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THEORY
There are numero ethods which are used in the

hydrometallurgical fiel ction (also called liquid-liquid

extraction), liquid mem ‘ d ionexchange. These methods usually
deal with low conce dss st ams. . In a conventional solvent
extraction process, primarily limited by the
solvent-to-feed ratio at of the solute in the feed to
that in the solven p. The aqueous solution
initially containing te the organic solution (or
the solvent) is generall ._. tt € feed solution. The aqueous solution
present on the oppositeffside of the s i¢solution which is initially free
from the permeable ions ' BRI . erred to the strip solution. The

transfer of metal i0ns C hé€ organic solution depends

on extraction with & fioh is reversible; therefore,

solvent recovery W@h allows the so o be @used can be accomplished
by changing the cherm condltlons A large amount of organic solvent is

necessary ﬁﬂ;%&] ’%:%EPH mswrﬂlq PAcBlem, the use of liquid

membranes dtntaining a cam‘gzr has been proposed as an alternative to

solverﬂeﬁ lﬁ aﬁ @g f; mﬂvﬁeparatlon and
concen on o from e aqueous solu

Liquid membrane permeation, in principle, is a solvent extraction
process in which the extraction and stripping operations are performed
simultaneously. The liquid phase which acts as a selective separation layer
between the feed and the strip solutions is usually referred to the liquid
membrane. In general, the aqueous phases - feed and strip solutions - are
miscible with each other while the organic phase is immisicible with any

aqueous phases. The two aqueous phases are, therefore, separated by the
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membrane phase, this is so-called liquid membrane technology. Dissolved
in the organic solvent, the carrier picks up the ions on the feed side of the
liquid membrane and transports them by diffusion to the strip side of the
membrane. The driving force is a concentration gradient of the ion-carrier

complexes between both side Transfer in the reverse

direction from the organi e aqueous phase correspondingly

requires a shift of ch d this process is known as
“stripping.” Figure ample of the separation of
metal ions from a ommon counter transport

through a membr. the species in the organic

phase.

In the aqueo es to the liquid membrane
surface (interface i) ers forming a metal-carrier
complex which diffuses mbrane driven by the existing
concentration gradient. ii, the thermodynamic equilibrium
is shifted and thfﬁomm% i d the metal ion. One

membrane while f:& meta (] ro@h the interface ii to the

aqueous phase III. '.Thls metal ion transport works as long as protons

migrate to tlﬂ %ﬁ?zﬁmﬁ Wﬁ:ﬂ‘eﬂﬁmmr transport. The

driving force iur this coupled transport is prov1ded by the different acidities

process:l ul otrsly; namely, the

diffusion of metal-carrier complex from the feed side of the membrane to the

strip side and the back-diffusion of the proton loaded carrier.

The separation of metal ions by the liquid membrane has attracted
even greater attention. The much earlier studies by Harber and Beutner
[Majumdar and Sirkar, 1992] used a thin film of oil between two aqueous
phases. Two distinctly different techniques were adopted in later studies:

one is the immobilized liquid membrane called supported liquid membrane
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(SLM), the other is the mobilized liquid membrane called emulsion liquid

membrane (ELM) or liquid surfactant membrane (LSM).

Feed Solution Liquid Membrane Strip Solution

Aqueous Phase I Aqueous Phase III

M?2+ M2+
AHY 2H*
pH;, sz (> pHy)
Figure 3-1 Schem ﬂg CpT «' of the counter-transport
<Zmass transfer through a Hguidrmembrane.
., i}._‘
Supported liquid ﬂmbrane m

e VT WA - v i

as a support r the organic p‘hase 1ncorporat1ng the camer A supported

llqul mmmﬂ W E solid film with
an orgqnlc solvent, whic n place by capil orces that exists

within the pores. The membrane separates an aqueous phase, initially
containing the solute of interest, from another aqueous phase into which the
solute is extracted, the stripping phase, as shown in Figure 3-2. Porous
support membranes are available as flat sheet, hollow fiber, or spiral type.
Hollow fiber membranes are preferred because of their higher packing

densities, favourable hydrodynamics and other advantages.
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External Phase  Solid Membrane Stripping Phase

Membrane
Phase

Membrane
Supporter.

Figure 3-2 ScHe a Supported Liquid Membrane.

Hollow ﬁ s‘are produced by me: ans—of fx ntron bombardment and

\7 ]
subsequent etchifig yore with a very narrow
|- rJIJI

distribution of diam ters (about 0.01 to 10 pum)

polymer films of thickness

15 to 100 ﬁﬁs e of er film is 40 to 80% [Marr
and Kopp,vﬂﬁ v%él m,\ tured in such a way
that a bundle of parallel fibers' are pottedawith syntheticyresin at the front
s1desq ng}.aﬁ ﬂlﬁ WONIM’-] %WH:’-]ZQ&EI front sides, as
shown ‘in Figure 3-3. In a module the wall of the hollow fiber membranes
are impregnated with the organic solvent containing the liquid ion-
exchanger. In general, the feed solution flows through the lumen (the tube
side) of the hollow fibers and the aqueous strip solution circulates on the
shell side of the fibers. If the feed solution is passing only once through the
hollow fiber, the amount of metal recovered is not enough. The feed solution
has to be circulated continuously through the module. This recycling mode

operation can be realized in one- or multi-circuit processes.
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The organic liquid is stabilized in the pores of the microporous
membrane by capillary or surface forces and then interposed between two
aqueous solutions. At the interface between the feed solution and the

membrane, the solute is extracted into the membrane liquid, it then diffuses

side of the membrane where the

strip aqueous solution fla \ lution/membrane interface, the

solute is back-extracted : - pw Using counter-transport or

co-transport, the metals®: pecies could. also be concentrated in the

strip solution.

Outside solution

1 +—
Inside solution
IN

_’ : ) 0
Outside solution j
IN =
S e i

Figure 3-3. mSchema iC cour ercurren@ow in a hollow fiber

ﬂUﬂ’JYIWﬁWH’]ﬂ‘i

Dane51 has suggested gthat the dvantages o&lsupported liquid

e QARG TR Y ) - 0 o

capital and operating cost, (b) low energy consumption, (c) economical use

— =0

Organic phase

of expensive, tailor-made extractants and solvent because only an extremely
small quantity of membrane liquid is required for filling the pores, (d)
possibility of achieving high separation factor, (e) possibility of concentrating
the recovered species during the separation, and (f) lower maintenance costs
due to fewer moving parts [Tavlarides, Bae, and Lee, 1987]. Despite such
advantages, supported liquid membranes have not been adopted for larger

scale industrial processes. A major reason is the limited lifetime of the
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liquid membrane due to the dissolution of the organic solvent in aqueous

solutions.

Emulsion Liquid Membrane

a liquid phase involving an
emulsion configurati 104 iqmranes, also called surfactant
liquid membrane o
emulsions, i.e., water, s or oil/water/oil (O/W/O)
systems.For the W eparating the two aqueous

phases is the liquigd s \O /W /O systems, the aqueous

\\x\ two oil phases.

General Description o },-: - alsi on quid Membrane

phase is the liquid mgf

Emulsion liquid embian esd ually prepares by first forming an
emulsion between two immjsStille and then dispersing the emulsion
in a third ..___—3_

agitation for ex Thie membrane phase is the
liquid phase tha/ separates the en

4 _internal droplets in the
emulsion from ex al, continuous*phase, aashown in Figure 3-4. In
general, the internal; sencapsulatedgphase and the external, continuous

e e D) I AR YRt ot e i

with either & these two ph%ses in order to be stable Therefore, the
emulﬁrw r1 Mﬂ ﬁﬂj ﬁeﬁqﬂal Wﬂﬁ and it is O/W
type iffthe external phase is oil. To maintain inte ay of the emulsion
during the extraction process, the membrane phase generally contains some
surfactant and additive as stabilizing agents, and it also contains a base

material that is a solvent for all the other ingredients.

Typically, the encapsulated, internal droplets in the emulsion are 1 to
3 um in diameter to provide a good emulsion stability for emulsion liquid
membrane extraction. When the emulsion is dispersed by agitation in the

external phase during the extraction process, many small globules of the
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emulsion are formed. The size of the globules depends on the
characteristics and concentration of the surfactant in the emulsion, the
viscosity of the emulsion, and the intensity and mode of mixing. Usually the
globules size is controlled in the range of 100 to 2000 pm in diameter.

Thus, a very large number of emulsion globules can be formed easily to

produced a very large ma ansfe adjacent to the external phase.
Each emulsion globules contai 3 pm internal droplets. Thus,
the internal mass transfer ace ar@y 106 m2/m3, is even much

larger than the externgisfil a€S/itdnis .. ¢ area. Therefore, a rapid mass

transfer in the emulsi f ess can occur from either the

Internal Phase

A TTEETTEa U959

Figure 3-4. Schematic of an Emulsion Liquid Membrane System.

Separation of mixtures can be achievable by selective diffusion
component through the membrane phase into the receiving phase of lower
equivalent concentration. Surfactant and additive included in the

membrane phase can control the selectivity and permeability of the
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membrane. An individual component can be trapped and concentrated in
the internal phase for later disposal or recovery. Once separation is
achieved, the emulsion and external phases are separated, usually by
settling as in conventional solvent extraction. The extracted component can

be recovered from “loaded” internal phase of the emulsion by breaking the

emulsion, usually by

Zhang,1988; Marr, Bart an From breaking the emulsion,

ectrostatlc coalescer(Wang and
the membrane phase ecycled to emulsification step
for the preparation ¢ *:- a_regenerated or fresh reagent

phase.

ofiSolvent Extraction

Liquid Memk
\ echnology which has found

Liquid-liquid ¢
wide application in This has mainly involved

organic/aqueous syste aqueous-aqueous extraction is

S e Ny : TR,
becoming more widespreads This-operation relies on the partitioning of the
. , J‘.-’f'.r".ﬂ,af-r : .
required solute betweem@am aguepus? ganic_phase. The equilibrium

governing this phfnemenon—caii— m""ﬁ-‘-?‘ ans of the distribution

coefficient, D+ — m

(3-1)

ane . s IEL mﬂmm SI U T et octvent phase

which is usually an organic liduid. C; isshe concentration in the aqueous
produ mm&m Bt i et iodoih  breanic sotvent,
the pha es are separated and the solute is usually re-extracted or stripped

back into an aqueous phase.

An analogy may be drawn between emulsion liquid membrane
extraction and solvent extraction (del Cerro and Boey, 1988). The emulsion
phase can be considered to be an extracting solvent phase. Extraction and
stripping occur simultaneously on both sides of the membrane and under

non-equilibrium conditions.
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In solvent extraction, the value 6f K.i can be increased by alteration of
conditions such as pH, or by the introduction of an extractant into the
organic phase, with increases the solute solubility in the organic phase
(Likidis and Schugerl, 1987). These improvements in solvent extraction can

be applied to liquid membrane extraction, to enhance extraction efficiency

eral advantages over solvent
“m\gh specific interfacial areas

are available for dparat , fast. As only one extraction

and improve selectivity.

Liquid membr ‘

extraction. As the li

stage is required, ion there is a reduction in

equipment and so ireme; I. obvious disadvantages of

Principles of Se ation. T

A
In a liquid membr Wv nass transfer occurs in all three
phases. In the e « i ef across the interface with

the membrane, ‘5" C Se h FAple phase. At the interface
with the internal }%se the solute transfer inﬁ the small droplets of the
internal phase. Any geaction at this, interface is usually assumed to be

oo Tt B2 8 A A e of e s

droplets, so %t is unlikely t?at mass transfer will be limited by the

solutﬂ'm m m Wﬁw @‘u&x]ed above, the
membrane phase confers selec 1v1ty on Mmembrané processes and

consequently the mechanism of solute transport across this phase is of
prime importance. There are two principle modes of transport across the

membrane phase (Matulevicius and Li, 1975; Chan and Lee, 1984).

Unfacilitated Transport
This is the simplest case of solute transport through the
membrane phase and is a diffusion process. The solute is initially in the

bulk of the external phase and diffuses to the interface with the membrane
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phase. Here it partitions into the membrane and diffuses across to the
interface with the internal phase into which it partitions, the driving force
for transport is the chemical potential difference in the solute across the

membrane phase.

The driving force ¢ e manipulated by the inclusion in the

internal phase a chemical reagent : eacts with the solute. This has a
two-fold effect; first, ifferent chemical form which if it
is in soluble in the -diffuse. Second, because
the solute is now i ation of the transportable
species in the inte nd hence the concentration

gradient is maximiz

Thein afacilitated transport is only

applicable to unchar pecies will be insoluble in the

non-polar membrane s

ANIONS

Ur@%tﬁ*‘%?ff%:ﬁrﬁfu 919 ?ﬁ%"‘fﬁpﬁévrt

Figure 3-5. Schematic of two facilitated mechanism:
(a) Type I facilitation and
(b) Type II facilitation.

Facilitated transport
This form of transport is of greater importance in any potential

liquid membrane separation. Its application is for membrane-insoluble
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materials, such as charged species, e.g. metal ions, organic acids and
zwitterions. By introducing a ‘carrier’ molecules into the membrane phase,
the solute solubility is increased by the reversible formation of a membrane-

solute carrier-solute complex. This results in faster mass transfer rates,

be insoluble in water and must
be also be specific for thesselut , interest: 2 he solute is transport across
the membrane by

1987).

s follows(Lobarch and Marr,

1. At e: ei‘nal phase and membrane

phase the solute omplex HR, to form the
complex MR,, and phase. This complex is
insoluble in either aqu€ous .' 561 Q > in the membrane phase.

2. 'The ' ex (MR2) diffuses across the
membrane to the interface ' ¢ An al phase.

occurs, brought 2o

higher concentraticE of a cou

bhase the reverse reaction
B < uilibrinm die fo the
D th%nternal phase. Hence the
solute M2* is releasedgnto the internal, phase reagent.

DT —

counter-ion c8mplex HR, Wh1c£; then dlffuses back through the membrane

o RN TU NIV TITR T g comoiene

the progess.

Although Lobarch and Marr(1987) state that the driving force
of the difference between the activities of the counter-ion in the internal and

external phase, it is more process is known as counter transport (Figure

3-6).
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Emulsion
|

I

Aqueous Phase
M2

External Phase

H+

Figure 3-6. Schema 2o Co ransport of Solute M2+ by Carrier
HR. | :
v; .Fi-' facilitated transport is
known as co-trans i rt (Fig ST ,j acterized by the carrier (C)

d

reacting reversibly yxth the solute A, and a second species B, and

I L) nawm: ri‘“dleciififil;i‘ff
RN TUNMINGINY

Brocess Considerations
An emulsion liquid membrane process includes three steps
1) emulsification
2) dispersion/extraction/settling

3) demulsification ( breaking of emulsion )
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Emulsion
I

l

Aqueous Phase

External Phase
A

Figure 3-7. Sc f Solute A and B by the

Carrier C.
Emulsification’/>=< Adie it
Membrgie Fei
Fmulsion liquid membr: _----m—»-_:‘- 1 be "tailor made" to
meet the requirem ts ,“arid thus they can offer

versatile processes “; able of separating a wide 4 ange of liquid mixtures.
p

On the other Iﬁ th1§\ﬁsat1hty sométimes brings about difficulties in the

Lactbraitebh V| lobee T dogropriste mermbrane

formulation for particular separation tas is often quite complex. For

oG T BRIV 1) B e o

a surfactint to stabilize the primary emulsion. No extractant is needed for

design of me

unfacilitate transport because the solute transport across the membrane is
accomplished through its physical solubility and then diffusion in this
membrane. However, for facilitation transport, an extractant and its
associated stripping agent must be incorporate into the membrane and
internal phase, respectively, in order to achieve a coupled

extraction/stripping process.
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Extractants/ Stripping Agents.
When choosing extractants, the selected extractant and
its complex must be soluble in the membrane phase, but insoluble in the

external and internal phase. Precipitates are also not allowed to form either

Waces. Otherwise, the membrane

w the extractant/stripping
-...L d kinetic considerations.

within the membrane or at

process will fail.

agent system is based

Thermodynamically, - d favor the distribution of

the solute from the exte > o e phase.

ion, exists under which the

lle solvent extraction cannot.

A solvent extraction proce o> - distribution ratio for extraction so

as to increase the extractiem—abilit he non-equilibrium feature of

emulsion liquid membrane§ 4l ed extractant to have a lower

distribution ratio forextraction-than-seiventexiraet

W, X i

e

Iﬂetically, The selected extrﬁtant and stripping agent
should usuallryéTd'ublt fastreactions fofboth extraction and stripping . But

ddb Aol ERMI I Mehed invertaciat arca for

stripping than at for extractiong and emulsion liquid memprane process is

capable‘af ﬁﬂg&f@ ﬁ i ﬁ%hgd ﬁ "1’} ﬂ&}&ﬂaﬁ:&l}.as relatively

fast extrdttion kinetics but the stripping agent has extremely low stripping

it is interesti

kinetics.

The classification is based on the type of extractants.
There are three principal groups which can be identified. These are acidic
extractants, the basic extractants, and the solvating extractants. Although
most extractants were identified, there is a great deal of effort to produce

new reagents.
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Acidic Extractants. This class of extractants can be
further divided into two subclasses, namely acidic extractants and chelating
extractants. The former are those having reactive groups such as -COOH, >
P(O)OH, -SOszH, while the latter are those which chelate with metals. Metal

cations can react with organic acids and acidic chelating agents to form

M* + nRH < MR, (3-2)

Here the overbar deno PECIES 1 s orgamic phase. The above equation
describes a cation exchamgc fea ; ogen ions are exchanged
| metal ions depends on the
‘ n of the metal ions will

1dic type which have been
found useful, or promisi tants in commercial operations
are organic derivatiyes of phéspl d monocarboxylic acids. Of
these, alkylphosphez '
di-2-ethylhexyl phos

the use of D2EHPA+~In solvent extraction proeessing are its chemical

stability; gene ﬁ ?j ﬁm ﬁiﬁ fl ding and stripping
characteristics ﬁ 1i H E‘Lﬁ ﬁ versatility in the
extraction of many metals incldding uranium, cobalt, @nd nickel, rare

carths, Qd%’%dﬁﬁﬁ@%&i%’ﬁ%ﬁﬁ%

Chelating extractants are those which contain donor

—s?—evz—:“'l—'%‘i‘h"‘ st versatile, especially
ﬁp'. ticular advantages of

groups capable of forming bidentate complexes with metal ions.
Commercially available chelating extractants are, at present, limited to two
types: (a) a series of substituted 2-hydroxy benzophenone oximes produced
by Henkel Corporation (General Mill Inc.) under the name LIX reagents, the
Acorga reagents by Imperial Chemical, and the SME extractants of Shell
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Chemical; and (b) the substituted 8-hydroxyquinoline produced by Sherex
(Ashland Chemical Company) and marketed under the name Kelex. The
general properties and extraction mechanism of these acid extractants have
been reviewed by Ashbrook, Flett, Danesi, Whewell, Hudson, Preston and
Ritcey et al. and will not be repeated here.

c extractants (anion exchangers)

are organic reagents whic asil ;a.lt while in contact with an

ex 1a1%extractlon processing basic

 ‘and M aternary ammonium halides.

aqueous acid solution.
extractants are limite
) \\ imary (RNH:2), secondary
(R2NR), tertiary (Rs Uz : momum salts (R4N*). The

Process have been d
usefulness of ami considered to depend
essentially on the a anionic species in the
aqueous phase, whic es in an anion-exchange

process:

MY ™" (3-3)

In order to achie = first converted to the

appropnate amine sa to provide an anion to exchénge with metal species:

Rmﬂummmwmm
W@iﬁ ﬂmmmmm i

solution containing an ionic metal species, MYn, exchanges occur like
equation (3-3). Thus the amine salt should be considered as being the
extracting agent and not the free amine. One important factor influencing
the extraction of metals by amines is the aggregation of the amine in the
organic phase, which depends on the properties of the diluent and the

nature of ammonium cation and anion:
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R;N'HA™ < (R;NH'A™), < (R;NTHAT), (3-5)
Third phase formation, that is the splitting of the organic phase into two
parts, is common in these systems and occurs through solubilities problems
relating to aggregation. this problem can be eliminated by addition of

diluent modifiers such as long-chain aliphatic alcohols.

ﬁuencing metal extraction by

WSO the number of carbon

rare the best extractants.

amines is the nature o
atoms in the chain.

Amines, useful for sc , are generally limited to these

AN
250 and 400. Thosegw : \i\v of about 250 tend to be too

'\\\

having molecule weig 600, normally between

soluble in water, and tRo erally too insoluble in the

organic phase. Extractig actants and their extraction
il |
mechanism have been reg nﬂiﬁ" 1ewed by tcey, Flett, Cox, Hudson,

+ AN

Danesi, and Miller et al. ouJ ded upon here.

extractants are organic
J dissociating protons.

ionic groups are a2 aiable@ the molecule, the metal

reagents that ‘f:
Since no anionic or
species are extracted ¢frem the wateg phase as neutral complex. The

s 4 043 PIRFRT IR o, the ctent o

extraction by lvatmg extract?nts depends on the extent of complex

e R RIR D AN VINY TR e

Extractiofs i1s by solvation of either the central metal atom of the complex or

the proton in the case of formation of a complex acid species:

MX,, +yS & MX,, S, (3-6)
or

HMX, ,, + xS < (HS, )+ (MX ;) (3-7)
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where S is a solvating agent. The solubility of inorganic species in the

organic phase is increased by means of this solvation.

Surfactants
The surfactant is the key component for forming a stable

emulsion. In emulsion liquid membranes , the overwhelming majority

involves W/O/W double em But as membranes have
become commercialized, the alfapplications have required more of
the surfactants than = Jor e trw membrane stability. An
ideal surfactant shoul o

r during operation so as to
alleviate osmotic swelli
ractant in the
membrane phase ; if any Jt mote the extraction
process rather than ca the extractant.
3

4. It doet r;T; i -m', mulsification.

esistance to mass transfer .

o .__-.,_,M__;_____*_~_ phase but insoluble in

L7z

the external and inter

:‘-“ It is stable against acids , @ses , and bacteria.

ﬂ ulﬂad} aﬁ’ﬂﬂ%w |ﬁxﬂtﬁxt should be cheap

and nontoxic fég economic and env1ronment cons1derat10ns

A0S RUBIINY VN B s

with a molecular weight of 428. Its structure is :

o
n
CHy (CH ) ,~CH=CH- (CH ) ,~C~O0~CH, Qn

OH OH
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Diluents
The diluent is the main membrane component in which
both extractant and surfactant are dissolved. Although the diluent is
normally regarded as an "inert" component, it does affect the membrane
properties, such as distribution coefficient and diffusion coefficient, and can
have significant impact on the el

ess of the membrane system. From

al diluent should;

o

the viewpoint of industrial

In solvent extraction , an
e di t for fast mass transfer.
er,' a 1\ lowered diluent viscosity
1g in membrane instability.)
miticient density difference from the aqueous
phase for the fast tl
é’T_ :' vailable from a number
of alternative sourceﬂ m
6. ‘.Have low toxwlty and a high flash point for safety

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i

Based on tHe above comsiderations, @liphatic diluents

are ger@laih| pikiohoh [} b dobded kil dhE hblphatic diuents

usually can meet most of the above mentioned requirements.

Emulsion Preparation

To prepare a stable emulsion, the mean diameter of the
dispersed internal droplets should be as small as 1 to 3 pm, which requires
a high input of energy density to the water-oil system for emulsification. In
laboratory studies, emulsions are usually made by high speed agitators with

stirring rates up to 20,000 rpm.
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Dispersion/Extraction/Settling

The separation for an emulsion liquid membrane process
includes dispersion, by which the coupled extraction/stripping is achieved,
and settling, which realizes the phase separation between the loaded

emulsion and the aqueous raffina

Before dispersing the emulsi e\ ‘ , the pretreatment of the feed is
required as in most sepatraii C #" The pretreatment is typically

done by the use of 1-10"pm Lk ;- an: times includes flocculation

because of their density difference.

and sedimentation step // ation n& ring the dispersion operation,
D t1

the emulsion is dispersg is u\ e al phase and many small
globules of emulsion argffogn N ] \ \ 1ze of emulsion globules is
controlled in the rang€ o0 I 16 2.0 m u umeter. Each emulsion globule

contains many tiny en€ap ted{ﬁf

\ pically size of 1 to 3 um
i a’fa 3

in diameter. Such a large é‘ of ‘emulsion globules together with the
i’?"”f‘-m | .° .

numerous pre-encapsula vidés large interfacial areas for
both extraction and strippin

separation of the 13:1 om the raffinate takes place in

the settler. The se L, 1S S hat t sftional solvent extraction.

Demulsﬂicatxon

,ﬁ tﬁw brane phase must
be recycled rep@atedly, and the enriched internal phase is usually recovered.

e A S e T TR

without breaking the emulsion in some special cases(Dines,1982).

Two principle approaches for the demulsification of the loaded
emulsion are chemical and physical treatments. Chemical treatment
involves the addition of a demulsifier to the emulsion. This method seems
to be very effective. However, the added demulsifier will change the

properties of the membrane phase and thus prohibit its reuse. In addition,
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the recovery of the demulsifier by distillation is rather expensive. Therefore,
chemical treatment is usually not suitable for breaking liquid membrane
emulsions. Physical treatment methods include heaﬁng, centrifugation,
ultrasonic, solvent dissolution, high shear, and the use of high voltage

electrostatic fields.

Noppaporn Panich w{1994; ; arized the advantages and

Advant
The mai >SS f ‘emuls liquid membranes are

summarized below:

the specific surface area
of emulsion liquid mem rise to very fast transfer

rates.

difference is always maximized,

2. Because the : éy!%@g

the liquid membran e

ol

ion of products that
# t.al.,1987).
Al ously@parated and

are in low concentrafic

3: The@ute can be simu

concentrated by making the internal phase reagent is sufficiently

concentrated aﬁ §usfi ’% %g ?ﬁlﬁnwpgqﬁg‘%lt is sufficient

concentrated.

AR Wﬂﬁmﬁm‘fj gonel sotvent
extractmrq action and stripping can be carried out in one stage hence

reducing the equipment capacity and associated capital and running costs
(Boey et.al.,1987).

5. With respect to reactive extraction, liquid membrane
extraction is more economical as much smaller quantities of the expensive
extractant are required.

6. Emulsion liquid membrane systems are based on liquid-

liquid extraction technology. This technology has been shown that it can
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easily scaled up to an industrial scale operation and a continuous process
(Thein and Hatton, 1987; Likidis and Schuger, 1987).

7. Liquid membrane emulsion separations are little affected by
solids which suggests application of this process as a primary separation
step without the requirement of filtration (Thien and Hatton, 1988).

8. Unlike chro

ic separations, emulsion liquid
membranes do not require t of the feed phase (Thien and

Ny
Hatton, 1987). ‘ ..4
——

-— |
stadv / \\

esides age
) A8

" i1 1
i.e.,emulsion formation 42 reakage, | there are two other phenomena

associated with the* opér L ph e fﬂ\\n\
detrimental effect on S :‘; 1011 \
C e

ulsion liquid membrane,

tem that can have a

, some extracted solute can leak
back into the external pha se.—Usi '\‘, hi accompanied by leakage of the
internal phase :?—ﬁ---m-mmﬂ”? e solutes into a non-
extractable form. i formulation problem. The
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Swelling

Emulsion swelling is a process by which water is
Atransferred from the external droplet phase. The water transfer will: dilute
the solute that has been concentrated in the internal droplets, reduce the
driving force for solute extraction, make the membrane thinner (leading to a

less stable emulsion), and change the rheological properties of the emulsion

to cause difficulties in emulsion transport and phase separation.
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The two types of emulsion swelling that can occur are
osmotic swelling which is driven by differences in the osmotic pressure
between the external and internal phases and swelling attributed to the
entrainment of the external aqueous phase which due to the repeated
coalescence and redispersion of emulsion globules during the dispersion

operation.
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(a) Hydrated surfactant mechanism.

(b) Reversed micelle mechanism.
S: Non (or poorly) hydrated surfactant.
Sh: Hydrated surfactant.
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