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Material Science Introduction:
Types of material from structure

To property




Objective

*"To understand Materi al Science and i1t‘s sco

=\What are materials

=Classification of materials

=Understanding each classification from their structure to property




Introduction

‘hat is Material Science?

A branch of science that focuses on materials; interdisciplinary field
composed of physics and chemistry which also describes the relationship
of material properties to its composition and structure.

Who are material scientist?
A person who uses his/her combined knowledge of physics, chemistry
and metallurgy to exploit property -structure combinations for practical

use to optimize the current use of resources at hand.
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Materials

Materials

Metals Ceramics Polymers Composite

’ l \

Semiconductor Biomaterials Advanced Materials



Metal

A typically hard solid material which has the properties of being lustrous, malleable,
fusible, ductility and good conductors of heat and electricity.

An element that forms cations readily and form metallic bond.

Metals are sometimes described as lattice of positive charged ions surrounded by a cloud of delocalised
electrons.

Properties:
cElectrically conductive (free electrons)
¢Thermally conductive

¢High strengthg large capacity to carry load oveisection area (stress)

¢Ductile¢ endure large amounts of deformation before brea

¢Magneticg ferromagnetism, paramagnetic . -

C Medium meltin g pOl nt Cubic body centered (bcc)  Cubic face centered (fcc) Hexagonal
Fe V. Nb, Cr Al Ni; Ag, Cu, Au Ti, Zn, Mg, Cd




Common Use

Electrical wire: aluminum, copper, silver

Heat transfer fins: aluminum, silver
Plumbing: copper
Construction beams (bridges, sky scrapers, rebar, etc.)-Ctedb{fs3
Vehicles: steel (f&alloys)
Consumer goods:
dsoup cans
dappliances (stainless steel sheet metal)

dutensils

otools and a lot more



Ceramics

Consist of metal and non metal elements.

Typically a mixture of elements in the form of a chemical compound , for example Al203 or glass
Three types: composites, monolithic and amorphous ceramics
Bonding covalent —ionic
—Typically covalent. In some cases highly direction covalent bonding
—lonic in case of SiO2 glasses and slags
Properties:
—wear resistant (hard)
—chemical stability: corrosion resistant
—high temperature strength: strength retention at very high temperatures
—high melting points
—good insulators (dielectrics)
—adhesives

—good optical properties



Common Use

Window glass: Al203 -SiO2 —MgO —-CaO
Aerospace, energy and automotive industry
—heat shield tiles

—engine components

—reactor vessel and furnace linings
Consumer products:

—pottery

—dishes (fine china, plates, bowls)
—glassware (cups, mugs, etc.)

—eye glass lenses



Polymers

Polymers consist of various hydro-carbon (organic elements) with select additives to elucidate
specific properties .

Polymers are typically disordered (amorphous) strands of hydrocarbon molecules.
Bonding: Covalent-London Dispersion Forces

Properties:

cductile: can be stretched up to 1000% of original length

clightweight: Low densities

¢medium strength: Depending on additives

cchemical stability: inert to corrosive environments

¢low melting point



omimaon
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Car tires: vulcanized polymer (added sulfur)
Ziploc bags
Food storage containers
Plumbing: polyvinyl chloride (PVC)
Kevlar
Aerospace and energy applications: Teflon
Consumer goods:
—calculator casings
—TV consuls
—shoe soles
—cell phone casings
-EIl mer’ s Glue (adhesi ves)

—contact lenses

And many more.




Composites

A mixture of two different materials to create a new material with combined properties
Types of composites:

t Particulate reinforced 1 discontinuous type with low aspect ratio

t Whisker/rod reinforced - discontinuous type with high aspect ratio

t Fiber reinforced - continuous type with high aspect ratio (naturally)

t Laminated composites - layered structures (surf boards, skate boards)

Bonding: depends on type of composite (strong-covalent, medium -solid solution, weak -
tertiary phase layer)

Properties: Depends on composites
t High melting points with improved high temperature strength: ceramic -ceramic

t High strength and ductile with improved wear resistance: metal -ceramic
t High strength and ductile: polymer -polymer



Common Use

Wood: naturally occurring biological material consists of very strong fibers imbedded
In a soft matrix

Plywood: laminated wood for buildings
Concrete: basements, bridges, sidewalks

Fiberglass: boats

Carbon fiber resins: bicycle frames




Semiconductor

A solid substance that has a conductivity between that of an insulator and of metals
either because of addition of impurities or because of temperature effects.

Example: Silicon (Si), Germanium ( Ge), etc.
Properties: depends on the semiconductor

-Perfect insulator at absolute 0.

-Conduct electricity under certain conditions



Common Use

Computer chips

Memory storage devices
Solar cells

Image screens

Electrical Circuits




Biomaterial

Materials used as replacement of damaged human body parts.

They vary hugely on basis of composition.
Properties and Characteristics:
-Biocompatible with body tissues

- Must not produce toxic substances
-Ability to support forces

-Low friction, wear, density, and cost

-Easily reproduced



Common Use

Heart valves

Hip joints

Dental implants

Intraocular lenses




Advanced Material

Materials used in High-Tech devices those operate based on relatively intricate and
sophisticated principles.

Are either traditional materials with enhanced properties or newly developed materials with
high-performance capabilities.

Expensive.

Composition and properties varies according to use




Common Use

Metallic foams

Intermetallic compounds

Multi -component alloys

Magnetic alloys

Special ceramics and high temperature materials
Integrated circuits

Lasers, LCDs, fiber optics

Thermal protection for space shuttle



Resources avalled:

WWW.google.com

www.wikipedia.com

Chem.libretexts.org

Google images repository

Miscellaneous sources including books giald



http://www.google.com/
http://www.wikipedia.com/




