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CFB1043

In a chemical processing plant, sulfur dioxide (SO_) is to be removed using
TWO (2) absorption towers in series. The total flow rate of the inlet gas
stream entering the first absorption tower is 300 kmol/hour, with a composition
of 20 mol% SO, 30 mol% CO, and the remaining are N,. The outlet gas
stream from the first tower is then directed to the second absorption tower.
Pure water is used as the solvent in both absorption towers, with a flow rate of
600 kmol/hour for each tower. It is assumed that the water only absorbs SO,
and the absorption efficiency for the first and second tower is 60% and 85%,

respectively.

a. Draw the process flow diagram of inlet and outlet streams for the two
absorption towers with poper label of all the provided flow rates and

component fractions.

[8 marks]
b. Calculate the mass composition of all the inlet and outlet streams for
the second absorption tower.
[12 marks]
C. If the water is not pure due to repeatably use, discuss the
consequences to the outlet gas stream in the second tower.
[4 marks]
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In a combustion process of heptane (C7H1s), 180% of excess air is

used to ensure the combustion is complete.

I. Write the chemical reaction for the combustion process.
[4 marks]

ii. Calculate the composition of products in dry and wet basis if the

feed of C7H1s is 100 kg/hour.
[12 marks]

Moist air at a dry bulb temperature of 323 K and 40% relative humidity
enters the cooling coil of a dehumidifying wood dryer and is cooled to
291 K under saturated conditions. If the drying rate of the wood is
3 kg/hour, determine the flow rate of dry air in the system.

[10 marks]
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A liguid mixture with a composition of 40 mol% acetone (C3HsO) and 60 mol%
methanol (CH3OH) is fed into an evaporator at a total flow rate of 100 kmol/hr
at 303 K and 5 atm. When the evaporator is operated at 450 K and 1 atm, a
substantial amount of the feed is vaporized. The liquid stream discharged
from the evaporator contains 78 mol% CHsOH, while the vapor stream
contains 55 mol% CsHeO.

a. Determine the heat rate to the evaporator.
[18 marks]

b. If the feed to the evaporator consists of more CsHsO than CH3OH,
predict the changes in the heat rate to the evaporator. Justify your

answer.
[6 marks]
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In a new process for the recovery of tin from low-grade ores, it is desired to

oxidize stannous oxide (SnQO) to stannic oxide (SnOz), which is then soluble in

a caustic solution. Both of the SnO and Oz enter the reactor at 25°C with 85 %

conversion efficiency of SnO according to the chemical reaction below.

Additonal data for the heat of formation and heat capacity for different

compounts are given in Table Q4.

SnO+ %02 —>5n0,

Table Q4: Respective heat of formation and heat capacity for SnO, SnO2 and Oz

Compound | AHs Cp (kd/mol.K), T in kelvin
(kJ/mol)
SnO -283.3 39.33+15.15x10°T
SnO2 -577.8 4
73.89+10.04x10‘3T—w
O2 0 29.10+1.158x10°T —0.6076x10T* +1.311x1072 7?3
a. Calculate the heat of reaction at 90°C and 1 atm.
[20 marks]
b. If a catalyst is developed to enhance the reaction conversion efficiency,

predict its impact on the mass and energy balance in the reactor.

Provide justification for your answer.

[6 marks]

-END OF PAPER-
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