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Abstract  
The leaching process has been successfully used in the mining industry for a hundred years. 

Nowadays, technologies are developed in order to prevent harmful effects of the leaching process on 
the environment. The aim of this paper was to investigate the possibility of neutralizing and removing 
heavy metals from the water that circulates in the leaching process. Usually, no waste water is generated 
in the leaching process, that is, the leaching solution is not thrown out, but reused in a closed cycle. 
However, in the event of an accident, i.e., if these waters are spilled, the neutralization process can be 
applied in order to raise the pH value of the water and help in the precipitation of heavy metals. This 
paper presents the results of the studied potassium hydroxide, which proved to be a very effective 

neutralizer that successfully removes heavy metals. 
 

Key words: potassium hydroxide, mine Buchim, copper, zinc, iron, manganese, lead 
 
INTRODUCTION 

Leaching is a hydrometallurgical process which is still the only method for recovering precious 
metals from the ores. In this process of solubilization through cyanidation, fine particles of metal are 
taken into solution in the complex ion. In other words, the metal is taken into the liquid phase and then 
it is precipitated from the solution [1].  

Compared to pyrometallurgy, leaching is easier to perform, requires less energy and is 
potentially less harmful as no gaseous pollution occurs. Drawbacks of leaching include its lower 
efficiency and the often significant quantities of waste effluent and tailings produced, which are usually 
either highly acidic or alkali as well as toxic (e.g., bauxite tailings).  

Precious metals such as gold are extracted from their ores by a cyanide or ozone leaching 
process. Radioactive metals such as uranium are extracted by the process of acid leaching. Choosing 
the appropriate leaching method for metal extraction is done based on economic and environmental 
viability. The two main types of leaching are heap and in situ leaching. Heap leaching is also known as 
acid leaching. This method is most effective for the extraction of metals from difficult ores and is one 
of the most tried and tested methods. The pre-processing of ore before leaching involves the grinding 
and roasting of the ore. Roasting is done to remove the carbonaceous elements trapped inside the ore. 
After pre-processing, the ore is leached with acid of alkali solutions to extract the metal. Heap leaching 
is carried out in the extraction of copper, nickel, uranium, and precious metals. In situ leaching is also 
known as in situ recovery, or solution mining. This is especially used to extract copper and uranium. In 
this process, holes are drilled into the ore deposit by explosive or hydraulic fracturing methods. The 
leaching solution is then pumped through these channels. The solution that dissolves the ore is then 
pumped out and processed. 

Cyanidation is the dominant leaching technique due to its simple process and low cost [2]. 
However, unfortunately, cyanide is very toxic and there have been several serious environmental 
accidents worldwide caused by cyanide leakage from metallurgical plants [2-4]. Due to environmental 
concerns, cyanide leaching is currently banned in many regions. Alternative reagents have received 
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increasing attention in recent years. Among them, chloride, thiourea and thiosulfate have the most 
attention. The development of chloride leaching has been hindered due to its hazardous working 
environment, poor reaction selectivity and high requirements for equipment corrosion protection [5-7]. 
The future of thiourea leaching was not attractive because the consumption and cost of thiourea are high 
and, in addition, it is a suspected carcinogen [8-11]. Leaching with thiosulfate is considered the most 
promising alternative method due to its reduced risk to the environment, high selectivity of reactions, 
low corrosiveness of the leaching solution, cheap reagents, etc. [12-17]. Thiosulfate leaching is a 

promising alternative to cyanidation, and the main obstacles to its wide commercial application are the 
high consumption of thiosulfate and the difficulty of obtaining the dissolved gold. 

North Macedonia is one of the countries where procedures with leaching or flotation of metallic 
mineral resources with cyanides or with sulfuric acid in open pit mines are prohibited, but the exception 
are the existing mines. 

In the Buchim mine, the leaching process is carried out in piles near the mine and is a closed 
system, where after separating the useful metal, the leaching solution (diluted sulfuric acid) is 
regenerated and used again for leaching new quantities of ore. The extraction of pure metal, i.e., pure 
copper, is by means of electrolysis. The purity of Cu is 99.99%. Although it does not generate 
wastewater, i.e., throws out the leaching solution, the goal of this study was to investigate the possibility 
of neutralizing and removing heavy metals from the water that circulates in the leaching process. In 
case there was an accident, that is, if there was a spill of those waters, how to be able to apply the 
neutralization process on them. 

The neutralization process is commonly used for acid mine drainage treatment. Acid mine 
drainage has high acidity and large amounts of dissolved heavy metals such as copper, zinc, manganese, 
iron, arsenic, and lead [18]. The acid mine drainage has similar content with the leaching water. 
Generally, metals can be removed from acid water by precipitation and sorption. Fe precipitates as 
hydroxides, whereas Mn is removed by a combination of oxidation and precipitation. Some divalent 
metals (e.g., Fe, Zn, Pb) can be removed by precipitation as sulfide minerals. Sorption, coprecipitation, 
and exchange to precipitated Fe and Mn, organic materials, and soil-like materials are additional 
mechanisms for metal removal. Sorption to organic materials is important for Al and divalent transition 
metals and Pb, while sorption to precipitated Fe and Mn and even limestone surfaces can contribute to 
trace metal removal [19]. 

 
MATERIAL AND METHODS 

The water from the leaching process in mine Buchim was used for the investigation of the 
possibility of application the neutralizing process for heavy metal removal. The initial pH value of the 
water was 2.12 and the initial concentration of the studied metals Cu, Fe, Mn, Zn and Pb were 15.8, 
49.8, 136.0, 5.75 and 0.83mg/L respectively. To control and monitor pH pH 1000L VWR was used, 
which is combined with electrode pHenomenal 221 (ecn: 662-1161). The measurement of metal 
concentration was performed using atomic absorption spectroscopy. The instrumental technique used 
was AAnalyst 400 Perkin Elmer atomic absorber. 

Analyses were also made of the total dry residue at 105°C, total dry residue from filtrate, 
suspended substances, sulfates (SO4

2-) and organic substances (determination of oxygen with 
consumption of KMnO4).  

The used neutralizing agent in the experiments was KOH. According to Zendelska et al. (2022), 

potassium hydroxide was selected as the most effective of the eight studied neutralizing agents [20]. 
Neutralizing agents prepared in concentrations of 0.025 mol/L were added with a 10 ml A class pipette 
in a 100 ml of the leach water solution using 300 ml glass. The neutralizing agents were loaded 
continuously, adding 10 ml at a time until the constant pH was achieved in the leach water solution. The 
solution was mixed using a magnetic stirrer, model: As One HS-4DC /1-262-01 Battery Operated 
Starler.  
 
RESULTS AND DISCUSSION 

To investigate the possibility of neutralizing and removing heavy metals from the water that 

circulates in the leaching process, experiments were performed using KOH with a concentration of 
0.025mol/L as a neutralyzing agent. 
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The initial pH of the leaching water was 2.12, and after neutralization we got a final pH of 
10.73. This pH was achieved with the addition of 600 ml of the KOH for the time of around 30 minutes. 
According to the results obtained by Zendelska et al. (2022), it was expected that the final pH (11.67) 
would be obtained by adding 250 mL, but with the fact that this study was done using real water from 
the leaching process, it was expected that the neutralizing agent consumption would be higher. The 
results of the analyzed parameters of leaching water are given in Table 1. 

 

Table 1. Results of the chemical analysis of the leaching water 

Parameter Concentration (mg/L) 

Total dry residue of 105°C 36685.0 

Total dry filtrate residue 35197.0 

Suspended substances 1488.0 

Sulfates - SO₄2- 4568.1 

Organic matter (Determination of oxygen 
consumption by KMnO4) 3168.5 

 
Also, it was expected that the removal of heavy metal should be around 72%, but in this study 

a bigger percentage of removal was obtained. Мore precisely, the removal of heavy metals is quite 
efficient after neutralization, such as Cu has a removal of 96.7%, Fe - 98.07%, Mn - 86.99%, Zn - 
91.83% and Pb - 80.72%. The results of the initial metal concentration, metal concentration after the 
process of neutralization and the percentage of the removal of heavy metals are presented in Table 2 
and Figure 1.  

After neutralization, a flocculant was added to aid and accelerate the precipitation process of 
the heavy metals. The settling time was less than 1 hour. From the obtained results shown in Figure 1, 
it can be seen that all metals were removed by 100%, except for Mn - 99.93%.  

The results show that satisfactory concentrations are obtained only during the neutralization 
process, which means that flocculation is desirable, but in some situations it can be omitted. 

 
Table 2. Concentration of heavy metals before, after neutralization and after flocculation 

Metal 
Initial metal 

concentration 
(mg/L) 

Metal concentration 
after neutralization 

(mg/L) 

Removal of metal 
(%) 

Cu 15,8 0,52 96,7 

Fe 49,8 0,96 98,1 

Mn 136,0 17,69 87,0 

Zn 5,75 0,47 91,8 

Pb 0,83 0,16 80,7 
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Figure 1. Concentration of metals before and after treatment with a KOH 

 
CONCLUSION 

Leaching is a very important operation in the mining industry. Extraction of metals from ore is 
carried out by using different solvents. Leaching can sometimes adversely affect the fertility of land as 
many important minerals may be leached away with water.  

The possibility of neutralizing and removing heavy metals from the water that circulates in the 
leaching process was studied. The obtained results show that after neutralization with 0.025 mol/L 
KOH, a successful removal of metals was achieved, with a removal percentage of 96.7, 98.1, 87.0, 91.8, 
80.7 for Cu, Fe, Mn, Zn and Pb respectively and raising the pH value was from 2.12 to 10.73. Therefore, 
KOH as well as other neutralizing agents can find application in the case of wastewater generation from 
the leaching process. 
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Резиме 
Процесот на лужење успешно се користи во рударската индустрија веќе 100 години. Во 

денешно време се развиваат технологии со цел да се спречат штетните ефекти од процесот на 
лужење врз животната средина. Целта на овој труд беше да се истражи можноста за 
неутрализирање и отстранување на тешките метали од водата што циркулира во процесот на 
лужење. Обично во процесот на лужење не се создава отпадна вода, односно растворот за 
лужење не се исфрла, туку повторно се користи во затворен циклус. Меѓутоа, во случај на 
несреќа, односно ако овие води се излеат, може да се примени процесот на неутрализација со 
цел да се подигне pH вредноста на водата и да се помогне во таложење на тешки метали. Во овој 
труд се прикажани резултати од испитувањето на калиум хидроксидот кој се покажа како доста 
ефикасен неутрализатор со кој успешно се отстрануваат тешките метали. 
 
Клучни зборови: калиум хидроксид, рудник Бучим, бакар, цинк, железо, манган, олово 


