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Foreword

The Working Party on "Distillation, Absorption and Extraction” is one of
the working parties set up by the European Federation of Chemical
Engineering, a non-profit making association of technical and scientific
societies which are active in the field of Chemical Eng1neer1ng, Chemical
Technology and Process Engineering.

The main activity of the Working Party on "Distillation, Absorption
and Extraction" is directed towards organising informal discussion
meetings on subjects within its terms of reference; occasionally,

the Working Party also participates in large international conferences,
e.g. the International Symposium on Distillation 1969 and the coming

. similar event of 1979.

Progress in the field of separation techniques and equipment very much
depends on experimental investigations. During the Working Party's
discussion meetings, it was soon concluded that the situation with
respect to the use of test mixtures for determination of the performance
of equipment was less than satisfactory. As a consequence, the decision
was made to attempt to standardise test mixtures for distillation columms.
As a result of a joint effort, the manual "Recommended Test Mixtures for
Distillation Columns' was issued in 1969. This latter work mainly
collates data from the literature and presents the information required
for description of some ten test mixtures.

Following publication of the distillation manual, standardisation of test
mixtures for liquid-liquid extraction studies was initiated. A Sub-
Committee of the Working Party was set up in 1972 with Dr. T. Misek
(Czechoslovakia) as the Chairman, and Dr. H.W. Brandt (West Germany) and
Professor C. Hanson (Great Britain) as members.

The situation regarding the proper choice of system for liquid-liquid
extraction studies was found to be even more confusing than that for
distillation. Literature data on equilibria and physical properties
were conflicting; thus indicating the need for experimental verification
and completion of relevant physical data. After due consideration, the
Sub-Committee selected three test mixtures for closer investigation.

It is most gratifying that the Sub-Committee was able to secure the
co-operation of Universities and Industrial labordtories for determination
of the necessary data. A list of the participating individuals and
organisations is presented in the introduction by the Chairman of the
Sub-Committee, Dr. T. Misek. The introduction also describes the
general principles upon which the work performed was based.

The preparatory work of data collection took considerably more time than
orlglnally planned and the collation of these data also proved to be
time-consuming. Now that the work is complete, the Working Party is
very pleased to present with this manual "Recommended Systems for Liquid
Extraction Stud1es", the results of the study to which so many people
contributed in various ways.

Special thanks have to be extended to Dr. T. Misek and the other members
of the Sub-Committee for their enthusiasm and perserverance in
completing this project.



I would also like to gratefully acknowledge the contribution of Ing. L.
?trnadova, Ing. D. Stangl, and .their co-workers who assisted Dr. Migek’
in assembling and treating the experimental data and in the preparation
of the manual,

OCTOBER 1977 Professor F.J. Zuiderweg

Chairman of the Working Party on
Distillation, Absorption and
Extraction




PREFACE TO THE FIRST EDITION

The period of the last three decades has been characterized
not only by rapid development in the use of liquid extrac-
tion in industry but also by associated progress in research
and development of extraction equipment, processes and the
behaviour of two-phase liquid systems in general.

For all these purposes, it was necessary to perform experi-
mental work using different liquid systems the number of
which is stil11 growing. Many systems have been employed,
chosen according to the specific objectives of particular
studies, availability at the time or other random effects.
In addition to their composition, the systems used have been
defined by some of their thermodynamic and physical proper-
ties. These have served as a starting point for the quanti-
tative description of the effects of these properties on the
phenomena studied in two-phase liquid systems.

However, it has become apparent that this approach has se-
rious drawbacks. Thus physical and thermodynamic properties
chosen are not able to define completely the systems used;
systematic errors and deviations are often introduced in
their measurement, while formerly unknown property effects
and phenomena are revealed at later stages making the re-
search work performed with different systems uncomparable or
even useless. When testing extraction equipment, the use of
different .systems leads necessarily to different results and
to conclusions that may not be generally justified.

The recommendation of using only a few selected systems in
liquid extraction studies is aimed at providing a comparable
basis for these studies, and at achieving deeper knowledge
of these systems, so that the above disadvantages can be
avoided. Thus, in addition to testing extraction equipment
in the laboratory and pilot plant, the recommended systems
should also be used for studying the basic components of the
extraction processes, e.g. formation and motion of drops,
transfer of heat and mass, coalescence, interphase phenome-
na, etc. Hopefully, the work of different authors could then
become comparable and the explanation of anomalous phenome-
na, deviations and strange behaviour will be possible.

The Sub-Committee of the Working Party faced a difficult
task in selecting the systems which should be considered and
eventually recommended for general use after thorough in-
vestigation. The selection necessarily involved compromises
and the systems chosen for this study are not ideal. How-
ever, they can undoubtedly meet the objective and are sup-
ported by the experience of the principal institutions dea-
ling with liquid extraction in Europe, the data in the lite-
rature and the results of the contributors obtained during
this project.
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T?e following systems were chosen for thorough investiga-
tion:

1. toluene - water - acetone
2. n-butanol - water - succinic acid
3. methyl isobutyl ketone - water - acetic acid.

For practical reasons they are all aqueous but they do dif-
fer in the most significant physical property for two-phase
1iquid systems - interfacial tension. Systems (1) and (2)
are characterized by distribution coefficients approaching
unity and constant over a wide concentration range. They may
be assumed to involve physical extraction in contrast to
System (3) which, while being widely used in practice, show
some anomalous behaviour. System (1) represents an essen-
tially immiscible basic binary system, whereas in Systems
(2) and (3) the basic binaries are mutually soluble. The
characters of Systems (1) and (3) provide very different
wettability of different solids by both phases, whereas in
System (2) these differences are smaller. Analysis of all
the systems chosen is simple; the results are reproducible
and all the systems consist of easily available raw mate-
rials.

These arbitrarily chosen characteristics of the selected
systems do not mean that it would be impossible to find
other suitable or even more suitable systems. However,
selection, description and introduction into practice would
present difficulties which cannot easily be overcome at the
present time.

This publication presents results of the work of a wide
group of authors and is aimed at engineers as well as scien-
tists dealing with extraction systems. Hence, an arrangement
was accepted which makes possible utilisation of the data
measured either for technical purposes in the form of a
smoothed analytical function or in the original form for
deeper studies. For the most part, the data have been measu-
red by two or more contributors, using different methods and
raw materials from different sources. The authors believe
that this published set of data will encourage the search
for a deeper interpretation on a physico-chemical basis.

The information on fire and safety properties and the be-
haviour of selected systems has been included for guidance
only; the reader should check the appropriate national regu-
lations, the observance of which is obligatory.

The text of the work has been kept as brief as possible.
More detailed data on the measurements can be obtained from
individual authors, whose names and addresses are presented.

October 1977

Ing. T. M{Sek, DrSc.

Chairman of the Working Party
Sub-Committee
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