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A B S T R AC T

This paper describes a kinetic study, in optimal conditions, of the facilitated counter-transport of 
valine through bulk liquid membranes using tricapryl methyl ammonium chloride (Aliquat 336) 
as carrier and chloride as counter-ion. Recovery close to 80% has been obtained after 24 h. The 
transport kinetic was analysed by means of a model involving two consecutive irreversible fi rst 
order reactions. The rate constants of the extraction and stripping reactions were determined by 
numerical analysis. Good agreement between the model and experimental data was observed. A 
maximum fl ux of valine transport through the bulk liquid membrane of 0.052/h was obtained.
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1. Introduction

α-Amino acids are the main structural components 
of proteins and enzymes, both of which are decisive 
products for human activity. At present, the commercial 
importance of α-amino acids is based on the wide num-
ber of applications they have in the food, pharmaceuti-
cal and chemical fi elds [1].

The production of α-amino acids is mainly based on 
chemical and biochemical synthesis, the latter usually 
involving microbial fermentation or enzymatic synthesis. 
They are obtained at low concentrations in dilute aque-
ous solutions and their separation from the fermentation 
broths or protein hydrolyzates is rather diffi cult. For this, 
a succession of fi ltration, crystallisation, with numer-
ous concentration steps, and, in some cases, additional 
complementary ion exchange steps and absorption treat-
ments, are required [2]. More effective separation and 
concentration processes would bring down the cost of 
the overall production process.

To this end, membrane technology may supply inter-
esting solutions, because it has been used with successful 
results in separation processes of a diverse nature. For 
example, the use of pressure driven membrane pro-
cesses [3–9] and liquid membranes processes [10–16] 
has been described as being useful for the separation 
and purifi cation of amino acids. The main interest of liq-
uid membranes is related with the possibility of combin-
ing both the extraction and the striping operations into 
only one step [17]. In this paper, this technique is used to 
recover valine from aqueous solutions.

Valine (2-amino-3-methyl-butanoic acid) is one of the 
twenty common amino acids that make up human and 
animal proteins, and is considered an essential amino 
acid because the human body is unable to manufacture it 
naturally. At an industrial level, it is mainly produced by 
fermentation processes [18–20]. As one of the branched-
chain amino acids (leucine, isoleucine and valine), it is 
considered critical to glucose metabolism, protein syn-
thesis, and regulation of the immune system. Valine 
has also been described as being involved in muscle 
metabolism and growth, tissue repair, maintenance of 
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nitrogen balance in the body and exercise recovery time 
[21–23]. This crucial infl uence on the proper function-
ing of muscle tissues has led to growing interest in this 
amino acid with endurance athletes, body builders, and 
others simply looking to stay healthy.

Like all α-amino acids with an uncharged residue, 
valine exists in three forms in solution depending on the 
pH. Although it may have no net charge, this amino acid 
always contains at least one charged moiety.

+ +/Val Val Val
pH 3 3 pH 9 pH 9

− −⇔ ⇔
< < > >

This ever-present charge greatly diminishes the sol-
ubility of the amino acid in non-polar solvents and its 
separation using liquid membranes needs the presence 
in the organic phase of an agent to carry the amino acid 
from the feed aqueous solution to the product aqueous 
solution across the non-polar membrane.

Several carriers have been described for the separa-
tion of valine by liquid membranes, including crown 
ethers [12], D2EHPA [24], Aliquat 336 [13,25] and calix[6]
arene [16]. In this study, we use Aliquat 336 as carrier and 
chloride ions as counter ions. The three long alkyl chains 
of Aliquat 336 prevent its solubility in the aqueous feed 
and product phases. The carrier is charged and it com-
plexes with the counter ion to maintain electroneutrality 
in the membrane phase. In order to transport valine in 
the anion form and to use an ion chloride gradient as 
the only driving force of valine transport, both aqueous 
phases (feed and product) are maintained above pH 9.

Valine transport is illustrated in Fig. 1. The chloride-
carrier complex (C+ Cl–) diffuses from the bulk mem-
brane phase to the feed/membrane interface, where 
chloride ion is exchanged for valine. The valine-carrier 
complex (C+ Val–) thus formed diffuses through the 

membrane to the membrane/product interface, where 
valine is exchanged for chloride and liberated in the 
product phase. The chloride-carrier complex formed 
begins a new separation cycle. The mechanism of valine 
ion transport is therefore a coupled counterion transport, 
with valine and Cl– travelling in the opposite direction.

The object of this paper is to obtain the optimal Ali-
quat 336 and ion chloride concentrations for maximum 
valine counter-transport through the described bulk liq-
uid membrane and to study the kinetics of the valine 
transport process at those optimal concentrations.

2. Experimental equipment and procedure

The experimental studies were carried out apply-
ing the bulk liquid membrane technique, using a stirred 
transfer Lewis type cell with bulk liquid membrane 
layered above the feed and product phases (Fig. 2). 
Twenty fi ve millilitres of a 0.1 M solution of D,L-valine 
in NaOH (pH 11) was used as feed phase. The mem-
brane phase (25 ml) was made up of solutions of differ-
ent concentrations of Aliquat 336 in kerosene. Sodium 
chloride solutions of different concentrations in NaOH 
(pH 11) were used as product phase (25 ml). The pH 
was measured using a Crison micro pH 2000 pH-meter 
(Crison S.A., Barcelona, Spain). The respective areas of 
both feed/membrane and membrane/product inter-
faces were 3.2 cm2. The stirring speed was 200 rpm and 
all experiments were carried out at 25ºC.

To study the infl uence of carrier concentration on 
valine removal, solutions of Aliquat 336, 0.25% (0.006186 
M), 0.5% (0.012372 M), 1% (0.024744 M), 2% (0.049488 
M) and 4% (0.098976 M) in kerosene were used as mem-
brane phase and 2M sodium chloride solution in NaOH 
(pH = 11) was used as product phase. To study the infl u-
ence of counter-ion concentration on the removal of 
valine, solutions of sodium chloride 0.25 M, 0.5 M, 1 M, 2 
M and 4 M in NaOH (pH = 11) were used as product phase 
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Fig. 1. Diagram of the facilitated transport of valine using 
Aliquat 336 as carrier and chloride as counterion.

Fig. 2. Schematic representation of the experimental system 
(F, feed phase, M, membrane phase, P, product phase).
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 and 1% (0.02474 M) Aliquat 336 solution in kerosene was 
used as membrane phase. Each experiment lasted 24 h.

Valine concentrations in both feed and product 
phases were measured by UV spectrophotometry, 
using an UNICAN UV2 equipment, following the OPA 
method [26] and measuring the absorbance of the reac-
tion product between valine and o-ftaldialdehyde, in the 
presence of mercaptoethanol, at 340 nm. The valine con-
centration in membrane phase was established from the 
material balance.

3. Results and discussion

For practical reasons, reduced concentrations of 
valine in the feed (Rf), membrane (Rm) and product (Rp) 
phases were used, being Rf + Rm + Rp = 1 (Rf = Cft/Cf0, 
Rm = Cmt/Cf0 and Rp = Cpt/Cf0, where Cf0 is the valine ini-
tial concentration in the feed phase and Cft, Cmt and Cpt 
are the valine concentrations in the feed, membrane and 
product phases at time t, respectively).

The removal of valine from aqueous solutions at 
different carrier concentrations in the membrane phase 
and different counter-ion concentrations in the product 
phase is shown in Fig. 3. An increase in carrier concen-
tration in the membrane phase leads to an increase in 
valine removal from the feed phase, particularly for car-
rier concentrations of under 1%, although the increase 
is much less pronounced for carrier concentrations 
over 1%. Similarly, an increase in counterion concentra-
tion in the product phase leads to an increase in valine 
removal from the feed phase, especially for a counterion 
concentration of under 2 M, but the increase is not so 
pronounced for a counterion concentration of over 2 M.

In order to study the kinetics of the process, varia-
tions of reduced concentrations in feed, membrane and 
product phases with time were determined using a 

1% v/v (0.0247 M) Aliquat 336 concentration in the 
membrane phase and 2 M chloride ion concentration in 
the product phase. In these conditions, valine recovery 
in product phase close to 80% was obtained after 24 h. 
The results showed that Rf decreased monoexponen-
tially with time, Rp followed a monotonically increasing 
sigmoided type curve, and Rm time dependence pre-
sented a maximum at six hours of extraction (Fig. 4).

These results suggest that valine transport obeys the 
kinetic laws of two consecutive irreversible fi rst-order 
reactions [27,28], the extraction (rate constant, k1) and the 
stripping (rate constant, k2) reactions, Jf/m and Jm/p being 
fl uxes through the feed/membrane and membrane/
product interfaces, respectively. This kinetic approach 
has been used to describe the facilitated transport of dif-
ferent chemical species through bulk liquid membranes 
[29–32] and can be described according to the following 
equations [27,33–35]:

f
1 f f/m

dR
k R J

dt
= − ≡  (1)

m
1 f 2 m

dR
k R k R

dt
= −  (2)

p
2 m m/p

dR
k R J

dt
= ≡  (3)

Integration of these differential equations gives

f 1exp ( )R k t= −  (4)
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Fig. 3. Valine removal from feed phase at different carrier 
and counterion concentrations.

Fig. 4. Time dependence of Rf in feed phase, Rm in membrane 
phase and Rp in product phase (Aliquat 336 concentration 
in membrane phase 1% v/v. NaCl concentration in product 
phase 2 M; Points, experimental values; Line, model values).
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These equations show that the time dependence of Rf is 
monoexponential and the time dependence of both Rm 
and Rp is biexponential.

Rm reaches a maximum, the time at which this occurs 
being obtained from dRm/dt = 0.
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the value of Rm at that time being
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Combining Eqs. (7) and (8) gives the following relation-
ship.
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m
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=  (9)

First order time differentiation of Eqs. (4) to (6) leads 
to the fi nal form of the fl ux equations [27].
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By substituting the expression of tmax given for Eq. (7) 
in Eqs. (10) to (12), maximum fl uxes can be obtained [27]

1

1 2 maxf 1
1 f/m

2max

k
k kdR k

k J
dt k

−
−⎛ ⎞⎡ ⎤ = − =⎜ ⎟⎢ ⎥ ⎝ ⎠⎣ ⎦

 (13)

m

max
0

dR
dt

⎡ ⎤ =⎢ ⎥⎣ ⎦
 (14)

2

1 2p 1 max
2 m/p

2max

k
k kdR k

k J
dt k

−
−⎡ ⎤ ⎛ ⎞

= =⎢ ⎥ ⎜ ⎟⎝ ⎠⎣ ⎦
 (15)

f max max
f/m m/p

max max

pdRdR
J J

dt dt
⎡ ⎤⎡ ⎤− = + ⇒ − = +⎢ ⎥⎢ ⎥⎣ ⎦ ⎣ ⎦  (16)

Numerical analysis, by non-linear curve fi tting, of 
the experimental results shown in Fig. 4 permits the 
rate constants of the kinetic process to be determined 
(Table 1). The values of k1 are directly obtained by itera-
tion from Eq. (4). This value is introduced as a constant 
value in Eqs. (5) and (6). An initial value of k2 is obtained 
from Eq. (9), then introduced in Eqs. (5) and (6) and iter-
ated. Two values of the rate constant k2 are obtained, one 
derived from Eq. (5), k2m, and the other derived from 
Eq. (6), k2p. Good agreement between k2m and k2p con-
stants was observed. Maximum fl ux (Jmax), calculated 
from Eqs. (13) or (15), is also included in Table 1.

Model curves of time dependence of Rf, Rm and Rp, 
calculated from Eqs. (4) to (6) are also shown in Fig. 4. 
Good agreement between the experimental and model 
data can be observed.

4. Conclusions

This paper has described a kinetic study of the recov-
ery of valine from dilute aqueous solutions by bulk liq-
uid membrane, using a facilitated counter-transport 
mechanism. Aliquat 336 was used as carrier and chlo-
ride ions as counter ions. The results show that using 
a 1% v/v Aliquat 336 concentration in the membrane 
phase and 2 M chloride ion concentration in the prod-
uct phase, most of the valine can be recovered from its 
aqueous solution by this technique, with an effi ciency 
of close to 80%. A kinetic study of the process was also 
carried out. The transport kinetics was analysed by 
means of a model involving two consecutive irrevers-
ible fi rst order reactions  the extraction and the stripping 
reactions. The rate constants of these reactions were 
determined by numerical analysis. Good agreement 
between the model and the experimental data can be 
observed. A maximum fl ux of valine transport through 
the bulk liquid membrane of 0.052/h was obtained at 
these optimal conditions.
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Table 1
Rate constants for extraction (k1) and stripping (k2) 
processes and maximum fl ux (Jmax) for the counter 
transport of valine using Aliquat 336

k1/h k2m/h k2p/h k2(average)/h Jmax/h

0.149 0.140 0.129 0.135 0.052
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 Symbols

C — concentration (M)
R — reduced concentration (Ct/C0)
k1 — rate constant of extraction reaction (per h)
k2 — rate constant of stripping reaction (per h)
Jf/m —  fl ux through feed/membrane interface 

(per h)
Jm/p —  fl ux through membrane/product interface 

(per h)
Jmax — maximum fl ux (per h)
Rm

max — maximum value of Rm
tmax — time of Rm

max (h)

Subscripts

f — feed
m — membrane
p — product
0 — initial
t — time t
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