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Fig. 1 Liquid-liquid extraction and column
separation

Liquid-liquid extraction and column separation are
complementary to each other concerning their
advantages and disadvantages.
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Fig. 2 Conventional liquid-liquid extraction
apparatuses

The mixersettler, pulse column,spray column, and
centrifugal extractor are shown as representative
conventional liquid-liquid extractors.
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Fig. 3 Structure of emulsion-flow apparatus of the
counter current type

An aqueous phase introduced through an upper
nozzle head into an organic phase is treated in the
mixing part, and then discharged, while an organic
phase introduced through a lower nozzle head into
an aqueous phase is circulated within the apparatus.
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Fig. 4 Desktop-type emulsion-flow apparatus

The apparatus is prepared by setting an aqueous phase and an organic phase, and then switching to be in operation.
The upper and lower phase-separating parts in operation are zoomed to show their appearance more clearly.

Micro-porous nozzle head
Mixing of two liquid phases
Into an emulsion

Oil droplets with size homogeneity

Water droplets

Passing downward Qil droplets

passing upward

Separation of aqueous phase  Separation of organic phase

Fig. 5 Mechanism of emulsion-flow apparatus

Two liquid phases are mixed by spraying micrometer-
sized droplets of an organic phase into a counter-
current aqueous phase to reach an emulsion by only
solution sending. Meanwhile,at the same time, the
emulsion produced in the mixing part disappears
rapidly and perfectly by drastically changing the cross-
section where liquid droplets pass through to phase-
separating parts.
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Flow rate = 2.4 L/hr.

Apparently similar mixing condition
Impeller rotation speed = 1200 rpm

with comparable Yb(lll) extractabilities

Fig. 6 Comparison of the processing speed between
EF and MS

The processing speed of an emulsion-flow (EF) is at
least 13-times higher than that of a mixer-settler (MS)
having the same volume (= 1.1 L).
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Fig. 7 Comparison of the phaseseparating ability
between EF and MS

The phase-separating ability of an emulsion-flow (EF)
is much higher than that of a mixer-setter (MS) of the
same volume,which is very clearly seen by comparing
the non-operating condition and that of the operating
condition between the two apparatuses.
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Fig. 8 Comparison of extraction ability (extractability of Yb(III), %) between EF and MS

The extractability of the Yb(III) by using a single current type emulsion-flow (EF) and that by using a mixer-settler

(MS) of the same size are compared (left figure).

Also, a counter current-type EF (improved version) and the

single current-type EF (early type) are compared (right figures).
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Fig. 9 Difference in emulsion characteristics

The characteristics of an emulsion produced by
spraying droplets are different from those of an
emulsion produced by mechanical agitation. The
former is nearly monodispersed and the latter is
polydispersed.
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Fig. 10 Comparison among emulsion-flow and conventional apparatuses

The cost, extraction efficiency, and processing speed are compared among emulsion-flow and conventional
apparatuses (mixer-settler, pulse column, spray column, and centrifugal extractor).
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Fig. 11 Pilot plant of nickel recovery from
wastewater

This picture shows a pilot plant for recovering nickel

from wastewater of electroless nickel plating in Japan
Kanigen Co., Ltd.

Fig. 12  Pilot plant of recovering rare-earth elements

This picture shows a pilot plant for recovering rare-
earth elements from neodymium magnet scraps in
CMC Technology Development Co., Ltd.
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Fig. 13  Pilot plant of recovering rare-earth elements

This picture shows a pilot plant for recovering rare-
earth elements from optical glass scraps in Asaka
Riken Co., Ltd.
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Fig. 14  Purification of aqueous paint wastewater

Treatment

Almost 100 % of pigment particles suspended in the
wastewater are removed by their aggregation onto a
liquid-liquid interface; about 90 % of surfactants
dissolved in the wastewater are also removed by liquid-
liquid extraction.
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Fig. 15  Verification test of uranium removal

This is an apparatus for verification tests of uranium
removal from a decontamination wastewater in
Ningyo-toge Environmental Engineering Center,
JAEA. Almost 100 % of uranium is removed from
the wastewater, and suspended solid components are
also removed.
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A new liquid-liquid extraction method, called the “emulsion-flow” method, has recently been
developed at Japan Atomic Energy Agency (JAEA). The emulsion-flow method, where low
cost, simplicity, high efficiency, compactness, safety, and eco-friendly go together, has attracted
attention, and has been expected to bring innovation to liquid-liquid extraction technologies.
An apparatus based on the emulsion-flow method can actualize very efficient liquid-liquid
extraction with its high two-phase mixing ability to an emulsion by spraying micrometer-sized
oil droplets into a counter-current aqueous solution by only solution sending. ~Meanwhile, at
the same time, the emulsion produced in the apparatus disappears rapidly and perfectly by
drastically changing the cross-section where liquid droplets pass through in its vessel structure.
Such a rapid and perfect phase separation can realize a high processing speed with a small-
sized apparatus. Compared with conventional industrial apparatuses, an emulsion-flow
apparatus successfully combines the lowest cost superior to a spray column and the highest
performance (the highest efficiency and the highest processing speed) comparable to a
centrifugal extractor. Furthermore, the emulsion-flow method can also be used for collecting
particulate components by utilizing their aggregation onto a liquid-liquid interface and for
purifying water polluted by oil with its remarkable phase-separating ability.

Keywords: emulsion-flow method; liquid-liquid extraction; extraction apparatus.



