Mass Transfer Operations
Instructor: Prof. Jamin Koo
Due on October 21, 2019

Assignment #3

1. Oil is to be extracted from meal by means of benzene using a continuous countercurrent
extractor. The unit is to treat 1,000 kg of meal (based on completely exhausted solid) per
hour. The untreated meal contains 400 kg of oil and is contaminated with 25 kg of
benzene. The fresh solvent mixture contains 10 kg of oil and is 655 kg of benzene. The
exhausted solids are to contain 60 kg of unextracted oil. (hourly basis)

Find (a) the concentration of the strong solution or extract, y; (b) the concentration of
solution adhering to the extracted solids, x;; (c) the mass of solution leaving with the
extracted meal, L,; (d) the mass of extract, V; (e) the number of ideal stages required.
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Data for Example 23.1
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2. A mixture of 50 mol% benzene and toluene is to be separated by distillation at
atmospheric pressure into 98% purity using a reflux ratio of 1.2 times the minimum value.
The feed is liquid at the boiling point. Use enthalpy balances (Table in below) to (a)
calculate the flows of liquid and vapor at the top, middle, and bottom of the column, and
compare these values with those based on constant molal overflow. (b) Estimate the
difference in the number of theoretical plates for the methods. (c) Will you need more, less,

or the same number of plates if the feed was liquid 10 ° C below the bp?



Specific heat at constant
pressure, cal/g mol - “C

Enthalpy of Boiling pess
Component vaporization, cal/g mol Liquid Vapor C
Benzene 7.360 3 23 80
Toluene 7.960 40 33 110
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3. A countercurrent extraction plant is used to extract acetone (A) from its mixture with water

by means of methyl isobutyl ketone
(MIK) at a temperature of 25° C. The
feed consists of 40% acetone and
water. Pure solvent equal in mass to
the feed is used as the extracting
liquid. How many ideal stages are
needed to extract 99% of the acetone
fed? What is the extract composition

after removal of the solvent?
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4. Explain graphically how L, V, T, and P will change across the plates within the
continuous distillation column having a reflux ratio 1.2 times larger than the
minimum value. Assume that (1) the feed is liquid mixture at its boiling point, (2)
the relative volatility stays constant throughout the operation, and (3) the
equilibrium curve is steeper than the operating lines. In terms of relative (%)
changes, which variable do you expect to change the least and/or most?
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5. Explain why in the Rayleigh equation, the amount change in the vapor phase is
calculated by “y dn”.
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