16-CHEM-A1, PROCESS BALANCES and CHEMICAL THERMODYNAMICS

DECEMBER 2019

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. The suggested texts are:

Elementary Principles of Chemical Processes by Felder and Rousseau (3™ edition).

Introduction to Chemical Engineering Thermodynamics by Smith, Van Ness, and Abbott (7®

edition).
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

Consider the oxidation of toluene (CéHsCHs) to benzaldehyde (C¢HsCHO) given by the

following reaction:

CsHsCH (g) + 02 (g) > CsHsCHO (g) + Ha0 (g)

Calculate the standard heat of reaction for oxidation of toluene.

DATA:

Gross heat of combustion of liquid benzaldehyde at 18 °C =—841.3 kcal/gmol
Normal boiling point of benzaldehyde = 179 °C

Heat of vaporization of benzaldehyde at 179 °C = 86.48 cal/g

Specific heat capacity of liquid benzaldehyde = 0.428 cal/g °C

Specific heat capacity of benzaldehyde vapor = 31 cal/mol °C

Average molar heat capacity of liquid HO =18 cal/mol °C

Average molar heat capacity of CO2 = 8.87 cal/mol °C

Average molar heat capacity of O2="7.0 cal/mol °C

Standard heat of formation of H20 vapor =— 57.8 kcal/mol

Standard heat of formation of toluene vapor = 11.95 kcal/mol
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Wood containing 45.9% carbon, 23.1% oxygen, 5.1% ash, and the rest containing moisture
and hydrogen is burnt in a furnace. An Orsat analysis of the flue gas during a run shows

14.8% carbon dioxide, 1.66% carbon monoxide, 3.46% oxygen and 80.08% nitrogen.

Determine the following:

a)  Complete analysis of the wood used.
b)  Ratio of fuel to air by weight.
c) Percentage of excess air used.

d)  Composition of the flue gas.

A grade of crude oil is heated to 237 °C and charged at 0.167 L/min to the flash zone of a
laboratory distillation tower. The flash zone is at an absolute pressure of 1.1 atm. Assuming

that the vapor and liquid are in equilibrium, calculate the following:

a)  Percent vaporized

b)  Amounts of the overhead and bottom streams

DATA:

Flash zone temperature = 483 K

Latent heat of vaporization = 291 kl/kg

Density of vaporized crude = 0.75 kg/L

Specific heat capacity of vaporized crude = 2.89 kl/kg.K
Density of unvaporized crude = 0.892 kg/L

Specific heat capacity of unvaporized crude = 2.68 kl/kg.K
Density of feed crude = 0.85 kg/L

Specific heat capacity of feed crude = 2.85 kJ/kg K
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PART B: CHEMICAL THERMODYNAMICS

A chemical species A is known to decompose according to the

A(@eB@+C(

A rigid container is filled with pure gaseous A at 300 K and 760 mmHg, and then heated.
The pressure was observed to be 1114 mmHg at 400 K and 1584 mmHg at 500 K. Assuming

ideal gas behavior and chemical equilibrium, estimate the pressure for a temperature of 600

K.

Calculate the fugacity of liquid hydrogen chloride at 277.4 K and 13.61 atm.

DATA: Vapor pressure of pure HCI at 277.4 K = 28.81 atm
Critical temperature of HCl =324.68 K
Critical pressure of HCl = 81.5 atm

A cleaning solution is to be manufactured from equal masses of acetone and
dichloromethane, both at 298 K. If these components are mixed adiabatically at a pressure
of 1 bar, with negligible stirring work, what is the temperature of the cleaning solution

formed?

DATA:

Specific heat capacity of acetone at 1 bar and 298 K = 2.173 kl/kg.K

Specific heat capacity of dichloromethane at 1 bar and 298 K =1.193 kJ/kg. K
Heat of mixing of equal-mass solution at 1 bar and 293 K = 12.468 kJ/kg
Heat of mixing of equal-mass solution at 1 bar and 298 K =12.380 kJ/kg
Heat of mixing of equal-mass solution at 1 bar and 303 K = 12.292 kJ/kg
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