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Lecture -50
Distillation Column -3
Hello everyone. This is the 50th lecture of the course Process Equipment Design and in this
lecture we are going to discuss the distillation column. So, let us start this lecture. So, as far
as this lecture is concerned we are covering the process design over here.
(Refer Slide Time: 00:50)

Distillation Column — Y
Process Design

And previously | have covered distillation and continuous process then design of binary
system using McCabe Thiele method and then we also have discussed the multi component
system. And in this lecture we will further elaborate this topic. So, let us start this lecture.
(Refer Slide Time: 01:10)



Design Method of Multi-Component System
Light and Heavy Key Components

If a four-component mixture A-B-C-D, in which A is the most volatile and D
the least volatile. Then B is the lightest component appearing in the bottoms
and is termed the light key component. C is the heaviest component
appearing in the distillate and is called the heavy key component. The main
purpose of the fractionation is the separation of B from C.

Feed Top product Bottoms
Av ATE gt o
B B ®)
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D/ D
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So, here we are going to discuss design of multi component system and before start the
design of this we should consider light as well as heavy key component. So, what is basically
light key and what is basically heavy key? If we consider the basic definition light key is
basically which has more volatility and heavy key which has less volatility. And that is very

easy to choose when | am having two component.

One would have larger volatility or higher volatility we consider that as lighter component
other one will definitely be a heavier component, but how we have to choose this when | am
having multi component system that is important. So, let us say | am having four component
A, B, C and D in the feed. And we can arrange these component in the feed top product and

bottom product with respect to the volatility.

So, highest component should be placed at top and then we can keep on arranging on
component which has lower volatility. So, in this way we can arrange the component with
respect to their volatility. So, how I can choose the light key and heavy key. The condition is
like lightest component in bottom. Please listen it carefully lightest component in the bottom

is represented by light key and heaviest component in the top is represented as heavy key.

So, with this definition if I consider lightest component in bottom and that component is B.
So, this is considered as the light key. Similarly, heaviest component in top is the heavy key
and which is basically this C component so this we consider as the heavy key. So, in this way
we can consider B as the light key and C as the heavy key and we will design the system

based on the separation between B and C.



I will not focus on A and B that will be separated along with these components only, but my
main focus will be to separate B component from C. So, let us see how we can design the
multi component system and for that we have the method like Hengstebeck's Method.

(Refer Slide Time: 04:07)
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Hengstebeck's method

For any component i the Lewis-Sorel material balance equations and
equilibrium _refationship can b written in_terms of the individual
component molar flow rates; in place of the component composition:

h+1 = Lu + D ‘V‘/ﬁ—>‘9uil.: = lr10+ ‘O

ki) =Kzl
For'the stripping section: 7
v
I?H (= th ;= the liquid flow rate of any component i from stage n

(v, ¥ the vapour flow rate of : ifrom stage n
g, ¥ the flow rate of component i in the tops,

=the equilibrj)um constant for component i at stage n
e superscript*denotes the stripping section"

[ EETR oW |/ 2 | [ are the total flow-rates, assumed constant.

So, according to this method for any component i the Lewis-Sorel material balance equation
and equilibrium relationship can be written in terms of individual component molar flow rate
in place of component composition. So, what we can consider over here that there are two
points. First is we have to consider individual molar flow rate of each component and second

is at the place of composition I should consider molar flow rate.

So, let us see the material balance changes with respect to this consideration. So, here | am
having the balance at the top and that is basically above feed so V n + 1 should be equal to Ln
+ D this equation we already have seen previously and equilibrium relation will be y i should
be equal to K i into x i. So, K i basically equilibrium constant and when we consider this in

Hengstebeck's Method it is represented by small v.

You can see here | am having total V which is here | am having capital V which is nothing,
but the total flow rate. So, here for each component we can have small v so small vn + 11
should be equal to I ni + d i where i is the ith component. So, in the similar line | can write
this equilibrium relationship as small v n i divided by capital V. So, it will give the value of
this. And that should be equal to K n i and it should be multiplied with | n i divided by L. So,
that will be this value.



So, in the similar line we can consider equations in stripping section as | dash n + 1 i and dash
you can understand this is basically for stripping section it should be equal to v n i dash + b i
and similarly this is the equilibrium relationship. So, here we have different nomenclature
which we have used. And these are basically | n i which is the liquid flow rate of any

component i from stage n.

V n i vapour flow rate of any component i from stage n and d i is the ith component which is
available in the distillate, b i is the ith component available in the bottom product, K n i
equilibrium constant of component A and here we can consider prime or dash to denote
stripping section that is the known fact. Capital V and capital L are the total flow rate that we

consider as constant.

So, in this way we consider Hengstebeck's Method where flow rate of each component is
considered. Now, why it is considered so? When we consider Hengstebeck's Method it
basically counts the fact and that fact is basically when I am having heavy key as well as light
key. So, obviously I will have some non key component also. Like light non key and heavy

known keys.

So, this method considers that flow rates of non key components are constant and that we
consider as the limiting flow rates. So, if | consider the constant flow rate of non key
component | already know the total flow rate like Capital V and capital L | already know. So,
if 1 deduct the non key component flow rates from the total what I will get? | will get the flow
rate of key components only.

So, in that case what basically we are considering? We are considering that the multi
component system is now transpose to binary system where | have only two component the
light component and heavy key component. So, that is the basic fact about the Hengstebeck's
Method that it considers or it transposes multi component system into binary system. And

then we consider that as pseudo binary system.

So, now | am having binary system only so we can solve the same problem considering
McCabe Thiele method. So, Hengstebeck's Method is basically pseudo binary system based
method.



(Refer Slide Time: 09:24)
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Hengstebeck's method

U To reduce a Multicomponent system to an equivalent binary it is
necessary to estimateith\e flow-rate of the key components throughout the

column._

J Hengstebeck makes use of the fact that in a typical distillation the flow-

rates_of each of the light non-key components approaches a constant,
rate in the rectifying section; and the flows of each of the heavy
non-key components approach limiting flow-rates in the stripping section.
d Putting the flow-rates of the non-keys equal to these limiting rates in each

section_enables the combined flows of the key components to be
estimated.

@ o o o
So, let us see how we can proceed further with this method. So, to reduce the multi
component to the equivalent binary it is necessary to estimate the flow rate of key
components throughout the column. And to do that Hengstebeck's make use of the fact that in
a typical distillation the flow rate of each light non key component approaches a constant
which we consider as limiting flow rate and that we consider as the limiting flow rate in

rectifying section.

In the similar line; flows of each heavy non key component approach limiting flow rates in
stripping section. So, this is the fact that we have already discuss that it considered the flow
rate of non key component as constant which we also consider as limiting flow rates. And
further putting the flow rates of non key is equal to these limiting rates in each section
enables the combined flow rate of key components to be estimated.

(Refer Slide Time: 10:32)



Desigq Methpd of Multi-Component System
Hengstebeck's method ‘
XV

Rectifying section ¥/ J®=@_

Stripping section

V,and L, are the estimated flow rates of the combined keys.
I; and v; are the limiting liquid and vapour rates of components lighter than the keys

in the rectifying section.
land vj’are the limiting liquid and vapour rates of components heavier than the keys

in the stripping section.
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So, let us see how to do that? Here, | am having the rectifying section and here we have the
equation. So, L e and V e are basically the flow rate of key components. And here we have
summation | i and summation v i these are basically the limiting flow rates of non key
component. And if | deduct these from the total flow rate I can find out the flow rate of key

component.

And this we are considering in rectifying section only and therefore | i and v i are basically
considered for non light key component. And similarly here I am having summation li dash
and summation v i dash. These will be for the components which are non heavy key and these
are the limiting flow rates. These we deduct from the total flow rate to find the flow rates of
key components.

So, as far as that L e VV e L e dash V e dash is concerned these are the flow rates of combined
keys as it is shown over here. So, | i and v i are basically the limiting liquid and vapour rates
of the component lighter than the keys in the rectifying section. And similarly | i dash and v i
dash are limiting liquid and vapour rates of components heavier than the keys in stripping

section.

So, in this way we can represent the complete multi component problem into binary system
and now we can see how to find out limiting flow rates of non key components.
(Refer Slide Time: 12:34)
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Hengstebeck's method

The method used to estimate the limiting flow-rates is that proposed by Jenny
(1939).

The equations are: Voo d

a; relative volatility of

@= i +d; component i, relative to the

heavy key (HK),

= ay = relative volatility of the
~ = light key (LK), relative to the
léi" +b; hgalY/ke‘y'
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So, to do that we have these equations where | i underscore is equal tod i/ alphai—1andvi
underscore is basically | i underscore over here and that should be added to d i. So, this will
be used over here. Similarly, for stripping section we can consider this and this should be
used over here, so it is basically v i dash underscore. So, this correction you can consider and

we can have alpha i which is the relative volatility of component i relative to the heavy key.

And alpha LK is basically relative volatility of light key relative to the heavy key. So, when
we consider multi component system relative volatility we can always obtain based on heavy
key.

(Refer Slide Time: 13:44)
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Hengstebeck's method

Estimates of the flows of the combined keys enable operating lines to be
drawn for the equivalent binary system. -

The equilibrium line is drawn by assuming a constant relative volatility for

the light key: A
@ -

V=
T (g = e

y and x refer to the vapour and liquid concentrations of the light key.
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And now we will consider the Hengstebeck's Method as it estimates the flows of combined

key which enable the operating lines to be drawn for equivalent binary system. So, for



equilibrium line we can find out the relation as y = alpha LKx divided by 1 + alpha LK — 1
into X. So, this we have already discussed this is basically the relative volatility of light key

with respect to heavy key

And y and x refer to the vapour and liquid concentration in light key. So, now once the
problem is transpose into binary system we can consider McCabe Thiele method to find out
number of trays for such system so that is basically the Hengstebeck's Method. Now, we will
illustrate this method with the help of some examples.

(Refer Slide Time: 14:43)
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Examﬁle -3

A multicomponent distillation column has following compositions with relative
e ——— -

volatilities:
Feed Botto Top (°C)  Bottom (°C)
1 5.0 45
2 3.0 2.8
2 2.0 1.8
19 1.0 1.0
0% Ofp 30/¢f 08) 08
Using Hengsthod calculate slop of top and bottom operating lines.
Consider reflux ra

NPTEL ONUNE
. S CENTIFCATION COURSE

So, let us say we have example 3. In this example multi component distillation has following
compositions with relative volatility. So, you see here | am having the component like C 1, C
2 to C 5 and we can already have the light key as well as heavy key and the compositions of
feed top and bottom are given to us. So, if you consider this feed total is basically 100 and
here at the top it is 46 and at the bottom it is 54.

And as far as volatilities are concerned at top temperature and bottom temperature of
distillation column these are the volatilities. So, what we have to do? We have to use
Hengstebeck's Method to calculate slope of top and bottom operating line where reflux ratio
is considered as 3. So, in this way we need to find out the top and bottom operating line

slopes. So, let us start this using Hengstebeck's Method.

So, as far as that Hengstebeck's Method is concerned first of all we need to find out the

average volatility.



(Refer Slide Time: 16:14)
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Solution Volatilities

Top |Bottom .nn h=d/(o1) | o=h+d,
Volailities Jf - - DT RWARRT 5.06%
0 A1) (W 2808 13 6849 19849

Iv,=24917

2.8983

Y. s 1sm
O
08 082 08099
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So, as far as average volatilities are concerned these are basically relative volatilities because

if you see corresponding to heavy key we have value 1. So, all these volatilities at top and
bottom temperature are relative volatility. So, we can simply make the geometric mean of
that to find out average relative volatilities of different components so that you can do it is
not difficult.

And now we have to find out limiting flow rates of non key. Now, if you consider C 3 as a
light key. So, C 1 and C 2 are non light keys and if C 4 is the heavy key C 5 will be non
heavy key. So, accordingly you can choose the limiting flow rates of non key components.
So, here if I am having C 1 and C 2 we can find out relative volatilities which are already

available and here we have the flow rate in distillate corresponding to C 1 and C 2.

So, you can see here I am having 4 and 13 so these values are given over here and then we
can have limiting flow rates of | i as well as v i so that is so that is basically the | i underscore
and v i underscore in usual expressions which we have discussed previously. So, simple
calculation is there you can find these values and addition of this will give the summation li
and summation vi.

(Refer Slide Time: 18:07)
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Solution
(ax —ay)

081 30 223469

\/Flow@ins: @ =L-XI
= 4 = X = s
: 4- 24 . V= Vk{@
- 23469)= 161.653

Ll)= (34 T)Tx 46 + 54- 523469 = 185.6531 L=L —@/
4
Jr®
\ :

(Wt
RN ORY
L b LT i
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And in the similar line we can find out the limiting rates of non heavy key as C 5 is the only

component available in that category. So, we can find out alpha i for that and bi which is
given as 30 in the table and here we have v i dash this is not 1 so you consider all these as
prime or dash and here you can find out vi prime underscore as this and then we can simply

add 30 to this to find out this value. So, summation you can find like this.

And now we have to find out flow rates of top operating line and bottom operating line and
that flow rate is L / V at top and L dash / V dash at the bottom. So, in that case we first
consider the flow rate of key components and how we do this? We know total flow rate and
from that we will deduct limiting flow rate of non keys. So, here we have the flow of
combined keys.

So, L e is basically the combined key flow rate in liquid phase so that should be 3 into 46, 46
is the total distillate and 3 is the reflux ratio so that is nothing, but the L. So, you can see L e
is basically L — summation | i. So, that we can consider over here this value we have already
calculated. So, this is the value of L e. Similarly, for VV e how we can consider for that | need
to V and that V should be equal to L + D.

So, we can consider 4 into D and minus this factor so 159.083 we can obtain V e dash we can
obtain as V prime minus this factor. So, this will be nothing, but equal to this only. So, that
we can consider and deduct this value and so we can find V e prime as 161.653 and L e prime
we can obtain considering this equation where L dash is basically V dash + B. So, that B is



54 and V dash we already have computed over here so that we can consider here as well. And
from this we will deduct this value and we can find the L e dash as 185.65.
(Refer Slide Time: 21:20)
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Solution

L
Slope of top operating line = v—e = 08177

e
Ll
Slope of bottom operating line = v—f = 1.1485
e
= T _ 2 _ 09524

b How (LK+HK) ~ 2419

S B 09655
T R

W
¥ =30520"
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And similarly we can simply calculate the slope of operating line like this.
(Refer Slide Time: 21:26)
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Example-4
A multicomponent distillation column has following compositions. Using

Hengstebeck's metcalculate slop of top and bottom operating lines.

Consider reflux ratio
Compositions Equilibrium constant at
Feed Top  Bottom average temperature
2 2 0 24 yay 1
5 4.5 0.5 20 \ / g

15 145 05 16 ” ”/a X
B W5 05 12
0 75 125 04
0 4 6 032
15 2 13 0.24

0.16
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So, here | am considering another example where Hengstebeck's Method is used to again

calculate the top and bottom operating line reflux ratio is 3, but here we have more number of
components and in this case | am giving equilibrium constant at average temperature. So,
how I can find the relative volatility that should be ki / k heavy key. So, considering this we
can simply find for this 2 / 4 divided by this that is 0.4 and that should be equal to 6.

(Refer Slide Time: 22:10)
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Solution
Components | Feed (f) | Top (d) |Bottom (b) | Rel. Vol. i
1 2 2 0 o/
Q 5 45 05 5)
a 15 | 145 [ 05 4]
C4 (LK) 5 | 45| 05 3\
€5 (HK) 0 [ 75 | 1S 1.f
C6 10 4 6 08
¥ 15 2 13 06\
c8 8 1 7 04 |
100 | 60 40 ol
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So, in this way you can find out relative volatility and accordingly we can calculate relative
volatility of other component.
(Refer Slide Time: 22:20)
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SOIUtIOﬂ [_, = ¢[‘/(a‘ -1) vy = I_,-+-(I, 1_; = a,[),/(aLK - ;)

alpha di li vi
C1 6 2 04 24
Q 5 45 1.125 5.625
a3 4 | 145 | 48333 19.333
Summation 63583 | 27358 le | 136417
- - = v Ve [ 21264177
alpha | bi vi l v [ 2334913
(6 08 6 218182 | 818182 & | 03]
7 06 | 13 3.25 16.25 .
C8 0.4 7 1.0769 8.0769 Le/Ve |/ 0.8166 \
Summation 6.5087 32.5087 Le'/ve' [\ 105996/

NPTE
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And we can simply find out all these values which are shown in these tablesand L e, Ve, Ve

dash L e dash we can find as we have discussed in previous example and these are basically
the slopes of operating lines at top and bottom. So, in this way we consider the Hengstebeck's
Method. Now we can have another method to calculate number of trays in multi component
system and that is Erbar-Maddox method.

You can ask that in Hengstebeck's Method we have not calculated number of trays. So, that

you can obtain by considering McCabe Thiele method once you have transpose the problem



from multi component to binary component. So, that is basically the repeated exercise so |
have not considered that.
(Refer Slide Time: 23:21)
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Erbar - Maddox correlatio

Bosed on Underwocd R,
=== Extrapoioted

So, let us discuss Erbar-Maddox method now and that is the empirical correlation based. And
here we have this graph which is all about this method. If you consider x axis of this that is N
m / N N m is basically minimum number of trays and N is the actual number of trays which
you have to find. If you see here | am having different lines and these lines correspond to R m

/R m + 1 and that R m is basically minimum reflux ratio.

So, that we can consider in these lines and on y axis we have R/ R + 1 so that is the actual
reflux ratio given in the problem. So, you basically know this and you can also calculate this
so depending upon all these value you can find the N m / N. N m number of trays you can
also calculate and so you can find out N number of trays that is the actual number of trays for
the given separation. | hope method is clear.

Now, we will see the value of different terms. First of all we will find the value of Nm that is
the minimum number of trays and that we can obtain at total reflux condition.
(Refer Slide Time: 24:48)
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Erbar - Maddox correlation

Empirical Correlations

To use this figure, estimations of the number of stages at total reflux and
the minimum reflux ratio are needed.

Minimum number of stages )

X; ]
X X 1b [x/x, ] = the ratio of the concentration of any component i to
J the concentration of a reference component r, and the suffixes

nk| [wk] dandb denote the distillate (tops) (d) and the bottoms ),
J b i)y i |, Ne = minImum number of stages at total reflux
Nuw= e average relative volatility of the component i with respect

logarx to the reference component.

@ o (o
So, for minimum number of stages calculation we can consider Fenske’s equation as you can
see over here. So, this is the Fenske’s equation where xi / xr is the ratio of concentration of
any component i to the concentration of a reference component r and the suffix d and b
denotes distillate as well as bottom. So, here | am having Nm as minimum number of stages,
alpha i is the average relative volatility of the component i with respect to reference

component.

And reference component is usually the heavy component. So, when we resolve this we can
find this expression to find out minimum number of trays based on light key as well as heavy
key. So, here also we should consider selection of key component first and based on that we
can use this equation.

(Refer Slide Time: 25:56)
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SOETEED G YA (GIENGIP  Empirical Correlations
Minimum reflux ratio Wi ll/
Underwood’s equation gives: a - Q,'@

a;)= the relative volatility ponent i with respect to some reference
component, usually the \
R \;Eé\minimum reflux ra 0; The value of must lie
®= concentration of component iinthe tops iR LELSR

72 the relative volatility of
: ; ai;, ,
§is computed using: Abﬁ =19 the light and heavy keys
a -
X;; = the concentration of component i in the feed, and q depends on the
condition of the feed

The value of 6 is found @y trial and errg
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So, once | am having Nm value we can find minimum reflux ratio value and that we can
obtain through Underwood’s equation. And Underwood’s equation is given as where
summation alpha i x i d / alpha i — theta should be equal to R m + 1. So, this R m is basically
minimum reflux ratio alpha i is the relative volatility of component i with respect to reference

component and that is usually the heavy key.

R m minimum reflux ratio that we have already discussed X i d is the ith component in
distillate. And how we can compute theta so for this we can have another equation which
depends on the feed composition of ith component and we can also consider g line over here.
So, based on that we can find the; theta value which can be obtained by trial and error

method. So, how | can use the correct value of theta?

The correct value of theta must lie between the values of relative volatilities of light and
heavy key. So, in this case you may have number of values of theta so wherever the value
will lie between relative volatility of light key and heavy key that value you can consider for
theta. So, this is basically Erbar-Maddox method and quickly we will cover the example
related to that.

(Refer Slide Time: 27:36)
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Example -5

A multicomponent distillation column has following compositions with relative

volatilities:
Component Compositions Volatilities

1 Feed |Top |Bottom |[Top(°C) |Bottom (°C)

¢ | Is 4 1 50 [45 )
¢, Y s (B 30 28 (
Gy [ [0 |8 |2 20 [18
i\ [0 J1 [ 10 10 |
¢ 7 [3 o [ 08 |08/

Calculate number of trays using Erbar-Maddox method. The feed is atits
boiling point. Consider reflux 3 ad

@ o S cons
So, in this case we can have the same example which we have discussed as example 3 for
Hengstebeck's Method. So, all these points you know already and here we have to compute
number of trays using Erbar-Maddox method. So, feed is at boiling point where g should be
1. We have to consider reflux ratio as 3. So, let us start that.
(Refer Slide Time: 28:02)



Design Method of Multi-Component System

Solution

P Component |  Compositions Volatilities
:‘ V4 0
Bl Madilox toathing: Feed |Top |Bottom Top(C/) Bottom (°C)
= sl (seJa 1 Jso  Jas)
[ KJ l [ (f1® |13 |2 30 287
lgau(j G [[30 [8vav] {20 |18 |

| \28 v

0g ) 87176 ) /10 [1o]19vl {10 [1044

818974 & ([30 [o [30 Jo8 [os)

z@ 1-q" 473
Q; —9 8 [Za
/1 1474;;(9 28983x19) S%D
\10%)'4743-6 ' 2.8983~ o

ince g lalbmlmgpomt] 1
‘ 0.8099 /

So, here we have relative volatility with respect to heavy key at top as well as bottom and
average of that we have already calculated in previous examples that you can refer. So, these
values are already available to you and now we consider Erbar-Maddox method and first of
all we will find minimum number of trays that is Nm and that is the expression. So, you can

see we have to focus on this condition so x LK in distillate.

So, this is basically 28 and that is heavy key in distillate so that should be 1. So, that you can
consider over here LK at bottom that is basically 2 divided by 19. So, here you can consider
this is basically H and this is L. So, this correction you should consider and here if you
consider heavy key is bottom so that should be 19 and light key in bottom as 2 so that you
can consider as 19 / 2 and that should be divisible alpha LK.

So, that is nothing, but this value. So, you can find N m as 8.7176 and this equation we can
use to find out theta value. And in this equation this X i f is basically the fraction of
component i in feed. So, if you see the total feed is basically 100 so that we can consider 1/
100 over here and then we keep on expanding this expression. So, that should be alpha i. So,
for first component 4.743 into 5 that is given over here divided by this alpha i — theta +

second component this is alpha i and this is the xi and again alpha i we can consider.

And so we keep on adding this for 5 different components and that will be equal to 1 — g
where g will be equal to 1. So, that we can consider as 0. So, when we solve this we can find

theta value as 1.274. We can obtain more values also, but we should choose the value which



will fall between relative volatility of light key as well as heavy key as you can consider this

value.

So, in this way we can find out theta value
ratio using Underwood’s equation.

(Refer Slide Time: 31:08)
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and further we have to find out minimum reflux

Solution

oix v R _ osg27”

$(—L) =R, +1 Ry +1
6 m
i 4 13 Rt 3 s
4743 g 28983 72 R+1 3+1 v

47431274 ' 2.8983 - 1.274 -

18974X§ 1xl ~ = 074 (from graph)
¥ 1574—124;6:1 G 1—13?4 =Rl

' ' ' N=21178=12 stages

0.74

0.1

R

m
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189-40,5043 + 1.8526- 007934 =R, + |
pes) I

n

So, this is the Underwood’s equation. Solving this equation because all components you

know here we can have R m value as 1.39645 | think you can solve this very easily. There is

no problem. So, once | am having R m value we can find out R m / R m + 1 and reflux ratio

in the problem is given as 3 so we can find R / R + 1 and now we can use the graph. You can
see Rm/Rm + 1 is 0.58 and this is 0.75.
(Refer Slide Time: 31:45)

Design Method of

Solution

®iXid
I (ai-e)_ Rpt+1
13
2.8983 x 6
2.8983 - 1.274
1x L
46 _
1-1274

4
4743 x I3

4743 -1274

28
1.8974 x %

1.874-1.274

+

0.1189+0.5043 + 1.8526 - 0.07934
R, = 1.39645

m
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So, this is the graph where R m / R m + 1 is 0.58 so that should be almost 0.6. So, this is the
curve and 0.75is R/ R + 1 so that you can consider this line. So, wherever it will cut this line
we can find N m / N using this point.

(Refer Slide Time: 32:19)

Design Method of Multi-Component System

Solution
Rin

giki = 05827
2(I_I'd)=Rm+l Ry +1

o ; 3 0.75

4 13 — i)
4T43 % 75 28983 72 R+1 3+1

4743-1274 = 28983 - 1.274 - 5

1.8974 x 28 1% 1 N 0.74 (from graph)

46 46

- + = Rp+1
18741274  1-1274 ™
N=2TT= 1178
v

01189+ 0.5043 + 1.8526- 007934 =R, + |
R, = 1.39645

So, accordingly N m / N you can find as 0.74 and so the number of stages N you can find as
11.78 so that should be equal to 12 stages. So, in this way Erbar-Maddox method works.
(Refer Slide Time: 32:35)

Design Method of Multi-Component System
Example -6

A multicomponent distillation column has following compositions. Calculate
number of trays using Erbar-Maddox method. The feed is at boiling point and
reflux ratio is 0.67.

| Components | Feed (f) | Top (d) | Bottom (b) | Rel. Vol.at ave tem
B 5

B 15 0 4
7] 0 3
n 5 (5 2
VY E) 7 1
8 0 18 08

And so we will cover the second example of Erbar-Maddox method quickly and that is this
example where this is basically the light key and this is the heavy key based on the simple
definition of it.

(Refer Slide Time: 32:50)



Design Method of Multi-Component System

Yo\ [T1{[o] M Erbar - Maddox method:

1§ I"HKI {%ﬂb iXif £ o
N = —ogus 3544 L (a—E) =1-q7
theta 157 | 18 (D))
xif | alphai | alpha*xif alpha*xif/alpha-theta
005 | 6 03 0.0667 / 0.07143 | 0.0615
015 | 4 06 0.24 | 0.27273 | 0.2082
022 | 3 0.66 044 \ 055 | 0.3507
03 | 2 06 12 | 3 [ 06803
0.1 1 0.1 2\ 0.125 |-0.8475
018 [ 08 | 0144 02057 ) | 0144 04528
154095 36252 [0.00033)

And we can find minimum number of trays using Fenske’s equation. So, this you please
change to this and the N m we can find as 3.54, q value should be 1. So, we can find the theta
value also. So, this is another method to find out theta value either you can simply calculate
that from the calculator by putting the whole equation or you can simply keep on assuming
the theta value and keep on calculating this till you will find the value should be equal to this
and that should be 0. So, this is almost 0 so we can choose theta value as 1.118.

(Refer Slide Time: 33:41)

Design Method of Multi-Component System
Solution

X4
xid | alphai |alpha*xid | alpha*xid/alpha-theta Z o -0 =Rnt1
00714 | 6 | 0.4286 0.0878 '
0.2143 4 0.8571 0.2974 Rm+l 13328
0.3143 3 0.9429 0.5010
332
0.3571 2 0.7143 0.8098 (ﬁﬁiﬂ) {2;93)
0.0429 1 0.0429 -0.3632
0 0.8 0 0
R/R+1 0.4012
1.3328 ( 7
ey Nm/N_| 062
N |57
Total number of trays = 6

‘ 7 ROOMKEE ::‘IIV:Y?C“A‘::J(N course
And after that we can find out Rm by this calculation so that Rm is 0.3328 then Rm / Rm + 1

we can find R/ R + 1 we can find and so the number of trays we can find using the graph
which we have discussed in previous example. So, total number of trays we can find as 6.
(Refer Slide Time: 34:11)
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And here | am having some of the references about this and this is the summary of the video
and this is the summary of last three lectures of distillation column.
(Refer Slide Time: 34:23)

Summary of the video

v Distillation process is discussed in detail. .~

v Reflux ratio (Total reflux, Minimum reflux and Optimum reflux) is described.

v' Design method of binary system is discussed.
v' Design methods of multi-component systems are discussed. "

v' Hengstebeck's and Erbar - Maddox methods are described.
- —

@ (i o
And summary goes as distillation process is discussed in detail. Reflux ratio that is total
reflux, minimum reflux and optimum reflux is described. Designed method for binary system
is discussed, design method of multi component system is discussed and we also have

discussed Hengstebeck's as well as Erbar-Maddox method and that is all for now. Thank you.



