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Stability of a Supported Liquid Membrane for
Removing Hydrophobic Solutes from Casein
Hydrolysate Solution

C. CLEMENT and MD. M. HOSSAIN
NATURAL PRODUCTS PROCESSING
INDUSTRIAL RESEARCH LIMITED

PO BOX 31-310, LOWER HUTT, NEW ZEALAND

ABSTRACT

The stability of a liquid membrane containing a solution of an ionic carrier
(Aerosol OT, AOT) in oleyl alcohol and loaded on a commercial support, Celgard
2500, was examined. The experiments were conducted in this flat-sheet support
to continuously remove hydrophobic solutes from a feed of casein hydrolysate
solution with a strip solution of sodium chloride. Three approaches were investi-
gated to study flux stability of the membrane: i.e., by 1) varying AOT concentra-
tions (10-40% w/w), 2) using a different solvent (decanol instead of oleyl alcohol),
and 3) applying an interfacial surface layer on the membrane support. At higher
AOT concentrations the flux through the membrane was stable up to 40 hours;
the flux declined rapidly beyond this period to about half the initial value and
slowly decreased to low values after 120 hours. The use of decanol (100% pure)
instead of oleyl alcohol (85% pure) as the membrane solvent increased the flux
and improved the stability without significant loss of performance up to about 70
hours. The application of an interfacial gel layer at the feed, strip, or both inter-
faces did not improve the stability of the AOT/oleyl alcohol membrane. The gener-
ation of a polymerized layer at the interface between the organic and aqueous
phases of the membrane showed better stability. However, the solute flux through
the polymerized membrane was reduced to a low value.

INTRODUCTION

Supported liquid membranes (SLLMs) are a potential alternative to many
liquid-liquid extraction and other separation techniques (e.g., chromatog-
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raphy and ion exchange) for selective removal of ions or neutral molecules
from liquid solutions and gas mixtures. The advantages of SLMs over
other techniques are high selectivity, rapid extraction capacity, modest
capital and operating costs, low energy consumption, and easily scalable
modules for commercial application (1-5). Liquid membrane technology
has been comprehensively studied in a few areas: 1) in the recovery of
heavy metal ions (6-10), 2} in the separation of bioproducts (11-17), and
3) in the removal of contaminant from wastewater (18-22). The efforts in
the area of extraction of metals have been commercially successful (23).

Despite the technical advantages of SLMs, their wide-scale application
in industry is still to come. One of the major reasons for this is the mem-
brane stability or the effective lifetime of membrane systems is not long
enough for further development to an industrial scale process. The insta-
bility of SLMs is mainly caused by the loss of carrier and/or membrane
solvent from the support pores, which changes the flux and selectivity of
the membrane (24-29). This loss of performance could be due to (30, 31):

The pressure difference over the membrane

The presence of an osmotic pressure gradient over the membrane
The solubility of a liquid membrane in the adjacent solutions

The restricted diffusion of a carrier-solute complex due to pore
blockage

Emulsion formation of the liquid membrane in water

s The support pores being wetted by the aqueous solution

Tanigaki et al. (32) reported that the liquid membrane was unstable
when the feed and strip solutions were unsaturated with the organic phase.
Substantial improvement was possible by either intermittent reimpregna-
tion or continuous impregnation of the organic phase to the support. In-
creasing the thickness of the membrane and/or the pore size and using a
phase modifier in the organic phase could also provide a significant in-
crease of membrane stability in continuous operation (33, 34).

An SLM system for the removal of hydrophobic solutes from protein
hydrolysates was previously developed (35, 36) and was effective in re-
moving hydrophobic solutes from a protein hydrolysate solution. The sys-
tem consisted of a solution of Aerosol OT (AOT as carrier) in oley! alcohol
(solvent) loaded on a commercial support, Celgard 2500. The effects of
various operating parameters such as feed solution pH, feed flow rate and
concentration, and carrier concentration to improve the flux through the
SLMs were examined. The optimum process parameters for selective re-
moval were determined (37).

Long-term studies of membrane performance need to be carried out
to assure the commercial viability of the process. The purpose of this
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investigation was therefore to examine the stability of the membrane (AOT
in oleyl alcohol) in a continuous flow module for a casein hydrolysate
feed. The stability experiments were carried out at various feed and carrier
concentrations over a period of 3—4 days. The decline in flux was consid-
ered to be an indication for membrane instability (24). Since oleyl alcohol
is of technical grade (85% pure), a pure solvent, decanol, was tried as the
liquid membrane to study the stability. In addition, interfacial gels (25,
30) were applied on the feed-membrane interface to prevent leakage of
the membrane phase and thus to retain the initial flux for a long time of
processing.

MATERIALS AND METHODS
Chemicals

Sodium dihydrogen orthophosphate, disodium hydrogen phosphate,
Aerosol OT, and dodecane were purchased from BDH Chemicals Co.
(England). Trimesoyl chloride, piperazine, N,N’-dicyclohexylcarbadi-
imide, and 1,12-diaminododecane were from ACROS Chemicals (Bel-
gium). Tetrahydrofuran, 1,4—phenylenediamine, PVC-Fluka, PVC-car-
boxylated, oleyl alcohol, and decanol were obtained from Aldrich Co.
(USA). Phosphoric acid and sodium acetate were from Ajax Chemicals
Co. (Australia). The stripping agent sodium chloride (regular) was from
Prolabo (France). The polymeric support, Celgard 2500, was a gift from
Celanese Separation Products, Charlotte, NC, USA. Casein hydrolysate
(MPH 955) was obtained as a gift from New Zealand Dairy Board.

Spiral Membrane Module

The spiral system was designed and fabricated according to the litera-
ture (38). It consists of two half-cell Perspex faceplates between which
the SLM is placed. The faceplates contain rectangular channels in a spiral
form, through which the two solutions feed and strip are pumped in a
crossflow direction. The dimensions of the membrane module are pre-
sented in Table 1.

For all experiments a commercial grade membrane support, Celgard
2500, with slit-type pores was used. The characteristics of the support are
given in Table 2 and the experimental setup is shown in Fig. 1.

Feed and Strip Solutions

Feed solutions were prepared by dissolving casein hydrolysate powder
in sodium acetate—phosphoric acid buffer. Casein hydrolysate is a com-
plex mixture of amino acids (e.g., tryptophan, phenylalanine, leucine,
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TABLE 1
Dimensions of the Spiral Membrane
Module
Width 3.16 mm
Depth 1.6 mm
Length 940 mm
Cell area 29.7 x 10~ * m?
Cell volume 4.75 mL/cell

etc.) and polypeptides (mostly di- and tripeptides) of these amino acids.
Some of these solutes contain hydrophobic side chains.

Previous work (35-37) found that the hydrophobic peptides can be se-
lectively removed by using a feed solution pH in the 4.5-5.0 range. A pH
of 4.5 was chosen for each experiment. The feed solutions were casein
hydrolysate in acetate buffer and had two different concentrations: 10
and 30 g/L.. The hydrolysate feed solution for both concentrations were
centrifuged to remove the undissolved solids using a Sorval RC-5B refrig-
erated superspeed centrifuge (Dupont Instruments). This was followed by
a filtration using a serum capsule filter of pore size 0.45 pm (Gelman
Sciences).

A 1 M solution of NaCl in 0.1 M sodium phosphate buffer was used
as the strip solution. The buffer solution was used to guarantee a stable
pH of 5.5 and a constant pH gradient from the feed to the strip solution
(36, 37).

Preparation of Supported Liquid Membrane

The SLLMs were prepared by soaking the Celgard 2500 support with a
10-30% AOT solution in oleyl alcohol or 10% AOT in decan-1-ol for 5
minutes followed by placing the contents under vacuum for about 30 min-
utes (36, 37). The membrane was then gently wiped with tissue paper to
remove the attached liquid.

TABLE 2
Characteristics of the Membrane Support
Support Celgard 2500
Porosity 37-48%
Pore size 0.05 pm x 0.19 pm

Thickness 20 pm
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FIG. 1 Schematic diagram of the experimental setup of a continuous supported liquid
membrane (SLM) process.

Preparation of an Interfacial Dense Gel Layer

The method of preparation of a gel layer was obtained from Neplen-
broek et al. (24-26). They applied thin, crosslinked PVC gels on the feed
side of their membranes. These top layers were found to be very effective
in stabilizing SLMs for nitrate removal from water.

To apply a dense gel layer at the interface of the membrane, a liquid
SLM was first prepared. The gel-forming polymers (PVC-Fluka and PVC-
carboxylated) were dissolved by stirring in a volatile solvent, tetrahydro-
furan (THF) (ca. 10 mL THF/g polymer).

The activator { N,N'-dicyclohexylcarbodiimide (DCC)] and crosslinking
agents [1,12-diaminododecane (DDDA) and 1,4-phenylenodiamine (PDA)]
were added to the polymer solution. The gel layer was spread over the
membrane surface with a tissue wetted with the gel-forming solution. The
THF evaporated during this treatment.

The following amounts were used in each experiment according to the
stoichiometry of each reaction (8): DCC (30 mg), DDA (15 mg), and PDA
(8 mg) added to the tetrahydrofuran. Then 1 g of PVC-carboxylated was
dissolved in THF but with difficulty because this PVC curdled. Lastly,
1 g of PVC-Fluka was dissolved in this solution.

Preparation of an Interfacial Polymerized Layer

Interfacially polymerized layers of piperazine (PIPA) and trimesoyl
chloride (TMCl) were able to improve the stability of SLMs for the re-
moval of nitrate from water (33).
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Each interfacial polymerization was carried out as described by Kem-
perman (30). The support material was impregnated with 0.2 M organic
acid chloride (TMCI was heated in an oven to liquify it for better handling).
Excess solution was wiped off the surface of the impregnated support
with a tissue paper. The support was then placed on top of a 0.2 M PIPA
solution. After a polymerization time of 15 or 7 minutes, the membrane
was removed from the diamine solution and washed, first with ethanol
and then with water to remove unreacted species. The composite mem-
brane was then dried in air overnight.

For these composite membranes a longer time for impregnating the
support with AOT in oleyl alcohol was necessary for the SLLM preparation.
A contact time of 2 hours under vacuum was used.

Transport Measurements

The experiments were carried out for 2 to 4 days without recycling of
feed or strip solutions. The membrane module, including the connecting
tubes, was filled with feed and strip solutions at maximum pump speed
set to the desired value of 0.20 mL/min (7). Samples of the strip solution
were taken every 1 or 2 hours in a fraction collector (RediFrac, Phar-
macia).

The transport of peptides and amino acids across the membrane was
monitored by measuring the change in concentration of the initially pep-
tide-free strip solution. The absorbance of strip solution was measured
spectrophotometrically at 280 nm using a UV-visible spectrophotometer
(Shimadzu UV-160). The feed samples were diluted and their absorbance
values were also measured at 280 nm.

The pH of feed and strip samples was measured with a PHM-4 Research
pH meter (Radiometer Co., Copenhagen) at the beginning and at the end
of each experiment to check the integrity of the membrane. The variation
was from 5.5 to 5.4 for the strip samples and from 4.5 to 4.6 for the feed
samples.

Calculation of Flux

Cr Q Cn, Q
— Feed cell ——
——— Strip cell ——————
C so, Q Csl, Q

The average flux of solute (peptides or amino acids), Js, through the
SLM to the strip solution is calculated from
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Q((:s0 - Cs-

Jy = —a (D

where Q is the strip flow, C,_and Cj, are the outlet and inlet solute concen-

trations of the strip phase respectively, and A is the effective membrane
area.

The relation between the solute concentration (Cs, — Cs) and the UV
absorbance values of the feed (Abf;) and strip solutions (Abs, and Abs;)
is given in

_ (Abs, — Abs;)

Csi - Cfi X Abf; (2)
where Cy, is the initial feed concentration.

Combining Eqs. (1) and (2), we obtain the final expression of the solute
flux Js:

Cs

o

Q0 (Abs, — Abs)

RESULTS AND DISCUSSION

The experimental operating conditions are listed in Table 3. The pH of
the casein hydrolysate solution and the strip solution conditions were
chosen on the basis of previous results (36, 37). Under these conditions
the hydrophobic peptides are selectively removed from casein hydrolysate
solution (38). The effects of various factors, 1) the carrier concentration

TABLE 3
Operating Conditions for the Stability Experiments
Feed phase:
Casein hydrolysate concentration 10-30 g/L (for AOT/oleyl alcohol system)
30-35 g/L. (for AOT/decanol system)
pH 4.5
Flow rate 20 mL/h
Strip phase:
Concentration of sodium chloride 1M
pH 5.5
Flow rate 20 mL/h
Temperature of both phases 293 K
Liquid membrane:
AOT concentration in oleyl alcohol 10-40% wiw

AOT concentration in decanol 10% wiw
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(% w/w AOT in oleyl alcohol), 2) decanol as membrane solvent, 3) gel
layers on the interfaces, and 4) interfacial polymerized layer on SLM
stability, are presented below.

Effect of AOT Concentration on SLM Stability

The flux stability through SLMs containing 10 to 40% AOT in oleyl
alcohol was observed using 10 g/L casein hydrolysate feed solution. The
results are shown in Fig. 2. For SLM with 10% AOT the flux decreased
sharply after 5 hours to about 30-35% of the initial flux in 15 hours and
then was stable up to 2 days of operation. For SLMs with 20-40% AOT
the initial flux was maintained for about 20-25 hours and then it decreased
to about 50% of the initial flux in 2 days. For SLM with 40% AOT the
initial high flux (3 g/m?-h) was lower than that for the SLM with 30% AOT
(flux is about 4 g/m?-h). This could be due to reduced diffusion (as the
viscosity increases with the increase in carrier concentration), change in
interfacial tension, and the partition coefficient at the interfaces in this
higher range of AOT concentration.

The flux stability of SLMs with 10-40% AOT in oleyl alcohol using 30
g/L of casein hydrolysate is presented in Fig. 3. The evolution of flux in
the strip solution was similar to that in Fig. 2, but a longer time was needed
in the latter case to attain the initial steady state. An improvement in the
period of stable performance was observed at this higher feed concentra-

-—10% AOT
-o-20% AOT
-~30% AOT
--40% AOT

Solute flux [ g.m2.h" ]

. : . L
T 1 T

0 10 20 30 40 50
Time [ hours }

FIG. 2 Stability of SLMs with different concentrations of AOT (%w/w) using 10 g/L casein
hydrolysate solution.
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FIG.3 Stability of SL.Ms with different concentrations of AOT (%w/w) using 30 g/L casein
hydrolysate solution.

tion. The flux started declining at a later time (after 35-40 hours) compared
to that of 20-25 hours for processing at lower feed concentration.

A comparison of flux stability through the SLM (209 AOT in oleyl
alcohol) at low (10 g/L) and high (30 g/L) casein hydrolysate concentra-
tions is shown in Fig. 4. A strong influence of the feed concentration on

5
E
o
»
2
@
S
©
7]
1] J. — 4 + ‘
0 10 20 30 40

Time [ hours ]

FIG. 4 Comparison of flux stability through the SLM (20% AOT in oleyl alcohol) using
two (10 and 30 g/L) casein hydrolysate solutions.

100 120 140
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the initial steady flux is observed as the flux is increased threefold with
a similar increase in the feed concentration.

Organic Solvent in Strip Solution

The effect of adding 1 and 0.2% oleyl alcohol in strip solution on the
solute flux through 109% AOT membrane for a feed concentration of 10
g/L is shown in Fig. 5. This addition of organic solvent increased the flux
stability up to 20 hours (instead of S hours) and moderated the progressive
decline in flux over a period of 45 hours. The effect of the higher amount
of oleyl alcohol was comparatively better although the improvement was
not great.

Effect of Membrane Solvent
(decanol instead of oleyl alcohol)

Oleyl alcohol (85% technical) contains water-soluble impurities which
may introduce SLM instabilities. Decanol (a pure solvent) was therefore
used as a liquid membrane to observe its flux stability. The results of the
decanol membrane experiments (with 10% AOT and 30-35 g/L of casein
hydrolysate) along with those of oleyl alcohol are presented in Fig. 6.

The SLM (AOT in decanol) maintained its initial flux for a longer time
(about 60 hours). After this period the flux increased beyond the initial
value. This might be due to a loss of the LM phase, resulting in a decrease
of the liquid membrane thickness.

7
61 —~10% AOT
o -o-10% AOT + 1%0A
o 51 ~10%A0T+0.2%0A
E
2 4}
”®
2 3]
[
32
] |
0 $ t + + + + + + —t—
0 5 10 15 20 25 30 3s 40 45
Time [ hours ]

FIG. 5 Comparison of flux stability for addition of oleyl alcohol in the strip solution for
processing of 10 g/L. casein hydrolysate solution.



11: 31 25 January 2011

Downl oaded At:

STABILITY OF A SUPPORTED LIQUID MEMBRANE 2695

20
18 + -o- Oleyl Alcohol
——Decanol (30 mg/L)
—16 4 j__—+Decanol (35 mg/L)

(=]
O
'S
+
D
v
g
A
0
0
0
o)
v
A
g
@

+ } t t t
0 10 20 30 40 50 60 70 80 o0
Time [ hours ]

FIG. 6 Comparison of flux stability through the SLM (10% AQOT) in two organic solvents;
oleyl alcohol and decanol using 30 g/L. casein hydrolysate solution.

A strong influence of the feed concentration on the initial flux was
observed: a higher feed concentration (35 g/L) gives a greater initial flux
through the decanol-oleyl alcohol membrane. This increase of the solute
flux value could be due to the availability of more solutes and not due to
a higher activity gradient of complexed carriers through the membrane.
In order to show that, we calculated the solute diffusivity coefficient D;
from Fick’s law:

_ Js x 1
(Kfo - Cs/Ks)

where J. is the solute average flux, Cyand C; are the average feed concen-
tration (Cr = Ct) and the average strip concentration (C; = Cs,), respec-
tively, Kr and K, are the partition coefficients at the feed and strip inter-
faces, respectively, and [ is the membrane thickness.

Using K¢ = 1 and K = 0.2 (obtained from measurements of the partition
coefficient for Trp at pH 4.5) and the experimental feed and strip concen-
trations, the diffusivity values were calculated. At both feed concentra-
tions the values of D were very close to each other. This means that only
the activity gradient of solute was involved in the increase of flux value.
Furthermore, at high feed concentration the osmotic pressure gradient is
stronger and thus it might increase the instability of the system.

The stability of the SLMs with decanol is better than with oleyl alcohol
since the stable operational time was increased by 6 times compared to

D @
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the later one (SLMs with oleyl alcohol were stable for only 10 hours).
Furthermore, the initial flux with decanol membrane was at least twice
as higher as that with oleyl alcohol. This could be due to the lower viscos-
ity and higher partition coefficient of decanol compared to those of oleyl
alcohol (16). The impurities in the 85% oleyl alcohol system could have
some effect on the flux through the SLM. However, in the absence of
pure oleyl alcohol in the market and because of its food industry accept-
ability, we continued the experiments with technical grade oleyl alcohol.

Interfacial Gel Dense Layer

Based on the emulsion formation hypothesis for membrane degradation,
Neplenbroek et al. (25) used gelation of the LM phase to stabilize SLMs
for the removal of nitrate from water. By gelling the membrane liquid, its
viscosity increases and the resistance against liquid displacement out of
the support is enhanced. They carried out the gelation in two ways: a
homogeneous gel network in the support pores and a thin, dense gel layer
at the feed side. Better results were obtained when a PVC layer was
applied as a thin layer (<2 pm) on the feed side of the support and cross-
linked after preparation.

We decided to try the above gel layer technique. The application of the
gel layer at various interfaces of the support pores can be represented by
the diagrams in Fig. 7(A-C). A thin gel layer at the feed—membrane inter-
face (and without any gel at the strip interface) is shown in Fig. 7(A), a
thin gel layer at the strip—-membrane interface (and without any gel at the
feed interface) is shown in Fig. 7(B), and gel layers at both interfaces are
shown in Fig. 7(C). All the subsequent stability experiments were carried
out with SLM (10% AOT in oleyl alcohol) at a 10 g/L feed concentration
because this provides the worst performance conditions.

Strip Feed Strip

'E .
q

q

J N

A [
{ )

5 ¥

> Q

c

FIG.7 Representation of interfacial gel layers at the feed interface (A), at the strip interface
(B), and at both interfaces (C).
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Thin Gel Layer at Either Feed or Strip Side
and at Both Sides

The stability of flux through the uncoated SLM is compared with those
obtained with a gel layer either at the feed side or at the strip side in Fig.
8. The flux-time behavior of the SLM with gel at the feed side is similar
to the one without gelation. The maximum flux through the gelled SLM
was 2 g/m~2h~!, lower than that (3 g/m~2-h~') without gelation. The
flux through the SLLM with gel at the strip side was even lower, and there
was a drastic drop in flux after attaining the maximum value. This could
be due to the greater thickness of the gel (formed at 20 mg gel layer) at
the strip side compared to that on the feed side (formed at 10 mg gel layer).

The stability of flux through the SLM with gel layers at both interfaces
(feed and strip) is also shown in Fig. 8. The crosslinking step was avoided
in order to formulate gels with a larger mesh size. Even then the stability
did not improve, rather the maximum flux decreased compared to the one
without gelling. The flux was lower over the entire period of 45 hours.

There was no improvement of flux stability by applying gel at either
feed, strip, or both interfaces. The solute flux decreased both with an
increase in the gel thickness and with an increase in the processing time.
The reduction in diffusivity of the carrier—solute complex due to the gel

3s
—— Feed interface
3t -=- Strip interface
—_ | — uncoated
= .5 I - Both interface
E
& 2]
5
& 1.5 1
2
=3
3 1
7]
0.5
0 - — 4} T
0 10 20 30 40 50
Time [hours]

F1G. 8 Comparison of flux stability of the uncoated SLM (10% AOQOT in oleyl alcohol) with
the gel layer at either the feed or the strip interface using 10 g/L casein hydrolysate solution.
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network and the loss of SLM components are thought to cause the flux
decrease.

Stabilization of membranes by gelation worked for relatively stable sys-
tems (24-26). These systems consisted of tetraoctyl ammonium bromide
(TeOA) and trioethylmethyl ammonium chloride (TOMA) as carriers dis-
solved in o-nitrophenyl octyl ether (O-NPOE) and supported on Acurel.
The gelling was accomplished with selected PVC for which the solvents
were plasticizer. It is not known whether oleyl alcohol is a plasticizer for
the polymers used in this study. Because of the above reason and also
due to the lack in reproducibility of the gelling method, the technique of
the interfacial polymerized layer by Kemperman (30) was tried and the
results are discussed below.

Interfacial Polymerized Layer

The interfacial polymerization technique was used as an alternative to
the previous gel technique. Kemperman (30) worked with a different SLM
(using a different carrier) system from the one Neplenbroek et al. (25)
used for the removal of nitrate from water, and he found that the gelation
technique didn’t work for his system.

This technique has several advantages: the reproducibility of the results
is better than with the gelling technique, and this method can be applied
not only for coating flat membranes but also at the lumen side of hollow
fibers.

The stability experiments through the SLM with a polymerized top layer
were carried out at 10% AOT and at a 10 g/L. feed concentration.

Polymerization Time

The flux through the SLM with a polymerized layer obtained after con-
tacting for 15 and 5 minutes are presented in Fig. 9. The initial flux in-
creased with the decrease in the polymerization time although the stability
was more or less the same. The magnitude of the flux was about 3 times
greater for layers formed after polymerization times of 5 minutes over a
stability run of 60 hours (the experiment was stopped for logistic reasons).

It is worth mentioning that a barrier was formed instanteneously when
the reactants met at the interface after the initial fast formation of the top
layer. This means that mass transfer of the diamine through the top layer
becomes the rate-controlling step in the polymerization process and that
the increase in the weight of the membrane decreased.

The weight of the formed polymer was 6.5 mg for 15 minutes of impreg-
nation and 5.0 mg for S minutes. The difference in weight was about 23%
for a difference of polymerization time of 67%. This suggests the polymeri-
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FIG.9 Comparison of flux stability of the uncoated SLM (10% AOT in oleyl alcohol) with
the gel layers on both feed and strip interfaces using 10 g/L casein hydrolysate solution.

zation time should be controlled for improvement of the polymerized layer
action.

Comparison of the Coating Techniques

The stabilities of the fluxes from an uncoated membrane, a gelling mem-
brane, and a polymerized membrane are shown in Fig. 10. The stability
behavior were similar for both the uncoated and the gelled membranes,
i.e., improvement with the application of a gel layer was insignificant.
The formation of polymerized layers on membranes was shown to have
stabilized SLM performance. However, the solute flux was very low from
a practical point of view and close to the final value in uncoated and gel-
formed SLMs. It is noted that the flux could be increased by increasing
the AQT concentration and/or feed concentration (as shown in Figs. 2
and 3). For processes where constant flux is needed and higher carrier
concentration is allowable, polymerized SLLMs could be useful to maintain
the performance. It is desirable to develop and use liquid membrane/poly-
mer combinations which would provide higher flux and longer stability.
Further research should be carried out to meet these requirements.

It is worthwhile to mention that there are not many chemicals (carrier/
solvent) suitable for food industry use. The results in this study demon-
strate the flux and stability behavior of a SLM system in which a food-
grade liquid membrane has been tried (oleyl alcohol is a nontoxic solvent
and a few ppm of AOT is allowed in food products by FDA).
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FIG. 10 Stability of the SLM (10% AOT in oleyl alcohol) with a polymerized top layer
(obtained at reaction times of 7 and 15 minutes) at the feed interface using 10 g/L casein
hydrolysate solution.

CONCLUDING REMARKS

The SLM prepared with 10% AOT in oleyl alcohol was stable only for
a few hours at both high and low casein hydrolysate concentrations. At
higher AOT concentrations (20-40%) the stability of the SLM was im-
proved and a stable performance up to 40 hours was achieved.

The flux increased and its stability improved considerably by using a
different membrane solvent, i.e., decanol (a pure solvent) instead of oleyl
alcohol (a 85% pure solvent). However, the membrane phase was unstable
after a few days (about 65 hours) of good performance.

The application of an interfacial gel layer at the feed—strip interface or
at both interfaces did not improve the stability of an AOT/oleyl alcohol
SLM. Moreover, with these gel layers the flux was lower and decreased
with processing time.

The application of a polymerized top layer at the feed-SLM interface
improved the stability. However, the flux through the liquid membrane
decreased to a low value.

Adding a small concentration (0.25 and 1%) of oleyl alcohol to the strip
solution in order to decrease its gradient also improved the stability of
the SLM to some extent.
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SYMBOLS
A surface area of membrane (m?)
Abf UV absorbance of the feed solution
Abs UYV absorbance of the strip solution
Aot Aerosol OT, sodium di-2-ethylhexyl sulfosuccinate
Cs concentration of casein hydrolysate in initial feed solution
(g/L)
Ce average concentration of solute in feed solution (g/L)
Cs concentration of solute in strip solution (g/L)
C, average concentration of solute in strip solution (g/L)
D diffusivity of the solute (m?%s)
Js flux for solute based on the area of the spiral chamber, de-
fined in Eq. (1), (g/m%/h)
Js average solute flux (g/m%h)
K partition coefficient at the feed—~membrane interface
K, partition coefficient at the strip-membrane interface
l thickness of the membrane support (um)
Trp tryptophan
Trp-Leu tryptophan-leucine
Q flow rate (mL./h)
Subscripts
i inlet of the membrane module
0 outlet of the membrane module
s solute (amino acid or peptide)
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