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Design 1:
Rectification of a Heptane—Ethyl Benzene Mixture. A saturated liquid feed of 200 mol/h / - =
at the boiling point containing 42 mol % heptane and 58% ethylbenzene is to be fractionated \: = 0200 WOl [/1 / X b = O ML, XE - O) 52
at 101.32 kPa abs to give a distillate containing 97 mol % heptane and a bottom containing
1.1 mol % heptane. The reflux ratio used is 2.5: 1. Calculate the mol/h distillate, mol/h P: ]O I 32 lPor
bottoms, theoretical number of trays, and the feed tray number. Equilibrium data are given
below at 101.32 kPa abs pressure for the mole fraction n-heptane xx and yu: K— o 2 5
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@) Derive a general equation for Vo as a function of F, R = L/D, and g for the case of
constant molar flows.
(i)  Find the energy consumption Q (heat to the reboiler) given that the heat of
vaporization at the normal boiling point (1 atm) is 31.8 kJ/mol for heptane and 35.6
kJ/mol for ethylbenzene.
(iii)  Compute the minimum number of stages and the minimum reflux ratio and boil-up
(Rmin, Vinin).
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Design 2:

To save energy, consider another design where the reflux ratio is reduced to R = 1.2Rmin. Show
that this corresponds approximately to ¥ = 1.1Vminin this case. How many stages are required,
and what is the energy consumption in this case? Compare and discuss the two designs.

Note: There are several ways to “start” the staircase when drawing the McCabe-Thiele
diagram. In this case, when you are to design the column with both product compositions given,
you are recommended to start at the top and go down to where the operating lines cross and
then start from the bottom and go up to where the operating lines cross. You will then get a
non-integer number of stages in each section.
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An enriching tower is fed 100 kg mol/h of a d vapor feed containing 40 mol %
benzene (A) and 60 mol % toluene (B) at 101.32 kPa abs. The distillate is to contain 90 mol F - l@@
% benzene. The reflux ratio is set at 4.0: 1.
a) Calculate the kg mol/h distillate D and bottoms W and their compositions. X; = © }u
b) Calculate the number of theoretical plates required.
c) What is the distillate composition if the feed composition drops to x~= 0.30 (benzene) X§ = O ] 6

with the same reflux ratio and the same number of stages?

Comment: Note that a batch distillation column (like in the lab) behaves like an enriching D _
column if we assume small holdups so that we have a steady-state in the column part. The X A O) 0]
“feed” is the vapor that leaves the boiler, and the bottom is returned to the boiler — but note that

in a batch column, the fraction of light component in the feed” drops as time goes because we R s (J,

remove light component in the distillate (top product).
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