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Lecture 43
Solving a Distillation Column Using Aspen Plus
Hello, everyone. In this class, we are going to see some demonstration using a commercial

process simulator, particularly Aspen Plus. So, as you know, Aspen Plus is a tool or industry
process tool, which helps you to make steady state calculations of different process involving
the different physics, whether it is a distillation column, whether it is the reaction system or

whether it is coupled system like multiple units are connected together in process.

That how do you solve for those systems and calculate the different stream flow rates and the
stream conditions. So, mainly the calculations are done in steady state. There is also recent
development where you can do unsteady calculations, but primarily this is for steady state
calculations. Most of the thermal dynamic models are actually you know, incorporated into

the into the system.

So, you have a large variety of material database, as well as thermodynamic properties. Now,
in this class, we will be particularly looking into the simulation of a distillation column using
the different algorithms that we have been discussing in the last few days. So, it has different
modules or different capabilities in using those particular modules or those particular

algorithms that we have discussed.

So, first in this introductory class of Aspen demonstration will try to give you some brief
overview of the different components, the different setups or settings, assuming that you are a
starter in this, using this software. And in the next couple of classes are essentially the
remaining classes of this week. We will also talk about some more example problems with

increasing levels of complexity.
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(Refer Slide Time: 02:25)

CONCEPTS COVERED

** Basics of the Aspen Plus software

** Solving a simple distillation using RadFrac module

+* Sensitivity analysis

So, we will focus particularly on the distillation column or a multi-stage distillation column,

try to understand that what are the optimum, these number of stages, finding out the optimum
feed stage and then trying to see that how distillation can be enriched, how the distillate can
be enriched using this entrainer. So, before we go to the details about the problem, first, let

me give you a brief overview of the different components of the software.

(Refer Slide Time: 03:08)
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So, this is Aspen Plus. This is the window of the Aspen Plus software. And as you note that

this is a paid license that I am using. So, depending on your situation, either if it is there in
the university or you request for a demo license, you can get access to it at least for a trial
period. So, this is Aspen Plus version 8.8, and this is a part of the aspenONE Suite. So, there
are many other products in aspenONE Suite, for example this pipeline P and ID, construction

design, define simulation and et cetera. But this is what we are focusing on Aspen Plus.
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So, now in Aspen Plus actually there are two options. I can open an existing file to create a
new one. So, let us say, create the new one. And it will ask that what kind of template do you
want to select? So, best is to go by blank simulations. I have selected blank and I have clicked
on create. So, it will start a blank simulation. And let me show you the different streams

present and the different components of the overall layout of the software.

(Refer Slide Time: 04:20)
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So, just to give you a bird's eye view on the left-hand side, you see that there are four
different tabs. The first one is the property, second one is the simulation, third and fourth are
energy and safety analysis. So, first, you have to define the property. First, you have to define
the property. What are the components that you will be dealing with in this system? So,
accordingly it will search for the components from its database, and it will add it to your

system. It has quite an exhaustive database.

So, most common chemicals are already present. So, you just have to find out using this
wizard and enter those specifications. We will talk about in detail when you look into the
problem. Next is the unit. So, what sort of units do you want to select, whether it is an
engineering unit, whether it is a metric or SI units, whatever sort of units do you want to
select has to be specified first as the top. After selecting the different components or the

chemicals.

(Refer Slide Time: 05:33)
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The next thing you need to do is to specify the method. Which thermodynamic models should
be used to computer different properties, it is equilibrium values, et cetera. So, if you look
into these base methods, these are some of the popular thermodynamic models and many of
you must be or I guess all of you have already studied several of these models in your

chemical engineer camera dynamics.
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And as you go towards the bottom, you will see that that some of the more complex models,
UNIQUAC and UNIFAC, WILSON, et cetera there. So, the general recommendation is to
choose a most comprehensive model maybe UNIQUAC or UNIFAC. Now, once you select

these two, there are some more analysis which can be done here.

And that is something I will show you later when we do into the problems. Like for example,
trying to work out the phase diagram of two components, alternative diagrams of three
components from using calculating the values from its property database. So, once these two

are set up here, there are some more specifications.
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For example, you can also work a little bit more on the units instead of, you can also set that
the units here. Again, the specification, and now the next part are the main tab is the

simulation tab.
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So, if you click the simulation tab on the left-hand side, you will see that there are different

you know, items which are displayed on the left-hand side. And the window that is open is
the flow sheet. Now at the bottom of this flow sheet, you will see that there are different types

of unit operations. So, for example, these are called at the bottom. These are actually the
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different elements of the different unique processes. I mean, their icons represent what type

of unique processes they are.

So, the first one goes by the mixer. So, mixer is combination of merger is essentially
combination of two or more streams into one. The next one is the splitter. So, again, splitter is
of two types. One is the F Split, and one is the S Split. And if you move over the, over the
mouse over that particular icon it will tell you that what is the, just a one line description of

what does it, it means. So, splitter is essentially splitting one stream into two or more streams.

(Refer Slide Time: 08:00)
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The next tab is a separator. And in the separator even see, there are different types of

separators are present and please do not get confused with them as the distillation column.
So, there is also another tab known as the distillation and column, which essentially presents

the distillation column.

So, separator is essentially the flash. So, if you are selecting this Flash2, it essentially means,
rigorous vapor, liquid, or two phase or vapor liquid split. And if you are selecting Flash3, it is
essentially having three output streams. Next is the decanter is to separate two liquid stream.

Sep is Sep and Sep2 are essentially separation based on flow and purities.
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Now, going to the heat exchangers. The first one is the heater. Please note that there is no

cooler. So, heater can also be in the negative direction, with the negative value can also act as
a cooler. And then next we have the heat exchanges. And if you also click the down arrow,
you will also see there are several types of heat exchanges present, which can be used in this

casc.

So, this is [ mean, these are the different types we will not go into too much of details. And
there is something you can always look into from the, from essentially from the
documentation. And heaters also have several types. Whether it is a block heater, whether it

is this free energy heater, throttler, et cetera. All these types are there.
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Next important part is the column. And in the column, we will see that there are different
types of column. The first one is the DSTWU. So, the DSTWU is based on the shortcut
method of the methods. So, calculation of the DSTWU is based on the Fenske-Underwood-

Gilliland equations. Then the next one is essentially the, there is a one column called the
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distillate and RadFrac is actually the most popular, distillation column where you can actually

work a real life distillation column.

It uses the method of the bubble point method for the calculations. Then you have this multi
fact method. It is this multi frac column, multi frac column is also very similar to RadFrac,
but it has options for multiple exits or more number of fractionation outputs, which is more
suitable for refining or petroleum industries. And multifrac generally operates with the under
using the algorithm of the Newton Raphson of the simultaneous correction method. Then you
have the other ones like Petrofac, and finally you have the batch separation of the batch

distillation column.
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In the reactors also, you will see that there are several types of the reactors. The first one is

the RStoic reactor, where you essentially specify a fractional conversion or the extent of the
reaction. Next is, RYield. So, which is again, based on non-geometric reactions and based on
the yield distribution, REquilibrium is based on the Gibbs free energy Is based on the
equilibrium reactions. again, R Gibbs is also based on the free energy minimization of the
reaction and with the determination of all possible reactions, including multi-phase reactions,
then you have the CSTR type reactor, RPlug reactor, and the RBatch reactor mean it is, it is

self explanatory by their names.
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Next tab is the Pressure Changes. So, by pressure changes, you can easily understand you

have all the essentially these are the different sort of unit operations, which are very vital for
changing the pressure of the streams. So, for pump, you have then compression multi-stage
compression, then you have valve and different pipeline components, et cetera. If you want to
calculate further in detail calculation of the pipe loss, pressure drop of the pipe, steam,

friction, et cetera. Then there are some more, these tabs in this case.

(Refer Slide Time: 12:17)
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For example, the solid, so solid separators, like crystallizers, then we have cyclone separators

then we have screen, fluidised bed, dryer, unit separation valves, solid particles. These

modules are, these blocks are also peasant. Another question is that how to use these blocks?

So, ideally you will select one of the blocks and you will place it in the mainstream. Sorry,

the main flow sheet.
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For example, I choose this RadFrac, I just do a left click. And then if I click it here, a
RadFrac will be selected. And then I have to select, if I click the material button, it will ask
me to specify the different mandatory streams for this distillation column. And as you can
understand, I must specify the minimum requirement is to have 1 feed stream, 1 bottom
outlet, 1 top outlet, and 1 is sort of the reflex over there. The blue ones are essentially the

optional ones.

So, this is what you see that these are the common stream connections that needs to be made.
So, for example, if [ want to add a stream, so I have to click left click, and then I have to drag
and get it to the connect it to the inlet of the distillation column. So, if I do this, then it will

automatically show that this connection has been made, but still it is not showing it properly.

So, now if you see one arrow is there and it shows that the stream is numbered as stream 1.
And this minimum requirement of the inlet stream is satisfied, but still the other streams are
remaining. If you see it here that there is still, there are some red, so other streams needs to be
connected. So, these are all about the stream connections and you can always reconnect a

stream, delete a stream, add a new connection.

All these things can be done. Just be careful on how you click your mouse and how you
connect them. But please make sure that once the connection is done properly the software

will not show the red coloured stream options because that the mandatory requirements are
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fulfilled. So, often people do a mistake that you do not connect it properly to the desired
location. And even though you feel that visually it appears that a stream is drawn, but it is not

actually connected. So, there is a disconnected stream.

So, that is something you need to be careful about. You can always rename your stream. So,
let us say this stream is something which I can rename as like ‘feed’. So, up to 8 characters
are allowed for the stream naming and if I double click on this stream, it will ask for the
specifications. Now, of course we have not specified the chemicals, et cetera. So, these things
are not coming in the picture again, similar, if I double click on the distillation column, it will
ask for the specifications and unless the required specifications are provided, it will be

marked as red.

So, this is the overview of the general layout of the software. So, after all the streams, all the
blocks or all the unique operations are actually specified in your main flow sheet, the next
step is to run the simulation. So, then the calculation can be done. So, how do you run the
simulation? So, if you go to the top, there is one small icon. so here the run option is not

activated because the required inputs are not complete.

So, once all the required inputs are complete automatically, we will see at the top, there is a
run option. So, I think this is the run option or a F5 you can press. And before pressing the
this run button, you need to initialize your system or the initial values for, so this is related
calculation. So, iterative calculation works by continuous iteration based on the initial guess.
So, some initial guess has to be provided. And in general, the software takes that by itself,

depending on the kind of values that we have provided in the inputs.

So, at the bottom, this status message that you see that the flow sheet not complete because
the required specifications are not done again, required stream connections are not made. And
after the required connections are done, it will show that initialization is not done. So, then
you have to click for the system initialization where this icon will be there at the bottom. And

then it will say that the required installation is done.

And then after you click, it will say that the run is complete and results are available. So, this
is how it works. So first, you have to prepare your flow sheet, make all the stream
connections specify all the required input information for the streams, as well as for the
different units, then initialize your problem and then run your problem and check for the
results. So, this is how the sequence of the operation works. Now, let us look into the

problem that we are trying to solve for today.
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So, in general, a distillation, this is a problem about distillation column. We all know that the

factors which affect the distillation processes are the reboiler duty reflux ratio, number of
stages, feed, stage location, feed flow rates then the condenser load, these are generally the
factors which affect presence of an internal third, component like that. And generally, the
things that we target for is what is the product purity either in the top or at the bottom, and

what is the energy efficiency of the system.
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So, let us look into this problem on purification of this methylcyclohexane and toluene

mixture by distillation. So, generally MCH this methylcyclohexane and toluene form, a
constant close boiling mixture. So, beyond a certain mole fraction of toluene sorry,
methylcyclohexane, it is not possible to separate them by distillation because they form a

constant boiling mixture azeotrope.

So, and then, so that is around 0.75 of the MCH. So, beyond 0.75 mole fraction of metal is
not possible to separate it from, to, because it forms almost close boiling mixture. And to
circumvent this problem what you do is that you use phenol as an entrainer, so phenol is a
third component that is inserted or introduced into the system so that this the thermodynamics

or this phase separation can be done to a greater extent.

And of course, it goes without saying that the purity of the, methylcyclohexane depends on
the phenol or the proportion of phenol in the overall system. So, phenol does not take part in
the process, but essentially phenol helps in changing or altering the phase composition or the
phase diagram, in fact. So, let us look into this problem so first how will we do? So, first we
will try to look into the, X Y diagram of the methylcyclohexane and toluene then using these

two only let us try to do distillation.

719



And it, us try to see that what is the optimum number of stage, what would be the appropriate
feed location, et cetera, although the feed location is already specified. So, we can see an
optimization of the changing this number of stages, et cetera, as a general case. And then
finally we introduce the phenol and try to vary flowrate and see that under what flow rate, the

maximum cyclohexane can be recover.

So, all the rest of the specifications are already mentioned in this problem that you can
consider total number of stages to be 22, reflux ratio 8. But these are the parameters that you
can do a variation, parametric variation, and can check that which is the most optimal value.

So, this is the first problem we are going to study.

So, let us look into that, let us try to insert our distillation column, connect the appropriate
streams and try to find out what is the composition for some selected conditions. And then we
slowly build on that problem with the introduction of phenol and trying to do this sensitivity

variation by altering the flow rates or the number of stages, et cetera.
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So, first we will go to the properties. Let us select the unit as ENG, English units, because
everything is specified in SI and, Fahrenheits and all. So, the specification, how do we find?
So, we have to just type the name, the easiest way to find them, instead of going into the
detailed wizard is to write the name, toluene, and then press enter. So, if that matches already,

then it will show or automatically the software will fill up the rest of the information.

Like toluene is the name given by us, but the chemical name is already written now is also
toluene. So, that is the easiest way to find. If you write down the name of the chemical, it will
easily find it, it will write all its formula and all other properties will also be automatically
selected by the software or specified by the software. Next one is that methylcyclohexane.

That is not coming. So, let us use that is a big one.

So, let us use the find wizard. Let us write any methylcyclohexane, and click on this find
now. So, it will list on all the possible matches from its data bank. And you will see that the
first one is what we are looking for actually, methylcyclohexane. There are others also, but
that is the one which is the most likely match. Then also we have phenol. So, these three are

the components which we will be working with.

So, once these are specified, the next thing to do is to work on the methods. In the base
method, let us choose UNIFAC and all the specifications are done. So, when all the

specifications are done, you see that on the left-hand bar or the left-hand block. There are no
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red buttons or red icons. Now, we can also do a quick check on trying to find out that T X Y

diagram.
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So, analysis will go, it is all in the property block now. We have not gone to the simulation

part.
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So, if you click on this analysis, let us delete that. And at the top, you will see that there is

something known as the binary analysis, that icon is there.
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So, if you click on that binary analysis, very easily, you will get the binary analysis block. It

will show you the type of analysis as T X Y it can also to P X Y. Let say, I select, this
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methylcyclohexane, which is marked as 0 1. And let say I vary the methylcyclohexane

fraction. And now if I try to run analysis, it will show us a plot of the T X Y diagram.
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So, this is the T X Y diagram. And if you look carefully here that beyond 0.75 the difference

in the Y and the X phase composition of cyclohexane is very small. So, this is the part which
shows that it is very difficult to separate or improve the vapor phase composition or enrich
the vapor phase composition of the cyclohexane in methylcyclohexane mixture. Below that it
is, it is the difference is quite strong. You can see it here itself. So, this is something [ wanted
to show that it forms a sort of azeotrope beyond 0.75, and after 8.8, it is almost same. So,

from 0.75, it is not energetically feasible to separate them by distillation.
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So, now let us go to the simulation block. So, I clicked on the simulation block already. Let,

let me remove this and do it once again for you. So, I go to the columns, I choose the
RadFrac, and I just click it here. So, click RadFrac, and then click. You can also drag it, but
this is same only, and next I have to connect these streams. So, again, streams could be of

several types. It could be material streams, which is the most common one.
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It could also be a heat stream. If you want some heat and energy inputs to the system, or it
could be also work stream. So, we select the material stream. Let us say, | mark this one as 1
and do a marking of the, all the streams. And this one, let me say, I write down as feed
something like top. So, you have to be careful that I cannot use the reserve mean because

these names are essentially the names of the different stream variables.

So, let me write MCHTOP, let us write BOTTOM. So, these are the different streams that we
got. Now, it is time to specify the stream inputs, as well as the column inputs. So, if you
double click on the streams, so this is the feed stream. Now, as part of the problem, it is said
that in the feed, you are getting the methylcyclohexane as 200-pound moles per hour.
Toluene is 200-pound moles per hour. And the temperature is 220 Fahrenheit. So, let us put

the value. So, temperature is 220 pressure is 20 psia.

And then it asks that whether there are two options, either you can specify the mole fractions
and specify a total flow rate, or you can also specify the individual component fluid. So, if
you are specifying individual component fluid, total fluid, it not to be specified. So, let us say
I specify toluene fluid as 200 and methylcyclohexane as 200. So, we will see automatically
your total is done 400. So, this specification of the total flow rate is not required. So, this is

the feed stream.

The outlet streams are something that will come as a part of the calculation. So, we need not
to worry about that. Now, coming to the distillation column. So, then the distillation column
first it first it talks about the number of stages about the condenser, boiler and specification of
the distillate or the reflux, all those things. So, let us say the calculation type is equilibrium.
And for the first case, let us fix the number of stages 22, condenser it asks for whether you
want to go for total or whether you want to go for partial vapor partial, vapor liquids. Let us

select total. Reboiler is by default. Kettle is the most recommended choice.

Now, it comes to the operating specifications. Like what is the distillate rate either you
specify that or you specify that reflux ratio, you can also specify other things like reboiler
duty, the boiler rate, the condenser duty, all those things can also be specified. So, any two
properties should be specified. So, let us say, we specify these two properties. So, the reflux
ratio is given in the problem as 8. And the distillate rate is mentioned as 200 moles per hour,
pound moles per hour. So, we specify that as 200-pound moles per hour and the reflux ratio is

8.
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So, after you write the number you press enter. So, that is like entered into the system and it
will mark as bold. Next is the streams. So, in the streams it will ask like what is the feed
stage? So, for the first problem, instead of varying trying to vary and see what is the effect,
let us mark the feed stage as 14 and in the product stream, you will see that MCH top
represents stage one. And the bottom stream represents 22. So, total 22 number of stages we
have specified, then it asks for the pressure. So, now these two blocks are already, tabs are

already clicked blue. So, next day it asks for the pressure.

So, it asks that what is the condenser pressure in the, or the stage one pressure? That is the
minimum, the requirement that you need to specify. So, it is mentioned that the condenser
pressure is 16 psia. And rest of this information is optional. If you go to the condenser, it will,
it is already ticked blue. So, all the necessary specification is provided. For the case of the

reboiler also, it is already ticked.

I mean, it is already marked in blue. So, already those specifications are provided in this case.
So, now everything is blue. So, now you see the bottom of the software. There is a message,
which says that the required input is complete. So, the mandatory or the minimum
requirements needed for the problem to work is completed. So, once this is done, you have to
initialize your run. So, the initialization step is. So, once the required input is done, the

system is automatically initialized.

Now, that in the first case, since we have provided these values, it is not asking for
initialization. Now, if you run it and then change some of the input, it will ask that the system
or the simulation is not initialized properly. So, you need to re initializing it. So, for the first
case, this will not be asked. A general practice is to save the simulation before we go for

subsequent new analysis or running the system.

So, let us run it and then let us try to evaluate the results for the first case. So, if I click on
run, within a few seconds, suddenly the results will be, it is marked as results are available.
So, computation is completed. So, how do you check the results? So, now if you go to the
main flow sheet, the results are available from clicking on the streams or the outlet streams.
So, if you now select outlet streams, you will see that the values are already listed down or

table it down.

So, for example, this is the top stream, and you will see that the top stream that toluene fluid
is 34 and methylcyclohexane is 165. Total is of course 200 that has to satisfy Temperature is

also specified for Fahrenheit is 219 of the top stream. And the rest of the energy parameters
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are also specified, you can also list down the other bottom stream here. So, these are the
bottom stream specifications. And you see on the bottom side, the quantity of toluene is more

compared to methylcyclohexane.

So, you can also try to make a plot of these profiles across the different stages that is also
possible. So, how do you look into that? If you go to the main flow sheet, and if in the left-
hand side, if you click on the block results. So, please see that on the left-hand side, you have
the blocks marked as B1, because we had only one block or one-unit operation block. So,

after the calculation is done here, there are options of the stream results and the profiles.

So, if you click on this profile, it will give you the stage wise composition. So, the first
column represents the stage number, and you will see that across each of the stages. How
does the temperature change? So, naturally toluene is the more heavier compound compared
to cyclohexane. And as a result, you see that the bottom temperature is more than the top

temperature. So, this is how the temperature changes.

Similarly, you have these other properties, for example, that there is liquid rates and the vapor
flow rates in each of the stages, all these information are provided to you. So, everything is
calculated based on the mole fractions. So, you can essentially make a, a plot let us say, so |
can make a plot of the temperature stage and the segment temperature. If I click on that, it

will show that how the temperature changes across the stages.

Similarly, I can also work on the, on the profiles and I can see if I want to plot the liquid or
the vapor across different stages. That is also possible. So, stage 14 is the feed stage. That is
where you will see that the mole flow rate is 200 on the liquid feed and rest is mostly vapor in
each of the stages. You can also look into this stream mole fractions. So, I am just trying to
get that. Yes. So, in this profile, you will see that there are different tabs. The first one is the

tabs, which represent the temperature.

Most of the vapor liquid flow rates, there is the next small tab known as a composition. And
here, if you see that the compositions, liquid phase compositions of the toluene and
methylcyclohexane across each of the trays is mentioned. So, this methylcyclohexane is more
enriched at the top and is what you are also seeing. The top fraction cyclone is almost 83
percent and we realize that beyond that it is not actually thermodynamically possible to

improve its more fraction because it almost forms as azeotrope.
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And you see in the last, first few stages, the change in the mole fraction is very, very small. It
is only beyond, this fifth or sixth tray, you start to see a big changes in the mole fractions, and
the last stage, the toluene mole fraction is higher compared to the methylcyclohexane. So,
this is also something that we can plot composition. So, this is the tray wise composition of
the toluene and the methylcyclohexane. So, this is all about analysis depending on this, case

of the, this separating of the two components.
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Next thing I wanted to show is about the sensitivity. Like, so let us go into the sensitivity
block. So, what is sensitivity? Essentially, sensitivity means if I want to, or if I want to alter
one particular variable in my system and see what is the effect in the final solution? So, it is
like a loop, I put the variation of one of my variables. I have to specify all the range and et

cetera.

And also, I have to specify that what is the final output variable that I want to track. And
accordingly, then based on the variation of my manipulative variable, how does the output
variable, which I have defined changes? So, that is what the sensitivity, so let us say the
sensitivity. I will try to work here this model analysis tools, and there is option called
sensitivity. So, after you have run the base case simulation, the next step is to work out or to

try to see that with the sense that, how things, this sensitivity how we can vary.

So, I click on the sensitivity, ask for the variable name. So, let us say, I write it as you know,
S 1 and then it will ask that what is the variable that you want to vary? So, I have to choose
that variable. So, first let me decide is variable number 1 and type. Here, you have to choose
it very carefully. So, these type means that what is the category of the variable? So,

depending on the type, then it will, subcategorize, it will have the sub classifications.

So, let us say, in this case, I want to, instead of fixing 22 columns, I want to vary, sorry, not

22 columns, 22 stages. I want to vary. Let, I want to vary from 20 to 50 and see that
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increasing the number of say, let us 20 to 40. [ want to vary all it from 15 or 16 to 40 I want
to vary and see that whether increasing the number of stages does help in improving the

enrichment of the methylcyclohexane in the distillate.

So, the manipulated variable is essentially the number of stages. So, I select that as the block
variable, and then after it will at which block, so is only one block B1, and now it will at what
is the variable in the block or in this block B1 one that you want to change. So, it is like
hierarchical category. So, here you will see that there is a lot of variables, which is part of the

calculations.

You can also identify them by the names, NSTAGE represents the number of theoretical
stages, which includes the condenser as well as the reboiler. So, that is the variable I want to
vary now, what is the limits of the variation that is also, I have to specify lower limit as well
as the upper limit. So, let us say one to vary from 16 to 40 and increment of 1. There is no
point, sorry, increment of one. There is no fractional stage possible. So, I put increment as 1.

So, this is how my manipulative variable is defined.

Next, [ have to specify the output variable, let us say the output variable I write MCH this top
distillation. And here it will ask that in this variable, what you want to I mean, what is the
variable that you want to track? So, let us say track streams and I select type as the mole
fraction. So, it is the mole fraction. It will ask for stream, MCH top it is again hierarchical.
Stream is mixed. So, component with more fraction of what? Mole fraction of

methylcyclohexane that I want to study.

So, this completes the definition of the output variable that I want to track. Next is the
tabulate option. So, in the tabulate option if you just click on this, fill the variables, it will
automatically fill that it will have one column where it will list down the values of the top
distillate based on the variation of my manipulated variable, which is the number of stages in
this case. Now, you see that at the bottom, it is written input is changed. So, if the input is

changed, you need to click on this reset, and then rerun your simulation.

So, reset it again, resetting the simulation and initializing it properly. So, now all the analysis
is done. I mean, sorry, the sensitivity is selected and now you have to rerun your simulation.
Reinitialize. So, now all results will be cleared and sequence will be started from the
beginning and next you have to do this run. So, if I now click on this run, the calculation says

that some results are coming, but with error. So, let us see.
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See, there are some errors. So, the error that it is showing in the sensitivity block is because

of the fact in the base case of the this this column, we have specified the number of stages as
22, but in the sensitivity analysis, we are trying to vary the number of stages from 16 to 40.
So, in the case of sensitivity, this cannot be done because whatever, the number of stages that

is specifying the base case in the sensitivity, it cannot exceed the base case value.
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So, for the biggest case, you have to consider the highest value of what you are trying to alter
or manipulate in the sensitivity. So, in this case, the total number has to be 40 because that is
up to the higher limit. That is what we are trying to calculate in the sensitivity. So, now the
sensitivity values that we have are inputs from 20 to sorry, 16 to 40 is within the base case
values. So, let us reset the simulation once again. So, that will, parge all the solutions and

then run the simulation.

So, now in this case, you will see that the errors will not appear and you will see that there are
no results it is already results are available. So, now if I click on the sensitivity results, I will
see that, all are written as data. Because now everything is within the, this maximum value of
the base case. So, if I try to plot this like stage versus composition, results curve, so, X axis is

varying the number of stage Y axis is the MCH distillate.

So, according to the table, you will see that this is the plot that we can get. I hope it is visible
to everyone. In the bottom X axis we have the number of stages and in the Y axis the
distillate composition of the collection. And you see that even an increasing the number of
stages, the concentration on the mole fraction does not increase significantly and suddenly
not build above this thermodynamic limit. And this tells you that for azeotropes for
azeotropic mixture, it is not sufficient only to increase the number of stage. You also need to
add an entrainer. So, now let us look into this case where we have some phenol also into the

system.
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So, if you go to the again, simulation flow sheet flow sheet, let us go to the block and double

click on that block. And in the streams, it asks that what is the feed? So, instead of one feed,
we are planning to have another feed. So, first we have to add that stream and then we can
have that in the feed or specify that as the phenol and the phenol flow rate. So, where is the

simulation tab gone? Let us close so much of the tabs that are open already, main flow sheet.

(Refer Slide Time: 48:57)
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So, here, let us have another stream. And let us mark that as phenol. That is into the system.

Now, if you, if you look carefully on this phenol stream, it will once again, ask that what is
the temperature pressure, et cetera of this stream. So, we will specify that according to the

problem and phenol, flow rate is also mentioned, sorry, temperature is 220 pressure is 20
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psia. And the total flow rate. So, it is phenol. So, I will write total flow rate is given as 1200-

pound moles per hour.

So, the rest are 0. So, we do not need to specify. Now, this stream specification is complete.
So, next we have to go to this block and it will see that in the feed stream, it is asking for the
stage numbers of these two feeds. So, one is the feed, the normal feed, which is a mixture of
toluene and methylcyclohexane, next is the phenol. So, the phenol one is let say it is given

and the problem as a seventh stage.

So, now it is time to rerun the calculations once again and see whether that the tray
compositions have improved or at least the top competition is improved beyond 0.8 or what?
We can disable the sensitivity for now, deactivate. So, we do not want the sensitivity. Now, it
does first check with the phenol and then we will work on the sensitivity, reset and then run.
So, now if you go to the results section or let us say the block here, I can see stage wise

composition profiles.

So, now if you see that at the stop stage, the previously, it was only up to 0.8 or 0.82. Now it
has increased up to 0.98. So, further separation beyond the azeotropic limit is possible with
the addition of the entrainer in this case, which is phenol. So, you can see clearly that the
phenol composition is actually not too high in the top because phenol is the heavier one apart
from methylcyclohexane. so that is why you see phenol is mostly at the bottom. So, it is not
affecting much of the top distillate or the purity of the top distillate. So, we can quickly do a
sensitivity of the phenol flow rate that how much phenol flow rate will be appropriate in this

case to have a very high enrichment.

(Refer Slide Time: 52:06)
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So, we will define another sensitivity. So, I will define a new one S2, and here I will try to

define the phenol flow rate. Type as the mole flow, stream component so lower limit, let us
say from 100 to 1200, let us say increment of 50 can start with 50. So, this ensures that the

maximum value in the base case is by 1200. So, I start with 50 and goes up to 1200 and then
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define the output variable that I want to track that is MCH top. And this is a stream. So, type

mole fraction stream is MCH top component is methylcyclohexane.

Just fill variables. That is it. So, now reset the simulation and let us run it. So, once it is run, it
shows the results are available. And now if you check the results of the sensitivity and just go
with the plot, you will see that even with 50 phenol flow rate, which is like almost 25 percent
or not 25 percent is in fact less than 15 percent of the total flow rate, total flow rate is 400.
So, even with 50, so which is around 25 percent you will see that still the improvement is

there.

And generally, the improvement, the fraction is increasing as you increase the 1200, but you
can understand little is going to have a plateau after a certain value of the phenol flow rate.
So, if you set your desired enrichment level is up to 0.95, then you can easily select from this
curve that 450 would be sufficient or 500 would be sufficient to achieve 95 percent of the

purity, thermodynamic limit is almost around 80 percent or 83 or 84 percent maximum.

So, I hope all of you get this basic understanding of a simple distillation column and how the
sensitivity can be a very useful and a powerful way to calculate the optimum. You similarly
can also carry vary the feed stage location that variable you can do can do the number of
stage. You can also vary the reflux ratio in the sensitivity analysis. And can work out that
essentially how the output variable or essentially the distillate mole fraction of

methylcyclohexane is altered with varying the manipulated variable.

So, I hope all of you liked this demonstration. So, in the next class, we will talk about some
other systems, particularly two systems coupled together, flash as well as reactors. Thank

you. I hope all of you liked and enjoyed this.
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