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Abstract 
 

Because of the damages caused by the presence of cadmium mineral in water 

for living organisms and industrial equipment, many studies have been done 

to study the separation of cadmium ions from water using different 

separation techniques. In this study, the emulsion liquid membrane (ELM) 

technique was used to separate cadmium ions from a hydrochloric medium. 

Overall mass transfer coefficient (O.M.T.C) resulting from the process of 

transporting cadmium ions between the different phases was also measured. 

The effect of several variables was studied, which are: pH of the 

hydrochloric medium (1-4), the surfactant concentration in the organic layer 

(4% -10%) v / v, the concentration of the carrier in the organic layer (4% -

10%) v / v, velocity Emulsification (5800-24000) rpm and emulsion volume / 

external phase volume ratio (Eml./Ext Ratio). The Taguchi method design 

was used to improve process parameters where O.M.T.C was chosen as a 

response function.Results of the current work suggested that Eml./Ext. The 

ratio had a major effect on O.M.T.C followed by concentration of carrier, 

then surfactant concentration, emulsification speed and pH. 
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Nomenclature 

 
 
1 Introduction 
 

The development in the field of industry has led to an increase in the 

amount of waste seeped into the water, which led to work on finding new 

purification (separation) techniques to remove or recover these wastes. This 

waste includes chemical reagents and chemicals leaked during manufacture. 

Among the established and selective separation techniques is liquid - liquid 

extraction (LLE) technology. This technology combines different reagents, 

providing a high possibility to control the chemical selective separation 

process [1][2]. However, this technology has negative aspects, including the 

consumption of a large amount of reagents and high operating cost[3]. One 

of the alternative and modern separation techniques to LLE is the liquid 

membrane (LM) technology. One of the advantages of this technology is that 

it is able to selectively transfer the components of a mixture of several 

chemicals, as the film acts as a separator between two liquid or gas stages 

[4]. The film consists of a thin liquid layer of organic solvents; this layer 

separates between two aqueous phases, namely the feeding phase and the 

abstraction phase. The pollutant moves from the feeding stage to the 

abstraction stage, depending on its difference in concentration between the 

two phases, or with the effect of a specific extract, through the organic 

membrane. This process of transition is called (Pertraction).  
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Liquid membrane  technology is a special type of LLE technology in 

which the pollutant is extracted by the organic phase and stripped from the 

organic phase in one step [5].This technology has evolved as an acceptable 

separation process in the past two decades due to the advantages of this 

technology that are consistent with legislation and environmental 

characteristics. Hence, the researchers increased their interest in it by 

conducting various studies in the field of membrane development, preparing 

the unit of the process and using it in various fields, etc.[6]. The liquid 

membrane technology can be classified according to the design of the units 

through which this process is carried out. There are three types: Bulk liquid 

membrane (BLM) , Supported liquid membrane (SLM) and Emulsion liquid 

membrane (ELM) [7]. The emulsion liquid membrane (ELM) is 

distinguished from the previous two types by providing a high surface area 

(for extraction) to volume ratio, which achieves high mass transfer, low 

energy consumption and quantity of extracts. The ELM unit consists of an 

internal phase (abstraction solution) and an organic phase (liquid membrane) 

external phase (feeding solution). LEMs are made by forming an emulsion 

from the abstraction solution and the liquid membrane, then dispersing those 

emulsions into the feeding solution. The extraction and abstraction processes 

are combined in one step figure 1. [8]. 

 
 

Figure 1: Schematic of ELM[9] . 

Most often, the organic phase contains solvent recovery reagents to 

facilitate the transfer of contaminants through the organic membrane. 

Although laboratory experiments have proven that this method is very 

effective, but its use in industrial and commercial applications has not 

occurred yet, due to what is called (emulsion instability) this term includes 

several problems related to this technology, including membrane leakage, 

emulsion swelling and fusion and so on. The instability of the emulsion 

causes problems related to the extraction efficiency, as well as the highly 

stable emulsion causes problems related to precipitation and de_ 

Emulsification [10]. The efficacy of the ELM in -stability and the stability of 

the emulsion are among the important things in this design, and they are 

affected by several factors, including factors including the structure of the 

membrane and factors related to operating conditions. 
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1.1 Study the Use of ELM to Remove Cadmium Ions 
 

The process of separating cadmium has taken great importance in the 

field of research to find an effective and economical way to remove it from 

industrial water.Where cadmium ions are among the heavy toxic ions that 

can accumulate in food chains, which seriously affects the life of living 

organisms. Cadmium with high concentrations seeps into wastewater from 

iron processing plants, nickel-cadmium battery manufacturing plants, 

cadmium alloy work plants, and so on [11]. Several studies have been 

conducted in the field of using the ELM as a technique to separate cadmium 

ions among these studies: Kumbasar.[12] tudied the removal of cadmium 

ions, using the technology of ELM, from the solution resulting from the 

filtering of zinc cake with sulfuric acid. The organic phase of the ELM 

consists of kerosene as an economical organic solution and contains 

Aliquat336 as a carrier and Span80 as a surfactant. As for the abstraction 

solution, it tested different solutions: ammonia solution, , 

 and NaOH.Solutions. He concluded that the ammonia solution is 

the best. From what he found in this study that the presence of a sufficient 

amount of carrier leads to an increase in the extraction efficiency, and in 

general, the amount of carrier used in this technique is the least compared to 

other separation techniques.   

Ahmad et al.[13]studied the used of  vegetable oil as an organic solution 

containing span 80 as a surfactant and various types of carrier.Where it 

reached the possibility of breaking the membrane increases by increasing the 

concentration of the carrier and surfactant in the membrane layer. However, 

the use of an emulsion layer with high viscosity results in a more stable 

emulsion and the fracture rate in the membrane layer reduced to 0.05% after 

improving all process parameters and at the same time causing high 

resistance to mass transfer which reduces the extraction efficiency. Binnal 

and Hiremath [14]studied the effect of temperature on the ELM layer  was 

tested, as it was found that the stability of the film decreases with increasing 

temperature and thus reduces the extraction efficiency.  In this study the 

Overall mass transfer coefficient resulting from the separation of heavy 

cadmium metal as a pollutant from hydrochloric media by ELM technique. 

Using Kerosene as organic solution and contain Aliquat 336 as carrier and 

Span 80 as surfactant. This study includes the effect of five variables 

(namely: pH value of external phase, concentration of the extractant, 

concentration of the surfactant, emulsification speed, and the ratio of the 

emulsions to the external phase) on overall mass transfer coefficient 

(O.M.T.C). 
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1.2  The Overall Mass Transfer Coefficient (O.M.T.C.)  in ELM 
 

 The mass transfer rate for a specific distance during a unit of time is 

known as the” mass transfer coefficient (M.T.C.)”, proportional to the 

driving force of the concentration which is the difference in concentration as 

well as the distance between the stages. The transfer of mass in one or 

several phases depends on the difference in the concentration of the mass of 

matter in that phase or between the phases. Many mass transfers occur in 

nature, where two phases are in contact, with an interface between the two 

phases.  Mass concentration gradient in this case affects the overall rate of 

material transfer [15], which is expressed as : 

               (1) 

 In the case of ELM, the material state is the dispersion of pellets from the 

emulsion in a container containing liquid. The mass transfer coefficient can 

be calculated in this study in the same way as used by Mohammed et al. [16] 

, Kohle et al. [17] and Raji et al. [18]. In this method O.M.T.C. can be 

calculated from the relation of overall resistance relation:               

               (2) 

 KM ,which represent The coefficient of mass transfer resulting from the 

movement of pollutant from the bulk of external phase to the region where 

external phase meets with organic phase  can be calculated by Skelland and 

Lee correlation [19] : 

           (3) 

In this relation Re represent Reynold number of the feeding phase, which 

can be estimated from equation: 

                            (4) 

While D represent the diffusivity (m2/s) of complex in membrane 

solvent, this can be calculated by: 

                         (5) 

KF, Which represents the coefficient of mass transfer over the organic 

layer, can be estimate by representing the pollutant extraction process by the 

organic phase with a first order reaction: 

             (6) 

Where E is removal efficiency of Cadmium ions from external phase by 

ELM can be calculate from: 

              (7) 

If the slope value is positive, this means that the extraction is applied to 

the reaction mechanism of the first order. 
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2 Work of Experiment  
 
2.1 Materials  
 

Liquid membrane layer consists of kerosene as an organic solution 

(Diwaniyah oil refinery \Iraq, purity  99%) and used Aliquat336 as a carrier 

(Sigma Aldrich \ purity 97%) and the span80 as a surfactant (Thomas 

Baker\ Purity 60%). The abstraction solution was a solution of sodium 

hydroxide NaOH (Thomas Baker\ Purity 97.5%) at a concentration of 

0.1M. .The external solution was a hydrochloric solution resulting from the 

dilution of hydrochloric acid HCL (ReAgent\Concentration 36%) 

containing cadmium ions at a concentration of 100ppm resulting from 

dissolving a suitable amount of cadmium chloride salts CdCl2 (Central Drug 

House\Purity 99%). 

 

2.2 Procedure  
 

All experiments are conducted at a temperature of 25 ± 0.2 ° C. The 

emulsion is prepared by adding the abstraction solution to the organic 

solution gradually, mixing for 12 minutes using a Homogenizer 

(OM_TOPS).This process produces a homogeneous, dense, milky liquid. 

This liquid is also gradually added to 400 ml of the external solution, 

mixing with a mixer (BENSONMOOTH \Standard- Germany) at a speed of 

250 rpm. This process is called extraction and lasts for 10 minutes. Samples 

are taken every 10 minutes from the external solution using a filtered syringe 

(CHMLAB Group) and analyzed using an Atomic Absorption 

Spectrophotometer (SHIMADZU)to see the concentration of cadmium ions 

in the external solution after the extraction process.Figure 2. represents the 

general description of the sequence of work steps. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: General description of work steps. 
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3 Design Of Experiments  
 

This work includes five variables that can be divided into two groups:  

First group includes the variables related to the emulsification process, which 

is (Surfactant to kerosene ratio (v/v),Carrier to kerosene ratio 

(v/v),Emulsification speed ). Second group includes the variables related to 

the extraction process   which is (pH of external phase, and Emulsions to 

External phase ratio (v/v) (Eml./Ext. Ratio). Each variable was taken at four 

levels, as shown in Table 1. 

 
Table 1: Variables of Work 

 
 

One common method of designing experiments is the Taguchi’s 

approach to reducing the amount of experiments needed to work, and to 

illustrate the impact of each factor. Taguchi Design (T.D.) Experiment 

Method is a very popular method due to its high applicability and ease of use 

with limited knowledge of the basics of statistics. This method was 

developed by Dr. Genichi Taguchi, based on the design principles that 

emerged in the fifties and sixties, this method can be defined as "an 

engineering methodology to improve productivity during research and 

development so that high-quality products can be produced quickly and at 

low cost." It can be used in various research fields. [20]. 

In this method, orthogonal matrices are used to calculate the number of 

experiments and rely on the results of these experiments to analyze the data. 

Calculating the number of trials using the Taguchi method depends on the 

degree of freedom (DF). There are five variables and four levels, DF (1 + 5 * 

(4-1)) = 16. Therefore, when selecting the orthogonal matrix L16 , were 

chosen using the "Minitab ® 17.0" program , the number of experiments will 

be 16.[21] Table 2.  
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Table 2:T.D of experiment 

 
The experiments were carried out according to the experimental planning 

of the Taguchi method, so that the experiments were conducted in the same 

sequence shown in the Table 2. 

 

4 Result & Discussion  
 

Analysis and discussion of the experimental work showed in 2 &3 parts, 

which include the calculation of O.M.T.C. after assuming the following: 

• Constant viscosity of the organic layer =1.64cp ( = viscosity of 

Kerosene) [22], Because a few concentrations of surfactant were used during 

the work relative to the organic solution.  

• Constant transition area A= 200   .  

So, the O.M.T.C will be function of (Eml./Ext. Ratio and Efficiency of 

extraction) according to equations (3) and (6) respectively. For the following 

properties: 
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4.1 Effect of Process’s Variables 
 
4.1.1 Ph of External Phase Effect  
 

 

 

 

Figure 3: Effect of each pH level on O.M.T.C. 

 

O.M.T.C increases gradually as the pH value increases figure 3 until pH 

 3 ,according to chemistry of extraction by basic carrier (Aliquat 336)  that 

used in this study (Equ.(8)) [23],it can be explained that at very low pH 

values there is difficulty in separating   complex from stable 

complex [24]. 

           (8) 

Increasing value of pH more than 3 (decrease in the amount of 

hydrochloric acid) cause a decrease in the O.M.T.C. due to a decrease in the 

number of halide (Chloride) ions needed to form the complex [12]. 

 

4.1.2 Surfactant Conc. Effect  
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Effect of each Surfactant Concentration level 
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It is observed from figure 4.  that increasing the concentration of the 

surfactant causes a decrease  in the rate of transmission .In the fact the 

surfactant works to increase the stability of the emulsion drops during the 

work period and reduce the interstitial tension between the different phases, 

and thus allows the formation of small size pellets (which means an increase 

Transfer area) that are not miscible during the dispersion stage, this 

decreasing explained by the increase in the concentration of this effect  leads 

to a decrease in the interstitial tension between the aqueous phase and the 

organic phase so that the layer of the organic membrane, which surrounds the 

internal phase, is thin to the extent that allows the internal water phase to leak 

out . 

 

4.1.3 Carrier Conc. Effect  
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5: Effect of each Carrier Concentration level 

 

The carrier works to facilitate the transfer of cadmium ions between the 

two aqueous phases through the organic phase, which means that increasing 

the concentration of the carrier leads to an increase in the efficiency of the 

transfer process (and the extraction efficiency) and this is observed between 

the two concentrators (4% -8%). However, the opposite was found among 

(10%). This can be explained by the fact that the increase in the 

concentration of the carrier leads to a slowdown in the transfer process, so it 

is possible that the extraction period (10 minutes) is not sufficient for a more 

efficient transmission (it can be interpreted as a movement of crowded 

people) . Because the carrier is the most expensive component in bulk films, 

so using it in very high concentrations is unnecessary, as it is only its task to 

facilitate and speed up the transportation process. 
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4.1.4 Emulsification Speed Effect  
 

 

 

 

 

 

 

 

 

 

 

 
Figure 6: Effect of each Emulsification speed level 

 

Figure 6 a linear increase in O.M.T.C. is observed between the two 

values (5800-19700) and then stabilizes between the two values (19700-

24000). This can be explained by the fact that at a low emulsification speed a 

lower reaction is produced between the organic membrane and the internal 

phase, which results in the production of large-size emulsions and a thin film 

layer that breaks rapidly during work. Accordingly, increasing the speed of 

emulsification provides more homogeneity between the organic membrane 

and the internal phase, so that through the production of an intense milky 

liquid that can be dispersed in the external phase. This homogeneity provides 

more stable dispersible pellets of an appropriate size so that it provides 

sufficient transport space to obtain the largest value of the mass transfer 

coefficient during work. 

 

4.1.5 Eml./Ext. Ratio Effect  
 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7: Effect of each Eml./Ext. Ratio  level 
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As noted from figure 7, the increase in the size of the emulsion led to an 

increase in mass transfer in a direct way. This can be attributed to the 

increase in the contact area between the external phase and the emulsions and 

thus the increase in the area of the mass transfer. In addition to the increase 

in the amount of abstraction phase, it can lead to preventing the occurrence 

of the reverse transition resulting from the accumulation of complexes 

traveling in the organic phase, which leads to the emulsion being swollen and 

broken. 

 

4.2 Analysis Using Taguchi’s Method  
 

In Taguchi's method for determining process quality, the signal-to-noise 

ratio is used. Where the signal represents a desirable value (average response 

value), while noise is undesirable values (the square deviation of the 

response from the desired value).  There are three possible and applicable 

signal / noise ratios, which depend on the system quality improvement 

standard. Where these ratios can be divided into: Larger Is Better (LIB), used 

when the largest value of a response is needed without compromising the 

reliability of the process. Small Is Better (SIB), used when the goal is to get 

the lowest value from the response.  Nominal value Is Better (NIB) and ,used 

when the response value needs to be around a certain value [25]. In this 

study, to find out the main effects of the variables and levels mentioned in 

Table 2 the " Larger Is Better ",represented by the equation (9) , feature was 

used to calculate the signal-to-noise ratio. 

             (9) 

Where the effect is chosen that achieves the highest value from the mean of 

O.M.T.C. Calculations were performed using the program "Minitab®17.1.0", 

knowing the effect of each factor on the response represented by Table 3 

which can be summarized in figure 8. 

 
Table 3: Response Table for Signal to Noise Ratios 

‘Larger is better’ 

 
 

 



                                                                                                                  
 

 

 

 

 
An Experimental Study and Mass Transfer Investigation for Removing Cd

+2
 Ions 

from Water Using Liquid Membrane 3183 

 

*Optimum Level  

The table includes the ranks of the variables based on delta values, which 

compare the extent to which each variable affects the response (represented 

by the mass transfer coefficient) [26]. Therefore, the order of the variables in 

terms of the effect size in descending form is as follows: Eml. /Extr. Ratio> 

Carrier Conc. >Surfactant Conc.> Emulsification speed > pH of external 

phase. 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 8: Main Effects Plot for SN ratios of O.M.T.C. 

From figure 8 when selecting the highest-level effector that achieves the 

highest value from O.M.T.C. the ideal level of the factors will be: Eml. /Extr. 

ratio 18/100, pH value  3, emulsification speed 19700 rpm, and 

surfactant concentration 4%, the carrier concentration 8%. 

From figure 9,which represents mean of O.M.T.C. for each influencing 

factor. If the line is not horizontal, it means that the factor has a significant 

impact on the response rate, and also means that the effect of the levels varies 

with the different factor.Where the effect of the factors can be compared by 

comparing the slope of the lines represented by them. In the event that the 

lines are parallel to the X _axis, this means that all levels of factors affect the 

same way and also have no significant impact on the response rate [27]. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: Mein Effects plot for Means of O.M.T.C. 



                                                                                                                  
 

 

 

 

 

 

3184 Salih Rushdi et.al 

 

5 Conclusions 
 

1. ELM is one of efficient technique in removing Cd
+2

 ions,where the 

maximum means of removal efficiency = 95.89%. 

2. The mass transfer coefficient resulting from the separation of heavy 

cadmium ions from a hydrochloric medium was successfully calculated as a 

function of the removal efficiency. 

3. The effect of five factors of action is tested (pH of external phase, 

Surfactant concentration,Carrier Concentration,Emulsification speed &Eml. 

/Ext. Ratio), and each factor has its own effect on the mass transfer 

coefficient. According to Taguchi’s analysis Eml. /Ext. Ratio is more 

effective factor. 

4. At optimum conditions (: pH =3, Surfactant concentration = 4%, 

Carrier concentration = 8% Emulsification speed = 19700 and Eml. /Ext. 

Ratio =18/100) maximum mean of O.M.T.C. is 16.3 *10
-8

 (m/s). 
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