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16-CHEM-A1, PROCESS BALANCES and CHEMICAL THERMODYNAMICS

NATIONAL EXAMS DECEMBER 2018

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 (3 Questions): Process Balances
Part B (3 Questions): 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 BALANCES

A liquid mixture containing containing 30% by mole benzene, 25% by mole toluene, and
45% by mole xylene is fed to a distillation column. The bottom product contains 98% by
mole xylene and no benzene, and 96% of the xylene in the feed is recovered in this stream.
The overhead product from the column is fed to a second distillation column. The overhead
product from the second column contains 97% by mole benzene in the feed to this column.
The composition of this stream is 94% by mole benzene and the rest toluene.

(a) [17 points] Draw and label a simple flowchart of this process, and do a degree of
freedom analysis to prove that for an assumed basis of calculation, molar flow rates and
compositions of all process streams can be calculated from the given information. Write
in order the equations you would solve to calculate unknown process variables. In each
equation (or pair of simultaneous equations), circle the variable(s) for which you would

solve. Do not perform any calculations.

(b) [4 points] Calculate the percentage of benzene in the feed to the first distillation column
that emerges in the overhead product from the second distillation column.

(c) [4 points] Calculate the percentage of toluene in the feed to the first distillation column
that emerges in the bottom product from the second distillation column.
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Air of 97% relative humidity at 1 atm pressure and 311 K is to be cooled to 291 K, and fed

into a plant at a rate of 8.5 m%/s.

(a) [12 points] Calculate the rate in kg/min at which the water condenses.

(b) [13 points] Calculate the cooling requirement in tons assuming that the enthalpy of water
vapor is that of saturated steam at the same temperature and the enthalpy of dry air (in

kJ/mol) as a function of temperature (in °C) is given by the equation

H=0.029 (T -25)

DATA: Saturation vapor pressure of water at 311 K =6.54 x 102 atm
Saturation vapor pressure of water at 291 K =2.04 x 102 atm
Enthalpy of saturated steam at 311 K =2570.8 kl/kg

Enthalpy of saturated steam at 291 K = 2534.5 kl/kg
Enthalpy of liquid water at 291 K = 75.5 kJ/kg

One ton of cooling = 12,660 kJ/hr
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Methanol (CH3OH) is produced by reacting CO and Hz according to the equation

CO +2H2 - CH3OH

Only 15% of the CO entering the reactor is converted to methanol. The methanol product is
condensed and separated from the unreacted gases, which are recycled. The feed to the
reactor contains 2 kmoles of Hz for every kmole of CO. The fresh feed enters at 35 °C and
300 atm. To produce 6,600 kg/hr of methanol, calculate the following:

(a) [12 points] Volume of fresh feed gas.

(b) [13 points] Recycle ratio.
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PART B: CHEMICAL THERMODYNAMICS

A gas obeys the following equation of state:

P (v—B)=RT + (APYT)

where P is the pressure, v is the specific volume, T is the temperature, R is the universal gas

constant, and A and B are constants for a gas.

(a) [17 points] Calculate the entropy change involved when the gas changes from 4 atm and
300 K to 12 atm and 400 K.

(b) [8 points] Estimate the mean specific heat (cp) at 12 atm.

DATA: Mean specific heat (cp) at 1 atm = 8 cal/g
Value of constant A = 1 liter.K/atm.mol
Value of constant B = 0.08 liter/mol
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2) A gaseous mixture contains the following three isomers of pentane (CsHi2); n-pentane,
isopentane and neopentane. The formation reaction of each of the isomer is listed below:

5C (s) + 6Hz (g) «» n-CsHiz2 (g)
5C (s) + 6H2 (g) <« iso-CsHi2 (g)

5C (s) + 6H2 (g) <> neo-CsHi2 (g)

Calculate the equilibrium composition of the above gaseous mixture containing the three
isomers at 400 K and 1 atm.

DATA at 400 K:

Standard Gibbs free energy of formation of n-pentane = (AG°f)n-pentenc = 40.195 kJ/mole
Standard Gibbs free energy of formation of iso-pentane = (AG®)iso-pentenc = 34.415 kJ/mole
Standard Gibbs free energy of formation of neo-pentane = (AG°f)nco-pentenc = 37.640 kJ/mole
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Hydrogen cyanide (HCN) can also be produced by gas-phase nitrogenation of acetylene
(C2H2) according to the reaction

N2 (g) + C2Ha (g) «» 2HCN (g)

The feed to the reactor consists of gaseous N2 and C2Hz in their stoichiometric proportions
and the reaction temperature is controlled at 573 K. Estimate the maximum mole fraction of
HCN in the product stream for a reactor pressure of 200 bar. At this pressure, the assumption
of ideal gas behavior is not valid. Instead, you can assume the gas mixture is an ideal

solution.

DATA:

Critical temperature (T¢) of N2 =126.2 K Critical pressure (Pc) of N2 = 33.9 bar
Acentric factor (@) of N2 =0.04 Critical temperature (Tc) of C2H2 = 308.3
Critical pressure (Pc) of C2Hz = 61.4 bar Acentric factor (w) of C2H2=10.184
Critical temperature (Tc) of HCN =456.7 K Critical pressure (Pc) of HCN = 49.6 bar

Acentric factor (@) of HCN = 0.4

Standard Gibbs free energy of reaction at 573 K = (AG®73)un = 30.1 kJ/mole
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