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SUMMARY

Diffusion in liquids determines the rate of mass transfer in many processes, both natural and
industrial. In liquid-liquid extraction for example. This thesis culminates in a mass transfer
model using the Maxwell-Stefan equations to describe liquid-liquid batch extraction. This
process necessarily involves strongly non-ideal liquid mixtures, and diffusion in such mixtures
is the thread of this thesis. After the first two introductory chapters (a general and a technical
one), a few matters concerning the Taylor dispersion method for the determination of diffusion
coefficients are discussed in chapters 3 and 4. Then, in chapter 5, the behaviour of diffusivities
in demixing mixtures is investigated. In chapter 6 the model for liquid-liquid batch extraction
is developed, which is subsequently applied in chapter 7 to systems in which emulsification is
known to occur during extraction.

A problem in multicomponent diffusion is obtaining the diffusion coefficients. One of the
instruments that allow routine measurements in liquids is the Taylor capillary. This capillary
usually is some 20 m long, and therefore it is usually coiled. In chapter 3 the effects of coiling
on the accuracy of the measurements is investigated theoretically. In a few extreme cases, it
turns out that small coil diameters can introduce large errors. In those cases it is necessary to
reduce the flow drastically.

The Taylor dispersion method requires very sensitive and accurate composition measurement
of the eluent flow. For a ternary mixture, it is commonly thought that two components have to
be monitored simultaneously, which makes the method more difficult to use. Yet, in chapter 3
it is theoretically proven that it is possible to obtain multicomponent diffusivities by
monitoring only one composition. The price that must be paid is that at least two experiments
are needed for one set of ternary diffusivities.

The theory of the Taylor method assumes that the diffusivities and the total concentration of
the mixture do not depend on composition. In reality such mixtures are rare. In chapter 4
numerical simulations show that effects of composition variations are usually small, and that
quite large concentration differences between the tracer pulse and the eluent liquid can be
applied.

Liquid-liquid extraction usually involves diffusion in mixtures with compositions near a
demixing boundary. There are indications that the diffusivities might behave differently in such
mixtures. These are based on diffusion measurements near consolute points in binary mixtures.
Such consolute points are, in a way, analogues for the spinodal curve. To see whether
diffusivities really misbehave, the data are re-examined in chapter 5. It turns out to be difficult
to obtain accurate thermodynamic data of the mixtures near the consolute point. Nevertheless,
no evidence is found of serious anomalies in the behaviour of the diffusion coefficients near
the consolute point, but unambiguous proof that they behave normally cannot be given either.
This means that there is no reason not to use the usual mass transfer equations for describing
liquid-liquid (batch) extraction.
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In chapter 6 a model is developed for a stirred ternary batch extractor with a flat liquid-liquid
interface. Important parts of the model are the thermodynamic equilibria used and the two mass
transfer ‘films’ on either side of the interface. This type of model turns out to be very sensitive
to thermodynamic and mass transfer parameters. Numerical stability and accuracy are also a
problem. A good description of experiments from literature could only be obtained after
optimising the model parameters.

During the extraction in certain mixtures, such as water-caprolactam-benzene, an emulsion can
form in one of the phases. A possible explanation is that the multicomponent mass transfer
drives the system into the liquid-liquid demixing zone. The extraction model of chapter 6 is
used in chapter 7 to see whether this might be the case. The model can yield composition paths
passing through the demixing zone, but only for rather improbable values of the model
parameters. This strongly indicates that other processes must play a role in the formation of the
emulsion.

A good model of liquid-liquid extraction will undoubtedly need a proper multicomponent
model of the mass transfer in the extractor. This thesis shows how such models can be set up
and used. It also shows many problems related to obtaining model parameters and doing model
calculations. Finally, it contains indications that also other parts of liquid-liquid extraction
theory such as thermodynamics, the behaviour of interfaces and the two-phase flow in
equipment need to be improved.
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