CHAPTER 3

THEORY

Membranes have interest for separation process for

biotechnology. Memb == Operties that they are technically

simple, have high = —iid membrane, the component o

be separated are no' g N pMarr and Kopp,1982),

Liquid memi MMose processes in which an
extraction process o liquid separating phase: the
liguid membrane The le through this liquid membrane

gives rise 1o the proce on (Marr and Kopp,1982).

In liquid membra fzﬁ"f’.?;;é,"-_"ﬁ—' gbrane phase always separates two

immiscible phaSwem e F' taining the solute and the
stripping phase ik 0 ponracll after passing through the

i\ dF¥

memprane In most yPgigms of interestge membrane phase has been an organic
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Supported liquid membranes have membrane areas of 100-200 m2/m° of equipment

volume, whilst emulsion-liquid membranes have surface area of 1000-3000 m"".fn'l3

(Marr and Kopp,1982)
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Feed Phase = Membrane Phase Stripping Phase

Figure 3-} Schematic Daag!‘w of Liquid Membrane System.
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Supported Liquid Membrane

I8N ASALUNIA. NYIRY..o . e
solid film with an organic solvent, which is held in place by capillary forces that
exists within the pores The membrane Separaies an aqueous phase, initially
* containing the solute of interest, from another agueous phase into which the solute

is exiracted, the stripping phase, as shown in Figure 3-2.
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External Phase Solid Membrane Stripping Phase

Figure G SolEREC i) uid Membrane.
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Extraction occurs bet® use of the mffemnce in chemical polential(concentration) that
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To nbta,n large interfacial aeas for mas S=lransfer, varioug gypes of supports
haveﬂ w’]ﬁa ’a ﬂ im u"m f] Ilmﬂ:] ﬁ ﬂm-ﬂemeable
membranes used in reversed osmosis The most popular solid Supports used are
generally microporous polymeric films made of polypopylene, polysulfone, or other
hydrophobic materials. Typical dimensions are, a membrane thickness of 25-50 pum,

with pore size between 0.02-1.0 nm.
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Compared to emulsion liquid membrane, supported liquid membrane has an
advantage in that there is no emulsion 1o be prepared, or to be broken in order to
recovery the product. However, one of the main disadvantage is that supported

hauid membranes have a much thicker. This results in a much larger equipment

capacily lo achieve the sar, . The other disadvantages include the

necessity for frequent e liquid due to the wash out of the

immobilized membra meies(Denesi et al 1987) and also a

low solute flux.

The use mnainly been applied to the

separation of met: 2/"kion can be found in work by

The em pn | ,5 involving an emulsion
P E— <
configuration. Erig “Wefifactant liquid membrane or

liquid surfactant me#branes, are essentially double ®nulsions, i.e., water/oil/water

(W/O/W) svﬂw’%wwﬁwa'?ﬂﬁﬁom systems, the oil

phase sepaflling the two aquemi; phases is 1he liguid memb ne. For the O/W/O

Syﬁmﬁﬁﬁiﬂmﬂ%’ﬁ TEP (TR

phas
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1. General Description of Emulsion Liquid Membrane
Emulsion liguid membranes are usually prepares by first forming an emulsion
between two immiscible phases, and then dispersing the emulsion in a third phase

by agitation for extraction. The membrane phase is the liquid phase that separates

the encapsulated, internal drg g mulsion from external, continuous

as shown in figure 3-3

Internal Phase

Ly
Memi=iane Phase
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In general, the internal, encapsulated phase and the exlernal, conlinuous phase are

N3y

miscibie. However the membrane phase must not be miscible wilh either of these

two phases in order 1o be stable. Therefore, the emulsion is of the W/O type if the
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extemnal phase is walter, and it is O/W type if the external phase is oil. To maintain
integrity of the emulsion during tne 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 encapsul gl droplets in the emulsion are 1 to 3umin

diameter to provide a for emulsion liquid membrane

extraction. When the S ON in the external phase during

the extraction proceg Ision are formed. The size of

the globules depe, 2ntration of the surfactant in

the emulsion, the 4 , lensity and mode of mixing.

Usually the globuleyd®z #F ony . O 100 to 2000 pm in diameter.
Thus, a very large nurie JFf oo’ 2 Bl /\o X arToe formed easily to produced a
> the external phase. Each emulsion

very large mass transfer a

globules containga L Jthe internal mass transfer

Z X
surface area, typrie= imier than the external mass

LY -

transfer surface area Therafare a rapd mass transfer in the emulsion ligquid

- ﬁ%«ifﬁl 'aumm'm e bkegb e e s o

vice versa,
q mq&ﬁ‘nimum:] ’J nu'] aﬂﬂcn component
thmugh 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 membrane. An individual component can be

irapped and concentrated in the internal phase for later disposal or recovery. Once
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separation Is achieved, the emulsion and external phases are separated. usually by
settling as in conventional solvent extraction. The exiracted component can be
recovered from "loaded” internal phase of the emulsion by breaking the emulsion,

usually by the use of an electrostatic coalescer(Wang and Zhang,1988; Marr, Bart

pnt Extraction

logy which has found wide
application in This has mainly involved
organic/aquecus #ME1 PR\ aWUeous-aqueous extraction s
becoming more wid : (Al o 2 1588) This operation relies on the
parutioning of the requureg == = 2N agueocus and organic phase. The
equilibrium govg A '7 g | _Jj means of the distribution

: Y |

coefficient, Ka

’ |
L
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Afterghe solute has partitioned inlo the organic solvent, the phases are separated
and the solute is usually re-extracted or stripped back into an agueous 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 1o be an extracting solvent phase. Extraclion and sinpping occur
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simultaneously on both sides of the membrane and under non-equilibrium
conditions
In solvent extraction, the value of Ko can be increased by alteration of

conditions such as pH, or by the introduction of an extractant into the organic

phase, with increases the In the organic phase (Likidis and

Schugerl, 1987). These i xtracticn can be applied to liquid
membrane extraction, Y and improve seleclivity.
Liquid mem’ i ! WNa0es over solvent extraction,
As the liquid film v /o " : ' wcial areas are available for
mass lransfer, se ’ ¥ o LA TR ; lon stage is required, with
respecl 1o solventy rF . _-.."Jrq a IOW in eguipment and solvent
requirements. Two ob rement for an emulsion breakage
operation 1o recover the ext E Ciaudhuri, 1990).

3. Princip®™k of

-

F".f

In a liquid y = -urs in all three phases. In

the external phase snlute lransrer ar-ross the mte aca with the membrane, then

diffuses tmﬁr(uemrﬂ ﬂaﬂ Aj wlﬁﬂaﬂtﬁjhe internal phase the

solute lnansf&llntc the small dr:}glels of the rnternaJ phase reaction at this
mteﬁﬂ r]m ﬂnﬁm%%qw%mq alﬂ high specific
mtarfaaial area of the small droplets, so it is unlikely that mass transfer will be
limited by the solute/reagent reaction(Ho et. al., 1982). As mentioned above, the
‘membrane phase confers selectivity on liquid membrane processes and

consequently the mechanism of solute transport across this phase is of prime
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importance. There are two principle modes of transport across the membrane phase
(Malulevicius and Li, 1975, Chan and Lee, 1984)

3.1 Unfacilitated Transport

This is the simplest case of solute transport through the membrane
phase and is a diffusion proggsl | V T ¥ ute is initially in the bulk of the external

phase and diffuses 1o e wits : brane phase. Here it partitions into

the membrane and Jil e s it th the internal phase into which
It partitions, the dr it | : cal potential difference in the

solute across the

phase a chemical #ag f ; : \ te. This has a two-fold effect;
\ % which if it is in soluble in the
organic solvent, cannot o L-ond, because the solute is now in a
different form, ‘ipk ,5’ cies in the internal phase,

-

is effectively 2 ldient is maximized, thus

M
anhancing mass transfer

A 18N ﬁ%"ﬂ YA G o e o

appllcabla ﬂ uncharged solute'i. as chargad species will be g olubla in the non-
3.2 Facilitated transport
This form of transport is of greater importance in any potential liquid
membrane separation. lts application 1s for membrane-insoluble materials, such as

charged species, e g. metal ions, organic acids and zwitterions. By introducing a
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‘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, selectivity is introduced into the extraction as the carrier-

soiule reaction can be seleclive{Cussler 1984). The carrier must be insolubie in

water and must be also be sg 4 4 <o\ute of interest. The solute is transport

across the membrane i ‘- plex as follows(Lobarch and Marr,

1987

1. Al the is e and membrane phase the
solute A, reaclts e complex AC, and liberates
B in the external. zither agueous phase but is
soluble in the me

2. The carriel~s; flle MGG diWses across the membrane 1o the

3 At .!l_‘ face with _@ reverse reaction occurs,
4

‘V
brought about b = = 10 the higher concentration

* L AF

of a counter-ion B m lhe internal phase Hence the solute A is released into the

ﬂ*ﬂ’dﬁ? NENINYINT

c:amer reacts wigh the countggion to form thgycarrier-counter-ion

ﬂﬂﬂ AN F-2EUAA VLRI . e oxeror

interface where the counter-ion released, Haunch completing the process.
Although Lobarch and Marr(1887) state that the driving force of the

difference between the activities of lthe counter-ion in the internal and external



phase, it is more process is known as counter transport{Figure 3-4).

External Phase | Membrane Fhase | Internal Phase

A

Figure 33 g; ie A by Carner C.
7 4

T ‘
The secon® Iess common mcda of facalﬂal d transport is known as co-

e G N BN FIRIARG S o s

with the snl& A, and a second Frecies B, and transporti ng in one direction

e URC T UAANBIRY. e

the sarne direction (Cussler, 1984)



External Phase Membrane Phase | Intermal Phase
A
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Figure 3-5. Schemat ‘ = of Solute A and B by the Carrier C,
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4. Process ®™onsiderations
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1) arﬂ!siﬁcatian ¢ . o/

A FHRARUENTINIER

3) demulsification ( breaking of emulsion )
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4.1. Emulsification.
4 1.1 Membrane Formulation.
For unfacillitated transport, the membrane phase consists only of a

diluent and a surfactant to stabilize the primary emulsion. No extractant is needed

for unfacilitate transport becy jlute transport across the membrane is

accomplished through | S8 ‘- then diffusion in this membrane.

However, for facilitatiome it 115 3ssociated stripping agent

MUst De incorporatc pase, respectively, in order o

achieve a couple

wd extractan! and its complex
W Toie in the external and internal
phase. Precipitates are atsn = " either within the membrane or at the

interfaces Othe ™ ."

— d
Gendts ;:'. “sinpping agent system is

based on the the

L El"“!"ﬂﬂﬂ"‘iﬂ 51 Gee rom ve exema

phase to the ”ambrane phase

RIMNATUNRITAUINY. e

process can be operated while solvent extraction cannol. A solvent extraction

dynamlc and kmatm -::nnmdera lons. Thermodynamically, the

process need a high distnbution ratio for extraction so as o increase the extraction
ability. The non-equilibrium feature of emulsion liquid membranes aliows the

selected extractant to have a lower distribution ratic for extraction than solvent



&xtra-::lién.
Kinetically, The selected extractant and stri pPping agent should
usually exhibit fast reactions for both extraction and stripping . But it is interesti ng

to note that because its much higher interfacial area for stripping than that for

extraction, and emulsion liqui Ss Is capable of coping with the

situation in which the e gst extraction kinetics but the
stripping agent has extro:

) nts are generally devided

into three classes : zalic 40 & §f &% W NS, 2nd neutral extractants.

To extrdl & W ; Py Rolution, it must be combined
" ps- Acidic extractants are most

effective for extracting cations e :
= =, '}'

membranes cation (% *'— /| ..' anls can be classified

jeir protons for the cations for liquid

-
!

into three groups: ‘F' compounds, and lonized

] lt ¥

ﬁa‘lﬁlﬁ”ﬂ HNINYINT

|r: extractants are #sed for ext rgs&lion of anionic@f neutral metal

m@m SAIMUBIANGIAL.

high molacular weight primary amines, secondary amines, tertiary amines and the

crown ethers,

quaternary ammonium salts.



- Neutral Extractants,

Neutral extractants often extract uncharged metal complexes or
cations logether with the coupled anions in order to maintain the electrical

neutrality.

4.1.3 Surfactang

The surfang ; =nt for forming a stable emulsion. In

B r____...-=

emulsion liquid memiTs aj!crlt'_n,r involves W/O/W double

emulsion systems. s ™ mmercialized, their industrial

applications have

\\ n their major contribution to

membrane siabilit the following properties :

"N so as to alleviate osmotic

2. It does not raac:t T ‘ Lt in the membrane phase ; if any, the

reaction shoulg™p ther than catalyze the

N bV :Fd
decomposition 0%

L A¥

inlerfaclar realstance lo mass transfer .

p 'ﬁﬁﬂ*ﬂ NHRTNYNT

scdubla in the m%snbrana phas but msnluble the external and

ﬁw'mmtuumqmnaﬂ

6 Itis stable against acids . bases , and bacteria.

3 Ithas a IC

In addition , the selected surfactant should be cheap and nontoxic for

" economic and environmental consideralions .
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SPAMN 80 ( Sorbitan monoleate ) is a nonionic surfactant with a molecular

weight of 428, Its structure is

o
CHS {CH2 }T -CH=CH- IC! .) II—C-O—{? ‘QDH
OH OH

During ext F 5 the membranes incorporated with

SPAN B0 show less than those with other surfactants

SPAN E0, howeve™ . It 1s good carmer for water

molecules and Maswvelling of emulsion.  Another

disadvantage of SF . NN its poor chemical stability,

espsecially when the | glermnal phase

414

The dil rane component in which both

extractant and surfactantZi=aleis 2l e ioh the diluent is normally regarded
as an “inert” Y8 - - =rfrane properties, such as

!N‘ ‘

distribution coeffigint 2/ Panciilan have significant impact on

i la

the effectiveness of jJ8g¢ membrane gystem. From the viewpoint of industrial

e UELINBNTNYINT
ARSI

2. Be compatlible with extractant and surfactant without the formation of new
phases.
3. Have a moderate viscosity (In solvent extraction , an as-low-as possible

viscosily is desired for the diluent for fast mass transfer For emulsion liquid
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membranes, however, a much lowered diluent viscosity would reduce the membrane
strength, resuiting in membrane instability. )
4. Have a sufficient density difference from the agueous phase for the fast

setthng operation

5 Be both cheap and r, from a number of alternative sources

6. Have low toxic for safety reasons.

ssaliphatic diluents are generally

preferred to aromat i g S/ L\ Ao Sl ients usually can meet most

W W "Riute solubility and selectivity
in facilitated transpol® J P e A Carrier molecules, charged and
uncharged, but common critefee——— sinat camer and its complexes must be

insoluble in the T Mes

7 £

To p are a stable emulsmn the mn diameter of the dispersed

internal druﬂ ﬁwmﬁ wq Wﬂqﬁﬁqum a high input of

energy dens lo the water-oil i,ystem for emulslrrcatmn Ingl bcralnry studies,

emu"lﬂ’mﬁaﬁ AFLHRIING YT

4.2 Dispersion/Extraction/Settling
The separation for an emulsion liguid membrane process includes

dispersion, by which the coupled extraction/sinpping is achieved, and settling,
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which realizes the phase separation between the loaded emulsion and the aqueous
raffinate because of their density difference. Before dispersing the emulsion into the
feed, the pretreatment of the feed is required as in most separalion processes. The

prelreatment |s typically done by the use of 1-10 um filters, and it sometimes

includes flocculation and sedi ps before filtration. During the dispersion
cperalion, the emulsio ; 5 on in the external phase and many
small globules of e e size of emulsion globules is
controlled in the rag pCh emulsion globule contains
many liny enca 110 3 um in diameter. Such
a large number of numerous pre-encapsulated
droplels provides | e 7 ‘ action and stripping. After the
separation is comple#®d | £ _ dad emulsion from the external
raffinate takes place in ‘__—- ing i1s similar to that for conventional
solvent extract M o £

4.3 Dem V;_ J

After liquia ’ embfane BII!‘ECHOH the memb ne phase must be recycled

repeatedlvﬂru'ﬂ ﬂdﬁ:ﬂ Wwﬂqsﬁﬁracwemd Thereforee,

dﬂmuislflf‘.ﬂi”'l of the loaded emwsmn is unavmdabie for the of this separation
RN IR N2 NHIAL oo
emu!smn in some special cases(Dines,1982).

Two principle approaches for the demulsification of the loaded emulsion are
chemical and physica! treatments. Chemical treatment involves the addition of a

demulsifier to the emulsion. This method seems to be very effective. However, the
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added demulsifier will change the properties of the membrane phase and thus
prohibit its reuse. In addition, the recovery of the demulsifier by distillation is rather
expensive. Thereforee, chemical treatment is usually not suitable for breaking liquid

membrane emulsions. Physical treatment methods include heating, centrifugation,

ultrasonic, solvent dissolution 7 and the use of high voltage electrostatic

fields.

5. Advantages _— i‘ --;_L sion Liquid Membranes.,
Noppapo_m N the advantages and
disadvantages of 4

514

The fin JF Fote 88 R W™ membranes are summanized

L)
liquid membrane &

below:
1 Etecause c uiets size, the specific surface area of
emulsion liquid (g ' ’ ;, fast transfer rates.
= jr’d : o
2 SN =- IS always maximized, the

ctlon 15 deal fc:-r the sEparahon of products that are in low

cc:-ncantratlﬂ rﬁﬂﬁwﬁafﬂfﬂ %w Eﬂ n 'j

3 The solute can gne simultane sly separatad concentrated by

R HINF 3R AR AINYIAL e

internal phase reagent is sufficient concentrated.
4. As mentioned above. in comparison lo conventional solvenl
exiraction, extraction and slripping can be carried out in one stage, hence reducing

the equipment capacity and associated capital and running cosis (Boey et.al.,1987).
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5. With respect to reactive extraction, liquid membrane extraction is
more economical as much smaller gquantities of tne expensive extractant are
required.

6. Emulsion liquid membrane systems are based on hquig-iquid

extraction technology. Thi # ien shown that it can easily scaled up

lo an industrial scale s process (Thein and Hatton, 1987:
Likigis and Schuge

Miions are little affected by solids

which suggests appl gl Jf IS Wary separation step without the

Wbns, emulsion liquid membranes

do not require any pre- ik - 14 e L 1 {Thien and Hatton, 1987).

5.2 Disadvagis ':},g,

":d ion liquid membrane, i.e,

o ot

-l

emulsion formatiorl jnc

phenomena associated with

the operation of ernr.w system that qgp have 2 detrimental effect on the overall

AU BN TNETHS
M aetspiminggy

into the external phase Usually this is accompanied by leakage of the internal
phase reagent which can then transform the solutes into a non-extractable form. This
Is primarily an emulsion formulation problem. The emulsion is designed so that it is

stable under process conditions, bul is also easy lo break to recover the extracted
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solute. The degree of emulsion breakage is small, less than 2% occurs during the
initial stages of extraction (Thien and Hatton, 1987).
5.2.2. Swelling

Emuision swelling is a process by which water is transferred

|

from the external droplet phasall F §r transfer will: dilute the solute that has

been concentrated in : & duce the driving force for solute

exiracliion, make the o — =S 2 less stable emulsion), and

change the rhecloc ause difficulties in emulsion
transport and phag |
3 that can occur are osmotic
swelling which is dri ressure between the external
and inlermnal phases & entrainment of the external

=d coalescence and redispersion of

4
Y ]

o
aqueous phase which due

emulsion gicmule ’

v

L A¥

of Transport. 3

Solutes and Mechar

AUEINEINFRYAN G e

shown in figulg 3-6.

N

/

d

¢

HaN-CHz-CH2-CHo-CH TT H-COO-H

INH2

Figure 3-6 Chemical Structure of L-lysine.
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All a-amino acids, included L-lysine, are zwitterions which its character

Imparis unigue acid/base characteristics o the species. The dissociation character

of amino acid has shown in equation 3.2 1o 3.5.

Ky

HaN* -RTHCOOH ' WRCHCOO + H* woeeeeeeeeennn, (3.2)

NH3z"

(Lys®")

Sl 7/ /T e — (3.3)
NH3"
(Lys™)
NHz -R-CHCOO" —Z30 7, T (3.4)
NH3"
(Lys®)

Ky

Augimeninens "
QRTRSHS I Inea Y

K2 = [A*] [H)

[A")

For L-lysine " Ko = 1o 98 rrn:.*!.-‘t:im3



K3 [AT) [HY) st (37)
[A%)

-10.53

For L-lysine : K3 =10 mol/dm®

Where A*, A* | and A™ are the cation, Zwitterion and anion of amino acid,

1 ne oil phase, an ion exchange

— ,__,..-=

carrier must be added " br3 NG

respectively K4, Kzand K3 are th ion constant of amino acid,

Since aming
B acciar 10 solubilize amino acid
into oil and transpog hexyl)phosphoric acid or
bQEHPA is one

in the emulsion liquid

membrane extracti figure 3-7,

OR’

N/
g\
5 OR

ﬂ‘lJEl’J‘WEIVI'iWEI’Iﬂ’i

R’ : ¢ —CH;CH(CH:)sCHa

Qﬂﬂﬂﬂﬂ‘imﬂ‘lﬂ%ﬂﬂ'ﬂﬂﬂ

Figure 3-7. Structure of Di-(2-ethylhexyl)-phosphoric acid in monomeric form.

(Noppaporn Panich, 1994)
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D2EHPA is soluble in the membrane phase and il agueous solubility
Is extremely low. As shown in figure 3-8, the D2EHPA first exisis as a carrier/proton
complex. When the carrier reaches the interfacial between the external and the
membrane phases, an ion exchange reaction takes place and the carrier makes 2

complex with amino acid Although the actual struclure of complexes can be

complicated, a simplified st Py j:n 'n figure 3-8. The carrier/amino acid
complex then diffuses 1 phase 1o the interface between the
internal and the memkb ange reaction takes place. The
carrier/aminc acid and the carriers immediately
protonated. These Ino acid thus separated and

concentrated in thg

Stripping Phase

Lys®

L dF
" +

AULINEPININT

Carrier

Figure 3-8 Schematic Diagram of the Transport Mechanism for L-lysine,
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