MULTIPHASE REACTION ENGINEERING 

Lecturer:  

Milorad P. Dudukovic; dudu@wustl.edu; dudukovi@swbell.net

The Laura and William Jens Professor and Director, Chemical Reaction Engineering Laboratory (CREL), http://crelonweb.eec.wustl.edu
Energy, Environmental and Chemical Engineering (EECE) Department, Washington University in St. Louis (WUSTL), St. Louis, Missouri 63130, USA
Teaching Assistants: 

Nikola Nikacevic, (tel. 3303 – 652)

Marko Stamenić

INTENSIVE GRADUATE COURSE AT THE FACULTY OF TECHNOLOGY AND METALLURGY, UNIVERSITY OF BELGRADE, BELGRADE, SERBIA 

TIME:  FEBRUARY 18 THROUGH 29, 2008

CONTACT HOURS: 45

Course Objectives:  To illustrate the key role of reaction engineering in environmentally benign processing and describe the multi-scale and multiphase character of the systems relevant to a wide number of process industries. To introduce and review the current state-of-the -art reaction engineering methodology needed for proper selection and operation of various multiphase reactors and illustrate its use on selected examples. To provide a proper foundation to reactor selection, scale-up, design and operation in various technologies.

Expected outcome:  Course attendees will learn as to how to use reaction engineering concepts in scale-up and design of new technologies as well as in improvement of existing operations.

Course Outline:

Lectures
 
M, Tu, W, Th, F 

9 A.M. – 12 P.M.

Recitations:

M, Tu, W, Th, F

2 P.M. – 3:30 P.M.

Suggested Reading Material:

1. M. P. Dudukovic , Printed Notes to be placed on the appropriate web site prior to the start of the course.

2. O. Levenspiel, Chemical Reactor Omnibook, OSU Press, 1999

Expectations of students and grading

Homework:  5 (five) homework sets will be assigned and graded by the TA. The solutions will be discussed in the recitation sessions.

Exams: 2 (two exams) will be given, one at the end of each week. Exams will be closed book, closed notes type, and will test the basic concepts only. Practice workshops with questions similar to exam questions will be distributed and discussed during the recitation sessions.

Term project such a short review of a specific topic or a brief design will be assigned at the end of the course and collected a month later.

The homework will test whether the students are following the material and are able to use the concepts introduced.  It is expected that every student will get at least 80% of the points since help will be provided.

The exams will test the understanding of basic concepts. It is expected that the students will get at least 80% of the points (a second chance to review and amend their answers will be provided).

The term project will demonstrate the student’s ability to apply the concepts learned in a creative way. It is expected that the project report will meet the technical professional standards of our field.

Tentative schedule

Day 1: Reaction engineering and environmentally benign processing. Environmental impact assessment. Systems approach to reactor selection..

Day 2:  Basic kinetic concepts, reaction rate, mechanisms and chemical thermodynamics. Review of ideal reactor design equations for single phase systems.

Day 3: Discussion of residence time distributions and micro-mixing concepts. Population balance models.

Day 4: Modeling of tubular reactors; models for stirred tanks: Current practice and future developments.

Day 5: External and internal transport limitations on reaction rates in heterogeneous systems and effectiveness factor concept for gas-solid systems.

Day 6: Transport –kinetic interactions and effect on reaction rate in gas-liquid and gas-liquid-solid reaction systems. Overall effectiveness factor and enhancement factor. 

Day 7: Reactor scale models for heterogeneous systems. Scale-up.

Day 8: Gas-liquid-solid systems: Trickle beds, monoliths, slurry systems.

Day 9: Introduction to biochemical, biological and electrochemical systems.

Day 10: Modern approach to scale-up of opaque multiphase reactors.

Exams:

Day 6. 
2 hours in class test (covers first 5 days of lectures)

Day 11:
2 hour in class test (covers second five days of lectures)

Day 8:  
Take home term project topic distributed

Day 45: 
Term project reports collected

Day 60:
Grades assigned
