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GRADUATE COURSES in calculations for mul-
ticomponent distillation and extraction sys­

tems have been a staple part of the chemical engi­
neering curriculum for many years. These systems 
are industrially important because a large part of 
the capital investment in a chemical plant may be 
in separation equipment. Many separation proc­
esses are carried out in staged equipment, and it 
has been recognized that a common method of 
analysis of all staged processes should be used. 
Nevertheless, it has been our observation that at­
tempts to develop a common approach to staged 
calculations have been only partly successful, and 
that this is due primarily to the lack of a truly 
general model for staged processes. We have re­
rently proposed a model (1-4J which we believe can 
be the basis for a unified presentation of staged 
calculations. This article is a description of a grad­
uate course offered at the University of Pittsburgh 
with this end in view. 

SCOPE OF COURSE 

The course has as a central theme the study of 
a mathematical model for staged separation proc­
esses. The use of models is common in chemical 
engineering design and analysis to describe the 
variation in temperature, pressure, composition, 
and other properties of materials as they pass 
through a chemical process. One very useful type 
of model is based on the assumption that all of the 
material is contained in a finite number of well­
mixed chambers or stages, and that flow through 
the process is accomplished by moving from one 
stage to another. The alternative to this staged 
model is the continuous model, in which the prop­
erties are assumed to change continuously as func­
tions of process dimensions. The term Staged Sep­
arations is used to designate those processes which 
are described by staged models and which have the 
additional restrictions that no reaction occurs and 
there is more than one phase in each stage. Many 
of the common industrial separation processes 
such as distillation, liquid extraction, absorption, 
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and stripping can be adequately described by these 
models. 

The course is designed for the MS level student 
but with suitable modification can be used for 
upper level undergraduates or for PhD level 
students. It is assumed that the student has under­
graduate preparation in transport operations, 
linear algebra, and computer programming. Some 
background in numerical analysis, particularly the 
solution of implicit equations, is highly desirable. 

The first aim of the course is to provide the 
student with the means to solve the mathematical 
models for staged separations. The essential simi­
larity of the operations of distillation, extraction, 
absorption, and stripping, is emphasized by using 
the same model for all these processes. A second 
and equally important aim is to provide the stu­
dent with an appreciation of the factors involved 
in designing and selecting separation processes. 

SOME UNIQUE FEATURES 

The course is not a traditional advanced course 
in distillation or extraction calculations. Some of 
the novel features are summarized here. 

• A single model is used for all problems. The 
model is a set of five matrix equations. (More ac-
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curately, there are 2m+3 equations, where m is 
the number of components, because two of the 
equations can be written for each component.) 
The kind of problem being solved determines the 
method of solving the model. This is very impor­
tant because some of the equations are nonlinear 
and iterative methods must be used in most prob­
lems. 

• The model used is very general. It provides 
for any number of feeds, any number of products, 
and for flow of both phases between any two 
stages. Flow need not be countercurrent, and mul­
tiple column systems are solved as a single prob­
lem. Stage inefficiencies are included naturally by 
adjusting the flow patterns for entrainment or by­
passing. 

• Solution methods are computer oriented. It 
is assumed that the student is familiar with other 
methods such as the graphical solutions for binary 
systems, and this can often be used to illustrate a 
point in discussions, but no attempt is made to 
study systematically the graphical and other meth­
ods traditionally used. 

• The student must understand not only the 
general solution methods but the computer pro­
grams as well. There is a danger in computer 
oriented solution methods that "canned" programs 
will be used in which the student does little more 
than put the input data into the correct form. To 
insure that the solution methods are understood 
the student solves simple problems by hand­
usually problems with two components and two or 
three stages. He then uses library programs to 
solve more complex problems, and then, to insure 
that the computer programs are understood, he 
must modify some of the library programs. 

• By the end of the course the student should 
understand and be able to solve quite difficult 
problems. For example, a multicomponent, multi­
column distillation with nonideal liquids includ­
ing heat balancing is an assigned problem. 

• Methods for obtaining correction algorithms 
by vector differentiation of the fundamental equa­
tions are presented. Using these methods the stu­
dent can derive correction algorithms rapidly and 
efficiently. 

COMPUTER PROGRAMS 

Problem solving is an important part of the 
course, and a computer must be used to solve all 
but the most trivial problems. Good access to com­
puting facilities is needed. It is not necessary that 
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the computer have an exceptionally large memory 
or be very rapid as long as the student can obtain 
the time he needs. We have used the BASIC pro­
gramming language in the course and found it to 
be very effective for student use. It is easily 
learned; the interactive mode permits rapid cor­
rection of minor errors; and the built-in matrix 
instructions are especially convenient for the solu­
tion of matrix equations. Obviously the students 
do not have time to write more than a few pro­
grams, so most of the programs needed for the 
course are stored in disc files-about 30 programs 
are currently in the files. Students are encouraged 
to modify these programs for their own use, and 
some of the problems which are assigned require 
modification. During the last few weeks of the 
course, each student has a special design or re­
search problem assigned which requires that a 
new program be written or an existing program 
extensively modified. 

Programs available in the library are of two 
types-main programs and function subprograms. 
The main programs solve specific problems such 
as the constant flow distillation problem. The sub­
programs are used to obtain physical properties 
which are needed in the main programs-equilib­
rium ratios, activity coefficients, enthalpies, vapor 
pressures, and the like. When solving a problem, a 
student must first of all obtain the correct main 
program, then the subprograms which are needed, 
and then properly combine them. Next he must 
enter the data for the problem he is solving. This 
is done directly at the terminal by changing 
DATA statements in the main program. He then 
runs the program and if necessary makes modifi­
cations. For example, it may be desirable to sup­
press some of the output or provide additional out­
put. Copies of the programs are available in the 
notes for the course and can also be obtained at 
the terminals by requesting a program listing. 

STAGED SEPARATIONS MODEL 

As noted previously a single model is used for 
all separation processes. The model consists of 
five matrix equations. 

1. The Overall Material Balance (0MB) equa­
tion. 

2. The Component Material Balance ( CMB) 
equation. One CMB equation can be written for 
each component. 

3. The Sum of Compositions (SC) equation. 
4. The interphase transfer equations. For 
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The course has as its centra l theme the study of a mathematical 
model for staged separations processes. 

equilibrium separation, the Equilibrium Relation 
(ER) equation is used. In nonequilibrium separa­
tions the Mass Transport (MT) equation is used. 
Most of the course is devoted to equilibrium sep­
arations. One equation can be written for each 
component. 

5. The Energy Balance (EB) equation. 
The number of stages must be known in order 

to write these equations. An unknown number of 
stages cannot be accomodated in the model. This 
is different from the graphical methods which 
may determine the number of stages needed for a 
given separation. A problem must normally be 
staged in the "operating" form-that is, the in­
puts (feeds, interstage flow connections, and heat 
duties) are specified and the outputs (flow rates, 
temperatures, and compositions) are to be de­
termined. 

COURSE OUTLINE 

A brief outline of the material which is cov­
ered in the course is given below. The order is the 
same as that in "Notes for Staged Separations" <0 > 

which is the primary text for the course. 
1. Introduction and Fundamental Equations. 

After some introductory material, the basic vari­
ables are defined. Then the first four of the five 
model equations are derived. The fact that the 
equations are independent is demonstrated and 
some simple problems solved. It may be necessary 
to briefly review matrix operations and BASIC 
language programming (1-½ weeks). 

2. Extraction with Constant Distribution Ra­
tio. Iterative solution of the model equations is 
introduced using a direct substitution method to 
solve simple extraction problems. It is shown that 
once values for the vapor flow vector are assumed, 
the equations become linear, and the liquid flow 
vector and the compositions can be calculated di­
rectly. Further, the assumed values for the vapor 
flow vector can be checked and a corrected esti­
mate obtained. The distribution ratios for each 
component are assumed to be independent of 
composition. 

Background material in numerical methods is 
introduced, and direct substitution methods for 
both single and multiple variable problems are re­
viewed. (1 week). 
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3. Constant Flow Distillation. The constant 
flow (constant molal overflow) problem is shown 
to be identical to the extraction problem, except 
that the flows are fixed and the stage temperatures 
must be varied until a solution is found. The di­
rect substitution method must be modified because 
the temperatures do not appear explicitly in the 
model equations. The Newton-Raphson correction 
method is derived and used to solve the single 
stage, no flow (bubble point) problem. Then it is 
extended to the single stage with flow (equilibrium 
flash) and finally to the multiple stage constant 
flow distillation. Nonderivative methods are also 
used to solve these problems, and the results are 
compared with the derivative methods. The equi­
librium ratio equations which are used are either 
based on ideal vapor and liquid phases ·(Raoult's 
Law) or empirical correlations. In every case they 
are independent of composition. Supplemental ma­
terial on multivariable correction methods, par­
ticularly the Newton-Raphson methods, is intro­
duced as needed. (1-½ weeks). 

4. Distillation and Extraction with Nonideal 
Mixtures. Computer programs for nonideal liquid 
solutions are introduced. The Wilson equation is 
used for vapor-liquid systems and the NRTL equa­
tion for liquid-liquid systems. Distillation and ex­
traction problems for systems with nonideal liquid 
phases are solved using previously developed itera­
tive methods. A review of thermodynamic prin­
ciples as applied to nonideal solutions is needed. 
(1 week). 

5. The Energy Balance Equation. The fifth 
model equation is derived and programs are used 
for calculating enthalpies. Absorber problems 
with fixed flows are solved using the EB equation 
to correct the stage temperatures. ( 1 week). 

6. Distillation with Energy Balancing. Up to 
this point only the correction of either tempera­
tures or flow rates has been considered. This has 
been done by treating special limiting cases. Now, 
the correction of both temperatures and flows is 
considered. First, alternating correction methods 
are used in which the temperatures and flows are 
alternately corrected using methods developed 
earlier in the course. Then simultaneous correction 
methods are studied. This is also a good time to 
discuss calculations for total reflux, use of relative 
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volatilities, and minimum reflux ratio. Analytical 
equations for distillation column design using as­
sumptions such as total reflux and constant rela­
tive volatility can be introduced here as back­
ground material. (2 weeks). 

7. Separation Systems. Separation system de­
sign is considered with emphasis on selection of a 
system which will perform a desired separation. 
Multiple column systems and combinations of ex­
traction and distillation processes are included. 
During this period students are given a small de­
sign or research problem which will be due at the 
end of the term. Some fundamentals of distillation 
and extraction equipment designing is introduced 
here. ( 2 weeks) . 

8. Advanced Topics. While the students are 
working on their term problems, lectures are 
given on subjects such as unsteady state operation 

and control of separation systems and noneqiulib­
rium separations in which the MT equation is used 
instead of the ER equation. (2 weeks). 

TEXTBOOKS 

The primary text for this course has been 
"Notes for Staged Separations" by John Tierney. 
The author has a few copies which can be supplied 
to interested educators. Some of the texts we have 
used for supplementary reading assignments are 
listed below. 

Amundson, N. R., "Mathematical Methods in 
Chemical Engineering, Matrices and Their 
Application," Prentice Hall (1966). 

Hanson, D. N.; J . H. Duffin, and G. F. Som­
merville, "Computation of Multistage Sep­
aration Processes," Reinhold (1962). 

(Continued on page 209) 

POLYMERS, SURFACTANTS AND COLLOIDAL MATERIALS: Hopfenberg 
(Continued from page 175) 

thermal transitions, morphology, and processing 
criteria are surveyed. 

The course ends with a three week introduc­
tion to the important concepts of Colloid Science. 
The concept of retarded gravitational settling of 
small particles, diffuse-double layer shielding of 
lyophobic colloids, and conformational rearrange­
ments on lyophillic colloids are emphasized. 

There is not sufficient faculty time to present 
the ideal curriculum including a three semester 
sequence of polymer courses and a one semester 
survey course in both surface chemistry and col­
loid science. We are fortunate, however, that the 
School of Textiles supplements our course with 
several polymer courses and the Department of 
Chemistry offers a course in Surface Chemistry. 
An advanced course in "Diffusion in Polymers" as 
well as Dr. Stannett's revolving Special Topics 
Course are offered annually in the Chemical En­
gineering Department. 

FAVORABLE FEEDBACK 

This broad, introductory course suits not only 
our needs but has received strong and growing 
subscription from students of the School of Tex­
tiles, the School of Wood and Paper Science, and 
the Department of Chemistry. 

Our Ph.D. graduates in industry report favor­
ably upon the utility of both the style and sub­
stance of the course. A term paper is assigned to 
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familiarize students with the library and the Eng­
lish language. Both seem foreign to most students. 

Applied problem solving is emphasized 
throughout in descriptive homework and quiz 
problems. A. A. Noyes emphasized this technique 
a century ago; Professor Alan S. Michaels follow­
ing Doc Lewis and Ernest Hauser put a natural 
shoulder, chain smoking embellishment on this 
technique in the late fifties and early sixties. The 
technique works. 

Typically the enrollment of the course, offered 
annually, is in excess of 25 students. More im­
portant than enrollment statistics are the wel­
come comments of our alumni. 

Last year in a confident maneuver modeled 
after a Paul Hornung drawplay, I submitted a 
"Course Revision Request Form" to the percolat­
ing procedure of the overloaded and now re­
manned course and curriculum committee. The 
single revision was in title only. Within a week 
an unsealed envelope, returned through the 
campus mail, contained the eighteenth copy of a 
form reply indicating that the title of my cher­
ished course had been changed to : "Polymers, 
Surfactants, and Colloidal Materials." Now the 
computer listing is accompanied only by the simple 
cough: "POL SURF COLL MAT." Applied chem­
istry has found a home in the Department of 
Chemical Engineering at North Carolina State 
University. • 
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vance of the macroscopic approach. In the two 
years since publication, except for the excellent 
application of its tenets by Dr. Odum and his as­
sociates, signs of use of the macroscopic approach 
are few. Understanding of these recent papers 
( examples below1 -

4
) is predicated largely on the 

reader's knowledge of the methodology and sym­
bolism developed in the book. 

There is little doubt, however, that the macro­
scopic approach will gain additional adherents and 
increasing use. So, with Professor Odum, I enjoin 
you to learn how to use the macroscope and apply 
it in the search for a better understanding of the 
large-scale interrelationships among living things 
and the environment; being mindful that societal 
objectives are a critical driving force in the en­
vironment and must be incorporated into the 
macroscopic analysis in most cases. • 

1. Odum, H. T. 1972. Use of energy diagrams for environ­
mental impact statements. In: Tools for Coastal Zone 
Management, Marine Technological Society; 197-213. 

2. ---. 1972. Chemical cycles with energy circuit mod­
els. In: Changing Chemistry of the Oceans, Wiley In­
ter-science; pp. 223-259. 

3. --- with B. J. Copeland and D. C. Cooper. 1972. 
Water quantity for pveservation of estuarine ecology. 
In: Conflicts in Water Resources Planning, University 
of Texas Center for Research in Water Resources; 107-
126. 

4. --- with 0. F. Wetterqvist, L. L. Peterson, B. A . 
Christensen, and S. C. Snedaker. 1972. Identification 
and Evaluation of Coastal Resource Patterns in Flor­
ida, University of Florida (study for the Florida 
Coastal Coordinating Council); 125 pp. 
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