CBE 434/434L	SDSM&T	Spring 2010
CBE 434/434L 
Design of Separation Processes

Instructor	Dr. Todd J. Menkhaus
	C-227
	605-394-2422
	todd.menkhaus@sdsmt.edu

Classroom	Chemistry/Chemical Engineering Building, Room 302

Lecture/Lab Time 	Thursday, 1:00 – 3:50 p.m.

Office Hours	Specific: Mon.,Tues., Wed.,Thur., Fri.; 9:00 – 10:00 a.m
	By Appointment: Contact the instructor to schedule a meeting time
	General: I have an open door policy and will often be available to meet with students outside of scheduled office hours.  Feel free to come by my office for assistance at any time. 

Required Textbooks	Transport Processes and Separation Process Principles, Fourth Edition, by C.J. Geankoplis, Prentice Hall (2003).

Additional Resources	Separation Process Engineering, Second Edition, by Phillip C. Wankat, Prentice Hall (2007)
	Separation Process Principles, Second Edition, by J.D. Seader and E.J. Henley, John Wiley and Sons, Inc. (2006).
	Unit Operations of Chemical Engineering, Sixth Edition, by McCabe, Smith, and Harriott, McGraw Hill (2001).

Catalog Description: 2 Credits (1-1).  Pre-Requisite: ChE 318.  Separation technology and processes are studied with application to current industrial design problems.  Topics and design case studies may include: adsorption, absorption, biological separations, crystallization, distillation, environmental separations, ion exchange, membrane separations, molecular distillation, pervaporation, solid/liquid separations, supercritical extraction, thermal stripping, and others.

Expected Knowledge Prerequisite: Students entering this course are expected to have an understanding of distillation, understand the idea of mass transfer driving force, and know thermodynamic equilibrium concepts.
	
Student Learning Objectives:  Students successfully completing this course will have a working knowledge of separation techniques that are not typically covered in mass transfer or design courses.  Many of the topics are highly specialized and may be currently undergoing substantial development in the academic and industrial communities.  Separation operations may have applications in traditional chemical processing, biochemical/pharmaceutical industries, and the environmental field.


Expected Outcomes:  Students successfully completing ChE 434/434L will be able to:
· Apply the appropriate design equations for the separation topics covered and solve associated separation problems
· Complete effective literature searches to find information on new separation techniques and processes
· Understand, design, and carry out appropriate process design/development experiments covering a non-traditional separation technique
· Incorporate safety considerations and hazard assessment/mitigation into separation unit operations and experimental designs
· Apply literature values and/or computer simulations (e.g. AspenPlus) to produce process scale-up results based on small-scale laboratory data
· Communicate the theory and design principles of a separation process to a supervisor and peers, both in a written and an oral format. 

Instructional Methods and Evaluation:  This course will utilize lectures, reading assignments, class exercises, homework problems, projects, quizzes, laboratories, written reports, and oral presentations as methods of instruction and assessment.
· Homework: 
	Homework will be assigned for each topic covered during lectures in class.  Work should be written in a neat, organized manner - document your steps, sketch a drawing where appropriate, provide answers with appropriate units and significant figures, and box your final answers.  Consultation with classmates is normally acceptable (and encouraged!), but YOU are responsible for understanding the material.  Outright copying of solutions will not be accepted and will be penalized.  
· Quizzes:
	Quizzes will be completed on an individual basis unless otherwise instructed by the professor.  In most cases students will be permitted to use notes and/or textbooks during a quiz.  Quizzes will be given periodically during class lectures.
· Laboratory:  See separate handout describing laboratory expectations
· Grading:
Final letter grades will be assigned based on each student’s weighted percentage of the total points earned in the course as follows:
	A   90 – 100%
	B   80 – 89%
	C  70 – 79%
	D  60 – 69%
	F  < 60%
Values indicated above are tentative, but do represent the most stringent requirements. 

Total points will be divided between the following categories:
		Homework (5 Assignments) . . . . . . . . . . . . . . . . . . .   25%
		Quizzes (5). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25%
	Prelabs (2), Safety, and Lab Participation . . . . . . . . . 10%
Memo Reports (2 per Group) . . . . . . . . . . . . . . . . . . . 26%
	Oral Presentation (1 per Group). . . . . . . . . . . . .. . . . .14%
		Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100%

Student Responsibilities
	You are responsible for your own education.  Specific responsibilities that I request include: (1) show up to class on time, (2) come to class prepared – read the textbook, prepare questions, and participate during class, (3) conduct your work in a professional manner.
	If absent from class arrange to get notes from a classmate.  Students with excused absences for allowed reasons (verifiable illness, emergencies, and school-sponsored activities) should contact the instructor as early as possible.  If possible, homework should be submitted prior to an absence.  Make-up quizzes will only be given if scheduled in advance of an absence.  Homework and laboratory reports are due at the beginning of the class period of the assigned due date!!
	
Instructor Responsibilities
		I am responsible to assist you in your education.  Specific responsibilities that I have include: (1) come to class prepared and organized, (2) guide students both during class and outside of class, (3) be available for consultation outside of class, (4) grade assignments and exams objectively and in a timely manner, (5) assign a final letter grade for each student based on the student’s demonstrated knowledge and demonstrated proficiency at applying the course material.

Special Needs	Students with special needs or requiring special accommodations should contact the instructor at 605-394-2422 and/or the campus ADA coordinator, Dr. Jolie McCoy, at 605-394-1942 at the earliest opportunity.

Freedom in learning
Students are responsible for learning the content of any course of study in which they are enrolled. Under Board of Regents and University policy, student academic performance shall be evaluated solely on an academic basis and students should be free to take reasoned exception to the data or views offered in any course of study. Students who believe that an academic evaluation is unrelated to academic standards but is related instead to judgment of their personal opinion or conduct should contact the dean of the college which offers the class to initiate a review of the evaluation. 

Tentative Schedule
	(See reverse side)

Tentative Schedule
	Class
	Date
	Day
	Topics
	Reading

	1
	14-Jan
	Thur
	Course Introduction and Topics
	

	
2
	
21-Jan
	Thur
	Membrane Separations I: Reverse Osmosis, Pervaporation, Electrophoresis, Ultrafiltration/Diafiltration
	Chapter 13

	3
	28-Jan
	
Thur
	Membrane/Gel Separations II: Gas Permeation, Dialysis and Electrodialysis
Quiz #1
	
Chapter 13

	
4
	
4-Feb
	Thur
	Crystallization
QUIZ #2
	Chapter 12

	
5
	
11-Feb
	
Thur
	Mechanical Separations -- Centrifugation, Filtration, Cyclones, Flocculation
QUIZ #3
	Chapter 14

	6
	18-Feb
	
Thur
	Enhanced Distillation (Residue Plots, Extractive, Reactive, Pressure Swing); Supercritical Fluid Extraction
QUIZ #4
** LAB PREFERENCES DUE!!
	Chapter 11, Handouts

	
	25-Feb
	Thur
	QUIZ #5
LAB Period #1
	

	7
	4-Mar
	Thur
	Lab Period #2
	

	
	11-Mar
	Thur
	NO CLASS – Spring Break!
	

	8
	18-Mar
	Thur
	LAB Period #3
MEMO REPORT 1 DUE
	

	9
	25-Mar
	Thur
	Lab Period #4
	

	10
	26-Mar
	Thur
	LAB Period #5
MEMO REPORT 2 DUE
	

	11
	2-Apr
	Thur
	LAB Period #6
	

	12
	9-Apr
	Thur
	LAB Period #7
	

	13
	16-Apr
	Thur
	ORAL PRESENTATIONS
	

	14
	23-Apr
	Thur
	Possible Field Trip
	

	15
	30-Apr
	Thur
	Possible Field Trip
	

	
	4-May
	Tues
	FINAL EXAM – 5:00pm – 6::50 pm, C-302
	




NOTE:  The course syllabus is a tentative outline and is subject to change as the course progresses.  Be sure to read the assigned text chapters and handouts.  Reading material may not be specifically covered in class lectures, but you may be held accountable for the material.  The laboratory meeting time will be for meetings between groups and the instructor, and for laboratory/design projects.  Additionally, tours of individual separation processes are being arranged (as class interest dictates).  These will tentatively be worked into the schedule.



CBE 434/434L 
Design of Separation Processes

Laboratory Expectations

Objectives:
	Given a broad design goal from your supervisor for a separation operation encountered in the chemical, biochemical, or environmental industries, each team will produce a report describing if/how the goal can be met.  Based on class lectures, readings, and external literature searches, for each experiment/design project your group will devise an experimental plan to investigate a separation operation, complete a hazard assessment and evaluate safety arrangements required for the laboratory exercise, conduct the experiments (where appropriate) to provide requisite data for determining the design goal, analyze the data, complete calculations, and report the findings.  For instance, you may be given an assignment to determine equipment/material requirements for an oxygen separation system capable of producing 500 m3/min of 80% pure O2 from air.  Your group will then need to conduct small scale experiments to determine relevant design values and materials, and use them to calculate the large scale system requirements.  As part of this you may investigate different operating parameters to optimize the setup such has flow configuration, pressure, etc.    

Teams:
	The class will be divided into groups of 3-4 students per team.  All aspects of the labs and projects should be completed as a group – initial experimental plan and safety analysis, conducting lab experiments, analyzing data, and completing the report.  Each team member will be asked to assess other team members’ participation at the end of the course.

Topics:
	Each group will select any TWO experiments listed in the “Laboratory Experiments” section of Table 1 on the back of this sheet, and ONE “Design Project” shown in Table 2.  The current ChE 434L Laboratory has all of the required equipment needed to complete the “Laboratory” experiments.  You will be expected to determine your own list of materials and equipment required for the “Design Project”.  Feel free to choose a topic that is not listed within the Tables, but please consult with the instructor regarding your idea.  Also select three laboratory session dates for when you plan to complete the labs (refer to the syllabus).  By Week 6 (February 18, 2010) provide the instructor a list of labs/project you wish to complete and the dates you wish to work.

Meetings with the Instructor: 
	Before beginning work on each experiment, your group should meet briefly with the instructor to discuss the design/experimental goals.  Then, just before beginning the experiment, each group should provide a short “Prelab” describing the experiments to be completed, and a detailed safety assessment. 



Reporting:
	Only one report is needed per group.  TWO short memo reports are required, and ONE oral presentation.  The due dates are shown within the schedule on the syllabus.  The written reports should be concise, specific, and well organized.  Each report should include as a minimum, the objective, background information (including any theory and equations), the experimental materials and methods, results (or expected results for the “Design Project”), discussion and conclusions/recommendations.  Include calculations, all raw data, detailed experimental procedures, and any other pertinent information as appendices.  Plan oral presentations for a twenty minute time slot and follow the same general outline described above for written reports.  Refer to your previous ChE Lab Manual for more detailed descriptions of reports and presentations.  Follow guidelines for the “memo report”.

Laboratory Experiment and Design Project Options: 

Table 1: List of potential “Laboratory Experiments” to complete.  You are required to choose TWO of the experiments.
	Exp.
	Laboratory Experiment Description

	1
	Oxygen separation from air using a Prism membrane laboratory unit

	2
	Water desalination using a laboratory scale reverse osmosis unit

	3
	Separation of chemicals using tangential flow ultrafiltration

	4
	Water softening or deionization by ion-exchange adsorption

	5
	Continuous crystallization of aluminum potassium sulfate from solution

	6
	Tangential flow microfiltration for clarification of a crude biomass slurry

	7
	Protein purification using membrane and packed bed adsorption




Table 2: List of potential “Design Project” to complete.  You are required to choose ONE of the options.
	Exp.
	Design Project Description

	A
	Design a process to simultaneously produce and purify ethanol 

	B
	Design a gas separation process using pressure swing adsorption

	C
	Design a process for separation of trace organics from an aqueous solution using pervaporation

	D
	Design a flocculation and/or solid liquid separation process to clarify solids from a bioethanol process stream

	E
	Design a supercritical extraction process to remove nicotine from tobacco

	F
	Design an electrophoretic separation of biopolymers in solution


NOTE: Other projects specified by your group are encouraged!!
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