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Module — 3: Fundamentals of Material Balance
Lecture — 3.2
Principles of Material Balances on Processes
With Recycle and Bypass

Welcome to massive open online course on Basic Principles and Calculations in Chemical
Engineering. So, we were discussing about fundamentals of material balance under module 3
and under that module 3, we have discussed the principles of material balance and their
knowhow for the calculations of the chemical engineering processes based on that
fundamental principle of material balance. Now in this lecture, we will try to discuss about
material balances on the processes with recycle and bypasses. and
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So in previous lecture, we have discussed the flowchart, labeling a process flowsheet, general
material balance equation, basis for calculation, typical single unit material balance problems,
based on those general material balance equations. We have given a lot of information, even
we have done some problems how to do the material balance and on compound basis total
material balance and how to specify that stream by their quantity in terms of flow rate and

also in terms of mass fraction or mole fractions.

So, here also we will continue that material balance problems on nonreactive processes with
recycle and bypasses.
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Process Unit and System (Recap)
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So, we have discussed that before going to that do the material balance equation, we have to
specify the systems on which actually we have to do the material balance of the compounds
or components or atoms and also total material balance there.
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Process flowsheet or Flowchart (Recap)

= |tis a sequence of process units connected by process streams. It shows the
flow of materials and energy through the process units.

» A flowsheet is a convenient way of organizing process information for
subsequent calculations.

= [o obtain maximum benefit from the flowsheet in material balance
calculations, you must:

= Write the values and units of all known stream variables at the
locations of the streams on the sheet.

®» Assign algebraic symbols o unknown stream variables and write
these variable names and their associated units on the sheet

INPUT QUTPUT

Stream
In the process flowsheet how it can be that specified the input and output streams based on
their flow rate and also mass fraction and mole fractions there.
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Like here, flowchart is actually discussed for the single unit, how that flow streams are
specified by their quantity, like here in the slides that in the mixer that inlet stream and there
will be 2 outlet streams or there will be 2 inlet streams and 1 outlet stream. So, in the streams
that how that components rate of that flow is specified there it is already discussed in the
previous lecture there.
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So, this is also for the multi unit system that how that material balance can be done after the
specification of the flow rate and mass fraction of the compounds that is flowing through the

streams.
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Some cases: Recycle, Bypass

Recycle: Unused material being cycled back to the feed stream 2

Unused reactants

Feed ' Reactor 1 Reactor 2 Produc

Mixer

Bypass: A stream that skips one or more stages of another process
and goes directly to another stage further downstream

Bypass

Feed . Reactor 1 " Product
7

Divider -

Now, in this lecture we will discuss something about the recycle, bypass, even makeup are
what are those process system for that are to be considered for the expression of that
particular processes. They are suppose recycle, here sometimes that in a process unit that
some unreacted portions will be there in the outlet streams and those unreacted or extra
amount maybe reused for that process. So, it will be recycled to reuse in previous units where

to be actually utilized there.

So, in this case one example like this that for the recycle unused material beings recycled
back to the feed stream and in this case suppose there are 3 units, one is mixer, another is
reactor, and another is reactor 2. Now, in this case, the feed is going to the mixer or this feed
will be mixed with that unused reactants that is coming out from that reactor. Then this

unused reactants will be mixed in that mixer with the feed mixer with the feed.

After that, this mixer will be sent to the reactor 1 and then after reaction in the reactor 1, that
outlet the streams of that reactor 1 will contains that some products as well as unreacted
compounds of that reactor 1. After that, it will be sent to the reactor 2 for further reactions,
even after further reaction, you will see that there will be some unreacted amount and some
products will be there. So, the products will be separated and it will be taken out as a product

whereas unreacted materials can be reused and it will be sent to that again mixer.

In the mixer, the feed mixer will be mixed in there and then again it will be sent to the
reactor. So, this streams that these streams will be regarded as recycled stream. Similarly,

some process also will be in such a way that some stream that skips one or more stages of



another processes and goes directly to another stage for the downstream. Like here, here feed
IS coming to one process unit, it is called divider. Now, in this case, this divider will allow the
streams divided into two parts.

One parts of that feed mixer will go to the reactor 1 for its process, and from that reactor, it
will go to separator for the separation of the products, but here you will see that some feed
mixes sometimes to process in this separator or some other units, some portions of the feed
mixer required to directly sent to its process unit here. It is sometimes required for
maintaining that flow rate as well as that component at a certain amount there, and after that,
the product will be coming out.

So, this type of process will be actually regarded as with bypass process. So here in this case,
a stream that escapes one or more stages of another process and goes directly to another stage
for the downstream for its processing.

(Refer Slide Time: 07:05)

Special case: Purge

Purge: A stream bled off from the process to remove an accumulation
of inerts or unwanted materials that might otherwise buildup in the
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Special cases like purge sometimes it is required. In that case, a stream sometimes will be
taken off or bled off from the process to remove and accumulate it unwanted materials or you
can say that some inert materials that might sometimes otherwise buildup in the recycle
streams. So, that unwanted material as inerts materials that can be taken out from the outlet
streams of that process unit there. Here in this case see feed is coming through the mixer and
it will to go to the reactor and after that products will be separated into a product stream and

unwanted materials.



So, in this unwanted mixer of this materials, some will be used and reused and it will be
recycled back to its mixer here, but some inert materials which will not be actually used for
other processing that can be taken out as a purge there. So, this type of process also will be in
the chemical engineering process. So, how to do that material balance based on this recycle
bypass, even purge, that will be considered here.

(Refer Slide Time: 08:19)

Special Case: Makeup
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Another this makeup also sometimes some amount of components will be shortage in the
flow stream. So, you have to give input as a makeup there in the stream. So, a makeup stream
is required to replace losses to leaks, there sometimes there will be some leaks and there will
be some losses of that material. So, to fill up those leaks or other carryovers though in that
case, you have to give some makeup in the recycle loop. So, that will be considered as a

make up here.

Like this in this stream, you will see that process with makeup streams here, the feed will be
going to the mixer along with that recycle of this separator here and in that whenever you are
recycling there from the separator, you will see that some loss amount will be there, so that
that particular flow streams will not be maintained. So, there of course you have to give input

as a makeup there to maintain that components here in the mixed stream.

So, after that mixing, then it will go to the reactor again, that product streams of that reactor.
It will be separated in the separator and product will be coming out from the separator and the

unreacted compound to be recycled back to the mixer along with the makeup.
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General Material Balance Equation
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Positive contributions to the system: Input & Generation

Negative confributions to the system: Output & Consumption

Now, if we recall that general material balance, we know that there will be some
accumulation. That accumulation will be is equal to input minus output + generation minus
consumption. So, this again general material balance equation will be used for calculation or
you can say do the material balance based on that bypass, even purge or you know that
recycle processes there.
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Simplified Equation

» No chemical reaction within process unit(s) - then mass cannot be
generated or consumed; mass conservation simplifies to:

= ACCUMULATION = INPUT - OUTPUT

» At steady state, there is no accumulation, so further simplifies to:
= [NPUT = OUTPUT

—

» For a given system, a material balance can be written in terms of
the following conserved quantities:

¢ Total mass or moles., Mass or moles of a chemical compound.,
Mass or mole of an atomic species.
These things we have already discussed. Even if there is no chemical reaction, even at a
steady state condition, then you can say that the final equation of material balance will be is
equal to input minus output. So, in this lecture, we will also again that consider that

nonreactive systems where consumption and generation terms will be 0, whereas at steady



state, we will consider that accumulation will be is equal to 0. So, simply we can do that
material balance as input minus output.
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Example: Separation of Benzene and
Toluene in Distillation Column with Recycle

® A continuous operation disfillation column operating at 1 atmosphere is o
be designed as shown in Figure fo separate 13620 kg/hr of a solution of
benzene and toluene containing 0.4 mass fraction benzene, into the
overhead product containing 0.97 mass fraction benzene and bottom
product containing 0.98 mass fraction toluene,

® (a) Write the overall material balance equation.

» (b) Write the overall benzene balance equation,

= (c) Estimate, D (distillate) and B (bottoms product)

» (d) What will be the reflux per kg of distillate product (R) is to be used if the

overhead vaporis 11713 kg.
So, as we know that the principles of that material which whenever you are going to do that
medical balance, you have to do either by mass or mole basis. So, either one you have to
follow or you can do that material balance based on compound balance or you can do the
material balance based on atomic species balance, and whenever you are going to that
compound balances, to solve those equations based on that compound balances, you need to

have sometimes the total material balance.

So, you have to do also the total material balance. So, we have already discussed all those
things. Now, here we will discuss the example with recycle stream. Let us have this example
of separation of benzene and toluene in distillation column with recycle. In this case, suppose
a continuous operation distillation column that operated at 1 atmosphere, which is to be

designed as shown in figure of the next slide.

To separate 13,620 kg per hour of a solution of benzene and toluene that contains 0.4 mass
fraction benzene that will give you the overhead product that will be containing 0.97 mass
fraction benzene and bottom product will be containing 0.98 mass fraction of toluene. Now,
in this case, you have to write the overall material balance equation, write the overall benzene
balance equation, and estimate the distillate and also bottom products. Now, what will be the
reflux per kg of distillate product to be used if the overhead product is 11,713 kg.

(Refer Slide Time: 12:46)



Solution

Overall Material balance:
F=D+B

gl

—_—

Overall benzene balance:

: BXop * D Xop v
r—— S—

Or, 13620*0.4 = B*0.02+D*0.9 o

Solving, we get,
D=5448kg, B=8172kg
SR o T T
Balance around condenser
V=[+D «

11713 = D*R+D “~

R=11713/D-1 ={.15)
s

So, in this case very interesting that see this schematic diagram of the process here. In this

case, this distillation column is used and feed coming at a certain rate with benzene
composition as xF, and after distillation, you will see that the benzene and toluene mixer will
be separated out and from the top portion you will see that heavy product as you can say that
the benzene will be coming out from the overhead of this distillation column is a vapor, and
after that, it will be condensed and after that condensed the liquid benzene will be collected

as a distillate.

Now, from that condensed or as a liquid distillate portion, you have to some portion of that
liquid benzene you have to sent back to the distillation column for the process. Now, that is
called that recycle of that distillate here in the distillation column. So, these some portions
should be taken out as a distillate and some portion of its vapor phase as a liquid form, it will
be sent back to the distillation column, whereas from the bottom, the liquid toluene will be

taken out as an amount of B and there will be some composition of this B there.

Now, in this case since it is a recycle problem, you have to do the material balance and also
that you have to do the overall benzene balance equation and also from that you have to
calculate what should be the distillate and what should be the bottom product as B. In this
case, what should be the overall material balance? So, we knew that the basic equations of the
material balance they are accumulation will be is equal to input minus output + generation

minus consumption.



In this case since there is no reaction is going on, so you can simply omit that consumption
and generation terms and also since this is a steady state operation, also you can neglect that
accumulation term. So, finally, it is coming as input will be equal to output as per equation.
So, overall material balance if we consider that as an input what would be the flow rate of
that feed that will be F and what would be the output from that it will be D and also B.

Now, very interesting that before going to that material balance, you have to fix it up that
boundary of that process based on which that you can do that material balance. Now, overall
material balance to do that, you can give this boundary you can of that whole processes, that
is denoted in blue dotted line here in the slide, and based on which you can calculate. Now, if
you know that F value and if you substitute that F value as per problem, then you can say this
will be is equal to B + plus D, but this B and D is unknown to you, B is for bottom product

and D is for distillate.

Now, if you do the overall benzene balance that means what would be the amount of benzene
and overall it is going to the distillation column and also overall what would be the output of
that benzene product it is coming out from the distillation column. From this boundary of this
blue dotted line, you can say that some input of that benzene will be is equal to F into XbF.
What is F, Fis the feed rate and XbF is that mass fraction of the benzene in the feed stream
and B, B is the bottom product flow rate and xbB is nothing but that mass fraction of

benzene.

This b is benzene, small b is benzene, and here capital B is for bottom product. So it will be
mass fraction at the bottom product of that benzene and + D into xbD, D is the distillate flow
rate and xbD is nothing but that mass fraction of that benzene in the distillate stream. So, we
can have this total amount of benzene is going to that system, that is in the distillation column
is simply F into xbF and what will be the mass of that benzene is coming out from that

distillate and from the bottom stream, that is that you have to add it up.

Now, from the bottom part, this mass fraction of the benzene if it is xbB, it is unknown to
you. So, it can be calculated as B into xbB and in the distillate stream that amount of benzene
that is coming out that will be is equal to D into xbD. So, from this material balance, you can
write this equation. After substitution these F value it is given to you as in your problem and

the feed benzene fraction is given as 0.4, that is 40% benzene, it is given in the problem.



So, we can write this equation here and then you do not know the amount of B, but you know
that in the bottom product the benzene mass fraction is given as 2%. So, it will be as B into
0.02. Similarly, in the distillate flow rate, you will see that there will be mass fraction of
benzene is 97%. So, we can write simply that D into 0.97. So, from this equation, you can
have this based on that mass fraction of benzene in the bottom and distillate product and also

in the feed streams, then you can write this equation here.

Now, you got one equation from your overall material balance like this and another equation
you got overall benzene balance as like this. Now, if you solve these two equations, you just
see there are two equations but you will see that two unknowns are there B and D and also
two equations are there. So, simply you can solve these two equations, and after solving, we
can get this D will be is equal to 5448 kg and B will be is equal to 8172 kg okay. So, what
would be the amount of D, what would be the amount of B, simply you can calculate now.

Now, after that, the problem is that what amount of liquid that will be sent back to that
distillation column as a recycle stream that you have to calculate. Now, if you consider the
system unit or you can say process unit as a condenser and there if you do the material
balance, you will see that what should be the inlet and outlet from which you can calculate

what will be the unknown value of liquid there that is coming into the distribution column.

Now, if you do the material balance around that condenser, we can write here, again if you do
the overall material balance around this condenser, we can write this V will be equal to L +
D. What is V, V is actually amount of that is vapor mixture it is coming out from the
distillation column and after that it will be condensed out and then it will be coming out as a
liquid stream there and some portions will be sent back as a liquid here. So, in that case, we

can write here V that will be is equal to L + D.

So, this is input and these are output there. So simply we can write V is equal to L + D. Now,
if you substitute the value of V, V is given to you and D now you have calculated from here,
S0, it is 5448, but here this, what is the value of L here, L is given here that it should be some
fraction of D. So, that fraction maybe you can say that it will be is equal to D, some fraction

it is regarded as R that is called recycle faction and then that recycle fraction if you multiply



with that distillate, you will get that what would be the amount of recycle is coming to that

distillation column.

So, in that case, we can represent that L will be is equal to what, D into R, now this R is
called recycle fraction or you can simply it is denoted or you can say it is the reflux there. So,
what should be the R from these two equations, you can simply obtain this R will be is equal
to this. So, it will be around one point one five. So, in this way, you can calculate that what

would be the recycle stream and what is its amount and how to do the material balance.

So, here very important that you have to do the overall material balance first of all for whole
system and after that for the recycle portion from where that you know that feed will be
recycled that unit also you can do the material balance or you can say that that recycle
amount where actually it is going to insert as a feed in this process unit, there also you can do
a material balance, so from which you can easily solve the problem for that recycle amount.
(Refer Slide Time: 23:04)

Example: Steady state process of
evaporation and mixing with bypass

Calculate the bypass fraction

M; kg 11,0

Mixing point

m, @ m, @
0.58 kg S/kg 0.42 kg S/kg
0.42 kg 11,0/kg 0.58 kg 11,0 /kg

(g N f

| 012kg 8/kg
0.88 ke H,0/kg

Let us do another example with bypasses stream. Now here in this case see one schematic

Basis: 100 kg

0.12 kg 8/kg
0.88 kg 11,0 /kg

§ stands for Solid

diagram of the process. There you will see that some slurry as a mixer of solid and water as a
slurry some amount, it would be passed through some mixer. So, some amount of solid and
some amount of water will be put into a mixer and from which some portion of that slurry, it
will be sent to an unit that is called evaporator and there that the slurry will be evaporating

and there that water moisture or water it will be evaporated out.



Then you will see that slurry will be more thicker and thicker whenever water will be coming
out from that evaporator, and after that from that evaporator with a certain degree of
thickness of that slurry system. It will be sent to a mixing unit again and after that some
amount of that slurry will be taken out, after that you have to analyze what should be the
solid amount along with that water there, and in this case, you will see that whenever you are
sending that slurry before entering to that or before allowing it to the evaporator, you know
that same some amount of slurry just skipping that evaporator directly to that mixing unit

here.

So from this here, you can say one divider you can use and from the divider, some amount of
slurry will be sent to the mixing unit just by skipping of this evaporator there and some
fractions that will be directly sent to the evaporator and after that removing of moisture or
water by that evaporation, you will see that slurry will be again sent to the mixing point there.
So, in this case very interesting that slurry whenever it will be sent to that evaporator. After

evaporation, some amount of water will be removed by that evaporation process.

Now, before going to that evaporator, that slurry contains maybe you know will be some
amount there, maybe some fraction of solid particles and some fraction of water, so that is
given here. At the inlet as a basis of 100 kg of suppose slurry which contains 12% of that
solid and 88% of water per kg of that basis and it will be used to evaporate by this evaporator
and from that some amount will be sent directly to that evaporator and some amount with
some composition here, like this it will be skipping that evaporator and sent to the mixing

point.

Now, this m1l amount to that fraction of that slurry, the same fraction of that slurry
component sent to the evaporator and bypassing to the mixing point. Now after evaporator,
you will see that composition, that is a fraction of that component like solid and water will be
changing because of that evaporation of water from the evaporator. So, after that you will see
that that amount will be as m4 and that fractions it will be change, that the solid fractions will
be coming as 58% whereas it was earlier only 12% and water will be as 42%, whereas it was

earlier before that evaporator it was 88%.

Then this stream from that evaporator again it will be sent to the mixing point and it will be

mixed to that bypass amount in that. So, after mixing of that outlet stream of the evaporator



and the bypass amount, you will see that again that composition will be changed. So, in that
case composition of that solid will be 42% whereas water will be 58% and the amount will be
here only m5. Now, based on this problem, you have to do the material balance and you have
to find out the unknown value of streams of like here that is denoted by m1, m2, m3, and m4
and also what is that m5. So, in this way you have to calculate.

(Refer Slide Time: 28:24)

Solution

Overall S balance: 017(100) 04"m, s

—

Overall mass balance: 100= m,+m,

— e

Mixing point mass balance: Mg+ =g (9

Mixing point § balance: 0.58m1, +0.12m, = 042m; '

= = JC/
Solve (1) and (2) simultaneously @
Bypass mass balance: 100=m, +m, .,/

Cokeuicte the byposs rackcn

my =9005 kg, m, =995 kg, my =714 kg, m, =1865 kg, ms =286 kg product

——

ass fraction: 00995 >
100

Let us do that calculation here. In this case, you will see that first of all you have to do that
overall solid balance. Here S means solid. So, if you do the solid balance, you will see that in
inlet condition, you know that what would be the solid in, so there it is you know 0.12 into
100, whereas at the outlet of this whole unit, that is outlet if we denote this here as a
boundary of this system. Now across this boundary, we can do that material balance of solid
like here 0.12 into 100 that is in and out only here from this mixer and also from this here, but

from the evaporator there will be no solid out as an overall system.

So, in that case it will be 0. So, only this as m5 streams, that m5, there only 42% of solid is
there, so we can write 0.42 into m5 and also if we do the overall mass balance there, so we
can say that 100 kg of slurry is going to that system and only m5 and m3 kg of that
component will be coming as a whole from that system. So, then we can write simply 100
will be is equal to m3 + m5. Now if we do the you balance on this mixing unit, on this only

mixing unit.

Here we can say that only this inlet is m4, outlet is m5, and also inlet again, another inlet is

m2. So, here two inlet and one outlet is there. So, according to that, what would be the solid



in and what would be water in and what would be the solid out and what would be the water
out that you have to consider. So, in this case if you do the solid balance over this mixing
point, what will happen that we can say that 0.58 into m4 + 0.12 into m2 that is m2 as bypass

amount, that will be is equal to 0.42 into m5.

So, we are getting these 2 equations here again. Now, if we solve this equation number 1 and
equation number 2, then we can easily get that 100 will be is equal to what that amount plus
m2. Again the bypass balance, if we do that bypass balance there, we can say that 100 will be
equal to m1 + m2 two. Now, if we substitute that value of m1 and m2, then we can say that
after solving all these m3, m4 and m5 will be coming out or based on this equation here, all
those equations, equation number 1, 2, 3, 4 and bypass mass balance also here, you can easily

solve these problems for that m1, m2, m3, m4 and m5 there.

This way, you can do either way also, you can do that first material balance of bypass and
then material balance of only what is that evaporator and material balance of mixing points
separately there. So, you can easily calculate what should be the m1 to m5 there. Instead of
solid balance, you can do the water balance also, in that way also you can solve this problem.
So, same amount of this stream of m1 to m5 you can get. Now what should be the bypass

fraction?

Now bypass fraction is defined here, what would be the input to that bypass and what would
be the amount that is coming out from that divider here as a bypass. So, that is simply m2
divided by F. Here m2 is actually this is 9.95 kg as per solution of these equations and then
input F is hundred 100 kg. So, simply you can say that bypass fraction will be is equal to m2
by 100, that means here 0.0995 So, you can easily then calculate for the multiple unit and
with that bypass how to do that material balance here.

(Refer Slide Time: 33:09)



Example: Purge

® Problem: A Fresh feed containing 55 wi% A and 45 wi% B flowing at
100 kg/h enters a separator that removes a portion of pure
component A only as a bottom product. The top product stream of
the separator contains 10 wi% of component A and the balance is
B. A small part of the separator product stream is recycled and
joined in the fresh feed stream. The other portion is purged. The
separator is designed to remove exactly two-thirds of component A
fed o it (not the fresh feed). The recycle loop is used to achieve this
goal. Compute all unknown stream flow rates and compositions.

Now, let us do another example with purge. Now, suppose a fresh feed that contains 55
weight% of component A and 45 weight% of B that flows at 100 kg per hour and enters to a
separator which will remove a portion of pure component A only as a bottom product and the
top product stream of the separator contains only 10 weight% of the component A and the
balance is B. A small part of that separator product stream is recycled and joined in the fresh

feed stream, but some other portion is to be purged.

Now the separator is designed to remove exactly two-thirds of the component A that is fed to
it, not the fresh feed there. The recycle loop is used to achieve this goal. Now, you have to
calculate all unknown stream flow rates and compositions there.

(Refer Slide Time: 34:13)
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Solution S st

System: Overall process

Total mass balance:

100 = it + 111, ke

—— 100 kg/h

Component balance (A): (05

B0.45
0.55(100) = 1, + 0,11t ‘

o e R

-
"N --
Se'-

Substituting m, from overall balance equation,

0.55100)= (1007, ) + 0.1t

Solving formy, it =50 kg /h

g =50kg/h



According to this problem, you can draw the flowchart like this here. Here, you see that there
will be some mixer and in this mixer feed stream is coming with the component A and
component B with a certain fraction and then it goes to the separator and from the separator
two products will be coming out, one will be from the top, another will be from the bottom.
Now, from the top portions, you will see that, some fraction of that top portion will be taken
out as a purge and some fraction will be sent back as a recycle to this mixer.

Now, this is the problem. According to the value given in your problem, you have to do the
material balance. First of all, you have to do the total material balance or overall material
balance across the system boundary that is defined by this here red dotted line. Now, if you
consider that boundary and in this boundary what is coming in and what is coming out from
this boundary. Now, in the boundary, the amount is coming here as a whole 100 kg, whereas

the amount is coming out from that boundary as here suppose m4 and here as mé.

Here m4 and m6 rate are not given to you, here it is denoted or it is assumed that it will be
only m dot 4 or m dot 6, that is rate, dot means here rate, that is the stream 4 what would be
the rate that is coming out as m4 dot. Then in the stream 6, it will be you know m dot 6. So,
overall balance or total material balance we can say, it can be written as 100, it will be is
equal to m dot 6 + m dot 4. Now, you have to do the component balance or component

material balance.

Now, in this case if we consider component A, you can do that component material balance
of A. Now, in this case, we can write what should be the amount of that is component A is
coming into the that boundary of the system that will be is equal to simply 100 into that is
here A 0.55, so 100 into 0.55 and what is coming out from this boundary only for A, it will be
m dot 6. Here since it is pure A, all the fractions will be as A, that means 100% A. In that

case, the fraction of that A will be 1.

So, here we can directly write here m dot 6 into 1. So, it will be simply m dot 6, and then
from this stream4, what is the amount of that component A is coming out since here the mole
fraction or mass fraction of this component is given as 0.1, then we can simply write the
amount of A is coming out from this stream 4 will be equal to 0.1 into m dot 4. So, based on
this, we can write this component material balance here as 0.55 into 100 that will be is equal
to m dot 6 + 0.1 m dot 4.



Interestingly in this problem, there is no reaction is going on and the process is steady state,
so we can simply consider here input will be is equal to output. Now, from these two
equations, you can solve for m dot 6 from the overall balance equation, like this here 0.55
into 100 and m dot 6 will be is equal to what, from this equation you can directly write here
100 minus m dot 4 and then just simply write 0.1 into m dot 4 simply.

So, by these two equations, you can write here this equation and solving here this equation,
we can simply calculate what should be the value of m dot 4 here from this equation. Once
you know that m dot 4 from this equation, you can easily find out what should be the m dot 6
from your total material balance equation. So, it is coming here m dot 6 will be is equal to 50

kg per hour and m dot 4 will be is equal to 50 kg per hour, both are same.

So, in this way, you can easily calculate what should be the amount of purge that is taken off
from the system. So, you had to calculate this bypass amount of m dot 4. So, simply this is
the simple example of doing the material balance for the purge.
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System: Separator.

Total mass balance:

ity = 50 + 1ity
100 kg/h
Component balance (A): A0S5
g .00
7 sehipatity = 50+ 1it3(0.1) B045
e —

Since, Separator removed 2/3 of A fed to it in the bottom stream:

Pure A

( -) \ .
= (xa,2012 ) = 1itg =50 kg /h
)
o NSRS I Now the component balance and the relation,

Implies 75 =50 +1113(0.1)

Again, there are some other streams that you have to calculate based on this problem. If you

want to find out that other streams and what are those amount, then you have to do the
material balance for other systems there, and in that case, if we do the material balance for
this unit separator and if we specify here the boundary for this system, then what is the in and
what is the out from this boundary that you have to now consider here. Now, accordingly,

you have to write to the material balance here.



Here, if you consider this a separator, this input is m2 and output are mé and m3. So, we can
simply write here m2 will be equal to here 50 + m3 three because here m6 is 50 that we got
earlier, and then if you do the component balance A again for these streams, then we can
write here mA this is stream 2 into m dot 2 that will be is equal to 50 + m dot 3 into 0.1. Here
in m3 that component A will be is equal to 10% according to the problem and this m dot 6
here since it is a pure component A simply it will be into 1, that is fraction will be is equal to
1.

So, simply that means here 100% will be the pure component A here. So, accordingly you
can write these equations. Now, one condition is that the separator that will remove two-third
of A fed to it in the bottom stream. So, in the bottom stream, they told that this component A
will be two-third of A that is fed to it. So, in that case, we can write here two-third of xA2
into m2 that will be is equal to m dot 6. So, that will be is equal to 50 kg per hour, which
implies that xA2 into m dot 2 that will be is equal to 75 kg per hour.

Now, if we do the material balance and material balance for the component A that already
done here, now if we use this equation and substitute the value of mA2 into m2 dot here, then
we can simply write this equation from that equation here. Now, from this equation, then we
can easily calculate what should be the m dot 3. So, m dot 3 will be coming as 250 kg per
hour.
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Substituting m:= 250 kg/h into overall mass balance
equation around the separator,

1ty = 50 4113

e —s

tity =50 +250, 1ity =300kg/h

e ——

75kg/h  75kg/h

X2

" i 300kg/h
System: Splitter
Overall mass balance: 1ty = 1ty +;\$
250 = 50 + s

—

tits =200 kg/h

T —



Now, if we substitute this m3 as 250 kg per hour into overall mass balance equation around
the separator, then you can write here m2 dot that will be is equal to 50 + m3 dot. That means
here, it will be equal to m2 dot will be is equal to 50 + 250. Then m2 dot will be is equal to
300 kg per hour, and then what would be the xA2, xA2 will be is equal to here again from
that question earlier, so simply we can calculate from this equation. Now, again if we
consider that a split, around the split if we do the overall balance, we can write m dot 3 that
will be is equal to m dot 4 + here that will be is equal to m dot 5.

So, we can simply write that here it will be m dot 5. So, here we know that m dot 3 will be is
equal to 250 and m dot 4 is equal to 50, and then remaining m dot 5 will be there here. So,
that m dot 5 will be is equal to 200 kg per hour. So, in this way, we can do the material
balance for that bypass, recycle, spurge, and makeup also. So, in this way, we can do other
exercise problem also. We will provide some exercise problems later on after finishing this

course.

During that run of that course, we will give some supplementary materials for the practicing
and then you will practice and I think will have more idea about that input and output and
material balance, how to do that, all these things. So, thank you for your attention.
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Further reading......

Text Books:

» R. M. Felder, Ronald W. Rousseau, Lisa G. Bullard, Elementary
Principles of Chemical Processes, 4th Ed., John Wiley & Sons,
Asia, 2017.

= D, M. Himmelblau, J. B. Riggs, Basic Principles and Calculations in
Chemical Engineering, 7/8th Ed., Prentice Hall of India, 2012.

Reference Books:

= N, Chopey, Handbook of Chemical Engineering Calculations,
4th Ed., Mc-Graw Hill, 2012.

» Olaf, K.M. Watson and R. A. R. Hougen, Chemical Process
Principles, Part 1: Material and Energy Balances, 2nd Ed., John
Wiley & Sons, 2004.

Here, | would suggest you to follow that textbook of this given here in the slides for the
calculation and also practicing the problem. In the next lecture, we will discuss something

more about that material balance that will be on reactive processes. Thank you.



