MatE 115 Learning Objectives

Students who complete all of the course assignments, including attending lectures, preparing homework problems, completing student projects, papers and reports, should be able to:
I.  Atomic Structure & Bonding
1. Describe the structure of an atom, including number of neutrons, protons, electrons, atomic weight and atomic number.

2. Explain similarities and differences among atoms, ions and isotopes.

3. Describe ionization potential

4. Identify 1st, 2nd and 3rd ionization potentials and the relationship to stoichiometry and nonstoichiometry in compounds.

5. Describe electron affinity

6. Describe electronegativity

7. Describe the potential well theory for neutral and charged species

8. Employ the potential well theory to evaluate macroscopic properties such as coefficient of thermal expansion, bonding energy, equilibrium separation distance.

9. Describe the three major interatomic bonding types – covalent, metallic & ionic.

10. Apply electronegativity for determining extent of ionic bonding in compounds.

11. Discuss the relative strength of different interatomic bonding types.

12. Analyze the effect of interatomic bonding on macroscopic properties such as thermal and electrical conductivity, thermodynamic stability, ductility, etc.

13. Describe the effect of symmetry, polarity and dipoles on intermolecular bonding.

14. Describe the hydrogen bond with respect to water.

15. Describe the formation of polymers by breakage and reformation of interatomic bonds.

16. Describe the factors that affect intermolecular bonding between polymer chains.

17. Describe the effect of intermolecular bond strength and macroscopic properties of polymers, e.g., the glass transition temperature.

18. Discuss the structure of molecules in organic and inorganic solids.

19. Discuss the role played by interatomic and intermolecular bonding in engineering materials, e.g., conductive polymers.

II.  Crystallography and Crystal Structures
1. Define the unit cell.

2. Describe symmetry operations.

3. Define lattice points.

4. Describe the relationship among lattice points, unit cells and symmetry operations.

5. Recognize the Bravais lattices.

6. Sketch crystallographic coordinates, directions and planes for cubic, tetragonal and hexagonal systems.

7. Calculate linear density, areal density, atomic packing factor and volume density for cubic, tetragonal and hexagonal systems.

8. Calculate coordination number, number of nearest neighbors and nearest neighbor distances.

9. Calculate lattice parameter from nearest neighbor distance.

10. Describe stacking sequences and stacking faults.

11. Use knowledge of crystallography to determine isotropy and anisotropy of physical properties in elemental single crystals, e.g., electrical conductivity, CTE, etc.

12. Use knowledge of crystallography to determine slip directions, slip planes and slip systems.

13. Describe polymorphism and polymorphic transformation in elemental solids.

14. Describe enantiotropic and monotropic transformations in elemental solids.

15. Describe the use of polymorphic transformations in engineering the properties of solids.

16. Identify octahedral and tetrahedral interstitial sites in the simple cubic, body centered cubic and face centered cubic systems.

17. Describe compound structures such as CsCl, NaCl, BaTiO2, etc.

18. Identify location of cations and anions within unit cell.

19. Recognize charge neutrality requirement for unit cells of compounds.

20. Distinguish between polymorphs and polytypes.

21. Describe thermodynamic stability requirements for polymorphs and polytypes.

22. Explain the effect of stacking sequence on the formation of polytypes.

23. Describe displasive and reconstructive polymorphic transformations and the relationship to activation energy requirements for these transformations.

24. Describe the martensite reaction, and its engineering significance, e.g., heat treatment of steels and shape memory effect.

III.  Defects in Solids
1. Identify point, line, areal and volume defects.

III-A  Point Defects - Vacancies
1. Identify and describe vacancies, interstitials, substitutionals, and Frenkel and Schottky defects.

2. Describe the origin of vacancies in elemental solids.

3. Calculate the concentration of vacancies in elemental solids, as a function of activation energy and temperature.

4. Describe the effect of crystal structure, coordination number on activation energy requirement for vacancy generation.

5. Identify anionic and cationic vacancies in compounds/ionic solids.

6. Describe intrinsic and extrinsic vacancies in ionic solids.

7. Describe the effect of solutes on extrinsic vacancy concentration.

8. Describe the mechanism for extrinsic defect generation in ionic solids.

9. Demonstrate the effect of vacancy concentration on physical properties of elemental and ionic solids, e.g., electrical conductivity, mechanical properties, diffusivity, etc.

10. Explain the relationship between anionic and cationic vacancy concentrations in ionic solids, in terms of the stoichiometric ratio between cations and anions.

11. Explain the relationship between anionic and cationic vacancy concentration on the one hand, and anionic and cationic diffusivities on the other hand.

III-B  Point Defects - Interstitials
1. Identify interstitial sites in elemental solids.

2. Describe octahedral and tetrahedral sites in elemental solids.

3. Calculate number of octahedral and tetrahedral sites in simple cubic, body centered cubic, face centered cubic and hexagonal unit cells.

4. Calculate the radius of an atom for “perfect fit” within a given interstitial site.

5. Identify interstitial sites in ionic solids.

6. Describe the charge neutrality requirement for filling of interstitial sites in ionic solids.

7. Calculate the number of interstitial sites filled, in ionic solids, as a function of stoichiometry of the compound.

8. Identify the requirements a solute must meet before it can occupy an interstitial site in ionic compounds.

9. Describe the role played by interstitial sites in determining the diffusion mechanism in elemental and compound solids.

III-C  Substitutional Defects
1. Explain the Hume-Rothery Rules as they pertain to solid solubility.

2. Explain total solid solubility.

3. Explain solubility limit.

4. Explain substitutional solid solutions.

5. Explain the effect of temperature on substitutional solid solubility.

6. Explain the effect of substitutional solutes on macroscopic properties of solids, e.g., electrical and ionic conductivity, mechanical strength, ductility, etc.

III-D  Frenkel & Schottky Defects
1. Describe Frenkel & Schottky defects.

2. Discuss the activation energy requirements for Frenkel & Schottky defects and compare to activation energy requirements for vacancies and interstitials.

III-E  Dislocations
1. Explain the origin of dislocations in solids.

2. Describe edge and screw dislocations.

3. Demonstrate knowledge of relationship among Burger’s vector, dislocation line and direction of dislocation motion.

4. Write vector notation for dislocations.

5. Explain partial dislocations.

6. Explain stacking faults.

7. Illustrate dislocation climb.

8. Explain dislocation interactions with point defects.

9. Describe the Frank-Reed source and dislocation multiplication model.

10. Explain precipitation strengthening in terms of dislocation motion barriers.

11. Explain dispersion strengthening in terms of dislocation motion barriers.

12. Explain solid solution strengthening in terms of dislocation motion barriers.

13. Illustrate dislocation interactions with other dislocations.

14. Describe jogs and kinks.

15. Illustrate strain hardening.

16. Compare the thermodynamic stability (strain energies) of double dislocations versus two single dislocations.

17. Calculate stress fields associated with dislocations.

18. Calculate strain energies associated with dislocations.

19. Describe dislocation motion in stress fields.

20. Describe dislocation climb.

IV.
Surfaces and Interfaces
1. Define a surface and an interface.

2. Define surface tension/surface energy.

3. Distinguish between grain boundary and phase boundary.

4. Define surface (thermodynamic) activity.

5. Describe the effect of curvature on surface activity.

6. Describe the effect of crystallographic orientation on surface activity.

7. Analyze surface energy as a driving force in reactions, e.g., grain growth, sintering, etc.

8. Analyze the effect of surface energy on inhomogeneous distribution of solutes, e.g., segregation to the surface, segregation to the bulk.

9. Explain the formation of surface oxide films and its role in affecting surface reactivity.

10. Calculate the Pilling-Bedworth Ratio for surfaces.

11. Explain the role of surface films in passivation.

12. Describe the phenomenon of wetting.

13. Review the Young-Dupre Equation and the assumptions involved in this formulation.

14. Explain criteria for wetting, non-wetting and spreading.

15. Explain the effect of surface striations and direction of striations on wetting and wicking.

16. Describe methods for measuring wetting and wetting forces, e.g., Sessile Drop Method, Wetting Force Balance.

V.
Phase Equilibria and Phase Diagrams
1. Define a phase.

2. Define a solution, including solid solution.

3. Calculate the driving force for solution formation.

4. Analyze the activity (chemical potential) of a species when it is distributed between two phases.

5. Discuss the role played by activity in determining transfer of a species from one phase to another.

6. Sketch temperature-free energy diagrams for one component systems.

7. Illustrate temperatures over which polymorphs are stable, for one component systems.

8. Analyze First Order and Second Order phase transformations.

9. Describe ideal and non-ideal solutions.

10. Analyze the magnitude of activity coefficients in ideal and non-ideal solutions.

11. Sketch activity-composition diagrams for ideal and non-ideal binary systems.

12. Sketch free energy-composition diagrams for ideal and non-ideal binary systems.

13. Explain the Gibbs Phase Rule.

14. Recognize components of a materials system

15. Utilize the Gibbs Phase Rule to calculate equilibrium number of phases for any given temperature, pressure and number of independent components.

16. Employ the concept of independent components in determining the number of degrees of freedom for a multicomponent system.

17. Calculate the number of degrees of freedom for binary systems – metallic and ceramic.

18. Recognize binary systems that exhibit ideal behavior, eutectic behavior and binary compound formation.

19. Identify allowed phases in single and multiple component systems from phase diagrams.

20. Examine total solid solubility and partial or limited solid solubility.

21. Examine solubility limits in terms of the Hume-Rothery rules.

22. Calculate the chemical composition of phases in equilibrium with each other.

23. Calculate weight and atomic fractions of phases in equilibrium with each other by applying the lever rule.

24. Identify invariant points on a phase diagram.
25. Identify invariant reactions on phase diagrams, e.g., eutectic, monotectic, peritectic, syntactic.

26. Differentiate between eutectic and eutectoid reactions.

27. Apply principles of phase equilibria to processing of engineering alloys, e.g., heat treatment of steels, age hardening of aluminum alloys, etc.

28. Distinguish between coherent and incoherent precipitates.

VI.
Diffusion and Kinetics
VI-A
Reaction Rates
1. Describe stable, metastable and unstable states.

2. Describe driving force in terms of stability of products and reactants.

3. Describe activation energy barrier/activation energy requirement.

4. Discuss the effect of various factors on the activation energy requirement, e.g., crystal structure, coordination number, radius of interstitial site, etc.

5. Develop and write an expression for the rate of reactions.

6. Discuss the effect of temperature on reaction rate.

7. Describe parallel and series reactions.

8. Identify the rate controlling mechanism in parallel and series reactions.

9. Identify thermally activated processes.

10. Apply the Arrhenius rate equation for solid state reactions.

VI-B
Atomic Diffusion
1. Describe the motion of atoms and ions in solids.

2. Distinguish between motion and net motion.

3. Identify the driving force for net motion.

4. Identify the factors that affect the rate of net motion, e.g., temperature, jump distance, coordination number, etc.

5. Distinguish between substitutional and interstitial diffusion.

6. Distinguish between steady state and non-steady state diffusion conditions.

7. Calculate the flux under conditions of steady state diffusion.

8. Write Fick’s First and Second Laws.

9. Discuss solutions to Fick’s Second Law.

10. Write initial and boundary conditions.

11. Calculate concentration profiles using the error function solution to Fick’s Second Law.

12. Analyze moving boundary value problems.

13. Distinguish among lattice diffusion, grain boundary diffusion, dislocation diffusion and surface diffusion.

14. Compare the diffusion coefficients for the different types of diffusion identified in #12.

15. Compare diffusion in metallic solids to diffusion in ionic solids.

16. Explain the difference between cationic and anionic diffusion in ionic solids.

17. Explain the effect of impurity/solute concentration on diffusion in ionic solids.

18. Examine the effect of the nature (valence) of the impurity/solute on diffusion in ionic solids.

19. Examine the effect of stoichiometry on diffusion in ionic solids, especially as it pertains to nonstoichiometric solids.

20. Examine the effect of partial pressure on the stoichiometry of nonstoichiometric solids, and how this can affect diffusion.

21. Analyze the rate controlling mechanism in the case of oxidation kinetics and other solid state reactions.

22. Describe the Kirkendahl Effect.

23. Describe the Matano Interface.

24. Demonstrate different diffusivity rates for different species in binary systems.

25. Analyze reasons for differences in diffusivity rates.

26. Analyze the formation of Kirkendahl Voids in binary systems.

VII
Phase Transformations
1. Describe supercooling for liquid-solid and solid-solid systems.

2. Calculate the driving force for phase transformation, as a function of extent of supercooling.

3. Describe homogeneous and heterogeneous nucleation.

4. Calculate critical radius, number of nuclei and driving force for homogeneous nucleation.

5. Analyze the role of surface tension (interfacial free energy) in heterogeneous nucleation.

6. Calculate critical radius, number of nuclei and driving force for heterogeneous nucleation.

7. Describe the role of homogeneous and heterogeneous nucleation in industrially important processes, e.g., solidification of metals, deposition of thin films, etc.

8. Sketch the transformation rate from nucleation and growth rate information.

9. Sketch TTT diagrams.

10. Use TTT diagrams to determine quenching rates, cooling rates.

11. Use TTT diagrams to determine effect of cooling rate on microstructure developed.

VIII
Plastic Deformation of Solids
VIII-A
Elasticity & Stress-Strain Behavior
1. Explain the different types of macroscopic stress states – tensile, compressive, shear, torsion

2. Demonstrate the use of Hooke’s Law to determine stress, strain and modulus.

3. Calculate the critical resolved shear stress.

4. Demonstrate the ability to use yield or fracture stress as a design criterion.

5. Appraise the effect of stress concentrators on stress profile developed.

6. Compare and contrast engineering stress-strain relationships to true stress-strain relationships.

7. Sketch the uniaxial stress-strain diagram for metallic alloys.

8. Compare stress-strain behavior of metallic alloys to polymeric and ceramic materials.

9. Define modulus, ductility, yield, criteria for necking, toughness, resilience and fracture.

10. Demonstrate the use of yield in engineering design.

11. Demonstrate the use of yield and criteria for necking in fabrication processes.

12. Define creep.

13. Demonstrate the use of creep in engineering design, including stress, time and temperature dependence.

14. Describe the viscoelastic behavior of polymeric materials.

15. Explain the ductile-to-brittle transformation in metallic and polymeric materials.

16. Determine the ductile-to-brittle transformation temperature for metallic alloys.

17. Explain the role of the Glass Transition Temperature in determining rigidity of polymeric materials.

VIII-B
Plasticity
1. Explain the manner in which shear stresses cause dislocation motion.

2. Demonstrate dislocation motion along slip systems.

3. Calculate the number of slip systems for different crystal structures.

4. Explain the relationship between dislocation motion and plastic flow.

5. Explain grain boundary sliding, twinning.

6. Explain the relationship between dislocation motion and yielding, including yield drop.

7. Explain the strain hardening coefficient.

8. Distinguish between cold working and hot working.

9. Explain recovery, recrystallization and grain growth in strain hardened alloys.

10. Identify binary alloy systems that are amenable to precipitation hardening.

11. Analyze the effect of aging temperature on characteristics (e.g., strength) of precipitation hardened alloys.

12. Explain the TTT diagram for steels.

13. Employ TTT diagrams to determine the expected microstructure of heat treated steels.

IX
Corrosion
1. Explain corrosion.

2. Identify the different types of corrosion.

3. Describe half-cell oxidation and reduction reactions.

4. Recognize Standard EMF series and Galvanic series.

5. Employ Standard EMF series and Galvanic series in alloy selection.

6. Identify the driving force for the different types of corrosion.

7. Calculate EMF difference for galvanic couples.

8. Employ the Nernst Equation to calculate the EMF for non-standard conditions.

9. Describe cathodic and anodic protection.

10. Describe oxygen-concentration cells and means of avoiding oxidation potential gradients.

11. Describe EMF difference between phases in multiphase alloys.

12. Describe stress corrosion cracking.

13. Calculate rate of uniform corrosion.

14. Describe polarization – activation and concentration – and its effects on corrosion rate.

15. Describe methods of passivating metals, as a means of corrosion protection.

Bloom’s Taxonomy

The active verbs used in the learning objectives above are in accordance with Bloom’s Taxonomy, which is provided below.

	Competence
	Skills Demonstrated

	Knowledge 

(Level 1)
	· observation and recall of information 

· knowledge of dates, events, places 

· knowledge of major ideas 

· mastery of subject matter 

· Question Cues:
list, define, tell, describe, identify, show, label, collect, examine, tabulate, quote, name, who, when, where, etc. 

	Comprehension

(Level 2)
	· understanding information 

· grasp meaning 

· translate knowledge into new context 

· interpret facts, compare, contrast 

· order, group, infer causes 

· predict consequences 

· Question Cues: 
summarize, describe, interpret, contrast, predict, associate, distinguish, estimate, differentiate, discuss, extend 

	Application

(Level 3)
	· use information 

· use methods, concepts, theories in new situations 

· solve problems using required skills or knowledge 

· Questions Cues: 
apply, demonstrate, calculate, complete, illustrate, show, solve, examine, modify, relate, change, classify, experiment, discover 

	Analysis

(Level 4)
	· seeing patterns 

· organization of parts 

· recognition of hidden meanings 

· identification of components 

· Question Cues:
analyze, separate, order, explain, connect, classify, arrange, divide, compare, select, explain, infer 

	Synthesis

(Level 5)
	· use old ideas to create new ones 

· generalize from given facts 

· relate knowledge from several areas 

· predict, draw conclusions 

· Question Cues:
combine, integrate, modify, rearrange, substitute, plan, create, design, invent, what if?, compose, formulate, prepare, generalize, rewrite 

	Evaluation

(Level 6)
	· compare and discriminate between ideas 

· assess value of theories, presentations 

· make choices based on reasoned argument 

· verify value of evidence 

· recognize subjectivity 

· Question Cues
assess, decide, rank, grade, test, measure, recommend, convince, select, judge, explain, discriminate, support, conclude, compare, summarize 


Source:  http://www.coun.uvic.ca/learn/program/hndouts/bloom.html
G. Selvaduray – August 11, 2004

