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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 to 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

Soda ash (Na2CO3) is manufactured by the decomposition of sodium bicarbonate

(NatIC03). Other products of the decomposition reaction include carbon dioxide and water

vapor. In an experimental investigation, wet sodium bicarbonate containing 8% water is

premixed with recycled dry soda ash in order to reduce the water content to 5% before

reintroducing into the calciner. The calciner is fed with 2000 kg/hr of wet sodium

bicarbonate.

Determine the following:

a) Quantity of soda ash produced per hour of the final product.

b) Quantity of off gases produced per hour.

c) Mole ratio of carbon dioxide to water vapor in the off gases.

d) Quantity of soda ash recycled per hour of the final product.

2) 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.
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3) Obtain an empirical equation for calculating the heat of reaction at any temperature T for

the following reaction:

CO (g) + 2H2 (g) --> CH3OH (g)

The standard heat of reaction (AH°R) is - 21.59 kcal/mol, and the specific heat capacity

(C°p) is given by the equation

C'p = a + bT + cT2 + dT3 in kcal/mol.K

Component a b x 103 c x 106 d x 109

CO 29.03 - 2.82 11.64 - 4.71

H2 28.61 1.02 - 0.15 0.77

CH3OH 21.14 70.84 25.87 - 28.50

•
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PART B: CHEMICAL THERMODYNAMICS

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

DATA: Vapor pressure of pure HC1 at 277.4 K = 28.81 atm

Critical temperature of HC1= 324.68 K

Critical pressure of HC1= 81.5 atm

5) Consider the following methanol synthesis reversible gas-phase reaction:

CO (g) + 2H2 (g) --> CH30H (g)

At 298 K, the standard Gibbs free energy change of the reaction (AG°) is - 25.2 kJ/mol and

the standard enthalpy change of reaction (AH') is - 90.7 kJ/mol. We wish to know the

ranges of temperatures and pressure for which the equilibrium conversion is at least 10%

when the stoichiometric ratios of CO and H2 are used. Show this favorable region on a

pressure-temperature plot.
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6) Experimental vapor-liquid equilibrium data for isopropanol-benzene binary system at 45

°C is given below:

Mole fraction of

isopropanol in liquid

Mole fraction of

isopropanol in vapor

Vapor pressure of

isopropanol, in kPa

0.0000 0.0000 29.829

0.0472 0.1467 33.633

0.0980 0.2066 35.214

0.2047 0.2663 36.271

0.2960 0.2953 36.450

0.3862 0.3211 36.292

0.4753 0.3463 35.928

0.5504 0.3962 35.319

0.6198 0.3951 34.577

0.7096 0.4378 33.023

0.8073 0.5107 30.282

0.9120 0.6658 25.235

0.9655 0.8252 21.305

1.0000 1.0000 18.138
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a) Plot the dew point and bubble point curves versus mole fraction isopropanol.

b) Calculate and plot partial vapor pressures of isopropanol and benzene versus mole

fraction of isopropanol.

b) Calculate and plot the natural log of activity coefficient (In y) of isopropanol and

benzene versus mole fraction of isopropanol in liquid (Xi).

d) Calculate and plot the GE/(Xi X2 R T) versus mole fraction of isopropanol in liquid

(Xi). Here X2 is the mole fraction of benzene in liquid, R is the Universal gas

constant and T is the temperature.
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U
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No
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