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 Abstract 

       Innovative, sensitive, and accurate method for liquid-liquid extraction using an 

ultrasonic device is presented in this work. A working system was created, consisting 

of two basic components: the ultrasonic device and the pump device, to pump or 

withdraw the organic layer. a study of the key variables derived from the liquid-liquid 

system was carried out in the system containing Dithizone (        3 M) in 

(Chloroform) CHCl₃ solvent. and aqueous copper (II) chloride(CuCl2.2H2O) 

(       6 M) solution to determine the degree to which they affect the extraction 

performance attained in this manner. The effect of initial sample copper 

concentration and ultrasonic time, temperature effect, and pump speed, were studied, 

establishing the best conditions for a sample of (10 mL) aqueous solution of Cu (II) 

chloride, the optimum copper (II) concentration in the analyzed sample is (1       6 

M), the ultrasonic time for the device is (8 min), and the flow rate of the pump is 

(3mL/30sec) and a temperature (27ºC) and (pH=1). The extraction degree was 

optimum under these conditions (96±2%) and the relative standard deviation (RSD)% 

(0.29%), In this work, a simple method is proposed to extract and concentrate copper 

in aqueous copper chloride using an ultrasonic device in the presence of dithizone 

solvent.  The main parameters affecting the extraction method such as copper ion 

concentration, pump speed, temperature, device time, and the effect of equal and 

different volumes were evaluated.  The proposed method was applied for the 

determination of copper in aqueous copper chloride samples.  Accuracy was assessed 

by comparing the results with a conventional extraction method (traditional methods).  
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1- Introduction 
    
        Copper is a low-concentration element that can be found in abundance in the 

earth's layers, particularly the crust, seas, and water bodies. Copper is an excellent 

conductor of electric current and, in general, of electricity. The most important 

natural sources of copper are volcanic activity, geological deposits, and soil and rock 

erosion, as well as human resources such as electricity manufacturing, agriculture, 

metal, sludge from publicly owned treatment plants, mining, and pesticide use, to 

name a few.  Copper is an important element as a vital food, but only in small 

amounts, and if the concentration exceeds the normal limit, it is toxic to aquatic life 

[1]. A trace amount of copper (Cu) at the µg/kg level is essential for human health, 

whereas high levels become toxic [2]. Excess copper leads to DNA damage and 

disturbance in neuronal cells. In addition, free radical formation is usually 

accompanied by high concentrations of copper [3]. Copper can alter enzyme activity, 

metabolism, brain functions, and blood chemistry, in addition to hurting growth, 

reproduction, and survival. Copper is required for animal metabolism. Excessive 

copper consumption, on the other hand, can cause severe toxicological problems such 

as nausea, cramps, convulsions, and even death [4]. Copper enzymes involved in 

redox reactions can take advantage of copper's ability to switch between its oxidation 

state, Cu(II), and its reduced state, Cu(I). However, it is important to consider the 

possibility that copper is extremely dangerous because transitions between Cu (II) 

and Cu (I) may result in the synthesis of peroxide and hydroxyl molecules, which are 

known to affect biomolecules[5]. Excessive copper exposure, cellular damage, and 

Wilson's disease are all linked in humans[6]. Many other essential elements, such as 

copper, perform biological functions; however, high concentrations of these minerals 

frequently cause cell and tissue damage, resulting in a variety of undesirable effects 

and human diseases[7]. 
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2-Classification of Extraction Methods: 

           The operation and types of phases of the extraction process are used to 

classify the extraction process (32). 

a-Classification of extraction process, based on operation. 

b- Classification of extraction process based on types of phases. 

3-Advanced Extraction Methods:  

1. Supercritical Fluid Extraction (SFE) 

2. Ultra sonication-assisted Extraction (UAE) 

3. Micro Bubbles Extraction (MBE) 

4. Microwave-assisted Extraction (MAE) 

5. Shake Flask Extraction and Matrix Solid Phase Dispersion (MSPD) Soxhlet 

method Extraction 

6. Accelerated Solvent Extraction (ASE) or Pressurized Fluid Extraction (PFE) [35]. 

4-Experimental  

Chemicals: 

Every chemical used in this study was provided by businesses (Fluka & BDH). 

At a concentration of (1        M), dithizone solution (C13HI2N4S) (Fluka) was 

created by dissolving (0.0256g) in (10 mL) of CHCl3 (BDH). To meet the needs of 

the study, a different group of Dithizone solutions with a concentration of (0.001M) 

was created by mixing (5mL) of the previous Dithizone solution of (0.01M) with 

(50mL) of CHCl3 in a standard volume vial, then store the mixture in an opaque 

bottle away from light [8] [9]. An aqueous solution of copper (II) chloride 

(CuCl2.2H2O) (Fluka) at a concentration of (0.01M) was prepared by dissolving 

(0.42625mg) in a small volume of distilled water, then completing the volume to (250 

mL) in a standard volumetric vial and saving the solution for use. Another group of 

CuCl2.2H2O solutions with a concentration (of 1         M) was prepared for the 

study's requirements by taking (0.5 mL) of the previous copper (II) chloride solution 

of (0.01M) and diluting it in (50mL) of distilled water in a standard volumetric vial 

when the concentration is Copper (II) standard (0.06356 ppm). The acidity of the 

CuCl2.2H2O solution is adjusted to pH=1, and the pH is measured using a pH meter 

after a small amount of HCl is added (BDH). 
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5-Equipment: 

Glassware, volumetric flasks, and beakers were washed and rinsed with 

acetone and heated (150 °C), Ultrasonic device(AUSTRIA), thermometer, and 

Peristaltic pump to pump the reagent and withdraw the organic layer; pH - meter 

WTW –SERLES Germany, to determine the required pH and Atomic Absorption 

Spectroscopy device SHIMADZU - 6300, used to measure the proportion of copper 

(II) remaining in the aqueous layer. 
 

 

6-Ultrasonic device extraction working procedure: 
 

(10 mL) of an aqueous copper chloride solution (CuCl2.2H2O) at a 

concentration of (1 ×10 ^  6 M) was pumped into a volumetric vial containing (10 

mL) Dithazone solution at a concentration of (0.001 M). By a peristaltic pump, 

through a rubber tube, after fixing the pump speed at (3 mL/30 sec) and after 

determining the optimal conditions for completing the extraction process which is: 

temperature (27 °C), pH = 1, and an ultrasonic device that generates vortices and 

waves help in the extraction process and with a constant vibration time of (8 

minutes), The ultrasonic waves create cavitation bubbles in the solution, which 

generate localized high pressures and temperatures upon collapse. This promotes the 

breakdown of copper-containing minerals and facilitates the release of copper ions 

into the solution. 

 

7-Result and Discussion: 

 

 
8-Ultrasonic extraction system design:  
 

A new working system was designed using ultrasound technology, which is a 

device for generating eddy currents and waves that aid in the extraction process. This 

system allows the extraction process to be repeated several times in a short time, and 

it is easy to follow the stages of the: 

• A device that generates vortices and waves that help in extraction, an 

ultrasonic device, which is the main part of the design, which has different timings 

(90 seconds - 8 minutes) 

• The peristaltic pump device, which allows the reagent material to be 

transferred back and forth from the analyzed sample. 

• A thermometer for measuring the temperature that has been stabilized at (27 

°C). 

• A round flask with a single-hole lid, for pumping organic matter. 
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 Figure (1).  

     
Figure (1) Ultrasound extraction 

 
9-The effect of the main variables study:  

 
In this work, four main variables were studied to find out their impact on the 

percentage of extraction that occurs using the ultrasound device compared to other 

traditional methods, as follows: 
 
 

9-1-The effect of the concentration of CuCl2.2H2O on the extraction process: 
 

The concentration of the metal ion has a direct influence on the formation 

process of the extracted compound [10], which is important in obtaining the best 

values for the distribution constant D and the degree of extraction %E. Therefore, the 

extraction of copper (II) was carried out by taking two volumes of CuCl2.2H2O (10 

mL) per of them, the concentration of the first (1 x 10^     M  and the concentration of 

the second (  x      6 M), and after pumping (10 mL) of a dithizone solution at a 

concentration of (1 x 10^   3 M), with a with time (6 min) for the device, the organic 

layer was withdrawn from the aqueous layer by the pump. The percentage of copper 

remaining in the aqueous layer is measured in both samples. After calculating the 

values of D and %E, it was found that the second concentration (1 x 10^   6 M) is 

better for the ultrasonic extraction process, because it gives higher values than the 

first concentration (1 x 10^  4M), as shown in the table 1. 

Table 1 

Optimal copper (II) concentration for the ultrasonic extraction process 

 

sample NO.  

 

Copper(II) concentration  

 

D  

 

E%  

 

1 1×10^-4 M 

 

3.7 89 % 

2 1×10^-6 M 

 

14 92 % 
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9-2-Study the effect of change in the Ultrasound time: 
 

In this study, three times equal volumes (10 mL) of CuCl2.2H2O solution and 

dithizone solution were steadily pumped with varying Ultrasound times for each (3 

min), (8 min), and (13 min) for the extraction process. pump speed (4mL /30Sec), at 

a temperature of 25C. (Fig. 1) shows that the values of %E increase with increasing 

vibration time, allowing more time for waves to pass through and complete the 

extraction. We believe that (8 minutes) is the best extraction time, Where the 

extraction rate in the time of (8 minutes) was approximately %E (94.5%) because the 

extraction degree is satisfactory and longer time means more energy consumption. 

Table 2, 

Figure 1 

 
sample NO.  

 
Ultrasound time  E%  

 

1 3 min 92 

2 8 min 94.5 

3 13 min 91 

 

 
 

Figure 1. The effect of change in the Ultrasound time 

 

 
9-3-Effect of changing in the rate of pump speed: 
 

The change in pump velocity to three speeds (3mL/30sec), (5mL/30sec), and 

(7mL/30sec) was studied and ultrasonic time(8min). (Fig. 2) shows that the value of 

the degree of extraction %E rises slightly as the pump speed increases between 

(3mL/30sec and 5mL/30sec), after that the values of %E decreases as the rate of 

pump speed increases The reason is due to the low flow rate of the pump the 

mechanical energy generated by ultrasound is applied further to the samples to speed 

up the extraction. This technique relies on the application of high-frequency sounds 
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and a limited amount of solvent to produce an efficient extraction of the compounds 

On the contrary, the high speed of the pump does not allow the ultrasonic extraction 

process to be completed to sequentially increase the organic layer of peristalsis, 

Where the results show that the best speed of the pump is (3mL/30sec), the values of 

%E (95.3%). 

(Table3, Figure 2) 

 
sample NO.  

 
pump speed E%  

 

1 3mL/30sec 95.3% 

2 5mL/30sec 93% 

3 7mL/30sec 90% 

 

 

 

Figure 2. Effect of change in the rate of pump speed 
 

 

 

9-4-Studying the effect of temperature: 

An equal volume of copper(II) chloride solution (10 mL) and dithizone 

solution (10 mL) were studied at different temperatures (25 °C, 27 °C, 30 °C) under 

optimal conditions of vibration time of the ultrasonic device (8 minutes), and speed 

of the peristaltic pump (3 mL/30 seconds). The results showed that The percentage of 

extraction decreases with increasing temperature at (30°C) as it negatively affects the 

extraction process as a result of evaporation of the solvent, so the best temperature for 

extraction is at 27°C (17). Table 4, Figure 3 Shows the results of the study. 
 

Temperature  °C E% 

 

25 °C 90% 

27°C 95.8% 

30°C 88% 
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Figure 3. Studying the effect of temperature 
 

9-5-Study the effect of equal volumes: 

During the extraction process, volumes of copper(II) chloride solution was 

injected (10, 15, 20, 25 mL) in dithizone solution respectively in the same volume for 

each stage of the study. When the pump speed is(3mL/30sec), the Ultrasound time is 

(8 minutes), and the temperature is (27 °C). The results of the study were as follows: 

The results of the study showed that the constant volume (10 mL) between the two 

solutions gives a higher result for the values of E% and the distribution coefficient D 

than the total volume (20 mL) between the two solutions. Help generate stable waves 

within the remaining space of the bottle, giving better scope for the extraction 

process, the values of E% (95.4%). As shown in the figure 4. Table 5 

 
sample NO.  

 

Volume E%  

 

1 5 ml 89% 

2 10ml 95.4% 

3 

 

15ml 94% 

4 20ml 92% 

5 25ml 91.4% 

 

 

 

Figure 4. Study the effect of equal volumes 
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10-Accuracy of the ultrasound extraction method: 

An analyzing sample was made from a substance called copper solution with a 

concentration of (0.06356ppm), and it was analyzed by both methods. This ultrasonic 

extraction technique was compared to the traditional approach described in [13], 

which uses funnel division in the dithizone extraction procedure. Using the ideal 

conditions investigated for the ultrasonic extraction—pump speed (3mL/30sec), 

vibration time (8min), and temperature (25–30°C)—the extraction degree was higher 

(90 ± 0.2). The table shows the outcomes. 

Table 6 

Comparison of the results of ultrasonic extraction and the conventional               

method 

      

Extraction 

method 

Cu(II) 

concentration 

(ppm) 

Dithizone 

concentration 

(M) 

shake 

time  

(min) 

D   E% 

 

ultrasound 

extraction 

1000 0.001 8   10 90%  

Traditional[14] 1000  0.001 30  1.73  78.5  % 

 
11-Conclusions: 
 

The phenomenon of ultrasound has been used as a new method in the 

extraction process. 

It showed good results and is close to the method of classical extraction. 

Finding a new method for the process of withdrawing the organic layer 

from the aqueous layer or vice versa using a pump. 

The use of the pump in the process of pumping the reagent solution to the 

metal solution at a constant rate of speed for ease and speed of work. 

Control the device's vibration time (increase or decrease) and adjust the 

temperature using bubbles. 

The conclusion from (Table 6) shows that the novel extraction technique using the 

ultrasound device is suitable for ease of use, speed of work, reduction of material and 

solvent use, as well as the minimal environmental impact that enters it in the use of 

green chemistry. In contrast to multiple extractions, which require additional time and 
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physical effort when employing a separation funnel, ultrasound extraction is 

completed in a single step. 
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