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Abstract:
Carbon based materials have many potential applications in widely ranging fields because of their unique properties like light weight, low coefficient of thermal expansion, high strength, high thermal conductivity and corrosion resistance. The use of carbon material for high temperature applications is limited due to their susceptibility to oxidation in air at temperatures as low as 400°C. The solution to the above serious drawback can be solved by developing oxidation resistant composites. Attempts to inhibit oxidation of carbon materials by coating the carbon substrate with oxidation resistant refractory oxides and carbides and also by doping them with boron and carbon containing compounds led to limited success. The incorporation of ceramic carbides into the substrate during the processing of the composites resulted in carbon ceramic composites exhibiting oxidation resistance in the range 800°C -1200°C for extended hours. Introduction of nano- SiC in place of micro-SiC in carbon ceramic composites is expected to yield better oxidation resistance since the reactivity is enhanced with decrease in the size of the particle. The present work attempted to prepare carbon-ceramic composite (C-nano/microSiC-B4C) by mixing the green coke (developed in house) or coated green coke with silicon, carbon black and boron carbide followed by ball milling in tungsten carbide jar and heat treated to 1000°C and then to 1400°C in argon atmosphere. The X-ray diffraction pattern of the heat treated product confirms the formation of β-silicon carbide while SEM studies revealed the formation of β-SiC in these composites. C-nano/microSiC-B4C developed in the present investigation exhibited oxidation resistance at 800°C to 1000°C for about 10h. 

CHAPTER 1

Introduction of carbon and raw materials 
1.1 Carbon
Carbon is a chemical element with symbol C and atomic number 6. There are several allotropes of carbon of which the best known are graphite, diamond, and amorphous carbon. Recently newer allotropes of carbon namely fullerene and carbon nanotube are also discovered in the last three decades. The physical properties of carbon vary widely with the allotropic form. For example, diamond is highly transparent, while graphite is opaque and black. Diamond is among the hardest materials known, while graphite is soft enough to form a streak on paper. Diamond has a very low electrical conductivity, while graphite is a very good conductor. Under normal conditions, diamond has the highest thermal conductivity of all known materials. All the allotropic forms are solids under normal conditions but graphite is the most thermodynamically stable.
All forms of carbon are highly stable, requiring high temperature to react even with oxygen. The most common oxidation state of carbon in inorganic compounds is +4, while +2 is found in carbon monoxide and other transition metal carbonyl complexes. The largest sources of inorganic carbon are limestone’s, dolomites and carbon dioxide, but significant quantities occur in organic deposits of coal, peat, oil and methane clathrates. Carbon forms more compounds than any other element, with almost ten million pure organic compounds described to date, which in turn are a tiny fraction of such compounds that are theoretically possible under standard conditions.
Carbon compounds form the basis of all life on earth and the carbon-nitrogen cycle provides some of the energy produced by the sun and other stars. Although it forms an extraordinary variety of compounds, most forms of carbon are comparatively unreactive under normal conditions. At standard temperature and pressure, it resists all but the strongest oxidizers. It does not react with sulfuric acid, hydrochloric acid, chlorine or any alkalis. At elevated temperatures carbon reacts with oxygen to form carbon oxides, and will reduce such metal oxides as iron oxide to the metal. This exothermic reaction is used in the iron and steel industry to control the carbon content of steel:

Fe3O4 + 4C(s) → 3Fe(s) + 4CO(g)
with sulfur to form carbon disulfide and with steam in the coal-gas reaction

C(s) + H2O(g) → CO(g) + H2(g).

Carbon combines with some metals at high temperatures to form metallic carbides, such as the iron carbide cementite in steel, and tungsten carbide, widely used as an abrasive and for making hard tips for cutting tools

1.1.1 Salient features of carbon
Salient features of carbon (in Graphite form):-

· Light weight, density (1.5 – 2.0 g cm-3)
· Good thermal and electrical conductivity
· Withstands high temperatures upto (  3000°C (in non-oxidizing atmospheres) 

· Improves in strength at elevated temperatures upto (  2500°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 properties

· Corrosion and erosion resistant
1.1.2 Allotropes of carbon
The different forms or allotropes of carbon  include the hardest naturally occurring substance, diamond, and also one of the softest known substances, graphite buckyballs, carbon nanotubes etc. are given in fig.-1.1
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Figure 1.1: Allotropes of carbon: a) diamond; b) graphite; c) lonsdaleite; d–f) fullerenes (C60, C540, C70); g) amorphous carbon; h) carbon nanotube 
1.1.3 Graphite
The mineral graphite is one of the allotropes of carbon. Graphite is an electrical conductor, a semimetal, and can be used, for instance, in the electrodes of an arc lamp. Graphite holds the distinction of being the most stable form of carbon under standard conditions. Therefore, it is used in thermochemistry as the standard state for defining the heat of formation of carbon compounds. [image: image2.png]


 
Detailed properties of graphite:

Graphite is a layered compound. In each layer, the carbon atoms are arranged in a hexagonal lattice with separation of 0.142 nm, and the distance between planes is 0.335 nm. The two known forms of graphite, alpha (hexagonal) and beta (rhombohedral), have very similar physical properties. The alpha form can be converted to the beta form through mechanical treatment and the beta form reverts to the alpha form when it is heated above 1000 °C. 
Graphite can conduct electricity due to the vast electron delocalization within the carbon layers. Graphite and graphite powder are valued in industrial applications for its self-lubricating and dry lubricating properties.  It is also highly diamagnetic, thus it will float in mid-air above a strong magnet. Graphite forms intercalation compounds with some metals and small molecules. Natural and crystalline graphite’s are not often used in pure form as structural materials, due to their shear-planes, brittleness and inconsistent mechanical properties.

Uses of naturally occurring graphite:
Natural graphite are used as refractory, steelmaking, expanded graphite, brake linings, and foundry facings-lubricants
· Graphite Blocks are also used in parts of blast furnace linings where the high thermal conductivity of the graphite is critical. 
· Natural graphite is mostly used into carbon rising in molten steel, 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 keeps them cool

· Natural graphite has uses as the marking material in common pencils, in zinc-carbon batteries, in electric motor brushes, and various specialized 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 buildup of static charge.
1.1.4 Diamond
 Diamond is the allotrope of carbon where the carbon atoms are arranged in an isometric-hexoctahedral crystal lattice. After graphite, diamond is the second most stable form of carbon. Its hardness and high dispersion of light make it useful for industrial applications and jewelry. It is the hardest known naturally occurring mineral. It is possible to treat regular diamonds under a combination of high pressure and high temperature to produce diamonds that are harder than the diamonds used in hardness gauges. 
                                      [image: image3.png]



Figure 1.2: Carbon atoms are arranged in an isometric- tetrahedral crystal  

                         lattice.

Diamonds are specifically renowned as a material with superlative physical qualities; they make excellent abrasives because they can be scratched only by other diamonds, borazon, ultrahard fullerite, rhenium diboride, or aggregated diamond Nanorods, which also means they hold a polish extremely well and retain their lustre. 
Material properties of diamond:
A diamond is a transparent crystal of tetrahedrally bonded carbon atoms and crystallizes into the face centered cubic diamond lattice structure. Diamonds have been adapted for many uses because of the material's exceptional physical characteristics. Most notable is its extreme hardness, its high dispersion index, and extremely high thermal conductivity (900 – 2320 W/m K). Above 1700 °C (1973 K / 3583 °F), diamond is converted to graphite. Naturally occurring diamonds have a density ranging from 3.15 to 3.53 g/cm³, with very pure diamond typically extremely close to 3.52 g/cm³.

Uses of Diamond:
· Used as cutter and grinding tools

·  Used as excellent electrical insulators
1.1.5 Carbon nanotube
Types of carbon nanotubes and related structures 
Carbon nanotubes (CNTs) are allotropes of carbon with a nanostructure that can have a length-to-diameter ratio as large as 28,000,000:1 which is unequalled by any other material. These cylindrical carbon molecules have novel properties that make them potentially useful in many applications in nanotechnology, electronics, optics and other fields of materials science, as well as potential uses in architectural fields. They exhibit extraordinary strength and unique electrical properties, and are efficient conductors of heat. Their final usage, however, may be limited by their potential toxicity. Nanotubes are categorized as single-walled nanotubes (SWNTs) and multi-walled nanotubes (MWNTs).

 The chemical bonding of nanotubes is composed entirely of sp2 bonds, similar to those of graphite. This bonding structure, which is stronger than the sp3 bonds found in diamonds, provides the molecules with their unique strength. 
Single-walled:
Most single-walled nanotubes (SWNT) have a diameter of close to 1 nanometer, with a tube length that can be many thousands of times longer. Single-walled nanotubes are a very important variety of carbon nanotube because they exhibit important electric properties that are not shared by the multi-walled carbon nanotube (MWNT) variants. Single-walled nanotubes are the most likely candidate for miniaturizing electronics beyond the micro electromechanical scale that is currently the basis of modern electronics. The most basic building block of these systems is the electric wire, and SWNTs can be excellent conductors. 

[image: image4]
Figure 1.3: Single-walled nanotubes

One useful application of SWNTs is in the development of the first intramolecular field effect transistors (FETs). The production of the first intramolecular logic gate using SWNT FETs has recently become possible as well. 
Multi-walled:
Multi-walled nanotubes (MWNT) consist of multiple layers of graphite rolled in on themselves to form a tube shape. The special place of double-walled carbon nanotubes (DWNT) must be emphasized here because they combine very similar morphology and properties as compared to SWNT, while improving significantly their resistance to chemicals. This is especially important when fictionalization is required (this means grafting of chemical functions at the surface of the nanotubes) to add new properties to the CNT. 
Toxicity:
Determining the toxicity of carbon nanotubes has been one of the most pressing questions in Nanotechnology. Nanotubes can cross the membrane barriers and suggests that if raw materials reach the organs they can induce harmful effects as inflammatory and fibrotic reactions.
 
A study led by Alexandra Porter from the University of Cambridge shows that CNTs can enter human cells and once inside accumulate in the cytoplasm and cause cell death. The needle-like fiber shape of CNTs, similar to asbestos fibers, raises fears that widespread use of carbon nanotubes may lead to mesothelioma, cancer of the lining of the lungs caused by exposure to asbestos.                                    
1.1.6 Fullerene
 Fullerene are a family of carbon allotropes, molecules composed entirely of carbon, in the form of a hollow sphere, ellipsoid, tube, or plane. Spherical fullerenes are also called buckyballs, and cylindrical ones are called carbon nanotubes or buckytubes. Graphene is an example of a planar fullerene sheet. Fullerenes are similar in structure to graphite, which is composed of stacked sheets of linked hexagonal rings, but may also contain pentagonal (or sometimes heptagonal) rings that would prevent a sheet from being planar.
                                           [image: image5.png]


               
Figure 1.4:  Buckminsterfullerene C60
Solubility:
Fullerenes are sparingly soluble in many solvents. Common solvents for the fullerenes include aromatics, such as toluene, and others like carbon disulfide. Solutions of pure Buckminsterfullerene have a deep purple color. Solutions of C70 are a reddish brown. 
Superconductivity:
        After the synthesis of macroscopic amounts of Fullerenes, their physical properties could be investigated. It was found that intercalation of alkali-metal atoms in solid C60 leads to metallic behavior. In 1991, it was revealed that potassium-doped fullerenes become superconducting at 18K. This was the highest transition temperature for a molecular superconductor. Since then, Superconductivity has been reported in fullerene doped with various metals as well as potassium. 
1.2 Introduction of raw materials used in the present work

1.2.1 Carbon black
Carbon black is a material produced by the incomplete combustion of heavy petroleum products such as FCC tar, coal tar, ethylene cracking tar, and a small amount from vegetable oil. Carbon black is a form of amorphous carbon that has a high surface area to volume ratio, and as such it is one of the first nonomaterial to find common use, although its surface area to volume ratio is low compared to activated carbon. It is similar to soot but with a much higher surface area to volume ratio. Carbon black is used as a pigment and reinforcement in rubber and plastic products.
The current International Agency for Research on Cancer (IARC) evaluation is that, "Carbon black is possibly carcinogenic to humans ". Short-term exposure to high concentrations of carbon black dust may produce discomfort to the upper respiratory tract, through mechanical irritation.
Common uses:
The most common use [70%] of carbon black is as a pigment and reinforcing phase in automobile tires. Carbon black also helps conduct heat away from the tread and belt area of the tire, reducing thermal damage and increasing tire life. Carbon black particles are also employed in some radar absorbent materials and in toner. About 20% of world production goes into belts, hoses, and other non-tire rubber goods. The balance is mainly used as a pigment in inks, coatings and plastics. It is also used in polypropylene as a absorber of UV rays which would cause the polypropylene to degrade. 
Reinforcing carbon black:
The highest volume use of carbon black is as reinforcing filler in rubber products, especially tires. While a pure gum vulcanized of styrene-butadiene has a tensile strength of no more than 2.5 MPa, and almost nonexistent abrasion resistance, compounding it with 50% of its weight of carbon black improves its tensile strength and wear resistance. Practically, all rubber products where tensile and abrasion wear properties are crucial use carbon black, so they are black in colours. Where physical properties are important but colors other than black are desired, such as white tennis shoes, precipitated or fused silica is a decent competitor to carbon black in reinforcing ability. Silica-based fillers are also gaining market share in automotive tires because they provide better trade-off for fuel efficiency and wet handling due to a lower rolling loss compared to carbon black-filled tires. Traditionally silica fillers had worse abrasion wear properties, but the technology has gradually improved to where they can match carbon black abrasion performance.
Carbon black as a pigment:
Carbon black is the name of a common black pigment, traditionally produced from charring organic materials such as wood or bone. It consists of pure elemental carbon, and it appears black because it reflects almost no light in the visible part of the spectrum. It is known by a variety of names, each of which reflects a traditional method for producing carbon black:

· Ivory black was traditionally produced by charring ivory or bones.

· Vine black was traditionally produced by charring desiccated grape vines and stems.

· Lamp black was traditionally produced by collecting soot, also known as lampblack, from oil lamps.

Newer methods of producing carbon black have superseded these traditional sources, although some materials are still produced using traditional methods. For artisanal purposes, it is very useful.

Surface chemistry of carbon black:
All carbon blacks have chemisorbed oxygen complexes (i.e., carboxylic, quinonic, lactonic, phenolic groups and others) on their surfaces to varying degrees depending on the conditions of manufacture. These surface oxygen groups are collectively referred to as volatile content. It is also known to be a non-conductive material due to its volatile content. The coatings and inks industries prefer grades of carbon black that are acid oxidized. Acid is sprayed in high temperature dryers during the manufacturing process to change the inherent surface chemistry of the black. The amount of chemically-bonded oxygen on the surface area of the black is increased to enhance performance characteristics.
1.2.2 Coal Tar Pitch 

Coal Tar pitch is the name given to the semi form of coke which acts as a binder as well as a source of carbon. It is a pure form of carbon developed by distillation of coal tar and on heating loses about 10-12% of its weight due to moisture loss. It acts as a precursor for the development of green coke. The properties of pitch are defined by parameters like softening point, toluene insolubility, quinoline insolubility, specific gravity and coking value. It is prepared in various combinations of these properties by varying the conditions during preparation. The green coke precursor pitch is not available commercially and is synthesized at the National Physical Laboratory in various combinations of the above mentioned properties.
1.2.3 Green coke

A suitable coal tar pitch prepared at NPL and also procured from the pitch producer (NPL licensee). These pitches are characterized with respect to Softening Point (SP). Quinoline Insolubles (QI), Toluene Insolubles (TI), Coking Value (CV), Specific Gravity (SG). It is pyrolysed to a temperature of 430 - 500°C to obtain self sintering material (green coke) which was crushed and ground in a centrifugal ball mill into a fine powder having a mean size of around 5–15(m. This powder was characterized with respect to QI, TI, CV, and was used as a carbon matrix for the development of carbon ceramic composites. 
1.2.4 Ceramics
Ceramic materials are inorganic, non-metallic solids, which consists of an aggregate of randomly oriented crystallites bonded together by ionic bonds and have covalent character. In contrast, the Anglo-Saxon term "ceramics" also often includes glass, enamel, glass-ceramic, and inorganic cementitious materials (cement, plaster and lime).Hence ceramics materials are polycrystalline materials that acquire their mechanical strength through various sintering processes.     

Ceramics are good thermal and electric insulators, more stable, high melting point and high chemical resistance and have high compressive strength. Ceramics materials find application in daily life e.g. electronic components, environment sensors, gas ignitors, ultrasonic cleaner and intrusion alarm etc. Ceramics are categorized as High performance ceramics, structural ceramics, construction ceramics, industrial ceramics, engineering ceramics, functional ceramics, electrical ceramics, cutting ceramics and medical ceramics.
1.2.5 Boron carbide
Boron carbide (chemical formula B4C) is an extremely hard ceramic material used in tank armor, bulletproof vests, and numerous industrial applications. With a hardness of 9.3 on the mhos scale, it is one of the hardest materials known, behind cubic boron nitride and diamond.

Boron carbide is now produced industrially by the carbo-thermal reduction of B2O3 (boron oxide) in an electric furnace. Nuclear applications of boron carbide include shielding, control rod and shut down pellets. Within control rods, boron carbide is often powdered, to increase its surface area.
Uses:
· Personal and vehicle anti-ballistic armor plating.

· Grit blasting nozzles.

· High-pressure water jet cutter nozzles.

· Scratch and wear resistant coatings.

· Cutting tools and dies.

· Abrasives.

· Neutron absorber in Nuclear Reactors.

1.2.6 Silicon Carbide and its Synthesis:
Since the discovery of carbon nanotubes (CNT) in 1991 considerable effort has been focused on the synthesis and processing of one dimensional nanoscale materials such as nanotubes and nanowires for potential applications in various areas of medicine, biology, electronics and optoelectronics , Besides carbon, many materials have been prepared in the form of nanotubes or nanowires. These include boron nitride (BN), boron carbon nitride (BC2N) tungsten disulfide (WS2) silica and SiC. SiC is a high performance semiconductor, which can be operated at high temperatures, high power and high frequencies, as well as in harsh environments. SiC is also an important high temperature structural material, which is used in igniters, heating elements, and in high temperature structural composites for both industrial and aerospace applications
SiC nanomaterials in various shapes have been synthesized from carbon nanotube as a template, carbon nanotubes and Si–SiO2 powder mixture. Carbo thermal reduction of sol–gel derived silica aero–gel containing carbon nanoparticles has also been used to grow SiC nanowires with diameters ranging from 30 to 70nm. 
1.3 Crystal Structure of the Constituents
Crystal structure of silicon:

Pure silicon has the face centered cubic (FCC) crystal structure. Silicon carbide exists in at least 70 crystalline forms. Silicon, like carbon and other group IV elements form face-centered diamond cubic crystal structure. Silicon, in particular, forms a face-centered cubic structure with a lattice spacing of 5.430710 Å (0.5430710 nm). 
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   Figure 1.5    Diamond Cubic Crystal Structure, Silicon unit cell

Crystalline silicon, also called wafer silicon, is a material consisting of one or more small silicon crystals. It is different from amorphous silicon, used for thin films (thin-film silicon cell). Silicon that is pulled as a single crystal. The internal crystalline structure is completely homogenous, which can be recognized by an even external coloring.

A single crystal, also called monocrystal, is a crystalline solid in which the crystal lattice of the entire sample is continuous and unbroken to the edges of the sample, with no grain boundaries. The opposite of a single crystal sample is an amorphous structure where the atomic position is limited to short range order only. In between the two extremes exist polycrystalline and paracrystalline phases, which are made up of a number of smaller crystals known as crystallites. Because of a variety of entropic effects on the microstructure of solids, including the distorting effects of impurities and the mobility of crystallographic defects and dislocations, single crystals of meaningful size are exceedingly rare in nature, and can also be difficult to produce in the laboratory under controlled conditions (see also recrystallisation).

Semiconductor grade (also solar grade) polycrystalline silicon is converted to "single crystal" silicon - meaning that the randomly associated grains of silicon in "polycrystalline silicon" are converted to large "single" crystals of silicon. Single crystal silicon is used to manufacture 99% of all electronic devices. The devices are used in watches, refrigerators, microwaves, televisions, radios, communications equipment such as cell phones, and controls for cars, ships, aircraft, missiles, and atomic weapons. Polycrystalline silicon (or semicrystalline silicon, polysilicon, poly-Si, or simply poly in context) is a material consisting of multiple small silicon crystals. 

Crystal structure of silicon carbide:

Silicon carbide exists in at least 70 crystalline forms. Alpha silicon carbide (α-SiC) is the most commonly encountered polymorph; it is formed at temperatures greater than 2000 °C and has a hexagonal crystal structure (similar to wurtzite). The beta modification (β-SiC), with a zinc blende crystal structure (similar to diamond), is formed at temperatures below 2000 °C. 
Table 1.1 Crystal structure of silicon carbide:

	Basic Properties

	Crystal Structure
	3C
ZincBlende
	4H
Hexagonal
	6H
Hexagonal

	Stacking sequence
	ABCABC...
	ABACABAC...
	ABCACBABCACB...



	Density
	3.21 g cm-3
	3.21 g cm-3
	3.21 g cm-3



	Effective electron mass
	0.25-0.68 mo
	0.29-0.42 mo
	0.42-2.0 mo



	Effective hole mass
	0.6 mo
	~1 mo
	~1 mo



	Lattice constants
	4.3596 Å
	a=3.0730 Å
c=10.053 Å
	a=3.0806 Å
c=15.1173 Å




In     the stacking sequence is shown for the three most common polytypes, 3C, 6H and 4H. If the first double layer is called the A position, the next layer that can be placed according to a closed packed structure will be placed on the B position or the C position. The different polytypes will be constructed by permutations of these three positions. For instance will the 2H-SiC polytype have a stacking sequence ABAB.
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Figure 1.6: Stacking sequence of double layer of the three most common SiC prototypes
The number thus denotes the periodicity and the letter the resulting structure which in this case is hexagonal. The 3C-SiC polytype is the only cubic polytype and it has a stacking sequence ABCABC… or ACBACB… A common crystalline defect is the so called Double Positioning Boundary (DPB), which is commonly seen in 3C-SiC grown on on-axis 6H-SiC substrates.
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Figure 1.7: Hexagonal structure of Alpha silicon carbide (α-SiC)
Silicon carbide is known as a wide bandgap semiconductor existing in many different polytypes. All polytypes have a hexagonal frame with a carbon atom situated above the center of a triangle of Si atoms and underneath a Si atom belonging to the next layer. The distance, a, between neighboring silicon or carbon atoms is approximately 3.08 Å for all polytypes. The carbon atom is positioned at the center of mass of the tetragonal structure outlined by the four neighboring Si atoms so that the distance between the C atom to each of the Si atoms is the same.
Crystal structure of boron carbide:

Boron carbide (chemical formula B4C) is an extremely hard ceramic material used in tank armor, bulletproof vests, and numerous industrial applications. With a hardness of 9.3 on the mohs scale, it is one of the hardest materials known, behind cubic boron nitride and diamond. Boron carbide is now produced industrially by the carbo-thermal reduction of B2O3 (boron oxide) in an electric arc furnace.

Properties 

· Density: 2.51 g/cm3 

· Crystal structure: Rhombohedral 

· Melting Point: around 2,450oC 

· Very high hardness: It is third hardest material next to diamond and cubic boron nitride (cBN). 

· Thermal expansion coefficient: 5 X 10-4 oC-1 
· High resistance to chemical attack 

· Boron carbide has a high neutron absorption cross section -- for thermal neutron is around 4,000 barns. And the price is much less than pure boron. 

· Electrical conductive: electrical resistivity at 25°C is 0.1-10 ohm. cm 
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                        Figure 1.8:  Rhombohedral crystal structure of boron carbide 
Its ability to absorb neutrons without forming long lived radionuclides makes the material attractive as an absorbent for neutron radiation arising in nuclear power plants. Nuclear applications of boron carbide include shielding, control rod and shut down pellets. Within control rods, boron carbide is often powdered, to increase its surface area.

                                    CHAPTER 2

              Introduction of micro and nano technology

2.1. Microtechnology

Micro technology is technology with features near one micrometer (one millionth of a meter, or 10-6 meter, or 1μm).Today, micromechanical devices are the key components in a wide range of products such as automobile airbags, ink-jet printers, blood pressure monitors, and projection display systems. It seems clear that in the not-too-distant future these devices will be as pervasive as electronics Nanotechnology refers to a field of applied science and technology whose theme is the control of matter on the atomic and molecular scale, generally 100 nanometers or smaller, and the fabrication of devices or materials that lie within that size range.
2.2. Nanotechnology

Nanotechnology refers to a field of applied science and technology whose theme is the control of matter on the atomic and molecular scale, generally 100 nanometers or smaller, and the fabrication of devices or materials that lie within that size range. Nanotechnology is a highly multidisciplinary field, drawing from a number of fields such as applied physics, materials science, interface and colloid science, device physics, supramolecular chemistry (which refers to the area of chemistry that focuses on the noncovalent bonding interactions of molecules), self-replicating machines and robotics, chemical engineering, mechanical engineering, biological engineering, and electrical engineering. Grouping of the sciences under the umbrella of "nanotechnology" has been questioned on the basis that there is little actual boundary-crossing between the sciences that operate on the nano-scale. 
2.3. Nanomaterials
Ultra fine microstructures having an average phase or a grain size of the order of a nanometer are classified as nanostructured material (NSM). This includes subfields which develop or study materials having unique properties arising from their nanoscale dimensions.

· Interface and Colloid Science has given rise to many materials which may be useful in nanotechnology, such as carbon nanotubes and other fullerenes, and various nanoparticles and Nanorods. 
· Nanoscale materials can also be used for bulk applications; most present commercial applications of nanotechnology are of this flavor. 

· Progress has been made in using these materials for medical applications; see Nanomedicine. .
· DNA nanotechnology utilizes the specificity of Watson-Crick basepairing to construct well-defined structures out of DNA and other nucleic acids. 
· Approaches from the field of "classical" chemical synthesis also aim at designing molecules with well-defined shape (e.g. bio-peptides). 
· More generally, molecular self-assembly seeks to use concepts of supramolecular chemistry, and molecular recognition in particular, to cause single-molecule components to automatically arrange themselves into some useful conformation. 

2.4 Micro& Nanotechnology Applications:

· Light weight materials product

· Small  size product

· High strength of materials

· Various medical equipment 

· Easy transferable

· Improvement in quality
2.5 Properties of Nanostructured Materials
Two principle factors cause the properties of nanomaterial to differ significantly from other materials: increased relative surface area and quantum effects. These factors can change or enhance properties such as reactivity, strength and electrical characteristics. As a particle decrease in size, a greater proportion of atoms are found at the surface compared to those inside. For example, a particle of size 30nm has 5% of its atoms on the surface, at 10 nm 20% of its atoms, and at 3nm 50% of its atoms. Thus nanoparticles have a much greater surface area per unit mass compared with larger particles. As growth and catalytic chemical reactions occur at the surface, this means that a given mass of material in nanoparticle form will be much more reactive than the same mass of material made up of larger particles.
Nanoparticles synthesized from several routes may have different internal structures that would affect the properties of materials consolidated from them. Processing nanoparticles into fully dense, bulk products or coatings which retain the nanometer scale grain size is rather difficult to achieve in practice.  Due to their high specific surface areas, nanoparticles exhibit a high reactivity and strong tendency towards agglomeration. Moreover, rapid grain growth is likely to occur during processing at high temperatures. As unique properties of nanocrystalline materials are derived from their fine grain size, it is of crucial importance to retain the microstructure at a nanometer scale during consolidation to form bulk materials. It is also noticed that pores are generated in bulk nanocrystalline materials consolidated from nanoparticles prepared by inert gas condensation. Such nanopores can lead to a decrease in young’s modulus of consolidated nanocrystalline materials. Electrodeposited samples are believed to be free from porosity, but they contain certain impurities and texture that may degrade their mechanical performances. Therefore, controlling these properties during the synthesis and subsequent consolidation procedures are the largest challenges facing researchers.
In tandem with surface area effects, quantum effects can begin to dominate the properties of matter as size is reduced to the nanoscale. These can affect the optical, electrical, and magnetic behavior of materials, particularly as the structure or particle size approaches the smaller end of the nanoscale. Materials that exploit these effects include quantum dots, and quantum well lasers for optoelectronics.

For other materials such as crystalline solids, as the size of their structural components de creases, there is much greater interface area within the material; this can greatly affect both mechanical and electrical properties. For example, most metals are made up of small crystalline grains; the boundaries between the grains slow down or arrest the propagation of defects when the material is stressed, thus giving it strength. If these grains can be made very small, or even nanoscale in size, the interface area within the material greatly increases, which enhances its strength. For example, nanoscale nickel is as strong as hardened steel. Understanding surfaces and interfaces is a key challenge for those working on nanomaterials and where new imaging and analysis instruments are vital.

2.6 Synthesis of nanoparticles and fibers
Table 2.1: Various route for the synthesis of nanoparticles and nanofibres
	Processing Route
	Processing Method
	Nano Crystalline Material

	Solid state
	Mechanical milling

Mechanochemical synthesis
	Powder

powder

	Liquid
	sol-gel

sonochemistry

hydrothermal

electrodeposition
gas atomization

laser beam melting

melt spinning
	Powder/film/fibers
Powder

Powder

Powder/film

Powder

Film

Continuous ribbon

	Vapor
	chemical vapor deposition

physical vapor deposition

aerosol process

flame-assisted deposition
	Powder/film

Powder/film

Powder/film

powder


2.6.1 Solid state processing routes  
Routs such as the mechanical milling-based methods involve mixing, grinding, calcinations and sintering. Although these methods involve relatively simple techniques, they are tedious and time of powder charge consuming because of prolonged milling times and multiple cycles of processing, which are also prone to contamination from the milling media. However these powders require further hot consolidation to form bulk samples. Further more, these powders can suffer from chemical and phase in-homogeniaties. Excessive milling is expensive and limited to the processing of ultra fine powders.

Mechanical alloying/ milling:

The mechanical alloying/ milling process was originally developed by Benjamin of the international nickel company for the production of oxide dispersion strengthened (ODS) super alloys. During the process, raw powder particles with a size of several microns experience severe plastic deformation i.e. undergo a repetitive cold welding and fracturing mechanism. Vibratory mill, planetary mill, uniball mill and attritor mill are commonly used to perform mechanical alloying/ milling. Among these, the attritor mill has the highest capacity of powder charge. Mechanical alloying (MA) is now recognized as a versatile process for the fabrication of a broad range of nanocrystalline powders. These powders include ODS alloys, amorphous alloys nanocrstalline metals/ alloys and supersaturated solid solutions. The disadvantage of ball milling for making nanocrystalline powders is the contamination of products from the milling media (balls and vial) and atmosphere. For example, the powders may be contaminated with Fe if steel balls and containers are used.

Mechano-chemical synthesis:

This process involves mechanical activation of solid state displacement reactions in a precursors typically consist of mixtures of oxides, chlorides, and/or metals that react either during milling or during subsequent heat treatment to form a composite powder consisting of the dispersion of ultra fine particles within a soluble salt matrix. The ultra fine particle is then recovered by selective removal   of the matrix phase through washing with an appropriate solvent. 
2.6.2 Liquid Route 
Routs such as the sol-gel, hydrothermal and electrodeposition methods require a high number of processing steps, including pretreatment, mixing, chemical reactions, filtration, purification, drying, and calcinations during the fabrication of ultra fine powders. These methods are tedious and can cause contamination. Waste treatment is difficult, especially when producing large quantities. Moreover, some wet chemical routes such as the hydrothermal method are limited to powder processing and cannot be used for producing nanostructured films and multilayer and functionally graded coatings. 

Sol- gel process:
The sol gel processing method has been used for producing metal oxides and ceramic powders with high purity and high homogeneity for many years. The sol-gel route offers a degree of control of the composition and structure at the molecular level. The process involves generation of a colloidal suspension (‘sols’) which are subsequently converted to viscous gels and solid materials. Ebelman produced the first silica gel in 1846 and cossa synthesized alumina gels in 1870. Since then, aerogels of zirconia, silazane, borate and other ceramics were ynthesized using the sol- gel technique. In the process, reactive metal precursors were initially hydrolyzed, followed by condensation and polymerization reactions. Metal alkoxides are metalorganic compounds having an organic ligand attached to a metal or metallic atom. They are result of direct or indirect reactions between a metal M and an alcohol ROH. 

Several factors are known to affect the hydrolysis reaction. These include:

a) The nature of alkyl group

b) The nature of solvent

c) The concentration of each species in the solvent

d) Temperature

e) Water to alkoxide molar ratio

f) Presence of acid or base catalysts

For preparing coating of films and fibers, the sol must exhibit spinnability. It appears that only solutions containing long- chain polymers are spinnnable films are generally coated on the surface of the substrate via spin coating and dipping processes. Gel fibers are made by fibre drawing from the viscous alkoxide solution at or near room temperature. In contrast, a colloidal sol is generated upon basic hydrolysis of metal alkoxides. The gel is colloidal when the solid network is made of round solid particles.

Removal of the solvents and appropriate drying are important steps to achieve gel densification. When a solvent is evaporated from the gel under atmospheric conditions, capillary pressure due to the interfacial tension of the solvent develops a high stress on the gel network. This leads to considerable shrinkage and fracture of gel during drying. The resultant hard, glassy and porous product is called a xerogel. In the case where the liquid within the gel is removed above its critical temperature and pressure (hypercritical) in an autoclave, the capillary pressure can be eliminated. The product thus obtained is referred to as an aero gel.

2.6.3 Vapor Deposition Techniques
Vapor Deposition Techniques seem to be the only method that provides highly pure materials with structural control at the atomic level or the nano-meter scale. Moreover, vapor processing techniques can produce ultra fine powders, multilayer and functionally graded materials, and composite materials with well controlled dimensions and unique structures at lower processing temperatures. Some of these techniques are better than others in providing precise control of the production of nanocrystalline materials and have the capability of scaling up for large scale production.
Physical Vapor Deposition:
Physical vapor deposition (PVD) is a versatile synthesis method and capable of preparing thin film materials with structural control at the atomic or nanometer scale by careful monitoring the processing conditions. PVD involves the generation of vapor phase species either via evaporation, sputtering, laser ablation or ion beam. In evaporation, atoms are removed from the source by thermal or electron means, in sputtering, atoms are ejected from the target surface by the impact of energetic ions. In the former case, the vapor phase species that experience collisions and ionization are condensed onto a substrate followed by nucleation and growth.

Chemical Vapor Deposition:
CVD is a process where one or more gaseous adsorption species react or decompose on a hot surface to form stable solid products. The main steps that occur in the CVD process can be summarized as follows:

a) Transport of reacting gaseous species to the surface

b) Adsorption of the species onto the surface

c) Heterogeneous surface reaction catalyzed by the surface.

d) Surface diffusion of the species to growth sites

e) Nucleation and growth of the film

f) Desorption of gaseous reaction products and transport of reaction products away from the surface.
CVD is a more complex method of forming thin films and coating than PVD. CVD exhibits several distinct advantages such as the capability of producing highly pure and dense films or fine particles at reasonably high deposition rates, and the capability of coating complex- shaped components uniformly due to its non-line-of-sight nature. CVD is widely used for the deposition of metallic, ceramic and semiconducting thin films. Depending on the activation source for the chemical reactions, the deposition process can be categorized into thermally activated, laser assisted and plasma-assisted CVD.

Spray Conversion Processing:
This route involves the atomization of chemical precursors into aerosol droplets that are dispersed throughout a gas medium. The aerosols are then transported into a heated reactor where the solution is evaporated or combusted to form ultrafine particles or thin films. This technique is versatile and inexpensive because of the availability of various low cost chemical solutions. Various aerosol generators including pressure, electrostatic, and ultrasonic atomizer, have been used for atomization purposes. These atomizers will affect the droplet size, rate of atomization and droplet velocity.

CHAPTER 3
Carbon-ceramic composite

3.1 Introduction of carbon-ceramic composite
The advent of engineering-designed polymer matrix composites in the late 1940s has provided an impetus for the emergence of sophisticated ceramic matrix composites. The development of CMCs is a promising means of achieving lightweight, structural materials combining high temperature strength with improved fracture toughness, damage tolerance and thermal shock resistance. Considerable research effort is being expended in the optimization of ceramic matrix composite systems, with particular emphasis being placed on the establishment of reliable and cost-effective fabrication procedures. 

With the rapid advance of the aircraft, nuclear and aerospace and high temperature technologies there is an ever-increasing need for new types of high strength composite materials that are capable of reliably withstanding high temperatures and pressures. Additionally, new methods are required to expeditiously fabricate these materials into articles such as aircraft brake discs.
Carbon-ceramic composite materials have wide application as various high temperature materials, mechanical parts materials, ceramic materials, materials for use in chemical industries or electrical or electronic materials. This invention particularly concerns a novel technology for producing a carbon-ceramic composite material, which permits automation of the manufacturing process and a continuous operation, realizing a considerable reduction of the production cost while facilitating production of articles of complicate shapes.
Carbon-ceramic composite materials are novel materials which possess the versatile properties of ceramic materials along with excellent high temperature properties,, electrical conductivity, corrosion resistance and abrasion resistance which are characteristic of carbonaceous materials. Many attempts have thus far been devoted to the development of carbon-ceramic composite materials in various countries.

Recently, considerable effort has directed toward developing ceramic matrix composites (CMC) that are specially aimed at aircraft braking applications. Much of this work has been based on pre-ceramic polymer impregnation of carbon fiber performs that may undergo as many as twelve polymer impregnations before the desired final density is reached. Typically the pre-ceramic polymer forms the ceramic matrix after pyrolyzation between about 850ºC and about 1600 ºC

Carbon and graphite materials are widely used in general engineering and other applications because of their remarkable characteristics such as a capability to withstand high temperature up to 2500 0C, good thermal shock resistance, low coefficient of thermal expansion, good thermal and electrical conductivities, high resistance to thermal attack, low friction and wear and low density. Their use is limited due to their degradation in an oxidizing atmosphere even at temperature as low as 4000C.The solution to the above serious drawback can help much carbon based industries dealing with the development of structural component for the high temperature applications. In order to devise the solution to the oxidation of carbon materials many attempts have been made to coat the carbon materials with oxidation inhibitor such as SiC, HFBr2 and B2O3 and also to dope them  with phosphorous and boron containing compound. The coating technique however , suffers from the disadvantage of developing cracks on heating resulting from the mismatch of the CTE between the coating material and the substrate namely the carbon material while the doping technique could protect oxidation only upto 7000c. To overcome this problem and to develop oxidation resistant carbides into the substrate during their processing has also been tried and this method has led to development of oxidation resistant carbon-ceramic composites. 
Carbon and graphite materials are known as excellent high temperature ceramics when they are used in a non-oxidizing atmosphere. As carbon powder is nonsinterable, the product is generally fabricated through pitch binder phase. The calcined coke is mixed with pitch binder and heat treated for carbonization and graphitization. However pitch phase decompose during the process of heat treatment and many pores are formed inside the material. Therefore it is known to be difficult to fabricate a dense and strong carbon and graphite body for structural application. Recently NPL had successfully developed a method to make carbon powder sinter without any pitch binder phase. One of the use of boron compound as a sintering aid and the other is the use of sinterable carbon powder transformed from the non-sinterable state by mechanical chemical treatment. 

Development of carbon based oxidation resistant composites without doping or coating technique and by incorporating ceramic carbides namely silicone carbide (SiC) and boron carbide (B4C) during the processing of the composites has also been attempts by various researches including the carbon technology group at NPL. It would be worthwhile to mention here that some R&D work already carried out on C –SiC-B4C composite at NPL could resist oxidation at 800ºC-1200 ºC for extended hours. These carbon ceramic composite have been prepared using coal tar pitch based green coke developed at NPL, commercially available silicon, silicon carbide forming material through sol-gel technique or as a particulate and boron carbide. The use of silicon will be advantageous because SiC is formed in situ at atmospheric pressure at around 1400ºC which can give dense composites. Further this method does not require infiltration of molten silicon under pressure which is a tedious and expensive procedure.   

Carbon materials and high melting ceramics are generally difficult to sinter. Therefore it is generally difficult to prepare highly densified carbon-ceramic composite. It was found that raw coke is sinterable when sufficiently grounded. Pressureless sintering of carbon/ ceramic composite have been tried by coke. Based on pressureless sintering this process is suited for mass production of the composite materials in particular for the production of the C/SiC/B4C composite which is being applied to various areas for its improved resistance to oxidation 

In the present work an attempt has been made to develop carbon ceramic composites by using green coke, carbon black as carbon source, silicon (Si) as micron and nano dimension silicon carbide precursors or SiC and B4C in different proportion. The product so obtained was characteristics at every stage of heat treatment. The composite were also tested for their oxidation resistance at elevated temperatures (about 800-12000C) in air. The oxidation of carbon materials is solid-gas reaction and the reaction rate is dependent on the radius of the particle. With a view to see the effect of nano and micro silicon carbide, C- nano SiC- B4C composite were also developed using carbon black and silicon as SiC precursor and characterized in this work. By the edition of boron compounds such as B2O3, B4C and metal borides, calcined coke could be sintered above at 20000C under some pressure. In this case sintering occurred with diffusion of boron compound into substiuonal position of the carbon atoms in graphite structure. With the diffusion of boron, sintering of a carbon grains occurred and graphitization proceeded more rapidly at the temperature range 20000C to 30000C. 
Those graphite ceramic and carbon/ ceramic composite inherited the excellent properties of both carbon and the properties could be controlled by the kind of ceramic and the content of addition. This report describes the fabrication method and some properties of composite. Carbon ceramic composite material have wide application as various temperature materials, mechanical part materials ceramic materials material for use in chemical industries or electric or electronic material. Carbon and graphite materials are used in diverse engineering application due to their remarkable characteristic, such as good thermal shock resistance, very low coefficient of friction, inertness to most chemicals good thermal and electrical conductivities light weight capability of with stand high temperature and their ability to retain their strength at high temperature. In spite of the above advantages high temperature applications of carbon materials are restricted in vacuum or an inert atmosphere due to their oxidation loss in air 5000C, this oxidation prices results in the erosion of the structure and eventually in the degradation of the properties which the material originally processed. Therefore a reliable protection of the carbon materials against oxidation is essential for their use as high temperature materials.
Therefore to provide effective coating, following condition should be satisfied-
(1) Coefficient thermal expansion of the coating should be closer to that of carbon to avoid cracking and de- bonding caused by the mismatch in thermal expansion of the coating and the carbon substrate.

(2) Good adhesion to carbon substrate.

(3) Volatile oxide formation should be minimum. 

(4) Coating should be able to cover the total exposed surface and thus block the active sites.
Unfortunately, no signal material has been found to be able to satisfy all the above condition. Hence the mixture of oxidation of inhibitors is employed. Among the various combination of carbon and different kinds of oxidation resistant materials the C-SiC –B4C system has been found to possess excellent inhibitory effect against air oxidation. How ever, they show different self- protection behavior at different temperatures, depending on the ceramics content as well as their application temperature. 
To see the effect of ceramic content and the ratios of carbon to ceramic and ceramic to ceramic detailed study was out by taking different quantities of C- SiC and B4C for the development of carbon ceramic composites.
CHAPTER 4

Development of (C-nano/micro-SiC-B4C)
Carbon Ceramic Composite
4.1 Introduction 
Carbon and its products have wide range of application which has made it such an important element for present R&D work .This serious lacuna which restricts the application of carbon products at high temperature is the oxidation of product at temperature as low as 4000C. The drawback can be overcome by incorporating certain ceramic components/inorganic salts which can protect the carbon by covering/watering it with oxidation resistant layer. Carbon ceramic composites as the name suggest involve the use of ceramic such as silicon carbide, boron carbide, Ta2C, HFO2 etc...
A lot of R&D work had already been carried out at National Physical Laboratory (NPL). Carbon Ceramic composites were developed by using carbon, silicon carbide and boron carbide in different proportion. These Carbon Ceramic Composites so developed were also made to undergo oxidation test in the temperature range of 800°C-1200°C and certain composition were found to be suitable for all the temperature range for long exposure time.
 Carbon-ceramic composites were developed by incorporating nano sized silicon carbide (nano-SiC) formed in-situ in the carbon-ceramic composites by reaction between carbon black and silicon at the temperature of 1400°C [6]. The composites so developed (C-nano-SiC-B4C) were found to possess low bending strength and bulk density where as they exhibited good oxidation resistance at temperatures 800ºC and 1000ºC. To improve the strength of C-nano-SiC-B4C composites it was proposed to coat the constituents with same kind of binder.
In the present work carbon-ceramic composites (C-micro/nano SiC-B4C) were developed by coating either one constituents or all the constituent of the composites and were characterized w.r.t. various parameters such as bulk density weight loss volume shrinkage bending strength etc. They were also studies for their oxidation resistance in the temperature range of 800-1200ºC for extended hours.
4.2 Equipment used
Ball Mill:
Ball mill, a type of grinder, is a cylindrical device used in grinding (or mixing) materials like ores, chemicals, ceramic raw materials and paints. Ball mills rotate around a horizontal axis, partially filled with the material to be ground plus the grinding medium. Large to medium-sized ball mills are mechanically rotated on their axis, but small ones normally consist of a cylindrical capped container that sits on two drive shafts (pulleys and belts are used to transmit rotary motion).

High-quality ball mills are potentially expensive and can grind mixture particles to as small as 0.0001 mm, enormously increasing surface area and reaction rates. The grinding works on principle of critical speed. The critical speed can be understood as that speed after which the steel balls (which are responsible for the grinding of particles) start rotating along the direction of the cylindrical device; thus causing no further grinding.
Following are the specifications for the Ball milling 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
	15 minutes

	Duration of off Cycle
	5 minutes

	Total Ball Milling time
	6 hrs.
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                                 Figure- 4.1 Ball Mill machine
Electric Furnace:

Furnaces range in size from small units of approximately one ton capacity (used in foundries for producing cast iron products) up to about 400 ton units used for secondary steelmaking. Arc furnaces used in research laboratories and by dentists may have a capacity of only a few dozen grams. Electric arc furnace temperatures can be up to 1,800 degrees Celsius. Arc furnaces differ from induction furnaces in that the charge material is directly exposed to the electric arc, and the current in the furnace terminals passes through the charged material.
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                           Figure- 4.2 Electric Furnace machine
Electrical resistivity:

The electrical resistivity of the specimen of a carbonized product is determined by passing a suitable current across the cross- section of the specimen placed between two thick copper or brass plates and measuring the potential drop across a known distance along the length of the specimen with the help of a micro voltmeter using two probes. The electrical resistivity is then easily obtained from the following equation:
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                 Figure 4.3- Electrical resistivity machine
P = (V X A) / (I X L)

Where, P = resistivity of the test-specimen (Ohm cm)

  V = potential drop across the probes (volt)

  A = area of cross-section of test-specimen (cm2)

   I = magnitude of d.c. current (ampere)

  L = distance between the probes pin (cm)
Instron universal bending strength testing machine:


The Instron universal testing machine, model 4411, was used to determine the bending strength of the carbonized plates. The test specimen is kept on two knife edges to hold the specimen tightly. A slowly increasing load is applied on the specimen at a cross-head speed of 0.5mm/min through the middle knife edge till the specimen breaks. Stresses so developed in the test are measured with the help of a load cell and recorded on a chart. The vertical movement of the chart corresponds to the deflection in the specimen. The, a load versus deflection plot of the specimen in obtained. The bending strength is then calculated as follows:
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                Figure 4.4 - Bending Strength Instron universal testing machine
Bending strength = (3 Pmax x S)/ (2bt2)
 Where,   Pmax = maximum load at which the test-specimen breaks

                    S = Span length (usually 20 mm)

                    b = width of the test-specimen 

                     t = thickness of the test-specimen 

4.3 Methodology
 Carbon source used in the present study is a coal tar pitch derived carbon powder (called green coke). A suitable Quinoline Insoluble (QI) free CTP is heat treated in N2 atmosphere at 450°C -500°C for required duration of time. This heat treated CTP is then grounded into fine powder using centrifugal Ball mill. This powder is called green coke. Green coke are characterized w.r.t various parameters such as Quinoline Insoluble (QI) and Toluene Insoluble content (TI).
This green coke powder was used as such and also coated with suitable binder to obtain modified/coated green coke. The green coke powder (as such& modified) was then mixed with suitable additives namely carbon black (CB), silicon (Si) and boron carbide (B4C) in suitable proportion to get GC-Si-B4C & GC-CB-Si-B4C green composites. Carbon-Ceramic composites were also prepared using coated silicon, green coke and boron carbide. The green coke powder and ceramic powder were then molded into product (plates) using conventional press and carbonized to 1000ºC or higher upto 1400ºC to obtain rigid carbon and carbon-ceramic composites (products). The sample prepared was characterized with respect to various parameters such as bulk density, weight loss, volume shrinkage, bending strength, electrical resistivity etc. These carbon-ceramic composites developed through different routs were also studied for their oxidation resistance at elevated temperatures. 
4.4 Characterization
1) Quinoline and Toluene Insoluble (QI & TI):-
             The desired amount of sample (0.5gm to 1gm) is stirred for about one hour in quinoline / toluene (30 ml) in a 50ml beaker at 75°C to 90°C in water bath. The entire sample is quantitatively transferred into G-4 gooch crucible inserted into a flask attached to a vacuum pump which removes the quinoline / toluene and the residue is washed three times with about 30ml of acetone. The crucible with the residue is removed from the flask of oven dried at 105°C for about one half to one hour and weighed after it has cooled down in a desiccator for about half an hour. This method is also an ASTM procedure D2318 for QI and ASTM-D4072 for TI.
The concentration of QI/TI is calculated by using following equation:- 

QI / TI (%) = ((W3-W2)/W1)) x100
Where W1 → weight of the sample


 W2 → weight of empty crucible 


W3 → weight of crucible with residue.
2) Softening Point Measurement:-
  
The softening point of the coal tar pitch has been measured by the ring and ball method in accordance with the ASTM-D-2398 specification, which is described below. This method covers the determination of the softening point for pitches having a softening point in the range of 30-2000C by means of the ring and ball apparatus. The softening point is defined as the temperature at which a disc of the sample held within a horizontal ring is forced downward a distance of 2.54 cm under the specific weight of a steel ball as the sample is heated at a prescribed rate in a water or glycerin bath.
A portion of the sample is heated until it has become sufficiently liquid to pour, the temperature to be raised by no more than 750C above the anticipated softening point. The sample is poured into two rings preheated to the pouring temperature. While being filled, the rings should rest on an amalgamated brass plate. After cooling to room temperature, the excess material is trimmed off with a heated spatula or knife. Should it be necessary to repeat the process, a fresh sample and clean rings are mandatory? Centering guides are used to place the balls on the specimen, and the assembly is placed in a bath filled with distilled water or glycerin, to a depth of not less than 10 cm and not more than 10.6cm. The temperature of bath is maintained at 50C for 15 minutes.
The temperature is raised at 5±0.50C/min. The temperature observed at the instant the sample surrounding the ball touches the bottom plate is recorded. The bottom plate is placed 2.54 cm below the ring holder. If the difference between the valves obtained for two specimens exceeds 10C, the test is repeated.
3) Determination of coking value (CV):
A sample of the binder is vaporized for a specific time at a specified temperature in equipment that limits the oxygen supply. This method indicates the coke forming properties of the binder.
A 20g portion of the sample is crushed to minus 30mesh. Three grams of the prepared sample is weighed out in a tared porcelain crucible on an analytical balance. The crucible is then placed in a quartzed glass reaction vessel having a provision for flowing of oxygen free nitrogen gas. The quartz glass assembly is then placed in an electrical muffle furnace the temperature of which is gradually raised 950ºC at a specified rate and maintained for exactly 30 minutes. The crucible is then cooled to room temperature and weighed again on the analytical balance. From these observation the coking value is calculated as the residue per cent of the sample taken by given formulae.

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

 Where      W1- weight of sample at room temperature

                  W2- weight of sample at 9500C temperature
4) Determination of ash content:
A representative portion of the dry sample is reduced to minus 30 mesh.10gof the prepared sample are weighed out in an ignited crucible (porcelain , silica or platinum) on an analytical balance .the crucible is then carefully heated in an electrical muffle furnace to 950 ºC for 30 minutes. When all the carbon has been combusted the crucible is cooled and weighed again. The ignition at 950 ºC is repeated until constant weighed is obtained. From these observations the ash is calculated as the residue percent of the sample taken.

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

 Where      w1- weight of sample at room temperature

                  w2- weight of sample at 9500C temperature

5) Determination of specific gravity:
 A fragment weighing 5-20g of the pitch is suspended by a thin nichrome wire from an analytical balance and its weight both in air and in distilled water at a particular temperature is determined. The specific gravity is then calculated from the relationship

Specific gravity = (a) / (a-b)
Where, a and b are the weights of the specimen in air and in distilled water respectively. The specimens could also be prepared by casting in moulds
6) Determination of weight loss (WL):

The weight loss in a green carbon plates upon carbonization (HTT~ 1000ºC) or 1400ºC HTT is determined by knowing the weight of the green carbon plates in green and after 1000ºC or 1400ºC states. It is given by the following expression:-
                          Weight loss (%) = [(w-W)/W] x 100
 Where,    

                 W = weight of the green carbon plates

                  w = weight of the carbon plates after 1000ºC or 1400ºC
7) Determination of volume shrinkage (VS):

The Volume shrinkage loss in a green carbon plates upon carbonization (HTT~ 1000ºC) or 1400ºC HTT is determined by knowing the volume of the green carbon plates in green and after 1000ºC or 1400ºC states. It is given by the following expression:-
Volume shrinkage (%) = [(v-V)/V] x 100
 Where,    

                 V = volume of the green carbon plates

                 v = volume of the carbon plates after 1000ºC or 1400ºC
8) Determination of linear shrinkage (LS):

Linear shrinkage in a green carbon plates upon carbonization (HTT~ 1000ºC) or 1400ºC HTT is determined by knowing the length of the green carbon plates in green and after 1000ºC or 1400ºC states. It is given by the following expression:-
                        Linear shrinkage (%) = [(l-L)/L] x 100

 Where,    

                 L = length of the green carbon plates

                 l = length of the carbon plates after 1000ºC or 1400ºC
A specially NPL designed equipment is employed for the measurement of electrical resistivity. This equipment works on the basis 

4.5 Development of carbon monolith from green coke
The green coke powder obtained by the suitable heat treatment of coal tar pitch was ground in the planetary ball mill and the fine powder after oven drying was molded into plates of dimension 40x10x5 mm3 using unidirectional hydraulic press under the pressure of 2000kg/cm2 maintained for 5min. The molded plates were than carbonised to 1000°C in an inert atmosphere of nitrogen gas. The heat treated samples were characterized with respect to the characteristics of the carbon monolith derived from green coke powder are given in Tble-4.1. The value of bulk density indicate that  the green coke undergoes both weight loss and volume shrinkage upon heat treatment to 1000ºC &1400ºC leading to increase in the bulk density from 1.32 gm/cm3 to 1.67 gm/cm3 & 1.80 gm/cm3 at room temperature, 1000 ºC and 1400 ºC  HTT respectively.
Table-4.1: Characteristics of green coke derived carbon monolith
	S. No.
	Characteristics
	HTT

Code
	Green coke derived carbon monolith

	1.
	Green density (g cm-3)
	RT
	1.32

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.67

1.80

	 3.
	      Weight loss (%)
	1000°C

1400°C
	   10.0

  11.5

	4.
	Volume shrinkage (%)
	1000°C

1400°C
	29.4

              35.5

	5.
	Length shrinkage (%)
	1000°C

1400°C
	10.6

   12.5

	6.
	Bending strength (MPa)
	1400°C
	               120

	7.
	Electrical resistivity (mΩcm)
	1000°C

1400°C
	                4.8

                3.1


This is due to fact that green coke derived carbon monolith loses volatile matter upon heat treatment. The high density and shrinkage result in high bending strength of 120 MPa. As the heat treatment temperature is increased the electrical resistivity decreases from 4.8 mΩcm at 1000ºC to 3.1 mΩcm at 1400ºC. This ball milled green coke powder was used as such in the development of carbon-ceramic composites.
4.6 Development of carbon-ceramic composites (C-nano-SiC-
      B4C) using carbon black and silicon as SiC precursor
          The green coke powder, carbon black, silicon powder (-200 sieved) and boron carbide (B4C) particulates are mixed in proportion of 65:4.5:10:20 to get batch G-1. The homogeneous mixture was then molded into a product (plate or block) using conventional press and carbonized upto 1000ºC and then higher to 1400ºC to obtain C-nano-SiC-B4C composites using carbon black and silicon as SiC precursor. The characteristics of the C-nano-SiC-B4C composites are given in table-4.2.
       Table-4.2: characteristics of carbon-ceramic composites batch G-1  

	S. No.
	Characteristics
	HTT

Code
	Values

(Batch G-1)

	1.
	Green density (g cm-3)
	RT
	1.49

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.76

1.81

	 3.
	      Weight loss (%)
	1000°C

1400°C
	5.66

7.00

	4.
	Volume shrinkage (%)
	1000°C

1400°C
	16.92

22.37

	5.
	Length shrinkage (%)
	1000°C

1400°C
	7.14

8.57

	6.
	Bending strength (MPa)
	1400°C
	              100

	7.
	Electrical resistivity (mΩcm)
	1400°C
	6.01


The value of bulk density at room temperature is higher i.e. 1.49 g/cm3 as compared to carbon monolith i.e.1.32 g/cm3 which is due to the ceramic content present in the precursor mixture. Also the density of the composite increases from 1.49 g/cm3 as room temperature to value of 1.76 g/cm3 on heat treatment to 1000ºC and to 1.81g/cm3 on HTT to 1400ºC. This may be attributed to the self sintering property of the green coke and also due to the formation of nano-SiC through the melting of silicon which reacts with carbon black. Bending strength of the composites at 1400ºC HTT found to be 100 MPa which is less than the carbon monolith (120 MPa).This may be due to the formation of nano-SiC in the composites. It is further seen from Table-4.2 that weight loss and volume shrinkage values are less (i.e. 6.96% and23.37% respectively) in the composites batch G-1 during heat treatment from 1000ºC to 1400ºC as compared to those for carbon monolith derived from green coke (Table-4.1) which may be due to less quantity of green coke and also due to addition of silicon and carbon black which generally attributed towards volume shrinkage and weight loss because all the other component like  silicon, carbon black and boron carbide do not undergo any weight or dimensional changes. The value of electrical resistivity at 1400ºC is higher for carbon-ceramic composites as compared to carbon monolith which is due to the presence of ceramic content.

X-ray analysis:-
The X-ray diffraction studies of the carbon-ceramic composites (C-nano-SiC-B4C) were carried out to confirm the formation of β-SiC in these composites. The X-ray powder pattern of the carbon – ceramic composites (1400°C heat treated, Batch G-1) developed through in – situ method by the reaction of Si with carbon black to form SiC is given in Fig. 4.5. These analysis show the formation of β-SiC peaks at 2θ=35.5º, 60º and 72º. The peaks due to carbon are observed at 2θ=26º and peaks of B4C are observed at 2θ=24º, 32º and 38º. The peaks due to free silicon are not observed thereby confirming that the reaction between Si and carbon black is completed resulting in the formation of SiC.
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Figure 4.5: X-ray diffraction pattern of C-nano-SiC-B4C composites developed using carbon black and silicon as SiC precursor (Batch G-1, 1400ºC HTT)

4.6.1 Oxidation resistance studies of carbon-ceramic compo-

         sites using carbon black and silicon as SiC precursor
Oxidation resistance of the C-nano-SiC-B4C composites batch G-1 so developed was studied by taking specimen of size 12mm x 3mm x 5 mm. The samples were weighed and heat treated in air upto 800°C and 1000°C for determination of oxidation resistance at different intervals of time. The samples specimen were first heated upto the required temperature in argon followed by heating in air for the specified period and then cooled in argon upto room temperature and weighed again to see the weight change. The results of the oxidation resistance studies of these composites in air at temperatures of 800°C and 1000°C for periods of 1, 5 and 10hr respectively are given in Table-4.3.      
Table- 4.3: Oxidation resistance studies of composites batch G-1
	Batch
	Oxidation temperature
	Weight change (%) at different soaking time

	
	
	1h
	5h
	10h
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	800°C
	0.08
	0.24
	0.33

	
	1000
	-0.04
	-0.13
	-0.29


The oxidation resistance study of composites show weight gain of 0.08%, 0.24% and 0.33% at 800ºC for 1, 5 and 10h, respectively. The weight gain of the C-nano-SiC-B4C composites at 800oC in air is due to the formation of B2O3 by the oxidation of B4C in air according to the reaction.
                            B4C + 4O2                             2B2O3+ CO2         ……….. (1)

          At 1000ºC, the composite batch G-1 exhibited a negligible weight loss of 0.13% and 0.29% at 5h and 10h respectively which may be attributed to the volatilization of B2O3 coating. Further SiC content in these composites is only around 14.3 grams which exhibited oxidation resistance at 800 -1000ºC.
4.6.2 SEM Analysis

The surface morphology of the sample was determined by scanning electron microscopy. The SEM of composite before and after oxidation at 800ºC for 10h are given in fig. 4.6 & fig .4.7.
The SEM micrograph of batch G-1 HTT 1400ºC (Fig.-4.6) show the presence of both SiC and B4C where as the composite oxidized at 800ºC for 10h(fig.-4.7) shows the formation of boric oxide (B2O3) coating resulting from the oxidation of boron carbide (B4C) in air.
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   Figure 4.6: SEM of C-nano-SiC-B4C composites developed using silicon  

           and carbon black as SiC precursor (Batch G-1, 1400ºC HTT)
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    Figure 4.7: SEM of C-nano-SiC-B4C composites developed using silicon   

       and carbon black  as SiC precursor (Batch G-1, 1400ºC HTT) oxidized 
              at 8000C for 10h 
4.7 Development of carbon-ceramic composites (C-nano-SiC-B4C)        
        using coated green coke  

         The coated (modified) green coke, carbon black, silicon and boron carbide were mixed in suitable proportion of 65:4.5:10:20 and 42:13:30:15 to get batches G-2 & G-3 respectively. The mixture so obtained were then molded into product (plate) using conventional press and carbonized to 1000ºC and then higher to 1400ºC to obtain carbon-ceramic composites. The samples prepared were characterized with respect to bulk density, weight loss, volume shrinkage, electrical resistivity and bending strength. These values are given in Table-4.4.  

        Table - 4.4: Characteristics of carbon-ceramic composites batches 
                                                     G-2 and G-3
	S.No
	Characteristics
	HTT

Code
	Values

Batch G-2       Batch G-3

	1.
	Green density (g cm-3)
	RT
	1.50
	1.54

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.77

1.83
	1.68

1.70

	3.
	       Weight loss (%)
	1000°C

1400°C
	5.99

6.89
	3.56

5.62

	4.
	Volume shrinkage (%)
	1000°C

1400°C
	16.83

22.78
	6.83

11.25

	5.
	Length shrinkage (%)
	1000°C

1400°C
	6.83

8.20
	2.40

3.57

	6.
	Bending strength (MPa)
	1400°C
	115.5
	     52

	7.
	Electrical resistivity (mΩcm)
	1400°C
	6.13
	20.42


               It is seen from the values that bulk density and bending strength of batch G-2 at 1400ºC are higher as compared to its equivalent batch G-1 which is may be due to the enhanced binding of the components by the pitch coating of the green coke where as much difference in the values of weight loss, volume shrinkage, electrical resistivity are not observed.

            The values for the batch G-3 show density of 1.70 g/cm3 at 1400ºC which is less as compared to G-2. The low density and bending strength (52 MPa) at 1400ºC for batches G-3 may be due to high amount of carbon black and low concentration of green coke in precursor powder and formation of nano-SiC in higher quantity (i.e.43g) in batch G-3 as compared to G-2 (i.e. 14.5g).  
           The weight loss and volume shrinkage are less for batch G-3 (i.e.5.63%&11.25%) as compared to batch G-2 due to less amount of green coke. The electrical resistivity at 1400ºC was higher (20.42mΩcm) for batch G-3 due to higher concentration of ceramic in this composite.   
    
X-ray analysis:-

The X-ray diffraction studies of the carbon-ceramic composites(C-SiC-B4C) were carried out to confirm the formation of β-SiC in these composites. The X-ray powder pattern of the carbon – ceramic composites (1400°C heat treated, Batch G-2) developed through in – situ method by the reaction of Si with carbon black to form SiC is given in Fig. 4.8. These analysis show the formation of β-SiC peaks at 2θ=35.5º, 60º and 72º. The peaks due to carbon are observed at 2θ=26º and peaks of B4C are observed at 2θ=24º, 32º and 38º. The peaks due to free silicon are not observed thereby confirming that the reaction between Si and carbon black is completed resulting in the formation of SiC.
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  Figure 4.8: X-ray diffraction pattern of C-nano-SiC-B4C composites 
     developed using coated green coke (Batch G-2, 1400ºC HTT)
4.7.1 Oxidation resistance studies of carbon-ceramic composites        
        developed using coated green coke
Oxidation resistance of the carbon – ceramic composites so developed was studied by taking specimen of size 12mm x 3mm x 5 mm. The samples were weighed and heat treated in air upto 800°C and 1000°C for determination of oxidation resistance at different intervals of time. The samples specimen were first heated upto the required temperature in argon followed by heating in air for the specified period and then cooled in argon upto room temperature and weighed again to see the weight change. The results of the oxidation resistance studies of these composites in air at temperatures of 800°C and 1000°C for periods of 1, 5 and 10hr respectively are given in Table-4.5.  
Table- 4.5: Oxidation resistance studies of composites batches G-2 & G-3
	Batch
	Oxidation temperature
	Weight change (%) at different soaking time

	
	
	1h
	5h
	10h
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	800°C
	0.12
	0.43
	0.72

	
	1000°C
	0.12
	0.27
	0.36

	
	800°C
	0.24
	0.65
	1.03

	
	1000°C
	0.39
	0.78
	0.91


It is seen from the Table - 4.5 that the batch G-2 and G-3 both show weight gain at 800oC and 1000oC. The weight gain at 800oC for batch G-2 is less (i.e. 0.72 for 10h) as compared to batch G-3 (i.e. 1.03 for 10h). This may be attributed to high concentration of nano-SiC in batch G-3. Since B4C starts oxidizing at low temperature (around 750 oC) leading to excess weight gain at 800oC in air are due to the formation of B2O3 by the oxidation of B4C in air according to the reaction.
                            B4C + 4O2                             2B2O3+ CO2         ……….. (1)

At 1000oC the weight gain observed for both the batches due to the formation of SiO2 from SiC in air by the following reaction.   
                              SiC+2O2                                       SiO2+CO2              ………………… (2)

        At 1000oC the weight gain observed for both the batches was comparatively lesser then that observed at 800oC. This may be attributed to the volatilization of boric oxide (B2O3) layer at higher temperature.
4.7.2 SEM analysis
            The SEM micrograph of the composite batch G-2 as such and oxidized at 800oC for 10h are given in fig. 4.9 and fig. 4.10 respectively. 
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  Figure 4.9: SEM of C-nano-SiC-B4C composites developed using coated 
                             green coke (Batch G-2, 1400ºC HTT)
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Figure 4.10: SEM of C-nano-SiC-B4C composites developed using coated  

      green coke (Batch G-3, 1400ºC HTT) oxidized at 8000C for 10h

            In fig. 4.9 of as such batch G-2 the presence of pitch coating, silicon carbide formed by the reaction between carbon black and silicon and boron carbide can be  easily seen. The SEM micrograph of the composite batch G-2 oxidized at 800oC shows formation of glassy boric oxide layer (B2O3 layer) formed upon oxidation. This layer formation protects the composites from oxidation in the presence of air. In fig. 4.10, the presence of nano-SiC fiber of dimension (75nm diameter) are clearly seen which were not visible in the as such sample (fig. 4.9). This observation confirms the formation of nano-SiC fibers by the reaction between carbon black and silicon at 1400oC in the composites.
4.8 Development of carbon-ceramic composites (C-nano-SiC-B4C)    

      using coating of all the constituents 
 The green coke, carbon black, silicon and boron carbide were mixed in suitable proportion of 51:9:20:20 and coated by pitch to get batch G-4. A part of mixture was also calcined at 260 oC under vacuum for 2h to get batch G-5. 
Table-4.6: characteristics of composites batches G-4 and G-5
	S.No.
	Characteristics
	HTT Code
	Values


Batch G-4           Batch G-5

	1.
	Green density (g cm-3)
	RT
	1.49
	1.51

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.68

1.70
	1.71

1.73

	3.
	Weight loss (%)
	1000°C

1400°C
	3.73

4.54
	3.72

4.17

	4.
	Volume shrinkage (%)
	1000°C

1400°C
	15.63

15.74
	14.30

15.08

	5.
	Length shrinkage (%)
	1000°C

1400°C
	5.09

5.23
	4.71

5.12

	6.
	Bending strength (MPa)
	1400°C
	138.5
	92.7

	7.
	Electrical resistivity (mΩcm)
	1400°C
	14.6
	14.5


The as such coated batch G-4 and coated followed by calcined batch G-5 so obtained were then molded into product (plate) using conventional press and carbonized to 1000ºC or higher 1400ºC to obtained carbon-ceramic composites. The samples prepared were characterized with respect to bulk density, weight loss, volume shrinkage, electrical resistivity and bending strength. These values are given in table-4.6.
           The values for bulk density indicate that the batch G-5 processes higher green density i.e. 1.51 g/cm3 as compared to batch G-4 i.e. 1.49 g/cm3. This has further led to increase in the bulk density at 1000 ºC and 1400 ºC for batch G-5. The weight loss and volume shrinkage values follows opposite trend. Despite of higher density the batch G-5 exhibited low bending strength of 93MPa as compared to batch G-4 i.e.138 MPa. This may be attributed to the calcinations step involved in the processing of batch G-5. The electrical resistivities at 1400 ºC for both batches are nearly same.

X-ray analysis:-

The X-ray diffraction studies of the carbon-ceramic composites(C-nano SiC-B4C) were carried out to confirm the formation of β-SiC in these composites. The X-ray powder pattern of the carbon – ceramic composites 1400°C heat treated, Batch G-4 and G-5 developed through in – situ method by the reaction of Si with carbon black to form SiC is given in Fig. 4.11 & 4.12. These analysis show the formation of β-SiC peaks at 2θ=35.5º, 60º and 72º. The peaks due to carbon are observed at 2θ=26º and peaks of B4C are observed at 2θ=24º, 32º and 38º. The peaks due to free silicon are not observed thereby confirming that the reaction between Si and carbon black is completed resulting in the formation of SiC.
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  Figure 4.11: X-ray diffraction pattern of C-nanoSiC-B4C composites    

                        developed using using coating of the entire constituents 
                         (Batch G-4, 1400ºC HTT)
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     Figure 4.12: X-ray diffraction pattern of C-nanoSiC-B4C composite     

             developed using by coating of all the constituents and calcined  
                     (Batch G-5, 1400ºC HTT)

4.8.1 Oxidation resistance study of carbon-ceramic composites (C-nano- SiC-B4C) using coating of all the constituent & calcined
Oxidation resistance of the carbon – ceramic composites so developed was studied by taking specimen of size 12mm x 3mm x 5 mm. The samples were weighed and heat treated in air upto 800°C and 1000°C for determination of oxidation resistance at different intervals of time. The samples specimen were first heated upto the required temperature in argon followed by heating in air for the specified period and then cooled in argon upto room temperature and weighed again to see the weight change. The results of the oxidation resistance studies of these composites in air at temperatures of 800°C and 1000°C for periods of 1, 5 and 10hr respectively are given in Table - 4.7.
Table - 4.7: Oxidation resistance studies of C-nano-SiC-B4C composites batch G-4 and batch G-5
	Batch
	Oxidation temperature
	Weight change (%) at different soaking time

	
	
	1h
	5h
	10h

	
	800°C
	0.45
	1.26
	1.40

	
	1000°C
	0.39
	0.90
	1.30

	    
	800°C
	0.55
	1.66
	1.77

	
	1000°C
	0.37
	0.79
	0.93


It is seen from the Table - 4.7 that the both the composites batches G-4 and G-5 shows weight gain at 800°C -1000oC in air for the period of 10h. The weight gain of the C-nano-SiC-B4C composites at 800oC for G-4 and G-5 are 1.26% &1.40 and 1.66% & 1.77 for 5 and 10h respectively in air is due to the formation of B2O3 by the oxidation of B4C in air according to the reaction
                            B4C + 4O2                             2B2O3+ CO2         ……….. (1)

The weight gain at 1000oC for the composites G-4 and G-5 are observed to be 0.90% & 1.30% and 0.78% &0.91 for about 5 &10h respectively and this weight gain is due to the conversion of SiC into silica (SiO2). 

4.8.2 SEM analysis
            The SEM micrograph of the composites batch G-4 as such and oxidized at 800oC for 10h are given in fig. 4.13 and fig. 4.14 respectively.
[image: image25.png]EHT-15 T W= 13 mn
Detector= SE1 No.=8415 308 f—f NEW DELHI





[image: image26.png]i ? ot ¥y e
EHT=15.00 kV R S, NPL
Detector= SE1 No.=8416 1pn NEW DELHI





Figure 4.13: SEM of C-nano-SiC-B4C composites developed using 
coating of all the constituents (Batch G-4, 1400ºC HTT)
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Figure 4.14: SEM of C-nano-SiC-B4C composites developed using    

    coating of all the constituents (Batch G-4, 1400ºC HTT) oxidized at 
8000C for 10h
The SEM analysis of composites batch G-4 as such 1400ºC (fig-4.13) shows the presence of β-SiC, B4C and pitch coated green coke. The size of SiC derived by reaction between silicon and carbon black lies in the range of 40 to 167 nm where the particle size of B4C is from 33 to 200 nm. The particle size of SiC confirms the fact that SiC of nano dimensions are formed by the reaction between silicon and carbon black. Silicon carbide roads are not visible in the 1400ºC HTT composites batch G-4. The SEM micrograph batch G-4 oxidized at 800ºC for the period of 10h (fig.-4.14) shows the formation of boric oxide glassy layer covering the sample to protect from oxidation.
4.9 Development of carbon-ceramic composites (C-micro-SiC-
       B4C) using green coke, coated silicon and boron Carbide
   The green coke, coated silicon and boron carbide were mixed in suitable proportion of 60:20:20 to get batch G-6. The mixture so obtained were then molded into product (plate) using conventional press and carbonized to 1000ºC and then higher to 1400ºC to obtain carbon-ceramic composites. The samples prepared were characterized with respect to bulk density, weight loss, volume shrinkage, electrical resistivity and bending strength. These values are given in table-4.8.

The values in Table - 4.8 show that the composites batch G-6 possesses high bulk density at room temperature (i.e. 1.55 g/cm3)and corresponding high density at 1400ºC (i.e.1.86 g/cm3). The product undergoes maximum weight loss and volume shrinkage of 4.52 and 18.18 at 1000ºC respectively. The values of weight loss and volume shrinkage at 1400ºC HTT increases. This may be attributed to the presence of green coke in the composites. The batch G-6 exhibited very good bending strength of 155 MPa at 1400ºC; this may be due to the high bulk density and in-situ formation of SiC in the composites. The electrical resistivity of 8.3 mΩcm was observed for composites after heat treatment of 1400ºC. 
Table - 4.8: characteristics of composites batch G-6
	S.No
	Characteristics
	HTT

Code
	Values

Batch G-6

	1.
	Green density (g cm-3)
	RT
	1.55

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.81

1.86

	 3.          
	         weight loss (%)
	1000°C

1400°C
	4.52

4.59

	4.
	Volume shrinkage (%)
	1000°C

1400°C
	18.18

20.36

	5.
	Length shrinkage (%)
	1000°C

1400°C
	6.21

6.71

	6.
	Bending strength (MPa)
	1400°C
	155

	7.
	Electrical resistivity (mΩcm)
	1400°C
	8.3


X-ray analysis:-

The X-ray diffraction studies of the carbon-ceramic composites (C-micro-SiC-B4C) were carried out to confirm the formation of β-SiC in these composites. The X-ray powder pattern of the carbon – ceramic composites (1400°C heat treated, Batch G-6) developed through in – situ method by the reaction of Si with carbon black to form SiC is given in Fig. 4.15. These analysis show the formation of β-SiC peaks at 2θ=35.5º, 60º and 72º. The peaks due to carbon are observed at 2θ=26º and peaks of B4C are observed at 2θ=24º, 32º and 38º. The peaks due to free silicon are not observed thereby confirming that the reaction between Si and carbon black is completed resulting in the formation of SiC
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           Figure 4.15: X-ray diffraction pattern of C-nano-SiC-B4C composites   

                   developed using green coke, coated silicon and B4C 
                                        (Batch G-6, 1400ºC HTT)
4.9.1 Oxidation resistance study of carbon-ceramic composites  

       (C-micro-SiC-B4C) using green coke, coated silicon and boron 
         carbide
Oxidation resistance of the carbon – ceramic composites so developed was studied by taking specimen of size 12mm x 3mm x 5 mm. The samples were weighed and heat treated in air upto 800°C and 1000°C for determination of oxidation resistance at different intervals of time. The samples specimen were first heated upto the required temperature in argon followed by heating in air for the specified period and then cooled in argon upto room temperature and weighed again to see the weight change. The results of the oxidation resistance studies of these composites in air at temperatures of 800°C and 1000°C for periods of 1, 5 and 10hr respectively are given in Table - 4.9.  
 Table-4.9: Oxidation resistance studies of C-micro-SiC-B4C composites 
                                                batch G-6  
	 Batch           
	Oxidation temperature
	Weight change (%) at different soaking time

	
	
	1h
	5h
	10h

	  
	800°C
	0.33
	0.45
	0.62

	
	1000°C
	0.10
	-0.13
	-0.13


It is seen from the Table - 4.9 that the composites show weight gain at 800°C -1000oC in air 10 hours. The weight gain of the C-SiC-B4C composites at 800oC in air is due to the formation of B2O3 by the oxidation of B4C in air according to the reaction.

                            B4C + 4O2                             2B2O3+ CO2         ……….. (1)

        At 1000oC the composite upon oxidation undergoes negligible weight loss of 0.13% for 10h period. This may be due to volatilization of B2O3 layer in composites.
4.9.2 SEM analysis

            The SEM micrograph of the composites batch G-6 developed using coated silicon and 1400oC HTT as such is given in fig. - 4.16.       
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  Figure 4.16: SEM of C-micro-SiC-B4C composites developed using green   

         coke, coated silicon and B4C (Batch G-6, 1400ºC HTT)
The presence of silicon carbide having particle size in the range 1µm  where the size of B4C paticle was 2µm .This confirms the fact that the SiC formed in-situ by the reaction between green coke and coated silicon is of micron or submicron dimension.

4.10 Development of carbon-ceramic composites (C-nano-SiC-
        B4C) using green coke, carbon black coated silicon and   

         boron carbide

The   green coke, carbon black, coated silicon and boron carbide were mixed in suitable proportion of 51:9:20:20 to get batch G-7. The mixture so obtained were then molded into product (plate) using conventional press and carbonized to 1000ºC and then higher to 1400ºC to obtained carbon-ceramic composites. The samples prepared were characterized with respect to bulk density, weight loss, volume shrinkage, electrical resistivity and bending strength. These values are given in Table-4.10.
                         Table-4.10: characteristics of composites batch G-7
	S. No .
	Characteristics
	HTT

Code
	Values Batch

G-7

	1.
	Green density (g cm-3)
	RT
	1.50

	2.
	Baked density (g cm-3)
	1000°C

1400°C
	1.70

1.71

	 3.
	      Weight loss (%)
	1000°C

1400°C
	4.14

4.37

	4.
	Volume shrinkage (%)
	1000°C
1400°C
	15.39

16.22

	5.
	Length shrinkage (%)
	1000°C

1400°C
	5.16

5.87

	6.
	Bending strength (MPa)
	1400°C
	109.0

	7.
	Electrical resistivity (mΩcm)
	1000°C

1400°C
	              15.1

              12.4


The composites batch G-7 was found to possess lower bulk density at room temperature and also at 1400ºC i.e. 1.50 g/cm3 and 1.71 g/cm3 respectively as compared to batch G-6. This may be attributed to the lower content of green coke due to the addition of carbon black. The values of weight loss (i.e.4.37%) and volume shrinkage (I.e.16.22%) at 1400 ºC are also less in comparison to batch G-6. The bending strength at 1400 ºC was found to 109 MPa. This reduction in the bending strength from 155 MPa for batch G-6 to 109 MPa for batch G-7 may be attributed to the formation of nano silicon carbide by the reaction between coated silicon and carbon black. The electrical resistivity in increases to 12.4 mΩcm at 1400 ºC as compared to 8.3 mΩcm observed in the case of composites batch G-6.
X-ray analysis:-
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Figure 4.15: X-ray diffraction pattern of C-nano-SiC-B4C composites                                 developed using green coke, carbon black, coated silicon and boron carbide (Batch G-7, 1400ºC HTT)
The X-ray diffraction studies of the carbon-ceramic composites (C-SiC-B4C) were carried out to confirm the formation of β-SiC in these composites. The X-ray powder pattern of the carbon – ceramic composites (1400°C heat treated, Batch G-7) developed through in – situ method by the reaction of Si with carbon black to form SiC is given in Fig. 4.17. These analysis show the formation of β-SiC peaks at 2θ=35.5º, 60º and 72º. The peaks due to carbon are observed at 2θ=26º and peaks of B4C are observed at 2θ=24º, 32º and 38º. The peaks due to free silicon are not observed thereby confirming that the reaction between Si and carbon black is completed resulting in the formation of SiC.

4.10.1 Oxidation resistance study of carbon-ceramic composites  

        (C-nano-SiC-B4C) by green coke, carbon black, coated silicon               
         and boron carbide

Oxidation resistance of the carbon – ceramic composites so developed was studied by taking specimen of size 12mm x 3mm x 5 mm. The samples were weighed and heat treated in air upto 800°C and 1000°C for determination of oxidation resistance at different intervals of time. The samples specimen were first heated upto the required temperature in argon followed by heating in air for the specified period and then cooled in argon upto room temperature and weighed again to see the weight change. The results of the oxidation resistance studies of these composites in air at temperatures of 800°C and 1000°C for periods of 1, 5 and 10hr respectively are given in Table - 4.11.  
  Table - 4.11: Oxidation resistance studies of C-nano-SiC-B4C composites
                                         batch G-7 
	Batch
	Oxidation temperature
	Weight change (%) at different soaking time

	
	
	1h
	5h
	10h

	
	800°C
	0.54
	1.51
	1.63

	
	1000°C
	0.20
	0.43
	0.63


It is seen from the Table - 4.11 that the composites show weight gain at 800°C -1000oC in air 10 hours. The weight gain of the C-SiC-B4C composites at 800oC in air is due to the formation of B2O3 by the oxidation of B4C in air according to the reaction.

                            B4C + 4O2                             2B2O3+ CO2         ……….. (1)

The weight gain at 1000oC for the composites G-7 (Table-11) is observed to be 0.43% and 0.63% respectively for about 5 &10 hours and this weight gain is due to the conversion of SiC into silica (SiO2) as per following reaction. 

                              SiC+2O2                                       SiO2+CO2              ………………… (2)

The weight gain at 1000 oC is less compared to 800 oC which may be attributed to the partial volatilization of boric oxide glassy coating.
4.10.2 SEM analysis
            The SEM micrograph of the composites batch G-7 as such and oxidized at 800oC for 10h are given in fig. 4.17 and fig. 4.18 respectively.

           The SEM analysis of composites batch G-7 as such 1400ºC (fig-4.16) shows the presence of β-SiC fiber, B4C and green coke.  Silicon carbide formed by the reaction between carbon black and pitch coating silicon and boron carbide can be easily seen. The SEM micrograph of the composite batch G-2 oxidized at 800oC shows formation of glassy boric oxide layer (B2O3 layer) formed upon oxidation. This layer formation protects the composites from oxidation in the presence of air. In fig. 4.16 the presence of nano-SiC fiber of dimension (70 nm diameter) are clearly seen which were also visible in the oxidized sample fig. 4.17. This observation confirms the formation of nano-SiC fibers by the reaction between carbon black and silicon at 1400oC in the composites.
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      Figure 4.17: SEM of C-nanoSiC-B4C composites developed using green  

           coke, carbon black, coated silicon and  boron carbide (Batch G-7,

                   1400ºC HTT)
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    Figure 4.18: SEM of C-nano SiC-B4C composites developed using green  

          coke, carbon black, coated silicon and  boron carbide (Batch G-7, 

                   1400ºC HTT) oxidized at 8000C for 10 h


[image: image37]4.11 Summary of all the batches 
Table no. 4.12 - Compositions of all batches

	
	
	          Compositions (in grams)
	Coated material

	
	
	G.C.
	  C.B.
	Si
	B4C
	

	1
	C.M.
	100
	0
	0
	0
	Green coke only

	2
	G-1
	65
	4.5
	10
	20
	All uncoated

	3
	G-2
	65
	4.5
	10
	20
	Coated  G.C.

	4
	G-3
	42
	13
	30
	15
	Coated G.C.

	5
	G-4
	51
	9
	20
	20
	All coated

	6
	G-5
	51
	9
	20
	20
	All coated & calcined

	7
	G-6
	60
	0
	20
	20
	Coated Si

	8
	G-7
	51
	9
	20
	20
	Coated Si


    Where –

       G.C.  -  Green coke    
       C.B.  -   Carbon black

        Si     -    Silicon

       B4C   -   Boron carbide
Table no. 4.13 - Characteristics of all the batches

	
	
	
	Values of all batches

	
	
	
	C.M.
	G-1
	G-2
	G-3
	G-4
	G-5
	G-6
	G-7

	1
	G.D. (g cm-3)
	RT
	1.32
	1.49
	1.50
	1.54
	1.49
	1.51
	1.55
	1.50

	2
	B.D. (g cm-3)
	1000°C

1400°C
	1.67

1.80
	1.76

1.81
	1.77

1.83
	1.68

1.70
	1.68

1.70
	1.71

1.73
	1.81

1.86
	1.70

1.71

	3
	      W.L. (%)
	1000C

1400°C
	10.0

11.5
	5.66

7.00
	5.99

6.89
	3.56

5.62
	3.73

4.54
	3.72

4.17
	4.52

4.59
	4.14

4.37

	4
	V. S. (%)
	1000°C

1400°C
	29.4    35.5
	16.92

22.37
	16.83

22.78
	6.83

11.3
	15.63

15.74
	14.30

15.08
	18.2
20.4
	15.4
16.2

	5
	L. S.  (%)
	1000°C

1400°C
	10.6 12.5
	7.14

8.57
	6.83

8.20
	2.40

3.57
	5.09

5.23
	4.71

5.12
	6.21

6.71
	5.16

5.87

	6
	B. S. (MPa)
	1400°C
	 120
	  100
	115.5
	    52
	138.5
	92.7
	155
	109

	7
	E. R. (mΩcm)
	1400°C
	  3.1                  
	6.01
	6.13
	 20.4
	14.6
	14.5
	8.3
	12.4              


Where –
 C.M. – Carbon Monolith
 G.D. – Green Density
 B.D.     Bulk Density
 W.L. - Weight Loss

V.S.  -  Volume Shrinkage

L.S.  -   Length Shrinkage

B.S.  -   Bending Strength

E.R.  -   Electrical Resistivity
Table no. 4.14 – Oxidation resistance study of all batches
	
	
	
	Weight change (%) at different soaking time of all batches

	
	
	
	G-1
	G-2 
	G-3
	G-4
	G-5
	G-6
	G-7

	
[image: image38]
	
	1h
	0.08
	0.12
	0.24
	0.45
	0.55
	0.33
	0.54

	
	
	5h
	0.24
	0.43
	0.65
	1.26
	1.66
	0.45
	1.51

	
	
	10h
	0.33
	0.72
	1.03
	1.40
	1.77
	0.62
	1.63

	
	
	1h
	-0.04
	0.12
	0.39
	0.39
	0.37
	0.10
	0.20

	
	
	5h
	-0.13
	0.27
	0.78
	0.90
	0.79
	-0.13
	0.43

	
	
	10h
	-0.29
	0.36
	0.91
	1.30
	0.93
	-0.13
	0.63
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      Fig no. 4.19 – X-ray diffraction pattern of C-nano-SiC-B4C composites   

                                                (all batches)

5.0 Conclusions 

1. Carbon-ceramic composites developed show oxidation resistance at 800oC to 1000oC for about 10h. The commercial silicon melts around 1400oC and reacts with carbon forming in-situ SiC on carbonization of green coke which is the carbon precursor in the carbon – ceramic composites.

2. Coated silicon based carbon-ceramic composites (C-micro-SiC-B4C) showed better bending strength as compared to the composites (C-nano-SiC-B4C) composite.

3. The oxidation resistance behaviour of the composites developed using nano-SiC showed increased weight gain at 800oC due to the early decomposition of SiC around 700-800oC which is attributed to the small size of the nano-SiC since reactivity is inversely proportional to the size of the particles.

4. The composites developed with coated green coke exhibited increase in the bending strength as compared to the composites developed using uncoated green coke due to the enhanced binding of the constituents.  The coating of green coke significantly improved the bending strength due to the enhanced binding of the ingredients of the composites by the pitch whose low surface energy helped in wetting with other constituents. The pitch coating of green coke melts during carbonization and bonds with constituents of carbon-ceramic composites.
5. The composites developed with coated green coke also showed oxidation resistance at 800oC. The weight gain observed during oxidation in these carbon-ceramic composites developed with pitch coating was found to be slightly less. The nano composites developed with coated green coke thus exhibited good oxidation resistance and improved mechanical properties.
6.0 Applications of Carbon - Ceramic Composites 

Carbon based Composites have vast applications in the industrial world. These composites are well-suited to structural applications at high temperatures, or where thermal shock resistance and/or a low coefficient of thermal expansion are needed. While it is less brittle than many other ceramics, it lacks impact resistance.

 Space Shuttle Columbia was destroyed after one of its RCC panels was broken by the impact of a piece of foam insulation from the Space Shuttle External Tank. This catastrophic failure was due in part to original shuttle design requirements which did not consider the likelihood of such violent impacts.

· Since Carbon based composites have very good capability of high geometric

      stability and low thermal expansion, therefore, they are used in engine turbine

      blades, rocket nozzles and seal rings in a liquid propellant rocket engine.

· Carbons based composites, developed about three decades ago to meet the needs of the space program, and are nowadays considered as high performance engineering materials with potential application in high temperature industries. 

· Applications include the Porsche Carrera GT and are standard fitment on the Bugatti Veyron and certain current Bentleys, Ferraris and Lamborghinis. 

· They are also offered as an "optional upgrade" on certain high performance Audi cars, including the D3 S8, B7 RS4, C6 S6 and RS6, and the R8.

· Accordingly, steady growth also prevails in the civil market segment. 

· In terms of mass consumption, the main application of carbon/carbon composites is still in high performance braking systems. 

· New innovations still owe to requirements from space industries. 

· Japan Science & Technology Agency is considering the application of carbon based composites to a turbine disk, heat exchangers, and a plug nozzle for an ATREX engine intended for use in a future TSTO space vehicle.

· Commercial applications of Carbon based materials include furnace fixturing, heatshields, load plates, heating elements and X-ray targets.

· Carbon based composites have great potential in energy sectors as polar plates for fuel cells, in storage batteries etc. 

· In general engineering sectors, these are used in engine components, as refractory materials, as hot-pressed dies and heating elements, as high temperature fasteners, liners and protection tubes, as guides in glass industries etc. Some of the applications are shown in ﬁgure 5.1. 

As the technology becomes more economical a viable, more and more applications get evolved.
· Disc break in automobile
· Rocket nozzles
· Bi polar plate in fuel cell
· Seal and bearings piston in engine
· In missile technology
· Bio-medical field
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Fig 6.1 (a) Carbon based brake discs; (b) turbine rotor; (c) resistance-heating elements; (d) protection tubes and grids.
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