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Subject: 230-392 — Basic Chemical Engineering 11 Room: R300

1. From the figure below, if F = 150 moles, L = 80 moles, and V = 100 moles, answer
the following questions.
(a) Indicate the types of feed into the column and what is the approximate value of ¢
for each of the feed?

(b} For case (b), what is the value of L and V. B
(¢} For case (¢), if fequals 0.4, what is the value of Z and V. (10 points)
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Figure 1: Various type of feeds in a distillation column.

2. A mixture of 75 mole percent benzene and 25 mole percent toluene is subjected to
flash distillation at a pressure of 1 atm. The vapor-liquid equilibrium curve and
boiling-point diagram are shown in Figs. 2.1 and 2.2. (a) What is the composition of
the liquid and vapor leaving the separator if £, the fractional vaporization is 0.60? (b)
What is the temperature in the separator? (c) If the feed is 150 moles, determine the
number of moles of benzene in the vapor phase leaving the separator unit. (d) If the
feed concentration is kept constant, how would you increase the mole fraction of
benzene in the vapor phase? (e) Would the number of moles in the vapor phase
increase or decrease if you increase the mole fraction of benzene?

Explain. (20 points)



3. A plant must distill a mixture containing 60 mole percent methanol and 50 mole
percent water. The overhead product is to contain 99.00 mole percent methanol and
the bottom product 0.02 mole percent. The feed is saturated liquid. The number of
moles of D obtained is one-half the number of moles of reflux returning to the column.
The reflux is at its bubble point. (a) Calculate the minimum number of plates and
determine at which plate should the feed enter? (b) Name one way to decrease the
number of plates required. (25 points)

4. By extraction using n-hexane, soybean oil is extracted from crushed soybeans. If 3,000
1b of crushed soybeans (n-hexane free) enters the continuous countercurrent extraction
system per day, what is the amount of n-hexane required per day to extract 95% of all
the oil in the soybeans? What is the number of ideal stages required if the unextracted
soybeans contain 30% oil by weight and the extract solution contains 20 Ib of soybean
oil per 100 pounds of n-hexane? The fresh solvent contains 0.005 1b of soybean oil
per Ib of solvent entering. From experiments, it is shown that 0.5 1b of n-hexane per
pound of oil-free pulp is retained as it is transferred from stage to stage. (20 points)

5. From Fick’s first law of diffusion for a Binary mixture, show how to derive the
following equation:

D,y
Jy =2y -y

State all necessary assumptions and under which conditions is this equation
applicable. (10 points)

6. In a vacuum-frying operation, the moisture content of bananas is reduced from 80%
{d.b.) to 5% (d.b.} in 45 minutes. If 8 kg of bananas is fried at 120°C, what would be
the total cost of the operation if the cost of energy is 3 baht/kW? Assume the latent
heat of vaporization of water at 120°C is 496 kJ/kg. Assume that the energy required
to heat the product is negligible compared to the heat of vaporization. (15 points)

Bonus: How much should you sell a 50 g bag of fried bananas chips for in order to
make a 50% profit? The cost of peeled bananas is 8 baht/kg. The cost of packaging is
5 baht. (5 points)

Conversions and Constants:

1 Btu = 1.05587 kJ 1kW=1KkJ/s
1 m® = 264.17 gal (US) 1 atm = 760 mmHg
A methanol = 7,700 cal/gmol Pwater = 1,000 kg/m3
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Figure 2.1: Equilibrium curve, system benzene-toluene.
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