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T he design of separation processes frequently uses in­
tensive trial-and-error procedures as well as graphi­
cal methods such as McCabe-Thiele, Ponchon­

Savarit, and Triangular diagrams. Using process simulation 
design packages such as ChemCAD, HYSYS, or AspenPLUS 
facilitates the design of complex processes, but students of­
ten treat simulators as black-boxes and tend to accept the re­
sults they obtain without further analysis. lIJ Additionally simu­
lators may not provide the user with knowledge of all calcu­
lations that are performed or the respective algorithms. On 
the other hand, manual step-by-step calculations and graphi­
cal methods, while allowing students to understand the fun­
damentals of the design process, do not equip them with the 
ability to adapt software tools to the solution of chemical 
engineering problems or to critically use existing simulation 
packages. Tools such as MS Excel Macros and small Visual 
Basic Applications (VBA) bridge the gap between the previ­
ous alternatives. 

At Tulane University, spreadsheets have been intensively 
used as teaching aids in undergraduate courses.l2·31 Using 
spreadsheets and VBA to solve chemical engineering prob­
lems requires a deep understanding of the concepts behind 
the calculations, while the extensive and time-consuming trial­
and-error procedures are left to the computer. The interactive 
nature of the spreadsheets and VBA programs allows "what 
if' analyses in which the parameter values are changed and 
the results are immediately displayed .l21 One advantage of 
using spreadsheets as teaching tools is that the instructor can 
spend significantly more time discussing the fundamentals 
of mass transfer and the conceptual and quantitative descrip­
tion of processes, as well as the engineering insight that is 
needed in designing distillation, absorption, and other sepa­
rations, by spending less class time on the details of solving 
problems graphically and by trial-and-error. 141 

• Currently an Assistant Professor at North Carolina State University. 
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During this course, we initially lectured on the fundamen­
tals of the calculation methods and presented illustrative ex­
amples. These first examples were solved using the trial-and­
error and graphical procedures. Then we presented a solu­
tion to the same problem using spreadsheets and VBA. We 
discussed the details on how to program the spreadsheets and 
elaborate the macros. Once the students had learned how to 
use these tools, we asked them to develop their own Excel 
Macros and VBA programs to solve problems for homework. 
We used a process simulator (ChemCAD) during some of 
the lectures and compared results obtained from both ap­
proaches. As a final project, we asked the students to create a 
more complex algorithm for the design of an absorber. We 
were very pleased to see that the students had developed very 
creative, user-friendly computer programs. By the end of the 
course, 76% of the students used some kind of Excel spread­
sheets and Macros to solve their homework, compared to 
11.5% at the beginning of the semester. 
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It should be noted that although we have chosen Excel, 
Version 2000, for all examples in this paper, other spread­
sheet programs such as Quattro Pro and Lotus will perform 
equally well. 

DESIGN OF ABSORPTION COLUMNS 
The design of absorption using the McCabe-Thiele diagram 

can be considered as a graphical solution to a series of se­
quential nonlinear equations.141 Spreadsheets have been used 
in solving simultaneous nonlinear equations due to their in­
corporation of a variety of mathematical functions and the 
ease of interactive programming, modification, and rapid 
graph generation.C51 

Example 10.3 from Geankopolis161 is used here to illustrate 
the use of spreadsheets in the design of absorption units. The 
problem requires removal of acetone from an acetone-air gas 
stream using water in a countercurrent stage tower. The pro­
cess schematic and spreadsheet used for solving this prob-

lem are shown in Figure 1. The initial data provided in the 
problem, such as the percentage of recovery and the flows 
and composition of the entering gas and liquid streams, are 
shown in the upper portion of the spreadsheet under design 
parameters. Assumptions include a constant molar overflow 
in the tower, negligible solubility of air in the water, and a 
phase equilibrium relationship that could be represented by 
Henry 's Law. The compositions of acetone in the liquid and 
vapor outlets, xN and YN+J' can be obtained from a mass 
balance as shown in cells D8 and D9 of the spreadsheet; 
the equations have been added to the respective comment 
bubbles on the graph . 

The equilibrium and operating lines are plotted using 
Henry 's Law and Equation 10.3-13 from Geankoplis, as 
shown in the D 15-E25 cell range of the spreadsheet and the 
respective comment bubbles. Using Excel's "chart wizard," 
an X-Y plot can be readily constructed showing the equilib­
rium and operating lines. 
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Absorption of Acetone in a Countercurrent Stage Tower 

DESIGN PARAMETERS 

% Recovery 
L [kg-mol/h], V[kg mol-h) 
x0, yN+1 
xN,y 1 

80 
90 

0 
0.00267 

2.53 

=(1-D5/100)'E7 

CALCULATION OF THE OPERATING AND EQUILIBRIUM LINE 

! y Operating 
0.00000 0.0020 
0.00133 0.0060 
0.00267 0.0100 
0.00400 0.0140 
0.00533 0.0180 

0.0300 

30 
0.01 0.0250 

0 .00200 

0.0200 

• 0.0150 

0.0100 

0.0050 

0.00667 0.0220 

y Equilibrium 
0.0000 
0.0034 
0.0067 
0.0101 
0.0135 
0.0169 
0.0202 

0.0000 0.0020 0.0040 0.0060 0.0080 0.0100 

0.00800 0.0260 
0.00933 0.0300 0.0236 X 

0.01067 0.0340 0.0270 
0.01200 0.0380 
0.01333 0.0420 

=C25.($0$6/$E$6)+$E$6 =C25.$D$9 

0.0304 --~--------
?"=:;_:==::::::=:;:~..::;...:0:.;;.0:.:.3377 ~~l~~~:;he # stages using Function 

=FDRECAST(E7,G30:G42 ,F30:F42) 

CA LC ULA TING THE CONCENTRATION OF ACETONE PLATE BY PLATE 

Concentration in Concentration in the Number 
X the Liquid Phase 

y 
Vapor Phase of Stages 

0.000000 0.000000 

xO 0.000000 0.000000 

0.000000 y1 0.002000 

x1 0.000791 0 .002000 =D32•($0$6/$E$6)+$E$8 

0 .000791 y2 0.004372 

x2 0.001728 0.004372 

0 .001728 y3 0.007184 3 
x3 0.002839 0.007184 

0.002839 y4 0.010518 4 
x4 0.004157 0.010518 

0.004157 y5 0.014472 5 
x5 0.005720 0 .014472 

0 .005720 y6 0.019161 6 
x6 0.007573 

=+F42/$0$9 =+F42 

Stage 2 

Stage N 

YN+1 

Figure 1. Spreadsheet used for ilustrating absorption of acetone in a countercurrent stage tower. 
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The next step involves the plate-by-plate calculation of the 
concentration of acetone in the liquid and vapor phases. In 
hand calculations, this step is made graphically,f41 but in this 
case advantage is taken of the fact that both the operating and 
equilibrium lines are expressed as mathematical functions, 
so the concentration in the liquid and vapor phases can be 
easily determined numerically, as shown in the D29-F42 cell 
range of the spreadsheet. The (x,y) data series is added to the 
existing graph, thus completing a numerical McCabe-Thiele 
diagram, also shown in Figure 1. 

Finally, the number of ideal stages required for the desired 
percentage of recovery is determined using the built-in 
"FORECAST' function, which operates as a linear interpola­
tor. The series in the interpolation represents the number of 
stages and the concentration of the vapor phase (columns start­
ing at F29 and G29), while the value to be interpolated is the 
calculated concentration at the exit of the tower (E7). 

Once the spreadsheet is built, several "what-if ' scenarios 

can be analyzed. For instance, in this example an increase in 
the recovery requirement as well as a moderate increase in 
the gas flow will readily show that the number of stages re­
quired will increase significantly. Also, a large decrease in 
the liquid flow rate or an increase in the gas flow rate will 
demonstrate that the separation is impossible to achieve as 
the operating line and the equilibrium line cross each other. 

INTERFACIAL COMPOSITIONS IN MASS 
TRANSPORT BETWEEN TWO PHASES 

Trial-and-error iterative procedures for determining the 
composition of the interface between immiscible phases are 
freq uently required in mass-transfer-based separation pro­
cesses. To demonstrate the versatility of spreadsheets in ac­
complishing this task, we use Example 10.4-1 from 
Geankoplis, f61 as shown in Figure 2. The objective of this prob­
lem is to determine the interfacial concentrations of the va­
por and liquid phases y Ai and xAi' respectively, in a wetted-

C O E G K 

Iterative calculation of interface compositions in interphase mass transfer Equlllbrium Data 

Gas phase film mass transfer coefficient 
LI uld hase mass transfer coefficient 

0.1 

0.38 

ky= 
kx= 

ITERATIVE CALCULATION 

0.001465 Kg mol A/ s m•2 
0.001967 K mol A/ s m•J 

xa ya 

0.000 0.000 

0.050 0.022 

0.100 0.052 

0.150 0.087 
0.200 0.131 
0.250 0.187 

Fonnula First Iteration Secon ration Third Iteration Fourth lteratJon 0.300 0.265 
Initial Guess 0.4 0 .258376 0.257171 0.350 0.385 

yl 
13 (1-xai) 

(1-ya1) 
Calculated Slope from 
Equation 10-4-8 

16 x equiliblum 
y equl (From slope 

17 calculations) 
y equl (from Equilibrium 
correlation) 
Error 

0.350 

0.300 

0.250 

• 0.200 

0.1 50 

0.100 

0.050 

Initial Guess 
=((1-$D$6)-(1-E11))/LN((1-$D$6)/(1-E 11 )) 
=((1-E12)-(1 -$D$7))/LN((1-E12)/(1-$D$7)) 

=-{$FS5/E 13)/($F$4/E 14) 

=+E 15"(E 16-$D$6)+$D$7 
=8.1414"E 16'3-1 .4 766.E 16'2+0.6184 •E16-
0.0022 
=+ E17-E18 "2 

y = 8.1 414x' -1.4766x' + 0.6184x-0.0022 

R' = 0.9994 

0.9 
0.739891 
0.285002 

0.000 ------------------..... 
0.090 0.140 0.190 0.240 0.290 0.340 

X 

0.275350 
0.794537 
0.670966 

-1 .133842 
0 .258376 

0.200427 

0 .200427 
0.818259 
0.705984 

-1.158433 
0.257171 

0 .197928 

Sub INTERPHASE_COMPOSITION () 

' INTERPHASE COMPOSITION Macro 
' Macro recorded 9/22/2002 by JPH 

Range("G27'') .Select 

lcucK HERE TO 
I SOLVE PERFORM THE 

ITERATION 
CALCULATION 

Error between the value of y 
from Equation 10-4-8 and the 
value predicted by the 
equilibrium correlation. 
This Is the target call for the 
SOLVER routine and the 
objective is to minimize tt. 

SolverOk SetCell:="$E$19", MaxMlnVal:=3, ValueOf:=·o·, ByChange:="$E$16" 
SolverSolve 
SolverOk SetCell :="$F$19'', MaxMinVal:=3, ValueOf:="0", ByChange:="$F$16" 
SolverSolve 
SolverOk Se1Cell:="$G$19", MaxMinVal:=3, ValueOf:•"0", ByChange:="$G$16" 
SotverSotve 
SolverOk SetCell:="$H$19", MaxMinVal:=3, ValueOf:="0", ByChange:="$H$16" 
SolverSolve 

End Sub 

Figure 2. Spreadsheet and Macro used for interative calculation of interface compositions in interphase mass transfer. 
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wall tower. Experimental equilibrium data are provided as 
well as the gas and liquid phase film mass-transfer coeffi­
cients. In this problem, the solute A diffuses through stag­
nant B in the gas phase and then through a liquid film. 

The first step in solving this problem involves initial guesses 
for xAi and y Ai . In solving the problem by hand, these guesses 
are crucial to the rapid convergence of the iterative process. 
Spreadsheets are less sensitive to the initial guesses as a large 
number of iterations can be processed and visualized in frac­
tions of seconds. 

In Figure 2, cells D13-D19 display the equations and col­
umns E - H display results from four iterations. Once the 
initial guesses are selected (cells El 1 and E12) , the slope for 
the line connecting the bulk concentration and the assumed 
interfacial concentrations is calculated, as shown in cell EIS. 
With the slope from EIS and point P (the bulk concentration 
in cells D6 and D7) on the x-y plot in the lower-right comer 
of Figure 2, an equation for a straight line is deduced as shown 
in cell D 17. A third-order polynomial was used to fit the equi­
librium data (cell D18). 

The Excel function "SOLVER' is used to solve simulta-

C D 

Rectification of a Benzene-Toluene Mixture 

DESIGN PARAMETERS 

zoo moVh ,., 

neously the equations in cells D17 and D18 by minimizing 
the error between the values of cells E16 and El 7. SOLVER 
can use a Newton or a conjugate numerical procedure to find 
the answer; the default Newton procedure was chosen for 
this example. When comparison between the values for xAJ 
and y Ai from this procedure ( cells E 15 and E 16) and the 
initial guesses ( cell s E 12 and E 13) shows a discrepancy, 
an additional iteration is required. The latest calculated 
values for xAi and y Ai (cells EIS and El6) are used as the 
new initial guesses. 

Due to the ease of modification of spreadsheets, the cells 
containing the equations can be copied and pasted into the 
next columns as many times as necessary. In this example, 
four iterations provide a reliable answer (less than 0.1 % be­
tween the latest and penultimate calculated values). 

What-if' scenarios in this example include how an increase 
in the liquid-film mass-transfer coefficient will readily show 
that the value for the interfacial concentrations xAi and y Ai 
increase and how a large decrease in the bulk concentration 
will produce a significant decrease in xAi and y Ai" In order to 
automate the iteration process, a MACRO was created using 

1.0 

-- - ~ 
, F 

"' ,w 
R 
Ult•nt Heal 

T, 
T, 

0.t 5 
0.1 

• 
320ff KJ/Kg 

151 KJ/Kg-mol 

327.1 K 
31i&.700K 

CLICK HERE TO SOLVE FOR THE I 
OVERALL MASS BALANCE AND 

THE INTERCEPT BE1WEEN THE Q) 
AND ENRICHING LINE 

0.9 

0.8 

0.7 

Calculatln U,11 Dl1tlllat• 11nd Bottoms FlowratH 
70.5H21401 Overal Mass Balance 5.'50098E-05 :QS-C15-C16 0.6 

129.41173 Component Mass Balance 2.3696E-05 =05"06·C15-07-C16-08 
Error 3.6Sll59E-09 •e1s•2-e1e• 2 

1.1;,4 "'(010,.011"(013-012))1010 
6 .163 -CHl/(C19-1) 

>-~+----~---------·2_.oo_s •+D6-C2o·oe 
~lcuMlting the Intercept between ttw Enrk hlng and 

UM q Une 

0,800 • +09/(09+1) 

f--..,-i:;:,:;;=t=-~ -------..:;0."-'190"!• +07/(09+1) 

x lnten:ept 0.420510204 
y from q lkle D 526408163 sC20"E23+C21 
Y from the enriching lil'le 0.526-401!1 163 .. cze•e2J+C29 
i:•=::.:::..' ________ .cc'-'c.c'°c.c"aa•-=·32 •(E24•E25)•2 

1.330-404331 =(03-E24)1{08-E23) Number of Plates 
•FORECAST(D7 ,M35:M4J 

7.373l452!i2 ,135:143) 
-0.033040433 • E2,t-C31 "E23 

Ude reeslin1 Enriching UM Stri in Line Line 
• B38 ..,$C$2!1"B31 • $C 30 "'$C$32"B31 • $C$33 • $C 21"B31 • $C$22 

0 0 0.1 g -0.033CMCM33 -2.065273889 
0.23 0.08 0.2S4 0 .0733{11913 -1 .5722111952 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 
0.0 0.2 0.4 0.6 0.8 1.0 

0.08 
0.25 

0.485 
0.79 

0.514 0.25 
0.73 

0.904 
0,485 
0.79 

0~;7~ :s~9;;o8:57 -~::;;:~:~11P.!!'$u'!"b!'!'Macro- o;!!!'-,'!!!till!'•.a1'!"ionQ ________________ _ 

0.822 1.017{178988 2.803641847 

l--a~f-------'-------'-----'-----o"".,"-,----~'-~"~"~•'~"~' -------''·0~07
~
01

~
05
~"J1 'Macro0istillationMacro 

.:IF(K35>l35.K35.L35) '"4.3392"130"'5. 12.539' 130"4 •(J3~$C$33)1$C$32 : (C30-$J$30)1$C$29 
• 14,22&"130'"3 • 

8.4962'130"2 + 3.4899"130 

0.1 0.275043492 0.23157 1849 0.106304385 
0.231571 849 0.491409759 0.394203812 0.378782199 
0.39420381 2 0.857535069 0.519071899 0,58«1 8837 
0.584418837 0.79873271M 0.625203337 0.760915993 
0.760915993 0.89191,t543 0.89524350{1 0,8773{13178 
0.8773931 78 0.93799581 0.729880549 0.934994783 
0.93-4994783 0,962684833 0.743438082 0,96S85604 1 
0.98SBS6041 0.978595855 0.780397821 0,98S7«81 g 
0.98574481 {1 0 990439752 0.7893001 1.00054969 

St1 es 
' Macro recorded 912912002 by JPH 

SOLVING THE MASS AND COMPONENT BALANCES TO OBATIN D AND W 
SolVtlrOk SetCeil:=<"SF$ 18", MaxMinVal:=<2, ValueOf:=·cr. 8yChange:=•SC$16:SC$1r 
SolverSolve 
SOLVING THE INTERCEPT BETWEEN TH E q LINE AND THE ENRICHING LINE 
SolvelOk Se!Cell."'"$F$27", MaxMinVal:::2, ValueOl':="O", ByChange:="$F$24" 
SolverSolve 

End Sub 

Figure 3. Spreadsh eet and Macro used for distillation of a benzene-toluene mixture. 
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VBA; its text is also shown in Figure 2. 

To create a user-friendly interface, a button is inserted into 
the spreadsheet using the 'FORM TOOLBAR' menu from 
Excel and assigning the Macro to it. The button allows the 
user to run several "what-if' scenarios by changing the de­
sign parameters. 

DISTILLATION 

While interfacial composition calculations used a VBA 
program and the absorption example was based on cell and 
formula manipulation of the spreadsheet, in this example a 
combination of both approaches is used for the design of a 
distillation unit. Such design is made using the McCabe-Thiele 
diagram with special considerations for the location of the 
feed and the types of condenser and reboiler. [61 

Example 11.4-2 from Geankoplis' book is chosen to illus­
trate use of spreadsheets in the design of distillation towers . 
The problem requires the rectification of a benzene-toluene 
mixture. Initial data of the problem include the flow and con­
dition of the feed stream as well as its composition. The re­
flux ratio and the compositions of the distillate and bottoms 
are also specified. These design parameters are located in the 
upper portion of Figure 3 under design parameters. It is as­
sumed that a constant molar overflow is present in the tower. 

Solving the overall mass balance (cell Fl5) and a benzene 
mass balance (cell Fl6) simultaneously with SOLVER pro­
vides the values for the distillate and bottom-stream flow­
rates (cells Cl5 and Cl6). In this example, we take advan­
tage of the capabilities of SOLVER for multi variable calcu­
lations. The error cell (cell Fl 7) is set as the target cell, and 
the SOLVER should change the values of cells Cl5 and Cl6 
until the value ofF16 becomes negligible. The multivariable 
optimization capabilities of SOLVER are implicit, which is 
very useful since no additional programming is required. 

After calculating all flowrates, the next step is to build the 
equilibrium and operating lines. The equilibrium line is con­
structed using experimental equilibrium data and fitted to a 
fifth-degree polynomial using the TRENDLINE option of 
Excel. The "q line" is calculated by using a boiling point dia­
gram and the physical properties of the feed stream. Cells 
B 18 to D2 l show the calculations performed to obtain the 
value of q and hence the slope and intercept of the "q line." 
The enriching line is constructed using Eq. 11.4-8 from 
Geankoplis,r61 as shown in cell range B26 to D27. Once the 
slope and intercept of the q and enriching lines are deter­
mined, a numerical method is used to calculate the intercept 
between these two lines. SOLVER is again used as shown in 
cell range E21 to G25. Since this problem requires the use of 
SOLVER twice, a VBA program is built and assigned to a 
button so these calculations are automated with a single click 
by the user. The stripping line is constructed using the initial 
conditions of the problem and the intercept between the q 
and the enriching lines as shown in cell range B28 to D 30. 
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The table containing the data as well as the formulas used 
to determine the equilibrium, enriching, stripping, and q lines 
is shown on cell range B32 to G38. To calculate the number 
of plates required for the rectification, the following proce­
dure is followed, as shown in cell range B40 to F50. The 
initial point (cell B42) corresponds to the bottoms concentra­
tion, xw, Y Equ is calculated using the equilibrium equation (cell 
C42), and the equations for the enriching and stripping lines 
are used for cells D42 to E50. For every iteration an IF state­
ment is used to select the larger value for x. This IF statement 
initially selects the stripping line as the operating line, but 
once the "q line" is reached, the enriching line becomes the 
operating line. The number of plates is calculated using the 
FORECAST function as shown in cells E29 to G29. Based 
on the spreadsheet, "what-if' scenarios can be considered and 
the student is able to visualize the effect of changes in the 
design parameters such as concentrations, flowrates, reflux 
ratios, etc., on the number of plates required for a desired 
separation. Concepts such as the pinch point and the mini­
mum reflux ratio can also be analyzed. 

CONCLUSIONS 

MS Excel Macros and Visual Basic for Applications en­
hanced the educational experience of students in a junior­
level separation processes course, teaching them to develop 
simple software and providing them with an intermediate step 
between doing hand calculations and using commercially 
available packages. Distillation, absorption, and interfacial 
mass-transfer problems were solved using spreadsheets and 
were incorporated into a web-based learning platform. 

In addition to analyzing several "what-if' scenarios, these 
teaching tools can also be slightly modified to solve the in­
verse problems. For example, in the absorption case, the num­
ber of stages as well as the inlet flowrates and concentrations 
can be given as design parameters, and then the students can 
be asked to determine the concentration of the outlet streams. 
Also, in the distillation case, the number of plates in the en­
riching and stripping sections can be fixed, and the students 
can be asked to determine the appropriate reflux ratio and 
inlet flowrates to achieve a certain degree of purity in the top 
or bottom streams. 
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