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0906-314, Separation Processes

Spring 2003
M 12:30-1:45 PM; W 11:00 – 12:15 PM, 

F 12:30-3:15 PM
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Dr. Stephanie. Farrell


Dr. Mariano. Savelski

Office 331 Rowan Hall

Office:  328 Rowan Hall



Tel:  256-5315



Tel:  256-5317
e-mail:  farrell@rowan.edu

e-mail:  savelski@rowan.edu
Course Description

This course presents an introduction to diffusion of mass and chemical composition.  This includes mass transfer analysis; molecular diffusion in gases, liquids and solids and convective mass transfer.  The course presents several rate-controlled separation processes and their relevant theory, design and applications.  These processes include sorption operations of adsorption, chromatography and ion exchange; membrane processes of reverse osmosis, ultra/microfiltration, gas permeation; and other separations like crystallization.  Demonstrations, projects and laboratories may be integrated throughout the course.

Pre-requisites: Process Fluid Transport (0906-309), Transfer Processes II – Mass (0906-312)
Text

“Rate-Controlled Separations,” P. C. Wankat, Kluwer Academic Publishers, Boston, 1990 (formerly Elsevier)


Hand-outs, and selected reading provided by instructors..
Objectives

Apply basic concepts of diffusion theory to mass transfer

Determine molecular diffusivities

Determine mass transfer coefficients for various geometries

Understand the governing principles of sorption processes with a particular focus on adsorption

Understand adsorption operations using packed columns for gas and liquid separations

Apply equilibrium data to various adsorption isotherms and determine constants

Perform column calculations using solute movement theory

Utilize mass transfer zone approach to packed beds

Apply adsorption-desorption operation to a commercial case

Provide and introduction to chromatography principles and applications

Provide and introduction to ion exchange principles and applications

Understand the basic differences (theory, design and applications) between the family of membrane processes

Apply membrane mass transfer and design equations to solve system parameters for some of the more common membrane operations, i.e., reverse osmosis and gas permeation

Understand the basic concepts of crystallization and precipitation

Apply phase equilibrium for single stage systems

Perform calculations on solubility and salting-out

Content (minor topics are asterisked)

Principles of Diffusion and Mass Transfer Analysis (instructor notes)


Diffusion Theory



Diffusivities in Gases, Liquids and Solids



Mass Transfer Coefficients for Various Geometries


Sorption Operations - Gas and Liquid Phase(Ch. 1, 6, 7*, 8, 9*)


Overview - Adsorption, Chromatography and Ion Exchange



Adsorbents and packing structure


Adsorption equilibrium models


Solute movement theories


Effects of thermodynamic variables


Mass transfer equations applied to sorption



Mass transfer zone approach to packed beds



Constant pattern solutions



Mass transfer correlations

Optimizing fixed bed systems

Adsorption-desorption operations –PSA and VSA



Overview of analytical and liquid chromatography systems



Overview of ion exchange systems


Membrane Operations (Ch. 1, 12, 13* )
Introduction to membrane separations

Overview of all membrane processes: Reverse Osmosis, Nanofiltration, Ultrafiltration, Microfiltration, Dialysis, Electromembrane Processes, Gas Separations, Pervaporation

Membrane transport principles

Membrane materials

Membrane module configurations

Reverse osmosis mass transfer theory

Reverse osmosis system design

Gas permeation mass transfer theory

Gas permeation system design

Overview of mass transfer theory of other selected membrane processes

Overview of process design of other selected membrane processes


Crystallization (Ch. 1, 2, 3 )

Introduction to crystallization and precipitation

Solubility and Salting-out

Phase equilibrium – Single stage systems

Precipitation

Grading Policy:

3 Exams  (90%)  Exam I, II and Final  (Equal weighting unless otherwise specified)

Homeworks  (10 %)

Attendance


Attendance is consistent with University policy

Professionalism and Safety

Class participation and professional behavior are expected in the classroom and laboratory.  Proper safety protocols must be followed in the laboratory at all times.

Tentative Week/Topic Schedule
	Week
	Dates - M, W, F
	Topic

	1
	
	Jan 22
	24
	Introduction

Principles of Diffusion and Mass Transfer Analysis

	2
	Jan 27
	29
	Jan 31
	Principles of Diffusion and Mass Transfer Analysis

	3
	Feb 3
	5
	7
	Sorption Processes

	4
	Feb 10
	12
	14
	Sorption Processes

	5
	Feb 17
	19
	21
	Sorption Processes

	6
	Feb 24
	26
	28
	Sorption Processes, Exam I – March 1

	7
	Mar 3
	5
	9
	Membrane Processes

	8
	Mar 10
	12
	14
	Membrane Processes

	9
	Mar 17
No Class
	29 

No Class
	21

No Class
	No Class – Spring Break

	10
	Mar 24
	26
	28

	Membrane Processes

	11
	Mar 31
	2
	4
	Membrane Processes

	12
	April 7
	9
	11
	Membrane Processes, Exam II - April 12

	13
	April 14
	16
	18
No class
	Crystallization

	14
	April 21
	23
	25
	Crystallization

	15
	April 28
	Apr 30
	May 2
	Crystallization

	16
	May 5
	 *
	
	Crystallization, *Final (Finals wk, May 7-13


Exam I covers Diffusion and Sorption Processes

Exam II covers Membrane Processes

Final Exam covers Crystallization and prior topics (Diffusion, Sorption, Membranes)

Laboratory, demo and project dates TBD

Topics may be changed due to time constraints, etc.  Students will be informed of changes in course policy and conduct as appropriate.  You are responsible for all material presented in class, texts, handouts, assigned readings, homework, etc.)

