CHAPTER III

THEORY

Liquid membrane technology has attracted increasing attention for its potential in

the field of separations, and it has been demonstrated to be an effective tool in many

ation solution while maintaining
high selectivity. An acti ed into the liquid membrane to
help the transport.

This chapter pr ssary for understanding liquid

membrane extraction proc
3.1 Liquid Membr

The liquid membrane-is Composed o ers of liquid phase, i.e. feed phase,

liquid membrane phast "l [Sagwn in Figure 3.1. Thus, the

system can perform trac simulitaneously. Consequently, the

equilibrium limits on bo mterfaces are hardly achieved.
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controlled by the acidicity of the corresponding aqueous solution. The overall reaction at

the interface is expressed by
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M"* +nRH < MR, +nH"*

Where RH is a molecule of extractant.
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Figure 3.1  Schematic representation of mass transfer through a liquid

membrane
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The mechanisms of mass transfer in liquid membrane process can be described as

the followings.

1. In the feed phase, a metal ion diffuses from bulk liquid to the liquid
membrane surface ( interface I), then reacs with the extractant forming a metal ion
complex

2. Then the complex diffuses from interface I to interface II according to its

’% for the reverse reaction, then the

cmThe metal ion diffuses from the

concentration gradient
3. At the interface
complex is split into the metalioi-and
interface II to the strippin
4. Then the e ace | due to its concentration

gradient and repeat ph
3.2 Liquid Memb

In general, liquid men r -- ipported or supported. Unsupported

liquid membranes are in the form 0

uble emulsion drops. While there are two generic
n-" .-l"" ik ﬁ , *

types of membranes, five di udied in an effort to increase the
efficiency of the ,{_ embrane ope Lig : membrane setups compose of
bulk liquid membrane, e ulsic n slﬁt supported liquid membrane,

hollow fiber supported ngld membrane and two hollow fiber supported liquid
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ThlS setup is useful only for laboratory experiments, and is set up as follows.
Following Figure 3.2, a U-tube cell is used, and some type of carrier, perhaps dissolved
in CH,Cly, is placed in the bottom of the tube. That is the organic membrane phase. Two
aqueous phases are placed in the arms of the U-tube, floating on top of the organic

membrane. With a magnetic stirrer rotating at fairly slow speeds, in the range of 100 to
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300 rpm, the transported amounts of materials are determined by the concentrations in the

stripping phase. Stability is maintained so long as the stirrer is not spinning too quickly.

Feed phase —

N ‘
Stripping phase \\\ ==

Membrane phase

high homoginizer, emulsion are' But ‘these emulsion are usually not stable.

Therefore, in order to maintaint tegrity of ion during the operation, these two

immiscible phascs are Nilll a4 Selecled S ACLE \‘\ is usually known as an
emulsifier (Marr and Ke 1s also call liquid surfactant

membrane (LSM). Figur€ 1 illustrates an actual liquid membrane globule and simplified

model that is us ﬁ mﬁﬁmtﬂnfﬂﬁrln?The aqueous phase that

forms the emulsi q] or internal phase.
bl SalUnaINne A, w1110,

that is , a water-m oil (abbreviated as W/O) emulsion if the encapsulated phase is an
aqueous solution, and an oil-in-water(O/W) emulsion providing that the encapsulated
phase is an organic solution. Once a W/O emulsion is dispersed in the other aqueous
phase- the continuous phase, a system with the phase sequence of W/O/W is obtained.

Analogously, from an O/W emulsion, an O/W/O system is obtained with the phase
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sequence of oil(T)-water(Il)-oil(III). Thus, based on the two types of emulsion, there are
two types of surfactant; that is a hydrophilic surfactant for O/W emulsions, and a

hydrophobic surfactant for W/O emulsion.

Encapsulated phase

orming emulsion are the strip solution
and the organic solution contaifii - Then the emulsions dispersed in the
feed phase from which-themctalicas-have-to-be-teimoved! When the metal ions are
extracted from the fec ol -I.',-" ed in order to disengage the

raffinate and the emulsiof. The raffinate can be discharge instantly as the effluent while
the emulsion whij tﬁl v or demulsilied in order
to reuse the org%ﬁﬂi mm:;] ﬁlﬁn for future treatment.
Finally, this system can produce the €oncentrated §trip solution. er, the emulsion
oo M ADIE) S0H SVt SR )

Typically, the encapsulated droplets in the emulsion are within 1 to 3 pm in

diameter to provide a good stability during the extraction operation, and the size of
emulsion globules is controlled in the range of 0.1-2.0 mm in diameter. The size depends

strongly on the mode and the intensity of agitating, the viscosity of solutions which form
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emulsion, and the nature and concentration of the emulsifier. It is noted that the smaller
the diameter, the larger the mass transfer area. Therefore, a rapid mass transfer in the
emulsion liquid membrane process can be accomplished from either the external phase to

the internal phase or vice versa.

Feed phase

—— Membrane phase

Although the emulsi uid: e I \o‘ s presents a novel approach for
separation of dilute metal” soluti 7 siathey | problems existing in this method. The
addition of emulsifier result in (he two additional procedures which make the process
complicated, that is emulsificationm and demuls n.(Gu, 1992). Moreover, the flux is

lower due to the emulsifiei it -_*“"'“"‘“"“:a . In spite of high the mass
transfer area to volume +4tio, r the encapsulated solution is
limited due to the surfactdnt. One major problem is to break the emulsion after it is fully

loaded up with Iy i ‘i 4 ; future treatment. The
membrane solut@euﬂi ﬂﬂljj:ﬂﬂmﬁlution and reused for
extraction. There are two principal roaches_fér«t si ion of the loaded
emulsionﬂhﬁaﬂ@hiﬁmﬂhﬁmﬂﬁﬁ‘ﬂem involves the
addition ofqa demulsifier to the emulsion. The method seems to be very effective;
nevertheless, the demulsifier added will change the properties of the membrane liquid
and thus prohibit its reuse. The physical treatment usually involves the use of high-

voltage electrostatic fields that is the most efficient, economic way for demulsification.

However, the apparatus is rather complicated. The need for intermittent demulsifying and
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forming of the membrane is clearly disadvantageous. Any breakdown of the emulsion

results in loss of organic and strips solutions and reduction of extraction efficiency.

Advantages and disadvantages of emulsion liquid membrane

The advantages of the emulsion liquid membrane can be listed as follows:

3. The feed phase"d®'1 . )
4. The emulsio : \\\\?\ le affected by solids, which

5. In the emulsiogligni embrahc 2§S, extraction and stripping can be
carried out in one/Stage: fore‘the al'and operating cost are reduced.
6. The emulsion liquid membrane pféeess can easily scaled up to an industrial

scale operation and

7. The emulsion liquid -membrane ion_is .more economical as much
smaller “"— APDCHSIVE qui ed.

ac

Disadvantages m m

The emul@ u;ﬂ Q:ﬂ ﬂ :ﬂ jom ﬂlaies that are leakage and
Q Vﬁﬁﬂﬂ‘im UAIINYAY

akage
Leakage is the emulsions break down from the external phase to the internal
phase or opposite direction. This is primarily an emulsion formulation problem.
The emulsion is designed so that it is stable under process conditions, but is also

easy to break to recover the extracted solute.
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2. Swelling

Swelling occurs in the emulsion liquid membrane due to water transport from
the external phase to the internal phase. This causes swelling of the internal phase
and subsequently dilution of the internal phase contents. Additionally, the

apparent viscosity of the emulsion increases and can lead to the emulsion

I yy/mbrane

ported liquid membrane can be

breakage.

3.2.3 Thin sheet Suppo

The most simplisti

utilized for laboratory sc . P io dustrial use. Essentially, this is

,\\

yOU \ ving phase, which are being

NN
. \ Receiving
SN | phase
T A N ==

just a porous polymer d with the organic liquid and
carrier, set in betwee

gently stirred. See Figur

Source -~
phase

E,rganic oA Ceicr mi@
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Figure 3. 5 Thin sheet supported liquid membrane set upg s
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this system, can probably guess that the way to instability is to somehow get rid

\“ﬁ:, e
N ‘

of the carrier or organic liquid in the pores of that supporting membrane. There are two
possible ways for this to occur. One is through carrier or solvent evaporation, and the
other is by creating a large pressure differential across the membrane, effectively pushing

the fluid out.
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3.2.4 Hollow Fiber Supported Liquid membrane

A supported liquid membrane can be achieved by impregnating a porous solid
film with an organic solvent, which is held in place by capillary forces that exists within a
pore. The membrane separated an aqueous phase, initially containing the solute of
interest, from another aqueous phase into which the solute is extracted, the stripping

phase, as shown figure 3.6. Extraction occurs because of the difference in chemical

potential (concentration) that exists betwe ,y)tu/o aqueous phases.

Stripping Phase

Membrane

Support Membrane

Phase

Figure 3.6 Schﬂiatic diagram of supported liqui@ membrane

‘o . (Y |
Ml
The desiﬂ%ouh&cgonﬂngru ﬂnid rane is akin to a large
electrical cable.Which is a single non;f)rous at riﬁt r LEi hﬁjglmaterials inside
cannot bﬂaﬁa@ﬁiatﬁtmluﬁﬁ a rﬁ ibers running the
9

length of the shell, all in nice, neat rows. What occurs is that the source phase is piped
through the system from top to bottom, and the pores in the fibers themselves are filled
with the organic phase. The carriers in that phase then transport the source across to the

receiving phase, and then the receiving phase is forced out through the sides of the shell.

Figure 3.7 represents this system.
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There are severdl in ons to Bsing t fiber system.
M
A
s : : .
1. The surface ar mermbiai kn ovide rapid transportation.
2. The source/receiving/pliases ar easily recoverable than the emulsion
system. J"“'J'Tg- 2
3. The entir tact with the membrane at
any given
4. Leakage and contaminati ycontainm

s 348 SRR IIEAR Fun
R A L

2. fHollow Fiber System must be cleaned between uses or there will be aqueous
and contaminant buildup.

3. Pore Fouling, a cousin to caking in filters, often occurs due to surface effects
and particles in the system.

4. High Capital Costs.
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The advantages and disadvantages of the supported liquid membrane compare to

the emulsion liquid membrane.
The advantages

The advantages of the supported liquid membrane are:

1. no emulsification problem,

2. very small of the extractant)

3. low release of the e

4. no surfactant,

5. no membrane 1

6. suitable for thé'ga

The disadvantage

The disadvantages of fhe Supported liqid membrane are:

l. high cost for the s

2
3. chemical cleaning g, necessary from time to time,
4

pressurel LOi sinath ot et diateiet “ igh packing density.

i
325 TwoM e Hollow Fiber Supported Liquid Membrane

In an eff@ u'tjk’lcxlﬂ ugnﬂ’]nnid in the hollow fiber
supported liquid membrane rese réhers one that looks
somethmah la:ﬁﬂ ; 341 ﬁpﬁﬁﬁéﬁlﬁﬁ IEJ source phase is
piped in through one channel of hollow fibers, and the receiving phase in and out through

another, with a stirred membrane phase in contact with both.
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Fiber wall

Figure 3. 8 A odillgs holiow-fiber supported liquid membrane
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Advantages of twgfia hol Ow-f} Fliquid membrane are:

1. Solvents with lgWer j""; Jy

simple replacement of .«_.r'( an

,1-'
Leakage a ndy

2

3. Relatively high transpor rate :_ri
", -~

5. Creation of a/b

X
v compared to either

emulsion liq@l membrane or hollow Tiber supported liquid membrane

The dlsaﬂ"%ﬂfﬂ w’%] Wlsww@Hu'}fr}@quxd membrane are:
qfwg AN BT T B

High Capital Costs
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3.3 Mechanisms of Mass Transfer in Liquid Membrane Process

In a liquid membrane, mass transfer occurs in all three phases. In the feed phase,
the solute transfers across the membrane interface, then diffuses through the membrane
phase. At the interface between the stripping phase and the membrane phase, the solute
transfer to the stripping phase. In supported liquid membrane, there are two principle

mechanism of solute transport across the membrane phase as follow.

1. Counter-transport

of the two permeating ions
moves counter to each ot 38 thie » branc selute is transported across the
membrane by the formati 2 Jcothplex- an. | the o"‘\ force of the process is the
different between the aCtivigie the Couhter-ion in the feed phase and the stripping

phase as follow.

(a) The solute A in the'feedpha se-dif an interface between the feed phase

and membrane phase_> he ith the carrier complex BC, to form

" -

the comple e, This complex is insoluble

ane phase.

in either aq 160U
C diffuses 2 ne membm\e to the interface with the

(b) The complex.

stripping phase. &,

o m o S L 1) LITHS I B A S ccion accrs, v

about b’l a shift in the reaction equlllbrgm due to a hl&l};r concentration of

PRAGIFIFURNATIREIRL) aroes o
Stripping phase.

(d) The carrier reacts with the counter ion B form the carrier —counter ion

complex BC, which then diffuses back through the membrane phase to an

interface between membrane phase and feed phase where the counter-ion is

released, hence completing the process.
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2. Co-transport
The key feature of co-transport is that the flux of the two permeating ions moves
in the same direction across the membrane. This mechanism is less common than the

counter transport. The mechanisms of this process are described as follow.

(a) The solute A and the co ion B in the feed phase diffuses to an interface

(b) The complex ABC.d ES rosbrane to the interface with the

strippin { erse reaction occurs and then
pping u/ \\5\\

releases t \ ‘stripping phase and carrier C

diffuses i be \‘\\;Q\\l d membrane phase.
(c) In the strippi > co ’ \\ \ D form the complex BD. This
complex is i
12 i

A ABC [Biadanis, -J'J"

N QIR

PN r§= FEAN
B C E B .m BC B
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Flgure 3.9 Mechanism of mass transfer in supported liquid membrane:

(a) Co-transport and (b) Counter-transport.
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