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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. Any non-communicating calculator is permitted.

4) The examination is in two parts — Part A (Questions 1 to 3): Process Balances
Part B (Questions 4 and 6): Chemical Thermodynamics

5) Answer TWO questions from Part A and TWO questions from Part B.

6) FOUR questions constitute a complete paper.

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

An air-conditioning plant is used to maintain a dry-bulb temperature of 27 °C and relative
humidity of 50% in an auditorium. The air flow rate to the auditorium is 20,900 m*/hr at a
dry-bulb temperature of 17 °C and relative humidity of 83.5%. The effluent air from the
auditorium is partially recycled and mixed with the incoming fresh air, which is fed at a rate
of 4,500 m*/hr at a dry-bulb temperature of 35 °C and relative humidity of 70%. The mixed
air, which has a dry-bulb temperature of 29.5 °C and relative humidity of 54%, is passed
through the air-conditioning plant to make it suitable for feeding to the auditorium. The total
pressure can be assumed to be constant at 1 atm (101.325 kPa).

(a) [11 points] Calculate the moisture removed in the air-conditioning plant.
(b) [3 points] Calculate the moisture added in the auditorium.

(c) [11 peints] Calculate the recycle ratio (moles of air recycled per mole of input fresh air)

DATA.:

Absolute molar humidity of fresh air at 35 °C = 4.05 x 102 moles per mole of dry air
Absolute molar humidity of mixed air at 29.5°C=2.25x 102 moles per mole of dry air

Absolute molar humidity of air entering the auditorium at 17 °C=1.63 x 102 moles per mole

of dry air

Absolute molar humidity of air leaving the auditorium at 27 °C = 1.81 x 102 moles per mole
of dry air
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A mixture containing 75% iron pyrite (FeSz) ore and 25% zinc sulfide (ZnS) ore by weight
are burnt in burner. The pyrites yield 92% FeS; and the rest is gangue. The zinc sulfide ore
contains 68% ZnS and the rest are inerts. A sample of the cinder product yields 3.5% sulfur
with 70% of the sulfur in the cinder in the form of SOs absorbed in it and the rest is
unoxidized FeS,. The stochiometrically unbalanced reactions in the burner are as follows:

FeSz+ Q2 = Fe201 + SOz
FeS;+ 0z = Fe;03 + SOs

ZnS+ 03 2 ZnO + SOz

(2) [20 points] Calculate the amount of cinder product formed and its composition based on
100 kg of mixed charge to the burner.

(b) [5 points] Calculate the percentage of sulfur left in the cinder product based on the total
sulfur charged.

3of7



3)

16-CHEM-A1 Process Balances and Chemical Thermodynamics
May 2019

A sulfur burner in a sulfite pump mill burns 200 kg of pure sulfur per hour. The gas leaves
the burner at 871 °C and they are cooled before being sent to an absorption tower. As a
primary cooler, a waste heat boiler is employed for producing saturated steam at a pressure
of 15 bars (absolute). The feed water to the boiler is available at 183 °C and the temperature
of the gas mixture leave the boiler is 190 °C. Calculate the amount of steam produced in kg
per hour assuming 10% excess air, 90% efficiency, complete combustion, no heat loss to the
surroundings and no SOs; formation.

DATA:

Standard molar specific heat capacity of SOz in kJ/kmol.K = 24.7706 + 62.9841 x 103 T -
442582 x 105 T2+ 11.122x 107 T3

Standard molar specific heat capacity of Oz in kJ/kmol.K = 26.0257 + 11.7551 x 10° T -
2.3426 x 106 T2 - 56.23 x 107! T?

Standard molar specific heat capacity of N2 in kJ/kmol.K = 29.5909 + 51.141 x 104 T~
1.31829 x 105 T2 - 49,68 x 10°'° T?

Saturation temperature of steam at 15 bars pressure = 198 °C
Latent heat of vaporization of water at 15 bars pressure = 1945 kl’kg

Specific heat capacity of water = 4.1868 kJ/kg.K
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PART B: CHEMICAL THERMODYNAMICS

Water gas, available at a temperature of 500 °C and a pressure 4 bar, has the following
composition: 70.4 grams of hydrogen, 23.68 grams of methane, 35.84 grams of ethylene,
66 grams of carbon dioxide, 94.92 grams of carbon monoxide and 50.4 grams of nitrogen.

(a) [5 points] Calculate the volume of water gas if it behaves as an ideal gas.

(b) [20 points] Calculate the volume of water gas if it follows van der Waals equation of

state.
DATA:
Component Formula | Critical Temperature (K) | Critical Pressure (bar)

Hydrogen Ha 32.2 12.97
Methane CHa4 190.56 45.99
Ethylene C:Hs 282.34 50.41
Carbon Monoxide CO 132.91 34.99
Carbon Dioxide CO: 304.1 73.75
Nitrogen N2 126.9 33.94
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Pyrites are roasted in a roaster plant for making sulfuric acid. The gases leave the roaster at
502 °C with the mass composition: 3.57% SOz, 1.08% Oz, 0.18% SO3 and the rest Na.
Calculate the heat content of 1 kmol of gas mixture over 25 °C.

DATA:

LS EER Y

Standard molar specific heat capacity of SOz in kJ/kmol.K = 24,7706 + 62.9841 x 10° T -
4.42582x 10° T2 +11.122 x 107 T2

Standard molar specific heat capacity of Oz in kJ/kmolK = 26.0257 + 11.7551 x 10° T -
2.3426 x 106 T2 - 56.23 x 1011 T°

Standard molar specific heat capacity of SO in kJ/kmol.K = 22.0376 + 12.1624 x 102 T -
9.18673 x 105 T2 - 24.3691 x 10° T?

Standard molar specific heat capacity of N2 in kJ/kmol.K = 29.5909 + 51.141 x 104 T -
1.31829 x 105 T2 - 49.68 x 100 T°
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2 moles of methane (CH4) and 3 moles of water react and gaseous mixture containing CHa,
H;0, CO, CO; and Hz is obtained. Calculate the equilibrium composition of the mixture at
1000 K and 1 atmosphere.

DATA:

Standard Gibbs free energy of formation of CHa at 1000 K = 19.3 kJ/mole
Standard Gibbs free energy of formation of H20 at 1000 K = - 192.72 kl/mole
Standard Gibbs free energy of formation of CO at 1000 K = - 200.715 kJ/mole
Standard Gibbs free energy of formation of CO2 at 1000 K = - 396.11 kJ/mole

Standard Gibbs free energy of formation of Hz at 1000 K = 0 kJ/mole
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