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Abstract: A Liquid Emulsion Mmenrane (LEM) containing Cyanex 301 as a carrier and Span 80 as a surfactant was 
used for the extraction of Co-(II) from nitric acid solution. Various diluents were tested and cyclohexane was found the 
most effective diluent in the cobalt extraction. The effect of different factors affecting the permeation of cobalt through 
LEM (e.g pH of the extrenal phase, type and concentration of stripping internal phase, the equilibrium time, and Cyanex 
301 conentration) were investigated. The effects of surfactant types and cocentrations on the stbility of LEM were also 
studied. It was found that the optimum conditions for cobalt extraction using 8% Cyanex 301 were as follows; 3M HCl as 
an internal phase, 4% span 80 as a surfactant and by using the best conditions 10 ml of prepared LEM can extract about 
96.86% of 1 gm/l of cobalt in Nitric acid solution after 5 min. in the reactor tank.  
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1. INTRODUCTION 

Cobalt has many industrial and nuclear applications, 

where it is used to produce some alloys with iron, 

nickel, chromium, and manganese [1]. It is also used in 

the manufacture of dyes for paints and ceramics, as a 

catalyst, in medicine and nuclear industry, and as an 

additive for fertilizers. Cobalt releases to the 

environment by leaching from acid coal mine drainage 

and emissions to the atmosphere from coal burning. 

Several methods are used to remove cobalt from 

industrial and radioactive waste solution such as 

chemical precipitation, ion exchange, adsorption, 

reverse osmosis, biosorption …etc. Normal available 

technologies are not a solution because they are 

expensive and not too effective and usually the cobalt 

concentration in these waste solutions is low, making 

its recovery uneconomical. Compared to conventional 

processes, liquid emulsion membrane (LEM) process 

has certainly some attractive features. e.g., simple 

operation, high efficiency, both extraction and stripping 

steps were combined in one stage, which led to 

simultaneous purification and concentration of the 

solute [2]. LEM process has the ability to selectively 

remove and concentrate the low metal contents in 

aqueous solution, in a continuous and fast process, 

that present large interfacial area, needing only a very 

small volume of organic solvent. LEM technique has 

been used for separation of phenol [3] substituted 

phenol [4] nitro phenol compound [5]
 
and toluene/n-

heptane from industrial effluent [6], extraction of metals  
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[7-15]
 
and amino acid [16, 17]. In medical field, this 

technique has utilized for separation of toxic compound 

in blood [18], and extraction of cephalexin [19]. A cation 

carrier was needed in metal extraction process by 

LEM. The cation carriers that usually used are 

salicylaldoxim [20], benzoylacetone [21], 

diisostearylphosphoric acid [22], p-tert-butylcalixaren 

[23], trioctylmethyl ammonium chloride [24], tri-n-

octylamin (TOA) [25], di-2-ethylhexyl phosphoric acid 

(HDEHP) [26-28] N-alkylcaprolactam [29], tertieramine 

[30], ketoconazol [31], dinonylnaphthalensulphonate 

[32] Although these carrier were deeply used in metal 

extraction by LEM technique, however they were used 

in high concentration up to 20% [33]. Therefore it is 

less efficient and uneconomical. The inestigators [34-

37] studied the separation of cobalt, nickel and copper 

by solvent extraction using di-(2-ethyheyl) phosphonic 

acid (PC88A) as liquid cation exchangers and using 

EDTA as a masking agent in the separation of cobalt 

and nickel by LEM and others using CYANEX 923 in 

extractive spectrometric determination of cobalt (II) in 

synthetic and pharmaceutical samples. Reddy et al. 

[38] showed that CYANEX 923 can be used in recovery 

of cobalt and nickel from spent catalysts. Investigated 

the applicability of LEM process for removal of cobalt 

and studied the extraction of cobalt from simulated 

industrial leaching liquor by liquid surfactant 

membranes using CYANEX 302 as a carrier and good 

results for cobalt-nickel separation by the supported 

liquid membrane technique was obtained. Some 

researchers
 
used 2-ethylhexyl phosphonic acid mono 

2-ethylhexyl ester (PC-88A) in the recovery of Co (II) 

ions from a dilute sulphate solution containing nickel (II) 

ions, and the results proved that SPAN 80 membranes 

are hydrolyzed readily in a moderate acidic sulphate 
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solution to from viscous gel and excess carrier [(HR) 2] 

affects the stability of emulsion and thus the separation 

factor.  

In this study, the optimum conditions for Co (II) 

extraction from nitrate medium by LEM were examined. 

In this concern, the effects of various parameters on 

cobalt (II) extraction were investigated. 

2. EXPERIMENTAL 

2.1. Materials 

Cobalt chloride of analytical reagent grade (AR-

grade) was supplied by Sigma. CYANEX 301 is bis (2, 

4, 4-trimethylpentyl) dithiophosphinic acid extractant of 

analytical grade (CYTEC) was used. Several 

surfactants (AR-grade) from Fluka have been tested 

e.g. Span 80 (sorbitan monooleate), Arlacel A and 

Sorbitan Sesquioleate. The diluents used were toluene, 

benzene and cyclohexane from Merck.  

2.2. Procedure 

The external aqueous phase is obtained by 

dissolving the cobalt chloride in nitric acid medium. The 

internal aqueous phase is of analytical grade, obtained 

from Merck. In this concern, sulfuric acid, hydrochloric 

acid, phosphoric acid, and nitric acid solutions were the 

stripping agents tested to optimize. The organic phase 

was CYANEX 301 in different diluents  

2.2.1. Liquid – Liquid Extraction Investigation 

Liquid-liquid extraction of cobalt was carried out by 

adding equal volumes (25 ml) of aqueous and organic 

solutions in thermal shaker at 25 
0
C for 1 h, the 

aqueous and organic phases have been separated 

using centrifugation. 

2.2.2. Liquid Emulsion Membrane 

All LEM experiments were prepared by mixing 25 ml 

of the organic extractant in the selected diluent with 

suitable surfactant. Then 25 ml of the stripping 

aqueous phase solution was added drop-wise to 

enhance the stability of LEM. The solution was then 

emulsified with an ultra-high speed homogenizer. A 

stirring speed of 7000 rpm was used for 5 minutes to 

form the emulsion. The prepared emulsion was then 

poured into the external aqueous phase containing the 

cobalt ions. The system was stirred with a magnetic 

stirrer at 350 rpm. Samples were taken at different time 

intervals from the external aqueous phase for analysis. 

The concentration of cobalt was determined using the 

spectrophotometer (Shimadzu model 160A double-

beam UV spectrophotometer) using ammonium 

thiocyanate method.  

The extraction percentage (E, %) was calculated by 

the relation: 

E (%) = [(C0 - Ct)/ C0] x100          (1) 

Where C0 is the initial concentration of metal ions in 

the feed solution and Ct is the metal ion concentration 

in the feed solution after time interval, t.  

The distribution ratio (D) was calculated as the ratio 

of the Co (II) concentration in the organic phase to that 

in the aqueous phase. 

D =
C0 Ce

Ce

           (2) 

Where C0 is the initial concentration of metal ions in 

the feed solution and Ce is the concentration at the 

equilibrium time. 

3. RESULTS AND DISCUSSION 

3.1. Liquid –Liquid Extraction Investigation 

3.1.1. Effect of Diluents Type in the Extraction of 
Co(II) Ions 

The suitability of some diluents for the extraction of 

cobalt (II) by the proposed method was tested. Table 1 

showed that cyclohexane gives the maximum 

extraction (88 %) as a diluent.  

Table 1: Effect of Diluent Type on the Percent of Cobalt 
Extraction 

Diluent type Extraction (% E) 

Cyclohexane 

Toluene 

Benzene 

88 

69 

58.5 

 

3.1.2. Effect of Nitric Acid Concentration 

The extraction percent of cobalt ions (100 mg/l) 

using different nitric acid concentrations from 0.01 to 

2.0M was tested. As shown in Figure 1, the extraction 

of cobalt ions decreases with increasing nitric acid 

concentration. It was clear that the lowest extraction 

percent was %10 at 2M (the maximum nitric acid 

concentration). This may be referred to the fact that the 

cationic exchange being more difficult when the acidity 

increased [25]. These results indicate that cyanex 301 
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is suitable for the extraction of cobalt ions at low nitric 

acid concentration (10
-2

 M). 

 

Figure 1: Effect of nitric acid concentration on the percent of 
extration of cobalt by cyanex in cyclohexane. 

3.1.3. Effect of Type of Stripping Agents 

Stripping of the extracted cobalt species from their 

organic phases was investigated using different 

stripping agents. Aqueous solutions of HCl, H2SO4, 

H3PO4, HNO3 and NaOH were tested as stripping 

agents. The data obtained are given in Table 2. From 

this table, it is clear that, HCl is the best stripping 

agents for cobalt ions from CYANEX 301 as compared 

to H2SO4, H3PO4, HNO3 and NaOH.  

Table 2: Effect of Different Stripping Agents on the 
Stripping % of Cobalt from Cyanex 301 in 
Cyclohexane 

Stripping agent  Stripping efficiency, % 

HCl, 3M 

H2SO4, 3M 

H3PO4, 3M 

HNO3, 3M 

NaOH, 0.1M 

81 

50 

50.2 

46 

4 

 
3.1.4. Effect of Stripping Agent Concentration 

The effect of stripping agent concentration on the 

extracted Co(II) from CYANEX 301/ cyclohexane was 

studied. Figure 2 showed that the stripping efficiency of 

Co (II) increases with increasing the concentration of 

HCl from 0.01 to 5 M. This may be due to the increase 

of hydrogen ion concentrations in the right hand side of 

the equilibrium equation (3) which enhance the 

reversible reaction direction  

M
2+

+2HB  MB2 +2H
+ 

          (3) 

 

Figure 2: Effect of HCl concentration on the stripping of 
Co(II)from CYANEX 301/cyclohexane solution: [Co(II)]=100 
ppm, CYANEX 301=4%(v/v), [HNO3]=0.01 M. 

3.1.5. Effect of Shaking Time 

Kinetic investigation was carried out in order to 

determine the effect of shaking time on the extraction 

% of cobalt ions (100 mg/L) in 10
-2

 M HNO3 by 

CYANEX 301/ cyclohexane. In this concern, the time 

ranging from 1 to 20 minutes were tested. The results 

are depicted in Figure 3, it is obvious that the extraction 

percent of Co ions increases with increasing the 

shaking time and the maximum extraction % obtained 

was 88 % after 15 min. 

 

Figure 3: Effect of time on the extraction of cobalt by 
CYANEX 301 in cyclohexane from 0.01 M nitrate medium: 
[Co(II)] = 100 ppm; [CYanex 301] = 4%(v/v) T = 25±1˚C. 

3.1.6. Effect of Carrier Concentration 

To study the effect of carrier concentration, cobalt 

(II) ion was extracted from 10
-2

 M HNO3 using various 

concentrations of CYANEX 301. The CYANEX 301 

concentrations were varied from 2-8 % (V/V). The data 

presented in Figure 4 as a log-log relation between the 

distribution ratio of cobalt (II) and CYANEX 
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301concentrations. A straight line with slope  2 was 

obtained.  

Accordingly, the following extraction equilibrium is 

proposed.  

M
2+

+2HB  MB2 +2H
+
          (4)  

Since CYANEX 301 is known to extract metal ion 

species as MB2 and from the slope obtained, Where 

M
2+

 = Co(II), HB is the extractant (CYANEX 301). 

 

Figure 4: Effect of CYANEX 301 concentration on the 
distribution ratio of cobalt from 0.01 M nitric acid. 

3.2. Emulsion Stability 

When LEM is dispersed in the external aqueous 

phase, the emulsion must be sufficiently stable in order 

to extract the metal ions into the internal aqueous, as 

the LEM breakdown will result on operation failure and 

lower the extraction efficiency and loss of the extracted 

species. The LEM globules are stabilized by adding 

suitable surfactant and the degree of extracted metal 

species into the internal aqueous phase is highly 

affected by the degree of LEM stability. The stability of 

LEM was investigated by tracing the red dye (acid red 

73) which loaded in the internal aqueous phase and 

detect the leakage in the external aqueous phase. The 

percentage of leakage (%) was determined using the 

following equation (5) (Miesiac et al., 1992). 

Leakage (%) =
Cext

Cext max
X100

         

(5)  

Where: Cext = the concentration of red dye leaked 

from the internal phase to the external phase and Cext, 

max = the max concentration of red dye in the external 

phase. The emulsion composition used during the 

stability studies of membrane under investigation was 

the following unless otherwise stated, concentration of 

Cyanex 301 was 6% (v/v), different surfactants were 

used; and the internal aqueous phase was in the range 

0.5 - 5 M HCl, a ratio of membrane / internal phase 

ratio is 1, rotating speed of 350 rpm, and a red dye 

(acid red 73) was used as a tracer, and the 

temperature was 25 
o
C. The external aqueous phase 

was 0.01M nitric acid containing cobalt ions and the 

membrane /feed ratio was 10:100 ml. 

3.2.1. Effect of Surfactant Type 

Surfactants play very important role in the formation 

and the stability of liquid emulsion membrane. The 

effect of surfactant type on the amount of red dye 

leaked from the internal aqueous phase to the external 

aqueous phase was studied at constant concentration 

of 4 % v/v using the following surfactants: span80, 

ArlacelA and sesquioleate. Figure 5 showed the 

leakage percent versus time for the different 

surfactants under investigation. In this concern, Span 

80 has the lowest leakage percent (  5%). i.e., it has 

the highest stability for the LEM globules.  

 

Figure 5: Effect of type of surfactant on the leakage(%) of 
LEM in nitric acid medium. 

3.2.2. Effect of Surfactant Concentration 

The effect of surfactant concentration (Span 80) on 

the prepared LEM was studied. In this concern, three 

various concentrations of span 80 were tested: 2; 4; 

6%. As shown in Figure 6, the stability of LEM 

increases with increasing span 80 concentration and 

there is no big difference in stability between 4% and 

6%, therefore 4% span 80 concentration was selected 

as the best concentration avoiding the probability of 

LEM swelling. 

3.2.3. Effect of Internal Phase Concentration on 
LEM Stability 

Experiment was conducted under the same 

conditions as mentioned previously, different 
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concentrations hydrochloric acid as internal aqueous 

phase from 0.5 to 5 M was tested to study the stability 

of LEM under each concentration. Figure 7 Shows that 

the stability of LEM decreases with increasing the HCl 

concentration. This may be due to the effect of conc. 

HCl on the organic oil layer in LEM which responsible 

for the stability of membrane.  

 

Figure 7: Effect of stripping phase concentration on the 
stability of emulsion in nitrate medium. 

3.3. Extraction Kinetics of Co (II) by LEM 

To describe the overall permeation kinetics of Co(II) 

we used the model reported by Teramoto et al. [39]. In 

order to predicts a quantitative measure of kinetics of 

Co(II) complexes and permeation through LEM, the 

following simple first order rate equations (6 and 7) was 

applied. 

Ct

C0

= e kobst            (6) 

ln
Ct

C0

= kobst            (7) 

Where (Ct) and (C0) are the concentration of Co (II) 

remained at time (t) and the initially present in the outer 

phase solutions, respectively Figure 8. Represents the 

first order plots for different parameters affecting on 

cobalt permeation and the values of kobs were 

calculated from the slopes of straight lines. The plot of 

log-log relations between kobs and these different 

parameters gave linear relations. Plotting log K obs 

versus logarithm of the [H
+
], [CYANEX 301], [Co (II)] 

and [HCl] concentrations, gives their power 

dependency Figure 9. From this figure, it is clear that 

the rate constant was inversely dependent on [HNO3] 

concentration in external phase and on [Co (II)] 

concentrations where slopes  -1and -1.5, respectively 

were obtained. But the rate constant depends on 

[CYANEX 301] concentration as extractant as a slope 

1 was obtained. The rate constant was found to be 

independent on [HCl] concentration in the internal 

phase. From these data, the rate of Co (II) permeation 

at 25 
0
C at a ratio of membrane to external phase 

volume of 0.1 can be represented by the following 

relation: 

d[C]per /dt= K[HNO3]
-1

 [Co (II)]
-1.5

 [CYANEX 301]
1
 

[HCl]
0.12

 

Where [C]per is the concentration of the permeated 

Co(II) and K is a constant. 

 

Figure 8: First order plot for the permeation of Cobalt through 
LEM. 

CONCLUSIONS 

In conclusion, the present study has shown that Co 

(II) can be effectively extracted by CYANEX 301 at low 

 

Figure 6: Effect of surfactant concentration on the 
leakage(%) of LEM in nitric acid medium. 



Membrane Stabilitiy and Removal of Cobalt from Waste Solution Journal of Membrane and Separation Technology, 2013 Vol. 2, No. 1      107 

nitric acid concentration (10
-2

 M). The results showed 

that cyclohexane gives the maximum extraction (88 %) 

as diluent and hydrochloric acid gave better stripping 

results. The optimum conditions for cobalt (II) 

extraction were found as follows, concentration of 

CYANEX 301 was 8%, concentration of HCl was 3 M, 

concentration of surfactant (span 80) was 4 %. By 

using these optimum conditions, 10 ml of liquid 

emulsion membrane can extract 1 gm/l of cobalt (II) 

from nitric acid solution with extraction percentage ~ 
96.86 % as a maximum extraction percent after 5 min. 
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