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Abstract:  Membrane-supported  liquid–liquid  extraction  uses 
artificial  membranes  for  the  generation  of  a  phase  interface 
between the two liquid phases involved in extraction. Additional 
equipment  for  the  generation  of  droplets  as  well  as  phase 
separation  afterwards  is  no  longer  necessary.  Since  the 
membranes  used  for  this  special  type  of  extraction  are  quite 
well  described  concerning  thickness,  porosity,  tortuosity  and 
material it is possible to generate information about the diffusion 
coefficient of the component to be extracted within the preferred 
solvent  from  extraction  trails  easily.  This  article  describes  an 
experimental set-up for both the proof of principle of membrane-
supported  liquid–liquid  extraction  and,  using  a  dedicated 
computer-aided  data  treatment,  how  to  calculate  the  overall 
mass transfer coefficient as well as the diffusion coefficient for a 
given system within moderate testing duration. 
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Introduction

Membrane-supported liquid–liquid extraction (memex) has been 
an interesting alternative to conventional liquid–liquid extraction 
(e.g. with agitated columns) for years.[1,2] Especially if formation 
of emulsion takes place, memex has advantages over conven-
tional technologies, since mixing of one liquid phase into the 
other is not necessary. Hence, emulsification does not occur and 
no phase separation is required. 

Compared to conventional liquid–liquid extraction, the sur-
face for mass transport is well described with memex. Hence, 
the overall mass transfer coefficient can easily be obtained by a 
simple test set-up. In parallel, for the investigated liquid–liquid 
system the diffusion coefficient of the extracted component can 
be obtained, too. 

This makes memex interesting for both the proof of new tech-
nology for a given separation problem as well as an instrument 
for kinetic measurements.

Basic Principles

Membrane-supported Liquid–Liquid Extraction
Membrane-supported liquid–liquid extraction (memex) as an 

alternative extraction technology has been promoted for years.[3] 
Some technical applications have already been reported.[1,3] The 
principle of memex is shown in Fig. 1.

Like conventional liquid–liquid extraction, memex requires 
two liquid phases, feed (1) and solvent (2) phase, which are im-
miscible over a broad range of mixing ratio. The component(s) 
to be extracted must have a different solubility in both liquid 
phases, since the membrane itself shows no rejection for the main 
component(s). Having one of the two liquid phases on one side 
of a microporous membrane (3) and the other one on the back 
side of the membrane, phase contact can occur, if one of the two 
liquid phases enters into the membrane pores, driven by capillary 
force. Then, the phase interface is immobilized in the membrane 
pores where extraction takes place. For a stable process it is ad-
vantageous if one phase fully wets the membrane and the other 
does not.[1,4] Since there is no distribution of one liquid phase into 
the other phase, formation of emulsions cannot occur and phase 
separation after extraction is not necessary. Thus, contrary to con-
ventional liquid–liquid extraction, a density difference between 
the two liquid phases is not necessary.

A slight pressure difference (100–200 mbars) between the 
liquid phase not wetting the membrane and the phase filling the 
membrane pores is helpful to prevent bleeding-out of the wetting 
phase. 

The transport mechanism of the component(s) to be extracted 
is diffusion, derived from a difference in solubility of the target 
component in both liquid phases. It can be described as an addi-
tion of the transport resistances for both the boundary layers (k

1
, 

k
2
) and the membrane pores (k

Mem
). For the transport of a compo-

nent i from liquid phase 1 (wetting the membrane) to liquid phase 
2, with a given distribution rate VZ between phase 1 and phase 2, 
the overall mass transfer coefficient K

i
 is given by Eqn. (1):[2,4]
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Since diffusion depends on temperature, path length and driv-
ing force, it is clear that high temperatures, thin membranes with 
low tortuosity degree and large differences in solubility of the 
main component(s) in both liquid phases will lead to a higher 
overall mass transfer coefficient. 

Membrane (3)

Phase interface
Component i
to be extracted

Liquid phase (1) Liquid phase (2)
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Fig. 1. Principle of membrane-supported liquid–liquid extraction 
(memex).
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Experimental Setup
In order to test different liquid–liquid extraction systems con-

cerning their applicability with membrane extraction, a lab-scale 
test unit was developed as shown in Figs 2 and 3.

The unit consist of two independent loops. Each loop has its own 
gear pump (0–2245 ml/min flow rate) and a storage tank volume of 
500/2000 ml. Both gear pumps feed into a membrane contactor. For 
this investigation, a 1.4 m² liqui-cel® X40 hollow-fibre membrane 
contactor was used. Absolute pressure in both loop circles can be 
adjusted and pressure drop over the membrane contactor can be 
measured at the entry and the exit of the device. Mass-transfer of 
both the main component and, to a certain extent, also the solvent, is 
measured by weight change in both storage tanks or, since pumped 
volume remains constant, via density measurement with a Coriolis 
flow meter in both liquid phases. Since required liquid volumes are 
reduced to a very minimum, tests can be carried out even with high 
priced substances (e.g. pharmaceutical applications).

Running both liquid phases loop wise (co-current or counter 
current), an equilibrium distribution of the component(s) to be 
extracted between the two liquid phases is reached after infinite 
time (see Fig. 4). 

The decrease of concentration in the feed and increase of con-
centration in the extraction phase can be described quite well 
with a declining and a saturation curve. It is assumed that Eqn. (2) 
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is valid for the description of the time-depended concentration of 
the extracted component in the feed phase and Eqn. (3) 
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is valid for the extract phase respectively (whereas c
i,0

 = con-
centration at beginning of the extraction, c

i,∞
 = concentration at 

infinite time).
Knowing the installed membrane area (A) as well as the dis-

tribution of the main target component(s) between the two aque-
ous phases (expressed by the distribution number VZ) and the 
actual concentration in both liquid phases given by Eqn. (2) and 
Eqn. (3), the overall mass transfer coefficient K

i
 can be calculated 

using Eqn. (4).[4]
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The obtained overall mass transfer coefficient can then be 
used for a further scale-up of the liquid–liquid extraction process 
e.g. towards higher flow rate. 

Results and Discussion

Several liquid–liquid extraction systems have been investi-
gated in the past. Beside others, there are (solvent – component 
to be extracted – extract phase)
•  toluene – caprolactam – water 
•  polyethylenglycol/water – lysozym – dextrane/water
•  polyethylenglycol/water – bovine serum albumin (BSA) – 

dextrane/water

•  butylacetate – methylisobutylketone – water (under 
 investigation)
Different types of membranes (hollow-fibres, capillaries) and 

materials were also investigated.
Each system could be extracted successfully, meaning no 

bleeding out of the phases occurred and only the components 
to be extracted were transferred into the other liquid phase until 
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Fig. 2. Membrane 
extraction test-unit 
(principle).

Fig. 3. Membrane extraction unit (incl. measurement and data 
acquisition).
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Fig. 4. Typical extraction curve.



372  CHIMIA 2011, 65, No. 5  Columns

reaching the equilibrium concentration (given by the distribution 
number between the two liquid phases and the ratio between feed 
and solvent).

Within those experiments overall mass transfer coefficients 
were determined between 1.31·10–5 m/s and 1.78·10–5 m/s for 
caprolactam, 5.73·10–6 m/s and 3.47·10–5 m/s for lysozyme and 
1.08·10–5 m/s for bovine serum albumin. For biomolecules such 
as urease, an overall mass transfer coefficient of 2.0·10–6 m/s is 
reported.[5] For similar membranes as used for these trials, an 
overall mass transfer coefficient of 1.5…2.8·10–5 m/s is reported 
for the extraction of citric acid between water and xylol.[6] Thus, 
the obtained overall mass transfer coefficients are in the same 
range as those described in literature and therefore can be used 
for a further scale-up within defined limits (e.g. maintaining hy-
drodynamic conditions).

For the system toluene–caprolactam–water, the dependency 
of the overall mass transfer coefficient on important parameters 
like temperature, velocity in both liquid phases, membrane type 
and thickness and transmembrane pressure were investigated.[4]

 It could be shown that memex follows the rules of a diffusion 
driven process. Hence, especially temperature and length of dif-
fusion path (e.g. tortuosity of the membrane, boundary layer 
thickness) do influence the overall mass transfer coefficient.

For all tested membranes, microscopic images (scanning 
electronic microscope) are available as well as information about 
average membrane thickness (d

Mem
), porosity (ε) and tortuosity 

(τ). By applying defined fluid dynamic parameters (which are 
described elsewhere[4]), the transport resistance k

i,Mem
, derived 

from Eqn. (4), can be used for the calculation of the diffusion 
coefficient D

i
 of the extracted component within the membrane 

wetting solvent, using Eqn. (5):[2]
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Following Eqn. (5) for the tested liqui-cel® membrane (poros-
ity ε = 0,37, tortuosity = 2,5, d

Mem
 = 25 mm,[7]) and a overall mass 

transfer coefficient of 6.21·10–6 m/s, a diffusion coefficient for 
caprolactam in toluene at 20 °C of 1,0510–9 m²/s was calculated. 
A comparable diffusion coefficient of 1.13610–9 m²/s for capro-
lactam in trichloroethylene can be found in ref. [8]. Therefore 
this state-of-the art test set-up is applicable for the generation of 
data to calculate both the overall mass transfer coefficient and the 
diffusion coefficient of various components in different solvents 
at different temperatures.

Conclusions

Membrane-supported liquid–liquid extraction (memex) is an 
interesting alternative to conventional liquid–liquid extraction. 
The introduction of an artificial surface, the membrane, leads to 
an emulsion-free extraction, not requiring mixing and separating 
of the two liquid phases. Hence, equipment with rotating or mov-
ing parts is no longer necessary.

In addition, since the installed membrane area is well de-
scribed, kinetic data of the component(s) to be extracted can eas-
ily be obtained with standardized experiments. It could be shown 
that the obtained overall mass transfer coefficients showed good 
agreement with those described in literature. 

Since the experimental set-up requires little liquid volume, 
investigation of high-priced systems can also be carried out.

With the knowledge of the interdependence of diffusion proc-
esses from parameters such as temperature, flow conditions and 
membrane thickness, a scale-up not only to larger liquid volume 
but also to different parameters can be done. 

Since membrane contactors are commercially available and 
even FDA-approved there are basically no real limitations for a 
technical realisation. 
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