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Abstract 
 
This study deals with the removal of (Pb and Zn) from the recovery solution 

produced from the purification of grinded Barite ore brought from the 

Lahevan area (Duhok Governorate, North of Iraq). The removal process of 

these metals includes two stages; the first stage is recovering the metals (Pb 

and Zn) at a percentage of 87.68 % Lead and 76.5 % Zinc respectively with 

purity 78 % for Lead and 70 % for zinc by applying the best conditions 

(current, density, time and PH), The second stage includes chemical 

precipitation by adding a dilute solution of NaOH 10% to remove the 

remaining concentrations of heavy metals in recovery solution to be within 

Iraqi standard specification for discharging into the river. 
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1 Introduction 
  

The chemical industries are the essential source of environmental 

pollution (air, water, soil, and biosphere), Pollution is a qualitative or 

quantitative change in living and non-living components of the environment, 

the environment systems are unable to preserve balance and absorb this 

pollution without environmental damage [1]. One of the sources of pollution 

is the purification process of barite ore that is the main source used in the 

preparation of barium carbonate and barium sulfide which are considered 
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basic materials used in preparing other barium compounds,a laboratory study 

was  conducted  on  barite  ore  proved  that  it is necessary to remove  the 

metallic impurities present in the ore, represented by lead and zinc compounds,

which negatively effect on the purity of the barium compounds that prepared 

from the ore [2]. 

Heavy metals defined as elements with a density higher than 5 g/cm3 [3], 

although many heavy metals have a density equal or less than 3 g/cm3 [4]. 

Heavy metals are easily absorbed by organisms due to their high solubility in 

the aquatic environments. Hence, they may accumulate   in the human body 

by means of the food chain [5].  

Heavy metals may enter a water supply through industrial or consumer 

wastes releasing heavy metals into streams, lakes, rivers, and groundwater, 

many dangerous heavy metals are toxicity to the environment and humans so 

the environmental engineer in a confrontation a serious challenge to the 

treatment of wastewater effluents before discharge into the river [6].  

Lead is toxic metal particularly to animals and plants, and cannot be 

treated easily due to non-biodegradability and exposure to bioaccumulation 

in living cells [7].  

Zinc is also an essential element in our diet, too much zinc, however, can 

also be damaging to health, a higher concentration of zinc may cause anemia 

and cholesterol problems in human beings [8]. 

Sieving technology considers not complex methods used to separate different 

particles in size from each other. There are different sizes of sieves 

depending on the size of the holes. The fine particles can easily pass through 

these holes; the coarse or large particles are disintegrated by colliding with 

each other causing their fragmentation [9]. 

In this research used electrical cell to recovery of lead and zinc also used 

chemical method for the reduce concentration, after two stages finish we can 

discharge acidic solution without any toxics on the river and become within 

the permissible concentrations of the Iraqi Standard Specification [10].  

Several studies have dealt with the subject of purification of ore materials 

and their extraction from recovery solutions one of these studies that, the 

chemical industries are responsible for the high concentration of lead and 

chromium in environmental systems, due to deficiency or ineffective 

purification systems [11], another study, Some of the metals heavy (lead and 

chromium) are toxic and dangerous in their oxidation state, e.g. Pb+2 and 

Cr+3 [12]. Some studies have dealt with the metal lead and its toxicity [13].  

There are some of the heavy metals (lead, cadmium, chromium, and 

mercury) which consider high toxicity metals to health [14]; however, their 

use is unavoidable as they are necessary for daily activities of economic 

value [15]. Technologies such as ion exchange, membrane filtration, 

reduction, and Photocatalytic oxidation and adsorption have their own 

advantages and disadvantages over metal ion [16]. 
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2 Location 
 

 Barite ore was brought from the north of Iraq (Duhok governorate) in 

lahevan area bordering of Turkey Where exists in veins reach to 1 m [2]. 

Figure 1, shows the location. 

 

 
 

Figure 1 Location area 

 

3 Materials and Methods        
 
3.1 Materials 
 
3.1.1 Barite 
 
 (3 kg) Barite ore was divided and separated by the sieves (-75 µ) by 

screening, a representative sample was taken for the analysis in Iraq geosurve 

laboratories, results are shown in Table 1. 

 
Table 1 Chemical Analysis of the Barite Ore 

 

 

ZnO 

wt% 

8.27 

PbO 

wt% 

3.81 

K2O 

wt% 

0.12 

Na2O 

wt% 

0.19 

MgO 

wt% 

0.39 

CaO 

wt% 

5.6 

Al2O3  

wt% 

0.12 

Fe2O3 

wt% 

1.58 

SO3 

wt% 

24.000 

BaO 

wt% 

46.000 
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3.1.2 Industrial Hydrochloric Acid 
 

 Hydrochloric acid (industrial type) with concentration 25% that rest 

from  

waste industrial processes add to samples before put it in the electrical cell. 

 

3.1.3 Electrical Precipitation Cell 
 
The electrical precipitation cell used in this work is shown in Figure 2 and is 

composed of the following parts: 

 Power supply D.C. 

 Insoluble Cathode and anode poles made of graphite with dimensions (25 

cm × 1.5 cm). 

 Voltmeter for measuring the voltage differences between the poles. 

 Ammeter for measuring the intensity of the electrical current. 

 Basin made of Pyrex glass resistant of chemical materials to put the 

electrolyte solution and   electrodes with dimensions (30 cm × 20 cm × 30 

cm). 

 Copper wire for electrical connecting to the solution.  

 Electrolyte solution containing ions element which will be precipitated. 

 

3.2 Methods  
 
3.2.1 Preparation of Acid Recovery Solutions 
 
  (100) gm barite ore sample (grinded finely by screening at grain size -75 µ) 

treat with 2:1 (acid : ore) dilute industrial hydrochloric acid  25% 

concentration for (1.5 hr.) to reach a boiling point (105 ºC), after finishing 

the reaction, the acidic solution dilutes and let to precipitate, filter and wash 

by distilled water to get a solution that contains metal chlorides (Pb , Zn) and 

calcium chloride as impurities, after that the resulting solution (recovery 

solution) is homogenized by mixing, then a representative sample is sent to 

the chemical laboratories for analyzing. Table 2 shows the chemical analyzes 

of the recovery solution. 
Table 2 Chemical analysis of recovery solution 

      Components                                                 weight %   

  
 

                             BaO                                                             63.25 

                                SO3                                                                                                33                                                                                                     

                                MgO                                                            0.05 

                                K2O                                                             0.02 

                                Na2O                                                                0.06 

                                Al2O3                                                                                          0.035 

                                 Fe2O3                                                                                           0.03 

   L.O.I.                                                           0.58 

                                            PbO                                                               1512 ppm 

              ZnO                                                               5800 ppm  
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3.3 Electrical Precipitation 
 
3.3.1 Lead Metal Precipitation 
 

Table 3 Effect of Precipitation Time on (Pb) Concentration 

 

Time (hr.)       precipitate weight (gm)        Pb%           PH      current 

(amp.) 

     2                                  0.59                       74              0                 1 

     3                                  0.76         71           0                 1 

     4                                  0.74                       72               0                 1 

     6                      0.76                      57.6             0                 1  

 

Four separate experiments were carried out, the current (1amp.) and (PH 

= 0) for all experiments, notice form a thin dark gray layer of the lead metal 

on the cathode pole and collected by simple skimming in different periods,  

Figure 2 Simplified Plot of the Electrical Precipitation Cell  

25cm × 1.5 cm 

 

20cm 

30cm 
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samples were washed with distilled water, dried, weighted and sent to 

chemical analysis to determine the purity (Pb %) as shown in Table 3.  
 

3.3.2 Zinc Metal Precipitation 
 
 After the completing of lead precipitation, current increases to (3 amp.), the 

zinc metal was precipitate on the cathode pole in the form of light gray 

granules firmly stick to the pole and collected by simple skimming in 

different periods, samples were washed with distilled water, dried, weighted 

and sent to chemical analysis to determine the purity (Zn %) as shown in 

Table 4.  

 
Table 4 Effect of Precipitation Time on (Zn) Concentration 

 

Time (hr.)         precipitate weight (gm)      Zn%              PH      current 

(amp.) 

 12                         1                                     70                   0.08             3              

 14                          1.52                               23.77              N.D             3 

   15                         3                                     40.8                1.89            3 

  16                         *                                      *                    *                 3 

                          N.D: Not determine           * Precipitation process stops 

 

3.3.3 Lead & Zinc Metal Precipitation 
 
      An experiment was carried out to precipitation (Pb & Zn) with increasing 

the precipitation efficiency by adding (15 gm) sodium chloride as an 

activating agent after 12 hr. from precipitation to ensure an increase in the 

concentration of chloride ions in the electrolytic solution (recovery solution) 

with change precipitation time from (4 hr. to 19 hr.), Table 5 shows the 

details of the precipitation process. 
 

Table 5 Electrical Precipitation for Pb & Zn Metals 

 

      

 

 

 

 

 

 

 

 

 

-  Not analyzed  * not precipitate 

 After (15 hr.) as an electrical precipitation time to completion of the 

process of precipitation of (Pb & Zn) from the recovery solutions, the metal 

concentrations decreased, as shown in Table 6. 
 

Time (hr.)      current intensity        precipitate weight       Pb%         Zn%         PH 

                             (amp.)                            (gm)     

 

4                              0.5                               0.8                   78               -              0  

10                            1                                  0.9                   16.8             -             0  

12                            2                                  1.2                   4.66          70           0.08              

15                            3                                  3                      2.69         40.8        1.89 

19                            4                                  0                         *              *             3 
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Table 6 Changes in Metal Concentrations and PH of the Recovery Solution 

 

PH                   Pb (ppm)           Zn (ppm)                   details 

0                      1512               5800                    before recovering process 

1.89                 122                 2200                    after recovering process 

 

3.4 Chemical Precipitation 
 

 To obtain a concentration of (Pb & Zn) in the recovery solution within 

Iraqi standard specification for discharging into the river (Determinants of 

Pollution Maintenance System No. 417 of 2001) [10] and global system [17], 

the remaining recovery solution adjusts to (pH = 8) by using a (10%) dilute 

sodium hydroxide solution to ensure complete precipitation of the metals 

[18], after that, the precipitate formed from the solution are separated by 

filtration and washed by distilled water and dry in an electric oven at 

(100C˚). Table 7 shows the final concentrations of the metals. 
 

Table 7 Final Concentration of Metals after Chemical Precipitation 

 

    Metals concentration in 

       Details                                    recovery water (ppm)                                PH 

                                                        Pb                  Zn 

 

 Recovery solution after                     122                2200                                   1.89 

 electrical precipitation  

 

 Recovery solution after                   ˂ o.1                ˂ 1                                       8 

 chemical precipitation 

 

4 Results and Discussion  
 
4.1 Operation Method of the Electrical Precipitation Cell  

 

  After connecting the electrical cell and passing the electric current 

through poles in the electrolytic solution, the poles of the cell are charged 

with two different charges according to the connection, positive pole (anode) 

attracts the negative ions and the negative pole (cathode) will surround by the 

positive ions, to increase the speed of attraction, the concentration of the 

metal and the intensity of the current used are increased, which ultimately 

leads to an increase in the precipitate formed, Figure 3 shows the process of 

collecting metal ions with different charges around the pole (anode and 

cathode). 

      At the cathode pole, the positive ions acquire electrons from the surface 

of the pole (immersed in the electrolytic solution), where the positive ions  
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(metal ions) are reduced and transformed into metal atoms that are 

precipitated on the surface of the pole. 
 

                                                          node                  Cathode         

 

 

  

 

 

 

 

 

 

 

 

 

Figure 3 Process of Collecting Metal Ions around the Poles   

 

4.2. Recovery of Pb and Zn Metals by Electrical Precipitation 
 

  The density of lead is higher than the density of zinc and the 

electronegativity energy of zinc is less than that of lead [19], as in Table 8 

and the two equations:  

 
Table 8 Some Properties of Lead and Zinc 

 

Element                       Electronegativity                     Density (g/cm
3
) 

Pb                                  1.8                                              11.34 

Zn                                  1.6                                                7.11 

 

Pb
+2

 + 2e
-
    Pb (s)                 - 0.126 E.V 

Zn
+2

 + 2e
-
    Zn (s)                 - 0.762 E.V 

 The precipitate speed depends on the numbers of oxidation of metal 

ions, for example: 

Pb
+2

 + 2e
-
      Pb

0
 (s) 

From this information, the lead will be precipitate before zinc due to the 

density and precipitate energy shown above and that the reduction process 

leads to the precipitation of metals on the surface of the pole (cathode), In the 

anode pole, negative ions are attracted from the electrolytic solution (such as 

chlore and sulfate), these ions lose electrons on the anode pole for the 

purpose of stability, but they do not precipitate because they need higher 

electric current than the user for the purpose of precipitate metals in the 

electrical cell only. 

Electronegativity Increase → Ionization Energy Increase →  tomic Radius 

Decrease 

 

Ions ─ Ions + 
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The remaining concentrations are higher than the environmentally 

allowable ratio so that chemical precipitation should use to complete the 

work in the second stage.  

 

4.3. Removal the Remaining of Metals Pb & Zn by Chemical 
Precipitation 

 

 The second stage started by treatment acidic solution by a dilute solution 

of NaOH 10%  to reduce the concentration of lead and zinc to make it 

accepted locally and globally. Table 9 shows the difference between the 

concentrations of metals after treatment and the ratio environmentally 

permitted.  

 
Table 9 Final Concentration of Metals and the Ratio Permitted Environmentally  

 

    Metals concentration in 

       Details                                    recovery water (ppm)                                PH 

                                                        Pb                  Zn 

 Recovery solution after                     122                2200                                   1.89 

 electrical precipitation  

 

 Recovery solution after                     ˂ 0.1               ˂ 1                                       8  

 chemical precipitation 

  

Allowable concentrations for              0.1                    2                                      6-9 

wastewater and discharge of  

river according to system 

 (Maintenance of rivers from 

 Pollution) Iraqi No.417, 2001 

 

Allowable concentrations of                0.4                   2                                     6.5-9.5 

industrial wastewater according   

to the global system  

 

 

4.4. The Optimal Conditions for the Recovery of Lead and Zinc 
Metals 

  

 According to the results of Table 3, the changing of precipitation time 

from (2 to 4 hr.) leads to a higher concentration of lead precipitate in addition 

to the stability of precipitate weight, increasing precipitation time to 6 hr. 

causes a decrease in the concentration of lead precipitate from (78% to 57.6) 

and the stability of precipitate weight at 0.76 gm. This indicates the 

beginning of zinc metal precipitate on the cathode pole. 

The results of Table 4 explains the increase of precipitation time from 

(12 to 15 hr.) leads to the increase in the precipitate weight with changing the 

value  
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of PH for the recovery solution (electrolyte solution) from 0.08 to 1.89 if the 

precipitation time increases for more than15 hr. zinc concentration will 

decrease from (70 % to 40.8 %).  

In spite of increasing the current to (4 amp.) and the precipitation time to 

(19 hr.) the results of the experiment for electrical precipitation of (Pb & Zn) 

metals from the recovery solution Table 5 is similar to the previous results 

Tables 3 & 4.  

After the electrical precipitation experiments completed, a significant 

decrease occurred in the concentrations of (Pb & Zn) metals in the recovery 

solution Table 6.  

According to previous data, it can be considered the optimal conditions 

for the recovery of lead and zinc metals from the acidic solution with the 

higher purity are: 

* using a current of (0.5 amp.) and a time of 4 hr. to get lead metal with a 

purity of 78 %. 

* using a current of (2 amp.) and a time of 12 hr. (from the start of the 

precipitation process) to get zinc metal with a purity of 70 %. 

 

4.5. Comparison between the Present Method and the Classical 
Method 

   

      The classical method used is the chemical precipitation, when the 

comparison between the results of present research and of the classical 

method, notice that it is possible to use the present method as an alternative 

to the chemical precipitation method because a little of chemical materials 

used which is the industrial hydrochloric acid concentration of 25 % as well 

as NaOH solution concentration of 10% in the second stage. 
 

5 Conclusions 
 

1- The removal process of lead and zinc metals from the recovery solution of 

Barite ore by using electrical and chemical precipitation methods led to 

reducing the concentration to become within the permissible concentrations 

of the Iraqi Standard Specification to disposal in rivers.  

2- Adding sodium chloride (15 gm/l) to the acidic solution after the end of 

the electrical precipitation process led to an increase in precipitation 

efficiency.  

3- The sludge resulting in electrical and chemical precipitation was few 

quantities compared with the chemical method followed which collects their 

precipitate in large containers for discarded again. 

4- In this studying don't use any chemical material except industrial HCL 

25% and NaOH 10% for electrical and chemical precipitation so it is 

considered a good economic method. 
 

 

Waleed R. Abdullah   

 

10740



 

 

 
 

 
 

 

 

 

 
Acknowledgments 
 
 The author would like to thank Mustansiriyah University 

(www.uomustansiriyah.edu.iq) Baghdad- Iraq for its support in the present 

work. 

 
Reference 
 
[1] Abdullah, Waleed R." Removal of Chrome and Zinc from Industrial 

Wastewater Using Electrical Precipitation and Bentonite Clays”, Journal 

of Engineering and Sustainable Development, Vol. 23, no. 01, pp. 93-

102, 2019,  

[2] Nawfal, A., Suher, Z., "Preparation of carbonate and sulfate barium from 

barite ore in LEV N area”, Dohok Governorate, North of Iraq, 

Geosurve, 2006. 

[3] Barakat. M., “New trends in removing heavy metals from industrial 

wastewater”,  rabian Journal of Chemistry, Vol. 4, no. 4, pp. 361-377, 

2011. 

[4] Oupa, I. Kapil, M., "Removal of Heavy Metals Using Bentonite Clay and 

Inorganic Coagulants”, Intech Open, pp. 33-52, 2018,  

[5] Arezoo, A. Ahmed, A., Mashallah, R., Meisam, A., "Removal of Heavy 

Metals from Industrial Wastewaters”, ChemBioEng Reviews, Vol. 4, no. 

1, pp: 37-59, 2017. 

[6] Coetzee, H., "An Assessment of Sources, Pathways, Mechanisms and 

Risks of Current and Potential Future Pollution of Water and Sediments 

in Gold-Mining  reas of the Wonderfonteinspruit Catchment”, Report, 

WRC, Council for Geoscience, 2006. 

[7] Ezzat, A., Ayoko, G., Millar, G., Speight, R., "Clay supported nanoscale 

zero-valent iron composite materials for the remediation of contaminated 

aqueous solutions”, Chemical Engineering Journal, Vol. 312, pp. 336-

350, 2017. 

[8] Dojlido, J., Best, G., "Chemistry of Water and Water Pollution”, Ellis 

Horwood Ltd, Chichester, 1994. 

[9] Abdullah, Waleed R. "Standard Sand Specifications Development by 

Mechanical Attrition Scrubbing to Make it Convenient for Cement 

Industry”, Key Engineering Materials, Vol. 870, pp. 61-70, 2020. 

[10] Iraqi limits for rivers maintence system for pollution and specialized 

with discharge water discarded to water sources (rivers), Central 

Organization of Standardization and Quality Control, No. 417, 2001.  

 

 

 

 

Removal of Lead and Zinc from Recovery Solution of Barite Ore Purification 

Using Electrical and Chemical Precipitation 10741

http://www.uomustansiriyah.edu.iq/


 

 

 
 

 

 

[11] Poguberović, S., Krčmar, D., Dalmacija, B., Maletić, S., Kerkez, D., 

"Removal of Ni (II) and Cu (II) from aqueous Solutions using green 

zero-valent iron nanoparticles produced by oak and mulberry leaf 

extracts”, Water Science and Technology, Vol. 74, no. 9, pp. 2115-2123, 

2016. 

[12] Fu, F., Wang, Q., "Removal of heavy metal ions from wastewaters”, 

Journal of Environmental Management, Vol. 92, no. 3, pp: 407-418, 

2011. 

[13] Fazlzadeh, M., Rahmani, K., Zarei, A., Abdoallahzadeh, H., Nasiri, F., 

A., "Novel green synthesis of zero valent iron nanoparticles (NZVI) 

using three plant extracts and their efficient application for removal of Cr 

(VI) from aqueous solutions”,  dvanced Powder Technology, Vol. 28, 

no. 1, pp. 122-130, 2017.  

[14] Duffus, J., "Heavy metals-a meaningless term”, Pure and  pplied 

Chemistry, Vol. 74, no. 5, pp. 793-807, 2002. 

[15] He, Z., Yang, X., Stoffella, P., "Trace Elements in Agroecosystems and 

Impacts on the Environment”, Journal Trace Elemental Medicine and 

Biology, Vol. 19, no.2–3, pp. 125-140, 2005. 

[16] Bambas-Nolen, L., Birn, A., Cairncross, E., Kisting, S., Liefferink, M., 

"Case study on South  frica”, 383(9917), pp: 630-667, 2013.  

[17] WHO, Guideline for Drinking Water Quality, 1st ed. Addendum to the 

3ed ed., vol. 1, Recommendations, World Health Organization, Geneva, 

pp: 515, 2006. 

[18] Welcher, F., "Standard Methods of Chemical  nalysis volume 2”, part 

A, 6th ed. D. Van Nostrand Co., Inc., Princeton, Vol. 141, no. 3582, 

pp.710, 1963. 

[19] Moeller, T., Bailar, J., Kleinberg, J., Guss, C., Castellion, M., 

"Chemistry with Inorganic Qualitative  nalysis”, second edition, 1984.   

 
 

Biographies  
 

 
 

Waleed R. Abdullah received his BSC degree in chemistry from the College 

of Science, Al-Mustansiriyah University, Baghdad, Iraq in 1997 and MSC 

degree in inorganic chemistry from the same college in 2007. His area of 

interests includes nanotechnology, sustainable environment, processing of 

ore materials, wastewater purification.  

 

Waleed R. Abdullah   

 

10742




