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The study on facilitated pertraction of some amino acids with D2EHPA as carrier
underlined the significant influence of the pH gradient between the aqueous phases, car-
rier concentration and mixing intensity. The amino acids can be separated selectively by
varying the pH value of feed phase, due to the formation of the corresponding ionic spe-
cies. The increase of the carrier concentration inside the liquid membrane leads to the in-
tensification of the initial and final mass flows. The amplitude of this effect depends on
the molecular size of the pertracted amino acid. The permeability factors are positively
influenced by the increase of the pH value of feed phase and rotation speed of the stirrers
in the aqueous phases, but are negatively affected by the increase of the stripping phase
pH. For all studied amino acids, the pertraction system reaches its maximum capacity of
solute transfer at � = 60 g L–1 carrier concentration.

Key words:
Amino acid, D2EHPA, liquid membrane, pertraction, mass flow, permeability factor

Introduction

Biotechnology has progressed much in recent
years, representing the most advantageous method
for obtaining some very important products for hu-
man activity. In this context, the production of
amino acids, which are the main structural compo-
nents of proteins and enzymes, constitutes one of
the major directions for the development of the bio-
technological processes.

The amino acids can be obtained by biosyn-
thesis, by protein hydrolysis or by extraction from
natural sources. The most efficient methods are the
first two, but the separation of amino acids from fer-
mentation broths or protein hydrolysates is rather
difficult. In the last decades, a continuous and in-
creasing interest has been observed in developing the
techniques that can improve the selectivity and the
yield of downstream processes for the separation and
purification of amino acids.1 The separation tech-
niques currently applied for removal and purification
of amino acids from dilute aqueous solutions typi-
cally employ ion exchange, crystallization at the
isoelectric point or chromatography.2But, these tech-
niques are rather difficult to be transposed to the in-
dustrial scale, thus affecting the production of amino
acids and increasing the cost of the technology used.

The liquid-liquid extraction has become a very
attractive method for amino acids separation, be-
cause it offers an advantageous alternative to the
above-mentioned separation techniques. Amino ac-
ids dissociate in aqueous solutions, forming charac-
teristic ionic species as a function of the solution
pH value. This property makes amino acids hydro-
philic at all pH-values and, thus, complicates their
recovery by solvent extraction. For this reason, the
amino acids solubility in conventional organic sol-
vents is lower, their physical extraction being prac-
tically impossible. The liquid-liquid extraction of
amino acids becomes possible only by adding
extractants into the organic phase, namely deriva-
tives of phosphoric acid,2–8 high molecular weight
amines9–11 or some types of crown-ethers2,12,13 (reac-
tive extraction).

The extraction and transport through liquid
membrane technique, also called pertraction or per-
meation through liquid membranes, represents the
development of the liquid-liquid extraction, and can
be applied for separating a very large palette of
biosynthetic compounds (antibiotics, carboxylic ac-
ids, vitamins etc.). The principle of this separation
method consists of the transfer of a solute between
two aqueous phases of different pH, phases that are
separated by a solvent layer of various sizes. Com-
monly, liquid membranes can be obtained either by
emulsification,14–16 when their stability is poor, or
by including the solvent in a hydrophobic porous
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polymer matrix.17–19Moreover, the liquid mem-
branes could be obtained using pertraction equip-
ment of special construction, which allows for the
separation and easy maintenance of the three phases
without adding surfactants (free liquid mem-
branes).20,21 The pertraction efficiency and selec-
tivity could be significantly enhanced by adding
a carrier in the liquid membrane, such as organo-
phosphoric compounds, long chain amines or
crown-ethers, the separation process being called
facilitated pertraction.22,23

Compared with the conventional liquid-liquid
extraction, the use of pertraction reduces the loss of
solvent during the separation cycle, needs relatively
small quantity of solvent and carrier, owing to their
continuous regeneration, and offers the possibility
of solute transport against its concentration gradi-
ent, as long as the pH gradient between the two
aqueous phases is maintained.20–23

Pertraction could be also used for amino acids
separation, the proper carrier being chosen from the
above-mentioned extractants (organophosphoric
acid, high molecular weight amines or crown-ethers).

Therefore, the aim of these experiments was to
analyze the possibility of separating some amino
acids of acidic character (L-aspartic acid, L-glutamic
acid), basic character (L-histidine, L-lysine, L-argi-
nine) or neutral character (L-glycine, L-tryptophan,
L-cysteine, L-alanine) from their mixtures obtained
either by fermentation or protein hydrolysis using
facilitated pertraction with di-(2-ethylhexyl) phos-
phoric acid (D2EHPA). For this purpose, the influ-
ence of the pH gradient between the aqueous
phases, carrier concentration in the liquid mem-
brane and mixing intensity on the efficiency and se-
lectivity of pertraction has been analyzed.

Materials and method

The experiments have been carried out using
pertraction equipment that allows for the creation
and easy maintenance of the free liquid membrane.
The pertraction cell has been described in previous
papers and consists of a U-shaped glass pipe having
an inner diameter of 45 mm and a total volume of
400 mL, the volume of each compartment being
equal.20,21

The aqueous solutions are independently
mixed by means of double blade stirrers with 6 mm
diameter and 3 mm height, having a rotation speed
between n = 0 and 600 min–1. In order to reach high
diffusional rates through the solvent layer, the or-
ganic phase has been mixed with a stirrer of the
same design, at a constant rotation speed of n =
500 min–1. The area of mass transfer surface, both for
extraction and for re-extraction, was 1.59 · 10–3 m2.

The interfaces between the phases remained flat,
and hence the interfacial area constant, for the en-
tire rotation speed domain used.

The experiments were carried out in a continu-
ous system, at steady-state conditions relative only
to the aqueous phases, and at 25 °C. The aqueous
solutions have been separately fed with a volumet-
ric flow rate Q = 1.9 L h–1.

The liquid membrane phase consisted of a
solution of � = 20 – 100 g L–1 (CC = 0.06 – 0.30
mol L–1) D2EHPA (di-(2-ethylhexyl)phosphoric
acid) (+ 95 %, Sigma Chemie GmbH) as carrier
dissolved in dichloromethane (+ 99 %, Aldrich).

The feed phase contained a mixture solution of
L-aspartic acid, L-glutamic acid, L-histidine, L-lysine,
L-arginine, L-glycine, L-tryptophan, L-cysteine and
L-alanine (+ 99 %, Fluka), the initial concentration
of each amino acid being ci0FI = 0.03 mol L–1. The
pK values of the studied amino acids are given in
Table 1.24

pH of the feed phase varied from 1 to 6, being

adjusted at the prescribed values with a solution of
3 % sulfuric acid (Sigma Chemie GmbH). The pH
of stripping solution has been adjusted with 3 %
hydrochloric acid (Sigma Chemie GmbH) solution
in the pH-domain of 1 to 5. The pH-values of the
both aqueous phases were determined using two
digital pH-meters of HI 213 (Hanna Instruments)
type and have been recorded throughout each ex-
periment. Any pH change was noted during the
pertraction experiments.

The evolution of pertraction was followed by
means of the amino acids initial and final mass
flows, and permeability factors. The initial mass
flow, Ji, represents the acid mass flow from the feed
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T a b l e 1 – pK and pHisoelectric values of the studied amino
acids at 25 °C24

Amino acid pK1 (COOH) pK2 (�-NH3
+) pK3 (R) pHisoelectric

L-aspartic acid 2.09 9.82 3.87 3.0

L-glutamic acid 2.19 9.66 4.28 3.2

L-cysteine 1.96 8.18 10.30 5.1

L-tryptophan 2.38 9.39 - 5.9

L-glycine 2.35 9.78 - 6.1

L-alanine 2.34 9.87 - 6.1

L-histidine 1.77 9.20 6.20 7.6

L-lysine 2.18 8.95 10.50 9.7

L-arginine 2.02 9.04 12.50 10.8
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phase to the liquid membrane, while the final (over-
all) mass flow, Jf, the acid mass flow from the liq-
uid membrane to the stripping phase. The perme-
ability factor, P, conveys the capacity of a solute
transfer through liquid membrane, and has been de-
fined as the ratio between the final mass flow and
the initial mass flow of solute.20

For calculating these parameters, the amino
acids concentrations in the feed and stripping
solutions have been measured by high performance
liquid chromatography technique (HPLC) with a
HP 1090 liquid chromatography, then the mass
balance being used. Therefore, the mass flows
have been calculated with the following relation-
ships:
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Each experiment has been carried out three or
four times under identical conditions. The average
value of the measurements was used in the cal-
culations. The maximum experimental error was
± 3.88 %.

Results and discussion

Extraction and transport through liquid mem-
branes is strongly influenced by the pH-gradient
between the feed and stripping phases, carrier con-
centration in liquid membrane, and mixing intensity
of the phases. In the case of amino acids per-
traction, the influence of the pH gradient between
the phases is enhanced by the formation of the
ionized forms of amino acids in the aqueous phases
and controls both the efficiency of extraction/re-

extraction and the transport rate through the solvent
layer.

Thus, from Fig. 1 it can be observed that for all
studied amino acids the initial mass flows increase
with the increase of feed phase pH, reach a maxi-
mum value followed by their strong decrease.

The value of the pH corresponding to the maxi-
mum initial mass flows is 2 for the acidic amino ac-
ids, and 3 for the other amino acids. This influence
of the pH value on amino acids mass flows is the
consequence of the reactive extraction mechanism
of amino acids with D2EHPA, which occurs by
means of an interfacial chemical reaction of the ion
exchange type controlled by the pH of aqueous
phase. According to the previous results,20 the car-
rier, D2EHPA, reacts only if the amino acids exist
in aqueous solution in their cationic forms (pH of
aqueous phase has to be below pHisoelectric). Thus,
the interfacial reactions can be described as fol-
lows:

– acidic amino acids

HOOC–R–CH(NH3
+)–COOH(aq) + HP(o)

# �#$ ##

# �#$ ## HOOC–R–CH(NH3
+)–COOH.P–

(o) + H+
(aq)

– neutral amino acids

R–CH(NH3
+)–COOH(aq) + HP(o)

# �#$ ##

# �#$ ## R–CH(NH3
+)–COOH.P–

(o) + H+
(aq)

– basic amino acids

H3N+–R–CH(NH3
+)–COOH (aq) + 2HP (o)

# �#$ ##

# �#$ ## H3N+–R–CH(NH3
+)–COOH.P–

2 (o) + 2H+
(aq)

where HP is the carrier.
The maximum of mass flow is the result of two

opposite phenomena which occur with the pH in-
crease: the increase of the concentration of
extractant active form (in the strong acidic pH do-
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F i g . 1 – Influence of pH value of feed phase on mass flows of amino acids (pH of stripping phase = 2, carrier
concentration � = 40 g L–1, rotation speed n = 500 min–1)
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main the extractant is protonated and, consequently,
becomes unable to react with the amino acid), and
the decrease of the total amount of amino acid ex-
isting in cationic form. The further increase of the
pH value of feed phase leads to the increase of the
concentration of the acidic and neutral amino acids
zwitterions, and respectively, of the basic amino ac-
ids dication-anionic species or zwitterions, thus re-
ducing significantly the initial mass flows of the
amino acids (at the isoelectric point the reactive ex-
traction of amino acids becomes impossible20).

Unlike the acidic or neutral amino acids, the
pertraction of basic amino acids is not possible
even if the pH values are lower than those corre-
sponding to their isoelectric points, due to the for-
mation of the dication-anionic species (L-histidine:
Ji = 0 for pHi + 4, L-lysine: Ji = 0 for pHi + 5,
L-arginine: Ji = 0 for pHi + 5).

The recorded differences between the initial
mass flows of the solutes are probably the result of
the different hydrophobicity of the radicals R from
the amino acids structures, this being in concor-
dance with the previous conclusions regarding the
reactive extraction yields of the same amino acids
with D2EHPA.20

The final mass flows of amino acids initially
increase with pH of the feed phase, owing to their
accumulation in the liquid membrane, reaching the
maximum values at pHi 3 for aspartic and glutamic
acids, and respectively, at pHi 4 for the rest of
amino acids. Because the amino acids are accumu-
lated in the liquid membrane in different propor-
tions, the differences between the final mass flows
are rather similar to those between the initial mass
flows. The further increase of pHi to the neutral pH
domain leads to the decrease of the final mass
flows, owing to the change of the direction of pH
gradient that controls the direction of solute transfer
through the liquid membrane.

For all considered amino acids, the permeabil-
ity factors strongly increase with the pH increase,
becoming higher than 1 for pH + 3. This variation
indicates that the final mass flows become larger
than the initial ones, a phenomenon that is possible
due to the reextraction of the additional amount of
amino acids accumulated into the organic layer.

The increase of the pH-value of the stripping
phase causes the reducing of both initial and final
mass flows of the amino acids that can be extracted
at the prescribed pH of feed phase, as it can be seen
from Fig. 2. For example, although at pHi 2 all the
amino acids are extracted, at pHi 4 the initial mass
flows of L-aspartic acid, L-glutamic acid and
L-histidine are 0 (Fig. 2), for the above presented
reasons.

A similar variation has been recorded also for
the permeability factors as a function of the pH
value of stripping phase (Fig. 3). The maximum
values of the permeability factors are reached for
the pH value of stripping phase of 1. This result, to-
gether with the variations of mass flows discussed
above and given in Fig. 2, indicates that by increas-
ing the pHf, the direction of the solutes transport
through liquid membrane is inverted, and conse-
quently the amount of the accumulated amino acids
inside the solvent layer increases significantly.

According to the Fig. 3, the maximum values
of the permeability factors are higher for L-aspartic
and L-glutamic acids, owing both to their lower ini-
tial mass flows, and to their lower hydrophobicities,
which promote the reextraction in the stripping
phase.

Another important factor influencing the amino
acids pertraction is the carrier concentration inside
the liquid membrane. From Fig. 4, obtained at pHi

4, and from the similar results for pHi 2, it can be
observed that the initial and final mass flows of all
the amino acids extracted are continuously in-
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F i g . 2 – Influence of pH-value of stripping phase on mass flows of amino acids (pH of feed phase = 4, carrier
concentration � = 40 g L–1, rotation speed n = 500 min–1)
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creased with the increase of D2EHPA concentration
in the liquid membrane.

The increase of the amino acids mass flows is
the results of the increase of the concentration of
one of the reactants which participates at the inter-
facial reaction in the extraction process, and of the
accumulation of the interfacial compounds into the
organic layer. The highest values of initial mass

flows have been again recorded for the more hydro-
phobic amino acids.

The dependences of the permeability factors on
the carrier concentration are plotted in Fig. 5 and
their shape are different from the ones discussed
above. According to these results, the permeability
factors initially increase with D2EHPA concentra-
tion, reach a maximum value, and then decrease. For
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F i g . 3 – Influence of pH-value of stripping phase on permeability factors (carrier concentration � = 40 g L–1,
rotation speed n = 500 min–1)

F i g . 4 – Influence of D2EHPA concentration on mass flows of amino acids (pH of feed phase = 4, pH of
stripping phase = 2, rotation speed n = 500 min–1)

F i g . 5 – Influence of D2EHPA concentration on permeability factors (pH of stripping phase = 2, rotation
speed n = 500 min–1)
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all the amino acids considered, the maximum of per-
meability factor corresponds to a carrier concentra-
tion of � = 60 g L–1. Because the amino acids do not
participate in their free acid form to the reextraction
process (they are combined with D2EHPA), the re-
corded variation could be the result of the kinetic re-
sistance to the reextraction process from the solvent
layer to the stripping phase. At carrier concentration
over � = 60 g L–1, this resistance becomes superior to
that for the extraction process from the feed phase.
Therefore, it can be concluded that the pertraction
system reaches its maximum capacity of solute
transfer at � = 60 g L–1 carrier concentration, for the
given experimental conditions.

For the above discussed reasons, the highest
values of the permeability factors have been
reached at pHi 2 for L-aspartic and L-glutamic acids.
If the pertraction is carried out at pHi 4, the acidic
amino acids and L-histidine cannot be extracted
from the feed phase.

In all cases, the intensification of the aqueous
phases mixing leads to the acceleration of the
amino acids mass flows and to the increase of per-

meability factors (Fig. 6). The dependences of
amino acids mass flows on rotation speed suggest
that the overall separation process could be con-
trolled by the diffusional processes or by the inter-
facial chemical reactions.

The relative magnitude of these resistances de-
pends on the size of the amino acids molecules.
Thus, for the solutes with smaller molecules
(L-glycine, L-alanine, L-cysteine, L-aspartic acid,
L-lysine, L-glutamic acid), the increase of the mass
flows with mixing intensification is more important
for rotation speed up to n = 500 min–1, over this
level the influence of mixing being diminished due
to the amplification of the kinetic resistance. For
more voluminous amino acids (L-histidine,
L-arginine, L-tryptophan), the mass flows continu-
ously increase with mixing intensification for the
entire domain of the rotation speed.

The increase of permeability factors with the
rotation speed indicates a stronger influence of mix-
ing on final mass flows, due to the more important
resistance to the diffusion through the boundary
layer on the stripping phase side (Fig. 7).
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F i g . 6 – Influence of mixing intensity on mass flows of amino acids (pH of feed phase = 4, pH of stripping
phase = 2, carrier concentration � = 40 g L–1)

F i g . 7 – Influence of mixing intensity on permeability factors (pH of stripping phase = 2, carrier concentra-
tion � = 40 g L–1)
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According to the above results, by combining
the feed phase pH-value, which strongly limits the
amino acids transfer to the membrane phase, the
pH-value of stripping phase, which controls the rate
of the amino acids re-extraction from the liquid
membrane and, consequently, their concentration
gradients between the two aqueous phases, the car-
rier concentration, which controls the capacity of
liquid membrane to transport the solute, and the
mixing intensity, which can selectively diminish the
resistance to the diffusion, the selective separation
by facilitated pertraction becomes possible for dif-
ferent groups of amino acids with similar acidic
properties. Therefore, for pH of feed phase over
5 only L-glycine, L-alanine, L-tryptophan and
L-cysteine are pertracted, for pH of feed phase be-
tween 4 and 5 these amino acids and L-lysine and
L-arginine, for pH of feed phase between 3 and
4 L-histidine can be added to the previous list of
pertracted amino acids, and below pH of 3 L-aspar-
tic acid and L-glutamic acid can be also separated.
Beside the selectivity, the relative pertraction effi-
ciency of the amino acids from a given group can
be enhanced by using the proper experimental con-
ditions, taking into account the studied influences.

Conclusions

The studies on facilitated pertraction of amino
acids of acidic character (L-aspartic acid, L-glutamic
acid), basic character (L-histidine, L-lysine, L-argi-
nine) or neutral character (L-glycine, L-tryptophan,
L-cysteine, L-alanine) from their mixtures by facili-
tated pertraction with D2EHPA underlined the ma-
jor influence of pH gradient between the feed and
stripping phases, carrier concentration in organic
layer and mixing intensity of aqueous phases.

Therefore, the amino acids can be selectively
separated depending on the pH value of feed phase.
Due to the formation of the corresponding ionic spe-
cies, L-aspartic acid, L-glutamic acid and L-histidine
cannot be pertracted at pH value over 4, while
L-lysine and L-arginine are not separated at pH over 5.

The increase of the carrier concentration inside
the liquid membrane leads to the intensification of
the initial and final mass flows, the amplitude of
this variation depending on the size of the
pertracted amino acid molecule.

The permeability factors are positively influ-
enced by the increase of the pH value of feed phase
and rotation speed of the stirrers from the aqueous
phases, but are negatively affected by the increase
of the stripping phase pH. The analysis of the effect
of the carrier mass concentration indicated that the
permeability factors reached a maximum level for �
= 60 g L–1D2EHPA.

N o t a t i o n s

A – surface area, m2

CC – carrier concentration, mol L–1

ci0
FI – input concentration of amino acids on the feed

side, mol L–1

ci
F – measured concentration of amino acids on the

feed side, mol L–1

ci
S – measured concentration of amino acids on the

stripping side, mol L–1

Ji – initial mass flow of amino acid, mol m2 h–1

Jf – final (overall) mass flow of amino acid,
mol m2 h–1

n – rotation speed, min–1

P – permeability factor, –
pHi – pH value of the feed phase, –
pHf – pH value of the stripping phase, –
Qi

F – volumetric flow rate of the feed phase, L h–1

Qi
S – volumetric flow rate on the stripping phase, L h–1

� – carrier mass concentration, g L–1

S u b s c r i p t

aq – aqueous phase
o – organic phase
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