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REQUISITOS (ASIGNATURAS O MATERIAS CUYO CONOCIMIENTO SE PRESUPONE)
Quimica

OBJETIVOS

Comprender los principios fundamentales de la ciencia e ingenieria de materiales: conocer las
relaciones entre estructura, enlace quimico, propiedades, procesado y aplicaiones

Conocer las propiedades generales de los principales grupos de materiales: ceramicos, metales,
polimeros y compuestos

En cuanto a las capacidades generales o destrezas, durante el curso se trabajaran:

- La capacidad de resolver problemas complejos.

- La capacidad para buscar, entender y discriminar cual es la informacién relevante para una decisién
determinada.

- La capacidad para aplicar conocimientos multidisciplinares a la resolucion de un determinado
problema.

- La capacidad para trabajar en equipo y repartir la carga de trabajo para afrontar problemas complejos.
En cuanto a las actitudes el alumno tras cursar el curso deberia tener:

- Una actitud de colaboracion que le permita obtener de otros agentes la informacién, destrezas y
conocimientos necesarios para la consecucion objetivos especificos.

DESCRIPCION DE CONTENIDOS: PROGRAMA

1. Families of materials, applications and selection criteria. History of materials. Materials science
and engineering. Classification of materials. General properties of materials: metals, ceramics,
polymers, composites. Structure, properties and processing: examples. Selection of materials: practical
examples. Ashby plots. Evolution and competition between materials.
2. Bonding. lonic bonding: ionic radii, interionic force and energy for an ionic pair, lattice energy:
NacCl. Born-Haber cycle. Properties that depend on lattice energy: melting, hardness, thermal
expansion. Covalent bond, a review: polar molecules, polarization capacity and polarizability. Metallic
bond: introduction to band theory, s and p atomic orbital overlap, valence and conduction band.
Intermolecular forces: an overview. Bonding and properties of materials.
3. Structure of materials. Long and short range order. Unit cell, spatial lattice. Crystalline systems.
Bravais lattices. Main metallic structures BCC, FCC, HCP: coordination, atomic packing factor,
tetrahedral and octahedral sites. Solubility of C in Fe. Structures in ionic ceramics: packing of ions, CsCl,
NacCl, Zn blende, CaF2, corundum. Polymorphism and allotropy: carbon, iron, zirconia. Amorphous
materials: ceramic glasses- the glass transition- polymers. Crystalline structure of polymers. Atomic
positions, directions and planes in cubic cells: Miller indices. Planes in hexagonal cells. Distance
between planes. Linear, planar and volumetric density
4. Crystalline defects and solid solutions. Imperfections in real crystals: thermodynamic
justification. Classification of defects. Point defects: vacancy, interstitial, Schotky and Frenkel defects in
ionic structures. Order-disorder in solid solutions. Dislocations: types, Burger¢ s vector. Dislocation
movement. Slip planes and slip systems. Plastic deformation: slipping of dislocations. Planar defects:
grain boundaries, Hall-Petch relation, grain size number, stacking faults, twin boundaries. Solid
solutions: types, Hume-Rothery rules.
5. Diffusion. Mechanism of diffusion: self-diffusion, vacancy diffusion, activation energy, interstitial
diffusion. Steady state diffusion: Fick¢s law, examples. Non-steady state diffusion: Fick¢ s second law.
Cementation. Factors that influence diffusivity. Transport of gases and vapours through polymer films.
Mechanisms: filtration, permeation. Permeability and permselectivity.
6. Equilibrium phase diagrams. Basic concepts: component, phase, microcomponent. Gibbs phase
rule. Binary isomorphous phase diagrams: tie line and lever rule. Non equilibrium solidification:
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microsegregation. Binary eutectic systems: eutectic reaction and microstructure. Hypo and hyper
eutectic compositions and microstructure. Other invariant reactions: monotectic, peritectic, eutectoid,
peritectoid. Intermetallics. Incongruent melting. The Fe-C system: invariant reactions. Eutectoid steels:
pearlite, growth and transformations. Hypo and hyper eutectoid steels. Effect of alloying elements in
the Fe-C phase diagram. Ceramic phase diagrams: Alumina-chromia, alumina-silica.

7. Mechanical properties. Test types: uniaxial tensile test. Stress-strain curve: elastic zone-
Hooke¢ s law- Young¢ s modulus. Elastic deformation at atomic scale. Poisson coefficient. Plastic zone:
dislocations movement. Plastic deformation in monocrystals: resolved shear stress. Stress-strain curve
parameters: yield strength, security factor, tensile strength, fracture strength, ductility, toughness,
resilience. True stress-strain curves. Strengthening mechanisms: Strain Hardening, Solid Solution,
Precipitation, Grain Size Reduction. Dislocation interactions. Hall-Petch equation.

8. Heat treatments. Solidification: nucleation free energy, critical embryo size, homogeneous and
heterogeneous nucleation, undercooling. Nucleation rate. Growth. Solidification rate. Transformation
rate: isothermal and continuous cooling transformations. ITT diagrams for steel: eutectoid, hypo and
hypoereutectoid. Coarse and fine pearlite. Non-equilibrium diffusional transformation: upper and lower
bainite. Non-equilibrium diffusionless transformation: marteniste. Structure and properties of
martensite. Factors of influence on martensitic transformation. CTT diagrams for steel: annealing,
normalizing, quenching, tempering. Hardenability and hardening depth: Jominy test, critical quenching
rate, severity of quenching medium, critical diameter. Influence of tempering on mechanical properties.
Martempering. Austempering. Annealing. Influence of annealing on mechanical properties

9. Metals. Classification. Codes for plain carbon and low alloy steels. Low, medium and high carbon
steels: properties, weldability. Microalloy steels. Stainless steels: types and properties. Titanium alloys:
types, phase diagram, influence of alloying elements, phase transformations. Surface treatments of Ti
alloys. Fabrication of metallic products: sand casting, continuous casting, forming processes.

10. Ceramics. Classification and general properties. Structure: a review on ionic bond, ionic packing
and common ionic structures, perovskites. Covalent ceramics. Silicates: structure-islands, rings, sheets
and 3D. Properties of ceramics: hardness, modulus of elasticity, fracture resistance, thermal shock.
Processing of ceramics: green, slip and tape casting, uniaxial pressing, isostatic pressing, extrusion and
injection molding. Glass: glass transition, constituents of glasses, models for amorphous oxide glasses.
Properties of glasses: mechanical, thermal and electrical. Glass processing. Applications of ceramics in
the refractory and aerospace industry.

11. Polymers. History of polymers. Basic definitions, general properties and examples.
Classification. Synthesis: addition, condensation, examples. Polymer configuration: random coil
concept, simple models for linear polymer chains, excluded volume concept, characteristic ratio.
Tacticity. Molecular weight: number and weight averages. Crystallinity: crystalline structure in solution
and in the melt. Factors that affect crystallinity: undercooling, chain flexibility, other factors. Glass
rubber transition: factors that influence the Tg. Mechanical behavior of polymers: crystallinity,
molecular weight, crosslinking. Stress-strain curve in polymers: necking, cold work, orientation.
Deformation mechanism in crystalline polymer. Types of polymers: thermoplastic, thermosets,
elastomers, comparative study of their properties. Examples: vinylic, engineering polymers, epoxy and
polyester. Elastomers: vulcanization, stress-strain behavior, examples. Implant polymers: polyamides,
polyethylene, polypropylene, polyacrylates and hydrogels, fluorocarbon polymers, silicones. Polymer
processing: extrusion, injection, blow molding, rotational molding, thermoforming.

12. Composite materials. Definition and types. Composites in nature. Classification. Types of
constituents. Fiber reinforced composites: roles of matrix and reinforcement. Types of fibers: glass,
carbon, polyamides. Mechanical behavior of fibers. Structural composites: sandwich, laminates. Elastic
behavior: isostress and isostrain conditions. Strength. The role of the interphase. Examples

ACTIVIDADES FORMATIVAS, METODOLOGIA A UTILIZAR Y REGIMEN DE TUTORIAS

Clases magistrales, tutorias colectivas, tutorias individualizadas, trabajo personal del alumno y elaboracién de un
trabajo, orientados a la adquisicién de conocimientos tedricos (3 créditos ECTS).

Préacticas de laboratorio y clases de problemas en grupos reducidos, tutorias individuales y trabajo personal del
alumno; orientados a la adquisicion de habilidades practicas relacionadas con el programa de la asignatura (3 créditos
ECTS).

SISTEMA DE EVALUACION

Evaluacion continua: 40 % nota global

25% ejercicios

25% presentacion de un trabajo

50% laboratorio

Se valorara la asistencia a la Jornada de Materiales

Examen final: 60% nota global. Es necesario obtener 4 de nota minima en el examen final para hacer media con la
evaluacién continua
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Peso porcentual del Examen Final: 60
Peso porcentual del resto de la evaluacion: 40

BIBLIOGRAFIA BASICA
- DR Askeland The Science and Engineering of Materials, PWS Pub. Co, 1984

- JF Shackelford Introduction to Materials Science for Engineers, Pearson International Edition, 2009
- MF Ashby, DR Jones Engineering Materials, Elsevier, 2010
- WF Smith and J Hashemi Foundations of Materials Science and Engineering, Ed, McGraw-Hill, 2010
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