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Module - 5
Distillation
Lecture - 10
Multistage Batch Distillation with Reflux

Welcome to tenth lecture of distillation; this is module 5, and we are discussing

distillation.
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In our previous lecture, we have discussed how to handle multiple feed problems and
also we have discussed side withdrawal of the product, side withdrawal of the product.
Particularly, we have discussed if there are multiple feeds then what will be the material
balance for a particular problem, and how to calculate the number of ideal stage required
for a given separation, also to locate the different patria locations in the column.
Similarly, if there is a side withdrawal of the product including the override distillate
withdrawal then how the material balance will change, and what would be the operating
equations and then how to find out the locations of the plate from where the product is
withdrawn. In this lecture, we will mainly focus on another important topic that is batch

distillation with reflux.
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Multistage Batch Distillation
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So, let us see a schematic of the batch distillation with reflux. This is a still pot, where
the feed is taken over here and steam is injected and which is through a coil and taken as
condensed state at the outlet, so that the energy is transfer to the feet to boiler. So that,
the vapor forms and it goes off from tray to tray, and then there is similar to the
fractionators, there is a top total condenser then reflux drum and then we have a distillate
out and the reflux back to the column. We can chose how many stages we require for a
given separations. As we can see the purity of the product is governed by the
concentration of the feet and the fractions distilled out, which is taken out. Whatever we
want the product purity can be achieved if we use the multi stage and we can get more

pure products.

Now, in this case we will assume the similar to fractionators that is constant molar
overflow; that means, the gas flow rate and liquid flow rate remains constant in the
column. And second thing, we will assume pseudo steady state conditions maintained,
pseudo steady state condition in general the batch distillation is a unsteady state process,
but we will assume pseudo steady state condition. And third there is no liquid holdup in
the plate, there is no liquid holdup in the plates. So based on these three primary
assumptions, we will do the theoretical analysis of the multistage batch distillation

problem with reflux.
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Now, this multistage batch distillation can be operates with two types. One is we can
keep the reflux rate constant or reflux ratio constant, reflux ratio constant that is case
one. So what will happen in this case, the concentration of the distillate will decrease as
the distillation proceeds. And second we can keep the override distillate concentration
constant that is x D constant, x D constant the reflux ratio will change, so variable reflux.
So, the first one is known as the constant reflux operations, and the second one is known
as the variable reflux operation. If we want to solve using the Rayleigh equations as we
discussed before, then some iteration is required, and if you use the McCabe Thiele
method of diagram, and we can obtain some of the information, which will be used for

this iteration.
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Now let us consider the first case which is constant reflux operation. We will discuss
constant reflux operations. We have taken say W mole of the feed in the still pot, and its
concentration of the feed is x w. Assume very small time free out over a very small time

delta t — dt, dD is the distillate and this is the W and its x D and its composition is X w.

So, if dD mole of distillate is withdrawn, so the amount in the still pot which will also
decrease by an amount dW mole will be decreased in the still pot. So, if we do the
balance minus d W x w would be equal to x d dD from where we can write minus W d x
W minus x w dW would be equal to x d d and we know that d d is equal to minus d W x
d dD. And we know that dD would be equal to minus d W. So, we can substitute this one

over here and which would be d W by W would be d x w divided by x d minus x w.
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If we integrate over the concentration range from the initial to the final, we would be
able to get I n W i by W f is the final concentration would be equal to integral x W f x W
i d x w divided by x t minus x w. So, as the distillation would occur this x d and x w this
will change. So, the integral of this can be evaluated graphically. So, graphical
integration can be done to evaluate this integral, this we will discuss in detail with an
example. In this, we have four terms W i, W f, x w i, and x w f; any three of this if
known to us then we could be able to calculate the others. And the concentration of the
distillate can be obtained from the following expression x D average, we could able to
obtain Wi x w i minus W f x W f divided by W i minus W f.
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Example

A 100 kmol mixture of 40% A and 60% B Is
subjected to batch distillation column at 1 atr total
pressure. The column has one tray, a still pot and a
total condenser. The final concentration of residue
is 5§ mol% A. The reflux is a saturated liquid and a
reflus ratic of 16 Is used. Calculate the
composition and amount of distillate. The
equilibrivum data is given below:
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Let us consider an example, how to solve this problem. A 100 kilo mole mixture of 40
percent A and 60 percent B is subjected to batch distillation column at one atmosphere
total pressure. The column has only one tray, or still pot and a total condenser. The final
concentration of the residue is 5 mole percent A. The reflux is a saturated liquid and a
reflux ratio of 1.6 is used. Calculate the composition and amount of distillate. The
equilibrium data is given over here. So, the reflux ratio which is fixed at 1.6 and
equilibrium data is given. So, we could able to plot the equilibrium curve. Since the
concentration of the vapor from top tray will gradually decrease.
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Solution

A 100 mol mixture of 40% A and 80% B & subjecied to baich
distilation column at 1 atm total pressure. The column has ane tay,
a #lill pot end & lotal condenser. The flinal concentration of retidue i
5 maolth A. The reflux ks o saturated liquid and a reflux ratio of 1.8 is
uked, Calculate the composition and amound of distillate. The
equilitsrium data k= given below:
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The procedural of solving this problem will be like this. Select number of x D values on
the diagonal and draw operating lines. Since, the reflux ratio remains constant that is
constant reflux operations all the operating line will be parallel because their slope is
constant which is r by r plus 1. All operating lines are parallel. Second, for each x D
values obtain x w by drawing two stages, two stages means we have one tray and one
still pot. So, we will consider still pot as one tray, as we considered in case of the

fractionators, the re-boiler as one stage, so it will be one equilibrium stage.

In this case, we will draw two stages and we will obtain the values of x w corresponding
to a particular value of x D. We will have a set of x D, x W values. This will be in the
range X w i would be which is initial that is 40 percent — 0.4, and the final x w f which is
final would be 0.05. So, this is the final and this is the initial the mole fractions in the
liquid phase. So, within this we would get a set of x D and x W.
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Solution

A 100 kmol mixdure of 0% A and 50% B s subjecied to baich
distiflation column at 1 atm total pressure. The column has one Eray,
a 2l pot and & lolal condentar. The linal concentration of retidue i
5 mals A, The reflux i & sstursted lgokd and & reflux retio of 1.6 i
utad. Calcidales the compodiicen and amoum of distillais. The
equililsrium data i given Below:
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And then the integral equations, we know I n W i by W f would be equal to W fto W i x
w fto x w i dx w divided by x D minus x w. And the reflux ratio is given 1.6, therefore
slope would be equal to R by R plus 1 which is equal to 1.6 divided by 1.6 plus 1 which
is equal to 0.615.
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Solution

Alummﬂm.ummanwum
distiflation column at 1 atm total pressure. The colurmn has one Eray,
a slill pot and a lolal condenser. The final concentration of residue is
5 mols A, The reflux is » saturated liquid and a reflux, ratio of 16 is
uted. Calculate the compositicn and amoun of distillate. The
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Now, from the equilibrium data we can draw the equilibrium line assume. This is the
initial x D values is 0.92, two trays we can draw and there is composition is giving 0.4.
So for this 0.92 and we could obtain that is x D and x w we could obtain 0.4. Similarly,
at the end, we can see if we start at 0.4, so if we plot two number of stages one and two.
So, you could obtain 0.05, so we could obtain 0.4 and 0.05. So, this is x D and x W data.
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Solution

A 100 kmol mixture of 4% A and 50% B is subjecied to baich
distiflation colamn at 1 atm total pressure. The column has one tray,
a #lill pot and & lolal condenser. The final concentration of retidue s
5 molth A. The reflux s o saturated liquid and a reflux ratio of 1.6 is
uted. Calculate the compositicn and amoun of distiflate. The
equilirium data i ghven Below:




Drawing several similar parallel lines we have obtained x D and x W values, and from
which we have calculated 1 by x D minus x W these are the values of 1 by x D minus x

W. Now, we can plot 1 by x D minus x W verses x W to get area under the curve.
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Solution

A 100 wmol mixture of 40% A and 60% B & subjocied o batch
distillation colamn at 1 atm total pressure. The column has ane Eray,
a uiill pot and a tolal condenter. The final concentration of retidue is.
5 malth A. The refllux s o seturated liguid and a reflux ratio of 1.8 is
usrd. Calculate the composition and amount of distiflate. The
equilitsrium Aot kE given Dedow:
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So, which is plotted over here and the area between this, so area under this curve, this is

by any method we can obtain the area 0.722. So, area under the curve we can obtain.
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Solution

& 100 kmol midure of 40% A and 80% B b subjecied
distilation column at 1 atm ftotal pressure. The colurmn
ey, & siill pot and a totsl condenser. The final concentraticn
residue ks 5 mol A, The reflux is & saturated liquid and o reflux
of 1.6 = uvted. Calculate the componition and
Theequilirium data ks given bolow:
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And then we know the initial amount of moles taken. So, W i which is 100 mole and we

know | n Wi by W fis equal to integral x w f x w i d x w by x D minus x W. So, here we



can substitute 1 n 100 by w f is equal to 0.722 and from here we can calculate W f is
48.59. Then we can obtain D using the total material balance equations. So, it would be
100 minus 48.59 which is equal to 51.41. And average concentration x D average which
would be 100 into 0.4 minus 48.59 multiplied by 0.05 divided by 51.41 which would be

around 0.731; that means 73.1 percent is the distillate compositions.
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Now, we will consider variable reflux problem, where we are keeping constant overhead
concentrations, so x D constant. In this case, the reflux ratio would be changed
continuously where as keeping the x D constant, so the concentrations of the distillate
will not fall any time; however, the reflux ratio will change continuously. Now say d G is
the change in vapor flow, and d L change in liquid flow, and d D change in distillate
withdrawal. If we do the total material balance, we can write d G would be d L plus d D.
Just rearrange these equations, we can write d D would be equal to 1 minusd L by d G
into d G. Now if we do the sepsis mole balance, we can write W x w would be W i X w i
minus W i minus W into x D. So, from here we can write W is equal to W i x w i minus

x D divided by x w minus x D.
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Now, if we differentiate this equations, equation three we will obtain differentiate, we
can obtain d w would be equal to W i x w i minus x t d x w divided by x D minus x D
square. We know that d D would be equal to minus d W. So, if you substitute this
equations in equation two, this one we could obtain d G is equal to W i xw iminus x D d
x w divided by x D minus x W square into 1 minus d L by d G. If we want to calculate
the total gas flow rate or amount generated, we can write is G integral x w i to x w f it
will be W i into x D minus x w i into integral x w f x w i d x w divided by x D minus x w

square into 1 minus d L by d G.

Now, area under the curve, we can obtain if we know the values of x D and x w as well
as the slope, and then we can calculate the slope of the lines then we can calculate the
values of g. Integral can be obtain graphically like we did before and then we can

calculate the vapor which is generated.
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Solution

A 100 omol mixdure of 0% A and 50% B & subjecied fo baich

distiBation column & 1 stm bodal pressure. The oolumn has thies

trays, a still pol and & total condenter. The lop product oonlaing #6%

A The final concemtration of regidos = 4% A The reflux & &

saluirabed Hguid.

{a) Calculste the amount of lop and boliom producis.

{8 What iritial and fina reflus fatios should be used?

|ch Determine the lolal males of vapor 1o be generaled to achiewe the

SEparathan

The equilibrium data is ghven below:
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Let us take an example a 100 kilo mole mixture of 40 percent A and 60 percent B is
subjected to batch distillation column at one atmosphere total pressure. The column has
three trays, a still pot and a total condenser. The top product which contains 96 percent A
which is fixed that is x D is fixed at 0.96. The final concentration of the residue is
percent A. The reflux is saturated liquid calculate the amount of top and bottom top of to

be generated to achieve the separation the equilibrium data are given below.

So, this is the equilibrium data which is given let us do the total material balance that is F
is D plus W which is 100 would be D plus W component balance if we do F Z F would
be D x D plus W x w. So, you can write 100 into 0.4 would be equal to D into 0.96 plus
w into 0.04 then we can write 40 would be equal to 0.96 D plus 0.04 W.

Now, we can substitute D from here and we can write 40 would be equal to 0.96 D plus
if we substitute W from here. So, it will be 0.04 into 100 minus D. So, this would be
equal to 0.96 D plus 4 minus 0.04 D. So, d would be 36 divided by 0.92 and which is
equal to 39.13. So, W also we can calculate W would be 100 minus 39.13 which is equal
to 60.87.
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Solution

& 150 kmod mivhars of &% A and §0% B i sebjecied fo baich dinbilation
column @1 1 sim oasl presscre. The column has thees Faye, o sl pot ard a8
Sodal condermer. The top prodisct contaims M% A The fimed concentration of
swpiciun b 4% A The rollus m o saluaded bouid

{a) Cabculats the servoust of 1o and Bl om paoduects.
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Now, draw the equilibrium line the data is given. Second will locate point x D which is
0.96. From this since the x D is constant the slop of the particular line will change. So,
we will draw from starting from this point, we will draw different operating lines, draw

multiple operating line from the point x D is equal to 0.96 x D is equal to 0.96.
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& 150 kmod mivhare of &% A and §0% B i sebipcied o balch dinbillation
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So, from this point draw multiple operating lines with different slopes, and then what we

have to do in each case each case draw four stages between equilibrium line and the



operating line. And then calculate calculate x w then we will have set of x D and x w.

Since, we have x D and x w and also we have slopes of the operating line.
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Solution

A 100 kmod michars of 0% A and 80% B s seljscied o balch dinbillation
edlufmh @1 1 @l sl pleaacie. The cohamin has e Faye, & all pot aed &
fodal conderme. The lop prodsct contaime W% A The fined conceniration of
snatun s d% A The refluy m o satmadpd bguid

() Cabowlste the armount of tog snd bobiom prodecis
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There are two operating line which is shown over here we start at 0.96. And we draw the
four stages and the point which is coming 0.96, and we can obtain x D and we could
obtain x w with four stages each 0.4. And we can calculate the slope of this operating
line slope, also we can calculate for this which is over here. So, slope is known.
Similarly, another operating line which is over here x w is 0.05 and slope we can
calculate from this operating line. So, that we have a set of x w and we have a slope for

each case.
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Solution

& 150 kmod mivhae of &% A and §0% B i sebjecied fo balch dinbilation
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Let us see the table. The first one has slope of 0.417 x w is 0.5, so we could able to
calculate this one. Similarly, for the second we have operated 0.521. So, we have a set of
data with these we can plot this 1 by x D minus x w square into 1 minus d | by d g verses

X W. So, we can calculate the area under the curve for this integral.
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Solution

A 150 kmod mvichare of &% A and §0% B i sebjecied fo balch dinbilation
columen @1 | sim otal presscre. The cobamn has theee Fays, o still pot erd a0
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ronidu is A% A The roflay m 8 saturated bouid
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So, the area under the curve for this integral is this, so this is the area is around 3. Now,
area is known to us, then the initial reflux which could be used calculate the amount of

top and bottom products we have already calculated. What initial and final reflux ratio



should be used, the initial and final reflux ratio which is given over here initial is
corresponding to 0.5, it is 0.417; and final corresponding to 0.04, it is 0.39. So, it is

reflux ratio final, and this is reflux ratio initial. The area under the curve is 3 units.
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Solution

B 100 kmod michars of S0% A amd §0% B s sobjcied o beich disbllation
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swnadun s d% A The roflas m g sahmated laguid
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So, we can calculate G which is equals to W i x D minus Z f into area under the curve, so
which is equal to 100 multiplied by 0.96 minus 0.4 into is 3 unit. So, it would be equal to
300 multiplied by 0.56 which is equal to 168. So, this way we can determine the total
moles of the vapor which is generated to achieve this separation, and the initial and final
reflux ratio and the amount of top and bottom products.

Thank you.



