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Bulk liquid membranes (BLMs) are so far an important research subject in the field of separation processes of target components from a chemical mixture. Both flexibility of the 
BLM configurations as separation tools along with using very expensive selective extractants as carriers without the risk of being wasted during processing render superior separation 
ability. The current paper aims to provide useful, up-to-date information about the common types of BLM devices. An attempt has been made to classify most of the tested BLM 
configurations with a sufficient description of the relevant technical aspects. Moreover, the different applications of BLM configurations are thoroughly discussed and evaluated 
describing advantages and drawbacks. Non-dispersive BLMs are only useful for laboratory-scale separation purposes as a preparation step of diluted analytical samples to separate 
and enrich the analyte. They can also serve as available and easy experimental methods in the laboratory to investigate the transport and extraction properties of new extraction 
systems. Based on the literature, the emulsion BLMs are likely to be more suitable for use in larger-scale applications on the pilot or plant level due to their larger contact surfaces 
and faster mass transfer.

http://www.msrjournal.com/article_43282.html
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1. Introduction 

 

Liquid membrane methods have progressively been developed after the 

publication of the first patent in 1968 on the separation of a mixture of 

hydrocarbons into their component parts by selective permeation through a 

liquid membrane [1]. In the last two decades, continuously growing attention 

in studying the separation of various solutes by liquid membrane techniques 

was observed in different areas such as analytical chemistry, the environment, 

chemical engineering, and biology [2-5].  

Bulk (thick layer) liquid membranes are commonly categorized into three 

types [6-9]: BLMs with free liquid/liquid interfaces including both layered 

BLMs and BLMs in film contactors. The second type is BLM with one 

immobilized interface between the two contacted liquids (L/L); which is 

called BLM with emulsion (dispersion). The third type is BLM with two 

immobilized L/L interfaces (three-phase hollow fiber contactors). Practically, 

both the easy fabrication of laboratory-scale devices and the operational 

simplicity led the researchers to use BLMs as a separating tool to extract and 

transport target species. If a selective extractant that separates an element of 

interest from other impurities is added into the organic phase, BLM will 

become more selective and efficient for the transport of that element. This 

combination has enabled the application of BLMs as a new method of 

separation and enrichment for various solutes such as metal ions [10-13], 

organic compounds [14-19], bioactive compounds [20-23], precious metals 

[24-26], radioactive elements [27-33], and toxic species from wastewaters 

[34,35].  

To the best of the author's knowledge, no review paper has yet 

sufficiently addressed the construction, configuration, and technical aspects of 

the BLM device [8,36-39]. In this paper, an attempt was made to characterize 

the most common types of laboratory-scale BLM devices including 

classification, configuration, and technical aspects. Moreover, the uses of the 

BLMs in various separation applications are thoroughly evaluated and 

discussed. 

 

 

2. Principle of Bulk Liquid Membranes 
 

2.1. Definition of BLM as a separating tool 
 

A bulk liquid membrane is an immiscible liquid layer located between 

two other liquid phases [40]. This layer has transporting properties varied 

toward mixture components which are contained in the adjacent liquid phases. 

If one component of a mixture moves through the membrane faster than 

another mixture component, a separation can be accomplished. Thus, the 

BLM is a solute-transporting phase from one adjacent liquid phase (source or 

feed phase) to another adjacent liquid phase (receiving or stripping phase). It 

is noteworthy that this technique is called “layered bulk liquid membrane” by 

some authors [41], but the most common term is bulk liquid membrane. 

The process of liquid membrane extraction is analogous to the unit 

operation of solvent extraction. While the extraction step is identical for both 

processes, the stripping step of the liquid membrane occurs simultaneously 

with the extraction, instead of the need for another contacting unit [42]. The 

simultaneity of extraction and stripping operations will increase the matter 

transfer during the extraction process itself due to the reduction of the 

extracted matter in the membrane phase by the stripping step.  

 
 

2.2. Transport principle 
 

In the simplest cases, the composition of the liquid membrane can be a 

water-immiscible organic phase, which dissolves solute species to different 

extents as a function of both the properties of the solutes and liquid phases. 

The solute, the most soluble is separated by a liquid membrane and then 

diffuses across the membrane (Fig. 1) due to an imposed concentration 

gradient between adjacent phases [43]. 

In more complex cases, a reactive extractant that has binding properties 

towards some elements of interest is added to a liquid membrane (diluent) to 

enhance the separation of this element through the membrane (Fig. 2). This 

extractant is called a carrier, and the process is known as facilitated or carrier-

mediated liquid membrane separation. It is noticed that terms such as carrier-

assisted transport or carrier-enhanced transport were also encountered in the 

literature [37,43-45]. 

 

 

 
 

Fig. 1. Schematic representation of solute transport across BLM: simple transport [11]. 

 

 

 
 

Fig. 2. Schematic representation of solute transport across BLM: facilitated transport 

[11]. 

 

 

The amount of transported solute across the simple and facilitating liquid 

membranes is determined as a result of the effects of a group of physical and 

chemical factors of three liquid phases within the BLM. These factors include 

the concentration gradient of the target solute, the effect of the counter-ions 

and co-ions present in the feed phase, the pH of the medium, the type and 

concentration of the carrier, the type of the diluent, the composition of the 

stripping phase, concentrations of all the involved reactants, temperature and 

the viscosity of each liquid phase. On the other hand, the way of design of the 

BLM devices plays also an important role in accelerating the transport 

processes of the solute under the effects of several factors such as 

configuration type, volume ratios of the phases, stirring mode, and the contact 

surfaces available for transport. It is known that the mass transfer increases 

with increasing biphasic contact interfaces and the speed of stirring [3,39,46]. 

But at extremely high stirring speeds the contact interfaces between liquids 

could be deformed and drops of the stripping phase may be transferred 

mechanically to the feed phase [34]. 
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3. Configurations of bulk liquid membrane devices 

 

There are some important considerations to be taken into account when 

configuring a BLM, as follows: (i) The device configuration must ensure the 

stability of phases; i.e., preventing any dispersion or emulsion between each 

of the two aqueous phases with the organic phase. (ii) The position of the LM 

phase whether in the up or down parts in the device compartments is 

determined according to the membrane density compared with two other 

liquid phases. (iii) The choice of stirring mode (mechanical agitators, 

magnetic stirring, or pumping) for each of the three liquid phases must be 

appropriate with the geometric configuration of device compartments and 

ensure the stability of phases. (iv) The contact surfaces must be made as large 

as possible to accelerate the overall transport rate. (v) The device must enable 

easy sampling from each phase. 
 

3.1. Coaxial cylinders-type configurations 
 

The coaxial cylinder-type configurations are shown in (Fig. 3). This type 

is used for the first time by Schulman, therefore this type is called “Schulman 

Bridge” in some publications [47,48]. According to the density of the liquid 

membrane, there are two configurations of coaxial cylinders-type devices. 

 

 

 
 

Fig. 3. Schemes of coaxial cylinders-type BLM devices [47]. 

 

 

3.1.1. Liquid membrane is heavier than water 
 

In this case, the LM is positioned under the two other aqueous phases, 

and the BLM device consists of two cylindrical concentric glass vessels as 

shown in (Fig. 3, a). The outer cylindrical glass vessel which has a longer 

inside diameter and an open end only at the top, holds the inner glass 

cylinder, which is opened at both ends. The inner cylinder was suspended 

vertically a few centimeters above the bottom of the outer glass cell so that it 

divides the inside of the formed cell into three spaces; two compartments at 

the upper part, separated by the inner cylinder wall, and a clearance the 

bottom of the glass cell. The stripping phase is placed in the inner 

compartment while the feed phase is in the outer compartment. Thus, the 

liquid membrane lies below two other liquid phases and bridging them. 
In this type of configuration, homogeneity in each phase can be achieved 

by mechanical stirrers [49,50]. In some research works [4, 51, 52], only the 

bottom organic layer was magnetically stirred by a Teflon-coated magnetic 

stir bar. Other researchers used both magnetic and mechanical stirring to 

homogenize organic and aqueous phases [10]. For instance, Alpaydin [4] used 

a BLM containing p-tert-butylcalix[4]arene 3-diethylamino propyl diamide 

derivative as an extractant for removal of toxic metal Cr(VI) ions from a 

model contaminated solution containing potassium dichromate. He reported 

that 96.65% of Cr(VI) ions were transferred to the acceptor solution after 10 h 

of contact time. 

 

3.1.2. Liquid membrane is lighter than water 
 

In this case, the membrane phase will overlay at the top of the two other 

aqueous phases and bridge them  [35,53-56]. The inner cylinder is suspended 

above the bottom of the outer cylinder (Fig. 3, b). The feed and the stripping 

phases can be located commonly in the outer and inner cylindrical parts of the 

vessel, respectively. The aqueous phases can be stirred by two Teflon-coated 

magnetic stir bars. The organic phase was agitated with a mechanical stirrer. 

Tight tubes could also be connected to the bottom cylinders in order to 

facilitate the solution sampling [55]. 

Based on coaxial cylinder configuration, Altin and coworkers [54] have 

studied sodium ions transport from aqueous solutions using a liquid 

membrane containing dibenzo18-crown-6 as a carrier dissolved in toluene. 

The sodium ions have transported with a good yield (~90%) but too slowly 

during 24 hours. 
 

3.2. Plate-inside-cylinder configurations 
 

Instead of using an inner concentric cylinder in the outer vessel, a thin 

glass plate can be used as a separating barrier for dividing the cell inside into 

two compartments reserved for aqueous phases (Fig. 4) [14, 57, 58] This thin 

glass plate can be fixed on the inner wall of the cylinder with the help of an 

adhesive for glass. Depending on the density of the liquid membrane, the 

open path may be at the top or bottom of the device . 
 

 
 

Fig. 4. Schemes of plate-inside-cylinder BLM devices [59]. 

 

 

3.2.1. Liquid membrane is heavier than water 
 

The glass plate is fixed so that a clearance of a few millimeters is kept at 

the bottom of the outer vessel for the LM phase (Fig. 4-a). The aqueous feed 

and stripping phases are then transferred into their respective compartments 

and bridged by the LM . 
Ng [60] used a plate-inside-cylinder configuration for the study of the 

technical feasibility of three different hydrophobic ionic liquids when applied 

as BLM for phenol removal. This work showed that even though a high ionic 

liquid membrane viscosity is higher by approximately two orders of 

magnitude than that of dichloromethane and kerosene, the ionic liquid 

membrane gives high phenol extraction and stripping efficiencies of 96.21% 

and 98.10%, respectively after 6 hours. This result means that the BLM 

technique enables the investment of ionic liquids for separation purposes and 

even offers a better choice of organic membrane solvents. 
 

3.2.2. Liquid membrane is lighter than water 
 

The separating plate must be placed at the bottom of the outer vessel as 

shown in (Fig. 4-b) [61-63]. The liquid membrane layered the two aqueous 

phases in the upper opened path. Das and others [61] conducted kinetic 

experiments of U(VI) transport using a plate-within-cylinder BLM 

configuration. The authors investigated the transport of U(VI) by the 

extractant di-(2-ethylhexyl) phosphoric acid (D2EHPA) dissolved in light 

paraffin. The U(VI) concentrations were decreased in the feed phase and 

increased in the recovery phase. It was observed the variations of U(VI) 

concentrations in the organic phase take a plateau form after a certain time of 

the start of the transport process because the rate of extraction is higher than 

the rate of stripping. The transport rate was too slow because the biphasic 

contact surfaces were small in the manufactured laboratory-scaled BLM.  
 

3.3. U-shaped BLM configurations 
 

The U-shaped configuration is used when the LM is heavier than the two 

other phases [64,65]. This configuration can be obtained by using a U-shaped 

tube (Fig. 5). LM was located at the bottom of the U-tube cell, while the feed 

and strip phases were placed in the vertical half compartments. The feed and 

stripping solutions can be connected with respective external tanks by making 

orifices on each compartment and with the help of mini-pumps which enable 

renewal phases in each half cell [66,67]. 
 

Feed phase Membrane phase Stripping phase

Magnetic Agitator

(a)

Magnetic Agitator

(b)

(b)(a)

Feed phase Membrane phase Stripping phase
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Fig. 5. Schemes of U-shaped BLM devices [64,65]. 

 

 

Krieg [68] made a U-tube multiple membrane cell consisting of three 

aqueous membranes and three strip phases in series, as illustrated in (Fig. 5-

b). b-cyclodextrin was used as a chiral mobile carrier dissolved in water for 

the chiral enrichment of racemic chlorthalidone which is diluted in the 

ethylacetate feed phase. The organic strip phases were ethyl acetate solutions 

with saturated water. The obtained results showed that the BLM technique 

enabled to enrichment of the target solute racemic chlorthalidone, although 

the distribution coefficient was small (0.04). Moreover, the selectivity for the 

multiple BLM was higher than that for the single BLM. These results showed 

further features over other separation conventional methods, which are based 

on biphasic equilibriums during liquid-liquid extraction. 
 

3.4. H-type and Y-inverse-type configurations 
  
When the LM is the lightest phase, a H-shaped configuration (Fig. 6-a) 

can be used [69-71]. The feed and stripping solutions are each filled in the 

two lower vertical arms so that their solution levels are well under a 

horizontal bridge containing membrane liquid. The systems were 

mechanically agitated with stirrers . 
 

 
 

Fig. 6. H-type (a) and Y-inverse-type (b) configurations [71-73]. 

 

 

This configuration is used for the removal of chromium (VI) from 

aqueous acidic solution with tri-n-butyl phosphate (TBP) dissolved in hexane 

to a stripping solution of NaOH [74]. The results showed the majority of 

chromium (VI) was transported by TBP within 5 hours, noting that the 

organic membrane wasn’t stirred. 

Few researchers [72,73] applied a Y-inverse-type configuration (Fig. 6-b) 

for the transport of metal ions across the liquid membrane being the lighter 

phase. Ma and his coworkers [73] used this configuration in the study of the 

coupled transport of Eu(III) ions by the carrier mono(2-ethylhexyl)2-

ethylhexyl phosphonate (P507) in kerosene. It is observed that the transport 

rates of Eu(III) ions were very low in the feed, membrane, and stripping 

phases. 

 
 

 
 

Fig. 7. BLMs with creeping (a) and rotating (b) aqueous films [75-77]. 

3.5. BLM in film contactors  

 

BLMs with creeping (Fig. 7- a) and rotating (Fig. 7- b) aqueous films 

were invented [75-77]. In these apparatuses, all three phases are in motion. 

Boyadziev´s laboratory [75-77] developed creeping film BLM contactors 

with feed F and stripping S solution films creeping down hydrophilic vertical 

plates made of foamed porous viscose (80 % porosity) with organic solvent 

layered or flowing between them.  

In the BLMs with rotating discs [78,79], the vertical hydrophilic discs are 

immersed with their lower part in compartments which are alternately filled 

with the stripping solution and the feed (Fig. 7- b). The remaining part of the 

discs, on which films of water phases are formed due to rotation, is immersed 

in the membrane phase. The surfaces of the discs should be hydrophilic to 

ensure the formation of adhering aqueous films. Mass transfer from the feed 

films to the stripping solution films through the bulk membrane occurs. This 

configuration was studied in the separation of phenol [80], tylosin [81], 

atropine [82], and metals [83-85]. In most cases, the discs are alternately 

positioned on a horizontal shaft (Fig. 7- b). Rotating disc contactors with two 

parallel shafts one with the feed discs and the other with stripping solution 

discs were also tested [83,86,87]. 
 

3.6. BLM with emulsion in hollow fibers 
 

Some researchers [88] have developed a BLM with emulsion in hollow 

fibers where only one immobilized interface was made between the feed and 

membrane phases (Fig. 8). While the emulsion (dispersion) of the stripping 

solution took place in the membrane phase and carried out without the use of 

any surfactant. The emulsified BLM was circulating in the shell side of the 

microporous hollow fiber (HF) contactor, while the feed phase was flowing in 

the lumen of HFs. Mass transfer of solute from the feed to stripping solution 

droplets occurred through organic solvent in the same equipment. The 

dispersed BLM phase fills the pores of hollow fibers and is a continuous 

phase of emulsion. In this way, compared to other BLM configurations with 

two immobilized interfaces, one microporous wall resistance is avoided 

leading to an increase in the mass transfer. 

Separation of chromium [89] and zinc [90] by pertraction through BLM 

with emulsion in HF modules was studied on a pilot plant and industrial scale. 

Also, the separation of Stransuim was studied in a laboratory-scaled HF 

module [91]. It is worth noting that the term supported LM used in these 

papers is not the case, thus the continuous organic phase of emulsion is true 

BLM.  

 

 

 
 

Fig. 8. Schematic diagram of the supported liquid membranes with strip dispersion [88]. 

 

 

4. Evaluation of the uses and applications of BLM devices 

 

For the last three decades, the use of BLM techniques in the separation of 

diverse species has been the focus of hundreds of research works. (Fig. 9) 

shows the number of research publications focusing mainly on the use of 

BLMs in separation processes from 1993 until mid-2023. Research work has 

grown in the last two decades. Examining the titles and contents of these 

publications indicates that the efforts of the researchers have focused on 

separating the solutes of interest utilizing BLMs more than on developing the 

technique itself. 

 

 

(a)

Strip 1

Membrane 1 Membrane 2 Membrane 3

Feed
Strip 2 Strip 3

(b)

(a) (b)
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Fig. 9. Number of research papers published from 1993 until mid-2023 in various 

journals specialized in separation processes. The criterion followed here for paper 

counting is that the phrase “liquid bulk membrane” should be explicitly mentioned in the 

paper titles or the research content of the paper is focused on BLMs. 

 

 

Based on published research work, BLM techniques are evaluated from 

several aspects, as follows: 

 

4.1. From the design point of view 
 

Most laboratory-scale BLM devices were easy to construct without 

requiring a lot of moving parts. The BLM devices have different options in 

the construction and this flexibility allows selecting the suitable configuration 

that matches better with the requirements of each chemical system. In 

particular, working with liquid phases of close or different densities and/or 

the operation with wider ranges of the phase volume ratios. Moreover, the 

BLM devices do not need large working areas, and they enable the 

intensification of process units within small spaces. In addition, the possibility 

of linking several BLM cells in series to enrich more target solutes in the final 

stripping phase is available [68]. 

Nevertheless, laboratory-scale designs of BLMs are not yet feasible to be 

scaled up to larger devices for industrial use. This is because of the long 

slowness of the kinetics of the mass transfer [24,36,59] caused by the small 

contact surface area available between liquid phases in the case of non-

dispersive BLM configuration. On the contrary, the emulsion BLM allows to 

significantly accelerate the mass transfer. Therefore, it is beneficial to 

continue developing the BLM emulsion to enable its use on an industrial scale 

in the future. 
 

4.2. From the operational point of view 
 

The BLM devices made in the laboratory are simple to operate and 

enable easy control of the operation conditions to improve transport 

efficiency. There are different ways of homogenizing the phases (mixing by 

flowing pump, agitation by magnetic or mechanic stirrers) while keeping the 

stability of non-dispersive liquid phases. There is no problem of emulsion or 

formation of new unwanted phases as it may take place with conventional 

separation techniques either in the extraction columns or the mixer-settlers. 

Additionally, there is a unique feature of the BLM technique; it is to construct 

a carrier-mediated BLM that transports a specific solute against its 

concentration gradient between the feed and stripping phases. Such a 

membrane can move a single solute from a region of low solute concentration 

into a region of high solute concentration. The role of BLM becomes like a 

pump flowing a target solute. For further information, the reader is referred to 

the related research literature  [92, 93]. 
 

4.3. From the economic point of view 
 

The liquid membrane technology is featured by the combination of the 

extraction and stripping steps in one single step. This makes the organic 

membranes act as only short-term mediators and increases the membrane 

capacity of charging by solute and consequently increases recovery yields 

without the need to use larger quantities of expensive carriers [59]. On the 

other hand, the combination of extraction and stripping steps reduces 

equipment sizes. There is no need for lots of pumps or settlers, which is 

considered economically advantageous. Furthermore, since the contact 

surfaces are stable and definite, this will greatly reduce the occurrence of 

organic phase entrapment by other aqueous phases and then there will be no 

quantitative losses in carriers and solvents. For these reasons, very expensive, 

highly selective, tailor-made carriers can also be used economically in the 

BLM technique in comparison with conventional separation techniques such 

as liquid-liquid extraction.  

4.4. From an application point of view 
 

By surveying the different applications of BLM devices in the published 

research papers, two purposes can be clearly distinguished. The first is a 

research purpose by using the BLM device as an experimental tool for 

studying the transport and extractive properties. The second is an analytical 

purpose by using a BLM device as a preparation method for analyte samples. 
 

4.4.1. Studying and understanding the transport and separation properties 
 

The research works carried out in the last decades on the separation and 

the transport of solutes by various extractants using BLM permitted the 

acquisition of important information on the extraction and transport properties 

of these extractants. In fact, because of their easy construction, and strictly 

determined contact surface area, BLMs are used for the evaluation of the 

extraction properties of novel synthetic extractants. In addition, BLMs are 

very helpful tools in understanding the main factors influencing the transport 

of solutes complexed by extractants and the kinetic behavior such as driving 

force and coefficients of diffusion and transfer. It is known that over the past 

30 years, dozens of new macrocyclic chemical compounds have been 

synthesized by chemists, and these new compounds have been used as 

extractant carriers towards dissolved solutes across liquid membranes in order 

to evaluate their extractability and transport properties. Thus, various 

synthetic carriers and their derivatives such as calixarenes, crown ethers, 

cyclodextrins, and organophosphorus compounds have been investigated as 

carriers for the transport through the liquid membrane of different metal ions 

[4,94]. 
 

4.4.2. BLMs for preparation of analyte samples 
  

A good number of researchers have proposed the use of BLM techniques 

as new methods for preparing analyst samples for the quantitative 

determination of target solute, which is usually present in trace levels with 

other interfering impurities [95-97]. Usually, sample preparation serves to 

transfer selectively as much of the analyte as possible from the sample phase 

to the acceptor phase. The well-known separation and preconcentration 

methods are liquid-liquid extraction, solid phase extraction, ionic exchange, 

and selective precipitation [98]. The BLM containing a selective extractant 

can transport the target analyte molecules from the sample phase to the strip 

phase. In some literature, this separation process across the liquid membrane 

is called pertraction (permeation-extraction). The BLM techniques can 

provide several clear advantages over other conventional separation methods, 

especially with regard to selectivity, enrichment factor, and automation 

potential.  

The pertraction across BLM is applied on natural water and other 

environmental matrices for the quantitative determination of heavy metals 

which are typically present in microgram per liter or nanogram per liter range 

[99,100]. Table (1) resumes the applications of pertraction of heavy metals. In 

those mentioned works, BLM is used to prepare metallic element samples as 

an off-line preparation step before the subsequent analytical instrument except 

for vanadium. For the latter, the BLM device was linked in-line with the 

analytical instrument. It follows that the BLM technique has more potential to 

be automated with analytical instruments than other traditional 

preconcentration methods [101]. In fact, the advantages of the non-dispersed 

BLM method, which does not need a phase separation step and gives very 

clean extracts in the strip phase make the automation of BLM with analytical 

instruments possible. Moreover, the BLM technique offers a high selectivity 

and a high degree of concentration enrichment. 

However, there are some disadvantages to using the BLM as a method 

for sample preparations. One disadvantage that follows from the 

characteristics of the BLM techniques is that they are only applicable to 

certain analyte classes at a time and that it is often necessary to perform a 

number of optimization experiments, before the real application to practical 

problems. Another more fundamental disadvantage is related to time 

consumption. It is probably true that extraction with BLM is inherently 

slower than using liquid-liquid extraction. These disadvantages have to be 

balanced with the higher selectivity and permitting the analysis of the trace 

elements in extremely diluted solutions. 
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Table 1 

Uses of BLMs for separation and preconcentration of heavy metals 
 

Metal ions/Sample nature/References 
Analytical 

instrument(1) 

Recovery yield (RY, %) and preconcentration 

factor (F)(2) 
BLM used(3) 

Ni/natural and sea waters/[102, 103] ICP-MS 

 

F= 18  

RY= 100.54±0.94% 

Pyridine-2-acetaldehyde benzoyl hydrazone dissolved 

Ni/natural and sea waters/[102, 103] AAS 
RY= 98 ± 5 

F= 20.83 

2-Hydroxybenzaldehyde N-ethylthiosemi-carbazone (2-

HBET)  

Cd/natural and sea waters/ [35, 99] AAS 
RY=99 

F=1.66 
Di-(2-ethylhexyl) phosphoric acid (DEHPA) 

Cd natural and sea waters/ [35, 99] FAAS 
RY=101.0±2.7% 

F=17.9 
2-acetylpyridine benzoyl hydrazone 

Cu/natural and sea waters/ [104, 105] FAAS 
RY= 76.21%  

F=4.30. 
Di-(2-ethylhexyl)phosphoric acid (DEHPA) 

Cu natural and sea waters [104, 105] FAAS 

RY=100% 

F=18  

0.24 μg l−1 of Cu. 

Pyridine-2-acetaldehyde benzoyl hydrazone (2-APBH) 

Pb/real samples at environmental 

concentration levels/ [96] 
ICP-MS 

RF= 93.8%  

F=4.2 
DEHPA  

Pb/environmental water samples with 

salinity levels (≥10 g.L-1)/[106] 
AAS 

RY=83.7±2.5% 

F = 20.45 

DL=0.391 µg.L-1 

2-hydroxybenzaldehyde-N-ethyl thiosemicarbazone  

V/real saline seawater samples/[107] Uv-vis 

RY=100% 

DL =4.7 µg.L-1 

QL (2) = 15.8 µg.L-1 

Aliquat 336  

(1)- AAS: atomic absorption spectroscopy, ICP-MS: inductively coupled plasma-mass spectrometry, FAAS: flame atomic absorption spectroscopy, Uv-vis: Spectrophotometer 

(2)- F preconcentration factor, RY: recovery yield, DL: detection limit, QL: quantification limit  

(3)- The configuration used was the two concentric cylindrical cells. 

 

 
Table 2 

A summary of the information about the advantages and limitations of different BLM devices. 
 

Configurations and References Advantages Limitations 

Coaxial cylinders-type [4,49,50] 

-Easy construction in labs  

-Multiple design options  

-Possible for laboratory applications 

-Some difficulties in operations. 

-Specific exchange area (a) is very low 

-Slow transport process 

-No feasible industrial applications 

Plate-inside-cylinder [14, 57-59] 

- Easier to construct at laboratory-scale  

-Multiple design options  

-Possible for laboratory applications 

-Fewer operational difficulties. 

-Specific exchange area is very low. 

-Slow transport process 

-No feasible industrial applications 

U-shaped and Y-inverse-type 

 [65-67,72,73] 

-Easier to construct 

-Easy to operate 

-Possibility to link several cells 

-Possible for laboratory applications 

-Adapted only to LMs higher than water 

-Specific exchange area is very low 

-Much slow transport process 

-No feasible industrial applications 

H-type [70,71,74] 
-Easy to construct and operate  

-Possible for laboratory applications 

-Adapted to LMs lighter than water 

-Specific exchange area is very low 

- Much slow transport rates 

-No feasible industrial applications 

BLM in film contactor  
-Specific exchange area is larger  

-Possible for laboratory applications  

-Complicated to construct and operate 

-Faster transport rates 

Emulsion BLM in HF 

-Rapid transport rates 

-Specific exchange area is much larger 

-Volume ratio of phases can be varied in a wide interval 

-More applicable for large-scale applications 

-Dispersion of the stripping solution can 

introduce a problem in some systems sensitive to emulsion 

(a) Ratios of the available surface areas between contacted phases per their total volumes  

 

 

5. Conclusion remakes and perspectives 

 

Table 2 compares briefly the advantages, disadvantages, and limitations 

of the current BLM configurations. The following points were concluded:  

- The easiness of the construction and the simplicity of operation of BLM 

devices led many researchers in the last three decades to use them as suitable 

tools to study the separation capabilities for new extraction systems. In 

particular, determining selectivities of new synthetic carriers and studying 

their transport properties, as well as seeking the optimal chemical and 

operational conditions for giving the higher mass transfer within them. 

- The effectiveness of the performance of laboratory-manufactured BLM 

devices during the separation processes can be assessed by discussing both 

the resultant recovery yields and transfer rates. Generally, it is obvious that 

the optimization of the chemical composition of the three liquid phases of 

BLM improves both the selectivity and the yield of the separation, while the 

establishment of appropriate hydrodynamic conditions in each liquid phase 

accelerates the transport rate of the target solute within it. 

- The BLM techniques combined with highly selective extractants have 

potential power as an efficient method for sample preparation to meet both 

industrial development needs and environmental requirements. These impose 

the necessity of determining low trace element concentrations of the order of 

a few parts per million, or even per billion, for certain pollutants. BLMs can 

also provide advantages over other conventional separation methods, 

especially with regard to selectivity and enrichment factors. Moreover, BLMs 

could be automated with analytical instruments. 

- The emulsion BLM devices have both larger contact surfaces between 

phases and higher mass transfer efficiencies. These may enhance the ability to 

use them for industrial applications and promote research works to find 

applications for emulsion BLMs on larger scales. 
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