CHAPTER II

LITERATURE REVIEWS

Since the pioneeri ] 1940’s, of the nuclear-materials
industries in the U.S. = in; 1 ometallurgist or the chemical

engineer have been enc the ce 1 initial uses of liquid-liquid

extraction for both ation, of “uramium from its ore, and the
subsequent treatme reactor. fi ) D, separate plutonium from
uranium and its fissj fots=" exally, the extractive metallurgist
turned towards th eless, umportant, transition metals
such as zinc, copp . , by 1965, the commercial

processing of ores co etals was proposed. Along

with these developme et i— a erst of the commercial organic
extractants had been activ_,_, “glﬁz e liquid-liquid extraction of copper
on a large scale w: g growing walues of metals on the world
market suggeste 4 /tha 1“ omically recovered by
hydrometallurgical gutes involving solvent.
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After i mgﬂtﬁlﬂl ! ﬁﬁﬂiﬂiﬁmembrane extraction

as an alternﬂvﬁo solvent extraction, there have been many studies on
fundame appli g i Q{‘ separation of
mmaﬁﬁiagﬁjﬂinm mmlﬁ a\e subject of
continuiqng interest. However, this concept has not much succeeded in
industrial applications since the polymeric membranes in common use have
suffered from low flux rates and low selectivities in general. Thus, area and
staging requirements become too great for any large-scale process. An
alternative is to use liquid films for membranes. In general, such liquid
films possess much higher selectivities than polymeric membranes, thereby
remarkably reducing staging requirements. However, membrane systems

based on thin liquid films have not been able to overcome the costs



associated with achieving sufficient area to make a significant impact in the
separation area. Liquid membranes, invented in 1968 by Li, overcome this
liability by generating the necessary surface area without the need for

mechanical support. Therefore, these devices offer a more effective means

for the separation of mixture cient manner. The large number of
/nder this an extremely versatile

lons, including hydrocarbon

membranes with differen
process useful for
separations, minera tment, and a number of

biochemical and big

Liquid membra iquid interposed between

two fluid phase. B¥ cofifiguration \e mer brane phase can be classified
liquid membrane pgécess in ' st supperted liquid membrane and
emulsion liquid membgfs yembrane can be achieved by
impregnating a porous oo'_g-EjF_r” t 3 organic solvent, which is held in
place by capillary forces tt} f-€Xis ‘_,-', 'A the pores (Takeuchi et al., 1987).
The emulsion liquid. ysterr three phases which the
membrane phase, will forms ,spersing in the external
phase while extrac_E)n occur. ajo advaﬂage of an emulsion liquid

membrane has a mu@q igher spemﬁ ea for mass transfer.
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economlc use of liquid emulsion membranes a  biochemical
downstream processing operation requires not only separation of the effects
of the following process parameters on separation and concentration;
agitation speed, initial internal chloride concentration, carrier and
surfactant concentration, the presence of completing ions in the external

phase, the chemical nature of the counterion, and the chemical nature of

the solute.



General Applications.

Draxler, Furst, and Marr (1989) review the applications of emulsion
liquid membranes for the separation of metal ions in a pilot plant. Zinc,

Cadmium and Lead can easily

are below the limits of mo

arated down to concentrations which
’p) otection agencies.

A very detailedws
been given by Fran(

emulsion liquid m

s of liquid membranes has
review includes the use of
ic substances from waste
water, separation ferogeneous catalysts. The

use of emulsion li atment was reported by Li

Mori, Tanigaki e recovery of chromium from

i’_‘k (]
a waste water containi both batch and continuous liquid
surfactant membrane (LS ; _ and investigate the proper condition
of LSM process, itiie"possibility "o 7 cycle 1S ,—:} e organic phase as the
liquid membrane y?» 7 ¥ chromium concentration
by a proposed tran 1' ort model. romium in the external feed solution was

successfully iuil concédtrated into the internal stripping
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kerosene wi 2-ethylhexyl galcohol d polyamine, (Exxon Chem.,
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not chaglge the function of LSM, and the continuous operation using mixer-

solution co

settler type extractors worked as a LSM process together with the developed
continuous demulsifier by a/c. high electrostatics field. A model for the
chromium transport was presented, in which extraction of chromium,
leakage of stripping phase, entrainment of feed phase, and permeation of
water were taken into account. the experimental result on the model with

the experimental parameters from the batch data.



R.E.,Terry, N.N.,Li, and W.S.,HO (1982) focused on the separation of
phenols and cresols from wastewater. In addition to being able to separate
these contaminants from wastewater, they also found that Unfacilitated

Transport liquid emulsion membrane (simple diffusion) could also be used

Nakashio has reg mple, the mechanism of copper

extraction by emulsiog ‘""\ ated in Figure 2-1, where a
derivative of hydroxi 05N, abbreviated as HR) is
e 2-1, copper (M?*) in the

used as a carrier of coppgr . » ; \
ed by LIX 65N (HR) at the

external aqueous solfitig
. “de 4K = 0
external interface of the€ e fﬁ :

ibU e toiform the oil-soluble complex
(MR2) by the following e ! HOm

M2*aq + 2 HRorg == VIR (2-1)
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The complex of MRS

the interface of ﬁ@ internal wg
extracted with acid ®fsthe strippingireagent according to the backward

o o L) NN T AR TGon of protons in the

internal aque s solution than .that in the external aque us solution, copper
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with cofiper-carrier (LIX 65N).

rane phase diffuses into

droplets, mhere copper is reversibly

Itoh have reported on water transport (swelling through emulsion
liquid membrane). The disadvantages of swelling for an emulsion liquid
membrane separation system are the dilution of the separated product in
the internal phase, the increase of membrane rupture (breakage), and the
increase of agitation power required to disperse the emulsion. There are two
possible mechanism for swelling in emulsion liquid membrane processes.

The first mechanism suggests that swelling is mediated by hydrated
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surfactant, i.e. the surfactant solubilizes water of the external phase into
the oil (membrane) phase. The hydrated surfactant then diffuses to the
internal phase. Finally, the water is released to the internal phase. This
phenomenon is driven by the difference in osmotic pressure between the
external phase and the inte‘ ‘ ses. The other proposed mechanism
states that water is tran . A\ V é ' micelle. In this case, water is
encapsulated by surfactas ores ‘-éd micelles) in the oil phase.

The reversed micelle

xternal phase to the internal
phase. Both mec e data of several workers
and the actual mg ; Seems _ 0 depend, on the solutes and the
composition if the elling, determines the efficiency if

an emulsion liquid m & proge: chanism of water transport

Boyadzhiev and FPIEheR ] e conducting the experiment to
extraction of mercury(Il) cats W ,é. pH aqueous solutions by means of
a double emulsion) boratory scale, 2 turbine
agitator. A 10% SOI 5[ ic and linolic) in normal
paraffins (Ci1- Cis) fwas used as' 't T erm%ate phase. The optimal
operational condlt'.lonjb fast and comp lete removal of mercury, providing a

1000 fold coﬁ H%L’J ‘Flegew @ewg ’ﬂ ﬂ ‘Ecelwng, encapsulated

phase, were obltained.
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as dloleate and trioleate (Goto et al. 1987; Nakashio et al. 1988). SPAN 80
is a fairly good emulsifier, so it is widely used in emulsion liquid membrane
studies. During extraction operations , the membranes incorporated with
SPAN 80 show less resistance to mass transfer than those with other
surfactants. (Draxler and Marr 1986; Strzelbicki and Schlosser 1989; Lee
and Chan 1990).
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Figure 2-1 Mechanism of copper separation with emulsion liquid

membrane.
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SPAN 80, however, suffers from some drawbacks. It is good carrier
for water molecules and therefore favors the osmotic swelling of emulsion
(Martin and Davies 1977; Colonart et al. 1984; Hiroto et al. 1990).
Another disadvantage of SPAN 80 as an emulsifier lies in its poor chemical
stability, especially when the
(Zhang et al. 1988).
the instability of SP.

incorporated into the internal phase

Petegham (1990) proposed that
y its decomposition due to
e to the presence of H2O in

n addition, SPAN 80 also

hydrolysis and by
SPAN 80 and oth
suffers from its hi

reagent loss (Draxler 986 7 g Xiao 1989, 1990).

phase, which causes a high

M.P. Thien and T.A.. | Hatic 38) discussed the potential for liquid

emulsion membre ne n  bic al s~applications  and  their

advantages over cOnv ples are cited where liquid
emulsion membr: has be ’ ess' lly separate organic acids,
amino acids, and ?ntlblotms L uid emulsion membrane used for

immobilize (364|410 WW@WMﬂﬁS N —

well as deconfdminate biology Waste streams
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proplomc acids using emulsion liquid membranes. Both acids can be
produced by bacterial fermentation. This work was concerned with the
removal of contaminants from waste water, and shows that these solutes

can be removed from aqueous solutions.

The recovery of citric acid has been studied by Boey et.al. (1987).
The emulsion liquid membrane consists of Alamine 336 and Span 80
dissolved in Shellsol A. Sodium carbonate was used as the internal phase

reagent. This work looked at the batch extraction of both model and real
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fermentation broth. The results show that very fast extraction of citric acid
can be achieved: over 80% of a 5% (W/V) citric acid solution was removed
in under 5 minutes. Experiment of 4.5% citric acid from fermentation broth
showed the similar extraction profile. Significant emulsion swelling was

also observed in this study, the e of the internal phase was more than

Boyadzhiev an Sy ween explored the possibility

membrane and studi \\\\\'f— so of the three-phases liquid

system. They use - ‘ :\\\ a cationic carrier and used

n-decane as an in s in the two compartment

5. solutions applying a liquid

glass cell as shown i

Membrane
Phase

G’!:Wﬁ ﬁ q r : ! ‘ 2 Feed Phase

Figure 2-2. Schematic Diagram of Two Compartments Vessel for

Extraction.

Noppaporn Panich (1994) has been studied the extraction of two

essential amino acids, L-phenylalanine and L-tryptophan, by emulsion
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liquid membrane from dilute solution. In this case, it has been studied the
equilibrium extraction of mixtures and batch extraction of single dilute
phenylalanine, dilute tryptophan and mixture of both amino acids. The
membrane phase consists of cation carrier D2EHPA and the surfactant

Span 80 dissolved in n-dodec e internal aqueous phase was 1N HCl

, %han had a higher flux than

d 3 was higher than at pH 2.
—

In the extraction i tion of tryptophan and

solution. It was fou

phenylalanine. The e t g a

phenylalanine,
rate of phenylalani

Apirak Sue (udied the extraction of L-lysine

from aqueous soluti@ omili I membrane. In this case, it has
been studied the eq action andibatch extraction of L-lysine.

The membrane phase ¢ i = 1 arfier D2EHPA and the surfactant

Span 80 dissolved in n—dgl found that 12 moles of L-lysine

reacted with 1 nidle ric form o PAfto form a complex in the

membrane phasé, JThe inte §vas 1IN HCI solution. The

y

Tavlari ‘o 1 f 1 tfguid membrane and
supported aﬂeu E[gmz1ﬂ ﬂrﬂajll jf accomplishing the
extraction and stripping o erdtion with véry high enrifdment factors in a
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overcome for the future development.

extraction rate was maximu

Emulsion liquid membrane, the stability of a emulsion liquid
membrane is of major importance, since breakdown of the organic films will
show directly as a loss in extraction efficiency as well as a loss of strip
solution. Some steps can be taken to increase the stability of the organic
phase by adding polymer materials or by increasing the surface viscosity.
However, further studies are necessary to improve the stability of the

emulsion. The solubility of the surfactant in the aqueous phase (raffinate
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and strip solution) is important. Ideally surfactants totally insoluble in the
aqueous phases should be used to prevent any overall loss from the system.
In addition, the solvent losses or solubility from one phase to the other may
also increase due to the surfactant added in the system. The process

development problems, such as emulsion breakdown, iron poisoning and

colloidal solids incorporation ,’ '¢tifagbe overcome.
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