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END SEMESTER EXAMINATIONS, Nov/Dec 2017

SUBJECT: Bioprocess Calculations [BIO 2104]

REVISED CREDIT SYSTEM

Time: 3 Hours MAX. MARKS: 50

Instructions to Candidates:

% Answer ALL the questions.
%+ Missing data may be suitable assumed.

Briefly explain the role of Bioprocess engineer in Biotechnology industry?

In the SI system, thermal conductivity has the unit w/(m.k). The thermal conductivity of
solid material can be calculated as k = (X Q)/(A AT), where Q is the rate of heat transfer, X
is the thickness of solid, A is the area of heat transfer and AT is the temperature across the
solid. The following values were obtained experimentally. Q = 10,000 kJ/h, A=1m? X =
100 mm, and AT =800 K.

(a) Calculate the thermal conductivity of the solid in w/(m.k).

(b) Express the thermal conductivity in kcal/(h.m.°C)

(c) If thermal conductivity of a second material is 0.15 Btu/(h.ft. °F)

Which one will make a better thermal insulator?

It is desired to prepare a 40 % solution of NaCl in water at 300K.

(@) How many Kg of anhydrous sodium chloride should be added to 0.05 cubic meter of
pure water having a density of 0.998 g/mL at 300K.

(b) If the salt contains 10 % water, how many kg of salt is required

A solution of potassium chloride in water contains 384 g KCI (MW = 74.5) per litre of the
solution at 300 K. The specific gravity of the solution is 1.6. Calculate the following:

(a) The concentration in weight percent

(b) The mole fraction of KCI

(c) The molarity of the solution

(d) The molality of the solution

In the production of a drug having a molecular weight of 192, the exit stream from the
reactor flows at the rate of 10.3 L/min. The drug concentration is 41.2% (in water), and the
specific gravity of the solution is 1.025. Calculate the concentration of the drug (in kg/L) in
the exit stream, and the flow rate of the drug in k mol /min

10 kg of liquid A of specific gravity 1.17 is mixed with 5 kg of liquid B of specific gravity
0.83. Assuming that there is no volume change on mixing, what is the specific gravity of
mixture
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In a process producing KNOs3 salt, 1000 kg/h of a feed solution containing 10% KNOg is fed
to an evaporator which evaporates some water to produce a 50% KNO3 solution. This is then
fed to a crystallizer, where crystals containing 95% KNO3z are removed. The saturated
solution containing 35% KNO3 is recycled to the evaporator. Calculate the following:

(@) The amount of recycle stream, kg/h

(b) The amount of crystals, kg/h

(c) The quantity of water evaporated, kg/h

Recycle
Water
Evaporated f A
6
—_—P
Feed EvaporatOr ﬁb Crystallizer
—

> L’ Product

An electric heating coil is immersed in a stirred tank. Solvent at 15 °C with heat capacity 2.1
% is fed into the tank at a rate of 15 kg/h. Heated solvent is discharged at the same flow

rate. The tank is filled initially with 125 kg cold solvent at 10 °C. The rate of heating by the 4
electric coil is 800 W. Calculate the time required for the temperature of the solvent to reach

60 °C. Assume that heat capacity is independent of temperature

A single cell protein product from yeast is to be dried in hot air and the moisture content
reduced from 20% to 2%. Fresh air contains 0.02 kg water per kg of dry air. Find the volume
of fresh air required if 1000 kg of the dried yeast is to be produced. The exit air contains
0.09 kg of water per kg of dry air. Air enters at 300 K and one atm pressure.

Commercial nitric acid is produced by the catalytic air oxidation of ammonia, according to
the following equation
4NHs + 502 — 4NO + 6H20
This reaction goes to 95 % completion. It is followed by the reaction,
4NO + 307 + 2H20 —4HNO3
This reaction goes to 98 % completion. Calculate the amount of ammonia and water required 5
for producing 1000 kg of 65 % nitric acid
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The relationship between the pressure P and volume V of the air in a cylinder during the

upstroke of a piston in an air compressor can be expressed as

P*VK=C
Where K and C are constants. During a compression test, the following data are taken:
P (mm 760 1140 1520 2280 3040 3800
Hg)
V(Cm3) |48.3 37.4 31.3 24.1 20 17.4

Determine the values of K and C that best fit the data. (Give both numerical values and
units)

Production of recombinant protein by a genetically CH1.7700.49No.24 engineered strain of
E.coli is proportional to cell growth. Ammonia is used as nitrogen source for aerobic
respiration of glucose. The recombinant protein has an overall formula CH1.5500.31No.25. The
yield of biomass from glucose is measured as 0.48g/g the yield of recombinant protein from
glucose is about 20% that for cells.

(@) How much ammonia is required?

(b) What is the oxygen demand?

(c).If the biomass yield remains at 0.48 g/g, how much different are the ammonia and
oxygen requirements for wild-type E.coli unable to synthesize recombinant protein?

The heat of combustion of methane, carbon and hydrogen are -890.4 kJ/mol, -393.51 kJ/mol
and -285.84 kJ/mol respectively, calculate the heat of formation of methane?
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