University of Kentucky

Department of Chemical and Materials Engineering

MSE 585
Materials Characterization Techniques

Fall 2006

Instructor:  
Dr. John Balk
 



155 F. Paul Anderson Tower



Office hours:
Tuesday 10:00-11:30

Phone: (859) 257-4582





(& drop in as needed)

Email: balk@engr.uky.edu
TA:

Wayne Li (218 Whalen Building)

Class Time:
Tuesday/Thursday 2:00-3:15

267 F. Paul Anderson Tower
Credit Hours:
3 (Note: for Materials undergraduates, there is a separate 1-credit lab section)

Course Description:
This course will present the fundamentals of x-ray and electron beam interactions with solid-state materials. Both elastic and inelastic interactions will be treated, with emphasis on elastic diffraction effects. Lecture: three hours per week. Prerequisite: MSE 301 and Engineering standing or graduate status or consent of instructor.

Required Textbook:


Elements of X-Ray Diffraction (3rd Ed.), B.D. Cullity and S.R. Stock, Prentice Hall.

Additional books (optional):


The Basics of Crystallography and Diffraction, C. Hammond, Oxford University Press.
Microstructural Characterization of Materials, D.G. Brandon and W.D. Kaplan, Wiley.

Transmission Electron Microscopy, D.B. Williams and C.B. Carter, Plenum Press.

Goals: 
This course will focus on two of the most powerful materials characterization techniques, namely x-ray diffraction and electron diffraction. Through coursework and homework problems, students will learn the fundamental aspects of diffraction phenomena and the broad range of experiments that they enable. A central theme is the determination of crystal structure based on measurable diffraction events. The application of diffraction to nanoscale material volumes will be discussed and compared to bulk material characterization. Additionally, scanning and transmission electron microscopy will be discussed in lecture. Time permitting, a brief survey of the fundamentals of chemical analysis, surface science, and scanning probe techniques will also be introduced. 
Outcomes:
Students will understand the fundamentals of crystallography and diffraction, and will be able to apply their knowledge in interpreting data and solving materials-related problems. They will gain knowledge relevant to the operation of standard analysis tools for materials characterization, primarily x-ray diffractometers, as well as the scanning electron microscope. A fundamental introduction to a variety of characterization techniques will serve as a framework for future use and interpretation of data.

Grading Policy:



10% In-Class Quizzes (5 minutes each, at the beginning of class on random days)



20% Homework



20% Mid-Term Exam I



20% Mid-Term Exam II



30% Final Exam


A= 90-100%     B= 80-89%     C= 70-79%     D= 60-69%     E= 0-59%

• For each assignment/exam, the score of the student with the highest point total will serve as the basis for all other grades for that assignment only. An ‘A’ will have to be within 10% of this mark.  During the semester, the highest grade for each assignment/exam will be attributed to a fictitious (undergraduate or graduate) student, who will set the curve for his/her group in the class.  This fictitious student will therefore almost certainly have a higher cumulative score than any actual student.  Please note that this could result in no student receiving an ‘A’ grade, a theoretical but unlikely circumstance.

Please also note that the instructor reserves the right to set a higher 100% mark if the entire class performance is substandard.

· Undergraduate and graduate students will be graded separately, with different scoring curves for each assignment and for final grades. Additionally, graduate student exams will include more questions and will require a higher level of understanding.  Note that the grade of D is not recognized by the Graduate School for graduate students.

• In-class quizzes will be given during the first five minutes of randomly selected class meetings.  I have not decided exactly how many quizzes I will give.  There will be no curve for individual in-class quizzes, since they are intended to assess the level of knowledge that is expected.  Each in-class quiz ends exactly five minutes after class has begun, regardless of when you arrive.

• Policy for “make-ups”:


In-class quizzes and mid-term/final exams may not be made-up except under extreme circumstances.  These circumstances must be documented as a medically excused absence or, in other emergency cases, discussed with me at the earliest possible opportunity.

• Policy for late submission of written assignments:


Homework assignments are due at the beginning of class on the date specified.  Assignments submitted after this will be penalized 10% per weekday.  If an assignment is more than 5 weekdays late, it will receive no credit whatsoever.

• Any form of cheating or plagiarism will result in a failing grade for the course. Homework solutions will be checked to ensure that each person has completed his/her own work.  If you have any questions about what constitutes plagiarism, please see me immediately.

Date


Topic

Aug. 24

Course outline and general intro




to x-ray diffraction (XRD)

Aug. 29,31

Properties of x-rays



Crystal geometry & symmetry

Sept. 5,7
The reciprocal lattice

The stereographic projection

Sept. 12,14
Bragg’s Law; Laue’s equations

Diffraction I: Geometry

Sept. 19,21
Diffractometer Measurements




Diffraction II: Intensities

Sept. 26,28

Factors affecting intensity




Mid-Term Exam I, Sept. 28





Oct. 3,5

Diffraction III: Real Samples




Powder photographs

Oct. 10,12

Laue Photographs




Phase identification by XRD

Oct. 17,19

Crystal structure determination




Polycrystalline aggregates (texture)

Oct. 24,26

Stress measurement




Polymer XRD

Oct. 31, Nov. 2
Mid-Term Exam II, Oct. 31



Small angle x-ray scattering
Nov. 7,9

Scanning electron microscopy (SEM)



Chemical analysis

Nov. 14,16

Transmission electron microscopy (TEM)

Electron diffraction patterns

Nov. 21

TEM imaging and contrast mechanisms




*Thanksgiving Vacation, Nov. 23rd/24th
Nov. 28,30

Surface science principles

XPS, AFM
Dec. 5,7

Review; sample problems

Final Exam

Tuesday, December 12, 8:00 am
