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FIGURE 5. Single stage extraction with simple LLE
system.

A single stage calculation of the extraction by a
pure solvent of a solute from a mixture with only the
diluent is shown in Figure 5. The value of the parti-
tion coefficient used in this example is K=1.5. When
written in terms of mass fractions rather than solute
ratios, the equilibrium relationship is no longer in
linear form. Substituting Eqgs. (25) and (26) in the
equilibrium relationship Y = KX gives the revised
form of the equation

{%} - K{ﬁ} (27)

Students are encouraged to derive the inverse
lever arm rule from the material balances and to
apply the rule to the single stage calculation. Analy-
ses of cross- and counter-current extractions, includ-
ing minimum solvent-to-feed ratio, can also be stud-
ied using the system shown in Figure 5. However, at
this point in the first-year course, students would be
expected to be using real chemical systems in which
either one pair or two pairs of the three components
are partially miscible, and the corresponding graphs
110

would show the extract and raffinate loci not to be
the sides of the triangle.

CONCLUSION

A simple liquid-liquid equilibrium system involv-
ing a constant partition coefficient, which is based
on solute ratios, is used to develop an understanding
of multistage contacting in the first-year separation
processes course of BEng degrees at Bath. The alge-
braic solutions are used to demonstrate the advan-
tage of counter-current operation over cross-current
operation, to demonstrate the effectiveness of split-
ting the solvent in cross-current operation, and to
demonstrate the problem of minimum solvent-to-
feed flow ratio in counter-current operation.

NOTATION
F = mass flowrate of diluent in feedstock
K = distribution or partition coefficient expressed in
mass ratio units
N = number of stages in solvent extraction battery
r = parameter defined by Eq. (4)
S = mass flowrate of pure solvent
x = mass fraction of solute (in feed or raffinate)
X = mass of solute per unit mass of diluent
y = mass fraction of solute (in extract)
Y = mass of solute per unit mass of solvent
Subscripts
f = feed

= phase leaving stage n

n
N = phase leaving stage N
1 = phase leaving stage 1
2

phase leaving stage 2 O
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