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	1. ADVANCED MATERIALS
UNIT-1
Definition:- Materials  that are utilized in high-technology applications are termed as
Advanced materials. These advanced materials are typically traditional materials whose
properties have been enhanced, and also newly developed, high-performance materials.
Furthermore, they may be of all material types (e.g., metals, ceramics, polymers), and are
normally expensive.
Advanced materials include semiconductors, biomaterials, and smart materials and
nano engineered materials.
The properties and applications of a number of these advanced materials—for example, materials
that are used for lasers, integrated circuits, magnetic information storage, liquid crystal displays
(LCDs), and fiber optics.
Introduction to composite materials
A composite material can be defined as a combination of two or more materials (having
significantly different physical or chemical properties) that results in better properties than
those of the individual components.
• The constituents retain their identities in the composite; that is, they do not dissolve or
otherwise merge completely into each other, although they act in concert.
• Composites are one of the most widely used materials because of their adaptability to different
situations and the relative ease of combination with other materials to serve specific purposes
and exhibit desirable properties.
Reasons for choose composite materials
● Their high strength and stiffness, combined with low density, when compared
with bulk materials.
● Light in weight.
● Strength-to-weight and Stiffness-to-weight are greater than steel or aluminum
● Fatigue properties are better than common engineering metal.
● Composites cannot corrode like steel
● Possible to achieve combinations of properties not attainable with metals, ceramics, or
polymers alone
Advantages of composite
● Tailor-made properties
● Low-weight
● Good mechanical properties
● Integral design and parts integration
● Inherent surface finish
● Corrosion resistance
● Ease of fabrication and installation
 


	2. Components in a  composite material
The composites are classified as mainly two constituents are Matrix and reinforcement
Composites consist of:
1. Combination of two or more materials – Composite = matrix + fiber (filler):
➢ Primary phase or Matrix: material component that surrounds the fiber. Usually a
ductile, or tough, material w/ low density.
Strength usually = 1/10 (or less) than that of fiber
Examples include: thermoplastic orthermoset. Thermoset most
common (epoxy, pheneolic)
Serves to hold the fiber (filler) in a favorable orientation.
➢ Secondary or reinforcing material or Filler:
• Materials that are strong with low densities
• Examples include glass, carbon or particles.
Designed to display a combination of the best characteristics of each material i.e.
fiberglass acquires strength from glass and flexibility from the polymer.
Matrix and filler bonded together (adhesive) or mechanically locked together
Types of composites
1. Natural composites (existing nature) ex: natural wood (matrix-lignin, reinforcement-hemi
cellulose).
2. Synthetic composites (man-made)
Classification
A material is classified as composite if..
□ Both constituents are present in reasonable proportion (>5%)
□ Composite properties are noticeably different from the properties of the constituents
□ A man-mad composite is usually produced by intimately mixing and combining the
constituents.
Ex: mud wall (matrix) made with rise husk, wheat husk, waste vegetables (reinforcements)
Cracks are generally happens in mud, by adding these they control the failures
● Crack arrester
● Strength
● Better life
 



	4. Introduction Polymer matrix  composites
What is a polymer? Poly (many) mer (repeat unit)
A polymer is a large molecule (macromolecule) composed of repeating structural units
typically connected by covalent chemical bonds.
Examples of polymers: Polyethylene (PE), Polyvinyl chloride (PVC), Polypropylene (PP) etc..
Polymer Matrix Composite (PMC) is the material consisting of a polymer (resin) matrix combined
with a fibrous reinforcing dispersed phase.
Polymer Matrix Composites are very popular due to their low cost and simple fabrication methods.
Discontinuous phase – Reinforcement, Continuous phase - Matrix
In this Polymer is the –Matrix, Composite (Matrix +
Reinforcement)
• Reinforcements
– Principal load bearing member.
• Matrix
Provides a medium for binding and holding the reinforcements together into a solid.– protects
the reinforcement from environmental degradation.
– Serves to transfer load from one insert (fiber, flake or particles) to theother.
– Provides finish, color, texture, durability and other functional properties.
ADVANTAGES OF PMC
• High strength
• High stiffness
• High fracture resistance
• Good abrasion resistance
• Good impact resistance
• Good corrosion resistance
• Good fatigue resistance
• Low cost
DISADVANTAGES OF PMC
• Low thermal resistance
• High coefficient of thermal expansion
Applications
1. Aircraft and aerospace applications (50% composites are used).
2. Automotive applications: because of improved corrosion resistance life time will be more..
Examples:- head lamp covers, tires, interior and exterior parts like side trim, door inners, body
panels. Coatings, power trains like engine cover, inverter cover, timing belt, windows etc..,
3. Marine applications,4. Sporting industries,5.biomaterials, 6.industrial
 


	5. applications,7.construction- buildings, bridges,  housing, lampposts, smoke tacks, highway
culvert
8. Medical devices- hips, knees, bone plates, intramedullary nails (rod).
Introduction to metal matrix composites
➢ A metal matrix composite (MMC) is composite material with at least two
constituent parts, one being a metal
➢ The other material may be a different or another material may be different
metal or another Material such as ceramic or organic compound.
➢ When at least three materials are present it is called as hybridcomposite.
COMPOSITION OF MMC
These are made by dispersing a reinforcing material into a metal matrix. The reinforcement surface can
be coated to prevent a chemical reaction with the matrix.
For example carbon fibers are commonly used in aluminum matrix to synthesize composites show.
MATRIX: the matrix is usually a lighter metal such as aluminum, magnesium, titanium, and provides a
compliant support for the reinforcement.
Reinforcement: it is used to change physical properties such as wear resistance, friction
coefficient, or thermal conductivity.
Demands of reinforcement in MMC
□ Low density
□ Mechanical compatibility
□ Thermal stability
□ High young’s modulus
□ High compression and tensile strength
□ Good process ability
□ Economic efficiency
 


	6. Advantages
➢ Low coefficient  for thermal explanation.
➢ Fire resistance , wear resistance
➢ Higher transverse stiffness, strength & modules
➢ No moisture absorption
➢ Higher electrical and thermal conductivities
➢ Better radiation resistance
➢ Some reinforcing fibers are inexpensive
➢ Casting is low cost and net shaped process
DISADVANTAGES
➢ Some fabrication processes are complex and expensive
➢ Higher cost of some reinforcing fibers
➢ Relatively immature technology
➢ Machining difficult
➢ Complex fabrication methods
➢ Reinforcing material may reduce ductility and fracture toughness
➢ Fiber matrix interactions at high temperature degrade fibers
APPLICATIONS
□ Space applications- space shuttle
□ Automotive applications-brake disks, drums
□ Railway applications- brake discs and drums
□ Aerospace applications( 50% advanced materials), vanes
□ Power transmission- composite conductors, gas turbine etc..,
Ceramic matrix composite (CMC)
Material having ceramic as a matrix material in composites called as Ceramic Matrix Composite
(CMC).
Properties of CMC
Tensile & Compressive behavior
No sudden failure in CMC as like in Ceramics. Certain amount of Elongation in CMC improves
the tensile and compressive property.
Fracture Toughness
It limits to ceramics, but for CMC’s fracture toughness increases due to reinforcement.
Fatigue Resistance
Fatigue occurs due to cyclic loading, in case of CMC’s cracks arrested by reinforcement. So
higher Fatigue Resistance.
Thermal Response
It can withstand high temperature.
Chemical Inertness
Ceramic do not react with chemicals. Corrosion Resistance
 


	7. ADVANTAGES OF CMC
Excellent  wear and corrosion resistance in a wide range of environments and temperature
▪ Higher strength to weight ratio
▪ Higher strength retention at elevated temperature
▪ Higher chemical stability
▪ Non-catastrophic failure
▪ High hardness
▪ Lightweight
DISADVANTAGES OF CMC
Processing routes for CMCs involve high temperatures –can only be employed with high
temperature reinforcements.
* CMCs are designed to improve toughness of monolithic ceramics, the main disadvantage of
which is brittleness.
* High processing temperature results in complexity in manufacturing and hence expensive
processing.
* Difference in the coefficients of thermal expansion between the matrix and the reinforcement
lead to thermal stresses on cooling from the processing temperatures.
APPLICATIONS
1. Cutting tools
2. Aerospace
3. Jet engine
4. Burners
5. Turbine blade
6. Hot fluid channel
Conclusion
The advanced ceramics developed during the last three decades were initially found to have
some favorable properties which prompted intensive work for their use as high temperature
structural part in process industries and in heat conversion devices. Although high temperature
strength retention, stress rupture, and resistance to corrosion were good, they failed by
catastrophic brittle fracture.
Carbon-carbon composites (CCC)
● Is also known as Carbon Fiber - Reinforced Carbon Composite (CFRCC).
● It is a Amorphous carbon matrix composite.
● Carbon matrix reinforced by graphitic carbon fibers.
● First developed in 1958, but not intensively researched until the Space Shuttle Program.
● Carbon Carbon Composites are those special composites in which both the reinforcing
fibers and the matrix material are both pure carbon.
● Carbon-Carbon Composites are the woven mesh of Carbon-fibers.
● Carbon-Carbon Composites are used for their high strength and modulus of rigidity.
● Carbon-Carbon Composites are light weight material which can withstand temperatures
up to 3000°C.
● Carbon-Carbon Composites' structure can be tailored to meet requirements
 


	8. Properties of CCC
•  Excellent Thermal Shock Resistance (Over 2000oC)
• Low Coefficient of Thermal Expansion
• High Modulus of Elasticity (200 GPa)
• High Thermal Conductivity (100 W/m*K)
• Low Density (1830 Kg/m^3)
• High Strength
• Low Coefficient of Friction (in Fiber direction)
• Thermal Resistance in non-oxidizing atmosphere
• High Abrasion Resistance
• High Electrical Conductivity
• Non-Brittle Failure
Processing of CCC
About 90% of the carbon fibers produced are made from polyacrylonitrile (PAN) process.
. The remaining 10% are made from rayon or petroleum pitch. ADVANTAGES
• Light Weight (1.6-2.0g/cm^3)
• High Strength at High Temperature (up to 2000°C) in non-oxidizing atmosphere.
• Low Coefficient of thermal expansion.
• High thermal conductivity (>Cu & Ag). High thermal shock resistance.
DISADVANTAGES
➢ High fabrication cost.
➢ Porosity
➢ Poor oxidation resistance – formation of gaseous oxides in oxygen atmosphere.
➢ Poor inter-laminar properties.
APPLICATIONS OF CCC
➢ High Performance Braking System
➢ Refractory Material
➢ Hot-Pressed Dies (brake pads)
➢ Turbo-Jet Engine Components
➢ Heating Elements
➢ Missile Nose-Tips
➢ Rocket Motor Throats
➢ Leading Edges (Space Shuttle, Agni missile)
➢ Heat Shields
➢ X-Ray Targets
➢ Aircraft Brakes
➢ Reentry vehicles
➢ Biomedical implants
➢ Engine pistons
➢ Electronic heat sinks, Automotive and motorcycle bodies
 


	9. NATURE MADE COMPOSITES
Natural  composites exist in both animals and plants. Wood is a composite – it is made from long
cellulose fibers (a polymer) held together by a much weaker substance called lignin. Cellulose is
also found in cotton, but without the lignin to bind it together it is much weaker. The two weak
substances – lignin and cellulose – together form a much stronger one. The bone in your body is
also a composite. It is made from a hard but brittle material called hydroxyapatite (which is
mainly calcium phosphate) and a soft and flexible material called collagen (which is a protein).
Collagen is also found in hair and finger nails. On its own it would not be much use in the
skeleton but it can combine with hydroxyapatite to give bone the properties that are needed to
support the body. And others are sugarcane, banana fiber, jute fiber, kenaf fiber, hemp fiber etc..
are examples for natural fibers..
REINFORCEMENTS- FIBRES
GLASS
➢ Fiberglass is, as its name implies, glass that has been spun into the form of fibers.
➢ Fiberglass is not as strong or stiff as carbon fibers, but it has characteristics that make it
desirable in many applications.
➢ Fiberglass is non-conductive (i.e. an insulator) and it is generally invisible to most types
of transmissions. This makes it a good choice when dealing with electrical or broadcast
applications.
➢ There are five major types of fiberglass.
➢ A-glass (alkali glass) which has good chemical resistance, but lower electrical properties.
➢ C-glass (chemical glass) which has very high chemical resistance.
➢ E-glass (electrical glass) which is an excellent insulator and resists attacks from water.
➢ S-Glass (structural glass) which is optimized for mechanical properties.
➢ D-glass (dielectric glass) which has the best electrical properties but lacks in mechanical
properties
➢ When compared to E and S glass, E-glass and S-glass are, by far, the most common types
found in composites.
➢ These types have good combinations of chemical resistance, mechanical properties and
insulating properties. Of the two, E-glass offers the more attractive economics, and S-
glass offers better mechanical performance.
Production: by blending quarry products ( sand, kaolin, limestone, colemanite ) at
1600 centigrade liquid glass is formed. The liquid glass is passed through micro fine
bushings and simultaneously cooled to produce glass fibre filaments from 5-24 m in
diameter
 


	10. Carbon
➢ Carbon fibers  are made from organic precursors, including PAN (polyacrylonitrile),
rayon, and pitches.
➢ The terms carbon and graphite fibers are typically used interchangeably, graphite fibers
are 99% carbon verses 93-95% for PAN based carbons.
➢ Carbon fibers offer highest strength and stiffness of all reinforcement fibers.
➢ The major drawback to PAN-based fiber is their high relative cost.
➢ Carbon fiber composites are more brittle than glass or aramid.
➢ And carbon fibers can cause galvanic corrosion, a barrier material such as glass and
resin used to prevent this occurrence.
➢ Carbon fibers are frequently categorized using tensile modulus.
➢ There are five categories of carbon fibers generally used in composites; low modulus,
standard modulus, intermediate modulus, high modulus and ultra-high modulus
➢ As the modulus increases, the fibers tend to get more brittle, more expensive and harder
to handle.
➢ Further, the tensile strength of the fibers generally increases as the modulus increases
from low to intermediate, but then tends to fall off in the high and ultra-high modulus
fibers. I.e. the tensile strength of carbon fibers tends to be the greatest for the
intermediate modulus fibers.
➢ For these reasons, standard and intermediate modulus fibers tend to give the best overall
performance, unless the application is very stiffness oriented
Silica
➢ Silica fibers are fibers made of sodium silicate (water glass).
➢ They are used in heat protection (including asbestos substitution) and in packings and
compensators.
➢ They can be made such that they are substantially free from non-alkali metal compounds.
➢ Sodium silicate fibers may be used for subsequent production of silica fibers, which is
better than producing the latter from a melt containing SiO2 or by acid-leaching of glass
fibers.
➢ The silica fibers are useful for producing wet webs, filter linings and reinforcing material.
➢ They can also be used to produce silicic acid fibers by a dry spinning method. These
fibers have properties which make them useful in friction-lining materials.[
Kevlar
➢ Kevlar is a heat-resistant and strong synthetic fiber.
➢ This high-strength material was first commercially used in the early 1970s as a
replacement for steel in racing tires.
 


	11. ➢ Typically it  is spun into ropes or fabric sheets that can be used as such or as an ingredient
in composite material components.
➢ Kevlar has many applications, ranging from bicycle tires and racing sails to bulletproof
vests, because of its high tensile strength-to-weight ratio; by this measure it is five times
stronger than steel
➢ It is also used to make modern marching drumheads that withstand high impact. When
used as a woven material, it is suitable for mooring lines and other underwater
applications. Also for combat helmets, ballistic face masks, motorcycle safety clothing,
Speed skaters, table tennis, shoe laces, loudspeaker cones, loudspeaker cones etc..,
Boron
➢ Boron Fiber (also commonly called "boron filament") is an amorphous elemental
boron product which represents the major industrial use of elemental (free) boron. Boron
fiber manifests a combination of high strength and high elastic modulus.
➢ A common use of boron fibers is in the construction of high tensile strength tapes. Boron
fiber use results in high-strength, lightweight materials that are used chiefly for
advanced aerospace structures as a component of composite materials, as well as limited
production consumer and sporting goods such as golf clubs and fishing rods.[1][2]
➢ In the production process, elemental boron is deposited on an even tungsten wire
substrate which produces diameters of 4.0 mil (102 micron) and 5.6 mil (142 micron). It
consists of a fully borided tungsten core with amorphous boron.[3][4][5]
➢ Boron fibers and sub-millimeter sized crystalline boron springs are produced by laser-
assisted chemical vapor deposition. Translation of the focused laser beam allows
producing even complex helical structures. Such structures show good mechanical
properties (elastic modulus 450 GPa, fracture strain 3.7%, fracture stress 17 GPa) and can
be applied as reinforcement of ceramics or in micromechanical systems.[
Boron carbide
➢ (chemical formula approximately B4C) is an extremely hard boron–carbon ceramic,
and covalent material used in tank armor, bulletproof vests, engine sabotage powders, as
well as numerous industrial applications. With a Vickers Hardness of >30 GPa,
➢ it is one of the hardest known materials, behind cubic boron nitride and diamond.
➢ There are many properties of boron carbide which make it attractive in a fibrous form.
➢ These include high strength, high modulus of elasticity, low density, chemical stability
and good oxidation resistance.
➢ However, the process of fiberizing such a refractory, hard material by the usual
methods, is virtually impossible. Thus, other methods are needed to overcome these
problems
 


	12. Silicon carbide
➢ Silicon  carbide fibers fibers range from 5–150 micrometres in diameter and composed
primarily of silicon carbide molecules.
➢ Depending on manufacturing process, they may have some excess silicon or carbon, or
have a small amount of oxygen.
➢ Relative to organic fibers and some ceramic fibers, silicon carbide fibers have high
stiffness, high tensile strength, low weight, high chemical resistance, high temperature
tolerance and low thermal expansion.
➢ These properties have made silicon carbide fiber the choice for hot section components in
the next generation of gas turbines, e.g. the LEAP engine.
➢ There are several manufacturing approaches to making silicon carbide fibers.
➢ The one with the longest historical experience, invented in 1975 and called the Yajima
process, uses a pre-ceramic liquid polymer that is injected through a spinneret to produce
solidified green (unfired) fibers that go through a series of processing steps, including
significant time in high temperature furnaces to convert the polymer to the desired SiC
chemistry. These fibers are typically smaller than 20 microns in diameter
➢ A second approach utilizes chemical vapor deposition (CVD) to form silicon carbide on a
central core of a dissimilar material as the core traverses a high temperature reactor.
➢ Laser-driven CVD (LCVD) is a related approach using multiple laser beams as the
energy source to incite the gas phase reaction, with the significant difference that the
fibers are grown as-formed and not on any core structure. The LCVD fibers are
fabricated in a parallel array as each laser beam corresponds to a deposited fiber, with
growth rates ranging from 100 microns to over 1 millimeter per second and fiber
diameters ranging from 20 to 80 microns.
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