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Studies on a Novel Approach for the Separation of
L-Phenylalanine Amino Acid from Fermentation Broth
Using a Newly Developed Charged Ultrafiltration
Membrane. l. Single Solute System

A. K. AGARWAL* and R. Y. M. HUANG
DEPARTMENT OF CHEMICAL ENGINEERING
UNIVERSITY OF WATERLOO

WATERLOO, ONTARIO N2L 3G1, CANADA

ABSTRACT

A newly developed thin-film composite (TFC) ultrafiltration membrane made
of sulfonated poly(phenylene oxide) (SPPO) was used to establish the feasibility
of separating L-phenylalanine from the fermentation broth containing a number
of dissolved inorganic and organic solutes as an alternative approach to the cur-
rently used complex and uneconomical conventional ion-exchange schemes. It
was found that the rejection of inorganic salts in a single component system was
highly dependent on the feed solution concentration and varied inversely with it.
The pH of the feed solution was found to have a strong effect on the rejection of
L-phenylalanine, changing it from — 10 to 90%. This rejection behavior was identi-
cal for the two TFC-SPPO membrane samples which had molecular weight cut-
off ratings of 10,000 and 20,000, respectively, although the permeate flux of the
latter sample was almost twice that of the former sample. It was found that glucose
molecules were not rejected by the membrane.

INTRODUCTION
Charged ultrafiltration (UF) membranes are unique and more versatile
from the industrial applications point of view in comparison to conven-

tional neutral UF membranes. Charged UF membranes having a fixed

* Present address: Trisep Corporation, 93 South La Patera Lane, Coleta, California 93117,
USA.
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charge on the polymeric matrix have three variables: ion-exchange capac-
ity (IEC), charge sign, and pore size as compared to only pore size in
conventional UF membranes. Since conventional UF membranes sepa-
rate solutes solely on the basis of the difference in their molecular sizes,
they are incapable of separating a mixture of solutes having more or less
similar molecular sizes. However, a charged UF membrane can be used
as a conventional UF membrane besides being capable of rejecting macro-
molecules bearing charges of the same sign as that of the membrane. Thus
it may be possible to separate charged solutes from neutral solutes even
though both types of solutes are of similar molecular size. This characteris-
tic of charged UF membranes may be exploited in the practical application
of the separation of various solutes having different isoelectric points.
Based on this nature of charged UF membranes, a protein mixture of
myoglobin and cytochrome has been separated by charged UF membranes
made of sulfonated polysulfone at the isoelectric point of one of the pro-
teins (1).

Charged UF membranes made of sulfonated polysulfone have been used
to reject various inorganic saits even though the average pore size of the
membrane was much larger than that of the salts (2). A commercially
available (Millipore PSAL) noncellulosic charged UF membrane (fixed
negatively charged groups) has been employed in an experimental investi-
gation of the rejection of several ionic inorganic solutes (3, 4). The sulfo-
nated polysulfone membrane has also been used to separate amino acids
having molecular weights ranging from 75 to 200 (5).

Amino acids in aqueous solutions exist as amphoteric dipolar ions (zwit-
terions) to different extents. The net charge on the molecule of an amino
acid is dependent on the solution pH. At the isoelectric point the net
charge on the molecule in solution is zero. As solution pH increases be-
yond the isoelectric point, the net charge on the molecule starts changing
to negative values; at a sufficiently high pH value, the amino acid molecule
acquires a total negative charge. At pH values below the isoelectric point
the net charge gradually changes to positive values, and at a certain value
it changes completely to a positive charge.

HAH®" <« HA—- A~ + H*
Isoelectric Point
<« Decreasing pH Increasing —

During the past few years the amino acid L-phenylalanine has enjoyed
great commercial success as one of the raw materials of the nonnutritive
sweetener aspartame (brand name Nutrasweet). Presently it is being pro-
duced by the microbial fermentation process. It is separated from the
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fermentation broth by complicated and costly ion-exchange schemes due
to low fermentation titer and very low solubility in organic media. Separa-
tion and purification costs are 80-90% of the total production costs (6).
A schematic flow diagram of the recovery process of L-phenylalanine on
the basis of the patent literature is given in Fig. 1 (7, 8).

The main purpose of this investigation is to determine the feasibility of
separating L-phenylalanine by a novel approach from a fermentation broth
containing various inorganic and organic solutes. This approach consists
of using our newly developed thin-film composite (TFC) charged UF mem-
branes made of sulfonated poly(phenylene oxide) (SPPO) in @ membrane
separation process as an alternative to the various unit operations involved
in the downstream processing after removing microbial cells, CaCO;, and
any other suspended materials from the fermentation broth by centrifuge.

Microbial Cells

&
Other Sclids MIXER 20% Acetic Acid
+ 5% Phenol l

FERMENTER CENTRIFUGE

FILTER

Charcoal with
adsorbed L-Phe

medium

culture

{Inside, Active Charcoal

Resuttant  Acetic Acid Treated) Filtrate
Broth (L.-Phe=4.7g/L) Liquor
Eluate
Ether l
0.3% Aqueous NH, Eluate
CONCENTRATION .
UNIT Phenol

Concentrated
Eluate

Alcohol
Concentration
+ Pracipitation {inside Strongly Acidic
Cation-Exchange Resin)

L-Phe Fraction

e
(Eluate)

ION-EXCHANGER
Final Product
{L-Phe=1.6 g/L)

L —

FIG.1 Schematic flow diagram for the recovery process of L-phenylalanine from fermenta-
tion broth.
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TABLE 1

Composition of Fermentation Medium (7, 8)
Solute Concentration {wt%)
Glucose 10.00
Potassium phosphate (monobasic) 0.05
Potassium phosphate (dibasic) 0.05
Magnesium sulfate (hydrated) 0.025
Ammonium sulfate 2.0

This process scheme, which is now being used, is shown in Fig. 1. The
composition of the fermentation medium is given in Table | according to
the literature (7, 8). Because the composition of the broth is not mentioned
in this literature, for the purpose of this investigation it is assumed to be
that of the fermentation medium.

In this work, poly(phenylene oxide) (PPO) was first sulfonated to give
a negatively charged polymer according to a method reported earlier (9,
10). Sulfonated poly(phenylene oxide) (SPPO) polymer was then used to
prepare the charged UF membranes. These newly developed charged UF
membranes are of the thin-film composite type, consisting of a top thin
layer of SPPO polymer coated onto a porous polysuifone substrate. Then
the effect of the feed concentration of various solutes (inorganic and or-
ganic) in a single component system on the rejection of various solutes
was studied. The effect of pH on the feed solution over a wide range of
pH values on the rejection of L-phenylalanine was also investigated in
order to study the changes in its rejection behavior with solution pH.

EXPERIMENTAL
Polymer Synthesis

The sulfonation of poly(2,6-dimethyl-1,4 phenylene oxide) (PPO, elec-
trical grade, supplied by General Electric Co.) was carried out in a chloro-
form solvent system at ambient conditions to the desired ion-exchange
capacity by using chlorosulfonic acid as the sulfonating agent. The SPPO
thus obtained was neutralized with sodium hydroxide to convert the hy-
drogen form of SPPO polymer into a thermally stable sodium form. The
synthesis scheme has been discussed in detail in the literature (10), and
the chemical reaction is shown in Fig. 2. The SPPO polymer (sodium salt
form) thus prepared was exhaustively dried at 70°C in a vacuum oven.
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H HS0;
—0 +m Cl SO, H-> 0
Hy n Hy -m
+ m HCY
PPO CHLOROSULFONIC SPFO
ACID (H-FORM)

FIG.2 The chemical reaction for the synthesis of sulfonated poly(phenylene oxide) (SPPO)
polymer.

TFC-SPPO Charged Ultrafiltration Membrane Preparation
Method

The polysulfone (PS) substrate was first prepared. For this a casting
solution containing 12.5 wt% PS (Udel grade, P-3500, supplied by Amoco
Performance Products) and 12.5 wt% methyl cellosolve in dimethylform-
amide was prepared. This solution was cast onto a nonwoven polyester
cloth (Hollytex 3329) held on a glass plate with the help of a newly designed
“‘adjustable casting knife’’ having the capability of adjustment to variable
widths and thicknesses. The thickness of the wet film was 250-275 pm.
The ambient conditions were: temperature, 22°C; relative humidity,
40-50%. After casting, the glass plate was immediately immersed into a
gelling bath containing a 50% by weight solution of dimethylformamide
in deionized water. The film gelled quickly. This PS substrate was washed
several times with deionized water and then put in deionized water for
4-5 hours. Then the PS substrate was air-dried for at least 12 hours and
examined for any defects by using a light box.

A coating solution of SPPO polymer having IEC = 2.38 meqg/g dry
polymer was prepared in anhydrous methanol. The composition of the
coating solution was: SPPO = 0.5 g, methanol (anhydrous) = 20 mL,
isobutyl alcohol = 2 mL, glycerin = 0.2 mL.

This coating solution of SPPO was then applied to the top layer of the
dried PS substrate with the help of the adjustable casting knife to give a
composite membrane having a dried film thickness of about 2—3 wm. This
composite membrane was then allowed to dry for 4-5 hours in air. Sam-
ples of the membrane having the exact size necessary to fit properly in
the UF test cells were then cut out at random with the help of a die cutter in
a hand-operated hydraulic press. These membrane samples can be stored
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either in a dry condition or in a wet condition in water for an extended
time period.

Apparatus and Materials

The UF experiments were conducted in an apparatus consisting of
six identical UF cells as shown in Fig. 3 and described elsewhere (11).
The effective membrane areca was 14.43 X 10~% m? (diameter = 4.286 X
1072 m).

The molecular weight cut-off (MWCQO) of the various membrane sam-
ples was measured by studying the rejection of polyethylene glycol mole-
cules having molecular weights ranging from 600 to 10,000. In particular,
PEG-600, PEG-1000, PEG-1540, PEG-6000, and PEG-10,000 (J. T. Baker,
New Jersey, USA) were used. L-Phenylalanine was obtained from Sigma,
and its physical properties are given in Table 2. Various other inorganic
salts, such as NaCl, KH,PO,, (NH4),SO4, MgS0O,-7H-0, and glucose,
were also used.

n
2
| l Pi
4 ATA
— RN

FIG. 3 Schematic diagram of the ultrafiltration experimental unit. 1: **BIF Prosuperb™

metering pump; 2: heating element; 3: thermostated water bath; 4: cooling water; 5: ultrafil-

tration cells (in actual six cells used); 6: permeate; 7: backpressure regulator; 8: sink; 9:

flowmeter: 10: feed solution tank; 11: deionized water tank. TC: temperature controller; PI:
pressure gauge.
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TABLE 2
Physical Properties of 1-Phenylalanine Amino Acid

Zwitterion between pHs 3.5 and 9.0
Molecular weight = 165

Isoelectric point = 5.48

Water solubility = 2.97 g per 100 g (25°C)

Conditions and Procedure

The experimental conditions were as follows: feed recirculation rate, 3
L/min; feed temperature, 25°C; pressure, 0.345 MPa (50 psi).
The following experimental procedure was used:

1. The pure water flux of the membrane was determined by collecting
permeated water over 1000 seconds.

2. The rejections of various inorganic salts, glucose, polyethylene glycol,
and L-phenylalanine were determined by recirculating the feed solu-
tion for about 1.0 hour and then connecting the permeated product
sample for 1000 seconds. This feed recirculating time of 1.0 hour has
been found sufficient to give a steady-state condition.

3. The feed and product solutions were analyzed for their inorganic salt
concentrations by using a Water Associates Differential refractometer
model R403. The same refractometer was used to determine the con-
centration of polyethylene glycol and glucose solutions.

4, After each run, before starting the next run, the whole system was
flushed with deionized water for about 2000 seconds.

5. The pH of rL-phenylalanine feed solution was adjusted by using a
NaOH or HCI solution.

6. The concentrations of L-phenylalanine in the feed and permeated solu-
tions were determined by using an UV-VIS spectrophotometer (Per-
kin-Elmer) model Lambda 3 at a wavelength of A = 257.5 nm.

The solution rejection was calculated by using

R (%) = [(Cfeed - Cpermeate)/cfeed] x 100

RESULTS AND DISCUSSION
Membrane Characteristics

The IEC of the SPPO polymer was determined by using the acid-base
titration method. It was found to be equal to 2.38 meq/g of dry polymer.
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FIG. 4 Scanning electron microscope (SEM) photomicrograph of the cross section of a
thin-film composite (TFC) charged SPPO ultrafiltration membrane.

FIG. 5 SEM photomicrograph of the cross section of a TFC-SPPO charged ultrafiltration
membrane at two magnifications {(lower one at 2000 X and upper one at 10,060 x ).
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The morphology of the thin-film composite ultrafiltration membrane of
SPPO polymer coated onto a microsporous substructure of polysulfone
was examined by using a scanning electron microscope (SEM) (Hitachi
model S-570). These photomicrographs are shown in Figs. 4, S, 6, 7, and
8. Figure 4 shows the cross section of a TFC-SPPO charged UF mem-
brane. It is obvious from Fig. 4 that the PS substrate has a highly spongy
structure. The coated layer of SPPO polymer has a uniform thickness of
about 3.0 wm and does not penetrate deeply into the porous substructure.
Figure 5 shows the cross section of the same membrane sample at two
magnifications in order to give better insight into the structure of the
membrane. Figure 5 indicates an unconventional dense structure of the
top coated layer of the SPPO polymer as compared to the asymmetric
fingerlike structure usually found in conventional UF membranes. Figure
6 shows a further close examination of the cross section of the same TFC-
SPPO charged membrane sample at a higher magnification. This SEM
photomicrograph reveals a very thin and highly tortuous path through an
otherwise top coated dense layer of SPPO polymer for liquid permeation

FIG.6 SEM photomicrograph of the cross section of the top coated layer of SPPO polymer
of the same TFC-SPPO membrane sample as shown in Figs. 4 and 5 at a higher magnification
of 25,000 x .
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through the TFC-SPPO charged UF membrane. This tortuous path is indi-
cated by the arrows in Fig. 6 and has a width of about 0.12 um. Figure
7 shows an SEM photomicrograph of the top surface of the membrane
sample; it indicates the presence of a dense skin layer whose integrity has
been breached at numerous places (visible as circular spots). Figure 8 is
an SEM photomicrograph at a higher magnification of the same top surface
of the membrane sample taken to indicate the structure of the breached
spots on the surface. The cross-sectional views of this sublayer are shown
in Figs. 4, 5, and 6. Most of the permeation of the liquid through the
membrane occurs via these breached spots. In order to better understand
the mechanism of the formation of the structure of this novel TFC-SPPO
ultrafiltration membrane and its effect on the transport properties of the
membrane, a more detailed investigation is currently underway.

The MWCO curves for two membrane samples (A and B) as determined
by using a series of polyethylene glycol (PEG) molecules having different
molecular weights are shown in Fig. 9. According to this figure, the
MWCO rating of membrane sample A is 10,000 while that of sample B is
about 20,000.

Fi1G. 7 SEM photomicrograph of the top surface of a TFC-SPPO charged ultrafiltration
membrane sample.
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FIG. 8 SEM photomicrograph of the top surface of the same TFC-SPPO ultrafiltration
membrane sample as shown in Fig. 7 at a higher magnification (11,000 x) to indicate the
structure of the surface of breached spots.

100
80

60

Rejection (%)

i Aok A

[ T T B

0 T T T TTT7TT] T T T 1T T UIT] T T 7 TTTTT)

10°* 10° 10° 10°
Polyethylene glycol molecular weight

FIG. 9 TFC-SPPO charged ultrafiltration (UF) membranes characterization in terms of
molecular weight cut-off  MWCO).
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Effect of Inorganic Solutes Feed Concentration on
Rejection Characteristics of Membranes

The effects of the concentration of the feed solution of various inorganic
solutes, which are present in fermentation broth, on the rejection charac-
teristics of membrane samples A and B were studied in a single component
system of inorganic solute. Membrane samples A and B, which have dif-
ferent MWCQO ratings, were chosen to see the effect of pore size on the
rejection characteristics of these solutes. Figure 10 shows the effect of the
NaCl feed concentration on the rejection characteristics of the membrane
samples. Although NaCl is not present in the fermentation medium, its
effect was studied because it is usually considered as a reference solute.
From Fig. 10 it is obvious that the rejection of NaCl for both membrane
samples decreases as its concentration in the feed solution increases.
However, the permeate flux for both samples remains quite steady as the
feed concentration increases. From the same figure it can also be seen
that although the permeate flux of membrane B is almost twice that of

-~ 60_
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FIG. 10 Effect of NaCl feed concentration on rejection characteristics of the TFC-SPPO
charged UF membranes.
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membrane A, their salt rejection behaviors are almost identical quantita-
tively as well as qualitatively. On the basis of this observation it can be
inferred that the pore size of the charged membrane does not have any
appreciable effect on salt rejection, at least within the limits of the pore
sizes of these two membrane samples, and that rejection is governed by
the electrostatic forces due to the fixed charged groups on the membrane.

The decrease in salt rejection with an increase in the concentration in
the feed solution may be explained in light of the fact that due to electro-
static forces between the fixed membrane negative charges (sulfonic
groups) and the ions present in the aqueous solution (Na™ and CI~), the
coions (Cl ) are repelled (excluded) from the membrane phase, while the
counterions (Na™) are attracted toward the membrane phase. Thus, the
number of coions which invade the membrane’s high-pressure face is low
compared to counterions. But due to the Donnan potential, the number
of counterions reaching the membrane’s high-pressure face is reduced
compared to that of coions at steady state (equilibrium). Thus, in the
steady state the counterion and coion fluxes through the membrane are
in a stoichiometric ratio and together are equivalent to a salt flow due to
the electroneutrality requirement. This salt flow and, hence, its rejection
or exclusion from the membrane phase are limited by the coion flow.
The coion flow is influenced by several factors such as the ion-exchange
capacity of dry polymer, the degree of swelling, the crosslinking density,
and solute concentration in the solution. Coion flow usually increases with
an increase in salt concentration and, therefore, its permeability through
the membrane also increases. This increase in solute (salt) permeability
results in a decrease in salt rejection or exclusion. Therefore, a decrease
in salt rejection with a corresponding increase in feed concentration is
observed.

Permeate flux usually depends on the porosity of the membrane in the
absence of any concentration polarization and fouling of the membrane
surface. In this experiment there is no fouling, and concentration polariza-
tion is minimal due to crossflow conditions and a high feed recirculation
rate. Therefore, permeate flux remains almost constant and only increases
with membrane porosity.

Figures 11 and 12 show the effect of the feed concentrations of monoba-
sic and dibasic potassium phosphate, respectively, on the rejection of
solute. Again, it can be observed that as the solute concentration in the
feed increases, the rejection decreases accordingly for both solutes. How-
ever, at a particular level of the feed concentration, the rejection of dibasic
potassium phosphate is higher than that of monobasic potassium phos-
phate. These results are to be expected considering the fact that an ion-
exchange membrane excludes the coion of an electrolyte due to electro-
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FIG. 11 Effect of KH,PO4 feed concentration on rejection characteristics of the TFC-
SPPO charged UF membranes.

static forces. The magnitude of coion exclusion depends upon the charge
density of the coions and generally increases with an increase in the charge
density. Therefore, dibasic (HPO; ) coions are rejected more than
H,PO; coions, and consequently their salts containing the common coun-
terion (K ") are rejected correspondingly.

Figures 13 and 14 illustrate the effect of the feed concentration of magne-
sium sulfate (hydrated) and ammonium sulfate, respectively, on the solute
rejection characteristics of the membrane samples. In general, a trend
similar to the rejection behavior of other inorganic solutes, as discussed
earlier, was also observed in the case of these solutes. The rejection of
ammonium sulfate at any particular value of the feed solution concentra-
tion was found to be much higher than the corresponding value of the
rejection of magnesium sulfate (hydrated). This phenomenon may be ex-
plained by the fact that in the case of electrolytes having a common anion
(in this case the counterion SOy ), rejection by an ion-exchange membrane
will be higher in the case of an electrolyte having a lower cation charge
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FIG. 12 Effect of K.HPO, feed concentration on rejection characteristics of the TFC-
SPPO charged UF membranes.

density in comparison to an electrolyte having a higher cation charge
density. In the electrolyte MgSO4-7H,O the cation Mg?* has a higher
charge density than the NHJ cation present in the electrolyte (NH4)2SO4.
Therefore, the rejection of (NH4)>SO, solute is much higher than that of

Effect of Glucose Feed Concentration on Rejection
Characteristics of Membrane

Figure 15 depicts the effect of glucose feed solution concentration on
the rejection characteristics of membrane samples A and B. As expected,
the effect of feed concentration is negligible. This can be attributed to
the fact that glucose is a neutral organic molecule and, therefore, the
electrostatic forces due to the charged membrane do not have any effect
on the rejection of the glucose neutral molecules. The MWCO ratings of
membrane samples A and B are 10,000 and 20,000, respectively, which
are much higher than the molecular weight of the permeating glucose
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FIG. 13 Effect of MgS0,-7H,0 feed concentration on rejection characteristics of the TFC-
SPPO charged UF membranes.

molecules (MW = 180.2). Therefore, there is no resistance to permeation
and, hence, no glucose molecule rejection occurs due to the sieving effect.
The small amount of rejection observed can be attributed to the pore size
distribution of the membrane samples.

Effect of .-Phenylalanine Feed Concentration on Rejection
Characteristics of Membrane

Figure 16 shows the effect of L-phenylalanine feed solution concentra-
tion on the rejection characteristics of the membrane. It is evident from
this figure that the rejection and permeation rates are unaffected by the
change in concentration, and rejection is virtually negligible by membrane
samples A and B. These results are in accordance with expectation be-
cause the pH of the feed solution was near its isoelectric point (5.48) and,
therefore, the L-phenylalanine molecules were neutral (nonionic). Due to
the nonionic nature of L-phenylalanine molecules, they are not subjected
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FIG. 14 Effect of (NH4)2.SO, feed concentration on rejection characteristics of the TFC-
SPPO charged UF membranes.

to electrostatic forces by the charged membrane and, therefore, are not
rejected. The molecular weight of L-phenylalanine is 165, which is very
small in comparison to the MWCO of membrane samples A and B. There-
fore, these molecules are also not rejected due to the sieving effect of the
charged ultrafiltration membrane samples.

Effect of pH of .-Phenylalanine Feed Solution on Rejection
Characteristics

Figures 17 and 18 show the effect of the pH of the L-phenylalanine feed
solution on the rejection characteristics at feed concentration levels of
0.605 and 6.05 mM, respectively. It is evident from both figures that pH
has a strong effect on the rejection behavior of L-phenylalanine while the
permeate flux is independent of it. The rejection varies from — 10 to 90%,
depending on the pH level. It can also be noted from these figures that
the difference in the pore size of membrane samples A and B does not
cause any appreciable change in the rejection behavior of L-phenylalanine,



12:18 25 January 2011

Downl oaded At:

188 AGARWAL AND HUANG

s 60q

¥ i

< = bl —a

% 40

by ]

2 %

§ 204

R - KEREK A
6.; zmaas B

100
80
s i
§ 60
§ 40-] ERENR A
o ussen B
& R
20+ .
- I:__*‘,__ i
0

H T T T T T T T T T T T TTTT T Y
0 2 4 6 8 10 12 14

Glucose concentration in fead (mM)

FIG. 15 Effect of glucose feed concentration on rejection characteristics of the TFC-SPPO
charged UF membranes.

at least within the limits of the pore sizes of the two membrane samples
tested. Further, it can also be seen from these two figures that changes
in the rejection behavior of L-phenylalanine with the pH of the feed solu-
tion at the two concentration levels are almost identical qualitatively and
do not differ by much quantitatively.

The above results may be explained in light of the fact that the ionic
nature of the 1-phenylalanine molecules changes profoundly with the
change in pH of the feed solution. At the isoelectric point of L-phenylala-
nine, i.e., at pH 5.48, the molecules are neutral and have a net zero charge,
and thus are unaffected by electrostatic forces due to the charged mem-
brane. Therefore, their rejection at pH values in the neighborhood of the
isoelectric point is negligible. However, L-phenylalanine molecules in
aqueous solution behave as zwitterions between pH values of 3.5 and
9.0. Therefore, as the pH of the aqueous solution increases beyond its
isoelectric point, the net charge on the molecules starts changing gradually
to negative values, and at pH values 9.0 and higher the molecules acquire
a total negative charge. Therefore, these negatively charged molecules
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FIG. 16 Effect of L-phenylalanine feed concentration on rejection characteristics of the
TFC-SPPO charged UF membranes.

are rejected by the negatively charged membrane. At pH values below
the isoelectric point the net charge gradually changes to positive values,
and at pH 3.5 and below it changes completely to positive charge. The
positively charged L-phenylalanine molecules are attracted toward the
negatively charged membrane surface. In this process the permeability of
L-phenylalanine molecules through the membrane is increased to such an
extent that enrichment of L-phenylalanine molecules in the permeate
stream occurs, which gives negative rejection values. Identical rejection
behaviors by membrane samples A and B, which have different MWCO
values, show that the rejection is controlled more by the ionic nature of
the membrane samples than by the sieving effect.

CONCLUSIONS

Two membrane samples of a newly developed charged (fixed negatively
charged sulfonic groups) TFC ultrafiltration membrane made of SPPO and
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FIG. 17 Effect of pH of feed solution of L-phenylalanine on rejection characteristics of
the TFC-SPPO charged UF membranes (feed concentration = 0.605 mM).

having MWCO ratings of 10,000 and 20,000 were used to study the rejec-
tion of various components which are usually present in fermentation
broth by using a single solute system. The rejection of various salts was
found to be strongly dependent on the concentration of the salts in the
feed solution. This is a typical characteristic of charged ultrafiltration
membranes. The rejection was observed to decrease with an increase in
the salt concentration, while the permeate flux remained virtually con-
stant. The rejection behaviors of two membrane samples with different
MWCO ratings were almost identical, both qualitatively and quantita-
tively, while the permeate flux of one sample was almost twice that of
the other. These results indicate that the pore size of the membrane does
not have any significant influence on the rejection of salts for the two
different samples tested. Therefore, the ionic nature of the charged mem-
brane may be a strong controlling factor in the rejection of salts.
Glucose and L-phenylalanine (at or near its isoelectric point), which are
neutral molecules, were not rejected by the charged membrane, and their
rejection behaviors were found to be independent of the solute feed solu-
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FIG. 18 Effect of pH of feed solution of L-phenylalanine on rejection characteristics of
the TFC-SPPO charged UF membranes (feed concentration = 6.05 mM).

tion concentration. The pH of the feed solution containing L-phenylalanine
changed from — 10 to 90%, depending on the pH. Rejections of two mem-
brane samples having MWCOs of 10,000 and 20,000, respectively, were
found to be exactly the same although the permeate flux of one sample was
almost twice that of the other sample. This result indicates that rejection is
very strongly governed by the electrostatic forces caused by the fixed
negative charges due to sulfonic groups on the membrane for the two
membrane samples tested.
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