CE 407 Naotes
Binarv distillation nearly pure products examples

Example ) ) o
1(a) Example. 120 mol/h of a feed solution with compaosition 65 mole percent benzene, 35 mole

percent toluene is to be fractionated to produce distillate with toluene mole fraction equal
to 0.0006 and bottom product with benzene mole fraction equal to 0.02. At a reflux ratio
R =20, and assuming ideal stages, how many stages will be required if the feed enters as
saturated liquid and a total condenser 1s used?

Partial solution. The operating line for the rectifying section is given by

R o

Yntl = R+lf S = (L6E666T T, + 0.333133

(since rp = 0.9994 and R = 2.0). Two points on the equlibrium curve are (z,y) = (1,1)
{obvious) and (x,y) = (0.90, 0.96). These correspond to the linear relation

y = 0.40z + 0.60,

which approximates the pure-benzene end of the equilibrium curve.
To reach the cross-section where Ty = 13, = 0.9 one would set

Yo = Ip= 0.9994,

Yy = y(r.) = 040z, + 0.60 = 0.99976,

= uns1 — 0.66666T oy + 0.333133 — 0.933133,
W = ylz) =096

Then

1,:,5 (‘i"b_L) (Qgsa133-096 |
=

050133 0.0004
log (ﬁ) 1':"5': 00,060, B00TH

= 8.4.

Thus, one could start stepping from the point on the operating line where = = 0.9, keeping
in mind that at the very end one must add 8.4 trays to the total from the graph.

Example
1(h) Example. 120 mol/h of a feed solution with compesition 65 mole percent benzene, 35 mole

percent toluene is to be fractionated to produce distillate with toluene mole fraction equal
to 0.0006 and bottom product with benzene mole fraction equal to 0.02. At a reflux ratio
K = 2.0, and assuming a Murphree efficiency of 60 percent for all stages, how many stages
will be required if the feed enters as saturated liquid and a total condenser 1s used?

Partial solution. Same as above, except now effective equilibrinm values have to be used:

vl = ya + 060 (3 — y.) = 0.0994 + 0.60(0.99976 — 0.0094) — 0.099616,
v = u+0.60 (y7 — ) = 0.933133 + 0.60(0.96 — 0.933133) — 0.940253.

Then
v log (MLJ g (Bss3133-_g0umms) s
+ - . = o - -
log (f&g—,) log ( goamEs—vumes)

Thus, one could start stepping from the point on the operating line where © = (0.9, keeping
in mind that at the very end one must add 15.7 trays to the total from the graph.
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Example 2

Example. An 80 mol/h feed stream with composition 45 mole % methanol
(“light” ), 55 mole % water { “heavy” ) is to be separated by continuous distilla-
tion in a sieve-plate column fitted with with a total condenser. The distillate
should have methanol mole fraction equal to 0.9999 and the bottom product
should have water mole fraction equal to 0.98. Feed eners as saturated liquid.
All plates have Murphree efficiencies equal to 0.67. If the reflux ratio used is
1.5 times the minimum, how many plates will be required? Equilibrium data
are given in the following table. Use the absorption factor method (Kremser
equation; either one of Eqs. (20.24) or (20.27)) for z = 0.7, and the graphical
meCabe-Thiele method for = < 0.7.

Vapor-liquid equilibrium data for methanol-water mixtures at atmospheric
Pressure

T y

0.0 0.000
0.1 0.417
0.2 0.579
0.3 0.669
0.4 0.720
0.5 0.780
0.6  0.825
0.7 0.871
0.8 0.915
0.0  0.950

1.0 1.000
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