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The extraction equilibrium of synthetic L-lysine and L-lysine from mother liquor were
studied at various carriers, D2EHPA, concentration. Each experiment was carried out at
room temperature for 48 hours with a stirred speed of 420 rpm. It was found that the
distribution coefficient of synihetic L-lysine was greater than that of L-lysine from mother
liquor and both values wary with the carrier concentration. The extraction equilibrium
constant (K,,) are 5.26 x10™* and 4,72 x10° dm’/mol for L-lysine in synthetic solution and in
mother liquor, respectively. It was also found that 1 mole of lys" reacted with 1.2 and 2
moles of monomeric form of D2EHPA to form complex for L-lysine in synthetic solution and
mother liquor, respectively.

L-lysine extraction from mother liquor was carried out in batch type facilitated ELM
stired extractor. W/O membrane extraction phase was DZ2EHPA as carrier, Span 80 as
surfactant in n-dodecane and HCI solution as stripping phase. The effects of various
conditions were investigated. The experimental results showed the optimum conditions for
this process to be at pH3, 2N HCI, 1%span 80 (v/v), 10%DZ2EHPA (v/v), volume ratio 1: 2,
and 360 rpm. And by these optimum conditions, 20% initial extraction of L-lysine from
mother liquor was obtained in the first minute. The influence of carrier concentration on the

permeation rate can be predicted by the model presented in this study.
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CHAPTER 1

INTRODUCTION

1.1 General

Emulsion liquid membranes (ELMs) have been successfully utilized to treat
aqueous streams contaminated with heavy metal ions such as copper, zinc, cadmium,
nickel, mercury, lead and chromium. ELMs, firsi reported by N.N. Li (1968), are made by
forming an emulsion between two immiscible phases. His work showed that some of
limitations of traditional solvent exiraction could be removed by using liquid emulsion
membrane. At present, the applications of ELMs in bioseparations and biomedicals have
become active. ELMs have great potential for applications in biotechnology and for recovery
bioproducts from fermentation products such as amino acid. The main advantages of the
emulsion liquid membrane progess are

1. Separation and concentration can be achieved in a single step.

2. The specific intedfacial-areas for extraction are large and give rise to very fast

extraction rates,

3. The efficient recovery of solutes from low concentration streams.

4. Low energy consumptlion and minimal downstream unit operation.

One disadvantage of the system is swelling due to water transport from the external
to the internal phase, resulting in a decrease in the degree of concentration of the solute
achieved the inside membrane.

From advantages and disadvantages of emulsion liquid membrane processes, it is
interesting for using-this process, to apply for extraction of L-lysine. -L-lysine is one of the
most imp@rtant amino acids for livestock feed additive. At present, L-lysine is manufactured
by a fermentation method at Ajinomoto Co., (Thailand) Ltd. in Pathumthani Province. In 1991,
Boyadzhiev and co-worker studied kinetics of liquid membrane recovery of L-lysine from
dilute aqueous solutions in a two compartment glass cell by using 5% (vol) di{2-ethylhexyl)

phosphoric acid (D2EHPA) as carrier in n-Dodecane. The results proved the feasibility of the



pertraction process for recovery and concentration of L-lysine from dilute agueous solution.
After that, Apirak Suetrong (1995) studied the extraction of L-lysine from agueous solution by
emulsion liquid membrane process. At optimum conditions, 50% of L-lysine from agueous
solution in external phase have been extracted within 5 minutes. In this research, emulsion
liguic membrane may improve in L-Lysine separation from mother liguor, which is residue
solution in crystallizer. Mother liquor usually contains high L-lysine concentration with

impurities residue. Therefore, we only focus on the possibility of separation rather than

concentration.
1.2 Objectives of the Study

The objectives of thisresearch are the following:

1. To study the equilionum extraction of L-lysine from mother liquor by emulsion

liquid membraneg process.

2. To determing the optimum conditions for the extraction of L-lysine from mother
liquor by emulsion liquid membrane process.

3. To describe the transport mechanism of L-lysine from mother liquor by
emulsion liquid membrane.

4. To compare L-lysine permeation flux from mother liquor with synthetic L-lysine

solution.

1.3 Scopes of the Study

1. L-lysine extraction from mother liquor by emulsion liguid membrane process
covers the followingscope:
1.1 The concentration of mother liquor from L-lysine production plant, as
external phase, was about 350-400 g/l.
1.2 The acidities (pH) of the external phase were 3, 4, 5,6 and B

1.3 The concentrations of Hydrochloric acid in the internal phase were 1, 2,

4, and 6 N,



1.4 The concentrations of surfactant (Span 80) in membrane phase were 0.5,
1, 2,and 3 %(viv) in n-Dodecane.

1.5 The concentrations of carrier (D2EHPA) in membrane phase were 5, 10,
20, and 30 %(v/v) in n-Dodecane.

16 The W-0 Phase and external phaé.e volume ratio were 1:0.5, 1:1, and 1:2

1.7 The characteristics of mother liquor were filtration and no-filtration.

1.8  The speeds of agitation for extraction were 300, 360, 420, and 480 rpm.

1.9 The sources of L-lysing ic solution and L-lysine from mother

AOUUINBUINT )
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction to Liguid membrane

Membranes have been a source of interest for separation process for biotechnology.
Membrane processes have the properties that they are technically simple, have high
efficiency, and in the case of solid membrane, the component to be separated are not
altered chemically or thermally (Marr and Kopp,1982).

A liquid membrane is an insoluble liguid, usually an organic solvent which is
selective for a solute, which-separates two aguecus: a feed phase, initially containing the
desired sclute, and a recovery.or &iriping phase into which the solute is extracted. Liguid
membranes are particularly suitable for recovery from dilute feeds, and have been
proposed as an alternative in the separation of biomolecules with low molecular weight.

Some of the economic advantages of liquid membranes are apparent (Aharton

and Bressler , 1993) :

1. Only liguids are treatd; avoiding costs related to solid separation and product
dilution through solid washing.

2. Liguid membrane operate at about ambient temperature, decreasing costs of
energy and of heat exchange, decreasing product decompasition, and providing for the use
of low-cost construction materials.

3. Polymeric membrane-based liquid membranes allow a simple single-operation
process (in contrast to liquid-liguid extraction).

Liguid membranes can be divided into two types according ¢osthe configurations:
polymer:supparted /liguid membrane 'and emulsian liguid membrane {liquid surfactant
membrang).

Polymer-supported liguid membranes are made up of two forms. The first consists
of a porous polymeric film with the liquid membrane materials held strongly in the pores,
The membrane geometry can be either of plate or of hollow fiber type. The problem with

supported liquid membranes is the insufficient area for mass transfer (100-200 mim’ of
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equipment volume) (Marr and Kopp, 1982). The emulsion liquid membranes concept, which

are a three-phase system: a water-oil-water (w-o-w) system or an oil-water-oil (o-w-0)
system, overcomes this problem by generating the necessary large surface area byway
creating numerous emulsion-size spheres (1,000-3,000 m’im®) (Marr and Kopp, 1982).

Since their discovery by N. Li in 1968, emulsion liquid membrane have been
considered as effective equipment for 2 wide variety of separation such as heavy metal,
biochemical processing application such as phospholipids, antibiotics, organic acids and

amino acids from fermentation broth.

2.2 Emulsion liquid membrane Applications

2.2.1 Metal Applications

Frankenfeld and Li {1987 reviewed the applications of liguid membrane includes
the use of emulsion liquid membrane for the removal of toxic substances such as Cr, Hg'
Cd” and Cu* from waste water, separations in hydrometaliurgy and as heterogenous
catalysts, A typical formula of the membrane phase was 0.1% Span Bo (Sorbitan
Monooleate), 3% of a nonionic polyamine acts as @ membrane strengthening additive, and
86% of an isoparaffinic solvent. The internal phase is Sodium hydroxide solution. Emulsion
was stirred at 1,000-2,000 rpm. for 10-20 minutes at ambient temperatures to ensure

complete encapsulation. The result was shown in Table 2.1.

Table 2.1 Separation of metal ions by ELM Frankenfeid and Li (1987)

Element Extractant Initial concentration | Final concentration | Time
(ppm) (ppm) (min)
B Alamine 336 390 12 15
Hg™" Alamine 336 1100 0.2 10
o LIX 64N 40 0.38 10
cd” Aliquat 336 40 0.45 10




Draxler, Furst and Marr (1986) reviewed the applications of emulsion liquid
membrane for the separation of metal ions in a pilot plant. As can be seen in Table 2.2, zing,
copper, cadmium and lead easily be separated down to concentrations which are below the
limits of the most environment protection agencies. This is not true for nickle. The result for
this is the residence time in the column used was not long enough for nickle separation.
Under the same conditions nickle cbuld be separated in a two-stage counter current mixer-
settler with sufficient residence time down to 2 ppm. Addition, they also concluded that
problem in the application of emulsion liguid membrane in all membrane processes is the
co-transport of water, which causes the concentration of the effluent and the dilute of the

concentrate inner phase.

Table 2.2 Separation of various metals in pilot plant. Draxler, Furst and Marr (1986)

Elemerﬁ Throughput | Initial concentration| Final concentration
(i) (mg/1) (mg/l)
zinc | 30 4500 4
zinc 30 ' 500 0.8
Zing Fad 150 0.5
copper 20 8000 27
COpPEr 40 800 3
nickel 20 2200 360
cadmium 60 14 0.07
lead 60 8 0.01
chromium 40 1500 4

K. Yamashita et al. (1998) studied synergistic extraction of Ni(ll) by a mixture of the
active component in the commercial extractants LIXB3, 5 8-dimethyl-7-hydroxydodecane-6-
oxime, and di-oleylphosphoric acid (DOLPA) has been investigated by emuision liquid
membrane containing 2 commercial surfactants, Span 80. Solvent extraction of Ni(ll} with
the mixture of LIX63 and ordinary extractant, di(2-ethylhexyl)-phosphoric acid (D2EHPA)

was carried out. The results show that the LIX63-DOLPA mixture has a high synergistic



effect on the extraction of Ni(ll) in the ELM system compared with the LIX83-D2EHPA
mixture. And the effects of several operation factors in the ELMs were investigated:
permeation of Ni(ll), pH of external aqueous phase, and concentrations of extractant and
surfactant. It was found that under a low surfactant concentration of less than 10 molim”
good recovery of nickel ions by ELMs did not occur due to the low stability of the emulsions.
On the other hand, the emulsion stability increased with an increase in the concentration of

surfactant, and a stable emulsion was formed with a surfactant concentration of more than

30 mol/m®.

2.2.2 Bioproduct Application

M.P. Thien and T.A Hatton (1986) discussed the potential for emulsion liquid
membrane system in biochemical application and their advantages over conventional
systems. Examples arg cited where emulsion liguid membrane has been uesd to

sucessfully separate organit agids, amino acids, and other bioproducts.

2.2.2.1 Organic Acids

Terry et al. (1982) reported the extraction of acetic and propionic acids
using unfacilitated transport emulsion liquid membrang (simple diffusion). The studies
indicated that emulsion liguid membranes were particularly good at separating acetic acid
from dilute solutions and fermentation broths.

Boey et.al. (1987) studied the recovery of citric acid from agueous solution
and unfiltered broth, The emulsion’ iguid membrane consist of-Alamine 336 and Span 80
dissolved in Shellol A. Sodium carbornate was used as the internal-phase reagent. The
results show that very fast extragtion of citric acid can be achieved s pver 80% of a 10%
(wiv) citric acid solution was removed in under 5 minutes in stirred vessel. Experiment of
4.5% citric acid from unfiltered broth showned the similar extraction profile. Significant

emulsion swelling was also observed in this study, the volume of the internal phase was

more than doubled.



C.C., Wang et al. (1990) studied the multiple solute extraction for two binary
splute systems (m-cresol/benzoic acid and phenoliphenylacetic acid) and single solute
batch extractions for five organic acids : m-cresol, phenol, benzoic acid, phenylacetic acid,
and acetic acid. The membrane phase contains 3 wt% surfactant (Paranox 108) in Solvent
100 Neutral (S100N). The internal phase is LiOH solution. The result is when multiple
extracable solutes are present, competition for the avaiable reagent arised, slowing

extraction rates and reducing emulsion capacity for each solute.
2.2.2.2 Amino Acids

The first study of amino acid transport in emulsion liguid membrane was
carried out by M.P.Thien et 2l (1986). They studied the separation and concentration L-
phenylalanine using a fagilitated system. The membrane phase consist of Paranox 100, an
emulsion-stabilizing nonianic surfactant, tri<capryl quatermnary ammonium salt (Aliquat 336),
anion carrier, Decyl alcohal, cosurfactant and Solvent 100N, solvent. The stripping agent is
Potassiumchloride solution. - The facilitated transpart system investigated here features a
concentrated chloride salt selution'in the internal phase as the driving force for the
separation. Changes in the cartier conceﬂﬂ‘aﬁan‘:are shown to result in higher initial fluxs
and higher swell rates. Experiments indicate that osmotically induced water transpor
("swelling") in the emulsion liquid membrane system is mediatd by both the carrier and the
emulsion-stabilizing surfactant. And the specificity of the carrier is examined and is found to
be directly related to the'hydrophobicity of the solute.

Itoh et al. (1990) studied the effect of-warious parameters on the separation
L-phenylalanine (Phe) by using cationic carrier (D2EHPA, Di(2-ethylhexyl) phosphoric acid).
The internal phase is Hydrochloric acidsolution. It was-demonstrated that 80% of Phe could
separated from the extemnal phase to the internal phase with one batgh operation and thus
the final Phe concentration of the internal phase was eight times as high as the initial
concentration of the external phase. The selectivity of this process was examined and it is
concluded that this process is relatively unaffected by the presence of impurities.  In this

system, removal of cells from fermentation broth might not be necessary, since the surface



of microorganisms are usually negatively charged so it could not result in the fouling of the
membrane interface.

Seong-Ahn Hong et al. (1992) studied the concentration of L-Phe in an
emulsion liquid membrane system. The effect of two different types, D2EHPA when L-Phe
is transported as cation and Adogen 464 when it is transported as an anion, were examined.
For the given experimental conditions, which were presumed to be optimum, D2EHPA led to
much faster extraction than Adogen 464. In addition, with the use of D2EHFPA there is room
to further increase the transport rate by adjusting the pH of the external phase. While the
accumulation of chloride ions makes the continuous multistage process impossible for the
Adogen 464 system, the inerease in hydrogen ion cencentration resulting from the transfer
from the internal phase may. be €asily adjusted for the D2EHPA system. It was found that a
liquid emulsion membrane obiained by demulsification of the emulsion by an electrostatic
coalescer could be reused without any efficiency decline, and also that consisting of
aliphatic hydrocarbons rather than aromatics is more stable and its stability increases with
the increasing carbon number,

Noppaporn Panich (1894) studied the extraction of two essencial amino
acids, L-Phenylalanine (Phe) and L-tryptophan (Trp), by emulsion liquid membrane from
dilute solution. In this case, it has been studied the equilibrium extraction of mixtures and
batch extraction of single dilute Phe, dilute Trp and mixture of both amino acids. The
membrane phase consist of cation carrier D2EHPA and the surfactant Span 80 dissolved in
n-dodecane. The internal phase was 1N, HCI solution. It was found that Trp had a higher
flux than Phe. The extraction rate at pH 5 and 3 was higher than at pH 2. In the extractiion
of binary mixtures solution ofTrp and-Phe, Trp did netsignificant effect on the transport rate
of Phe.

Apiruk Suetrong (1995) studied expefiment on batch ‘extraction of L-lysine
from agueous solution\by emulsion liquid] membrane process. ) The composition of
membrare and internal phase is as same as Noppaporn 's study. It was found that at
optimum condition for the external phase was 1 mM of L-lysine at pH 5, 50% of L-lysine from
aqueous solution have been extracted within 5 minutes. At the final of extraction, the

concentration of L-lysine in the internal phase was double from the external phase.
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223 Other bioproducts

Kwi Ho Lee et al. (1994) studied Penicillin G extraction from media by an
emulsion liquid membrane. The effects of surfactants, diluents, and carrier mixtures,
together with their combined effect on the initial extraction rate and emulsion stability were
examined. Surfactants, diluents, and carriers used were Span 80 (Sorbitan
Monooleate)/ECA4360J (Nonoionic Polyaming),  n-butyl acetate/kerosene, and DOA
{Dinctylaﬁin}!Amberlite LA-2 (Secondary Amine), réspectively. The optimum extraction

conditions were found to be 20% (v/v) of Span 80 in ECA4360J as a surfactant, kerosene as

adiluent and Amberlite LA-2 as'a carrier.
2.2.3 Kinetic mechanism and swelling studies

Ho W.S. et al. (1982) developed model of diffusion controlled mass transfer in liquid
surfactant membranes for uniform emulsion globules having no internal circulation. The
solute is assumed to react instantaneously and irreversibly with the internal reagent at a
reaction surface, which advances into the globule as the reagent is consumed. A
perturbation solution to the resulting nor-linear equations is presented. In general, the zero-
order, or pseudo-steady state solution alone often gives an adeguate representation of the
process. Experimental data on the batch extraction of phenol from wastewater are in good
agreement with the model predication,

lloh., H et ab~(1980) ireportedn waten transport-meghanism in emulsion liguid
membrane process for the séparation amin6 acid. The membrane consist of D2EHPA,
Paranox 100:disstlvediin Tergla 619¢ They concluded thatitwo possiblemechanism occured
for swelling in this process. The first mechanism suggested that swélling is mediated by
hydrated sufactant then diffuses to the internal phase. This phenomenon is driven by the
difference in osmotic pressure between the external phase and the internal phase. The

other proposed mechanism states that water is transported by reversed micelles. Addition,
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the swelling increased linearly with increase in the initial concentration of hydrochloric acid
in the internal phase.

Boyadzhiev et al. (1991) studied kinetics of liquid membrane (pertraction) recovery
of L-lysine from dilute agueous solutions in a two compartment glass cell. A 5% (vol)
solution of the cation exchange carrier di (2-ethylhexyl) phosphoric acid in n-decane was
used as intermediate, membrane liquid. The third stripping phase was 1N hydrochloric
acid. It was found that overall transfer rate is controlied by the eddy diffusion of transported
species in the donor and membrane liquids. The resulls proved the feasibility of the
pertraction process for recovery and concenfration of L-lysine from its dilute aqueous
solutions.

J.B. Chaudhuri et-al. (1982) reported and proposed model for the experiment of the
batch of lactic acid wsing emulsion liquid membrane system in which effects of the
surfactant Span 80, and teriiary amine carrier Alamine 336 in n-heptane, on the system
stability, kinetics and swelling. It was found that at the onset of extraction solute transport
was dominated by external phase mass transfer. However, after a short contact time, as the
diffusion distance into the globule increased the membrane phase mass transfer become
rate-limiting. A comparison of facilitated extraction between with and without swelling
showed that swelling had little effect on the rate of decrease of the external phase lactic
acid concentration.

Young Sum Mok-et-ai-{1996}) siudied-conirol-of-swelling of two different emulsion
liquid membrane systems for separation of lactic acid. One system was composed of
Kerosene, Span B0 and tri-octylamine (TOA) and the other composed of Kerosene, Paranox
100, Amberlite LAZ. The internal phase of two systems is sodium carbonate solution, Several
additives including liquid paraffin, cyclohexanone and! n-decanol were investigated with
respect.to both-emulsion swelling.and lactic acid separation rate. _The results showed that
the extent’ of swelling” depended strongly ‘on’ membrane viscosity-'by increasing
concentration of Span B0 and membrane composition by the addition of cyclohexanone.
While the addition of liquid paraffin was very effective for reducing swelling, the solute
transport rate also greatly decreased. And the swelling increase with the quantity of

hydrophillic in the surfactant.



12

Qing-Hong Shi et al. (1997) studied on the distribution equilibrium of L-tryptophan
(L-Trp) by extraction with di(2-ethylhexyl) phosphoric aicd (D2EHPA) dissolved in n-hexane.
Also the effects of L-Trp and D2EHPA concentrations, pH, and ionic strength, particularly of
L-Trp loading in the organic phase, on extraction equilibrium were examined. The results
showed that when the amino acid loading ratic (the molar concentration ratio of the
equilibrium amino acid in the organic phase to the initial dimeric D2EHPA) was less than
3*10°, one L-Trp molecule was extracted by forming a complex with four monomeric
D2EHPA molecules, and the extraction eguilibrium constant (K,) was determined to be
0.045 dm’/mol. Above this loading ratio the equilibrium formula did not hold, and the
apparent equilibrium constant (K} increased significantly with increasing loading ratio. The
phenomenon was explained by taking into account two. parallel reactions in which fewer

D2EHPA molecules, two and one respectively, were needed to extract one L-Trp molecule.



CHAPTER 3

THEORY
3.1 Supported liquid membrane (SLM)

Supported liguid membrane (SLM) is made by soaking the pores of a solid suppon,
usually a microfiltration membrane, with an organic phase which is stabilized by capillary or
surface forces (see Figure 3.1); transport takes plage across this place. Extraction occurs
because of the difference in concentration that exist between the two aqueous phases.
When an extracting agent or carrier is added, the process is called facilitated. The
advantages of SLM is no-emulsion to be prepared and only an extremely small quantity of
membrane liquid is required for "filling" the pores. However, one of the main disadvantages
1s that supported liquid membranes have a much thickener than emulsion liguid membrane,

The application of SLM has mainly been considered follow:

a. Wastiewater treatment,

b. Metal extraction and,

¢. Fermentation product recovery.

Figure 3.1 Schematic Diagram of a Supported Liquid Membrane
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3.2 Emulsion liquid membrane (ELM)

Emulsion liquid membrane (ELM, see Figure 3.2 where A is interested solute, C is
carrier, and H is counter ion) also called surfactant membrane or liquid surfactant
membranes was first proposed by Li in 1968. The principle of separation in this type of
liquid membrane is that solute is transported from the continupus phase (Feed phase,
external phase) into the emulsions (Microdrop). The emulsion is subsequently broken up by
various means to release the substance transported and the emulsion components are then
transport to the inlet of the systemn to be re-emulsified and mixed with the continuous phase
once more. Usually, the emulsion componefnis  and the continuous phase must be
immiscible with either phase. Therefore, the emulsion is of o-w type if the continuous phase
is oil and of w-0 type if the.continuous is water. To maintain the integrity of the emulsion
during the separation process, the membrane phase usually contains certain surfactants,

additives as stabilizing agents, and a base material which is a solvent for all the ingredients.

RECEIVING PHASE MICRODROPS
Lew pH te Strip)

H
MEMBRANE A
PHASE (QIL) FEED PHASE
{High pH fo Exiract)

Figure 3.2 Schematic of Emulsion Liquid Membrane

Their main application is for the case where the concentration of the permeating
components in the feed stream is low. The driving force for the solute transport from the

continuous phase to the reception phase is the concentration difference across the
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membrane and selectivity is achieved because of the different solubility of the feed species
in the membrane.

When the emulsion is dispersed by agitation in a continuous phase (Third phase),
many small globules of emulsion are formed. Their sizes depend on the nature and
concentration of the surfactants in the emulsion, the emulsion viscosity, and the mode and
intensity of mixing. In general, the globule size is controlled in the range 0.1 to 1 mm in
diameter. Thus a large number of globules of emulsion can easily be formed to produce a
large member surface are for rapid mass transfer from either the continuous phase to the
encapsulated phase, or vice versa. It should be noted that many such smaller droplets,
typically 1 um in diameter, are encapsulated with each globule.

Separation of mixtures can readily be achieved by selective diffusion of one
component through the liguid membrane phase into the liquid of lower concentration. Once
separation is effected, the three phases can be separated by first settling the emulsion and
continuous phase and the breaking the used emulsion. [t has many ways of breaking the
emulsion such as heating, centrifuge, ultrasonic, solvent dissolution, high shear and the use
of high-volume electrostatic fields (Martin and Davies, 1977 and Yan and Wang, 1988).

As discussed above, a flow patiern of a continuous ELM process is illustrated in
Figure 3.3. The four steps in the process are as follows:

1. Emulsification,

2. Dispersion oi-the-emuision-in-contact-wiih-the continuous phase (the external

phase ) for extraction,

3. Settling to separate the emulsion from the continuous phase which is the raffinate

if the internal phase becomes. the extract, and

4. Breaking of the emulsion (Demulsification)to recoverthe internal phase as the

extract.and the membrane phase for recycle,
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HOMOGENIZER
q) RECOVERED LICUID MEMBRANE
INTERNAL PHASE COMPONENTS (SOLVENT, SURFACTANTS,
CARRIER. ETC.)
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'

INTERESTED SOLUTES
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FEED PHASE WITHOUT INTERESTED SOLUTES

Figure 3.3 Diagram of conceptual emulsion liquid membrane process.

3.3 Facilitated Mechanism and Driving Force

In a liguid-membrang separation sysiem, there may be two types of facilitation to

improve the mass transfer rate.

3.3.1 Unfacilitated Transport

This is the simplest case of solute transport through the membrane phase and is a
diffusion process. This type uses a stripping agent in the internal phase to entrap the solute
and maximize the mass transfer rate. No carrier is contained in the membrane phase. The
selectivity of solute separation depends solely on the gartition coefficient of the solute.

The solute is initially in the-bulk of the external phase and diffuses to the interface
with the membrane phase, Here it partitions_inta_the ‘membrane and diffuse across to the
interface with the internal’ phaselinto '‘which it partition, the driving ferce-for transport is
concentration difference in the solute across the membrane phase.

The driving force can be manipulated by the inclusion in the internal phase a
chemical reagent which reacts with the solute. This has a two-fold effect first the solute is
now in a different chemical form and cannot back diffuse if it is insoluble in the organic

solvent. Second, because the solute is now in a different form, the concentration of the
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transportable species in the internal phase, is effectively zero and hence the concentration
gradient is maximized, thus enhancing mass transfer.
Examples of this type separation systems are extraction of weak acids (e.g. phenal,

chlorophenol, cresol) or weak bases (e.g. ammonia, aniline, toluidine) from waste treatment.

3.3.2. Facilitated Transport

This form of transport is of great importance in any potential liquid membrane
separation. Three points demonstrate the benefits of using carriers in liquid membrane
(Richard and Koval, 1989).

1. High fluxes are possible. By combining the advantages of high-diffusion
coefficients in liquids withthe added carrying capacity of the carrier, larger fluxes will be
obtained than those in unfacilitated transport.

2, Very selective separations are possible. The selective nature of the
complexion reaction provides mugch Detter separations than those that can be obtained
based solely on relative solubility and diffusion.

3. Solutes, especially ions. can be concentrated. Coupled transport allows one
to pump ions against their concentration gradient.

The application of this type is for membrane-insoluble material, such as charged
species, e.g. metal ions, organic acids and zwitterions. By infroducing a ‘carrier’ molecules
into the membrane phase, the carrier used in the membrane not only facilitates the mass
transfer but also enhances the separation selectivity. The solute solubility is increased the
reversible of a membrane-solute carfier-solute camplex. The facilitated transport can be

divided into categories, depending on the type of reaction occurring between complexing

agent andipermeant,

3.3.2.1 Counter Transport

The key feature of counter transport is that the fluxes of the two permeating
ions move counter to each other across the membrane. The solute is transport across the

membrane by the formation of complex as follow (Figure 3.4)

1 At the interface between the external phase and membrane phase
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the solute A, reacts with the carrier complex BC, to form the complex AC, and liberates B in
the external phase.

2. The carrier-solute complex, AC, diffuses across the membprane to the
interface between the membrane and internal phase.

3. At this interface with the internal phase the reverse reaction occurs,
brought about by a shift in the reaction equilibrium due to the higher concentration of a
counier-ion B, in the internal phase. Hence the solute A is released into the internal phase
reagent.

4, The carrier reacts with the counter-ion to form the carrier-counter-icn

complex, BC, which then diffused back through the membrane to the exterior interface.

MEMBRANE

m

>

nBC + A — AC, + nB AC, +nB —> nBC + A

Figure €.4 Schematic of Counter Transport ¢f Solute A and B by Carrier C

3.3.2.2 Co-Transport
The second type of coupled transport is co-transport, illustrated in Figure 3.5,

The key feature of co-transport is that the fluxes of the two permeating ions move in the

same direction across the membrane,
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MEMBRANE
Cc
B ———— B
A ———= A,
/ ABC \
A +B+C— ABC ABC — A +B+C

Figure 3.5 Schematic of Co-Transport of Solute A and B by Carrier C

Because of the importance of membrane phase for mass transfer mechanism we

have to study the composition of membrane phase.

3.4 Advantages and Disadvantages of Emulsion Liguid Membrane

The main advantages of emulsion liquid membranes are summarized below:

1. The specific surface area of emulsion liguid membranes is very high, giving rise to
very fast extraction rates, because of the small dropiet sizes.

2. Liquid membrane extraction is ideal for the separation of products, which are in
low concentration in fermentation broth, because the concentration difference 15 always
maximized.

3. The salute can be simultansously separatioand concentrated at one stage.

4. Ermulsion liquid _membrane systems are based on liguid-liquid extraction
technology.” This technology has been shown to easily'scaled-up industrial'scale operation
and for continuous use.

5. Emulsion liquid membrane separations are little effected by solids that suggest
application of this process as a primary separation step without the requirement of filtration.

Two disadvantages of emulsion liquid membranes are emulsion formation and

breaking. There are two other. phenomena associated with the operation of emuilsion
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systems, which can have a detrimental effect on the overall separation. There are leakage

and swelling.

1. Leakage

The degree of membrane |leakage or breakdown is an important parameter in
assessing the stability of the liquid membranes. Membrane leakage in emulsion liquid
memorane systems means the rupture of the emulsion, leading to releasing solute and
internal reagents in the internal phase to the external phase. As a result, the leakage
causes a decrease of the driving force for mass transfer and an increase of the raffinate
concentration, thus lowering the extraction efficiency. The main factors governing
membrane stability include the membrane formulation, the method of emulsion preparation,

and the condition under which the emulsion are contacted with the feed solution.

2. Swelling

Emulsion swelling that increase the internal phase volume is a troublesome problem
associated with the use of emulsion liquid membrane. It is a process by which water is
transfer from the external phase into the internal phase. The water transfer will

a. Dilute the solute that has been concentrated in the internal droplets, thus

preventing a highly concentrated solute solution from being obtained.

b. Reduce the driving force for solute extraction

¢. Make the membrane thinner, thereby leading to & less stable emulsion

d. Change the rheclogical properties in emulsion transport and phase separation.

Where swelling in ELMs is significant this| may effect on extraction in two ways
Firstly, it is possible that dissolved species in the external phase will be transported across
the membrane solute\transport may be occur by a combination of facilitated extraction and
convection transport. Secondly, the increase in the emulsion volume may give rise to
significant changes in the globule and internal phase droplet sizes and their distribution,

thus affecting the rate of solute extraction.
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3.5 Membrane Phase Components

For Unfacilitated Transport, the membrane phase consists only of a membrane
solvent and a surfactant to stabilize the primary emulsion. No carrier needed for this type
because the solute transport across the membrane is accomplished through its physical
solubility and then diffuses in this membrane. However for Facilitated Transport, a carrier
associated stripping agent must be incorporated into internal phase, respectively, in order

to achieve a couple extracting/stripping processes.

3.5.1. Surfactant

The surfactant is the key component for formulating a stable emulsion. Surfactant is
characterized on the basis of the hydrophilic/lipophilic balance of the molecule or HLB
scale. On-this scale, specieswith high hydroghilic character and which is good il in water
emulsifier are assigned high HLB values. In order to get water in oil emulsion surfactants
with a low HLB are generally chosen. In addition to be membranes have become
commercialized, their applications have reguired more of surfactant than their major
contribution to membrane stability such as chemical resistance, bacterial resistance, etc.

Span 80 (Sorbitan monooleate) is a nonionic surfactant with a molecular weight of

428. Its structure is shown below.

0
ll o
CH,{CH,},- CH = CH~(CH,),-C-O-CH, OH

OH.. _OH

Figure 3.6 Schematic of Span 80 Structure

Span 80, which has a HLE value of 4.3, is a fairly good emulsifier, so it is widely

used to form water in oil in emulsion in liquid membrane studies. During extraction
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operation, the membrane incorporated with Span 80 show less resistance for mass transfer
than those with other surfactants. Span 80, however suffers from some drawbacks. It is
good carrier for water molecules and therefore favors the osmotic swelling of emulsion.
Another disadvantage of Span 80 as an emulsifier lies in its poor chemical stability

especially when the NaOH is incorporated into the internal phase. (Hirato et al., 1890)

3.5.2. Membrane Solvent

The membrane solvent is the main membrane component in which both extractant
and surfactant are dissolved. Although the membrane solvent is normally regarded as an
'inert' component it does effect the membrane properties, such as distribution coefficient
and diffusion coefficientyand can have significant impact on the effectiveness of the
membrane system.

Seong A. H et al (1992) reported that aliphatic solvent is generally preferred to

aromatic solvent because the aliphatic solvent usually can meet of the above-mentioned

requirement.

3.5.3 Carrier Species (Extractant)

A carrier species is used to enhance solute solubility and selectivity in Facilitated
Transport. There are two-classes-of carner-molecules; charged and uncharged, but
commeon criteria for both are that carrier and its complexes must be insoluble in the agueous
phase.

D2EHPA-(Dil2-ethylhexyl). phosphoric acid) is-one of the most preferable cationic
exchanger which Is Solubilized in the membrane phase (its agqueous solubility is extremely
low). It“has‘both’a hydrophiliciand hydrophobic group. its structure is shown below.

From the result of Itoh et al. (1990) ‘s experiment, although it seems to be similar to a
surfactant, it was not effected on swelling. So it is commonly used for metal ions, organic

acid and amino acid separation,
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Figure 3.7 Schematic of Di(2-ethylhexyl) phosphoric acid (D2EHPA)

36 Internal Phase Reagent (Stripping Agent)

An acidic solution (Hydrochloric acid solution) usually is used as the internal phase

reagent. The capacity of the internal phase for the solutes to be extracted depends on the

initial concentration of such reagent.

37 Interested Solute

The model solute in this study is L-lysine HCI (Feed-grade) with chemical structure

is shown in Figure 3.8.

(NH,” - CH, - CH,- CH, - CH;=CH - COO) CI"

NH,"

Figure 3.8 Schematic of L-lysine monohydrochlorate structure

L-lysine is the first-limiting amino acid in corn-soybean diets for swine and second

limiting, after methionine, in poultry. The dissociation character of amino acid has shown in
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Figure 3.9 Dissociation of L-lysine at different pH

L-lysine is an amino acid that has an extra-NH, group on it € carbon. In strongly
acidic solution, L-lysine will be present as a dication because both amino groups will be
protonated. The first proton to be lost as the pH is raised is a proton of the carboxyl group
(pK,,=2.20), the next is form the ot-ammaonium group (pK,,=8.90), and the last is from the &-
amomonium group. The isoelectric _point of L-lysine, which is the average of pK,, (the
monocation), and pK,, (the dipolar ion), is 9.57. The equation for dissociation of L-lysine

can be explained:

CH;-tCH'?}‘_CH_CUOH -H' CH?'{CHI:I"CH'CGO-
[ I v
NH,’ NH, — NH, NH,
pK,. = 220
Dicationic form of L-lysine, A = Monocationic form, A
CH,~(CH,),-CH-COO’ - CH,-(CH,),-CH-COO'
- - | L s
NH, NH, — NH, NH,
pK,, = 8.90

R , : +
Monocationic form, A Dipolar ion, A



25

CH,~(CH,),-CH-COO' il CH,~(CH,) -CH-COO’

I F 2‘} | “ |, H? 2 I ]

NH, NH, pK,, = 10.28 NH, NH,
Dipolar ion, !\i Anioic form. A

Where A’ is dicationic form, A” is monocatioic form, A~ is aniionic form of L-lysine.
K, K,and K, are the dissociation constant of amino acid which are 10°% 10*® and 10

molidm’ respectively.
3.8 Transport Mechanism of L-lysine

Since amino acid ig'insoluble in the oil phase, an ion exchange carrier must be
added to the membrané phase in order to solubilize amino acid into oil and transport it to
the internal phase. Carrief in this Study is D2EHPA, first exists as a carrier/proton complex.
When the carrier reaches the interfacial bemeen the external and the membrane phase, an
ion exchanger take place and the Garfier make a complex with an amino acid. Although the
actual structure of complex is complicated, a simplified structure is shown in figure 3.10.
The carrier/amino acid Complex then diffuses through the membrane phase to the interface
between the internal and membrane phase. Another ion exchange reaction takes place. The
carrier/amino acid complex must release the Lys and the Carrier immediately protonated.
These processes are repeated ahd the amino ‘acids thus are separated and are

concentrated in the internal phase:
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CHAPTER 4

EXTRACTION EQUILIBRIUM

This chapter presents the study of the extraction egquilibrium of L-lysine from
synthetic solution and mother liquor by using D2EHPA as a carrier, Span 80 as a surfactant
and n-Dodecane as organic solvent. The extraction equilibrium constant (K,) and

distribution coefficient (D') were determined from this study.

4.1 Experimental Materials

All chemical usgain this study are of analytical grade unless otherwise stated. L-
lysine monohydrochloride '{GﬁHE‘NZD.,HCI. Analysis grade) purchased from Sigma Chemical

Co. was used as standard'tester for L-lysine determination.

4.1.1 Organic Phase
a. Surfactant: Span 80, Sorﬁi;ap monooleate (Analysis grade) from Fluka
Chemika Co.
b. Carrier: di(2-ethylhexyl) phospheric acid (D2EHPA, C,H,.O,P. Laboratory
grade) from Sigma Chemical Co.
¢. Scolvent: n-Dodecane (C,.H.., laboratory grade ) from Fluka Chemika Co.

4.1.2 Agqueous Phase
Synthetic solution and mother liquor wiere used as aqueous phase in this
experiment. Mother liquor given from Ajinomoto Co.-(Thailand) Ltd.chas specification as
follow; LElysine/content: 850-400 g/l pH: 6.0-6.5. Before running each’experiment, aqueous

phase were adjusted lo pH 5.0 with concentrated sulphuric acid.
4.2 Experimental Equipment

The equipment used in these experiments consisted of

a. Homogenizer (Mode! T25, IKA Labortechnik) used to prepare w-0 emulsion.
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b. pH meter (MP 220 Metler Toledo) used to measure pH of solution.

c. Particle size analyzer (Coulter LS 230) used to analyze the particle sizes of the

internal droplets,

d. Standard baffle stirred contactor with two impellers as shown in Figure 4.1.

4]

. Spectrophotometer (Model 4001/4, Spectronic 20 Genesys)

i
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Figure 4.1 Drawing of the stirred contactor. The dimensions shown are in cm.
43 Experimental Methods

The extraction of L-lysine was carried out in stirred contactor by pouring 40 mi of
aqueous phase to 40 ml of organic phase to make an aguecus mixture solution to organic
ratio of 1: 1 by volume. And then agitating at 420 rpm at room temperature (about 25 °C)
for a period of 48 hours. The agueous phase was mother liquor adjusted to pH 5.0 with

concentrated sulphuric acid and the organic phase was prepared by dissolved 1%l(val)
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span 80 and 5, 10, 20, and 30 %(vol) (0.15, 0.30, 0.61, and 0.92 mol/dm"’) of D2EHPA in n-
dodecane. After extraction, the two phases were allowed to settle. The samples were
collected at the end of the extraction. The agueous phase was separated and then
analyzed for L-lysine and pH was then measured. The concentration of L-lysing in the
organic solution was determined by the difference of L-lysine concentrations in the aqueous
phase between the initial and final stage. The L-lysine concentration in the agueous phase
was analyzed by Ninhydrin method as that used by Ajinomoto (Thailand) Co. Ltd. using a

Spectrophotometer (Model 4001/4, Spectronic 20 Genesys) at wavelength of 475 nm.

4.4 Equilibrium Extraction of L-lysine

4.4.1 Calculation Distribution Coefficient (D) and Equilibrium Constant (K,,) for L-
lysine in Synthetic solution:

Experimental Conditions:

Aqueousphase {  369.18.g/dm’ (2.62 molidm’) of L-lysine in synthetic
solution adjusted pH to 5.0

Organic phase 1% Span 80 and D2EHPA at various concentration
dissolved in.n-Dodecane

Agitation speed @ 420 rpm

Temperature . room temperature

The extraction of L-lysine with D2EHPA started from D2EHPA at the interface
between the aglepus and 6rgafiic phiase reactswiththeCationie-L-lysine (lys’) then forming
a complex and releasing H'. Then complex diffuses into the organic phase. The extraction
equilibfium can be described by the following:

K

BN

AT+ m(HR) <——> ARMHR),, + H (4.1)

Where a component under a bar indicates the organic phase and A’ is cationic form of L-

lysine, (HR) is the monomer of D2EHPA, m is the stoichiometric coefficient and AR(HR)_ , is
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the Lysine and carrier complex. The extraction equilibrium constant for this equation is

expressed as

_ [AR(HR) —gg[H ™ 1o

K
e TRREETY
[A™ ),q [(HRY

ex

(4.2)

Where [ ] represents the molar concentration of each components. The distribution

coefficient of L-lysine between the arganic and aqueous phase is defined as

s [ARHR), . Toq

(4.3)
+
A 0.
Combining Egs.(4.2) and (4.3) give:
K., [(HRI,
g+=—__ - Joo (4.4)
H e
+ T +
log D ="log K, [(HRI),, —logl H 1, (4.5)
+ o — 32—
logD+1ogiH 1,5 =logk,, +miog((HR)],,
+ o+ —_
log{D [H ]Eq}=iag!{ex+mlug[[HR]|]m (4.6)

in this work, from Table A.1 in Appendix A, the initial and equilibrium pH of synthetic L-lysine
solutior i less than €.90.Therefore the concéntration of the anionic\L<lysine (A ) and dipolar

ion {ﬁai? are negligible. Then the total L-lysine (A,) is expressed by:

[A1=[A"] (4.7)
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Because the concentration of reacted D2EHPA equal to the concentration of reacted Lys ',
the following mass balance eqguation of equilibriurm DZEHPA can be obtained:

[(HR)],q =[HR)), —m(AT ], —[AT],) (4.8)

[AR(HR), 1, =[AT]—[A71,, (4.9)
The values of K,,, D", and [(HR]],, can be calculated from the above equations. Then we
plotted the experimental data of log (D'[H 1) vs log m't}]ﬂ,n as shown in Figure 4.2, the
value of m can be obtained. For synthetic L-lysing sclution case, the value of slope or m is
equal to 1.23 and from the intercepi, extraction equilibrium constant or K, obtained is 5.26
x10* dm’/mol. The experimental results showed that Distribution coefficient (D) varied
directly with D2EHPA cangentration (Figure 4.3). Figure 4.4 showed the calculated value of
K,, fram the individual experimental data point from Eqs (4.4). Average calculated K, from
individual data point similarly to K, from experimental data. The data of these experiments

were shown in Table 4.1,

4.4.2 Calculation Distribution Coefficient (D") and Equilibrium Constant (K,,)
for L-lysine in Mother Liquor

Aquegus phase : mother liquor adjusted pH to 5.0

Organic phase . 1% Span 80 and D2EHPA at various concentration
dissolved in n-Dodecane

Agitafiorspeed 9 ;| 7420 fom

Temperature . room temperature

From Figure 4.5 and the same calculation, the value of m for equilibrium
extraction of L-lysine in mother liquor is 2.02 and the extraction equilibrium constant or K, 15
4.72 x10* dm’/mol. The effect of carrier concentration on D shown in Figure 4.6 and the
calculated value of K, from the individual experimental data points from Egs (4.4) are

shown in Figure 4.7. The data of these experiments were shown in Table 4.1.
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Table 4.1 Comparison of K, and D" of L-lysine in synthetic solution and mother liquor at

various D2EHPA Concentration

[D2EHPA],. L-lysine in Mother Liguor Synthetic L-lysine
mol/dm’ D Ke D K,
0.15 7,33E-03 4.25E-05 3.70E-02 5.99E-04
0.30 1.58E-02 5.07E-05 5.48E-02 3.85E-04
0.61 2.12E-02 4.088405" | 1.11E-01 6.44E-04
0.92 2.89E02 | 5.00E05 . - .

The comparisons ofD and K_, from synthetic solution and mother liquor were
illustrated in Figure 4.8@nd 48, At -1he_;33nia L-lysine concentration, as carrier concentration
increases the distribution coefficient (D) 15 ai_sc increased but not effects on eguilibrium
constant (K, ). Moreover, it can bg seen thaf’:};‘); of L-lysine in synthetic solution is higher than
of mother liquor, Because lt':is ﬂﬂssibie that’ﬂ?lier‘é are impurities in mother liquor that could

competed with L-lysine to form complex with' EQEHF'A as the same of Wang's experiment

(1990). In addition, when we considered the: va";e of D of L-lysine in mother liquor, it was
found that D™ increased siowly propartional to camer gconcentration. This behavior can be
explained that there! are impurities or other amino acids that could formed complex with
D2EHPA faster than L-lysine, therefore D° were not much increased.

When we compare our D~ of synthetic solution at 10% of D2EHPA, 5.48*10°, with
Boyadzhiev' s (19€1)-14-7, \WVe foung-that oun D -was-mueh lessthan. It could be explained
by Egs (4.3) and Eqgs (4.4) that we used L-lysing Concentration, {2.85 M) which was about

285 times chigher, than_that-of-his-experiment (0,01 M) nthus D ~ando K,, from of our

experiment were very small,
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CHAPTER &

EMULSION LIQUID MEMBRANE

This chapter presents the results of the batch extraction of L-lysine with Facilitated
Extraction. The internal phase was hydrochioric acid solution. The emulsifying agent, Span
80; carrier, D2EHPA; and n-Dodecane were the components in the organic membrane

phase. The external phase in these experiments was Mother liquor.

5.1 Experimental Materials

The reagent used.in these experiments was previously described in the chapter 4.

The emulsion liquid membraneprocess consisted of three parts as follows:

5.1.1 External phase

External phase in (this experiment was mother liquor which was given by
Ajinomoto Co., (Thailand) Ltd. The specification of mother liquor was reported as follow; L-
lysine content: 350-400 g/l, pH: B.0-6.5. The pH of the external phase was adjusted with

concentrated sulphuric acid.

5.1.2 Membrane Phase

a. Surfactant : Sorbitan monooleate (Span 80 )
b. Carrier : Di (2-ethylhexyl) phosphoric acid (D2EHPA)

c. OSolvent : n=-Dodecane

5.1.3 Internal Phase

The internal phase solution was HCI, which ionized to H™ and acted as driving

force for L-iysine transfer.

These experiments used L-lysine (pure, Sigma Chemical Co.) as standard tester for

determination of L-lysine concentration in mother liquor.
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5.2 Experimental Methods

First of all, the w-0 type emulsion was prepared by homogenizing 30 mi of internal
phase and 30 ml of membrane phase with a high-speed homogenizer at 8000 rpm. The w-0
ermulsion (50 ml) thus prepared was poured and dispersed to form w-o-w multiphase
emulsion under stirring at 420 rpm in a standard baffle stirred contactor with two impellers
containing mother liquor as the external phase (100 mi).

The extraction time for each example, which were taken throughout the experiment
via a sampling port at the bottom of the contactor, was started from the time that the
ernulsion was poured. After extraction, all solution was removed from the contactor. Then,
the emulsion phase was quickly.separated from the external phase sample. The volume of
each phase was measured and L-lysine concentrations in the external phase were
measured by Ninhydrin method using Spectrophotometer at 475 nm. The pH of the external
phase solutions was also measured by -using pH meter. The experiments were carried out

under the conditions shownin Table 5.1,

Table 5.1 Experimental Conditions of L-lysine Extraction on ELM Process
at Room Temperature (about 27 ° C)

Parameters Conditions
Initial pH in external phaa‘ei i 3,4, 56 and8
Internal HCI coneentration 1,2 4,and 6 (N)
Surfactant concentration (Spam80) @5, 1, 2, and 3% (viv)
Carrier concentratian (DZ2EHPA) 5,40, 20, and 30% (v/v)

W-0 Phase : external phase volume ratio 1665, 1:1, 1:2 (viv)

Motherliquor characteristic Filtrated and no-filtrated mother liquor

Agditation Speed 300, 360, 420, and 480 rpm

Source of L-lysine Synthetic solution and mother liquor
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5.3 Calculation of % Swell in the Internal Phase

The calculation of % swelling in the internal phase, which can be done by measuring

the internal droplets size by particle size analyzer (COULTER LS SERIES), were measured

only 0 and 1 minute. The percentage swelling can be calculated as the following:

The optimum conditions for L-lysine extraction from mother liquor were:

| Conditions:
External phase

Membrane phase

pH of mather liquor was adjusted to 5.0

1% Span 80'and 10% D2EHPA dissolved in

n-Dodecane (v/v)

Internal phase

Membrane preparation:

2N HCI

at 8000 rpm of homogenizing speed for 10 minutes

W-0O phase : external nhase volume ratio : 1:2

Agitation speed

Temperature

Data of internal droplet size:

360 rpm

room temperature

7 Time (min)

Internal dropiet size (um)

0

1

145

At 0 minute, internal droplet volume, =

At 1 minute, internal droplet volume =

Yeswelling in 1 minute =

43 (n 1)

4/3 (1 *40.66 *10°)’]

W21 +ho® |/ In"

4/3 [n* (0.73*10°%))

160°10" m

[(1.60-1.21)*107"%] = 100/ (1.21* 10
32.23%
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5.4 Calculation of L-lysine Concentration in the Internal Phase

In emulsion liquid membrane extraction, the concentrations of L-lysine in the external
phase were measured and the concentrations of L-lysine in the internal phase were
calculated by mass balance based on the assumption that there was no accumulation of L-

lysing in the membrane phase. The following is an example of how the concentration is

calculated.
xperimen iti
External phase : pH of mother liguor was adjusted to 5.0
Membrane phase : 1% Span 80 and 10% D2EHPA dissolved in
n-Dodecane (viv)
Internal phase £ 2N HCI
Membrane preparation: at 8000 rpm of homogenizing speed for 10 minutes

W-0 phase : external phase volume ratio:  1:2
Agitation speed y 360 rpm

Temperature : room temperature

The initial concentration of L-lysing in the external phase was 406.09 g/l.
The concentration of L-lysine in external phase after 1 minute extraction was 324.72 g/l.
The amount of L-lysine-that penetrated into the internal phase 'was 406.09 - 324.72
= 8§1.37 g/l.
The volume of external phasewas 100 ml.
Therefore, amolnt of L-lysine in external phase 100 mi was 81.37¥100 = 8.14 g.
1000
By assumption that no accumulation of L-lysine in membrane phase, 8.14" g of L-lysine must
permeate into internal phase.,
At initial, the volume of internal phase was 25 ml.
At 1 minute, the volume of internal phase was increased to 33 ml by swelling 32.23%
Therefore, the internal phase L-lysine concentration was 8.14 * 1000 = 246.67 g/l

33
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5.5 Results and Discussion

5.5.1 The Effect of Initial pH of The External Phase

From Figure 3.9, the ionic structure of L-lysine changes significantly with
changes in pH. In these experiments D2EHPA, which is a cationic carrier, is used so L-
lysine must exist in cationic form. In order to forward L-lysine into the internal phase, a large
difference of H' between the internal and the external phase must be established. The
residual concentration ratic-time course and relationship between initial pH of external
phase and L-lysine extraction are shown in Figure 5.1 and 5.2. The data are from Table B.1
and B.2 in Appendix B. The experimental congditions operated at room temperature and 420
rpm, agitation speed were as follow: mother liquor as external phase at various initial pH
within the range 3, 4, 5, 6 and 8; 19 (wv) of span BQ, 10% (v/v) of D2EHPA and n-dodecane
as membrane phase. Theinternal phase was ZN HCI solution.

Figure 5.2 shows %initial extraction at various initial pH of external phase (at
first 1 minute). It was foundthat as pH was increased up 10 5, %initial extraction of L-lysine
increased. %lnitial extraction of L-lysine started to decrease at pH higher than 5, because
at higher pH in external phase, less Lys was obtained due to incapability in dissociation to
cationic form. Figure 5.3 showed the change of pH in external phase during L-lysine
extraction by emulsion liquid membrane that when pH decreased to about 2 L-lysine can
not get better because L-lysine cannot dissociate to cationic form. The data are from Table
B.3 in Appendix B.

The maximum %initial extraction at pH 5.0.was 17.62. From the result can
be conclude that at the initiabpH of external phase egual to 5.0 is the optimum condition for

L-lysine from mother liquor by ELM.
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5.5.2 The Effect of Initial Hydrochloric Acid Concentration in the Internal Phase

The relationship between initial hydrochloric concentration and L-lysine
extraction is shown in Figure 5.4. The data are from Table B.4 and B.5 in Appendix B. The
experimental conditions operated at room temperature and 420 rpm agitation speed were
as follow: mother liguor adjusted pH to 5.0 as external phase; 1% (v/v) of span 80, 10%
(viv) of D2ZEHPA and n-dodecane as membrane phase. The internal phase was varied
within the range 1, 2, 4, and 6N HCI solution.

As mentioned above, the difference in hydrogen ion concentration between
the external phase and the internal phase is the driving force in this ELM process. The
experimental results showed in Figure 5.4 that HCl.eoncentration was increased from 1 to
2N, %initial extraction (at firsl-4 Minute) increased. When it was further increased from 2 to
6N, %einitial extraction (aifirst J'minute) decreased. Because the swelling increase linearly
with increase in the initial congentration of hydrochloric aeid in the internal phase as can be
seen in Figure 5.6. Moreover, the water transported to the internal phase appears to
increase the breakage by making the emulsion increasingly unstable.

The maximum %initial exiraction used 2N HCI as internal phase was 17.62,
From the result can be conclude that at initial Rydrochloric acid concentration equal to 2N is

the optimum condition for L-lysing from mother liquor by ELM.
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553 The Effect of Surfactant Concentration

The relationship between surfactant (Span B80) concentration and L-lysine
extraction is shown in Figure 5.7. The data are from Table B.7 and B.8 in Appendix B. The
experimental conditions operated at room temperature and 420 rpm agitation speed were
as follow: mother liquor adjusted pH to 5.0 as external phase; the span 80 concentration
within the range 0.5, 1, 2, and 3% (vwi), 10% (w/v) of D2EHPA and n-dodecane as
membrane phase. The internal phase was 2N HCI| solution. Figure 5.8 show %initial
extraction at various surfactant concentration (at first 1 minute). It was found that as
surfactant concentration was increased from 0.5 to 1% (viv) the L-lysine exiraction also
increased. However, when it was further increased from 1 to 3 %(v/v), L-lysine extraction
could not get better. This behavior can explain that as the span B0 concentration was
increased from 1 to 3% (Viv),the extent of swelling depended strongly on membrane
viscosity by increasing cencentration of span 80 and the swelling increase with the quantity
of hydrophillic in the surfactant. On the other hand, when the span 80 was extremely low,
good recovery of L-lysine by ELMs did not occur due to the low stability of the emulsion.

The maximum %initial extraction used 1% (v/v) span 80 was 17.62. From the
result can be conclude that at surfactant (span 80) equal to 1% (v/v) is the optimum

condition for L-lysine from mothet liguor by ELM.
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5.5.4 The Effect of Carrier Concentration

The relationship between carrier (D2EHPA) concentration and L-lysine
extraction is shown in Figure 5.9. The data are from Table B.10 and B.11 in Appendix B.
The experimental conditions operated at room temperature and 420 rpm agitation speed
were as follow: mother liquor adjusted pH to 5.0 as external phase; 1% (v/v) of span 80, the
D2EHPA concentration within the range 5, 10, 20, and 30% (wiv) of D2EHPA and n-
dodecane as membrane phase. The internal phase was 2N HCI solution.

Figure 5.10 show %initial extraction at various carrier concentration (at first 1
minute). It was found that, from 5 % to 10% of the D2EHPA concentration was increased,
the L-lysine extraction increased rapidly while slowly.increasing extractions were observed
when the extraction was performed from 10% to 30% of D2EHPA. This implied that solute-
carrier complex existed areund perpheral emulsion globule, therefore non-complex carrier
can not easily react with L=lysine at the external phase-membrane interface. The change of
the carrier concentration does not chanﬂge the final eguilibrium condition of the system, but
coes how fast equilibrium isireached:

The maximum %:initial extraction used 10% (v/v) D2EHPA was 17.62. From
the result can be conclude that at carrier (D2EHPA) equal to 10% (v/v) is the optimum

condition for L-lysine from mother liguor by ELM.
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Figure 5.10 % Initial extraction on ELM extraction of mother liquor at
various carrier concentration (at first 1 minute)
ntal ncliti
External phase ;" Mother liquor-adjusted tojpH 5.0 with H,SO,
Membrane phase ;1% Span 80 and DZ2EHPA at various
concentration dissolved in n-Dodecane (viv)
Internal phase : 2N HCI
Membrane preparation . at 8000 rpm of homogenizing speed
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W-0O Phase : external phase ratio 1 1:2
Agitation speed 1 420 rpm
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555 The Effect of W-O Phase and External Phase Volume Ratio

These experiments used to investigate whether more emulsion volume could
extract more L-lysine. The relationship between w-o phase and external phase volume ratic
and L-lysine extraction is shown in Figure 5.11. The data are from Table B.13 and B.14 in
Appendix B. The experimental conditions operated at room temperature and 420 rpm
agitation speed were as follow: mother liquor adjusted pH to 5.0 as external phase; 1% (viv)
of span 80, 10% (v/v) of D2EHPA concentration and n-dodecane as membrane phase. The
internal phase was 2N HCI solution. W-O phase and external phase volume ratio was varied
within the range 1: 0.5, 1: 1, and 1 : 2. From the cbservation there was phase inversion for
volume ratio 1:0.5 as shown.in Figure 5.12B whiCh create the adhesion between external
phase emulsion and internal. phase emuision (Figure 5.12C) and finally (Figure 5.120 and
5.12E) coalesce into ong.a0ueaUs phase, This phenomena was prove by measuring the
external phase volume as/&hown in Figure §.13 and we found that, at volume ratio of 1: 0.5,
external phase volume increased rapidly:

From the result can be conclude that at w-0 phase and external phase

volume ratio equal to 1 : 2 is the optimum condition for L-lysine from mother liquor by ELM.
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556 The Effect of Mother Liquor Characteristic

The relationship between mother liquor characteristic and L-lysine extraction
15 shown in Figure 5.14. The data are from Table B.16 and B.17 in Appendix B. The
experimental conditions operated at room temperature and 420 rpm agitation speed were
as follow: maother liquor at various characteristic adjusted pH to 5.0 as external phase; 1%
(viv) of span 80, 10% (v/v) of D2EHPA concentration and n-dodecane as membrane phase.
The internal phase was 2N HCI solution,

Figure 5.15 show %initial extraction at various characteristic of mother liquor
(at first 1 minute). Since the content of L-lysine in'mather liquor is very large, we used these
experiments to prove whetherin the presence of L-lysine crystals had effected on L-lysine
extraction or not, It was found-that, % initial extractions.are 19.46 and 17.62 of filtrated and
no-filtrated mother liquor,reéspectively. The results showed that L-lysine crystals had little

effected on % initial extragtions/L-lysine extraction.
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55.7 The Effect of Agitation Speed

The relationship between agitation speed and L-lysine extraction is shown in
Figure 5.16. The data are from Table B.19 and B.20 in Appendix B. The expenmental
conditions operated at room temperature were as follow: mother liquor adjusted pH to 5.0
as external phase; 1% (viv) of span 80, 10% (v/v) of D2EHPA concentration and n-
dodecane as membrane phase. The internal phase was 2N HCI solution. Agitation speed
used in these experiments was varied within the range 300, 360, 420, and 480 rpm.

Figure 5.17 show %initial extraction at various agitation speed (at first 1
minute). It was found that, as the agitation speed’ingreased the mass transfer coefficient of
the external phase film and the surface area of the emulsion globules increased resulting to
increase %initial extraction, Although, we can observe that at higher speed, shear force will
induce the breakage of emulsion:

The maximim %initial extraction used 360 rpm was 20.04. From the result
can be conclude that at ag;i'tatinn speed equal to 360 rpm is the optimum condition for L-

lysine from mother liquor by ELM.
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558 The Effect of Source of L-lysine

The relationship of source of L-lysine (L-lysine from synthetic solution with
from mother liguor) at the same concentration and L-lysine extraction is shown in Figure
5.18. The data are from Table B.22 and B.23 in Appendix B. The experimental conditions
operated at room temperature and 360 rpm agitation speed were as follow: synthetic L-
lysine and mother liquor at adjusted pH to 5.0 as external phase; 1% (v/v) of span 80, 10%
{v/v) of D2EHPA concentration and n-dodecane as membrane phase. The internal phase
was 2N HCI solution. This experiment, we want to know whether the impurities in mother
liquor are capable to obstruct much or less L-lysine permeation.

Figure 5.19 shows the comparison of %initial extraction of L-lysine from
synthetic solution with from mother liguor (at first 1 minute). It was found that, % initial

extraction of synthetic solution is slightly higher than mother liquor.



1.00

0.90

0.80

CilCo

0.70

0.60

0.50 i

Time (min)

|
—®— synthetic L-lysine . -~ - - L-lysine from ML i

Figure 5.18 Effect of source of L-lysine on ELM extraction of L-lysine at various

source of L-lysine

- | Condit

External phase

Membrane phase

Internal phase

Membrane preparation

W-0 Phase : external phase ratio
Agitation speed

Temperature

: Conc L-lysine at various source adjusted to

pH 5.0 with H,80,

0 1% Span B0 and 10% D2EHPA

dissolved in n-Dodecane (viv)

: 2N HCI

: at 8000 rpm of homogenizing speed

for 10 minutes

12
: 360 rpm

! room temperature

70



25

20

| prde I R T R |

15 +

10

2% Initial extraction

Tt n ] F F 7 g . I Bl

o
L

L-lysine from ML

Synthetic L-lysine

Figure 5.19 % Initial extraction on ELM extraction of L-lysine at

various Source of L-h_.rsfr;:’e:{a_; first 1 minute)

External phase

Membrane phase

Internal phase

Membrane preparation

W-0O Phase : external phase ratio
Agitation speed

Temperature

: Conc L-lysine at various source adjusted to

pH 5.0 with-H,S0,

/1% Span B0 and 10% D2EHPA

dissolved inn=Dodecane (viv)

) (2N HCI
: at BOOO rpm of homogenizing speed

for 10 minutes

i B
. 360 rpm

. room temperature

71




72

5.6 Possibility of Multicycle Extraction to Enhance L-lysine Recovery

As the results of these experiments, the optimum for L-lysine extraction from mother
liquor by emulsion liquid membrane process as follows: initial pH in external phase was 5,
membrane phase consisted of 1% span 80 and 10% DZEHPA dissclved in n-dodecane, HCI
concentration in internal phase is 2N, w-0 phase : external phase volume ratio was 1 2, and
agitation speed was 360 rpm. Because we used mother liguor with high L-lysine
concentration as external phase, K, of L-lysine in mother liguor was small (as mentioned in
chapter 4). Therefare, %initial extraction of L-lysine by these conditions at 1 minute was low,
20.04.

From the optimum condition operation, the experimental results such as fraction of
recovery after 5 minutes and p'H were reported in Figure 5.20. After 5 minutes of extraction
in the first cycle, the aqueous external phase, which has pH about 2, was separated from
the emulsion. The pH of agquebus solution was adjusted again with 1N NaOH to pH 5.0 .
Then the second extractioniCycle was carried out by ELM. As can be seen in Figure 5.21,
The pH in external phase was not decreased, that means there was no counter ion
exchange between H’ in internal phase and ‘L_ya' in external phase. This behavior can be

explained, that the stability of w-0 émulsion may be destroyed by NaOH. (Hirato et al., 1980)
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CHAPTER 6

TRANSPORT MECHANISM

6.1 Mass Transfer Model

This chapter describes the theory about batch extraction with emulsion liquid
membranes. The theory of batch extraction may be classified into categories: (1) diffusion-
type mass transfer models for Type 1 Facilitation and (2) carrier facilitated transport models
for Type 2 facilitatation (Larbach and Marr 1987).

Transport mechanism in ELM systems have been proposed in the literature to
expiain and predict the ratgsof L-lysine transfer and the effect of operating parameters on
this rate. The following assumptions of ELM models are:

1. Mass transfer resistance is negligible because the phases on either side of the

membrane are well mixed.

2. The membrane phase is stagnant.

3. The system is at sigady state.

4. The diffusion coefficient in the membrane phase is constant

5. Chemical equilibrium exists at both interfaces (interface between external phase

and membrane phase and interface between membrane phase and internal
phase).

In this experiment, we studied batch extraction of L-lysine in mother liquor with ELM
by carrier facilitated transport for Type Counter Transport. Therefore, the carrier facilitated

transport will be mriefly described.
6.2 Literature Review an Transport Mechanism Models

In this type, a "carrier” compound incorporate in the membrane phase carries the
solute across the membrane phase. Reactions involving the carrier and the solute take
place both at the external interface between the external and the membrane phases and
internal interface between the membrane and internal phases. The reactions at the external

and internal interfaces are ion exchange between ion of solute and protons, and a high
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extraction rate is achieved via driving force of continuous transport of protons from the
internal phase to the external phase. A concentrated acid in the internal phase allows the
ion of solute to be concentrated effectively in this phase, resulting in & high extraction
capacity. The driving force of proton transport “pumps” the transport of the ion of solute
against its own concentration gradient between the internal and external phases. Literature

review on proposed model for ELM as follow:

Matulevicius and Li (1975) proposed hollow sphere model and assumed the
emulsion globules are perfectly mixed. This/implied that the internal phase droplets are
freely rna_bile, and the internal phase concentration is everywhere equal to its average value.
Solute mass transfer is thus enwisaged to take place across the film of membrane phase of
constant thickness to a.well-mixea intarmal pool of intermnal phase. However, there is
evidence that the emulsion globules are not well mixed in the time scales encountered and
that the effect diffusion distance changes with time. This concept is expressed in Figure

6.1.

. Receiving
Membrane \
: Phase

Emulsion Globule Maodel

Figure 6.1 Simplified model of an emulsion globule

Martin and Davies (1877) assumed the water-in-oil (w-0) emulsion drop to be a

hollow sphere in their models, where all the internal water droplets within the drop have
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coalesced into single droplet, and the mass transfer process consists of diffusion across a
hollow spherical oil membrane. They thus oversimplified the composite structure of the
emulsion drop.

Ho et al. (1982) has developed the advancing front model for a spherical geometry,
as shown in Figure 6.2. It is assumed that all emulsion globules in the system are uniform in
size, and that mass transfer without the globules is assumed to be negligible because the
external phase is well stirred. The emulsion itself can be treated as a continuum and the
encapsulated internal reagent is considered to be a uniformly distributed and immobile
species within the continuum.  Interfacial Gh&r'mcarl reactions are considered lo be as
equilibrium. Hence the soluteris.unable to permeate into the globule beyond those droplets
that are completely depleted of reagent. Thus there must exist a sharp boundary, or
reaction front, at which.ihe reaction takes place, and which contains no reagent. As the
reagent is consumed bythe reaction, this reaction front advances into the globule. External
phase mass transfer resistance is assumed to be negligible, owing to the sufficient agitation
of this phase. The advancing front mogel of Ho depend on two dimensionless parameter, £
and E. Physically, E is three time the -griginalfﬁﬂle ratio of internal reagent to bulk solute. For
long time, If E/3 is greater '.[ha_ﬁ 1, there is sufﬁsgem reagent to completely remove the solute
and no equilibrium is established—The seﬁaﬁd dimensionless group, €, measures the
globule capacity for unreacted Solute relat"r\ie"t'b"ihe reaction capacity provided by the
reagent, The value dﬁvﬁﬁlsf:iﬁéﬁéﬁﬂw miuch less than 1. A notable feature of the advancing
front theory is its algebraic solution permitting easy calculation. One limitation of this
approach is the assumption of reaction irreversibility, which, when combined with
instantaneous kingtically-zero (in, the feacied sregion. ~This (situation is asymplotically

achieved only for 2 large equilibrium constantand-large solute concentration.
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Figure 6.2 Schematic Diagram of the Advancing-Front Model

Gu et al. (1983) developeéd a model of diffusion-controlled mass transfer in liquid
surfactant membrane for iast chemical reaction. This model takes into account the diffusion
both across the outer surfactant layer and through the inner core of the emulsion globules.
Their results indicate that the thin layer of surfactant existing at the interface between
emulsion globules a.nd continuous. agueous phase offers the predominant barrier to mass
transfer in a liquid surfactant membrane system.

Teramoto et al. (1983) proposed models that take into account the composite nature
of the emulsion drop and the resistance of the interfacial reaction. However, they fixed such
parameters as the eflective diffusivity in the emuision phase and the mass transfer
coefficient in the peripheral thin oil layer, required by the models, so that the model
predictions might fit the experimental data.

Chan and Lee (1984)reviewsd the various fiadels. The simplest representation
characterized the,emulsion globule (Membrane phase) as a spherical shell of constant
thickness surrounding a single phase droplet. This représentation is eqUivalent to assuming
that the membrane and internal phase are welled mixed, In practice, this 15 usually a poor
assumption. The spherical-shell approach is mathematically simple but fails to provide
accurate results for many systems of interest. Properties such as diffusion coefficients and
permeabilities estimated with the spherical-shell approach will vary with extraction., When
reaction occurs in the internal phase, one use of this approach is to assume that the solute

diffuses through the globule to a reaction front where it is removed instantaneously and
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irreversibly by reaction with an internal reagent. A reaction front is formed and proceeds
toward the center as the reaction proceeds.

Lee aljd Ihm (1985) simulated the permeation of chromium ion by the advancing
front model. This assume that the internal droplets are homogeneously dispersed and
immobilized in the emulsion drop, and that between the outer region saturated with
chromium and the inner saturated region there exists a reaction front which advances
towards the center of the emulsion drop. The model can be therefore applied only to the
case of a reaction between metal-carrier complex and internal reagent that is irreversible
and fast.

Ho et al. (1987), Ghan and Lee (1987) proposed advancing front model which
conceptually the same as the “shrinking-core” model encountered in fluid particle systems
(Levenspiel, 1972). The internal phase droplets are assumed to be stationary in the globule
{pecause of the effect off surfaciant and membrane phase viscosity): as the solute-reagent
reaction proceeds the droplets at the interface become saturated and so the solute has to
diffuse further into the emulsion droplet fo reach unreacted solute.

Kopp et al. (1987) has essumed that the encapsulated droplets are symmetrically
distributed and fixed inside the emulsion glnﬁi;iiéé? They proposed a model to describe the
mass transfer process in the emulsion globule for copper extraction in term of a2 moving

boundary at which a reaction between copper complex and the internal reagent occurs.

This boundary moves toward the git&Euie center as the internal reagent as consumed.

Chaudhuri at al. (1992] developed model here assumes two transfer mechanism
operates in the membrane Phase (25 'seen in Figure 6.4}, facilitated solute transport, and
convective solute transport as a result of water transport. Transport of the solute from the
bulk external/phase {0 the Blobule’is! charactenzed by a mass transier coefficient, and a
shrinking (core difiusion model describes the solute transport within the globule. In their

development of the kinetic model they have made the following assumptions:

1. The internal phase droplets behave as homogengously dispersed solute sinks

of finite capacity.



2. The internal phase surface area is very large and it is assumed that the stripping
reaction occurs at the interface and is very fast so that it does not control the
overall transfer mechamism.

3. The internal phase droplets are immobile and so there is no circulation of
droplets within the globules.

4. A reaction front is assumed to exist within the emulsion globule, which separates
an unreacted reagent core from droplets containing the reaction products.

5. The effect of coalescence andfor breaking of the droplets or globules are
ignored, despite swelling.

6. The solute is not.wery soluble in the.mEmbrane phase so that the extraction by

unfacilitated transpert is negligible in comparison to facilitated and convective

transport.

Figure 6.3 Shrinking-Core Model and concentration profile of solute transport in an emulsion

globule assuming a Two Film Model.
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6.3 Transport Mechanism of L-lysine in Mother Liquor

In this study, model is presented for facilitated extraction of L-lysine by emulsion
liquid membrane system, using the two-film theory, There are two mass transfer resistances
for ZLM extraction. One is the resistance to the transfer of L-lysine from the bulk of the
external phase to the emulsion globule interface (External resistance), the second is the
resistance to L-lysine diffusion through the globule to the reaction front (Membrane phase
resistance). In this system the factor controlling the L-lysine yield and selectivity is the
distribution (Partition) coefficient of the Lys". The extraction rate is controlied by the external
phase mass transfer coefficient.

Although, Advancing front-Model is common used model to describe ELM system, it
must exist require many @ssumpiions and unknown parameters to proposed model.
Mechanism of mass transier of aming acid in ELM seems to be very complicated especially
on the surface of the membrang. The size of small droplets in globule varies on the agitation
condition so, it is impossible fo get real diameter every time. Moreover, swelling and
breakage of w-0 emulsion may be occurred dqring extraction. Therefore, the most simplest
model for these experiment Is the Uniform Flat Sheet iMode!. For these experiment, because
of ratio of membrane and intérnal phase equal to 1 : 1, the membrane phase thickness is
assumed to be very small compared to the size of the globule and the radius curvature can
be neglected so we can assume planar geometry. Thus this model is similar to the

supported liquid membrane as seen in Figure 6.5,
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From equilibrium extraction of L-lysine from mother liquor in Chapter 4, Egs (6.1) can

be obtained:

A"+ 2(HR) <€——> AR(HR) + H (6.1)

The flux of L-lysine from the bulk of external phase 1o the interface with the

membrane phase is given by

(RN 4
N g‘* (A", =(A7 3

S =g (AT, —1AT ) (6.2)

Where k,, is the' external phase mass lransfer coefficient, [A7], is L-lysine
concentration in the bulk of the external phase, and [A ], is the concentration on the external
phase side of the external and membrane phase interface. It is assumed that the organic
and agueous are immissible and that the D-VEE_!—.I”FA 15 insoluble in the aqueous phase. It is
suggested that L-lysine react with D2EHPA at the interface between exiernal phase and

membrane phase as follow:

R, =k1{[ﬁ+ ]nﬂﬁ:l]g]'k_if[hq']aﬂ-‘{.-b 1) (6.3)

We consider diffusion-of L-lysine-D2EHPA c@mplex through the membrane phase

and the flux of the\complex in the membrane phase is given byt

D —_—
33 =T‘|’{[a+ et ) (6.4)

Where D, is diffusivity of L-lysine-D2EHPA complex, AR(HR). T is membrane
constant, | is thickness of the membrane, and [A’] is the concentration on the internal phase
side of the membrane — internal phase interface. This L-lysine-D2EHPA complex then

diffuses through the membrane toward the interface X=|, where amino acid ion is stripped
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back to the stripping solution. The reaction of L-lysine-D2EHPA complex and H' in stripping

phase tack place as Egs (6.5).

R, =k_ (AT L IH 1) =k, TAT 3 1FHRID) (6.5)

Where k, .k, are interfacial reaction constant, (HR} is monomeric form of DZEHPA in
the membrane phase and [H'] is hydrogen ion concentration. Then L-lysine permeated in

the internal phase as follows:

(Dpg)
J gs I[[ﬁ'"‘){-rjll_["ﬁ"-'-]s:l
L= iA1= TAT 1Y) (6.6)

Where k,, is theliniernal’ phase mass transfer coefficient, [A'], is L-lysine
concentration in the intefnal phase, & is thickness of the aqueous film.

When quasi-steady state the is reached,

Combining above equation (6.2) to (6.6), the following equation, permeation flux of L-

lysine can be derived.

D [Jq'{' ‘ » K [A+] ﬂc.+:
¢ —J'L(kl_?[{HR}]G+k,ﬁ,IT)_ A - AR -]|-I
T |k [H ] k_ [H L&k _[H ]

Addition assumption for this eguation as follows:
a) All species have an equal diffusivity in the membrane, therefore, k,, equal to k, ..
b) D2EHPA and the L-lysine-DZ2EHPA complex are soluble only in the liguid

membrane.
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c) There are no external and internal resistance, therefore, [A’], equal to [A'], and
[A'] equal to [A7),.
d) Atinitial state, [A'], assume to be zero.
e) Equiligrium constant (K_) = k,
,

Therefore, this equation can be obtained:

1= KaaBe [ IAT ) [FRTY]
T M,

(6.7)

Therefore, from Eqs (6.7), the permeation flux multiplied by total area of single internal

spherical droplet will be'equaldc permeation rate.
6.4 Example of Permeation Rate Calculation

According to Eqs {E,?’}. the permeatiﬁn.. rate at the initial state can be calculated as

follows:

6.4.1 Calculation of Membrane Thicknﬁs
In this"experiment, 25 mi of internat phase and 25 ml of membrane phase
was emulsified to make the emulsion.
Base onthe assumption that the internal phase is coalesce into 2 single
droplet with volume of 25 miand thésouter spherical~droplet will be 50 ml in volume, the

thickness of the membrane, |, can.be calculated as follow:

a) Diameter of InnenSphere (0

3

Volume of inner sphere = 0.025 dm
116 (TID?) = 0025*10° m°
D, = 3/0.025°107 *6/T
D, = 004 m

b) Diameter of Outer Sphere (D)



Volume of outer sphere 0.05 dm’

]

1/6 (D) = 005*10° m’
D, = 30.050° 107 *6/T

D, = 0.0457 m

nu —D,  0.0457 —0.0363
Membrane thickness (|) = = m

2
4.7 *1{] m
6.4.2 Calculation of Permeatia el Equation

\\- (from this study)

[(HR)] = 303.97

{ ' Al h ! v.
- Y "-- = ‘ \ 3
[A7), atpH5.02 12,3015 molh
H] EE8552
1 AT

Assumed

Therefore, =N

ﬂﬂ']‘l_lu’Zl‘VIEI‘Lliﬂ'ﬁ

= 1.68* 10" mol/(m®.s)

Volume of single internal spherical droplet was 25 ml.

Surface of single internal spherical droplet was 2.50"1 0° m’.
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Permeation rate from mode!
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(1.68* 107)(2.50 * 10
422*10°

maol/s

Table 6.1 Calculated and Experimental Value of Initial Permeation Rate of Mother Liquor

[D2EHPA], Experimental Results Model Equation
(mol/m’) J{mal/m®ss) J (mol/{m”.s))
0.15 5.06E-06 4.02E-05
0.30 1,15E-05 1.68E-04
0.61 1,20E-05 6.42E-04
0.92 1.25E-05 1.45E-03

It can be seen from Figure 6.6 that carrier concentration has strongly effect on

permeation rate of L-lysine from mother iqguor because its power is 2. The permeation rate

for 5 minutes of L-lysine in mother uquor that givenr from experiments were also illustrated in

Figure 6.7. The results showed the same trend as 1 minute of extraction (Figure 5.10)

except at 30% carrier the-permeation-rate-gecreased-rapidly due to obstruction of solute-

carrier complexes arourid the peripheral globules.

The comparison of L-lysing permeation rate from experimental results and from the

prediction model.as _illustrated in Figure 6.8 showed large deviation between model and

experimential results,

The—cadse ‘of " this—deviation " might become from membrane

configuration differepce between-spherical emulsion (High transier-arga) and single internal

spherical droplet geometry.



Permeation Rate, mol/s

4.00E-08

3.50E-08

3.00E-08

2.50E-08 -

2.00E-08

1.50E-08

1.00E-08

2.00E-08

0.00E+00

88

0 200

400 600

[(HR)], molim’

800

Figure 6.6 Permeation rate calculated from model at variuos carrier

Concentration

1000



Permeation rate, mol/s

2.50E-04

2.00E-04

Li

1.50E-04

1.00E-04 -

1 L L L] L

5.00E-05

0.00E+00 . — —— — A :_L e 8 T —

0 200 400 600 800

[(HR)], mol/m”

Figure 6.7 Permeation rate from experimental results at various

carrier concentration (for 5 minutes)

1000

89



Permeation rate, mol/s

2.50E-04

2.00E-04

i |
T

1.50E-04

1.00E-04

1

5.00E-05

0.00E+00 o — it ——— s

0.0 200.0 400.0 600.0 800.0 1000.0

[(HR)], mol/m”

—8— Rate from Experimental Results —— Rate from Model |

Figure 6.8 _Comparison permeation rate from model with.from

experimental-results at various carrier concentration

90



CHAPTER 7

CONCLUSIONS AND FURTHER STUDY

7.1 Conclusions

The conclusions of the experimental results are following:

1. From the extraction equilibrium experiment of L-lysine in synthetic solution and
maother liquor, It was found that the distribution mefﬁciant of synthetic solution higher than of
mother liquor due to the presence of impurities in'mother liguor and both values vary with
the carrier concentration.

2. From the extraction eguilibrium study, It was found that the average K. from the
intercept for L-lysine in synthetic solution is 5.26 %10 dm’/mol and for L-lysine in mother
liquor is 4.72 x10” dm®/mol/Both K..2re notwvaried with carrier concentration.

3. It was found thatthe 1 mole of L‘yg’ (in synthetic solution) reacted with 1.2 mole
of monomeric form of D2EHPA and 1 mole ,Gf‘Lys* {in mother liquor) reacted with 2 moles of
monomeric form of D2EHPA to form complex inthe membrane phase.,

4. From the experimental resulis of L-lysine extraction from mother liquor on the

emulsion liquid membrane, it was found that the suitable conditions were shown in Table

71

Table 7.1 Suitable Conditions for L-lysine Extraction from Mather Liquor on the Emulsion

Liguid Membrane Process

F‘arameters_ Suitable‘Cénditions
Initial pH in external phase | pH\S.0
Internal phase concentration (HCI) Z0N
Surfactant (Span 80) concentration 1% (viv)
Carrier (D2EHPA) concentration 10% (viv)
Agitation speed 360 rpm
W-0O phase and external phase volume ratio 1:2 ]
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At this suitable condition which was operated in single batch extraction within 1
minute, the percentage recovery of L-lysine from mother liquor was about 20%.
5. Re-extraction by adjusting pH to 5.0 was not achieved.
6. By using simple Uniform Flat Sheet Model to predict the influence of carrier
concentrations on the permeation rates, high deviations of permeation rates from the

experimental data were observed due to the different internal phase geometry.

7.2 Further Study

1. From the batch of em iquid m@\udy. the primary conditions could

be used for study the co

ysine from fermentation broth.

2. To give a e broken to measure L-lysine

concentration in internal |
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Table A.1 Extraction coefficient calculation data on carrier variable for Synthetic L-Lysine

APPENDIX A

EXTRACTION EQUILIBRIUM CALCULATION

Initial Equilibrium
[D2EHPA] [ [A7) [(HR)] | pH [H] (4] | [AR(HR),J | [HR) D’ D'[H] K.
%(viv) | (molam’) | (movdm®) (moligm’) | (meifem®) | (movdm®) | (molidm®)
5 2.53 0.15 346 | 347E-04 244 0.09 0.04 3.70E-02 | 1.28E-05 | 5.99E-D4
10 253 030 |348 | 66104 | 236 013 015 | 54BE-02 | 3.62E-05 | 3.B5E-04
20 253 0.61 287 | 1.95E-03 | 227 0.25 031 | 1.116-01 | 1.50E-04 | G.44E-D4
Table A.2 Extraction cogfficient galculation data on carrier variable for Mother liquor
initial Equilibrium
[D2EHPA] | [AT] (HRY | oM | M W) [aRER) | (HRY o D'H) K,
lviv) | (motidm™) | (malidm®) maligm’) {mnm‘j (maolidm™) | (molidm™)
5 2.86 015 | 415.| 708805 | 283 0.02 0.11 | 7.33E-03 | 5.19E-07 | 4.25E-05
10 288 030 | 383 | 148EDa | 28 0.04 022 | 1.58E-02 | 2.34E-06 | 5.07E-05
20 2.86 0.61 3.34 | 457E-04 | 278 0.06 049 | 2.12E-02 | 9.71E-06 | 4.05E-05
a0 286 0.91 301 | GTTE04 | 277 0.08 0.75 | 2.89E-02 | 2.82E-05 | 5.00E-05




APPENDIX B

EXTRACTION EXPERIMENTAL DATA

Part | External Phase pH Variable

i | iti

W-0 emulsion : external phase = 1: 2

External phase
Membrane phase

Internal phase

: mother liquor at various pH (adjusted by H,S0,)
. 1% span, 10% D2EHPA dissolved in n- dodecane
. 2N'HCI

Membrane preparation: athomogenizing speed 8000 rpm for 10 minutes

Agitation speed

420 rom

Table B.1 Experimental data for extraction L-lysine from mother liquor by ELM at various

external phase pH

Time'

8i (o)

(min)

pH 3.0 pH4.0 | pH5.0 | pHB.0 | PH 8.0

0

334,51 | 334,35 | 33652433277 | 332.32

0.5

~311:10-304:82-279:37-1-311.51 | 307.11

1

311,78 | 289.00 | 277.22 | 286.59 | 290.94

260.70 | 259.11 | 256.73 | 267.88 | 280.78

~246.83, | 286418, |, 292.06— 26166 262.35

el | RO

259:017 [ 260.87° |~256:37 -] "258.73 | 274.01

o

| (284:04°11 <263.68 || 256278, 270.82 ) 271317




external phase pH

Table B.2 Calculation Ci/Co for extraction L-lysine from mother liquor by ELM at various

Time Ci/Co
{min) pH30 | pH4.0 | pH50 | pHE.0 | pH8.0
0 1.00 1.00 1.00 1.00 1.00
0.5 0.93 0.91 0.83 0.94 0.92
1 0.88 0.86 0.82 0.86 0.88
2 0.74 0.78 ‘076 0.81 0.84
3 a.70 0.87 75 0.79 0.78
4 0.73 0.80 0.76 0.78 0.82
5 080 0.80 0.75 0.81 0.82

at various external phase pH
Time ﬁH
(min) | pHE0 | pH4.0 | pH5.0u( pHEO | PHE.0
0 -2:97 402 502615 7.98
0.5 2.63 3.04 314 | 3.36 3.91
1 247 | 280 | 288 | 301 | 332
2 2.33 274 2.80 2.88 3.24
<) 2:30 2.74 2:80 2.90 3.23
4 2:30 274 2:81 2.90 322
5 2.30 2.74 2.81 2.90 3.22
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Table B.3 Experimental data of pH change for extraction L-lysine from mother liguor by ELM



Part Il HCI Concentration in In

xperimental ition
W-0 emulsion ; externa
External phase
Membrane phase
Internal phase
Membrane preparation:

Agitation speed

100

ternal Phase Variable

| phase=1:2

: mother liquor adjusted pH to 5.0 by H,80,)
. 1% span, 10% D2EHPA dissolved in n- dodecane

. HCI at various concentrations

at homogenizing speed 8000 rpm for 10 minutes

: 420 rpm

Table B.4 Experimental data for extraction L-lysine from mother liquor by ELM at various

HCI concentrations in internal phase

Time

Ci (g

{rmin)

INHCI | 2NHCI | 4NHCI | 6N HCI

0

337.33| 33852 || 83282 | 283.37

1

286.31 | 277.22 | 28098 | 242.37

275.40 | 252064 | 265.38 | 251.86

2
3

285.28 206073 1 249.03 250.72

263.39 | 263.56 24827 250.34

257.81 252.78 248.27 228.32
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Table B.5 Calculation Ci/Co for extraction L-lysine from mother liquor by ELM at various HCI

concentrations in internal phase.

Time CilCo

(min} TN HCI 2N HCI 4N HCI BN HCI
0 1.00 1.00 1.00 1.00
1 0.85 0.82 0.85 0.85
2 0.82 0.76 0.20 a1
3 0.85 075 0.25 0.12
4 0.78 0.76 0.25 0.12
5 076 0.75 0.25 0.19

at various HCI concentrations in intémal phase

Time = ‘ pH

(min) INHCI | 2NHCI | 4NHCI | BNHCI
0 £.02 5.02 5-02 5.02
t 2.88 314 2.88 2.26
2 2.80 2.88 2.80 2.04
3 2.81 2.80 2.81 1.68
4 281 2.81 2.81 1.56
5 2.81 2.81 2.81 1.56

Table B.6 Experimental data of pH change for extraction L-lysine from mother liquor by ELM
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Part 11l Surfactant (span 80) Concentration Variable

rimental ndition

W-0 emulsion ; external phase=1:2

External phase

Membrane phase

Internal phase

: mother liquor adjusted pH to 5.0 by H,S0O,)
. Span 80 at various concentrations, 10% D2EHPA dissolved
in n- Dodecane

: 2N HCI

Membrane preparation: at homagenizing speed 8000 rpm for 10 minutes

Agitation speed

: 420 rpm

Table B.7 Experimental datafor extraction L-lysine from mather liquor by ELM at various

surfactant (Span@0) _eqncemratiﬁns

Time

{min)

Ci (g

05% | 1.0% 2 0% 3.0%

0

354.137:| 83652 | .320.35 | 354.13

0.5

32574 | 219370 | 28656 | 332.21

1

31532 | 277220 26823 | 303.46

20914 | 25673 | 271.83./| 295.91

i | o

266.08 252.08 26572 285.48

252.42 256.37 27326 278.66

“-263.56 252.78 274.34 276.50




Table B.& Calculation CifCo for extraction L-lysine from mother liquor by ELM at various

surfactant (Span 80) concentrations

Time CilCo
{min) 0.5% 1.0% 2.0% 3.0%
0 1.00 1.00 1.00 1.00
0.5 0.92 0.83 0.89 0.94
1 0.89 0.82 0.84 0.86
2 0.84 076 1 . 085 0.84
3 Q.75 )y 0.75 - 0.83 0.81
4 071 0.76 0:85 0.79
5 Q74 0.75 0.86 0.78
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Table B.S Experimental data of pH change far extraction L-lysine from mother liquor by ELM

at various surfactant (Spari 80) concentrations

Time pH
(min) 0:5% 1-;ﬁ§ig 2.0% 3.0%
o} 5.03 5.02 5.02 5.02
05 2.89 314 3.27 3.44
1 2.82 2.88 3.01 3.14
2 2.82- 2.80 2.86 2.96
3 782 2:81 2.82 2.87
4 2.82 2.81 2.80 284
"5 2.82 2.81 2.80 282
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Part IV Carrier (D2EHPA) Concentration Variable

Experimental Conditions

W-O emulsion : external phase=1: 2

External phase

Membrane phase

Internal phase
Membrane preparation:

Agitation speed

: mother liguor adjusted pH to 5.0 by H,S0,)

: 1% span 80 , D2EHPA at various concentrations dissolved

in n- dodecane

: 2N HCI

at homogenizing speed 8000 rpm for 10 minutes

: 420 rpm

Table B.10 Experimental data forextraction L-lysine from mother liquor by ELM at various

carrier (D2EHPA]} congentrations
Time Ci (g)
(min) 5% 10% 20% 30%
0 852.00 3@552 352.00 | 352.00
0.5 32682 | 279.38' | 29205 | 289.65
1 31803 | 277.22 | 284.06 | 275.27
2 31083 | 25673 | 282.06) | 267.67
3 304.04 25206 | 27846 | 267.67
4 286.85 | 256.37 | 28406 | 265.27
5

307.62 252.78 274.47 267.67




Table B.11 Calculation Ci/Co for extraction L-lysine from mother liquor by ELM at various

carrier (D2EHPA) concentrations

Time Ci'Co
(min) 5% 10% 20% 30%
0 1.00 1.00 1.00 1.00
0.5 0.93 0.83 0.83 0.82
1 0.90 0.82 0.81 0.78
2 0.88 076 0.80 0.76
3 086 | 075 0.79 0.76
4 081 0.76 0:81 0.75
5 087 . 0,75 0.78 0.76

Table B.12 Experimental data of pH change for extraction L-lysine from mother liquor by

ELM at various carrier ,{DEEHP&}an;enUatinns

Time ~ pH
(min) 5% 10% | 20% 30%
0 4.98 502 498 4.98
05 3.23 3.14 294 2.85
1 2.94 2.88 2.77 2.78
2 286 2.80 2.77 277
3 783 2.81 2.77 2.77
4 2.83 2.8 277 277
- 2.83 2.81 277 277
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Part ¥V W-0 Emulsion and External Phase Volume Ratio Variable

xpernmeantal Condition

W-0 emulsion ; external phase = at various ratio

External phase : mother liquor adjusted pH to 5.0 by H.SO,)
Membrane phase : 1% span 80 , 10% D2EHPA dissolved in n- dodecane
Internal phase . 2N HCI

Membrane preparation: at homogenizing speed 8000 rpm for 10 minutes

Agitation speed : 420 rpm

Table B.13 Experimental dala farextraction L-lysine from mother liquor by ELM at various

w-0 emulsion ; external phase volume ratio

Batehl 4 ATime—f-" Ci (g/)
No, (min) 1:0.5 = 1.2
1 0 "'-g.a'_z.:aa 370.61 366.62
Q8- 71 811.42 326.0 281.31
1 ?ﬁ_f?";ﬁﬁ 240.03 268.10
2 198.54 238.40 272.10
2 4 161.40 173.92 198.00
5 140.12 162.57 21762 |
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Table B.14 Calculation Ci/Co for extraction L-lysine from mother liquor by ELM at various

w-0 emulsion : external phase volume ratio

Batch Time CilCo
No. {min} 1: 0.5 T 1:2
1 0 1.00 1.00 1.00
05 0.94 0.88 0.77
1 0.65 0.65 0.73
2 0.60 0.64 0.74
2 4 0.48 0.47 0.54
7 0.42 0.44 0.59

Table B.15 Experimental data of gH thangekur);extractinn L-lysine from mother liquor by

ELM at various w-0 emulsion ; external phase volume ratio

Batch Time — pH
No. (min) | “1:05 11 12
1 0 500 501 5.01
0.5 2.90 13.22 3.16
1 1.93 258 2.89
> 013 2.25 2.89
2 4 0.83 150 2.10
5 0.46 068 204




Part VI Mother Liquor Characteristic Variable

xperimental ndition

W-O ermulsion ; external phase=1:2

External phase

Membrane phase
Internal phase
Membrane preparation:

Agitation speed

by H,SO,

at homogenizing speed 8000 rpm for 10 minutes
.. 420 rpm

. 1% span 80 , 10% D2EHPA dissolved in n- dodecane
: 2N HCI
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. mother liquor at various charactenstic adjusted pH to 5.0

Table B.16 Experimental data forextraction L-lysine from mother liquor by ELM at various

mother liquor.gharactaristic

Time ~ Ci(g

(rin) Filtration No-Filtration
0 306,38 336.52
0.5 25315 279,37

1 246,75 .l 277.22
2 237.32 256.73
3 231.93 25206
4 229.24 256.37
5 228,56 252.78




Table B.17 Caiculation CifCo for extraction L-lysine from mother liguor by ELM at various

maother liguor characteristic

Time CilCo
(min) Filtration No-Filtration
0 1.00 1.00
0.5 0.83 0.83
1 0.81 0.82
2 0.77 0.78
3 0.76 0.75
4 075 0.76
5 .75 \ Q.75

Table B.18 Experimental data of pH ehange fé’;,eitractinn L-lysine from mother liquor by

ELM at various mather liquar.characteristic

N,

dla

Time _B;H(
(min) Filtration | “No-Filtration

0 6.08 502
0s 3.33 314

1 2.98 288

2 287 2.80

3 287 281

4 2.87 281

5 287 281
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Part VIl Agitation Speed Variable

XOErm iti

W-0O emulsion : external phase=1:2

External phase
Membrane phase

Internal phase

Membrane preparation;

Agitation speed

. mother liquor adjusted pH to 5.0 by H,S0,)
© 1% span 80, 10% DZEHPA dissolved in n- dodecane
: 2N HCI

: agitate at various speed

at homogenizing speed 8000 rpm for 10 minutes

10

Table B.19 Experimental data for extraction L-lysine from mother liquor by ELM at various

agitation speed

Time Ci (g/)
(miin) BﬁUmm 360rpm | 420 rom | 480 rpm
0 406.09 | 406.09 | 83652 | 419.15
05 /| /369.76. | 388.97 | 279.37 | 375.18
1 33144 | 32472 | 277.22 | 34573
2 30932 | 30102 | 25673 | 331.22
3 30221 | 29628 | 25206/ | 32268
4 301.02 | 29312 | 25637 | 323.11
5 290.84 | 284.43 | 25278 | 323.11




Table B.20 Calculation Ci/Co for extraction L-lysine from mother liquor by ELM at various

agitation speed

Time Ci/lCo
{rmin) 300rpm | 360rpm | 420 rpm | 480 rpm
0 1.00 1.00 1.00 1.00
05 0.91 0.83 0.83 0.90
1 0.82 0.80 0.82 0.82
2 0.76 074 0.76 0.79
3 0.74 , 0.73 0,75 0.77
4 0.74 0.72 0.76 0.77
5 Q.74 0.70 0.75 Q.77

ELM at various agitation speed

Table B.21 Experimental data of pH changefor‘&xtractjon L-lysine from mother liguor by

Time ~oH

(min) 300rpm | 360rpm | 420 rpm | 480 rpm
0 5.02 5.02 5.02 5.02
05 317 3.39 34 | 312
1 3.06 2.97 2.88 2.78
2 2.71 2,69 2,80 2.65
3 2560 2.64 2.81 2.65
4 2.59 2,63 2,81 2,65
5 258 2,65 281 264
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Part VIl Source of L-lysine Variable

rim ition

W-O emulsion : external phase =1:2

External phase : L-lysine at various source adjusted pH to 5.0 by H,S0,
Membrane phase : 1% span 80 , 10% D2EHPA dissolved in n- dodecane
Internal phase 1 2N HCI

Membrane preparation: at homogenizing speed 8000 rpm for 10 minutes

Agitation speed : 360 rpm

Table B.22 Experimental data for extraction L-lysine from mother liquor by ELM at various

source of L-lysing.

Time, _ % Ci{an)
{min) anaentrataﬁ ML | Synthetic L-lysine
0 aas.ngi . 446.47
0.5 336,97 _ 344.74
1 2672 / 341.23
2 301.02 | 341.23
\3 20628 338,11
4 293.12 33753
5 284.43 360.72




Table B.23 Calculation CifCo for extraction L-lysine from mother liquor by ELM at various

source of L-lysine.

Time CilCo
(min) Mother Liquor Synthetic Solution
0 1.00 1.00
0.5 0.83 077
1 0.80 0.76
2 0.74 0.76
3 0.73 0.76
4 0.72 0.76
- 0.70 0.81

Table B.24 Experimental data of pH thange for extraction L-lysine from mother liquor by

ELM at various source of L-lysine. , .

Time ~ pH
(min) Mother L'rqu&ﬁ | Synthetic Solution
- 5.02 : 5.00
0.5 3.39 ca
1 2.97 | 2.02
2 2.69 1.88
3 284 1.83
4 283 1.76
5 2,65 1.74
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