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DESCRIPTION

Liquid-Liquid Extraction (LLE), also known as solvent extraction
or partitioning, is a widely used technique for separating
compounds based on their relative solubility in two immiscible
liquid phases. This process is frequently employed in chemical
engineering, biochemistry, pharmaceuticals, environmental
science, and industrial applications, due to its ability to
selectively isolate and purify substances from mixtures. The
primary objective of LLE is to transfer a target compound from
one liquid phase to another, exploiting differences in the
solubility properties. Liquid-liquid

involves two immiscible liquids, typically water and an organic

compounds’ extraction
solvent, with different polarities. One phase is usually water-
based, and the other is an organic solvent, such as hexane,
chloroform, or ethyl acetate. The key to successful LLE is that
the target compounds exhibit a differential solubility in these
phases. When the mixture of liquids is agitated, the compound
of interest partitions between the two phases based on its affinity
for each solvent. The more soluble the compound is in the
solvent, the more it will move from the feed phase into the
solvent phase. The process is governed by partition coefficient,
which represents the ratio of the concentration of a substance in
one phase to its concentration in the other. For example, if a
compound has a high partition coefficient for an organic
solvent, it will largely transfer into the organic phase when the
mixture is separated. This step facilitates the transfer of the
target compound into the solvent phase. After mixing, the two
liquid phases are allowed to settle. Due to the differences in
density, they separate into distinct layers, with one phase floating
on top of the other. For example, an aqueous phase would settle
beneath an organic phase. In many cases, a single extraction is
not enough to achieve the desired purity. Therefore, multiple
extractions may be performed, often with fresh solvent added to

the feed solution after each extraction, improving the overall
yield.

This is the simplest form of liquid-liquid extraction, where the
feed solution and solvent are mixed in a single container, and
after sufficient contact, the phases are separated. Batch
extraction is ideal for small-scale operations and is often used in
laboratory experiments. In continuous extraction, the process
occurs over a longer period, with fresh solvent continuously
added to the feed solution. This process is more efficient than
batch extraction, as it maintains the extraction conditions for a
longer time, improving the overall mass transfer. This is a more
advanced form of extraction that involves flowing the two liquid
phases in opposite directions, which maximizes the efficiency of
the extraction process. The solvent should also have low toxicity,
ease of separation, and favorable physical properties. The higher
the partition coefficient of the compound between the two
solvents, the more efficiently it will transfer to the desired phase.
If the partition coefficient is low, multiple extraction steps may
be required to achieve sufficient separation. Temperature can
affect the solubility of the compound in the phases and the
viscosity of the solvents. Higher temperatures can increase the
extraction rate but might also increase the loss of volatile
compounds or degrade the solvent. Liquid-liquid extraction is a
versatile, efficient, and widely used separation technique. While
it relies on the fundamental principle of partitioning between
two immiscible liquid phases, the choice of solvent, temperature,
and process conditions can all significantly influence the
outcome. From smallscale laboratory applications to large
industrial processes, LLE continues to be a key tool in chemical
engineering, biotechnology, and many other industries. With
advancements in solvent selection, process optimization, and
miniaturized techniques like Dispersive Liquid-Liquid Micro
Extraction (DLLME), the potential for liquid-liquid extraction to
meet increasingly complex separation needs remains strong.
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