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4.

Tick the best answer(s).

In Michaelis-Menten equation, f =
becomes:

[ ] Zero order [ ] First order

, When S>)> Kr, the reaction rate

[ ] Second order [ ] Third order

In a_steady-state system, which of the following conditions is likely for in *out[ ]Total number of moles without reaction 1 I rotat mass with reaction[ ]Total number of mores with reaction I j rotut mass rvithout reaction

Which of the following strategies is best for removing off-gas or unnecessary
by-products from the product stream during a continuous reinentation process?[ ]Purgestream [ ]Recyclestream [ ]By-passstream [ ]closed-loopstream
In.the following overall reaction for microbial conversion of glucose to L-glutamic
acid:

CoHrzOo + NHr + 3/202+ CsHqNOa + COz + 3HzO(glucose) (glutamic acid)

P: ry* of oxygen required to produce lS g'glutamic acid is[ ) 5.2 e. t ] 10.3 g -1,- 
l4.e e. t l 6.s g.

mul it the enthalpy of 150 g formic acid at 70 "C and I atm. relative to 25 oC and I
1ry-'? Specific heat capacity for formic acid in tt. tr*frrut r. range of 20 - 100 oC is0.524 cal.l"C/g.
[]4542'2cal. []3294.0car. [ ]3537.0cal. [ ]3640.1 car.

Amyloglucosidase from Endomycopsis.bispora is immobilised in polyacrylamide gel.Activities of the enzyme were determined at 80 "C and oeactivation rate constant of
the_gnzvme is found io be 0.03 ,i" i. wii"t is the half-lire ror ortne enzyme?[ ]21.1min. [ ] I4.5min [ ]Z}.2min. L l23.l min.
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7. During the phases of batch curture, which of the folrowing phase/s has p ( H^*?[]Lae []Acceleration f lD;;il; []Stationary
8' Which of the following are strictly. non-Newtonian, but once the flow starts theybehave essentially as Newtonian fluids fi.e. srrear s;;;;r;r shear rate is linear)?[ ]Pit*num plastic t I pseudoplastic

[ ]Dilatant 1 lBinghampseudoplastic
In Casson plastics, with an increasing shear rate when the yield stress is exceeded, theapparent viscosity
[ ]lncreases [ ]Remainsconstant[ ]Decreases [ ]Sharpryincreases
which of the following impellers is/are recommended for mixing for high viscousliquids (with viscosity J 10s'centipoise)i
[ ]Propellers [ ]Anchois [ ]Hericarscrews [ ]Hericarribbon
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SECTION "A"
[0Q.xl=l0marks]

l0



SECTION "B"
[0 Q.x I : l0 marks]

Fill in the blanks.

I l. General mass balance equation for steady state systems is

12. Unsteady-state energy-balance equation for a system with only one inlet and one

outlet stream with zero work done is

13.

14.

In the synthesis of single cell protein (SCP) from using organic substrates with the

following expression: C*H*OrNr+ aO2* bHgOr,Ni+ cCHaOpNd+ dCOz + eHzO;

and- represents the substrate and SCP, respectively.

In question number 13 above (Section B), the number of electrons in the substrate

can be expressed by .

\
15. The heat required to raise the temperature of I g of pure water by I oC at I atm.

pressure expressed in terms of

16. Unit for second order rate constant is 

-

17. Cell death during sterilization can be described or modelle by

order process.

18. lf consumption of chemical species "G" is described by the first order reaction model,

then its rate of consumption of "G" can be written as 

-.

19. In a plot of shear stress versus shear rate, if the relationship is such that stress

increases linearly with shear rates, where the slope can be given by the

the fluid.
of

During the mixing of ungassed newtonian fluids, in the turbulent regime, a llYo

increase in impeller diameter increases the power required by more than

a l0% increase in stiner speed raises the power required by over rT
20.



KATHMANDU LTNIVERSITY
End Semester Examination

March/April,2017
ilAR 3 0 2017

Level : B. Tech.
Year : II
Time : 2 hrs. 30 mins.

Course : BIOT 204
Semester : I
F. M. :55

Solve ANT FIZE questions

100 molG/min
70 mol G/min

[5Q* 5=25 marks]

From. the figure below, answer the following questions.a. Find the overall and single purr.onurrrl-o,i of Ctu.o.efb What is the recycled ar-ornt of CiWhV recycling is needed?c. What are the possible reasons for such io*.onu.iri*;ia?

30 mol G/min

12)

[+l :2]
lll

70 molP/min

-@

2 ' The following reaction catalyzed,by phosphoglucomutase occurs during breakdownof glycogen:

A react i o n,, u",,. o ;,f iTi, l-ff :;|il:ffi"fl ffi':,r 
p0:rT 

?H:: g r uc ose r _h o s ph atein 1-liter sorutio_n at2'5'c.rrr-. ..actio proceeds to equiribrium at which the

ff:!!ilffi'fi:r:-Jffi:- 
l-phosphate is b.ooz rur unJii.'.oncentration orgrucose o-

a. Calculate the equilibrium constant.b. What is the theoretic"ltl.iJi-*"' tzl
c' what is the yierd uur.a'or-urount of reactant supplied? tl]
d. Comment on the diffb;;;;;il;" aiffereniyiel"d::'--' [l]
List and explain briefly any five factors that can effect the rheology of fermentationbroths.

tsl
a' For efficient mixing w^ith a single impeller, the depth of Iiquid in the tank should beno more than l'0 - l'25 timeithe tank diamet;r.'iit th. ,iiameter of the bioreactor islm and height 2 m. what wiil.be un appl9pl,3t. *o.tin! ,orume for the ,ru.ioii t2lb' How this working vorume wiu chanJJ irrlrn.r.r, pr"iia.o ? illc. Explain brieflv rhe mechanism otfiixirg;ii[;;i;;*rption of different physicalprocesses involved with an example. 

rvrr vr urrrsrsrrr' ['It! 
t3]

a' A fermentation broth with viscositv l0'2Pa s and density 1000 kg m-r is agitated intwo z'7 mr barned tanl' ,'!;g I ry'1;;;ilH;i;il ll"r.ters 0.5 m and 0.6 m,respectivelv, and stirrer speed l-s-r. calculate;;J;";;;ii'on tt. mixing times. [2]b. Discussion briefly the reiation between Reynolds 
";;;;; power number and powerrequirement fbr mixing when dearing *itl, ;r-g;Ji\,-Jwttnian truio. - r 

13l

iltru'r:"::*rent 
types of viscometers with some examptes of their biotechnological

tsl

J

r3
4.

5

6.

Bioreactor Product
separation70 mol P/min

l.



SECTION "D''
[3Q x l0 = 30 marks]

Attempt ll[I THREE questions.

7. Production of single-cell protein from glucose is described by the following reaction

equations:

Glucose: CoHrzOo +aOz+ b NH3+ c C+.+Hz gNo aoot.z* d HzO + e COz (i)

Hexadecane: croHr+ + aoz+ b NHI + c(CaaHTNo.roor.z) + d HzO + e COz (ii)
where C+lOzrNo.aoOr.z represents the biomass. Assume that experimental

measurements for a certain organism have shown that cells can convert two-thirds
(wUlvr) of the substrate carbon (alkane or glucose) to biomass.

t Determine the stoichiometric coefficients for both of the reactions (i) and (ii). t5I
b) Calculate the yield coefiicients Yvs(g dwcell/g substrate), Yxtoz(gdwcell/g 02)

for both of the reactions. Comment on the differences. t5l

8. Acetobacteraceti bacteria convert ethanol to acetic acid under aerobic conditions. A
continuous fermentation process for vinegar production is proposed using non'viable

A. aceti cells immobilised on the surface of gelatin beads. The production target is 2

kgih acetic acid; however, the maximum acetic acid concentration tolerated by the

.Jllr is l2%. Air is pumped into the fermenter at a tate of 200 gmoyh.

CzHsOH * 02+ CHTCOOH + HzO
(ethanol) (acetic acid)

a) What minimum amount of ethanol is required? t3l
Uj Wtrat minimum amount of water must be used to dilute the ethanol to avoid acid

inhibition? [3]
c) What is the composition of the fermenter off-gas? t4l
Draw a flow diagram and mention the necessary assumptions'

g. An electric heating-coil is immersed in a stirred tank. Solvent at 15 oC with heat

capacity Z.l kllkgl"C is fed into the tank at a rate of 20 kgih. 
-f1..ut.d 

solvent is

diicharged at the lame flow rate. The tank is filled initially with 200 kg.cold solvent

at lO"C; the rate of heating by the electric coil is 800 W. Calculate the time required

for the temperature of the-soivent to reach 80oC. Draw a flow diagram and mention

the necessary assumptions. [10]

10. Escherichia coli is being used for production of recombinant porcine growth

hormone. The bacteria are grown aerobically in batch culture with glucose as growth--

limiting substrate. Cell and substrate concentrations are measured as a function of
culture time; the results are listed below:

Time (h)
Cell concentration, X

(kgdw cell/mr)
Substrate concentration, S

(kg/m')

0.0 0.20 25.0

0.33 0.21 24.8

0.5 0.22 24.8

0.75 0.32 24.6

1.0 0.47 24.3

1.5 1.00 ?3.3

2.0 2.10 20.7

2.5 4.42 15.7

2.8 6.90 ta.2

3.0 9.40 5.2

3.1 10.90 1.65

3.2 I 1.60 0.2

3.5 l r.70 0.0

3.7 I 1.60 0.0
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lrlAIt J u aurr

a) Make a quph, plotting dry cell weight per volume (X) and glucose concentration
(S) as a function of time. t.r1

b) Comment on the X vs. Time curve with respect to the expected phases of bui;i,
. go*th, i.e. what phases do you see?, what isiheir durationi L4lc) How can you use this data to calculate the kinetic parameters of E. coli $owthand substrate consumption? Mention the models that can be used and m-ethodsonly. $l
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