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7.2 Liquid Equilibria 385

There are some other applications of liquid-liquid extraction where it
seems uniquely qualified as a separation technique. Many pharmaceutical products
(e. g., penicillin) are produced in mixtures so complex that only liquid-liquid extrac-
tion is a feasible separation process (Seader and Henley, 1998).

In all such operations, the solution which is to be extracted is called the
Jfeed, and the liquid with which it is contacted is the solvent. The solvent-rich prod-
uct of the operation is called the extract, and the residual liquid from which solute
has been removed is the raffinate (Treybal, 1980).

7.2 LIQUID EQUILIBRIA

Your objectives in studying this section are to be able to:

1. Plot extraction equilibrium data on equilateral- and right-triangular dia-
grams.
2. Explain the difference between type I and type II extraction equilibrium
- behavior. .
3. Find the saturated extract, saturated raffinate, and conjugate lines on a
right-triangular diagram.

Extraction involves the use of systems composed of at least three substances,
and although for the most part the insoluble phases are chemically very different,
generally all three components appear at least to some extent in both phases. A num-
ber of different phase diagrams and computational techniques have been devised to
determine the equilibrium compositions in ternary mixtures. In what follows, A and
B are pure, substantially insoluble liquids, and C is the distributed solvent. Mixtures
to be separated by extraction are composed of A and C, and B is the extracting sol-
vent.

Equilateral-triangular diagrams are extensively used in the chemical literature
to graphically describe the concentrations in ternary systems. It is the property of an
equilateral triangle that the sum of the perpendicular distances from any point within
the triangle to the three sides equals the altitude of the triangle. We can, therefore,
let the altitude represent 100 percent composition and the distances to the three sides
the percentages or fractions of the three components (refer to Figure 7.1). Each apex
of the triangle represents a pure component, as marked. The perpendicular distance
from any point such as X to the base AB represents the percentage of C in the mix-
ture at K, the distance to the base AC the percentage of B, and that to the base CB
the percentage of A. Thus the composition at point X in Figure 7.1 is 40% A, 20%
B,and 40% C.

Any point on a side of the triangle represents a binary mixture. Point D, for
example, is a binary mixture containing 80% A, 20% B. All points on the line DC
represent mixtures containing the same ratio of A to B and can be considered as
mixtures originally at D to which C has been added.
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