04 3.03
1000 5.01 4.08 3.81 3.65
2. Weight Loss (%) 1100 5.32 4.25 3.94 3.58
1400 12.76 13.00 12.80 14.90
1000 28.18 25.90 24.58 22.50
3. Volume Shrinkage | 1100 31.80 26.50 25.80 24.40
(%) 1400 43.84 39.56 37.88 35.21
1000 1.53 1.20 0.82 0.66
4. Electrical Resistivity| 1100 0.79 0.89 0.68 0.58
(mQcm) 1400 0.58 0.42 0.23 0.23
1000 115.0 92.0 87.8 69.0
5. Bending Strength | 1100 86.2 83.1 78.0 74.5
(MPa) 1400 72.5 70.1 64.0 62.7
1000 98 92 83 79
6. Shore Hardness 1100 92 86 78 68
1400 77 71 67 59
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The shore hardness of these composites decreaskestébes B to E from 98 to
79 as copper to carbon ratio increases this igaseftness of copper and also decreases
as temperature increases from 100D to 1400 C which is again due to the

melting/softness of copper.
4.1.4.4 X-RAY ANALYSIS

The X-ray diffraction pattern of Cu-C compositeat(h B with Cu/C weight ratio
0.50) heat treated to different temperature fro@A @ to 1400 C are given in fig. 4.3.
The X-ray diffraction patterns shows characteristimaks of copper at 20 = 4329
50.43 and 74.1% The peak due to carbon is not very prominentesihe GC derived

carbon at 1000C to 1400 C is generally turbostatic.
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Figure 4.3: X-ray diffraction patterns of Cu-C composite baB:k Cu/C weight ratio =
0.5) heat treated to (a) 1000 (b) 1100 C (c) 1406C
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4.1.4.5 SEM ANALYSIS

The scanning electron micrographs of the Cu-C compositeb BafCu/C ratio of
1.0) and batch E (Cu/C ratio of 1.5) heat treated to 2lCO&re given in Fig. 4.4 in back
scattered mode and Fig. 4.5 in secondary emission modetiespje The micrographs
show that the copper is distributed into the carbonixnaf the composites (heat treated
to 1100 C) and no clear interface between copper and carborisiisle in these
composites. The SEM studies support our observation ionedt earlier under the
subheading characteristics of Cu-C composites that copdestithrough melting at
temperature above 108& resulting in voids which leads to deterioration in ptfsi

mechanical and electrical properties.
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(@)

(b)

Figure 4.4: Scanning electron micrographs of Cu-C compositelb@ (Cu/C weight ratio = 1.0)
heat treated to (a) 1100 and (b) 1400C
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EHT = 20.00 &V ZEISS
Mag = 200 KX WO = 155 memn

Signal A = SE1
WO = 12.0 mm

20 um EMT = 20.00 kV No.= t3gg SOmalA=SE1 MPL Now Deh m—
Mag= 100KX WD = 12.5 memn

Figure 4.5: Scanning electron micrographs of Cu-C compositehbga (Cu/C weight ratio = 1.5)
heat treated to different temperatures (a) 21D() 1400 C (c) fractured surface (140C
HTT)
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4.2 APPROACH Il — ELECTOLESS PLATING

4.2.1 INTRODUCTION

The formation of a continuous metallic film on a soefawvithout the use of an
electric current and when done by a definite processalledc electroless plating.
Electroless plating is defined as the controlled autttmtaleposition of a continuous
film at catalytic interface by the reaction in solutiof a metal salt and a chemical
reducing agent. This definition excludes such processesnagrt@mnal electroplating,
which uses externally supplied electrons as the reducing;ageontrolled precipitation
of metal powders; immersion films produced by displacemeatttions, often mistakenly
labeled as electroless processes; thermal decomposititcs; and the various types of
sputtering and evaporation techniques. Electroless deposionproduce films of
metals, alloys, compound and composites on both conduatie non-conductive

surfaces.

The first description of electroless plating was tbéatvon Liebig in 1835
involving the reduction of silver salts by reducing aldehydesgfss in this field
remained slow, however until world war Il. One sigrafit problem was the need for
very high purity chemicals, as the surface being platedt maintain autocatalytic
activity. Many substances react with and poison the ysdtalrface even if present only
in trace amounts. Impurities can also cause the opposibéepr, over activity. Colloidal
material and fine particles can promotes uncontrolledcatalytic reactions owing to
extremely high surface areas. Another reason fotaitle of wide interest in electroless

plating was cost. Chemical reducing agent are much mpensie than electricity.
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The growth of electroless plating is directly traceatw: (1) the discovery that some
alloys produced by electroless deposition, notably nigklehsphorus. Having unique
properties; (2) the growth of electronics industry , esfigdize development of printed

circuits; and (3) the large scale introduction of ptssinto everyday life.

Modern electroless plating began in 1944 with the rediscdhatyhypophosphite
could bring about nickel deposition. Subsequent work led to fitse patents on
commercially usable electroless nickel solutions. Althotiggse solutions were very
useful for coating metals, they could not be used ort plastics because the operating
temperature was 90-100 C. The first electroless nickel salatapable of wide use on
plastics was introduced in 1966. This solution was usableoah temperature and was

extremely stable.

Electroless copper solution underwent similar developnteming the same
period. Early printed circuit boards used mechanicallychéd eyelets to provide
electrical conductivity between the copper sheathing laethah two sides of a plastic
board. Electroless copper plating provided a less expersetter conductive path,
allowing greater numbers and smaller sizes of holeterLelectroless coppers even
replaced the laminated bulk copper sheathing in the semivedditd additive processes.
Interest in electroless plating grew as it was shdwh uiniformity of deposition was very
high. Current density complications, customized anodes spedial plating fixtures
needed for the use of electrolytic plating were elated. The lack of requirements for
electrical continuity made electroless baths an si@ation to the problem of plating

unconnected metal areas on printer circuit boards.
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4.2.2 THEORY OF ELECTROLESS PLATING

The theory and practice of electroless plating pasatl@t of electrolytic plating.
The actual metal reduction and film development occutbeainterface of the solution
and the item being plated in both the electrolyte ardetactroless processes. The main
difference is that the electrons in the electrolpkding are supplied by a chemical
reducing agent present in solution. In electroplating, tledserons are supplied by an
external source as a battery or generator. This méanhskectroless solutions are not
thermodynamically stable, because the reducing agent henanétal salt are always

present and ready to react.

The simplest electroplating bath consists of solutibra csoluble metal salt.
Electrons are supplied to the conductive metal surfacerenblectron transfer to and
reduction of the dissolved metal ions occur. Such sirafdetroplating baths are rarely
satisfactory and additives are required to control comdtyt pH, crystal structure,

throwing power and other conditions.

Electroless solution contain a metal salt, a reducgysmia a pH adjuster or buffer,
a complexing agent, and one or more additives to costadility, film properties,

deposition rates, etc.

Most reducing agent are too slow, giving insufficient ptatrates, or too fast,
resulting in bulk decomposition. Each combination of ise@nd reducing agents
requires a specific pH range and both formulation. Tagahsalt and the reducing agent
must be replenished at periodic intervals. Buffers, dexgs and other additives are

added to compensate for drag out losses, and to counterapmly effects such as
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accumulation. Stabilizers are typically used at a feva few tens ppm and may affect

deposition colour or metal ductility or control spontamedecomposition reactions.

The ideal electroless solution deposits metal onlyromanersed article, never as
a film on sides of the tank or as a fine powder. Roonpégature electroless nickel baths
closely approach this ideal; electroless copper platingeginning to approach this
stability when carefull controlled. Any metal that dam electroplated can theoretically
also be deposited by electroless plating. Only a few Isné& nickel, copper, gold,

palladium, and silver are used on any significant commalescale.

Electrolytic plating rates are controlled by the cutrdensity at the metal —
solution interface. The current distribution on a caxpgbart is never uniform, and this
can lead to large differences in plating rate and deplmskness over the part surface.

Uniform plating of blind holes, re-entrant cavities anaglgrojections is difficult.

A primary advantage of electroless solutions is thitybo produce conductive
metallic films on properly prepared non-conductors, aloiittp ¥he ability to uniform
coat any platable object. The most complex geometrapesh received a uniformed
plated film. Film thickness range from less than 0.¢rameter where only conductivity
or reflectivity is wanted, to greater than equal to @Onillimeter for functional

applications.

Electroless plating rates are affected by the rateed@iction of the dissolved
reducing agent and the dissolved metal ion which diffasehe catalytic surface of the
object being plated. When an initial continuous metal f8 depositd, the whole surface

is at one potential determine by the mixed potential okyis¢em. The current density is
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same everywhere on the surface as long as flow afdsidih are unrestricted so the
metal deposited is uniform in thickness over the wholeasarf However, maximum
plating are usually lower for electroless plating. Extedy thin film of electroless coating
are not uniform, because the initial deposition is eeafito discrete nucleation sites that

grow and coalesce into a film.

Mechanism of Electroless Copper Solution:

The electroless copper solution consists of the falgweagents:
1. Copper sulfate — source for copper.
2. Formaldehyde - reducing agent.
3. Caustic - basic medium.
4. Chelating agent (amines, gluconates, glucoheptaonatés,iy&DTAS and tartrates)
governs the plating rate and resnarked influence on the properties of the dearsit
the bath stability.

As shown in the chemical reaction below, with the preseof pdladium as a
catalyst and under a strongly basic medium, electamasobtained from the reducing

agent, formaldehyde, to reduce the cupric ions to metalliparo

Pd
2CU2+ HCHO + 30H ——— > 2Cu+ HCOO+ H,0
\
Cu+TCu

However, the reduction proceeds through a cuprous #atexcess of cuprous
oxide formation will cause theeduction reaction to proceed out of control. To inhifd t

formation of cuprous oxide, ais bubbled slowly through the electroless copper solution
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and small complexing agents are added to the solutiorprElsence of these complexing

agents turns the electroless copper bath into chelaligtbso

4.2.3 Sensitization and Activation of Green Coke Carbaneous Matal

Electroless coating of copper in nano-dimension oibararmaterials requires
surface treatment with SnCand PdCJl. Before coating Green Coke carbon powder
prepared in section 4.1.1 from coal tar pitch was seeditisith 0.5 % solution of Sng&l
In this step, dry green coke powder of 8.0 g was poured in &lfand flask arrangement
fitted with filter paper. Then, it was washed with ashly prepared solution of stannous

chloride until the green coke powder gets completely wit tlie solution.

The sensitized GC powder was dried for 30 minutes at roompaeture. After
drying, the powder was washed with distilled water. Thnsisieged and dried green coke
powder was again poured in a similar funnel and flask arraege fitted with filter
paper. Then, it is washed with a freshly prepared 0.001 %ol palladium chloride
until the green coke powder gets completely wet with thetisa and is dried for 30

minutes at room temperature.

4.2.4 Preparation of Bath solution

Bath solution was prepared by dissolving 18 g of copper sulpeati@ahydrate
(CuSQ5H;0) in 2 litre distilled water. Then potassium sodiuantdrate (43 g) was
added to this solution which acts as complexing/chelatingitagg0g of sodium

hydroxide pellets were also added to maintain the pH of th&ésa

86



COPPER-CARBON COMPOSITE

The dried activated graphite powder was then added in the edefmath
solution. Also, formaldehyde solution was added into tletisn. Formaldehyde acts as
a reducing agent. The temperature and pH of the solutiom maintained at 70-8QC

anh 11-12 respectively.

The mixture was thoroughly stirred for 8-10 minutes withlbé of a magnetic
stirrer. Mixing was continued till colour change was otsd. Coated green coke was
fitered and washed with distilled water and then diieid an oven at 100C for 4-5

hours.

This copper coated green coke powder was again coated \pjplercthrough the
same above electroless method to obtain double coatiogppkr on green coke and to
increase the copper contents. Since the copper in dioneissmore reactive and gets
converted into copper oxide during electroless coating.eftwer hydrogenation of single
and double coated green coke was carried out &t@00 the mixed atmosphere ot H
and N gas to reduce copper oxide into copper. Detailed methodbklagpeen given in

Fig. 4.6
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Green coke

Sensitization

\4
Green coke + SnCI2 solution

v

Sensitized Green coke

Activation

Sensitized Green coke + PdCl, solution

\
Activated Green coke

Electroless coating

Activated Green coke + complexing agent + CuSO4+ HCHO + NaOH, at 70-80° C

Stirring

CuO coated Green coke

Hydrogenation

Copper Coated green coke

Figure 4.6: Methodology: Electroless coating

4.2.5 DEVELOPMENT OF Cu-C COMPOSITES THROUGH ELECTROLE SS
(BATCHES F AND G)

Two batches (F and G) of Cu-C composites were prepared électroless
copper coated green coke mentioned above. Batch F wpar@defrom single layer
copper coated green coke powder and batch G from doubledagper coated green
coke powder. Cu/C ratio in batches F and G found to beadd 1.28 respectively by

calculation. Coated green coke were moulded into reckangiates of 45x15x5 min
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using hydraulic press at a pressure of 200 MPa. The mouldex$ pvere heat treated at
temperature of 1000C in nitrogen atmosphere. After that batches F andave®e

characterized with respect to bulk density, weighgsjovolume shrinkage, bending
strength, electrical resistivity and shore hardnessch®a were also characterized by

XRD, SEM and TEM.

4.3 RESULTS AND DISCUSSION

4.3.1 CHARACTERISTICS OF Cu-C COMPOSIES (BATCHES F AND G)

The characteristics of the Cu-C composites batclaexiFG are given table 4.4. It
seen from the values that the bulk density of green baked plates (without sintering)
is 1.30 g/cc (Table-4.2) and the green density values (besotering) for Cu-C
composites are higher and found to be in the range of 4.2®% g/cc for batches F to G
having Cu/C weight ratio varying between 0.5 to 1.28 respgti{y Table-4.4). This
increase in green bulk density is due to the higher denkityetallic copper present in
these composites and further the density is expectewtiteaise as the copper content is

increased in these composites.

The values for the volume shrinkage of the compoaitd€00 C given in Table-
4.4 shows that the volume shrinkage decreases as CujGtwatio is increased which is
expected since it is GC component of the composites whmhssvolume shrinkage and

copper does not undergo any volume shrinkage or weighbifoksat treatment.

The electrical resistivity of these composites giveid able-4.4 for batches F and
G shows that the electrical resistivity is decredsenh a value of 0.42 to 0.14®cm at

1000 C as copper to carbon content (weight ratio ) incth@posites is increased from
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0.5 to 1.28 respectively. This attributed to the high condtigtoficopper present in Cu-

C composites.

It is also seen that bending strength is more in Hatittan batch G having higher
guantity of GC which help in making a dense composites dtleeteelf sintering ability
of the GC powder. The bending strength of the compoait&600 C is decreased from a
value of 156 MPa for batch F and 110 MPa for batch G andstlige to the decreased
quantity of GC or increased quantity of copper in the corgmébatches F and G) and

also to the lack of wettability between copper and carbon

The shore hardness of these composites decreasesatébes F to G from 97 to

90 as copper to carbon ratio increases this is due taesefai copper.
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Table 4.4: Characteristics of Cu-C composite batches preparecbiyr@kess

Characteristics HTT(° C) Cu-C composite with Cu/C ratio
S. No.
Batch F Batch G
Cu:C Cu:C
0.50 1.28
1. Green Bulk Density RT 1.90 2.65
(g/cc)
2. Baked Bulk Densityy 1000 2.90 3.37
(g/cc)
3. Weight Loss (%) 1000 4.94 3.18
4. Volume Shrinkage 1000 37.63 24.0
(%)
5. Electrical Resistivity 1000 0.42 0.14
(mQcm)
6. Bending Strength 1000 156 110
(MPa)
7. Shore Hardness 1000 97 90

4.3.2 X-RAY ANALYSIS

The X-ray diffraction pattern of Cu-C composites usin@ Bdvanced Bruker

Powder X-ray diffractometer (batch F with Cu/C = Oh@pt treated to at 100C is

given in figure 4.8 show major peaks corresponding to cogip®r of 43.34, 50.61 and

74.14 in the green as well as in baked Cu-C composites. XRf@rpashow peaks of

copper oxides in green composite material before hydroigarend after hydrogenation

these peaks are disappeared confirmed that copper oxide haddmegletely converted

into metallic copper. However, sharp peak due to carbon ino@ted GC in the green
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material (without HTT) is not observed and one smadkpat ® of 26.59 is due to

turbostatic carbon at 100C.
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Figure 4.7: XRD patterns for electroless Cu coated GC powder @GutitC=0.50: (A)
green powder before hydrogenation, (B) green powder after ¢aadion and (C) C-Cu
baked composite (HTT 100Q) after hydrogenation.

4.3.3 SEM AND TEM ANALYSIS

The scanning electron micrographs (SEM, ZEISS-EVO MAl1®@opper powder
obtained through electroless method without heat tredtafeer hydrogenation given in
figure 4.9(A) shows that the flower like structure due tglameration of copper
particles, while TEM (FEI-TECNAI G2F30 S300kB) image figure 4)9¢Bnfirmed the
agglomeration of copper particles with spherical shapagaarticle size in the range of
20 to 100 nm. The SEM micrograph in figure 4.8 (A) of carbonatidmexhibit uniform
surface with some micropores, while figure 4.8 (B) cleahgws that Cu was deposited
on the surface of the GC particles. The surfaces o€ @omposites of batches F and G
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heat treated to 100@ show agglomeration of copper particles at solaegs figure 4.9
(C), (D) which could be due to the melting and dusiof nanocopper during

carbonization upto 106@ though the melting temperature of bulk coppd083 C

Fage BRES Fethlem

Figure 4.8: SEM (A) and TEM (B) images of metal copper obtditi@ough electroless method
after hydrogenation (inset: selected area diffoacpattern (SADP) of polycrystalline copper
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“11 [—— e N, & B3

Figure 4.9: SEM images of: (A) carbon monolith - batch A, (B) Cu coated GC (Cu/C=1.28, batch
G) green powder, (C) Cu-C baked composite (Cu/C=0.5, batch F) and (D) Cu-C baked composite
(Cu/C=1.28, batch G)
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CHAPTER 5
CONCLUSION

Properties of any composite depend upon the characteristics of the used raw
materials (copper and carbon), method of preparation and heating temperature. Several
copper-carbon composites have been developed by varying Cu/C ratio using coal tar
pitch based green coke and commercial copper powder by powder method and also
from nano copper coated green coke material by electroless method. The composites
prepared by powder method, showed better properties such as bulk density of 2.75-
3.32 g/cc, bending strength of 115-69 MPa and electrical resistivity from 1.53-0.66
mQcm depending on the Cu/C ratio varying from 0.50 to 1.5, heat treated at
temperature of 1000°C inspite of lack of wettability between carbon and copper. The
copper-carbon composites developed using electroless nano copper coated green coke
material exhibited significant improvement in bulk density, bending strength and

electrical resistivity.

In comparison of both the methods powder and electroless, it is seen that there
is no significant difference in the properties like weight loss, volume shrinkage and shore
hardness. But bulk density, electrical properties and bending strength are much better

in electroless method than powder method at same Cu/C ratio and HTT
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CHAPTER 6
APPLICATIONS

5.1 APPLICATIONS OF COPPER-CARBON COMPOSITES

5.1.1 COPPER OXIDE-GRAPHITE COMPOSITE ELECTROLESS:
APPLICATION TO NITRITE SENSING

The concerns over a significant increase in theraotation of toxic substance in
the environment due to human activities have lead to a stbbtamcrease in
environmental monitoring in recent years. Therefore, dbeelopment of electrode
materials for direct amperometric detection of vari@amalytes is growing area of
elecroanalytical chemistry. The most commonly usedeaometric electrodes are made
of carbon based materials. However, these typiclifer from slow electron transfer
rates resulting in high over potentials required for oxmdteduction of different
compounds. Recently, special attention has been givehetmically modified carbon
electrodes and carbon composite electrodes to improveléogrocatlytic activity for
determination of different analytes. Chemically madifelecrodes are mainly prepared
by electrochemically depositing catalyst onto carbattebdes surfaces, while carbon
composite elecroless are usually formed by mixing casalygh carbon powder. Noble
metals: platinum, palladium, rhodium, iridium and go@tte well-known oxidation
catalysts with high activity and stability and have bsetcuessfully used incorporated in
carbon electrodes. However, due to the high cost of thesals, attention has been given
to non noble metal based catalysts, such as trangiietal oxides. Copper-based

catalysts represent an interesting class and provee wlestrocatlytic active for bio-
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sensing of glucose and carbohydrates, saccharides,lslditaino acids, alcohols and
amines, organic compounds, volatile organic compounds, cyaandesitriles, owing to
the excellent electrocatalytic activity of copper oxiderards the oxidation/reduction of
these analytes. The environmental impact caused by thd-upilof high nitrites
concentrations, due to their use as additives in foodliZers in agriculture and as
corrosion inhibitors, and the problems caused by theaocanation of food products,
water and environment are significant concerns. Nitoibecaan have damaging effects via
two mechanisms. They can combine with blood pigments pioglunethaheamoglobin
in which oxygen is no longer available to the tissuesoAhey may interact in the
stomach with amines and amides forming highly carciogenmitfdsamine compounds.
Therefore, nitrite determination is important for environmand for public health.
Although nitrites are electroactive at carbon ele#s) their oxidation requires
undesirably high overvoltages. As a result, the voltamdatermination of nitrite suffers
from interference by other readily oxidisable compounas.order to improve the
selectivity of the determination of nitrite, the opergtpotentials should be efficiently
lowered which can be achieved by modifying suitable elediatysas on the surface of

carbon electrodes.

5.1.2 PREPARATION AND CHARACTERIZATION OF COPPER-ACTIV ATED
CARBON COMPOSITES ELECTRODES FOR SUPERCAPACITORS

Recently, supercapacitors have been developed as a newftgpergy storage device.
They are expected to be used in many applications suttte ggower source or electric
vehicles because of their high power density. Howevecesthe energy density of
spercapacitors is only several WhKgand therefore much lower than that of
rechargeable batteries, the capacitance and pseudocapackiagh surface area carbon
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materials, such as activated carbon, activated cafiben carbon aerogel, and so on,
have been developed to improve the characteristicshef High energy density
supercapacitors. Deposition of copper on the activatethosa may provide an
economical means of enhancing energy storage of the ngsalgctrodes via the redox
transition of this metal. Carbon composite materialswhich the nanometer scale
metallic compounds were highly dispersed could be preparedlbg@ng method. They
were characterized as the electrode for supercapacitmd the effect of the copper on
the BET surface area and pore size distribution ofattiezated carbons was analyzed.
Phenolic resin was were used as the starting materigréparation of activated carbons

(AC). The percentage of copper in the raw materials2uwato .

The advantage of the capacitances of these capaséoes can be attributed to

the presence of copper, which assisted the storage efnéngy.

5.1.3 NEW COPPER —CARBON COMPOSITE MATERIAL APPLIIED IN RAIL-
TYPE LAUNCHING SYSTEM

During the operation of a rail-type electromagnetictdning system, the state of
the sliding friction between armature and rail, frictidrag, contact resistance etc.,
directly affect the system operation and performa@mgpper-carbon composite material
can be used on the parts of the armature which contaetglils. It should not only
provide good conductivity , but lubrication, as well; thi® performance is improved
material preparation and composite material mouldingcréif is possible to make a
composite material in which a 3-D metal net is obtainednething that can not be
obtained by conventional copper-graphite powder metallurdyyanetal impregnation.

Graphite particles are distributed uniformly within the, m@proving abrasion resistance

98



COPPER-CARBON COMPOSITE

and voltage drop over common copper-carbon composite alafdne static test showed
that this new type of composite material has betectetal performance than former
brush material in the same conditions, and the dyntesis showed that the temperature
rise is not big when the brush with this new composit¢enmal is switched on with big
current and the surface abrasion is smaller during slidihg. good conductivity and
sliding contact performance are important for applicatn electromagnetic launching

systems.

5.1.4 HIGH ELECTRICAL CONDUCTIVITY ENGINEERING APPLIC ATION

Intercalation compounds of graphite of the acceptor typee hpotential
engineering applications because of their attractive r@attconductivity properties.
The first approach concerns a composite, formed by anglas intercalation compound
synthesized from high quality crystalline in a matrix ofppger. With this form of
composite it is found that there are both intrinsid amtrinsic advantages pertaining to
the use of a material that has a conductivity higher 8va a density lower than that of
copper. The second form is a composite compound of itdeedagraphite fibers
contained in a matrix of epoxy. Extraordinary advantagésis case result from the fact
that while intercalation of the fibers produces an omfemagnitude increase in their
electrical conductivity is increased by two orders of magie over its pristine fiber
counterpart. It is projected that these desirable atettdonductivity characteristics
portend large scale uses for for the acceptors compotigtaphite as substitutes for the
present standard conductors, and as a way of upgrading thernmeante of

carbon/graphite materials.
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