CHAPTER 11

There are two/ 3 \ Selvent extraction process, that is

the extraction of the ijied  base 1 bility or a conventional solvent

extraction process and t on with)chemic action.  These two mechanisms
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phase, the solute can be distributed into the second phase when these two phases are
brought into contact with each other on condition that the solute is preferably
dissolved in the second phase. This basic concept is applied to conventional solvent

extraction processes in which the solutes are selectively extracted from the one liquid



phase to the other by the solubitity. The second phase is so-called the solvent in
which the solute is preferably soluble.  This second phase is very important for
selectively extracting or separating only the species needed in case that the feed

contains various species of solute. A schematic diagram of solvent extraction process

is shown in Figure 2-1.
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Figure 2-1 Schematlc cmptercurrent t w diagram l solvent extraction
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There are numerous mechanically agitated columns typically used in industries

for solvent extraction processes in order to increase the rate of mass transfer between
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both phases. The examples of these well-known columns are Scheibel column,
Rdtating Disc Contactor (RDC), and Oldshue-Rushton column. The Rotating Disc

Column is shown as an illustration in Figure 2-2.

Figure 2-2 typically used in industrial solvent

ing Disk Column where @ feed
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ratios of the solute in the feed to that in the solvent. Unfortunately, this process is not

. and @ extract outlet

suitable to separate the solutes dissolved in a feed solution due to the low selectivity.
That is, if there are a lot of species in the feed solution which are able to be dissolved

in the solvent, more than one species are extracted into the solvent. Furthermore, this



process is not applicable for separation of a metal ion from the aqueous solution since
metal ions merely exist in aqueous slution. However, the separation selectivity can be
enhanced by using an extraction with a chemical reaction which needs an extracting

reagent.

The selectivity o idaal salyent e Y ion process can be improved by
using an extracting reagent (an extractant, of a carrier) to react selectively with the
particular species. = Jhis proc nas the so ;L extraction with chemical
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1 aq@us solution. Therefore, in a

metal producﬁﬂ)ﬁﬁl'?fﬁ ﬂq?,w t\}ﬁﬂ ﬁueous solution.  The

solvent which 1§ the organic phase .;md now contams an extractant is thus called the
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reactant has to be an organic substance too. Dissolved in the organic solution, the

reaction. Generally, &tal 16

extractant reacts with the ions forming a metal ion-extractant complex. Hence, the
certain metal ions can be reacted selectively with a selected extractant. However, the

metal ion-extractant complex is not the general form of metal that can be used widely.



Therefore, the additional stage of metal recovery known as stripping is required to
produce a useful form of metal ions. Moreover, the stripping of metal ions allows the
organic solution to be reused. Normally, in an industrial solvent extraction process,

there are two columns; namely an extraction column for the extraction step and a
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Figure 2-3 Schematic process diagram of solvent extraction with reaction: (1

an extraction column, @ a stripping column



Even though the selectivity is enhanced by employing the reaction, the chemical
reactant may be quite expensive. Furthermore, a large amount of solvent or solution
is necessary for the solvent extraction because of solvent losses. Thus, an expensive,

tailor-made extractant is scarcely used in this process. The extraction column has also

suffered from the insufficient s ‘ ass transfer. In addition, the solvent
or the chemical equilibrium. To

solve these problems, t( nembranes.in which the extraction and stripping

occur simultaneously osed as'a ernative to solvent extraction for
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selective extracting ¢ m dilute aqueous solution.

Liquid Membra e,
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rane 1s composed o three layers ot hqund phases, ie. feed
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Thus, the system can perform extraction and stripping simultaneously. Consequently,

the equilibrium limits on both intertaces are hardly achieved.
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Figure 2-4 shows a schematic example of the separation of metal ions from
aqueous solution in the most common counter-transport through a membrane, wherein
the overbar denotes the species in the organic phase. The direction of the interface

reaction is controlled by the acidicity of the corresponding aqueous solution. The
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where RH is a molecul
The mechanism trapstt ) qui \_«,‘: process can be described
as the tollowings.
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I. In the liquid phase ~__—_g.;:__ diffuses from bulk liquid to the liquid
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membrane surface (i extractant forming a metal ion-
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concentration gradient.
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complex is split into the metal ion and the extractant. The metal ion diffuses from the

extractant complex

interface ii to the bulk liquid phase II1
4. Then the extractant dittuses back to the interface i due to its concentration

gradient and repeat the phenomenon as mentioned above.
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Figure 2-4 Schematic representation of the counter-transport mass transfer
through a liquid membrane which @ is the extraction reaction,

® is the ditfusion of a metal-carrier complex, © is the stripping

reaction , and @ is the back diffusion of the carrier
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Three distinct liquid membrane configurations have been reported: the first is
an emulsion liquid membrane (ELM) or liquid surfactant membrane (LSM), the second
is a supported liquid membrane (SLM) or immobilized liquid membrane, and the third
one is an electrostatic pseudo-liquid membrane (ESPLIM).

1. Emulsion Liquid ¥ ,/’

—
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An emuls/ ch is composed of an internal

phase and a membrane. - ’\\\\~ on are agitated by using a high-
speed homoginizer, em . \ \

Therefore. in order to maingain the ntegri ~ nulsion during the operation, these

ulsions are usually not stable.

two immicisible phases are agitai lected surfactant which is usually known

as an emulsifier [Marr and Kop . Hence“this process is also called liquid

surfactant membraneES ] a@tual liquid membrane globule

and a simpliﬁﬁ Wm% ﬁW%ﬂﬂJEqu :Iﬁﬁciples of mass transfer.

The aqueous ‘phase which torms the emulsnon with the membrane is called the
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b) an ideal globule

v anmqmd membrane: a) an actual

ed into two types [Ho and Li,

oil (abbreviated as W/QO) emulsion if

1992; Marr and Kopp, 19 of , A n‘ \t\
the encapsulated phase is | and an oil-in—water (O/W) emulsion
providing that the em ——_—_—;& Once a W/O emulsion is
ontmuousmase. a system with the phase

sequence of \FPIm Ejalﬂa rﬂ Wo%ﬂ.ﬂﬁ TW emulsion, an O/W/O

system is obtamed with the phase séquence of oi{l)-water(II)—ail¢III). ~Thus, based
on the t E’I @9 C]o‘jm HM’J? Y gzll;]n@thgflis a hydrophilic

surfactant for O/W emulsions, and a hydrophobic surtactant for W/O emulsions.

dispersed in the otherm\ueous phase —

[n an industrial process, the two phases forming the emulsion are the strip

solution and the organic solution containing an extractant [Gu, Ho, and Li, 1992].
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Then the emulsion is dispersed in the feed phase from which the metal ions have to be
removed shown in Figure 2-6.  When the metal ions are extracted from the feed
solution, the system is then settled in order to disengage the raffinate and the emulsion.

The raffinate can be discharged instantly as the effluent while the emulsion which loads

. &),ulsiﬁed in order to reuse the organic
f&reatment. Finally, this system

up with the metal ions has to

solution and to recover t | luti

can produce the conce lowever, the emulsions may swell

during the operation

High-speed

s Al 3y i |
homoginizer \e organic

ontains solvent.
ulsifier

W/0O emulsion

Membrane
liquid
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Figure 2-6 Schematic diagram of an emulsion liquid membrane process; @

emulsification, @ dispersion and permeation, @ mixer settler, and

@ demulsification



Typically, the encapsulated droplets in the emulsion are within 1 to 3 um 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 viscousity of solutions
a Wntration of the emulsifier [Ho and Li,
: fh d&e larger the mass transfer area.

id membrane process can be

which form emulsion, and the n

1992]. It is noted that the

Therefore, a rapid mass

phias phase or vice versa.

Jeess presents a novel approach
tor separation of dilute Jiltons; & e problems existing in this method.

The addition of emulsifier res f5-in 1 additional procedures which make the

rocess com Cﬁ—fé_“'}-"r?f?' Gu, 1992]. Moreover,
P P v fgipn [ ]
the flux is lower due Lﬂhe emu “fo on at the ?&rfacial film. In spite of high

the mass-tranﬂrﬂﬁfﬁlm Ejlﬂl%fw mﬂdﬁ or to the encapsulated
K { ‘ .

solution is limited due to the surfactant. One major problem is to,break the emulsion
after &mlao@egﬂjhm}Jomgre oye] Ef!’i:]tﬁaﬂhase for further
treatment. The membrane solution is then re-emulsified with fresh strip solution and
reused tor extraction. There are two principal approaches for the demulsification of

the loaded emulsion, that is chemical and physical treatment. The chemical treatment
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involves the addition of a demulsifier to the emulsion. This 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 ot high-voltage electrostatic fields that is the most efficient, economic way for

demulsification.  However, the

, rather complicated. = The need for
___‘\\‘\‘t /
: ng. of @ne is clearly dlsadvantageous

Any breakdown of the v esults in | nic and strip solutions and a

intermittent demulsifying a

sChnique uses a porous membrane as a
support for the organte Porous support membranes

are available as a flat ﬂet, a holl or a@iral-wound module. Hollow

fiber membraﬁ ﬁ ﬂe?% ﬁim %fwy,grﬁ%nbrane -area-to-volume

ratio. Howev&¥, in case that memprane cloggm(y may occur in hollow fibers of very
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used instead of the hollow tiber module [Teramoto, et al., 1987].

In a hydrophobic hollow fiber module as shown in Figure 2-7, the

membrane must be prepared first by impregnating the walls of hollow fiber membrane
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with an organic solution which contains a selected extractant. This organic solution is
impregnated into the micropores inside the hollow fiber by electron affinity and held in
the micropores by capillary force [Marr and Kopp, 1982]. The simultaneous

extraction and stripping process occurs when the feed and the strip solution flows in

each side of the fibers. However, du .\ f/ atxon the differential pressure across

the membrane may not exgeed-the bre &ure. Otherwise, the aqueous

solution along with the Wil \ hrough the pores into the other
g S p

N

aqueous stream.

; fiber wall

shellside

tubeside

L) ﬁ anic liquid membrane
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fiber substrate, aqueous feed and strip solutions, and organic liquid

membrane
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[n general, the feed solution flows through the fiber lumen (the tubeside) of
the hollow fibers and the aqueous strip solution circulates on the shellside of the fibers
since a high degree of solute extraction from the feed stream which flows in the

shellside cannot be achieved in a hollow fiber module due to significant bypassing and

backmixing flows in the shells e rasa r 1990]. The operation mode can

be realized in once-throug ?I-'-r-v--'-r-- coatin latlon mode. The flow pattern

3N e membrane liquid which is
Like the O/W emulsion, a
system with the phase sequ [I)—=oil(I11) is obtained. Then, if there
are two organic soll}tion ﬁo ,gv , ., the membrane, the aqueous/organic
interface will be i 'P ilized at the pore & membrane and the aqueous
phase will not be dispmed in the organic phases and viﬂversa Solute extraction and
back- extracncﬂc%b&]aﬂe% H%\?WH’%@% interface at the pore

mouths
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hydrophilic microporous hollow fiber wall

tubesnde

Figure 2-8 IW interfa S 10"2"SLM for a hydrophilic hollow

p.solutions, and aqueous liquid

shellside
L

A considerable and industrial researches have been

focused on developing

: n [Loiacono, Drioli, and

‘..

\ A
Molimari, 1986, Prasad a 1988]. The advantages of

i

supported liquid membrape over other traditional solvent extraction processes are
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2. low energy consumption

(O3]

economical use of expensive, tailor-made extractants and solvents
because only an extremely small quantity of membrane liquid is required

tor filling the pores.
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4. low maintenance costs due to fewer moving parts

5. possibility of achieving high overall separation factor

The advantages of hydrophobic hollow fiber operations over emulsion

/

liquid membrane operations are:

1. low energy o pump sets are utilized

2. low operat

‘)

the sm . Fanic sol ed — only to impregnate the

hollow

uxes — but the fiber wall itself

Despite embranes have not been

adopted for larger-s , B on is the limited lifetime of

the liquid membrane due Ao the dissoluti@ of the organic solution in the aqueous

wisiors. Db ATLEIILA PELILLY, o i it e
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case of slightly soluble membrane liquid, both the mobile phases should be presaturated

with the organic solution used in order to reduce the solubility of the membrane liquid
in these solutions. Another disadvantage of this system is that the hollow fiber module

IS very expensive.
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The requirements for the porous support structure can be summarized as
follows [Schulz, 1988]:
I. high porosity — in order to increase the mass-transfer area

2. thin walls — usually up to S0 pm since the thinner the membrane, the

greater the rate of mass trafsfer, However, if the wall is too thin, the

W

4. small gth of capillary force depends

upon eter, the weaker this force

resulting i

S. low cost

Moreoverd <the required properties of “mefmbrane liquid and process

parameters are:

ﬁ‘*ﬂ'ﬁf eNiL ) W el M-

dlie to the shear stre.§s in the moblle phases resultmu in longer lifetime
2. high-temperature feed solution — since the extraction reaction increase
as the temperature increases. However, an increase in temperature

increases the solubility of the organic phase in the feed phase.
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3. Electrostatic Pseudo—Liquid Membrane

The electrostatic pseudo-liquid membrane is another novel liquid membrane

system which was devoloped by Gu in 1988 by combining an electrostatic technique

!

Figure 2-9.  The u ‘\ to an extraction cell and a

stripping cell by a spex le baffle -J-» : \ 1e lower part are the extraction

and the stripping settlers that ar ?}ﬂ cach other by a divider. Two pairs of

electrodes are mounted across ik e stripping cells respectively. In this
he ,g pping p y

system, the organic| w—-——w——-» e
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Feed solution Strip solution

Extraction cell \ Stripping cell

Concentrated

Solution

volt ﬂ:glectrode @ gmnded electrode (battle plate), @ baftle, @
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Once a high-voltage electrostatic field which is high enough for phase
dispersion is applied across the extraction and stripping cells simultaneously. the feed
solution which is added to the extraction cell and the strip solution which is added to

the stripping cell are dispersed into numerous droplets within the correspending cells.
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In the extraction cell, the solute in the aqueous droplets is extracted into the organic
phase with the selected chemical reaction. The metal ion-extractant complex formed
in the extraction cell diffuses through the perforated bafile plate, driven by its own

concentration gradient, into the stripping cell. In the stripping cell, the extractant is

regenerated after the solute is. 0\ “ y/)lffused back through the perforated

baffle plate by its concen nt starts extracting the solute in

the extraction cell again. . | ‘~  “_ ets of the aqueous teed or strip
solution enter the hol A : ose drople \ ce together since there is no
electric field. Upon iy,  coalesced drops will slip away from the holes, back

1. highy

he aqueou@roplets are moving across the
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3. OW maintenance costs owmg to nunovm part
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2. well mixing whic

The disadvantages of this system are:
I. large volume of organic solvent and extractant are used — since the

organic phase acts as the continuous phase.
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2. itis possible that mass-transfer resistance is high due to the diffusion of

metal ions across the baffle plate as minimum distance.

3. Steady state can be achieved much siowly.

/
One problem that has not yet been satisfactorily solved for the SLM
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