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Um estudo experimental sobre transporte de Ni(II) através de uma membrana líquida
suportada em folha plana usando a mistura de Acorga M5640 e DP-8R como transportador,
foi realizado a 20 ºC. O sistema de transporte foi estudado como uma função de muitas
variáveis: velocidade de agitação das fases alimentadora (400-2000 min-1) e receptora (400-
1500 min-1), concentração de ácido (2,5×10-1 a 1,0 mol L-1 de ácido sulfúrico) na fase
receptadora, pH da fase de alimentação (2 a 5), diluente da membrana e carregador (2,5%
v/v a 20% v/v, de cada reagente) e concentrações do metal (1,7×10-4 a 1,4×10-3 mol L-1) na
membrana e na fase de alimentação, respectivamente. Nas condições experimentais atuais, o
processo de transporte é controlado pela difusão do níquel dentro do filme estacionário da
fase de alimentação, onde o coeficiente de transferência de massa e a espessura do filme
aquoso são estimados como 1,21× 10-3 cm s-1 e 8,3×10-3 cm, respectivamente.

An experimental study of Ni(II) transport through a flat-sheet supported liquid membrane
using the mixture of Acorga M5640 and DP-8R as carrier was performed at 20º C. The transport
system was studied as a function of several variables: stirring speed of the feed (400-2000 min-1)
and receiving (400-1500 min-1) phases, concentration of the strippant (2.5×10-1 to 1.0 mol L-1

sulfuric acid) in the receiving phase, pH of the feed phase (2 to 5), diluent of the membrane and
carrier (2.5% v/v to 20% v/v, each reagent) and metal (1.7×10-4 to 1.4×10-3 mol L-1) concentrations
in the membrane and feed phases, respectively. Under the present experimental conditions, the
transport process is controlled by diffusion of nickel species in the stagnant film of the feed phase,
whereas the mass transfer coefficient and the thickness of the aqueous film are estimated as
1.21×10-3 cm s-1 and 8.3×10-3 cm, respectively.
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Introduction

Whereas membrane technologies are one of the most
important topics in today´s research and practical use,
liquid membrane processes have been proposed as clean
ones owing to their characteristics of high specificity,
low energy utilisation, the extraction and stripping steps
are combined in a single operation etc.; thus, the use
of liquid membranes has gained a general interest in
the treatment of effluents were solute concentrations
are low and large volume of solutions must be
processed, and if possible, without generating any
secondary waste.

Accordingly, these liquid membrane technologies
comply with the PARCOM (The Paris Commission

Recommendation on Best Available Techniques and Best
Environmental Practice) requirements.1

It is considered that membrane technologies may
compete favourably with other most common technologies,
i.e. precipitation, solvent extraction, ion exchange etc., in
the treatment of liquid effluents. Including in liquid
membrane technologies, supported liquid membranes
configurations include flat-sheet, hollow fiber and spiral
wound; it is recognized that if the former is useful for first
laboratory data, both the latter are more adequate for
industrial use since they provide higher surface area to
volume ratio.

Among the metals found in liquid streams, nickel
appeared. Nickel in surface water arises from various
sources: soil and tailing piles, landfill leachates,
atmospheric deposition and industrial and municipal
wastewaters. In the general population, ingestion of nickel-
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containing foodstuffs represents the primary route of nickel
exposure, and, though there is not an apparent EPA-
mandated legal limit on the amount of nickel in drinking
water, the recommendation of the agency is of a maximum
contaminant level of 1.7×10-3 mol L-1. The toxicological
character of nickel to humans is related to that the
ingestion of this element, both in soluble and non-soluble
forms, is consistently associated, among others, with lung
and nasopharyngeal cancer.2

In previous works, the extraction of nickel (II) from
aqueous solutions using various mixtures of acidic
reagents were studied.3-5 The performance of these
extractants mixtures on nickel extraction, i.e. allowing
the metal extraction at more acidic values than each
separate reagent, had led to implement one of these
extraction systems in a supported liquid membrane design
in order to investigate the nickel transport using the
mixture of Acorga M5640 and DP-8R extraction reagents
in Exxsol D100 as mobile carrier phase.

Moreover, liquid membranes were used in nickel
transport,1,6-9 with few data on the use of these extractants
mixtures on nickel permeation and with no data available
in the literature about the use of this particular mixture
(Acorga M5640 and DP-8R).

In the present work, a flat-sheet membrane
configuration has been investigated to obtain data on
the transport of nickel using the mixture Acorga M5640
(oxime derivative) and DP-8R (organophosphoric acid)
as carrier. Various experimental conditions, which
influence the metal transport were studied, and
conditions for the nickel removal from the aqueous
solution were also established.

Experimental

The extractants used in this work had the following
specifications.

The active substance of DP-8R is di(2-ethylhexyl)
phosphoric acid, its purity was found to be >97% by
potentiometric titration with NaOH in ethanol medium.10

Alkylsalicylaldehide oxime derivatives, such as Acorga
M5640, belong to the fourth group of hydroxyoxime
extractants and form the second generation of such
reagents.11 The active substance of Acorga M5640 is
2-hydroxy-5-nonylbenzaldehyde oxime to which a fatty
ester is added as a modifier.

DP-8R and Acorga M5640 extractants were supplied
by Daihachi and Avecia, respectively. Both extractants
were used as supplied by the manufacturers as also did
with Exxsol D100 diluent (ExxonMobil Chem. Iberia,
Spain) containing >99% aliphatics, boiling range 234-

264 ºC, flash point 99 ºC and Solvesso 100 diluent
(ExxonMobil Chem. Iberia, Spain) containing > 99%
aromatics, boiling range 167-178 ºC and flash point 48
ºC; all other chemicals were of AR grade.

The organic membrane phase was prepared by
dissolving the corresponding volume of Acorga M5640
and DP-8R in the organic diluent to obtain carrier
solutions of different concentrations. The polymeric
support was impregnated with the carrier solution by
immersion for 24 h (previous experiments had shown
that longer immersion times do not enhance metal
transport), then leaving it to drip for 10 s before being
placed in the flat-sheet supported liquid membrane cell.
The support used was Millipore Durapore GVHP4700
(polyvinylidenefluoride) of 125×10-4 cm thickness,
nominal porosity of 75%, effective pore size of 0.22
μm and tortuosity 1.67.

Batch liquid membrane measurements were carried
out with a two-compartment permeation cell, which
consisted of a feed phase (200 cm3) separated from a
receiving phase chamber (200 cm3) by the liquid
membrane having an effective membrane area of 11.3
cm2. Both the feed and receiving phases were stirred
mechanically at 1500 min-1 (unless stated otherwise)
at 20 ºC to avoid concentration polarisation conditions
at the membrane interfaces and in the bulk of the
solutions. Agitation was performed in both compart-
ments by using cylindrical Teflon impellers having a
diameter of 2.4 cm. Metal transport was determined
by monitoring nickel concentrations by atomic
absorption spectrometry (AAS) in the feed and
receiving phases as a function of time. The metal
concentration in the various phases was found to be
reproducible within 98% accuracy. The flux was
determined by the following equation,

 (1)

where [Ni(II)] represents the change in the nickel
concentration at an elapsed time period in the feed or
receiving phases, V is the volume of solution in the feed
or receiving phases, A is the effective membrane area and
Δt represent time interval. The fluxes values shown in
Tables 1-5 where determined in the feed side, whereas
the accuracy of the fluxes values determined within this
work is estimated as ±0.02.

Results and Discussion

In acidic aqueous sulfate media the extraction of nickel
(II) using the mixture of DP-98R (H

2
L

2
) and Acorga
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M5640 (HR) is based on the following and general cationic
exchange reaction:

 (2)

where the coefficients p and q take the value of 2, 4 (p)
and 2 (q). It can also be pointed out that the oxime reagent
is amenable to dimerize (HR)

2
, thus, from the above it

can be conclude that various species with different
stoichiometries can be found in the organic phase.12

However, and though the metal extraction chemistry is
identical to that found in solvent extraction, in supported
liquid membranes processing the overall is governed by
kinetic rather than equilibrium parameters.

Influence of stirring speed in the feed and receiving phases

The influence of the stirring speed of the aqueous feed
solutions on the transport of Ni(II) (1.7×10-4 mol L-1) at pH
3.0±0.05 with mixtures of Acorga M5640 (20% v/v) and
DP-8R (20% v/v) in Exxsol D100 is shown in Table 1. As
the stirring speed is increased to 1500 min-1, the thickness
of the aqueous boundary layer near to the membrane feed
interface is minimized to a near constant value, which
resulted in the highest metal flux. Further, decrease in metal
transport is noted with an increase in stirring speed owing
to the high turbulence caused by stirring, resulting in a
displacement of carrier phase from the membrane pore.

The variation of the stirring speed in the receiving
phase also has an effect on metal transport, decreasing it
as the stirring speed decreases.

Therefore, a stirring speed of 1500 min-1 was selected
in the feed and receiving phases in order to avoid
concentration polarization conditions in the aqueous phases.

Influence of the receiving phase composition

The variation in the composition of the receiving phase
(H

2
SO

4
 from 2.5 × 10-1 to 1.0 mol L-1) on nickel (II)

transport was studied using a feed phase of 1.7×10-4 mol

L-1 Ni(II) at pH 4.0±0.05 and an organic phase of Acorga
M5640 (10% v/v) and DP-8R (10% v/v) in Exxsol D100.
Results obtained showed that this variation in the
composition of the receiving phase has a negligible effect
on nickel flux (2.06 × 10-10 mol cm-2 s-1).

Nickel distribution profiles in the three phases during
a transport experiment are shown in Figure 1. In the initial
stages of the test, the decrease in nickel concentration in
the feed phase was accompanied by a corresponding
increase in the membrane concentration. There was a delay
time before nickel was transferred from the membrane to
the receiving phase. The receiving phase concentration
then increases with time and after about 50 min, nickel
was being transported from dilute to concentrated solution,
driven by the counter-transport of the counter-ion from
the receiving to the feed phase.

Influence of feed phase pH

In the present supported liquid membrane system, the
pH gradient between feed and receiving phases is one of
the important driving forces for the transport of nickel. In
order to assess the role of feed phase pH, pH variation

Table 1. Influence of stirring speed on nickel transport

Feed phase Receiving phase J /
(±5 min-1) (±5 min-1) (10-10 mol cm-2 s-1)

1500 1500 1.89
750 750 1.64

1500 400 1.64
750 400 1.33
400 1500 1.33

1750 1500 1.87
2000 1500 1.67

Receiving phase: 5.1 × 10-1 mol L-1 sulfuric acid.

Table 2. Influence of initial pH on nickel transport

pH ± 0.05 J / (10-10 mol cm-2 s-1)

2.0 no transport
3.0 1.89
4.0 1.99
5.0 1.99

Feed phase: 1.7 × 10-4 mol L-1 nickel.

Figure 1. Nickel distribution profiles. Aqueous feed: 1.7 × 10-4 mol L-1

Ni(II) at pH 4.0 ± 0.05. Membrane phase: Acorga M5640 (10% v/v) and
DP-8R (10% v/v) in Exxsol D100. Receiving phase: 1.0 mol L-1 H

2
SO

4
.
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studies in the range 2.0-5.0 were carried out. The receiving
phase consisted of 5.1 × 10-1 mol L-1 sulfuric acid, whereas
the concentration of the membrane carrier was Acorga
M5640 (20% v/v) and DP-8R (20% v/v) in Exxsol D100.
It is evident from Table 2 that the flux of nickel increases
with an increase in pH from 2.0 to 4.0, although at higher
pH it remained unaffected. Furthermore, at high pH values
the diffusion of carrier through the membrane becomes rate-
determining,13 being the flux independent of pH.

(3)

In the above equation, J is the metal flux, [Ni(II)]
TOT

 is
the total nickel concentration in the feed phase, and Δ

aq
 is

the transport resistance due to diffusion by the aqueous
feed boundary layer.

Influence of nickel concentration

Table 3 shows the variation of the nickel flux against
the concentration of nickel ranging from 1.7 × 10-4 to 1.4 ×
10-3 mol L-1 in the feed phase. At these nickel concentrations,
the metal flux is a strong function of the initial nickel
concentration in the feed phase. Hence, the transport process
is controlled by diffusion of nickel species, and the
permeation rate increases with increasing the nickel
concentration. It is also expected that the flux should further
increases and reach a limit corresponding to the loading
capacity of the organic phase on feed side in the membrane,
though this condition was not reached within the
experimental conditions presented within this investigation.

Influence of carrier mixture concentration

The carrier plays a decisive role in making the
supported liquid membrane design efficient and
economically viable. Thus, it is essential to evaluate the
effect of carrier concentration on the transport of nickel.
A supported liquid membrane having no carrier
immobilized on the support results in no transport of

nickel. The influence of Acorga M5640 and DP-8R
concentration on metal flux was studied from 2.5 to 20%
v/v (each reagent) in Exxsol D100. As can be seen from
Table 4, the flux of nickel increases with carrier
concentration up to 10% v/v (each) and then decreases.
These results can be assumed by considering that diffusion
in the organic membrane is negligible as compared with
that for aqueous diffusion and that the transport process
is controlled by the diffusion in the stagnant film of the
aqueous feed phase.14 In this condition,

(4)

and assuming a value in the range of 10-5 cm2 s-1 for the
aqueous diffusion coefficient of the nickel-containing
species (D

aq
) and J

lim
 equal to 2.06 × 10-10 mol cm2 s-1, the

thickness of the aqueous diffusion film (d
aq

) estimated from
the above equation is 8.3 × 10-3 cm. This value is the
minimum thickness of the stagnant aqueous diffusion layer
in the present experimental conditions. The decreasing in
the metal transport at higher carrier concentrations can be
attributable to an increase of the membrane phase viscosity,
which results in a decrease of the diffusion coefficient in
the membrane. On the other hand, by considering equation
3 and from equation 4, the mass transfer coefficient in the
aqueous phase (1/Δ

aq
) is estimated as 1.21 × 10-3 cm s-1.

Table 5 shows that at the same pH value the transport
of nickel by the mixed extractants is enhanced over the
performance of the two single extractants, especially in
the case of Acorga M5640, and thus confirming the
synergistic effect of the mixture.

Table 5. Nickel transport using Acorga M5640, DP-8R or a mixture of
both reagents

Carrier phase J / (10-10 mol cm-2 s-1)

Acorga M5640 (40% v/v) 1.21
DP-8R (40% v/v) 1.97
Acorga M5640 (20% v/v)+DP-8R (20% v/v) 1.99

Feed phase: 1.7 × 10-4 mol L-1 Ni(II) at pH 4.0±0.05. Receiving phase:
5.1 × 10-1 mol L-1 sulfuric acid.

Table 4. Metal flux versus carrier mixture concentration

Acorga M5640+DP-8R / (% v/v)  J / (10-10 mol cm-2 s-1)

2.5+2.5 1.39
5+5 1.94

10+10 2.06
20+20 1.99

Feed phase: 1.7 ×10-4 mol L-1 Ni(II) at pH 4.0±0.05. Receiving phase: 5.1
× 10-1 mol L-1 sulfuric acid.

Table 3. Influence of initial concentration of nickel (II) on metal trans-
port

[Ni(II)]
0
 / (mol L-1) J / (10-9 mol cm-2 s-1)

1.7×10-4 0.19
3.4×10-4 0.31
6.8×10-4 0.79
1.4×10-3 1.59

Feed phase: solutions at pH 4.0±0.05. Membrane phase: Acorga M5640
(20% v/v) and DP-8R (20% v/v) in Exxsol D100. Receiving phase: 5.1 ×
10-1 mol L-1 sulfuric acid.
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Influence of organic phase diluent

The importance of the correct diluent choice had been
long recognized in extraction processes and, since the
membrane organic phase consisted basically of an
extractant and a diluent, it is also recognized that the
organic diluent may influences the performance of liquid
membrane systems.15,16

To determine its effect on the present system,
experiments were carried out with solutions of Acorga
M5640 (10% v/v) and DP-8R (10% v/v) in each diluent
and feed phases of 1.7×10-4 mol L-1 Ni(II) at pH 4.0±0.05;
the receiving phase was of 5.1×10-1 mol L-1 sulfuric acid.
Table 6 shows the corresponding metal fluxes for each
diluent used in the investigation. The change in the organic
diluent has some effect on the transport of nickel. Thus,
transport using the carrier mixture of Acorga M5640 and
DP-8R is enhanced using organic diluents of aliphatic
nature and somewhat lower viscosity since the diffusion
coefficient in the membrane decreases with an increase
of the viscosity of the diluent, though it is difficult to
ascribe the transport of the metal to any particular property
of the organic diluent.

In the case of all the diluents tested in the present
work, the somewhat lower fluxes measured at the receiving
side suggests that membrane resistance is of less
importance and that the stripping reaction kinetics may
play a significant role in the transport of nickel. In all the
cases, the metal transport against the gradient of the same
ion is observed after approximately 1 h.

Conclusions

The transport of nickel (II) from sulfate aqueous
solutions through a flat-sheet supported liquid membrane
containing the mixture Acorga M5640 and DP-8R have
been investigated. The metal transport is influenced by a
number of variables, i.e. the pH of the feed phase,
extractants mixture and metal concentrations etc.
Conditions for the nickel transport were established as:
pH of the feed phase around 4.0, extractants mixture
concentration at Acorga M5640 (10% v/v) and DP-8R
(10% v/v) and using an aliphatic diluent, sulfuric acid

Table 6. The effect of membrane diluent on nickel flux

Diluent aJ / (10-10 mol cm-2 s-1) bJ / (10-10 mol cm-2 s-1)

Cumene 2.03 1.95
Solvesso 100 2.03 1.97
n-Decane 2.04 2.02
Exxsol D100 2.06 1.91

aFeed side. bReceiving side.

concentration in the receiving phase in the 2.5×10-1 to 1.0
mol L-1 range. From experimental results, the mass transfer
coefficient in the aqueous phase is found to be 1.21×10-3

cm s-1 and the thickness of the aqueous feed boundary
layer is 8.3×10-3 cm. By no doubt, the efficiency of the
transport process can be improved by using a more
effective membrane unit, i.e. hollow fiber modules.
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