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Three Hours Duration

NOTES:

1) If doubt exists as to the interpretation of any question, you are urged to submit a clear

statement of any assumptions made along with the answer paper.

2) Property data required to solve a given problem are provided in the problem statement or are
available in the recommended texts. If you are unable to locate the required data, do not let
this prevent you from solving the rest of the problem. Even in the absence of property data,

you still have the opportunity to provide a solution methodology.

3) This is an open-book exam.

4) Any non-communicating calculator is permitted.
5) The examination is in two parts — Part A (Questions 1 to 3): Process Balances
Part B (Questions 4 and 6): Chemical Thermodynamics
6) Answer TWO questions from Part A and TWO questions from Part B.
7) FOUR questions constitute a complete paper.

8) Each question is of equal value.
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PART A: PROCESS MASS and ENERGY BALANCES

A solid material with 15% water by weight is to be dried to 7% water. Fresh air is mixed
with recycled air and blown over the solid. Fresh air contains 0.01 kg moisture per kg of
dry air and recycled air, which is part of the air leaving the drier, contains 0.1 kg moisture
per kg of dry air. Mixed air entering the drier contains 0.03 kg moisture per kg of dry air.

Determine the following:

(a) The amount of water removed per 100 kg of wet material fed to the drier.
(b) The amount of dry air in fresh air per 100 kg of wet material.
(c) The amount of dry air in recycled air per 100 kg of wet material.

A gas containing 30% carbon monoxide and 70% nitrogen by volume is burnt with 100%
excess air. Both reactants enter at 298 K, and the standard heat of formation of carbon
dioxide and carbon monoxide are -393.7 kJ/mol and -110.6 kJ/mol, respectively. Find the
theoretical flame temperature required to burn this gas.

DATA: Mean specific heat capacity of CO, = 50.1 J/mol.K
Mean specific heat capacity of O, = 33.3 J/mol.K
Mean specific heat capacity of N, = 31.5 J/mol.K

A feed mixture containing 40% benzene, 30% toluene and 30% xylene by weight is fed to
a distillation column. The distillate contains 99.5% benzene and 0.5% toluene. The residue
from this unit is fed to another distillation column from which a distillate of composition
97% toluene, 2% benzene and 1% xylene, and a residue of composition 5% toluene and
95% xylene are obtained. Compute the following:

(a) Composition of the three final outputs from the system.

(b) Composition of the intermediate stream.
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PART B: CHEMICAL THERMODYNAMICS

Carbon dioxide gas at 100 °C and 40.53 bar. The critical properties of CO; are T¢ = 304.2
K, P, = 73.8 bar and V, = 94 cm>®/mol. Estimate the compressibility factor, residual Gibbs
free energy, residual enthalpy and residual entropy for CO, at these conditions using the
van der Waals equation of state with parameters determine from the following:

(a) T; and V..

(b) T. and P..

At 400 K, the equilibrium for the isomerization reaction A «> B is rapidly established. At
this temperature, the vapor pressures of A and B are 2 atm and 2.5 atm, respectively.
Gaseous A and B are placed in a cylinder fitted with a piston and maintained at 400 K. The
cylinder is filled at 1 atm and movement of the piston slowly decreases the volume of the
reacting system. At a pressure of 2.2 atm, a dew point is observed. Assuming ideal-liquid

solutions, calculate the following:

(a) Equilibrium constant for the reaction A (g) <> B (g).
(b) Equilibrium constant for the reaction A (1) <> B (1).

In order to air condition a house, air from the house at 75 °F is compressed adiabatically,
cooled to 100 °F by heat exchange with outside air, and them expanded adiabatically
through a turbine. The work from the turbine is applied to the compression step. The air
leaves the turbine at 55 °F and enters the house’s air-handling ductwork. Assuming air

behaves as an ideal gas, calculate a Coefficient of Performance (COP) for this system for

the following cases:

a)  The compressor and turbine operate reversibly.
b)  The compressor and turbine each have an efficiency (ns) of 70%.
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