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Course Outline • Introduction: Engineering materials, materials cycle, application and selection criteria of materials. Material tetrahedron, Atomic structure & bonding: Elementary particles, electronic distribution and atomic size/structure, bonding-primary and secondary, effect of bonding on material properties. • Structure of solids: Crystallinity in metals, ceramics, semiconductors and polymers; crystal system/lattice/structure, crystallographic indexing of planes & directions, Bragg’s Law, significance of microstructure; crystalline defects: dimensions, origin and their effect on properties; amorphous structure. • Materials for Engineering: Types of materials, from structure to properties, Selection of materials, Material science and Engineering. • Mechanical Properties: Engineering and true Stress and Strain, Cold working and Hot working. 9/12/2015
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Course Outline • The Fundamentals of Atomic Structure: Nature of bond Crystallinic Solid solutions and phase equilibrium: Phase rule and Isomorphous Phase diagram. Micro Structural Development, Composition of phases. • Heat Treatment: Iron-Iron carbide diagram, Phase transformations, Heat treatments of steel, Hardenability, Annealing. • The Structural Materials: Metals, Ferrous Alloys: Classification of steels and cast Irons, Non Ferrous Alloys, Major Mechanical Properties • Polymers: Classification and applications polymer, Degree of polymerization • Composites: Human made Fiber Reinforced Composites, Wood a natural fiber reinforced composite, Aggregate composites, Rule of mixture, major mechanical properties. 9/12/2015
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Text books: • Material Science and Engineering, An Introduction – William D. Callister, Jr. – David G. Rethwisch



• Engineering Materials Science – Milton Ohring



9/12/2015
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Introduction  What is Material?  Metals, Ceramics, Plastics, ect.  Broadly two classes: Crystalline, Non-crystalline.



 What is Materials Engineering?  An interdisciplinary field which deals with the discovery, investigation and design of new materials, with an emphasis on solids.  Materials Engineers make a unique contribution to the design of new devices, products or components, and they make existing ones work better by improving or altering the material’s characteristics.  Focus: Structure, material's properties and performance. 9/12/2015
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Introduction  Why should we study Materials Engineering?  Fabrication problem  Limitations of materials available  Selection of right material
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Introduction  Historical background  Stone age: Started about two million years ago. Natural materials: stone, wood, clay, skins, etc.  Bronze age: Started about 5000 years ago. Bronze (copper + tin alloy) can be hammered or cast into a variety of shapes, can be made harder by changing proportions.  Iron age: Begun about 3000 years ago and continues today. Iron and steel, a stronger and cheaper material changed drastically daily life of a common person.  Age of Advanced Materials: Throughout the Iron Age many new types of materials have been introduced (ceramic, semiconductors, polymers, composites). 9/12/2015
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Introduction  Materials Cycle  The flow of materials from the nonliving to the living world and back again.
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Introduction  Materials Tetrahedron: A concept within materials Science in which the characteristics of materials are based on 4 different principles: Structure, Processing, Properties, and Performance.



9/12/2015
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Introduction  Materials Tetrahedron:  Structure: Arrangement of internal components. -Involves atomic scale to macro-scale.  Properties: Magnitude of response to a specific stimulus. -Mechanical, electrical, thermal, optical, magnetic properties.  Processing: Involves creation of material with desired structure. -Casting and mechanical shaping of metals, melting of glass.  Performance: Function of properties and structure. 9/12/2015
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Introduction  Material Selection  Properties in service: Classic example involves strength and ductility. Normally, a material having a high strength will have only a limited ductility. In such cases a reasonable compromise between two or more properties may be necessary. -Significant reductions in mechanical strength may result from exposure to elevated temperatures or corrosive environments.
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Introduction  Material Selection  Fabricability: The ability to be shaped by mechanical processes such as rolling, forging (hammering), and machining, and to be joined by welding, soldering, and other processes. -If materials cannot be readily fabricated or assembled, they cease to be viable choices.  Availability: Optimal materials may not always be available in the desired amount, composition, or shape.
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Introduction  Material Selection  Cost: A material may be found that has the ideal set of properties but is prohibitively expensive. Here again, some compromise is inevitable. -The cost of a finished piece also includes any expense incurred during fabrication to produce the desired shape.  The more familiar an engineer is with the various characteristics and structure–property relationships, as well as processing techniques of materials, the more proficient and confident he or she will be in making judicious materials choices based on these criteria. 9/12/2015
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Introduction  Properties



    



Properties are the way the material responds to the environment and external forces. Mechanical properties: Response to mechanical forces, strength, etc. Electrical and magnetic properties: Response electrical and magnetic fields, conductivity, etc. Thermal properties: Related to transmission of heat and heat capacity. Optical properties: Include to absorption, transmission and scattering of light. Chemical stability: In contact with the environmental corrosion resistance.
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Introduction  Types of Engineering Materials  Metals:  Important properties: -High thermal conductivity. -High malleability. -Low electrical resistance. -High reflectivity. -High strength and toughness.  Widely used metals: Iron, Steel, Copper, Aluminum  Applications: To make machine tools and parts, energy generation equipment, building structure, automotive, defense, consumer product, metallic orthopedic implant. 9/12/2015
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Introduction  Types of Engineering materials  Ceramics: Mainly composed of metallic and non-metallic elements and most frequently metallic oxides, nitrites and carbides  Important properties: -Good electrical and thermal resistance. -High melting point. -High compressive strength. -Low tensile strength.  Widely used ceramics: Aluminum oxides (Al2O3), Silica (SiO2), Silicon carbides (SiC).  Applications: Electrical and thermal insulator, bathroom fixtures, whiteware. 9/12/2015
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Introduction  Types of Engineering materials  Polymers: Plastic and rubber materials  Properties: -Light weight. -High strength to mass ratio. -Extremely ductile and easily formed into complex shapes. -Relatively chemically inert. -Tendency to soften on modest temperature. -Low electrical conductivity.  Widely used polymers: Polyethylene, Nylon, Silicon rubber.  Applications: Clothing, fabrics, food and beverage containers, packaging, sporting equipments. 9/12/2015 17



Introduction  Types of Engineering materials  Composites:



The Boeing 787 has 50% of its primary structure made of composites.



Composed of two individual materials.  Properties: -High strength. -Wear resistance. -Corrosion resistance. -Light weight.  Widely used composites: Glass fiber into polymer matrix.  Applications: Aerospace industry, sporting goods industry, automotive industry, home appliance industry. 9/12/2015
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Introduction  Types of Engineering materials  Semiconductors:  Properties: -Electrical conductivity is in between conductor and insulator. -Conductivity can be controlled by doping. -Conductivity is sensitive to light and heat.  Widely used semiconductor materials: Silicon, Germanium  Applications: Integrated circuit (IC).
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Atomic Structure
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Atomic Structure  Atomic structure?  Deals with the atoms of the materials, and how they are arranged to give molecules, crystals, etc.  The length scale involved is in angstroms.



 Why study atomic structure and inter-atomic bonding?  Atomic structure and inter-atomic bonding directly defines the material properties.  Example: Carbon as diamond and graphite
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Atomic Structure  Fundamental concepts  Atom consists of very small nucleus composed of protons and neutrons, which is encircled by moving electrons.  Atomic number (Z): Number of protons in nucleus.  Atomic mass (A): Sum of the masses of protons and neutrons (N) within the nucleus. A= Z+N  Isotopes: Atoms of an element (same number of protons) with different atomic masses (number of neutrons).  Atomic weight: Weighted average of atomic masses of the atom’s naturally occurring isotopes.
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Atomic Structure  Bohr atomic model  Introduced by Niels Bohr in 1913.  The electrons are assumed to revolve around the atomic nucleus in discrete orbitals and the position of any particular electron is more or less well defined in terms of its orbital.  Energies of electrons are quantized; that is electrons are permitted to have only specific value of energy.  An electron may change energy, but in doing so it must make a quantum jump either to allowed higher energy or to a lower energy.  Electron energies are associated with energy levels or states.  States do not vary continuously with energy, that is adjacent states are separated by finite energies.
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Atomic Structure  Quantum numbers  Every electron in an atom is characterize by four parameters, called quantum numbers.  Shells are specified by principal quantum number (n), which may take on integral values beginning with unity; sometimes these shells are designated by letters K, L, M, N and so on, which corresponds, respectively to n=1,2,3,4….  Second quantum number, l signifies the subshell, which is denoted by s, p, d or f, which is related to the shape of the subshells.  The number of orbitals (energy states) in each subshell is determined by a third quantum number, m.  For s, p, d, f there are 1, 3, 5 and 7 number of orbitals respectively.



 Fourth quantum number is the electron spin moment, for which two values are possible +1/2 or -1/2. 24



Atomic Structure  Electron configurations  Valence electrons • Electrons that occupy outermost shell. • Involve in bonding between atoms to form molecules. • Physical & chemical properties of solids based on valence electron.



 Stable electron configuration • Valence electron shell completely filled, • Max no. of electron in outermost shell  8 (as in Ne, Ar, Kr)
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Atomic Structure  Bonding forces and energies  At small separation distances, two atoms exerts forces on each others; these forces are of two types: attractive (FA) and repulsive (FR) and the magnitude of each depends on inter-atomic distance (r).  The origin of attractive force FA depends on the particular type of bonding that exists between the two atoms.  Repulsive forces arise from interactions between negatively charged electron clouds of two atoms and are important only at small values of r, as the outer electron shells of the two atoms begin to overlap.  Inter-atomic distance at which the net force (FN) is zero is called equilibrium spacing, r0; for many atoms it is approximately 0.3 nm. 26



Atomic Structure  Bonding forces and energies  The minimum net energy that corresponds to equilibrium spacing r0 is the bonding energy E0.  It is the energy that would be required to separate these two atoms to an infinite distance.
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Atomic Structure



 Primary inter atomic bonds



 Ionic bonding: Mainly composed of metallic and non-metallic elements.  A metallic element easily give up their valence electrons to the nonmetallic atoms.  In the process all the atoms acquire stable or inert gas configurations and, in addition, an electrical charge; that is, they become ions.  These positive and negatively charged ions attracts each other by coulombic force.  Sodium chloride (NaCl) is the classic ionic material.  Ionic materials are hard and brittle; high melting and boiling point; electrically conductive in liquid state.
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Atomic Structure  Primary inter atomic bonds  Covalent bonding: Mainly composed of non-metallic + nonmetallic elements.  Stable electron configurations are obtained by the sharing of electrons between adjacent atoms.  Two atoms that are covalently bonded will each contribute at least one electron to the bond, and the shared electrons may be considered to belong to both atoms.  A molecule of methane (CH4).  Covalent bonding materials have low melting point and boiling point; poor electrical and thermal conductivity.
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Atomic Structure  Primary inter atomic bonds  Metallic bonding: found in metal and their alloys.  Metallic materials have one, two, or at most, three valence electrons.  These valence electrons are not bound to any particular atom in the solid and are more or less free to drift throughout the entire metal.  They may be thought of as belonging to the metal as a whole, or forming a “sea of electrons” or an “electron cloud.”  The remaining non-valence electrons and atomic nuclei form what are called ion cores, which posses a net positive charge equal in magnitude to the total valence electron charge per atom.  Free electrons act as a “glue” to hold the ion cores together  High electrical and thermal conductivity. 30



Atomic Structure  Secondary bonding (Van Der Waals bonding)  Weak in comparison to primary bondings.  Secondary bonding exists between virtually all atoms or molecules, but its presence may be obscured if any of the three primary bonding types is present.  Secondary bonding forces arise from atomic or molecular dipoles.  Hydrogen bonding, a special type of secondary bonding, is found to exist between some molecules that have hydrogen as one of the constituents.  It occurs between molecules in which hydrogen is covalently bonded to fluorine (as in HF), oxygen (as in H2O), and nitrogen (as in NH3).  For each H—F, H—O, or H—N bond, the single hydrogen electron is shared with the other atom.  Thus, the hydrogen end of the bond is essentially a positively charged bare proton that is unscreened by any electrons.  This highly positively charged end of the molecule is capable of a strong attractive force with the negative end of an adjacent molecule. 31
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