
MET 220/220L MINERAL PROCESSING AND RESOURCE RECOVERY
CATALOG DATA: 
MET 220 MINERAL PROCESSING AND RESOURCE RECOVERY (3-0) 3 credits. Prerequisite: Sophomore standing. An introductory course in mineral processing highlighting unit operations involved including comminution, sizing, froth flotation, gravity separation, electrostatic separation, magnetic separation and flocculation. Other topics discussed include remediation of contaminant effluents and the unit operations associated with recycling of post-consumer materials using mineral processing techniques. This course is cross-listed with ENVE 220.

TEXTBOOK: 

Mineral Processing and Resource Recovery, K.N. Han and J.J. Kellar (an electronic text available in electronic form to the students)
INSTRUCTOR: 

Dr. Jon J. Kellar, Office Hours: 2:00-3:00 p.m. M-Th

REQUIRED/ELECTIVE:

MET 220 is required for all B.S. Metallurgical Engineering, and Mining Engineering students.  It is a required course for B.S. Environmental Engineering students taking the Metallurgical Engineering emphasis.

COURSE OBJECTIVES: 

The objective of this course is to provide students with the working knowledge required to formulate and analyze problems in basic mineral process and particle technology.  Students will be able to determine the effects of chemical and physical processes on particle liberation, separation and concentration.  Upon completion of the course the students will be able to apply this knowledge in design and in subsequent upper-level courses. 

COURSE OUTCOMES: 

· Given a particular size reduction desired, the student will be able to construct a basic mineral processing flowsheet, including the definition of fundamental mineral processing terms.

· The student will be able to perform a simple mass balance, and calculate grade and recovery for basic mineral processing unit operations.

· Given sieve data the student will be able to generate a Gaudin-Shuhmann size distribution plot.  From the Gaudin-Schuhmann diagram the student will be able to determine the size and distribution modulus for the system.

· The student will be able to calculate the specific surface area for regular and irregular shaped particles given the appropriate physical constants.

· Using a force balance approach, the student will be able to derive Stokes’ and Newton’s Equation for a particle settling in a liquid.

· The student will be able to distinguish the three regions of the electrical double layer, and their influence on particle electrokinetic phenomena.

· Given the specific gravities of the components of the system, the student will be able to use the concentration criterion as a first approximation to determine the efficacy of gravity concentration.

· By analyzing the movement of particles in a viscous fluid, the student will be able to interpret the effect of cyclic bed displacement, and particle separation in a jig.

· Given the relative magnetic susceptibilities, the student will be able to predict the general effectiveness of a magnetic based separation.

· By performing a force balance on a particle on a magnetic drum surface the student will be able to calculate the entrapment ratio, and the ease of separation from the drum surface.

· Knowing the influence of the electrical double layer on surface charge, the student will be able to determine the effect of cation charge on flocculation.

TOPICS COVERED:
· Abundance of the elements, domestic and world resources


· Mass balances 

· Particle characterization

· Comminution

· Movement of solids in fluids

· Classification devices

· Froth flotation 

· Gravity concentration 

· Magnetic separation 

· Electrostatic separation

· Thickening

CLASS SCHEDULE:

Lecture: 3 hours per week, 8:00-8:50 am, MWF

RELATIONSHIP OF COURSE TO PROGRAM OUTCOMES: (b), (e), (j), (k)
LABORATORY: 
The course laboratory (MET 220L, required for Metallurgical Engineering students) parallels the lecture portion, both in terms of objectives and topics covered.  In addition, the laboratory stresses hands-on applications of course content, and a large technical communication component.

CONTRIBUTION OF COURSE TO MEETING THE PROFESSIONAL COMPONENT:

This course prepares students in the basics of resource production and conservation and thereby provides the necessary basis for subsequent metallurgical engineering courses focused upon more advanced processes such as hydrometallurgy (MET 310/310L) and pyrometallurgy (MET 321/321L).  
Ethical practice is a frequent discussion item in MET 220, specifically, the role engineer’s play in sound development of natural resources.  Student social skills are stressed while on laboratory field trips.  Professional behavior is recognized, namely, attentiveness and punctuality associated with such field trips.  

PERSON WHO PREPARED THIS DESCRIPTION AND DATE OF PREPARATION:

Jon Kellar, March 30, 2010
MET 232 PROPERTIES OF MATERIALS
CATALOG DATA: 

MET 232 PROPERTIES OF MATERIALS (3-0) 3 credits. Prerequisite: MATH 123 and PHYS 111. A course in engineering materials and their applications. The different technological uses of metals, ceramics, plastics, and composite materials are discussed and explained in terms of their basic atomic structure, and mechanical, thermal, optical, electrical, and magnetic properties. Material selection in engineering design is emphasized.

TEXTBOOK: 

Materials Science and Engineering:  An Introduction, Eight Edition, William D. Callister, Jr.,  and David G. Rethwisch, John Wiley & Sons, Inc., 2010
INSTRUCTORS: 

Dr. Jon Kellar, Office Hours: 2:00-3:00 p.m. M-Th

Dr. Michael West, Office Hours: 11:00-11:50 a.m. M, W, F

REQUIRED/ELECTIVE:

This course is required for all B.S. Metallurgical and Mechanical Engineering students. It is a technical elective for Industrial and Chemical Engineering students.

COURSE OBJECTIVES: 

The objective of this lecture program is to relate the properties of engineering materials to the materials microstructure developed during thermal and mechanical processing. Students develop the understanding to make informed engineering material selection decisions that will be safe and economic. The laboratory exercises in MET 231 are timed to follow or coincide with lecture content.

COURSE OUTCOMES: 

· Student will understand the basics of atomic bonding and the resulting structure of crystalline solids.

· Student will know and be able to identify the role imperfections in solids play in the development of mechanical and physical properties of materials.

· Students must be accomplished in using mass transport in solids as it pertains to design of alloys and the carburization of steels.

· Students will have experience in the interpretation of mechanical properties of materials, and apply these material properties in the design system components.

· Student will be introduced to dislocation theory and the role dislocations play in the development of mechanical and physical properties of materials.

· Student must be able to identify ductile, brittle, fatigue and high strain rate fractures.

· Student must be accomplished in the use of binary phase diagrams to predict equilibrium and non-equilibrium structures.

· Students must be accomplished in the thermal processing of ferrous and non-ferrous alloys. 
· A design project beginning at midterm involves individual team research and the preparation of a technical style report.
TOPICS COVERED:

· Metal Structures

· Imperfections in Solids

· Solid State Diffusion

· Mechanical Behavior of Metals

· Strengthening Mechanisms

· Phase diagrams

· Kinetics of Phase Transformations

· Iron Carbon Alloys – Properties/Microstructure

· Nonferrous metals Alloys -- Properties/Microstructure

· Polymer Structures/Polymer Types/Mechanical Properties

CLASS SCHEDULE:

3 hours per week MWF, 1:00-1:50 p.m. (spring), 10:00-10:50 a.m. (fall)

RELATIONSHIP OF COURSE TO PROGRAM OUTCOMES: (a), (c)
LECTURE: 

The course lectures parallels the laboratory portion (MET 231L), both in terms of objectives and topics covered.  

CONTRIBUTION OF COURSE TO MEETING THE PROFESSIONAL COMPONENT:

One major team prepared design report is a critical part of this course.

PERSON WHO PREPARED THIS DESCRIPTION AND DATE OF PREPARATION:

Jon Kellar, March 30, 2010
MET 443 COMPOSITE MATERIALS  

CATALOG DATA: 

MET 443 COMPOSITE MATERIALS (3-0) 3 credits. Prerequisites: ME 316 or concurrent enrollment in MET 440. The course will cover heterogeneous material systems; basic design concepts and preparation; types of composite materials; advances in filaments, fibers and matrices; physical and mechanical properties; failure modes; thermal and dynamic effects; and applications to construction, transportation and communication. This course is cross-listed with ME 443.
TEXTBOOKS: 

Introduction to Composite Materials Design, E.J. Barbero, Taylor & Francis, 1998

Composite Materials: Engineering and Science, F.L. Matthews and R.D. Rawlings, Chapman and Hall, 1999

INSTRUCTORS: 

Dr. Jon J. Kellar, Office Hours: 2:00-3:00 p.m. M-F

Dr. Lidvin Kjerengtroen, Office Hourse, 8:00-9:00 a.m. M, Tu, W, Th

REQUIRED/ELECTIVE:

MET 443 is required for all B.S. Metallurgical Engineering students.  

COURSE OBJECTIVES: 
Students will be able to determine the effects of mechanics and materials chemistry on composite performance. 

COURSE OUTCOMES: 

Students completing this course satisfactorily will have

· Working knowledge of the crystal structures and defect structures of typical conventional ceramics and typical advanced ceramic materials.

· Working knowledge of the manufacturing processes of glasses, conventional and advanced ceramic materials.

· Working knowledge of five of the most important strengthening mechanisms in glasses and seven of the most important toughening mechanisms in advanced ceramics.

· Calculation of the thermal shock resistance of advanced ceramics using five thermal shock resistance parameters.

· Calculation of the spalling resistance of advanced ceramics based on appropriate properties.

· Establishment of relationships between crystal structure / microstructure / processing / fracture toughness / thermal shock resistance and spalling resistance of advanced ceramics.

· Working knowledge of metallic, ceramic and polymeric materials as matrix materials.

· Design, manufacturing and properties of advanced fibers: glass, boron, carbon, organic, ceramic and metallic.

· Working knowledge of the role of interfaces and interface phases and their properties in the design, manufacture and properties of PMCs, MMCs and CMCs.

· Working knowledge of the design, manufacture, microstructure, properties (stiffness, strength, fracture toughness and fatigue) and applications of PMCs, MMCs and CMCs.

· Applications of micromechanisms in PMCs, MMCs and CMCs for the prediction of their mechanical behavior: stiffness, strength, fracture toughness and fatigue.

TOPICS COVERED:

· Fibers

· Fibers and Whiskers and Nanocomposites

· Reinforcement/Matrix Interface

· Interfaces-Wettability

· Interfaces-Bonding 

· The Interphase Methods for Measuring Bond Strength

· Single Fiber Tests, Kelly Tyson Model 

· Anisotropic Stress strain relationships, material constants

· Stiffness 

· Thermal and Moisture Expansion

· Strength

· Introduction to Visco – Elastic Material Behavior

· Polymer Matrices

· Polymer Matrix Composite Processing

· Polymer Matrix Composite Interfaces/Interphases

· Structure, Properties and Applications of PMCs

· Metal Matrix Composites: In Situ and Artificial

· Ceramic Matrix Composites

· Stress and Strain

· Off-Axis Stiffness

· Macromechanics and Stiffness Design

· Failure and Strength Design

· Failure and Strength Design

CLASS SCHEDULE:

Lecture: 3 hours per week, 1:00-1:50 am, MWF

RELATIONSHIP OF COURSE TO PROGRAM OUTCOMES: (a), (c)

LABORATORY: 

There is no associated laboratory with this course.

CONTRIBUTION OF COURSE TO MEETING THE PROFESSIONAL COMPONENT:

This course prepares students in the basics of materials selection and design. 
Ethical practice is a frequent discussion item in MET 443, specifically, the role engineer’s play in selection of materials for critical applications such as defense, crash protection and aerospace.  

PERSON WHO PREPARED THIS DESCRIPTION AND DATE OF PREPARATION:

Jon Kellar, January 14, 2004
