
Transport Studies of Lactic Acid Through Supported Liquid Membrane

A. G. Gaikwad

Chemical Engineering Division, National Chemical Laboratory,
Pune 411008, India,
E-mail: agg@che.ncl.res.in

The aim of this study is to present transport of lactic acid through contained sup-
ported liquid membrane (CSLM). The liquid membrane carriers used were Alamine 336
and TBP. The formation of acid amine and solvation or ion pair complexes are dominat-
ing factors for the transport of lactic acid through liquid membrane. Diluting solvent
used in this study is toluene. The permeability coefficient was calculated from the exper-
imental results and interpreted for dependency on experimental variables. Different ex-
perimental variables investigated were stirring of source and receiving bulk phases, ef-
fect of pH of source phase, effect of sodium hydroxide concentration in receiving phase,
TBP or Alamine 336 concentration in membrane phase, lactic acid concentration in
source phase, etc. The pre-concentration of lactic acid has been investigated in the con-
centration range 10–6 to 10–2 mol L–1. The transport of lactic acid has been studied for in-
dividual as well as combined system of Alamine 336 and TBP. It was observed that
mixed extractants system of Alamine 336 and TBP is more effective for transport of lac-
tic acid from source to receiving phase. The stability of CSLM system observed was
quite good for the period of 50 h.
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Introduction

The liquid membrane technique has been used
for transport studies of organic compounds.1–2 It has
several advantages over conventional solvent ex-
traction and ion exchange methods. Among the liq-
uid membrane techniques, bulk, SLM (supported
liquid membrane) and emulsion membranes have
been systematically investigated. Although, SLM
technique suffers from its instability problem in
view point of industrial large-scale operation and
continuous applications, it can be eliminated with
advancing further research investigations. In recent
years, there are interesting studies coming up in this
field. It has been reported about the contained sup-
ported liquid membrane technique.3 Although, this
technique increases the diffusion process path in the
liquid membrane phase, it may help to increase the
stability of SLM system in the long run continuous
operations. In this system, the extracting organic
solvents are contained in between and on the
well-packed micro-porous membrane supports, and
the extractant can be supplied from external reser-
voir if necessary by micro design arrangement.3

Majority of organic compounds are separated
by column chromatography based on adsorption
desorption process. Moreover, solvent extraction is
also used to separate some organic compounds
based on solubility and complex formation mecha-

nism. However, solvent extraction technique has
several disadvantages. Membrane technique has
emerged as advanced separation technique for or-
ganic compounds.4–9 Lactic acid is a fermentation
product of lactose. It is present in sour milk, kou-
miss, leban, yogurt and cottage cheese. The protein
in milk is coagulated by lactic acid. Lactic acid is
produced in the muscles during intense activity.
Calcium lactate, a soluble lactic acid salt, is used as
a source of calcium in the diet. Lactic acid is pro-
duced commercially for use in pharmaceuticals and
foods, in leather tanning and textile dyeing, and in
making plastics, solvents, inks, and lacquers. Al-
though, it can be prepared by chemical synthesis,
production of lactic acid by fermentation of glucose
and other substances is a less expensive method.
Thus lactic acid is an important compound; there-
fore, it is worthwhile to study the ion transport of
lactic acid through liquid membrane.

CSLM structure allows the liquid membrane
phase with independent control of pressure with the
spring action and flexibility of movement due to the
two supported liquid membranes without keeping
empty space. The solubility of liquid membrane
phase in aqueous phases is one of the reasons of
stability of liquid membrane. The CSLM structure
allows independent control of pressure in each
phase (aqueous or organic). Maintaining the proper
phase pressures is the chief requirement for suc-

A. G. GAIKWAD, Transport Studies of Lactic Acid Through Supported Liquid Membrane, Chem. Biochem. Eng. Q. 18 (3) 285–293 (2004) 285

Original scientific paper
Received: June 14, 2003

Accepted: March 15, 2004



cessful operation. For hydrophilic supports with
aqueous phase in the porous support wall pores, the
pressure of the organic liquid membrane must be
higher than that of the aqueous phases. For hydro-
phobic supports with the organic liquid membrane
in the pores, the reverse is true. In both the cases,
the pressure differential between the phases must be
less than the breakthrough pressure.3

The different causes for the instability of sup-
ported liquid membrane are given here. The sup-
ported liquid membranes appear to be unstable un-
der high osmotic pressure gradients. However, the
instability effects are not caused by pressure differ-
ence, but rather they depend strongly on type of the
solvent, flow velocity of aqueous phases, molecular
structure of the carrier used, salt concentration in
the stripping phase, emulsion formation induced by
shear forces. In general, the high interfacial tension
of liquid membrane provides more stable SLMs, but
this relation is not unambiguous. Also no direct re-
lation was found between the stability and the vis-
cosity of the membrane phase. It was also concluded
that the SLM lifetime depends also on the type of
carrier-diluent mixture used as liquid membrane.
All these observations are sometimes contradictory.
This may be due to the fact that different systems
were used to examine the instability effects.10–11

The developed CSLM technique can offer a
practical useful technique to current existing systems
for removal and pre-concentration of several chemi-
cal species from aqueous source to receiving solu-
tion. This can be achieved either by a transport or
co-transport or counter transport mechanism depend-
ing on the nature of chemical species to be trans-
ported, and the type of extractants being utilized.

Currently, a number of agro-processing and
chemical companies are entering in the lactic acid
market as they have or will soon be starting up
large-scale fermentation processes to produce lactic
acid from agriculture product. The combination of
fermentation processes and separation processes12–34

would provide a clean route for the production of
lactic acid. In the production of lactic acid, processes
produce multicomponent, aqueous solutions with
product of acid concentrations. Subsequent separa-
tion, purification and concentration of the acid recov-
ery of carboxylic acids from fermentation broth,
presents a challenging separation difficulties because
of high affinities of the acids for water distillation of
dilute, non-volatile acid involves large energy con-
sumption for the heat of vaporization of water, which
must be taken overhead, furthermore, distillation
cannot fractionate among non-volatile acid.

Moreover, extraction studies of lactic acid in
supported liquid membrane are lacking. The pro-
posed liquid membrane system consists of using

commercial solvating and amine extractants. The
goal of this paper is to study the transport of lactic
acid. The mechanism of transport of lactic acid
through supported liquid membrane has been illus-
trated. The comprehensive investigations on re-
moval and pre-concentration of lactic acid from
aqueous source solution to aqueous receiving solu-
tion by CSLM system have been carried out. The
carriers used for these research activities were
Alamine 336 and TBP (tributyl phosphate) in tolu-
ene. The systematic research studies include the ex-
perimental variables, such as concentration of carri-
ers in the diluent toluene, pH of source solution, al-
kali concentration in receiving solution, and effect
of lactic acid concentration.

Experimental

Reagents and apparatus

The solvating extractant TBP (tri-butyl phos-
phate) (Aldrich Chemicals CO, USA), and Alamine
336 (a mixture of straight chain tertiary amines with
seven to nine carbon atoms, Henkel Co.), were
used. The suitable concentrations of amine and
solvating extractants were used to impregnate on
the microporous polypropylene membrane supports.
The thickness 10–2 cm in between two microporous
supports was observed. The different concentrations
of organic solutions were prepared by diluting a de-
sired amount of extractant with toluene. Lactic acid
solutions were prepared by dissolving an appropri-
ate quantity of lactic acid in distilled water. The
content of lactic acid in the solution was confirmed
by titration with sodium hydroxide. Acid analysis
was checked against a material balance. The solu-
bility of amine salts and diluents in the aqueous
phase were negligible in the range of variables in-
vestigated. All other chemical used were of analyti-
cal grade.

The experimental apparatus used in this inves-
tigation to measure the permeability coefficient (P)
is described in Fig. 1. A membrane (SLM) with an
interfacial area of 11.94 cm2 was used. The varia-
tion of lactic acid concentration with respect to time
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F i g . 1 � Schematic representation of apparatus used for mea-
surement of permeability coefficient of lactic acid.



was estimated using samples drawn from the source
and receiving solutions with titration with sodium
hydroxide. The pH measurement of source solution
was done with pH meter. The concentration of the
acid in aqueous phase was analyzed by HPLC
(Waters Associates, Milford MA USA) with a
LiChrospher 100 RP-18 column (Merck, 5 -m) and
UV detector at 254 nm. The reproducibility of the
experiment was checked with the experimental re-
sults of means of two reproducible runs.

Preparation of supported liquid membrane

A membrane 2500 (Celenease Co., USA),
which is a microporous polypropylene membrane
of thickness 2.5 × 10–3 cm, average pore diameter
0.04 -m, porosity 45 % was used as the supporting
membrane for immobilization of mixed extractants
in toluene. The membrane supports were immobi-
lized with carriers by soaking (The soaking of
amine and solvating extractants solution was car-
ried out under the suitable nitrogen pressure re-
quired in a sintered glass gooch crucible by keeping
the required area membrane support and filtering
very slowly the extractant solution through mem-
brane support supported on sintered glass gooch
crucible) it in a reformulated different amine and
solvating extractants solution for 2 h. The amine
and solvating extractants solution immobilized in
the microporous support were determined to be
about 0.1 ml by weighing the membrane before and
after the immobilization. The total quantity of con-
taining extractant in between supported membranes
including immobilized on microporous membrane
was found to be nearly 0.35 ml.

Procedure

A source solution with a suitable lactic acid
concentration in 35 ml distilled water was put into
the bigger cell. Using dilute solutions of hydrochlo-
ric acid or sodium hydroxide did its pH adjustment
to the desired value whenever necessary. The re-
ceiving phase used 25 ml was with appropriate di-
lute sodium hydroxide. The source and receiving
solutions, separated by SLM, were without leakage.
The receiving solution was directly titrated with so-
dium hydroxide.

Results and discussions

Configuration of supported liquid membrane

A conventional solvent extraction system,
which is carried out in two steps either for separa-
tion or pre-concentration of chemical species from
its source solution, is illustrated in bulk solutions as
shown in Fig. 2. A bulk liquid membrane system,

which consists of source (s), membrane (m) and re-
ceiving (r) phases, is illustrated in Fig. 2. In the
conventional solvent extraction technique, the ex-
traction and stripping processes are carried out one
after the other. However, during these processes,
different modes of occurrence involved are disper-
sion of one phase as drops in another phase, subse-
quent to coalescence of dispersed phase and phase
separation. This mode of operation frequently leads
to solvent loss by emulsion formation. This may
cause the loss of costly carriers or chelating agents
and extractant loading. The dispersion free solvent
extraction technique, i.e. membrane technique elim-
inates all such shortcomings. Fig. 2 illustrates the
transport of lactic acid from source phase through
liquid membrane to receiving phase. This lactic
acid transport process can be represented by two
extraction processes, namely, transport of lactic
acid from the aqueous to organic phase as a forward
extraction process, and lactic acid transport from
organic phase to the aqueous phase as a backward
extraction process. These extraction processes can
be simultaneously carried out in contained sup-
ported liquid membrane extractor as extraction and
stripping processes as explored in the present inves-
tigations.

Permeability is expressed as rate of change of
concentration of lactic acid with respect to time in a
cross section area and volume of source phase
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Where, Vs is the volume of the feed or source
solution, A the membrane area and l the membrane
thickness. After the integration of above equation
becomes
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Where c0 is the value of ct at time zero, and p is
permeability coefficient. To estimate thickness of
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F i g . 2 � Representation of lactic acid transport in a sup-
ported liquid membrane.



SLM or CSLM in microporous support, the geo-
metric thickness of support is multiplied by
tortuosity of pores.35–36 Incase of our micro-porous
polypropylene films SLM or CSLM thickness was
found 6.2 mm. In this investigation, the results are
presented in terms of P that is product of p, l and A.

Basically, in stagnant process,37 transport of
lactic acid in supported liquid membrane slowly
takes place. However, it can be enhanced by allow-
ing fast diffusion of lactic acid in bulk solutions and
establishing fast consecutive step equilibrium con-
centration of chemical species in bulk solution, in
order to proceed continuous chemical reactions at
interfaces and bulk solutions. The adequate diffu-
sion distribution of lactic acid in bulk solution was
achieved with stirring independently source and re-
ceiving phases. However, in this supported system,
the diffusion of chemical species in thin film mem-
brane phase is taking place by itself without stirring
membrane phase. Thus transport of lactic acid from
source phase to receiving phase also depends on the
time required for the diffusion of lactic acid in
membrane phase. Dependency of lactic acid trans-
port on involved chemical species and their concen-
tration is investigated.37–38

Variation of lactic acid concentration with time

Source and receiving phases were independ-
ently stirred. Sample solution from source and re-
ceiving phases with respect to time was taken and
analyzed for lactic acid for TBP, Alamine 336 and
TBP + Alamine 336 systems. The plot of log (ct/c0)
vs. t is shown in Fig. 3. The value of P is deter-
mined by using Equation (2). Lactic acid concentra-
tion in source phase decreases, and receiving phase
increases with respect to time for these TBP,
Alamine 336 and TBP + Alamine 336 systems. The
plot of log (ct/c0) vs t shows that value of log (ct/c0)
for TBP + Alamine 336 system is drastically de-
creased in comparison with that of TBP and

Alamine 336. It shows that transport of lactic acid
in mixed system is combined effect.

Effect of the stirring speed

In order, to explore the effectiveness and effi-
ciency of transport of lactic acid in SLM system it
is significant to investigate the effect of diffusion
process and chemical reactions on fluxes of the
transport of lactic acid. The effect of the stirring
speed in bulk solution on the diffusion of lactic acid
through bulk solution is also important factor, in or-
der, to minimize the diffusion layer at the inter-
faces. The source and receiving phases were inde-
pendently stirred over the range 40 to 130 rpm (Fig.
4). The permeability coefficient increases for the
range of 40 to 90 rpm, which indicates that the
thickness of diffusion layer decreases. However, the
P values nearly remain constant during the range 90
to 130 rpm of stirring of the both phases. This re-
gion is responsible for the achievement of minimum
diffusion layer thickness at the interfaces. Further,
research studies were done at 100 rpm.

Transport of lactic acid at interfaces from one
to the other phase is dependent on the concentration
of chemical species in bulk phase and inter-
face.10–11,37–38 However, concentration of chemical
species in bulk phase and interface is assumed to be
more or less the same. The influences of chemical
species concentration on transport of lactic acid
have been investigated.

Reactions occurred at interfaces

Solvating solvent as extractant in liquid mem-
brane plays a very important role. The solvating
solvents such as TBP, TOPO, TTA, �-diketone, etc
can be used in liquid membrane. The low aqueous
activity of carboxylic acids results in low distribu-
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F i g . 3 � Plot of log ct/c0 vs. time for lactic acid transport
through supported liquid membrane.

F i g . 4 � Effect of stirring speed of source and receiving
phases on permeability coefficient (P) of lactic acid, clactic acid

= 0.01 mol L–1, cAlamine 336 = 0.1 mol L–1, cTBP = 0.1 mol L–1,
pHs 2.0, Vs = 35 ml, Vm = 0.35 ml, Vr = 25 ml and A = 11.94 cm2.



tion coefficients of acid into conventional solvents.
Thus, solvent extraction with conventional solvents
would require very high solvent flow rates and re-
sult in substantial dilution of acid. Aliphatic tertiary
amines dissolved in an organic solvent are useful
extractants for carboxylic acids. The amine binds
the acid in the organic phase through reversible
complexation often; water is taking part in complex
formation, thus having a strong influence on the liq-
uid-liquid equilibrium. It has been found that
solvating solvent, especially those with functional
groups, can offer the extraction behavior of amine,
significantly. The stoichiometry solute, amine com-
plex, loading of amine as well as the third phase
formation, are influenced by the diluents. The effect
of solvating solvent can be understood in terms of
ability to solvate organic phase species. Therefore,
it is necessary to distinguish between general sol-
vation from electrostatic dispersion or other
forces, and specific solvation due to hydrogen
bonding. The extraction of carboxylic acids with
tertiary amine or TBP usually occurred due the
formation of ion-pairs and hydrogen bonds.39–41

The extraction processes can be described by
the reactions at interface I with lactic acid,
CH3CH(OH)COOH, (HA) and Alamine 336 (TEA)
or TBP or with mixture of them. The HA (lactic
acid), TEA (Alamine 336) and TBP are used for
convenient purpose to illustrate extraction and strip-
ping mechanism.

x HA + y TEA = x HA-----y TEA (3)

w HA + q TBP = w HA------q TBP (4)

n HA + g TEA + z TBP =
d HA -- h TEA + f HA--e TBP + (5)
(z-e) TBP–(n-d-f) HA---(g-h)TEA

The stripping processes can be described by the
complex breaking reactions at interface II. The
formed free extractants are diffused back to inter-
face I for further transport of lactic acid.

x HA --- y TEA = x HA + y TEA (6)

w HA --- q TBP = w HA + q TBP (7)

d HA -- h TEA + f HA--e TBP +
(z-e) TBP–(n-d-f) HA-(g-h)TEA = (8)

n HA + g TEA + z TBP

Effect of pH of source solution

In order to explore the significant role being
played by hydrogen ion concentration in the source
solution during the permeation of lactic acid in
SLM system, the permeation studies were carried
out at different pH of the source solution. The rela-
tion between P and pH of the source solution has

been illustrated in the Fig. 5a. The increase in P
value along with the decrease in the pH was ob-
served for 1.5 to 5.5. Log p values increases with
the decrease in pH of source solution, because of
favored formation of strong hydrogen bonding, and
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F i g . 5 � (a) The relation between P and pH of the source
solution, clactic acid = 0.01 mol L–1, cAlamine 336 = 0.1 mol L–1, cTBP

= 0.1 mol L–1, cNaOH = 0.01 mol L–1, Vs = 35 ml, Vm = 0.35 ml,
Vr = 25 ml and A = 11.94 cm2; (b)The relation between P and
sodium hydroxide concentration of receiving solution, clactic acid

= 0.01 mol L–1, cAlamine 336 = 0.1 mol L–1, cTBP = 0.1 mol L–1,
pHs 2, Vs = 35 ml, Vm = 0.35 ml, Vr =25 ml and A = 11.94 cm2.



increased formation of ion-pair complexes with the
decrease in pH of source solution. Therefore, the
transport of lactic is favored with the decrease in
pH of source solution. However, higher log P val-
ues are observed for the Alamine 336 + TBP sys-
tem in comparison with that of single Alamine 336
or TBP system.

Effect of sodium hydroxide concentration
in the receiving phase

The solution of sodium hydroxide is used in re-
ceiving phase in order to make reaction of sodium
hydroxide with lactic acid for making salt solution.
The solution of sodium hydroxide is required to
eliminate the lactic acid liquid phase mass-transfer
resistance, which probably affected the lactic acid
permeation through supported liquid membrane. In
general, the extraction of lactic acid occurs at the
higher hydrogen ion concentration in comparison to
that of stripping process. In order to strip out the
lactic acid from membrane phase, it is necessary to
reduce hydrogen ions and make less competitive to
lactic acid during the stripping process towards
extractants. Thus, with the decrease in acid concen-
tration in receiving solution, and increasing the con-
centration of alkali in receiving phase, the distribu-
tion ratio of lactic acid decreases at the stripping
side. However, to check the sodium hydroxide con-
centration effect on stripping out the lactic acid
from membrane phase, the sodium hydroxide con-
centration of receiving solution was varied from
0.0001 to 0.01 mol L–1 range (Fig 5b). The P value
decreases along with a decrease in the sodium hy-
droxide concentration of the receiving solution. It is
concluded that the chemical resistance in aqueous
receiving solution during the stripping process de-
creases along with an increase in its sodium hy-
droxide concentration.

Effect of the carrier concentration

The carrier plays a significant role during the
permeation of lactic acid in the SLM system in
viewpoint of its economical viability, effective
transport, stability, industrial applications, etc. It is,
therefore, significant to investigate the effect of
the Alamine 336 concentration on the permeation
of lactic acid. The variation of concentration of
Alamine 336 was carried out over the range from
10–5 to 0.1 mol L–1. The permeability co-efficient of
lactic acid increases along with an increase in the
Alamine 336 concentration over the studied range
(Fig. 6 a). The variation of concentration of TBP
was investigated over the range from 10–5 to
0.1 mol L–1. The permeability co-efficient of lactic
acid increases along with an increase in the TBP
concentration over 10–5 to 0.1 mol L–1 range (Fig. 6

b). It could be possible to explore its utility for the
effective separation and pre-concentration of lactic
acid at a maximum concentration of Alamine 336
and TBP, which makes the SLM system economi-
cally inexpensive, efficient, and rapid in compari-
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F i g . 6 � Effect of concentration of carrier on permeability
coefficient (P) of lactic acid, (a) clactic acid = 0.01 mol L–1,
cAlamine 336 = 0.1 mol L–1, pHs 2, cNaOHr = 0.01 mol L–1, Vs = 35
ml, Vm = 0.35 ml, Vr = 25 ml, A = 11.94 cm2 and TBP varia-
tion, (b) clactic acid = 0.01 mol L–1, cTBP = 0.1 mol L–1, pH,s 2,
cNaOHr = 0.01 mol L–1, Vs = 35 ml, Vm = 0.35 ml, Vr = 25 ml, A
= 11.94 cm2 and Alamine 336 variation



son to that of liquid extraction. The hydrogen bond
formation and solvation complex formation be-
tween lactic acid and Alamine 336 or TBP depends
on concentration of carrier in membrane phase, hy-
drogen ion, and lactic acid concentrations in source
phase. With the increased concentration of Alamine
336 or TBP in membrane, it was observed that the
log P values were increased. The combined effect
was observed for Alamine 336 + TBP system. The
combined effect of Alamine 336 and TBP enhances
the transport of lactic acid in comparison with that
of individual system.

Effect of the lactic acid concentration

It is essential to explore the effect of lactic acid
concentration during the lactic acid transport in
SLM system in order to exploit these investigations
for the purpose of separation and pre-concentration
of lactic acid. The variation of lactic acid concentra-
tion during these studies has been done over the
10–6 to 10–2 mol L–1 range (Fig. 7). At lower con-
centration of lactic acid, the log P values remain
nearly independent in the concentration range of
lactic acid 10–6 to 10–2 mol L–1. However, above
this concentration range, it starts decreasing due to
loading capacity of extractant in membrane phase.
Moreover, in combined extractants system of TBP
and Alamine 336, the log P value was much higher
than that of individual system of Alamine 336 or
TBP system. The pre-concentration of the lactic acid
can be done in an efficient way from dilute solutions.

Pre-concentration of lactic acid in CSLM system

The enrichment factor (EF) is the ratio of lactic
acid concentration in source to receiving phase at
time t. EF has been used to evaluate efficiency of
supported liquid membrane system. The effect of
variation of initial lactic acid concentration in

source solution was explored from 10–7 to 10–2

mol L–1. The variation in the enrichment factor (EF)
value with respect to initial lactic acid concentration
in source solution has been illustrated in Fig. 8. The
EF value decreases with increase in the initial lactic
acid concentration in the source solution. This may
be due to the increase in the source solution with
relatively high lactic acid concentration; the lactic
acid transfer was hindered due to the limited load-
ing capacity of the carriers in the membrane phase,
and increased viscosities in the aqueous and mem-
brane phases. The low rate of mass transfer due to
diffusion and chemical reaction processes which ac-
count for the chemical resistances in aqueous and
membrane phases. Thus, effective and efficient
pre-concentration of lactic acid can be carried out
from dilute solutions.

Stability of CSLM

The stability of polypropylene support has
been checked under the feasible conditions of
CSLM system. The CSLM system has been contin-
uously used for 50 h (Fig 9). During these hours of
experiments, the P value remains unaffected. The
small decreased P value can be attributed towards
the increased membrane resistance to the perme-
ation of lactic acid. The durability of microporous
polypropylene support has been found satisfactory.
The effective transport of lactic acid has been ob-
served with Alamine 336 + TBP system.
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F i g . 7 � The dependency of P on lactic acid concentration
in source solution, cAlamine 336 = 0.1 mol L–1, cTBP = 0.1 mol L–1,
pHs 2, cNaOH = 0.01 mol L–1, Vs = 35 ml, Vm = 0.35 ml, Vr = 25
ml and A = 11.94 cm2

F i g . 8 � Representation of pre-concentration of metal ion
from source to receiving solution, cAlamine 336 = 0.1 mol L–1, cTBP

= 0.1 mol L–1, pHs 2, cNaOH = 0.01 mol L–1, Vs = 35 ml, Vm =
0.35 ml, Vr = 25 ml and A = 11.94 cm2



Conclusions

The transport of lactic acid in a CSLM system
consisting of source, membrane and receiving
phases has been carried out. The membrane phase
used was mixture of or individual extractant Alamine
336 or TBP in diluent toluene. The experimental re-
sults show that transport of lactic acid depends on
different experimental parameters such as stirring
speed of bulk phases, pH of source phase, NaOH
concentration in receiving phase, concentration of
carrier in membrane phase, lactic acid concentration
in source phase, etc. In CSLM system, the mem-
brane phase can be allowed to pressurize independ-
ently in atmosphere pressure. It shows, the flexibil-
ity and spring action of liquid membrane phase to
the source and receiving phase, exerted pressure. It
may help to increase the lifetime of CSLM system.
The enrichment of lactic acid can be achieved from
dilute solution. The stability of proposed membrane
system observed was for 50 h.

L i s t o f s y m b o l s

A – membrane area, cm2

cLa – concentration of lactic acid, mol L–1

F – volume flow rate, mol s–1

l – membrane thick, mm

p – pearmeability coefficient, cm2 s–1

P – volume flow rate, mLs–1

t – time, s

V – volume, mL
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