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Office Hours:

Instructor: T 6:00-9:00 pm

DH 3102 




TA:  M 3:30-5:00 pm

DH A109

Class Hours :

M, W 
12:30-1:20 


SH 125





F 
12:30-2:20 


DH 1112

Textbook:

H. S. Fogler, Elements of Chemical Reaction Engineering, 3rd edition, 



Prentice Hall, New York, 1999.

Course Objectives:
In this course you will learn to apply the principles of chemical kinetics to the design of reactors. By the end of the semester, you should be able to:

(1) understand the behavior of different reactor types when they are used either individually or in combination,

(2) choose a reactor and determine its size for a given application,

(3) analyze kinetic data and obtain rate laws,

(4) work with mass and energy balances in the design of non-isothermal reactors,

(5) understand the importance of selectivity and know the strategies that are commonly used in maximizing yields, and

(6) appreciate the importance of both external and internal transport effects in gas/solid and liquid/solid systems.

(7) characterize and model non-ideal reactors using the residence-time distribution functions

Grading Policy:  



9 problem sets
            Total points normalized to give a maximum of 200 points



2 midterms

200 points each



Final Exam

400 points



TOTAL

1000 points

I will grade on a combination of relative and absolute scales. First your performance will be evaluated relative to that of the class as a whole. Usually a student performing at one standard deviation above the mean gets an A, whereas one performing at one standard deviation below the mean is in danger of failing the course. Then, your performance will be evaluated independently of the rest of the class. The best grade out of the two will be your grade. I will let each one of you know how you are doing throughout the semester, and you should feel free to ask anytime if you are unsure as to where you stand.

References
For additional reading on:

Chemical Kinetics
(1) K. J. Laider, Chemical Kinetics, 3rd edition, Harper & Row, 1987.

(2) J. W. Moore, R. G. Pearson, and A. A. Frost, Kinetics and Mechanism: A Study of Heterogeneous Chemical Reactions, 3rd edition, Wiley, 1981.

Reaction Engineering
(3) O. Levenspiel, Chemical Reaction Engineering, 2nd edition, Wiley, 1972.

(4) C. G. Hill, Jr., An Introduction to Chemical Engineering Kinetics and Reactor Design, Wiley, 1977.

(5) J. M. Smith, Chemical Engineering Kinetics, 3rd edition, McGraw Hill, 1981.

Heterogeneous Systems
(6) C. N. Satterfield, Mass Transfer in Heterogeneous Catalysis, MIT Press, 1970.

(7) C. N. Satterfield, Heterogeneous Catalysis in Practice, McGraw-Hill, 1980.

(8) J. J. Carberry, Chemical and Catalytic Reaction Engineering, McGraw-Hill, 1976. 

Schedule of Lectures

	PRIVATE 
Date
	Lecture #
	Topics
	Chapter #

	Aug.
	27
	1
	Introduction
	Preface, 1

	
	29
	2
	Definitions; design equations
	1, 2

	
	31
	3, 4
	Design equations; reactor types
	2

	Sep.
	3 
	
	No class – Labor Day
	

	
	5
	5
	Comparison of reactor types
	2

	
	7
	6, 7
	Reactors in series; chemical kinetics
	2, 3

	
	10 
	8
	Stoichiometric table
	3

	
	12*
	9
	Reaction with volume/phase changes
	3

	
	14
	10
	Isothermal reactor design revisited
	4

	
	17
	11
	Reactor networks
	4

	
	19*
	12
	Semi-batch reactors
	4

	
	21
	13 
	Recycle reactors
	4

	
	24 
	14
	Analysis of data: integral method
	5

	
	26
	
	First Exam
	

	
	28
	15
	Analysis of data: integral method
	5

	 Oct.
	1
	
	Examples
	

	
	3
	
	Examples
	

	
	5
	16, 17
	Initial rate, fractional-life and differential methods
	5

	
	8*
	18
	Non-isothermal reactors: general energy balance
	8

	
	10
	19
	Adiabatic operations
	8

	
	12
	20
	Non-adiabatic operations
	8

	
	15
	
	Examples
	

	
	17*
	
	Examples
	

	
	19
	
	No class-Mid-semester Break
	

	
	22
	
	No class-Mid-semester Break
	

	
	24
	21
	Temperature profiles
	8

	
	26
	22
	Stability and sensitivity
	8

	
	29*
	23
	Design of multiple reactions: selectivity
	6

	
	31
	
	Second exam
	

	Nov.
	2
	24
	Temperature effects on selectivity
	6

	
	5
	25
	Series-parallel reactions
	6

	
	7
	26
	Design issues 
	6

	
	9
	27
	External transport effects in heterogeneous systems
	11

	
	12
	28
	External transport effects in heterogeneous systems
	11

	
	14
	29
	Diffusion and reaction
	12

	
	16
	30
	Effectiveness factors
	12

	
	19
	31
	Criteria for transport limitations
	12

	
	21
	
	No class-Thanksgiving recess
	

	
	23
	
	No class-Thanksgiving recess
	

	
	26
	32
	Design of packed beds
	12

	
	28
	33
	Design of packed beds
	12

	
	30
	34
	Residence time distribution (RTD) function
	13

	Dec.
	3
	35
	Characteristics of the RTD
	13

	
	5
	36
	RTD in ideal reactors
	13

	
	7
	37
	Reactor modeling
	13

	
	10*
	
	Overview
	--


A more detailed reading assignment will be given as each chapter is covered

* Dates on which problems are due

Schedule of Exams
	PRIVATE 
Exam
	Date
	Lectures Covered

	First exam (1 hour)
	Sept. 26
	1-13

	Second exam (1 hour)
	Oct. 31
	14-26

	Final exam (3 hours)
	to be announced
	All


Exam Policy:
1. There will be no early or late exams given. If you miss an exam for a valid reason, then your scores from the other exams, after correcting for the deviation from the mean, will be used for averaging. If you miss more than one exam, you will receive an incomplete grade (I). Missing an exam without a valid reason will result in a zero grade for that exam.

2. In all exams you can use your textbook and class notes (including homework problems). 

3. The two one-hour exams have 200 points each and the final exam 400 points.

Policy on Problem Sets:

1. All problem sets (but two) are due on Wednesday.

2. Your homework grade will be based on the best eight out of the nine homework sets. You may elect not to turn in one of them.

3. Problems must be turned in during Wednesday’s class or earlier. Late problem sets will be corrected but not graded.

4. You may discuss the homework assignment with other students. In fact, I encourage you to interact actively with each other, as it will help you in understanding the material better. However, the final product must be your own work. The best rule to follow to avoid crossing the line between interaction with another student and plagiarism is never look at the written work of your fellow student(s).

5. Some of the problems have been given as homework to previous classes in CMU or elsewhere so their solutions may be available to you or your friends. Do not look at these solutions (it is the written work of someone else). Copying from them is still plagiarism. Please review Section II.A in the student handbook regarding academic regulations, cheating and plagiarism. If, after reading this section, you still have questions as to what is and is not allowed behavior, I would be happy to discuss the matter with you.

6. Each problem set will vary in length, and hence carry a different number of points.

7. Each problem set will be discussed in the following Friday recitation and solutions.

8. Effective and clear presentation of your results of the homework will be rewarded with a 20% grade bonus. 

Schedule of Problem Sets
	PRIVATE 
Set Number
	Handed out on
	Due on
	Lectures covered

	1
	Sept. 7
	Sept. 12
	1-6

	2
	Sept. 14
	Sept. 19
	7-10

	3
	Sept. 28
	Oct. 3
	11-14

	4
	Oct. 5
	Oct. 10
	15-17

	5
	Oct.  12
	Oct. 17
	18-20

	6
	Oct. 24
	Oct. 29*
	21-22

	7
	Nov. 9
	Nov. 14
	23-26

	8
	Nov. 16
	Nov. 28
	27-31

	9
	Nov. 30
	Dec. 10*
	32-37


*Note that this problem set is due on a Monday

Course-Specific Outcome Objectives

	ABET Curriculum Criteria 
	Course-Specific Objectives
	Mechanism

	Ability to apply knowledge of mathematics, science, and engineering
	Application of calculus, numerical analysis, thermodynamics, transport phenomena, and kinetics
	Homework

	Ability to design experiments and analyze and interpret data
	Design, analysis, and interpretation of kinetics data
	Homework

	Ability to design a chemical process
	Design of reactors and reactor networks; heat transfer requirements; catalyst selection
	Homework

	Ability to identify, formulate, and solve engineering problems
	Production of chemicals; Use of reaction engineering in other domains (biology, environment, war strategy, etc.)
	Lectures; Class discussion; Homework

	Understanding of professional and ethical responsibility
	Collaboration in homework; environmental problems
	Class discussion; Homework

	Ability to communicate effectively
	Presentation of homework solutions
	Homework

	Understanding of impact of engineering in a global an societal context
	Environmental issues
	Class discussion; Homework

	Appreciation and capability for lifelong learning
	Use of ChE journals, handbooks and other textbooks
	Class discussion; Homework

	Knowledge of contemporary issues
	Green design; air pollution; global climate change
	Class discussion;

Homework

	OTHER: Development of intuition
	Qualitative solutions to problems; Back-of-the-envelope calculations
	Lectures; Discussion; Homework







