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Lecture - 55
Operation of Industrial fermenter and material analysis

Welcome back to my course Aspects of Biochemical Engineering. Now till now why I
was discussing different aspects the, of the biochemical engineering and, now today I am
going to discuss a very new topic, that is the Operation of Industrial fermenter and the
material analysis. Because whatever we have covered up till now that try to understand
how we can analyze the process. Now this is regarding application of that because, how
when we applied in the fermenter how the industrial process that is in operation. So, so
this will give you the information that how the industrial fermenter is operated and how

you can how we can do the material analysis.

(Refer Slide Time: 00:15)
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Schematic diagram of the fermenter
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So, now you hope this particular lecture will be very useful for you and first let me start
with this the schematic diagram of the fermenter, if you look at the fermenter that you
know that ferme this is I told you to type of things, that we have rea we have reacted am
I right, what is the reactor how you define reactor. The reactor is a vessel in which the

reaction take place.



Now we have in biochemical industry we have bioreactor. What is bioreactor? Bioreactor
also same thing that in the in the vessel in which the reaction take place with the help of
some bio molecules, that is why we call it bioreactor. So, only the difference between the
chemical and biochemical bioreactor and chemical reactor is that, in the bioreactor
mostly we shall have to we are more concerned about the stability of the reactor, but in
the chemical process they are not very much careful about the sterility of the reactor that
is not that does not plays very important role. So, this is the, this the main constant that

we have.

Now, let us see what are the other things that we have, now here I told you this is the
agitator shaft am I right, this is called agitator shaft and I told you this should be
perfectly straight. And there in the world there will be hardly 2 3 companies, they
manufacture this shaft then this should be particularly straight. Now here the major
problem that we have here, this is the connection between the top of the lead and the

shaft. Because there we put some kind of mechanical seal, what you call mechanical seal.

And the mechanical seal is a we put in a manner. So, that no air can enter into the system
that is that is why we because, air prisons lot of microorganism in which we allow there
to enter into the system then condemnation will take place. Now there are other lot of
things that we have that we have some temperance that that you know this is impeller I

have already discussed, this impeller that is at us with the shaft for the starting purpose.

And different height we shall have to provide this because, you know why where to
make the mixture perfectly homogeneous in nature and, then the another very important
thing is the temperature, you have to maintain the temperature how you for maintaining
temperature two thing we shall have to do by passing the you can pause the heating hot
water, or cold water through which you can maintain the temperature because, you is
since you are using the stirrer, if you move then move the stirrer with the high velocity,
then we can assume the heat transfer will be very good and you know that the

temperature can be maintained.

So, this is at the, that this is the temperature recorded we have from where we can
maintain the temperature. So, here this is connected with the controller. So, if the
temperature rises the chilled water that pipeline that is that a pump will be on and it will

bring the chilled water, it over to reduce the temperature is temperature is low, then hot



water pump will be on and no hot water will be circulated through the jacket this is a
jacket. Now one thing I want to tell you that this kind of jacket is not used by the
industry. So, what do we use in the industry because this is the vessel, now what we what
we use we put some kind of you know that tubes like this, with we with the re pipe the

wrap around the surface of the of the reactor.

So, that you when you pass the water, they need you ensure that water is circulated
through the periphery of the, this reactor, but when you pass the liquid here suppose
there is some kind of deposition here due to some other reason. So, the water will do they
have the channeling effect, if the channeling effect will be there then the, that the
temperature control will be a problem. So, this is this is the one of the reason why we use

the that pipe we wrap around the surface of the reactor.

So, and for heating with some time, we use the stream some time we use the hot water
and here, you can use the sampling purpose this portion is very interesting in the lab,
how we can do the sampling we can in the lab we can do the sampling very easily
because, there is the outgoing that the air outlet am I right in the exhaust this is the
exhaust line. Now, here in this the exhaust line if you valve if you close this valve, then
there will be a pressure here, the air pressure here and due to the air pressure the
automatically if you open this valve open this valve, then you can draw the sample and

collect the sample. And this way you can do it very easily.

So, here we have you see that we are if this is this some kind of pH probe is there, it is
connected here dissolve oxygen probe that will be connecting here, then air filter is there
air filter we for air sterilization purpose this is the air flow recorder, we record this flow
rate how we maintain the air flow by using rotameters that we can find out what is the
flow rate of air, then we can we have this is a Spurger that we have. So, you know that
and then and after the fermentation is the over, then we draw the sample like this through
the harvesting the pipeline. Now here I want to point out the different type of valve, we

use this is the, you can this is the valve and the same type of valve is not use for the all

purpose.

As for example, for harvesting we always use the gate valve am I right and, in case of
sampling suppose in the sampling of what we use we use ball valve because, the why

ball valve because we can instantaneously open and intensely instantaneously you can



close, that is why you can use that. So, this is this is the kind of this is the pH recorder,
with the help of pH probe, you can this is connected with the record, you can you can
you can record that that you know but p h. So, this is the again connected with acid tank

and alkali tank. So, as the suppose you say to a particular page pH 7.

So, if you neutral want to operate, if the pH increases then the pump connected with the
acid tank, suppose this is the acid and this is alkali. So, this acid pump connected with
this acid that will be on and this will take the liquid that will acid in to increase the
decrease the temperature. Now did not get decrease the pH. Now if the pH is less then it
is connect with the pump is connected with the alkali tank that will be on and bring it to
there to increase the pH. So, this is how we can control the different operational

parameter in the fermenter.

(Refer Slide Time: 08:46)
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Laboratory fermenter
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1) Exhaust airfilter, (B, Exhaust air);
2) safety valve; 3) Safety jacket; 4)
Glass cylinder; 5) Cooling finger (C,
Cooling water inlet; D, Cooling
water outlet); 6) Turbo stirer; 7)
Stirring shaft; 8) Heating finger; 9)
Temperature probe Pt 100; 10)
Hypodermic needle; 11) Non-return
valve; 12) Aeration tube; 13) Air

inlet filter (A, Alr inlet); 14) Harvest

valve; 15) Bearing; 16) Leakage cup;

17) Motar.

() Phetegraph and (b) schamatic diagram of Stirred tank Photobioreactor (Medel: 3.7 KLF 2000, BicEnginesring AG, Switzerland
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Now, this is the in the laboratory because how we operate because, you know I am in I

am from IIT Kharagpur, we have bioengineering a g fermented this is bioengineering is
this is the control modules this is called control module, what is the purpose of the
control module, is to is to is to call here is the call different type of control controllers,

we have and recorded different type recorded different type of control as we can.

So, we can monitor that what is going on inside the reactor, that we have different type of
sensor here, with the help of sensor and probe we can monitor as for example,

temperature we use some kind of thermistor that is collected and that we find out how



much temperature is there, we have pH probe that measure the pH, we have dissolve
oxygen probe we measured the that dissolve oxygen concentration the fermentation

fermentation liquid. So, these are all plays very important roles.

So, here you can see that the different different things that, we have we have exhaust air
filter that is 1 that you can see this is exhaust air filter. Now question comes why we put
the air filter at the exhaust, the reason is that that when suppose you your running a
fermented, non obvious all of a sudden the power is off, then there is the every
possibility there air present in the air can enter into the exhaust line and, enter into this
fermentation fermenter, then if we enter into the fermenter your fermentation will be

spoiled.

So, we want to have the exhaust filter, then we have safety valve because this is the
safety valve that we have because, there is some other reason if you pressure increases
there is every possibility of some kind of disaster that can be avoided we have safety
jacket because, in the lab this is made of glass. So, if it is made of glass and 2 type of

sterilization technique, we have one is called insitu and the invitro. .

So, insitu means that the fermenter, wherever is it look at it here itself we do the
sterilization and we know the for sterilization you have to maintain the temperature 121
degree centigrade. And for that we shall have to increase the stream pressure to 15 p s i.
So, to so somehow that if they if the pressure of the stream increases, that call may

causes some kind of disaster to avoid that we put some kinds of jacket here.

The steam this stainless steel jacket we put across this fermenter show that, they even
some the bar if by their glass vessel bust it will not affect you very much, then you have
this glass cylinder is the reactor cooling finger used for cooling purpose cooling water
inlet, cooling water outlet and turbo stirrer, the then stirring shaft heating finger to a
temperature probe, then higher hypodermic needle for, aseptic temperature that you
know sampling purpose we can do that. The non return valve this is very important
because, the non return valve which is located here, you can see that why the non return

valve is recovery is required here, non return valve means valve looks like this.

So, here is it like this it can go one direction it cannot come other direction, the one
direction. So, the why it is like this suppose if there is a power pillar, then if the liquid

due to comes out there due to some other reason and, then here you have filtered and if



you drape your liquid comprises of lot of organic material, if you enter into the filter then

filter will be spoilt and because it will be contaminated.

So, your air cannot be sterilized. So, to avoid that we should have this you know non
return valve, or one way valve the aeration tube, then air inlet filtered and harvesting
valve and bearing is required for any kind of moving safety as you know that we require
bearing leakage crab and mortar, but one thing I think it is not mentioned here that here,

we use another thing that is we call that foam controller.

We have foam sensor that you know we insert here, that you know that the as soon as
foam formation is there that is the normal characteristics of the fermentation process, that
is touched the foam then it is connected with a tank of antifoam oil and it will take the
antifoam oil and put him in the reactor. So, that foam will subside. So, this is how the

things is operated.

(Refer Slide Time: 13:48)
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Now, industrial fermented looks like that this is the bigger form of lack fermentation
process, this is this is the mechanical seal I was to telling you, that you know this is the
this is the very very important portion, through which we can we can have the
contamination. So, this should be properly designed and, this is the watching glass you
can that the big fermenter we have two watching glass, one this way and there is the
other way, one way you can put the light another way you can see that exactly what is

happening in the fermenter. So, you can have you can see the antifoam wall tankard and



other things that is located here, different other things that is located here similar to your

lab fermentation process.

(Refer Slide Time: 14:31)
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Accessories of a fermenter

1. Fermentation Vessel

v Function of a fermenter is to carryout process under appropriate aseptic
and predefined environmental conditions
v A fermentation vessel is designed in such a way that it requires minimal

labour operation and maintenance

v The volume capacity of the fermenter ranges from 1-2 L (laboratory scales)

50-1000 L (pilot scale) to several thousand litres capacity (Industrial scale) Fermentation vessel
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Now, later let us let us give you some information about the different accessories, that we
have in the fermentation. That first is the fermentation vessel am I right the function of
the fermenter is to carry out the appropriate aseptic and predefined environmental
conditions, a fermentation vessel is designed in such a way it requires the minimum labor
of operation and maintenance, that the volume capacity range from 1 to 2 liters in the lab
scale and, 50 to 10 1000 liter pilot scale and several 1000 liters capacity in the industrial

scale.

So, different capacity that we have required and main purpose main thing that you shall
have to consider that minimal labor operation and maintenance particularly, I want to
point out that that material of construction should be that, there should not be any kind of
damage to the surface of the material construction and most of the material is made of
stainless steel. And different type of stainless steel as you know that is the available in
the market one is the SS 314 one is the SS 316 one is the SS 317 the different type of
depending on your requirement, whether in fermentation industry we usually go for SS

316.



(Refer Slide Time: 16:02)
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Accessories of a fermenter
r\aterial of construction for Fermentation Vessel
h

aracteristics of material of construction

v Flexible and durable

¥ Non-toxic to reactants and products

¥' Resistance to chemicals and metabolic products by the organism

v Resistance to weathering

v Low cost and available

v Easy of fabricate and corrosion proof eg 12 % Cr prevent corrosion; 8 % Ni gives austenitic
(smoothness) structure in 55

¥ High transparency (photo bioreactor)
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Now, material of construction is it should which should be flexible and durable that I told
you nonkcin non toxic and to the reactant and product, because whatever in the media of
whatever component is there should not react with the material of construction,
resistance to chemicals and metabolic products, by the organism resistance to weathering
that low cost and available, they should be available and easy to fabricate and corrosion

probe.

As for example, because I was because I told you I told you that stainless steel easily
used by the material of construction, what is stainless steel stainless steel is a call alloy
steel, that is the mixture of metals though iron with the iron we mix with different metals,
that makes a stainless steel. So, it has been found if the alloy steel cor the stainless steel
content 12 percent of chromium, it prevents the corrosion. Not only that if you have
suppose, [ work with citric acid industry and citric acid is more corrosive to the material
of construction. So, we can go for a little bit higher is in that case we add some kind of

molybdenum to have the mode acid resistant property of the stainless steel.

Now, the nickel and that is give the austenitic structure, or strategic structure means, this
is the smoothness of the structure. The if the if the material of construction is too smooth,
then what will happen your organism may grow on the surface of the of the reactor and,
the your process will be hampered. So, that is undesirable and, high transparency or for

photo bioreactor, but not for all reactor photo bio reactor we require the polycarbonate



material we use because, polycarbonate you transparent say will be more high. So, this is

how the material cop construction, we can we can we can we can choose.
(Refer Slide Time: 18:03)
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Accessories of a fermenter -
Material of construction for Fermentation Vessel
Construction materials
v" Construction materials differ with small scale, pilot and large scale.
v Glass (borosilicate glass) or stainless steel (55304, S5304L, 55316, S5316L, S5317) for small scale process
v Stainless steel (>4% chromium, 55304, 55304L, 55316, 55316L), mild steel (coated with glass or epoxy

material), wood, plastic or concrete for pilot and large scale process
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Now, construction of material, different from the small scale from the small scale small
scale pilot scale and the large scale, I told you that we have different type of stainless

steel, that we have this is 301 30L the 316 316L and 31 SS 317 for the small process.

And reversed stainless steel this is we use that, this the same thing we more or less we
use and mild steel coated with the epoxy material, epoxy we know epoxy is kind of it to
protect the acid and S to S effect that can be we can we can protect us to the mild steel
from that, there will sometime we use the epoxy coating material with the mild steel.
And wood and plastic and concrete of pilot and large scale, we use this is some cases we

use mostly, but mostly as I told you mostly we prefer the stainless steel material.



(Refer Slide Time: 19:12)
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Accessories of a fermenter

2. Impeller
¥ This device is used for agitation (mixing) of the medium

¥ Agitation creates a uniform environment in the witirmedium.

— s —ry
v It leads to suspension of solid particles, bulk fluid and gas phase

mixing. o

v There are various types of impellers such as Disc turbine, anchor,
e s

—

marine propeller etc,
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Now next that very important that I already discussed, that the impellers this impellers it
looks like this and, you see that this is the this is called disc, this is the disc and this is the
blade am I right. And you can remember I told you this number of blades that this kind of
discs we have a different height and, this we have seen this number of blades very it
plays very important role, in the vibration of the fermenter the in the in the industry we
shall have to work who do the trial error, just to optimize the number of blade in the disk,
that device is used for the agitation and mixing and create uniform in environment, were
in the media in the media it leaves the suspension of the solid particles bulk fluid and gas
phase mixing, there are various type of impeller disc turbine, anchored and marine

propeller I have I already discussed that. So, I do not like to repeat here again.



(Refer Slide Time: 20:18)
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3. Sparger
]\/ It device is used for aeration
¥ The purpose of aeration is to provide sufficient oxygen to the
microorganism for metabolic requirements. Porous plate  Multiple- Single-orifice
orifice nozzle nozzle

v' Sparger are of three different types:

* Porous sparger ﬂ_mrﬂ
+ Orifice sparger ” m [ U I k
*  Nozzle sparger Oifrent ypesof sparge
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Then this is the different type of sparger because, sparger just to you have a porous plate

type, this is multiple that the orifice nozzle and single nozzle type. The different type of

three different type of aeration that the things we required, that we put at the bottom of

the fermenter.

(Refer Slide Time: 20:44)

Accessories of a fermenter
]4. Baffles

¥ Metal strip attached to the wall of the fermentation vessel.

¥ They are used to prevent vortex and to improve aeration capacity.

¥ They are attached 90° to the wall of fermentation vessel

¥ Baffles maintain a gap between them and the vessel wall to enable

scouring action thus minimizing microbial growth on the walls of

fermenter.

.....
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Now, baffle I told you can you can here, you can see this is the baffle am I right this is

the baffle and, why we use the baffle to stop the vortex, I mention you that suppose you

do the agitation, if you do not use the baffle it will be like this. Now if you in the in the



reactor if you have baffles like this and, you have if agitator then your level is like this.

So, there should not be any kind of any kind of vortex formation and this is desirable.

So, this is the purpose why you use the baffle. Now in case of sometimes we in the big
fermenter, this we use the hollow type of baffles, where why we use the hollow because,
we use for cooling purpose because we pass the water through this because, in the dual
since we are in the tropical country, then in the summer temperature of the environment
rises to a great extent. So, we required more cooling effect. So, we use the baffle for

cooling purpose that is that is why we use.

So, so this is the this is the metal strip at us with the wall of the fermentation of the
baffle, they are used to prevent the vortex to improve the aeration capacity, there at 90
degree with a wall of the fermentation vessel, baffle with this remains maintain a gap
between them and the vessel wall is enable to squaring souring this than action and, thus
minimizing the microbial growth on the wall of the fermenter. So, this is the, this is how

the baffles is why the baftle is we have in this.
(Refer Slide Time: 22:29)
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Accessories of a fermenter

5. Cumpressor
] It is a mechanical device that increases the pressure of a gas by reducing its

volume and forces more and more gas in the storage tank.

6. Rotameter
A device that measure the flow rate of fluid in a closed tube by allowing the
cross-sectional area the fluid travels through to vary causing a measurable

effect.
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And other things that we have with the fermentation industry the compressor, this is to
supply air that you know this is the, this is the how the compressor losses gives very very

big noise in the fermented a fermentation industry.



And then we have rotameter; rotameter so, it looks like this and this is this is rotameter is
use the usually used for low flow rate, it divides to measure the flow rate of the fluid. So,
closed tube by allowing the cross section area and, the fluid travels through a wave to
vary the causing the measurable effect. Now here we can this is the, these are knob by
opening and closing we can controls the flow rate of air, that can be done very easily this

is the rotameter is easy to handle.
(Refer Slide Time: 23:21)

Accessories of a fermenter
7. Air filter
]An air filter is a device composed of fibrous materials which removes solid

particulars such as dust pollen, mould and bacteria from air.

8. Non-return valve

¥ Also called one-way valve normally allows fluid to flow through it in only
one direction.

v' The purpose of the check valves is to prevent the accidental reversal flow of

liquid or gas in a pipe due to breakdown back to the pump.

Non-return valve
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This is the air filter that we have I have already discussed the air sterilization process, we
use the for air filter, we use the fibrous type of material, particularly we use the
glasswool, glasswool fiber we use fiber we use as a for air sterilization purpose, remove
the solid particles dust pollen mould and bacteria from the air. We had to I was talking
about non return valve non return valve is looking like this, it goes one direction you can
see that they have given the direction, the liquid cannot go flow cannot go flow this

direction. So, only it can flow one direction that is why we call it non return valve.



(Refer Slide Time: 24:07)
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Accessories of a fermenter

9. Reflux cooler '

v The air flowing out of the fermenter has the same temperature as during
cultivation and is also correspondingly saturated.

¥ The moisture is condensed out with reflux cooler and then is returned to the

fermenter.

10. Exhaust Air Filter:

¥ Used to filter the air that is going out of the fermenter to prevent the

environment from being contaminated by any biohazards. m‘ n)
¥ During power cut, the inlets is closed, and then exhaust air filter supplies ﬁ‘ﬁ“
filtered air required for survival of cells. ,,,n,..,,,,,.n,,,,,m..\,“.W,,\,ﬁ’.'f‘.‘f,'\fmﬁ',iw..
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Then we have reflux cooler that I told you why the reflux cooler is there, that is also we
should understand that why reflux cooler is there, because in the fermented this suppose
this is a fermented. And now what we are doing we are sparing here am I right, we are

we are passing air in and this is the thing and here this is the air out.

Now, what is happening when here you are sparging your air is the not a saturated, that
the unsaturated, but when sparger this through this is it will be saturated. So, when it will
be it takes some kind of moisture from the fermenter. So, you will find if air if you allow
the air to go out like this, we will find with respect to time the volume of the liquid
volume of the fermenter will keep on decreasing. So, what we do we put a condenser
here. So, that they know that whatever 1 the vapor is going down there should be
condensed back to the fermenter. So, this is what we the exhaust air filter is there, we |

told you to avoid the contamination that we can use that.



(Refer Slide Time: 25:22)
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Accessories of a fermenter
11. Temperature controlling devices

Heater

¥ Heat s generally provided to the fermenter by internal coils which gets heated up Water bath

and directly heats the medium.

¥ Thermostatically controlled bath can also be used.

Cold finger
¥ Closed coil or pipe in which coolant liquid (cold water etc.) can enter and leave.

¥ Itis used to generate generalized cooling.

it kg o o ] gl £ frgen )
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Then we have temperature controller device, we have heaters, we can have heaters, we

can have cooler cool cool finger that way different type of a arrangement we can have.

(Refer Slide Time: 25:39)
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Accessories of a fermenter

12. Feed and sample ports

¥ They are the tubes ( for Lab scale fermenter) and pipelines (for large scale
fermenter) connected to the nutrient reservoir

¥ These tubes or pipelines are used to add nutrients and acid/alkali in the
fermenter before and during the fermentation process

¥ The sampling ports allow the sample to be taken out for analysis during p\
fermentation process.

¥ They are heat sterilized in situ and /or ex situ with steam

NPTEL ONLINE
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Then this is the feed and sample port that I showed you

pressure air pressure, you can automatically draw the sample

with the if we increase the

again and close the valve.

But this is how we can do there. So, this is this is the tubes and, pipelines and the

connected with the nutrition reservoir. And this should be valve is I told you this is valve

is use, just to which can be instantaneously open and instantaneously close. And this



tubes are pipelines are used adding mutants sometimes I use for adding the nutrient also
has it, then alkali fermenter before and during the fermentation process sampling port
sample taking out for analysis and heat sterilization in situ and ex situ to with stream that

is that is what we use here.

(Refer Slide Time: 26:37)
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Accessories of a fermenter W
12. Flow regulation and controlling devices (i.e. Valves)

Safety valve

These valves ensure that the pressure never exceeds the safe upper limit of

-

the specified valve.
Safety valve Globe valve

Globe valves toeovs itz e sindeant

They are suitable for general purposes use like completely opened or

completely closed
Butterfly valves

When the diameter of the pipes is large and there is low or no pressure
Butterfly valve
butterfly vales are ideal choice i v

etk TR Banety 8 g
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Now, flow regulation we have if you flow regulation and control we have safety valve I
told you safety valve located at the top of the fermenter, justly if you somehow the
pressure buildup take place. So, that before it causes any kind of damage, if the safety
valve will blow so that the air will go out like this. So, that you know that the damage
can be avoided, we have globe valve, we have butterfly valve different layer type of
valve with that, globe valve is looks like this. This is mostly used in the water basin you
can see that will clo because, slowly slowly you can open slowly slowly you can close,
but butterfly valve can be used for sampling purpose also along with the ball valve, this

we can instantaneously open and instantaneously you can close.



(Refer Slide Time: 27:31)
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Accessories of a fermenter

Ball valves
These valves are appropriate when aseptic condition is required and can

be operated under high temperature

g g iyl .
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Diaphragm valves

They are used for flow regulation
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Now this is the ball value that I was talking about this is used largely for sampling

purpose, the aseptic when aseptic condition we required can be operated the high

temperature, diaphragm valve also you can be used for sampling purpose.
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Accessories of a fermenter
12. Sealing assembly

Stirrer shaft, a device providing agitation must be sealed properly ensuring

long term aseptic operation

There are various types of sealing assembly such as:

Mechanical seal

¥ The mechanical seal consists of two pars, the stationary part in the
bearing and the other rotating on the shaft.

¥ The two components are pressed together by springs.

v Sterilized antifoam oils are used to lubricate and cool seals during

¥ operations.
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Then we have sealing at assembly this is the mechanical

/

Stirrer shaft

Mechanical seal
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seal, I was telling about that this

mechanical seal which is located at the top of the fermenter that plays very important

roles. So, that air from outside cannot be should not enter into the system.
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Packed gland seal

v Several layers of rings made up of asbestos are used to seal the shaft

¥ Periodical monitoring and replacement of these rings advisable to whd —=

prevent the penetration of heat Packed gland seal
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Magnetic drives
¥ This assembly is made up of two magnets

¥ The driving magnet is held in bearing on the outside of head plate and

¥ connected to the drive shaft

¥ The driven magnet is placed on one end of the impeller shaft and held

: ; y Magnetic drive
in bearings on the inner surface of the top plate
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That that plays very important role, now packed a gland inside this is that inside this is
that mechanical seal we have some packing material that that is shown here this is the
shaft that we have. The several layers of ring made of asbestos are used as a seal to seal,
this shaft periodical monitoring and replacement, only one thing I want to highlight that
review this is the mechanical seal, then in case of biochemical industry we put some kind

of line. So, that we can the antifoam oil antifoam oil. .

And you know this is this is realized antifoam oil with the help of pump, we put it inside
and just to lubricate the shaft and, if we lubricate the shaft the friction, across the
mechanical seal will be less and since we are passing at the high velocity. So, there will
be always a positive pressure and if there is a positive pressure no air can enter into the
system that is why we use the magnetic type. Now it is used to avoid any kind of

contamination problem. So, this is the another and the recent development we have.
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12. Monitoring and control devices il

|
pH probe |
I||
To monitor the pH of the culture broth during the course of growth | | E
of microbes and reaction in the vessel, oM proba
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Temperature probe:

used to measure the temperature of the culture broth in the (Pt

100) fermenter vessel,
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P
Temperature probe
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Then for monitoring we require the pH probe I told you, whenever you use any kind of
probe first you have to calibrate, the pH probe whenever use the, we first we still have to
calibrate with respect to our standard pH that is the pH solution. And temperature probe
also that is the that is the temperature is the culture is measured and, this is made of
bimetallic, we know that bimetallic it is not like mercury thermometer through is the
metal that the temperature is a bimetallic, through the resistance difference in the

resistance we measured the temperature.
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Accessories of a fermenter
Dissolved axygen probe
Monitor dissolved oxygen level in the system. : ‘
DO probe
Foam Control (R ——
¥ A probe (foam sensing and control unit) is inserted through the top plate. 5
¥ It is set at a defined level above the broth surface, when the foam rise and l
touches the probe surface/tip, a current is passed through the circuit which
actuates the pump and antifoam is released within seconds.
Aniifui'r‘n probe
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Now, dissolve oxygen probe that is also used for measuring, the dissolve oxygen from

control I told you.
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Part Function Part Function
To stir the media continuously and hence prevent| |pH probe IMeasure and monilor pH of the medium
Tmpellor (agitator) feells from settling down, and distribuie oxygen| Tiicsolve Oxygen Probe Memsure dissolve oxygen i the fementer
throughout the medium — —
— Level probe Measure the level of medium
Sparger (Acator) |Introduce stenle oxvgen to the media in case of] F " Pl Thel
b Werobic fermentation process laald i Aect e presence of Toc foam
|[1amm {vortex breaker) |Disrupt vortex and provide better mixing Aod h‘"m_" fhe roquired .]111 of be mednm by
- = - - neuiralizing the basic environment
ket Aur filter [Filter air before it enter the fermenter "
= = = = Base Mauntain the required pH of the medium by
Exhaust Air filier [Trap and prevent contaminants from escaping e neutralizing the acidic environment
Rotameter [Measure flow rate of Air or liquid [Antifoam Breakdown and prevent foams
Pressure gauge |Measure pressure inside the fermenter Sampling pint To obtam samples during the process
Temperature probe [Measure nd monilor "lu!‘?“ in temperature off “fygjics Regulation and control the flow liquids and gases
(the medium during the process - -
|Control pane| Monitor over all parameters

I]'u maintain the temperature of the medium|

(Cooling Jacket !L'hmug]mul the process
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This is the sharp needle that that is present at the top of the fermenter which is just when
your foam touch, suppose the this is the foam touch here, then it is connected with some
your pump is connected with some antifoam oil tankard. And it will draw the draw the
liquid and antifoam oil antifoam oil and, it will it will take the liquid and put it in the

fermenter to subside the foam that is the how the foam control take place.

So, the this is the different type of this is the summary of the different parts that present
in the fermented, this is the function of the fermented I do not like to go in details again,
I already explained and this is the different parts and that is explained here. So, this is
kind of repetition of that.
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Major steps involved in material analysis

The first step in material balance is to understand the problem
Some general steps to be followed during material analysis are:
1. Preparation of a flow diagram showing all relevant information.
2. Expression of the given data in consistent units (preferably S1 units).
3. Selecting the basis for calculation and stating it clearly.
. Stating all the assumptions applied to the problem.
. Stating the mass balance equation for the system.

4
5
6. Performing necessary calculations and preparing the mass balance table
7

. Finalize the overall mass balance of the system
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Now, let them one important thing is the material analysis of the process that that is the
first we shall have to prepare the flow diagram, this is the flow diagram of the process

that you know.
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Materials analysis of Citric acid fermentation
process
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This is the I have given the examples of the citric acid fermentation process, where cane
molasses is use as the raw material and, this is first store in the middle of molasses
storing storage tank they need. This is located at the gate of the industry, but the molasses

measuring tank and look at it at the fermenter fermentation plant and, then they form this



do you take the desired amount of cane molasses here, then we this contents about the 50

percent of sugar, we diluted with the water and with the nutrient.

And then we mix thoroughly before, it passes through the sterilizer and then after
sterilization, we take it in the, this is inoculum vessel inoculum vessel for (Refer Time:
32:11) of the culture and, this is the production fermenter for production of the media.
And this is the air sterilizer, I told you the capacity of the air sterilizer is 10 times higher,
in production permitted as compared to the inoculum vessel and, after the fermentation is

over, you take the harvesting tank this is the all the then it contents the cell mass also.

So, first you have to remove the cell mass with the help of rotating disc biology that
rotary vacuum filtered and, rotary vacuum filter we use RVF, then we get the solid
material cell we can burn it and, we can get the energy or and then the liquid material we
take it and store it at the filters to reservoir, then we pass it through the purification unit

for purification of the product.
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SAMPLE CALCULATION FOR YIELD & PRODUCTIVITY

Unacrated fermenter filled volume in bateh fermentation process
200 m*

Sugar input in the fermenter:
sugar concentration = 200 g/L. of fermenter filled volume
= 200 kg/m’
sugar input in the fermenter = 200%200=107" = 40 MT

Citric acid/Total acid = CA/TA
CASTA: This is analysed by taking samples at regular interval.

Lot us assumde, TAat124h = 14.82 %w/v = 148.2 kg/m”® =
= 0.1482 MT/m"

CAat 124 h = 14.15 % w/v = 0.1415 MT/m’
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Now, let us see how we can do the analysis of this process, suppose unaerated unaerated
fermented filled volume in the batch fermentation process is 200 cubic meter. And a
sugar concentration is 200 gram per liter, then this is 200 gram per liter. So, I have
already showed you that how we can convert the unit, this is the I can write that if you
want to convert into k g. So, how what I can write that how we can convert to k g that 1

k g is equal to how much 1000 gram.



So, gram will cancel then you can convert to k g, the liter you can call convert to cubic
meter, how we can convert to cubic meter per cubic meter 1 cubic meter means how
much 1000 liter, the liter will cancel. So, 100, 1000, 1000 will cancel; that means, that 20
gram per liter is equal to 20 k g per cubic meter, you can write like this. So, sugar input
we can easily calculate we know that that 200 cubic meter so, if you multiply that will

get the 40 made metric tons of sugar.

Now, carbon that you know that every industry, when we work with any kind of industry
that we have two type of analytical devices for finding out the product concentration, one
is a very very first analyzing device and another is exact and analysis of your product.
So, we have seen most of the if you want to determined the product concentration exact
product concentration only they take lot of time, particularly for citric acid estimation it
takes more than one time, one year one day. So, we what we do in the industry that we
have a titration method with respect to dilute sodium hydroxide solution by using methyl
orange as the indicator, we find out how much sodium hydroxide is required to consume
that you know the sodium hydroxide solution and, that is co correlated with total

acidilled.

And then from that we can find out and, and that is why you can see that we have a ratio
of sighting acid and total acidille. So, now total acid as the 250 degree centigrade is 14
point and, this is this a 14.82 percent weight by volume well; that means, 40 1482 k g
per cubic meter. So, you can easily find out that what is the in terms of metric tons per
cubic meter and, we also similarly if you know the concentration of citric acid, you can
find out in matrix and so, if you multiplied by 200 cubic meter, you can easily find out
the how much metric ton of citric acid is produced by your industry, this is how we can

we can do the material analysis, in your say in your in your in your production fermenter.
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Down time of the fermenter =12 h

To calculate yield on the basis of sugar input :

Yield on the basis of TA = 2T

M.Teof sugar input

- 200x0.1482
40

X 100

=74.1%

Yield on the basis of CAM = —MTofCAM

M.T of sugar input

— 200x0.1415 % 100
40

=70.75 %
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Then as the suppose your downtime is downtime is 12 hours, and time of fermentation is
suppose the 140 hours the total time will be 140 plus 12 hours that will be total time,
then now how we can calculate the yield, the metric tons this is the matrix tons of the
total acid and, this is the metric tons of sugar yield sugar that is the input in the system,
then the we calculate this 74.1 percent. The conversion efficiency any kind of industry
plays very important role, similarly the citric acid available in two different forms one is
cam, another is a citric acid anhydrides. Now cam, if you we have already seen the cam
concentration is this, and if this is the sugar yield so, we can easily find so, if you
compare the total acidille and total citric acidile always compatibly it will be less as

compared to that.
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Now, question comes that how you can analyze the downstream processing, this is the
fermentation block, then we you treat with lime and, then to just to precipitate the citric
acid in the form of calcium citrate, then you filter it out you take out the calcium citrate,
then hydrolyze with sulfuric acid and, then it pa it passes through the filter filtration
process then where the gypsum calcium sulfate will be separated out here is the your
citric acid you he is contain a lot of color, we use the activated charcoal to remove the
color. Then we again do the filtration to remove the activated charcoal, then we
concentrate with the help of evaporator that evere that evaporation, then after
evaporation we cool it down and, do the crystallization to separate the crystals and, then

we pass it through the centrifugation machine.

And finally, we dry the sample after drying receiving, but the crystal size will be
different and then, we pack it in the in the polythene polythene bag. .
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Reaction in Downstream processing

a) Reaction with lime to produce calcium citrate tetra-hydrate
2C H,0,.H,0 + 3Ca(0H), = Ca,(CoH 0,),.4H,0 + 4H,0

420 222 570 72
b) Reaction of CCT with sulphuric acid
Cay(CoHy0,); 4H,0 + 3H,50, + 4H,0 = 2C,Hy0,.H,0 + 3Ca50,.2H,0
570 294 72 420 516
c) Lime Slaking
Ca0 + H,0 = Ca(OH),

56 18 74
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This is the how we can we can we can we can do that now, question come how we can
do the the material analysis of the process. Now for citric acid calcium sulfate citric
calcium citrates citrate formation how much lime is required. Now as you know the lime
is produced this calcium hydroxide is produced from where calcium oxide, this is the H 2
O is gives like this. Now how calcium oxide is formed from calcium carbonate, if you

calcium carbonate if you heat, it if it will calcium oxide and cal carbon dioxide.

So, this is this is the available in the in the mines. So, this is the you can easily calculate
that how much if you know the stoichiometry, you can find out how much kazon lime is
required and, if you know how much calcium citrate is form, you can find out how much
acid is required. And if you if you know this is how much the acid is required, you can
you may also find out how much gypsum means this is called gypsum, gypsum means

produces a good ingredients for the cement producing industry.
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Problem:

Citric acid is produced from cane molasses (containing 48% sucrose) by 4. niger
using submerged fermentation process. The capacity of fermentor is 100 m?. Average
time of fermentation & citric acid yield are 148 h and 80% respectively . Compute
the following,

(a) Amount of cane molasses required for fermentation process assuming initial
sugar concentration 225 9/, .

(b) Productivity of the fermentor assuming idle time 12 h.
(c) Percentage utilization of sugar .

Solution:

Given ;

Capacity of fermentor = 100 m?

Concentration of sugar in cane molasses = 48%
Average time of fermentation = 148 h
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So, this is how we can do the material analysis, and this is the two problems I have given

here, I hope you can you can do it by yourself.
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Idle time =12 h
Yield of citric acid = 80%

(a) Initial sugar concentration in fermentor = 225 7/, = 225 k"’/,,ﬂ;‘.

225x%100 kg _ 225x100x100 MT _ MT
48 /IR" 48x1000 100m?* — 47 /IDU m3-

Cane molasses required =
Total amounts of cane molasses required for 100 m? fermentor= 47 MT

(b) Yield of citric acid = 80%
225x%100%80

Total citric acid produced = o7 = 1000 kg
e _ CAproduced _ 1000 1000 _ kg
Productivity = totaltime ~ 148+12 160 62.5 h

Productivity = 62.5 *2
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There since time I have little less.
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H,0
() CiaHz201y e 2CgH 206 = 2C5HgO;
342 384

For 384 kg citric acid, sugar requirementis 342 kg

342x225x0.8

For 225 x 0.8 kg citric acid, sugar requirement is e

= 158.175 kg

158.175x100

e (AR

Percentage utilization of sugar =
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So, I I am just leaving it to you just you solve try to calculated by yourself.
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Problem:.

100 m? of citric acid fermentation broth has been harvested in harvesting tank,
the broth has 11% (w/v) of cell mass and 12% w/v of citric acid. Compute the
followings:

i) Total amount of mycelium produced;

ii) Lime required for calcium citrate precipitation process;

iit) Maximum of amount of gypsum produced (CaSO, 2H,0);

Amount of water is to be removed to increase the citric acid concentration from

22% to 60 %w/v.
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I hope you understand that. Now so, in conclusion I want to point out that that how I try
to give you the glimpse how the fermentation industrial, fermentation processes are
operated and, what are the different accessories present in the fermentation process and,
main our main criteria is to maintain the stability of the system. So, that no contaminants
can inside can enter into the system and, how the temperature, how the pH, how the

dissolve oxygen concentration can be monitored, how the sample can be drawn by the



fermenter, all this thing I try to point out and finally I try to show you, this material

analysis with respect to citric acid fermentation process.

Thank you very much.



