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1.

Revise the basic laws on chemical kinetics and gqgplications in reactions.
Compare the various ideal reactors and their desigrations

Describe the non-ideal behaviour of reactors aea thodels

Explain the kinetics for heterogeneous reactingesys

Outline the G/L reactions on solid catalysts.

Compare the various multiphase reactors and tpeiications in bioprocess industries

Answer all the Questions
PART A (10x 1 =10 Marks)

Maximum Marks: 100

Consider the following properties: CO1l [Kj]

1. Temperature

2. Pressure

3. Momentum

4. Mass

5. Energy
Which of these depends upon rate of biochemicaticae?
a) 1,2 b) 2,3

c) 34 d) 45

Consider the following for transition complexes: CO1 [K]]

1. Termination

2. Propagation

3. Initiation

Which is the correct sequence for photo synthdmmaeactions?
a) 1-2-3 b) 2-3-1

c) 321 d 1-3-2

Assertion (A): Unsteady-state operation is where compositiorsdo® change with timeCO2 [Kg]

and at any instant the composition throughout éagtor is non uniform.
Reason (R): In the batch microbial reactor, the substratesi@itially charged into a vessel,

are well mixed and are left to react for a cerf@@nod. The product is then discharged.
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a)

In a recycle bioreactor the recycle ratio izdihis means the reactor is basically a

Match the (Dispersion coefficient D) column kkvthe appropriate process in column Il.

Both A and R are individually true andb)

R is the correct explanation of A

A\ 4

c) Alistrue but R is false
a) Plug Flow Reactor
c) PFR with radial mixing
Column | Column 11
A |D>0 1 | Moderate
B |[D<O 2 | Rapid spreading
C D=0 3 | Slow spreading
D |[D>0<0| 4| No spreading
a) A-1,B-2,C-3,D-4
c) A-3,B-4,C-1,D-2

Both A and R are individually true but

R is not the correct explanation of A

d) Aisfalse but Rrise

b) Continuous Stirred TankdRer

d)

b)
d)

PFR with substantigizh dispersion

A-2,B-3, C-4, D-1
A-4, B-1, C-2, D-3

CO2,] [t

CO3  [Kq

Assertion (A): Major use of the residence time distribution ifleamenter to characterizeCO3 [K;]

non-ideal behavior is to diagnose problems of ferere in operation and to predict

conversion in existing/available fermenter.

Reason (R): The basic ideas that are used in the distribatioh residence time to

characterize and model non-ideal bioreactionseakyrfew in number.

CO4 [Ki]

a) Both A and R are individually true antt) Both A and R are individually true but
R is the correct explanation of A R is not the correct explanation of A
c) Aistrue but R is false d) Ais false but Rrise
Match the terms in column | with the appromidéfinitions given in column Il
Reactors Rates
. . t_ (x\dX, _V dX,
A | Differential (flow) reactor C j o —_rA W J —“r;\
. ., _ dX, _  dx,
B | Drug flow in vains AT IW/Ee  AOWIFD)
: W _ (xadXa
C | Wine fermenter Fao fo -
Curd making vessel Fao X pout
D “r;sout = W =
a) A-1,B-2,C-3,D4 b) A-2,B-3,C-4,D-1
c) A-3,B-4,C-1,D-2 d A-4,B-1,C-2,D-3

PAGE 2 OF 4



10.

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

Consider the flow patterns involved in the hegeneous system: CO4 [Kq]
1. Mixed flow

2. Cross current

3. Counter current

4. Co current

Which are these flow patterns most suitable fohlggessure gas phase reaction in the lungs

for O,transfer?

a) 1,2 b) 2,3
c) 34 d 4.1
Consider the following for the conversion of &ged out over a solid catalyst: CO5 [Ky]

1. Transport from the interface, through the ligfiiiah, to the bulk liquid.

2. Transport from the bulk liquid to external cgsal surface through the liquid film
surrounding the catalyst particle.

3. Diffusion and reaction within the porous catalyarticle.

4. Transport from the bulk gas phase to the gasdimterface through the gas film.

Which is the correct sequence for reactant A inedlin the overall reaction process?

a) 1-2-34 b) 2-3-4-1

c) 3-4-1-2 d 4-1-2-3

Which one of the fluid-particle reactors is igted at semi batch in and enzymatic reaction? C[B6]
a) Rotary dryer for heat-sensitive materidl)  Fluidized-bed reactor

c) Blastfurnace d) lon exchange bed

PART B (10 x 2 =20 Marks)
(Answer not morethan 40 words)

From the chemical reaction 4 B an increase in temperature from 295 K to 30@aHises the CO1l [Ki]
rate of reaction to double. Calculate the energgotivation for this reaction.

A reaction has the stoichiometric equation B-+2R. What is the order of reaction? CO1 4K
Distinguish between Holding time and Space fiondlow reactors with expression. CO2 4gK
Define autocatalytic reactions. CO2 [Kj]
What are the causes of non-ideality in rea@tors CO3 [Kj]
Mention the different types of inputs in thereiactors interpreted for experiment. CO3 ][k
Recite the some examples of catalytic and rabahdic heterogeneous bioreactions. CO4 ;] [t
What is meant by flux? CO4 [Kj]
Define Effectiveness factor. CO5 [Kj]
Write short note on multiphase bioreactor. CO6 [Kj]
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Answer any FIVE Questions
PART C (5x 14=70Marks)
(Answer not morethan 300 wor ds)

Q.No. 21 is Compulsory
21. A sample of the tracer (sodium) at 320 K wgected as a pulse to a bioreactor, and t6©3 [Kg]

effluent concentration was measured as a functiotined, resulting in the data shown in
Table.

t(mn) (0|12 3| 4| 5 6/ 7 8| 9| 10 12 14
C(g/im) ([0 |1[5|8] 10| 8] 6| 4 30 22 15 06 O

The measurements represent the exact concentrattotiee times listed and not average
values between the various sampling tests. Corsfigares showing C(t) and E(t) as
functions of time.

22. Derive an expression for irreversible bimolacdype second-order reactions with graph. CO14] [K

23. Enzyme E catalyses the fermentation of sules&ab product R. Find the size of mixed flok€O2 [Kg]
reactor needed for 95% conversion of substrateféee stream (25 liter/min) of substrate
(2 mol./liter) and enzyme. The kinetics of the fentation at this enzyme concentration are
given by
_enmme_ o i 0.1C4 mol
’ 14+05C, liter-min

A

24. Consider a single cylindrical pore in a lungeali. Derive the pore diffusion resistance @04 [Kg]

oxygen combined with surface kinetics.

25. Explain in detail about the progressive coredehand shrinking core model by taking @05 [K]

biological example.

26. Aqueous fructose at a concentratioy © 1 mol./liter is introduced into a batch bioreactCO1 [Kg]
where it reacts away to form glucose accordingaakiometry A—R by glucose isomerase.
The concentration of fructose in the reactor is nooed at various times, as shown below
t, min 0 100 | 200 | 300| 400
Ca, mol./n? | 1000 | 500 | 333 | 250| 200
For Gao = 500 mol./mi find the conversion of fructose after 5 hourshie batch bioreactor

27. Outline the working and principle applicatiaridollowing reactors with neat a sketch. CO6 [Kj]
(i) Trickle bed reactor (7
(ii) Slurry reactor (7)
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