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Abstract 
 

         Radioactive liquid waste should be safely managed because it is potentially 

hazardous to human health and the environment. Several methods were used for 

treatment of liquid waste, such as liquid emulsion membrane (LEM). In this work,  

liquid emulsion membrane using Tri-butyl phosphate (TBP) plus Bis (2-etylhexyl) 

phosphate (HDEHP) as mobile carriers, hydrochloric acid (HCl) as stripping agents 

and an emulsifying agent (span 80) was used for the extraction of uranium ions from 

radioactive liquid waste. Various parameters influencing the permeation of uranium 

ions through the membrane have been optimized to separate uranium ions from 

radioactive liquid waste such as: the effects of membrane material, carrier 

concentration, operating conditions, etc. were examined; moreover, the transport 

mechanism of this uranium was also studied. The internal mass transfer in the 

water/oil (W/O) emulsion drop, the external mass transfer around the drop, the rates 

of formation, and the decomposition of the complex at the external aqueous-organic 

interface were considered. The results show that, the liquid emulsion membrane 

which consists of (25%by volume HDEHP, 0.005M+75%by volume TBP, 0.01M) as 

extractant (carrier), span 80, 4% (v/v) (sorbitan monooleate) as surfactant agent, 

hydrochloric acid (HCl), (1.0M) as stripping agent. From the results, the maximum 

extraction percent of uranium ions (nearly about of 100%) occurred at the operating 

conditions: stirring speed =500 rpm, the ratio between LEM and feed phase (liquid 

waste) = 20ml: 100 ml, the ratio between organic phase (membrane phase) to internal 

aqueous phase (stripping phase) = 1.0 and the pH value of the external aqueous phase 

equal to 5.0.  
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Chapter 1: Introduction 

 

 

1.1 General       

         An increasing demand to fresh water along with the larger amounts of waste water 

generation due to increase in the world population and development of industrial 

applications make the recycling of the waste waters an imperative issue [55]. Disposal of 

these wastewater effluents is a major problem around the world. Liquid waste and 

industrial effluent treatment require to removal pollutants for purification and possible re-

usage. The introduction of strict regulations against the pollution of the environment 

together with the rising value of metals has resulted in an increase interest on the recovery 

of novel metals from wastes. Many chemical and microbiological contaminants found in 

wastewater are adsorbed on or incorporated in the solid particles. Thus, essential for 

purification and recycling of both liquid waste and industrial effluents is the removal of 

solid particles. 

         According to the American college dictionary, pollution is defined as:  “to make foul 

or unclean; dirty,” and the water pollution occurs when a body of water is adversely 

affected due to the addition of large amounts of materials to the water.  When it is unfit for 

its intended use, water is considered polluted. Other definition of water pollution, when the 

effect is sufficient to render the stream unacceptable for its “best usage” it is said to be 

polluted. Now, water pollution becomes one of the main concerns of the world today and 

the governments of many countries have striven to find solutions to reduce this problem. 

The water pollution refers to the changes in the physical, biological, and chemical 

conditions of water which harmfully disrupts the balance of the ecosystem [13].  

         Effective separation, concentration, purification and removal of uranium (VI) from 

its secondary sources and wastewater are one of the challenging tasks faced by nuclear 

industries. It is always desirable to recover all the uranium from such dilute solutions not 

only for its strategic value as  fuel for nuclear reactor but also to meet stringent discharge 

standards. Presence of radioactive materials which display high and long term toxicity 

create limitations on the recyclables of these waters, the management of radioactive liquid 

wastes has become a major concern particularly with regard to the release of radioactive 



 ٢

materials into the environment and possible risk of contamination. Treatment of 

radioactive waste streams is receiving considerable attention in most countries that have 

nuclear reactors. Among these liquid wastes contain important amount of valuable 

(strategic) metals, whose recovery from waste stream is necessary due to their hazardous 

effect and inherent value. [15, 63] 

  

1.2 Water pollution and global of waste  

         There are many specific causes of water pollution, organic, inorganic as well as 

municipal, industrial and agricultural. In farming areas, the routine application of 

agricultural fertilizers is the major source. In urban areas, the careless disposal of industrial 

effluents and other wastes may contribute greatly to the poor quality of the water.  

         Uses of water include agricultural, industrial, and municipal. Virtually all of these 

human uses require fresh water but it is not easily available.  Estimates suggest that nearly 

1.5 billion people lack safe drinking water and that at least 5 million deaths per year can be 

attributed to waterborne diseases. The UN estimates that by 2050 there will be an additional 

3 billion people with most of the growth in developing countries that already suffer water 

stress. Thus, water demand will increase unless there are corresponding increases in water 

conservation and recycling of this vital resource [63]. 

 

1.2.1 Industrial liquid waste. 

         Rapid industrialization has been an important factor causing environmental changes 

and the most industries in the country are located in or around major cities and effluent of 

these industries is recognized as key sources of increasing pollution in natural streams, 

rivers through discharging toxic water [52]. Industrial effluent produced by the mining, 

chemical manufacturing, chemical process industry and brine derived from 

demineralization processes are the main sources of inorganic pollution in many countries of 

world [3]. Contaminated air, soil, and water by industrial effluents are associated with 

disease burden and this could be reasons for the current shorter life expectancy in 

developing countries [19]. 

 

 



 ٣

1.2.2 Radioactive Liquid Waste. 

         The International Atomic Energy Agency (IAEA) defines radioactive liquid waste as 

“material that contains or is contaminated with radio nucleus at concentrations or 

radioactivity levels greater than clearance levels established by the appropriate authority 

and for which no use is foreseen" [35]. Radioactive waste is a byproduct of nuclear 

weapons production, commercial nuclear power generation, and the novel reactor program. 

Waste byproducts also result from radioisotopes used for scientific, medical, industrial 

purposes and number of different kinds of facilities which arise in a wide range of 

concentrations of radioactive materials and in a variety of physical and chemical forms 

[16]. Radioactive liquid waste needs to be safely managed because it is potentially 

hazardous to human health and the environment. Through good practices in the production 

and use of radioactive substance, the amount of waste can be significantly reduced but not 

fully eliminated. Inadequate management after use or loss of radioactive material has 

resulted in radiation exposure of members of the public or extensive contamination of 

equipment, buildings or land [36, 37]. In some cases uncontrolled radiation exposure has 

been lethal. It is important that safe waste management, in full compliance with all relevant 

regulations, is considered and planned for at the early stages of any projects involving 

radioactive materials.  It should be established from the outset that the waste could be 

properly handled, treated and ultimately disposed off.  Radioactive wastes are always 

expected to contain, uranium, radioactive cobalt, radioactive cesium etc. depending on their 

sources. Based on this information, in the last decades, there are increasing concern about 

hazardous waste disposal due to the problem of seepage and possible contamination of 

ground water. Nuclear power reactors as well as the growing use of isotopes in medicine, 

industry and research bring to a focus the problem of treatment of radioactive wastes. The 

general public is rather sensitive about the hazardous of the nuclear industry and demands 

total protection from them [46, 68]. The most frequent sources of radioactive wastes are the 

following:- 

1-  Processing of uranium ores produces considerable volumes of alpha emitters, 

mainly radium. Storage of these wastes will usually need to remove suspended 

radioactive materials. 
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2- Research – laboratories waste contain all the materials prevalent in chemical, 

metallurgical and biological research operations. Some of the wastes are in the 

form of stable isotopes of the radioactive chemicals. 

3- Hospitals contribute radioactive wastes from diagnostic and therapeutic uses. 

Iodine-131, cobalt-60 and phosphorus-32 are the radioisotopes which 

predominate in hospital wastes.  

4- Fuel- element processing.  

5- Power- plant cooling waters [63]. 

         Since, the main aim of this work is the removal of the radioactive pollutants from 

liquid wastes produced from typical MTR fuel manufacturing plant, it is of interest to give 

a high light on the fuel element processing. 

 

1.2.2.1 Fuel- element processing. 

         In the 1950s and 1960s, low power research reactors were built around the world 

which utilized MTR- type fuel elements containing <20 wt % U235 enriched uranium 

(LEU). This value was chosen because it was considered to be unsuitable as weapon grade 

material. The production lines of typical MTR fuel manufacturing plant are dividing to 

different steps as the following:- 

1- Conversion step or wet step. 

2- Calcinations step and compact step. 

3- Mechanical step [3].  

         All this steps included several processes such as chemical processes, physical 

processes, and other processes. Ammonium diuranate (ADU) is the main product from 

conversion (wet) step among us predicted produces a large quantity of radioactive liquid 

waste. The conversion (wet) step consisted of evaporation processes, hydrolysis process, 

precipitation process and filtration process, as the following: -                                                                                                                                                                                                                             

         Uranium hexafluoride (UF6) is solid at room temperature, must be heated over its 

liquefaction point to increase its vapor pressure. The UF6 gaseous is then added to a desired 

amount of demineralized water produced in the plant in a special closed agitated vessel. A 

solution of uranyl fluoride and hydrofluoric acid are produced, according the following 

Equation (2. 1) 
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          UF6 (v) + 2H 2O (l) → UO2F2 (sol.) + 4HF (sol.)                                             (2.1) 

 

        Precipitating of uranyl fluoride in solution, by addition of ammonia solution in special 

conditions of temperature and flow rate, according this reaction: 

 

     2UO2 F2 + 6 NH4OH → (NH4)2U2O7 (solid) + 4NH4F (sol.) + 3H2O                    (2.2) 

 

.        Washing and filtration steps are also applied to produce a clean ammonium diuranate 

(ADU). The filtering process yields large amounts of wastewater, which expected 

containing the uranium ions and other chemicals. Recovery of uranium ions is especially 

critical to the economic viability of the process. The total amount of waste is 100 liters per 

kg of ADU produced [11, 28, 38]. Nitric acid solution was added to the produce liquid 

waste to prevent precipitation and/or adsorption of the radioactive material on the container 

surface. Figure (1.1) depicted the flow diagram of conversion (wet) process for typical 

MTR nuclear fuel manufacturing plant.  

 

 

Figure (1.1) Flow diagram of conversion (wet) step for typical MTR nuclear 
fuel manufacturing plant. 
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1.2.2.2 Outlines on the chemistry of uranium ions. 

        Uranium is the fourth element in the actinide series with atomic number 92. It is 

discovered in 1789. Uranium is the principal element in the nuclear technology. The 

naturally occurring uranium isotopes are U238 (99.27%), U235 (0.72%) and U234 (0.0056%) 

with half lives of 4.5×109, 7.1 × 108 and 2.4 × 105 years respectively. Uranium ions are of 

great commercial importance as nuclear fuel. The nuclear fuel cycle consists of a great 

number of different mineral-chemical processes. Some of them produce liquid effluents 

with significant concentrations of uranium ions. [39]. Four oxidation states are known for 

uranium ions in aqueous solution: the tri-, tetra-, penta-, and hexapotive states. Ions in these 

states are usually represented as U+3, U+4, UO2
+5 and UO2

+6, respectively [29]. The main 

isotopes U238 and U235 can be separated either by the gaseous diffusion of UF6 or by using a 

centrifuge method. In air, uranium metal is coated with an oxide film which however does 

not protect it from further oxidation. Some uranium salts are soluble in organic solvents; 

uranyl nitrate is soluble in ethers, ketones, aldehydes, and substituted hydrocarbons. Uranyl 

nitrate hexahydrate, UO2 (NO3)2.6H2O is one of the most important salts in uranium 

technology, since it is the form in which uranium is purified by the application of solvent 

extraction. Aqueous solution of uranium salts have an acid reaction due to hydrolysis, 

which increase in the order U3+ < UO2 
2+   < U4+. Inorganic uranium (VI) complexes which 

have been identified through the formation of crystalline salts include the fluoride, 

chlorides, nitrates, sulfates carbonates, cyandes and phpsphates. The toxic nature of many 

metals, especially uranium is one of the most hazardous heavy metals because of its 

chemical toxicity and radioactivity. Excessive amounts of uranium have entered into the 

environment through the activities associated with the nuclear industry. There have been 

extensive studies for development of various technologies for measurement and removal of 

uranium from wastes produced from nuclear power programs and nuclear fuel reprocessing 

activities. Uranium is removed from solution in the presence of contaminants by different 

methods which include precipitation, solvent extraction, ion exchange or some alternative 

methods [6, 53]. 
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1.3 Treatment of liquid waste.  

         The various process techniques available for recovery and removal of uranium from 

aqueous solutions include biological treatment, liquid –liquid extraction[32]  ion exchange, 

precipitation, reverse osmosis etc [43,10,54]. In the last years, research and development in 

this field not only resulted in a better understanding of the involved fundamental 

knowledge, but also determined and set up the new treatment processes and configurations. 

The Liquid emulsion membrane (LEM) technology which was invented by Li (1968) [47] 

has been investigated as an advanced extraction technology to combat disadvantage of 

other separation techniques. The liquid emulsion membranes (LEM) as a selective 

technique have a large potential for application in wastewater treatment. The liquid 

membrane were used for separation of different pollutants from wastewaters such as, 

cations or anions, organic substances (amines, acetic acid), or inorganic and organic 

mixtures. In addition, the membrane method has been applied to some water containing 

ferrous and non-ferrous metals, alkaline metals, radioactive elements, rare metals, etc. 

Liquid membranes offer large possibilities for selective separation and concentration of 

pollutants from dilute aqueous solutions (wastes) resulting in high treatment efficiencies. In 

addition, the separated water can be recycled in the process. The principle of liquid 

emulsion membrane unit process is pollutant mass transfer from water to be treated 

(external phase, feed phase) in an internal aqueous phase (stripping phase, receiving phase), 

suited for an irreversible capture of transported species [22]. Some of these are well-

established methods that have been in practice for decades, others are of more recent 

innovations. The commonly used methods such as precipitation, adsorption technique, ion 

exchange, membrane, and solvent extraction have been developed for these purposes, but 

various difficulties are encountered. However, all these procedures vary in effectiveness 

and cost.  

         Liquid – liquid extraction is the most commonly used processes for recovery of 

solutes from liquid effluents. Unfortunately, this process requires another process for 

stripping the extracted solute from the organic phase. These two processes produce large 

volumes of contaminated liquid wastes which must be treated before disposal. More 

efficient and low-cost removal and recovery methods are needed to overcome these 
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difficulties. Table (1.1) provides a partial list of several separation techniques, classified by 

the chemical or physical property that is exploited [33]. 

 

Table 1.1 Partial list of several Separation Techniques 

 
Separation Technique Basis of 

Separation  

(a) Filtration 
 
(b) Dialysis 
 
(c) Chromatography 

 

(a) Centrifugation 

 

 
 
(a) Distillation 
 
(b) Re-crystallization 

 

 

 

a) Precipitation 

 

b) Ion exchange 

 

c) Elsctrodeposition 

 

d) Volatillization 

 

 
a) Solvent extraction 

 

b)Membrane Techniques 

1-Size 
 
 
 
 
 

2-Mass and 

Density  
 

 

3- Change in 

physical state 

 
 

 

 

4- Change in 

chemical state  
 
 
 
 
 
 

 

5- Partitioning 

between phases  
 

 

1. 4 Brief of Separation Techniques. 

         Separation or recovery of a selected species from waste water and radioactive waste 

solution, especially at trace levels, is one of the most difficult and complicated tasks. 

According to Table (1.1) we can apply several techniques for water treatment as the 

following:-  

 



 ٩

1.4.1 Separations based on size. 

         The simplest physical property that can be exploited in a separation is size. The 

separation is accomplished using a porous medium through which only the analyte or 

interferent can pass. Filtration, in which gravity, suction, or pressure is used to pass a 

sample through a porous filter is the most commonly encountered separation technique 

based on size. This separation technique is important in the analysis of many natural 

waters, for which the presence of suspended solids may interfere in the analysis.  

 

1.4.2 Separations based on mass or density. 

         If there is a difference in the mass or density of the analyte and interferent, then a 

separation using centrifugation may be possible. The sample, as a suspension, is placed in a 

centrifuge tube and spun at a high angular velocity (high numbers of revolutions per 

minute, rpm). Particles experiencing a greater centrifugal force have faster sedimentation 

rates and are preferentially pulled toward the bottom of the centrifuge tube. For particles of 

equal density the separation is based on mass, with heavier particles having greater 

sedimentation rates. When the particles are of equal mass, those with the highest density 

have the greatest sedimentation rate. Centrifugation is of particular importance as a 

separation technique in biochemistry. 

 

1.4.3 Separations based on a change of state. 

         Since an analyte and interferent be usually in the same phase, a separation often can 

be effected by inducing a change in one of their physical or chemical states. Changes in 

physical state that have been exploited for the purpose of a separation include liquid-to-gas 

and solid-to-gas phase transitions. Changes in chemical state involve one or more chemical 

reactions [33]. 

 

1.4.3. 1 Separations based on a change of physical state 

         When the analyte and interferent are miscible liquids, a separation based on 

distillation may be possible if their boiling points are significantly different. 
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1.4.3. 2 Separations based on a change of chemical state. 

         Chemical reactivity also can be used in a separation by effecting a change in the 

chemical state of the analyte or interferent. For example, SiO2 can be separated from a 

sample by reacting with HF. The volatile SiF4 that forms is easily removed by evaporation. 

 

1.4.3.2.1 Precipitation method. 

         In chemical reactions, precipitation is the phenomenon that occurs when 

a dissolved substance in a liquid passes out of solution into solid form as the result of a 

chemical reaction. The completion of reactions in the coagulation or precipitation processes 

is almost instantaneous after the chemicals are dissolved fully. Precipitation is employed 

for the removal of heavy metals from wastewaters. Heavy metals are generally precipitated 

as hydroxide through the addition of lime or caustic to a pH of minimum solubility. When 

treating industrial wastewaters containing metals it is frequently necessary to pre-treat the 

wastewaters to remove substances that will interfere with the precipitation of the metals, if 

present [44]. 

 

1.4.3.2.2 Ion exchange method. 

         Ion exchange has been widely applied in various fields of science and technology 

since the middle of the twentieth century as a powerful separation and purification 

technique. By definition, ion exchange is used mainly for selective removal (in 

purification) or fractionation (in separation) of ionic species. Ion-exchange resins operate 

on the similar principles as solvent extraction. The resins contain functional groups are 

capable of ion exchange or complex the metal ions. The resin is contacted with the 

contaminated solution, loaded with metal ions, and stripped with an appropriate element. 

Because the functional group interacting with the metal ion is covalent bound to an 

insoluble polymer, there is no loss of reagent into the aqueous phase. The resins can be 

regenerated and reused for next processes.  A disadvantage of ion-exchange resins can be 

the slower kinetics compared to solvent extraction. The selectivity of ion-exchange resins 

for targeted metal ions is of great importance in the separation of the metals from complex 

solutions. Ion exchange resins consist of an organic or inorganic network structure with 

attached functional groups. Most ion exchange resins used in wastewater treatment are 
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synthetic resins made by the polymerization of organic compounds into a porous three-

dimensional structure. The degree of cross linking between organic chains determines the 

internal pore structure, with higher crosslink density giving smaller pore sizes. Ion 

exchange resins are called (cationic) if they exchange positive ions and (anionic) if they 

exchange negative ions. Cation exchange resins have acidic functional groups. Such as 

sulfonic, whereas anion exchange resins contain basic functional groups, such as amine. Ion 

exchange resins are often classified by the nature of the functional group as strong acid, 

weak acid, strong base, and weak base. The strength of the acidic or basic character 

depends upon the degree of ionization of the functional groups, similar to the situation with 

soluble acids or bases. Thus, a resin with sulfonic acid groups would acts as a strong acid 

cation exchange resin [7]. 

1.4.4 Separations based on a partitioning between phases 

         The most important class of separation techniques is based on the selective 

partitioning of the analyte or interferent between two immiscible phases. When a phase 

containing a solute, is brought into contact with a second phase, the solute partitions itself 

between the two phases. 

                                                Z phase 1 ↔ Z phase 2 

Where Z:  the solute partitions between the two phases (phase1and phase2) 

         The equilibrium constant (KD) is called the distribution constant, or partition 

coefficient as the following equation. 

KD =Z phase1 ⁄ Z phase2 

         If KD is sufficiently large, then the solute will move from phase1 to phase2. However, 

if the partition coefficient is sufficiently small the solute will remain in phase1.  

         Solvent extraction method is example of separations based on a partitioning between 

phases. It is another name for liquid–liquid distribution, that is, the solvent extraction refers 

to the distribution of a solute between two immiscible liquid phases in contact with each 

other, i.e., a two-phase distribution of a solute. It can be described as a technique, resting on 

a strong scientific foundation. Solvent extraction involves contacting the aqueous solution 

containing the metal ions with an organic liquid extractant which is insoluble in water [5]. 

The extractant is capable of forming complexes with the metal ion. Upon mixing, the metal 

ions are transported to the organic phase. The phases are allowed to separate, and the metal 
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ions are stripped from the loaded organic phase with an appropriate solution. The 

concentrated metal ion solution can then purified or disposed. Solvent extraction is used in 

numerous chemical industries to produce pure chemical compounds ranging from 

pharmaceuticals and bio-medicals to heavy organics and metals, in analytical chemistry and 

in environmental waste purification. Solvent extraction offers the advantages of fast 

kinetics, high capacities, and selectivity for target metal ions. The finite aqueous solubility 

of the extractants, solvents, and modifiers is, however, a significant disadvantage. This not 

only adds to the cost of the procedure through loss of reagents, but contaminates the water 

with potentially toxic organics. There is also loss of the organics through evaporation and 

entrainment. In addition, solvent extraction is not recommended for dilute metal ion 

solutions due to the large volumes of extractants needed [2]. 

 

1.5 Membrane separation technology. 

          The membrane can be defined essentially as a barrier, which separates two phases 

and restricts transport of various chemicals in a selective manner [26]. The membrane 

separations are used on large scale in water treatment for drinking and industrial purposes 

(desalination) and in wastewater purification. The proper choice of a membrane should be 

determined by the specific application objective: particulate or dissolved solids removal, 

hardness reduction or ultra pure water production, removal of specific gases/chemicals etc. 

In the last years, research and development in this field not only did result in a better 

understanding of the involved fundamental knowledge, but also determined the set up of 

new treatment processes and configurations. Recently, many attentions have been attracted 

to liquid membrane (LM) techniques due to their specific characteristic such as liquid 

membrane system (LMs) technology which can carry out extraction and stripping processes 

simultaneously [31]. 

          The liquid membrane utilizes a carrier to selectively transport components such as 

metal ions at relatively high rate across the membrane interface. It offers large possibilities 

for selective separation and concentration of pollutants from dilute aqueous solutions 

(wastes) resulting in high treatment efficiencies. A liquid membrane system comprises of 

three liquid phases; feed phase, liquid membrane organic phase and receiving phase. Liquid 

membranes are useful devices for the design of systems capable of separating selectively 
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one solute from another. Different membrane process techniques have been considered for 

the removal of the pollutants from wastewaters. There are three generic types of liquid 

membranes as the following: - Bulk liquid membrane (BLM), Supported liquid membrane 

(SLM) and Liquid emulsion membrane (LEM) [63]. 

  
1.5.1 Bulk liquid membrane (BLM). 

         These membranes are the easiest to prepare. They consist of an organic solution of the 

carrier, which is directly contacted by aqueous phase. This type is useful only for 

laboratory experiments, and is set up as follows. Following Figure (1.2), a U-tube cell is 

used, and some type of carrier, is placed in the bottom of the tube. That is the organic 

membrane phase. Two aqueous phases are placed in the arms of the U-tube, floating on top 

of the organic membrane. With a magnetic stirrer rotating at fairly slow speeds, in the range 

of 100 to 300 rpm, the transported amounts of materials are determined by the 

concentrations in the receiving phase. Eventually, this system is inexpensive, and uses 

small amounts of material (e.g., milligram quantities of carrier) [30]. 

 

1.5.2 Supported liquid membrane (SLM).         

         The simplest in design, the thin sheet supported liquid membrane can be utilized for 

laboratory scale, but cannot be scaled up for industrial use. Essentially, this is just a porous 

polymer membrane whose pores are filled with the organic liquid and carrier, set in 

between your source phase and your receiving phase, which are being gently stirred. See 

Figure (1.3) there are two primary problems associated with the use of SLM; solvent loss 

can occur by evaporation, dissolution or large pressure differences forcing solvent out of 

the pore support structure. Also carrier loss can occur due to irreversible side reactions or 

solvent condensation on one side of the membrane.  Pressure differences can force the 

liquid to flow through the pore structure and leach out the carrier [41, 45]. 
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Figure (1.2) Bulk liquid membrane (BLM) 

 

Figure (1.3) Supported liquid membrane (SLM). 

 

1.5.3 Liquid emulsion membrane (LEM) 

         Liquid emulsion membrane (LEM) process is known to be one of the most effective 

methods for separation and concentration of a material which is present in very low 
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concentration. As a result, the liquid emulsion membrane has been considered a promising 

alternative technology for diverse separation processes including removal of hazardous 

pollutants and recovery of various valuable elements. The membrane method has been 

applied to some water containing ferrous and non-ferrous metals, alkaline metals, 

radioactive elements, and rare metals, organic or inorganic pollutants and for some waters 

with pollutant mixtures, etc. The liquid emulsion membrane has also received special 

interest for the treatment of industrial wastewaters containing a wide range of toxic 

contaminants such as phenol, chloro-phenol, and nitro-phenol. Liquid emulsion membrane 

(LEM) technique is an accessible and easy way for the removal of chemicals (pollutants) 

from wastewaters and transport them into desired phases, where the pollutants can be 

concentrated by 10-100 times [66, 62].  The principle of separation in this type of 

membrane is that material is transported from the continuous phase into the emulsion, 

where it is fixed. In the liquid emulsion membrane process, both extraction and stripping 

steps are combined in one stage, which leads to simultaneous purification and concentration 

of the solute. Although the liquid emulsion membrane technique has several advantages 

over other conventional techniques, however, some problems remain to be solved in order 

to apply the liquid emulsion membrane to a practical process. The major problem 

associated with liquid emulsion membranes is emulsion stability [50]. 

         For batch extraction, the emulsion is produced by mixing an organic membrane phase 

and an internal aqueous phase with a high-speed agitator, and then this emulsion is 

dispersed in an outer aqueous phase, also containing the solute, by agitation. The 

membrane separates the internal droplets in the emulsion from the external phase as shown 

in Figure (1.4).  

         Selim et al, [63] depicts the emulsion droplets usually comprise an oil phase in which 

the receptor phase is dispersed, the continuous feed phase being usually an aqueous 

solution from which a specified solute is to be removed Figure (1.5). The driving force for 

solute transport from the continuous feed phase to the reception phase is the concentration 

difference across the membrane and selectivity is achieved because of the different 

solubility of the feed species in the membrane. 
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Figure (1.4) Schematic representation of a liquid emulsion membrane 

(LEM) set up. 

 

 

Figure (1.5) Liquid Emulsion Membrane (LEM) Droplet 
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1.5.3.1 A Simple Emulsion Primer. 

         An emulsion is a mixture of two immiscible substances. One substance (the dispersed 

phase) is dispersed in the other (the continuous phase). Figure (1.6 A, B, C, and D) showed 

the simple emulsion principal, it is clear from this figure that, most oils are less dense in 

water, and if oil and water are mixed then the oil will simply float to the surface, two layers 

occurs, as shown in Figure (1.6.A). In emulsions, the oil is dispersed as liquid droplets 

through the continuous phase; this means that an unstable emulsion, as shown in Figure 

(1.6.B). Those droplets of emulsion want to combine together again to form a single blob of 

oil, as shown in Figure (1.6.C). To prevent them from doing this, emulsions contain a 

surfactant which coats the surface of each drop and prevents the droplets from coalescing. 

In practice, a mixture of oil, water and added surfactant are put through a blender and the 

product is a stable emulsion, as shown in Figure (1.6.D) [56]. 

 

 

 

 

Figure (1.6.A) Two immiscible liquids, not emulsified 

 
 
 
 
 
 



 ١٨

 

 

Figure (1.6.B) An emulsion of phase II dispersed in phase I, (the unstable emulsion). 

 

 

 

 

 

 

Figure (1.6.C) Droplets of emulsion want to combine together again  
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Figure (1.6.D) Stable emulsion 

 

Figure (1.6) Emulsion Principle 

 

1.5.3.2 Preparation of Liquid Emulsion Membrane. 

        In generally, the LEM is prepared by mixing the organic extracting with a surfactant in 

diluents. To this mixture slowly adding the stripping aqueous phase solution the 

emulsification was performed with an ultra high-speed homogenizer, operated at high 

speeds of 8000 to 10,000 rpm, as shown in Figure (1.7). This emulsion is then re-dispersed 

in the outer aqueous phase; a lower speed of agitation (100 to 1400 rpm) is used to get 

larger globules and to avoid rupture of the liquid membrane, a problem which will be 

addressed separately [24, 56].  
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Figure (1.7) Preparation of Liquid Emulsion Membrane 

 

1.5.3.3 Extractants Selection. 

         When choosing a suitable extraction reagent it is important to take into account the 

chemical properties of the extractant to be selected. Accordingly, the extractant selected for 

the extraction of investigated elements should contain selective ligands. The rest of the 

molecules should be a long stable hydrocarbon soluble in organic diluents such as toluene, 

kerosene, benzene and cyclo-hexane. The stability of metal complexes in coordination 

chemistry is often described by the principle of soft and hard, acids and bases (SHAB). 

This principle may be used as a general guideline for selecting legands for metal extraction 

(uranium ions). In solvent extraction systems, extractants usually play the role of bases. A 

soft bases is defined as one in which the donor atom is of high polarizability and low 

electronegtivity, and is easily oxidized or is associated with electrons. Thus, the sulfur and 

phosphorus (III) containing ligands such as thiol (RSH), sulifide (R2S), and phosphine 

(R3P) are considered soft bases. On the other hand, oxygen containing ligands such as 

alcohol (ROH), ether (R2O), carboxylate (RCOO-), phosphate (PO4
3-), and nitrogen-

containing ligands such as amines (RNH2) are hard bases. Typical hard acids include alkali 

metal ions, alkaline earth metal ions, trivalent rare earth ions, and lighter transition metal in 



 ٢١

higher oxidation states. According to the (SHAB) principle, hard bases prefer to associate 

with hard acids and soft bases prefer to associate with soft acids [1]. 

  
1.5.3.4 Permeation mechanism of Liquid emulsion membrane. 

         The necessary conditions for forming a stable emulsion are that the droplets of the 

dispersed phase shall be so small that they will stay suspended and that there shall be a 

sufficiently viscous film around each droplet to keep the droplets of the dispersed phase 

from coalescing. Many theories have been advanced to account for the way or means by 

which the emulsion is stabilized by the emulsifier. At the present time no theory has been 

postulated that seems to apply universally to all emulsions. Many investigators studied the 

mechanism of permeation through liquid membrane especially liquid surfactant membrane. 

The first mechanism was built on an immobilized hollow spherical emulsion globule model 

that assumed a coupled counter current transport. These mechanisms were suggested by 

Teramoto et al [65] where, solutes are transported through the membrane to the internal 

phase from the external phase and concentrated in the internal phase droplets. The driving 

force for solute transport is based on diffusion and reaction. As shown in Figure (1.8) 

illustrates the basic steps of solute permeation mechanism through the liquid emulsion 

membrane limited modeled by Teramoto et al., as the following:- 

(i) The metal ion diffuses from the external aqueous phase to boundary of the 

membrane phase. 

(ii) Metal ion forms a complex with carrier on the external interface. 

(iii) The complex diffuses to the center of the emulsion globule. 

(iv) A stripping reaction occurs when the complex diffuses toward the internal 

aqueous phase and the metal ion is released to the internal aqueous phase. 

(v) Carrier diffuses from the internal interface to the external interface and forms a 

complex again with the metal ion.  
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Figure (1.8) Mechanism of facilitated transport of metal ion 

 

         Valenzuela, et al [67], assumed a theoretical diffusion model for the transport of metal 

ions, namely, copper from a residual mine water as an external phase using LEM composed 

of LIX-860 as extractant, span 80, as a surfactant and sulfuric acid solution as internal 

aqueous phase. Metal transport theory, Figure (1.9). The experimental results which have 

been obtained showed that the transport process could be explained through different 

models that considers the diffusion step alone.  

 

 

 

Figure (1.9) LEM scheme for copper removal 
 



 ٢٣

1.5.3.5 Stability of liquid emulsion membrane. 

         The stability of liquid emulsion membrane is a very important parameter to use the 

liquid emulsion membrane in the separation and purification process. Each drop of liquid 

emulsion membrane is prone to floating upwards, this process is called creaming - the oil 

droplets will gradually form a dense layer at the top of the sample, so a third component 

must be added which increases the stability of liquid emulsion membrane. The presence of 

substances known as emulsifying agents permits the preparation of stable emulsions. This 

is because the adsorption of emulsifier at the oil water interface reduces the interfacial 

tension. Both the stability of the emulsion and the viscosity of the liquid membrane were 

altered by the proportion of surfactant in the organic phase. An increase in the 

concentration of surfactant increased the stability of the emulsion; however, the extraction 

decreased. The formation of the stable emulsion with large oil- water surface would favor 

at low interfacial tension. In the LEM system, a surfactant added as an emulsifier in the 

liquid membrane phase affects not only the stability of the liquid membrane but also and 

the rate of metal extraction[9].  

 

1.5.3.6 Advantages of Liquid Emulsion Membrane process (LEM).  

The main advantages of the ELM processes are as follows:  

(a) Relatively low-energy consumption when compared to other separation processes.  

(b)  High interfacial area for mass transfer, especially at the inner oil–water interface, due 

to the small size of the aqueous phase droplets. 

 (c) High diffusion rate of the metal ion through the membrane. 

 (d) Simultaneous performance of extraction (at the outer face) and stripping (at the inner 

interface) in the same system. 

(e) LEM is known to be one of the most effective methods for separation and concentration 

when the material being extracted if present in very low concentration [61]. 

         The main object of this study is the removal of uranium ions from radioactive liquid 

waste solution using liquid emulsion membrane technique, using Tri-butyl phosphate 

(TBP) as an organic carrier. Modification of the performance of TBP for the separation of 

uranium ions is taking into account. In addition, a simple permeation modeling for uranium 

ions permeation through the investigated liquid emulsion membrane is studied.  
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Chapter 2: Literature Review 

 

2.1 Performance of liquid emulsion membrane (LEM)          

         Performances of liquid emulsion membrane could be determined through the 

extraction percentage of metal ions from liquid waste. There are some factors affecting the 

performance in liquid emulsion membrane (LEM) and it can be determined by several 

variables which can be classified into the: variables concerning extracting, the extracted 

agents, the surfactants agents; the stripping agents and the conditions of operation. 

Evaluation of performance of the liquid emulsion membrane system was based on two 

criterions: extracting percent of metal ions, and stability of liquid emulsion membrane.   

         Extensive work has already been reported for liquid emulsion membrane extractions.  

A series of metal species including alkali, alkaline earth, transitions and heavy metals has 

been studied. Among these metals, chromium, copper, cadmium, lead and uranium are the 

most widely produced from industrial waste stream. The following is a literature survey 

lists some of the liquid emulsion membrane processes published in the metal extractions. 

 

          Yang, et al [71] studied the extraction of uranium from sulfuric acid media by liquid 

emulsion membrane with N-alkylcaprolactams as a carrier, and span80 as a surfactant, and 

Na2CO3, as a stripping agent. Assuming N-alkylcaprolactams = Bs, the results of their 

experimental work clarifies that, the equations exhibiting extraction and stripping process 

of uranium occurring in liquid emulsion membrane technology was given below. 

 

 )(Β2↔)(Β2 ) org. · SOUOorg. +(aq.SOUO 4242 ss
  (Extraction reaction)  

                    
 

 ↔)(Β2 4233243242 SONa + 2Bs(org.) + (aq.))(COUONa(aq.)CO3Na +org. · SOUO
s

                                                                                 

(Stripping reaction)                             

 

The following are favorable operating conditions for uranium (VI) extraction with the 

liquid emulsion membrane:- 
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          The maximum extraction occurs at carrier concentration 0.03 M. In addition, at Bs 

concentration above 0.1 M, the liquid emulsion membrane becomes less stable, whereby 

only a percent extraction as low as 80% was obtained.  

         The results indicate that ECA4360J is more favorable than span80 as emulsifier, and 

the maximum extraction occurs at surfactant concentration 2 wt%.  

         Differentiate stripping agent was examined, it was found that 1.0M concentration of 

Na2CO3 gives the highest recovery of uranium (about 95%) and stable emulsion.   

 
         Saravanan, et al [62] studied the removal of hexavalent chromium ions, the highly 

toxic, from aqueous solutions (synthetic effluent) and industrial effluents containing 

chromium ions by using liquid emulsion membrane (LEM) technique. The effect of 

surfactant concentration, carrier concentration, agitating speed and emulsification time on 

the emulsion stability and extraction percent of hexavalent chromium ions has been studied. 

The membrane phase used is a homogeneous mixture of commercial grade kerosene as 

organic solvent, span80 as the surfactant; Bis-(2-ethylhexyl)- phosphate as a carrier. The results 

experimental work clarifies that:  Increase in concentration surfactant up to 1.2% (v/v), 

increases the stability of emulsion to 3.0 hours. Further increase in concentration of 

surfactant reduces the stability time.  

         Increase of the concentration of carrier decreases the stability of membrane. Hence, 

an intermediate carrier concentration of 2.0 and 3.0 %( v/v) are taken in order to maintain 

both stability and the solute transfer rate.  

         The maximum solute recovery of 96% is obtained for membrane phase to external 

phase (M/E) ratio 1:1 (v/v) at an extraction speed of 300 rpm and 3% carrier concentration 

for the synthetic effluent containing chromium ions,  

         The maximum solute recovery of 95.5% is obtained for membrane phase to external 

phase (M/E) ratio 1.0:1.0 (v/v) at an extraction speed of 300 rpm and 3.0% carrier 

concentration for the electroplating industry effluent containing chromium ions. 

 
         Mâşu, et al [51]  studied the application of liquid emulsion membrane technique on 

simulated wastewater treatment, which contained MB R 12 red reactive dye as a 

contaminate,  two types of liquid emulsion membranes were tested, and the better results 

were obtained for the use of HCl solution as receiving phase of the emulsion membrane. 
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The transport of dye from feed aqueous phase into the receiving aqueous phase occurred 

only in the presence of TOA (trioctylamine) as carrier agent and span 80 as a surfactant      

for emulsion stability. The optimum working conditions for removal of reactive red dye 

from simulated wastewaters were the following: the contact time of 300 seconds, 0.5 M 

HCl solution as a receiving phase and the slow stirring intensity of 200 rpm. 

 
         Li et al [48] studied the transport of cadmium (Cd 2+) ions through liquid emulsion 

membrane. The liquid emulsion membrane consists of trioctylamine (TOA) as a carrier, a 

solution of span 80 in o-xylene and NaOH, as a receiving phase. The mechanism of 

transport of cadmium was discussed; it is based on the association of metal anions with 

TOA molecules at the feed-side interface, diffusion through the membrane, decomposition 

of the complex at the strip-solution-side membrane interface under alkaline condition, and 

back-diffusion of TOA molecules. The optimum conditions of transport have been found 

0.015 M TOA and 3% (w/v) span 80 in the liquid membrane, and 0.025 M NaOH in the 

stripping solution. The results experimental work clarifies that: - 

         The NaOH in the stripping solution, when the composition of emulsion was fixed, an 

increase in the hydroxyl ions results in faster decomposition of the cadmium complex and 

removal of protons from the amine molecules, thus resulting in higher extraction. However, 

it has been observed that above a concentration of 0.1 M NaOH, the extraction of cadmium 

decreased. This may be because the CdI4
2- precipitated Cd(OH)2 at higher NaOH 

concentration and clogged the membrane.  

         A decrease of the concentration of TOA decreased the extraction of cadmium, when 

the concentration of TOA was < 0.005 M, the transport of cadmium would decrease with 

transfer time, the reason was that less H + was transported into the stripping solution by 

TOA, cadmium precipitated Cd(OH)2. In experiment 0.015 M TOA was selected for a 

rapid and complete transport of cadmium.  

         Both the stability of the emulsion and the viscosity of the liquid membrane were 

altered by the proportion of surfactant in the organic phase. An increase in the 

concentration of span 80 (surfactant) increased the stability of the emulsion; however, the 

extraction of cadmium decreased. When the concentration of span 80 was less than 2% 
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(w/v) in the organic phase, the LEM was easy to break as transfer time increased. A 

concentration of 3% (w/v) in the organic phase resulted in good extraction and stability. 

 

          Surekha, et al [20] studied the recovery of americium (III) (Am3+) from low acid 

solutions using a liquid emulsion membrane. The liquid emulsion membrane (LEM) 

containing PC-88A (2 ethylhexylphosphoric acid -2-ethylhexyl monoester) as the carrier 

extractant and span 80 as the surfactant, various stripping agents evaluated as the internal 

phase, 0.1 M oxalic acid was found to be the most effective. Their study has shown that:-                 

The mechanism of Am3+ transport through the liquid emulsion membrane includes the 

following basic steps: (1) Am3+ diffuses from the external phase (EP) to the boundary of 

the LEM phase; (2) Am3+ forms a complex with PC-88A at the EP–LEM interface; (3) the 

complex diffuses inside the LEM; (4) Am3+ is stripped at the internal phase (IP); (5) PC-

88A diffuses from the IP through the LEM to the LEM–EP interface to form a complex 

again with Am3+.  

          Increasing the oxialic acid concentration to 0.5M led to higher extraction rate but 

lower emulsion stability. Hence, all subsequent studies, 0.1M oxialic acid were used as the 

stripping in the internal phase.  

           It be noted that pH values of external phase > 5 were not used this study in view of 

possible hydrolysis of Am (III). The results indicate most efficient mass transfer at pH 

value equal to 2.0.  

         Different PC-88A concentration was studied using 2%, 5%, 10% and 20% PC-88A in 

n-dodecane used as the extractant. The transport rate increased with increasing PC-88A 

(extractant) concentration. However, the PC-88A concentration can not be increased 

indefinitely as the emulsion stability decreased with increasing PC-88A concentration. 

When 20% PC-88A was used, the emulsion breaking was observed automatically even 

before 60 min.  

          The results indicated that, increasing of surfactant concentration from (1.0–5.0%) 

decreased the Am (III) extraction efficiency. It appeared that with increasing surfactant 

concentration the kinetics of extraction may be affected. Though maximum transport 

efficiency was observed for 1.0% span80, the emulsion was not stable and disintegrated 

after 20 min. Therefore, all experiments were carried out using 2% span80 as the 

emulsifying agent.  
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         The results indicated that, increasing the internal phase volume and concentration of 

oxalic acid (0.5 M or above) in the IP had a detrimental effect on the emulsion stability. 

Similarly, the emulsion was also not stable when the surfactant concentration was low 

Attempts to make emulsion with 0.5% span80 were not successful and that made with 1.0% 

span80 yielded limited stability. The stability of the emulsion was found to be good up to at 

least 2 .0 hours. 

        The external phase to emulsion volume ratio was varied in the range 2–50 and the 

results indicated that, the mass transfer rate was faster in case of low volume ratios. The 

maximum mass transfer rate occurs at volume ratio 2.0. 

 
         Kalhor et al [58] studied the recovery of penicillin G by a liquid emulsion membrane 

under various operational conditions in a batch system. span 80 (sorbitan monooleate), 

TOA (Trioctylamine) and a mixture of n-butyl acetate and paraffin were used as surfactant, 

carrier and diluent, respectively. The obtained results from the experimental work as the 

following:-  

         The emulsion drop size decreased as stirring speed was increased. Thus, initial 

extraction rate increased with stirrer speed increasing. Finally, the leakage rate equated to 

permeation rate after 25 min. However an optimal stirrer speeds was found 300 rpm. 

         The higher the initial concentration of penicillin G, the higher was the initial 

extraction rate. However, at initial concentration of penicillin G equal to 35.0mmol/dm3 the 

degree of extraction did not increase after 30 min because most of the internal droplets 

were saturated with penicillin G. Therefore, the best initial penicillin G in the external 

aqueous phase was found at 20mmole/dm3. 

         When the concentration of surfactant increases the emulsion becomes stable but at 

high surfactant concentration, because of swelling and breakage of emulsion, the degree of 

extraction after 25 min was decreased. Thus, the optimal surfactant concentration was 

selected at 8 (%w/w).  

         Initially TOA reacted with penicillin acid anion, at the interface between the external 

and membrane phase to form the complex. The degree of penicillin G transferred increased 

with increasing of TOA concentration, because of a higher driving force at interface 

between external and membrane phase to internal and membrane phase. Also, the higher 
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concentration of TOA swelling may be occurred in membrane. Therefore, the optimal 

concentration of TOA was selected as 20 mmole/dm3. 

         Higher extraction rate were observed at high volume ratio of membrane phase to 

external phase. Thus an optimal volume ratio of membrane phase to external phase was 

selected at 35:200. Eventually, Extraction rate was nearly 95% and a concentration greater 

than 12.67 times of the initial concentration of penicillin G in the external phase was 

obtained in the internal phase. 

 
         Bouranene, et al [12] studied the applicability of the liquid emulsion membrane (LEM) 

process for the removal and the concentration of lead and cobalt, The selected membrane 

used in their work, is constituted of an extractant, that is HDEHP (di-2 

ethylhexylphosphoric acid), several surfactants have been tested such as the span 80 

(monolaurate of sorbitan). The results show the following:-  

         The lowest breaking rate of emulsion occurring at the optimal conditions as follows:  

rotating speed of the transfer step = 250 rpm, sulphuric-acid concentration = 0.5 mol/L, 

emulsification rotating speed = 2000 rpm, emulsification time = 5 min, the diluent is 

dodecane, and the temperature = 25 °C. 

         The surfactant chosen span80 is an efficient surfactant enhancing the formation of 

stable emulsion water in oil even at low concentration with a breaking rate equal to 1.07% 

for a contacting time of 6 minutes. The kinetic of extraction of the two metals is very quick 

which reduces considerably the swelling up phenomena of the membrane by osmosis. After 

1.0 minute, the extraction efficiency of cobalt at pH 4.6 is 99.15%. For a contacting time of 

3.0 minutes, the extraction efficiency of lead is 98.13% at pH 4.0.  

         

         Valenzuela, et al [67] studied the removal of copper (II) ions from a residual mine 

water using a liquid emulsion membrane (LEM). The membrane was prepared by 

dissolving the extractant LIX-860 (a salicylaldoxime), and span 80, a surfactant .Internal 

aqueous phase sulfuric acid solution. The experimental results indicated that the extent of 

metal extraction is independent of the volume ratio Vorg (the organic solution) / Vaq (the 

stripping phase) ratio when a ratio greater than 2.0 is used. It was also found that the initial 
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extraction rate was inversely proportional to the hydrogen ion concentration in the external 

aqueous feed solution.  

         The experimental results indicated that, the higher stirring speed of the double 

emulsion, the smaller the size of the emulsion droplets, therefore was increasing the 

interface area of the extractant /metal reaction. Nevertheless, a maximum limit to raise this 

variable must be considered. An excessively high stirring speed produced coalescence, and 

finally breakdown of globules, turning the primary emulsion unstable.  

        The experimental results indicated that, the concentration range of surfactant used in 

this experimental design produced an efficiently stabilized membrane. However, it did not 

have an effect on the metal transport. The use of an unnecessarily high content of the 

surfactant produces lower metal extraction due to the generation of higher interfacial 

resistance.  

         The experimental results indicated that, the initial extraction rate varies inversely with 

the change in hydrogen ion concentration. However, this effect is more noticeable at lower 

pH values, the influence being seen to a smaller degree in the high pH range. In 

experimental runs carried out at lower pH range in the feed solution and at lower extractant 

content in the emulsion phase, reasonable agreement was obtained between the values 

calculated from the diffusion model and those found experimentally, validating the 

theoretical assumptions made to explain the transport of metal through the LEM.  

 

         Chiha, et al [17] studied the batch extraction of chromium (VI) from sulphuric acid 

aqueous solutions using a liquid emulsion membrane (LEM). Effects of various parameters 

were studied. The membrane phase consists of tributyl phosphate, as extractant, span 80 as 

surfactant and NaOH solution as the internal aqueous phase. The results show that, the 

emulsion breakage decreases with the increase of the emulsification speed. The internal 

phase droplets are small, having diameters of about 1.0–10 µm. A emulsification speed of 

5000 rpm is considered optimal with a breakage of 0.2%.  

         At stirring speed 250 rpm gives a lower percentage of breakage. When the level of 

agitation is decreased (<250 rpm), the size of the emulsion globules increases and the 

interfacial area available for mass transfer decreases. Increasing the speed of agitation 
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above a critical value (250 rpm) not only affects the stability of the emulsion but also does 

not increase the extraction efficiency considerably. 

         The results show that, the breakage is great with decreases of emulsification time, 

because the droplets have a large size, which is conducive to their coalescence. The lower 

breakage is obtained for an emulsification time of 5.0 min. 

         When the stripping internal phase concentration (NaOH) increases, the stability of the 

emulsion decreases, concentration of the internal phase (NaOH) giving the weakest 

breakage (0.1 M) was chosen in this study. 

         Increasing the amount of carrier leads to a decrease of the stability of the emulsion, a 

very high content of carrier in the membrane does not result in a benefit due to the increase 

in viscosity, which leads to larger globules. The best value of the carrier concentration was 

found to be about 20% (w/w). 

         The amount of surfactant in the membrane must be minimal, but it must be enough to 

stabilize the emulsion. Results indicate that nonylphenol polyoxyethylene gives higher 

breakage values whereas span 80 leads to lower break-up of the emulsion. Consequently 

span 80 was chosen as surfactant in this study. It is known that the increase in the 

concentration of surfactant does not favor extraction kinetics. The optimum span 80 

concentration was taken as 5% (w/w).  

         The volume ratios of the membrane phase to stripping phase were varied between 0.2 

and 1.6. It is evident that the increase of volume ratio of the organic phase to aqueous 

internal phase leads to an increase of the stability of the emulsion. The optimum ratio of 

organic phase to internal aqueous phase was taken to be 1.6. 

         It is evident that the increase of volume ratio of emulsion to aqueous external phase 

leads to an increase of the emulsion breakage. Indeed, with an increasing volume ratio, the 

swelling phenomenon becomes remarkable. Therefore, from an economic standpoint, it 

seems that the optimum volume ratio of emulsion to the external aqueous phase is 0.2. 

 
         El-Reefy, et al [24] studied the assessment of liquid emulsion membrane for clean up 

of aqueous waste effluents from hazardous elements. Four liquid emulsion membrane 

(LEM) systems are given to remove different hazardous elements such as uranium, 

thorium, cobalt, copper, lead, and cadmium from different aqueous waste effluents. The 
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results obtained from such studies are summarized in the following table. The different 

LEM systems employed are summarized in Table (2.1). 

 

Table (2.1) Different LEM Systems Employed 

 

          
         Sengupta, et al [60] studied the extraction of copper from aqueous sulfate media into 

LEMs using the extractant LIX 984N-C (an equal-volume mixture of LIX 860N-IC (5-

nonyl salicylaldoxime) and LIX 84I-C (2-hydroxy-5-nonyl-acetophenone-oxime)). The 

results of this study showed that, the membranes with LIX 984N-C can be used even at pH 

values as low as 1.0 to achieve more than 80% recovery of copper. The results obtained, 

when the surfactant concentration was 1.0%, there was severe membrane rupture, but 
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increasing the surfactant concentration to 3.0% resulted in a stable membrane throughout 

the duration of the experiment with negligible leakage at stirring speed of 160 rpm. Further 

increasing the surfactant concentration to 4.7% gave similar extraction rates but there was 

significant swelling of emulsion.  

         Preliminary studies showed that a stirring speed of 150 rpm was necessary to keep the 

emulsion in a dispersed state. Increasing stirring speed to 160 rpm resulted in elimination of 

the surface film while generating a dispersion having spherical shaped globules. Further 

increasing stirring speed to 190 rpm resulted in smaller size globules with larger initial 

rates of extraction and considerable increase in emulsion swelling. So, the stirring speed of 

160 rpm was chosen for all further investigations.  

         It can be seen that an increase in carrier concentration from 5.0% to 7.5% leads to an 

increase in the extraction rate of copper. Further increasing carrier concentration to 10% 

does not show any change and the final amount extracted in all cases remains the same at 

sample time of 45 min. It is seen that there is some evidence of emulsion breakage after 45 

min when the carrier concentration is 5.0%.  

         It was observed that for extraction of copper at pH 2.0 the initial extraction rates with 

a stripping acid concentration of 1.5 M were marginally greater than that obtained with 2.0 

M acid concentration, although the overall extent of extraction in both cases were the same.             

         Different copper concentration in the feed phase was investigated at feed 

concentrations of 497 mg/l and 1900 mg/l using two LEM systems—one containing LIX 

984N-C as carrier and the other with LIX 84 as carrier. It can be seen that for LEMs 

containing LIX 84 there exists, a wide gap between the extraction curves obtained for the 

two feed concentrations, while for LEMs containing LIX 984N-C the extraction 

performance did not decline in spite of a fourfold increase in the feed concentration. 

 
         Pfeiffer, et al [57] studied the leakage and swell in liquid emulsion membrane 

systems: batch experiments. Internal phase was prepared with LiOH and deionized water. 

Membrane phase was prepared using paranox 106 in kerosene. The external phase was 

deionized water. The results of this study showed that, the internal phase leakage, which the 

average values of experimental internal-phase leakage as a function of time and the 

internal-phase leakage values were greater than 1.0%. Leakage values that increase with 
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time and have a small initial leakage rate. Several, but not all of the runs show a 

qualitatively nonlinear leakage behavior with time.  

         The variables influence emulsion swell in a more complicated way, but in all cases an 

increase in extraction vessel stir rate results in an increase in emulsion swell. The results 

show a range of emulsion swell from about zero to nearly 90%. The emulsion swell data 

can be interpreted in terms of a physical mechanism for emulsion swell. There is an 

osmotic-pressure driving force for water transport into the emulsion from the external 

phase. In our experiments, variations in osmotic-pressure driving force due to differences in 

internal-phase lithium hydroxide concentration. A higher osmotic-pressure difference is 

associated with the higher level setting for surfactant concentration. The surface area for 

water transport into the emulsion phase increases with the level setting for extraction-vessel 

stir rate and decreases with the level setting for membrane type (due to the lower viscosity 

of the low-level membrane setting). High values of internal-phase leakage are associated 

with higher values of emulsion swell. However, high values of emulsion swell are not 

necessarily associated with high values of leakage. Increasing surfactant concentration 

tends to stabilize the emulsion with respect to internal-phase leakage; it also tends to 

increase the amount of emulsion swell. 

 
            Kulkarni, [42] studied the recovery of uranium (VI) from acidic wastes using tri-n-

octylphosphine oxide and sodium carbonate based liquid membranes. Acidic wastes 

containing low concentrations of uranium are generated during uranium purification and 

processing. The liquid emulsion membrane consists of tri-n-octylphosphine oxide (TOPO) 

in paraffin as a carrier, span 80 as a surfactant and sodium carbonate as a stripping agent. 

The waste, having a composition of nearly 600 ppm U(VI), 360 ppm Fe(III), 325 ppm 

Ca(II), 390 ppm Mg(II) at an acidity of 1.2M HNO3, was used as the feed phase. The 

results of this study show that, the viscosity or thickness of the membrane determines the 

rate of transport of uranium. It was found that increase in viscosity of membrane increases 

the stability of emulsion and hence percentage extraction of uranium. But increase in 

viscosity of LEM lead to decrease extraction of uranium due to resistance of the emulsion 

to mass transfer.  
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         It was found that, the extraction of uranium increases with the increase in 

concentration of TOPO. It is that, after 6.0 min decreasing in extraction of uranium occur 

due to leakage of uranium from internal phase to the external phase. It was also observed 

that change in concentration of TOPO did not affect the stability of emulsion.  

         A highly acidic waste is causing problems on the emulsion stability as well as on the 

extraction and stripping of uranium; hence, it was decided to neutralize some of the acid 

using caustic. Therefore, feed phase acidity was lowered from original 1.2– 0.1 M. It was 

observed that decrease in acidity of the feed phase increases the extraction of uranium up to 

0.3M of the acidity. Further decrease in acidity of the feed phase resulted the precipitation 

of Fe has started. So, it is very important to maintain the acidity at  

0.3 M. The internal phase solution always plays a critical role on the stability of emulsion 

and recovery of a metal. The increase in phase concentration increases the permeation rate 

of solute, but, it also invites more water transfer and leads to instability of membrane. It 

was found that final stripping of uranium increases as sodium carbonate concentration was 

increased from 0.1 to 0.75 M. 

 

          El-Sayed, [23] studied the uranium extraction from sulfate leach liquor using aliquat-

336 in a liquid emulsion membrane process, the organic phase in the working LEM was 

composed of methyl trioctyl ammonium chloride 0.02 M commercially known Aliquat 336 

[(C8 H17)3NCH3Cl]  with 5% span 80 in kerosene as diluents. The internal phase was 

composed of 1.0M Na2CO3 aqueous solution. The results are given uranium has re-

migrated from the internal phase to the external phase, most probably due to breakage of 

the liquid membrane phase which is related to the acidity of the external phase.  

         It is observed that, the increasing of uranium concentration in the external phase 

required longer time for complete uranium extraction under the experimental conditions 

used.  

         The results are showed that, the extraction rate of uranium increase with increasing 

the mixing speed, and the size of the emulsion globule dispersed in the external phase 

decreases. At the same time, the rate of the breakdown of the emulsion increases. 

 

        Chakraborty, et al [18] studied the mathematical model for batch extraction of 

copper(II) and nickel(II) with liquid emulsion membrane from a dilute sulfate solution 
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containing equal amounts of both metal ions using di-(2-ethylhexyl) phosphoric acid 

(D2EHPA) as extractant and hydrochloric acid as stripping agent. Batch experiments were 

performed for the separation of copper (II) and nickel (II) from an aqueous sulfate solution 

of initial concentration in the range of 100 to 75 mg/l. 

         The model considers a reaction front to exist within the emulsion globule and 

assumes an instantaneous and irreversible reaction between the solute and the internal 

reagent at the membrane–internal droplet interface. The equations given as follows show 

the extraction and stripping reactions of copper (II) and nickel (II) occurring in an LEM 

process, (assuming the extractant = RH) as the following equations.  

  

1- Formation of the complex: 

+

222

+2 2H + (HR)CuR  2(HR) +Cu ⇔                                                              

+

222

+2 2H + (HR)NiR  2(HR) +Ni ⇔                                                                 

2- Stripping reactions: 

2

+2+

22 2(HR) +Cu  2H + (HR)CuR ⇔                                                              

 2(HR) +Ni2H + (HR)NiR 2

+2+

22 ⇔                                                             

         

         It was observed that the permeation rate of copper (II) and nickel (II) were extremely 

high at higher feed pH and extremely low at lower feed pH. However, when the solution 

pH was reduced from 5.5 to 3.5, the permeation rate of nickel (II) decreased substantially 

but the permeation rate of copper (II) was still higher. Again, at lower a pH (< 1), the 

permeation rate of copper (II) and nickel (II) was very low. So, it was difficult to separate 

copper and nickel at higher (>5.0) and lower (< 1.0) pH. It was established that at pH 3.5, 

recovery of copper (II) and nickel (II) is 90% and 46%, respectively. It is not yet clear why 

nickel exhibits a high increase in resistance of interfacial reaction at a pH 3.5 of exterior 

solution compared to that of copper. 

         It is found from the results that, the fraction of solutes copper (II) and nickel (II) 

extracted were higher with a lower initial external phase solutes concentration. However, it 

was found that the time taken by the complex to reach the center of the emulsion globule 
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remained almost unaffected and was only marginally higher with a lower initial external 

phase solute concentration.  

         It is evident that a variation in the concentrations of stripping phase acid does not 

effect the removal of copper (II) and nickel (II) at the beginning of the process. However, 

toward the end of the process, extraction was more effective when a more concentrated 

stripping acid was used. This was because at the beginning of the process extraction into 

the membrane phase is independent of the composition of the stripping phase and is mainly 

controlled by continuous phase resistance. But at the later stage, owing to high  

concentration in the stripping phase, the reaction rate in stripping phase was more than the 

reaction in membrane phase.  

       El-Reefy et al. [25] investigated the permeation of thorium from HCl medium using 

liquid emulsion membrane (LEM) containing HDEHP in cyclohexane as carrier, 

polyethylene glycol dioleate as surfactant and HCl as stripping solution. The different 

parameters affecting the permeation of thorium through the LEM were studied and the 

factors affecting the permeation rate were evaluated. A method for separation of thorium-

234 from its parent uranium was developed based on the investigated system. 

         Kasaini et al. [40] studied recover of cobalt II ions from a dilute sulphate solution 

containing equal amounts of nickel II ions (0.16 g/l) by applied the liquid emulsion 

membranes. The liquid emulsion membranes containing 2-ethylhexyl phosphonic acid 

mono-2-ethylhexyl ester (PC-88A), we focused on the study to develop an effective 

technique to recover cobalt as a target metal. It is found that polyamine (PX 100) 

membranes allow better permeation rates of cobalt ions than sorbitan monooleate (span 80) 

membranes. The permeation rate of Co II was found to increase proportionately with feed 

pH while for Ni II, it decreased substantially at pH above 5.5 indicative of slower 

interfacial reaction rate. 

2.2 Industrial applications of liquid emulsion membrane 

         Bock et al. [8] and Hayworth et al. [34] reported on the application of LEM 

technology to the recovery of uranium from wet process phosphoric acid. The organic 

phase of LEM consisted of a mixture of HDEHP and TOPO as carriers and a 
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pipsapolyamine surfactant in a paraffinic aromatic hydrocarbon solvent. The aqueous 

internal phase of the emulsion containing a stripping solution of phosphoric acid with a 

reducing agent capable of producing U4+ from U6+. The authors concluded that, the 

economics of the liquid membranes process were superior to solvent extraction where the 

economic study was based on data from a 0.06 m3/h continuous pilot plant operated in 

South Pierce, Florida. Single and two stage counter-current experimental runs were used to 

confirm a three counter-current extraction design capable of greater than 90% recovery 

with a 6 g/l internal phase uranium concentration. The operating cost estimate for LEM 

plant was $ 40.2 /kg compared to $ 55.2 - 56   /kg    U3O8 for conventional solvent 

extraction. 

          Frankenfeld et al. [27] reported a similar study on the recovery of copper with LEM 

technology. The LEM used had a typical hydrocarbon phase formulation of 2.0 % nonionic 

polyamine surfactant, 2.5 % beta hydroxyoxime carrier. The internal aqueous phase of the 

emulsion was approximately 20 % H2SO4. Using a basis of a 2.7 X 107 kg Cu / year plant, 

it was estimated that the liquid membrane plant would save 40% in capital costs with nearly 

identical operating costs. 
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Chapter 3: Experimental work 

 

         Batch experimental technique of liquid emulsion membrane is designed to carry 

out this study. This technique is tested at the laboratory existent at atomic energy 

authority. The chemicals and equipments used are as the following:- 

 

3.1 Chemicals. 

         All solutions were prepared from analytical grade chemical reagents and were 

used without further purification. All solutions were freshly prepared using distilled 

water. Table (3.1) the chemicals and reagents used are given together with their label 

and specification.  

 

Table (3.1) Chemicals and agents 

 

 

Chemical Name Formula Purity 

Di (2-ethylhexyl)-  phosphate  (HDEHP) C16H35 P O4 A.R 

Tri-butyl phosphate (TBP) C12H27 P O4 A.R 

Span 80 (Sorbitan monooleate) C24H44O6 A.R 

Span 20 (Sorbitan monolaurate) C18H34O6 A.R 

Span 85 (Sorbitan trioleate) C60H108O8 A.R 

Hydrochloric acid HCL A.R 

Sulfuric acid H2SO4 A.R 

Sodium hydroxide  NaoH A.R 

Benzene C6H6 A.R 

Arsenazo-III C22H16As2N4Na2 A.R 

Yellow dye Acid dye A.R 
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3.1.1 Span 20. 

         Span 20 is the organic synthetic agents, liquid, insoluble in water, molecular 

weight 346 and the density 1.0 g/cm3 (20oC). Figure (3.1) depicted the structure of span 

20.  

 

Figure (3.1) structure of span 20 

    

 3.1.2 Span 80. 

          Span 80 is the organic synthetic agents, liquid, insoluble in water and the density 

0.994 g/ cm3 at 20 °C, molecular weight 428.61. Use as a w/o emulsifier, in oil field 

chemicals, in coatings and textiles. Figure (3.2) depicted the structure of span 80. 

 

 

Figure (3.2) structure of span 80 
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3.1.3 Span 85. 

        Span 85 is the organic synthetic agents, liquid, insoluble in water, molecular 

weight 967.5 and the density 0.95 g/cm3 (20oC). Figure (3.3) depicted the structure of 

span 85. 

 

Figure (3.3) structure of span 85 

 

3.1.4 Bis (2-etylhexyl) phosphate (HDEHP). 

         Bis(2-etylhexyl)phosphate (HDEHP) is one of the acidic extractants, which has 

found extensive applications for the separation of lanthanides and rare earth elements 

from fission products. It is the most widely used reagent because of its chemical 

stability, low solubility in aqueous solution and good loading and stripping 

characteristics. It is a viscous liquid with a specific gravity of 1.038 and molecular 

weight of 322.3. It is insoluble in water but exceedingly soluble in organic solvents, 

Figure (3.4) depicted the structure of Bis(2-etylhexyl)phosphate (HDEHP) [49]. 
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Figure (3.4) HDEHP molecule 
 

3.1.5 Tri- butyl phosphate (TBP). 

         Tri-butyl phosphate (TBP) is one of the acidic extractants, and the purification of 

crude uranium from its ores at plant-scale using tri butyl phosphate (TBP) started in the 

early 1950s in Canada and in the UK, then in the US in 1953. Today, TBP extraction 

technology and processes are applied word-wide for uranium and thorium purification. 

It is the most widely used reagent because of its chemical stability, low solubility in 

aqueous solution and it is viscous liquid. Eventually, the chemical and physical data of 

TBP, molecular weight 266.32, density 0.97 g/cm3 at 20 °C and degree of purity 100 %. 

Figure (3.5) depicted the structure of TBP. 

 

Figure (3.5) TBP molecule 

 
Acidic extractants operate by the cation exchange of hydrogen ions for the selected 

cations. A general equation for the reaction of an acidic extractant with a metal follows:  

 

                                         (3.1) 

Where Mm+
 is the metal ion of interest, HX is the acidic extractant molecule, and the bar 

over the top denotes organic phase species. Here (m) provides the number of protons 

exchanged between phases and the stoichiometry of the extracted molecule, and is 

based on the charge of the metal cation [4]. 
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3.2 Instrumentation 

         All samples in this work were weighed using an analytical balance produced by 

Precisa-205A, having maximum sensitivity of 0.0001 g and accuracy of ± 0.01 mg.  

         The hydrogen ion concentration of the different solutions was measured accurately 

using a digital pH meter of the type (Hanna instruments, pH 211 – Italy), with an error 

of ± 0.01.   

         The liquid emulsion membrane system used consisted of a glass vessel with an 

internal diameter of 7.0 cm and height of 12.0 cm, and the permeation was performed at 

25 ± 1 oC . 

      Aqueous and organic solutions were shaken in a flask immersed in a thermostatic 

water bath of the type Kottermann D-1362 Uetze-Hanigsen (Germany). Complete phase 

separation was attained using a filter paper. 

 

3.3 Liquid – Liquid Extraction investigation. 

         Two liquid are placed in the thermostatic water bath and shaken to increase the 

surface area between the phases. Two liquid are immiscible, they form two layers, with 

the denser phase on the bottom. When the extraction is complete, the liquids are 

allowed to separate, with the denser phase settling to the bottom of the separatory funnel 

[33]. 

  

3.4 Procedures of extraction equilibrium. 

  Equal volumes from the organic phase of the investigated extractants and an 

aqueous phase containing the investigated elements (uranium ions) were shaken 

mechanically in a water bath adjusted at 25 ± 1 oC. Preliminary test in experiments 

showed that, 30 min. was enough to reach equilibrium for all the studies of uranium. 

The concentration in the organic phase was calculated by mass balance. The distribution 

ratio (D) for each sample was calculated as the concentration of metal in the organic 

phase divided by that in the aqueous phase. 

 

D = Σ [M]org / Σ [M]aq                                                  (3.2) 
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3.5 Membrane Preparation 

         In general and unless otherwise stated, the LEM used was prepared by mixing 25 

cm3 of the organic extrcatant with span 80 as a surfactant in benzene as a diluent. To 

this mixture 25 cm3 of the stripping aqueous phase solution, was added, as shown in 

Figure (3.6). The emulsification was performed with an ultra high-speed homogenizer 

DIAX 900 Heidolph Instruments, Germany, speed range 8000 – 26000 rpm, as shown 

in Figure (3.7).  

The liquid emulsion membrane was then poured into the acidic external aqueous 

phase containing uranium ion to be extracted, The LEM system was stirred with a 

magnetic stirrer of the type cole palmer (USA) of variable speed range from 100 to 

1300 rpm, and all experiments were carried out at a stirring rate of 500 rpm and at 25 ± 

1 oC. Samples were taken from the external aqueous phase for analysis; the extraction 

percent of uranium was also calculated using Equation (3.3). 

 
Extraction percent of uranium = {(Co – Crem.) / Co} *100         (3.3) 

 

Where: Co is the initial concentration of uranium ions in feed phase. 

           Crem is the remaining of uranium ions in the feed phase. 
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Figure (3.6) Preparation of Liquid Emulsion Membrane  
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Figure (3.7) Ultra High speed Homogenizer, DIAX900       

 

3.6 Stability of Emulsion Membrane. 

         The water in oil (W/O) emulsion membrane initially containing high concentration 

of yellow dye in the internal aqueous phase was prepared. The yellow dye was used as a 

breakage indicator, which has no interaction with both organic and aqueous molecules. 

Twenty cubic centimeters of the (W/O) emulsion were dispersed in 100 cm3 feed 

solution by stirring at 500 rpm for 30 minutes by magnetic stirrer. After separation of 

emulsion phase separatory funnel, the yellow dye concentration, which leaked from the 

internal aqueous phase to the external aqueous phase, was measured by 

spectrophotometrically. The percentage of leakage (%) was determined using the 

following Equation (3-4): 

:  

                   Leakage (%) = (Cext. / Cin,maxt) * 100                                         (3-4) 

Where: Cext: is the concentration of yellow dye leaked from the internal phase to the 

external phase. 
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Cin,maxt: is the max concentration of yellow dye in the external aqueous phase,   when all 

yellow dye leaked from internal  aqueous phase to external aqueous phase. 

 

3.7 Analytical Techniques. 

The concentration of uranium ions in the aqueous phase was determined 

spectrophotometrically using a Shimadzu UV-visible spectrophotometer model UV-

1601 (Japan), which is installed at the laboratory existed Nuclear Research Center, 

Egyptian Atomic Energy Authority, in all measurements, two matched 5.0 cm3 quartz 

cells with path length of 1.0 cm were used for the sample and blank, shown in Figure 

(3.8). The spectrophotometric determination of uranium based on the reaction between 

Arsenazo III with uranium (VI) in acidic medium giving a green – blue complex. The 

peak of Arsenazo III-uranium (VI) complex is obtained at λ = 665 nm. The absorption 

spectra of the reagent (Arsenazo III) and its uranium ions complex and the calibration 

curve are shown in Figures (3.9) and (3.10) respectively. 

 

 

 

Figure (3.8) UV-visible spectrophotometer 
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Figure (3.9) Absorption spectra of Arzenazo III and its Uranium 

complex  
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Figure (3.10) Calibration curve of uranium 
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Chapter 4: Results and Discussions 
 
 

         Peaceful applications of nuclear energy produce different types of waste, so, 

there increasing concern about hazardous waste disposal due to the problem of 

seepage and possible contamination of ground water. Radioactive liquid waste 

contains very dangerous pollutants. In the nuclear industries, liquid wastes are 

always expected to contain radioactive material such as uranium ion. This work 

was concerned with the removal of uranium from aqueous waste (radioactive 

liquid waste) by liquid emulsion membrane (LEM) technique. The liquid waste is 

generated from typical MTR fuel manufacturing plant. Figure (4.1) showed the 

flow diagram of radioactive liquid waste generated from typical MTR fuel 

manufacturing plant. It is clear from this figure that, the high concentration of 

radioactive liquid waste is generated from the wet (conversion) processes. Table 

(4.1) and Figure (4.2) illustrates the chemical analysis of high concentrated 

radioactive liquid waste generated from the typical MTR fuel manufacturing 

plant. 

 

Table (4.1) Analysis of liquid waste 

 6 5 4 ٣ 2 1  

Unit Na  Ca  Mg  Cd  Co  U  Metal ion 

ppm 4.706 0.085 0.0 0.42709 0.0312 333.6 Concentration 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
٥١

 

 

 

 

 

 
 
 
 

Figure (4.1) the flow diagram of radioactive liquid waste 
generated from typical MTR fuel manufacturing plant 
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Figure (4.2) the analysis of high concentrated radioactive liquid 

waste generated from the typical MTR fuel manufacturing plant. 
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         It is clear from Figure (4.2) that, the uranium ions is the main contaminants 

in the radioactive liquid waste. Effective separation, concentration, purification 

and removal of uranium ions from radioactive liquid waste are one of the main 

challenging tasks in nuclear industries. It is always desirable to recover uranium 

ions from radioactive liquid waste solution not only for its strategic value as a fuel 

for nuclear reactor but also to meet stringent discharge standards. The removal of 

the uranium ions under investigation was studied based on the use of mixing of 

two different extractant such as TBP (Tri-butyl phosphate) and HDEHP (Di-2 

ethylhexyl phosphate) which are selective for uranium ions. Batch experiments of 

liquid emulsion membrane are designed to carry out this study. This technique is 

tested at the laboratory existent atomic energy authority, using waste solution 

generated from typical MTR fuel manufacturing plant. However, proposal for 

future work removal of cadmiums (cd).   

 

4.1 Liquid - Liquid extraction investigation. 

         In this work the liquid – liquid extraction was first examined to identify the 

extraction behavior and suitable conditions for uranium ions extraction from 

aqueous radioactive liquid waste solution using (TBP) as an extractant, (HDEHP) 

as stability modifier and benzene as a diluent. 

       It is to be mentioned that Tri-n-butyl phosphate (TBP) diluted by benzene is 

generally used as extractant for uranium ions using liquid-liquid extraction 

technique. Since in this study, liquid emulsion membrane is considered to be used 

in extraction technique, therefore, Bis (2-etylhexyl) phosphate (HDEHP) is used 

as a modifer with the main extracant Tri-n-butyl phosphate (TBP) in order to get a 

stable emulsion globules. 

         TBP+HDEHP are solvent extraction reagent and are water insoluble. They 

form water insoluble complexes with several metallic cations according to the 

following equation: 

                      M
n+

 + nRH    ↔MRn + nH
+
                                (4.1) 

Where   M
n+

 is the metal ion,   

              RH is the extractant molecule 

              MRn is the uncharged species. 
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The different parameters affecting the liquid-liquid extraction of uranium ions 

were investigated. 

 

4.1.1 Effect of pH on the extraction percent of uranium. 

        The effect of pH value of the aqueous phase containing uranium ions on the 

extraction percent of uranium ions using different percent of extrctants 

(HDEHP+TBP) is studied. It is clear from Figure (4.3) that, the extraction percent 

of uranium ions increases with increasing of pH value from (1.0 to 5.0) and the 

maximum extraction percent of uranium occurs at pH 5.0, for all different percent 

ratios of carriers, except (0.0%HDEHP+100%by volume TBP). Above pH 5.0, 

the extraction percent of uranium decreases with increasing the pH values for all 

ratios, but above pH 7.0 the extraction percent of uranium ions starts to increase 

again. This may be due to the precipitation of uranium in alkaline medium. 

         It is clear too from Figure (4.3) that, improving of TBP performance for 

extraction percent of uranium ions occurs with increasing the volume percent of 

the other carrier HDEHP from (0.0HDEHP to 25% by volume HDEHP), the 

maximum extraction percent of uranium ions occurs using (25% by volume 

HDEHP+ 75% by volume TBP) as carriers.      

4.1.2 Effect of TBP concentration on the extraction percent of uranium, with 

constant concentration of (HDEHP) 0.1M. 

           Figure (4.4) illustrates the effect of TBP concentration on the extraction 

percent of uranium, at pH 5.0. It is clear from this figure that, the extraction 

percent of uranium slightly increases with increasing the TBP concentration and 

the maximum extraction percent of uranium occurred, at TBP concentration 

equals 0.01M. 

4.1.3 Effect of HDEHP concentration on the extraction percent of uranium, 

at constant concentration of (TBP) 0.01M. 

           Figure (4.5) shows the effect of HDEHP concentration on the extraction 

percent of uranium, at pH 5.0. It is clear from this figure that, the extraction 

percent of uranium increases with increasing the HDEHP concentration and the 

maximum extraction percent of uranium occurred at HDEHP concentration equals 

0.005M.  
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Figure (4.3) Effect of pH value on the extraction percent of 
uranium, at constant carrier's concentration (0.1M)  
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Figure (4.4) Effect of TBP concentration on extraction percent 
of uranium  
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Figure (4.5) Effect of HDEHP concentration on extraction 
percent of uranium 
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4. 1. 4 Effect of stripping agents on the stripping efficiency of uranium. 

         Back extraction step is used to remove the uranium ions from the organic 

phase into a suitable aqueous solution by chemical means. The usual procedure 

being to shake the solvent with a volume of water containing acids or other 

reagents under conditions whereby the extracted species is shifted to the aqueous 

phase. The conditions employed depend on the specific extraction under 

consideration; however those conditions exercised to promote the extraction are 

reversed so that the solute will favor the new aqueous phase. 

         Stripping of the extracted uranium ions from their organic phase was 

investigated using different stripping agents. Aqueous solutions of hydrochloric 

acid, sulfuric acid, and sodium hydroxide were tested as stripping agents. Table 

(4.2) and Figure (4.6) illustrate the effect of stripping agent's concentration on the 

stripping efficiency of uranium ions. It is clear from the table and the figure that, 

the hydrochloric acid (HCl), 1.0M is the best stripping agents for uranium ions 

which gives a percent of 69.4%. As mentioned, the reaction may be occurred 

between H2SO4 and the surfactant that involves a reduction in the properties of the 

surfactant that consequently led to a destabilization of the emulsion [34]. 

 

Table (4.2) Effect of different stripping agents on the stripping efficiency 

percent of uranium 

Different stripping agents and 

concentration 

Stripping efficiency of 

uranium,% 

Hydrochloric acid (HCl), 1.0M 69.4 % 

Sulfuric acid (H2SO4), 0.5M 68.3 % 

Sodium hydroxide (NaOH), 0.5M 60.4 % 
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Figure (4.6) Effect of stripping agent's concentration on the 
stripping efficiency percent of uranium 
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4.2 liquid emulsion membrane (LEM) investigation based on 

(25% by volume HDEHP+75% by volume TBP) in benzene 

      The removal of uranium ions from radioactive liquid waste by using the 

liquid emulsion membrane contains (25% by volume HDEHP+75% by volume 

TBP) in benzene as a carrier has been or is investigated. The composition of the 

prepared LEM was chosen based on the results obtained from the aforementioned 

liquid – liquid extraction investigations of uranium ions. Liquid emulsion 

membrane systems (LEMs) or (W/O/W) are made by emulsifying a liquid internal 

phase in an immiscible liquid-membrane phase and dispersing this emulsion in an 

external liquid phase. Droplets of the emulsion are maintained in the external 

phase by agitation. Stability of the liquid emulsion membrane globules is affected 

by different factors such as surfactant type and concentration and hydrophilic - 

lipophilic balance (HLB). 

  

4.2.1 Stability of liquid emulsion membrane based on (25% by volume 

HDEHP+75% by volume TBP).  

         Within the available literature, so far no data were reported for the stability 

of LEM formed from two carrier's mixture. Therefore, the stability of the prepared 

LEM was investigated to assess the system before the separation procedure 

because any breaking of the emulsion globules in the stirring tank causes a 

lowering in the extraction efficiency and a loss of both the internal aqueous phase 

and the extracted species. The degree of extraction of the metal species into the 

internal aqueous phase is highly affected by the degree of LEM stability. The 

LEM globules are stabilized by adding suitable surfactant and suitable surfactant 

concentration, together with, the suitable hydrophilic - lipophilic balance (HLB) 

of surfactant. The stability of LEM was investigated by tracing the yellow dye 

which is loaded in the internal aqueous phase during the LEM preparation and 

detects it in the external aqueous phase.  

         As mentioned before, both the methods of emulsification and membrane 

compositions play an important role to produce stable emulsion globules which is 

associated to droplet diameter of emulsion.  Small droplet diameter tends to have 

better breaking resistance and rapid extraction. If the droplet diameters are too 
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small, the emulsion is very difficult to be broken by any mechanical means. On 

the other hand, large droplet diameters result poor stability and extraction 

efficiency because of low surface size of emulsion. The degree of stability can be 

measured by the leakage percent or by the fraction of leakage "F". The emulsion 

composition used during the stability studies of membrane under investigation 

was the following: - carrier is (25% by volume HDEHP+75% by volume TBP), 

different surfactants and different concentrations of surfactants. The internal 

aqueous phase was HCl, 1.0M, while the ratio of membrane phase to internal 

phase is 1.0, with a stirring speed of 500 rpm; meanwhile the yellow dye was used 

as a tracer in the internal, at room temperature.  

 
4.2.1.1 Effect of surfactant type on leakage percent of LEM, at constant surfactant 

concentration.   

       Surfactants play very important role in the formation and the stability of 

liquid emulsion membrane. The effect of surfactant type on the amount of yellow 

dye leaked from the internal aqueous phase to the external aqueous phase was 

studied. The different surfactants used were span 20, span 80, and span 85 with 

constant concentration. Figure (4.7) showed the leakage percent of LEM against 

time for the different surfactants under investigation. It is clear from the figure 

that, span80 has the highest stability for the emulsion globules. Since, it gives the 

least leakage percent of emulsion globules (9.2%), whereas span 85 showed the 

lowest stability of emulsion globules. So, span80 was chosen as a surfactant in the 

preparation of emulsion globules.  

    

 4.2.1.2 Effect of surfactant concentration (span80) on leakage percent of LEM. 

         The effect of span 80 concentration on the stability of LEM was studied. 

Different span 80 concentrations were used in the preparation of LEM, 2%, 4% 

and 6% (v/v). It is clear from Figure (4.8); that with increasing of the surfactant 

concentration from 2 to 6% (v/v) the stability of emulsion globules increases. This 

result is due to the fact that; as the concentration of the surfactant increases, the 

surfactant will be adsorbed to a greater extent, hence a more compact and more  
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Figure (4.7) Effect of surfactant types on stability of LEM. 
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Figure (4.8) Effect of surfactant (span80) concentrations on 

stability of LEM 
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strongly adsorbed interfacial film of surfactant molecules would be formed. It is 

to be mentioned that, higher concentrations of the surfactant were found to affect 

the permeation rate of uranium ions through the emulsion globules. This is 

because it forms highly viscous globules which decrease the rate of uranium ions 

transport through the viscous stagnant film and also slow down the rate of 

interfacial chemical reaction through LEM between the carrier and uranium ions, 

in addition, no big different of leakage percent of LEM with increasing of span80 

concentration from 4% to 6%. Therefore a concentration of 4% of span80 is 

selected to prepare the liquid emulsion membrane [64].  

 

4.2.1.3 Effect of hydrophilic - lipophilic balance (HLB) on leakage percent of LEM 

        The hydrophilic - lipophilic balance (HLB) system simplifies the choice of 

surfactants to meet emulsion formulation requirements. It based on the balance 

between the hydrophilic and lipophilic proportions which gives each surfactant 

and its functionality. The HLB numbers were introduced on the basis of a 

comprehensive analysis of the properties of a surfactant (dispersibility in water, 

solubility, wetting, emulsion type, etc.). To each surfactant special number of 

HLB, low HLB numbers were ascribed to lipophilic surfactants, while hydrophilic 

surfactants are considered to possess high HLB numbers [59]. In the liquid 

emulsion membrane system, emulsifiers must stabilize the w/o type emulsion and 

not the dispersion of the organic phase in water. This means that emulsifier 

molecules should adsorb at the internal water- oil interface. This preferred 

adsorption at the internal interface and w/o emulsion stabilization can be achieved 

by the use of lipophobic emulsifiers, those characterized by low values of 

hydrophile-lipophile balance. At the higher end of the scale lie hydrophilic 

surfactants, which possess high water solubility and generally act as good 

detergents and stabilizers for o/w emulsion type. Figure (4.9) illustrates the effect 

of the HLB value of the surfactant used on the stability of emulsion globules in 

the stirring tank. HLB values 3, 4.3 and 6 were used in the prepartion the liquid 

emulsion membrane. It is clear that, the HLB value 4.3 give the highest stability 

of LEM. This result due to, at HLB value 4.3, it forms highly strong electrical and 

strict barriers, which prevent coalescence [63].  
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4.3 Performance of liquid emulsion membrane for extraction of 

uranium ions.  

         In the present study the batch extraction of uranium ions from radioactive 

liquid waste has been studied using LEM consists of two mixing extractants (25% 

by volume HDEHP+75% by volume TBP) in benzene. The composition of the 

prepared liquid emulsion membrane was chosen based on the results obtained 

from the aforementioned liquid- liquid extraction investigation and the stability of 

LEM. The parameters affecting the membrane composition, such as effect of 

HDEDP concentration, TBP concentration, HCl concentration, surfactant 

concentration and surfactant types were examined. The parameters affecting the 

operating conditions such as effect of, pH, stirring speed and stirring time on the 

extraction efficiency of uranium were also examined. Moreover, the effect of 

volumetric ratio between LEM and external aqueous phase, preloading of LEM 

globules and also the effect of Hydrophile Lipophile Balance (HLB) on the 

extraction percent of uranium was studied. Figure (4.10) depicted the batch 

extraction system for uranium removal from radioactive liquid waste by the 

prepared liquid emulsion membrane. 
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Figure (4.9) Effect of hydrophile- lipophile balance (HLB) on 

stability of LEM 
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4.3.1 Extraction mechanism of uranium ions by liquid emulsion membrane. 

         The extraction chemistry of uranium ions with Bs (assuming Bs is a carrier 

(25% by volume HDEHP+75% by volume TBP)) had been investigated as the 

following:-This mechanism was built on assumptions of an immobilized hollow 

spherical emulsion globule that assumed a coupled counter current transport. A 

transport of a uranyl ion across the emulsion globule during LEM extraction as 

shown in Figure (4.11) had been investigated as the following basic steps: 

  (i) The uranyl ion diffuses from the external aqueous phase to the boundary of 

the membrane phase.  

 (ii) Uranyl ion forms a complex with carrier (Bs) on the external membrane 

interface. 

(iii) The complex diffuses to the peripheral oil layer of the emulsion globule. 

 (iv)Stripping reaction occurs between a complex compound and stripping agent 

(HCl) when the complex diffuses toward the internal aqueous phase and the 

uranyl ion is released to the internal aqueous phase;  

 (v) Carrier (Bs) diffuses from the internal membrane interface to the external 

interface and forms a complex again with the uranyl ion. 

         The equations exhibiting extraction Equation (4.2) and stripping Equation 

(4.3) of uranium occurring in LEM technology are:  

 

)().(2)(2).()( 32232 ComplexBNOUOseOrganicPhaBphaseaqNOUO SS ⇔+       

                                                                                                (Extraction reaction)           (4.2)                                              

OHBClNOUOHClBNOUO ss 223232 224.)(42).(2 ++⇔+  

                                                                                            (Stripping reaction)                (4.3)                            
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Figure (4.11) Transport of a uranyl ion across the emulsion 
globule 

 

4.3.2.1 Effect of carrier concentration (TBP) on the extraction percent of uranium 

ions, at constant concentration of HDEHP. 

         Figure (4.12) shows the effect of TBP concentrations on the extraction 

percent of uranium ions, at constant concentration of HDEHP. Different 

concentrations of TBP ranging from 0.01 to 1.0M are used. It is clear from this 

figure that, the extraction percent of uranium decreases with increasing of TBP 

concentrations. The maximum extraction percent of uranium (nearly about 100%) 

occurred at TBP concentration 0.01M. the results due to the fact that, increasing 

the amount of carrier leads to a decrease of the stability of the emulsion, this 

behavior is due to the interfacial properties of the TBP that generates the 

formation of a reversed emulsion o/w, which involves the rupture of the emulsion. 

A very high content of carrier in the membrane does not result in a benefit due to 

the increase in viscosity, which leads to decreases of carrier moved through the 
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organic phase; hence decreasing the rate of complexing formation between the 

uranyl ion and carrier on the external interface, then decreasing of uranium 

extraction percent undoubtedly occurred [21,62]. 

    

 4.3.2.2 Effect of carrier concentration (HDEHP) on the extraction percent of 

uranium, at constant concentration of TBP, 0.01M. 

         Figure (4.13) illustrates the effect of HDEHP concentrations on the 

extraction percent of uranium through LEM, at constant concentration of TBP. It 

is clear from this figure that the extraction percent of uranium by LEM decreases 

with increasing of HDEHP concentrations from 0.005 to 0.1M. The maximum 

extraction percent of uranium (nearly about 100%) occurred at HDEHP 

concentration of 0.005M [62]. 

 

4.3.3 Effect of pH of external aqueous phase on the extraction percent of 

uranium. 

         Figure (4.14) illustrates the effect of different pH values of the external 

aqueous phase on the extraction percent of uranium ions by LEM. It is clear from 

this figure that the extraction percent of uranium ions increases with increasing 

the pH value from 1.0 to 5.0, but at pH value 7.5 the extraction percent of uranium 

ions decreases. The results may be due to, at very low pH value the competition of 

H
+
 ion with the uranium ions the membrane feed interface in the external phase 

[64]. At high pH value, the extraction efficiency is low and this is probably due to 

the instability of the emulsion; indeed at pH 7.5, the span80 loses its emulsified 

properties [50]. The optimum pH is of the order of 5.0 for a yield of extraction 

percent of uranium ions nearly about 100%.  
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   Figure (4.12) Effect of TBP concentrations on the extraction 
percent of uranium at constant concentration of HDEHP, 0.005M 
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Figure (4.13) Effect of HDEHP concentrations on the 
extraction percent of uranium at constant concentration of TBP, 

0.01M 
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Figure (4.14) Effect of pH values on the extraction percent of 
uranium at constant concentration of carrier 
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4.3.4 Effect of stripping phase concentration on the extraction percent of 

uranium. 

         Figure (4.15) illustrates the effect of different concentration of hydrochloric 

acid on stripping efficiency of uranium ions in the internal aqueous phase, at 

constant pH 5.0 of the external aqueous phase. It is clear from the figure that, the 

stripping efficiency of uranium ions increases with increasing of HCl 

concentration from (0.1 to 1.0M). Beyond this concentration of HCl the rupture 

rate increased, indeed for 1.5M concentration of acid. This rupture with relatively 

high concentrations of acid in internal phase could be explained by a partial 

hydrolysis of the span80. Products of the reaction would probably degrade the 

emulsified properties of the span80, and destabilize the emulsion generating a 

high rupture rate [9]. The concentration 1.0M in acid of the internal phase can be 

regarded as a limiting concentration not to exceed. It would be selected of the 

operating conditions. 

 

4.3.5.1 Effect of surfactant type on the extraction percent of uranium. 

         Figure (4.16) shows the effect of different surfactants on the extraction 

percent of uranium ions by LEM, at constant concentration of surfactant. It is 

clear from the figure that the span 80 shows the best permeation results on the 

extraction of uranium through LEM. In spite the good results shows of span20 for 

extraction percent of uranium ions, but due to the stability problem, span 80 

shows the best results. The results showed that, the maximum extraction percent 

of uranium ions (nearly about 100%) occurred at using surfactant agent's span 80.  

  

4.3.5.2 Effect of span80 concentration on the extraction percent of uranium. 

         Figure (4.17) shows the effect of span 80 concentration (2, 4 and 6% v/v) on 

the extraction percent of uranium ions using HCl, 1.0M as stripping agent and pH 

5.0.  It is clear from Figure (4.17) that, the extraction percent of uranium increase 

with increasing of span80 concentration from (2, 4% v/v), Beyond this 

concentration of span80, indeed for (6% v/v), the extraction percent of uranium 

ions decreasing.  
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Figure (4.15) Effect of HCl concentration on stripping 
efficiency percent of uranium 
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Figure (4.16) Effect of surfactant types on extraction percent of 
uranium. 
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Figure (4.17) Effect of surfactant (span80) concentration on 
extraction percent of uranium 
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         This results could be explained in a LEM system, a surfactant added as an 

emulsifier in the liquid membrane phase affects not only the stability of the liquid 

membrane but also the swelling of the emulsion globule and the rate of metal 

extraction. So, the increase in the concentration of surfactant does not favor 

extraction kinetics and the amount of surfactant in the membrane must be 

minimal, but it must be enough to stabilise the emulsion. Beyond a critical 

surfactant concentration (4% v/v), the degree of stability becomes approximately 

constant due to the saturation of surfactants at the oil–water interface. Hence, the 

optimum span80 concentration (4% v/v) was the best choice for preparing LEM, 

this agrees with the results of references [60, 21, 17].  

 

4.3.6 Effect of volume ratio of the organic phase to the aqueous internal 

phase on the extraction percent of uranium. 

         The volume ratio is the ratio between the volumes of organic phase to the 

volume of internal aqueous phase (stripping phase).  

 

                 (4.4) 

Figure (4.18) illustrates the effect of different volume ratios (0.6, 1.0 and 1.6) on 

the extraction percent of uranium, at constant pH 5.0.It is evident from the figure 

that, the increasing of extraction percent of uranium with increasing of volume 

ratio from 0.6 to 1.0. Above this ratio of volume ratio the extraction percent of 

uranium ions will be decrease, exactly at the volume ratio 1.6, the results may be 

explained on the basis of the fact that, the increase of volume ratio of the organic 

phase to aqueous internal phase not only leads to an increase of the stability of the 

emulsion but also this may be due to an increase in viscosity of the emulsion and 

an increase in drop diameter. Increase in drop diameter decreases the interfacial 

contact area between the emulsion and the continuous phase and thereby 

decreases the percentage extraction of uranium ions. Hence, the optimum ratio of 

organic phase to internal aqueous phase was taken to be 1.0 to a yield of 

extraction percent of uranium ions nearly about 100% [17]. 
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Figure (4.18) Effect of different volume ratio of organic phase 
to the aqueous internal phase on extraction percent of 

uranium. 
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4.3.7 Effect of LEM to feed ratio on extraction percent of uranium. 

      The effect of liquid emulsion membrane to feed solution volume ratio on the 

extraction percent of uranium was studied, changing the volume of liquid 

emulsion membrane while the volume of the external aqueous phase (feed phase) 

keeping constant. The LEM ratio is defined as the ratio between the volume of 

liquid emulsion membrane and the volume of feed phase, as shown in the 

following Equation (4.5): 

 

                          (4.5) 

           Figure (4.19) depicted the effect of LEM ratios on the extraction percent of 

uranium, at constant pH 5.0. The different ratios used are 10: 100, 20: 100 and 30: 

100 (v/v). It is clear from this figure that, the extraction percent of uranium 

increases with increasing of LEM ratio from 0.1 to 0.2, above LEM ratio 0.2, 

exactly at LEM ratio 0.3 the extraction percent of uranium decreasing. This is due 

to the fact that with increasing the emulsion volume from 0.1 to 0.2 not only the 

number of emulsion globules in the stirred tank increases but also the number of 

active sites on the membrane phase increases which leads to increase the total 

surface area available for the permeation process hence the extraction percent of 

uranium increases with increasing of LEM ratio from 0.1 to 0.2, but with 

increasing the LEM ratio to 0.3, with increasing the swelling phenomenon 

becomes remarkable, fast, and accompanied by a more significant coalescence of 

the internal droplets which leads to decrease of the total size surface area of liquid 

emulsion membrane so, decreasing of extraction percent of uranium occur at high 

liquid emulsion membrane ratio. Therefore, the optimum emulsion to feed ratio is 

of the order of 0.2 for a yield of extraction percent of uranium ions nearly about 

100% [21, 17]. 
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Figure (4.19) Effect of LEM ratio on extraction percent of 

uranium. 
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4.3.8 Effect of LEM preloading of uranium in the inner phase on extraction 

percent of uranium.  

         Firstly, the LEM preloading of uranium ions in the inner phase testing to 

show the maximum uranium ions which could be permeated before membrane 

recycled. In the liquid emulsion membrane process, most of the emulsion leaving 

the settler which separates the emulsion phase from the external phase is recycled 

to the extraction vessel without emulsifying it, and only a small portion of the 

emulsion is emulsified. Therefore, the droplet already containing a considerable 

amount of uranium in the inner aqueous phase is brought into contact with a new 

feed solution. Figure (4. 20) depicted the effect of uranium ions concentration in 

the inner phase on the extraction percent of uranium, at constant pH 5.0. Different 

uranium ion concentration of 700, 1000 and 1300 ppm was used. It is clearly 

observed from Figure (4. 20) that the extraction percent of uranium decreases with 

increasing of uranium ion concentration of the internal aqueous phase from 700 to 

1300 ppm. The experimental work showed that the maximum extraction percent 

of uranium (87%) occurs at LEM preloaded with 700 ppm. From this data, it can 

be conceded that the internal phase of the prepared LEM under study can accept 

more 900 ppm uranium ions. This means that the process can be repeated three 

times with new external phase containing the uranium ions under consideration 

(about 300 ppm in each time) without changing the prepared LEM.    

 

4.3.9 Effect of the Hydrophile–Lipophile Balance (HLB) on extraction 

percent of uranium. 

               Figure (4.21) illustrates the effect of different hydrophilic – lipophilic 

balance value on extraction percent of uranium, at constant pH 5.0. It is clear from 

Figure (4.21) that, the maximum extraction percent of uranium occurs when HLB 

= 4.3, which support the results obtained from the investigation of LEM stability 

at using HLB =4.3. The HLB value 4.3 showed the best stability and performance 

of LEM at extraction of uranium from radioactive liquid waste. On the other hand 

the maximum extraction percent of uranium (nearly about 100%) occurred when 

used span 80 (HLB = 4.3) as surfactant. 

 



 

 

 
٨٣

 

 

 

 

 

 

 

Figure (4.20) Effect of LEM preloading of uranium in the 
inner phase on extraction percent of uranium, at constant 

concentration of carrier 
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Figure (4.21) Effect of hydrophile–lipophile balance (HLB) 
on extraction percent of uranium 
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4.3.10 Effect of stirring speed on extraction percent of uranium 

         The stability of prepared LEM plays an important role on the extraction 

behaviors of uranium ions at high stirring speed. Stirring speed directly influences 

extraction behavior. Formation of emulsion globules is affected by stirring speed: 

Higher stirring speed lead to formation of smaller sized globules, thereby 

increasing the interfacial area between feed phase and the membrane phase, 

leading to an increase in the rates of mass transfer of uranium ions through the 

emulsion globules. On the other hand, the high stirring speed could lead to more 

sheering force which cause globules rupture. Figure (4.22) shows the effect of 

stirring speed on the extraction percent of uranium ions, by liquid emulsion 

membrane, using 1.0M HCl, as stripping agent, volume ratios of organic phase to 

stripping phase of 1.0, LEM ratio to external phase of 0.2 and span 80, of 4% v/v. 

Different stirring speeds 500, 600, 800, 900 and 1200 rpm were used. It is clear 

from the figure that, the extraction percent of uranium increases with increasing 

the stirring speed from 500 to 600 rpm and emulsion globules were stable. It is 

evident too from the figure that, above stirring speed 600 rpm the extraction 

percent of uranium decreases. This is due to the fact that, by increasing the stirring 

speed, the emulsion globules swilling may be ruptured at high stirring, hence, 

spilling the internal stripping phase into the external aqueous phase. Nearly, no 

obvious difference was observed between the extraction behaviors of uranium 

ions by 500 to 600 rpm. Accordingly the stirring speed, of 500 rpm was taken for 

further studies [9, 17, 21, 52].  

 

4.3.11 De-emulsification of LEM 

         To recover the permeated uranium ions from the emulsion globules, a de-

emulsification process was carried out.  In this context, different alcohols were 

tried for breaking up the emulsion globules containing the permeated uranium 

ions: octanol was found to be the most suitable alcohol for this process. This 

brought the aqueous stripping phase containing the uranium ions free from the 

organic components of the emulsion. The data obtained showed that, about 90%of 

the permeated uranium ions were recovered.     
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Figure (4. 22) Effect of stirring speed on the extraction percent of 
uranium ions  
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4.4 Modeling of the permeation process and stability of liquid 

emulsion membrane. 

  4.4.1 Stability of liquid emulsion membrane.          

      The fraction of leakage "F", which is defined as the ratio of the volume of the 

internal phase, which leaks to the external phase to the initial volume of the 

internal phase, was calculated by Equation (4.6): [63, 65] 

 

           F =1-Φ [Cex] / Φ ø [C int,o  ]                                                              (4.6) 

 

Where: Φ  is the volume fraction of the internal aqueous phase in the emulsion 

drop.       

               Φ = VIII / (VII – VIII).                                                                     (4.7) 

 

              φ : is the volume fraction of drops = [(VII + VIII)/VT].                       (4.8) 

             Cex is the concentration of uranium ions in the external phase due to 

membrane break-up. 

            C int,o  is the concentration of uranium ions in the internal aqueous phase. 

Where, the VI, VII and VIII are the volumes of the external aqueous phase (phase 

I), the membrane phase (phase II), and the internal aqueous phase (phase III), 

respectively. 

 

                           VT is the total volume = VI + VII + VIII.                              (4.9) 

 

The droplet size distributions of the W/O emulsion were measured by 

photographic method [42]. Unless otherwise stated the concentration of span 80 

was 4% v/v, stirring speed 500 rpm, the temperature was 298
o
K and the initial 

concentration of uranium in phase III was zero. 

         Different surfactants were tested for investigation of the stability 

prepared membrane. The volumetric rate of leakage νb of the internal aqueous 

phase III to the external aqueous phase I due to membrane break-up obtained by 
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(F) (fraction of leakage) against time (t) as shown in Figure (4.23). Considerable 

leakage was observed when the emulsion was dispersed at the start of the 

extraction when using span 20, span 80 and span 85, it is clear from Figure (4.23) 

that the fraction of leakage F increased linearly with the time. The value of vb was 

calculated as a product of the slope and the volume of the internal aqueous phase 

as shown in Table (4.3). This table and Figure (4.24) shows the plot of the fraction 

of leakage (F) against time using different span80 concentrations, 2.0, 4.0 and 6.0 

% v/v. It is clear that, 4.0% v/v of span80 gives the lowest vb while the 6.0 % v/v 

gives the highest vb. From the data obtained, 4.0 % v/v shows the highest stability 

of the emulsion globules. 

 

Table (4.3) the values of νb at different surfactants types and different 

concentration of surfactant (span 80) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type of surfactant νb (ml/sec) 

Span 20 1.7113×10
-2

 

Span80 4.5×10
-3

 

Span85 0.914×10
-2

 

Surfactant Concentration 

(Span 80) 

νb (ml/sec) 

2% (v/v) 0.55×10
-2

 

4% (v/v) 4.5×10
-3

 

6% (v/v) 6.3×10
-3
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Figure (4.23) Effect of surfactant type on the fraction leakage "F", 

at constant surfactants concentration 4% (v/v) 
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Figure (4.24) Effect of span80 concentration on the fraction 

leakage "F". 
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4.4.2 The permeation of uranium through liquid emulsion membrane. 

         Liquid emulsion membrane (LEM) separation systems are made by 

emulsifying a liquid internal phase in an immiscible liquid-membrane phase and 

dispersing this emulsion in an external liquid. Droplets of the emulsion are 

maintained in the external phase using agitation. Typically, the external phase is 

aqueous and contains uranium ions to be removed by mass transfer through the 

membrane into the internal phase. 

       A general permeation model for the permeation of uranium through liquid 

emulsion membrane using TBP and HDEHP as carriers has been developed. The 

model is based on that previously developed by Teramoto et al. [65], as shown in 

Figure (4.25). The external mass transfer around the drop kA, the rate of formation 

and decomposition of complex at the aqueous /organic interface kf and the internal 

mass transfer of carrier and complex in the W/O emulsion droplet kB and kC 

respectively were calculated. 

        To better understand the transfer mechanism, the transfer sequence needs to 

be examined in more detail. There are actually five steps involved in the transfer 

of certain species through the LEM, and each step has a specific mass transfer 

coefficient. If the transfer is from the external phase to the internal phase, the first 

step is the mass transfer from the external phase to the interface between the 

external phase and membrane phase. This is represented by the mass transfer 

coefficient kA. The second step is the transfer across this interface. The third step 

is diffusion through the membrane phase, which can be represented by the mass 

transfer coefficient kC and kB. The fourth step is the transfer across the interface 

between the membrane and the internal phase. The last step is the diffusion into 

the internal phase, which can be represented by ki[62]. 
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Figure (4.25) Permeation model based on Teramoto et al. 

 

This mass transfer analysis is built on an immobilized hollow spherical 

emulsion globule model (Chan and Lee),[14] that assumed a couple 

countercurrent transport mechanism .As shown in Figure (4.26) the basic steps of 

metal permeation through the liquid membrane are including the following:- 

 (i) Uranium ions diffuse from the external aqueous phase to boundary of 

membrane phase.  

(ii) Uranium ions form a complex with carrier on the external interface.  

(iii) The complex diffuses to the center of the emulsion globule. 

(iv)A stripping reaction occurs when the complex diffuses toward the 

internal aqueous phase and metal ion is released to the internal aqueous phase.  

(v) Carrier diffuses from the internal interface to the external interface and 

forms a complex again with metal ion. 
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Figure (4.26) Mechanism of facilitated transport of uranium ion 

In order to simplify the mathematics of model development the following 

assumptions are made:  

(i) An ideal batch system is under complete mixing and constant 

temperature operation. 

 (ii) Carrier and solvent are insoluble in water. 

 (iii) Physical and transport properties are constant during the permeation 

process. 

 (iv)The droplets dispersed in the external phase as the emulsion globules 

are immobile and uniformly distributed. 

The values of kA (the mass transfer around the drop) and kf (the rate of 

formation of complex at the aqueous/organic interface) were obtained as follows, 

the rate determining step of uranium extraction changes depending on the 

experimental conditions that, AI,o (initial  metal ion concentration in the outer 

phase) is low compared with Bo (initial concentration of carrier), the rate is 

limited by diffusion of uranium ions through the external aqueous stagnant film if 
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HI ( hydrogen ion concentration in the outer phase) is sufficiently low and by the 

reaction at the interface of the emulsion droplet if HI is high, when the reverse 

reaction is ignored. The extraction rate is expressed as follows, [63,65] 

VI dAI/dt = kA S (AI – AI,i) =kf S AI,i Bi / HI 

             VI dAI/dt = AI S/ (1/kA + HI/kf Bo) = KA S AI                              (4.9) 

Where, S: total interfacial area between external aqueous phase and W/O 

emulsion droplet. 

H: hydrogen ion concentration. 

A: concentration of uranium ions.      , V: volume 

I:  phase I (external aqueous phase)   , o: initial value 

 i: interface between external aqueous phase and W/O emulsion droplet 

kA:  Mass transfer coefficients of uranium ions through external aqueous                                                                                                                                                              

phase. 

 B: the concentration of carrier                

Integration of Equation (4.9) gives  

ln AI/AI,o = lny = -{KAs ao/(1- Φ)}t  =-{3KAs Φ /(1- Φ)R}t            (4.10) 

Where: 

ao: specific interfacial area between external aqueous phase and 

W/O emulsion droplets 

Φ  Is the volume fraction of the internal aqueous phase in the emulsion droplet, as 

shown in Equation (4.7). 

R: radius of W/O emulsion droplet        

KAs: is the overall mass transfer coefficient defined by Equation (4.9) 

1/KAs = 1/kA + HI/kf Bo                                                                 (4.11) 

         Experiments were carried out at various hydrogen ion concentrations with 

other conditions kept constant. As shown in Figure (4.27), the plot of ln y vs t 

gives straight lines and KAs are calculated from their slopes. Figure (4.28) 

indicates that the plot of 1/ KAs against HI also gives straight lines in accordance 
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with Equation (4.11) the values of kA and kf1, kf2 can be calculated from their 

intercept and slope, respectively.  

         It was impossible to determine kB1, kB2 or kC in the W/O/W multiphase 

system however; a rough estimate was made by the extraction experiment using 

an agitation vessel 7.0 cm and 14 cm height equipped with magnetic stirrer. 100 

cm
3
 of the aqueous uranium solution was first introduced into the vessel. Then 20 

cm
3
 of the W/O emulsion phase was carefully poured over the aqueous phase so 

as not to disturb the interface. Stirring in the emulsion phase was started at 500 

rpm and samples were taken from the aqueous phase for analysis. Under the 

condition that AI,o was sufficiently high and HI,o was considerably low (0.00001), 

the resistance of the aqueous stagnant film diffusion and the interfacial reaction 

could be neglected. It was anticipated that, the diffusion rate of the complex in the 

emulsion phase would be fast due to the convection caused by agitation.  
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Figure (4.27) Determination the overall mass transfer 

coefficient (KAs) 
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Figure (4.28) Determination of kA and kf 
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         Uranium ions concentration in the aqueous phase decreased linearly with 

time, suggesting that, the rate of the extraction was independent of uranium ions 

concentration. This means that, on the aqueous side of the oil layer almost the 

entire carrier was consumed by complexation with uranium ions. Thus the 

extraction rate is expressed by [65]: 

 

-VI dAI/dt = kB S (Bo-Bi)/2 = kB S (Bo-0)/2                                       (4.12) 

Where: 

KB: is the mass transfer coefficient of carrier through the oil layer around W/O 

emulsion droplet. 

S: is the total interfacial area between external aqueous phase and W/O emulsion 

droplets. 

         Figure (4.29) indicates that, the plot of (Y= AI/AI,0  against Time, sec , at PH 

=5) also gives a straight line in accordance with Equation (4.12), the value of kB 

was calculated and also the kC as the following Equations (4.13) and (4.14), 

respectively. 

 

                  Slope = KB * S * Bo /VI                                                           (4.13) 

        kC=kB (DC/DB)[65]                                                                   (4.14) 

Where,  

kc is the mass transfer coefficient of complex through the oil layer around W/O 

emulsion droplet. 

DB is the diffusion coefficient of carrier. 

DC is the diffusion coefficient of complex. 
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Figure (4.29) Determination of the mass transfer coefficients of 

carrier (kB) 
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         The diffusion coefficient of carrier (B) and complex (C) estimated by Wilke-

Chang Equations [70] is given in Equations (4.15) and (4.15) and shows in 

Figures (4.28), (4.29). 

 

DB = 7.4 X10
-8

  (ø M)
0.5

 T 
o
k / µ VB

0.6
                                                   (4.15) 

Where,  

M: is the molecular weight of dilount (benzene) 

µ: is the viscosity of benzene  

VB = molecular weight of benzene / ρ (benzene) 

  

AI/AI,o=S(2ФDC)
0.5

(Bo HIII,o t)
0.5

/3AI,o VI                                                   (4.16) 

 

Figure (4.30) indicates that, the plot of (Y= AI/AI,0  against t
(0.5)

, sec, at pH =5) 

gives a straight line in accordance with Equation (4.16). 

  

Slope of straight line = S [2φ ×DC ×Bo×HIIIo]
0.5

 / 3 AIo×VI                   (4.17) 

 

Then the oil layer thickness calculated as the following Equation (4.18).  

 

δ = DB/kB                                                                                                      (4.18) 

 

  From Equation (4.9) to Equation (4.18) the values of various physical 

parameters and the oil layer thickness with TBP and with HDEHP were 

calculated, as shown in Tables (4.4) and (4.5). 
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Figure (4.30) Determination the diffusion coefficient of 

complex (Dc) 
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Table (4.4) the values of various physical parameters, with TBP. 
 

Physical Parameters 

(TBP) 

 

kA 2.5 × 10-6 cm/sec 

kB1 4.2 × 10-4
  cm/sec 

kC1 4.6  × 10-10 cm/sec 

DC1 8.1 × 10-9  cm2/sec 

DB1 7.3 × 10-3 cm2/sec 

kf1 4.4 × 10-7 cm/sec 

δ1 17.3 µm 

 
 
 

Table (4.5) the values of various physical parameters, with HDEHP 
 

Physical Parameters 

(HDEHP) 

 

kA 2.5 ×10-6 cm/sec 

kB2 8.4 × 10-5
  cm/sec 

kC2 2.9  × 10-9  cm/sec 

DC2 4.6 × 10-4 cm2/sec 

DB2 1.6 × 10-3 cm2/sec  

kf2 8.9 × 10-7 cm/sec 

δ2 5.4  µm 
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Chapter 5  

Summary, Conclusions and Proposal for future work 

 

 

5.1 Summary 
 
         The removal of radioactive pollutants from nuclear waste solutions is of 

essential demand field for both scientific and nuclear work. The present thesis 

includes studies on the possible use the membrane technology especially liquid 

emulsion membrane for separation of radioactive pollutant especially uranium which 

produce from typical MTR fuel manufacturing plant. Studies the stability of LEM 

which preparing by Tri-butyl phosphate (TBP) as extractnt, by addition amount of 

other extractant Di-2 ethylhexyl phosphate (HDEHP), moreover there are few 

parameters, which are typically used to describe the performance of liquid emulsion 

membrane for removal of uranium from nuclear waste solutions; investigated of these 

parameters for this work.   

         The work carried out in this thesis is presented in five main chapters, namely 

introduction, literature review, experimental, results and discussion. 

         The first chapter is the introduction, which includes general description, Water 

pollution and global of waste and industrial liquid waste. Chapter one comprising too, 

on the definition of radioactive liquid waste, typical MTR fuel manufacturing plant,  

the highlights on the chemistry of the investigated element and in addition the brief of 

some conventional separation techniques. Eventually, this chapter devoted to give 

more light onto all link with liquid emulsion membrane (LEM) such as: preparation, 

stability of LEM, mechanism , advantage of LEM and  the aim of the work 

permeation, extraction of elements using LEM, and Eventually, some industrial 

applications of LEM techniques. 

         Chapter two is the literature review, which includes two main parts, the first 

Performance of liquid emulsion membrane (LEM) and the second industrial 

applications of liquid emulsion membrane.  

         Chapter three included the experimental part. In this part detailed outlines are 

given on the chemicals and the instruments as well as the analytical techniques used. 

The preparation, the stability of LEM and the permeation procedures were presented 

in details. 
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         Chapter four included the results and discussion. This chapter concerned with 

selection of the suitable conditions for the permeation of the uranium through the 

LEM, preparation and stability of liquid emulsion membrane. Based on the results 

obtained from the studies on both the liquid – liquid extraction and the stability of 

emulsion globules, the general conditions for permeation of uranium ions by LEM is 

as the following, 100cm
3 

of aqueous outer phase solution at the pH 5.0 containing the 

investigated element (uranium ions), 20cm
3
 of a LEM prepared from (25% by volume 

HDEHP, 0.005M+75% by volume TBP, 0.01M) and 4 % v/v span 80 in benzene 

together with 1.0 M hydrochloric acid (HCl) in the inner phase.  

         Chapter five included the summary, conclusions and proposal for future work 

The permeation of uranium ions through the liquid emulsion membrane; factors 

affecting the permeation of uranium were studied. The permeation (extraction) 

percent of uranium ions increasing or decreasing as the following: 

1- Increases with increasing of stirring speed from 500 to 600 rpm and there is no 

big difference for extraction percent of uranium between 500 to 600 rpm. 

Decreases with increasing the stirring speed above 600 rpm.  

2- Increases with increasing the volume of LEM from 10ml to 20ml at constant 

external aqueous phase volume. 

3- Increases with increasing the volume ratio of organic phase from 0.37 to 0.5, 

at volume ratio of organic phase 0.61 coagulation occur of LEM. 

4- Decreases with increasing the HDEHP concentrations from 0.005 to 0.1M, at 

constant concentration of TBP. 

5- Decreases with increasing the TBP concentrations, from 0.1 to 1M, at constant 

concentration of HDEHP. 

6- Increases with increasing the pH values from 1 to 7.5. 

7- Increases with increasing the Hydrochloric acid (HCl) concentration in the 

inner phase from (0.1 to 1M). 

8- Increases with increasing the surfactant concentration from 2 to 4%, v/v. 

9- Increases with decreasing the LEM preloading concentration from 1300 to 700 

ppm. 

10- Increases with decreasing the hydrophilic – lipophilic balance (HLB). In the 

other hand the maximum extraction percent of uranium (nearly 100%) occur 

when used span 80 (HLB = 4.3) as surfactant. 
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11-  The data obtained showed that, about 90%of the permeated uranium ions 

were recovered 

         The mathematical model of stability and permeation of uranium through the 

liquid emulsion membrane, based on 25%by volume HDEHP, 0.005M+75%by 

volume TBP, 0.01M in benzene was presented. Calculation of KA, Kb, KC, DB, 

DC, and δ was carried out.  

 

5.2 Conclusions 

         Extraction process using liquid emulsion membrane (LEM) has been received 

significant attention due to their potential as an effective technique for treatment of 

radioactive liquid wastes. Batch experimental technique of liquid emulsion membrane 

was designed to carry out this study. The LEM prepared from (25%by volume 

HDEHP, 0.005M+75%by volume TBP, 0.01M) and 4 % v/v span 80 in benzene 

together with 1.0 M hydrochloric acid (HCl) in the inner aqueous phase, as shown the 

following Figure (5.1). The experimental runs were carried out at controlled of 

temperature (25 ±1 
o
C). Figure (5.1) depicted the flow diagram of batch extraction of 

uranium by LEM. The present experimental results showed that, the extraction 

percent of uranium increasing or decreasing as the following: 

1. Decreases with increasing the TBP concentrations, from 0.01 to 1.0M, at constant 

concentration of HDEHP. 

2. Decreases with increasing the HDEHP concentrations from 0.005 to 0.1M, at 

constant concentration of TBP. 

3. Increases with increasing the pH values from 1.0 to 5.0, above pH 5.0 the 

extraction percent of uranium is decreases. 

4. Increases with increasing the hydrochloric acid (HCl) concentration in the inner 

phase from (0.1 to 1.0M), above this concentration of (HCl) indeed at 1.5M the 

extraction percent of uranium ions decrease.  

5. Increases with increasing of stirring speed from 500 to 600 rpm and there is no big 

difference for extraction percent of uranium between 500 to 600 rpm. Decreases 

with increasing the stirring speed above 600 rpm indeed at stirring speed 800rpm.  

6. Increases with increasing the volume ratio of LEM from 0.1 to 0.2 at constant 

external aqueous phase volume. But decreases with increasing above 0.2 indeed at 

the volume ratio of LEM 0.3.  
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7. Increases with increasing the volume ratio of organic phase from 0.6 to 1.0, at 

volume ratio of organic phase 1.6 coagulation occurs of LEM. 

8. Increases with increasing the span 80 concentration from 2 to 4%, v/v, and it is 

decreasing at span 80 concentration 6%,v/v  

9. Decreases with increasing the LEM preloading concentration from 700 to 1300 

ppm. 

10. The maximum extraction percent of uranium ions (nearly about 100%) occurred at 

the hydrophilic – lipophilic balance (HLB= 4.3) as surfactant. 

11. The maximum extraction percent of uranium ions occurred after approximately 10 

minutes (nearly about 100%), but the selection of examine time of experiments 30 

minutes which is investigated the stability of LEM, where the possibility of using 

the LEM different times before membrane breakage. 

12. The data obtained showed that, about 90%of the permeated uranium ions were 

recovered.        

         Eventually, based on general permeation model in which the diffusion in the 

emulsion droplet, the external mass transfer around the droplet KA, the rate of the 

formation, as well as the decomposition of the complex at the aqueous –organic 

interface Kf, and the internal mass transfer of carrier and complex in the emulsion 

droplet kB and kC respectively were calculated. Also, membrane thickness δ and the 

leakage of the internal phase to the external phase due to the membrane breakup were 

taken into account. Continuous extraction of uranium ions from radioactive liquid 

waste by liquid emulsion membrane will be investigation in the future work.  

 

5.3 Proposal for future work 

         Based on the experience gained through this work, it is recommended to 

carry out future work covering the following areas: 

1. Study the pilot or semi pilot design of liquid emulsion membrane technique 

for removal of uranium ions from radioactive liquid waste. 

2. Study the application of liquid emulsion membrane technique for removal of 

other heavy metal ions from liquid waste. 

3. Study the hybrid of liquid emulsion membrane with reverse osmosis in 

seawater desalination. 
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Figure (5.1) Syamitic diagram summary of batch extraction of uranium 

by LEM 
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���D"      E ا� را�6 م   �C� ت����� !� F����� وى   ا �H د  أ� اح ا) ����%� (��>��!   درا��
   آ�4K     ، ا


	���C. �. ،  .��O وا���$Nص ا� را��6 م      �*اى 	� ��� . �#�ت     اداء       P��	 
  ا�� ذ�K درا��


  أداء����    ه�� �Q��*و"��ى   ا� ا"�  ���
    ا;:+����<� را��6 م ا�  )6#��ذ (N�Sل اS��*اق      (LEM)ا


��34T ا�:. 

���� ��� �را�
 �  ا 3ه4و 
<�S  اب 	أ    Vوه 
ا�>�Y  ا+�ب ا�6��D  ،  ا���"ـ
 ا+�ب ا�ول : ر=�>�

��9*�Z    ،ا�D����T    ا+��ب ا*ا	�E    ،ا���-ا0]ء  ا+�ب اH������=F و"ا+��ب ا$��"[ ا��$�\      ،  ا

���=F وا�S*ا 
 ا�C�"*ح ا9*او��6 ��
 وا��+��<� .  =�T .� ه4ا ا��0لا�را��ت ا

  .ـ���� ا��:ا�ول ا��ب

      ���� �C#�7
     ث ا���ء و    ���   ، .�7*3 ��"�
     و%���� ه4ا ا���ا�$�#��ت   ،  ار�#��ع "����ت ه�34 ا

 
������C
ا�=���<����ط ا��������      .ا�
 ذات ا�=���<�$�#���ت ا�	 `��%*��آ���� %������ أ%���a ����� ا

�� وي    وآ�4K ������ت   ��E أ� اح ا �H د ا�C� اص  ا��� و �S ������7=��
  ا� را��6 م �رة ا Z��b   ا

����ط ا�������� ه��34  .��- %� ا��9 �
 ذات ا�=��<
 ا�$�#���ت  ا�������	 c�<���0
 ���!  	�*آ���]ات ��� ا

��� وي    �� اح ا ��H د ا; E����C������� ����� إ����رة        .�������ت ا% ���C#
 إ��� أن ه��4ا ا.���Oe�	  

     
%��������ت �����ت ا#�C ا�� P�+
  �ء�ا�! ه4ا ا#�C  آ�� %�C�$".  a*ة �O�#���	 ء �a  ا

 
�=�<
 ا+���<�
 ا�� ��9 ا;: �7�	 f���% �" آ� ���(LEM)  *��a�� Z�b !"     (LEM) 

، g����� ، g��+�،gا. "��]ا�*�Sء ��� وأ a   . وا�Tف ا����� "! ه4ا ا���ا#7*ة  ا��ء ا

� ا������ : ا���� ا��ب�  .ا��

ا�� ر ا�ول ا���*اض +�P ا�	���ث وا��� �����f    ،� ر%! ر=�>��! %���� ه4ا ا+�ب ��� "   


  	�داء�=�<
 ا+���<�
 ا��
"!  ا� اد   ا��$Nص.-  (LEM)ا;:�=�< .ا�$�#�ت ا

     ��� ����% �6�D
 ���$�ام        ا�� ر ا����C      ���9	�P ا�j+���ت ا �7� 
���
 ا;:+����<�  ا


�=�< (LEM) .   ا

 

 

 



٢ 
 

 .ا���
� ا�"!ء :���ا� ا��ب

    ��� �C#
 ا���7و%�ت� �k` و%���� ه4ا ا"�$�<���و ا���
  وا;�T9]ة  l*ق ا"�$��<�  ا

  و����k`آ������ %�������� �������. ا������0رب ����9e*اء*�����a�� 
������ء   ��������m  ا>�����=�ا�>�������nا

(LEM)م�$�<� .  و6#�ذ%�
و�+��g  ه34 ا�را�
.- وا

  : ا��ا�#ا��ب$%&' .ا�)%*) و�(

  
������ ه��4ا ا#���C ����� درا���%  *���a�� 
"�$���<�
 ا��b�����7 ���6ت اn�����<�����ء اm ( ا

(LEM ،   *�a��
 ا���� 

      ادا=�
 و   ،  �+��g .- ا ��o ا���=-      ، �V درا������ 
+�����ا�p*وف ا

) 6#�ذ(اS�*اق NS را�6 م �  . gا

      
��4%+�ت  ا����$Nص  ����
أو�وV�� ��H ذ�K "�! درا���	) Liquid – Liquid extraction( 

 -٢(وV�� �H درا��
 ��Q�� *	��P ا����m*ات ���� �����
 ا����$Nص 	����$�ام o���S "�7 ن "�!                  


 وآ4K �*آ��]ات "$��#�
 وا���$�ام   )�*اى 	� ��� . �#�ت + . �#�تا%��D ه7>��   #��$" n<�	  

!%[�+��ء ا�>���n ا>�=�         آ�n%4 اm ه�34 ا�را��
     9e*اء �V ا��$�ا"g    وا4ي و�a�� V� �H* ا

 	��P ا���0رب     أc�%*9 و��H   . )  �*اى 	� ��� . ��#�ت    %٧٥+ . �#�ت  ا%��D ه7>��  -٢% ٢٥(

� را�6 م و���H و���9     ���	 ������
 ا�����*�9ع "��! ا����� ل ا������  	�*آ���] P���b ا����Tرو�K أن


    �����رى ١������ ��������#�ذ%��
 إ��� ةوH+��� ا���S ل "+����*  . ا�����*�9ع ه��  اn��<6 ا
 ا������  

�� را6   �=�<��ء ا�>���n اm��ء ا�>����n ا>��=�   أو�n0% � م NSل اm
 �+�ت ا���� 
 درا�

  *a��
 �7>�* ا�>���n         .-ا���� 

 وذK 	�را��=���� ا��� أ�6 اع ا��$�ام ��ة   "! NSل    ا

  *� �� 
a.�$�*آ�]ات "$��#
 و�H و�9 و ��� �*آ�] ��	c (Surfactant) ا>�j-"! ا� اد ا

��ء ا�>���n ا>�=�  (Span80) أنm .ه  ا;.c�+D� -. �a ا

�H K��ء ا�>���n ا>�=� �V درا�
 �V 	�� ذm��#�ذ%
 ا� را�6 م  
�������=F ا� 
94�� .ا


 "��ور ر=�>�
 وهV و%�� ى ��� : �	�+ اا��ب�N� :- 


:ا��/.ر ا,ول ��*� \$�" . 

 �����=F     :ا��/.ر ا��
 ا�C��
      �*د ��*�� ا��T "! ه34 اC�S �����=Fو�H، ا  ا��$�\ "! ا


-:ا��� % ��
 ا+<���ء ا�>���n  ا� را�6 م ���$Nصو�9 أن اm :�]داد أو ��� آ�� %�-	�

����ء 	]%���دة ���*�
 ا$���o 	���! ا����� ل ا$���ر9- و  -١m إ��� ٥٠٠ا�>�����n ا>���=� "��! ا

٦٠٠ 
#  /�� 
% ��
 ا+<�
 �]داد ا��Hد �=�<��ء ا�>���n اm (�$Nص ا� را�6 م 	�

.(LEM ��اآ+* "! ه34 و� n����
 إذا زادت �*�
 ا% ��
 ا+<�
 ٦٠٠ا#  /
��Hد . 

٢-                
�% ��
 ا+�<����ط ا������� ��]داد ا�"E �+�ت ا�V0 ا�>�$�م "! ا��ء ا��� ث ذات ا

  V��0�����ء ا�>�����n ا>���=� 	]%���دة اm����ء �����$Nص ا� را���6 م 	�m ا�>���$�م "��! ا



٣ 
 

 �=�<
 و��� ه34 . "��٢٠ إ� ١٠ "! LEM) (ا�>���n ا% ��
 ا+<�ا�V0  اذا زاد ا

 �=�<��ء ا�>���n اm . "��٣٠ا� LEM) (ا�>�$�م "! ا

٣-    
+��<�����ء ا�>�����n ا>���=� 	]%���دة اm
 �����$Nص ا� را���6 م 	���% ��
 ا+��<� ���]داد ا

o� ��0
 	�! آN "! ا�و���"� ، ١�٠ إ� ٠�٦ ا�a ي وا �o ا��=- ا�ا�S- "! ا

�
 إ+<���ء ا�>���n ا>�=�) ���0ا( %��ث �$D* �C�١�٦ ه34 اm�. 

���ء ا�>����n ا>��=� 	]%��دة �*آ��]                     -٤m
 ����$Nص ا� را��6 م 	��% ��
 ا+�<� -�٢�� ا

   !�" K%ر #� #*آ��] ��*اى    ���� �+��ت �  ����رى  ١�٠ إ��  ٠�٠٠٥ا%��D هP�b ��<7 ا

 .	� ��� . �#�ت

��ء ا�>���n ا>��=� 	]%��دة �*آ��] ��*اى       -٥m
 ���$Nص ا� را�6 م 	�% ��
 ا+<���� ا

٢ ����� �+���ت �*آ���] �����رى ١�٠ إ��� ٠�١	� ����� . ���#�ت "��! - P���b ����<7ه ����D%ا 

K%ر #� # .ا

٦-     ��%[	 �=��<��ء ا�>����n اm
 ���$Nص ا� را�6 م 	�% ��
 ا+<�
 ا;س  �]داد ا���H دة

 !����" -�
 و������� ه����34  .٥�٠ إ����� ١�٠ا������Tرو�9����% ��
 ا+����<�
 ا;س  اذا زادت ا������H

-� .٧�٥ ا� ا��Tرو�9

����ء ا�>�����n ا>���=� 	]%���دة �*آ���]     -٧m
 �����$Nص ا� را���6 م 	���% ��
 ا+��<����]داد ا

   K�
   و��� ه�34 ا  .���رى ١. ٠  إ� ٠�١"!  )ا �o ا��=� ا�اP�b)    ��S ا��Tرو+�<�


 اذا و�k �*آ�]%�� .  ���رى١�٥ ا� P�b ا��Tرو�K ا

����ء ا�>�����n ا>���=� 	]%���دة �*آ���]     -٨m
 �����$Nص ا� را���6 م 	���% ��
 ا+��<����]داد ا

 -�j<  %.٦�٠ إ� ٢�٠ "! P.�S �"��"(span80) ا� �* ا

٩-   �����    	 �=���<����ء ا�>�����n اm
 �����$Nص ا� را���6 م 	���% ��
 ا+��<� �*آ���] ة]%���دا

 !" -�Sا� .9]ء .- ا��� ن ١٣٠٠ إ�  ٧٠٠ا� را�6 م .- ا �o ا��=- ا

١٠-    
����ء ا�>�����n ا>���=�       ا����� 6>��+m
 �����$Nص ا� را���6 م 	���% �"  ���+%*��

�� ا��$�ام%) ١٠٠(� �T��� �C�6(HLB) hydrophilic  lipophilic balance  =٤�٣.  


94��
 و"! NSل درا�
 ا�O�%*��� ا� 
������ء ا�>���N$��� nص ا� را�6 م 	�=F اm

 �=���<���*اى % ٧٥+ "�� * ٠�٠٠٥ . ���#�ت ا%����D ه7>����  -٢% ٢٥(%���7 ن "��! وا��4ى ا

���]%!   ) �����رى  ٠�٠١	� ����� . ���#�ت  +
 ���H   "��4اب .��- ا�=���< ���b V>���ب    "��! ا�$�#���ت ا


���������ء ا�>�����N��S nل ������
 ا����$N  ا�����"Nت اmص �� را���6 م  وا���� ���C راداء ا

 : ا���"Nتوه34 ،

  



٤ 
 

      (KA, Kf, KC, DB, DC, and δ) see section (4.4.1 and 4.4.2) 

��>��*ب   ����0�
 ا�����ل ا����H ب���<� 
.���Oe�	  (νb) ء����mوا��4ى %��C ر"�ى  �+���ت ا


 .ا�>���NS nل ه34 ا�را�

��
 وا��  :ا��/.ر ا����+��<� . ه4ا ا��0ل .�� ا9*ا=6T��*ح ا�را��ت ا

 

 


