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Abstract 
 The The extraction mechanism of Pb (II) with Noncyclic 2,2'-[ethane-1,2-

diylbis(iminomethanediyl)]diphenol (EDIMD) as a extractant has been investigated by 

solvent extraction system. EDIMD was found to possess remarkable extraction efficiency for 

lead. The composition of the complex between EDIMD and lead was elucidated by job’s 

continuous variation method. The lead present in waste water of lead battery recycling plant 

was extracted in n-butyl alcohol and transferred to organic liquid. Furthermore the effects of 

solvent, time, pH, ligand and salt variation have been studied. The important ligand reused 

study has been established and extraction efficiency was found to be 98% 96% and 95% for I, 

II and III reuse of extractant respectively. 
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INTRODUCTION 

Extraction is the procedure of pulling out of something from something else. A lawyer 

extracts the truth from a criminal; athletes try to extract the last bit of energy from their 

muscles and chemists pull out compounds from solids or liquids using an aqueous or 

organic solvent. By far the most universal and ancient form of extraction is the brewing of 

tea or the making of coffee [1-3]. Every pot of coffee or cup of tea involves solid/liquid 

extraction,the extraction of organic compounds from solid ground beans or leaves using hot 

water as the liquid. Lead is used in building construction, lead-acid batteries, bullets, 

weights, as part of solders, pewters, fusible alloys, and as a radiation shield. Lead has the 

highest atomic number among all of the stable elements. Lead, at certain contact degrees, is 

a poisonous substance to animals, including humans. It damages the nervous system and 

causes brain disorders. Excessive lead also causes blood disorders in mammals. Like the 

element mercury, another heavy metal, lead is a neurotoxin that accumulates both in soft 

tissues and the bones. Lead poisoning has been documented from ancient Rome, ancient 

Greece, and ancient China [4-7].  

Several practical separation techniques have been developed for the recovery of such 

precious metals. The solvent extraction process is already used commercially for the 

recovery of metal ions, and much fundamental information has been accumulated. Although 

many extensive studies on the extraction of metals have been conducted, few studies 

concerning the extraction behavior of rare metals with ionic liquids have been carried out 

[8,9].  
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In the present work, the separation of lead from a waste water obtained from lead 

battery recycling plant extracted by EDIMD in n-butyl alcohol: aqueous solution using 

solvent extraction method, So if an EDIMD acts as an extractant, a successful solvent 

extraction process for metal ions will be established in a long-term operation because it is 

immiscible with water. Our aim is to assess how such an EDIMD used normally in organic 

solvent in the solvent extraction process affects the extraction behavior of lead. In this 

study, extraction equilibrium experiments were performed by changing several operating 

parameters such as solvent, time, pH, ligand and salt variation have been studied and 

developed the better method for lead extraction. 

 

EXPERIMENTAL 

 

Reagents and Apparatus 

The reagents used in this work were all of spectroscopic grade with high purity and 

used without further purification. The salts and reagents used are of analytical grade. The 

extractant 2,2'-[ethane-1,2-diylbis(iminomethanediyl)]diphenol (EDIMD) is synthesized in 

laboratory and characterized by various spectroscopic technique. The AA spectrometer 

analysis and UV-Visible spectra were recorded on Thermo scientific S-series AA 

spectrometer and Shimadzu UV-24500 with 5nm slit of fluorescence and 1 cm path length 

of cuvette. Ultrapure water with a Millipore Purification System (Milli-Q water) was used 

throughout the analytical experiments. IR spectra were recorded using KBrtechnique with 

FTIR Shimadzu IRPrestige-21 model Spectrum One Spectrophotometer, 
1
H NMR, 

13
C 

NMR spectra were recorded using CDCl3 with Varian-300 spectrometer NMR instrument 

using TMS as an internal standard. Mass spectra were recorded in Agilent 6520 Accurate-

Mass Q-TOF LC/MS. The metal salts (chloride and nitrate) were used throughout the 

experiment for preparation of salt solutions. 

 

Solution Preparation 

Stock 1000 μg/mL Pb (II) AA standard solution was purchased from Merck. Working 

standards were prepared from this solution by dilution. The salt solution is prepared from 

metal salt of 100 ppm and it is diluted up to the concentration 5 ppm 

 

Extraction procedure 

The experiments were carried out in solvent extraction separating funnel of volume 

100 mL. 40 mL of waste water obtained from industrial plant and 40 mL EDIMD solution 

was mixed in a separating funnel. During method development the metal saltswere used for 

experiments. All the extraction and stripping experiments were carried out batchwise at the 

temperature of 25 ± 0.1 
0
C. All aqueous solutions were prepared using deionised water. 

After 5 min, the organic and the aqueous phases were separated and the metal ion 

concentrations were determined from the aqueous phase. The concentrations of the metal 

ions in the organic phase were calculated from the difference of the metal ion 

concentrations in the aqueous phase before and after extraction. The results were expressed 

as percentage of extracted metals. 

 

Real sample preparation 

Ore samples and pre-treated ore effluent were collected from industry and the mixed 

industrial effluent is collected from ETP plant. The effluent sample is collected and filtered 

for removing the solid waste and directly used for the experimentation purpose. A fixed 

amount of ore sample is digested with con HCL + HNO3 and heated on hot plate till the acid 
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is evaporated and after that the distilled water is added for maintaining the proper 

concentration and filtered for removing solid residue. The filter water is applicable for the 

extraction procedure. 

 

Sysnthesis of receptor 4 

Synthesis of 2,2'-{ethane-1,2-diylbis[nitrilo(E)methylylidene]}diphenol (H2L) (3):  

A solution of 1,2-diamine ethane (0.06 g, 0.001 M) was added to a solution of 2-

hydroxy benzaldehyde (0.24 g, 0.002 M) in methanol (50 mL) and the mixture was stirred 

at room temperature up to 30 min. The deposited yellow crystals at room temperature were 

filtered and recrystallized from methanol, 88 %, m.p 118-120 0C.  

 

Synthesis of 2,2'-[ethane-1,2-diylbis(iminomethanediyl)]diphenol (4): 

Sodium borohydride (0.076 g, 0.002 M) was added to compound 3 (0.27 g, 0.001 M) 

in 50 ml mixture of THF/CH3OH (70:30 v/v) and the mixture was stirred at 0-5 0C 

temperature. When the mixture becomes colourless, it was poured over 100 ml of water to 

give a colourless powder in good yield, 85 %, m.p. 124-128 0C. 

1H-NMR (300 MHz, CDCl3, ppm) : δ = 2.83 (s, 4H, 2CH2), 3.99 (s, 4H, 2Ar, CH2), 6.76-

6.84 (m, 4H, 2Ar-H), 6.96-6.98 (d, J=6.6 Hz, 2H, 2ArH),7.15-7.20 (m, 2H, 2ArH); IR 

(KBr): υ = 621, 692, 723, 754,798, 864, 970, 1109, 3007, 3278, 3552 cm-1; MS (EI, m/z): 

requires C16H20N2O2: 272.152 [M-H]+; 273.27 

H2N NH2
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O N N

HOOH

a

1 2 3

NH HN

HOOH

b
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  2

H

Scheme-1 Synthesis of 2,2'-[ethane-1,2-diylbis(iminomethanediyl)]diphenol (4); (a) 

CH3OH, 30 min and (b) NaBH4 , THF/CH3OH 70:30 v/v, 0-5 
0
C, and 90 min. 

 

RESULT AND DISCUSSION 

 

Stoichiometry of metals with EDIMD 

To determine the binding stoichiometry between EDIMD and Pb
2+

 ion, the Job’s continuous 

variation method was used [10-14]. Figure 1 shows the Job’s plot of the absorbance 

intensity of free EDIMD and the intensity of the system with the molar fraction of the host 

[H]/([H]+[G]) for a series of solutions, in which the total concentration of host and guest 

was kept constant, with the molar fraction of host continuously varying. The results indicate 

the formation of a 1:1 (Host: Guest) complex. Using the equation: [G]tot = a/2K(1-a)
2
[H]tot 

+ a[H]tot/2, where [G]tot is total concentration of guest, [H]tot is the total concentration of 

host, a = (A- A0)/(Ai- A0) with I being the absorbance intensity at a particular Pb
2+ 
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concentration while A0 and Ai are the intensities at zero and infinite Pb
2+ 

concentrations, 

respectively. 

 
Figure 11:1 Stoichiometry of the host guest relationship realized from the job plot. 

 

Effect of the diluents 

The behavior of EDIMD mixed with different diluents, which were chloroform, 

cyclohexane, n-butyl alcohol, ethyl acetate, dichloromethane and toluene was studied for 

the extraction of Pb
2+

. The results are presented in Figure 2 shows that n-butyl alcohol was 

suitable diluents having maximum extraction ability. Other diluents were found not 

effective for (EDIMD). Eventually, in the present work, n-butyl alcohol was selected as 

diluent for EDIMD due to its superior extractability, high polarity, and solvation and 

dissolution properties towards the EDIMD and Pb
2+

 complexes. 

 
Figure 2 Effect of diluent; Concentration of Pb (II) in solution- 5 ppm with extraction time 

10 min, phase ratio: 1.0 and equilibration time 5 min. 

 

Effect of mixing time 

The mixing time experiments were carried out in which the solvent extraction funnel was is 

mechanically shaken by hand for 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 min and after that the 

extracted Pb
2+

 is determined on AA spectrometer. The effect of mixing time on the 

extraction is shown in Figure 3. The first observation is that the extraction of Pb (II) 

increases with increasing the time of shaking. At the time of 2, 4 and 6 min the percent 

extraction of P (II) is 58, 88 and 92 but on the 8 min it will reach to 99 and above this time 
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it was approximately stable. Therefore, the optimum value for mixing speed was determined 

as 8 min. 

 
Figure 3 Effect of mixing time; butan-1-ol; 5 ppm; metals concentration; phase ratio: 1.0; 

equilibration time 5 min 

 

Effect of the acidic leach solution pH 

The pH of the solution has a profound effect on the extraction behavior. In the present work 

the pH of the solution was varied from 0.5 to 9.0 and the obtained results are shown in 

Figure 4. It is observed that by increasing pH of the solution from 0.5 to 5.0 the percentage 

of Pb (II) extraction increased. With further increase in solution pH from 5.5 to 9.0, the rate 

of lead extraction started to slightly decrease. The increase of extraction ability at pH 0.5 to 

5.0 is because in low pH the formation of complex is confronted by the acid condition. 

Similarly on the above pH 5.0 the metal salts is converted in to its hydroxide form in such 

condition the extraction ability of the EDIMD is decreases. Therefore, pH 5.0 was selected 

as the best pH value and was used as the pH of the solution. 

 
Figure 4 Effect of equilibration pH; n-butyl alcohol; Concentration of Pb (II) in solution- 5 

ppm; pH of the solution varies from 0.5 to 9.0; extraction time 10 min; phase ratio: 1.0; 

equilibration time 5 min. 

 

Effect of extractant concentration 

To investigate the effect of the extractant concentration on the extraction of Pb (II) ions, the 

(EDIMD) concentration was varied in the range from 50 to 800 mg/L in n-butyl alcohol as 

diluent (Figure 5). The maximum extraction (99.9 %) was achieved at 500 mg/L EDIMD in 
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n-butyl alcohol. The extractant concentration in the organic phase played a very important 

role in the overall extraction of the metal ions. A further increase in the EDIMD 

concentration from 500 to 800 mg/L did not give any further positive effect on the 

extraction of Pb (II) ions. Although the diluent (n-butyl alcohol) was not directly involved 

in the extraction of Pb (II) species, it modified the viscosity and the surface tension 

properties of the organic phase, important to longer phase detachment time and insignificant 

entrainment. Therefore, the percentage of extracted metal can be considered a response to 

the percentage of active extractant in the diluent. 

 

 
Figure 5 Effect of EDIMD concentration; Concentration of Pb (II) in solution- 5 ppm; the 

concentration of EDIMD solution varies from 50 to 800 mg/L; pH 5.0; extraction time 10 

min; phase ratio: 1.0; equilibration time 5 min. 

 

Effect of stripping reagent concentration 

5 ppm Pb (II) using HCl as stripping reagent in the range from 0.01 M to 5.0 M. The results 

are shown in Figure 6. In case of HCl as a stripping reagent, the stripping of Pb (II) is 

increased upto the 1M HCl and above it is constant for 2 to 5 M. So the 1M HCl 

concentration is used for the stripping of the Pb (II) complex. 

 
Figure 6 Effect of stripping agent concentration (HCl); Concentration of Pb (II) in solution- 

5 ppm; the concentration of HCl solution varies from 0.01 to 5.0 M; pH 5.0; extraction time 

10 min; striping time 5 min; phase ratio: 1.0; equilibration time 5 min. 
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Reuse of the solvent 
To evaluate the reusability of the organic phase, the Pb (II)-free (stripped) solvent was 

applied to the extraction of Pb (II) ions under the optimized conditions. It was found that 99 

% of the Pb (II) ions were extracted from the aqueous phase (5 ppm Pb (II) ions in 40 mL, 

pH 5.0) to the organic phase. After three extraction/stripping cycles, the organic phase had 

lost little of its volume and retained high extraction efficiency 98% 96% and 95% for I, II 

and III reuse respectively. In addition, 95.2 % of the extracted metal ions were stripped 

from the metal-loaded solvent using 1.0 M HCl solution shown in Figure 7. 

 
Figure 7 Effect of reused (EDIMD); Concentration of Pb (II) in solution- 5 ppm; the 

concentration of HCl solution varies from 1.0 M; pH 5.0; extraction time 10 min; striping 

time 5 min; phase ratio: 1.0; equilibration time 5 min. 

 

Effect of salting  

To evaluate the salting effect on the extraction of Pb (II) ion in n-butyl alcohol solvent, the 

experiment was carried out in the presence of KNO3, CaCl2, KH2PO4, NaCl, NaH2PO4, 

Na2CO3 and NaNO3 and the result is shown in Figure 8. The result shows that the 

extraction efficiency of Pb (II) ion is approximately stable for the salts used except in the 

case of NaH2PO4 the appraisable decrease was observed in extraction. It is due to the 

addition of NaH2PO4 decreases the pH of solution.  

 
Figure 8 Effect of salt used in extraction; Concentration of Pb (II) in solution- 5 ppm; the 

concentration salt 0.01M; pH 5.0; extraction time 10 min; phase ratio: 1.0; equilibration 

time 5 min. 
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The optimum conditions were experimentally determined and were shown in Table 1. 

 

 

Table 1 Optimum conditions for the extraction of Pb(II) 
Sr. No Parameter status 

1 Solvent n-butyl alcohol 

2 Stiochiometry 1:1 

3 Extraction Time 5min 

4 pH 5 

5 EDIMD concentration 200 mg/L 

6 Striping concentration 1M HCl 

7 No of reused 3 time 

8 Salt effect NaH2PO4 

9 LOD 0.6 µg/L 

 

APPLICATION 

The develop method accuracy is checked by adding the known concentration of lead in the 

blank which is tap water in which lead concentration is below detection limit.  And the 

added amount is extracted by EDIMD and further it was calculated on AA 

spectrophotometer. The results are shown in Table 2. To evaluate the accuracy of this 

method it was directly applied to the determination of Pb (II) ions from the lead battery 

effluent, Ore Sample, Ore effluent and Mixed Industrial Effluent. The samples were filtered 

and analyzed immediately after collection. The % extraction calculations were made by 

determining the metal concentration before and after extraction for aliquots of each sample. 

The results are shown in Table 3 and confirm the applicability of the method. 

 

Table 2 
Sample Pb added 

(ppm) 
Pb found (ppm) Recovery % 

Blank 

0.01 0.0099±0.0001 99.00 
0.1 0.0989±0.002 98.90 
1 0.9887±0.02 98.87 
5 4.9877±0.2 99.75 

 

Table 3 

Sample 
 
 

Metal 
Concentration 
(ppm) 

Metal 
Concentration after 
extraction 
(ppm) 

% Extraction 

Ore Sample 
0.5856 
 

0.0011 
 

99.82 
 

Ore effluent 
0.2168 
 

0.0018 
 

99.19 
 

Mixed Industrial 
Effluent 

1.4688 
 

0.0314 
 

97.86 
 

 

CONCLUSIONS 

A solvent extraction process using EDIMD to separate and concentrate lead from the 

solution has been investigated. From this study the following conclusions can be drawn: 
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1. The optimum conditions have been determined experimentally as stated above Table 1. 

2. The highest extraction efficiency was obtained when pH at 5.0. 

3. Extraction efficiency increased by increasing the extractant (EDIMD) concentration 

which stabilized at an excess of the EDIMD in the organic phase. 

4. A higher concentration of HCl in the stripping solution increased the concentration 

driving force, hence, stripping efficiency also increased. 

5. From the application point of view, n-butyl alcohol could be a good choice for practical 

purpose for dilution of EDIMD. 

6. Based on the analysis of job’s continuous variation plot method we explain 1:1 

stoichiometry. 

7. The compound EDIMD is useful with the point of reuse. 
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